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Abstract 

F rom the structure determination of bovine is-lactoglobulin variants A 

and B, the structural consequences of point mutations, the structural 

basis of the Tanford transition and mode of ligand binding by fatty acids 

have been elucidated. 

Bovine is-lactoglobulin was isolated first in 19 3 4  by Palmer from skim 

milk. Bovine is-lactoglobulin contains 162 amino acid residues with 8 

major is-strands which fold forth and back to form a is-barrel ---- creating 

a cup-shaped molecule or calyx. As a member of the lipocalin superfamily, 

this protein demonstrates the ability to bind a variety of small 

hydrophobic molecules, the most notable of which is retinol. Bovine is

lactoglobulin has at least six variants and undergoes pH-dependent 

conformational changes. Around pH 7, the conformational change is named 

as the Tanford transition and is characterized by the exposure of a 

buried COOH group above pH 7. 

Even though bovine is-lactoglobulin has a long history of structural 

studies, several regions of this protein molecule have remained poorly 

characterized. We applied X-ray diffraction techniques and successfully 

determined the structures of bovine is-lactoglobulin for variant A in 

lattice Z at pH 6.2, 7.1 and 8.2, for variant B in lattice Z at pH 7.1, 

and for variant A in lattice Z at pH 7.3 with the ligand 12-

bromododecanoic acid (BrC12) bound. The structures have resolutions of 

2.56, 2.24, 2.46, 2.22, and 2.23 A, respectively. The corresponding 

values of R (Rf) are 19 .19 % (24.0 3 %) , 23 .3 5% (27.9 3 %) ,  23.16% (27.69 %) , 

23 .9 3 %  (28 . 62)%, and 23.23% (27.93%) . The C and N termini, as well as 

two disulfide bonds, are clearly defined in these models. 

Bovine is-lactoglobulin can be divided into several portions: the flexible 

top region which involves loops AB, CD, EF, and GH; the more rigid bottom 

region comprising loops BC, DE and FG; the calyx handle region which 

partially covers the is-barrel; and the is-barrel which is formed by is

sheets I and II. While the major portions of bovine is-lactoglobulin 

remain unchanged over the pH range 6.2 to 8.2, the loop EF, which contains 

Glu89 , experiences a critical conformational change. This transition 

causes the side chain of Glu89 , which is buried at pH 6.2, to become 
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exposed at pH 7.1 and 8 . 2 .  This conformational change provides a 

structural basis for a variety of pH-dependent phenomena which are 

collectively known as the Tanford transition. 

Bovine S-lactoglobulin variant A differs from variant B at two point 

mutation sites: D64G and V118A. The first point mutation occurs in a 

rather mobile region of bovine S-lactoglobulin, loop CD, and results in 

the side chain of Glu65 adopting a different orientation. The second 

point mutation occurs in a very rigid region of bovine S-lactoglobulin, 

S-sheet I I ,  and results in no significant conformational difference 

between two variants . While the maj or portions of the structures of 

variants A and B at pH 7 . 1  remain very similar, the loop EF adopts a 

different conformation. At pH 7.1, loop EF of variant B is closed, 

whereas that of variant A is opened. 

The crystal structure of the complex of bovine S-lactoglobulin variant 

A with 12-bromododecanoic acid (BrC12) reveals that the primary binding 

site for an aliphatic acid is in the interior of the calyx. The ligand 

(BrC12) has limited influence on the structure of bovine S-lactoglobulin 

A .  Compared with unliganded BLGA at pH 7 . 1, one hundred and fifty six ca 

atoms (9 6.3% out of total of 162 ca atoms) have a displacement smaller 

than 0 . 5  A; among these ca atoms, the average displacement is only 0 .169 

A. The region of major disturbance is loop GH, which has the maximum 

displacement of ca, 1.3 8  A. 

Comparison of the structures of bovine S-lactoglobulin (BLG) which 

crystallised in lattices X (triclinic) , Y (orthorhombic) , Z (trigonal) 

reveals that the core portion of bovine S-lactoglobulin, which includes 

the "bottom" region, the S-sheets I and I I ,  is relatively more rigid than 

other portions of bovine S-lactoglobulin molecule. The ca atom trace of 

the structure of bovine S-lactoglobulin in lattice X is closer to that 

in lattice Z than that in lattice Y. The "lock and key" interface of 

bovine BLG uniquely exists in lattice Z, whereas the dimer interfaces of 

bovine BLG are found in all three lattices . Bovine BLG in lattice X and 

in lattice Y have similar "bottom:bottom" interface. 

Comparison of the 

binding protein, 

structure of bovine S-lactoglobulin with 

odorant-binding protein and bilin-binding 
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reveals a similar fold, typical of the lipocalin family: an eight S

stranded S-barrel to which is attached a three-turn a-helix. However, 

the S-barrel of bovine S-lactoglobulin is potentially relatively 

flexible, as it is comprised of two S-sheets . This flexibility may 

reflect the fact that bovine S-lactoglobulin is able to bind a variety 

of small and not-so-small hydrophobic molecules . 

The conformational transition of loop EF may be relevant to the 

physiological function of S-lactoglobulin . The acid- and proteinase

resistant bovine S-lactoglobulin may hold and protect its ligand inside 

the calyx in the acidic conditions of stomach . After the holo bovine S

lactoglobulin passes the stomach, the basic conditions of the intestine 

cause the conformational change of loop EF, which opens the "door" to 

release the ligand. This property of bovine S-lactoglobulin suggests a 

potential pharmaceutical application ---- as a shuttle to convey acid

sensitive medicines . 
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Chapter 1 

Chapter 1 

Introduction 

Introduction 

tJiamlua 1 s re on m i l k  t o  nou r i sh t he i r  newborn o f f sp r i ng . I n  the course 

of evo l u t i on ,  i t  can be ant i cipated t ha t  indiv i du a l  spe c i e s  may vary the 

components o f  t h e i r  mi l k  to achieve the best surviva l s t r a t egy f or t h e i r 

o f f sp r ing . C ompar ison o f  the compos i t ion o f  the mi l k  o f  human b e i n gs and 

cows reve a l s  a or d i f f er ence : G-Iact oglobu l i n ( abbr e v i a t ed BLG) , 

wh i ch is abundant in cow's m i l k ,  i s  absent in human's [ Hamb l i n g  et al . ,  

1992 ]. 'iioat i s  G- lact o g l obu l in? vmat is the f unct i on of bovine 

G - l a c t og l obu:;' i n? 'l1hat f a c t ors are r esponsi b l e  f or the ex i st ence of BLG 

in cow but n o t  in human m i l k? 

Bovine G- l ac t og lcbu l in i s  a sma l l  p ro t e i n mo l ecu l e  w i t h  162 r e s i du e s . To 

b i ochemists , toe ab"clndar;ce and easy preparat i on o f  bov i n e  G-

l i n make it a good candida t e  as a research e c t . t o  1 97 5 ,  

lobu l in was one o f  the most invest p ro t e i ns and 

was cons i d e r e d  to be 

HacG i bbon , 1 996] . In-v-est 

ca l o f  most p r o t e ins [ Cr eame r and 

i ons of bov ine g-l act og l obu l i n r e ve a l  that 

it may be invo l ved in t he t ranspor t a t i on of r e t ino l and / o r  t he metabol ism 

o f  a l i phat i c  acids [ P�rez and C a lvo , 1 9 9 5 ] . Howeve r ,  t he exact 

i o l o g i c a l  funct i on r ema i ns unce r t a i n  a f t e r mor e  t han s 

extens i ve r esearch . I t  lS obv i ous t ha t  bett e r  know 1 

:i-e a rs o f  

o f  g -

l i n is essen t i a l  t o  unde rstand i ts b i o l og i ca l  funct i on . 

I n  f act , much b i ochemica l r esearch on bovine g- l actog l o bu l i n  has c r e a t e d  

m o r e  puzz l es than exp l anat i ons conce r n i ng its b i o l o g i c a l  f u n c t i on . One 

d ist inct i ve b i ochemica l f eature o f  bovine g- l :1  is that i t  

undergoes p H - dep endent conf orma t iona l changes , t h e  most Orle 

around pH 7 ca l l ed t he N <=> R o r  the Tan ford t rans i t i on [ Ta n f o r d  et a l . ,  

1 9 5 9J . Anot h e r  d ist inct i ve f e ature o f  bovine g - l a c t o g 1 obu l i n i nvo l ves 

t he wide r ang e of li gands t hat b ind qu i t e  st rongly [ O'Ne i l l  and K inse l la ,  

1 9 8 7 ] ,  such as ret i no l , a l iphat i c  acids , porphyr in spec i es, e t c . To dat e ,  

no c ryst a l l og raph i c  evidence exists t o  show exa c t  whe r e  t h e  b in d i ng 

s i t e  i s . 

One o f  the n i ce charact e r i st i cs o f  bovine g-lac t og lobulin i s  t ha t  t h i s  

pro t e i n  c ryst a l l ises r e l a t ive ly eas ily i n  mu l t ip l e  cryst a l  f o rms . Th i s  

i s  a n  encourag i ng aspect o f  bovine G- l a c t og l obu l i n s t ruct u r a l  resea r ch 

Byqin. Spring of 1 998, Massey 



Chapter 1 Introduction 

activities. X-ray diffraction studies ha'Ie pro'Jided the evidence which 

ascribes this protein to the lipocalin super-fami I1embers of this 

super fami have a calyx-like (or cup-like) fold and are capable of 

binding small hydrophobic molecules. Unfortunate X-ray diffraction 

studies have not answered all the puzzles of g- in, One very 

recent ication has described this protein as "still an enigmatic 

lipocalin" [Bro"vvnlo':J et al., 997J 

To add to the complexity, bovine g- lin has mult le 'Jariants. 

Some authors [Green and Aschaffenburg, 1959J have suggested that it is 

not to distinguish the different bovine g- in 

'Iariants ions of the biochemical characteristics, 

HO"vJever, it has been observed that milk dominated different variants 

Hill et al., 1996] behaves different industrial process 

This is else that structura 

The previous research history of bovine g

difficulties ln the studies of bovine g-

sts can address, 

in has demonstrated 

in _ To achiev'"e 

scientific advances, we can that the more structural information we 

obtain for g- lobulin, the more kno';!l we have about g-

lactoglobulin, and the more we can answer the queries on the structure-

function relat of g-lactoglobulin. The structure determinations 

of bovine g-lactoglobulin A and B in lattice Z at a variety of conditions 

a:::-e the focus s of this research ect. 

obulin research is reviewed in chapter 2. The history of its 

discovery is described first. FoIl the history, the biochemical and 

biological properties of bO'v'ine g-lactoglobulin are discussed, 

vrith its nomenclature, isolation methods, sequence ana eSI structure 

information in solution, and previous diffraction studies. Chapter 

2 ends with a statement of the aims of this ect. 

The pri"ciples of X-ray diffraction techniques are reviewed in chapter 

3. The principle of diffraction of X-rays from a crystal, Fourier 

transformations, the Patterson function, and the principles of 

refinement are discussed. On the basis of chapter 3, the details of the 

\vhole experimental procedure are described in chapter 4, 'iflhich includes 

the source of protein material, purification procedure, crystallization 
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trials, data collection and process 

refinement. 

, and structure determination and 

The results are presented in 5, included four ful determined 

bovine g-lactoglobulin struotures, and one structure 1;Jith an aliphatic 

acid bound to bovine g-lactoglobulin. The structures of bovine g

lobulin are disassembled into sub-regions and examined. The four 

major are the top region, bottom region. handle region. and the 

g-barrel which is further segregated into g-sheets I and 11. The 

structures are described based on these 

the ligand binding site are examined further. 

ions Some residues and 

The structures are discussed in detail in chapter 6 .  The structural basis 

cf the Tanford transition has been elucidated with the structural 

disturbance of bovine BLG after 1 the structural 

consequences of point mutations of BLG, the structural differences among 

bovine BLG in different lattice types, and the structural relationship 

of bovine BLG with 1 ins. 

In chapter 7 ,  the final conclusions are made about current research, and 

suggestions are offered for future research. 
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Chaper 2 Review 

2 . 1  Discovery and early re search hi s t ory 

Review 

2 . 1 . 1  D i s c overy and naming of bovine B-lac toglobul in 

The mai n  whey proteins o f  mature bovine milk 

lactog l obu l i n  ( -0 . 3  g / l O O  mL ) ,  a-lac talbumin 

albumin ( - 0 . 0 4 g/ 1 0 0  roL) and immunoglobul in 

are [ Be l l , 1 9 6 4 ) :  B

( - 0 . 1  g / l O O  mL ) , serum 

( -0 . 0 8 g / 1 0 0  mL ) . B-

Lac toglobul i n  i s , there fore , the maj or c omponent of whey protein . The 

compo s i t i on o f  mi lk was unc lear in the 1 9 3 0s . Albumin was recognised as 

the maj or component o f  the skim mi l k  o f  cow and was the general subj e c t  

o f  much research . Palmer ( 1 9 3 4 )  f o l l owed S j ogren and Svedberg's ( 1 9 3 0 )  

lac talbumin preparat i on procedure t o  i s olate albumin ,  but c l a imed a new 

globular protein had been crys t a l l i z ed . Subs equently i t  was referred t o  

a s  Palmer ' s  c rystal l ine protein . 

Palmer did not name h i s  discovery . A f ew years later , Cannan e t  a l .  ( 1 9 4 1 ) 

sugges ted a nomenc lature "B- lactoglobul in" for Palmer's c rys tal l i ne 

protein . The Greek pre f ix derived from Pedersen's publ ica t i on ( 1 9 3 6 a ) , 

where three maj or components o f  s kim mi lk were dis t ingu i shed based on 

ultracentr i fugation s tudies . Palme r ' s  crystall ine protein corresponded 

to the second component of the s kim milk . Thi s t erm also i dent i f ies the 

source ( lacto for mi l k )  and the bas ic charac ter i s t i c  ( gl obul in f or 

globular protein) o f  Palmer's c rys t a l l ine protein , yet di s t ingui shes i t  

from the c l a s s ical globul in frac t i on o f  mi lk . 

2 . 1 . 2  Pur i f i cation o f  Palmer's c rys t a l l ine protein 

Palmer's c rys tal l ine protein was regarded as a pur i f ied protein samp l e  

f o r  a l ong t ime . Obs ervati ons i n  support o f  thi s conclus i on included 

that : ( i )  thi s prote in was pur i f ied by the method of crys t a l l i zation;  

( i i )  the free boundary electrophores i s  experiment conduc t ed by Pedersen 

( 1 9 3 6b )  s howed homogenei ty o f  t h i s  protein , and ( i i i ) S$rens en and Palmer 

( 1 9 3 8 )  s howed that i ts solubi l i ty was independent o f  preparat i on .  

However ,  the fact that d i f ferent values [ Peders en ,  1 9 3 6 a ;  Bul l  and Curry , 

1 9 4 6a ) had been repor ted for the mol ecular weigh t  of Palmer ' s  crys t a l l ine 
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protei n , as wel l  as the di f ferent c ontents o f  c ertain amino ac i ds [ Brand 

et al . ,  1 9 4 5 ;  Chibnal l ,  1 9 4 6 ] sugges ted that thi s c rys tal l i ne samp l e  

might n o t  b e  a pure subs tance . Choh Hao L i  ( 1 9 4 6 ) f ir s t  provided the 

evidence by means of high res olution elec trophores i s  that showed that 

Palmer's crys tall ine pro t e in was in fact het erogeneous . No mat ter how 

many t imes Palmer's crys ta l l i ne protein was re- crys tal l i zed , there were 

at least three electrophores i s  boundar ies . Thi s  obs ervation was 

supported by the isolation of the s ub-components of Palme r's crys tal l i ne 

protein in 1 9 5 0 . Po l i s  e t  al . ( 1 950 ) demons trated that at leas t two 

d i f ferent components exi s t ed in the B- lactoglobul in prepared accordi ng 

to Palmer's method . They named them B1 and B2 . The s o lubi l i ty of the B1 

component i s  obvious ly di f ferent from Palmer's crys t a l l ine protein . The 

relat ive amount of the two sub-components was cons tant in general . The 

notable except i on appeared in the sample from the f i rs t - day colos trum of 

one c ow [ Po l i s  et al . ,  1 9 5 0 ) . Only a s i ngle component was observable f r om 

this sample . 

Exper imental techniques as well as biological theory evolved 

drama t i ca l ly in the 1 9 5 0 s . Free -boundary electrophore s i s  was replaced by 

s o l i d - s upport electrophore s i s . By paper electrophores i s , Ascha f fenburg 

and Drewry (1 9 55 )  s eparated Palmer's crys tall ine protein c l early i nto 

Bl- lactoglobu l in and B2 - lactog l obu l i n . In the mid 1 9 5 0 s , the origin of 

prote ins was related to the expres s i on of individual gene s . The i r  results 

also demons trated the re l a t i onship between the occurrenc e of Bl or B2-

lactoglobul i n  and the genetic type o f  cow . From the i n formation which 

the i r  publ icat ion provided , wi th the aid o f  modern gene t ic theory , we 

can c onclude that bovine B- l actoglobul in i s  controlled by a s ingle gene 

s i te on one of the autosome s . No more than two vari ants o f  B

lactoglobul in can occur i n  the milk f rom a s ingl e  cow . However , i f  B

lactoglobul in is a prote in which enj oys s ome f lexibi l i ty during the 

cour s e  o f  evolut i on , more var i ants c an be ant ic ipated from bovine gene 

pool . 

2 • 2 Terminology 

Bovine B-lactoglobulin i s  only one member o f  the widely d i s tributed B

lactoglobul in fami ly . To c l as s i fy B- lactoglobul ins , we need to indi c ate 

the m i l k  s ource (secreted by whi ch animal ) ,  gene s e r i e s  (some animals 
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may have more than one �- lactoglobu l in gene , usual ly label led as I ,  11, 
etc . ) ,  and the variant type ( each gene may have s everal point mutants , 

labe l l ed as A ,  B ,  C ,  etc . ) .  Compared t o  many other macromolecules , bovine 

�- lac toglobul in crys tall i s e s  rather r eadi ly in a var iety of crys tal forms 

[ Ascha f fenburg e t  al . ,  1 9 6 5 ] . Thes e  crys tal f o rms have been ass igned a 

lat t i c e  type code . Therefore , for research involving X- ray di f fract ion 

experiment s , the lattice type code of �-lactog1obul i n  c rys tals i s  also 

required , which spec i f ies the crys tal cell dimens i ons and the space 

group . Note that bovine �-lac toglobulin i s  r e ferred t o  as bovine BLG 

throughout thi s thes i s . 

2 . 3  The biological propert ies of &-lactoglobulin 

2 . 3 . 1  �- lactoglobul in and l ipocal ins 

The s e quence homo logy o f  �- l ac toglobu l in wi t h  o ther proteins has been 

noted by s everal authors . Pervai z and Brew ( 1 9 8 5 )  noted the sequence 

homo logy among human protein HC ( al s o  known as a- 1-mic roglobul i n ,  or 

inter -a-tryps i n  inhibi tor l i ght chain precusor ( protein HC ) from human , 

abbreviated as HCHU ) , RBP and �-lac toglobu l i n . Drayna ( 19 8 6 ) inc luded 

human apo - l ipoprotein ( apo-D ) , tobacco hornworm insec t i cyanin ( INCYN ) or 

bil in-binding protein ( BB P )  , rat urinary protein ( a2 -UG)  and rat 

androgen- dependent epididymal secre tory protein ( ES P )  as prote ins whi ch 

share amino acid sequence s imi larity wi th �- lactoglobul in . Lee et al. 

( 1 9 8 7 ) added a frog prote in BG to this l i s t ,  where BG i s  a protein 

corresponding to an abundant mRNA in the cel l s  o f  Bowman's gl and in the 

ol factory t i s sue of f rog . 

Member s  o f  this potent ial protein fami ly , inc luding BLG , have a mas s 

around 2 0 , 0 0 0  Dalton ,  and are able to bind sma l l  hydrophobic mo l ecul es . 

Later thi s  protein f ami ly was class i f ied as a protein super - fami ly and 

t i t l ed as "l ipocal i n "  [ Perva i z  and Brew , 1 9 8 7 ] . Now , at least 6 8  

individual l ipocalins can b e  browsed in the SWI SS-PROT data base . While 

the b inding o f  hydrophobic molecules i s  the bas i c  proper ty o f  member s  o f  

t h i s  super - fami ly, the func t i onal importance o f  binding by individua l 

proteins i s  qui te vague . For ins tance , the phys i o l ogical func t i on o f  �

lactoglobul in remains uncertain after many years o f  research . 
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L ipocal ins generally exhibi t only a low l eve l o f  res idue i dent i ty ,  o f ten 

no more than 2 0 % between pairs of s equences . This is bel ow the 2 5 %  l evel 

where s t ructural s imilari ties frequently go undetected [ S cader and 

Schneider , 1 9 9 1 ] . In cases of such low s im i l a r i ty ,  the sequence a l i gnment 

can lose s ta t i s ti ca l  s i gni f i cance . I dent i fying the exi s tence o f  

l ipocal ins by sequence information i s  prac t i ca l ly based o n  the mot i f s  o f  

protein s equence [ F lower e t  a l . , 1 9 9 3 ] . The heart o f  the mo t i f -based 

sequence analys i s  ( Parry- Smi th and Attwood , 1 9 9 2 ) 1S that a protein 

family can be charac teri zed by one or more cons erved mot i f s , that the 

order of mot i f s within a sequence is maintained, and , opti onally,  that 

the maximum d i s tance ( in res idues ) be tween the mot i fs i s  res tricted . 
r - --- --------------- 1 

,---------------------------------, 

F i gure 2 3 1 - 1 : The l ipocal in f o l d , exemp l i f ied by RBP , etc . 
F i gure prepared by MOLSCRI PT [ Kraul i s , 1 9 9 1 ] . 

L ___________________________ _ 
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The mot i f  bas -X-X-G-X-W-aro ( bas=ba s i c  residue , aro=aroma t i c  residue ) 

occurs near res i due 2 0  ( in the bovine BLG sequenc e ) . A second mot i f  T

D-Y-X-X-aro appears around residue 1 0 0  ( in the bovine BLG sequenc e ) . 

Between the s e  two segment s i s  a cys teine that may form a disul f i de bond 

with another cys teine at the C - terminal end . A third mot i f  R-X- P occurs 

around res idue 1 2 4 . Each mot i f  corresponds to an important s t ruc turally 

conserved region of the l ipocalin fold . Under such c r i teria , we are 

encounter ing a rapidly burgeoning protein fami ly . The analys i s  shows the 

l ipocal in protein fami ly to be composed of a core s e t  of qui te closely 

related proteins , the kernel l ipoca l ins , whi ch form by far the large s t  

sel f-cons i s t ent subse t  wi thin the who le set o f  related s equences . The 

kernel l ipocal i ns share the three conserved sequence mot i f s . A smaller 

number o f  more divergent sequences , the out l i er lipocal ins , share only 

two of the three mot i fs . Bovine g- lac toglobu l in has a l l  three mot i f s , 

which are " KVAGTWY " ,  " TDYKKY" and " RTP" , respec t ively . A disul f ide bond 

is formed between res i due 6 6  and res i due 1 6 0 . Theref ore , bovine g

lactoglobu l i n  belongs to the kerne l part of the l ipocalin super - fami ly . 

The s truc tures of s everal l ipocal ins have been determined by X - ray 

di f frac t i on techniques : plasma RBP [ Cowan et al . ,  1 9 9 0 ; Zanot t i  et a l . , 

1 9 9 3 ) , BBP [ Huber e t  a l . ,  1 9 9 2 ) , OBP [ Tegoni e t  a l . , 1 9 9 6 ) , BLG [ Green 

et a l . , 1 9 7 9 ; Brownlow et al . ,  1 9 9 7 ; Qin et al . ,  1 9 9 8 ) , MUP [ Bocskei e t  

a l . , 1 9 9 2 ) , ERBP [ Newcomer , 1 9 9 3 ] and NPl protein [We i chs e l , e t  a l . ,  

1 9 9 8 ) . The s imilar i ty in three- dimens i onal s truc ture i s  obv i ous enough 

to include them into a s i ngle protein fami ly,  whi ch is characteri zed by 

a common f o l d : a calyx - l ike central 8 - s t randed g-barre l ,  plus one long 

three- turn a-hel ix . The calyx fo lds of the l ipoca l ins RBP ,  MUP ,  NP1 and 

BLG are displayed in F i gure 2 3 1 - 1 . 

2 . 3 . 2 Gene s truc ture o f  two l ipoca l ins : BLG and MUP 

Analys i s  o f  the gene s t ructure of g-lactoglobul in from sheep a l s o  

support s  t h e  idea that these related prote ins form a protein family [ A l i  

and Clark , 1 9 8 8 ) . The pr imary s t ruc tures o f  sheep g- lactoglobul in and 

mouse maj or urinary protein ( MUP , Unterman e t  a l . ,  1 9 8 1 )  have l im i t ed 

amino-acid s equence homology . However ,  the genes which encode these two 

proteins have s imi lar intron and ex on pat terns . The analogous introns 

are in pha s e  wi th respect to the reading frame . Both of these genes encode 
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a 1 6 2 - res i due mol ecu l e  wi th s ix exons w i th one unt rans l a t ed exon . The 

anal ogous exons in the genes have s imi lar s i ze and func t i on ( s ee Table 

2 3 2 - 1 ) . 

Tab l e  2 3 2 - 1 : S imi lar gene s tructure o f  two l ipocal i n s  

BLG MUP 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Exon I 1 3 6  bp 1 6 1  bp 
Exon I I  1 4 0  bp 1 3 4  bp 
Exon I I I  7 4  bp 7 4  bp 
Exon IV 1 1 1  bp 1 1 1  bp 
Exon V 1 0 5  bp 1 0 2  bp 
Exon VI S top codon S top c o don 
Exon VI I Untrans lated Untran s l ated 

2 . 3 . 3 B ovine l ipocal ins 

Ret inol -binding protein ( RB P )  and odorant-binding prote i n  ( OBP ) are two 

s t ruc tura l ly de f ined l ipocal ins which exi s t  in c ow . Re t inol - binding 

protein [ Zanot t i  et al . ,  1 9 9 3 ] is the highly speci f i c  carr i e r  of vi tamin 

A in vi vo . It is bi o synthes i zed i n  the l iver and c i rculated i n  the blood , 

where i t  forms a comp l ex wi th trans thyretin ( al s o  c a l l e d  p r e - a l bumin )  . 

Thi s  mac romol ecul e makes the inso lubl e  r e t inol mo l ecul e t rans f erabl e in 

the blood and del ivers ret inol to the cel l s  with appropr i a t e  receptors . 

RBP i s  very s ens i t ive t o  the c on f o rmat ion o f  retino l , binding only the 

a l l -t rans c o nforma t i on of retinol [ Jang and Swa i s good ,  1 9 9 0 ] . RB Ps a r e  

f ound not only i n  bovine bloo d ,  but a l s o  i n  the b l o o d  o f  human [ Rask e t  

al . ,  1 9 7 9 ] , rat and rabbi t [ Sunde l i n , 1 9 8 5 J , whi ch are s pe c i es wi thou t 

g- lac toglobu l i n . The s equence s  o f  thes e  RBPs demonstrate h i gh ident i ty ,  

and mos t  o f  the s equence changes are concentrated i n  res tr i c ted regi ons 

of the mo lecule [ Pe l os i , 1 9 8 9 ) . 

OBP ( a l s o  called pyrazine -binding protein ) i s  i s o la t ed in h i gh 

c onc entra t i on in the nasal muco s a  homogenat e s  o f  cows [ B i gnetti  e t  a l . ,  

1 9 8 5 J . Thi s  protein was f i r s t  i dent i f i ed by i t s  abi l i ty to bind 2 -

i s obutyl - 3 -methoxy-pyraz ine [ Pe l o s i ,  1 9 8 9 ] . Subsequently i t  was found 

that many o ther hydrophobic vol a t i l e  mol ecules c an be bound to i t s  act i ve 

s i t e  [ Pe l o s i ,  1 9 8 9 ; Pevsner , 1 9 9 0 ] . Thi s protein i s  a dimer wi th a s ingle 

binding s i te per monomer f or hydrophobic l igands . A f t e r  bovine OBP 

[ Ti r inde l l i  et a l . ,  1 9 8 9 ] and mous e  OBP [ Pevsner and Reed , 1 9 8 8 J  pr imary 
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s truc tures were determined , the s equence homol ogy wi th g- lac togl obu l i n  

sugges te d  that OBP bel ongs t o  t he RB P- BLG protein f ami ly [ Lee , 1 9 8 7 J . 
The s ub s e quent tertiary s truc ture determina t i ons o f  t he s e  three prote ins 

support thi s i dea [Monaco and Zanot t i , 1 9 9 2 J . 

The s e quence alignmen t  o f  the s e  three proteins provides usefu l  

informa t i on ,  a s  summarised i n  Tabl e  2 3 3 - 1 . W e  c an trace t h e  l ipoca l i n  

mot i f s  on both B- lac t og l obu l i n  and retino l -binding p r o t e in . Indeed , both 

o f  them are f avourabl e  retinol carriers . Comparing the s equence i den t i ty 

o f  OBP t o  these two proteins , we f ound that OBP has a c l o s e  relationship 

to RB P .  Two of the l ipocal i n  moti fs ( TDYxxaro and RXP ) di s appear in the 

OBP . But l ipocal ins are bas e d  on t he i r  folding s imi l a r i ty more than the ir 

sequence i dent i ty . 

Tabl e  2 3 3 - 1 : Sequence a l i gnment o f  s t ructura l ly de f ined bovine 

lipoc a l ins by MULTAL IN [ Corpet , 1 9 8 8 ]  

1 *  3 4  

BLG MKCLLLALAL TCGAQJ".L IVT QTMKGLDIQK VAGTWYSLAM AAS D I SLLDA 

RBP . . . . . . . .  ER DCRVSSFRVK EN . . .  FDKPR FAQTNYp� KDPEGLFLQD 

OBP . . .  AQEEEp£ QNLSEL . . . . . SGPWRTVYI GSTNPEK I QE 

C ons ensus . c . aq . . .  v .  qn . . . ld . . . . aGtWy . . a . . . . . . . .  l q .  

3 5  8 3  

BLG QSAP . LRVYV EELKPTPEGD LEILLQKvffiN GECAQKKI IA EKTKI PAVFK 

RBP NIVAEFS,lDE NGHMSATAKG RVRLLNNWDV . .  CADMVGTF TDTEDPAKFK 

OBP NGP . .  FRTYF RELVFDDEKG TVDFYFSVKR DGKWKNVHVK ATKQDDGTYV 

C on s ensus n . . . .  frvy . .  e l . . . .  ekg . v . l l .  .w . . . .  ca . .  v . . . . .  t . dpa . fk 

8 4  1 2 2  

BLG IDALNENKVL . . . . . . . .  VL DTDYKKYLL . F . CMENSAEP E QSLACQ . CL 

RBP MKx�GVASFL QKGNDDHWI I DTDYETFAVQ Y SCRLLNLDG TCADSYSFVF 

OBP ADY . . . . . . . . EGQNVFKIV SLS . RTHLVA HNINVDKHGQ TTELTELFV . 

C onsensus . dy . . . . . .  l . .  g . . . . . i .  dtdy . t . lv . . . c . . . . . . .  t . .  l .  . .  fv . 

1 2 3  1 6 2  

BLG VRTPEVDDEA LEKFDKALKA . . .  LPMHIRL SFNPT . .  QLE EQCHI . 

RBP ARDPSGFSPE VQKIVRQRQE ELCLARQYRL I PHNGYCDGK SERNIL 

OBP . .  KLNVEDED LEKF . WKLTE DKGIDKKNVV . . . .  NFLENE DHPHPE 

Consensus . r . p . v . de .  l eK f  . . . l . e  . . . 1 . . . .  rl . . . . . . . . .  e . . . hi . 

* S e quence numbers f o r  the mature ( p o s t - t rans lat ion ) form o f  bovine 
BLG are g iven . The l ipoca l in mot i fs are underl ined . 
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2 . 3 . 4 D i s t r ibut i on o f  g - l a ct og l obul in 

S ince the 1 9 6 0 s , the exi s t ence o f  g- l ac togl obu l in in o ther anima l s  has 

been inve s t i ga t ed in s everal l aboratories [ Lys ter e t  al . ,  1 9 6 6 ;  

L i beratori e t  a l . ,  1 9 7 9 b ;  Perva i z  and Brew,  1 9 8 6 ;  e tc . ] . Accumu lated data 

demons Lrate that this secreted g l obular protein is widel y  di s tributed , 

as indi cated in Tabl e 2 3 4 - 1 . Mos t  g- lactoglobu l ins occur a s  dimers , whi l e  

monome r i c  g - l a c t oglobul in s  exi s t  i n  s ome non- ruminant species such a s  

p i g ,  hor s e , cat , etc . No s imilar macromolecul e has been f ound i n  rodents , 

s uch as mouse and rabbi t .  I t  i s  bel i eved that no BLG exi s t s in human mi l k  

[ Be l l  and McKenz ie , 1 9 6 4 ; Liberatori e t  al . ,  1 9 7 9 a l . 

Table 2 3 4 - 1 : D i s tribution o f  g - lactoglobulin among di f f erent species 

Species 

Cow ( Bos t a urus ) 

Oxen ( Bos javan i cus ) 

Yak ( Bos grunn i ens ) 

Z ebu ( Bos i ndi cus)  

Bu f f a l o ( B uba l i s  buba l i s l  

B i s on ( B i s on bi son )  

Mus k  ox ( Ovibos moscha t u s )  

E l and ( Ta uro tragus oryx) 

Goa t ( Capra h i rcus ) 

Sheep ( Ovi s ari es ) 

Mou f l on ( Ovi s ammon musimon ) 

Red deer ( Cervus e l aph us L . ) 
European e l k ( A l ees al e es L . ) 
Reindeer ( Rangi fer t arandus L . ) 

Whi te - ta i l ed deer 

( Odocoi l e u s  virginianu s )  

Fal l ow deer ( Dama dama ) 

Cari bou ( Rangi fer arc t i cus ) 

Gira f f e ( Gi ra ffa camel oparda l i s )  

Okapi ( Okap i a  johns t on i ) 
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Type Reference 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

dimer 

Bul l ,  1 9 4 6 a , b  

Bel l , 1 9 8 1  

Gro s c l aude , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Askonas , 1 9 5 4  

Bel l , 1 9 6 7  

Liberator i ,  1 9 7 9b 

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys t er , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

( c on ti nued) 
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Table 2 3 4 - 1 : D i s t ribution o f  g - l actoglobul in among d i f f erent spec ies 

Spec i e s  

Prong- horn ante l ope 

( An t i l ocapra ameri cana ) 

Camel ( Camei us dromedari us ) 

Peccary ( Pecari t ajac u )  

P i g  ( Sus scrofa domes t i ca )  

Horse ( Equus caba l l us )  

Zebra ( Equ us quagga ) 

Rhinoceros ( Di ceros bi corn i s )  

Donkey ( Equinus asinus ) 

Dolphin ( Turs i ops trunca t u s )  

Manatee 

( Tri chechus manatus l a t i ros tri s )  

Beagl e  ( Can i s  famil iar i s )  

Cat ( Fel i s  c u t u s )  

Grey kangaroo 

( Ma cropus gigan teus ) 

Red kangaroo ( Ma cropus ru fus )  

L lama ( Lama gl aba L . ) 

Mous e  ( Mus muscul us ) 

Rat ( Ra t us norvegi cus ) 

Guinea - p i g ( Ca vi a  porcel l us )  

Rabbi t ( Oryc t o l agus c uni cul u s )  

Human ( Homo sapiens ) 

Type 

dimer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

monomer 

none 

none 

none 

none 

none 

none 

Reference 

Lys ter , 1 9 6 6  

Liberat o r i , 1 9 7 9  

Lyster , 1 9 6 6  

Liberatori ,  1 9 7 9 b 

Liberator i ,  1 9 7 9 b 

Lys ter , 1 9 6 6  

Lys ter , 1 9 6 6  

Godovac - Z i mmermann , 1 9 8 8  

Perva i z ,  1 9 8 6  

Perva i z ,  1 9 8 6  

Perva i z ,  1 9 8 6  

Hal l i day , 1 9 9 1  

McKenz i e ,  1 9 8 3  

McKen z i e , 1 9 8 3  

Fernandez ,  1 9 8 8  

C l ar k ,  1 9 8 7  

Henn ighausen,  1 9 8 2  

Brew , 1 9 6 7  

Lyster , 1 9 6 6  

Be l l ,  1 9 6 4  

The ruminant anima l s  have dimeric g- lactogl obu l in and show very h i gh 

sequence iden t i ty to bovine g- lactoglobul ins . Genet i c  polymorphi sm o f  g

l ac toglobul i n  l S  more common in ruminant anima l s  than in the o ther 

spec ies . Cow has several vari ants as mentioned before . Donkey pos s e s s  

two variants [Godovac - Z immermann e t  al . ,  1 9 9 0 ] , whereas sheep have 

var i ants A ,  B and C [ Erhardt e t  al . ,  1 9 8 9 ] , whi c h  are di f ferent from the 

A, B and C variants for cows . Horse [ C lark et a l . ,  1 9 8 7 ; Hal l i day et al . ,  

1 9 9 1 ] , cat [ Hall iday e t  a l . ,  1 9 9 0 ]  and dog [ Ha l l i day e t  al . ,  1 9 9 3 ] have 

more than one form o f  the g-lactoglobulin gene and they are no t the 

produc t s  of an autos omal a l lele (a pair of genes in the cell  i rrespect ive 

of the s ex )  In other words , they are not phenotypes o f  one gene . The 
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SWI S S - PROT p r o t e i n  data bank now has at leas t 1 4  s equenc e s  ava i l abl e  f o r  

B- l a c t og l obu l i n ,  exc l uding var i an t s .  

S eque n c e  a l i gnment o f  avai l abl e  B - l a c t oglobu l i n s  i s  di sp layed in Tab l e  

2 3 4 - 2 . The f i rs t 1 6  r e s i dues o f  bovine B- l ac t o g l obu l i n  a r e  t h e  s i gna l 

p ep t ide , whi ch do not appear i n  the mature pro t e i n . In c on t r a s t to c ow ,  

p i g ' s B- l ac t oglobul i n  r e t a ins the s i gnal p ep t i de . The s equence mo t i f s 

unde r l ined are charac t e r i s t i c  o f  the l ipoc a l i n  supe r - f ami ly . The high 

s equence i dent i ty among B- l ac t og l obulins � s  obvious , except f or 

Kangaro o . In the cons ensus s e quence , there a r e  2 1  per f e c t  matched 

r e s i du e s  ( 1 1 . 3 5  % ) . The two di sul f ide bonds between res idu e s  6 6 - 1 6 0  and 

1 0 6 - 1 1 9  are c ons erved in a l l  B- l a c toglobul ins . Re s i due 8 9  ( bo l d  l e t t er ) , 

a g l u t amic a c i d , i s  a l s o  conserved throughout a l l  B - l a c t ogl obul ins . 

F i gure 6 1 7 - 1  d i sp l ays the loc a t i on o f  the cons e rved res idue s o f  BLG i n  

a s ter eodi agram . 

Tab l e  2 3 4- 2 : Sequence a l i gnment o f  B- l a c t og l obu l ins , by CLUSTAL 
[ Thomp s on et a l . ,  1 9 9 4 J  

ID 

LACB_BUBAR 

LACB_CAPHI 

LACA_CANFA 

LACC_CANFA 

LACB_FELCA 

Ll-.CC_FELCl-. 

LACB_EQUAS 

LACB_HORSE 

LACA_EQUAS 

LACA_HORSE 

LACA_FELCA 

LACB_MACEU 

LAC B_MACG I 

Q 2 9 1 4 6  

Consensus b 

1 1 0  2 0  3 0  

MKCLLLALAL T - -CGAQALIVTQTMKGLDI QKVA�SLAMAASDI S LLDAQSAPLR-VY 

- - - - - - - - - - - - - - - - - - I IVTQTMKGLDI QKVA�SLAMAASDISLLDAQSAPLR-VY 

MKCLLLALGLALACGIQAI IVTQTMKGLDIQKVA�SLAMAASD I S LLDAQSAPLR-VY 

MKCLLLALGLALACGVQAI IVTQTMKGLDIQKVA�SLAMAASDI SLLDAQSAPLR-'JY 

MRCLLLTLGLALLCGVQAVEVTPIMTELDTQKVA�TVAMAVSDVSLLDAKSS PLK-AY 

- - - - - - - - - - - - - - - - - IVVPRTMEDLDLQKVA�Sl��SDI S LLDSETAPLR-VY 

- - - - - - - - - - - - - - - - - IVI PRTMEDLDLQKVA�SMAMAASDI SLLDSETAPLR-VY 

- - - - - - - - - - - - - - - - - -ATVPLTMDGLDLQKVAGMNHSMAMAASDISLLDSETAPLR-VY 

- - - - - - - - - - - - - - - - - -ATVPLTMDGLDLQKVA�SMAMAASD I SLLDSEYAPLR-v{ 

- - - - - - - - - - - - - - - - - -TNI PQTMQDLDLQEVAGKWHSVAMAASDISLLDSEEAPLR-VY 

MKCLLLALGLALMCGIQATNI PQTMQDLDLQEVA�SVAMAASD I S L LDSESAPLR-VY 

- - - - - - - - - - - - - - - - - -TDI PQTMQDLDLQEVA�SVAMVASD I SLLDSESAPLR-VY 

MKCLLLALGLSLMCGNQATDI PQTMQDLDLQEVA�SVAMVASDI SLLDSESVPLR-VY 

- - - - - - - - - - - - - - - - - -ATLPPTMEDLDIRQVA�SMAMAASD I S LLDSETAPLR-VY 

MKFLLLTVGLAL IGAIQAVENI RSKNDLGVEKFV�LREAAKT- - - - MEF S I - PLFDMD 

- - - - - - - - - - - - - - - - - -VENI RSKNDLGVEKFV�LREAAKT - - - -MEFS I - PLFDMD 

MKFLLLTVGLTS I CAIQAIENIHSKEELVVEKL I�RVEEAKA- - - -MEFS I - PLFDMN 
* * * * *  

(con tinued) 
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Table 2 3 4 - 2 : S e quence a l ignment o f  f$- lac t oglobul ins , by CLUSTAL ltJ 

[ Thomp s on e t  al . ,  1 9 9 4 ]  

I D  

LACB_BOVI N  

LACB_BUBAR 

Ll\.CB_CAPHI 

LACB_SHEEP 

LACB_P I G  

LJl..CA_CANFA 

LACC_CANFA 

LACB_FELCA 

LACC_FELCA 

LACB_EQU.4S 

LACB_HORSE 

LACA_EQUAS 

LACA_HORSE 

LACA_FELCA 

LACB_MACEU 

LACB_MACGI 

PO SSUM 

C onsensus 

LACB_BUBAR 

LACB_CAPHI 

LACB_P I G  

LACA_CANFA 

LACC_CANFA 

LACC_FELCA 

LACB_EQUAS 

LACA_EQUAS 

LACA_HORSE 

LACA_FELCA 

LACB_MACEU 

LACB_MACG I  

Q2 9 1 4 6  

Consensus 

4 3  5 3  6 3  7 3  3 3  9 3  

VEELKPTPEGD L E I LLQKWENGECAQKK I lAEKTKI PAVFKIDALNEN- - - KVLVLDTDY 

VEELKPTPEGDLE I LLQKWENGECAQKKl IAEKTKI PAVFKIDALNEN- - - KVLVLDTDY 

VEELKPTPEGNLE I LLQKwcNGECAQKK I lAEKTKI PAVF K I DALNEN - - - KVLVLDTDY 

VEELKPTPEGNLE I LLQKWENGECAQKK l lAEKTKI PAVFK IDALNEN - - -KVLVLDTDY 

VEGLKPT PEGDL E I LLQKRENDKCAQEVLLAKKT D I PAVFKINALDEN- - - QLFLLDTDY 

I QELRPTPQDNLEIVLRKvffiDGRCAEQKVLAEKTEVPAEFKINYVEEN- - - Q I FLLDTDY 

IQELRPTPQDNLE IVLRKWEDNRCVEKKVFAEKTELAJl.�FS INYVEEN- - - Q I FLLDTDY 

VQELRPTPRDNLE I I LRKWEDNRCVEKKVLAEKTECAAKFNINYLDEN - - - E L IVLDTDY 

VQELRPTPRDNLE I ILRKWEQKRCVQKK I LAQKTELPAEFK I SYLDEN- - - EL IVLDTDY 

I EKLRPTPEDNLE I ILREGENKGCAEKK I FAEKTES PAEFKI1JYLDED- - -TVFALDSDY 

I EKLRPTPEDN LE I ILREGENKGCAEKKI FAEKTES PAEFKIIJYLDED - - -TVFALDTDY 

VEELRPTPEGNLEI I LREGANHVCVERNIVAQKTEDPA VFTlJl'.JYQGER- - - K I  SVLDTDY 

VEELRPTPEGNLE I I LREGANnACVERNIVAQKTEDPAVFT'Jl'.JYQGER- - -K I S"VLDTDY 

VQELRPTPRDNLE I I LRKRENHAC I EGN IMAQRTEDPAVFMVDYQGEK - - -K I SVLDTDY 

I KEVNLTPEGNLELVLLEKAD-RCVEKKLLLKKTQKPTEFEI Y I S SE SASYTF SVMETDY 

IKEVNLTPEGNLELVLLEKTD-RCVEKKLLLKKTKKPTEFE I Y I S S E S - SYTFCVMETDY 

I KEVNRTPEGNLELI VLEQTD- SCVEKKFLLKKTEKPAEFE I Y I PSESASYTLSVI1ETDY 

* *  * * * * * *  
1 0 0  l l O  1 2 0  1 3 0  1 4 0  1 5 0  

KKYLLFCMENSAE P E Q - S LACQCLVRTPEVDDEALEKFDKALKALPMHI RL S FNPTQLEE 

KKYLLFCMENSAEPEQ- SLACQCLVRTPEVDDEALEKFDKALKALPMH I RLSFNPTQLEE 

KKYLLFCMENSAEPEQ- SLACQCLVRTPEVDKEALEKFDKALKALPMH I RLAFNPTQLEG 

KKYLLFCMENSAEPEQ- SLACQCLVRTPE��NEALEKFDKJl.�KALPMH I RLAFNPTQLEG 

DSHLLLCMENSASPEH - S LVCQSLAETLEVDDQ I REKFEDALKTLSVPl1R I L - - PAQLEE 

DNYLFFCEl1N.�APQQ - SLMCQCLAETLEVDNEVMEKFNRALKTLPVHMQLL-NPTQAEE 

DIJYLFFCMENANAPQQ - SLMCQCLAETLEVNNEVI GKFNRALKTLPVHMQLL-NPTQVEE 

ENYLFFCLENADAPDQ-NLVCQ CLTETLKADNEVI1EKFDRALQTLPVHVRLFFDPTQVAE 

EIJYLFFCLENADAPGQ-NLVCQCLTETLKADNEVI1EKFDRALQTLPVDVRLFFDPTQVAE 

KNYLFLCMKNAAT PGQ - SLVCQYLAETQMVDEEIMEKFRRALQPLPGRVQ IVPDLTP�.E 

KNYLFLCMKNAATP GQ - SLVCQYLAETQMVDEE IMEKFRRALQPLPG RVQ IVPDLTRVlliE 

AHYMFFCVGPCLPSAEHGMVCQYLAETQKVDEEVMEKFSRALQPLPGHVQ I I QDPSGGQE 

AHYMFFCVGPPLPSAEHGMVC QYLAETQKVDEEVI1EKF SRALQPLPGRVQ IVQ D P S GGQE 

THYMFFCMEAPAPGTENGMMCQYLAETLKADNEVI1EKFDRALQTLPVH I R I I L D LTQGKE 

DSYFLFCLYN I SDREK - - MACAHYVER I E - ENKGMNEFKK I LRTLAMPYTVI - - EVRTRD 

DSYFLFCLYN I S DREK- -MACAHYVERI E - ENKGMNEFKK I L RTLAMPYTVI - -EVRTRD 

DNY ILGCLENVIJYREK- -MACAHYEERI E -ENKGMEEFKKIVRTLT I PYTMI - - EAQTRE 

* * * * * 

(con t inued) 
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Tab l e  2 3 4 - 2 : S equence a l i gnment o f  E - l actoglobul i ns , by C LUSTAL W 

[ Thomp s on e t  al . ,  1 9 9 4 J  

ID 

LACB_BOVIN 

LACB_BUBAF 

LACB_CAPHI 

LACB_SHEEP 

LACB_PIG 

LACA_CANFA 

LACC_CANFA 

LACB_FELCA 

LACC_FELCA 

Li'.CB_EQUAS 

LACB_HORSE 

LACA_EQUAS 

LACA_HORSE 

LAC.�_FELCA 

LACB_VlACEU 

LACB_MACGI 

Q 2 9 1 4 6  

Consensus 

1 5 9  

QCHI 

QCHV 

QCHV 

QCHV 

QCRV 

QCLI 

QCLV 

QCRI 

QCRI 

RCRI 

RCRI 

FCGF 

FCGF 

QCRV 

MCHV 

MCHV 

MCRV 

* 

Spe c i e s  

Cow 

Bu f fa l o  

Goat 

Sheep 

p ig 

Dog 

Dog 

Cat 

Cat 

Donkey 

Horse 

Donkey 

Hors e  

Cat 

Wa l laby 

Kangaroo 

P o ssum 

R e f erence 

[ Braun i t z er ,  1 9 7 3 J  
[ Ko l de ,  1 9 8 1 J  
[ Preaux , 1 9 7 9 J 
[ A l L  1 9 9 0 J  

[ A lexander , 1 9 9 2 ] 

[ Ha l l i day , 1 9 9 3  J 
[ Ha l l i day , 1 9 9 3 ]  
[ Ha l l i day , 1 9 9 0 J  
[ H a l l i day , 1 9 9 1 ]  

[ Go dovac , 1 9 8 8 J  

[ Ha l l i day , 1 9 9 1  J 
[Godovac , 1 9 9 0 J  
[ Godovac , 1 9 8 5 J  
[ H a l l i day , 1 9 9 1 J  
[ C o l l e t , 1 9 9 5 ]  

[Godovac , 1 9 8 7 J 

[ Hunter , 1 9 9 5 J  

a The sequence number i s  f r om the mature bovine £- 1ac t o g l o bu l in 

b Consensus l ength 1 8 5  
Number o f  perfect ma tches = * 2 1  => 1 1 . 3 5 % 

2 . 3 . 5  var i ant s o f  bovine E- lac togl obu l in 

As men t i oned earl ier , i f  E- l a c t o gl obul in enj oys s ome f l ex i b i l i ty in t he 

c ours e  o f  evo l u t i o n ,  a number o f  var i ants may be f ound in the bovine gene 

poo l . B el l  ( 1 9 6 2 )  reported a new var i an t  of bovine E- l a c to g l obu l i n ,  wh i ch 

was f ound in Aus t r a l i a  a f ter s c reening milk s amp les . For c onven i enc e ,  

Be l l  deno ted El- lac toglobul i n  as var i ant A ,  E2 - l a c t o g l o bu l in as vari ant 

B and h i s  new discovery as var i ant C ,  according to the o rder o f  appearance 

on the s t arch gel e l e c t rophore s i s  f rom the p o s i t ive e l e c t rode to the 

negat ive e l e c trode . 

Extensive inves t igat i on reve a l s  tha t E- l ac togl o bul in var i an t s  o ccur In 

di f fe rent bovine SUb - species f requen t l y . I t  i s  be l i eved that the c ow ( Bos 
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tauru s )  has a t  l east s i x  varian t s : E - Lactoglobul in A ,  B ,  C and D [ Br i gnon 

and Ribadeau- Dumas , 1 9 6 9 ,  1 9 7 3 ) , H [ Cont i  et al . ,  1 9 8 8 ]  and W [ Godovac 

Z immermann e t  a l . , 1 9 9 0 ] . E- La c toglobul ins labe l l ed a s  E ,  F and G [ Be l l  

e t  al . ,  1 9 8 1 ]  have been ident i f ied in Bos j a vani cus . The SUb - species Bos 

indi cus has the var ian t s  A and B [ As cha f fenburg ,  1 9 6 8 ] . Modi f i cat ion 

a f t er trans l a ti on occurs on s ome SUb- spec ies , a s  exemp l i f ied by the 

occurrence o f  the vari an t  D r  [ Be l l  e t al . ,  1 9 7 0 J whi ch i s  an N

glyco syla t e d  variant and f ound in the Droughtma s t er breed i n  Aus tral ia . 

Each s ub- spec i e s  is dominated by only a few kinds o f  var i ant s . Compar i son 

o f  sequence i nformation reve a l s  that only a f ew s i t e s  are s ubj ects  o f  

mutat i on ,  a s  shollm i n  Table 2 3 1 - 1 . For Bos j a vani cus , there are two 

mutat i on s i te s , at res i dues 5 0 ,  7 8 . Each pai r  o f  var iant s has at mos t 

three muta t i on s i tes . 

Tabl e  2 3 5 - 1 : The known mutat i on s it e s  for bovine BLG 

var i ants residu e  s i t e s / type 

4 5  5 0  5 6  5 9  6 4  7 8  1 1 8  1 5 8  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A E P I Q D I V E 

B E P I Q G I A E 

C E P I H G I A E 

D Q p I Q G I A E 

W E P L Q G I A E 

E E P I Q G I A G 

F E S I Q G I A G 

G E P I Q G M A G 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 . 4  I solation of bovine S- lactoglobulin 

S Ub- species 

Bos 

- - - - - - - - -

t a urus 

t a urus 

t a urus 

t a urus 

t a urus 

j a van i c u s  

j a vani cus 

j a van i cus 

- - - - - - - - - - - - - - - -

- - - - -

The i s o l a t i on of E - l ac t oglobul i n  f rom the mi l k  o f  c ows i nvo l ve s  removal 

of f a t , c a s eins and s everal other whey proteins . In ear ly s tudies , Palmer 

( 1 9 3 4 ) made use of s kim mi l k  a s  the s tart ing material . C a s e i n  was removed 

by adding hydrochloric acid at pH 4 . 6 ,  whi ch prec i p i t a t e d  c asein . A f ter 

removing t he prec i p i t ant , sodium sulphate ( Na2 S04 ) ' whi ch the author 

c la imed as a bet ter s ub s t i tute f or ammonium sulpha t e , was then used to 
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fract i onate the res t o f  the mi l k . JS- Lac toglobu l in was obtained af ter 

dialys i s  and recrys ta l l i za t i on . 

Ascha f fenburg and Drewry ( 1 9 5 7 ) improved Palmer ' s  method . Anhydrous 

Na2 S04 ( 2 0g / 1 0 0mL ) was added t o  the cow ' s mi l k  at 4 0  QC . The f i l t rate o f  

this mixture contains a - l a c t a l bumin and JS- lactoglobu l in . Add i t ion o f  

HCl , reducing p H  t o  2 caus ed t he precipi tation o f  a l l  proteins except 

for JS- l a c t o g l obulin . The supernatant s o l u t i on was brought back to pH 6 
by add i t ion o f  ammonia s o l u t i on , t hen ammonium sulpha te ( 2 0g / l 0 0mL ) was 

added t o  prec i p i tate bovine JS- lac toglobu l in . Further puri f i c a t i on can be 

achieved by recrys tal l i za t i on .  

Monaco e t  a l . ( 1 9 8 7 ) introduced a procedure f or bovine JS - l ac t oglobul in 

i s o l a t i on , whi ch avoided the har s h  condit ions ( de s cr i bed above ) , to 

provi de JS- l actoglobu l in sui table f o r  h i gh qual i ty c rys t a l s .  The fat was 

removed f rom the mi lk by centri fuging twice for 1 hour a t  9 0 0 0  revs /min . 

The c a s e i n  was removed by introduc ing CaCl 2  a t  pH 6 . 6 .  The remaining 

s o l u t i on was dialysed against  2 0  mM Tri s - HC l  a t  pH 7 . 2 .  A f ter removal o f  

prec ipi tated protein , the supernatan t  was then app l i e d  t o  a DEAE

c e l l u l o s e  c o l umn , whi ch was pre- e qu i l ibrated a t  the s ame cond i t i ons : 2 0  

mM Tri s -HCl , p H  7 . 2 .  Bovine JS- l ac toglobulin was ads orbed onto the column 

and e l uted with 0 . 4  M NaCl . Final pur i f i cation was done by gel  f i l t rat i on 

on G - 1 0 0 . 

2 . 5  Properties of bovine g- lactoglobulin 

2 . 5 . 1 Phys i c a l  proper t ies 

A number of var iants exi s t  f o r  bovine JS- lac t oglobu l in . Charac ter i s t ics 

of each var i ant are not exactly t he s ame . For examp l e , the s o l ubi l i ty o f  

variant B i s  five t imes larger than varian t  A [ Hamb l ing e t  a l . ,  1 9 9 4 J . 

Except f o r  a few s uch devi a t i ons , i n  general ,  t he d i f ferent var i ants 

s hare s imi lar phys ical and chemical proper t i e s  [ G reen and Ascha f f enburg , 

1 9 5 9 ] . S ome bas i c  phys ico- chemi cal propert i e s  o f  bovine JS- lac toglobulin 

are g iven in Table 2 5 1 - 1 . We not i c e  that the axi a l  rat i o  i s  2 : 1 , and the 

mo lecular weight i s  3 6 , 0 0 0  Dal ton or two t imes larger t han that obtained 

from the pr imary s t ructure . Thes e  dat a  imp l y  that bovine JS- l actoglobul in 

lS a dimer in solution . The s edimentation coe f f i c ient o f  bovine JS-
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lac toglobu l in varies s l ightly around pH 7 [ Pedersen , 1 9 3 6b ) . The 

ext inc t i on coe f f i cient 1 S  rounded to 1 mg /mL / O . D .  1n the later 

experiment s  for determining protein concentrat i on for crys tal l i zation . 

Table 2 5 1 - 1 : Phys ical propert i es o f  bovine B-lactoglobu l i n  

Parameter Value ( uni t )  Re f erence 

Mo lecular we i ght 3 6 , 0 0 0  Dalton [ Townend , 1 9 5 7 )  

Ext inc t i on coe f f ic ient ( 2 7 8nm ) 0 . 9 6 l i tres / g / cm [ Townend , 1 9 6 0 )  

Axial ratio 2 : 1  [ Green , 1 9 5 9 ]  

Sedimentation coefficient 2 . 8 3 SO x l O 1 3 s · 1 20w [ Ceci l ,  1 9 4 9 ] 

Intrins i c  vi s c o s i ty 2 . 9  mL/ g  [ Townend , 1 9 6 0 ]  

2 . 5 . 2  B i nding properties 

Bovine B- lactoglobul in bel ongs to the l ipoca l in f ami ly . The bas ic 

character o f  thi s fami ly i s  the abi l i ty t o  bind sma l l  hydrophobic 

molecul e s . B-Lactoglobu l i n  i s  very dist inc t in such an abi l i ty , as 

documented in Table 2 5 2 - 1 . Several biological ly important l igands in this 

t able are the free fatty acids ( FFA ) , which are preval ent in mi lk , 

ret inol and hemin . FFA may be bound to B-lactogl obul i n  in a manner 

s imi lar to sodium dodecyl sul fate ( SDS ) [ Spector and F l e t cher , 1 9 7 0 ] . 

FFA revers ibly bind at a s ingl e  s i te per monomer wi th a binding constant 

o f  - 1 0 5 . Other biologically important l i gands , retinol , hemin and 

protoporphyr in IX , all bind to bovine BLG with relativel y  h i gh a f finity . 

Bes i de s  these phys iologi cal ly important hydrophobic mo lecul es , a vari ety 

o f  sma l l  hydrophobic mol ecules can be bound to B- lactoglobul in wi th l ower 

a f f in i t i e s . This suggests that B-lactoglobu l in may have evo lved as a non

spec i f i c  binder of phys i o l og i c a l ly important hydrophobi c  mo lecules . 

Among a l l  the binding cons tant s , the one of ret inol i s  d i s t inc tive . The 

corresponding a f f ini ty for RBP ,  whi ch i s  a spec i f ic ret inol carri er � n  

vi vo ,  is only 5 . 9X1 0 6 , 1 . e .  an order of magni t ude sma l l e r  than that of 

bovine BLG . Thi s  sugge s t s  that bovine B-lac toglobu l i n ' s biological 

func t i on may be involved in transport o f  retinol more s o  than o f  other 

sma l l hydrophobic molecules . Ret inol , see F i gure 252 - 1 , has l ong been 

known to be important to vi s ion [ Blomho f f  e t  al . ,  1 9 9 0 ] . The inf luence 
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o f  r e t i n o l  and i t s  deriva t ives on the regulat ion o f  c e l l  growth and 

surviva l has a l s o  been recogn i s ed more recent ly [ Schuber t  and LaCorbier e , 

1 9 8 5 ;  S c hubert e t  al . ,  1 9 8 6 J . vfuy does B - l ac t oglobulin b i nd ret inol far 

better t han does RBP in vi tro? I s  that the s ame in vivo? I s  ret inol 

binding t he only reason for the exi s t ence of B - l ac to g l obul in? Thes e  

ques t i on s  may be relevant t o  t h e  func t ional puz z l e  o f  B - l ac t og lobu l i n . 

Table 2 5 2 - 1 : L igands binding to bovine B-Lac t oglobu l ina 

Ligand Binding c onstant Re ference 

Retinol 5 . 0 X l 0 7 [ Fugate ,  1 9 8 0 ]  

B - I onone 1 . 4 7 X l 0 6 [ Du four , 1 9 9 1 ]  

S tear a t eb 1 . 7x 1 0 s [ Spector , 1 9 7 0 J  

Palmi t a t eb 6 . 8 x l  [ Spector , 1 9 7 0 J 

SDS 3 . 1X I 0 s [ O ' Ne i l l ,  1 9 8 7 ]  

Hemin 4 . 0 X l 0 6 [ Du four , 1 9 9 1 J  

Protoporphyrin IX 2 . 5x l  [ Du four , 1 9 9 1 J  

To l uene 4 . 5 X 1 0 2 [ Rob i l lard , 1 9 7 2 a ]  

p-Ni t r opheno l 1 . 9 x 1 0 5 [ Farre l l , 1 9 8 7 J  

2 - Heptanone 2 . 0x 1 0 2 [ O ' Ne i l l  , 1 9 8 7 J  

Laurat eb 0 . 5 X 1 0 5 [ Spector , 1 9 7 0 )  

Ol eateb O . 4 X 1 0 s [ Spector , 1 9 7 0 J 

Butane 1 . 7 x 1 0 3 [Wishnia , 1 9 6 6 J  

Pentane 7 . 1XI 0 3 [Wishnia , 1 9 6 6 J  

Iodobut ane 2 . 8x I 0 3 [ Wi s hni a ,  1 9 6 6 ]  

2 , 6 -MANS 3 . 4 X 1 0 5 [ Lovrien,  1 9 6 9 J 

Methy l  orange O . 2 X l 0 4 [ O ' Ne i l L  1 9 8 7 ]  

n - Oc tylbenzene-p-sulphonate 6 . 3x 1 0 4 [ O ' Ne i l l , 1 9 8 7 ]  

p-Ni t r ophenol 1 . 9 X l 0 4 [ Farrel l ,  1 9 8 7 J  

p-Ni t rophenylacetate 3 . 0x1 0 4 [ Farrel l ,  1 9 8 7 J  

p-Ni t ropheny l - B-glucuronide 1 . 6x1 0 4 [ Farrel l ,  1 9 8 7 ]  

p-Ni t rophenyl sulphate 2 . 0 X l 0 3 [ Farrel l ,  1 9 8 7 J  

p-Ni t rophenyl pyridoxal phosphate 3 . 1X 1 0 3 [ Farrel l ,  1 9 8 7 ] 

2 -0c t anone O . 5X I 0 3 [ O ' Ne i l l , 1 9 8 7 J 

2 -Nonanone 2 . 4x l O 3 [ O ' Nei l l ,  1 9 8 7 ]  

T r i f luorotoluene 4 . 2 X I 0 2 [ Robi l lard , 1 9 7 2 b ]  

Hexa fluorobenzene 1 . 6 X 1 0 3 [ Robi l lard , 1 9 7 2 a J  

a Hamb l ing e t  al . ,  1 9 9 4  

b taking into account the primary binding s i t e  only 

There are two put a t ive model s  for the b inding of r e tinol by B

lac t o g l obu l i n .  The f ir s t  model was based on the 2 . 8  A t e r t i ary mode l o f  

B - l ac toglobulin [ Papi z  e t  al . ,  1 9 8 6 ] , whi ch reveal e d  t he fol ding 
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s imi l a r i ty between g-lac toglobu l in and ret inol -binding protein . By 

direct analogy to the way in whi ch RBP binds retinol , the ret inol was 

f i t ted in the centre of the BLG calyx , the pos i t i on that RBP accepts i t s  

subs t rate , see Figure 6 5 4 - 2 . Thi s  binding mode involves Trp 1 9  a s  a key 

res i due to hos t  the g - i onone mo i e ty o f  retinol , which by i t s e l f  binds to 

g-lac toglobu l i n  with h i gh a f f inity . S i te - di rec ted mutations of g

lactoglobul in [ Cho e t  a l . ,  1 9 9 4 ;  Katakura e t  a l . ,  1 9 9 4 ) have been made 

and s tudied to test thi s  model . The resul t s  o f  the s i te mutations W19A 

[ Cho e t  al . ,  1 9 9 4 ) and W19Y [ Katakura et al . ,  1 9 9 4 )  on g- lac toglobul in 

are di f ferent . The s i te mutation W1 9A indicated that Trp 1 9  i s  qui t e  

important to bovine g- lac toglobu l in ' s  retino l -binding abi l i ty ,  whi l e  the 

s i te mutat i on W19Y shows only a s l ight change in the dissoc i a t i on 

cons tant . Wi th the more rel i able g-lac t oglobul in model , which i s  

des c ribed i n  chapte r  5 ,  i t  l S  s een that acces s ibi l i ty of the g- i onone 

moi ety to Trp 1 9  is blocked by the s i de chain of two al ipha t i c  amino acid 

res i due s . 

F i gure 2 5 2 - 1 : Conformation of a l l  t rans retinol 

Other exper imenta l data sugges t  that the binding manner o f  bovine g

lactoglobu l in to ret inol may be di f ferent from that of RBP . F i rs t , 

alcohol dehydrogenase can rapidly degrade ret inol bound to bovine g

lactoglobul in at pH 7 . 4 ,  but has no e f fect on retinol bound to RBP 

[ Futterman and Hel ler , 1 9 7 2 )  Second , r e t i nol bound to bovine g

lactoglobul in can be repl aced by o ther l i gands . This phenomenon does not 

happen in the case of RBP [Hemley et al . ,  1 9 7 9 ) . Thi r d ,  measurement s  o f  

the rotational rel axa t i on t ime suggest that ret inol binds i n  a region o f  

bovine g- lac togl obu l in that i s  f l ex ible with respec t t o  the bulk o f  the 

bovine g- lac toglobu l in molecule [ Fugate and S ong , 1 9 8 0 ) . There fore , 

Monaco e t  al . ( 1 9 8 7 ) presented an al ternat ive ret inol-binding model f o r  

g- lactoglobulin based on a 2 . 5  A s t ruc ture . Thi s  model involves two key 

res i dues Phe13 6 and Lys 1 4 1  on the out s i de o f  the calyx . S i te mut a t i on 
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experiments ,  F 1 3 6A and K 1 4 1M , do not support thi s i dea [ Cho e t  a l . ,  

1 9 9 4 J . Due t o  the errors i n  Monaco e t  a l . ' s 8 - 1 ac toglobulin mode l , there 

i s  no s ubs tantive evidence that ret ino l binds in this manner . The r e a s ons 

are d i s cu ss e d  in ful l  in Chapter 6 .  

2 . 5 . 3  Biochemi cal propert ies and p o t en t i a l  phys i ol ogical f un c t i o n  

8-Lac toglobu l i n  i s  a g o o d  nutrit ious component in mi l k . A l l  e s s en t i a l  

amino acids a r e  included i n  8- lac t oglobul i n ,  and i t  i s  a l s o  a maj o r  

component o f  whey p r o t e i n . Howeve r , nutr i t i ou s  purpo s e  a l o ne does not 

exp l a i n  i t s  special f o l d ,  acidic s tabi l i ty and res i s tance to gas t r i c  

proteo lys i s  [ Fut terman and He l ler , 1 9 7 2 ; Hem l ey e t  a l . ,  1 9 7 9 ] Other 

prof ound func t i ons may be respons i b l e  for the exi s t ence of 8-

lactoglobu l i n . As a meIT�er of the l ipoc a l in s uper - fami l y ,  and deduced 

dire c t ly from i ts abi l i ty t o  bind a var i e ty o f  hydrophobi c  sub s trates ,  

the c l a s s i c  explanat i on for the func tion o f  8 - lactoglobu l in i s  that i t  

p ro t e c t s  and transport s  sma l l  hydrophobic mol ecu l e s  i n  vi vo . A more 

s ophi s t icated phys i o l ogical func t i on of 8 - l a c t ogl obulin may invo lve the 

trans f e r  o f  a pass ive immuni ty [ Fugate and Song , 1 9 8 0 ] . 

The exi s t ence o f  a r eceptor for the hol o  8 - l a c t ogl obul in- r e t ino l c omp l ex 

in the int e s t ines o f  new-bo rn c a l ve s  s uppor t s  the idea t hat bovine 8-

lactogl obu l in is  invo lved in the transport o f  retinol [ Pap i z  e t  a l . ,  

1 9 8 6 ] . The 125 I - labe l led bovine 8- l ac t o g l obul in-retino l c omp l ex can be 

bound to the microvi l l i  prepared f r om the l ower s egment o f  the inte s t inal 

tract o f  one-week o l d  calve s . That the bound radioac t ivity can be reduced 

7 0 %  by the unlabe l led 8 - l ac toglobul in- r e t ino l comp l ex sugge s t s  that the 

binding is qui te spec i f ic . 

2 . 5 . 4  Gel a t i on o f  8- lac toglobul i n  

I f  the protein c oncentrat ion i s  high enough , around 1 0 % , pH and s a l t  

c oncent ra t i ons a r e  suitab l e , 8 - l actoglobul in c an form heat- induced ge l s . 

Above pH 6 and in the absence o f  calc ium , such g e l s  are moderat e l y  t ough 

and t ransparent ( Mu lvihi l l  and Kins el l a ,  1 9 8 7 ] . The mechanism o f  gel a t i on 

has b e en inve s t igated by s everal author s . Cho e t  a l . ( 1 9 9 4 )  have appl ied 

gene t i c  engine e r i ng t echniques to introduce cyst e i ne r es i dues at 

pos i t i ons 1 0 4  or 1 3 2 , which are c l o s e  in space to the f r e e  thiol mo i ety 
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o f  Cys 12 l . On oxidat i on ,  one more disul f i de bond i s  formed �n is 

lactogl obul in . This modi f i ed is- lac toglobulin l acks the abi l i ty t o  f o rm 

gels . Moreover , the introduct ion o f  addi t i onal thio l s  a t  other s i t e s , 

e i ther c hemi c a l ly [ Kim e t  al . ,  1 9 9 0 J  o r  by gene t i c  engineering [ Lee e t  

al . ,  1 9 9 3 J  enhances gelat i on . The s e  exper imental data s tress  t h e  role o f  

the free t h i o l  group o f  is- l a c t ogl obu l in i n  g e l a t i on . 

2 . 5 . 5  Res i s t ance to gas t r i c  enviro��en t  

Bovine is- lact o g l obul in i s  res i s tant t o  hydrolys i s  i n  vi tro by proteases 

such as peps i n ,  tryp s in , and chymot rypsin [ Reddy , 1 9 8 8 J . Res i s tance t o  

proteolys i s  i s  diminished a f ter c leavage o f  d i sul f ide bonds . At l ow pH , 

for example 2 . 0 , Kel la and Kins e l la ( 1 9 8 8 )  c oncluded that the increas ed 

internal hydrogen bonds wi l l  increase the res i s tance to p ep t i c  di ges t i on 

by p ep s in . I n  c ontra s t ,  is- lactoglobul in i s  l ess res i s t ant t o  t ryp s i n ,  

and c hymotryp s i n ,  which req�ire a bas ic p H  environment . Thi s  may resul t 

from the fac t that is- lactogl obul in undergoes a conforma t i ona l change at 

pH 7 . 5 ,  which may expose the s trateg i c  c leavage points f o r  these enzymes 

[ Chobert et a l . ,  1 9 9 1 ; Reddy et al . ,  1 9 8 8 ] . S imi larly , is- lac toglobu l i �  

i s  qui te res i s tant t o  gas t r i c  diges t i on i n  vi vo and i s  reported t o  remain 

mos t l y  intact a fter i t  passes through the s tomach [ Yvon e t  al . ,  1 9 8 4 J . 

This can be evidenced by the abso rp t i on o f  s ome i n tact bovine is

lac t o g l obul i n  by humans , as this protein can be detected in t race amount s  

in mat e rnal mi lk from women who have c onsumed mi lk from c ows [ Monti e t  

al . ,  1 9 8 9 ] . 

2 . 5 . 6  E f fe c t s  o f  bovine BLG pheno type on phys ical prop e r t i e s  

The c ompo s i tion o f  mi l k  var�es and i s  relat ed t o  t h e  is- l a c t o g l obul in 

phenotype o f  individual c ows . Ascha f f enburg and Drewry ( 1 9 5 5 ) noted that 

the A variant o f  is-lac t og l obul in was a s s oc iated with a higher yie l d  o f  

the protein i n  the mi l k . I t  has al s o  been sugges ted that the yields o f  

non-prot e in c omponents o f  mi lk are c o rrelated wi th the is- l ac to g l obul in 

vari ant [ Jakob and Puhan , 1 9 9 2 ; Jakob e t  al . ,  1 9 9 5 ; Jakob , 1 9 9 4 ;  Mcl ean 

et al . ,  1 9 8 7 ] . In one large -scale inves t i ga t i on ,  Hi l l  e t  a l . ( 1 9 9 4 ) 

reported that the variant A o f  bovine is-lact og lobu l in was a s s o c iated with 

a 2 5 - 3 0 %  inc r ease in the concentrat i on o f  bovine BLG in mi l k  and was a l s o  

a s s o c iat ed w i th a s tat i s t i ca l ly s igni f ic ant decrease i n  b o t h  f a t  and 
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total s o l i d  contents . On the other han d , the mi lk produc e d  by cows w i th 

the pure E- lac toglobul in BB phenotype c ontains more fat . 

The di f fer ence i n  pr imary s truc ture o f  E - I a c t oglobu l in variants r e s u l t s  

in di f f erent charge p roper ties . F o r  A ,  B and C the i s o e l e c t r i c  points in 

0 . 1  M KC I are 5 . 2 6 ,  5 . 3 4  and 5 . 3 3  respect ively [ McKen z i e , 1 9 7 1 ] . The 

ti tra t i on curves are indi s t ingui shab l e  between pH 2 and pH 4 . 5 .  At hi gher 

pH , the curves diverge at pH 7 . 0  and above . The A and C var ian ts , 

respect ive ly,  c arry one more and one l e s s  negat ive charge than the B 

var iant . Howeve r , a l l  var i ants undergo the s o - ca l led Tanf ord trans i t ion 

and al l c ontain an " anomal ous " carboxyl group that has an apparent pKa 

o f  7 . 3  instead o f  - 4 . 7 .  

Di f f erent phenotyp e s  are reported t o  have di f f erent s e l f - a s s o c i a t i on 

reac tions . The A var i ant forms both dimers and octamers under appropriate 

condi t i ons , whe reas the B and C varian t s  do not form octamers [ Tima s he f f ,  

1 9 6 6 ] , but f o rm dimer s  more readi ly than the var iant A [ McKen z i e , 1 9 7 2 ] . 

The s e l f - a s s o c iation o f  E- l ac toglobu l in has been s tudied by s everal 

groups u s ing u ltracentri fugation and l i gh t - scatter ing techn i que s . The 
general p i c ture i s  that the A ,  B and C var i ants a l l  f o rm d imers in the 

pH range f orm 3 . S to 6 . S .  Within thi s  range ( pH - 3 . S  - 5 . 1 ) , the variant 

A dimer tetrameri z e s , particular ly at low t emperatures . The r e l a t ive ease 

of dimer d i s so c iat i on has been measured for the E- lactogl obu l i n  var i ants . 

At pH 7 .  S ,  2 0 . S QC and 0 . 1  M i onic s tr ength , Kd was < 5 �M f or variant 

C ,  Kd - 8 �M for var iant B ,  and Kd - 6 0  � for varian t  A .  At pH 2 . 6 , Kd 

i s  - s o  � for variant B and - 1 3 0  � f or var i ant A [ Thres her e t  a l . ,  1 9 9 4 ] . 

2 . 5 . 7 Interac t ion o f  E- lac togl obul i n  w i th proteins 

The intera c t i on o f  E-Iactoglobul in w i t h  the other mi l k  proteins has been 

inve s t igated extens ive l y .  E-Lactog l obu l i n  i s  known t o  interact wi th u
lactalbumi n  [ Hunz i ker and Tarassuk , 1 9 6 5 ] , and several caseins . For 

example , i t  reac t s  wi th x-casein to f orm a 3 : 1  comp l e x . This comp l ex is 

based on hydrophob i c  intera c t i ons and i s  further stab i l i z ed by c oval ent 

bonding . The con forma t ional changes make the disulph i de bridges l e s s  

suscept i b l e  t o  a ttack [ Hague e t  a l . ,  1 9 8 7 ] . 

E- Lac togl obul in can interact with s ome non-mi lk prot e ins , for examp l e , 
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cytochrome - c . Cytochrome - c  b i nds to f o rm a 1 : 1  comp l ex . Above pH 7 . 5 ,  

the c on forma t i on o f  bovine S- l a c t o g lobul i n  in the c omp l ex i s  a l tered , 

enabl ing the f re e  sul fydryl o f  BLG to r e du c e  the iron in cyt ochrome - c  

[ Brown and Farre l l , 1 9 7 8 J . I f  porc ine S - l a c t og l o bu l in i s  u s e d ,  only non

reduce d  cytochrome - c  i s  f ound in the c omp l ex . I t  i s  not c l ear which 

r e s i dues are i nvo lved �n the interac t i on . The bovine S- l ac togl obulin 

var i an t s  A,  B and C all f orm comp l ex es with cytochrome - c  but with 

di f f er ent a f f in i t i e s . 

S cr eening S - l a c t og l obul in f rom d i f f erent mi l k  s ources resu l t s  in 

unders t anding abou t the interac t i on of S - l a c togl o bu l in with 

immunogl obul i n s . Ant i s era against bovine S - l ac t oglobu l i n  c ro s s - reac t 

with ruminant S - la c t og l obu l ins to d i f f e rent extent s [ Jenn e s s e t  al . ,  

1 9 67 ] , but evi dence i s  equivocal f o r  c r o s s - reac t i ons a l s o  o c curr ing wi th 

the monome r i c  S - lactoglobu l ins fr om pig ( L iberatori et al . ,  1 9 7 9 c l , hor s e  

[ Li berat o r i  e t  al . ,  1 9 7 9 c l  and c amel [ Liberatori e t  a l . ,  1 9 7 9 b ] . 

Ant ibodi e s  t owards bovine BLG have been s hown to cro s s - r e a c t  wi t h  hlliuan 

mi l k . Removal o f  bovine mi l k  pro t e in f r om the mo ther ' s  d i e t  caus ed the 

c ro s s - re a c t i on t o  fal l t o  non - de t e c tabl e amount s .  It appears that thi s 

i s  due t o  the tran f e r  o f  bovine BLG or ant i gen i c  pep t i d e s  f rom the 

mo ther ' s  d i e t  t o  human mi l k  [ Axe l s s on e t  al . ,  1 9 8 6 ; Jakob s s on et al . ,  

1 9 8 5 ; Jakob s s on e t  al . ,  1 9 8 5 J . Mono c l on a l  ant ibodi e s  towards bovine S

lac toglobu l in have been used to i nves t i ga t e  the denaturat ion/ 

r enaturat i on proc e s s  of S - l a c t ogl obul i n  [ Ha t tori et a l . ,  1 9 9 3 J . 

2 . 6  Crystal forms 

S ince the 1 9 5 0 s , X- ray d i f frac t i on t e c hn i qu e s  have become the s tandard 

me thod to determine protein s t ruc tur e . Bovine S - l a c t o g l obu l in 

c rys t al l i s e s  read i l y ,  and was the s ubj e c t  o f  X- ray d i f f rac t i on 

e xper iment s  a s  early as 1 9 3 8 . Long b e f o r e  the appearance o f  pha s e 

de terminat i on me thods for protein c rys t a l s , two f o rms o f  S - l a c toglobu l in 

c rys t a l s  had already been i dent i f i ed by C r owf oot and R i l ey ( 1 9 3 8 ) . One 

o f  c rys t a l  f o rms had the space group P 2 1 2 1 2 1 w i t h  uni t  c e l l  dimens i ons 

c l o s e  t o  l a t t ic e s  now iden t i f i ed a s  Q o r  N [ As c ha f f enburg et a l . ,  1 9 6 5 J . 

The uni t  c e l l dimen s i ons measured by C r ow f o o t  and Ri l ey wer e  o r tho rhomb i c  

w i t h  a=b= 6 3 . 5 A and c = 1 4 5  A .  The dens i ty o f  t h i s  c rys t a l  f orm ( 1 . 2 5 7  

g / cm3 ) was obtained by f l otat i on i n  s ugar s o lu t i on s . App lying the upper 
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l imi t for dens i ty of 1 . 3 1 g / cm3 which had been dedu c ed f or crys tall ine 

insul in , the authors es t imated the molecular wei ght for E- lactogl obul in 

was 3 5 , 3 0 0 - 3 6 , 5 0 0  dal ton , reasonably c l o s e  t o  twice the number c a l culated 

f rom the sequence o f  bovine BLG , c ons i s t en t  w i th a dimer . 

Repeated nearly three decades a f ter Crowfoot and Ri l ey ' s p ioneer ing 

s tudy , As cha f fenburg et a l . publ i shed the parameters ( 1 9 6 5 )  f o r  a number 

o f  E- lactoglobul in c rys tal forms . The s e  crys tals were f o rmed over a pH 

range f rom 3 . 5  to 7 . 6 .  All  s even crys tal sys tems except cubic are 

represented , as s hown in Tabl e 2 6 - 1 . The subsequent s t ruc ture 

determinat ions have invo lved primarily l a t t i ces X ,  Y and Z .  

Table 2 6 - 1 : C rys tal f orms o f  E- lactoglobu l in 

var i ant pH type space 

c o de g roup 

? 

B 

B 

A 

3 . 5  P P 6 3  

5 . 2  R P 2 :;. 

5 . 2  S P 2 1  

5 . 2  W P 2 1  

A 

1"-1 B 

B 

5 . 2  

5 . 2 

5 . 2 

N 

Q 

T 

? 5 . 2 U 

A 6 . 9  X 

A l E  7 . 6  Y 

A l E  7 . 6  Z 

P 2 1 2 1 2 1 

P 2 12 1 2 1 

P 4 1 2 1 2  

P 4 2 2 1 2  

P l  

a c 

6 7  6 7  1 4 1  

3 6 . 1  1 2 7 . 5  3 6 . 0  

3 6 . 4  1 2 7 . 6  3 6 . 4  

3 6 . 4  6 8 . 2  7 2 . 4  

6 8 . 6  7 0 . 2  

6 9 . 3  7 0 . 7  

6 9 . 2  6 9 . 2  

1 3 7 . 8  

1 5 7 . 5  

1 3 8 . 8  

6 7 . 5  6 7 . 5  1 3 3 . 5  

1 0 6°0 5 ' 

9 8° 1 2  ' 

9 2° 1 2  ' 

y 

3 1 . 8 49 . 7  5 6 . 6  1 2 2 °4 5 ' 9 7 °3 1 ' 1 0 4 °0 5 ' 

5 5 . 7  8 1 . 2  6 7 . 2  

5 4 . 3  5 4 . 3  1 1 7 . 0  

2 . 7 Conformational changes of B- lactoglobulin in solution 

2 . 7 . 1  pH - Induced revers ible conformational change 

Volume 

5 . 4 6  

1 .  6 4  

1 .  6 8  

1 .  8 0  

6 . 6 3 

7 . 7 4 

6 . 6 5 

6 . 0 5 

0 . 8 3 

3 . 0 4 

2 . 9 9 

Several BLG p i oneer res earchers [ Cannan e t  al . ,  1 9 4 1 ;  Tanf ord e t  a l . ,  

1 9 5 9 ;  Nozaki e t  a l . ,  1 9 5 9 ; Bri gnon and Ribadeau-Dumas , 1 9 6 9 ; Ghose e t  

a l . ,  1 9 6 8 ]  monitored the ti trat i on behav i our o f  bovine E- l ac toglobu l in 

as a f un c t i on o f  pH . A reversible t rans i ti on o f  E - l ac t og l obu l in was found 

to occur at around pH 7 . 5  ( see F i gure 2 7 1 - 1 ) . McKenz i e  and S awyer ( 1 9 6 7 )  

reported the rever s i b l e  trans i t ion in spec i f i c  var i an t s  by mon i tor i ng 

the opt i c a l  rotation . The di f ferent var i an t s  have demons t ra ted di f fe r ent 
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behavi our , see Figure 2 7 1 - 2 . Together with informa t i on f rom c i rcular 

di chroi sm [ Townend et a l . ,  1 9 6 7 ] and opt ical rotatory di spers i on 

[McKen z i e  and Sawyer , 1 9 6 7 ] , bovine B- lac toglobu l i n  i s  bel ieved to 

undergo three pH- dependent conforma tional trans i t i ons whi ch can be 

4i 
] "0 e 
... .. c:>. 
11 .... Cl 
'g ::l 
� 
., I: .� 

+ 
::r: 

40 

50 

00 

5 7 
pH. 

9 

-The n eutral region of the titration curve at ionic 

strength 0.15. Curves 1 and 2 are ca\cui:J.ted curves, differ

ing only in the number of carboxyl groups assumed available 
for titration (see text). Almost all of the experimental points 

are superpositions of points from forward and reverse titra
tion curves, at identical pH values. The agreement between 

them was always 0.1  group titrated or better. 

F i gure 2 7 1 - 1 : Titra t i on behavior o f  a BLGA and BLGB mixture , 
[ Tanford e t  al . ,  1 9 5 9 ] . 

summari s ed as : Q � N  � R  ::::} S .  The f i rst trans i t i on between the Q s tate 

and the N s tate occurs from pH 4 to 6 and is revers ible ; the protein 

shrinks s l i ghtly in vo lume and the sedimenta t i on coe f f i c ient increases 

a l i t t l e . From pH 6 to 8 ,  bovine B- lactoglobu l i n  undergoes a second 

reversible trans i t i on N � R , a l so cal led the Tanford t rans i ti on .  Above 

pH 9 ,  the protein molecu l e  undergoes i rrever s ib l e  conformational change . 

The Tanford trans i t i on between the N s tate and the R s tate i s  one o f  the 

mos t  extens ively inves t igated bi ochemical properties of bovine B-

lactoglobul in . Cent r i f ugat i on exper iments by Pedersen ( 1 9 3 6 )  revealed 
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Conformational transitions dependent on pH for bovine P-lactoglobulina 
A, B and C. (a) The specific rotation at 578 nm ([alm) at 20°C. (b) The parameter, 00, 
of the Moffitt-Yang equation (see Volume I, Chapter 8, Section IX.H), at 20°C. Symbols 
for (a) and (b) : e, A (variant) ; A, B ;  • C ;  solid symbols, direct pH titration; open 
symbols, buffered solutions (from McKenzie and Sawyer, 1967). (c) The effect of tem
perature on [alm for the A variant near pH 4.5. The C variant is shown for comparison. 
For ,8-C: e, 20°C. For P-A : <>, 45°C; (:" 30°C ; 0, 20°C; and 0, lOoC. (From McKenzie 
et al., 1967.) 

F i gure 2 7 1 - 2 : Conformat i onal changes of bovine 
g- lac toglobu l in moni tored by optical rotat i on 
[ McKenzie e t  al . , 1 9 6 7 ] . 

Review 

that the s edimenta t i on coe f f ic i ents o f  BLG decreased w i th i ncreas ing pH 

In the range o f  pH 6 to pH 8 .  Groves e t  al . ( 1 9 5 1 )  reported an increase 

In opt i ca l  laevorotation of BLG with increas ing pH ; McKen z i e  and Sawyer 

( 1 9 6 7 ) extended this s tudy t o  spec i f ic BLG var i ants . Tanford e t  al . 

( 1 9 5 9 ) found di f ferent t i trat i on behaviour for BLG i n  acidic and bas ic 

environments as ment ioned above . It was proposed that thi s di f ference 

arose f rom exposure of a bur i ed COOH group a t  bas i c  pH ; o therwi se , thi s 

COOH group can not be acces s ed during t i trat ion at ac i di c  pH . Qi e t  al . 

( 1 9 9 5 ) obs erved di f ferent thermal behavi our of bovine BLG at di f f erent 

pH : a peak in the thermal gram present pH 6 . 7 5 ,  disappears at pH 8 . 0 5 .  

Another pH-related phenomenon , which has been descr ibed by Dunni l l  and 
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Green ( 1 9 6 5 ) , i s  that the f ree sul fydryl group o f  BLG can reac t wi th 

reagents containing Hg
2 + much more readi ly above pH 6 . 7 .  Co l lectively , 

those pH- dependent changes ln physical , chemi cal and spec troscopic 

properties of BLG are known as the Tanford trans i t i on .  

2 . 7 . 2  Hea t - i nduced conformat i onal change 

Heating wi l l  increase the entropy o f  protein molecu l e s , make the molecul e  

more dynamic , and resul t  in s ome new conforma t i on s  beyond the energy 

barri ers . Casal e t  a l . observed ( 1 9 8 8 ) that bovi ne B LGB undergoes 

mul t ip l e  t emperature - dependent comformat ional changes from - 1 0 0  Cc to + 9 0  

CC .  One change , which occurs abrupt ly between 5 8  and 6 0  cC ,  l eads to the 

same s t ructure as that found in the alkal ine denaturat i on process o f  

bovine BLGB , as evi denced by Four i e r - trans form infra- red spectroscopy . 

100 

� 80 
"Cl ., t.:: � 60 0 E 
'" 0 40 't: 0 Cl. 

£ 20 

0 
48 52 56 60 64 68 72 76 80 84 88 92 

Heating temperature (0C) 

. Denaturation of j3-lactoglobulin A, B and C in phosphate buffer at pH 6.7. 
Samples (3 mg/ml) were heated rapidly, held for 1 2 . 5  min, and cooled rapidly. The 
circular dichroism signal at 293 nm was determined and the results were normalized. 
Symbols: . ,  j3-lactoglobulin A; . ,  j3-lactoglobulin B; ., j3-lactoglobulin C. 

F i gure 2 7 2 - 1 : Thermal denaturat ion of bovine BLGA , BLGB and 
BLGC in phosphate buf fer at pH 6 . 7  [ Mande rson e t  a l . ,  1 9 9 5 ) . 

The three mos t  common phenotype s  o f  bovine B - lac t oglobu l in have s l i ghtly 

di f ferent heat-denaturat ion pro f i les [ Manders on e t  a l . ,  1 9 9 5 ) ; see 

Figure 2 7 2 - 1 . The denaturation process of bovine BLGC happens at a higher 

temperature than bovine BLGB . The denaturation curve f o r  bovine BLGA l ies 

between those of variant s  B and C .  
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2 . 8  S t ructural knowledge 

Review 

The s tructure determinat ion o f  bovine G- lactoglobu l i n  was begun in the 

mid- 1 9 5 0 s  and reported at a low r e s o lution of 6 A at the end of the 1 9 7 0 s  

( Green e t  a l . ,  1 9 7 9 ) . Three nat ive crys tal f orms o f  G - l a c t ogl obu l in were 

involved : Lat t i ces X , Y  and Z .  I t  is impos s ible to t race the s econdary 

s truc ture at s uch l ow resolut i on . But the e l e ctron dens i ty o f  lattice X 

revealed the exis tence o f  a mo lecular dyad in the dimer o f  bovine G

lactoglobu l in . Thi s  axi s l S  not nece s s ar i ly coinc i dent with a 

c rys tal l ographi c  symmetry axi s . They assumed that l a t t i c e  X ( pH 6 . 5 ) , 

l a t t i c e  Y ( pH 7 . 5 ) , and l a t t i c e  Z ( pH 8 . 1 ) corresponded to the 

conformat i onal shi f t  N � R wi th respect to the pH . Thei r  r eports showed 

that the f r ee sul f ydryl s i te in lattice X i s  a d i s tance 3 A away f rom 

that in the l a t t i c e s  Y and Z .  Thi s  deduc ti on was bas e d  on the heavy atom 

s i te whi ch can be deduced relat ive ly accurately even a t  l ow resolut ion . 

A med i um resolution model was reported f i r s t  in 1 9 8 6  f o r  G - l a c toglobu l in 

in the o rthorhombic l a t t i c e  Y .  Thi s 2 . 8  A r e s o lut i on model [ Papi z  e t  a l . ,  

1 9 8 6 J demons trated the c on forma t i ona l s imi l ar i ty o f  bovine B LG wi th t hat 

o f  r e tinol -binding protein ( RBP ) . The mo l ecule cons i s t s  of an ant i 

paral l e l  G- sheet , formed by 9 s trands wrapped round t o  f o rm a flattened 

cone or calyx . A three- turn a-he l ix is l ocated toward s  the C - terminal 

end . The authors s ugges ted that the ninth s trand , G - s t rand I ,  i s  

involved in the f orma t ion o f  the dimer by making anti-para l lel 

interac t i on s  wi th a dyad- related s trand . Al though this model 

demons t rated the bas ic s truc ture o f  G-lac togl obul in , di f f i cul t i e s  in 

re f inement ensued . 

A s ec ond medium resolut i on s tructure o f  bovine BLGA ( 2 . 5  A )  was obtained 

by mol ecular replacement by Monaco e t  al . ( 1 9 8 7 )  in the trigonal l a t t i c e  

Z .  A l t hough the BLGA mo lecules in the Z or Y crys t a l  f orms s howed no 

great d i f ference i n  the G-barrel t opol ogy , di f ference s  i n  s everal areas 

were r epor t ed . Monaco et a l . ( 1 9 8 7 )  reported that a l l  res idues were 

iden ti f ied and that the two disulphide bonds were c l early vi s ible . 

However , thi s medium G- Iactoglobul in model had s e r i ous prob l ems . For 

examp l e , it was re f ined wi thout a Rfree moni tor , and the average rms 

deviat i on o f  bond l engths from the i r  ideal values i s  very high at 0 . 0 8 

A .  Mor eover , the BLGA molecu l e s  are packed in monomer s  not dimers in the 
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c rys t a l  l a t t i c e , as shown in F i gure 2 8 - 1 , which i s  i n c ons i s t ent wi th 

other obs e rvat i on s  in s o l u t ion or in c rys ta l  s tructur e s  [ Townend et al . ,  

1 9 6 9 ; Green e t  al . ,  1 9 7 9 ; Pap i z  e t  al . ,  1 9 8 6 ; Brownl ow e t  al . ,  1 9 9 7 ; Qin 
et al . ,  1 9 9 8 J . 

H i gh r e s o l ut i on mode l s  f o r  bovine BLG in l a t t i c e  Y [ Bewl ey e t  al . ,  1 9 9 8 J  

and l a t t i c e  X [ Brownl ow e t  al . ,  1 9 9 7 J have a l s o  been det ermined . The 

high r e s o l ut i on model ( 1 . 8  A )  o f  BLGA in l a t t i c e  Y ( sp a c e  group C2 2 2 1 )  

cont ains r e s i dues 1 - 6 2 , 6 6  1 1 0 , 1 1 5 - 1 5 4 and 1 0  wa t e r  mol ecul e s , 2 7 % , 

R= 2 2 % .  One d i su l f ide br idge between Cys 1 0 6  and Cys l 1 9  i s  c l early vi s i b l e , 

but the o t her d i sul f i de bond i s  poorly de f ined . Bovine �- l ac t oglobu l i n  

i n  l a t t i ce X was a l s o  de t e rmined at high resol u t i on ( 1 . 9  A ) . The C and 

N- t e rmini are not vi s ib l e  and the l oop CD is no t we l l  de f ined a c c ording 

to the authors [ Brownl ow e t  a l . ,  1 9 9 7  J . Thes e  two s t ruc tures c onvinc ingly 

corr e c t  the errors o f  Monaco ' s  mode l . Lack of d ime r i c  p a c k ing and mi s -

threading o f  the po lypept i de chain i n  Monac o ' s  mode l  a r e  the key points 
o f  c r i t i c i sm .  

'�f�'> - , , ' �o'-J 
R � , 

V 

_ • Crystal packing of BLG in the trigonal cell. �lo1ecules are related by the fonowing symmetry relations: �[ (x. 
y. :): ); (;r;- y. 1 - y. 1 /3 - :) ;  0 ( I  + y - ;r;. I - x, 1 ;"3 + z j; P ( !  - .r. 1 + y - .r. 2,3 -z); Q ( l -y, .r-y. z - 1 /3); R (y. I. _ ;). 
'\lo1ecules Q a.nd R are translated by a unit cell parameter along ; to show the contacts around the central molecule. 

F i gure 2 8 - 1 : Bovine BLGA packe d  in l a t t i c e  Z ,  de f ined by 
Monaco et al . ( 1 9 8 7 ) . 
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2 . 9  Goals of the proj ect 

Review 

A number o f  f ea tures o f  bovine S-lac toglobu l i n  have been descri bed in 

previous page s , ranging f rom the biologi cal proper t i e s  to bi ochem i c al 

charac t er i s t i c s . This protein i s  a dominant c omponent o f  mi lk o f  c ow ,  

but w e  d o  not know yet i t s  a c tual biological func t i on .  I t  i s  able to bind 

a var i e ty of hydrophobic mol ecul es , but we do not know their ac tual 

binding s i te ( s ) . It has pH- dependent c onforma t i ona l changes , but we do 
not know how i t s  conforma t i on is changed . The d i f ferent var iants o f  

bovine S- lactoglobul in have a s ubs tant ial beari ng on the proce s s ing o f  

mi l k  [ Hi l l  e t  al . ,  1 9 9 6 J , and f o r  this reason are an important focus o f  

r e search �n the devel opment o f  New Zealand ' s dai ry indus tries . The 

previous s tructural de termina t i ons have revealed the l ipocalin f o l d  o f  

bovine S - lac t oglobu l in , but o f f ered l i t t l e  t o  help unders tand these 

important aspec ts of bovine S- lac toglobul in . 

vJh i l e  many va l i d  purposes f or this pro j ec t  c an be s ummar i s ed today , in 

the i n i t i a l  s t ages , the purpos e of thi s pro j e c t  was qui t e  vague to me . 

The pro j ect might j us t  have served as a train ing case , because the high 

r e s o lut ion s t ructure o f  BLGA i n  l a t t i c e  Y was a lmos t  c omp leted . I c ould 

do l i t t l e  to push t h i s  proj ect ahead . However ,  a f ter the s tructure for 

BLGB in lattice Y was determined inc luding a l l  r e s i dues , this training 

c a s e  s eemed l i kely t o  c onvert t o  a res earch proj e c t . Ted Baker expres sed 

intere s t  in unders tanding the s t ructure of BLG at di f ferent pH , and 

s ugge s ted a possible c ondi t ion for preparing c ry s t a l s  o f  B LG at l ow pH 

f o r  l a t t i c e  X .  Thi s  was the immediate r eas on I des igned the c rys tal 

s c reen of BLG in a 4 x 6  matr i x ,  the 4 s e rves to vary the pH,  and 6 t o  

vary t h e  ammonium sui f a t e  c oncentrati on . 

Unfortunately ,  I have never obtained any BLG c rys tals in l a t t i c e  X ,  or 

even in lattice Y .  Al l the s tructures I have determined are based on 

l a t t i c e  Z .  At this s tage , what I wanted was to determine the s truc ture 

of bovine S- lac t og l obu l in in ful l . I achieved this purpose f ir s t  in the 

s truc ture o f  BLGA in l a t t i c e  Z at pH 8 . 2 ,  and then in the s truc tures o f  

BLGA i n  l a t t i ce Z a t  pH 7 . 1  and 6 . 2 .  

In about March o f  1 9 9 7 , I knew that one l o op i n  BLGA var i ed according t o  

pH . I d i d  n o t  unders tand the meaning of t h e  c o n f o rmat i onal c hange o f  t h i s  
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l oop unti l  August of 1 9 9 7 . The Tanford t rans i t i on was also recognised as 

an old s tory to which I had never paid atten t i on . One day when I packed 

up the rubb i sh paper on my desk , a pr inted ema i l  made a remark about 

Glu8 9 , and indicated it was a buri ed residue . Thi s  con f l i c ted wi th my 

memory : in my memory only Glu1 0 8  i s  a buri ed glutamate res i due in the 

bovine BLG s t ructures . I c hecked the bovine BLG s t ructures in lattice Z 

again , I was sure Glu8 9 was not bur i ed at pH 7 . 1  and 8 . 2 ,  but buri ed at 

pH 6 . 2 .  Later , Lindsay Sawyer ' s  paper made a tentat ive sugges t ion about 

the role o f  Glu8 9 in the Tanford trans i t ion . After care fully r eading the 

publication o f  Tanford e t  al . (1 9 5 9 ) ,  I thought I knew the key to the 

Tanford trans ition and announced my conc lus ion in a group meet ing in 

Augus t of 1 9 9 7 . 

The structure of BLGB in l att i ce Z a t  pH 7 . 1  was determined later . The 

di f ference in properties and s t ructures o f  BLG var i ants has been a topic 

of interest for a l ong t ime by researchers of the New Zealand Dai ry 

Research Ins t i tute . So , the s t ructural consequences o f  point mutat ions 

of bovine BLG became one of the foci  of later researc h ,  espec i a l ly as 

the lattice Y struc tures were poor ly de f ined in the region o f  one of the 

po int muta t i ons . 

The crys tal structure o f  bovine BLG wi th bound l igand was one o f  the 

experimental goa l s  at an early s tage . SDS , re t inol , hemin and 

protoporphyrin IX were tes ted , and no good resu l t s  wer e  obtained . 

Crys tals grown in the presence o f  SDS di f f racted to a low resolut i on -5 . 5  

A . Crys tals grown in the presence o f  ret inol were very sma l l . The 

s l ightly red- colored c rys tals were obtai ned in the presence of hemin , 

but no hemin could be f ound . I ran out o f  samp l e  for a ha l f  year and was 

not interes ted in these l igand-binding trial s . I thought I had enough 

material for my thes i s . 

However ,  Geo f f  Jameson ins i s ted that fur ther i nves t igat ion of s ome new 

samples would be des i rable , when I modi f ied my f i rst vers i on of thes i s . 

These l igand- BLG samp l es came from NZDR I , - 2 0  mg o f  BLG- ret inol and a 

s imilar amount o f  BLG-BrC 1 2 . I immediately s e t  up the mod i f i ed c rys tal 

screen for the fresh l igand- BLG samples . A few days later the c rys t a l s  

grew . A f ter one week wai t ing for X- ray fac i l i t ies , I c o l l e c ted the data 

set , again lattice Z ,  resolut i on very good a t  2 . 2 3 A ---- not hope ful 
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s i gns for l i gand exi s t i ng in the crys t a l . However , the dens i ty map 

revealed the exi s tence o f  the l i gand BrC1 2 ,  1 2 -bromododecanoic ac id . I t  

was l e s s  than 2 0  days f rom the t ime we obtained the l i gand-BLG s amp l e s  

t o  the t ime we calcul a ted the dens i ty map . Thi s  was a p l ea s ant surp r i s e  

in our BLG research a c t i v i t i e s . 

The BLG can be c rys t a l l i zed into s everal c rys tal forms . E s tabl i sh ing the 

di f ferences o f  BLG i n  l a t t i ces X ,  Y and Z was one of the early goa l s ; 

this goal has now been achieved . 
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Chapter 3 Principles 

Principles, etc. 

3 . 1  Princ i p l e s  of s ingle - c ry s t a l  X-ray di f fra c t ion 

'VJhe n  e l e ct r omagne t i c r ad i a t i o n , for examp l e ,  X - r ay s ,  on m at t e r , 

t h e  e l e ct r i c  and magn e t i c  component s o f  t he r ad i a t i on c au s e  t h e  e l e ct r o n s  

i n  t h e  mat t e r  t o  o s c i l l a t e  w i th t h e  s ame f r e qu ency a s  t h e  i n c i d e n t  

r ad i at i o n . The o s c i l l a t  e l e ct ron a c t s  a s  a r a d i a t i on s ca t t e r e r  a n d  

e m i t s  r a d i a t i on o f  t h e  s ame f re quency a s  t h e  i n c ident X - r ay r a d i a t i on . 

I n  any s y s t e m ,  t h e  s ca t t e r i ng o f  t h e  i nc i d e n t  X - r ay beam i s  t he s umma t i o n  

o f  t h e  s ca t t e r i n g  f r om a l l  t h e  e l e c t ro n s . The d i f f ract i on o f  X - ray s  f ro m  

s i n g l e  c ry s t a l s  lS f i r s t  s ummar i z  t h e  s ca t  

f rom a s l e  e l e c t ron , t he n  f r om an a t om ,  a un i t  c e l l ,  and f i na l f rom 

a crys t a l . 

To a c h i eve t he s ummat i o n  o f  a l l  t h e  s c a t t e r i n g  '�Javes o f  e l e c t r o n s , t h e  

o f  a l l  t h e  i n d i v i du a l  s c a t t e r  e l e c c r o n s  mu s t  

b e  c a l i b r a t e d  t o  a r e f er e� c e  s c a t t e �  wave . F i gure 3 1  1 s hows 

a s two e l e c tron sy s t em . The s ca t t e r i n g  wave f rom the wh i t e e l e ct r on 

l 

... 

r o r i g i n  ve c t o r  

ima g i n a ry 
....... 

l>.e f l e c t ion 

s :  s ca t t e r i n g  ve c t o r ; r :  d i s t an c e  ve c t o r  

F i gu r e  31 - 1 : S c a t t e r i n g  pha s e - s h i f t  i n  a two - e l e c t ro n  s y s t em 

i s  c ho s en a s  t h e  r e f e r en c e  s c a t t e r ing wav'e and r e f e r r e d  t o  a s  0 ,  t h e  
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o r i g i n . The b l a ck e l e c t ro n , e ,  vJh i ch sca t t e r s  the inc i de n t  X - ray beam ,  

i :; ( l / A.) . Now , the p hase sh i f t o f  the s ca t t e r e d  beam f rom the b l a ck 

e l e c t r o n  c a n  be r e l a t e d  t o  i t s  p a t h  d i f f e re n c e  w i th the the sca t t e re d  

b eam f r om t h e  wh i t e  e l e c t r on a s  f o l l ows : 

2n (m + n ) /'A= 2nr . S  ( 3 1 - 1  ) 
The n ,  the scat t e red X- ray beam o f  the b l a c k  e l e c tron r e l a t ive t o  the 

o r i g i n  can be expressed as : 

( 3 1 -2 ) 

es : S c a t t e r ing abi l i ty o f  a s e l ect ron 

For an a t o m ,  the scat t e r ing is a c h i eved the e l ectron c l oud around t h e  

nu c l eus , as shown i n  F i gure 3 1-2 . The scat t e r  o f  X - ra:,,'s an a t om 

r e qu i r es the summat i on o f  scat t e r ing over the e l ect rcn c l oud . The nuc l eus 

is c hosen as the or The scat at s i t e  r has a r e l a t i ve 

t o  the o r i g i n : 

exp [ 2nir . S] ( 3 1 - 3  ) 

P.t s i t e  r ,  the e l e c t ron densi ty i s  p ( r ) , and the soa t t e r  a b i l 

e l e c t ron c l oud over t h i s  p osi t i on i s  p ( r ) dr .  Then the a t om i c  s ca t t e r i n g  

f a c t c r  f i s  the ion ove r t he vo l ume of the e l e c t ron c l oud : 

j =  fp ( r) exp [ 2nir . S] dr ( 3 1 - 4  ) 
r 

* dr 

� r 

nuc l eus 

F i gu r e  3 1 - 2 : X- ray sca t t e r ing an atom 

One un i t  c e l l  of a c ryst a l  con t a i ns a numbe r  o f  atoms , as i l l ust r a t ed i n  

F i gur e  3 1 - 3 . To simp l i fy t h e  d iscuss i on , t h e  o r i g i n  i s  c hosen a s  the 
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o r i g i n  o f  the un i t  c e l l ,  p o i nt O .  S imi l a r  t h e  s ca t t e r i ng wave f rom 

t h e  j t h a t om i n  t he un i t  c e l l has a p ha s e  s h i f t  r e l at i ve to the o r i g i n  o f : 

exp [ 21tirj • S] ( 3 1  5 )  

Nex t , s umma t i on ,  U ( S ) , i s  made ove r the n a t oms i n  the un i t  c e l l ,  e a c h  

w i t h  a t omi c s ca t t  

U ( S ) 

f a c t or f,, : 

n 

IJJexp [ 21tirj • S1 
] 

n atoms in c e l l  

i 

�s 

( 3 1 -6 ) 

F i gure 3 1 - 3 : X - ray s cat t e r a un i t  ce l l  

The cry s t a l  i s  the 3 - d imens iona l t rans l a t i on l a t t i c e o f  the u n i t  c e l l ,  

a s  de t a i l ed i n  s e c t i on 3 . 2 .  S ca t t e r i n g  f r om a i s  the r e s u l t  o f  

s ca t t e r i ng f rom e f f e ct ive ly a n  i n f i n i t e  number o f  un i t  c e l l s . Summa t i on 

mu s t  be ove r a l l  un i t  ce l l s  VJi t h e s h i f t s  w i t h  respe c t  t o  t he c ry s t a l  

o r i g i n . To one i n d i vidual un i t  ce l l ,  the s h i f t  o f  o r i g in vIi l l  

i n t rodu c e  a pha s e  s h i f t  t o  U ( S ) . The r e f o r e , s ca t t e r ing f rom t h i s  un i t  

c e l l  i s : 

U ( S) exp [ 21ti ( ta + ub  + vc)  • S] ( 3 1 - 7  ) 

whe r e  a ,  b, c are t he t r an s l a t i onal ve c t o r s  o f  c ry s t a l  and t ,  U ,  v a r e  

i n t e g e r s  w h i c h  de f i ne t he pos i t i on o f  i n  the c e l l . 
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The s ca t t e r ing F ( S) f rom the cry s t a l  i s  the summat ion of s ca t t e r ing over 

a l l  the un i t  ce l l s  in the crys t a l . U ( S )  i s  the s ame for each c e l l . Suppos e  

each d i rect ion has 1 ,  m ,  n un i t  ce l l s In the c rys t a l , then : 

t, rn. 17 

F ( S) U ( S) exp [ 21ti  ( to. + u b  + vc) • S] 

r = 0, U = o. v = 0 
m 

U ( S )  ( ,to exp [ 2n i ta · S] I exp [ 21t iub  • S] . '*0 exp [ 2n ivc . S]  J u = o  
F ( S) i s  cal l e d  the s t ructure factor . 

imag i :-. ary 

[ => 00 

i f  a ' S  * intege r , then 

i n f i n i t e  vectors 
in the Argand diagram 
wi l l  smear out the 
summat i on 

F i gure 3 1 - 4 : Re f l ec t i on cond i t i on ,  i l lus t ra t ed i n  an 
Argand diagram 

( 3 1 - 8  ) 

( 3 1 - 9  ) 

I f  a ' S  i s  not equal to an int erger , the summat ion f rom 0 to 00 f o r  t wi l l  

go t o  be z e ro ( s e e  F i gure 3 1 - 4 ) ; s imi l a r l y  for b ' S  and c · S .  The s e  are 

known as the Laue di f f ract ion cond i t ions . They speci fy the d i r e c t ions 

for d i f frac t i on f rom a crysta l . 

3.2 Re l a t i on ship between crystal and d i f f rac t i on pat t e rn 

A prot e in c ry s t a l  i s  a three - d imens i onal periodic arrangement o f  prot e i n  

mo l e cu l e s . The m i n ima l repeat ing u n i t , the un i t  c e l l i s  chara c t e r i z ed 

the vec t o r s  a, b and c ,  with the ang l e s  a ( bA c ) , 

between the vectors . The three -dimens ional s t ack of un i t  ce l l s  d e f i n e s  

the c ry s t a l  lat t i c e . 
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In l as t  section , t he Laue condi tions for d i f fraction from a singl e  

crys t a l  were s t a t e d , and are conven tiona l expressed as : 

( 3 2 - 1 , 2 , 3 )  

h ,  k ,  1 are integers . The Laue condi t i ons can be arranged as : 

a 
- - 5  
h 

1 
b 
- - 5 
k 

1 
c - - s 
I 

The sca l ar product of t he two vect ors a l h  and S is 

1 ( 3 2 - 3 , 4 , 5 ) 

t o  1 .  In o t her 

words, t he vect or a is e c ted on t o  t he vec t or S and mU l tip l ied \;J i th 

I S I gives unit y .  Thi s  is a lso t rue fcr b / k  and c i l. There fore , t he 

endpo ints o f  t he vect ors a /h , b/k, and c/l form a perpendicu l ar t o  

vector S ,  a s  shown with a two- dimens i ona l 3 2 - 1. The 

l a t t i ce sy��et ry then generates a set o f  l a t t i ce s ,  denoted ( hkl ) , 

w i t h  equa l int erp lanar spacing , denoted 

, 
, 

, ,S 
"-

"-
'- "-

, 

f'  '-
'- "- uni t  ce l l  

a,:-;�: "-
'- '-

'- "-
'- '-

"- "- b 
"- "- "- "-

'-
'- '-, b/k 

"- "-
"- , "-

'- .... 
'- '-

, "-
"- '- re f l ect i on p l anes 

"- ..,. 
h = 2 , k=2 "-

'-

'-
Figure 3 2 - 1 : Two-dimensiona l exampl� o f  t he l a t t ice plane f ormed 
by t he end po ints o f  vect o rs a /h ,  and b/k . 

In t he X -ray dif fraction exper i ment , t his set o f  p l anes 1S conveni ent l y  

treated as a set o f  imaginary refl ec t i on p l anes . 

,h t h i n  each unit ce l l, symmetry opera t i ons such as r o t a tions , 

reflect i ons , screw axes and g l i de p l anes may re l ate molecu les t o  each 

o t her . The combina tion o f  l a t t ice t rans l at i ons and symmet ry operations 

const i tu t es t he space group. The asymmetric unit is t he m i n i mum vo l ume 
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of the unit cell or the m i n imum number of at oms or m o l e c ules f r om wh i ch 

the contents of t he entire un it c e ll can be generated app l i ca t i on of 

the symmetry operat ions. The asymmetr i c  unit of the un i t  c e l l can be part 

of a m o l e cu l e ,  a m o l e c u l e  or more t han one m o l e c ule. Bov i n e  g-

lactoglobu l in c rysta l l i ses in a var i e ty of c rystal forms. B ov i n e  BLG ' s  

latt i c e  Z i s  a c rystal form w i th space group P 3  2 1. In t h is case , the 

uni t  c e l l  has s i x  asymmetr i c  un i ts wh i ch are symmetr i cal r e lated ;  see 

F igu re 3 2 -2 . Each asymmetr i c  un i t  c o r responds t o  a bov i n e  g- lactoglobulin 

monome r . 

, 3 +  
c --

3 2  2 :  I n t e rnat i onal Tables r epr esentaL i o n  of space g roup 
[ Hahn, 1 9 9 5 ] .  

'vJe have summar ised t he spa c e  also known as real space. The X - ray 

d i ffrac t i on patte rn defi nes r e c iprocal space or d iffraction spac e. �'!he n  

the Laue cond i t i ons for d i ffracti o n  are sat i sf i e d, the d i ffract i o n  

assoc i ated w i th intege rs hkl i s  loose termed the refl e c t i on ( hkl ) . The 

r efle ction ( hkl ) , w i t h  assoc iated structure fac t o r  , i s  conveni ent 

r epresented as a r ef l e ction of from l at t i c e  planes hkl . Each 

r ef l e ct i on generated a set of r efle ct i on planes ( hkl ) is 

a diffraction 'Je ctor wh i c h  has i ts end p o i nt ,  a d i stance 

1 /  - f r om the or i g i n. The set o f  a l l  reflect i ons defi nes the r e c i p r o c a l  

latt i ce, vlh i ch i s  r epresen t e d  by thr e e  vect ors a *, b * ,  c *  [ Bar l o1:1, 1 89 7 ] .  

The EitJa l d  construc t i o n  [ Ewald, 1 9 2 1 ]  eff e cti vely r e l ates each r ef l e c t i o n  

or d iffrac t i on spot t o  i ts reflec t i on plane ( hkl ) . '�Jhen a r e c iprocal 

lat t i c e po int l i es on the surface of the Ewa l d  sph e r e , the Laue 

conditi ons for d iffraction are sat isf i e d , as shown in F igur e  3 2 - 3 .  

Techn i ca l ly, thi s  i s  called the i ndex o f  the d i ffract i on . 
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-or i g i n  o f  r e c i p r o c a l l at t i c e  

\ 7 
_ about a c e n t r e  s r u f t e d  l / A 

\ 
"-

" / 
/ t he d i r e c t i o n  o f  t h e  

i n c i de n t  beam f r om o r i g i n  o f  

........ -.. ....-- / - - -
t h e  

A s p h e r e  vI i t h  rad i u s  l / A i s  c on s t ru c t ed 

abou t  t he o r i g i n o f  t h e  . '1ih e n  t h e  

s v e c t or S l i e s  on the , t he 

d i f f ra c t i o n  c o nd i t i o n s  are f u l f i l l e d . 

3 2 - 3 : EvJa l d  c o r: s t ruct i oD {  

f o r  d i f f ra c t i on 

cond i t i o n s  

I n  t h e  o s c i l l a t i on me t ho d  o f  d a t a  co l l e c t i o n , t h e  c ry s t a l  i s  r o t a t ed ove r 

a sma l l  ang l e , - 0 . 5  t o  - 1 . 5  � ,  abo u t  an ax i s  c u l a r  t o  the X -

ray b e am . The corre s pond i ng r o t a t i on o f  t he rec l a t t i c e  b r i n g s  

more d i f f ra c t i on s po t s  t o  t h e  d i f f r a c t i o n  cond i t i o n  ( i .  e . , c r o s s  t h e  

E'!!a l d  s p h e r e ) .  Care f u l  cho i ce o f  t he o s c i l l a t i on r a n g e  t o  a'v'o i d  t h e  

o f  d i f f ract i on s p o t s  on t h e  r e c o rded p l a t e  a l l ows e a c h  

expos u r e  t o  r e cord mor e  dat a . B e c au s e  rea l crys t a l s  a r e  n o t  e c t , t h e  

d i f f ra c t i o n  c o n d i t i o n s  are fu l f i l l ed over a sma l l  angu l a r  r a n g e  around 

the r e c  1 la t t i c e  p o i n t , l . e .  t he r e c  l at t i c e p o i nt h a s  

·v·o l ume . '\{he n  t h e  c ry s t a l  i s  o s c i l l a t ed , i t  i s  pos s i b l e  t ha t  o n  part o f  

t h e  r e c i p r o c a l  la t t i c e  p o i n t  f u l f i l l s t h e  d i f f ract i on c o nd i t i o n s . Suc h  

part i a l  d i f f r a c t i on s  i n c r e a s e  t h e  d i f f i cu l ty i n  t he 

3 . 3  From d i f f ract i on data image to mo lecu l ar s t ruct ure image 

3 . 3 . 1  P ha s e  a n g l e  o f  d i f f ra c t i on 

The i ndexed d i f f r a c t i o n  s p o t s  a r e  not the f i n a l  r e s u l t  o f  t h e  X - ray 

d i f f r a c t i o n  expe r imen t . ;·Jhat 1;1e 1;1ant i s  the ima g e  o f  mo l e cu l e s , t he 

bu i l d i ng c omp onen t s  o f  the c ry s t a l . The n ext t h i ng i s  t he r e c on s t ruc t i on 

o f  t h e  mo l e c u l ar image f rom the d i f f r a c t i o n  da ta . In s e c t i on 3 . 1, the 
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sUITullation e quatio n  ( equat i on 3 1 - 6 )  o f  sca t t e r i ng s  for a unit ce l l  vIas 

made i n  t erms o f  a t oms . I nst ead o f  sumrn i ng O'Jer a l l  i nd i v i dua l a t oms , \tIe 

can in t egrat e  over a l l  electron c l ouds i n  the un i t  cell , s imilar t o  the 

manner o f  equ a t ion 3 1 - 4 : 

U ( S) f p ( r) exp [ 2n ir  - S1 dv ( 3 3 - 1 )  

cell 

dv = Vdxdydz 
( 3 3  2 )  

p ( r) : e l e c t ron de n s  a t  po i nt r 
v :  vo lume o f  un i t  cell 

and : 

( ax + by + cz)  - S  ( 3 3  - 3 ) 

( a . S )  x + ( b  - S) Y + ( c  - S )  z ( 3 3  - 4 ) 

A ,  y, z are fract ional coordina t es i n  t h e  u n i e  ce l l, wh i ch de f i ne a 

_ t h  ele c t ron den s p ( r) or P ( xyz ) .  t he LaUe di f fraction. 

condi t i on s , equat i o n s  3 2 - 1 , 2 , 3 ,  

hx + k:v + lz 

There fore , o n  rep l a cing U (S)  F (hkl ) and 

obt a i n : 

F ( hkl)  

1 I 1 

f f f p (xyZ) exp [ 2n i  ( hx + k.v + /z) ] dydydz 
x y ;:: 

( 3 3  - 5 ) 

( 3 3  - 6 )  

This i s  the Fourier t ransform o f  P (  and t he revers e is als o  true . 

Tak i ng into account the Laue d i f fract ion cond i t i ons t ha t  t he d i f fraction 

i s  discre t e , the c on t i nuou s i n t egrat i o n  of P ( xy Z )  can be r e p l aced t he 

sUIDInat io n  o f  F (hkl ) : 

p (xyZ) �LLLF ( hkl)  exp [ -2 n i  ( hx + ky + lz) ] 
h k I 

( 3 3  -7 ) 

Because o n l y  the ampli t ude o f  the s truct ure facto ::: F ( hkl ) is measur ab l e , 

we rep l ac e  ( F (hkl ) ) Itli t h  l exp ( iah� : ) t o  get : 
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p ( xyz) �L LLlFhkll exp [ -2rri  ( hx + ky + iz) + iahkzJ 
x y Z 

Principles, etc. 

( 3 3  - 8 )  

i s  obt a i ned d i r e c t  a s  t he s quare r o o t  o f  t h e  i n t e n s i ty o f  

d i f f ra c t i o n  b e am ; a�� l  i s  t h e  pha s e  o f  corresponding to d i f f ra c t i on beam , 

VIh i c h  c a n  n o t  be obt a i n e d  d i r e c t  f rom the d i f f ra c t ion p a t t e rn . 

The r e  a r e  s ever a l  way s to obt a i n  the a n g l e s  o f  r e f l e c t i on s . The 

i s omorphou s r e p l acemen t  me t hod r e qu i r e s  the at t a CQ�ent of atoms t o  

the p r ot e in . The mu l t  wave l ength anoma l ou s  di f f ra c t i o n  me t h o d s  

o n  the p re s en c e  o f  s u f f i c i ent s t rong anoma l ou s  s c a t t e r i n g  

a t oms i n  t h e  p rot e i n  s t ru c t u r e  i t s e l f . In t he mo l e cu l a r  r e p l a c eme n t  

rnet hod t h e  s imi l a r  o f  t h e  unkno';m s t ru o t ure t o  an a l r e a dy known 

s t ru c t u r e  i s  a p r e r e qu i s i t e . A l l  t h r e e  me thods r e  o n  t h e  P a t t e r s o n -

f u n c t i on [ Pa t t e r s on , 1 9 3 4 ;  Pat t e r s on , 1 9 3 5 ]  

3 . 3 . 2 P at t e r s o n  fun c t i o n  

T h e  P a t t e r s on fun c t i o n  [ Pat t e r s o n , 1 9 3 4 ;  Pat t e r s on , 1 9 3 5 J  i s  the 

convo l u t i o n  of the s t ru c t u r e  with i t s e l f , d e f i n e d  a c ' 

P ( ll )  = J P ( r) X p ( r  + Lt) dv ( 3 3  - 9 )  
r 

r, u a r e  de f i n e d  i n  F i gure 3 3 2  1 .  By me ans o f  the convo l u t i on theorem ,  

t h e  e qu at i on 3 3 - 9 c a n  be r e f o rmed a s : [ Dren t h ,  1 9 9 5 J  

P ( u )  
1 VL 1F (5)  1 2 eos [ 2rru • 5] 

s 

Thu s , t h e  P a t t e r s on fun c t i on can be c a l c u l a t e d  d i r e c t  

p ( r) 

�. 

F i gur e  3 3 2 - 1 : Ve c t o r  re lat ions h ip s  i n  a two 
d ime n s i o n a l  un i t  c e l l  with two atoms 
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d i f f r a c t i on pa t t e rn . The p hy s i ca l  s i gn i f i cance of t he Pa t t e rs o n  fun c t i on 

i s  t hat maxima i n  F ( u )  cor r e s pond to ve c t or s , u ,  b e t we e n  a t oms . Un l e s s  

e l e c t ron den s i ty i s  p r e s e n t  a t  both p ( r)  and p ( r+u ) , t h e  Pat t e rson map 

has a va l u e  of z ero a t  F ( u )  The r e f or e , ve c t or s  b e tween p a i r s  o f  

a t oms i n  t he c ry s t a l  s t ru c t u r e  s how up a s  vect or s f rom t he o r i g i n  t o  

max ima i n  the P a t t e r s o n  map . Vec t ors between a t om s  ( eg ,  Hg . . .  H g ) 

w i l l  dom i na t e  v e c t o r s  between 1 atoms ( eg ,  C ,  N ,  0 )  i n  the Pa t t e r s on 

map due t o  h i g h  e l ect ron d e n s i ty . Thus , heavy atom . a t om ve c t o r s  

be tween s ymme t ry - re l a t e d a t om s  c a n  eas i be i dent i f i e d  a n d  t he pos i t i o n s  

o f  the heavy a t oms i n  t h e  c ry s t a l  l at t i ce can b e  dedu c e d . 

3 . 3 . 3 I s omorphou s methods 

c ry s t a l  u sua l con t a in s  wat e r  chann e l s  wh i ch a l l ow 

t he a t oms to t rave l and a t t ach t o  the p r ot e i n  rno l e cu l e s . The 

a t t a c h.ment o f  hea'v-y atoms o f t e n  does not s e r i ous a l t e r  the c o n f o rma t i on 

o f  the p ro t e i n  and a l s o  l eave s a reasonabl e  i 

crys t a l  u n i t  c e l l  parame t e r s  o f  t he nat ive prot e i n and t he - a t om 

der ivat ive . The ne a r - ide n t i ty o f  s t ructure between the nat ive p r o t e i n  

crys t a l  a n d  the heav"./ - a t orr, p r o t e in l e a d s  ;:: 0 t he s ame bas i c  

d i f f r a c t i on p a t t e rn but w i t h  s ma l l  d i f f e rences i n  i n t en s i t i e s  between 

c o r r e s po n d i n g  r e f l e c t ions . The p ha s e  ang l e s  of re f l e c t i o n s  for the nat ive 

p r ot e i n are c a l cu l at e d  f rom the s e  d i f f e r e n c e s  in i n t en s i t i e s . 

( hkl ) 

( hk1 ) ( hk l ) + Fr ( hkl ) 

F i gu r e  3 3 3 - 1 : Change i n  s t ructure f a c t o r  when a heavy" 

a t om i s  a t t ache d t o  p r o t e i n  mo l e cu l e . 

The s t r u c t u r e  fact or o f  the hea-vy - atom der ivat i 've ( hkl ) ) i s  the 

v e c t o r  s um of the s t ru cture f actor o f  the hea'vy a t om ( hkl ) ) and the 

s t ru c t u r e  f a c t or o f  the prot e i n  ( ( hkl ) ) ;  s e e  the Argand d i agram , F igure 

3 3 3  - 1 . 'tlhat we kno",j f rom the d i f f rac t i on pa t t e r n s  of both the nat ive 
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p ro t e i n  crys t a l  and the heavy a t om der ivat ive a r e  t he i n t e n s i t i e s  wh i c h  

c o r r e s pond t o  I ( hk1 ) \ ,  and ( hk1 ) I .  

The i n i t i a l  s t ep o f  i s omorphou s 

p o s i t i o n ( s )  o f  t he a t t ached 

me t h o d s  i s  to f i n d  out the 

atoms . The a t t ached a t om s  a r e  

e l e c t r on - r i ch moi e t i e s  comp a r e d  t o  the p r ot e in mo l e cu l e , ':Ih i ch i s  u s u a l  

c omp r i s ed o f  t h e  l ight a t oms C, N ,  0 ,  e t c . Thu s , in t h e  P a t t e r s o n  

map [ Pa t t e r son , 1 9 3 4  , due t o  the a t oms , a r e  r e l a t ive e asy t o  

i de n t i fy .  The p o s i t i o n s  o f  heav-y - a t om vector s i n  the Pat t e r s o n  map 

[ Pa t t e r s on ,  193 5 ]  may be deconvo l u t e d  to g i ve t he p o s i t i ons of t h e  

a t om s  i n  t he un i t  ce l l . O n c e  w e  know the pos i t i on s  o f  a t oms i n  t he 

c ry s t a l  u n i t  c e l l ,  we can ca l cu l at e the s t ru c t u r e  f a c t o r  o f  t h e  

a t om ,  ( hk1 ) , t hrough t h e  e quat i on 33 - 6 . 

F i gu r e  3 3 3  2 :  De t e rminat i on o f  � h e  
r e f l e c t ion ( hkl ) 

ang l e  f o r  

At t h i s  s t ag e , w e  g e t  t h r e e  numbe rs : ( h1<:. l ) I ,  ! F ( h1<:.l ) i ,  and ( hI:l ) . 
The p ro t e i n pha s e  ang l e  can be d e t ermined a s  : o l l o'"JS [ Barke r , 1 9 5 6 ] : I n  

t he Argand d i agram , f i r s t , draw' a c i r c l e  c ent e r e d  at t h e  o r i g i n  \.; i t h  

r a d i u s  I F? ( h1<:.l ) I ;  s e cond , d raw t h e  vector ( hk 1 ) f rom t h e  or i g in of t h e  

Argand d i agram ; a t  t he h e a d  o f  the vector ( hk 1 ) , draw a c i r c l e  w i t h  

r a d i u s  ( hk1 ) I .  S e e  F i gure 3 3 3 - 2 f o r  de t a i l .  A t  t h i s  s t ag e , w e  obt a i n  

t w o  po s s i b l e  vec t o r s  f o r  F ( h1<:.l ) . T o  r emove t h e  amb i gu i ty , we ne e d  a t  

l e a s t  t ':IO i somorphous hea-vy -a t om d e r i  va t i  -Je s .  
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3 . 3 . 4 Ho l e cu l a r  rep l a c ement methods 
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I f  'de are sure that s im i l a r i ty o f  the unknown s t ru c ture to an a l r eady 

known s t ru c t ur e  � s  p r e s en t , mo l e c u l a r  rep l aceme n t  i s  a much more 

e f f i c i e n t  met hod . The e s s en c e  of mo l e c u l a r  i s  t o  t rans f e r  

t h e  known p ro t e i n  s t ructure f rom i t s  l i ne a r r ang emen t  i nt o  the 

l at t i c e  o f  the prot e in for v!hich the s t ru c t u r e  is not y e t  known . 

Two s t ep s  are i n-vo l ve d ,  r o t a t i on and t r an s l a t i on .  I n  pract i c e , both 

i nvo l ve the Pat t erson func t i on . A f t e r  t h i s , further re f i nement may g i ve 

a c o r r e c t  s o l u t i on to the u nknown prot e i n  s t ructure . 

The vectors generated by the of atoms i n  the s ame mo l e cu l e  i n  the 

P at t e r s o n  map are i n  gene r a l  r e l at ive ly s ho r t  compared t o  t he ve c t o r s  

p a i rs o f  a t om s  i n  d i f f erent mo l e c u l e s . The former ve c t o r s  

are concent rat e d  around the o r i g i n  o f  the Pat t e r s o n  map. Exc ept f o r  

o r i en t a t i on vli t h  r e s p e c t  t o  un i t  c e l l  axe s , i nner part o f  the 

P a t t e r s on map wou l d  be ident i c a l  for the s ame mo l e cu l e  i n  d i f f e r e n t  

c ry s t a l  s t ructures the no i s e  f rcrn s ome i n t e rmo l e c u l ar 

ve c t o r s ) ,  i r r e spect i ve o f  the rotat i on ( ro t a t i on do e s  not mod i fy the 

r e l a t i o n s h i p  of at oms i n  t he mo l e cu l e ) .  For homo l ogous mol e cu l e s , the 

inner part o f  t he Pat t e r s on map is not equa l but ve ry s im i lar . The r e f o r e , 

t he i nn e r  part of the P at t e r s on map ( s e l f - Pa t t e rs o n  ve c t o r s ) can s up pl y  

u s  w i t h  the rotat i o n a l  r e l a t i on ship between the known and t h e  unknown 

mo l e c u l ar s t ru c t u r e s .  A f t e r  t h i s  s t age the p o s i t i o n  of the mo l e c u l e  i n  

t h e  crys t a l  can b e  dedu c e d  f rom the t rans l a t i on fun c t i on ,  i n  wh i c h  the 

l on g e r  i n t e rmo l e cu l ar ve c t o r s  c a l cu l ated by equa t i o n  3 3 - 1 0  a r e  ma t ched 

t o  t h o s e  ca l cu lat ed a s  the correct o r i e n t ed mo l e c u l e  is moved around 

i n  t he un i t  c e l l . The b e s t  mat ch o f  ve c t o r s  c o r r e s por,ds t hen t o  a 

c o r r ec t ly o r i ented and p o s i t i oned mo l e cu l e . 

3 . 4  S t ructure re f in ement 

The p r imary pha s e s  f o r  the obs e rved s t ru c ture f a c t o r  amp l i t udes a r e  

obt a i n e d  b y  mu l t ip l e  i s omo rphous replacement ( HI R )  and / or Pat t e r s on 

s ea r c h  methods and mo l e c u l a r  replacement . No ma t t e r  wh i c h  method , the 

s t a r t ing p ha s e s  con t a i n  error s . The e l ect ron den s i ty map c a l cu l at ed u s i n g  

s u ch p ha s e s  p rovi des only the broad f e a t u r e s  o f  t h e  p rot e i n  mo l e cu l e .  

vJh i l e  general corr e c t , the r e cons t ru c t e d  prot e in mod e l  may have many 
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e r r o r s  i n  the deta i l s . To mon i t o r  the agreement be tween the s t ructure 

f a c t o r s  c a l cu l ated f r om p ro t e i n  mode l and tho s e  obs e rved , the f o l l owing 

index i s  c a l cu l a t ed : 

R 
"L I I F  obsl - kiF ealel !  
:...;hk-'-·l _______ X 100 % 

"L I Fobsl 
hkl 

Even t hough c he R f a c t o r  an i n d i cat i o n  o f  how 

( 3 4  1 )  

the p ro t e in 

s t r u c t u r e  i s , the imp o r t an t  i s  how to get a prot e i n  s t ructure . 

The d i f f e rence bet 'lle en the prot e i n  mode l and ob s e rved dat a  can be 

exp re s s ed a s : 

D "L ( IFobs ( h kl) 1 - IFeale ( hkl)  I )  2 ( 34 - 2  ) 

hkl 

·,·.The r e  the s e cond item of equ a t ion 34 2 ,  I F:: ,, " : ( hkl ) I ,  i s  g iver. e quat i on 

3 3 - 6 ,  and can be mod i f i e d  to i n c l ude a t e rm a l l  f o r  mot i on s  o f  a t oms : 

I Feale ( h kl )  I =: L.Jjexp ( _B/--2 sin 2e ) exp (2rci  ( hxj + kYj + lz) ) 
j 

( 3 4  3 )  

Each a t om j i s  de s c r i bed by three pos i t i onal p a rame t e r s  and one t he rma l 

or a t om i o  d i s p l acemen t  p a r ame t e r , re spect ive z. and B - . The 

goa l o f  p r ot e i n  s t ru c t u r e  r e f i r.ement i s  to u s t  t he prot e i n  p a r ame t e r s  

. ,  Z . ,  B c , j = l ,  . . .  , n ( max imum numbe r o f  a t oms in s t ructure ) )  

t o  m i n i m i z e  the D va l u e . Once the g l obal m i n imum o f  D i s  a c h i eved , Vie 

p o s s  have the be s t  prot e i n s t ructure . At t h i s  s t age , the R f a c t or 

w i l l  be a l s o m i n imi z ed . 

The e qua t i ons 3 4 -2 and 34 - 3  can be noted as : 

( 34 - 4  ) 

, up t o  p :; :-: are the individu a l  p a r amet e r s  o f  P g i ving a 

t o t a l  o f  4xn p arame t e r s . At the min imum o f  D ,  ';le have : 

o ( 34 - 5  ) 
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Equa t i on 3 4 - 5 i nvo lves a s e t  o f  equat i on s . Unf ortuna t e ly , a l l  t he m i n ima , 

a s  we l l  the max ima and s a dd l e  point s s at i s  the s e  cond i t i o n s . Th i s  i s  

we s eek the g l oba l m i n imum o f  D .  To avo i d  the l o c a l  m i n ima , manu a l  

i n t e rven t i on i n  the r e f i n ement proc edures i s  r e qu i r ed . Thu s , cyc l e s  o f  

r e f i nement a r e  i n t e r sp e r s ed w i th c a l cu l at i o n s  o f  e l e c t ron dens 

by mean s  o f  ItJh i ch the mode l i s  manua l ly adj u s t ed , s o - c a l l e d  

r e bu i l d i n g . 

maps 

mode l 

I n  a l mo s t  a l l  p rot e i n  s t ructural det erm i nat i on s , the p a r amet e r  s e t  l S  

very l arge , due t o  the number o f  at oms i n  a prot e i n  mo l e cu l e . The r e f o r e , 

t he r a t i o  o f  the obs erved r e f l e c t ions t o  the number o f  adj u s t a b l e  o r  

var i ab l e  parame t e r s  i s  o f t e n  r e l a t ive sma l l . F o r  examp l e , f o r  BLG , 

the s e  r a t ios are only - 2 . 0 . As a r e su l t , ove r r e f i nemen t  i s  p o s s i b l e  

dur i ng t he re f i nemen t  p r o c e dur e . To avoid ove r r e f i nement , w e  c a n  p u t  mor e  

i n f orma t ion i n t o  t h e  r e f i nement , such a s  s t andard bond bond 

ang l e s , e t c . , as de r ived ve ry pr e c i s e ly f rom sma l l  mo l e c u l e  c ry s t a l  

s t ructure ana l y s e s . The r e  a r e  two me thods o f  r e f inement wh i ch abs o r b  the 

sma l l  mo l e cu l e s ' dat a : con s t r a ined ( r i g i d )  o r  re s t ra i ned ( f l ex i b l e ) 

r e f inement s .  

One way t o  mon i t or p o s s i b l e  ove rr e f i neme nt i s  t o  app l y  the mon i t or 

[ BrOnge r . 1 9 9 2 ] . B e f or e  the beg i nn i ng o f  any r e f i n ement , - 5 % or s e ve ra l  

hundreds o f  r e f l e c t i on s  a r e  s e t  a s i de and u s e d  t o  c a l cu l a t e  an R f a c t o r  

c a l l ed R, . B e cau s e  t he s e  re f l e c t ions a r e  not u s e d a t  any s t age i n  the 

r e f i nement , i s  a va luab l e  mon i t or on the r e l i a b i l i ty o f  the who l e  

r e f i n eme n t  procedur e . 
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Chapter 4 Experimenta l  procedures 

4 . 1  Source of material 

4 . 1 . 1  Source of bovine �- lactoglobulin 

Experimental procedures 

The nat i onal herd o f  New Zealand lS about 1 8 %  Jersey , 5 7 %  Hol s tein/ 

Fries ian , and 16% Jers ey- Fries ian cross [ H i l l  et  al . ,  1 9 9 6 ] . F i gure 4 1 -

1 i l lustrates a typical dairy herd o f  New Zea l and . As the dai ry indus try 

o f  New Zealand is a maj or part ic ipant o f  the national economy , the 

factors related to the indus trial process ing o f  mi lk remaln a key 

research interes t ,  for example , �- lac toglobu l i n . The samp l es o f  bovine 

�- lactoglobu1 in var iant A ( BLGA ) and var i ant B ( BLGB ) were isolated f rom 

the mi lk o f  homozygous cows and were ident i f ied by the New Zealand Dai ry 

Research Ins t i tute . The var iants were detec ted by e lectrophore s i s  under 

near-nat ive condi t i ons us ing paper , agar ge ls , or s t arch ge l s  as 

support ing material . Other techniques have a l s o  been used in the 

detec t i on of the var i ants . Separate preparat i ons o f  �- lac toglobulin f rom 

the mi lk o f  cows previ ous ly typed as �- lac toglobul i n  AA or �

lactoglobulin BB were conducted in later i s o lat ion procedures . 

F igure 4 1 - 1 : Dairy herd o f  New Zealand 
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4 . 1 . 2  P repara t i ons o f  whey 

Experimental procedures 

Method- I :  Lat e - season lactat i on mi l k  was c o l l ected f rom two Fri e s ian / 

Jersey c ows , whi ch had been previous ly typed for genetic var iants g 

lactoglobul in AA and BB ( Anema and C reamer , 1 9 9 3 ) , immediate ly prior to 

the c ommencement of puri f ic a t i on .  A total volume of 2 . 5  L was c o l l ected 

from each cow and then cooled to 4 QC . The cold ( 4  QC ) milk was de f at ted 

by c entri fuga t i on ( 2x 1 0 , 0 0 0 g ,  20  mins at 4 QC , Sorva l l  RC2 - B  super speed 

centri fuge , Sorva l l  Inc . , Norwalk ,  Connecticut ) . Skim m i l k  was then 

f rozen and s tored at - 2 2  QC . When requ ired , samples were t hawed at room 

temperature and 2 5 0  mL a l i quots of skim milk were u s ed for the 

preparat ion o f  bovine g- lac toglobu l in . 

The skim m i l k  was then warmed to 4 0  QC and the pH was adj u s ted to 6 . 6 .  A 

s o lu t i on o f  2 M CaC l2 ( BDH , AR ) was added s lowly wi th cons tant s t irring 

o f  the s kim mi l k  up to 6 0  mL per l i t re o f  s kim mi l k . Whi l e  s t i rring , the 

pH of the s kim mi l k  was ma intained at 6 . 6  wi th 1 M HCl ( BDH , AR ) . The 

temperature o f  the skim mi l k  was kept at 40 QC to a i d  aggl omerat ion o f  

casein par t ic l e s . The preparat ion was l e f t  t o  s tand f o r  approxima tely 1 0  

mins . Then the casein aggregates were removed by c ent r i fug a t ion ( 1 2 , 0 0 0  

g ,  3 0 mins a t  4 °C ) . The supernatant ( whey ) was retained , and the pH was 

adj us t ed to 5 . 9  and concentrated in a 2 5 0  mL ul tra- f i l tra t i on cel l ( model 

8 4 0 0 , prod no 5 1 2 4 , Ami con , Inc . , B everly , MA )  at 4 QC , f rom 2 2 5  mL to 

50 mL for the A variant preparat ion and 2 2 5  mL to 1 3 0  mL for the B vari ant 

prepara t i on . A YM1 0 membrane was used ( 1 0 , 0 0 0  Mr cut - o f f ) .  

Method- I I : Mid-late s eason mi lk was c o l l ected from homo zygous ( i . e .  g

lactogl obu l in AA or BB ) Fries ian / Jersey cro s s -bred cows typed f or a l l  

gene t i c  variants ( Anema and Creamer , 1 9 9 3 ) . M i l k  was col l ec ted both the 

evening before and the morning o f  t he commencement o f  the pur i f i ca t i on . 

The ini t i a l  volumes o f  whol e  milk were , from AA c ows , 1 5  L ;  and from BB 

cows , 2 0  L .  Warm ( 4 0 °C )  whole m i l k  f rom individual cows was defatted 

us ing a s eparator ( model 1 0 3  AE , A l f a - Laval S eparator Co . ,  N Z ) . Mi lk f rom 

d i f f e rent cows was not pooled unt i l  gel electrophor e s i s  r e s u l t s  conf irmed 

that a l l  cows were homozygous with respect to 8- 1 a ctoglobu l in . Cas e ins 

were precipi tated f rom the skim m i l k  via prepara t i on of " ac i d  whey " 
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[ Ha i l l i a r t  and R ibadeau - Dumas ,  1 9 8 8 J . Warm ( 4 0 s k i m  m i l k  ( t o a i d  

a g g l ome r a t i o n  o f  cas e in part i c l e s ) \Va s t i t rated t o  p H  4 . 6  \Vi t h  1 H HC l 

( BDH , AR ) . The prec ip i t at e d  c a s e  i n s  \Ve r e  removed gravi t y  f i l t rat i on 

t hrough t-vJo - l ay e r  po lyt e ry l ene c l o t h ,  wh i ch retained a l l  but t h e  sma l l e s t  

c a s e in p a rt i c l e s . 

( de t a i l ed a s  f o l lows ) 

\Va s then concen t ra t e d  a f r e e z e / t haw t e chn i qu e  

f o l l owed u l t ra f i l t rat i on . 

F r e e z e / Thaw : The above wa s f r o z e n  at 1 6  then t hawe d at room 

t empe r a t ur e , t ak ing care t o  keep con t a i n e r s  s t at i onary dur 

t hu s  al a prot e i n  concen t rat i on gradient to f o rm . The de n s e r  

p r o t e i n - r i ch port ion wa s l ocat e d  t owar d s  the bo t t om o f  t h e  v e s s e l  a n d  

the l i ght e r  p r o t e i n -de f f i c i ent p o r t i o n  w a s  l o c a t e d  t owar d s  t h e  t op . T h e  

p r o t e i n - r i ch p o r t ion wa s t h en c a r e f u l  s o f f ,  t ak i ng t he bot t om 

1 / 4 - 1 / 3  o f  t h e  tot a l  volume . Lac t o s e  cry s t a l s  and c a s e i n  a g g r e g a t e s  we r e  

obs e rved i n  t h e  bot t om o f  a l l  con t a i n ing ve s s e l s  once t hawed ( t hawed 

ove r n i gh t  a t  r oom t empe rature ) F ive f re e z e / t ha'IJ / s iphon cyc l e s  'ile r e  

p e r formed o n  the f r om each cow . After f r e e z e / thaw c o n c e n t rat i o n , 

vo l ume s f o r  each preparat i on had been r educed . 

4 . 1 . 3 I s o l a t i o n  o f  bovin e  E - l a c t o g l obu l i n A and B 

The whey p reparat i on methods d e s c r i be d  above g ave iden t i c a l  bov ine is 

l a c t og l obu l i n . E-Lac tog l obu l i n A wa s i s o l ated f rom g e l  f i l t r a t i on 

chroma t ography on a co lumn ( 5 0 x 6 0 0  mm ,  mode l XK 5 0 / 6 0 , Pharmac i a )  o f  

Superdex - 7 5 ( pr ep grade , Pharma c i a ) i n  2 0rrM phospha t e  ( BDH , AR )  bu f f e r , 

p H  6 . 0  'd i t h  3 0  roH NaC l ( BDH , AR ) at a f l o'd rate o f  5 mL /m i n . S amp l e s  o f  

5 mL ( 8 0 mg p r o t e i n ) were loaded O:l t o  the column . Fract i o n s  o f  5 mL we r e  

co l l e c t ed and tho s e  con t a i :l i n g  p u r e  is - l a ctoglobu l i n ',le r e  i dent i f i ed 

u s i ng g e l  e l ect rophor e s i s  CZin ema and Creame r ,  1 9 9 3 ) . Pure is-

The Pharma c i a  F PLC s y s t em u s ed l a c t o g l obu l in f ract ions vIe re then poo l ed . 

f o r  g e l  f i l t rat i on con s i s t ed o f  two P 5 0 0  pump s , t h r e e  HV8 va l ve 

s e l e c t o r s , one Hr-\!7 automated i n j  e c t or va l ve , one IvfV7 manu a l  i n j  e c t or 

va l ve , a F r a c  2 0  f ract i o n  co l l e c t o r  and a P l  pump . A l l c hr omatog raph i c  

o p e ra t i on s  w e r e  carr i ed out at amb i e n t  t emperature .  

is - La c t o g l obu l i n B 'vJa s  pur i f i e d  f rom whey u s i n g  i on - excha n g e  

c hromat og r aphy . -",They ( 1 5 0ml ) wa s d i a lysed aga i n s t  f ou r  chang e s  o f  

p ip e ra z i n e  bu f f er ( 2 0  lTh."1 , pH 6 . 0 , S igma ) w i t h  3 0  mJvI NaC l  a n d  i on - excha n g e  
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chromatography was conducted on a Q- Sepharose fas t - f l ow ( prod no 1 7 - 0 5 1 0 -

0 1 , Pharmac i a ) column ( 0 5 0  x 1 5 0  mm ,  model XK 5 0 / 2 0 ,  Pharmacia ) .  The 

column was e qui l ibrated wi th piperaz ine buf fer ( 2 0mM ,  pH 6 . 0 , Sigma ) . 

Samples ( 5 0 mL ) were loaded onto the column and whey spe c ies were eluted 

at a f l ow rate o f  10 mL / min with a 0 - 0 . 3 5 M NaCl gradient over a period 

o f  1 h ( 2  c olumn volumes ) .  Frac t ions were col lected and poo l ed . 

4 . 2  Evaluat ion of the purity and concentrat ion of prote in samples 

4 . 2 . 1  Pr inc iple of SDS elec trophores i s  

A given protein molecule has o n  i ts surface a number o f  amino a c i d  s i de 

chains which are negat ive ly or pos i t ively charged . Except at the i r  

i soelec tric point , protein mo lecules a r e  charged par t i c l e s  and are mobi l e  

i n  an e l ec t r i c  field . Bes ides the elec trical charge , the protein 

molecul e's s hape also influence s  the speed at which the protein molecul e 

moves through the support ing gel matr ix . SDS is an amphipathic molecule 

and can be bound to protein mo l ecules , dis rupting the i r  s t ruc ture . When 

so denatured , the inf luence o f  the molecul e ' s  shape and the electric 

charge on the mobi l i ty o f  protein molecule in the e l ec t r i c  field is 

minimi z ed . As a resul t ,  the pro tein mo lecules wi l l  move at a speed almo s t  

exc lus ively determined by the i r  molecular weight . Such mobi l i ty has an 

inverse l inear relationship wi th the l ogari thm of the protein molecular 

weight [ Weber and Osbom , 1 9 6 9 ; Maurer and Dati , 1 9 7 2 ) . Inc lusion o f  SDS 

in the s amp l e  decreases the reso lution of electrophores i s . To get h i gh 

qua l i ty data , discont inuous pH and gel condi tions are used to form the 

samp l e  l oading and reso lving gel sys tem . The protein wi l l  be great ly 

concentrated in the l oading gel be fore moving into the reso lving ge l . 

This technique improves the resolution o f  SDS p olyacryl amide gel 

electrophores i s  ( SDS- PAGE ) . 

4 . 2 . 2 Procedure o f  SDS electrophores i s  

The SDS- PAGEs ( 1 0 0 x 8 0x 1 . 5  mm )  were made up according t o  Tab l e  4 2 2 - 1 . The 

corresponding stock solut ions are summari sed in Table 4 2 2 - 2 . The gels 

were made a t  least overnight before the commencement of  e l e c trophores i s . 

The amount o f  sample loaded was suf f icient to a l l ow each s eparate band 

to contain 1 - 1 0  �gram of protein . Thi s  amount is necc e s s ary for the 
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s ubs equent s taining o f  the gel . A P S  5 0 0XT DC power s upply was used to 

provide the e l ectric f ie l d . Coo l ing water was supp l i ed during whole 

e l ec trophor e s i s  procedure with the c ondi t ions : 10  mA ,  5 0V ,  4hrs . After 

the e l ec trophore s i s , the gel was s tr ipped o f f  the gel mou l d . The gel was 

s ubmerged in the s tain s o lution and heated in a mi c rowave oven for 4 

m�ns . The s ta i ned gels were then c l eaned wi th di s t i l l e d  water . The 

heavi 

in a 

s ta ined gel s  were submerged i n  des tain ing solu t i on I and heated 

microwave oven f or 4 mins , then c leaned with d i s t i l led water . 

Des tained g e l s  were then s ubmerged i n  the des tain s o lu t i on 1 1  for further 

des taining . The s econd des tain proc e s s  can be as long as c onveni ent . 

Tab l e  4 2 2 - 1 :  Res o lving - gel and s tacking - ge l  recipes 

Monomer s o lution 
Res o lving gel buf f er 
Stacking gel buf fer 
Detergent 

r e s o lving ( mL )  

1 0  
5 

0 . 2  

s tacking ( mL )  

3 . 6  

H20 
* * * * * * * * * * * * * * * *  

I n i t iator 
TEMED 

4 . 6 7 
Degas for 1 5  mins 

0 . 1 

1 0 . 4  
0 . 2  

1 1  
* * * * * * * * * * * * * * * * * * 

0 . 1 5 
0 . 0 1 6  

* * * * * * * * * * * * * * * *  
0 . 0 1 

Apply * * * * * * * * * * * * * * * * * *  

Water saturated n-bu tano l 4 x 0 . 1  mL 

Tab l e  4 2 2 - 2 : Stock s o lutions f o r  SDS electrophores i s  

Monomer s olution , w/v 
Res o lving ge l buf fer 
S tacking gel buf fer 
Detergen t , w/v 
I n i t iator , w/v 
Res olving Gel Over l ay 
2 x Treatment buf fer 

Tank buf fer 

S t a in s o lu t ion , v/v 

Des ta ining soluti on I ,  v/v 
Des t aining solution 1 1 , v/v 
T EMED 
Water s aturated n - butano l 
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3 0 %  Acrylamine , 2 . 7 % B i s  
1 . 5M Tri s -HCl p H  8 . 8  
0 . 5  M Tri s - HC l  pH 6 . 8  
1 0 %  SDS 
1 0 %  awmonium persu l fate 
0 . 3 7 5  M Tr i s - HC l  pH 8 . 8 , 0 . 1 % SDS 
0 . 1 2 5  M Tri s -HCl pH 6 . 8 ,  4 %  SDS , 
2 0 %  glycerol , 1 0 %  2 -merc aptoethano l 
0 . 0 2 5  M Tr i s  pH 8 . 3 , 0 . 1 9 2  M g lyc ine , 
0 . 1 % SDS 
0 . 1 2 5 %  Coomas s i e  Blue R - 2 S 0  
5 0 %  methanol ,  1 0 %  acet i c  a c  d 
5 0 % methanol ,  1 0 %  ace t i c  ac d 
7 %  acetic ac i d ,  5 %  methanol 
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4 . 2 . 3  Pur i ty o f  s amples on the SDS - PAGE . 

The puri ty o f  the bovine b - l a c t og l obul in s amp le was s a t i s factory 

according t o  SDS - PAGE . A typ i cal r e su l t  i s  s hown in F i gure 42 - 1 . The 

molecular wei ght i s  - 1 8 , 0 0 0  dal ton according t o  the mobi l i ty o f  is

lactoglobu l in in the SDS- PAGE , a r e s u l t  corresponding to the monomer is

lactoglobu l in . The mol ecular weigh t  markers are phosphory l a s e  b, bovine 

serum a l bumin , ovalbumin ,  carbon i c  anhydrase , s oybean t ryp s in inhibitor , 

and a - l ac ta l a lbumin with mol ecular we ights o f  9 4 , 0 0 0 ,  6 7 , 0 0 0 , 4 3 , 0 0 0 , 

3 0 , 0 0 0 ,  2 0 , 1 0 0  and 1 4 , 4 0 0  dal ton , r e spec t ively . 

BLG /" 

(;- f.A,M E D 
� /  '"-,,, ./' "',-,.../ 

1 0 3  K cm 

9 4 . 0  ..... 1 .  4 3  
6 7 . 0  ...... 1 .  7 5  
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.. 3 . 7 0 

3 0 . 0 ' , 
2 0 . 1 ' - >  WO ..... 
1 4 . �  5 . 0 5 - --" 
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G- B 1\"  ...... j 

-
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F i gure 4 2 - 1 : SDS - PAGE o f  bovine b- l actoglobu l in 

ogM . W .  

5 .  

4 .  

4 .  

4 .  

4 .  
* BLG - 1 8 , 0 0 0  dal ton 

4 .  

1 2 3 4 5 6 ( cm )  

Figure 4 2 - 2 : Mobi l i ty versus l ogari thm o f  mo l ecular 
wei gh t  
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4 . 2 . 4  Opt ic a l  spectra o f  bovine B - l a c toglobu l i n  samp l e s  

Mos t  p r o t e in mo lecules have s everal amino ac i d  res idues whi ch are J:JV 

act ive due t o  their s ide chains c ontain ing an aromat i c  mo i e ty .  Tovmend 

and Time s he f f  ( 1 9 6 0 ) determined the BLG extinc t ion coe f fi c ient as 0 . 9 6 

( 2 7 8  nm) l i tres / g/ cm ,  see Tabl e  2 5 1 - 1 . To s imp l i fy t he dat a  analys i s , a 

value o f  1 O . D .  cm-
1

/mg/mL ( 2 8 0  nm )  was u s ed as the ext in c t i on coe f f i ci en t  

i n  t h e  exper iments .  The concentra t i on o f  B - l actoglobul i n  s amp l e  was 

measured by a Hi tachi UV spectroscanner in a c e l l  wi th opt i ca l  l ength o f  

1 cm . F i gure 4 2 - 3  shows a typ i c a l  spectrum o f  bovine BLG , f rom 2 3 0  r� t o  

7 0 0  nm .  A t  2 8 0  urn ,  O . D .  - 1 ,  c orresponding t o  a low conc entrat i on o f  

mg / mL . Thi s s torage c oncentrat ion i s  not sui t able for c rystal l i zat i on 

experimen t s . The nat ive BLG samp l e  demons trated the n ormal protein 

abs o rp t i on behaviour . 

O.U(8) A n 

0.0010i 

0.03910 V 

0.91559 

F i gure 4 2 - 3 : UV spectrum of bovine B- lactoglobu l in 

The s p e c trum of bovine B- l actoglobu l in i s  d i f ferent a f ter binding 

mo l e c u l es tha t  absorb in the UV-vi s i b l e  region , s uch as r e t inol , heme , 

and pro toporphyrin IX . The binding o f  retinol t o  bovine BLG gives a 

s l igh t  yel l ow colour to the s o l u t i on ,  and s ome extra peaks In the 

spectrum ( Fi gure 4 2 - 4 ) . The putative heme-BLG and protoporphyrin IX- BLG 

c omp l exes s how di f f erent opt i c a l  c haracter i s t i c s  ( Figure 4 2 - 5 ) . The SDS

BLG c omp l ex s hows no change i n  optical propert i e s  with respect to the 

native B LG s olution . Thes e  put at ive bovine BLG - l igand comp l exes have a l so 
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been subj e c t ed to crys tal - s c reen trials . 

Experimental procedures 

Figure 4 2 - 4 : Opt i cal spe c trum o f  the putat ive BLGA- ret inol complex 

300 400 500 600 700 nm 

F i gure 4 2 - 5 : Opt ical spectrum o f  the putative BLGA-heme complex 

4 . 3  Final sample preparation 

The SDS- PAGE results s how acceptable puri ty o f  bovine BLG samp l es . 

However ,  t he conc entration and support ing media are not sui table for 

crys tal l i za t i on .  The concentrat i on o f  bovine BLG requi red for 

c rys ta l l i zat i on i s  relat ively high at 2 0 - 3 0  mg / mL . I n  addition ,  the 

s torage buf fer for g-lac toglobu l in sample may vary wi t h  the prepara t i on 

procedure .  I t  i s  important then that be f or e  s e t t ti ng up the 

crys ta l l i z a t i on s creen , bovine g-lac toglobulin i s  sui t ably concentrated 

and in a proper bu f fer , for exampl e ,  1 0  mM HEPES , pH 7 . 4 .  
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Pure s amp l e s  ( 1  mg/mL )  were pooled in a Cent r i c on - l 0  ( F i gure 4 3 - 1 a ,  

Ami c on ,  Inc . MW cut - o f f  1 0 , 0 0 0 )  with 0 . 5  - 1 . 5  mL f o r  each centri fugat i on 

cyc l e  ( 5 , 0 0 0  rpm, rotor SORVALL ,  SS - 3 4 , Duf our Inc . ) ,  s ubj ected t o  3 -

5 cyc l e s  o f  washing and c oncentrat ing , t o  achieve a f inal vo l ume o f  0 . 1  

0 . 2  mL wi th bovine BLG c oncentrated by a fac t or o f  around 2 0  - 3 0 . Thi s  

resul t e d  I n  f inal pro t e in concentrat ions o f  2 0  3 0  mg /mL . The 

concentrated s amples were washed by HEPES buf fer ( 1 0 mM ,  0 . 0 2 %  az ide , pH 

7 . 4 ) . A t o ta l  o f  3 - 5 mL of HEPES buf fer was required for the washing 

proces s .  The f inal volume was kept at 0 . 1  0 . 2  mL . This washing and 

concentrat ing a l so des a l ted the bovine S- lactoglobu l i n  samp l e s . Be f ore 

s torage of the concentrated bovine S- lac t o g l obul i n  s amp l e , the s amp l e  

was f i l t ered b y  a Micropure f i l ter ( Amicon , Inc . cut - o f f  0 . 1  � )  in the 

c o l d  room at a speed of 5 , 0 0 0  rpm to remove any p o s s ib l e  microo gani sms 

( s ee F i gure 4 3 - lb ) . The f inal c oncentrat ion was around 3 0  mg/mL , and the 

s amp l e  was s tored at 4 QC . 

BLG s amp le 

was te s ol u t ion 

F i gure 4 3  l a : F i l tra t i on o f  
samp l e  ( Cent r icon f i l ter ) by 
centr i fuga t i on 

BLG sampl e --..... 

F i gure 4 3 - 1b :  F i l trat i on o f  
s amp l e  ( Mi c ropure f i l ter ) by 
centri fuga t i on 

4 . 4  Crystallization and pH measurements 

4 . 4 . 1  C rys tal l i zation o f  bovine BLG 

When mo l ecules prec ipi tate from solut i on , t hey a t t empt to reach the 

l owe s t  free energy s ta t e . Thi s is o ften accomp l i s hed by packing 

themse lves in a regu l ar way , i . e . t o  form crys ta l s . Compared to sma l l  

mo lecu l e s , protein molecules  contain a po lypept ide backbone , which i s  

not a s  r i g i d  a s  covalent bonds bet ween a toms i n  s ma l l molecules , and can 
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be d i s t urbed by many subtle i n f luences , such as salts , c rys tal packing , 

etc . As a resul t ,  i t  i s  more di f f i cul t f or protein mol ecules , compared 

to the sma l l  molecules , to adopt a uni f orm conformat i on , a requirement 

for regular packing . Protein molecules are also covered by a s o lvent 

mas k ,  whi ch largely prevents the contact o f  protein mol ecules wi th each 

other and hinders c rys tal l i za t i on . In general , for succe s s ful 

c rys tal l i zat i on , i t  i s  necessary to remove at least in part the so lvent 

mask around the protein mo lecules ( by adding precipi tant ) and then to 

r e f ine the experimental condi t i ons to achieve uni form conforma t i on for 

individual protein mol ecules . Several prec ip i t ant s , PEG , MEG , and 

ammoni um sul fate , have been tes ted in the bovine BLG crysta l l i z at ion 

t r i a l s . Only ammonium sul fate gave sui table c rys tals for X- ray 

d i f fract i on experiments . 

4 . 4 . 2  Crystal l i zat i on s creen and trials 

Ammonium sul fate tradi t i onally has been the prec ipi tant for 

c rystal l i zati on of bovine is- l actoglobu l i n  and has provided the bes t 

c rys tals in our X- ray di f frac t i on experiments . The pH o f  screen solutions 

were measured before and a f ter adding ammonium sul fate . After adding 

ammonium sul fate , the pH o f  screen solut ions were shi f t ed a l i t tle , s ince 

the concentration of ammonium sul fate is high in the crystal l i zation 

trials and the ammonium i on 1 S  very weakly ac i di c . Each s creen solution 

contains 1 . 8  2 . 0  mL o f  1M buf fer , 5 . 5  - 8 . 2  mL of 3 . 4  - 4 . 0M ammonium 

sul fate , 0 - 2 . 5  mL o f  Mi l l i -Q water , made up to a total volume o f  1 0 . 0  

mL ;  see Tables 4 4 - 2  and 4 4 - 3 . The buf fer was var ied t o  produce a 4 x 6  

screen mat r i x ,  covering the range o f  pH o f  the Tanford trans i t i on . 

Table 4 4 - 1 : S tock solut ions o f  screen solutions 

Chemi c a l s  pH concentrat i on ( M )  

Acet i c  Ac i d / KOH 5 . 0 1 1 . 0  
Cacodyl i c  Ac id/KOH 6 . 1 0 1 . 0  
HEPES / KOH 7 . 4 0 1 . 0  
TAPSO/ KOH I 8 . 7 1 1 . 0  
Ammoni um s u l f a te 4 . 0  
B i s - t r i s / HC l  6 . 9 0 1 . 0  
Tr i s / HC l  7 . 7 0 1 . 0  
TAPSO/ KOH I I  8 . 5 0 1 . 0  
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The pH o f  the buf fers were measured at room t emperature ( 2 5 °C ) , the pH 

meter was c a l i brated by s tandard pH buf fer wi th pH 7 . 0 0 .  Tab l e  4 4  1 

the s tock s o lut ions f o r  the preparat ion o f  screen s olut ions . 

Table 4 4 - 2 : Crys tal l i z at ion s creen matrix I .  Volumes ( ml l  o f  each s tock 

s o lut i on are entered in the tabl e . 

Bu f fers 

( lM ,  1 . 8  mL ) 

Ace t i c  Ac i d / KOH 

Cacody l i c  Ac i d / KOH 

HEPES / KOH 

TAPSO / KOH I 

Concentration o f  ammonium s u l fate ( 3 . 4M l  

2 . 2 0  

6 . 4 7 

6 . 4 7 

6 . 4 7 

6 . 4 7 

2 . 3 2 

6 . 8 2 

6 . 8 2 

6 . 8 2 

6 . 8 2 

2 . 4 4 

7 . 1 8 

7 . 1 8 

7 . 1 8 

7 . 1 8 

2 . 5 6 

7 . 5 3 

7 . 5 3 

7 . 5 3 

7 . 5 3 

2 . 6 8 

7 . 8 8 

7 . 8 8 

7 . 8 8 

7 . 8 8 

2 . 8 0 

8 . 2 0 

8 . 2 0 

8 . 2 0  

8 . 2 0 

Table 4 4  3 :  Crys tal l i z at ion s creen mat r ix 1 1 . Vo lumes ( ml l o f  each s tock 

solut i on are entered in the tabl e . 

Bu f fe r s  

( 1M , 2 . 0 mL ) 

Cacody l i c  Ac i d / KOH 

B i s - t r i s / HC l  

Tr i s / HC l  

TAPSO / KOH I I  

Concentra t i on o f  ammon i um s u l fate ( 4M )  

2 . 2 0  

5 . 5  

5 . 5  

5 . 5  

5 . 5  

2 . 3 2  

5 . 8  

5 . 8  

5 . 8  

5 . 8  

2 . 4 4 

6 . 1  

6 . 1  

6 . 1  

6 . 1  

2 . 5 6 

6 . 4 

6 . 4  

6 . 4 

6 . 4  

2 . 6 8 2 . 8 0 

6 . 7 7 . 0 

6 . 7  7 . 0  

6 . 7  7 . 0  

6 . 7  7 . 0  

- - - - - - - - - - - - -

BLGA and B LGB were crys tal l i zed by the s c reen mat r i x  I .  T o  minimise the 

protein s amp l e  consumed and to re f ine the experimental condi t i ons 

e f f i c ient l y ,  the hanging drop method was app l i ed ,  where each t r i a l  

required only 2 � L  p r o t e i n  s amp l e  wi th c oncentra t i on 2 0 - 3 0  mg / mL . The 

we l l  s o l u t i on s  with nominat e d  pH 6 . 1 ,  7 . 4 and 8 . 7 ,  whi ch produced the 

crys t a l s  s u i t able f o r  data c o l lec tion , have t he i r  pH shi f ted to 6 . 2 ,  7 . 1  

and 8 . 2  by the ammonium sul fate , respect ively . I n  g enera l , both BLGA and 

BLGB wi l l  produce cry s t a l s  in lattice Z within two to four days . Figure 

4 4 - 1  i l lus trates the typ i c a l  crystal hab i t . 
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F i gure 4 4 - 1 : Sketch o f  BLGA c rys tal s I n  l a t t i ce Z 

Figure 4 4 - 2 : Sketch o f  BLGA - SDS c rys t a l s  

Heme , prot oporphyr in I X  and ret inol were added t o  the BLG sample i n  the 

molar rat i o s  o f  1 . 2 : 1  individua l ly . The s e  l i gand-BLG were subj ec ted t o  

c ryst a l  s creen matrix I .  N o  corresponding l igand- BLG crys tal was found . 

The SDS der ivat ive o f  BLG was prepared according t o  the method o f  

McMeekin e t  al . ( 1 9 4 9 ) . A di f f erent crys tal f orm ( space group I 4 )  was 

produced , as shown i n  F i gure 4 4 - 2 . Thes e  crys t a l s  di f fracted to a l ow 

r e s o l u t i on o f  5 . 5  A .  

1 2 -br omododecanoi c  acid was d i s s o lved in e thanol ( 1 4 mM )  and added t o  

the BLGA s o lution ( - 1 . 1  mM )  in the mo lar rat i o  o f  1 . 5 :  1 .  At room 

temperature , such a BLGA derivative was s ubj ected t o  crys tal s cr een 

ma trix 1 1  ( hanging drop method , 2 �L versus 2 �L ) and succes s fu l ly 

cocry s tal l i s ed in l a t t i c e  Z at nominated pH 7 . 7  and 8 . 5 .  A di f ferent 

c rys tal form was f ound at pH 6 . 1  and 6 . 9 .  Due t o  the extreme f ragi l i ty 

o f  thes e c rys tal s , n o  d i f frac t i on data were c o l l e c ted . The pH value o f  

the wel l  s o lution which produced the BLGA-BrC 1 2  c rys tal for dat a  

c o l l ec t i on was shi ft e d  f rom nominated p H  7 . 7  t o  pH 7 . 3 .  
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4 . 5  D i f fraction system and data collect ion 

4 . 5 . 1  Data col lection sys tem 

The R igaku " Rotaflex "  RU- 2 0 0  series i s  a rotat ing anode X-ray generator 

which can yield a maximum output of 12 kW ( 6 0  kV/ 2 0 0  mA ) . The heat 

generated by electron impact on the rotat ing anode is diss ipated by a 

c losed- c i r cu i t  water cool i ng sys tem .  The X- ray beam from the anode i s  

monochromated by a graph i te monochroma tor . The prote in crys tal i s  mounted 

on the goniometer and centered in the path of the X- ray beam , see Figure 

4 5 - 1 . The di f frac ted X- ray beams are recorded by a R igaku RAxi s  I I C  image 

plate . The image plate i s  scanned by a He-Ne laser beam , and the 

luminescence s t imul ated from the image plate i s  amp l i f ied by a 

pho tomu l t ip l i er , and the s ignal s are sent to a computer , a VAX s tat ion 

3 1 0 0 , which i s  also the control uni t  o f  who l e  sys tem . 

Photograph showing crys tal mounted 
on the goniometer 

4 . 5 . 2  Crys tal mount ing and data collect ion 

Bovine g - l ac toglobu l in c rys tals were mounted into thin glass cap i l laries 

( � 0 . 7  mm ,  Mark-Rohrchen , Germany ) , under a 30 X s tereoscopic microscope . 
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A f t e r  mount ing , both ends o f  the l l ary were f i l l ed w i th the mot he r  

l i quor , then s e a l ed \'J i t h  b e e s ' \vax . I n  genera l ,  t h e  f i n i s hed cap i l l a ry 

'Il i t h  moun t e d  c ry s t a l  was 2 - 2 . 5  cm i n  l engt h . S u c h  c ap i l l a r i e s  were 

vert i ca l ly a t t a ched to the t op o f  the gon i ome t e r  w i t h  p l a s t i c i n e . The 

d i f f ra c t i o n  p a t t erns we r e  c o l l e ct e d  at room t empe r a t u r e  w i t h  generator 

vo l t a g e  50 kV and cur r e n t  1 0 0  mA the o s c i l l a t i o n  m e t hod w i th the image 

p l a t e  d i s t an c e  - 1 0 0  mm and o s c i l l a t ion ang l e  1 . 2  or 1 . 5  degre e . 

The f i r s t  of t h e  d i f f ra c t e d  c ry s t a l  wa s c o l l e c t e d  i n  1 2  m i nu t e s . 

vi i t h  PRED I C T  [ J e f f e ry ,  1 9 9 7  J o r  S TRATEGY [ Ra ve l l i ,  1 9 9 7  J the cry s t a l ' s  

o r i en t a t i on wa s de t e rm i n e d  and the opt im i z e d  s t a r t  rotat i on ang l e  wa s 

c a l cu l a t e d  f o r  the c o l l e c t ion o f  subs equent i ma g e s .  The d i f f ra c t i o n  

ima g e s  '",ere s a "Jed to magn e t i c  

exp e r imen t s . A rep r e s en t a t ive 

b l gz a l O , i s i l lus t r a t e d  i n  

tapes a f ter f i n i  the d i f f r a c t i o n  

image , t h e  s e cond f rame o f  data s e t  

4 5 - 2 . I n  g e n e ra l ,  t he d i f f ra o t i on 

p a t t e r n s  extend the wa t e r  c i r c l e . 

" . ", .. 

.. ". 

F i gure 4 5 - 2 : Repres entat i ve X - r ay d i f f ra c t i o n  image 
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4 . 6  Proc e s s ing of di f fract ion data 

4 . 6 . 1  Indexing and merging o f  re f l ec t i ons 

Experimental procedures 

Each spot on a frame o f  dat a  from the RAxis I IC mus t  be related to the 

r e f l ec t i on p l ane ( hk l ) which generates this di f f ra c t i on . The o s c i l lat ion 

method records the di f fract ion pattern in a manner that distorts 

rec iproca l  spac e ,  s o  that the task of indexing the di f frac t i on pat tern 

i s  very di f f i c u l t  to do manua l ly . DENZO [ Otwinowski , 1 9 9 6 ] is used to 

index automa t i c a l ly the re f l ec t i ons col lected . With each frame of the X 

ray di f f ra c t i on pat tern , DENZO extrac t s  the d i f fract ion s p o t s  and reduc es 

them t o  a text f i l e , which c ontains the hkl i ndex and intens i ty for each 

re f l ec t i on a l ong wi t h  the background and an e s t imat ion o f  the error . In 

proces s ing dat a ,  the coarse crys tal parameters and the detector 

orientat i on parameters are required in order to index , f i r s t  a s ingl e  

frame o f  the data s et ( usua l ly ,  the f i r s t  image ) . To obtain the proper 

c rystal parame ters , DENZO t e s t s  a l l  14 Bravai s  l a t t ices  and outputs the 

bes t  uni t c e l l  for each l a t t i c e  and the corresponding index o f  d i s tor t i on 

a s  a percentage . A s u i table ce l l  i s  chos en according to a c r i terion o f  

t he highes t  symmetry l a t t i c e  but with a low index o f  di s to r t i on ( usua l ly 

l e s s  than 0 . 1 % ) . Based on the indexing o f  the f i r s t  frame , all  the 

f o l l owing frames o f  data are indexed �n batch mode . The crys tal 

parameters and the rec iprocal lattice orientat i on with respect to the 

sp indl e , beam , and ver t ical axes o f  the dat a  c o l l ec t ion sys tem are 

re f ined for each frame . 

S ome r e f l e c t i ons may be recorded more than once . The redundant or 

dup l icate measurement s for an individual r e f l e c t i on need to be merged or 

averaged together . B e s i des thi s way , redundancy c an originate in ano ther 

way . Firs t , f or l a t t ice types other than t r i c l ini c , the symmetry 

operat i ons introduce redundancy to the indexed r e f l e c t i on f i l e . Second , 

the di f ference in inten s i ty o f  r e f l e c tions hkl and -h-k- l can be ignored 

u s ua l ly . Program SCALEPACK [ Otwinowski , 1 9 9 6  J merges the dup l i cated 

r e f l ec t i ons ( in BLG c a s e s , the symmetry-related re f lec t i ons and Friedel 

pairs ) wi th appropriate s c a l ing for cry s t a l  decompos i t ion and 

absorp t i on , and produce s  a f i l e  containing only the uni que r e f l ections . 

The error mode l was adj u s t ed s o  that X2 � 1 ,  independent o f  t he magni tude 

or resolution of the intens ity data , in order to improve the uni formi ty 
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o f  the r e f l ec t ion dat a  s e t . The s ta t i s t i cs descr ibing the merging process 

in the l ater sec tions are de f ined as f o l l ows : 

R 

R2 = 

2 X = 

:LV - lave l 
I IJ1 

:L (l - lave) 2 

Il2 

:L ( l - Iave) 2 

2 N Error · --N - I 

( 4 6 1 - 1 ) 

( 4 6 1 -2 ) 

( 4 6 1 - 3 ) 

Data were proces sed and thos e  retained for subsequent calculations had 

a mean value for I/0( I )  in the highe s t  res o l u t i on s he l l  o f  -2 . 0 .  S ingl e  

measurement s  are exc luded f rom the summation . I :  intens i ty o f  r e f lec t i on ,  

average o f  dup l i cate and redundant measurement s ,  N: number of 

dup l icate and redundant measurements , Error : e s t i ma t ed error for a given 

r e f l e c t i on shel l , whi ch i s  subj ected to adj u s tment in each cyc l e  to give 

4 . 6 . 2 Data proces s i ng for BLGA at pH 8 . 2  

The output from DENZO f or indexing a frame o f  data into each o f  the 1 4  
Brava i s  l at t i ces i s  given in Tab l e 4 6 2 - 1 . The pr imi t ive hexagonal l a t t i ce 

gives a very l ow d i s t or t i on index o f  only 0 . 0 9 % , and has the h i ghe s t  

symmetry c ompared t o  o ther l a t t i c e s  wi th l ow indi c e s  o f  dis tortion ,  such 

as C - c entred orthorhombic and pr imi t ive mono c l inic . As a resul t , the 

primit ive hexagona l is the sugges ted lat t i c e  type f o r  BLGA at pH 8 . 2 .  
The coarse crys tal parameters and crys t a l  o r i entat i on parame ters are 

provided s imul taneou s ly . Through batch mode , a l l  image frames were then 

reduced to corresp onding indexed di f frac t i on data f i l e s . The indexed 

di f frac t i on data were merged by program SCALEPACK [ Otwinowski , 1 9 9 6 J . 
Af ter ten cyc l es o f  p o s t - r e f inement o f  the c ry s t a l  parameters , the 

redundant r e f l ecti ons were s c a l ed and merged together to provide a uni que 

di f frac t i on data f i le . The comp letene s s  i s  given in Table 4 6 2 - 2 , and the 

data merging stat i s t ic s  are shown in Tab l e  4 6 2 - 3 . The overal l 

comp l etene s s  to 2 . 4 6 A i s  9 7 . 1 % wi th an overal l  value o f  R o f  0 . 0 8 0  for 

averaging the data . 
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Tabl e  4 6 2 - 1 : Auto- i ndexing by DENZO for BLGA at pH 8 . 2  

Lat t i c e  Bes t c e l l  ( symme tr i ze d )  Me t r i c  tensor 
di s to r t ion i ndex Best c e l l ( wi thout symmetry res tra ints ) 

pr imi t i ve cub i c  5 2 . 5 7 %  9 4 . 0 8 54 . 3 9 1 1 3 . 3 2 9 0 . 0 7 8 9 . 9 8 3 0 . 1 1 
9 0 . 6 5 9 0 . 6 5 9 0 . 6 5 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 

I c entred cub i c  4 0 . 9 0 %  1 2 5 . 6 1 9 4 . 4 3 1 1 3 . 3 2 
1 1 1 . 8 6 1 1 1 . 8 6 1 1 1 . 8 6 

F c entred cub i c  3 4 . 4 2 %  1 4 7 . 2 7 1 4 7 . 3 1 1 2 5 . 6 3 
1 4 0 . 4 4 1 4 0 . 4 4 1 4 0 . 4 4 

p r imi t ive rhombohedra l  8 . 8 1 %  1 2 5 . 6 1 1 2 5 . 6 4 1 2 5 . 6 3 
1 2 5 . 6 3 1 2 5 . 6 3 1 2 5 . 6 3 

7 6 . 8 4 7 6 . 8 4 3 5 6 . 7 5 

9 0 . 1 4 1 5 4 . 3 5 8 9 . 9 7 
9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 
4 6 . 1 1 
9 0 . 0 0 
2 4 . 9 9 
3 2 . 4 3 
9 0 . 0 0 

4 6 . 1 5 
9 0 . 0 0 
2 5 . 0 1 
3 2 . 4 3 

7 9 . 4 0 
9 0 . 0 0 
4 3 . 9 8 
3 2 . 4 3 

9 0 . 0 0 1 2 0 . 0 0 
p r imi t ive hexagonal 0 . 0 9 %  5 4 . 3 9 5 4 . 3 7 1 1 3 . 3 2 9 0 . 1 0 9 0 . 0 7 1 1 9 . 7 7 

5 4 . 3 8 5 4 . 3 8 1 1 3 . 3 2 9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 
p r im i t ive t e tragonal 

I centred tetragonal 

p r imi t ive orthorhombi c  

C c entred ortho rhombi c  

I centred o r thorhombi c  

F cen tred orthorhomb i c  

p r imi t ive mono c l ini c 

C c en tred mono c l ini c 

p r imi t i ve t r i c 1 inic 

7 . 8 3 %  5 4 . 3 7 5 4 . 3 9 1 1 3 . 3 2 
5 4 . 3 8 5 4 . 3 8 1 1 3 . 3 2 

4 . 2 3 %  5 4 . 3 7 5 4 . 3 9 2 3 2 . 9 7 

7 . 8 3 %  

0 . 0 8 %  

4 . 2 3 %  

4 . 4 4 %  

0 . 0 7 %  

0 . 0 2 %  

5 4 . 3 8 
5 4 . 3 7 
5 4 . 3 7 
5 4 . 5 7 
5 4 . 5 7 
5 4 . 3 7 
5 4 . 3 7 
5 4 . 3 7 

54 . 3 8 2 3 2 . 9 7 
5 4 . 3 9 1 1 3 . 3 2 
5 4 . 3 9 1 1 3 . 3 2 
9 4 . 0 8 1 1 3 . 3 2 
9 4 . 0 8 1 1 3 . 3 2 
5 4 . 3 9 2 3 2 . 9 7 
5 4 . 3 9 2 3 2 . 9 7 
9 4 . 4 3 2 3 2 . 9 9 

5 4 . 3 7 9 4 . 4 3 2 3 2 . 9 9 
5 4 . 3 7 1 1 3 . 3 2 5 4 . 3 9 
5 4 . 3 7 1 1 3 . 3 2 5 4 . 3 9  
5 4 . 5 7 9 4 . 0 8 1 1 3 . 3 2 

9 0 . 0 7 8 9 . 9 0 6 0 . 2 3 
9 0 . 0 0  9 0 . 0 0 9 0 . 0 0 
8 3 . 3 2 9 6 . 6 5 6 0 . 2 3 
9 0 . 0 0 
9 0 . 0 7 
9 0 . 0 0 
8 9 . 9 8 
9 0 . 0 0 
8 3 . 3 2 
9 0 . 0 0 

9 0 . 0 0 
8 9 . 9 0 
9 0 . 0 0 
8 9 . 8 3 
9 0 . 0 0 
9 6 . 6 5 
9 0 . 0 0 

9 0 . 0 9 1 0 3 . 4 0 
9 0 . 0 0 9 0 . 0 0 
9 0 . 0 7 1 1 9 . 7 7 
9 0 . 0 0 1 1 9 . 7 7 
9 0 . 0 2 9 0 . 1 7 

9 0 . 0 0 
6 0 . 2 3 
9 0 . 0 0 
9 0 . 0 3 
9 0 . 0 0 
6 0 . 2 3 
9 0 . 0 0 
9 0 . 2 1 
9 0 . 0 0 
9 0 . 1 0 
9 0 . 0 0 
9 0 . 0 3 

5 4 . 5 7 9 4 . 0 8 1 1 3 . 3 2 9 0 . 0 0 9 0 . 1 7 9 0 . 0 0 
0 . 0 0 %  54 . 3 7 5 4 . 3 9 1 1 3 . 3 2 9 0 . 0 7 9 0 . 1 0 1 1 9 . 7 7 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
V o l ume o f  the pr imi t ive c e l l  2 9 0 8 9 0 . 
auto index uni t  c e l l  5 4 . 5 2 5 4 . 5 2 1 1 3 . 3 2 9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 
c rys t a l  rotx , roty, r o t z  - 7 5 . 6 7 7  1 2 7 . 2 0 1  3 2 . 1 9 1  
Aut o i ndex Xbeam , Ybeam 1 0 0 . 2 4 9 7 . 0 2 

Tab l e  4 6 2 - 2  Comp l etene s s  o f  data for BLGA a t  p H  8 . 2  

I / S igma in reso l u t i o n  s h e l l s : 
% o f  r e f l e c t ions w i t h  I / crI l e s s  than 

Res o lut i on she l l  ( A )  

9 9 . 0 0 
6 . 4 5  
5 . 1 2 
4 . 4 7 
4 . 0 6 
3 . 7 7 
3 . 5 5 
3 . 3 7 
3 . 2 2 
3 . 1 0 
2 . 9 9 
2 . 9 0 

6 . 4 5 
5 . 1 2 
4 . 4 7 
4 . 0 6 
3 . 7 7 
3 . 5 5 
3 . 3 7 
3 . 2 2 
3 . 1 0 
2 . 9 9 
2 . 9 0 
2 . 8 2 
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o 1 2 3 5 1 0  2 0  > 2 0 t o t a l  

0 . 4  
1 . 8  
1 . 7  
1 . 6  
1 . 4  
1 . 9  
2 . 7 
3 . 1  
4 . 2  
4 . 0  
7 . 4  
4 . 6  

1 . 2  1 . 8  
2 . 5  3 . 2  
3 . 1  3 . 3  
3 . 7  5 . 1  
3 . 6  4 . 8  
4 . 7  8 . 0  
4 . 0  5 . 7  
7 . 0  1 0 . 3  
9 . 9  1 5 . 7  

1 0 . 6  1 6 . 3  
17 . 0  2 6 . 1  
1 5 . 6  2 6 . 9  

2 . 4  
4 . 3  
5 . 0  
6 . 2  
7 . 5  

1 0 . 1  
9 . 4  

1 5 . 3  
1 9 . 0  
2 2 . 4  
3 4 . 1  
3 9 . 7  

3 . 0  
6 . 9  
6 . 7 

1 0 . 0  
9 . 6  

1 5 . 3  
1 6 . 5  
2 5 . 7  
3 2 . 2  
3 8 . 2  
5 8 . 0  
6 5 . 1  

4 . 0  
3 4 . 8  
3 4 . 8  
3 6 . 8  
4 3 . 0  
4 8 . 4  
5 7 . 3  
7 7 . 2  
8 3 . 1  
8 6 . 9  
9 7 . 1  
9 9 . 0  

6 6 . 3  
9 2 . 7  
9 8 . 3  
9 9 . 3  
9 8 . 8  
9 9 . 8  
9 8 . 3  
9 9 . 0  
9 8 . 8  
9 9 . 0  
9 8 . 6  
9 9 . 3  

2 4 . 2  
5 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

9 0 . 5  
9 7 . 7  
9 8 . 3  
9 9 . 3  
9 8 . 8  
9 9 . 8  
9 8 . 3  
9 9 . 0  
9 8 . 8  
9 9 . 0  
9 8 . 6  
9 9 . 3  

( con t inued) 
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Table 4 6 2 - 2  Comp letene s s  o f  data for BLGA a t  p H  8 . 2  

I / S i gma in resolut i on shel ls : 

% o f  r e f l e c t i ons wi th I / crI l e s s  than 

Res o lution she l l  ( A )  o 1 2 3 5 1 0  2 0  > 2 0  t o tal 

2 . 8 2 

2 . 7 4  

2 . 6 7 

2 . 6 1  

2 . 5 6  

2 . 5 1  

A l l  hk1 

2 . 7 4  

2 . 67 

2 . 6 1 

2 . 5 6 

2 . 5 1 

2 . 4 6  

1 2 . 6  

1 2 . 5  

1 2 . 5  

1 1 . 0 

1 3 . 0  

1 2 . 7  

5 . 9  

2 2 . 1  

2 7 . 7  

2 7 . 7  

2 7 . 6  

2 8 . 2  

2 9 . 8  

1 3 . 3  

3 6 . 4  

4 1 . 9 

4 4 . 3  

4 8 . 3  

5 1 . 1  

5 2 . 1  

2 1 . 8  

4 8 . 2  

5 7 . 1  

5 6 . 5  

7 0 . 7  

7 3 . 3  

6 6 . 7  

2 9 . 7  

8 0 . 2  

8 1 . 4  

7 7  . 6  

9 2 . 4  

8 9 . 8  

8 6 . 6  

4 3 . 1  

9 8 . 2  

9 9 . 0  

9 6 . 9  

9 5 . 7  

9 1 .  6 

8 9 . 6  

6 9 . 6  

9 8 . 2  

9 9 . 0  

9 7 . 2  

9 5 . 7  

9 1 . 6 

8 9 . 6  

9 5 . 2  

Tab l e  4 6 2 - 3 : Data merging s ta t i s t i c s  for BLGA a t  pH 8 . 2  

Res o lut ion she l l  ( A )  

9 9 . 0 0 

6 . 4 5 

5 . 1 2 

4 . 4 7 

4 . 0 6 

3 . 7 7 

3 . 5 5 
3 . 3 7  

3 . 2 2 

3 . 1 0 

2 . 9 9 

6 . 4 5  

5 . 1 2 

4 . 4 7 

4 . 0 6 

3 . 77 

3 . 5 5 

3 . 3 7 

3 . 2 2 

3 . 1 0 

2 . 9 9 

2 . 9 0 

2 . 9 0 2 . 8 2 
2 . 8 2 2 . 7 4 

2 . 7 4 2 . 6 7 

2 . 6 7 2 . 6 1 

2 . 6 1 2 . 5 6 
2 . 5 6 2 . 5 1 
2 . 5 1 2 . 4 6 

A l l  r e f l e c t i ons 

I 

8 9 9 4 . 2  

3 8 1 0 . 2  

7 8 0 2 . 3  

4 7 42 . 8  

3 1 6 9 . 3  

2 2 6 4 . 6  

1 6 7 2 . 6  

1 2 4 3 . 1  

9 4 6 . 3  

6 6 2 . 6  

5 2 4 . 4  

4 4 3 . 6  

2 8 1 .  0 

2 2 7 . 0  

1 9 5 . 3  

1 6 1 . 1  
1 4 3 . 3  

1 3 5 . 2  

2 1 7 0 . 5  

error 

4 8 3 . 9  

3 0 3 . 7  

7 0 8 . 7  

4 2 3 . 3  

2 9 9 . 7  

2 2 3  8 

1 6 8 . 6  

1 5 1 . 5 

1 2 3 . 1  

9 9 . 4  

9 8 . 1  

9 6 . 8  

8 1 . 7  

7 4 . 1  

6 8 . 0  

7 3 . 4  
7 3 . 1  

6 7 . 6  

2 0 6 . 4  

stat . 

1 0 7 . 1  

5 8 . 9  

8 7 . 8  

7 2 . 6  

6 7 . 5  

6 0 . 5  

5 6 . 5  

5 6 . 0  

5 4 . 1  

5 6 . 2  

5 4 . 6  

5 5 . 4  

5 6 . 4  

5 5 . 9  

5 5 . 7  

5 6 . 0  
5 5 . 7  

5 6 . 0 

6 2 . 8  

4 . 6 . 3  Dat a  proces s ing f o r  BLGA at pH 7 . 1  

1 . 0 7 6  

1 .  0 9 4  

1 . 0 5 6  

1 .  0 6 3  

0 . 9 3 0  

0 . 9 7 2  

1 .  0 4 5  

0 . 9 8 9 

0 . 9 3 3  

1 .  0 2 5  

0 . 9 3 4  

0 . 8 6 1  

1 . 0 7 1  

1 . 1 6 9  

1 . 1 3 0  

1 . 0 7 1  

1 . 1 1 9  

1 . 0 0 1  

1 . 0 2 8  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

1 . 9 

R 

0 . 0 4 1  

0 . 0 6 4 

0 . 0 7 0  

0 . 0 7 6  

0 . 0 8 6  

0 . 0 8 6  

0 . 0 9 3  

0 . 1 0 1  

0 . 1 0 9  

0 . 1 2 8  

0 . 1 4 3 

0 . 1 5 8  

0 . 2 6 5  

0 . 2 9 7  

0 . 3 1 7 

0 . 3 8 5  
0 . 4 3 7  

0 . 3 9 0  

0 . 0 8 0  

9 8 . 2  

9 9 . 0  

9 7 . 2  

9 5 . 7  

9 1 . 6  

8 9 . 6  

9 7 . 1  

0 . 0 4 6  

0 . 0 7 3  

0 . 0 7 3  

0 . 0 9 2  

0 . 1 1 4  

0 . 1 0 6  

0 . 1 0 7  

0 . 1 1 6  

0 . 1 1 8  

0 . 1 2 8  

0 . 1 1 1  

0 . 1 3 5  

0 . 2 4 6  

0 . 2 6 9  

0 . 2 9 6  

0 . 3 3 7  

0 . 3 8 8  

0 . 3 1 9  

0 . 0 7 2  

A s  f o r  BLGA a t  pH 8 . 2 ,  t h e  primi t ive hexagonal l a t t i c e  i s  the sugges ted 

l a t t i ce type for B LGA at pH 7 . 1 , as shown in Tab l e  4 6 3 - 1 . The redundancy 

o f  this data set i s  relat ively high compared to o thers ( see Tabl e  5 1 1 -

1 ) . The crys tal parame t e r s  o f  BLGA a t  p H  7 . 1  were re f ined by the p o s t -

r e f inement procedure provided by the SCALEPAC K .  The redundan t 

r e f l ec t i ons were then merged t ogether t o  provide a unique di f f ract i on 

data f i l e . The overa l l  comp l et enes s  i s  9 6 . 4  % t o  2 . 2 4 A ,  a s  det a i led in 

Tabl e 4 6 3 - 2 , with an overa l l  val u e  o f  R o f  0 . 0 3 8  f or averaging the dat a  

( Tabl e  4 6 3 - 3 ) . 
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Table 4 6 3 - 1 : Auto - i ndexing by DENZO for BLGA at pH 7 . 1  

L a t t i c e  Met r i c  t ensor 

d i s t o r t i o n  index 

Bes t c e l l  ( symme tr i z e d )  
Best c e l l  ( w i thout symmet ry restrain t s ) 

pr imi t ive cub i c  5 2 . 5 9 %  

I centred cub i c  4 0 . 9 8 %  

F centred cub i c  3 4 . 4 2 %  

pr imi t ive rhombohedr a l  8 . 8 2 %  

pr imi t ive hexagonal 0 . 0 8 %  

pr imi t ive t e t ragonal 7 . 8 5 %  

I centred t etragonal 4 . 2 3 %  

primi t ive orthorhomb i c  7 . 8 5 %  

C centred orthorhomb i c  0 . 0 8 %  

I centred orthorhomb i c  4 . 2 3 %  

F centred orthorhomb i c  4 . 4 2 %  

primi t ive mono c l inic 0 . 0 8 %  

C c entred monoc l inic 0 . 0 2 %  

pr imi t ive t r i c l inic 0 . 0 0 %  

5 3 . 8 9 9 3 . 2 5 1 1 2 . 3 1 8 9 . 8 6 8 9 . 8 9 3 0 . 0 4 

8 9 . 8 4 8 9 . 8 4 8 9 . 8 4 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 

9 3 . 4 4 1 2 4 . 4 5 1 1 2 . 3 1 2 5 . 6 4 9 0 . 0 6 9 0 . 0 9 

1 1 0 . 8 0 1 1 0 . 8 0 1 1 0 . 8 0 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 

1 4 5 . 8 1 1 2 4 . 5 9 1 4 6 . 1 5 4 6 . 0 3 7 9 . 4 0 4 6 . 1 6 

1 3 9 . 2 1  1 3 9 . 2 1 1 3 9 . 2 1 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 

1 2 4 . 6 1 1 2 4 . 4 8 1 2 4 . 4 5 

1 2 4 . 5 1 1 2 4 . 5 1 1 2 4 . 5 1 
7 6 . 2 1 7 6 . 2 1  3 5 3 . 5 6 

5 3 . 8 9 5 3 . 9 6 1 1 2 . 3 1 

5 3 . 9 2 5 3 . 9 2 1 1 2 . 3 1  

2 5 . 0 4 

3 2 . 4 5 

9 0 . 0 0 

9 0 . 0 1 

9 0 . 0 0 

5 3 . 8 4 5 3 . 8 9 1 1 2 . 3 1 8 9 . 8 9 

5 3 . 8 7 5 3 . 8 7 1 1 2 . 3 1 9 0 . 0 0 

4 4 . 0 3 2 4 . 9 7 

3 2 . 4 5 3 2 . 4 5 

9 0 . 0 0 1 2 0 . 0 0 

9 0 . 1 1 1 2 0 . 0 9 

9 0 . 0 0 1 2 0 . 0 0 

9 0 . 1 2 1 1 9 . 8 9 

9 0 . 0 0 9 0 . 0 0 

5 3 . 9 6 5 3 . 8 9 2 3 0 . 8 8 9 6 . 5 7 8 3 . 3 1 5 9 . 9 1 

5 3 . 9 2 5 3 . 9 2 2 3 0 . 8 8 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 

5 3 . 8 4 5 3 . 8 9 1 1 2 . 3 1 8 9 . 8 9 

5 3 . 8 4 5 3 . 8 9 1 1 2 . 3 1  9 0 . 0 0 

5 3 . 8 4 9 3 . 4 4 1 1 2 . 3 1 8 9 . 9 4 

9 0 . 1 2 1 1 9 . 8 9 

9 0 . 0 0 9 0 . 0 0 

9 0 . 1 2 8 9 . 9 2 

5 3 . 8 4 9 3 . 4 4 1 1 2 . 3 1 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 
5 3 . 8 9  5 3 . 9 6 2 3 0 . 8 8 

5 3 . 8 9 5 3 . 9 6 2 3 0 . 8 8 

5 3 . 8 4 9 3 . 4 4 2 3 0 . 8 8 

5 3 . 8 4 9 3 . 4 4 2 3 0 . 8 8 

5 3 . 8 4 1 1 2 . 3 1 5 3 . 9 6 

8 3 . 3 1 

9 0 . 0 0 

8 3 . 4 3 1 2 0 . 0 9 
9 0 . 0 0 9 0 . 0 0 

8 9 . 9 3 7 6 . 6 4 

9 0 . 0 0 9 0 . 0 0 

9 0 . 0 1 1 2 0 . 0 2 

8 9 . 9 2 

9 0 . 0 0 

8 9 . 8 8 

5 3 . 8 4 1 1 2 . 3 1 5 3 . 9 6 9 0 . 0 0 1 2 0 . 0 2 9 0 . 0 0 

9 3 . 2 5 5 3 . 9 6 1 1 2 . 3 1 9 0 . 0 1 9 0 . 1 4 9 0 . 0 5 

9 3 . 2 5 5 3 . 9 6 1 1 2 . 3 1 9 0 . 0 0 

5 3 . 8 4 5 3 . 8 9 1 1 2 . 3 1 8 9 . 8 9 

9 0 . 1 4 

8 9 . 8 8 

9 0 . 0 0 

6 0 . 1 1 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
Vo lume o f  the pr imi t ive c e l l  

auto index uni t  c e l l  

c rys t a l  rotx , roty,  r o t z  

Aut o i ndex Xbeam , Ybeam 

2 8 2 5 3 3 . 

5 3 . 8 4 5 3 . 8 4 1 1 2 . 3 1  9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 

9 8 . 7 6 4 - 1 0 6 . 2 7 4  - 5 6 . 8 1 6  

1 0 0 . 1 6 9 6 . 8 0 

Table 4 6 3 - 2 : C omp l et eness  o f  data for BLGA at pH 7 . 1  

Res o l u t i on she l l  ( A )  

9 9 . 0 0 

6 . 0 8 

4 . 8 3 

4 . 2 2  

3 . 8 3 

3 . 5 6 

3 . 3 5 

3 . 1 8 

3 . 0 4 

2 . 9 2 

6 . 0 8 

4 . 8 3 

4 . 2 2 

3 . 8 3 

3 . 5 6  
3 . 3 5  

3 . 1 8 

3 . 0 4 

2 . 9 2 

2 . 8 2 
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I / S i gma in r e s o l u t i o n  shel l s :  

% o f  re f l ec t ions wi th I / crI l e s s  than 
o 1 2 3 5 1 0  2 0  > 2 0  t o tal 

0 . 0  

0 . 4  

0 . 8  

0 . 2  

0 . 6  

2 . 1 

1 . 9  

2 . 3  

2 . 5  

5 . 0  

0 . 5  

0 . 6  

1 . 0  

1 . 4  

1 . 5  

3 . 5  

3 . 4  

4 . 1  

5 . 9  

8 . 8  

1 . 1  

1 . 7  

1 . 2  

3 . 0  

2 . 9  

4 . 4  

7 . 2  

7 . 1  

9 . 8  

1 6 . 2  

1 . 2  

2 . 1  

2 . 1 

4 . 2  

4 . 4 

5 . 8  

1 0 . 8  

8 . 7 

1 3 . 3  

2 2 . 1  

2 . 0  

2 . 9  

2 . 7 

5 . 4  

7 . 1  

8 . 6  

1 4 . 6  

1 4 . 5  

2 5 . 0  

3 2 . 6  

3 . 2 

4 . 9  

4 . 6  

8 . 7  

1 3 . 6  

1 5 . 9  

2 7 . 1  

3 2 . 4  

5 4 . 5  

6 2 . 6  

4 . 8  

9 . 9  

1 0 . 1  

2 4 . 3  

3 1 . 3  

4 8 . 0  

6 4 . 4  

8 1 . 3  

9 7 . 3  

9 5 . 8  

8 4 . 3  

8 4 . 3  

8 4 . 9  

7 2 . 6  

6 5 . 6  

4 9 . 3  

3 3 . 1  

1 7 . 0  

0 . 0  

0 . 2 

(con t inued) 

8 9 . 1  

9 4 . 2  

9 5 . 0  

9 6 . 8  

9 6 . 9  

9 7 . 3  

9 7 . 5  

9 8 . 3  

9 7 . 3  

9 6 . 0  
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Table 4 6 3 - 2 : Comp l etenes s  o f  data f o r  BLGA at pH 7 . 1  

I / S i gma in res o lut i on shel l s : 

% o f  r e f le c t i ons w i th I / aI l e s s  than 

Res o l u t i on s he l l  ( A )  o 1 2 3 5 1 0  2 0  > 2 0  total 

2 . 8 2 2 . 7 3 

2 . 7 3 2 . 6 6 

2 . 6 6 2 . 5 9 

2 . 5 9  2 . 5 2 

2 . 5 2 2 . 4 7 

2 . 4 7 2 . 4 1 

2 . 4 1 2 . 3 6  

2 . 3 6 2 . 3 2 

2 . 3 2 2 . 2 8 

2 . 2 8 2 . 2 4 

Al l hkl 

5 . 2  

6 . 5  

8 . 2  

9 . 1  
8 . 1  

1 0 . 7  

1 2 . 4  

1 3 . 3  

1 4 . 0  

1 5 . 0  
5 . 8  

1 1 . 7 

1 5 . 3  

1 7 . 4  

1 9 . 5  

1 7 . 8  

2 3 . 7  

2 4 . 5  

2 6 . 3  

2 7 . 5  

2 8 . 5  
1 1 . 9  

1 9 . 7  

2 6 . 8  

3 0 . 2  

3 3 . 3  

3 2 . 6  

4 1 . 6 

4 2 . 6  

4 9 . 4  

5 0 . 3  

5 1 . 4 

2 1 . 2  

2 5 . 2  

3 6 . 9  

4 1 . 7  

4 8 . 7  

5 0 . 4  

6 2 . 2  

6 5 . 6  

7 6 . 1  

7 3 . 6  

7 1 . 5  
3 0 . 6  

3 9 . 4  

5 2 . 0  

6 5 . 3  

7 7 . 7  

8 0 . 2  

9 4 . 6  

9 2 . 1  

9 4 . 9  

9 5 . 4  

9 2  . 3  

4 4 . 0  

6 8 . 8  

8 8 . 1  

9 7 . 8  

9 8 . 0  

9 7 . 6  

9 7 . 8  

9 6 . 9  

9 5 . 3  

9 6  . 2  

9 5 . 6  

5 6 . 8  

9 7 . 5  

9 7 . 1  

9 7 . 8  

9 8 . 0  

9 7 . 6  

9 7 . 8  

9 6 . 9  
9 5 . 3  

9 6  . 2  
9 5 . 6  

7 0 . 7  

0 . 4  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

2 5 . 6  

9 7 . 9  

9 7 . 1  

9 7 . 8  

9 8 . 0  
9 7 . 6  

9 7 . 8  

9 6 . 9  

9 5 . 3  

9 6 . 2  

9 5 . 6  

9 6  . 4  

Table 4 6 3 - 3 : Data merging s ta t i s t i c s  for BLGA at pH 7 . 1  

Res o lu t i on s he l l  ( A )  

9 9 . 0 0 

6 . 0 8 

4 . 8 3  

4 . 2 2  

3 . 8 3 

3 . 5 6 

3 . 3 5 

3 . 1 8 

3 . 0 4 
2 . 9 2 

6 . 0 8 

4 . 8 3 

4 . 2 2 

3 . 8 3 

3 . 5 6  

3 . 3 5  

3 . 1 8 

3 . 0 4 

2 . 9 2 

2 . 8 2 
2 . 8 2 2 . 7 3  
2 . 7 3  2 . 6 6 
2 . 6 6 2 . 5 9  
2 . 5 9  2 . 5 2  

2 . 5 2  2 . 4 7 
2 . 4 7 2 . 4 1  

2 . 4 1  2 . 3 6  

2 . 3 6 2 . 3 2  
2 . 3 2 2 . 2 8  

2 . 2 8  2 . 2 4 

A l l  r e f l e c t i ons 

I 

6 5 9 7 . 8  

3 8 1 1 . 4  

5 3 7 2 . 8  

2 8 6 1 . 2  

1 9 47 . 6  

1 2 8 5 . 9  
9 1 0 . 9  

6 5 1 . 1  

4 2 4 . 6  

3 0 9 . 0  

2 2 4 . 8  

1 5 7 . 1  

1 2 9 . 2  

1 0 9 . 7  

9 7 . 6  

8 5 . 8  

7 2 . 5  

7 0 . 5  

6 7 . 8  

5 8 . 2  

1 2 9 9 . 2  

error 

1 3 8 . 2  

8 7 . 4  

1 3 6 . 9  

9 2 . 0  

7 3 . 3  

5 9 . 9  

5 1 . 5 

4 3 . 5  

4 2 . 4  

3 3 . 8  
2 7 . 4  

2 8 . 2  

3 0 . 6  

3 0 . 9  

3 0 . 5  

3 2 . 8  

2 9 . 0  

3 3 . 3  

3 2 . 2  

2 8 . 4  

5 3 . 8  

s t at . 

7 0 . 1  

4 0 . 4  

6 4 . 6  

4 6 . 3  

3 8 . 7  

3 1 . 1  

2 7 . 8  

2 5 . 7  

2 2 . 9  

2 2 . 3  

2 1 . 7  

2 1 . 3 

2 1 . 1  

2 1 . 8 

2 2 . 2  

2 2 . 0  

2 1 . 9 

2 2 . 6  

2 2 . 6  

2 2 . 9  

3 0 . 7  

4 . 6 . 4  Data process ing for BLGA at pH 6 . 2  

1 . 1 0 5  

1 . 1 3 5  

1 . 0 2 0  

1 . 0 3 3  

1 . 1 1 4  

1 . 0 2 9  

1 . 0 2 6  

1 . 0 3 1  

1 . 0 0 8  

1 . 0 9 9  

1 . 0 0 7 

1 . 0 6 0  

0 . 9 1 8  

1 . 1 3 6  

1 .  0 5 2  

0 . 9 7 7  

1 . 1 2 2  

1 . 0 2 4  

1 . 1 5 0  

1 . 1 9 3  

1 . 0 6 1  

R 

0 . 0 1 7 

0 . 0 2 3  

0 . 0 2 2  

0 . 0 3 0  

0 . 0 3 7 

0 . 0 4 2 

0 . 0 5 1  

0 . 0 6 4 

0 . 0 8 9  

0 . 1 1 4 

0 . 1 2 7  

0 . 1 8 6  

0 . 2 2 5  

0 . 3 0 5 

0 . 3 2 6  

0 . 3 6 0  

0 . 4 3 4  

0 . 4 5 1  

0 . 4 9 7 

0 . 5 4 0  

0 . 0 3 8  

0 . 0 1 9  

0 . 0 2 4  

0 . 0 2 5  

0 . 0 3 1  

0 . 0 3 7  

0 . 0 4 1  

0 . 0 5 0  

0 . 0 6 3  

0 . 0 7 8  

0 . 0 9 5  

0 . 1 3 0  

0 . 1 6 8  

0 . 2 0 1  

0 . 2 7 1  

0 . 3 1 1  

0 . 3 2 8  

0 . 4 0 4  

0 . 3 7 8  

0 . 4 5 9  

0 . 4 9 5  

0 . 0 2 6  

As for BLGA a t  pH 8 . 2 ,  the primi t i ve hexagonal lattice i s  the s ugges ted 

l a t t i ce by DENZ O . The index resul t of 14 Bravai s  l a t t i ce s  for the f i r s t  

image o f  t h i s  crys tal i s  shown i n  Tabl e  4 6 4 - 1 . For BLGA a t  pH 6 . 2 ,  the 

di s tort ion index ( 0 . 3 9 % )  i s  s omewhat higher than tho s e  f o r  BLGA at pH 

8 . 2 and 7 . 1  ( Table 4 6 4 - 1 ) . The overa l l  c ompletene s s  o f  dat a  i s  9 9 . 1 % to 

2 . 5 6 A ( Tabl e  4 6 4 - 2 ) ,  wi th an overal l  value for R of 0 . 0 6 6  f o r  averaging 
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the data ( Tabl e 4 6 4 - 3 )  . 

Table 4 6 4 - 1 : Auto- indexing by DENZO for BLGA crys tal at pH 6 . 2  

Lat t i c e  Met r i c  tensor 
d i stort i on index 

B e s t  c e l l  ( symme t r i z e d )  
B e s t  c e l l  ( wi thout symmetry restraints ) 

primi t ive cub i c  

I centred cub i c  

F centred cub i c  

p r imi t ive rhombohedral 

pr imi t ive hexagonal 

pr imi t ive t e t ragonal 

I c entred t e t ragonal 

primi t ive orthorhomb i c  

C centred o r thorhomb i c  

I centred orthorhombic 

F centred orthorhomb i c  

pr imi t ive mono c l inic 

C centred mono c l inic 

primi t ive t r i c l in i c  

9 0 . 3 5 
9 0 . 0 0 
9 0 . 3 2 
9 0 . 0 0 
4 6 . 2 5 
9 0 . 0 0 

9 0 . 1 5 
9 0 . 0 0 
2 5 . 7 4 
9 0 . 0 0 
4 6 . 6 6 
9 0 . 0 0 

3 0 . 1 1 
9 0 . 0 0 
9 0 . 4 6 
9 0 . 0 0 
7 9 . 8 0 
9 0 . 0 0 

5 1 . 9 4 %  9 3 . 5 2 5 4 . 4 1 1 1 1 . 8 4 
8 9 . 8 4 8 9 . 8 4 8 9 . 8 4 

4 0 . 0 5 %  1 1 1 . 8 4 9 4 . 7 4 1 2 4 . 0 6 
1 1 0 . 8 7 1 1 0 . 8 7 1 1 0 . 8 7 

3 4 . 2 6 %  1 4 5 . 9 8 1 4 5 . 6 1 1 2 4 . 0 7 
1 3 8 . 9 3 1 3 8 . 9 3 1 3 8 . 9 3 

8 . 9 0 %  1 2 4 . 0 6 1 2 4 . 0 7 1 2 4 . 0 7 
1 2 4 . 0 7 1 2 4 . 0 7 1 2 4 . 0 7 

7 6 . 5 1 7 6 . 5 1 3 5 2 . 0 3 

2 5 . 0 8 2 5 . 3 3  4 4 . 2 8 
3 2 . 6 7 3 2 . 6 7 3 2 . 6 7 
9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 

0 . 3 9 %  5 4 . 5 9 5 4 . 4 1  1 1 1 . 8 4  9 0 . 3 5 8 9 . 5 5 1 2 0 . 7 5 
54 . 5 0 5 4 . 5 0 1 1 1 . 8 4 9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 

7 . 8 6 %  5 3 . 8 8 
54 . 1 4 

4 . 2 6 % 5 3 . 8 8 

5 4 . 4 1 1 1 1 . 8 4 9 0 . 3 5  
5 4 . 1 4 1 1 1 . 8 4 9 0 . 0 0 
5 4 . 4 1 2 2 9 . 8 4 8 3 . 3 7 

8 9 . 9 0 
9 0 . 0 0 
9 6 . 6 8 

6 0 . 5 4 
9 0 . 0 0 
6 0 . 5 4 

5 4 . 1 4 5 4 . 1 4 2 2 9 . 8 4 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 
7 . 8 5 %  5 3 . 8 8 

5 3 . 8 8 
0 . 3 3 %  54 . 5 9 

5 4 . 5 9 
4 . 2 5 %  5 3 . 8 8 

5 3 . 8 8 
4 . 4 7 %  54 . 5 9 

5 4 . 4 1 1 1 1 . 8 4 
5 4 . 4 1 1 1 l . 8 4 
9 3 . 5 2 1 1 l . 8 4  
9 3 . 5 2 1 1 l . 8 4  

9 0 . 3 5 
9 0 . 0 0 
9 0 . 1 5 
9 0 . 0 0 

8 9 . 9 0 
9 0 . 0 0 
8 9 . 5 5 
9 0 . 0 0 

5 4 . 4 1 2 2 9 . 8 4 8 3 . 3 7 9 6 . 6 8 
5 4 . 4 1 2 2 9 . 8 4 9 0 . 0 0 9 0 . 0 0 
9 3 . 5 2 2 2 9 . 8 4 8 9 . 9 9 1 0 3 . 2 9 

6 0 . 5 4 
9 0 . 0 0 
9 0 . 6 4 
9 0 . 0 0 
6 0 . 5 4 
9 0 . 0 0 
9 0 . 6 4 

54 . 5 9 9 3 . 5 2 2 2 9 . 8 4 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 
0 . 2 1 %  53 . 8 8 1 1 1 . 8 4 5 4 . 4 1 9 0 . 3 5 1 1 9 . 4 6 9 0 . 1 0 

5 3 . 8 8 1 1 1 . 8 4 5 4 . 4 1 9 0 . 0 0 1 1 9 . 4 6 9 0 . 0 0 
0 . 0 9 %  94 . 7 4 5 3 . 8 8 1 1 1 . 8 4 9 0 . 1 0 9 0 . 4 6 8 9 . 7 8 

94 . 7 4 
0 . 0 0 %  5 3 . 8 8 

5 3 . 8 8 1 1 1 . 8 4 
5 4 . 4 1 1 1 l . 8 4  

9 0 . 0 0 
9 0 . 3 5 

9 0 . 4 6 9 0 . 0 0 
9 0 . 1 0 1 1 9 . 4 6 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Vo lume o f  the p r imi t i ve c e l l  2 8 5 4 5 0 . 
auto index uni t  c e l l  5 4 . 1 7 5 4 . 1 7 1 1 1 . 8 4 9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 
crys t a l  rotx , r o ty ,  r o t z  2 2 7 . 6 1 5  5 . 4 8 0  2 8 . 1 0 5  

Autoindex Xbeam , Ybeam 1 0 0 . 1 6 9 6 . 9 4 

Tabl e  4 6 4 - 2 : Completenes s  o f  dat a  f or BLGA at pH 6 . 2  

I / Sigma i n  res o lu t i on shel l s : 
% o f  ref l e c t i ons w i th I / crI less than 

Res o l u t i o n  s he l l  ( A )  o 1 2 3 5 1 0  2 0  > 2 0  t o t a l  

9 9 . 0 0 
6 . 8 3 
5 . 4 2 
4 . 7 4 
4 . 3 0 
3 . 9 9 
3 . 7 6  
3 . 5 7 
3 . 4 2 
3 . 2 8  

6 . 8 3 
5 . 4 2 
4 . 7 4  
4 . 3 0  
3 . 9 9 
3 . 7 6  
3 . 5 7 
3 . 4 2 
3 . 2 8 
3 . 1 7 
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l . 7  
l . 1  
l . 1  
0 . 9  
0 . 6  
l . 8  
0 . 9  
2 . 3  
3 . 0  
3 . 8  

2 . 5  
2 . 2  
l . 7  
2 . 6  
2 . 3  
5 . 3  
2 . 4 
6 . 2 
8 . 4  
9 . 3  

3 . 0  
3 . 9  
3 . 4  
2 . 6  
4 . 0  
6 . 2  
4 . 8  
9 . 4 

1 3 . 5  
1 5 . 7  

3 . 5  3 . 7  
5 . 3  8 . 4  
4 . 2  6 . 5  
4 . 0  8 . 3  
7 . 5 1 l . 6  
7 . 9  1 2 . 6  
7 . 8  1 5 . 3  

1 3 . 1  2 3 . 0  
2 0 . 7  2 8 . 4  
2 0 . 1  3 4 . 2  

7 . 2  
1 5 . 7  
1 4 . 1  
1 3 . 2  
2 4 . 3  
2 5 . 6  
3 0 . 3  
4 2 . 6  
4 7 . 3  
6 l . 3 

1 4 . 7  
3 2 . 5  
3 3 . 3  
3 4 . 4  
4 8 . 6  
5 7 . 9  
6 9 . 1  
8 2 . 7  
8 5 . 0  
9 4 . 6  

7 7 . 1  
6 6 . 7  
6 6 . 4  
6 5 . 6  
5 l . 4 
4 l . 8  
3 0 . 6  
1 7 . 0  
1 4 . 7  

5 . 4  

9 l . 8  
9 9 . 2  
9 9 . 7  

1 0 0 . 0  
1 0 0 . 0  

9 9 . 7  
9 9 . 7  
9 9 . 7  
9 9 . 7  

1 0 0 . 0  
( con tinued) 
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Tab l e  4 6 4 - 2 : C omp letene s s  o f  data for BLGA at pH 6 . 2  

Res o l u t i on s he l l  ( A )  

3 . 1 7 3 . 0 7 
3 . 0 7 2 . 9 8 
2 . 9 8  2 . 9 1  

2 . 9 1 

2 . 8 3  

2 . 7 7 

2 . 7 1  
2 . 6 6 

2 . 6 1  

A l l  hkl 

2 . 8 3 
2 . 7 7  

2 . 7 1  

2 . 6 6 

2 . 6 1  

2 . 5 6 

I / S i gma i n  res o l u t i on shel l s : 

% o f  re f l e c t i ons wi th I I crI l es s  than 

o 1 2 3 5 10 2 0  > 2 0  t o t a l  

2 . 8  7 . 5  1 7 . 4  2 5 . 7  3 9 . 2  7 0 . 4  9 9 . 4  

5 . 4  1 2 . 7  2 1 . 8  3 1 . 0  4 6 . 8  9 0 . 5  9 9 . 7  

6 . 9  1 7 . 1  2 6 . 6  3 8 . 3  5 3 . 9  8 7 . 4  9 9 . 7  

6 . 9  

7 . 6  

9 . 7  

1 1 . 0  

1 3 . 9  

1 2 . 8  

4 . 8  

1 7 . 4  

1 8 . 7  

2 1 . 5  

2 8 . 0  

3 1 . 5  

3 0 . 6  

1 1 . 7  

2 9 . 7  

3 2 . 9  

3 6 . 4  

4 6 . 7  

4 6 . 3  

5 2 . 2  

1 9 . 4  

4 0 . 2  

4 6 . 1  

4 9 . 2  

6 2 . 8  

7 0 . 6  

7 4 . 7  

2 7 . 4  

5 8 . 6  9 4 . 0  9 9 . 7  

7 3 . 2  9 9 . 7  9 9 . 7  
8 0 . 7  9 8 . 8  9 8 . 8  
9 1 . 7  9 9 . 4  9 9 . 4  
9 3 . 8  1 0 0 . 0  1 0 0 . 0  

9 4 . 7  9 7 . 2  9 7 . 2  

4 0 . 4  5 7 . 7  7 5 . 0  

0 . 6  1 0 0 . 0  

0 . 0  9 9 . 7  

0 . 0  9 9 . 7  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

2 4 . 1  

9 9 . 7  

9 9 . 7  

9 8 . 8  

9 9 . 4  

1 0 0 . 0  

97 . 2  

9 9 . 1  

Tabl e  4 6 4  3 :  Data merging s tati s t i c s  for BLGA at pH 6 . 2  

Res o l u t i on she l l  ( A )  

9 9 . 0 0 

6 . 8 3 

5 . 4 2 

4 . 7 4 

4 . 3 0  

3 . 9 9 

3 . 7 6  

3 . 5 7 

3 . 4 2 

3 . 2 8 

3 . 1 7 

3 . 0 7 
2 . 9 8 

2 . 9 1 

2 . 8 3 

2 . 7 7  

2 . 7 1  

2 . 6 6 

2 . 6 1 

6 . 8 3 

5 . 4 2 

4 . 7 4 

4 . 3 0 

3 . 9 9 

3 . 7 6  

3 . 5 7 

3 . 4 2 

3 . 2 8 

3 . 1 7 

3 . 0 7 

2 . 9 8 
2 . 9 1 

2 . 8 3 

2 . 7 7  

2 . 7 1 

2 . 6 6 

2 . 6 1 

2 . 5 6 

A l l r e f l e c t i on s  

I 

1 5 2 6 . 5  

6 7 7 . 2  

1 1 3 6 . 6  

1 4 3 9 . 8  

7 6 9 . 6  

6 0 1 . 4  

5 4 1 . 1  

3 7 2 . 7  

2 9 9 . 3  

2 1 5 . 1  

1 9 1 . 8 

1 3 9 . 7 
1 2 6 . 8  

1 0 6 . 4  

8 7 . 1  

7 2 . 1  

5 7 . 6  

5 3 . 2  

4 7 . 4  

4 5 9 . 3  

error 

3 8 . 3  

2 4 . 4  

4 0 . 3  

5 1 . 3  

3 3 . 2  

2 9 . 7  

3 0 . 4  

2 6 . 6  

2 3 . 7  

2 1 . 4  

2 3 . 0  

2 3 . 0  

2 1 . 9  

2 1 . 2  

2 2 . 9  

2 2 . 4  

2 2 . 4  

2 2 . 8  

2 3 . 7  

2 7 . 7  

s tat . 

2 1 . 7  

1 4 . 4  

2 0 . 0  

2 4 . 3  

2 0 . 2  

1 9 . 8  

2 0 . 0  

1 8 . 3  

1 8 . 3  

1 7  . 1  

1 7 . 2  

1 6 . 7  

1 7 . 1  

1 7 . 0  

1 7 . 1  

1 7 . 8  

1 7 . 7  

1 8 . 2  

1 8 . 7  

1 8 . 5  

4 . 6 . 5  Data process ing for B LGB a t  pH 7 . 1  

1 . 0 4 8  

1 .  0 8 6  

1 . 0 8 7  

1 . 0 7 8  

1 . 0 9 8  

1 . 0 8 6  

1 . 0 5 6  

1 . 0 8 7  

1 . 0 7 6  

1 .  0 3 2  

1 .  0 3 2  

1 . 1 3 1  

1 . 0 3 6  

1 .  0 8 8  

1 .  0 1 7  

1 .  0 9 7  

1 .  0 4 6  

1 . 04 0  

1 .  0 5 5  

R 

0 . 0 2 0  

0 . 0 3 5  

0 . 0 3 7  

0 . 0 3 6  

0 . 0 4 7  

0 . 0 5 6  

0 . 0 6 2  

0 . 0 8 1  

0 . 0 9 1  

0 . 1 2 3  

0 . 1 4 3  

0 . 2 0 0  
0 . 2 1 1  

0 . 2 5 6  

0 . 3 0 9  

0 . 3 9 1  

0 . 4 3 9  

0 . 4 6 6  

0 . 5 3 0  

0 . 0 2 3  

0 . 0 3 4  

0 . 0 5 1  

0 . 0 3 7  

0 . 0 4 4  

0 . 0 5 3  

0 . 0 6 1  

0 . 0 7 6  

0 . 0 8 0  

0 . 1 0 8  

0 . 1 2 8  

0 . 2 0 9  

0 . 1 8 7  

0 . 2 2 3  

0 . 2 9 4  

0 . 3 7 4  

0 . 4 1 6  

0 . 4 2 2  

0 . 4 9 5  
1 . 0 6 7  0 . 0 6 6  0 . 0 4 8  

A s  for BLGA a t  p H  8 . 2 ,  DENZO provide s  the index resul t o f  1 4  Brava i s  

l a t t ic e s  for the f i r s t  image o f  t h i s  c rys tal in Tab l e  4 6 5  1 .  The 

p r imi t ive hexagonal l a t t i c e  with a l ow di stort ion index o f  0 . 0 9 %  is the 

sugge s ted l a t t i c e  type . The overal l  comp l etene s s  of data i s  9 1 . 2 % A 
( Table 4 6 5 - 2 ) , with an overa l l  value o f  R o f  0 . 0 8 6  f or averaging the data 

( Tabl e  4 6 5 - 3 ) . 
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Table 4 6 5 - 1 : Auto- indexing by DENZO for BLGB at pH 7 . 1  

L a t t i c e  Met r i c  tens o r  
d i s to r t i on index 

pr imi t ive cub i c  5 2 . 5 7 %  

I centred cub i c  4 0 . 9 5 %  

F centred cub i c  3 4 . 4 4 %  

primi t ive rhombohedral 8 . 8 1 %  

pr imi t ive hexagonal 0 . 0 9 %  

pr imi t ive tetragona l 7 . 8 6 %  

I centred tetragonal 4 . 2 1 %  

pr imi t ive orthorhomb i c  7 . 8 6 %  

C centred o r tho rhomb i c  0 . 1 0 %  

I c entred or thorhombic 4 . 2 1 %  

F centred orthorhombic 4 . 3 9 %  

pr imi t ive mono c l inic 0 . 1 2 %  

C centred mono c l in i c  0 . 0 1 %  

primi t ive tr i c l i n i c  0 . 0 0 %  

Bes t ce l l  ( symme t r i z e d )  
B e s t  c e l l  ( w i thout symmetry res traints ) 

5 4 . 1 9 9 3 . 7 5 1 1 2 . 8 9 8 9 . 8 0 8 9 . 8 8 3 0 . 0 0 
9 0 . 3 1  9 0 . 3 1 9 0 . 3 1  9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 
9 3 . 9 1 1 2 5 . 0 0 1 1 2 . 8 9 

1 1 1 . 3 4 1 1 1 . 3 4  1 1 1 . 3 4 
1 2 5 . 1 4 1 4 6 . 9 9 1 4 6 . 5 0 
1 3 9 . 9 1 1 3 9 . 9 1 1 3 9 . 9 1 
1 2 5 . 1 2 1 2 5 . 0 0 1 2 5 . 1 4 

1 2 5 . 0 9 1 2 5 . 0 9 1 2 5 . 0 9 
7 6 . 6 7 
5 4 . 1 9 

5 4 . 1 9 
5 4 . 1 0 
5 4 . 1 4 
5 4 . 1 9  
5 4 . 1 9 
5 4 . 1 0 

5 4 . 1 0 
5 4 . 1 0 

5 4 . 1 0 
5 4 . 1 9 

5 4 . 1 9 
5 4 . 1 0 

7 6 . 6 7 3 5 5 . 1 4 
54 . 1 9 1 1 2 . 8 9 
5 4 . 1 9 1 1 2 . 8 9 
5 4 . 1 9  1 1 2 . 8 9 
54 . 1 4 1 1 2 . 8 9 
54 . 1 9 2 3 1 .  9 7  
54 . 1 9 2 3 1 . 9 7 
5 4 . 1 9 1 1 2 . 8 9 
5 4 . 1 9 1 1 2 . 8 9 
9 3 . 9 1 1 1 2 . 8 9 
9 3 . 9 1 1 1 2 . 8 9 
54 . 1 9 2 3 1 . 9 7 
5 4 . 1 9 2 3 1 .  9 7  
9 3 . 9 1 2 3 1 . 9 7 

2 5 . 6 4 
9 0 . 0 0 
7 9 . 4 1 
9 0 . 0 0 
2 5 . 0 2 
3 2 . 4 9 
9 0 . 0 0 
9 0 . 1 0 
9 0 . 0 0 
8 9 . 8 8 
9 0 . 0 0 
9 6 . 5 7  
9 0 . 0 0 
8 9 . 8 8 
9 0 . 0 0 
8 9 . 9 9 
9 0 . 0 0 
8 3 . 4 2 
9 0 . 0 0 
8 9 . 9 9 

9 0 . 0 1 
9 0 . 0 0 
4 6 . 2 0 
9 0 . 0 0 
4 4 . 0 8 
3 2 . 4 9 

9 0 . 0 1 
9 0 . 0 0 
4 5 . 9 9 
9 0 . 0 0 
2 5 . 0 2 
3 2 . 4 9 

9 0 . 0 0 1 2 0 . 0 0 
9 0 . 1 2 1 2 0 . 1 1 
9 0 . 0 0 1 2 0 . 0 0 
9 0 . 2 2 1 1 9 . 9 4 
9 0 . 0 0 9 0 . 0 0 
8 3 . 4 2 5 9 . 8 9 
9 0 . 0 0 9 0 . 0 0 
9 0 . 2 2 1 1 9 . 9 4 
9 0 . 0 0 9 0 . 0 0 
9 0 . 2 2 9 0 . 0 0 
9 0 . 0 0 9 0 . 0 0 
8 3 . 4 3 1 2 0 . 1 1 
9 0 . 0 0 9 0 . 0 0 
7 6 . 7 3 9 0 . 0 0 

5 4 . 1 0 9 3 . 9 1 2 3 1 . 9 7 9 0 . 0 0 9 0 . 0 0 9 0 . 0 0 
5 4 . 1 9 1 1 2 . 8 9 5 4 . 1 9 8 9 . 9 0 1 2 0 . 1 1 8 9 . 8 8 

5 4 . 1 9 1 1 2 . 8 9 5 4 . 1 9 
5 4 . 1 0 9 3 . 9 1 1 1 2 . 8 9 

5 4 . 1 0 
5 4 . 1 0 

9 3 . 9 1 1 1 2 . 8 9 
54 . 1 9 1 1 2 . 8 9 

9 0 . 0 0 1 2 0 . 1 1 
8 9 . 9 9 9 0 . 2 2 
9 0 . 0 0 9 0 . 2 2 
8 9 . 8 8 8 9 . 7 8 

9 0 . 0 0 
9 0 . 0 0 
9 0 . 0 0 
6 0 . 0 6 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

volume o f  the p r imi t ive c e l l  2 8 6 7 4 9 . 
aut o i ndex uni t  c e l l 5 4 . 1 3 5 4 . 1 3 1 1 2 . 8 9 9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 
crys t a l  r o t x ,  r o ty ,  rotz 

Auto index Xbeam ,  Ybeam 
6 4 . 6 8 5  - 6 8 . 3 3 1  

1 0 0 . 2 6 9 7 . 0 6 
9 0 . 9 5 4 

Table 4 6 5 - 2 : Completeness o f  data for BLGB at pH 7 . 1 

I / S igma in res o l u t i on shel l s : 
% o f  reflec t i ons wi th I / crI l e s s  than 

Res o l u t i on she l l  ( A )  o 1 2 3 5 1 0  2 0  > 2 0  

9 9 . 0 0 
5 . 3 5 
4 . 2 5  
3 . 7 1  
3 . 3 7 
3 . 1 3 
2 . 9 4  
2 . 8 0  
2 . 6 8  
2 . 5 7 
2 . 4 8  
2 . 4 1  
2 . 3 4 
2 . 2 8  

Al l hkl 

5 . 3 5 
4 . 2 5 
3 . 7 1  
3 . 3 7 
3 . 1 3 
2 . 9 4 
2 . 8 0 
2 . 6 8 
2 . 5 7 
2 . 4 8 
2 . 4 1 
2 . 3 4 
2 . 2 8 
2 . 2 2 

Byqin, Spring of 1 998,  Massey 

0 . 0  
0 . 4  
1 . 1  
1 . 5  
1 . 9  
3 . 3  
5 . 3 
6 . 2 
6 . 6  
8 . 5  
9 . 5  

1 2 . 3  
1 2 . 1  
1 1 .  7 

5 . 6  

0 . 2  
0 . 8  
2 . 0 
2 . 5  
4 . 4 
6 . 1  
9 . 6  

1 3 . 6  
1 5 . 3  
1 8 . 2  
2 3 . 7  
2 6 . 8  
2 9 . 7  
2 6 . 8  
1 2 . 6  

0 . 2 
1 . 1  
2 . 6  
3 . 9 
6 . 4  
9 . 2  

1 6 . 3  
2 1 . 1  
2 7 . 9  
3 2 . 3  
4 2 . 3  
4 9 . 2  
5 7 . 7  
4 1 . 3 
2 1 . 8 

0 . 5  
1 . 6  
3 . 4 
5 . 2  
8 . 4 

1 3 . 5  
2 3 . 3  
3 1 . 4 
4 2 . 4  
5 4 . 0  
6 5 . 4  
7 0 . 0  
7 7 . 2  
5 7 . 0  
3 1 . 7 

1 . 0  
2 . 4  
4 . 3  
9 . 3  

13 . 0  
2 3 . 4  
4 1 . 7 
54 . 6  
8 2 . 5  
8 9 . 5  
94 . 8  
9 0 . 4  
8 4 . 9  
7 0 . 8  
4 6 . 4  

1 7 . 0  
1 9 . 3  
3 3 . 6  
4 5 . 9  
5 3 . 0  
8 5 . 3  
9 5 . 1  
9 7 . 5  
9 7 . 9  
9 6 . 9  
9 4 . 8  
9 0 . 9  
8 4 . 9  
7 1 . 8  
6 9 . 3  

7 7 . 3  
8 8 . 1  
9 3 . 4  
9 2 . 8  
9 4 . 9  
9 6 . 7  
9 7 . 2  
9 7 . 7  
9 7 . 9  
9 6 . 9  
9 4 . 8  
9 0 . 9  
8 4 . 9  
7 1 . 8  
9 0 . 9  

3 . 5  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 3  

t o ta l  

8 0 . 8  
8 8 . 1  
9 3 . 4  
9 2 . 8  
9 4 . 9  
9 6 . 7  
9 7 . 2  
9 7 . 7  
9 7 . 9  
9 6 . 9  
9 4 . 8  
9 0 . 9  
8 4 . 9  
7 1 . 8  
9 1 . 2  
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Tab l e  4 6 5 - 3 : Data merging s tat i s t ics f o r  BLGB at pH 7 . 1  

Res o lu t i on s he l l  ( A )  

9 9 . 0 0  

5 . 3 5  

4 . 2 5  

3 . 7 1  

3 . 3 7  

5 . 3 5 

4 . 2 5 

3 . 7 1  

3 . 3 7 

J . 1 3 

3 . 1 3 2 . 9 4 

2 . 9 4 2 . 8 0  

2 . 8 0  2 . 6 8 

2 . 6 8 2 . 5 7 

2 . 5 7 2 . 4 8  

2 . 4 8 2 . 4 1 
2 . 4 1 2 . 3 4 

2 . 3 4  2 . 2 8  

2 . 2 8  2 . 2 2 

A l l  r e f l e c t i ons 

I error 

1 2 8 5 7 . 6  1 0 0 0 . 8  

1 0 6 6 6 . 7  9 1 4 . 6  

5 8 1 2 . 6  5 2 2 . 3  

3 1 9 3 . 4  3 0 8 . 7  

1 8 9 3 . 3  1 9 0 . 9  

1 0 7 2 . 8  

6 8 6 . 2  

4 0 1 . 1  

3 0 7 . 4  

2 3 5 . 7  

1 7 8  . 3  

1 6 3 . 0  

1 3 3 . 9  

1 1 8 . 2  
2 7 2 5 . 7  

1 4 3 . 7  

1 1 0 . 0  

8 0 . 3  

8 3 . 5  

7 6 . 4  

7 1 . 0  

6 9 . 6  

7 2 . 0  

5 5 . 4  

2 6 6 . 8  

s tat . 

1 1 3 . 6  

8 8 . 8  

6 7 . 9  

5 4 . 1  

4 7 . 3  

4 4 . 4  

4 3 . 8  

4 2 . 4  

4 2 . 7  

4 1 . 3  

3 9 . 5  

4 0 . 8  

4 0 . 6  

3 9 . 6  

5 3 . 5  

1 .  0 3 9  

1 .  0 6 4  

1 . 1 0 1  

1 . 1 2 2  

1 . 1 47 

1 . 0 8 1  

1 .  0 0 4  

0 . 9 7 9  
1 .  0 5 0  

0 . 9 5 0  

1 .  0 5 9  
0 . 9 5 1  

0 . 9 9 2  

1 .  0 5 8  

1 . 0 4 8  

R 

0 . 0 6 6  0 . 0 7 2  

0 . 0 8 0  0 . 0 9 4  

0 . 0 8 4  0 . 1 0 0  

0 . 0 9 1  0 . 1 0 2  

0 . 0 97 0 . 1 0 8  
0 . 1 1 7  

0 . 1 3 8  

0 . 1 7 6  
0 . 2 2 8  

0 . 2 7 9  

0 . 3 4 1  

0 . 3 1 5  

0 . 3 6 3  

0 . 3 5 1  

0 . 0 8 6  

0 . 1 1 8  

0 . 1 2 1  

0 . 1 5 7  

0 . 1 8 9  

0 . 2 4 8  

0 . 2 9 1  

0 . 2 4 0  

0 . 2 8 1  

0 . 2 6 3  

0 . 0 8 5  

4 . 6 . 6  Data proces s ing for comp lex o f  BLGA with BrC 1 2  at pH 7 . 3  

As for BLGA at pH 8 . 2 ,  the primit ive hexagonal lattice i s  the sugges ted 

l a t t i c e  type f o r  the BLGA- BrC 1 2  c omplex at pH 7 . 3 ( Tabl e  4 6 6 - 1 ) . The 

overa l l  c omp l e tenes s  o f  data for BLGA-BrC 1 2  is impress ive , at 9 9 . 5 % to 

2 . 2 3  A ,  with an overa l l  value f or R of 0 . 0 4 8  f o r  averaging the data ( Tabl e 

4 6 6 - 3 )  . 

Tab l e  4 6 6 - 1 : Auto- indexing by DENZO for B LGA- BrC 1 2  a t  pH 7 . 3  
La t t i c e  Metric tensor 

d i s tort ion index 

primit ive cubi c 5 2 . 2 7 %  

I c entred cub i c  4 0 . 6 9 %  

F c entred cubi c 3 4 . 3 2 % 

p r i m i t ive rhombohedral 8 . 8 8 %  

p r im i t ive hexagonal 0 . 1 0 %  

p r im i t ive t e tragonal 7 . 8 8 %  

I c entred tetragonal 4 . 2 7 %  

p r i m i t ive or thorhombic 7 . 8 8 %  

C centred orthorhomb i c  0 . 0 8 %  

I c en tred orthorhomb i c  4 . 2 7 %  

Byqin, Spring of 1 998, Massey 

Best c e l l  ( symme t r i z e d )  

Bes t c e l l  ( wi thout symmetry res train ts ) 

9 3 . 4 7 5 4 . 0 6 1 1 2 . 0 2 

8 9 . 8 3 8 9 . 8 3 8 9 . 8 3 

9 3 . 7 5 1 1 2 . 0 2 1 2 4 . 2 8 

1 1 0 . 7 3 1 1 0 . 7 3 1 1 0 . 7 3 

1 4 5 . 9 9 1 4 5 . 8 1 1 2 4 . 3 5 

1 3 9 . 0 8 1 3 9 . 0 8 1 3 9 . 0 8 

1 2 4 . 3 6  1 2 4 . 2 8 1 2 4 . 3 5 

1 2 4 . 3 3 1 2 4 . 3 3  1 2 4 . 3 3 

7 6 . 3 5  7 6 . 3 5 3 5 2 . 9 0 

5 4 . 0 6 5 4 . 0 0 1 1 2 . 0 2 

5 4 . 0 3 

5 4 . 0 0 

5 4 . 0 3 

5 4 . 0 0 

5 4 . 0 3 

5 4 . 0 3  1 1 2 . 0 2 

5 4 . 0 6 1 1 2 . 0 2 

5 4 . 0 3 1 1 2 . 0 2 

5 4 . 0 6 2 3 0 . 3 9  

5 4 . 0 3 2 3 0 . 3 9  

5 4 . 0 0 5 4 . 0 6 1 1 2 . 0 2 

5 4 . 0 0 5 4 . 0 6 1 1 2 . 0 2 

5 4 . 2 2 9 3 . 4 7 1 1 2 . 0 2 

5 4 . 2 2 9 3 . 4 7 1 1 2 . 0 2 

5 4 . 0 0 5 4 . 0 6  2 3 0 . 3 9 

5 4 . 0 0 5 4 . 0 6 2 3 0 . 3 9 

9 0 . 1 3 

9 0 . 0 0 

2 5 . 7 9 

9 0 . 0 0 

4 6 . 2 9  

9 0 . 0 0 
2 5 . 0 9 

3 2 . 5 6 

9 0 . 0 0  

9 0 . 0 0 

9 0 . 0 0  

9 0 . 1 3 

9 0 . 0 0 

8 3 . 3 3 

9 0 . 0 0 

9 0 . 1 3 

9 0 . 0 0 

9 0 . 0 7 

9 0 . 0 0 

8 3 . 3 3 

9 0 . 0 0 

9 0 . 0 7 

9 0 . 0 0 

8 9 . 9 5 

9 0 . 0 0 

4 6 . 3 0 

9 0 . 0 0 

3 0 . 1 0 

9 0 . 0 0 

9 0 . 0 7 

9 0 . 0 0 

7 9 . 6 8 

9 0 . 0 0 

2 5 . 1 1 4 4 . 1 7 

3 2 . 5 6 3 2 . 5 6 

9 0 . 0 0 1 2 0 . 0 0 

9 0 . 1 3 1 1 9 . 7 7 

9 0 . 0 0 1 2 0 . 0 0 

9 0 . 0 0 6 0 . 2 3 

9 0 . 0 0 9 0 . 0 0 

9 6 . 7 7 6 0 . 2 3 

9 0 . 0 0 9 0 . 0 0 

9 0 . 0 0 

9 0 . 0 0 

8 9 . 8 7 

9 0 . 0 0 

9 6 . 7 7 

9 0 . 0 0 

6 0 . 2 3 

9 0 . 0 0 

9 0 . 0 8 

9 0 . 0 0 

6 0 . 2 3 

9 0 . 0 0 

( con t inued) 
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Tab l e  4 6 6 - 1 : Auto- indexing by DENZO for BLGA-BrC 1 2  at pH 7 . 3  

La t t i c e  B e s t  c e l l  ( symme tr i z ed )  Met r i c  tens o r  

d i s t or t i on index Best c e l l  ( w i thout symme try restraints ) 

F c entred o r thorhomb i c  4 . 4 7 %  

primit ive mono c l in i c  0 . 0 7 %  

C c entred mono c l in i c  0 . 0 6 %  

p r im i t ive t ri c l inic 0 . 0 0 %  

5 4 . 0 6 

5 4 . 0 6 

9 3 . 7 5 2 3 0 . 3 6  

9 3 . 7 5  2 3 0 . 3 6  

5 4 . 0 0 1 1 2 . 0 2 5 4 . 0 6 

5 4 . 0 0 1 1 2 . 0 2 5 4 . 0 6 

5 4 . 2 2 9 3 . 4 7 1 1 2 . 0 2 

5 4 . 2 2 9 3 . 4 7 1 1 2 . 0 2 

9 0 . 0 1 

9 0 . 0 0 

7 6 . 5 5 

9 0 . 0 0 
9 0 . 1 3 1 1 9 . 7 7 

9 0 . 0 0 1 1 9 . 7 7 

8 9 . 9 3 9 0 . 1 3 

9 0 . 0 0 9 0 . 1 3 

8 9 . 7 3 

9 0 . 0 0 

9 0 . 0 0 

9 0 . 0 0 

9 0 . 0 8 

9 0 . 0 0 

5 4 . 0 0 5 4 . 0 6 1 1 2 . 0 2 9 0 . 1 3 9 0 . 0 0 1 1 9 . 7 7 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Vo l ume o f  the primi t ive c e l l  2 8 3 8 7 0 . 

auto index u n i t  cell 5 4 . 1 9 5 4 . 1 9 1 1 2 . 0 2 9 0 . 0 0 9 0 . 0 0 1 2 0 . 0 0 

c rys tal r o tx , roty , r o t z  - 7 0 . 5 5 5  1 4 0 . 2 7 2  0 . 3 3 7  

Aut o index Xbeam , Ybeam 1 0 0 . 2 6 9 7 . 1 4 

Tabl e  4 6 6 - 2 : C omple t enes s o f  data for BLGA - BrC12  a t  pH 7 . 3  

Res o l u t i on she l l  ( A )  

9 9 . 0 0 

5 . 5 0 

4 . 3 7 

3 . 8 1 

3 . 4 6  

3 . 2 2 

3 . 0 3  

2 . 8 7 

2 . 7 5  

2 . 6 4 

2 . 5 5 

2 . 4 7 

2 . 4 0  

2 . 3 4 

2 . 2 8 

A l l  hkl 

5 . 5 0 

4 . 3 7 

3 . 8 1 

3 . 4 6  

3 . 2 2  

3 . 0 3 

2 . 8 7 

2 . 7 5  

2 . 6 4  

2 . 5 5  

2 . 4 7  

2 . 4 0 

2 . 3 4  

2 . 2 8 

2 . 2 3  

I / S i gma in res o lu t i o n  shel l s : 

% o f  re f l e c t i ons wi th I / crI l es s  than 

o 1 2 3 5 1 0  2 0  > 2 0  

0 . 5  

1 . 3  

2 . 9  

1 . 4  

2 . 6  

2 . 7  

4 . 4  

5 . 2  

8 . 2  

8 . 2  

8 . 1  

1 2 . 4  

1 4 . 0  

1 5 . 7  

1 6 . 0  

6 . 8  

1 . 6  

1 . 6  

4 . 2 

3 . 4  

4 . 4  

6 . 0  

9 . 0 

1 2 . 1  

1 6 . 1  

1 8 . 6  

2 2 . 7  

2 8 . 5  

2 9 . 8  

3 4 . 7  

3 7 . 4  

1 5 . 1  

1 . 9  

2 . 5  

5 . 5  

5 . 7 

6 . 9  

9 . 2  

1 4 . 7  

2 0 . 9  

2 8 . 0  

3 1 . 8  

3 7 . 7  

4 2 . 8  

4 9 . 2  

5 5 . 0  

6 0 . 3  

2 4 . 3  

2 . 4  

3 . 2  

6 . 1  

6 . 6  

9 . 1  

1 2 . 7  

2 0 . 9  

2 8 . 8  

3 7 . 2  

4 2 . 7  

5 1 . 3  

5 5 . 8  

6 2 . 8  

6 8 . 0  

7 1 . 2  

3 1 . 3  

4 . 3  

3 . 8  
8 . 0  

9 . 7 

1 6 . 2  

2 1 . 1  

3 1 . 0  

4 3 . 4  

5 1 . 7  

5 8 . 6  

7 6 . 8  

7 7 . 9  

8 2 . 2  

8 4 . 7  

8 6 . 2  

4 2 . 8  

6 . 8  1 5 . 8  

7 . 7 1 8 . 9  

1 2 . 6  3 1 . 9  

1 5 . 2  4 0 . 3  

2 8 . 0  7 6 . 2  

4 0 . 0  8 7 . 9  

6 0 . 0  9 8 . 0  

7 1 . 2  9 8 . 7  
8 2 . 0  9 9 . 4  

8 4 . 8  9 9 . 5  

9 9 . 7  1 0 0 . 0  

9 5 . 6  9 9 . 7  

9 4 . 8  9 9 . 7  

9 6 . 0  9 9 . 5  

9 5 . 2  9 8 . 2  

5 8 . 2  7 6 . 5  

7 9 . 5  

8 0 . 6  

6 8 . 1  

5 9 . 7  

2 3 . 8  

1 2 . 1  

2 . 0  

1 . 1  

0 . 6  

0 . 5  

0 . 0  

o . 3 

0 . 3  

0 . 5  

0 . 3  

2 3 . 0  

Tab l e  4 6 6  3 :  Data merging s ta t i s t i c s  for BLGA- BrC1 2  a t  pH 7 . 3  

Res o lu t i on she l l  ( A )  

9 9 . 0 0 

5 . 5 0 

4 . 3 7 

3 . 8 1  

3 . 4 6  

3 . 2 2 

3 . 0 3 

2 . 8 7 

2 . 7 5 

2 . 6 4 

2 . 5 5 

2 . 4 7 

2 . 4 0 

2 . 3 4 

2 . 2 8  

5 . 5 0 

4 . 3 7 

3 . 8 1 

3 . 4 6 

3 . 2 2 

3 . 0 3 

2 . 8 7 

2 . 7 5  

2 . 6 4 

2 . 5 5 

2 . 4 7 

2 . 4 0 

2 . 3 4  

2 . 2 8 

2 . 2 3  

I 

2 7 1 1 . 4 

3 2 2 2 . 0  

1 8 3 9 . 4  

1 2 1 4 . 5  

7 6 6 . 0  

4 6 2 . 3  

3 1 1 . 4 

2 1 1 . 9  

1 4 9 . 3  

1 2 5 . 6  

9 7 . 6  

7 5 . 9  

6 7 . 8  

6 3 . 0  

5 6 . 2  

error stat . 

7 9 . 2  1 . 0 4 3  

1 . 1 1 1  

1 . 1 1 0  

1 . 0 9 8  

0 . 9 9 9  

1 .  0 9 4  

1 . 0 7 8  

1 . 1 5 9  

1 . 1 5 4  

1 .  0 8 5  

1 .  0 8 5  

1 . 1 12 

1 . 1 6 7  

1 .  0 7 3  

1 . 1 1 7  

R 

0 . 0 1 8  

0 . 0 2 2  

0 . 0 2 9  

0 . 0 3 6  

0 . 0 4 8  

0 . 0 7 0  

0 . 0 9 6  

0 . 1 3 3  

0 . 1 7 8  

0 . 2 0 1  

0 . 3 0 3 

0 . 3 5 5  

0 . 4 3 3  

0 . 4 6 0  

0 . 5 4 8  

t o t a l  

9 5 . 2  

9 9 . 4  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

9 9 . 8  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

9 8 . 6  

9 9 . 5  

0 . 0 1 8  

0 . 0 2 3  

0 . 0 3 0  

0 . 0 3 8  

0 . 0 4 6  

0 . 0 6 3  

0 . 0 8 3  

0 . 1 2 0  

0 . 1 6 2  

0 . 1 9 0  

0 . 2 7 7  

0 . 3 4 2  

0 . 4 0 2  

0 . 4 0 8  

0 . 4 9 8  
A l l  r e f l ec t i ons 7 8 7 . 0  

1 0 3 . 6  

6 8 . 2  

5 0 . 5  

4 6 . 3  

3 4 . 2  

3 0 . 6  

2 6 . 1  

2 4 . 5  

2 4 . 2  

2 8 . 1  

2 4 . 7  

2 5 . 8  

2 6 . 9  

2 7 . 6  

4 2 . 0  

6 0 . 4  

7 6 . 7  

4 5 . 5  

3 3 . 4  

2 7 . 0  

2 3 . 9  

2 2 . 4  

2 1 . 7  

2 2 . 0  

2 2 . 7  

2 3 . 5  

2 4 . 2  

2 5 . 8  

2 6 . 9  

2 7 . 6  

3 2 . 7  1 . 0 9 9  0 . 0 4 8  0 . 0 2 9  
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4 . 6 . 7  Summary o f  data proce s s ing 

X- ray d i f frac t i on data have been col l e c ted f rom a number o f  BLG c rys t a l s  

inc l uding BLGA a t  three di f ferent pH , BLGB , BLGA- BrC1 2  comp l ex and a 

pos s i b l e  BLGA- SDS c omp l ex . The BLGA- SDS cry s tal d i f frac ted to only 5 . 5  

A wi th space group I 4 . Whi l e  s everal data s e t s  were col l ec ted and 

proces s e d ,  only dat a  from the bes t  di f frac t ing crys t a l s  were used in 

subsequent s tructure det e rmina t i ons and r e finement s .  The di f frac t i on 

data f i l es , whi ch were used in later s tructure determina t ions , are l i s ted 

in Table 4 6 7 - 1 . The parameters of  the s e  crys t a l s  are l i s t ed in Table 4 6 7  

2 .  

Tab l e  4 6 7 - 1  Data s e t s  and backup tape name 

F i l e  name b l g za2 blgza9 blgza 1 0  b lgzb1 Br1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

pH pH 8 . 2  pH 6 . 2  p H  7 . 1  pH 7 . 1  7 . 3  
vari ant A A A B A 
operat o r s  Mar ia/ Bin Bin B in Maria/ Bin Bin 
tape BLG6 BLG7 BLG7 BLG6 BLG8 
dat e  2 / 1 0 / 9 6  0 6 / 0 5 / 9 7  0 8 / 0 5 / 9 7 4 / 1 0 / 9 6  2 6 / 0 3 / 9 8  
o s c i l l a t i on s tart 4 0  - 9 0  - 1 1 0  - 4 0  1 7 0  
o s c i l l a t i on end 8 0 . 5  - 3 0  - 5 0  8 2 1 5  
o s c i l la t ion range 1 . 5  1 . 5  1 . 5  1 . 2  1 . 5  

Tab l e  4 6 7  2 Crys ta l  parameters 

F i l e  name blgza9 blgza 1 0 b lgza2 blgzb 1  Br1 

Spac e  group P 3 2 2 1  P 3 2 2 1  P 3 2 2 1  P 3 2 2 1 P3 2 2 1  

Uni t  c e l l  a A 5 3 . 7 5 5 3 . 9 6 5 4 . 2 9  5 4 . 2 9 5 4 . 0 3 

b A 5 3 . 7 5  5 3 . 9 6 5 4 . 2 9  5 4 . 2 9  5 4 . 0 3 

c A 1 1 1 . 5 6 1 1 2 . 4 1 1 1 3 . 1 8 1 1 3 . 1 6 1 1 2 . 1 8 

a. 0 9 0 .  9 0 . 9 0 . 9 0 . 9 0 . 

is 0 9 0 . 9 0 .  9 0 . 9 0 . 9 0 . 

Y 0 1 2 0 . 1 2 0 . 1 2 0 . 1 2 0 . 1 2 0 . 

pH 6 . 2 7 . 1  8 . 2  7 . 1  7 . 3  

Uni t  c e l l  v o l ume 1,.3 2 7 9 1 1 1  2 8 3 4 2 9  2 8 8 9 0 1  2 8 8 8 5 4  2 8 3 5 6 4 

L a t t i c e  type code Z Z Z Z Z 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Chapter 4 

4 . 7  Initial s tructures for bovine BLG 

Experimental procedures 

4 . 7 . 1  S truc ture determinat ions of BLG by mo lecular replacement 

In the f i r s t  chapter , s everal BLG s t ruc tures were reviewed . The l ow- and 

medium- reso lu t i on BLG s t ructures have unavo idable uncertainty . Whi l e  the 

high- resol u t i on BLG s tructures are rel iable in the calyx f o l d ,  the core 

part of the BLG structure , there are problems in several l oops , which 

are not we l l  de f ined in the high- reso lut i on s truc tures det e rmined in the 

X and Y l at t i c es . In many cases , the l oops o f  protein mo lecules are 

func t i onal ly important . There fore , a reasonable unders tandi ng about BLG 

requires c la r i ty o f  the loops . Based on these fac t s , the crys t a l s  o f  

bovine BLG i n  lattice Z provide another pos s ib i l i ty t o  o b t a i n  the bes t  

unders tanding o f  the l oops . Mo lecular replacement methods a r e  t h e  bes t 

cho i ce to s o lve e f f i c i ently the s tructures o f  bovine BLG i n  l a t t i ce Z ,  

s ince high resolut i on ,  re l i able structures now exi s t  for a t  least the 

core part o f  bovine BLG . The princ iples o f  mol ecular rep l a cement methods 

were revi ewed in Chapter 3 .  From a number of programs for MR methods , 

program AMoRe [Navaza , 1 9 9 4 ) , whi ch o f fers an integrated mo lecular 

replacement methods package inc luding rotat i on , trans lat i on and f i t t ing 

procedures , was chosen . 

4 . 7 . 2  Mo lecular replacement for BLGA a t  pH 8 . 2  

With the program AMoRe , the structure o f  BLGA at pH 8 . 2  i n  l a t t ice Z was 

s o lved by mo l ecular replacement methods , where the search mode l ( the 

known molecule ) was the redetermined struc ture o f  BLGA in the 

orthorhombi c  crys tal form ( lattice Y )  [ Bewley e t  a l . ,  1 9 9 8 ) . Thi s  

s tructure model ( in i ts early s tage o f  development )  inc luded only the 

residues 1 - 6 1 , 6 6 - 1 1 0  and 1 1 4 - 1 5 4 . The r e f lect i ons used in c a l culat ing 

the Pat t erson map were in the resolut i on range 1 0  - 3 A . The ten bes t  

s oluti ons are l i s ted in Table 4 7 2 - 1 . The t op solution l S  unambiguously 

the bes t ,  and the corresponding rota t i on and trans lat i on mat r i ces are 

given in Tabl e  4 7 2 - 2 . 
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Table 4 7 2 - 1 : Mol ecular replacement resu l t  for BLGA at pH 8 . 2  

Label y x y z coe f f i c i en t s  R 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
# 1 1  1 0 3 . 9  8 4 . 7  1 2 . 1  0 . 07 1 9  0 . 3 4 8 2  0 . 1 9 2 1  6 5 . 2  3 9 . 5  
# 1 1  2 1 . 6  8 7 . 6  1 3 . 2  0 . 7 2 3 9  0 . 6 6 44 0 . 4 4 1 8  3 6 . 6  5 2 . 7  
# 1 1  1 9 . 9  8 6 . 3  1 3 . 8  0 . 7 5 4 9  0 . 9 9 2 3  0 . 1 1 2 3  3 6 . 1  5 2 . 1  
# 1 1  5 4 . 1  6 5 . 0  2 9 9 . 1  0 . 6 0 7 7  0 . 12 4 6  0 . 1 5 6 5  3 6 . 0  5 2 . 6  
# 1 1  8 2 . 4  8 2 . 5  3 3 1 . 8 0 . 0 6 9 8  0 . 3 3 4 5  0 . 2 6 6 0  3 5 . 3  5 2 . 0  
# 1 1  3 8 . 3  8 2 . 6  1 4 . 9  0 . 0 4 4 9  0 . 6 4 8 9  0 . 1 9 1 4  3 5 . 1  5 3 . 0  
# 1 1  1 3 . 7  8 9 . 9  3 5 6 . 5  0 . 4 3 3 4  0 . 6 5 3 5  0 . 1 8 2 4  3 4 . 9  5 2 . 6  
# 1 1  9 4 . 3  6 2 . 9  7 8 . 2  0 . 2 8 9 6  0 . 1 0 2 9  0 . 3 2 0 1  3 4 . 9  5 2 . 6  
# 1 1  9 4 . 2  6 2 . 3  7 9 . 2  0 . 3 0 0 9  0 . 1 0 4 3  0 . 0 9 1 0  3 5 . 4  5 2 . 7  
# 1 1  3 9 . 4  6 7 . 4  7 8 . 4  0 . 2 44 5  0 . 1 3 3 1  0 . 0 5 3 8  3 4 . 9  5 2 . 7  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tabl e  4 7 2 - 2 : 

ini t i a l  z a 2  

Trans l a t i on and rota t i on mat r i c e s  for BLGA 

- 0 . 5 4 1 7 5  - 0 . 5 1 9 5 1 - 0 . 6 6 0 7 8 
0 . 42 5 8 9  0 . 8 4 7 4 0  - 0 . 3 1 7 0 6  * b l ga in Y + 
0 . 7 2 4 6 6  0 . 1 0 9 6 5  - 0 . 6 8 0 3 3  

4 . 7 . 3  Molecular rep lacement for BLGA a t  pH 7 . 1  

a t  pH 8 . 2  

- 1 0 . 8 2 
4 1 . 0 0 
5 2 . 0 5 

vJi th the programme AMoRe , the s truc ture o f  BLGA at pH 7 . 1  in l a t t i c e  Z was 

s olved by mo l ecular rep lacement methods , where the s earch mode l ( the 

known molecule )  was the f u l ly de termined s t ruc ture of BLGA in l a t t i c e  Z 

at pH 8 . 2 ( za 2 , see p revious s e c t i on ) . Thi s s tructure inc luded al l 1 6 2  

res i du e s  o f  bovine BLGA . The r e f l e c t i ons used i n  cal cu l a t ing the 

Pat t e r s on map were in t he reso lution range 1 0  - 3 A .  The t en b e s t  

s o l u t i ons are l i s ted in Table 4 7 3 - 1 . Again the f i r s t  s o lu t i on l S  

unamb i guous ly the bes t , and the corresponding rotat i on and tran s l a t i on 

mat r i c e s  t o  move the s earch mode l ( za2 ) are given in Tab l e  4 7 3 - 2 . 

Table 4 7 3 - 1 : Mol ec u l ar replacement resul t s  f o r  BLGA a t  pH 7 . 1  

Label y x y z coe f f i c ient s  R 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

# 1 1  9 4 . 3  4 9 . 8  2 . 2  0 . 0 8 6 5  0 . 3 2 8 2  0 . 1 9 9 4  8 6 . 2  2 5 . 0  
# 1 1  9 2 . 3  6 . 0  1 0 3 . 2  0 . 9 7 0 7  0 . 3 9 5 0  0 . 0 9 9 3  3 9 . 7  5 1 . 8 
# 1 1  9 0 . 7  5 . 6  1 0 4 . 8  0 . 9 8 1 5  0 . 0 2 8 3  0 . 4 2 8 7  3 9 . 1  5 1 . 9 
# 1 1  1 1 5 . 6  3 6 . 6  6 2 . 7  0 . 6 9 3 1  0 . 9 4 7 9  0 . 0 8 9 4  3 9 . 7  5 1 . 9 
# 1 1  1 1 6 . 3  3 6 . 6  6 3 . 3  0 . 3 4 2 1  0 . 8 7 4 5  0 . 1 6 9 3  3 9 . 2  5 2 . 1  
# 1 1 4 7 . 9  2 9 . 8  1 1 4 . 8  0 . 9 2 1 2  0 . 8 7 1 6  0 . 0 4 6 1  3 9 . 3  5 2 . 2  
# 1 1  4 6 . 4  3 0 . 5  1 1 5 . 5  0 . 9 8 6 2  0 . 5 1 4 3  0 . 2 7 6 9  3 8 . 7  5 2 . 4  
# 1 1  1 0 0 . 5  5 . 7  9 2 . 0  0 . 9 8 8 7  0 . 0 4 1 8  0 . 0 9 4 2  3 9 . 9  5 1 . 7  
# 1 1  9 3 . 1  5 . 5  9 9 . 4  0 . 9 7 1 3  0 . 3 9 1 4  0 . 0 9 7 8  3 8 . 8  5 1 . 9  
# 1 1  7 8 . 6  5 8 . 4  3 3 1 . 5 0 . 9 7 5 9  0 . 2 5 7 6  0 . 2 0 8 6  3 9 . 2  5 2 . 5  
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Table 4 7 3 - 2 : Translat i on and rotation mat r i c e s  f o r  BLGA at pH 7 . 1  

1 . 0 0 0 0 0  0 . 0 0 0 6 1  - 0 . 0 0 2 4 3  
ini t ia l  z a 1 0 = - 0 . 0 0 0 6 3  

0 . 0 0 2 4 3  
0 . 9 9 9 9 6  - 0 . 0 0 8 6 1  * za2 
0 . 0 0 8 6 1  0 . 9 9 9 9 6  

4 . 7 . 4  Mo l ecular replacement f or BLGA a t  pH 6 . 2  

+ 
0 . 3 3 

- 0 . 0 3 
- 0 . 3 5 

W i th the programme AMoRe , the s truc ture o f  BLGh at pH 6 . 2 in lat t i ce Z was 

s o lved by molecular rep lacement methods , where the s earch mode l ( the 

known mol ecu l e )  was the f u l ly determined s t ructure o f  BLGA in l at t ice Z 

at pH 8 . 2  ( za2 ) . Thi s  s tructure inc luded a l l  1 6 2  res i dues o f  bovine BLGA . 

The r e f l e c t i ons us ed in cal cul ating the Patterson map were in the 

resolut ion range 1 0  - 3 A .  The nine bes t  s olut ions are l i s ted in Tab l e  

4 7 4 - 1 . The f ir s t  so lut i on i s  unambiguous the bes t ,  a l though the second 

s o l ut i on i s  not unattract ive in terms of R factor and the corre l a t i on 

c oe f f i c i ent . However , a f ter applying the c orresponding r o t a t i on and 

trans l a t i on matri c es , the BLG mo lecules ove r l ap each other , thus 

exc luding the s ec ond choi ce . The rotat ion and t rans l a t i on mat r i c es t o  

move the s earch model ( za 2 ) are given in T ab l e  4 7 4 - 2 . 

Tab l e  4 7 4 - 1 :  Molecular replacement resul t s  for BLGA at pH 6 . 2  

Label (J. � y x y z c o- e f f i c i en t s  R 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

# 1 1  7 7 . 4  47 . 1  6 . 2  0 . 0 9 1 1  0 . 3 2 5 7  0 . 1 9 9 4  8 8 . 9  2 1 . 0 
# 1 1  7 7 . 3  47 . 3  6 . 2  0 . 7 5 7 9  0 . 6 5 9 1  0 . 0 5 6 7  5 7 . 9  4 0 . 5  
# 1 1  5 4 . 5  4 8 . 4  6 . 9  0 . 7 0 0 7  0 . 6 6 5 8  0 . 4 5 0 6  3 7 . 1  5 0 . 6  
# 1 1  1 0 . 3  4 8 . 0  7 . 2  0 . 7 0 6 9  0 . 6 0 7 8  0 . 4 7 2 8  3 6 . 3  5 1 . 2 
# 1 1  4 2 . 0  5 4 . 0  7 . 8  0 . 7 1 1 7  0 . 6 4 9 9  0 . 0 3 6 7 3 4 . 9  5 2 . 5  
# 1 1  1 0 3 . 7  1 4 . 8  1 9 4 . 6  0 . 7 8 4 6  0 . 6 6 4 3  0 . 4 5 5 0  3 4 . 2  5 1 . 7  
# 1 1  1 1 6 . 8  7 5 . 1  2 3 2 . 0  0 . 6 4 8 0  0 . 8 3 8 3  0 . 5 0 1 6  3 3 . 3  5 1 . 2 
# 1 1  8 9 . 8  6 4 . 1  2 7 9 . 8  0 . 1 8 3 2  0 . 7 4 0 2  0 . 3 8 1 5  3 2 . 6  5 2 . 5  
# 1 1  9 7 . 9  1 4 . 9  1 8 6 . 8  0 . 8 0 1 0  0 . 6 9 6 6  0 . 0 4 2 3  3 2 . 7  5 2 . 0  

Table 4 7 4 - 2 : Trans lation and rota t i on mat r i c e s  for BLGA at pH 6 . 2  

1 . 0 0 0 0 0  0 . 0 0 0 2 5  - 0 . 0 0 0 9 5 
ini t ial z a 9  = - 0 . 0 0 0 2 5  1 . 0 0 0 0 0  0 . 0 0 0 0 0  * z a 2  + 

0 . 0 0 0 9 5  0 . 0 0 0 0 0  1 . 0 0 0 0 0  

Byqin, Spring of 1 998, Massey 

0 . 0 2 
0 . 0 1 
0 . 0 0 

76 



Chapter 4 Experimental procedures 

4 . 7 . 5  Mol ecular r eplacement for BLGB at pH 7 . 1  

Wi th the programme AMoRe , the s t ruc ture o f  BLGB at pH 7 . 1  i n  lattice Z was 

solved by molecular replacement methods , where the search mode l ( the 

known mo l ecul e )  was the ful ly determined s truc ture o f  BLGA i n  lattice Z 

at pH 7 . 1 .  Thi s  s t ructure included a l i  1 6 2  res idues o f  bovine BLGA . The 

re f l ec t i ons used in calculat ing the Pat terson map wer e  i n  the range 8 -

3 A .  The best ten solut i ons are l i s ted in Table 4 7 5 - 1 . The f ir s t  one i s  

unamb i guous ly the bes t  s o l u t i on . S imi lar t o  BLGA a t  pH 6 . 2 ,  the second 

solut i on i s  qui t e  al lur ing , but again leads to overlapping molecules . 

The rotat i on and trans l a t i on matrices t o  move the search model ( za 1 0 ) 

are g iven in Table 4 7 5 - 2 . 

Table 4 7 5 - 1  Mo lecular rep l acement resul t s  for BLGB a t  pH 7 . 1  

Label y x 

# 1 1  3 7 . 5  4 9 . 6  1 . 5  0 . 3 3 0 3 
# 1 1  3 7 . 4  4 9 . 4  1 . 8  0 . 9 9 7 3  
# 1 1  8 8 . 2  7 2 . 5  2 1 9 . 1  0 . 1 6 9 8  

# 1 1  8 8 . 7  7 2 . 7  2 1 8 . 9  0 . 5 0 4 4  

# 1 1  7 5 . 0  2 1 . 4  8 . 4  0 . 5 6 7 0  
# 1 1  7 7 . 7  2 0 . 8  5 . 8  0 . 4 8 3 7  
# 1 1  1 0 6 . 0  2 9 . 5  1 1 7 . 9  0 . 6 8 9 5  

# 1 1  5 . 9  3 4 . 3  1 0 . 3  0 . 9 7 5 6  

# 1 1  4 3 . 1  5 2 . 3  3 1 2 . 1  0 . 1 0 3 9  
# 1 1  4 3 . 8  5 2 . 6  3 1 1 . 4  0 . 7 6 1 0  

y 

0 . 2 4 6 2  
0 . 5 7 9 3  
0 . 4 8 4 1  

0 . 1 5 1 8  
0 . 7 2 0 7 
0 . 8 7 2 0  
0 . 6 0 7 5  
0 . 7 4 9 7  
0 . 3 5 1 8  
0 . 6 8 7 8  

z coe f f i c i ents R 

0 . 3 6 6 2  8 4 . 2  2 6 . 4  
0 . 4 7 4 9  5 4 . 9  4 2 . 9  
0 . 4 0 0 6  3 7 . 6  5 1 . 6 
0 . 1 3 1 3  3 6 . 3  5 2 . 3  
0 . 4 8 8 1  3 7 . 5  5 2 . 2  
0 . 2 9 9 4  3 7 . 4  5 1 . 9  
0 . 4 4 0 1  3 8 . 2  5 1 . 2  
0 . 1 1 0 2 3 6 . 9  5 1 . 8 
0 . 3 1 6 1  3 7 . 2  5 2 . 0  
0 . 1 1 9 1  3 7 . 4  5 1 . 7  

Table 4 7 5 - 2  : Rotat i on and t rans lation matrices for BLGB at pH 7 . 1  

0 . 5 0 0 9 8  0 . 8 6 5 4 2  
ini t i a l  z b 1  = - 0 . 8 6 5 4 6  0 . 5 0 0 9 8  

- 0 . 0 0 2 6 0  - 0 . 0 0 7 7 0  

0 . 0 0 7 9 6  
0 . 0 0 1 6 0  * z a 1 0  
0 . 9 9 9 9 7  

4 . 7 . 6  Mo lecular replacement for BLGA-BrC 1 2  a t  p H  7 . 3 

+ 
- 0 . 0 6 

0 . 2 4  
1 9 . 1 1 

Wi th the programme AMoRe , the s truc ture of BLGA c o - c rys t a l l i z ed with 1 2 -

bromododecanoi c  ac i d  ( BrC 1 2 ) a t  pH 7 . 3  I n  l a t t i c e  Z was so lved by 

mo lecular replacemen t  methods , where the search model ( the known 

molecule )  was the water-exc luded,  ful ly determined s t ructure o f  BLGA in 

lattice Z at pH 7 . 1  ( za 1 0 ) . Thi s  s truc ture included all 1 6 2  residues o f  

bovine BLGA and w i th the loop E F  i n  the open conformat ion . The 

reflect i ons used in calculat ing the Patters on map were in the range 1 0  
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- 3 A .  The top ten solutions are l i s ted in Table 4 7 6 - 1 . The f i r s t  one i s  

the unamb i guous so lut ion . The rotat i on and trans lation mat r ices , to move 

the search model are given i n  Table 47 6 - 2 . The electron dens i ty map 

( di f ference map ) calculated immediately a f ter mo lecular replacement 

showed a s trong pos i t ive peak o f  more than f ive t imes the rms l evel of 

the map ins i de the BLG calyx ;  there was the cont i nuous dens i ty at more 

than 2cr l eve l for a length of around 1 5  A .  Thi s  sugges t ed that the l i gand 

BrCH2 - ( CH2 ) lOCOOH was present i n  the crys tal and was bound ins ide the 

calyx , as s hown in F i gure 4 7 6 - 1 . Further r e f i nement o f  the initial 

structure retained this character i s t i c . The dens i ty was mode l l ed wel l  by 

as suming a s tandard geometry for BrCH2 ( CH2 ) lOCOOH . The l igand ref ined 

wel l  providing unequivocal evidence for i t s  presence . 

F i gure 4 7 6 - 1 : Di f ference electron dens i ty map o f  BLGA- BrC 1 2 , 
red contoured at + 5  cr, yel l ow + 2  cr 

Table 4 7 6 - 1  Molecular replac ement resul ts for BLGA-BrC 1 2  

Label a. 

# 1 1  3 4 . 9  

# 1 1  8 8 . 9  

# 1 1  1 0 8 . 0  

# 1 1  1 0 6 . 0  

# 1 1  1 0 5 . 2  

# 1 1  3 . 0  

# 1 1  5 . 8  

# 1 1  1 0 3 . 1  

# 1 1  1 0 2 . 3  

# 1 1  5 9 . 8  

4 9 . 6  

4 8 . 9  

2 1 . 1  

1 6 . 6  

1 6 . 7  

2 2 . 0  

2 1 . 2  

5 1 . 2 

5 1 . 6 

3 2 . 3  

Byqin, Spring of 1 998, Massey 

y 

3 . 4  

3 . 6  

2 4 6 . 1  

2 2 6 . 2  

2 2 7 . 0  

2 4 2 . 8  

2 4 1 . 1  

2 6 7 . 7  

2 6 7 . 3  

5 7 . 6  

x 

0 . 3 2 6 6  

0 . 0 7 1 9  

0 . 1 1 6 8  

0 . 1 0 2 0  

0 . 1 6 3 5  

0 . 3 5 0 0  

0 . 6 3 3 0  

0 . 8 4 8 5  

0 . 1 9 5 2  

0 . 7 5 9 9  

y z coe f f i c i ents R 

0 . 2 4 2 3  0 . 3 6 5 3  

0 . 7 4 8 6  0 . 3 6 6 9  

0 . 7 4 3 0  0 . 4 3 9 5  

0 . 7 7 6 9  0 . 3 1 5 8  

0 . 8 0 3 7  0 . 4 8 3 4  

0 . 2 3 0 2  0 . 4 1 8 6  

0 . 8 8 5 3  0 . 1 6 8 1  

0 . 7 8 1 7  0 . 4 2 7 0  

0 . 4 2 7 1  0 . 4 6 9 4  

0 . 2 1 1 1  0 . 4 2 6 3 

8 5 . 5  

3 7 . 7  

3 5 . 1  

3 5 . 3  

3 4 . 9  

3 4 . 9  

3 4 . 4  

3 5 . 0  

3 4 . 9  

3 4 . 5  

2 5 . 6  

5 2 . 3  

5 3 . 1  

5 3 . 3  

5 3 . 6  

5 2 . 8  

5 4 . 1  

5 3 . 3  

5 3 . 2  

5 3 . 2  
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Tab l e  4 7 6- 2  : R o t a t i on and t r an s l a t i on mat r i c e s  f o r  BLGA - B r C 1 2  

0 . 5 0 3 8 3  0 . 8 63 8 0 - 0 . 0 0 1 9 0  

i n i t i a l  br l = - 0 . 8 63 7 9  0 . 5 0 3 8 2 - 0 . 0 0 5 9 4  * za l O  

- 0 . 0 0 4 1 7  0 . 0 0 4 64 0 . 9 9 9 9 8  

4.8 structure r e f inement 

4 . 8 . 1  X - PLOR and TURBO- FRODO 

+ 

0 . 0 6 

0 . 1 3 

1 8 . 5 2 

A f t e r  t h e  mo l e cu l ar r ep l a cement , the r e s u l t ing coarse s o lu t i on f or the 

p r o t e i n  s t ru c t u r e  mu s t  be re f i n ed t o  get t he b e t t e r  congru en c e  b e twe e n  

the model a n d  t he d i f f r ac t i on dat a "  A number o f  programs c a n  d o  the 

s t ructure r e f i nemen t , such as SHELXL S he l d r i c k , 1 9 9 7 J , TNT [ Tr onrud , 

1 9 9 5 J and X- PLOR [ B runge r , 1 9 8 8 J , e t c . 'tIe cho s e  X - PLOR ma i n  b e c a u s e  

t h i s  program s u i t e cont a i n s  the s imu l a t ed annea l  p r o t o c o l ,  'dh i ch can 

move groups of a t oms more t han 3 A [ B run ge r ,  1 9 8 8  . Th i s  may s ave t ime 

In the re f i nement and avo i d  f a l s e  m i n ima . Howeve r ,  the s imu l a t ed 

ann e a l ing r e f i nement prot o c o l  was u n s u c c e s s f u l  app l i e d  t o  the 

s t r u c t u r e s  of bov i n e  BLG . The and the R f a c t or 

t en d s  to run out o f  contro l , w i t h  d i f f e r e n c e s , R� - R ,  a s  a s  1 5  -

2 0  % .  To avo i d  s u ch cat a s t rophe s , the p o s i t i onal r e f i n ement p r o t o c o l ,  

f o I l  t h e  p r i n c i p l e  o f  l ea s t - s quar e s  was u s e d  i n  the r e f i nement . As 

men t i oned i n  Chap t e r  3 ,  with the method of l e a s t - s quar e s , it i s  e a s y  to 

b e c ome t r apped i n  local m i n ima , at 'N'h i ch s t ag e  manu a l  i n t e r"ve n t ion i s  

r equ i red . Prcgrams TURB O -FRODO [ Camb i l l au e t  1 9 9 6 J , o [ Jo n e s  and 

e l dgaard , 1 9 9 3 J or TOM [ Oat , 1 9 9 4 ] a l l ow rebu i and ad j u s tmen t  

o f  the mode l t o  i n c orporat e  new s t ru c t ura l f e a t u r e s  ( e . g .  wa t e r s , e t c . ) ,  

and then t o  e s cape f r om l o c a l  mi n ima . The s e t  o f  r e f l e c t i o n s  f e r  R� wa s 

c h o s e n  r andomly f o r  each s t ructure . 'iTh i l e  a common s e t  o f  r e f l e c t i o n s  

wou l d  have b e e n  p r e f e rabl e ,  t he poor merge between p a i r s  o f  da t a  s e t s  ( R  

= 0 . 2 5 )  i n d i c a t e s  that the s e  s e t s  o f  r e f l e c t i on s  f o r  R: w e r e  r e l a t ive 

i ndependent o f  each other . 

4 . 8 . 2 S t ru c ture re f i nement o f  BLGA at pH 8 . 2  

The i n i t i a l  R f a c t or was 0 . 3 9  ( 1 0 - 3 . 0  f o r  a mod e l  comp r i s i ng r e s i du e s  

1 - 61 ,  66 - 1 1 0 , 1 1 6 - 1 5 2 . I n  the i n i t i a l  s t a g e s  o f  r e f i neme n t  e f  BLGA a t  pH 
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8 . 2 ,  only the r e f lect i ons between 6 - 2 . 6  A were u s e d ,  as X- P LOR [ Brunger ,  

1 9 8 8 ] does not handl e we l l  d i sordered s olvent in i t s  early ver s i on .  W i th 

a new vers ion o f  X- PLOR , wi th improved funct i on in handl ing the s olvent 

correc t i on ,  the r e f l e c t ions used in r e f inement were extended to a l ower 

resolut i on of 1 5  A .  S everal hundreds o f  re f l e c t i ons ( 5 7 6 )  were s e t  as ide 

f or moni t oring R f , a f ter the s olvent corr e c t ion was appl ied to the 

origina l  r e f l e c t i on f i l e . The s imulated anneal ing r e f inement protocol 

was tes ted but , the d i s crepancy between Rf and R ran out of contro l ; see 

Figure 4 8 2 - 1  for det a i l s  . The p o s i t i onal re f inement protoco l  ( l eas t -

s quares me thod ) was used to r e f ine BLGA a t  pH 8 . 2 .  Re f i nement were 

moni tored c l o s e ly to keep Rf - R sma l ler than 8 % .  

50 
R SA protocol 

4 5  

4 0  

3 5  

3 0  

2 5  

2 0  
0 2 0  

Ri and R f o r  BLGA pH 8 . 2 ,  1 2 0 3 9 8  byqin ---

4 0  6 0  

Tes t ing S A  protocol 

1 5  - 2 . 4 6 .A----...... 

s o  

/ 

1 0 0  
cyc les 

Figure 4 8 2 - 1 : Progres s o f  refinement for BLGA at pH 8 . 2 

Af ter pos i t i onal r e f inement , e le c tron dens i ty maps ( 2 F o - F c  and Fo-Fc ) 

were cal culated and the mol ecular graphi c s  program TURBO [ Cambi l lau e t  

al . ,  1 9 9 6 J  u s ed to rebui l d  the par t i a l  mode l . The rebu i l ding f i r s t  began 

f rom the disul f i de bond between Cys 6 6 - Cys 1 6 0 . The amino a c i d  r e s i dues 

were inc luded one by one in a very c areful manner ,  but i gnored other 

qual i ty c r i teria such as geometry and preferred <pI\)! values . After 

incl uding s everal res i dues around Cys 1 6 0 , i t  became c l ear that the 

res i dues a f ter 1 5 0  In lat t i c e  Z extended in a di f ferent direc t ion 

c ompared to the s earch model . Succ e s s ful rebu i l ding f r om 1 5 0 - 1 6 2  then 

al lowed loop CD to be def ined . The loop GH was inc luded later a f ter the 

conforma t i ons of exi s t ing res idues in this region were c hanged . Wi th 

thes e  changes and addi t i ons , values for Rf and R improved drama t i c a l ly .  
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For the f irst 6 9  cyc les o f  r e f inemen t , the r e f l ec tion dat a  f i l e  was 

indexed only t o  2 . 6  A .  Some uninterpretable e l ectron dens i ty in the map 

raised susp i c i ons about the qua l i ty o f  data proc e s s ing . The r e - i ndexed 

and r eproces sed di f fract i on data set extended to a s l i ght higher 

resolut ion of 2 . 4 6 A .  The uninterpretable el ectron den s i ty d i s appeared 

on further re f inement and r ebui l ding . F i gure 4 8 2 - 1  shows the progress  o f  

R and factors dur ing di f f erent r e f inement and rebui l ding cyc les . 

4 . 8 . 3  S t ructure ref inement o f  BLGA at pH 7 . 1  

Based on the s t ructure for BLGA at pH 8 . 2 ,  the initial  R factor was 0 . 2 5 

( 1 0 - 3 . 0  A )  w i th a corre lat i on coe f f ic i ent o f  0 . 8 6 for BLGA at pH 7 . 1 .  
Thi s  s tarting mode l had a l l  1 6 2  res i due s . The r e f le c t i ons used in the 

ref i nement l ay in the range o f  15 - 2 . 2 4  A .  A total o f  5 5 7  r e f l e c t i ons 

were set aside for moni toring a f ter the s olvent c orr e c t i on was 

appl ied to the original re f lec tion f i l e . The pos i t i onal r e f inement 

protocol ( leas t - s quares me thod ) was used to r e f ine the s tructure . The 

s teps o f  ref inement were chos en to keep the d i s cr epancy between R: and R 

t o  sma l ler than 8 % . For the f i r s t  4 8  cyc l e s , the r e f l e c t i on dat a  f i l e  

was i ndexed to only 2 . 3 0 A .  The reproce s s ed di f fract ion dat a  s et extended 

to a s l i ghtly hi gher resolution of 2 . 2 4 A .  At f irs t ,  the r e f inement 

included data only to 2 . 2 8  A ,  Later , a f ter the incorrec t ly inc luded 

res i due Q 6 3  was c orrected to Asn , r e f inement inc luded dat a  to 2 . 2 4  A .  

F i gure 4 8 3 - 1  shows the progress o f  r e f inement . 

5 0  
R 

4 5  

4 0  

3 5  

3 0  

2 5  

2 0  
o 1 0  2 0  

Rf and R ,  BLGA pH 7 . 1 ,  1 2 0 3 9 8  byqin ---

R 

3 0  4 0  5 0  

Figure 4 8 3 - 1 :  Progress  o f  the r e finement f or BLGA a t  pH 7 . 1  
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Chapter 4 Experimental procedures 

4 . 8 . 4  Struc ture r e f inement o f  BLGA a t  pH 6 . 2  

Based on the s t ruc ture for BLGA a t  pH 8 . 2 ,  the ini t i a l  R f a c t or was 0 . 2 1 

( 1 0 - 3 . 0  A )  wi th a c o r r e l a t ion coe f f i c i ent o f  0 . 8 9 for BLGA at pH 6 . 2 .  

Thi s  o r i g inal mode l c ontains 1 6 2  r e s idue s . The re f le c t i on s  used i n  the 

re f inement l ay i n  the range o f  1 5  - 2 . 5 6 A. .  About 5 %  o f  data ( 5 4 5  

r e f l e c t i on s ) wer e  s e t  a s i de for mon i to r i ng Rf , a f t e r  the s o lvent 

corre c t i on was app l i ed t o  the ori ginal r e f l ec t i on f i l e . The pos i t i ona l 

r e f inement p r o t o c o l  ( leas t - s quar e s  meth o d )  was u s ed . The i ni t i a l  

e lect ron dens i ty map sugge s ted that the l oop E F  adopted a d i f ferent 

c on f o rmat ion f r om the original mode l . Rebu i l di ng of l o op EF and further 

cyc l e s  of r e f in ement and rebu i l ding have p r ov i ded good values for Rf and 

R .  Ini t i a l ly ,  only a few waters were inc l uded i n  thi s mode l . A f ter 

correct ing r e s i due Gln 6 3  t o  Asn 6 3  and c a r e f u l ly rebu i l d ing l oop EF , 

r e f inement proceeded much better with many water mo lecu l e s  being f ound . 

In the l a s t  s tages , Rf dropped to 0 . 2 4 ,  and R dropped to 0 . 1 9 . Taking the 

reso l u t i on into account ( 2 . 5 6 A ) , we a r e  surp r i sed but p l eased with this 

resul t . Inspe c t i on o f  the s truc tures of BLGA a t  pH 7 . 1  and 8 . 2  with this 

s tructure as a re f erence , did not i dent i fy regions o f  the f o rmer two 

s truc tures that needed a l terat ion . F i gure 4 8 3 - 1  shows the progres s  o f  R 

and R f  during r e f inement and rebu i l di ng cyc l e s . 

R 4 5  r--------,--------�--------_r--------�--------�--------�------� 

4 0  

3 5  

3 0  

2 5  

2 0  

Ri and R ,  BLGA pH 6 . 2 , 1 2 0 3 9 8  pyqin ---

F i r s t  f ew cyc l es 
g ive good Rf and R 

R 
15 � ______ _L ________ � ______ � ______ �� ______ _L ________ L_ ______ � 

o 5 1 0  15 2 0  2 5  3 0  3 5  
cyc l e s  

F i gure 4 8 4 - 1 :  Progre s s  o f  r e f inement f o r  BLGA a t  pH 6 . 2  
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Chapter 4 Experimental procedures 

4 . 8 . 5  Structure ref inement o f  BLGB at pH 7 . 1  

Based on the s t ruc ture for BLGA at pH 7 . 1 ,  the ini tial R fac tor was 0 . 2 6  

( 1 0 - 3 . 0  A )  with a correlat ion coe f f i c ient o f  0 . 8 4 for BLGB at pH 7 . 1 .  

The res i dues Asp64 and Val l 1 8  were changed to Gly6 4 and Ala l 1 8 , 

respec t ively . The reflect ions used in the r e f inement lay in the range o f  

1 5  - 2 . 4  A ,  at t he beginning s tage . Ini t i a l ly loop E F  was model led wi th 

two conformations . Even though values for Rf and R were not bad ( see 

Figure 4 8 5 - 1 ) , the elec tron dens i ty map in this region was not good . Thi s  

fac t caused reindexing and reprocess ing o f  the data set . The reprocessed 

di f frac tion data file extended to 2 . 2 2  A resolut ion . A total o f  5 7 6  

re flections were set aside for monitoring Rf , a f ter the s olvent 

correc t i on was applied to the ori ginal re f l ec t i on f i l e . The pos i tional 

refinement protocol ( leas t- squares method)  was used to r e f ine the 

struc ture . The ini tial elec tron dens i ty map sugges ted that the loop EF 

was di f ferent in conformat i on from the struc ture of BLGA at pH 7 . 1 .  In 

the l a s t  stage , Rf dropped to 0 . 2 8 , and R dropped to 0 . 2 3 .  Figure 4 8 5 - 1  

shows the progres s o f  refinement . 

R 
SO r-------�,-------�--------_r--------,_--------�--------�------� 

Ri and R, BLGB pH 7 . 1 , 1 20 3 9 8  byqin 
4 5  

4 0  

• After this point , 1 5  - 2 . 2 2 A 

3 5  

3 0  

2 5  

2 0  

o 10 2 0  3 0  4 0  so 60 

Figure 4 8 5 - 1 : Progress of r e f inement for BLGB at pH 7 . 1  
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7 0  
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4 . 8 . 6  S truc ture refinement of BLGA-BrC 1 2  

Based o n  the s tructure for BLGA a t  p H  7 . 1 ,  the init ial R factor was 0 . 2 5 6  

( 1 0 - 3 . 0  A )  with a correlation coe f ficient o f  0 . 8 5 5  for BLGA-BrC 1 2  at 

pH 7 . 3 .  Thi s  original model contained 1 6 2  res idues and no water 

molecules . The reflect ions used in the ref inement were in che resolut i on 

range o f  1 5  to 2 . 2 3  A .  A total o f  5 1 1  r e f l e c t i ons were s e t  as ide for 

monitoring Rf , a f ter the solvent correction was appl i ed to the or iginal 

re f l e c t i on f i le . The pos itional refinement protocol ( l eas t - s quares 

method)  was used to ref ine the struc ture . The s teps of re f inement were 

moni t ored to keep the dis crepancy between Rf  and R sma l l er than 8 % . At 

the s tart i ng point , R = 3 0 . 9 3 %  and Rf  = 3 0 . 4 1 % . ( Calculation of R fac t or 

involves more re flec t i ons than that o f  Rf , as a resul t , R may be s l igh t ly 

larger than Rf ini t i a l ly ) . After inc luding the l i gand 1 2 -Br { CH2 ) 1 1COOH in 

the s truc ture , the R and Rf factors have shi f ted to 3 2 . 7 7 %  and 3 4 . 1 6 % , 

respec t ively . The norma l ref inement and rebu i l ding cyc les were f o l l owed 

through the whole r e f i nement proces s .  The f inal values for Rf and R 

factors were 2 7 . 9 3 %  and 2 3 . 2 3 % ,  respec t ively . Figure 4 8 6 - 1  shows the 

progress o f  ref inement . 

R 
50 

4 5  

4 0  

3 5  

3 0  

2 5  

2 0  

o 5 10 

Ri and R, B rC12 - BLGA , 2 10 4 9 8  byqin ---

1 5  2 0  

R f  

R 

2 5  

Cyc les 

Figure 4 8 6 - 1 : Progres s o f  the r e f inement for BLGA-BrC 1 2  
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Chapter 5 

Chapter 5 

Results 

Results 

5 . 1 Val idat i on o f  mode l s  

5 . 1 . 1  Qua l  o f  re f l e c t i o n  data s e t s  

A l though d i f frac t ion data s e t s  "0Jere c o l l e ct ed f rom a numb e r  o f  

c ry s t a l s ,  o n l y  f ive o f  t hem were u s e d  f o r  r e f i n ement and mode l  bu i l d ing . 

The d i f f r a c t i on pat tern f rom the c ry s t a l  o f  bov ine BLGJI. at pH 8 . 2 wa s 

t h e  f i r s t  data s e t  co l l e c t ed , f o l l uvJe d  d a t a  f rom t h e  o f  bov i ne 

BLGB at p H  7 . 1 .  I n i t i a l  i t  ,-,[a s s upp o s e d  that t h e  BLG c ry s t a l s  i n  

l at t i c e  Z were ve ry f rag i l e .  and data were c o l l e c t ed ve ry rap i d l y , a s  

the c rys t a l s  were exp e c t e d  t o  decompo s e . Th i s  g e n e r a t e d  t w o  d a t a  s e t s  

( BLG.p. a t  p H  8 . 2 and BLGB a t  pH 7 . 1 )  "vJ i th l im i t e d  e n e s s  and 

r e dundancy , e sp e c i a l  I n  t he h i ghe s t  r e s o lut i on s he l l  ( ,Tab l e  5 1 1 - l ) . 

The average r e dundancy ':Ja s l e s s  than t h r e e  and the comp l e t e n e s s  f o r  l a s t  

s he l l  via s l ow e r  than 9 0 % . 'il i t h  a cho s en e r ro r  mode l i n  

SCALEPACK , t he s e  two dat a  s e t s  were i n i t i a l  pro c e s s e d  t o  2 . 6  and 

2 . 4  A .  HOvJeve r , the l a t t i c e  Z c ry s t a l s  are not as f l e  a s  f i r s t  

s uppos ed . T h e  expo sure t ime f o r  e a ch f rame i n  subs equ e n t  d a t a  s e t s  was 

i n c r e a s e d  f r om - 1 5  mins t o  2 4  min s . t h e  t o t a l  da t a  c o l l e c t i on t ime t aking 

5 0 %  l onger . The osc i l l a t i o n  range of e a ch f rame was a l s o  i n c r e a s e d  f rom 

1 . 2 � to 1 . 5 � . Improved c apab i l  I n  u s e  o f  the data p r o c e s s i n g  s o f twar e  

a l s o he l p e d  t o  obta i n  be t t e r  qua l  da ta s e t s  f o r  BLGA a t  p H  6 . 2 ,  BLGA 

at pH 7 . 1  and BLGA-BrC 1 2  c omp l ex at pH 7 . 3 ;  S e e  Tab l e  5 1 1  1 f o r  d e t a i l s . 

Tab l e  5 1 1 - 1  

COILp l e t en e s s  
< I / s i g:na : >  
ct: * � 2  

Dat a co l l e c t ion s t at i s t i c s  f o r  bovine BLG 

Byqin. Spring of 1 998. Massey 

s 
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Chapter 5 

5 . 1 . 2 Qua l i ty o f  mode l s  

Results 

A sma l l  uncontam i nated r e f l e c t i on s e t  was set for each data s e t  to 

mon i tor the prog r e s s  o f  R f  dur ing the r e f i n ement proce s s . I n  g enera l , the 

d i s cr epancy of Rf  and R was kept to l e s s  t han - 8 %  to avo i d  over f i t t i ng 

the mod e l  t o  t h e  data . The f inal mode l s  for BLGA at d i f ferent pH 

cond i t i ons a l l  have the Rf < 2 8 %  and R < 2 4 % . Espe c i a l ly ,  f o r  the 

s t ructure of BLGA at pH 6 . 2 ,  the value for Rf  i s  only 2 4 . 0 3 %  whi le that 

for R i s  1 9 . 1 9 % . The Rf for BLGB is somewhat higher at 2 8 . 6 2 % ,  but we l l  

b e l ow the 3 0 %  va lue above whi ch s e r i ous inadequa c i e s  In the mod e l  o r  data 

are i n d i cat ed . In a l l  cases , on ly one res i due is located i n  a d i s a l lowed 

reg i on of the Ramachandran p l ot . Thi s  r e s i due , Tyr 9 9 , s i t s  at the centre 

of a 'Y- turn ,  wh i ch is s t ab i l i z e d  by a hydrogen - bond n e twork with 

n e ighbouring r e s i due s , as de s cribed i n  deta i l  in s e c t ion 5 . 7 .  The RMS 

for bond d i s t an c e s  ( the root -mean s quare deviat i on f rom the t arget 

va lues ,  whi ch come f rom the very pre c i s e ly determined s t ructures of smal l 

mo l e cu l e s ) i n  a l l  st ructur e s  i s  l owe r than 0 . 0 0 9  A .  The r e  are on ly a 

l im i t ed number o f  out l i e r s  for each geome t r i c  c r i t e r i o n . The r e fore , 

con f i dence may be p laced on the re l i ab i l i ty of the s t ru c t u r e s  p r e s ented 

i n  t h i s thes i s . For more d e t a i ls , see Tabl e  5 1 2 - 1 . 

Tab l e  5 1 2 - 1  Re f inement s t at i s t i c s  for s t ructures o f  BLG i n  l at t i ce Z 

Cont ent BLGA 

�!-l c ondi t i on pH 6 . 2 

R e s o l u t i o r.  Emi t ( A )  1 5 . 0 - 2 . 5 6  

R <  ( # re f:. e c t i on s ) 2 4 . 0 3 % ( 5 4 5 )  

� 1 9 . 1 9 %  

R amachandran p l o t a  

core 8 2 . 6 % 

a l l owed 1 5 . 4 % 

generou s ly a l l owed 1 .  3 %  

d i s a l lowed 0 . 7 %  

G eome t r ::' c s  ?�MS 
f o r  bonds A 0 . 0 0 9 

f o r  a:1g es 0 1 .  6 0  

f o r  di:1edra l s  2 5 . 3 2 

f o r  imp ropers ::' . 2 0 

Ou t l i e r  re s ::' du e s  

bO:1ds > 0 . 0 6 A 1 

ang l es > 1 0  0 
0 

d i he dra l s  > 6 0  0 
0 

improp e r s  > 5  0 1 

a PROCHEC!{ [ La s k ow s k i , 1 9 9 3 ] 

B yqin, Spring of 1998, Massey 

BLGA BLG;'. 

p:" 7 . 1 pE 8 . 2 

1 5 . 0 - 2 . 2 4 :" 5 . 0 - 2 . <: 6 
2 7 . 9 3 % ( 5 5 7 ) 2 7 . 5 9 % ( 5 7 6 ) 

2 : :' 3 5 % 2 3 . 1 6 %  

8 3 . 9 %  8 1 . 2 %  

1 4 . 8 % 1 8 . 1 % 

0 . 7 %  0 . 0 % 

0 . 7 %  0 . 7 %  

0 . 0 0 8 0 . 0 0 5  

:" . 5 2 1 . 4 1 

2 5 . 5 1 2 5 . 1 3 

1 . 1 5 1 . 1 :' 

0 0 

3 2 

2 2 

3 1 

BLGB 

pE .., . 1  , 
:" 5 . 0 - 2 . 2 2  

2 2 . 6 2 % ( 5 7 6 ) 

2 3 . 9 3 % 

8 3 . 1 % 

: 4 . 9 % 

1 . 4 % 

C . 7 %  

0 . 0 0 9 

1 . 6 9 

2 5 . 1 1 

1 . 2 1  

0 

1 

0 

1 

SLGl\- d rC 1 2  

pH 7 . 3 

:" 5 . 0 - 2 2 3  

: 7 . 9 3 % ( 5 12. ) 

2 3 . 2 3 %  

8 2 . 6 % 

1 6 . 8 %  

0 . 0 % 

0 . 7 % 

0 . 0 0 8 

1 . 6 2  

2 5 . 4 9 

1 . 1 8  

3 

2 

3 
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Chapter 5 

5 . 2  General des c r ipt i on of bovine BLGA and BLGB in l a t t i c e  Z 

Results 

The mod e l f o r  b ovine B LGA i n  l at t i c e  Z a t  pH 7 . 1 , wh i ch has been r e f i n e d  

w i t h  d a t a  ext e n d i ng t o  a r e s o l u t i on o f  2 . 2 4 A,  s e e  Tab l e  5 1 2 - 1 , w i l l  b e  

u s e d  a s  the r e f e rence s t ructure i n  the f c l l oc,i n g  s t ructure d e s c r ipt i o n s . 

BLG wi l l  be d i s a s semb l ed i n t o  s ub - r eg i ons . F o cu s s ing on t he BLGA p H  7 . 1  

mode l ,  bov i n e  BLG wi l l  be d e s c r ibed i n  deta i l  i n  t h e  f o l l owing 

cat egor i e s : the d i f f e rences i n  t h e  s t ructures due t o  pH and var i an t  type , 

van d e r  Waa l s  i n t era c t i ons , s o l vent acc e s s ib i l  o f  r e s i du e s ,  hydr o g en -

bonds ( ma i n  cha i n  and s i de cha i n ) ,  � and � t o r s i on ang l e s , o t he r t o r s i on 

, s u r f a c e  charg e s , e t c . 

5 . 2 . 1  Core s t ru c ture o f  bov ine S- l actoglobu l i n 

- A  

F i gure 5 2 1 1 :  Cart oon p i cture o f  t h e  bovine B LG c a lyx , 
p r epared by MOLSCRIPT [ Krau l i s , 1 9 9 1 J . 

BLGA i s  a sma l l  g l obu lar p ro t e i n  mo l e cu l e  w i t h  1 6 2  r e s i due s , t he ma j or i ty 

of wh i ch b e long to S - s t rands . Ten S - s t rands ( l abe l l e d  as S - O , S-A to S -
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Chapter 5 Res' 

I )  and four a-hel ices ( label led as a-H ,  a - 1  to a- 3 )  can be ident i f ied 

for bovine BLGA in lattice Z at pH 7 . 1 .  E i ght anti -paral lel g-strands , 

g-A to g-H , fold back and forth to form the c alyx ( Figure 5 2 1 - 1 ) , a 

typical feature o f  the l ipocal in super - fami ly . The s trands are connected 

by loop regi ons , label led as l oops OA , AB , BC , etc . The s trand g-A 

involves residues 1 6 - 2 7  and can be vi ewed as two cons ecut ive g-s trands 

with a kink between res idue 2 1  and residue 2 2 . Thus , s trand g-A is divided 

into par t 1 ( res idues 1 6 - 2 1 )  and part 2 ( re s i dues 2 2 - 2 7 ) . Attached to 

the calyx are two extra g-strands . One of them , g- O ,  is close to the N-

terminus and involves res idues 4 - 8 ; the second , g- I ,  is near the C -

terminus end o f  the mo l ecule . Thi s strand s erves a s  the dimer inter face 

for BLG . Through g- I ,  an extended g-sheet , which inc ludes all  the g

s trands of the two subunits of the BLG dimer , is created , as i l lus trated 

in Figure 5 2 1 - 2 . For BLG in the trigonal l a t t ice Z and orthorhombic 

lattice Y ,  a crystal lographic dyad relates the two monomers . 

Figure 5 2 1 - 2 : The extended twi s ted g-sheet o f  
the BLG dimer . Figure prepared with TURBO 
[Camb i l lau e t  a l . ,  1 9 9 6 ] . 

The core structure o f  BLG , the ten g- s trands and helix a- H ,  i s  una f f ec ted 

by changes in pH in the range 6 . 2  to 8 . 2 .  The s truc ture of BLGA at pH 

6 . 2  versus the s truc ture of BLGA at pH 8 . 2  has an rms displacement o f  

0 . 2 3  A for 1 4 5  c a  atoms . The structure o f  BLGA a t  pH 7 . 1  versus the 

struc ture o f  BLGA at pH 8 . 2  has an rms displacement of 0 . 2 1  A for 1 4 5  ca 

atoms . The super imposed ca atom t races of BLGA at di f ferent pH are 

displayed in Figure 5 2 1 - 3 . Except for loop EF , changes in other par ts o f  

the BLGA s t ruc tures are virtual ly unident i f iabl e . 
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Chapter 5 Results 

The point mutati ons charac teriz ing var iants A and B o f  BLG have l imi ted 

inf luence on the calyx . The s tructures of BLGA at pH 7 . 1  and BLGB at pH 

7 . 1  are very s imi lar ; 1 5 5  ca atoms wi th a maximum di splacement less than 

0 . 7  A have an rms displacement of 0 . 2 3 3  A .  The super imposed ca atom traces 

of BLGA and BLGB at pH 7 . 1  are displayed in Figure 5 2 1 - 4 . 

Figure 5 2 1 - 3 : Superpos i tion o f  ca traces o f  BLGA in latt ice 
Z at pH 6 . 2  ( red) , pH 7 . 1  ( ye l low )  and pH B . 2 ( blue ) in 
lattice Z .  The s ide chain o f  Glu B 9  and disulf ide bonds 6 6 -
1 6 0  and 1 0 6 - 1 1 9  are shown . Figure prepared with TURBO 
[ Cambil lau et a l . ,  1 9 9 6 )  

Figure 5 2 1 - 4 : Superpos i tion o f  the c a  traces o f  BLGA ( thin line ) , 
BLGB ( thick l ine ) at pH 7 . 1  in latt ice Z .  Figure prepared wi th 
TURBO [ Cambi l lau et a l . ,  1 9 9 6 ) . The s ide chains at the point 
mutation s i tes ( D64G and V1 1 B A )  and the disu l f ide bridges are 
shown . 
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5 . 2 . 2 Topol ogy o f  the main chain hydrogen bonds 

Results 

The de ta i l s  o f  the mai n  chain hydrogen- bond p a tterns o f  bovine BLGA and 

BLGB are shown in the t op o l og i c a l  diagrams o f  F igures 5 2 2 - 1  to 5 2 2 - 4 . 
S e condary s t ruc ture was de f ined according to Kab s c h  and S anders , 1 9 8 3 , 

exc ep t  that r e s i dues a t  the ends o f  secondary s truc ture e l ement s  that 

were invo lved in main chain-main cha in hydrogen bonds were added t o  the 

Legend : 

beta-strand: 

alpha-helix: 

coil &turn: 

H-bond: -

0 · · · · · · · · · ·  Hr; 

Residues involved in 
"lock and key" interface: 

Residues involved in 
the dimer interface: 

Residues involved in 
the loop interface: 

F i gure 52 2 - 1 :  Top o logy o f  main- chain hydrogen bonds o f  BLGA a t  pH 7 . 1 .  
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e l ement and r e s i dues w i th very B va lues and n o  ma i n  cha i n- ma i n  cha i n  

hydrogen bonds were a s s  t o  l oops . Hydrogen bonds s a t i s f i ed the 

c r i t er i a  X ( H )  . . . Y 2 . 9  ± 0 . 4  A, the ang l e  X - H  . . . Y > 1 2 0  ( X  o r  Y a r e  N 

or 0 ) . The l ength o f  the is- F and is-G s t rands var i e s  ac c o rding t o  

exper imen t a l  c ondi t i on s , a n d  the short a- 2 h e l ix i s  n o t  conserved i n  a l l  

s t ruc tures . The is - I  s t rand s a t tached t o  the c a l yx by part 2 o f  the is-

A s t rand . The is - O  s t rand i s  a t tached t o  the c a lyx by one 

Legend : 

beta-strand; � 
alpha-helix; 

coil &; turn; 

H-bond: 
Q · · · ·  . .  · · · · HN 

Residues invol,'cd in 
"lock and key" intcrface; 

Residues involved in 
the dimer interfacc; 

Residucs involved in 
the loop interface: 

F i gure 5 2 2  2 ;  Top o l ogy o f  ma i n - ch a i n  hyd r ogen bonds o f  BLGA at pH 6 . 2 .  
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bond . The f u l l hydrogen bond i ty be tween the � - D  and � - E  s t rands 

i s  n o t  u s e d  up f rom t h e s e  p a t t erns , on l y  one pa r of ma in chain hydrogen 

bonds c an be i dent i f i e d  b e tween the �- D ( 1 4 r e s i dues ) and JS - E  ( 7  

r e s  dues ) s trands . B e tween t h e  JS - A  and JS - B  s t rands i s  a l ong l o op . From 

th i s  o f  v i ew , t h e  e i gh t  JS- s t rands wh i ch f o rm the calyx c an be 

grouped into two s e t s : � - B , JS - C  and JS-D s t rands a s  one s e t , � - E , JS - F ,  JS - G ,  

JS - H  and JS - A  ( pa r t  2 )  s t rands as anothe r . The short e s t  �- s t rand o f  the 

Legend : 

beta-strand: 

alpha-helix: 

coil &turn: 

0 · · · · · · · · · ·  H:\ 

Residucs involved in 
"lock and key " interface: 

Residues involved in 
the dimer interface: 

Residucs involved in 
the loop interface: 

F i gure 5 2 2 - 3 : Top o l o gy o f  ma i n - chain hydrogen bonds o f  BLGA at pH 8 . 2 .  
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f i r s t  g r o up i s  l onger than t h e  onge s t  g - s t rand o f  t h e  s econd group ( 1 1  
vs . 0 r e s i d u e s ) .  

a-2 

5 2 2 - 4 : ogy o f  ma i n - chain hydrog en bonds o f  B LGB 

at pH 7 . 1 ; l eg end is the s ame as 5 2 2 - 3 . 

The t op o l o gy 5 2 2 - 4 ) o f  BLGB a t  pH 7 . 1  reve a l s t h e  

s imi l a r i ty w i t h  t h a t  o f  B LGA a t  pH 6 . 2  I n  the r e g i on o f  g - a n d  g-G . T h e  

hydrogen b o n d  S l1 ON . . . 0 8 9  i n  BLGA a t  p H  7 . 1  and p H  8 . 2  i s  a b s e n t  i n  bo t h  

BLGB a t  pH 7 . 1  and BLGA a t  p H  6 . 2 .  

5 . 2 . 3  Sub - r eg i on s  o f  g - a c t o g l obul i n 

BLGA and BLGB a r e  dimers In s o l u t i on a t  phys i o l og i c a l  c ondi t i on s  i n  

bovine mi l k . Each monome r c an b e  d i s a s s embl ed i n t o  s ev e r a l  s t ruc tura l ly 

d i s t inc t reg i on s : t o p  r e g i on ( gr e en ) , bo t t om r e g i on ( wh i t e ) , han d l e  

r e g i on ( ye l l o w ) , g - s h e e t  I ( re d )  and g - s h e e t  1 1  ( b l ue ) , a s  i l l u s t r a t e d  

I n  5 2 3 - 1 ,  whe r e  wa t er mo l ec u l e s  a r e  d i sp l ay e d  i n  o range . The BLG 

c a l yx i s  par t i a l l y  s urrounded by the hand l e  r e g i on , wh i c h  cons i s t s  o f  
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the C and N t ermin i , he l ix a - H  and s t rand g- I ,  as d e s c r ibed in more deta i l  

i n  s e c t ion 5 . 5 .  At the top o f  ca lyx are s everal loops , labe l l ed as AB , 

C D ,  EF and GH . They look l ike the door s  to the ent rance t o  the ca lyx , as 

d e t a i l ed i n  s e c t ion 5 . 3 .  The bot t om o f  the calyx i s  f o rmed by loop O A ,  

r e s idues 1 2 4 ,  1 2 5 ,  loop FG a n d  part 1 of  g-A ; s e e  s e c t i on 5 . 4  f o r  more 

d e ta i l s . The calyx can be vi ewed as actua l ly be i ng compr i s ed of two g

s h e e t s ,  labe l l ed as g- sheet I ( s ect ion 5 . 6 ) and g- sheet 1 1  ( s ect ion 5 . 7 ) . 

The s t rands g - B ,  g-C and g-D produce a d i s t inct curved g - sheet I .  The 

s t rands g - E ,  g - F ,  g-G , g - H  and g - A  ( part 2 )  produ c e  a r e l a t ive ly f lat g

s h e e t , g - sheet 1 1 ,  which i s  or i ented perpendicu l ar to g - sheet I ;  see 

F i gu r e  5 2 1 - 1 ,  5 2 1 - 3 , 5 2 1 - 4  and 5 2 3  - 1 . 

F i gure 5 2 3  - 1 : D i sas s embly o f  BLGA mo lecule i n t o  sUb- reg i ons : 
top region ( green ) , bottom region ( wh i t e ) ,  handl e  ( y e l low ) , 

g - sheet I ( red ) , g - sheet 1 1  ( b lue ) and wat e r  ( orange ) . 

F igure prepared with TURBO [ Camb i l lau e t  a l . ,  1 9 9 6 ) . 
D i f f erent regions d e l i bera t e ly i s o lat e d  by omi s s ion of 
pept ide bond o f  ne i ghbor r e s idues . 

5 . 2 . 4  Average B factors o f  bovine BLG 

The B f actors for BLGA / B  are summar i z ed in Tab l e  5 2 4 - 1 . The average B 

f a c tor o f  BLGA at pH 6 . 2  i s  4 1  A2 , relat ive ly lower than that of BLGA at 

pH 7 . 1 , 8 . 2 and BLGB at pH 7 . 1 .  Thi s  may r e f lect the fact that BLGA at 

pH 6 . 2  has lower va lues for Rf and R .  Within an i n d i v i dua l mo lecu l e , the 

average B factors of di f f e r ent reg ions re f lect the mob i l i ty of t hat 

r e g i on . Wat e r s , with average B factors from 68 - 7 5  A2 , are relat ive ly 

mor e  mob i l e than the amino a c i d  r e s idue s , w i t h  average B factors f rom 3 9  
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- 5 1  . The a t oms i n  t he s i de cha i n s  have higher ave rage B f a c t o r s  than 

t ho s e  i n  t he p o lypep t i de bac kbone . The t op r e g ion o f  bovi ne BLG is the 

mo s t  mobi l e  part o f  the BLG mo l e cu l e ,  e s p e c i a l  the 

t o  t h e  t op r e g i on ,  t h e  bot t om r e g i o n  i s  r e l at ive 

s t r u c t u r e , t he average B f a c t or o f  B - s h e e t  I ( 4 1 - 5 7  

that o f  the correspond i ng B - sheet 1 1  ( 3 2  - 4 2  \ j .  

EF . Oppo s i t e  

r i g i d . F o r  each 

) i s  higher than 

Tab l e  5 2 4  1 :  Average B f a c t o r s  in d i f f e r e n t  r e g i on s  of BLG ( 

'=- 2 r s  

5 . 2 . 5  Cha rac t e r i s t i c s  o f  the sur f a c e  o f  BLGA and B LGB 

F r om the t op of the B LG c a lyx , the sur f ac e s  o f  bov i n e  BLGA a t  pH 7 . 1  and 

8 . 2 are s im i l ar ; s e e  F i gur e s  5 2 5 - 1  and 5 2 5  2 .  In t h e s e  two c a s e s , the 

l oop EF a dop t s  an op e n  c o n f o rmat ion , so that the i n s i de of the BLG c a l yx 

i s  v i s i b l e  and acce s s i b l e . The depth o f  t h e  cavi t y  ( i n the m i d d l e  o f  

mo l e cu l e )  i s  beyond the c e n t e r o f  the BLG mo l e cu l e  ( the c ro s s  p o i n t  o f  
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t hr e e  axes d e f i n e s  the mo l ecular center ) ; s ee F igure 5 2 5 - 2 . In F i gure 

5 2 5 - 1 ,  a r e t inol mo lecule is mode l led in the calyx . The l i t t l e  p i l la r  

whi ch prot rude s to the l e f t  and down i s  Lys 7 7 . The l oop EF o f  BLGA i n  

l a t t i ce Z at p H  6 . 2  and that o f  BLGB in l att i c e  Z at p H  7 . 1  a r e  d i f ferent 

f r om the c a s e s  above , and adopt a c losed conformat i o n ,  s o  that the i n s i de 

o f  the BLG calyx i s  not obs e rvabl e  from the top o f  the calyx ; s e e  F igur e s  

5 2 5 - 3 a n d  5 2 5 - 4 . The orientat ion o f  mo lecu l e s  in F igur e s  5 2 5 - 3  and 5 2 5 -

4 i s  t he s ame a s  i n  F igur e s  5 2 5 - 1  and 5 2 5 - 2 . 

Whe r e a s  the top reg ion o f  BLG i s  s t rongly negat ive ly charged , the bot tom 

r e g i on i s  mor e  hydrophobic and surrounded by a s e t  o f  mos t ly pos i t ive 

r e s idues ( F igure 5 2 5 - 5 ) . At the cent e r , however , i s  Lys B . Thi s  r e s i due 

is i nvo lved i n  an important int ermo l ecu lar contact i n  l a t t i c e  Z ,  whe reby 

the s ide cha in o f  Lys B , funct i on i ng as a key , i n s e r t s  into a lock , the 

sma l l  cavity near Glu4 4 , i l l u s t rat ed in F i gure 5 2 5 - 6 . Th i s  " lock and key " 

i n t e r f a c e  w i l l  be d i s c u s s ed i n  det a i l  in s ect ion 5 . 9 . 2 .  The area bur i e d  

i n  t h i s  i n t e r face i s  s umma r i s ed in Tab le 5 2 5 - 1 . The pos i t ive ly charged 

reg ions are col ored blue in F i gure 5 2 5 - 1  to 5 2 5 - 6 ;  the negat ive ly charged 

r e g i o n s  are co l ored i n  red . 

F i gure 5 2 5 - 1 : Surface charge on the top reg ion o f  BLGA i n  
lat t ice Z a t  p H  7 . 1 .  A ret i no l  mo lecu l e  has been f i t  i n t o  the 
l i gand b i n d i ng s it e  F igure prepared w i t h  GRAS P [ Ni cho l l s  e t  
a l . ,  1 9 9 1 ] . 
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Figure 5 2 5 - 2 : Sur face charge on the top region o f  BLGA in 
lattice Z at pH 8 . 2 .  F i gure prepared with GRAS P  [ Ni cholls e t  
al . ,  1 9 9 1 ] . 

Figure 5 2 5 - 3 : Surface charge on the top reg i on o f  BLGA in 

lattice Z at pH 6 . 2 .  Figure prepared with GRASP [ Nicho l l s  

e t  al . ,  1 9 9 1 ] . 

Byqin, Spring of 1 998, Massey 
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F i gure 5 2 5 - 4 : Sur face charge on the top reg ion o f  BLGB i n  
l a t t i c e  Z a t  p H  7 . 1 .  Compare with F i gure 5 2 5 - 3  to s e e  the l o s s  
o f  charge i n  loop CD ar i s i ng from the D6 4G p o i n t  mutat ion . 
F i gure p repared w i th GRASP [ N i cho l l s  e t  al . ,  1 9 9 1 ) . 

F i gure 5 2 5 - 5 : Sur face charge on the bot tom r e gion of BLGA at 

pH 7 . 1 .  Lys 8  is i nvo lved in an impor t ant i nt e rmo l ecular 
contac t ,  i n  whi c h  i t  func t i ons as a key . F i gure prepared w i th 
GRAS P [ Nicho l l s  e t  al . ,  1 9 9 1 ) . 

Byqin. Spring of 1 998.  Massey 
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F igure 5 2 5 - 6 : Sur face charge in the vicini ty o f  the cavity by 
Glu44 o f  BLGA at pH 7 . 1 .  This cavity accepts Lys 8 to form an 

important intermo lecular interac t ion . F i gure prepared with 
GRASP [Nichol ls e t  al . ,  1 9 9 1 ] . 

Handle region 

fS- sheet I 1  
or i entation o f  � entrance to 

central cavity 

Figure 5 2 5 - 7 : Re lat ive pos it ion of monomers 

Results 

The two monomers o f  BLGA dimer are symmetrica l ly rel ated in lattice Z :  

a crys t a l lographic two- fold axi s exi s t s  l i nking the fS- 1 s trands to give 

an extended fS-sheet spanning two monomers . The calyx handle regions 

approach together to form the dimer inter f ac e . Thi s  inter face i s  

s andwiched between two BLG cal ices ; see F i gure 5 2 5 - 7 . A 6 0 ° angle i s  found 
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between t h e  o r i e n t a t ions o f  t he two ca lyx e n t rances o f  the d ime r .  The 

s u r f a c e  in t he v i c i n i ty of the d imer i nt e r f a c e  i s  d i s p l ay e d  in F i gu r e  

5 5 4 - 4 . T h e  s u r f a c e  o f  t h i s  r e g i on i s  i n t e rtwi ned w i t h  p o s i t ive and 

n e ga t ive ly charged res i due s . At the c e n t e r  o f  the hyd rophobi c  reg ion ( s-
I )  i s  Arg 1 4 8 , a p o s i t ive charged r e s i du e . 

The a c ce s s ib l e  s u r face area s  o f  the bovine BLGP<. and BLGB have been 

c a l c u l a t e d  with programs AREAIMOL and RESAREA of the CCP4 s u i t e  

[ C o l l aborat ive , 1 9 9 4 j ; s e e  Tab l e  5 2 5  1 .  F r om 6 . 2 t o  8 . 2 ,  the sur f a c e  

area o f  t h e  monomer a n d  dime r  o f  BLGA i n c r e a s e  - 4 3 0  and - 8 0 0  

r e s p e c t i ve ly . The f orma t ion o f  BLGA and B LGB d imers a s  we l l  a s  the " l o c k  

a n d  key " i n t e r f a c e bu r i es part o f  t h e  mon ome r s u r f a c e . F c r  BLGA the 

sur f a c e  a r e a  bur i ed i n  the d ime r i n t e r f a c e  i n c r e as e s  s l i ght 

wh i l e  that a s s o c i a t e d  with the " l ock and " decr eas e s  s l  . P<.s a 

p e r c en t ag e  o f  the t o t a l  monomer sur face area , the area bur i e d  in the 

dimer i n t e r f a c e  s t ays c on s t an t  at 5 . 7 4 % , 5 . 7 5 %  and 5 . 8 4 % . BLGB at pH . 1  

r e s emb l e s  BLGA at pH 6 . 2  i n  t e rm s  o f  monome r and d imer s u r f ace areas a n d  

area bur i e d  i n  the d imer i n t e r f a c e  ( 5 . 6 9 % ; . The s e  p e r c en t a g e s  l i e at the 

1 0,'" e n d  of  the range typ i ca l  f ound f o r  s t rong a s s o c i at e d  d ime r s  

Jones a n d  Thort on . 1 9 9 5 ] . F o r  the " l ock and i n t e r face t he 

p e r c e n t a g e  area bur i e d  p e r  p a i r  o f  mo l e cu l e s de c r e a s e s  f rom 6 . 6 4 %  at pH 

6 . 2  t o  6 . 1 8 %  a t  pH 7 . 1  t o  5 . 6 9 %  at pH 8 . 2 .  BLGB at p H  7 . 1  with a percentage 

a t  7 . 0 9 %  r e s embl e s , aga i n , BLGA at pH 6 . 2 .  Not e  t hat e a c h  mo l e cu l e  has 

both a lock and a key whi ch i n  the c ry s t a l  s t ru cture e f f e c t ive 

t he p e r centage of s u r face a r e a s  bur i e d . 

T ab l e  5 2 5 - 1  Acc e s s i b l e  s ur f a c e  areas f o r  bov i n e  BLGA and BLGB 

pH 

Monome r 

D ime r 

Lock and key A: 
Bur i ed f o r  d imer 
Bur i e d  f o r  l ock 

A 
and key A 

BLGA 
6 . 2  

8 2 3 5  

1 5 5 2 4  

1 5 3 7 7  

9 4 6  

1 0 9 3  

BLGA 
7 . 1  

8 4 5 8  

1 5 9 4 4  

1 5 8 7 0  

9 7 2  

1 0 4 6  

BLGA 
8 . 2 

8 6 6 6  

1 6 3 1 9  

1 6 3 4 6  

1 0 1 3  

9 8 6  

B LGB 

8 2 6 9  

1 5 5 9 7  

1 5 3 6 5  

9 4 1  

1 1 7 3  

doub l e s 

Thi s  i n t erface l ea ds t o  cha ins of mo l ecu l es in t h e  sol i d  s t a t e ;  t h e  

surface area i s  ca l cul a t e d  from a pa i r  o f  mol e cu l e s  
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5 . 3  Top r e g i o n  o f  S - lactoglobu l in 

5 . 3 . 1  Gen e r a l de s cr i pt i on of t h e  t op r e g ion 

Results 

The t op r e g i on in BLGA at pH 7 . 1  c o n s i s t s  o f  r e s i du e s  8 5 - 9 0  ( l oop EF l , 

1 0 9 - 1 1 6  ( l oop GH ) , 2 8 - 3 9  ( l o op AB ) ,  and 6 1 - 6 7  ( l oop C D ) . The r e s i du e  

c ompo s i t i on o f  t op r e g i on may vary s l i gh t l y  a c co r d i ng t o  t h e  con f o rma t i on 

o f  the l oo p s  EF and GH . The s e  f our loops a r e  not s t ru c t u r a l  r e l a t ed t o  

e a c h  o t he r , b u t  a r e  d i s t i nc t i ve c ompared w i t h  o t her r e g i on s  o f  bov i n e  

BLG , e s pe c i a l  , \'Jith r e s p e c t  to t h e i r  h i gh ave r age t h e rma l mot ion . I n  

add i t ion , t h e s e  loops may b e  func t i ona l coop e r a t i ve w i t h  e a ch othe r ,  

a s  t h e  door o r  l id to the BLG ca lyx . The t op r e g ion has one d i s u l f i d e  

bond l i n k  w i t h  t h e  han d l e  reg ion ( Cy s 6 6 -Cy s I 6 0 J . H e l ix a- I ,  wh ich be longs 

to the t op r e g ion , has ext ens ive hydrophob i c  i n t e r ac t i on s  ItJi th t h e  

r e s i du e s  1 4 2  1 4 4 , wh i ch are immedi a t e ly a f t e r  t h e  a- H he l i x .  I n  g e n e ra l , 

the t op r e g i on i s  i s o l a t e d  f rom o t h e r  r e g i on s  a n d  i s  r a t h e r  mob i l e . 

5 3 2 - 1 : 2 Fo - F c  e l e c t ron dens i t y  map , s hm'l ing two 
hydrogen bonds o f  D 2 80Dl . . .  OG3 0 S  ( 2 . 5 4 A )  and D 3 3 N  . . .  0 2 9 1  

( 2 . 7 8 i n  the he l i x  a- l w i thin l oop AB o f  B LGA a t  pH 7 . 1 .  

5 . 3 . 2  Loop AB 

Loop AB i s  made up o f  a s hort h e l i x ,  a- 1 ( 2 8  - 3 3 ) , w i t h  r e s t  o f  the 

r e s i du e s  f ormi ng a r andom c o i l . As the pH i n c r e a s e s  f r om 6 . 2  t o  8 . 2 ,  

G l n 3 5 a n d  Leu3 9 b e c ome mor e  expo s e d ;  s e e  Tab l e  5 3 2 - 1 . Th i s  r e g i on 

prov i d e s  hydrophob i c  i n t e ra c t i ons f or t h e  BLG d ime r 

e s p e c i a l ly a- l ,  and t h i s  r e g ion i s  i so l a t e d  f rom t h e  r e s t  o f  the t op 

r e g i o n , loops CD , EF and GH . The s e  three l oop s form t h e  " l oop i nt e r f a c e " 
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in t h e  l at t i c e  Z ,  wh i ch prov i de s  a cushion be twe en t he cha i n s  o f  BLG 

mo l e cu l e s ; f o r  more det a i l s  s e e  s e c t i on 5 . 9 . 3 . In the f orma t i on of the 

d imer i nt e r f ac e , I 1 e 2 9  and Asp 3 3  are t he mo s t  a f f e c t ed r e s i du e s . The i r  

a c ce s s i b l e  s u r f ac e s  de c r e a s e  f r om 8 5  to 1 7  and f r om 9 5  A t o  4 1  

r e s pe c t  Th i s  i s  exemp l i f i e d  t h e  c a s e  o f  BLGA a t  p H  7 . 1 ;  s e e  

Tab l e  5 3 2 - 1 . 

The r e s i du e s  a f t er a - I i n  loop AB a r e  mos t  hydrophob i c  :::: e s i du e s  v.] i t h  

t h e  excep t i o n  o f  G l n 3 5 and S e r 3 6 .  The s i de cha i n  o f  Gl n 3 5  app e a r s  t o  f orm 

a hydrogen bond w i t h  0 atom o f  1 6 0 , a l t hough t h e  s i de cha i n  o f  G l n 3 5 

p roved d i f f i c u l t  to f i t  i nt o  t he dens map at a l l  s t age s o f  rebu i l d i n g  

a n d  r e f i nement . The O D 1  a t om o f  p.s p 2 3 and OG atom o f  S e r 3 0 f o rm a s t rong 

hydrogen bond , vli t h  an O D 1  . . .  OG s eparat ion o f  2 . 5 4 A; see F i gure 5 3 2 - 1 . 

T h i s  hyd::::ogen bond i s  he l p f u l  in s t abi l i z  the 3 - he l i x  o f  a - I . 

Tab l e  5 3 2 - 1 : A c c e s s ib l e  sur f a c e  area o f  r e s idu e s  i n  A B  ( A - )  

va r i an t  
r e s i du e  

ASP 

ILE 

SER 
LED 

LED 

AS P 

.Zl.LA 
GLN 

SER 

.Zl.LA 
PRO 

LEU 

2 8  

2 9  

3 0  
3 1  
3 2  

3 3  

3 4  

3 5  

3 6  

3 i 
3 8  

3 9  

Tot a l  change 

A 
pH 3 . 2 pH 6 . 2  

6 4  5 7  

8 5  9 0  
r o  0 .- 6 0  

2 2  1 8  
0 0 

9 9  8 5  

4 7  4 8  
l l 5  4 8  

1 2  I !  

5 9 
3 7  5 9  
5 0  1 

b e tween the monome r 
the monome r i n  dimer exemp l i f i e d  
- - - - - - - - - - - - - - - - - - - - - - - - - - -

5 . 3 . 3 Loop C D  

B 

pH . 1  

5 3  
7 0  

6 0  

2 1  
2 

8 9  

5 6  

4 1  
i 8  

6 

5 2  

3 

a l one and 

by BLGA at 

- - - - - - - - - -

pH i . l 

6 3  

8 5  

o 
9 5  

4 6  

3 6  

6 8  
8 

6 8  

4 3  

pH i . l  

A ( i n dime r ) 
pH 7 . 1  

S i  
1 1  

6 7  

2 4  
o 

4 1  
3 7  

3 7  

7 3  
6 

6 6  

4 5  

1 3 2  

The ave rage B f ac t or o f  loop C D ,  r e s i due s 6 1 - 6 7 , i s  very h i gh , about i O %  
higher t ha n  the ove ra l l  ave rage B f a ctor o f  a l l  r e s i due s ;  s e e  Tab l e  5 3 3 -

1 .  Such h i g h  B f a c t o r s  sugg e s t  that loop C D  i s  ve ry mob i l e . Res i du e s  o f  

l oop C D  appe a r  at r e l at ive l y  l ow den s i ty ( 0 . 30 )  i n  2 Fo - F c  map s , a l though 

an omi t map c l ear ly s hows t h e i r  e xi s t ence ( s e e  F i gure 5 3 3  1 ) . Th i s  h i g h ly 
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mob i l e  reg ion i s  anchored to the C - t erminus o f  BLG by the d i s u l f i de bond 

Cys 6 6 - Cys 1 6 0 . A l l  res i dues o f  loop CD are highly expo s e d , i rrespect ive 

o f  pH i n  the range of 6 . 2 to 8 . 2  and var i ant A or B ,  a s  d e t a i l ed i n  Tabl e  

5 3 3 - 1 . Cys 6 6  i n  BLGB i s  l e s s  expos ed compared t o  that i n  BLGA . Loop C D  

con t a i n s  a rather expos e d  hydrophobi c  res idue , Trp 6 1  ( so lvent acce s s ib l e  

sur face area , 5 4  A2 ) compared to Trp 1 9  ( on ly 3 A2 ) .  

F i gure 5 3 3 - 1 :  2 Fo-Fc e le c t ron dens i ty map , showing l oop CD 
o f  BLGA in lat t i ce Z at pH 7 . 1  

65 CD 

F i gure 5 3 3 - 2 : Orien tat ion o f  Glu 6 5  in BLGA ( th i c k  l i nes ) a 
and BLGB ( th i n  l ine s ) at pH 7 . 1 i n  lat t i ce Z .  
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A s p 6 4  i n  BLGA has been r e p l a c e d  G ly 6 4  i n  BLGB . The 

Results 

/ p s i  t o r s ion 

ang l e s  of G ly 6 4  and Asp 6 4  are p o s s i b l y  d i f f e rent : - 1 0  2 3  , - 1 4 3  / 3  

r e s p e c t ive Th i s  d i f f erence i n f luences t he o r i en t a t i on of the s i de 

cha i n s  o f  G l u  6 2 ,  As n 6 3  and G lu 6 5 , e spec i a l  t he s i de cha i n  o f  G l u 6 5 ,  

vJh i ch p o i n t s e xp l i c i t  i n  a d i f f erent d i r e c t i on i n  BLGB c omp a red t o  BLGA 

at pH 7 . 1  ( s e e  F i gure 5 3 3 - 2 ) . The or ientat i on of G lu 6 5  in BLGA at pH 6 . 2  

b e a r s  s im i l a r i ty to B LG.4. at p H  7 . 1 , but not t o  BLGB a t  p H  7 . 1 .  Such 

d i f f e r e n c e s  may be i n t roduc ed the point mut a t i on D 6 4 G . 

Tab l e  5 3 3 - 1 :  A c ce s s i b l e  sur f a c e  a r e a  o f  r e s i du e s  in l oop C D  ( A: )  

va r i a n t  
r e s i due 

TRP 

GLU 

ASN 

AS P / GLY 

GLU 
CYS 

.4.LA 
Tot a l  

6 1  

6 2  
6 3  

6 4  

6 5  
r r  0 0  

6 7 

the monomer 

A 
p H  8 . 2  

5 9  

9 1  

1 "H) � � 
1 2 3  

1 4 0  
3 8  

3 4  

bet';Jeen 

in d imer 

the 

.4. 

pH 6 . 2 

6 0  
8 7  

1 3 3  

1 2 9  

1 3 2  
3 4  

2 2  
monomer 

exemp l i f i ed 

B 

pH � 1  

5 6  

1 1 0  

1 4 3  
c; r  J O  

1 5 

1 9  

3 9  
a l one and 

BLGF_ at 

A 
pH 7 . 1 

5 9  

9 8  

1 1 6  

1 3 3  
1 0 3  

3 6  

1 6  

pH 7 . 1  

A ( i n d ime r ) 

pH 7 . 1  

6 3  
9 6  

1 0 9  

3 4  
1 r � O  

9 

Th e sma l l  i n crea s e s  in surfa c e  area for t h e  dim er to che monomer 

sp eci e s  i s  d u e  to coodina t e  round off in TURBO -FRODO and di fference i n  

t h e  gri d  u s e d  RESARRZ, o f  CCP4 . Sur fa ce a r ea n urnbers a r e  con s i dered 

pre c i ce to ± 3 

5 . 3 . 4  Loop EF 

vJh i l e  the BLGA exper i e n c e s  minor changes i n  l at t i ce Z f rom pH 

6 . 2  t o  8 . 2 ,  a o r  con f ormat i onal change o c c u r s  f o r  the E F , 

r e s i du e s  8 5 - 9 0 , as s hown i n  F i gu r e  5 2 1 - 3 . At l ow pH , loop EF f l ip s  towa r d s  

t h e  c a lyx a n d  s e rve s a s  a door / l i d t o  b l o c k  a c c e s s  i n t o  t h e  . At 

h i g h  pH , l oop EF f l ip s  a'tJay f rom the ca lyx , and t he c a lyx be come s 

a c ce s s i b l e  f o r  sub s t r ates . In add i t ion , thi s c on f o rma t i on a l  change l e ads 

to G l u 8 9  changing f r om a bur i ed s i tuat ion a t  1 0',-J pH t o  expos ed a t  h i gh 

pH ; s e e  F i gu r e  5 3 4 - 1 a , b .  The s o lven t - ac c e s s ib l e a r e a  o f  G l u 8 9  i s  4 at 

p H  6 . 2 ,  1 1 6  A2 at p H  7 . 1  and 1 3 6 at pH 8 . 2 ,  a s  d e t a i l e d  in Tab l e  5 3 4 -

1 .  I nde e d ,  t he 4 A� a c c e s s ib l e  sur f a c e  area o f  G l u 8 9 at pH 6 . 2  1 S  

cont r i bu t e d  by i t s  c a rbony l oxygen a t om ,  and the COOH g r oup o f  G l u 8 9 i s  

t o t a l ly bur i e d .  The s i de chain o f  G l u 8 9  a t  low p H  i s  mos t ly i n s e r t e d  i n t o  
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t he i n t e r i o r  o f  the B LG mo l e cu l e . W i t h i n  5 A o f  t h e  CD a t om o f  G l u 8 9 a t  

p H  6 . 2 ,  the f o l l owing r e s i du e s  c a n  be ident i f i e d : Leu3 9 ,  Leu 8 7 , As n 8 8 ,  

Me t l 0 7 , G l u l 0 8 ,  Asn l 0 9 , S e r l 1 6  and Va l l 1 8 . On the o t h e r  hand , only S e r l l O  

and two wat e r  mo l e cu l e s  l i e wi t h i n  5 A o f  the C D  o f  G l u 8 9  a t  7 . 1 .  At 

6 . 2 ,  t he p r o t onated c a r boxy l a t e  a t om OEl of the deep i n s e r t e d  G lu 8 9 

f o rms a hydrogen bond w i t h  the c arbony l oxygen a t om o f  S e r l 1 6  ( 2 . 8 9 A ) ; 
s e e  F i gu r e  5 3 4 - 2 . The con f orma t ion o f  BLGA a t  pH 3 . 2  i s  s im i l ar t o  that 

of BLGA a t  p H  7 . 1 ;  see F i gure 5 3 4  l e . 

Loop EF o f  BLGB at pH 7 . 1  in l at t i c e Z a c o n f o rma t i on d i f f erent 

f rom that f or l oop EF of B LGA a t  the s ame pH , a s  s ho'!ln i n  F i gu r e  6 3 4  1 .  

The ca t r a c e  o f  BLGB a t  p H  7 . 1  bears s imi l ar i ty t o  that f o r  B LGA at p H  

6 . 2 ,  a s  de t a i l e d  i n  5 3 4 - 3 . T h e  �/\jf value s o f  i n d i v i du a l  r e s i du e s  

are s hown i n  Tab l e  5 3 4 - 2 . The acc e s s i b l e  sur f a c e  are a s  o f  r e s idue s a r e  

s hown i n  Tab l e  5 3 4 - 1 . 

Tab l e  5 3 4 - 1 : Acces s ib l e  s ur f a c e  area o f  r e s i du e s  I n  EF ( 

'Ja r i an t  

r e s i du e  

AS P 

AL,,,, 

LED 
ASN 

GLD 

ASN 

3 5  

8 6  
8 7  
8 8  
8 9  

9 0  

To t a l  change 

A 

pH 

7 2  

5 6  

1 5 5  

6 1  

1 3 6  

2 8  

n "> O . L-

betwe en 

the monom e r  I n  dimer 

Tab l e  5 3 4 - 2 : 

�/\jf - c 

� �/\jf � ..:: / ' : 2 ::  
::,. :;  �/\jf . ,  

�/\jf - l � CJ  " c 
- �/\jf -

" "- - -

:::: c �/\jf . 

� �/\jf -
"- , - J.. C 

�(\jf -
. -

- I ::: 

�/\jf I � :: 9  
�/\jf -::. 2 4  , 1 -

Byqin. Spring of 1998. Massey 

B 
pH 6 . 2 p H  7 . 1  

1 5 2  1 4 1  
5 4  5 2  
5 2  1 5  
9 2  1 2 1  

4 7 
5 3  4 6  

t h e  monomer a l one and 
exemp l i f i ed BLGA at 

son of <:p/\jf t or s i on 

" -

� - c 
", -: 4 
" 1 C 

c c 

: : E  
- -

.l. ")  / 

' 5  

' 2. 9  
, "  ... 

� -:t ::::' 

� - '  
' , 

-:± I ' -
s 

.'" 

p H  

1 3 1  
r "  C L,  

1 6 5  
5 6  

1 1 6  

1 6  

'-; 1 I • .J,... 

pH 7 . 1  

'A ( in d ime r ) 
pH . 1  

1 3  
6 0  

5 2  

1 1 4  

1 7  

8 

e o f  r e s i du e s  i n  l oop EF 

- -:' ; 

/ .l.. 2 
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F i gure 5 3 4 la : 2 F o - F c  e l e c t ron dens 
con f orma t i on o f  EF of BLGA at 
a t  pH 6 . 2  ( t h i n  l i ne ) . 

map ( pH 7 . 1 ) , 
7 . 1  ( t h i c k  l i n e ) , a n d  

F i gure 5 3 4 - lb : 2 F o - F c  e l e c t ron d e n s  map ( pH 6 . 2 ) , s how i ng 
c o n f o rma t i on o f  loop EF of BLGA a t  pH 6 . 2  ( t h i c k  l i ne ) , and 
at pH 7 . 1  ( th i n  l ine ) . 

F i gure 5 3 4 - l c : Sup e r p o s i t i on o f  l oop EF o f  BLGA at p H  6 . 2  ( t h i n  

l i ne s ) , pH 7 . 1  ( me d ium l in e s ) and pH 8 . 2 ( t h i c k  l i n e s ) . The 

w a t e r  mo l ecu l e s  i n s i de the c a lyx BLGA at pH 6 . 2  a r e  l ab e l l ed 

as H 2 0 .  
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1">" " 
/ / "'2.&9 E � OE: 

5 3 4 - 2 : Hydrogen bond between G l u 8 9  and S e r l 1 6  
i n  BLGA at p H  6 . 2  

F i gure 5 3 4 - 3 : Sup e rp os i t i o n  o f  EF o f  BLGA at p H  6 . 2  

( t h i ck l i n e s ) and BLGB at p H  7 . 1  ( t h i n  l i ne s ) . Wat e r  

mo l e c u l e s  f o r  BLGA a t  p H  6 . 2  are s hm-m a s  dot s . 

5 . 3 . 5  Loop GH 

Results 

S im i l ar t o  l oop AB , GH , as s hown i n  F i gure 5 3 5 - 1 , c o n t a i n s  a s h o r t  

3 1 :  he l i x ,  a - 2 , wh ich runs f rom r e s i du e s  1 1 0 - 1 1 7 . Res i due 1 1 7  s e rves b o t h  

a s  the end o f  a - 2  a n d  the beg i n n i n g  o f  JS - H . Th i s  3 1 G he l ix i s  not 

c o n s e rve d w i t h  pH , a s  at p H  6 . 2  and p H  8 . 2  Se r 1 1 6  f a l l s  out s i de the 

h e l i ca l  r e g i o n  of the Ramachandran p l ot . BLGB at p H  7 . 1  in t h i s  i n s t an c e  

l S  c o n f o rmat i on a l  i dent i c a l  t o  BLGA a t  p H  7 . 1 .  The de t a i l ed �/� va l u e s  

o f  r e s i du e s  i n  l oop G H  a r e  g iven i n  Tab l e  5 3 5 - 1 . S er 1 l 6  p l ay s  a ma j o r  

r o l e  to de f i ne t h i s  he l i c a l  hydrogen bond patt ern . The r e s i du e s  i n  l oop 

GH are exp o s e d , except f o r  S er 1 1 6  in BLGA at pH 6 . 2 and BLGB a t  pH 7 . 1 ;  

s e e Tab l e  5 3 5 - 2 . 
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Tab l e  5 3 5 - 1 : �/� t or s i on ang l e s  o f  r e s i du e s  i n  l oop GH 

'0 0 ,I C 

/ - 4 
C !  -

I I c: 

(; 1  

; l 

Tab l e  5 3 5 - 2 : A c c e s s i b l e  s u r f a c e  area o f  res i du e s  i n  

-va r i an t  l� .. A B 

r e s i dure pH 8 . 2 p H  6 . 2  p H  i . 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
.?I5N 1 0 9  2 7  1 5  3 4  

SER 1 1 0  4 8  7 2  7 1  
.ZI.L.ZI. I I I  8 4  9 9  8 6  

GLU l l 2  9 1  7 2  C A  � :!  

PRO 1 1 3 4 6  1 9  3 7  

GLU 1 1 4 1 2 4  8 7  1 2 4  

GLN l l S  1 0 8  1 0 2  1 2 0  

SER 1 1  r .L O  2 7  3 8 

LEU 1 1 7  0 re 0 v 
Tot a l  change between the monome r a l one and 

the monomer I n  d ime r exemp l i f i e d  BLGP" at 

� r. 

pH 

- -

2 2  

4 9  

7 4  
7 5  

4 6  

1 2 6  

1 0 7  

2 2  

pH 7 

7 � 1 
- - - - -

. 1  

S S e r :i  

G H  ( 

A ( i n d i me r )  

p H  7 . 1 
- - - - - - - - - -
2 1  

4 4  
7 6  
'i 'i  

4 7  

1 2 5  

1 1 4  

2 1  

4 

-

F i gure 5 3 5 - 1 : 2 Fo - F c  e l e c t ron d en s i ty map o f  l oop GH o f  BLGA a t  

p H  7 . 1 .  F i gu r e  prepared with TURBO [ Camb i l l au e t  a l . ,  1 9 9 6 J . 

-
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5 . 4 B o t t om region of B - la c toglobu l in 

Results 

The bot t om r e g i o n  of BLGA / B  has e xt e n s ive ma i n - chain hydrogen bond l i n k s  

vJi t h  t h e  is- s h e e t s  I a n d  1 1 ,  a s  shown in t he t op o log i ca l  o f  t h e  

BLG ma i n  cha i n  i n  F i gu r e s  5 2 2 - 1  t o  5 2 2 - 4 . is - s h e e t s  I a n d  1 1  have s ever a l  

t u r n s  a t  the bot t om end o f  the bov i n e  BLG is - barre l ,  wh i c h  a r e  t h e  s h o r t  

l oop s BC , D E  a n d  FG . The s e  loops a r e  far apart f r om e a c h  o t he r , and r e s u l t  

i n  a n  open bot t om t o  the To conve r t  t h e  is -barre l of BLGA / B  i n t o  

a c a lyx , t h e  b o t t om p o r t ion a c t s  l i k e  a . A s  a r e su l t , e x t e n s ive van 

d e r  Waa l s  int e r a c t ions e x i s t  be tween the s e  l o o p s  and the b o t t om p o r t i o n  

F i gure 5 4 - 1 : 2 Fo - Fc e l e c t ron den s i ty map , showing con f o rmat i o n  
o f  l oop OA ( r e s i du e s  9 - 1 5 ) . 

The bot t om r e g ion i n c ludes a short 3 he l ix ,  wh i ch run s t hrough r e s i du e s  

9 - 1 5  and i s  con s e rved i n  a l l  s t ructure s .  1mmediat a f t er t h i s  he l ix 

i s  t h e  beg i n n i ng o f  part 1 o f  s t rand is - A . For BLG , r e s i du e s  Arg 1 2 4  and 

Thr 1 2 5  shou l d  be inc luded a s  p a r t  of the bo t t om reg i on , a s  vJe l l  Thr 9 7 , 

.Zl.s p 9 8  and T"y r 9 9 . The bot t om 3 "  he l ix i s  somewhat amph i pa th i c , t h e  

hydroph i l i c re s i du e s  genera l ly po i n t ing t o  the out s i de o f  the BLG 

mo l e cu l e  and e xpo s e d  t o  the s o l vent ( Ta b l e  5 4 - 1 ) , wh i l e  the hydropho b i c  

r e s i du e s  genera l ly p o i n t  t o  t h e  i n s ide o f  t h e  c a lyx ; s e e  F i gure 5 4 - 1 . 

The r e  are no s i gn i f i cant change s i n  sur f a c e  exposure w i t h  pH o r  v a r i an t  

f or t h i s  r e g i on ( Ta b l e  5 4 - 1 ) . Thr e e  hydrophob i c  r e s i du e s  ( Leul 0 ,  1 l e 1 2 , 

Va l 1 5 ) may be a s s o c i a t e d  w i t h  the is - i onone mo i e ty o f  r e t i no l ,  a s  

d i s cu s s e d i n  s e c t i o n  5 . 1 0 . 1 .  

B yqin, Spring of 1 998, Massey 109 



Chapter 5 Results 

As not e d  previou s ly ,  the B-A s trand can be vi ewed as two consecut i ve B 

s t rands w i th a large k i n k  between res idue 2 1  and res idue 2 2 . Part 1 o f  

t h e  B - A  s t rand i s  mos t ly compr i s e d  of hydroph i l i c r e s i due s , except f o r  

A l a 1 6  and Trp 1 9 . Part 1 of  B-A s e rves t o  l ink o n e  of  t h e  i n t e r f a c e s  o f  

B - sheet s I and I I  between B - B  a n d  B-H , t o  form t h e  B-barre l .  Tyr 2 0  i s  a 

we l l  exp o s e d  tyros ine whi ch forms part o f  the l ock i n  the " lock and key " 

i nt er f a c e  o f  BLG in l a t t i c e  Z ,  as det a i l ed i n  sect ion 5 . 9 . 2 .  A c l ear 

cav i ty can be i dent i f i e d  i n  thi s reg ion ; s e e  F i gure 5 2 5 - 6 . 

F i gure 5 4 - 2 : Hydrogen bond network o f  bot tom region . A 

palmi t a t e  mo l e cu l e ,  mode l l ed i n s i de the ca lyx , indicat e s  the 
d i rect i on o f  the cavi ty . 

The bot tom reg ion inc lude s s everal abso l ut e ly conserved r e s i du e s  o f  B -

l actog lobu l i n : Leu1 0 ,  Gly 17 , Trp 1 9 , Thr 9 7 , Asp9 8 ,  Tyr 9 9  a n d  Arg 1 2 4  ( Tabl e  

2 3 4 -2 ) . The s e  res idues and the i r  n e i ghbours form a comp l i ca t ed hydrogen 

bond n etwork ( Tabl e  5 4 - 2 ) The s ide cha i n s  of Trp 1 9  and Arg 1 2 4  are 

para l l e l , a s  detai l ed in F igure 5 4 - 2 . The hydrophob i c  Trp 1 9  is con s e rved 

t hroughout a l l l ipocal i n s  [ Katakura et a l . ,  1 9 9 4 J  and i s  s h i e l de d  f rom 

the so lvent e nvironment . Almost a l l  atoms of Trp 1 9  are bur i ed , except 

for the carbony l oxygen atom W1 90 , whi ch has 3 A!. exp o s e d  a r e a . The 

guan i d i n ium p l ane of Arg 1 2 4  i s  fu l ly anchored by hydrogen bonds : R 1 2 4NH 1 -

T 1 8 0 , R 1 2 4NH2 -A1 6 0  and another between R 1 2 4NE and Y 9 9 0 , wh i c h  h e l p s  to 

s tabi l i s e  the pept ide con format ion o f  Tyr 9 9 . The paral l e l  a l i gnment of 

the guan i d i nium p l ane and the Trp s ide cha in a l low the s ta c k i n g  of n 

e l ec t ron c louds , and thus further s t ab i l i ze the bot t om r e g i o n . The 
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i n e  at p o s i t i on 17 i s  abs o lu t e ly e s s e nt i a l  to a l l ow t h e  s i de cha i n  

o f  Arg 1 2 4  t o  hydrogen bond t o  A1 6 0  and T 1 3 0  -- any s ub s t i tu e n t  a t  

p o s i t i o n  1 7  wou l d  s t e r i ca l  p r event the s e  hy drogen bonds . I n  add i t i o n  

W 1 9 NE l  hydrogen bonds t o  V1 5 0 . 

Tab l e  5 4 - 1 : Ao c e s s i b l e  s u r f ac e  area o f  r e s i du e s  i n  the bo t t om 

var i ant p. A 

r e s i du e  8 . 2  6 . 2  

GLY 9 6 6  6 1  

LEU 1 0  2 6  2 3  

ASP 1 1  6 6  6 9  

ILE 1 2  2 3  2 4  

GLN " -, 1 0 9  1 0 5  -L 5  

LYS 1 4  1 1 3  1 1 5  

VAL 1 5  4 2 

ALl, 1 6  4 2  3 9  

GLY 1 7  2 2  2 r  0 

THR 1 8  7 4  '"7 0  1 .-'  
TRP 1 9  3 5 

TYR 2 0  5 1  4 4  

S ER 2 1  (I 0 

THR 9 7  4 7 

ASP 9 8  4 0  4 4  

TYR 9 9  3 8  3 7  

ARG 1 2 4  4 9  4 7  

THR 1 2 5  6 9  6 9  

To t a l  change b e t"Je en the monomer 

t he monomer i n  dimer exemp l i f i ed 

B 

pH / .  

7 1  

2 4  
7 0  

2 0  
1 0 5  

1 6 

2 

3 

2 0  
,, -o !  

7 
5 1  

0 
4 

4 2  
3 7  

5 5  

1 2  
a l one and 

BLGA ac 

A 

pH 

7 1  

2 4  

6 5  

2 3  
1 0 5  

1 1 0  

4 

4 2  
2 1  

7 5  

2 

4 0  
0 
r 0 

3 5  

3 0  

5 3  

7 1  

pH 1 

'"7 1 1 • � 

� 1 

p. ( i n d ime r ) 

6 3  

2 
r r  0 0  

2 2  

1 0 1  

1 1 2  

2 

3 9  

2 0  
7 4  

2 
-, n  .5 0  

6 
3 5  
3 0  

5 1  
r ')  0 1  

2 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tab l e  5 4 - 2 : Hydroge n - bond network con s e rved r e s i du e s  o f  t he 

bot t om r e g i on ( M :  Main cha i n ; S :  S i de c ha i n )  

Donor L e ngth ( Aco eptor T"ype Donor Length (.!q .qc c e p t or 'Typ e  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
GLY 1 7 N  2 . 9 4 LEU4 6 0  MH p.RG 1 2 4NE 3 . 2 6  TYR 9 9 0  S1'1 

LEU4 6 N  2 . 3 9 GLY 1 7 0  MM ARG 1 2 4NH2 2 . 8 7 hLA 1 6 0  S1'1 

TRP 1 9NE1 2 . 9 6  VAL 1 S O SM ARG 1 2 4NH 1 2 . 8 1 THR 1 8 0  SM 
TR P 1 9 N  3 . 2 3  GLU 4 4 0  MM ARG 1 2 4NE 3 . 2 6  TYR 9 9 0  SM 

THR9 7 N  2 . 8 9 ASP9 6 CD2 MS ARG 1 2 4N 2 . 8 3 LY S 1 0 1 0 IvJl'1 
TYR 9 9 N  3 . 0 6  THR9 7 CG1 MS TYR 9 9 0H 3 . 2 3  GLY 9 0  1'1S 

THR9 7 0G 1  2 . 7 5  TYR 1 0 2 0  S1'1 TYH9 9N 3 . 0 6  THH9 7 0G l  1'18 
LY8 1 0 1N 2 . 8 7 .q8 P 9 8 0Dl 1'1S LY S 1 0 0N 2 . 7 9  AS P 9 8 0  MM 
TYR I 0 2N 3 . 0 9  A8 P 9 8 0D l  MS LYS I 0 0NZ 3 . 1 3 AS P 9 8 0D2 S S  

AS P 1 1N 2 . 8 4 TYH 9 9 0H 1'1S 
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Chapter 5 

5.5 Handl e  of the BLG c a lyx 

5 . 5 . 1  Genera l d e s c r ip t i on o f  the hand l e  r e g i o n  o f  B LG c a lyx 

Results 

The N - and C - t e rmin i , a - H  he l i x and the is - O ,  is - I  s t r ands are groupe d  i nt o  

t h e  han d l e  r e g i on . The han d l e  r e g ion part i a l  cove r s  the is - b a r r e l  o f  

BLGA and BLGB , e spec i a l  t he is - s h e e t  I I . I n  ano t h e r  p o i n t  o f  v i ew ,  is-

s h e e t  I I  i s  s a ndw iched bet1tle e n  is - sheet I and the hand l e  r e g i o n  o f  bov ine 

B LG . The van d e r  Waa l s i n t e r a c t i o n s  between t h e  han d l e  r e g i o n  and is - s he e t  

I I  a r e  e x t e n s i ve . W i t hout the han d l e  , the 

s h e e t  I I  wou l d  be s e r i ou s  exp o s e d . The s t r and is - O  has a ma i n  cha i n  

hydrogen bond with is - s he e t  I I  t hrough is-F . The is - I s t r and h a s  s ev e r a l  

ma i n  cha i n  hydrogen bonds w i th part 2 o f  is - A  s t rand o f  is - s h e e t  I I .  

5 5 2 - 1 : 2 Fo - F c  e l e c t ron dens map , s how i ng t h e  s a l t  
b r i dg e  between the N-t erminus and G l u 8 9 

5 . 5 . 2 N - t e rm i nus a n d  is - O  

The N - t e rm i nu s , r e s i du e s  1 - 4  wh i ch 'de re not obs e rved i n  the s t ru c t u r e  o f  

BLG i n  l a t t i c e  X [ Bro"vm l o"vl e t  a l . ,  1 9 9 7 J , i s  we l l  de f i n e d  i n  l at t i c e  Z ,  

a s  i l l u s t ra t e d  in F i gure 5 5 2 - 1 . A v e ry short s t rand , is - O , -" h i ch a p p e a r s  

t o  have b e e n  over l ooked previou s ly ,  runs f o r  f ive r e s i due s : Thr 4 , G ln 5 , 

Thr 6 , Me t 7  and Ly s 8 .  The �jy ang l e s  o f  tho s e  r e s i du e s  are l i s t e d  i n  Tab l e  

5 5 2 - 1 ;  The y va l u e  o f  Thr 4 f a l l s  out s i de the range f or is - s t rands , a s  
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s hown i n  Tab l e  5 5 2  - 1 . S t r and is - O  i s  a t t ached to '1a 1 9 4  o f  IS - F  by a hydrogen 

bond M8N- -V9 4 0 . S trand is - O  s i t s  on the top of the IS - l a ctog l obu l i n  

monome r ,  c ove r i n g  part o f  s t r and IS-F between a - H  a n d  l oop DE . The 

r e s i du e s  of IS - O  are in d i re c t  contact wi t h  the s o lvent . The i r  acce s s i b l e  

s u r f a c e s  are l i s t ed in Tab l e  5 5 2 - 2 . The N - t e rm i n a l  cl- am i n o  group o f  L e u 1  

i s  r i g ht on t he t o p  o f  G l u 1 0 8  anu bur i e s  t h i s  r e s i due ; s e e  Tab l e  5 5 2 - 2  

and 5 7 - 1 . 

Tab l e  5 S 2 - 1  

p H  7 . 1  

� / �  tors i on ang l e s  o f  r e s i dues i n  s t rand IS - O  for BLGA a t  

Thr 4  

3 

- 8 7  

G I n S  

1 2 8  

1 1 1  

Thr 6  

1 4 3  

- 1 3 8 

Met 7  Ly s 8  

1 3 0  1 2 9  

- 8 6  - 8 6  

Tab l e  5 5 2 - 2 : Acc es s i b l e  sur f a c e  area o f  res i d u e s  a t  the N-termir:us and 

i n  s t rar:d IS - ) .  G l u 1 0 8  i s  i n c luded f or comp l e t e r: e s s . 

var i an t  

r e s i due 

LED 

I LE 

'i.�L 

TBR 

GLN 

THR 

MET 

LYS 

GLD 

1 

2 

3 

4 

S 

6 

7 

8 

1 0 8  

Tot a l  c hange 

the monome r 

pH 8 . 2  pH 6 . 2  

1 4 4  1 8 1  

5 0  4 2  

8 1 8  

1 3 0  1 3 0  

6 8  7 1  

6 0  6 7  

4 1  3 8  

1 8 7  2 0 3  

5 9 

bet'Neen the monomer 

i n  d ime r exemp l i f i ed 

S . 5 . 3 C - t e rm i nu s  and a - 3  

E 

7 . 1  

1 9 4  

4 4  

1 3  

1 1 3 

8 2  

7 0  

3 8  

1 9 3  

3 

a l on e  and 

BLGA at 

pH 7 . 1 

-1 n r ..i O O  

4 6  

1 9  

1 2 8  
r -o !  

! j 
3 7  

1 9 0  

4 

p H  7 . 1. 

A ( in d ime r ) 

pH 7 . 1  

1 8 2  

4 3  

1 6  

1 2 6 
r e;  0 0  

7 1  

3 S  

1 8 7 

4 

1 8  

I n  l at t i c e  Z o f  BLGA , t he IS - s t rand I i s  f o l l owed the he l i x a - 3 , wh i c h  

runs f rom r e s idu e s  1 5 2  t o  1 5 8 . Re s i due 1 5 2  s e rve s bot h  a s  t h e  e n d  o f  

d imer i n t e r face s t rand IS - I  and the beg i nn i ng o f  a - 3 . Becau s e  t h e  loop C D  

i s  conne c t e d  t o  the C - t e rm i nu s  via the d i su l f i de bond Cy s 1 6 0 - Cy s 6 6 ,  a - 3  

may s e rve a s  a s pr i ng t o  r e s t ra i n  t he f l ex i b l e  loop CD ( ave rage B f a c t o r  

o f  r e s i du e s  6 1 - 6 7  f or BLGA a t  pH 7 . 1 ,  8 0 . 7  ) .  The C - t e rm i nu s  I l e 1 6 2 i s  

s im i l a r  t o  t he N - t erminu s , Leul , i n  t e rms o f  the s o lvent a c c e s s i b i l i ty ; 
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s e e  Tab l e  5 5 2 - 2 and Tab l e  5 5 3 - 1 . The s i de cha i n s  of H i s 1 6 1 , Phe 1 5 1 ,  and 

Yi'r 4 2  are g roup e d  togethe r . No po t en t i a l  n e l e c t ron c l oud s t a c k i ng o f  

aroma t i c  r in g s  i s  s e e n , but the more commonly obs e rved p e rpend i cu l a r  

a r r a ng ement i s  f ound , ,,,here a C - H  mo i e ty o f  one r i ng i s  d i r e c t e d  i n t o  

t h e  p l an e  o f  the se cond r i ng . Th i s  i s  exemp l i f i e d  by t he s i de cha i n  o f  

H i s 1 6 1 ,  wh i c h  i s  perpend i c u l ar t o  the ben zene p l ane o f  Phe 1 5 1 ; s e e  

5 5 3 - 1 . T h e  d i f f e rences i n  t h e  a c c c e s s i b l e  sur f a c e  a r e a s  o f  As n 1 5 2  and 

G l n 1 5 5  in the monomer and the dimer sugge s t  t ha t  he l i x a - 3  i s  s omewhat 

invo l v e d  in the d imer i n t e r face . 

Tab l e  5 5 3  1 :  A c c e s s ib l e  s u r f a c e  a r e a  o f  r e s i dues d L  t he C - t e rminus and 

in he l ix a - 3  

A A B var i a n t  

re s i due pH 8 . 2  pH 6 . 2 pH 1 . 1  pH . 1  

ASN 1 5 2  7 0  r -, 
6 4  6 7  0 5  

PEO 1 5 3  5 9  c:: c: � -J  5 8  � � -J �  
THR 1 5 4  8 6  9 8  9 8  9 
GLN 1 5 5  5 4  4 9  4 2  4 2  
LEU 1 5 6  8 9 9 9 
GLU 1 5 7 1 0 8  1 1 8  1 1 4  1 1 _ .L  
GLU 1 5 8  8 8  8 0  9 1  8 3  
GLN 1 5 9  1 1 9  1 1 7 1 2 1 0 9  .L 
C Y S  1 6 0  9 0 0 u 

H I S  1 6 1  1 3  1 0  1 1 ..s.. 1- 1 2  
I LE 1 6 2  1 1 0  1 2 1 1 2 1. 1 3 0  

Tot a l  change bet'/ie en the monomer a l one and 
t �ne monomer i n  dimer exemp l i f i ed BLGA at pH 7 . 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A ( i n d ime r )  

p H  7 . 1 

5 0  
5 5  

9 

3 0  

9 

1 1 4  

8 3  
1 0 9  

o 
1 2  

1 3 0  

2 9  

F igure 5 5 3 - 1 : Locat ion of a romat i c  s i de cha i n s  o f  BLG 
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5 . 5 . 4  a - H  and E - I reg i on 

Results 

The E- I s t rand i s  an ext ens ion o f  E - s h e e t  I I ,  and i s  not i nvolved i n  the 

E - ba r re l  of BLG . Th i s  s t r and provides the - bond i n t er f a c e  f o r  

the f orma t i on o f  B L G  d imer s . T h e  d ime r i n t e r f a c e  'vii 1 1  be d i s cu s s ed l at er , 

in s e c t i on 5 . 9 . 1 .  The three - turn a-he l ix ,  vJh i ch run s f r om r e s i du e  1 2 9  t o  

r e s idue 1 4 1 ,  l abe l l e d  a s  a- H ,  ends ""i t h  a 3 . ,  t ur n ,  a s  s hown i n  F i gure 

5 5 4  1 .  The amph ipath i c  nature o f  the he l ix is cl 

2 .  The s i de cha ins of the l i c r e s i du e s  

s e e n  i n  F i gure 5 5 4 -

are o n  t he t o p  o f  BLG 

mo l e cu l e  and po i nt to s o l vent . The s i de cha i n s  o f  hydrophob i c  r e s i du e s  

Leu 1 3 2 ,  A l a 1 3 3 ,  Phe 1 3 6 and L e u 1 4 0 , f a c e  t owards t h e  PLG mo l e cu l e  and 

i n t e r a c t  'JJi t h  the s i d e  cha i n s  of s t rands g-H and part 2 of E - A . I n  

add i t i o n , f o rm a sma l l  a round r e s idue Cys 1 2 1 ;  s e e  5 5 4 -

3 .  Th i s  can ho l d  an Hg2 . a t om wi thout s e r i ou s  d i s turbance t o  the 

surroun d i ng s e condary s t ructure s ,  a s  de t a i l e d  i n  s e c t ion 5 . 1 0 . 2 .  The 

d i f f e r e n c e s  i n  the a c c e s s i b l e  sur f a c e  area of l i c  and c 

r e s i du e s  o f  he l ix a - H  a r e  di s t i n c t ive ; s e e  det a i l s  i n  Tab l e  5 5 4 - 1 . The 

decre a s e  i n  a c c es s i b l e  s ur f a ce a r e a  f o r  G l n 1 3 1  for BLGA a t  pH 7 . 1  i s  

mos t  a n  a r t e f ac t  o f  very therma l mo t i o n s  of thi s s i d e  

cha i n . The s u r f a ce o f  t h e  BLG mo l e c u l e  a round a - H  i s  

5 5 4 - 4 ,  whe r e  a patch o f  car boxy l a t e s  ( red ) l S  f o l l o'lied 

in F i gur e 

a l i n e  o f  

i n e s  ( b l u e ) 

t h i s a r e a . 

The po s i t ive and negat ive cha r g e s  a r e  m i x e d  up arou n d  

F i gure 5 5 4 - 1 : O r i entat i on o f  a - H  he l ix w i t h  r e s pe c t  t o  c a lyx . 
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.����-r- K 1 4 1  

E 1 3 4 
F 

K 1 3 8 

F igure 5 5 4 - 2 : Amph ipathi c  
nature o f  he l ix a-H . 

2 1  

F igure 5 5 4 - 3  : Sma l l  
cavity f ormed by the 
a-H he l ix . 

F igure 5 5 4 - 4 : Sur face charge o f  BLGA at pH 7 . 1  i n  the v i c i n i ty o f  
a - H  he l ix ,  which runs acro s s  the m i dd l e  o f  the f igur e  f rom r i ght 
to l e f t . F i gure prepared by GRAS P [ Nicho l l s  e t  a l . ,  1 9 9 1 ] . 

Table 5 5 4 - 1 : Acce s s ib l e  surface area of re s idues in the a - H  reg ion 

var iant A A B A A ( i n d imer ) 
pH 8 . 2  pH 6 . 2  pH 7 . 1  pH 7 . 1 pH 7 . 1  

( A2 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PRO 1 2 6  4 4  47 4 2  4 3  4 3  
GLU 1 2 7  1 1 8  1 0 8  1 1 6  1 1 5  1 1 5  

VAL 1 2 8  7 0  7 4  6 5  7 3  7 2  
AS P 1 2 9  3 3  2 6  4 1  4 1  4 1  
ASP 1 3 0  1 1 0  1 1 5  1 1 3  1 0 5  1 0 5  
GLU 1 3 1 1 0 5  1 0 7  1 1 0  6 8  6 8  

( con t i n u e d )  

Byqin, Spring of 1 998, Massey 1 1 6  



Chapter 5 Results 

Tab l e  5 5 4 - 1 : Ac c e s s i b l e  s u r f a c e  area o f  r e s i du e s  i n  the a - H  r e g i on 

var i a n t  A A B A A ( i n d i me r )  

pH 8 . 2 p H  6 . 2  pH 7 . 1  pH 7 . 1  p H  7 . 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

.?:;.LA 1 3 2  0 0 2 0 0 

LEU 1 3 3  2 0  2 0  2 2  2 0  2 0  

GLU 1 3 4  1 0 6  1 0 3  9 4  9 7  9 7  

LYS 1 3 5  8 5  7 4  8 2  6 4  6 4  

PHE 1 3 6 2 1 5 3 3 

ASP 1 3 7  6 3  6 6  6 3  6 4  6 4  

LYS 1 3 8  1 3 8  1 0 4  1 0 5  1 1 6  1 1 6  

.l\LA 1 3 9 1 6  1 1  1 1  1 0  1 0  

LEU 1 4 0  1 7  1 5  -, r  £c O  1 7  1 7  

LY S 1 4 1  1 6 7 1 6 7 1 6 0  1 6 0  1 6 0  

ALA 1 4 2  87 8 9  7 7  8 0  8 0  

LEU 1 4 3  1 5  1 6  2 4  1 8  1 8  

PRO 1 4 4  3 8  4 6  3 4  3 9  3 9  

NET 1 4 5  3 6  3 8  3 0  3 4  2 3  

To t a l  change b e tween the monomer a l on e  and 

t h e  monomer i n  d imer exemp l i f i ed BLGA at pH 7 . 1  1 2  

5.6 S-Sheet I of the ca lyx 

JS - sh e e t  I i s  c omp r i s e d o f  t h r e e  JS s t r ands , JS -B , JS - C  and JS - D . The s hor t e s t  

s t rand i n  t h e  JS - s heet I i s  l onge r than the longe s t  one i n  t h e  JS - s h e e t 

1 I . Th i s  may b e  one o f  the reasons JS - s heet I is a twi s t ed JS - she e t , 

s e e F i gu r e  5 6 - 1 . I n  genera l ,  the s i d e  cha i n s  o f  the hydropho b i c  and 

hydroph i l i c  r e s i dues extend i n  oppo s i t e  d i r e c t ions in the JS - s he e t  I .  The 

hydrophob i c  s i de of JS- s he e t  I f o rms part of i n t e r i or o f  the BLG 

""h i l e  t h e  hydroph i l i c  s i de i n t e r a c t s  d i r e c t  w i t h  t h e  s o lvent 

e nv i ronme n t , as exemp l i f i ed i n  Tab l e  5 6 - 1 , s i n c e  the calyx hand l e  r e g i on 

o n ly p a r t i a l ly cove r s  t he BLG ca 

JS -B runs through Arg 4 0 , Va 1 4 1 , Tyr 4 2  , Va 1 4 3 , Glu 4 4 ,  G l u 4 5 ,  L e u 4 6 ,  Ly s 4 7 , 

Pro4 8 ,  ,!,h r 4 9  and Pro 5 0 . Thr e e  hydroph i l i c r e s i due s ,  G l u 4 4 , G l u 4 5  and 

Lys 4 7 , ext e n d  t o  the mo l ec u l a r  s u r f a c e . The pept i d e  �/W a ng l e s  for Va 1 4 3 , 

Glu 4 4 ,  G l u 4 5  are - 7 9 / 1 2 8 , l O l l -50 and - 1 5 3 / 1 4 8 , r e s p e c t ive Thu s , 

t h e r e  i s  a k i n k  i n  t h i s  s t rand , wh i ch c au s e s  G lu 4 4  t o  b e  expo s ed . 

Loop BC i s  a type I JS - turn [ vJ i lmot , 1 9 9 0 ] . Th i s  JS - turn i s  c l o s e  t o  t h e  

bo t t om r e g i o n , a n d  cont a i n s  f our r e s i due s : Thr 4 9 , P r o 5 0 , G lu 5 1 and G l y 5 2 . 

A hydrogen bond f orms between G 5 2 N - T 4 9 0 ,  2 . 8 7 A i  s e e  F i gu r e  5 6 - 2 . The 
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s i de c ha i n  o f  G l u 5 1  and the ca rbony l oxygen a t om o f  P r0 5 0 adopt a t rans 

con f o rma t i on , ':Jh i ch i s  the mo s t  f avor ab l e  ene rgy c o n f orma t i on f or a JS 

turn . F r om A s p 5 3  t o  Lys 6 0  i s  the JS - s t rand C .  v.Jh i l e  other hydr ophob i c  

r e s i du e s  a r e  p o i n t e d  t o  the i n s ide o f  the BLG mo l e cu l e , L eu 5 7  i s  an 

excep t i o n . The s i de chain of Leu 5 7  approa ches the s i d e  cha i n s  of s evera l 

hydroph i l i c  r e s i dues ( G lu 4 4 ,  G l u 4 5 ,  Ly s 4 7 , G l u 5 5 ,  G l n 5 9 , Lys 7 0 , G l n 6 8 ) .  

JS - s t rand C i s  s an d'vli ched between JS - s t rand B and D ,  t h e  a c c e s s ib l e  s u r f a c e  

a r e a s  o f  t h e  r e s idu e s  are l i s t e d  i n  Tab l e  5 6 - 1 . G l n 5 9 , the s i t e  o f  a 

p o i n t  mut at i o n  be t'lJe e n  var i ant s ?, o r  B and C ( 9 H )  i s  bur i e d ,  

t hrough hydro g e n  bon d i ng t o  t h e  carboxy l a t e  group o f  G l u 4 4 . Loop CD has 

been de s c r ibed i n  the t op por t ion of BLG . 

B - s t rand D r u n s  f rom A l a 6 7  to Ly s 7 7 .  JS - s t rand D and B - s t rand E f orm a n  

i n t e r f a c e  be tween the two B - s h e e t s ,  but on one r e s idu e  i s  i nvo l ved in 

the hyd r og en bonding o f  this i n t e r f ac e . In the midd l e  cf t h i s  B - s t rand 

are t h r e e  hydropho b i c  r e s idues ( I l e7 1 ,  I l e 7 2  and Ala7 3 ) ,  'FJho s e  s id e  

cha i n s  a r e  i n  the v i c i n i ty o f  the entrance t o  the The t'vJO 

i s o l eu c i n e s  have re lat i ve large s o l vent - a c c e s s i b l e  a r e a s  o f  5 1  and 7 6  

at p H  7 . 1 .  The c l o s  o f  E F  a t  l ow p H  ( and f o r  BLGB a t  pH . 1  ) 

r educ e s  t h e  s o lve n t  ac c e s s ib i l t o  I l e 7 1 . As l S  apparent i n  t h e  

t op o l ogy d i a g r am l e s s  than ha l f  o f  t h e  B - sheet pot ent i a l  o f  s t r and B - D  

i s  u s e d . A s  a r e su l t , a l t ernat i on o f  s i decha i n s  be t'lJe e n  hydrophob i c  and 

hydrop h i l i c  r e s idu e s  doe s  not o ccur in s t rand B - D . 

F igure 5 6  1 The twi s t e d  JS - s he e t  I 
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Tab l e  5 6 - 1 : Ac c e s s i b l e  s u r f a c e  a r e a  o f  r e s i du e s  o f  8 - s h e e t  I 

va r i an t  

ARG 

VAL 

TYR 

V.l,L 

GLD 

GLD 

LED 
LYS 

P RO 
THR 

PRO 

GLD 

GLY 
ASP 
LED 

GLD 

I LE 

LED 
LED 
GLN 

LYS 

AL1\ 

GLN 
LYS 

LYS 
I LE 

I LE 
ALA 

GLD 

LYS 

THR 

LYS 

4 0  
4 1  

4 2  
4 3  
4 4  
4 5 

4 6  

4 7  

4 8  
4 9  
5 0  

5 1  
5 2  
5 3  

5 4  

5 5  
5 6  
=: '7  J ,  
5 8  

5 9  
6 0  
6 7  

6 8  

6 9  

7 0  

7 1  
7 2  
7 3  
7 4  
7 5  

7 6  

7 7  

A 
p H  8 . 2  

2 1  
8 

3 

4 
6 6  

5 9  

1 4  

8 8  

3 2  
2 8  

1 3 6 

1 5 5  

2 0  
3 3  

6 

5 3  
1 r:: .l. J  

2 6  
5 

2 

3 2  

3 4  

1 2 8  

8 7  

1 1 4 

3 9  

5 6  

o 
8 9  

1 2 8  

3 6  

2 1 1  

A 

pH 6 . 2 

2 4  

1 2  

o 
5 

5 7  
6 3  

1 2  
7 3  

2 4  

2 2  
1 3 1 

1 4 0  

1 7  

2 7  

9 
5 2  

1 8  
3 6  
1 0  

4 

1 9  

2 2  

1 2 0  

1 1 9  

2 5  

7 8  

1 
7 4  

1 2 3  

4 4  

2 0 2  

B 
pH 7 . 1  

2 8  
5 

1 
5 

6 4  
5 1  

8 
7 

2 7  

2 2  
1 3 2  

1 9  

1 8  
3 1  

8 

4 8  

1 3  
3 3  

3 

2 
2 2  
3 9  

1 1 8  
7 0  

1 3 0  

9 

8 1  
o 

9 2  

1 2 0  

4 8  

1 9 9  
To t a l  cha n g e  b etween the monomer a l o n e  and 

A 
pH 7 . 1  

2 3  
3 3  

o 
5 

6 8  

6 8  

1 3  

4 
2 7  

1 9  
1 2 6  

1 3 4 

1 2  
3 4  

5 1  
1 
3 1  

5 

3 

3 9  
1 6  

1 2 1  

9 2  
1 2 0  

5 1  
7 6  

o 
7 4  

1 2 3  

4 1  

2 0 6  

t h e  monom e r  i n  dimer exemp l i f i e d B LGA a t  pH 7 . 1  

48 

F igure 5 6 - 2  8 - turn i n  l oop BC 

B yqin, Spring of 1998, Massey 

A ( i n d ime r ) 
p H  7 . 1  

9 
3 3 

5 

6 8  

6 8  

1 3  
7 4  

2 7  

1 9  
1 2 6  

1 3 4 

1 2  

3 4  

9 
5 0  

1 7  

3 1  
5 

3 

1 6  

1 2 1  

9 2  
1 2 0  

5 1  
7 6  

o 
7 4  

1 2 3  

4 1  
2 0 6  

48 

1 4  

Results 
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5 . 7 S - Sheet II o f  the calyx 

Results 

g - She e t  11 i s  made up o f  s t rands g - E ,  g - F , g - G , g - H  and p a r t  2 o f  g - A ,  

s e e  F i gu r e  5 7 - 1 . Al l o f  t h e s e  s t rands a r e  covered the handl e  

r e g i o n . A.s g - s heet 11 i s  l argely s h i e l ded f rom s o lvent c o n t a c t , not 

surp r i s ing ly , i t  i s , 

ma t t e r  wh i ch s i de o f  

in g e n e ra l , 

the s h e e t . 

c omp r i s ed o f  hydrophobi c  r e s i du e s ,  

The l oop ends o f  t he s t rands are 

no 

an 

except ion , "Ylh e r e  s i de cha i n s  may be s t rongly hydroph i l i c . One examp l e  i s  

the l oop FG , .l::.s p 9 6 - Ly s l O l . The hand l e  r e g ion f a i l s  t o  cove r t h i s  port i on 

o f  s t ru c t ur e , and resu l t s  i n  a hydroph i l i c r e g i on . g - She e t  11 cont a in s  

o n e  d i su l f i de bond Oy s l 0 6 - 0y s l 1 9 , wh i ch i s  we l l  con s e rved through a l l  

BLG . The a c ce s s i b l e  s u r f a c e  a r ea o f  r e s i du e s  o f  g - sh e e t  1 1  a r e  l i s t e d  i n  

Tab l e  5 7 - 1 . 

S t rand g - E ,  1;Jh i ch begins at r e s i due 3 0  and ends at 8 5 , i s  one of the 

boundar i e s  of g - sheet 11 with g- s h e e t  I .  one r e s idu e , Lys 3 3 , f o rms 

a ma i n  cha i n  hydrogen bond ',Ji t h  the s t rand g - D  i t e  t h e  unusued 

pot en t i a l  f o r  bonds betwe e n  the s t rands g - E  and g - D .  Expos e d  

l oop E F  w i t h  mainly hydrop h i l i c  res i du e s  has been d i s cus s ed i n  det a i l  i n  

s e c t i on 5 . 3 . 4 .  

S t rand g - F  h a s  d i f f e rent l ength accord ing to pH f o r  va r i ant A .  At l ow 

pH , g - F  s t a r t s  from 9 0 ,  i n s t ead o f  8 9  as o c curs a t  and neu t r a l 

pH . The var i ant B at neut r a l  pH bear s  s im i l a r  chara c t er i s t i c s  t o  -var i an t  

A a t  1 0'01 pH , ".Those g - F  a l s o  s t art s  f r om 9 0 . The g - F  s t rand e n d s  a t  A s p 9 8 .  

A k i n k  c an be i dent i f ied a t  Leu9 5 ,  wh i ch i s  located i n  the a-he l i x r e g i on 

in t h e  Rama chandran p l o t  ( cp/'V o f  Va 1 9 4 ,  Leu 9 5 and A.sp 9 6  a r e  1 0 2 / 1 1 6 ,  

8 4 / -4 0  and - 1 6 4 / 1 5 8 , r e s p e c t  ) .  Th i s  provi des t h e  po s s ib i l  t o  form 

a hydro g e n  bond be twe e n  V9 4N and I17 0 . In add i t i o n , i t  t h e  s i d e  

cha i n  o f  As p 9 6  i n  a pos i t i on to hydrogen bond ',J i t h  t h e  OH group o f  T".! r 1 0 2 . 

Loop FG i s  c l o s e  t o  the bot t om reg ion , and s t ab i l i z ed �, hydrogen bond 

l i nks , vlh i l e  Tyr 9 9  adop t s  an un f avo r ab l e  Ramachandran c o n f orma t ion ( CP/'V, 
6 8 / - 3 8 ) ; s e e  F i gur e  5 4 - 2 . The s e  hydrogen bonds a r e  deta i l e d  i n  Tab l e  5 7 -

2 and a r e  cons erved through a l l  pH and BLG phenotyp e s . 

S t rand g - G  runs f r om Ly s l O l  to S e r l l O . Tyr l 0 2  to I1e t l 0 7  i s  a hydrophob i c  

r e g i o n . G lu l 0 8  i s  one o f  f evl bur i ed hydroph i l i c r e s i du e s  i n  BLG . Th i s  

r e s idue i s  bur i ed by the N - t erminus o f  BLG . The 0 0 0 - mo i e ty f o rms a s a l t  

B yqin, Spring of 1 998.  Massey 120 
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b r i dg e  vJ i t h  t he f group o f  Leul . is- H  c o n t a i n s  one mut a t i o n  s i t e , 

r e s i du e  1 1 8 ,  VJh i ch i s  di f ferent a c c o r d i n g  t o  var i ant A ( Va l l 1 8 )  o r  B 

( A l a l 1 8 ) .  The e l e c t ron den s i ty maps a r e  we l l  de f i ned i n  bot h var i an t s  

a round r e s i du e  1 1 8 ; s e e  F i gure 5 7 - 2 . S t rand is - H  ends a t  Thr 1 2 5 . The l a s t  

t,"JO r e s i dues o f  is - H , Arg 1 2 4  a n d  Thr 1 2 5 ,  have been categor i z e d  i n t o  the 

bot t om port i o n  o f  BLG and des c r i bed in the s e c t ion 4 . 4 .  

Part 2 o f  s t rand is - A  runs f r om Leu 2 2  t o  S e r 2 7 . Th i s  part o f  s h e e t  1 1  

a hydrogen bond i n t e r f a c e  t o  t he at tached is - I  s t rand . 

I n t roduc i ng a bu l ky mo i ety t o  the s ma l l  the f re e  Cys 1 2 1 may 

a l t e r the s e condary s t ru c t ur e s  around t h i s  cavi ty , i n c l u d i n g  a - H , is -G , 

is - H  and part 2 o f  is - A . Th i s  pot ent i a l  d i s tu rbanc e  may be t r a ns f e r r ed t o  

the is - I  s t rand p a r t  2 of is - A ,  wh i ch may then mod i  the dimer i n t e r f ace 

of BLG . 

Tab l e  5 7 - 1 : Ac c e s s i b l e  s u r f a c e  area o f  r e s i d u e s  o f  is - s heet 11 

va r i a n t s  A F� B l�� A ( i n d imer ) 

r e s i due p H  8 . 2 6 . 2  p H  7 . 1  pH . 1  pH 7 . 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

LEU 2 2  0 0 1 (1 0 
.Zo,LA 2 3  0 0 0 0 G 
MET 2 4  0 0 1 0 0 
ALA 2 5  0 0 0 0 0 
AL.p. 2 6  0 0 0 0 0 
SER 2 7  4 8 9 7 7 
AL.p. 8 0  0 0 0 0 0 
VAL 8 1  1 6  2 0  1 5  2 1  2 1  
PHE 8 2  0 3 4 0 0 
LYS 8 3  1 1 3 1 1 7 1 1 9  9 6  9 6  
I L E  8 4  2 5  1 1  4 2 4  2 4  
LYS 9 1  4 8  7 1  5 5  6 3  6 3  
VAL 9 2  7 1 1  7 1 2  1 2  
LEU 9 3  3 1 2  8 1 3  1 3  
V.p.L 9 4  8 7 1 0  1 2  1 2  
LED 9 5  6 3 1 5  4 4 
AS P 9 6  3 6  3 1  4 5  3 4  3 4  
THR o �  -' J 4 7 4 6 6 
AS P 9 8  4 0  4 4  4 2  3 5  3 5  
TYR 9 9  3 8  3 7  3 7  3 0  3 0  
LYS 1 0 0  1 4 2  1 "' ''' � � 1 5 8  1 3 8  1 3 8  
LY S 1 0 1  7 3  7 1  8 6  7 0  7 0  
TYR 1 0 2  1 4  1 7  2 1  1 0  1 0  

( con t inued) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Tab l e  5 7 - 1 : Ac c e s s ib l e  s u r f a c e  a r ea o f  r e s i du e s  o f  � - s h e e t  I I  

var i a n t  A A B A ]l� ( i n  d imer ) 

r e s idue pH 8 . 2  pH 6 . 2 pH 7 . 1  pH 7 . 1  pH 7 . 1  

Results 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
LEU 1 0 3  

LEU 1 0 4  

PHE 1 0 5  

CYS 1 0 6  

MET 1 0 7  

GLU 1 0 3  

VAL / A 1 a  1 1 3  

CYS 1 1 9  

GLN 1 2 0  

CYS 1 2 1  

LEU 1 2 2  

VAL 1 2 3  

Tot a l  change 

the monomer 

Tab l e  5 7 - 2  

H donor 

Y 9 9 0  

Y 9 9 0  

D9 3 0 D 1  

D9 8 0 1  

D9 8 0  

Y 9 9 0H 

6 5 5 3 3 

3 1 4 2 2 

2 0  1 9  1 9  3 5  3 5  

1 1 0 1 1 

1 8  1 6  1 5  4 0  4 0  

5 9 3 4 4 

0 0 3 5 5 

1 1 4 1 1 

0 0 9 4 4 

0 0 0 0 0 

0 2 2 0 (' u 

5 3 3 3 3 

be t'tJe en the monome r a lone and 

i n  d imer exemp l i f i e d  BLG..A .. a t  pH 7 . 1  0 

The bond n e twork s t ab l i s ing t he y- t urn a t  

d i s t a n c e  

3 . 2 6  

3 . 4 4 

3 . 0 9 

2 . 3 7  

2 . 7 7  

2 . 8 4 

F i gu r e  5 7 - 1  

22 

H a c c e p t o r  

R 1 2 4 NE 

R 1 2 4 NH2 

Y 1 0 2 N 

K l 0 1N 

K l O O N 

D l 1N 

IS - s he e t  I I  

B yqin, Spring of 1 998, Massey 

9 
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F i gure 5 7 - 2 : 2Fo-Fc e l ectron dens ity map o f  BLGA at pH 7 . 1 , 
showing mutat ion s i t e  Va l 1 1 8 / Ala 1 1 8 . BLGA ( th i ck l ines ) , BLGB 
( thin l i nes ) . F i gure prepared by TURBO [ Camb i l l au e t  a l . ,  1 9 9 6 ] . 

5 . 8  H i gh l i ght s of s e l e c t ed res idues 

5 . 8 . 1  Cys t e i ne s  and met h i onines 

Results 

The d i s u l f ide bonds of BLGA in latt ice Z are c l ear ly vis ible in the 

e l e ct ron den s i ty maps , not only that l ink ing Cys l 1 9  to Cys 1 0 6 ,  but a l s o  

t hat l i nking Cys 1 6 0  to Cy s 6 6 . The e l ectron den s i ty o f  d i su l f i de bond 

Cys 1 6 0 - 6 6  is we l l  d i s p layed in F i gure 5 3 3 - 1 . At the exper ime n t a l  

condi t ions , the conf igurat ions and the acces s ib i l i t i e s  o f  the s e  two 

d i su l f i de bonds are di f f erent . The d i s t ance between Ca1 0 6  and Ca1 1 9  i s  

on ly 3 . 8 3 A ,  whi l e  the di stance between Ca1 6 0  and Ca6 6 i s  5 . 9 1  A ,  the 

former d i su l f ide bond appears more r igid and is unusual in that i t  l inks 

adj acent JS - s t rands [ Thornton , 1 9 8 1 ] . The solvent acces s ib i l ity o f  the 

d i su l f i de bond at Cys 1 6 0 -Cys 6 6  is  3 6 . 0  A2 and coinc ides w i t h  a h i gher 

t han average B factor f o r  t h i s  region ( for atoms within 6 A of Cys 6 6  and 

Cys 1 6 0 , average B = 5 8 . 0  A2 ) ,  whi l e  the other d i sul f ide bond is on ly 1 . 0  

A2 exposed and i s  located in a very we l l  orde r e d  region wi t h  lower than 

average B factors ( for atoms within 6 A of Cy s l 0 6  and Cys 1 1 9 , average B 

= 3 0 . 6  A2 ) .  Bovine BLGA or BLGB contains f our methionines ( Met7 , Met2 4 ,  

Met 1 0 7  and Met 1 4 5 )  with relat ive ly low B factor s . 

Byqin, Spring of 1 998, Massey 1 23 
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Figure 5 8 1 - 1 : Superpos i tion of the two disu1 f i de bonds o f  
BLG , s howing the di f ferent conformati ons . 

5 . 8 . 2  Aromat i c  res idues Tyr , Trp , Phe and H i s  

Results 

solut ion s tudie s  of l igand b inding to BLG of t en u t i l i s e  the fluorescence 

f rom aromatic residues [ Gorbuno f f , 1 9 6 7 ; Townend e t  al . ,  1 9 6 9 ; Tanford , 

1 9 5 9 ; Pantal oni , 1 9 6 5 ) . Thus , i t  i s  important to de f ine the location o f  

the s e  res i dues and the ir exposure . BLGA and BLGB contain four Tyr and 

two Trp res i dues . In lattice Z ,  Tyr42 i s  tota l ly bur ied,  whi l e  Tyr2 0 i s  

the mos t  exposed.  Tyr 9 9  and Tyr 1 0 2  are par t i a l ly exposed ; s e e  Table 5 4 -

1 ,  5 6 - 1  and 5 7 - 1 . Tyr 9 9  i s  involved i n  a hydrogen bond comp l ex which 

a l l ows i t  to sit i n  an unfavorabl e  Ramachandran plot area . Four Phe 

res i dues exi s t  in the BLGA and BLGB mo lecu l e . Two of them , Phe82 and 

Phe1 3 6  are buried res idue s . The other two , Phe 1 0 5  and Phe 1 5 1  are 

part ial ly exposed, wi th exposed areas o f  3 5  A2 and 16 A2 , respectively . 

The s ide chain of Trp 1 9  i s  buri ed ,  whi l e  that o f  Trp 6 1  i s  exposed . The 

pH in the range 6 . 2  - 8 . 2 has limi ted inf luence on the s olvent - acce s s ible 

areas o f  these res idues . Both o f  Trp 6 1  and Trp 1 9  are surrounded by 

hydrophi l i c  res idue s . An expos ed His has a protonated ni trogen at pH 

below 7 .  BLG contains only two His ; I f  His 1 4 6  i s  a s s igned as an exposed 

r e s i due , H i s 1 6 1  has to be regarded as a bur ied one , whos e  ND1 and NE2 

atoms are not acce s s i bl e . The distr ibution of aromatic res i dues in the 

BLGA mol ecule is shown in Figure 5 5 3 - 1 . However ,  on dimer formation ,  

H i s 1 4 6  becomes substant i a l ly buried ( For BLGA a t  pH 7 . 1 , f rom 1 2 6  to 4 7  

A2 ; see Tabl e  5 9 1 - 1 ) . 
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5 . 8 . 3 Cha rged r e s i dues : Arg , Lys ,  G l u  and As p 

Results 

BLG c on t a in s  t h r e e  arg i n i ne s : 0 ,  Arg 1 2 4  and Arg 1 4 8 . 0 i s  a bur i e d  

re s i due wh ich f o rms seve r a l  hydrogen bonds w i th i t s  n e i ghbo r s : A.rg 4 0NH l 

OLe u 3 2 ,  Arg 4 0 NH 1 - 0Asp3 3 ,  A r g 4 0N-OA l a 3 7 , Arg 4 0 NE - OHTyr 4 2 . A rg 1 2 4  i s  a 

r e s i du e  a t  t he bo t t om o f  BLG . The lengthy s ide cha i n  g e n e r a l  br i n g s  

r e l a t i ve h i gh B fact o r s  t o  the t e rmina l a t oms . However ,  the s p e c i a l  

hydrogen bonds o f  the guan i d i n ium p l ane o f  Arg 1 2 4  l e a d  t o  l ow B f ac t o r s  

f o r  t he t ermi n a l  at oms o f  Arg 1 2 4 ,  see Tab l e  5 8 3 - 1 . B ov i n e  B L G  c on t a i n s  

1 5  i n e s . As documented i n  Tab l e  5 8 3 - 2 , mo s t  Ly s have r e l a t ive h i gh 

B va l u e s  f or the t ermi na l NZ a t om . Hm'leve r ,  one excep t i o n  is Ly s 8 . The 

r e a s on i s  that , in lat t i c e  Z ,  Ly s 8  s e rve s as a ' key · a n d  i s  i n s e r t e d  t o  

the ' l o c k '  prov i ded another mo l e cu l e . The N Z  a t om 

s eve r a l  hydrogen bonds , and a s  a r e su l t , the B f a c t o r s  o f  

d e c r e a s e  a l ong the cha in t o  the end a t om ,  NZ . 

o f  8 f o rms 

Ly s 8  a c t u a l  

I n  cont r a s t  t o  A r g  and Ly s ,  G l u  a n d  A s p  a r e  negat i ve charged r e s i du e s . 

The r e  a r e  1 6  Glu and 1 1  i n  BLGA , and one l e s s  A s p  i n  BLGB , due t o  

t h e  mut a t i on Asp 6 4G ly ,  f rom A t o  B .  'dhe r e  are t h e s e  p o s i t ive charged 

r e s i du e s  d i s t r i but ed ove r the BLG mo l e cu l e ?  The t op ,  fS - s he e t  I and ex- H  

are the t hree r e g i on s  whe re G l u  a n d  Asp are c on c e n t ra t e d ; s e e  F i gure 5 8 3 -

1 .  One G lu i s  bur i e d a t  pH 7 . 1 , "Jh i ch i s  G lu l 0 8 . Th i s  re s i due f o rms a 

s a l t  br i dge ,,j i t h  the ex - amino g roup o f  r e s i due 1 .  At l o't! pH and f o r  BLGB 

at pH 7 . 1 ,  G l u 8 9 i s  a l s o  bur i ed . In gene r a l , the o the r G l u  and Asp p o i n t  

o u t  i n t o  t h e  s o l vent env i r onmen t . 

65 65 

F i gure 5 8 3 - 1 : Locat ion o f  G l u  and Asp s i d e  cha i n s  

B yqin, Spring of 1 998, Massey 125 



Chapter 5 

Table 5 8 3 - 1  : B factors o f  the a t oms o f  arginine res i du e s  

atom o f  Arg4 0 Arg 12 4  Arg1 4 8  

Results 

B (A2 ) acces s_area ( A2 ) B ( A2 ) acces s_area ( A2 ) B ( A2 ) a c c e s s_area 

C 3 7 . 4  
N 3 7 . 3  
o 3 9 . 3  
CA 3 6 . 2  
CB 3 7 . 5  
CG 3 9 . 9  
CD 3 9 . 8  
NE 4 1 . 6  
CZ 4 1 . 2 
NH1 4 2 . 5  
NH2 4 1 . 7  

Tab l e  5 8 3 - 2  

Lys 

8 
1 4  
47  
6 0  
6 9  
7 0  
7 5  
7 7  
8 3  
9 1  
1 0 0  
1 0 1  
1 3 5  
1 3 8  
1 4 1  

C 

4 2 . 4  
3 5 . 9  
5 0 . 2  
6 5 . 6  
6 1 . 6 
6 4 . 6  
5 1 . 0 
4 8 . 2  
5 5 . 1  
4 2 . 7  
4 6 . 5  
4 4 . 5  
3 3 . 9  
4 1 . 0 
4 8 . 6  

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

2 3  

3 8 . 3  
3 3 . 1  
3 7 . 2  
3 6 . 5  
3 6 . 2  
3 6 . 0  
3 4 . 5  
3 4 . 8  
3 3 . 0  
3 3 . 3  
3 3 . 9  

o 
1 

1 0  
o 
9 
1 
9 
4 
5 
5 
9 

3 4 . 2  
3 6 . 4  
3 4 . 4  
3 5 . 4  
4 0 . 0  
4 9 . 6  
5 7 . 3  
6 3 . 7  
6 7 . 5  
6 9 . 9  
6 9 . 5  

B fac tors o f  the atoms o f  lys ine res i dues 

N 

4 1 . 9 
3 9 . 6  
4 8 . 1  
5 4 . 7  
6 5 . 7  
6 3 . 9  
4 9 . 0  
5 0 . 1  
4 6 . 0  
5 2 . 6  
4 3 . 1  
4 5 . 7  
3 3 . 9  
3 6 . 5  
4 3 . 1  

o 

4 2 . 1  
3 5 . 8  
5 0 . 0  
6 8 . 4  
5 9 . 5  
6 4 . 7  
5 1 . 7  
4 8 . 4  
5 3 . 8  
4 1 . 6 
4 6 . 9  
4 7 . 1  
3 4 . 7  
4 5 . 8  
5 1 . 5 

CA 

4 2 . 3  
3 8 . 6  
5 1 . 1  
6 0 . 5  
6 2 . 5  
6 5 . 0  
5 1 . 6 
5 0 . 4  
5 2 . 4  
4 7 . 1  
4 5 . 4  
4 4 . 8  
3 3 . 0  
4 0 . 4  
4 8 . 2  

CB 

4 4 . 1  
4 0 . 9  
5 5 . 2  
6 2 . 4  
6 2 . 3  
6 6 . 3  
5 6 . 0  
5 7 . 2  
5 6 . 4  
5 0 . 2  
4 9 . 4  
4 9 . 2  
3 7 . 1  
4 5 . 8  
5 0 . 5  

CG 

4 5 . 1  
4 5 . 6  
5 9 . 5  
6 6 . 1  
6 4 . 8  
6 6 . 9  
6 0 . 3  
6 4 . 4  
6 2 . 1  
5 6 . 7  
5 2 . 9  
5 3 . 8  
3 8 . 0  
5 3 . 0  
5 6 . 3  

CD 

4 4 . 2  
4 8 . 7  
6 3 . 8  
6 8 . 6  
6 6 . 1  
6 8 . 2  
6 2 . 8  
6 9 . 0  
6 4 . 4  
6 2 . 2  
5 8 . 1  
5 7 . 9  
3 8 . 5  
6 0 . 3  
6 2 . 3  

CE 

4 1 . 8 
5 1 . 9 
6 6 . 5  
7 1 . 6  
6 7 . 5  
6 7 . 8  
6 5 . 2  
7 1 . 1  
6 6 . 8  
6 5 . 8  
6 1 . 3 
6 0 . 0  
3 8 . 2  
6 4 . 3  
6 5 . 6  

NZ 

4 0 . 7  
5 4 . 5  
6 8 . 2  
7 3 . 8  
6 8 . 0  
6 8 . 0  
6 7 . 2  
7 0 . 8  
6 7 . 4  
6 7 . 6  
6 4 . 0  
6 1 . 9 
4 4 . 4  
6 5 . 6  
6 9 . 3  

5 . 8 . 4  Al ipha t i c  hydrophobi c r e s i dues : Leu , I l e ,  Val and A l a  

o 
7 

2 6  
o 

1 8  
o 

2 1  
1 
2 

2 1  
4 

Not a l l  hydrophobic r e s i dues are bur ied , for example , a t  the N - terminu s , 

Leu1 , and at the C - t erminu s , I l e1 6 2 , are we l l  exp o s ed hydrophobic 

r e s i du e s . In g- sheet I ,  the s ide chains o f  hydrophobi c  r e s i dues tend to 

adopt an orientation towards the inter ior of the B LG mo l e cu l e . Leu5 7 and 

1 1 e  7 2  are two excep t i ons . Because g - s heet 1 1  is c overed by the calyx 

handle region , except for the l oops , g- sheet 1 1  i s  mainly c ompr ised of 

hydrophobic res idue s . The hydrophobic res idues o f  the hand l e  region f ace 

the g- s heet 1 1 ,  exc ep t  g- I whi ch i s  not exposed in s olut i on due to dimer 

f o rma t i on , and whi ch contains s everal hydrophobi c  r e s i due s . 
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F i gure 5 8 4 - 1 : Locat ion o f  al ipha t i c  s i de -chain r e s i dues 

F igure 5 8 5 - 1 : Locat ion of polar uncharged s i de-cha in r e s idues 

5 . 8 . 5  Polar uncharged res idue s : Thr , Ser,  Asn and Gln 

Results 

There are f ive Asn ,  nine Gln , seven Ser and eight Thr in bovine BLGA and 

BLGB mo lecules . These res idue s are concentrated on the N - t e rminus , he l ix 

a-3  and the t op reg ion o f  the mo lecule . The s ide cha ins o f  these polar 

uncharged res idues genera lly point t o  the so lvent env i ronment , except 

for Gln12 0 ,  Ser2 1 and Thr 9 7 , whi ch have sma l l  s o lvent acces s ible area o f  

4 A2 , ° A2 and 6 A2 for BLGA a t  pH 7 . 1 ,  respect ively . The s i de chains o f  

Gln1 2 0  and Ser2 1 approach together and form a s t rong hydrogen bond 

( Gln12 0NE2 . . .  OG2 1Ser , 2 . 7 4 A ) . Not e  that Thr 9 7  i s  part o f  the conserved 

mot i f  o f  TDY in a l l  JS- lact oglobu l i ns ; see deta i l s  in s e ct ion 2 . 3 . 4 .  

Gln1 2 0 ,  Ser2 1 and Thr 9 7  are a l s o  bur i ed in the pH 6 . 2  and 8 . 2 structures 
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for BLGA and at pH 7 . 1  for BLGB . F i gure 5 8 5 - 1  shows the locat i on o f  the 

polar uncharged res idues in bovine BLGA at pH 7 . 1 .  

5 . 8 . 6  P ro l i n e  and Glyc ine 

The three g l y c i ne s  in BLGA occur at pos i t ions 9 ,  17 and 5 2 . A f t e r  the 

po int mut at i on D 6 4 G ,  BLGB has one g ly c ine more than BLGA . Ther e  are e ight 

pro l ine r e s i du e s  in BLGA and BLGB . Wi thout excep t i on ,  a l l  t he s e  r e s idues 

are s i t t i ng a s  expect ed at turning point s , as shown i n  F i gure 5 8 6 - 1 . The 

p ro l ines in BLGB are genera l ly we l l  expos ed ( solvent acc e s s ib l e  area 2 7  

- 1 3 2  A2 , average 5 6 . 6  A2 ) ,  as are t h e  g lycines ( so lvent a c c e s s ib l e  area 

18 - 7 1  A2 , average 4 1 . 3  A2 ) .  

F i gu r e  58 6 - 1 : Locat ion o f  pro l ines and g lyc ine s i n  BLGB 

5 . 9  Mo lecular packing in lat t i ce Z 

The space g roup of lat t i ce Z i s  P 3 2 2 l . Ther e  are s ix a symmet r i c  un i t s  i n  

the u n i t  c e l l . Each asymme t r i c  uni t  contains one mo l e cu l e . The contents 

o f  the u n i t  cell  of  bovine BLG i n  lattice Z are shown i n  F igure 5 9 - 1 . 

The BLG mo l e cules in lat t i ce Z are packed layer by lay e r . Each layer i s  

compr i s e d  o f  paral l e l  l inear a rrays o f  BLG monomers wi t h  d imer i n t e r f a c e s  

a l ternat e ly point ing u p  a n d  down , as shown in F i gure 5 9 2 - 2 . The un i t  c e l l  

vo lume expands w i th increase i n  p H  i n  the cas e o f  BLGA . BLGB a t  p H  7 . 1 

has s im i l a r  crystal paramet ers to BLGA at pH 8 . 2 ( s e e  Tabl e  4 67 - 2 ) , 

a l though individua l mo l ecu l e s  o f  BLGB have con f ormat i o n  and surface area 

more s imi l a r  to BLGA at pH 6 . 2 .  
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F igure 5 9 - 1 : Un it c e l l  conten t s  for bovine BLG in lat t i ce Z 

5 . 9 . 1  D imer i n t er face 

Results 

The d imer i n t e r face is shown in F i gure 5 9 1 - 1 ,  whi ch has been prev i ou s ly 

de s c r ibed i n  the structure o f  BLG i n  lat t i ce X [ Brown 1 ow e t  al . ,  1 9 9 7 ] . 

Thi s  inter face presumably pers i s t s  i n  solut ion and i s  a l s o  f ound i n  

lat t i ce Y .  In lat t ice Z ,  t h e  dimer i n t e r face i s  bu i l t u p  f rom three 

por t i ons o f  each monomer wh i ch are r e l ated by a two - fo l d  crysta l l og raph i c  

aX1 S : ( i )  the g - I  strands o f  two monomer s  form the hydrog e n - bonded part 

of the d imer interface , as i l lus t ra t e d  i n  F i gure 5 9 1 - 1 ;  ( i i )  l oops AB , 

e s p e c i a l ly r e s idues 2 9 - 3 5 ,  o f  two monomer s  form part o f  the d imer 

int e r face underneath the g - I  st rand , as i l lus t rated in F i gure 5 9 1 - 1 ; 

( i i i )  the a - H  he l i ces o f  two monomers f orm a " V "  type channe l a long the 

d imer i n t e r face above the g - I  s t rand , as i l lus trated i n  F i gu r e  5 9 1 - 1 . 

Ordered wat e r  mol e cu l e s  are found i n  t h i s  channel at pH 6 . 2 , 7 . 1  and 8 . 2 .  

The d imer i n t e r face bur i e s  9 7 2  A2 of the acce s s ible area o f  two mo l e cu l e s  

at p H  7 . 1  ( 9 4 6  A2 at p H  6 . 2 ,  1 0 1 3  A2 a t  pH 8 . 2 ) . The acc e s s ib l e  surface 

areas o f  r e s i dues of  the g - I  st rand change substant i a l ly on format i on o f  

t he d ime r . Tab l e  5 9 1 - 1  l i s t s  these data i n  detai l .  Much ( 3 3 4  A2 ) o f  the 

surface area bur i ed per mo lecule ( t otal 4 8 6  A2 ) i s  a s s o c i at ed w i t h  

res i du e s  o f  st rand g - I ;  the rema i nder ( 1 3 2  A2 ) 1 S  a s s o c i a t ed w i th 

r e s i du e s  o f  loop AB ( s ee Table 5 3 2 - 1 ) , espe c i a l ly I l e 2 9 and Asp3 3 ;  and 

the s o l vent access i b l e  area of r e s i due Gln 1 5 5  of  he l ix a - 3  d e c r e a s e s  upon 
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the format i on o f  t he dimer inter face ( 1 2 A2 , Tab le 5 5 3 - 1 ) . 

Results 

Tab l e  5 9 1 - 1 : Acc e s s ible sur face area o f  r e s idues of s t rand B - 1  ( A2 ) 

var i ant A A B A A ( i n dime r )  

pH 8 . 2  pH 6 . 2 pH 7 . 1  pH 7 . 1  pH 7 . 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MET 1 4 5  3 6  3 8  3 0  3 4  2 3  

H I S  1 4 6  1 2 7  1 3 0 1 2 6  1 2 6  4 7  

I LE 1 4 7  2 3  2 5  2 3  2 3  2 

ARG 1 4 8  9 4  1 0 0  8 9  1 0 0  4 1  

LEU 1 4 9  3 8  3 3  3 7  4 0  0 

SER 1 5 0  6 4  5 9  6 3  6 2  7 

PHE 1 5 1  1 6  2 1  2 0  5 5  3 

ASN 1 5 2  7 0  6 3  6 4  6 7  5 0  

Tot a l  change between the monomer a lone and 

the monomer In d imer exemp l i f ied by BLGA at pH 7 . 1  3 3 4  

F i gure 5 9 1 - 1  : The d imer i n t e r fac e ,  showing the sma l l  cav i ty 
around Cys 12 1 .  Bovine BLG d imer i s  centred between the two B 
I s t rands . F i gure prepared with GRAS P [ Ni cho l l s  e t  a l . ,  1 9 9 1 ) . 

5 . 9 . 2 " Lock and Key " inter face 

The i n t e r f a c e  i l lus trated in F i gure 5 9 2 - 1  i nvo lves the s ide chain o f  Lys 8  

f rom one mo l e cu l e  a s  a " key " , whi c h  ins ert s into a " lo c k " provided by a 

n e i ghbo r i ng mo lecul e .  The " lock " i s  formed by Tyr 2 0  and S e r 2 1 from the 

end of f i r s t  ha l f  of  the B-A s t rand ; Va 1 4 l ,  Tyr 4 2  and Va 1 4 3  f rom t he 

m i dd l e  o f  the B-B s t rand , and Leu1 5 6 ,  G l u 1 5 7  and G l u 1 5 8  f rom the a - 3  
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he l ix ,  t o g e t h e r  w i t h  the s i de cha i n  o f  H i s 1 6 l . The bot t om o f  t h i s  h o l e  

c o n t a i n s  a wa t e r  mo l e c u l e  wh i c h  b r i d g e s  t h e  pept ide mo i e t i e s  o f  r e s i du e s  

Va 1 4 3  and S e r 2 1 v i a  hydrogen bonds . Th i s  wat e r  mo l e c u l e  i s  a l s o  hydrogen 

bonded to t he i n s e rted lys i n e ' s  ammon ium group , and i s  c o n s erved in a l l  

o f  the s t ru c t u r e s  o f  BLGA and BLGB . The i n s e rt i on o f  Ly s 8  l e a d s  to 

f o rma t i o n  of s eve ra l  hydrogen bonds , a s  d e t a i l ed i n  Tab l e  5 9 2 - 1 . I n  

add i t i o n  t o  t h e s e  hydrogen bonds , van d e r  'VJaa l s  c o n t a c t s o f  t h i s  

i n t e r f a c e  a r e  a l s o  qu i t e  ext ens ive , a t o t a l  o f  1 0 4 6  o f  acc e s s i b l e  area 

o f  two mo l e c u l e s  is bur i e d  at p H  7 . 1  ( 1 0 9 3  A� at 6 . 2 ,  9 8 6  a t  pH 

8 . 2 )  . The " lo c k  and " int e r f ac e  i s  qu i t e  s ub s t ant i a l , and l e a d s  to 

a l in e a r  cha i n  array of BLGA mo l e c u l e s  in l at t i c e  Z ,  as i l lu s t ra t ed i n  

F i gure 5 9 2 - 2 . 

Tab l e  5 9 2 - 1  i n  the " l ock and " i n t e r f a c e  

H s i d e  " l o c k " s id e  

r e s i du e  a t orn d i s t anc e ( ) d i s t ance ( A� )  a t om r e s i du e  

Ly s 8  

Ly s 8  
Ly s 8  

Lys 8  

Ly s 8  
Thr 4 

Thr 6 
Thr 6  

G l y 9  

N Z  

NZ 

NZ 

NZ 

NZ 

0 
N 

0 
N 

2 . 8 6 

2 . 9 4 
2 . 8 4 

3 . 0 3 

3 . 0 3 

2 . 8 6 

3 . 1 3 

2 . 9 6  
') G "  '::" � .-I J.. 

i:Ja t e r  

Ha t e r  

OE2 G l u 4 4  
0 Va 1 4 3  
0 T rp 1 9  

2 . 8 1 N S e r 2 1 
2 . 8 1  0 Va 1 4 3  

N Thr 1 8  

OGl Thr 1 8  
OG l Thr 1 8  
OEl G l u 1 5 7  

F igure 5 9 2 - 1  : The " l o c k  and key " i n t e r f a c e . 
Key , t h i c k  l i n e s . Lock , t h i n  l in e s  
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Figure 5 9 2 - 2  : The z i g- zag chain of bovine BLG in lattice Z .  
A c rys tal lographic two- fold aXl S  runs l e f t  to r ight across 
the middle o f  the diagram . 

F i gure 5 9 3 - 1  : The l oop lnterface . A c rys ta l l ographic 
two- fold axi s runs l e f t - r ight through the middle of 
the di agram . 

5 . 9 . 3  Loop interface 

The l oop inter face is pr imar i ly compr ised of the top region of BLG , see 

Fi gure 5 9 3 - 1 . Space group P3 2 2 1  has two two - f o l d  crys tall ographic 

symme try axes . One o f  them l i es be tween the dimer inter face descr ibed 

above , whi l e the other two- fold axi s  places pairs of the loops CD , EF 
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and GH i n t o  mutua l contact . There do not appear t o  be any spec i f i c 

i n t e ract i ons among the s e  rather mob i l e  reg ions ( th i s  i s  not t rue in the 

case of BLGA-BrC 1 2 , where Lys 6 9NZ f orms a hydrogen bond , 2 . 6 8 A, with 

G l u 6 20E2 of its symmetry mat e ) ,  whos e  prox imity cau s e d  s ome di f f i cu l ty 

i n  t h e  i n t e rpretat i on o f  e l e c t ron dens i ty maps . The s e  loops , espe c ia l ly 

loop E F , f orm the doorway to the interior o f  BLGA c a lyx . 

5 . 1 0 L i gand-binding s it e s  o f  BLG 

S . 1 0 . 1  P roposed ret ino l -bind i ng s i te 

Figure S 1 0 1 - 1 : Ret inol mode l l ed i n  t he p roposed 
l i gand-binding s i te . 

The i n s ide of the B- lactog l obu l in ca lyx o f fers a l arge hydrophobi c  cavi ty 

and wou ld appear to be t he maj or l igand-bind i ng s i t e ; see F i gure S 1 0 1 -

1 .  Unfortunately , unt i l  very recent ly , we and others have not obta ined 

c ry s t a l s  where BLGA or BLGB binds l i gand in t h i s  s i t e . The surface of 

t he inter ior of the c a lyx , which invo lve s s idecha i n s  of  res i dues Leu l 0 , 

1 1 e 1 2 , Val 1 S ,  Va 1 4 1 , Va 1 4 3 , Leu4 6 ,  Leu S 4 , 1 1 e S 6 ,  Leu S 8 , 1 1 e7 1 ,  Ala7 3 ,  

A l a 8 0 ,  Phe 8 2 , 1 1 e 8 4 ,  Va 1 9 2 , Va 1 9 4 ,  Leu l 0 3 , Phe 1 0 S  and Me t 1 0 7 , appears to 

comp l ement we l l  to the surface of  ret i no l ,  wh i c h  has been f i t t ed manna l ly 

i n t o  the cavity , as s hown i n  Figure S 1 0 1 - 1 . Thi s  comp lementar i ty i s  a l s o  

p r e s ent a t  pH 6 . 2  and p H  8 . 2 ,  except that at p H  6 . 2 the r e t i no l  may b e  
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t o ta l ly bur i e d  underneath loop E F , and the O E 1  a t om o f  G l u 8 9  may f o rm 

a hydrogen bond \V i t h  the r e t i n o l  OH g roup , whi l e  the p ro t o n a t e d  OE2 

a t om o f  G l u 8 9  is hydroge n  bond e d  to the p ept ide 0 a t om of S er l 1 6 . 

I n t e ra c t i on o f  t h e  s i decha i n  o f  T'rp 1 9  and the is - i onone r i ng o f  

r e t i n o l , p ropo s ed a s  i n  t h e  bindi ng o f  r e t i no l ,  i s  b l o ck e d  

t h e  s idech a i n s  o f  r e s i du e s  L eu 4 6  a n d  L eu l 0 3  i n  t h i s  mode l . 

The p ro p o s e d  b i n d i ng s i t e  o f  BLG f o r  r e t i n o l  i s  a c t u a l  f i l l e d  w i t h  

s ome t h i ng at l o w  pH . A s t r i ng o f  wat e r  mo l e cu l e s  has b e e n  i dent i f i ed 

i n s i de t he o f  bovi n e  BLGA at pH 6 . 2 ;  s e e  F 5 1 0 1 - 2 . The 

e l e c t ron dens o f  t h i s  wat e r  s t r i ng 1 S  cont i nu ou s , \Vith t he 

d i s t a n c e s  b e tYleen YJa t e r s  around 2 . 8  - 3 . 0  A . Exc ept f or one Yla t e r  

mo l e c u l e  ( -,d  i n  F i gure 5 1 0 1 - 2 ) , YIh i c h  bonds t o  t h e  N Z  a t om 

o f  Ly s 6 9 ( 2 . 7 6  , the other "la t e r  mo l e cu l e s  hyd rogen bond on 

e a c h  other . 

Loop CD 

F i gure 5 1 0 1 - 2 : 2 F o - F c  e l e c t ro n  den s i ty map of s t r i ng of wat e r 
mo l e c u l e s  ( '011 - \V5 ) i ns ide the c a lyx o f  BLGA a t  p H  6 . 2 .  

5 . 1 0 . 2  Mercury b i n d i n g  s i t e  

t o  

B e s ide s the binding s i t e  i n s i d e  the c a lyx d i s cu s s ed above , anothe r 

b i n d i ng s i t e  f or sma l l  mo l ecu l e s  app e a r s  to ex i s t . I n  l a t t i c e  Z ,  p a r t  

o f  is - s he e t  1 1  ( B - F ,  is - G ,  is -H a n d  part 2 o f  is -A ) a n d  is - I  c r e a t e  a f l a t  

is - sheet , a s  shoe/m i n  F i gure 5 1 0 1 - 1 , whe r e  the BLGA c a lyx i s  c n  t h e  

r i ght s i de and the l oop G H  i s  o n  i t s  t op e dg e . O n  the l e f t , t h i s  is -

s he e t  i s  c overed by the N - t e rm i nu s  and a lp ha - H ,  thereby c r e a t i ng a 

s ma l l  c a v i t y  ( co l oured b lue i n  F i gure 5 1 0 1 - 1 ) a d j a c en t  to t he SG 

a t om of Cy s 1 2 1 ,  in wh i c h  a methy l  me rcur i c  i on b i nds t o  the S G  a t om 
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o f  Cys 1 2 1 .  Thi s  o c curs w i th neg l i g i b l e  r earrangement o f  mai n - cha i n  and 

s ide - ch a i n  groups , as s hown in F i gure 5 1 0 2 - 1 . Howeve r ,  introdu c i ng a 

bulky mo i ety t o  t h i s  sma l l  cav i ty may a l t er the t ert i ary s t ructur e , such 

as the r e lat i ve pos it i on s  of a-H he l ix and g-A s t rand , surround i ng t h i s  

s i t e . The d i s turbance may b e  t rans f erred to t h e  g - I  s t rand through t he 

g - sheet and indirectly i n f luence the d imer i n t e r face o f  g- lactog l obu l i n . 

F i gure 5 1 0 2 - 1 : The mer cu ry -b i nding s i te o f  BLG 

S ide chain o f  Leu l 0 4  rotates 9 0 ° to create space for the CH3 

group of the methy l  mercury ion . The thin l ine represents 
nat ive BLGA i n  l at t i ce Y ;  The t h i ck l in e  represents the 
mercury-bound BLGA i n  lat t i c e  Y .  The coor d i nates are f rom 
Jameson ( 1 9 9 8 ) w i t h  R=0 . 1 9 ,  Rf= 0 . 2 4 .  

5 . 1 0 . 3  B i nd ing of  fatty ac ids 

F i gure 5 1 0 3 - 1 : Model of  palmi t i c  ac i d  b i nding i n s i de o f  
the BLG ca lyx . 

As we l l  as binding ret inol , bovine BLG b inds a range o f  fatty a c i ds . The 

a l iphat i c  fatty a c i d ,  palmi t i c  a c i d ,  i s  mode l l ed in the maj or l igand-
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b i nd i ng s i t e , a s  s h own in F i gure 5 1 0 3 - 1 . Ly s 6 0  and Ly s 6 9  may f o rm a s a l t  

br i dg e  w i t h  the COO- g r oup o f  p a lmi t i c  a c i d . A s  t h e  a l iphat i c  s i de cha i n  

i s  not r i g i d ,  both l on g e r  and sho r t e r  a l i pha t i c  a c i d s  than p a l mi t i c  

a c i d  may b e  a ccommoda t e d  i n s i de the c a lyx . 

5 . 1 0 . 4  B i nd i ng o f  1 2 -bromododecano i c  a c i d  t o  BLGA at pH 7 . 3 . 

Bov i ne BLGA wa s s u c ce s s f u l  l i z e d  w i th t h e  l i gand 1 2  

bromodode cano i c  a c i d  ( Br C 1 2 ) ,  at pH 7 . 3 .  The BLGA - B rC 1 2  mod e l  has va l u e s  

f o r  R ( R: )  o f  2 3 . 2 3 %  ( 2 7 . 9 3 % )  and good g e ome t ry , a s  s umma r i z e d  i n  Tab l e  

5 1 2 - 1 . Wh i l e  the ex i s t e n c e  o f  the l i gand B r C 1 2  i n  the cent r e  o f  t he BLG 

vIa s reve a l e d  inuned i a t e ly in the d i f f e r e n c e  map c a l cu l a t ed f o l  

mo l e c u l a r  rep l a c emen t , a s  de t a i l ed i n  F 4 7 6 - 1 ,  the re f i ne d  s t ru c t u r e  

provide s a c l ea rer e l e c t ron dens map . F i gu r e  5 1 0 4 - 1  is an omi t 

d i f f e r e n c e  map contoured at + 3  cr .  

F i gu r  5 1 0 4 - 1 : D i f f erence e l e ct ro n  d en s i ty map o f  BLGA - B r C 1 2 , 
s howing B rC 1 2 . 
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Chapter 6 Discus sion 

6 . 1  S tructural bas i s  o f  the Tanf ord t ran s it i on 

6 . 1 . 1  Tan f o r d  ( N�R ) t rans i t i on 

Discussion 

The Tan f ord t rans i t i on vIas f i r s t  i dent i f i ed on t he bas i s  o f  a t i t ra t i on 

s t udy o n  a mixture o f  'v'ar ian t s  ."A. and B in 1 9 5 9 . The r e s u l t s  o f  t he 

t i t ra t i on s sugge s t e d  two p os s ib i l i t i e s  f o r  a t i t r a t a b l e  

r e s i due at � p H  7 . 5  [ Tan f ord e t  a l . ,  1 9 5 9 a J : ( i )  t h e  par t i cu l a r  s id e  

cha i n  g r oup m i gh t  b e  a n  imida z o l e  group ; or ( i i )  a g roup bur i e d  

a t  l ow pH becomes ava i l a b l e  f o r  t i t r a t i o n  a t  h i ghe r p H  ( that i s  an 

abnorma l C OOH group ) . The pur i f i e d  var i ant s A and B vIere subs equ e n t  

s t u d i e d  a n d  f ound t o  have s im i l a r  pH -dependent t i t rat ion behav i o u r  

[ Ta n f o r d  a n d  No zaki , 1 9 5 9b ] , a s  s hown i n  F i gure 6 1 1 - 1 . The t i t ra t i o n  o f  

goat BLG s hol;JS s imi l a r  beha'v i ou r  t o  t h e  bovi ne BLGA and BLGB [ Gh o s e  e t  

al . ,  1 9 6 8 ] , and an abnorma l group vIas p ropo s ed as the 

t i c r a t ab l e  group . 
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Titration curves in the neutral region. The central 

curve is for the normal protein 

F i gure 6 1 1 - 1 : T i t ra t ion c urve o f  b ovine BLGA and B LG B  
[ Ta n f o r d  a n d  No z ak i , 1 9 5 9 b ] . 
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Al t hough the t i t ra t ion exp e r iment s  demo n s t ra t e  that one carboxy l i c a c i d  

i s  bur i e d  a t  1 0\,7 pH , they d o  not ident i whi ch c arboxy l i c a c i d  i s  

r e s p on s i b l e . To date , n o  p o i n t  mut a t ion exper imen t s  have been condu c t e d  

t o  i den t i the c a rboxy l i c  a c id and i t s  env i r o nment . Unt i l  r e c e n t  , no 

sub s t a n t i a l  s t ru c t ura l bas i s  had been f ound f o r  the var i ou s  pH- dependent 

phenome n a  of bov i n e  g - l ac t o g lobu l i n ,  a l t hough a tentat ive sugg e s t i o n  had 

been made [ Brown l oVJ e t  al . ,  1 9 97 J t hat Glu8 9 ,,7a s  r e s pon s i b l e  

f o r  t h e  anoma l ou s  t i trat ion behaviour . The f u l  det e rmined s t ructure s 

o f  BLGA a t  pH 6 . 2 ,  7 . 1  and 8 . 2  p rovide the s t ru c t ur a l  bas i s  for answe r i n g  

the q u e s t i on r e l at e d  t o  t h e  Tan f ord t r a n s i t i o n . 

6 . 1 . 2 pH -dependent p s eudo - dynam i c s  o f  loop E F  

The t h r e e  s t ru c t ure s o f  bovine BLG.ZI. a t  d i f f e rent pH are s up e r imp o s e d  i n  

F igure 5 2 1 - 3 . VJh i l e  t he BLGA e n c e s  mi nor chang e s ,  a 

or con f ormat i ona l c hange occurs f o r  the EF . At l o,,"! p H , EF 

f l ip s  t owar d s  t h e  BLG 

a"c.'ay f rom the BLG 

f "v\Jrh i l e  at pH abo'"12 : . 1 , the 

Th i s  con f o rma t i on a l  br 

EF f l ip s  

a l arge 

movement t o  G l u 8 9 . As de t a i l ed i n  Tab l e  5 3 4 - 1 ,  G l u8 9 is bur i e d a t  l ow pH 

( s o l ve n t  a c c e s s i b l e  area 4 at pH 6 . 2 )  and expo s e d  at p H . Two other 

prot o n a t ab l e  re s i du e s  a r e  a l s o  bur i e d a t  l ow pH ( G l u 1 0 8 , s o lvent 

a c c e s s i b l e  area 9 A� ; see Tab l e  5 7 - 1 . H i s 1 6 1 ,  s o l vent a c c e s s ib l e  area 1 0  

; s ee Tab l e  5 5 3 - 1 ) , but the l a t t er two r e s i due s do not undergo a change 

f rom bu r i ed s i t ua t i on to expo s e d  s i tua t i on as a func t i on of pH . 

As l oop EF in both open and c lo s ed c o n f orma t i on s  i s  rather mob i l e , i t  i s  

imp o r t a n t  t o  con f i rm that one or the o ther c on f orma t i on i s  not a n  

a r t i f a c t . E l e c t ron dens map s o f  l oop EF at pH 6 . 2  and . 1  are shown 

in F i gure 5 3 4 - 1 a and b .  5 3 4 - 1 a i s  t he e l e ctron dens i ty map o f  BLGA 

at pH 7 . 1 .  I t  i s  super imp o s e d  w i t h  the bovine BLG.ZI. s t ru c t u r e  at pH 7 . 1 
( t h i c k  l i ne ) and that at pH 6 . 2  ( th i n  l i ne ) . At pH 7 . 1 , l oop EF c l ear 

adopt s  the open c o n f o rma t ion . Loop EF a t  pH 8 . 2 is s imi l a r  t o  the c a s e  

at p H  7 . 1 .  Th i s  open con f o rma t ion has not p r eviou s ly b e e n  obs e rved i n  

s t ru c t u r e s  o f  B LG i n  l a t t i c e  X .  l\ s  i l l u s t rated i n  F i gu r e  5 3 4 - l b ,  a 

d i f f e r e n t  c o n f o rmat i on for loop EF o c c u r s  a t  pH 6 . 2 ,  I n  t he e l e c t ron 

den s i ty map of BLGA at pH 6 . 2 ,  t h i ck l in e s  repre sent t he f i n a l  s t ru c t ure 

of bov i n e  BLGA at pH 6 . 2 ,  the t h i n  l i n e s  represent that a t  p H  7 . 1 .  S ome 
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non - c on t i nuous e l e c t ron den s  f or BLGA a t  pH 6 . 2 c a n  be f ound n e a r  l oo p  

EF . Th i s  dens i ty has been mode l l ed a s  '0Ja t e r s . Such dens i ty c ou l d  b e  

i nt erpr e t ed a s  a t ra c e  amount o f  t h e  open f o rm o f  l oop EF . I n  a ny even t , 

the l oo p  EF p r ima r i  adop t s  a c l o s e d  c on f o rma t ion a t  l uv; pH . 

6 . 1 . 3  Con f o rma t i o n a l  c hange and i n f ra - r ed s p e c t ro s copy 

In add i t i o n  t o  EF , s ome o t h e r  reg i on s  o f  BLGA appear t o  b e  s en s i t ive 

t o  pH ove r the pH range 6 . 2 - 8 . 2 , for e xamp l e  GH . The p H - i nduc e d  

c o n f o rmat iona l chang e s  o f  BLGB have been i nve s t i ga t e d  i ;-'l s o lut i on 

i n f r a - red spe c t ro s copy . 1". f r e qu e n cy s h i f t  bet,,-,een pH - 7 and pH - 8 o c cu r s  

a t  s evera l typ i ca l  absorp t ion p e a ks , a s  s hown i n  F i gure 6 1 3 - 1 .  O n e  s h i f t , 

f rom 1 6 4 9  cm - - ( - pH 7 )  t o  1 6 4 7  cm- · ( - pH 8 ) , was a t t r i bu t ed t o  a de c r e a s e  

i n  t he a - he l ix c ont ent a nd / o r a n  i n cr e a s e  i n  t h e  amount o f  random c o i l  

[ Ca s a l  e t  a l . ,  1 9 8 6 J o f  BLGB . The X - r ay s t ru c tura l i nve s t  ion re s u l t s  

f o r  BLGl'. c lu e s  to exp l a i n  the i " f r a - red s p e c t r o s copy 

behav i o r  of BLGB i n  s o l u t i on . 

1700 t650 
W.venl./mblt. em.-'  

1600 

I llfrar�d '1'«1£' in (he amide I region ne /i.lactoglohulin 
0.5 mMl in ph"'phal< hufk, at the indicated pH values after 
band narrowing. 

F i gure 6 1 3 - 1 :  I n f rared s p e o t r o s copy o f  BLGB 
as f un c t ion o f  pH . [ Ca s a  e t  a l . ,  1 9 8 6 J 
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6 . 1 . 4 Rea c t i v i ty o f  Cys 1 2 1  a t  d i f f e r e nt p H  

Discussion 

The r e a c t i v i t y  o f  Cys 1 2 1  w i t h  Hg� ' or PCHB ( p - ch l orome rcur i - benzoat e )  i n  

s o lu t i on has b e e n  exp l ored by s eve r a l  g r oup s [ Lont i e  a n d  P r eaux , 1 9 6 6 ;  

Dunn i l l  and G r e e n , 1 9 6 5 ; Boy e r ,  1 9 5 4 J . Dunn i l l  and Green ( 1 9 6 5 ) r evea l ed 

that the r e a c t  o f  Cys 1 2 1  vli t h  PCHB wa s s t rong ly pH -dependen t . The 

r a t e  c on s t a n t , k ' , f or the s e cond - order r e a c t i on i n c r ea s e d  f rom - 3 . 5  

5 . 1 5 - 6 . 2 0 ,  t o  7 . 1  l . mo l e - - s e c . at pH 6 . 7 6 ,  to 9 1  

l . mo l e - - s e c . - a t  pH 7 . 0 5  - 7 . 2 0  and t o  4 3 0 l . mo l  a t  p H  7 . 7 5 .  

6 1 4 - 1  r eve a l s  the t ime c ou r s e  o f  the reac t i on b e t ';Je e n  PCl1B and 

BLG , mon i t o r e d  opt i c a l  dens i ty .  T h e  sharp change o f  r e a c t ivity o f  

Cy s 1 2 1  'tJ i t h  P Cl1B bet,,;e en pH 6 . 7 5  a n d  7 . 2 0  w a s  a t t r i but e d  Dunn i l l  and 

Gr e en ( 1 9 6 5 )  to the con f o rmat ional change a s s o c i a t e d  w i t h  the anoma lous 

carboxy l at e  ( Ta n ford t r a n s i t ion ) . 

( 1 - J 
\ a ') log ( l x) 

° l  

0 )  

0·2 

o 

pH ns 

pH 6 76 
.1 __ )(-1(--.-

\0 20 30 
Time , imin! 

Time Course of the PeME-lactoglobulin reliction at Beveral pH. Stra.ight lines a.re the 
best fit to the second-order rate equation. 

ll. Initial concentration of IJ-Iactoglobulin; b. initial concentration of PCME; x fraction of 
FCMB reacted in time I. 

F i gu r e  6 1 4 - 1 : React i v i ty o f  Cys 1 2 1  at d i f f er e n t  p H  
[ Du nn i l l  and Green , 1 9 6 5 J . 

The r e a c t i i n c r e a s e  of Cys 1 2 1  i s  not the r e su l t  o f  a n  i n c r e a s e  i n  

the s o lven t - acce s s ib l e  sur f a c e  a r e a  o f  t h a t  r e s i du e . Cys 1 2 1  i s  a bur i ed 

r e s i du e  in the s t ructures o f  BLGA a t  the pH 6 . 2 ,  7 . 1  and 8 . 2 ;  s e e  Tab l e  

5 7 - 1 . The r e fore , t h e  r ea c t ivity i n c r e a s e  o f  Cy s 1 2 1  i s  n o t  d i r e c t  

re l a t e d  t o  t h e  c o n f o rma t ion a l  chang e  o f  BLGA a t  d i f f e r e n t  p H . The s ec ond-
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order r e a c t ion r e qu i r e s  bo t h  PCHB and BLGA t o  approach e a c h  o t he r . The 

e l e c t r i c  charg e  o f  PCHB and BLGA at d i f f e r e n t  pH may p l ay a c r u c i a l  r o l e  

i n  t h e  i n c re a s e  o f  react ivity o f  Cys 1 2 1  i n  t h i s  r eact i o n . 

The S H  g roup o f  Cy s 1 2 l  po i n t s  away f rom t he i n c e r ior o f  and i n t o  

the s ma l l  cav i ty o f  BLGA , s e e F i gure 5 5 4 - 2 , whe r e  a number c f  charged 

r e s i du e s  Lys l 0 l ,  Lys 1 3 5 ,  Arg 1 4 8 ,  Asp 1 2 9 ,  3 7 , Glu 1 3 1 and G lu 1 3 4  are 

',"i t h i n  8 A of the SE group . The surface of B LGA c e ntered a t  t h e  a - H  h e l ix 

i s  s ho'vm i n  5 5 4 - 3 . A t  pH 6 . 2 ,  t h e s e  r e s idu e s  p r o v i de a l e s s  

negat charged envi ronment ,  a s i tuat i o n  unf avorab l e  to the app roach 

o f  the po s i t i ve charged PCHB reagen t . I n c r e a s ing t h e  p H  t o  7 . 1  and 

above wi l l  change the s t a t i c  t o  a much more n e ga t i ve charged 

s t at e ,  fa'vor the a c c e s s  of pos i t ive charged reagent s .  In addi t i on , 

the average B f a c tor o f  atoms w i th i n  8 A o f  Cys 1 2 1  SG a t om i n c r e a s e s  f r om 

1 6 . 2  t o  3 0 . 0  A= , f rom pH 6 . 2  t o  pH 7 . 1 .  Th i s  imp l i e s  that i n c r e a s i n g  

pH w i l l  f avor t h e  b i nding o f  a pos i t i ve ly charged r e a g e n t  l ea d i ng t o  the 

chem i c a l  mod i f i c at i on o f  Cy s 1 2 1 . 

6 . 1 . 5  S e d i me n t a t ion c o e f f i c i e n t s  

The e a r l i e s t  o b s e rved pH -dependent property o f  B L G  wa s t h a t  an i n c r e a s e  

i n  pH ( f r om 6 to 8 )  wa s a c c omp a n i e d  a d e c r e a s e  i n  s e d imen tat i on 

c o e f f i c i e n t s  [ P eder s en ,  1 9 3 6 J . The s e  dat a  have been c i t e d  Tanford e t  

i n  l a c::: c �  _ -'  -,' J f s e e F igure 6 1 5 - 1 . The change i n  s ed imentat i on c o e f f i c i en t s  

may b e  a t t r ibuted t o  a n  overa l l  i n c r e a s e  i n  t h e  mo l e cu l a r  vo l ume and / or 

s u r f ac e  a r e a . The a c c e s s i b l e  s u r f a c e  area o f  BLGA i n c r e a s e s  f r om 8 , 2 3 5  

a t  pH 6 . 2  t o  8 , 4 5 8  a t  p H  7 . 1  and t o  8 , 6 6 6  A: a t  p H  8 . 2 ,  a s  s UffiIT,a r i s e d  

i n  Tab l e  5 2 6 - 1 .  I n  t e rms o f  d i me r s , the e a s s o c i a t i o n  s t a t e  o f  

BLG? in s o l u t i on o've r t h i s  pH range and at room t empe ra t u r e , the 

a c c e s s i b l e  s u r f a c e  area i n c r e a s e s  f rom 1 5 5 2 4  a t  p H  6 . 2  t o  1 5 9 4 4  a t  

p H  7 . 1 , t o  1 6 3 1 9  a t  pH 8 . 2 .  A l t hough the a cc e s s i b l e  s u r f a c e  a r e a  i s  

not t he s ame a s  the mo l e cu l a r  vo l ume , the g l obu l ar charac t e r i s t  i c  o f  

bovi ne BLG a l l mvs a r e l i a b l e  dedu c t i on t o  be made f rom t he '\la l u e s  o f  t h e  

s u r f ac e s  t o  a prope rty , s edimentat i on coe f f i c i ent , that i s  mo s t ly but 

not ent i r e ly a s s o c i a t e d  w i t h  mo l e cu l a r  vo l ume . Not e t ha t  t h e  pH range 

c ove r e d  in the s t ructure ana l y s e s  spans o n ly the r e g i on of chang e  in 

s ed imen t a t i on c o e f f i c i ent s , and that t he movement o f  t h e  E F  l oop doe s  
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not a l ter the mo l e cular surface area t o  any s ign i f i cant extent . In other 

words changes i n  s edimentat i on coe f f i c i ent s may be due at least i n  part 

to change i n  t he overa l l  s o lvent acc e s s i b l e  sur face area , rather t han 

only the movement of loop EF . 

3.2 

=' 3.0 
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6 7 s 10 
pH. 

-�imentation coefficients ddennined by Peder
sen.l The temperature was 20°, the ionic strength varied 
from 0.1 1  to 0.64, the protein concentration from 0.1  to 

0.34%. The solid line represents the predicted variation in 

sedimentation coefficient according to curve 1 of Fig. 1 ,  the 

d:lShed line according to curve 2 of Fig. I, initi::ll and fin:ll 
values of s X 10" being taken as 3.15 and 2.75. 

F igure 6 1 5 - 1 : S e d imentat ion coe f f i c i ents of BLG versus pH 

6 . 1 . 6  Therma l behavior of BLGA in the Tan ford t ran s i t i on 

Q i  e t  a l . ( 1 9 9 6 )  obs e rved d i f f erences i n  the thermal behavior o f  BLGA 

between pH 8 . 0 5 and 6 . 7 5 . One minor peak in the thermalgram at - 4 0  QC 

i s  obs erva b l e  at pH 8 . 0 5 ,  but not 6 . 7 5 ;  another maj or peak ( - 8 0  QC )  i s  

obs ervab l e  a t  p H  6 . 7 5 ,  but not 8 . 0 5 ;  see F i gure 6 1 6 - 1 . Thi s  behavior may 

be r e l a t e d  to i n f ra - red spect ros cop i c  obs ervat ions by Casa l e t  a l . ( 1 9 8 6 )  

that bovine BLGB undergoes mu l t ip l e  t emperature -dependent conformat ional 

changes in the range of - 1 0 0  QC to + 9 0 QC .  One change , whi ch occurs 

abrupt ly between 58 and 6 0  QC in t he i n f rared spect rum , l eads to the same 

i n f rared spect rum as t hat found as a result of the a l ka l i n e  denaturat i on 

o f  BLGB [ Casal e t  a l . ,  1 9 8 6 ] . A l t hough BLGA was not s ubj e c t ed to 

t emperatures above 25  QC or pH above 8 . 2  in our re s earch , the changes in 

the the rma l gram [Qi  e t  a l . ,  1 9 9 6 ]  between pH 8 . 0 5 and 6 . 7 5  at 40  QC m i ght 

be corre la t e d  to the movement o f  loop EF o f  BLG}\ , as sum i ng that 

t emperature may cau s e  the same conforma t i onal change as pH . In other 

Byqin, Spring of 1 998, Massey 1 42 



Chapter 6 Discussion 

words , at s l ight ly elevated temperature or at bas ic pH , loop EF f l ips 

open to provide access ins i de the calyx of bovine BLG . 

i i , I I I i I 
,6() XI 60 10 JlJ 'D 100 Itu 

T nnporalUn (.q 

Figure 6 1 6 - 1 : Therma lgrams o f  BLGA a t  pH 6 . 7 5 and pH 8 . 0 5 .  
Arrows mark f eatures that are d i s s cussed in the tex t , [ Q i  
et al . ,  1 9 9 6 ] . 

6 . 1 . 7  Cons ervat ion o f  res idue 8 9  in a l l  BLG 

Figure 6 1 7 - 1 : Location of conserved res idues o f  bovine BLG 

The location of al l 2 1  cons erved res i dues ( Tabl e 2 3 4 - 2 ) in current ly 

s equenced BLG are shown in Figure 6 1 7 - 1 . They are Leu1 0 ,  Gly1 7 , Trp 1 9 , 

Pro3 8 ,  Leu3 9 ,  Leu4 9 , Pro5 0 ,  Leu5 4 ,  Glu5 5 ,  Cys 6 6 ,  Thr 7 6 ,  Phe 8 2 , Glu8 9 ,  

Asp9 8 ,  Tyr 9 9  , Cys 1 0 6 ,  Cys l 1 9 , Arg1 2 4 ,  Phe1 3 6 , Leu1 4 3  and Cys 1 6 0 . Five o f  

them ( Leu1 0 ,  Gly1 7 , Trp 1 9 ,  Asp 9 8 ,  Tyr 9 9  and Arg1 2 4 )  a r e  a s s oc iated with 

the bottom hydrogen bond network . Four cys teines form two disul f ide 

bonds : Cys 6 6 -Cys 1 6 0  and Cys 1 0 6 - 1 1 9 , which has Phe 1 3 6  and Leu 1 4 3  nearby . 

The o ther e ight res idues { Pro3 8 ,  Leu3 9 ,  Leu4 9 , Pro 5 0 ,  Leu5 4 ,  Glu5 5 ,  Thr 7 6 
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and Phe 8 2 ) a r e  i n  t h e  vi c i n i ty o f  each other . The r e s idue a s s o c i a t e d  w i th 

the Tan f ord t ra n s i t ion , G l u 8 9 ,  i s  i s o l a t ed f r om the re s i du e s above . 

A Tan f ord- l i ke t rans i t ion has a l s o  been obs e rve d i n  c a p r i n e  ( go a t ) BLG 

[ Gho s e  et a l . ,  1 9 6 8 J . F l ower ( 1 9 9 6 )  a l s o  s ugg e s t ed that a l oop s c a f f o l d  

a t  t h e  ent r a n c e  o f  seve r a l  l ipoca l i n s  ( MU P , BBP ) i s  we l l  t o  the 

t a s k  of l igand b i ndir,g , and that the amino a c i d  c ompo s i t i on of t h e  p o c k e t  

and s ca f f o l d ,  a s  we l l  a s  i t s  ove ra l l  s i z e and c o n f o rmat ion , 

det ermine s e l e c t i v i ty [ F l ower , 1 9 9 5 ] . There f o r e , the c on s e rvat i on o f  

G lu 8 9 i n  a f l i p p ing EF might r e f l e c t the mode l 

( s e c t i on 5 . 1 0 . 1 ) : in the put a t ive r e t i n o l - BLG c omp l ex a t om OE l o f  Glu 8 9  

i n  BLGA , a s  a potent i a l  hydrogen - bond a c ceptor ·,.li t h  t h e  O H  g roup o f  

r e t i no l , may s t a b i l i z e  r e t i n o l  

6 . 1 . 8  Funct i on a l imp l i cat i on o f  t h e  Tan f o rd t rans i t i : m  

I n  m i l k ,  b a s i c  enV i ro� 
l oop EF open to a c c ept 
l i gand 

In s t omach , a c i d i c  e nv i rome n t , 
EF c lo s e d  to p r o t e c t  1 

I n  i nt e s t in e , bas i c  env i r onment , 
l oop EF open to r e l e a s e  l igand 

F i gure 6 1 8 - 1 : Node l f or m o l e c u l a r  t ranspo r t  by B LG 

The Tan ford t r an s i t ion has been obs erved i n  not on bov i n e  is -

l ac t og l obu l i n s , but a l s o goat is- l a c t o g l obu l i n [ Gho s e  e t  a l . ,  1 9 6 8 J . The 

k ey r e s i du e , Glu 8 9 , of the Tan f o r d  t rans i t ion is c on s e rved t hrough a l l  

curre n t ly s e qu enced b - l ac t og l obu l i n s , a s  deta i l ed i n  T ab l e  2 3 4 - 2 . 

S i gn i f i cant ly , there i s  l i t t l e  c o n s e rvat i on o f  r e s i du e s  adj acent t o  

G l u 8 9 . Taking i n t o  a c c ount t h e  phys i o l og i c a l  pH cond i t i o n s  o f  t h e  

d i ge s t i o n  cana l , the Tan f o r d  t rans i t i on may ha'·.le p hy s i o l og i c a l  
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i mp l i ca t i o n . 

Discussion 

I t  i s  we l l  knovm t hat pH e nv i r o nment o f  the dig e s t ive c a na l change s  f r om 

a c i d i c  i n  the s t omach t o  ba s i c in the sma l l  i n t e s t i n e , and that BLG 

r ema i n s  i n t a c t  on pas s a g e  t hrough the a c i d i c  p r o t e o lyt i c  e nvi ronme n t  o f  

t he s t omach [ Yvon e t  a l . ,  1 9 8 4 J . The pH-dependent con f orma t i o n  o f  

f ra gment E F  may b e  r e l a t ed to the phy s  1 f un c t i on o f  � -

l a c t og l obu l i n i n  vivo : t h e  c l o s e d  chara c t e r i s t i c  o f  BLG a t  l ow 

p H , p r o t e c t s t h e  l i gand i n  t h e  a c i d i c  s t omach , ltJh i l e  t h e  opened 

charac t e r i s t i c  of BLG at h i gh pH , t s  r e l e a s e  o f  t h e  1 In t h e  

sma l l  i n t e s t ine for abs orb i n g , a s  de t a i l ed i n  F i gu r e  6 1 8 - 1 . 

6 . 2 S tructural bas i s  o f  l i gand ( fatty a c i d )  binding t o  bovine BLG 

6 . 2 . 1  I n t e rac t i on of bov i n e  � - lobu 1 i n  'vIi t h  ac ids 

Spe c t or and F l etcher ( 1 9 7  ) that bov i n e  � - l actog l obu l i n 

i n t e rac t s  w i t h  fatty a c i d s , t hrough mea s u r ement s o f  the p a r t i t i on 

e qu i l i br ium o f  rad i o l abe l l ed f a t ty ac i ds . The s t r e ngth o f  f a t ty - a c i d  

t o  bovine � - l a c t og l o bu l i n decrea s ed i n  t he o rder t i c  ( C=- 0 ) r 

s t ea r i c  ) ,  o l e i c  ( e :  ' unsaturated ) ,  and l au r i c  a c id s  ( C - c )  [ Sp e c t o r 

and F l e t cher , 1 9 7 0 J . A mod e l was that cont a i n s  one p r  s i t e  

w i t h  a n  a s s o c iat i on c o n s t a n t  o f  the order o f  1 0 =  t o  1 0  M - - and a l ar g e  

number o f  we a k  s e condary b i nding s i t e s  with a f f i n c on s t ant s o f  - 1 0 "  

M - �  [ Neut e bo om e t  a l . ,  1 9 9 2 ; Frap i n  e t  a l . ,  1 9 9 3 ; S p e c t or and F l e t c he r , 

1 9 7 0 J . The a s so c i a t i o n  c on s t an t  l S  h igher f o r  a c i ds 'IJ i t h  

hydroca rbon c ha i n s  a n d  i s  reduced 'v}hen t h e  s t ructure o f  cov i n e  � -

l ac t o g l obu l i n i s  a l t e r e d  a i o n  or e s t e r i f i ca t i on [ Frap i n ,  1 9 9 3 ] . 

The s e  f i n d i n g s  i n d i c a t e d  that i n t e r a c t ions w i t h  charged group s may p l ay 

an important role i n  t h e  b i nding pro c e s s  [ F rap i n  e t  a l . ,  1 9 9 3 ; P e r e z  e t  

a l . ,  1 9 9 3 J . 

I n  add i t i on , the b in d i ng o f  pa lmi t a t e  ana l ogu e s , i n  'v7h i c h  the carboxy l 

g roup has been mod i f i e d  or r emove d ,  i s  weaker t han that o f  the nat ive 

a c i d i c  f o rm [ Sp e c t or and F l e t c he r ,  1 9 7 0  l .  vJi t h  a hydrocarbon gel ma t r i x ,  

t h e  a f f i n i ty o f  t h e  g e l  f o r  bovi n e  � - l ac t og l obu l i n i s  l Uwer than that 

w i t h  f a t t y - a c i d  l i ke g e l mat r i x  [ Pe re z  e t  0. 1 . ,  1 9 8 9 J . An i n c r e a s e  i n  
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i o n i c  s t rength decreas e s  t he amount of prot e i n  adsorbe d ,  i n d i cat ing that 

p o l a r  i n t erac t i ons also are important in the b inding proc e s s  [ Pe r e z  e t  

a l . ,  1 9 8 9 ) . Thus , Pere z e t  a l . ( 1 9 8 9 ) and Spector and F l e t cher ( 1 9 7 0 )  

p o s t u l at ed that the b i nd ing s i t e  for f a t ty a c i ds i n  bovine g 

l a c t og l obu l in cons i s t s  o f  a hydrophobi c  pocket with a pos i t ive ly charged 

ami no acid near the ent ranc e . 

The b inding o f  fatty a c i ds to bovine IS- lactogl obu l i n  increas e s  the 

r e s i s tance o f  the prot e i n  to proteo lyt i c  d egradat i on [ Puyol et a l . ,  

1 9 9 4 a )  and to thermal denaturat ion [ Puyo l  e t  a l . ,  1 9 9 4b ) , indicat ing that 

l i gand binding may be an i mportant factor in the s tab i l i zat i on of the 

s t ructure o f  bovine IS- l actoglobu l in . A s imi lar e f f ect is not obse rved 

whe n  ret inol 1 S  bound to bovine IS- lactoglobu l in [ Puvo l e t  a l . ,  1 9 9 4 a ;  

Puyo l e t  a l . ,  1 9 9 4 b ) . The binding o f  f a t ty acids t o  bovine IS

l actoglobu l i n  cause s  a sma l l  change i n  the u l t ravio l e t  f luores cence 

intens i ty of bovine g - l a c t og l obu l in . Thi s  change cou ld occur because f re e  

f a t ty acids interac t  d i r e c t ly with a s e gment o f  the mo l ecule that 

conta i ns t ryptophan or as a result of  a sma l l  con format i onal change in 

the reg i on of t ryptophan r e s i dues that are s e c ondary to the bi nding o f  

f a t ty a c i ds [ Spector and F l e t che r , 1 9 7 0 ) . Further stud i e s  us ing palm i t a t e  

a n d  bovi ne IS- lact o g l obu l i n  have i n d i cated that the binding a f f i n i ty 

i n c r ea s e s  over the pH range 6 . 5  to 8 . 5 ,  sugg e s t i ng a pos s ib l e  corre lat i on 

w i th the Tanf ord t rans i t i on [ Hambl ing e t  a l . ,  1 9 9 4 ) . 

IS -Lactog lobu l i n ,  when i so lated from the mi lk o f  ruminant s ( cows , sheep , 

and goat s )  us ing nondenatur ing techn iques , a l s o  has several bound l ip i ds , 

ma i n ly t r i g lycer i des and fatty ac ids [ Pe r e z  e t  a l . ,  1 9 8 9 ; D i a z  de 

V i l legas e t  a l . ,  1 9 87 ) . The total amount of fa ty a c i ds bound is about 

1 . 0  to 1 . 4  mo l /mo l of prot e i n  dimer . The predominant f a t ty a c i ds a r e  

palmi t i c  and ole i c  ac ids , wh i ch together account f o r  approximat e ly 7 5 %  

o f  the fatty acids bound to ruminant IS- lactog l obu l i n . The bound f a t t y  

a c i d  rat ios resemb l e  tho s e  of  the s e  fatty a c i ds pres ent i n  whey a n d  m i l k  

[ Di a z  d e  V i l legas e t  a l . ,  1 9 8 7 ) . Thes e  data indi cat e n o  impor tant 

d i f ferences in the binding s e lect ivity of IS- lactog l obu l in for i n d i v i du a l  

fatty a c i ds , and are incons i s t ent w i th the data obta i ned by t h e  

measureme n t s  of t h e  part i t ion equ i l ibr i um o f  radiolabe l l ed f a t ty a c i ds 

[ Spector and F l e t che r ,  1 9 7 0 ) . 
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6 . 2 . 2 The BLG ca lyx as the l i gand-binding s i te 

The f ir s t  binding study was a sur face area measurement by Bull and Currie 

( 1 9 4 6b ) , who found that e i ght mo lecule s  of sodium lauryl sul fate ( SLS ) 

a s s ociate with the bovine B-lactoglobulin dimer . Following thi s , a wide 

var iety of c ompounds is now knO�1 to bind to bovine B-lac toglobul in ; see 

deta i l s  in Table 2 5 2 - 1 . However , it was unc lear f or a long t ime which 

regions of the protein wer e  invo lved in fat ty ac i d  binding . 

I 4 I 

l'"'5U'!; �. The retinol mol�cule surrounded by the relf!'-ant groups of the BLG molecule. Side-chains of BLG residue� 
were left AS they are in the nati\-e protein, ",-ithout taking in to account the mo'-ement! necessary to accommodate the 
retinol molecule. 

Figure 6 2 2 - 1 : The proposed ret inol-binding region o f  bovine BLG , 
[ Monaco e t  al . ,  1 9 8 7 ) . 

Figure 6 2 2 - 2 : BLG and the van der Waa l s  sur face o f  retinol , 

according to the sur face binding model suggested by Monaco e t  

al . ( 1 9 8 7 ) , showing unacceptabl e molecular contacts around the 

ret inol . 

Monaco e t  a l . ( 1 9 8 7 ) proposed that ret inol was bound on the s ur face o f  

bovine B LG . The proposed surface hydrophobic pocket was created by the 

res idues Lys 1 4 1 , Asp1 3 7 , Leu9 5 , Met 1 0 7 , Leul 1 7 , Thr4 and Phe 1 3 6 ;  s ee 
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F i gu r e  6 2 2 - 1 . Even though the authors c l a imed that pos i t i ve d e n s i t y  wa s 

f ou n d  a round t h i s  r e g i o n  in a d i f f e rence Fou r i er map and cou l d  b e  

mode l l e d  by a r e t i no l  mo l e cu l e , the i r  s t ru c t u r e  has obv i ou s  and s eve r e  

p r o b l ems [ Br mm l o;,\' e t  a l . ,  1 9 9 7  J that made t h e i r  p ropo s a l  r a t h e r  f ra g i l e . 

I n  t he r e de t e rmined bov i n e  g - l actog lobu l i n  mode l s  in l at t i ce Z [ Q i n e t  

a l . , 1 9 9 8 ] , t h i s  r e g i on i s  c lo s e  to t h e  m i n o r  1 s i t e  

( s e c t io n  5 . 1 0 . 2 )  near t h e  o f  r e s i du e  Cy s 1 2 1 . HovJe""J"e r ,  t o  

e n large the minor l i gand - b i n d i ng s i t e  t o  hos t a and f a i  bu l ky 

r e t i n o l  rco l e c u l e  vli l 1  i n t roduce s e r i ous s t ru c t u r a l  d i s turbance t o  t h i s  

r eg ion ; s e e  F igur e  6 2 2 - 2 . A s  i s  apparent i n  the t i g h t  f i t 

o f  r e t i n o l  be twe e n  the a - H he l ix and N-t e rm i n a l  s t rand . Th i s  s t ru c t u r e  

[ Monaco e t  a l . ,  1 9 8 7 J i s  now known to be mi s t hr e aded [ Brown l ow e t  a l . ,  

1 9 9 7  J . 

B a s ed on t h e  we l l  d e f i n e d  bovi ne g - l ac t og l obu l i n s t ru c t ur e s  in l a t t i ce 

Z ,  the maj or l i gand - b i n d i ng s i t e ,  i n s ide t h e  BLG , has be e n  mode l l e d  

w i t h  re t i no l and p a lm i t i c  ac i d ; s e e  s e c t i o n  5 . 1 0 . 1  and 5 . 1 0 . 3 .  A l though 

the e l e c t ron dens i ty f ound ins ide the BLGA ca at h a s  b e e n  

mode l l e d  a s  a s t r i ng o f  wat e r  mo l e cu l e s , we can n o t  be c e r t a i n  t h a t  t h i s  

d en s i ty i s  n o t  due t o  a n  a l iphat i c  mo lecu l e  r e t a i n ed i n  the p u r i f i c a t i on 

p rocedu r e . F.l l  t h e s e  dat a  l e d  to t h e  r e f i n e d  l i gand - b i nd i ng 

c ry s ta l l i z a t ion t r i a l s . The f i r s t  suc c e s s fu l  c ry s t a l l i z e d  BLG - l igand 

c omp l e x  is BLGF. wi th 1 2 - bromodode cano i c  a c i d  a t  pH 7 . 3 .  The b i nd i ng mod e l  

h a s  b e e n  p ropo s ed i n  s e c t ion 5 . 1 0 . 4 .  

The r e  a r e  tVIO pos i t charged r e s i du e s  on the entrance o f  t h e  B LG 

c a lyx : Ly s 6 0  and Lys 6 9 , and s everal other c r e s i due s : I l e 7 1 ,  

I l e 8 4 ,  Me t 1 0 7 and Leu3 9 . The NZ a t om o f  Ly s 6 0  i s  near the t wo 0 a t oms o f  

BrC 1 2  ( 4 . 0 7 and 4 . 5 4 A ) , wh i l e  the NZ a t om o f  Lys 6 9  has d i s t an c e s  t o  t h e  

t w o  c arboxy l a t e  0 a t oms o f  BrC 1 2  o f  5 . 0 8 and 6 . 5 2 A.  Th i s  va l i dat e s  t he 

e ar l i e r  p o s t u l at i o n s  on the acid b i n d i ng s i t e  o f  bov i n e  B LG [ Pe r e z  

e t  a l . ,  1 9 8 9 ; Spe c t or and F l e t che r ,  1 9 7 0  J .  The i n s i de o f  t he BLG c a lyx 

is e s s e n t  i a l ly hydrophob i c .  I n  g - s he e t  I ,  Va 1 4 1 , "va 1 4 3 , L e u 4 6 ,  L e u 5 4 ,  

1 1 e 5 6 ,  L eu 5 8  and I l e 7 1 a r e  i nvo lved i n  hydrophobi c  i n t e ra c t i o n s  w i t h  the 

hydro c arbon cha i n  of B rC 1 2 ; see F i gure 6 2 2  - 3 . I n  g - sh e e t  1 1 ,  I l e 8 4 , 

Va 1 9 2 , Va 1 9 4 ,  Leu 1 0 3 , Phe 1 0 5  and Me t 1 0 7  a r e  i nvolved i n  hydrop hob i c  

i n t e ra c t ions w i t h  the hydrocarbon cha i n  o f  t h e  BrC 1 2 ; s e e  F i gu r e  6 2 2 - 4 . 

W i t h i n  the v i c i n i ty o f  the bromide a t om t h e r e  a r e  f ou r  C H 3  g roup s , CG2 
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o f  Va 1 9 4  ( 3 . 9 5 A ) , CD2 o f  Leu 5 4  ( 4 . 0 7 A) , CDl o f  Leu 4 6 ( 4 . 0 1 A )  and CD2 

of Leu 1 0 3  ( 4 . 0 2 A ) . A cavity rema ins between the bromide atom and the 

bot tom of the ca lyx , whi ch shou ld a l low fatty acid mo lecu l e s  with l onger 

chains t han that for dodecano i c  acid to b ind and be we l l  encap s u l a t ed 

i n s i de the c a lyx . 

F i gure 6 2 2 - 3 : g - sheet I and the van der Waa l s  
surface o f  BrC 12 

F i gure 6 2 2 - 4 : g- sheet I I  and t he van der Waa l s  
surface o f  BrC 1 2  
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Chapter 6 

6 . 2 . 3 I n f luence o f  BrC 1 2  on t he nat ive s t ructure o f  BLGA 

Discussion 

Superpo s i t i on o f  the nat ive BLGA s t ru c t u r e  ( BLGA in l at t i c e Z at pH 7 . 1 ) 

onto the l i gand - bound BLGA s t ru c t u r e  r evea l s  min ima l s t ru c t u r a l  

d i s t u rbance on l i gand bi nding to the i n s i de o f  the BLG c a lyx ; s e e  

6 2 3 - 2  and 6 2 3 - 3 : 1 5 6  c a  a t oms ( 9 6 . 3 %  out o f  the t o t a l  o f  1 6 2  c a  a t om s ) 

have a d i sp l ac eme n t  sma l l e r  than 0 . 5  A and among these c a  a toms , the rms 

d i s p la c ement i s  on ly 0 . 1 6 9  A .  Some in l oops EF and , e sp e c i a l  

loop GH , a r e  i d en t i f i ab l e . The max i mum d i s p l acement i n  C a  p o s i t i on s  i s  

1 . 3 8  A ,  sma l l e r  than the changes f rom p o i n t  muta t ion Vl 1 8 A  and D 6 4 G ;  

s ee det a i l s  I n  F igure 6 2 3 - 1a .  The s t ructural changes o f  l oop G H  are 

d i s p l ayed on F i gure 6 2 3 - 3 . Howeve r ,  a s  both l oops EF and GH are 

re l a t i ve mob i l e  the d i f f erences may not be funct i ona l s i gn i f i cant 

and may s imp l y  be a resu l t  o f  c ry s t a l  packing and c ry s t a l  grm,th 

cond i t i on s . 

F i gu r e  6 2 3 - 2 : Superpo s i t ion o f  BLGA ( t hin l in e s ) and 
BLGA - BrC 1 2  ( t h i c k  l i nes ) 

S im i l a r  t o  the ca d i s p l a cement s ,  the �/� ang l e s of pep t i de p l an e s  a l s o  

have m i n ima l d i f f erences between the nat ive BLG.Z\. and l i gand-bound BLGA . 

F i gu r e s  6 2 3 - 1b and 6 2 3 - 1 c ShOVl the d i f f e rences o f  the �j� ang l e s . The 

va lue o f  l i g and - bound BLGA i s  r ep re s en t e d  by the boxed p i n  p o i nt s , 1tJh i l e  

the va l u e  o f  nat ive BLGA i s  repr e s en t e d by the t ip o f  the l i n e s . The 

neg l i g i b l e  i n f luence o f  l i gand ( B rC 1 2 ) has on t he ove ra l l  bov i n e  BLG 

s t ructure may not be the common i s s ue , a s  sugge s t e d by the b i nd i n g  o f  5 -

doxy l s t e a r i c  ac i d  ( 5 -DSA ) , 1 2 - doxy l s t ear i c  a c i d  ( 1 2 -DSA ) and 1 6 -

doxy l s t e a r i c  ac i d  ( 1 6 -DSA )  to bov i n e  BLG . The s e  f a t ty a c i d  der ivat i ve s  

a r e  p r op o s ed t o  b i nd o n  the out s i de o f  the BLG ca lyx [ Narayan and 

B e r l i ne r ,  1 9 9 7 ] and t h i s  b i nding is s en s i t ive to modi f i c a t i o n  of Cy s 1 2 1  
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[ Narayan and B e r l ine r ,  1 9 9 8 J . I f  t h e  b i nding o f  the DSA s e r i e s  i s  l o ca t e d  

a t  the m i n o r  l i gand b i nding s i t e  o f  BLG ( s e e  s e c t i on 5 . 1 0 . 2 ) , p r o f ound 

s t ruc t ur a l  d i s t u rban c e  of bov i n e  BLG is exp e c t e d  on b in d i n g . 

F i gure 6 2 3  3 :  S t r u c tural change o f  GH a f t e r  1 b i nding . 
B LG A  ( th i n  l in e s ) ,  BLGA - B r C 1 2  ( t h i c k  l i n e s ) 

6 . 2 . 4  The p o t e nt ia l r o l e  o f  a c i d  b i nd i ng t o  bovine g - lobu l i n 

The r e t i no l - b i nding ab i l i ty o f  bo-v i n e  g - l a c t o g l obu l i n has r ema ined a 

f o c a l  p o i n t  o f  r e s ea r c h  f or a l ong t ime , as de s c r ibed in s e c t ion 2 . 5 . 2 .  

HOVleve r ,  d e s p i t e  indi r e ct exp e r iment a l  s upp o r t  f o r  i n  ·v1. vo i n t e rac t ion , 

the p r e s e n c e  o f  r e t i n o l  bound t o  bovine g - l a c t o g l obu l in i n  mi l k  has n o t  

s o  f a r  b e e n  d e t e c t e d  [ Neut eboom e t  a l . ,  1 9 9 2 J . Mos t  o f  t h e  r e t i n o l  i n  

mi l k  i s  f ound e s t e r i f i e d  "ji th f a t t y a c i d s  [ Sm i t h  and Abraham , 1 9 7 8 J . 

Re t i n o l  bound t o  bovine g - l ac t o g l obu l i n in ,.-'·i tro c an be d i s p l ac e d  by 

B rC 1 2  [ C r eamer , 1 9 9 8 J . The se dat a  sugge s t  that the o f  ::atty a c i ds 

t o  bovi n e  g - l ac t og l obu l i n may p a spe c i a l  b i o  i ca l  f un c t i on . 

The rum i nant pharyn g e a l  l i pas e ,  a l s o  ca l l ed p r e ga s t r i c  l ip a s e  ( Ee 
3 . 1 . 1 . 3 ) , i s  s e cret e d  f r om g l ands in the proxima l - do r s a l  s i de o f  t h e  

t ongue , t h e  s o f t  p a l a t e  and t he an t e r ior por t i on o f  t h e  e s ophagu s [ Mo r e au 

e t  a l . ,  1 9 8 8 ] . I t s  a c t ivity i s  h i gher in nevlborn anima l s  and i s  f o l l owed 

by a marked decrease in a c t ivity as the an ima l b e c ome s o l d e r . Th i s  l ip a s e  

part i c i p a t e s  i n  l ip i d  d i g e s t ion i n  t he s t omac h ,  and t h e  opt ima l pH ran g e s  

f rom 4 . 0  t o  6 . 0 .  P r e g a s t r i c  l ip a s e  i s  very s t ab l e  t o  l ow p H  a n d  p ep s i n 

degr a da t i on and i s  very imp o r t ant in newborn and y oung a n ima l s  b e c au s e  
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the i r  p a n c re a t i c  l ipase and bi l e  s a l t s  a r e  l ow [Merchant e t  al . ,  1 9 8 7 ] . 

Howeve r ,  p r e ga s t r i c  l ip a s e  i s  subj e c t ed to s t rong i nh i b i t i on f r e e  

f a t ty a c i d s , the p rodu c t s  o f  t h e  l ipa s e . Th i s  inhi b i t ion c a n  b e  p r even t e d  

o n ly w h e n  f r e e  f a t ty a c ids a r e  r emoved [ Be rnback e t  a l . ,  1 9 9 0 J . 

Remarka b l y , the a c t  o f  rum i nant c l ip a s e  mor e  t han doub l e s  

i n  t h e  p r e s e n c e  o f  bovine g - l a c t o g l obu l i n  concen t r a t i o n s  r a n g i n g  f rom 1 0  

t o  2 0  wh i ch corr espond t o  prot e in l e ve l s  f ound the 

c o l os t r a l  [ Pe r e z  e t  a l . ,  1 9 9 2 ; P e rva i z  and B r evI ,  1 9 8 5] . E-Jen 

bovine s erum a l bum i n  b i nd s  f r ee a c i d s  and incr e a s e s  

the a c t i v i ty o f  prega s t r i c  l i p a s e  [ Bernback e t  a l . ,  1 9 9 0 ; Kami n s ky e t  

a l . ,  1 9 8 8 ] , the concen t r a t ion o f  a lbumin requ i red t o  doub l e  t h e  a c t ivity 

of l ip a s e  is between 5 - 10 mg /ml , wh i ch is mu ch g r e a t e r  t ha n  t ha t  found 

e i ther in c o l o s t rum o r  in the m i l k  of ruminant s [ Fe r e z et a l . ,  1 9 8 9 ] . 

Thus , t h e  pot ent i a l  b i o l og i c a l  r o l e  o f  bov ine g - l a c t o g l obu l i n c ou l d  b e  

t o  a i d  m i l k - f a t  d i g e s t  i o n  i n  newborn 
. , an lma J.. S p romo t i n g  pregas t r i c  

l ip a s e  a c t i v i ty [ Pe re z  e t  a l . ,  1 9 9 2 J . 

6 . 3  The s tructural consequenc e s  o f  po int mut a t i on s  o f  BLG 

6 . 3 . 1  s t ructure o f  BLGA and BLGB 

The u n i t  c e l l  parame t e r s  of c ry s t a l s  of BLGB in l at t i c e  Z at pH 7 . 1  a r e  

s im i l a r  t o  tho s e  o f  BLGA in l a t t i c e Z at pH 3 . 2 ,  a s  de t a i l e d i n  Tab l e  

4 6 7 - 2 . B e ca u s e  the sur face o f  BLGB a t  p H  7 . :  i s  d i f f e r e n t  f rom that o f  

BLGA a t  p H  8 . 2 ,  due t o  the loop E F  adopt ing a di f f er e n t  c o n f ormat i on i n  

t he s e  two k inds o f  mo l e cu l e s , t h i s  s irgi l a r i ty i s  i r r e l evant t o  t he 

mo l e cu l a r  s u r fa ce ; s e e  ac c e s s ib l e  sur f a c e  a r e a  o f  BLGs i n  Tab l e  5 2 5 - 1 . 

BLGB ' s  a c c e s s i b l e sur f ace a r e a  bears a s imi l a r i ty t o  tha t f or BLGA at pH 

6 . 2 .  

The BLGB mo l e cu l e s  a r e  packed i n  t he same mann e r  i n  l a t t i c e Z a s  the BLGA 

mo l e cu l e s . The t h r e e  typ e s  o f  i n t e r f a c e  o f  BLG i n  l a t t i c e  Z a r e  

c on s e rve d . From the d i agram show i ng the d i sp l acement s o f  ca a t oms o f  

BLGB a n d  BLGA at p H  7 . 1 ( F igure 6 3 1 - 1 ) , c o n f o rma t i o n a l  changes f or 

r e s  i du e s  i nvo l ved i n  the s e  three int er f a c e s  are r evea l ed . The " d imer 

i n t e r f a c e " and the " l ock and key " i n t e r f a c e s  are l arge ly una f f e c t e d  by 

the po i n t  mut a t i on s , whi l e  the " l oop i n t e r f a c e " d i f f e r s . 
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F i gure 6 3 1 - 1 : D i sp l a c emen t s  of  c a  atoms f or t h e  superpos i t ion 
o f  BLGA at pH 7 . 1  and BLGB at pH 7 . 1 .  Twi c e  the rms d i sp lacement 
i s  drawn i n , as a r e f erence l ine for s igni f i cance of change . 

6 . 3 . 2  D i sp lacement s and the tor s ional change s  due to po i n t  mutat ions 

In BLGA , Asp 6 4  has been replaced by Gly 6 4  in BLGB . One less negat ive 

charge at neutral pH and a l e s s  bul ky s ide cha i n  mo i e ty have brought 

subt l e  c hanges to the s e  two var iants around pos i t i on 6 4 . The d i f ference 

i n  c a  pos i t ions for res i du e  6 4  is 1 . 3 2 A ,  the largest d i f f erence except 

for l oop EF . Other ca d i s p l acements have the maxi mum sma l l er than 0 . 7 A ,  
i n  g e n e ra l . S evera l regions o f  minor d i sp lacemen t , f o r  examp l e , around 

r e s i du e s  1 8 ,  3 8 ,  6 4 , 87 , 1 1 0 ,  1 2 8  and 1 5 8 , can b e  i so la t e d  f rom the ca 

pa i rw i s e  d i sp l acement p lot , F i gure 6 3 1 - 1 . Around r e s i due 6 4 , the 

d i sp l a c ement may be the r e s u l t  of  the point mutat ion D 6 4G ,  whi l e  other 

reg i o n s  o f  minor d i splacement m i ght be random , except f o r  res idue 89 and 

around whi ch are the res u l t s  of con forma t i onal c hange o f  l oop EF . L i ke 

bov i n e  BLGA , the loop C D ,  C - t e rminus and d i su l f i de bond Cys 6 6 - 1 6 0  are 

we l l  de f ined regions of  bovine BLGB ; s e e  F igure 6 3 2 - 1 . The or i entat i on 

o f  the s ide cha in of Glu 6 5  in BLGB i s  para l l e l  t o  a p l ane formed by the 

Ca a t oms o f  r e s i dues 62  - 6 6 ,  whi l e  that of  BLGA i s  p e rpend i cular to t h i s  

p lane . The tors ion ang l e s  o f  t h e  s ide chains o f  G l u 6 2  and Asn 6 3  are a l so 

d i f f e r ent between these var iant s , but not as o bv i ou s ly as Glu 6 5 . The 

i n f luence of the point mut at ion D64G on the atom coordinat es i s  c l ear 

for the loop CD . As the l oop CD is on the surface of bovine BLG mo l e c u l e ,  

the e l e c t r i ca l  charge d i s t r i but ion on the sur f a c e  o f  bovine BLGA and 
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BLGB , e spec i a l ly around re s idue 6 4 , shou l d  not be the same . 

F igure 6 3 2 - 1  : 2Fo-Fc e l ect ron den s ity map of l oop CD 
of BLGB ( th i ck l in es ) , for r e f e rence , BLGA ( pH 7 . 1 ) l S  
drawn i n  thin l ines . 

Figure 6 3 2 - 2 : 2 Fo -Fc e l ect ron dens i ty map around A 1 l 8  
of  BLGB ( th i ck l ines ) ,  for r e f e rence , BLGA ( pH 7 . 1 ) i s  
drawn i n  thin l ines . 

Discussion 

Another point mutat ion s i t e  Vl 1 8A i s  l ocated on the g - s heet 1 1  o f  bovi n e  

BLG mo l e cu l e . Thi s  mutat ion s i te i s  n e a r  the d i su l f i de bond Cys 1 0 6 -

Cys l 1 9 , and i s  l oo s e ly sandwi ched between two Met res i dues ( Met 1 0 7  and 

Met 2 4 ) , as shown in F i gure 6 3 2 - 2 . In contra s t  to loop CD ( average B f a c t o r  
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8 2 . 4 1 ) ,  B - s he e t  1 1  i s  a qu i t e  r i g i d  r e g i on in the bov i n e  BLG mo l e c u l e  

w i t h  an aver a g e  B f a c t o r  o n ly 4 2 . 2 3 . Except f o r  the t o r s ion a n g l e  o f  

the s i d e  cha i n  o f  Me t l 0 7 , n o  n o t i ce ab l e  chang e s  o c cur around the p o i n t  

mut a t i o n  s i t e  Vl l SA . 

- 9 0 o 1 8 0  phi 

9 0  

o 

9 

p s i 

! 
- 1 8 0  k-�� __ ����*-� __ � __ � ____ � __ -L __ � ____ L-__ -L __ � 

F i gu r e  6 3 2 - 3 : C o n f orma t i o n a l  prop e r t i e s  o f  BLGB comp a r e d  vli t h  BLGA 

in l a t t i c e Z at pH 7 . 1 .  

( a ) . Ramachandran p l o t  o f  BLGB and BLGA i n  l a t t i c e  Z a t  pH 7 . 1 ,  

G l y c i n e s  a r e  s hown a s  s qu a re s . 

BLGB h a s  o n e  r e s i du e , 'T'yr 9 9  , f a l l i ng i n t o  a d i s a 1 l ovled Ramachandran 

p l ot a re a ; s e e  Fi gure 6 3 2 - 3 a . As w i t h  B LGA , 'T'yr 9 9  of BLGB is at t he c e n t e r  

o f  a y- t ur n  wh i ch i s  s t ab i l i z e d  b y  a s p e c i a l  hydrogen bond n e two r k  i n  t h e  

b o t t om r e g i o n  o f  bov ine BLG . T h e  p a i rw i s e  cp/\jf a n g l e s  BLGA a n d  B LGB a r e  

s hown i n  F i gu r e  6 3 2 - 3 b and 6 3 2 - 3 c . The t ip s  o f  t h e  l i n e s r ep r e s en t  t h e  

value s o f  cp/\jf ang l e s  f o r  BLGA , wh i l e  t h e  boxed dot s  repr e s e n t  t h e  va l u e s  

o f  cp/\jf a n g l e s  f or BLGB . O f  a l l  t h e  r e s i du e s  o f  BLGA a n d  B LGB , d i f f er e n c e s  

a r e  n o t i c ea b l e  o n l y  a t  a f ew r e s i du e s  a n d  mo s t  o f  t h e s e  have n o  

s ign i f i ca n c e  what s o e ve r . For examp l e , r e s i du e s  8 '7  , f 8 9  and 9 0  a r e  

d i f f e re n t  i n  t he i r \jf ang l e s , wh i l e r e s i du e s  8 7  a n d  8 9  have s i gn i f i ca n t ly 

d i f f e r e n t  cP ang l e s . The s e  d i f f e r e nc e s  are t he r e s u l t  o f  t he di f f e r e n t  
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F i gu r e  6 3 2 - 3 : Con f o rma t i ona l prope r t i e s  o f  BLGB compar e d  w i t h  BLGA a t  pH 7 . 1  i n  l a t t i ce Z .  

( b )  <p va l u e s  for BLGA ( l i n e s ) and BLGB ( boxed dot s ) a t  pH 7 . l .  S i gn i f i ca n t  chang e s  a r e  marked by numbe red 

r e s i du e s . 

( c )  � va l u e s  f o r  BLGA ( l i n e s ) and BLGB ( boxed dot s )  a t  pH 7 . 1 . S i g n i f i c a n t  changes a r e  ma rked by numbe red 

r e s i du e s . 

I--' 



Chapter 6 

6 . 3 . 3  B LG calyx and han d l e  

Discussion 

The c a lyx o f  BLG i s  compr i s ed o f  g - she e t  I ,  g - s h e e t  1 1  and bot t om o f  B LG . 

The g - s heet 1 1  conta i n s  one o f  the p o int mut a t i ons , V1 1 SA .  Neg l i g i b l e  

d i s turbance i s  i n t roduced t o  the BLG s t ructure by t h i s  p o int mu t a t i on . 

The ave rage d i sp l acemen t s  o f  the ca a t oms o f  t he s e  ( BLGB vs . BLGA a t  pH 

7 . 1 ) r e g i on s  a r e  r e l a t ive i n s i gn i f i cant . F rom F i gure 6 3 1 - 1 ,  t he 

d i s p 1 a c emen t s  o f  ca atoms a f t e r  the l oop EF , are re l a t ive l e s s  t han 

t ho s e  of ca b e f o r e  l oop EF . The overa l l  B f a c t or s  of g - shee t I o f  both 

BLGA and BLGB a t  pH 7 . 1  are l a rger than t h o s e  o f  g - sheet 1 1 ,  a s  evi denced 

in Tabl e  5 2 4 - 1 . 

6 . 3 . 4  reg ion o f  BLG mo l e c u l e  

The t op reg i on o f  B L G  i s  compr i s ed o f  s e ve r a l  l o op s . CD con t a i n s  a 

p o i n t  mut at i on ,  D 6 4G ,  wh i ch has been d i s cu s s e d  i n  6 . 3 . 2 .  Ano ther l oop in 

the t op reg i on ,  l oop EF , d i f f e r s  great be twe en var i an t s  A and B a t  t he 

s ame pH 7 . 1 ;  s e e  F i gure 6 3 4 - 1 . 

F i gure 63 4 - 1  Loop EF i n  BLGA ( thin l i n e s ) and BLGB ( t h i c k  
l i n e s ) a t  pH 7 . 1 , s howing change s  in con f o rmat i o n . 

Loop EF i n  var i an t  A at p H  7 . 1  i s  open , a l l owing a c c e s s  t o  the i n t e r i o r  

o f  t he BLGA c a lyx . Howeve r , in B LGB a t  p H  7 . 1  l oop E F  i s  c l o s ed . Th i s  

provides f u r t her evidence that l oop E F  i s  a p H - s en s i t ive part o f  the BLG 

mo l e cu l e . Even though t he l oop EF i n  BLGB at pH 7 . 1  and t ha t  in BLGA at 

p H  6 . 2 are both c l o s ed , the con f o rmat i on s  are not the s ame ; s e e  F i gure 

5 3 4 - 3 . Such dat a sugg e s t  t ha t  G lu 8 9  i n  BLGB is r e l ea s e d  a t  a h i gher pH 

cond i t ion t han that in BLGA . The c ry s t a l l ograph i c  r e sul t for l oop EF i s  
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incons i s tent with early t i trat ion researches [ Tanford and Nozaki , 1 9 5 9 ;  

Basch and Timashe f f ,  1 9 6 7 ] . The t i tration experiments sugges t  that both 

variants A and B have s imilar pH turning point s . However , the opt ical 

rotat ion spec tra f or var iants A and B over pH range 6 to 7 are dif ferent ; 

only above pH 7 do the spectra becomes ind i s t inguishab l e  [ Timashe f f  e t  

al . ,  1 9 6 6 ] , as s hown i n  Figure 6 3 4 - 2 . 

200 

� oo 

�o 

� - - .,  
_ .  , • D i f fers ,- - • . _ I 

I "  • 

L 

• - A - Z�· 
.. - 8 - 25-
• - c - 2!) 

in 

600L-��----�6----��--�10�--�_ 
p H  

Change with p H  o f  the optical ro14tory 
dispersion n, pnrumct.er for the /I·lactoglolmlins. 
The dnshed line between pH 6 and 7 represenLs 
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ariants 

Figure 6 3 4 - 2 : Opt ical rotation spec t ra o f  BLGA and BLGB 
[ Timashef f  e t  al . ,  1 9 6 6 ]  

The di s tance f rom the ca atom o f  Gly64 t o  tha t o f  Leu8 7  i n  BLGB i s  1 8 . 8 2 

A ;  f rom the ca atom o f  Ala 1 1 8  to that o f  Leu 8 7  i s  1 0 . 8 6 A ;  the 

corresponding dis tances in BLGA at pH 7 . 1  are 2 5 . 6 3 A ,  and 1 7 . 7 0 A .  These 

numbers sugges t  that loop EF is far from both point mut a t i on s i tes . An 

explanat ion o f  why l oop EF adopt s  di f f erent conformat ions in var iants A 

and B involves a detai led understanding o f  the Tanford trans i t on .  Even 

though the s t ructural bas is o f  the Tanford trans i t i on has been 

demonstrated previ ous ly [ Qin e t  al . ,  1 9 9 8 ] , the mechanism of thi s 

trans i t i on i s  uncertain at thi s s t age . The di f ference o f  conformations 

of l oop EF in variants A and B may be the resu l t  of the point mutations , 

or , more l ikely , i t  i s  the resul t o f  the crys tal l i zation proces s . The pH 

i s  c l o s e  to that for the mid point o f  the Tanford trans i t i on for both 

variants A and B in solution . Because the Tanford t rans iti on is 

revers ibl e ,  around this pH , both conformat i ons for l oop EF are l ike ly to 
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ex i s t  i n  s o l u t i on s  of BLGB and BLGA . The c rys t a l l i za t i on p r o c e s s  a c t s  a s  

a s e l e c tor that a c cep t s  on one c o n f o rmat ion f o r  l oo p  EF i n  the c ry s t a l  

l at t i c e ,  and t h e r e by a f a l s e  i mp r e s s ion t ha t  i n  s o lu t i o n  and s o l i d  

s t a t e  t h e r e  a r e  i n t r in s i c a l  d i f f e r e n t  c o n f ormat i o n s  o f  l oop EF f o r  BLGA 

and BLGB . 

6 . 4 S t ructural c ompari s on s  o f  bovine BLG in latt i c e s  X ,  Y and Z 

6 . 4 . 1  Cry s t a l  p arame t e rs and mo l e c u l ar p a c k i n g  

T h e  PDB f i l e  f o r  BLG i n  l a t t i c e  X '",a s  ret r i eved ( code numb e r , 1 be b , 

depos i t e d  Y ewda l l  e t  a l . w i t h  r e s o lu t ion range 1 5  - 1 . 8  A a n d  R 

0 . 1 8 1  ( R f  = 0 . 2 4 3 ) ) .  The p r o t e in s amp l e  in the l a t t i c e  X s i s  a 

mixture o f  var i ants A and B .  The p r imary s t ru c tu r e  o f  t h e  PDB f i l e  

r e f l e c t s  t h i s  f act : and Va 1 1 1 8 . 4 i s  charac t e r i s t i c  o f  BLGB 

and Va 1 1 1 8  i s  c hara c t e r i s t i c  of BLGA . The PDB f i l e f o r  BLGA i n  l a t t i c e  

Y h a s  b e e n  G . B . Jame s o n  w i t h  res o l ut ion range 1 0  - 1 . 9  A and 

R 0 . 1 9 0 . 2 4 ) . The s im i l ar i t i e s  and d i f f e r e n c e s  i n  

pa rame t e r s  o f  t he s e  three l at t i c e s  have be e n  s umma r i z e d  i n  Tab l e  6 4 1 - 1 . 

The mo l e cu l a r  o f  BLG i s  qu i t e  di f f e r e n t  i n  the s e  t h r e e  l a t t i c e  

type s . B a s e d  o n  the mo l e cu l a r  p a c k i ng o f  BLGA i n  l at t i c e  Z ,  a s  d e t a i l e d  

i n  s e c t i on 5 . 9 ,  the mo l e cu l ar p a c k i ng o f  bov i n e  B L G  i n  l at t i c e s  Y and X 

i s  d i s cu s s e d  be l ow . 

Tab l e  6 4 1 - 1  Cry s t a l  parame t e r s  o f  BLG i n  l a t t i c e  X ,  Y and Z 
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The space group o f  lattice X of BLG is P 1 ; the uni t  ce l l  contains only 

one asymme t r i c  uni t  wi th two molecules ins ide . The packing i s  i l lus trated 

in Figure 6 4 1 - 1 . Thes e  two BLG mol ecules are related by a l ocal non

crys tal l ographic two- fold symmetry axi s , and form a dimer interface 

s imi lar but not identical to that for BLG in latt ice Z .  The V-shaped 

gorge o f  the dimer inter face of BLG in latt ice X is mor e  open than that 

in lattice Z ;  s ee Figure 6 4 1 - 2 . The " lock and key " inter face and the loop 

inter face do not exi s t  in lattice X .  The " key " , Lys 8 i s  moved away from 

the sur face ho l e , as shown in Figure 5 2 5 - 5  for BLGA in l a t t i c e  Z ,  and i s  

c l o s e  to loop C D  from one mo lecule and loop GH f rom another mo lecule . 

The BLG dimers in lattice Z are chained together in a l i near array through 

the " lock and key " inter faces ; see sect ion 5 . 9 .  The BLG dimers in lattice 

X are also packed in a l inear array , but in di f ferent way . The bottom 

region o f  chain A in the dimer faces the bot tom region o f  chain B o f  

ano ther dimer , and vi ce versa . Through such " bo t t om : bot t om "  inter faces , 

the BLG dimers in lattice X f orm a l inear array which i s  parallel to the 

c axi s  o f  the unit cell of lattice X ;  see Figure 6 4 1 - 1 . 

Figure 6 4 1 - 1 : Linear array o f  BLG i n  t r i c l inic 
lattice X 

The spac e group o f  lattice Y o f  bovine BLG i s  C2 2 2 1 ;  the uni t  cell 

contains e i ght asymme tric uni t s  each wi th one mo lecule inside . The dimer 

interface o f  BLGA in lat t i c e  Y is a l s o  cons erve d . Relat ive to BLGA in 

l a t t ice Z ,  there is an even larger rotation o f  the s econd monomer of the 

dimer for lattice Y compared to lattice X ,  as i l lustrated in Figure 6 4 1 -

2 .  I n  contrast to the dimer interfaces i n  lattices  X and Z ,  where the V-
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s haped gorges are free o f  other mo l ecu l e s  ( except f or wat e r  mo l ecu l e s ) ,  

the wide gorge o f  the dimer i n t e r f a c e  of  latt i c e  Y cont a i n s  by two Lys 7 7  

s ide cha i n s  f rom neighbo r i ng mo l e cu l e s , whi ch a r e  r e l a t e d  by two - fold 

symme t ry . A s imi lar loop inter face i s  observabl e  i n  l at t i c e  Y ,  with loop 

EF approach i ng the ca lyx of i t s  symmetry-re lated BLG mo l e cu l e . 

The dimer i n  l at t i ce Y f o rms cha i n s  i n  a manner s imi lar to that in latt i c e  

X .  The r e f or e , the " bottom : bot tom "  i n t er face i s  a l s o  obs e rved in l at t i ce 

Y .  Ther e  a r e  two " bottom : bot tom " d imer arrays r e l a t e d  by a two - fold 

rotat i on axi s  found in l at t i c e  Y .  The s e  two symme t r i ca l ly r e lated dimer 

arrays further generate the i r  two - f o l d  symmet ry mate s  in l a t t i c e  Y .  

F i gure 6 4 1 - 2 : D i f ferences i n  the dimer i n t e r face f o r  BLG 
in lat t i ce s  X ,  Y and Z 

The BLG d imers i n  lat t i c e s  X ,  Y and Z are super impo s e d  to minimi s e  
the c a  d i splacement s o f  o n e  o f  the monomers . As a r e su l t , t h e  C a  
d i s p la c ements of  t he other monomer in the BLG d imer w i l l  b e  
amp l i f i ed .  Lat t i ce s  X ( th i n  l ines ) , Y ( medium l in e s ) and Z ( th i ck 
l ine s ) . 
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Tr i v i a l  d i f ferences can be i dent i f i e d  in the s e  three reg i on s , as det a i led 

in F i gure 6 4 2 - 1 ,  the plot of ca d i splacemen t s  of  bovine BLG i n  d i f f e rent 

lat t i ce s . Thi s  suggests that t he BLG ca lyx is cons e rved t hrough d i f f erent 

lat t i c e  typ e s . However , the ca l i c e s  in di f f erent lat t i c e s  may vary in 

t e rms o f  t he ent rance acces s ib i l i t i e s . In latt i c e  Z ,  whe r e  the entrances 

to the ca lyx face to each othe r , it i s  not as easy for t he l igand to 

d i f fuse i n t o  the calyx as i n  lat t i ce Y .  The entrance to the BLG ca lyx i n  

lat t i c e  X i s  blocked , due to the c losed conforma t ion o f  loop EF . The 

di f f i c u l ty in the l igand b indi ng exper iment for c ry s t a l l ine BLG may be 

caus ed by the impos s ib i l i t y  for l igands to d i f fuse i nto the binding s i t e . 

6 . 4 . 3  Han d l e  reg ion 

Whi l e the handl e  regions of BLG in l att i c e  X and Z a r e  cons e rved , the 

handl e  reg i on of the BLG mo l e c u l e s  in latt i c e  Y i s  twi s t e d  compared to 

t hos e of lat t i c e  X and Z .  The a-H he l ix of BLG in lat t i ce Y is shi f ted 

down t owards the bot tom reg ion by 0 . 7 5 A - 1 . 0 5 A, a s  shown i n  F i gure 

6 4 3 - 1 . Thi s  causes the r e g i on f r om res idue 1 2 5  t o  1 3 0 to adopt a qu i t e  

d i f ferent con forma t i on compared t o  latt i c e s  X and Z ;  a s  i s  a l s o  apparent 

in the p lot of ca d i splac emen t s  ( F igure 6 4 2 - 1 ) . 

F i gure 6 4 3 - 1  : Pos i t i on of a-H he l ix in three l at t i c e s  
X ( thin l ines ) , Y ( medium l ines ) and Z ( th i c k  l ine s ) , 
r e l at ive to superpos i t ions o f  the who l e  mo l e cu l e . 
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S t rand �- I and C - terminus o f  BLG in latt i c e  Y are a l s o  d i f f e rent f rom 

those o f  bovine BLG in l at t i c e s  X and Z .  The a - 3  he l ix i s  poor ly de f i ned 

i n  lat t i c e  y ,  but exi s t s  in both lat t ices X and Z .  Another part o f  handl e 

region , the N - t e rminus , whi ch i s  omi tted in lat t i ce X ,  i s  qu i t e  d i f f erent 

i n  lat t i c e s  Y and Z .  Thi s  can be evidenced by the plot of c a  d i splacement s 

o f  F i gure 6 4 2 - 1 . 

6 . 4 . 4  Top region 

The top region o f  BLG conta i n s  four loops : loop AB ( re s i du e s  2 8  - 3 9 ) , 

CD ( re s idues 6 0  - 6 6 ) , EF ( re s idues 8 6  - 9 0 )  and GH ( re s idues 1 0 9 - 1 1 6 ) . 

The d i s p lacement s  o f  ca atoms in t h i s  region are s hown in F igure 6 4 2 - 1 . 

Wh i l e the change of con format ions o f  loops AB , CD and GH i s  obs ervab l e , 

the d i sp l acements of the ca a t oms o f  loop EF are d i s t inct ive , e spe c i a l ly 

compar ing l at t i ce Y w i t h  lat t i c e  X .  The loop EF o f  BLG in l a t t i c e  Y adop t s  

a n  open conformat ion , whi l e t hat o f  BLG in latt i c e  X i s  c l o s ed , as  s hown 

in F i gure 6 4 4 - 1 . 

I 
�er 1 16 X 

F igure 6 4 4 - 1 : Loop E F  o f  BLG i n  latt i c e  X ( th i n )  and Y ( th i ck ) , 
superpo s i t ion bas ed on the who le mo l e cule . ( Note the s i de cha in 
o f  Glu8 9 in latt i c e  Y is d i s o rdered ) 

Tak ing into account the pH condi t ions o f  cry s ta l l i zat i on of l a t t i c e  X 

( ac i d  pH s ide of the Tan ford t ran s i t i on )  and lat t i ce Y ( s l ight ly above 

neu t r a l  pH ) , the con format i on of loop EF i s  cons i s t ent w i t h  the r e su l t s  

o f  the s t ructures of  BLGA i n  l at t i ce Z a t  pH 7 . 1  and p H  6 . 2 .  Thi s  g ives 

further support to the hypothe s i s  that the conformat ion changes in loop 

EF are the pH- dependent rather than latt ice typ e - dependent . 
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Based on the f a c t s  that the Tanford t rans it ion of BLG requ i r e s  a bur i e d  

COOH group a t  low p H  a n d  that the G l u 8 9  i s  the only bur i ed r e s i due with 

a COOH mo i ety obs erva b l e  in the latt i c e  X s t ructur e , Brown low e t  a l . 

( 1 9 9 7 ) made a t entat ive sugg e s t ion about the r o l e  o f  G l u 8 9  in the Tanford 

t rans i t ion . However , w i t h  the N - t e rminus unde f ined in latt i c e  X ,  l eading 

to the apparent exposure of Glu l 0 8 , whi ch in lat t i ce Z is bur i e d  by the 

N - t e rminus , the evidenc e  support ing the a s s igment of G l u 8 9  to the Tan ford 

t rans i t ion was equivoca l , unt i l  the s t ructures o f  BLGA in lat t i ce Z [ Q in 

e t  al . ,  1 9 9 8 ] . 

6 . 4 . 5  D i su l f i de bonds 

The d i su l f ide bond Cys l 0 6 - Cys l 1 9  i s  obs e rvabl e  in the three latt i ce 

type s . Thi s  d i sul f i de bond i s  located in �- sheet 1 1 ,  in a region whe r e  

the po lypept i de chain o f  bovine BLG i s  r e l a t ively very r i g i d . Another 

d i su l f ide bond , Cys 6 6 -Cys 1 6 0 , l i nks f l exible loop CD to the C - t e rminus . 

Whi l e  t h i s  d i s u f ide b r i dge and n e i ghbor ing re s i dues are c l ea r ly de f ined 

i n  lat t i ce Z ,  they are l e s s  de f ined in latt i c e s  X [ Brown low et a l . ,  1 9 9 7 ] 

and Y .  F igure 6 4 2 - 1  shows c learly that BLGA in lat t ice Y f o l lows a 

s omewhat d i f f erent path than that in lat t i ce Z ( or X ) , beg i n n i ng at 

r e s i due 1 5 2 . 

6 . 5  Structural relat i onship o f  BLG with other l ipoc a l ins 

6 . 5 . 1  Sourc e  o f  tert iary s t ructu r e s  and the cry s t a l  parame t e r s  

The PDB f i l e  f o r  ret ino l -b inding prot e in , RBP , r e t r i eved f rom t h e  PDB 

was depo s i t ed by Zanot t i  e t  a l . Re f i nement used data in the range 9 -

1 . 9  A ,  l eading to R = 0 . 1 8 4  ( R: not mon itored ) .  The PDB f i l e  f o r  bi l in 

binding prot e in ,  BBP , r e t r i eved f r om the PDB was depo s i t ed by Huber e t  

a l . Re f inement used data i n  the range 2 5 . 0  - 2 . 0  A ,  l eading t o  R = 0 . 2  

( Rf not mon i tored ) . The pdb f i l e  for odorant -bi nding prot e i n ,  OB P ,  

r e t r i eved f rom PDB bank [ B ianchet e t  a l . ,  1 9 9 6 ] . Re f inement u s ed data in 

the range 6 .  0 2 . 2 A ,  l eading to R 0 . 1 9 ( R: NULL ) Bovine �-

lactoglobu l i n ,  whi ch is  abl e  to produce severa l c ry s t a l  f orms , is  

represented by BLGA in lat t ice Z at pH 7 . 1 ;  see deta i l s  in Tabl e  6 5 1 - 1 . 
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Tabl e  6 5 1 - 1  Crys tal parameters o f  se lected l ipocal ins 

Pro t e in BLG RBP OBP BBP 

PDB C ode N . A .  1 fem 1pbo 1bbp 

R ( R f ) 0 . 2 3 3 ( 0 . 2 7 9 )  0 . 1 8 4 ( N . A . ) 0 . 1 9 ( NULL ) 0 . 2 0 ( N . A . ) 

Res o lut i on ( A )  1 5 - 2 . 2 4 9 - 1 . 9 6 . 0 -2 . 2  2 5 . 0 - 2 . 0  
Crys t a l  sys tem Tri gona l Orthorhomb i c  Monoc l in i c  Orthorhomb i c  
Space group P 3 2 2 1  P2 1 2 l 2 l  P l 2 l 1  P 2 1 2 1 2  

a , b , e ( A )  5 4 . 0  5 4 . 0  1 1 2 . 4  4 6 . 2  4 8 . 8  7 5 . 8  5 5 . 9  6 5 . 5  4 2 . 7  1 3 2 . 1  1 2 1 . 9  6 3 . 8  

a , 13 , y  ( 0 )  9 0 . 0  9 0 . 0  1 2 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  9 8 . 8  9 0 . 0  9 0 . 0  9 0 . 0  9 0 . 0  
mo l e c  . / asym . 1 1 2 4 
asym . / ce l l  8 4 2 4 

6 . 5 . 2  Pr imary s t ruc ture analys i s  

Table 6 5 2 - 1 : Structural a l ignment o f  four l ipocal ins wi th respect to 

secondary s t ruc ture 

N- terminus 1 3  is-A 3 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BLG . . . . . .  . LIV TQTMKGLDI Q  K . VAGTWYSLAM AAS ) D I S LLDAQSA PL 
RBP . . ERDCRVSS FRVKENFDKA RF . AGTWYAMAK KD . ) . . . . . .  PEG . 
BBP NVYHDGACPE VKPVDNFDWS N .  YHGKWWEVAK YP . ) . .  NSVEKYGK 
OBP . . . . . .  . AQE EEAEQNLSE . LSGPWRTVYI GST ) NPEKIQ . ENG PF 

Consensus . . . . . . . . .  e . . . . .  N fD . .  . aGtWy . vAk ) . . . . . . .  eg . 
is-B ) 5 1 [ is - C  1 6 5 [ is-D 

BLG . . . .  RVYVEE LKPTP E [ . GDLEILLQK WE . . .  NGE · . . .  CAQKKI lAEKTK 
RBP LFLQDNIVAE FSVDE N [ . GHMSATAKG RVRLL N . .  NWDVCADMVG TFTDTE 
BBP . . . .  . CGWAE YTPE . G [ KSVKVSNYHV IH . . .  . G  . · . . . .  KEYFI EGTAY . 
OBP . . .  . RTYFRE LVFDD E [ KGTVDFYFSV KRD . .  . G  . KWK . . .  NVHV KATKQD 

C onsensus . . . .  r . yvaE l . pd . [ . G . . . . . . .  v . G .  · . . . .  a . . .  i . aTkt . 
7 8  is-E ) 8 8  [ is-F ) 1 0 0  [ is-G 

BLG I P  . . . .  AVFKI D  . . . .  ) ALN . . .  ENKVLV . LDTDY K KYLL . .  FCME NS 
RBP DP . . . .  AKFKMKYWGV ) ASF LQKGNDDHWI IDTDY E TFAVQYSCR . 
BBP . PVGDS . KIGKIYHKL TY ) G VTKENVFNV . LSTDN K NYI IGYYCKY DE 
OBP D . . . . .  GTYVADY . . .  ) EG . .  GQNVFKI . VSLSR T . HLVAHNINV DK 

Consensus . P . . . .  [ akfk . dY . . .  ) . .  geNvf . v .  IdTDy . ylv . y . C  . .  d . 
I I I  [ is-H ) 1 2 8 [ a-H ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
BLG AEPEQSL VC . . . . .  QCL V . RT . . .  PEV DDEALEKFDK ALK . . . .  
RBP LLNLDGT . CADSYSFVF A . R  . . . .  DPSGF SPEV . QKIVR QRQEELC 
BBP DK KGHQDFVWVL S . R  . . . .  SKVLT . GEA . .  KTAV ENYLIG . 
OBP H GQTTELTG . L  FVKLNVE . DEDLEKFWK LTEDKGI 

C onsensus . . . . . . . .  vL . .  R . . . .  . .  Ea1eKf . k . . . . . . .  
is - I  ) 1 5 3  C - terminus To t a l  res i dues 

BLG . . .  . ALP MHIRLSFN . .  PTQLEEQCHI 1 6 2  
RBP . . .  LAR . . QYRL I PHN .  GY . . . . .  CDG KSERN I L  1 8 3  
BBP S PVVDSQ . . .  KLVYSDF . . .  SEAAC . .  KVN 1 7 3  
OBP . . .  . DKK . .  NVVNFL . .  . . . .  ENEDHP HPE 1 5 9  

Consensus . . . . .. . .  . . .  rL . f . . .  . . . .  E . .  C . .  K . . . . . .  2 0 / 7 2  
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Comparison o f  the primary structures f or bovine l ipocal ins BLG , RBP and 

OBP was shown in section 2 . 3 . 3 .  Based on knowl edge o f  the s econdary 

struc ture , these l ipocal ins plus BBP are a l i gned further in Table 6 5 2 -

1 .  I f  a res idue i s  conserved i n  three out o f  the four sequences ,  the 

cons ensus residue is l abe l l ed in a capital letter . Bovine BLGA involves 

16 such res i dues : Asp 1 1 ,  Gly17 , Trp1 9 ,  Glu4 5 , Gly5 2 , Gly6 4 ,  Pro7 9 ,  Asn9 0 ,  

Thr9 7 ,  Asp 9 8 ,  Cys 1 0 6 , Arg1 2 4 , Glu1 3 1 ,  Lys 1 3 5  , Leu 1 4 9  and Glu1 5 8 . The 

importance o f  f ive residues , Gly1 7 , Trp1 9 ,  Thr 9 7  , Asp 9 8  and Arg1 2 4 , i s  

interpretable . All o f  these res idues a r e  p a r t  o f  the bottom region 

complex . 

6 . 5 . 3  The l ipocal in fold 

RBP ,  BBP and BLG have the typ ical lipocalin fold , as shown in Figure 2 3 1 -

1 .  A central B-barre l i s  comprised o f  8 ant i -paral l el B- s trands . Outs ide 

the central B-barrel i s  a three- turn a-he l ix ,  which i s  r i ght on the top 

of the B- sheet 1 1  in terms o f  the bovine BLG s truc ture . The tert iary 

s truc ture o f  OBP has s ome excep tions to the typ i c a l  l ipoc a l in fold . Whi l e  

the bas ic character i s t i c s  of the central B-barrel are s t i l l  c ons erved in 

the OBP molecule ,  the three- turn a-helix ( a lmos t  four - turn ) extends away 

f rom the OBP mo lecul e ,  to as s i s t  i n  dimer f orma tion as shown in Figure 

6 5 3 - 1 . 

Figure 6 5 3 - 1 : aBP dimer , showing non-conventional 
l ipoc a l in fold 
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6 . 5 . 4  Ligand-binding s i tes 

Discussion 

The l i gands of BBP ( bi l in) , Figure 6 5 4 - 1 ,  RBP ( ret inol ) ,  F igure 6 5 4 - 2 , 

OBP ( pyra z ine ) , Figure 6 5 4 - 3 , and BLG ( BrC 1 2 ) ,  Figure 6 5 4 - 4 , are a l l  

bound ins ide the central B-barrel . A l l  the calyces are a l i gned in s imi lar 

orientat i on . In BBP , the s ide chain o f  Trp1 3 3  i s  para l l e l  and close to 

Figure 6 5 4 - 1 : BBP-bi l i n  complex 

Figure 6 5 4 - 2 : RBP-Ret inoid complex 
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the porin plane of the bi l in l i gand ; n-elec tron cloud s t acking may be 

involved . The binding s i te o f  BBP is much more spac ious that those o f  

other l ipocal ins accommodat ing the bulky b i l in molecule ,  as we l l  as 

several water molecules . Whereas the l igand-binding s i te f or BBP is 

somewhat polar ins i de the calyx , OBP , RBP and BLG provide the l i gands 

with an absolutely hydrophobic environment . 

Figure 6 5 4 - 3 : OBP -pyraz ine compl ex 

Figure 6 5 4 - 4 : BLG-BrC 1 2  complex 
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6 . 5 . 5  Bottom r e g i on and handle region 

Discussion 

As ana lysed in s ect ion 6 . 5 . 2 ,  many of the res i dues invo lved in the bot t om 

reg ion o f  BLG do not exi s t  in the OBP s equence . Thi s  cau s e s  the OBP 

mo l ecu l e  to have a more open sty l e  o f  g -barr e l ;  s e e  Figure 6 5 5 - 1 . Whi l e 

the bot t om comp l ex i s  almo s t  intact in RBP , the corresponding s t ructure 

in BBP i s  twi s t e d . I n  lat t ice Z o f  BLGA , the g - s t rand I i s  f o l lowed by 

the short he l ix a - 3  near the C - t e rminu s . No corre sponding h e l ix has been 

found in r e t i n o l -binding p rot e i n . 

F igure 6 5 5 - 1 : C PK model o f  the g -barre l of OBP 

6 . 5 . 6 Di sul f i de bonds 

RBP cont a i n s  thr e e  disu l f ide bonds : Cys 4 -Cys 1 6 0 , Cys 7 0 - Cy s 1 7 4  and 

Cys 1 2 0 - Cys 1 2 9 . The last two correspond to the disul f ide bonds Cys 1 6 0 -

Cys 6 6  and Cy s 1 1 9 -Cys 1 0 6  o f  BLG , the t h i rd d i su l f ide bond o f  RB P anchors 

the N - t e rminus of  t h i s  mo lecu l e . BBP contains two disu l f ide bonds : Cys 4 3 -

Cys 1 7 5  and Cys 9 -Cys 1 1 9 . The f i r s t  d i su l f ide bond in BB P corresponds to 

Cys 6 6 -Cys 1 6 0  o f  BLG , and the s e cond d i s u l f ide bond i s  s imi lar t o  that 

Cys 4 -Cys 1 2 0  of RB P . OBP has no di sul f ide bond , or even any cys t e ine 

r e s i du e s . 
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Chapter 7 Conc lusions and Future Prospects 

7 . 1  Summary of current research on bovine BLG 

Bovine B- lactoglobu l in was i s o lated f ir s t  i n  1 9 3 4  by Pa lmer f rom s kim 

mi l k . I n  biological prope r t i e s , this prot e in be l ongs to the l ipoc a l i n  

s up e r f am i ly . Bovine �- l actoglobu l i n  shares a s im i l ar tert iary s t ructure 

w i th other l ipoca l ins , de s p i t e  a low sequence homo l ogy that wou l d  sugg e s t  

a l ow s t ructural s im i l ar i ty between each o t her . O n  the other hand , t h e  

l ipoca l in f o l d  o f  bovine � - lactog lobu l i n  has d i s t inct ive charac t er i s t i c s  

compared t o  that o f  other l ipoca l i n s . The � - barrel o f  bovin e  � 

l actog l obu l in i s  a s s embled from two cros s - or ient e d  � - sheets w i th o n l y  a 

s ing l e  p a i r  o f  hydrogen bonds between s t rand D and s t rand E .  In add i t i on 

BLG has longer and more f lexible loops t han o t her l ipoca l i n s . The s e  

r e s u l t  i n  more f lexibl e  bind i ng propert i e s  f o r  bovine �- l a c t oglobu l i n  

t han other l ipoca l ins . 

The cons equences o f  point muta t i on depend on the i r  envi ronment ( r i g i d  o r  

mobi l e ) plus the mutat ion character i s t i c s  t hems e lves ( e . g .  change o f  t h e  

s ide cha i n ' s  charge and bulk ) . Compar i ng bovi ne BLGA w i t h  BLGB , the 

mut at i on D 6 4 G ,  

conformat ional 

whi ch occurs i n  a mob i l e  region , 

change around this mutat i on s i t e ; 

leads to s ubs t a n t i a l  

the muta t i on Vl 1 8A ,  

whi ch o c curs in a r i g i d  reg i on ,  l eads t o  n o  s ubs tant ial con f orma t i ona l 

change around the mutat ion s i t e . However ,  l oop EF in BLGA and BLGB at pH 

7 . 1  has d i f f erent con f o rmat ions whi ch r e s u l t  in d i f ferent mo l e cu la r  

vo lumes for bovine BLGA and BLGB . 

Bovine �- lactoglobu l in can be c ry s t a l l i z e d  i n  several c ry s tal f o rms , 

c a l led l a t t i ce types . I nvest igat ion o f  three l a t t ice types ( X ,  Y and Z )  

o f  BLG sugg e s t s  that the BLG d imer i s  the bas i c  funct iona l u n i t  o f  the 

BLG mol e cu l e . In l at t i ce Z ,  the BLG d imers f o rm z ig- zag cha i n s  t hrough 

" l ock and key " int e r face s . In lat t i ces X and Y ,  the BLG dime r s  form cha i n s  

through " bottom : bot t om "  inter faces . The deta i led s t ructural comp a r i son 

of the BLG molecu l e  in lat t i ces X, Y and Z reve a l s  overal l  s imi l a r i ty o f  

BLG i n  l a t t i ces X and Z ,  whi l e the handl e  reg ion o f  BLG i n  l at t i ce Y i s  

twi s t ed compared t o  that o f  BLG i n  lat t i ces X and Z .  

Two l igand-binding s it e s  are revealed i n  the s t ructures : the maj or and 
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the minor s i tes . The maj or s i te i s  ins ide the BLG calyx , whi ch has been 

observed to hos t  1 2 - bromododecanoic acid ( BrC1 2 ) or waters . The binding 

of l i gand BrC12 has only a minor s t ructural impact on s everal regions o f  

BLG . The minor s i te l ie s  between the B- s heet I I  and the BLG handl e ,  a t  

Cys 1 2 1 . The binding o f  CH3Hg3 +  has minimal impact on the conformat i on o f  

the handle region . 

Bovine B- l ac toglobul i n  can be conveniently disassembled into s everal 

portions : the top region , which involves loops AB , CD , EF , and GH ; the 

bottom region ; the calyx handle region whi ch partially covers the B

barre l ; and the B-barrel which is f ormed by B- sheets I and I I . Whi le the 

maj or port i ons of bovine B- lactoglobulin remain unchanged w i th change in 

pH , l oop EF , which contains the Glu8 9 ,  experiences a critical 

conforma t i onal change . Thi s  trans i t ion causes the s i de chain of  Glu 8 9 , 

which i s  buried at pH 6 . 2 ,  to become exposed a t  pH 7 . 1  and pH 8 . 2 .  Thi s  

conforma t i onal change provides a s t ructural bas i s  f o r  a variety o f  pH

dependent phenomena which are c o l l e c t ively known as the Tan ford 

trans i t i on . 

7 . 2  Future research 

To date bovine B- lactoglobul in provides the only structural data on the 

S-lactoglobul in f ami ly . Compared with the avai lable BLG sequences 

( currently seventeen ) , thi s i s  only the beginning of the s t ructure 

determina t i ons for B-lac toglobulin . One interesting point about the B

lac toglobul in s tructure is the s i gnal peptide , which is removed f rom 

bovine B - l actoglobulin in the mature f orm o f  the protein , but remains in 

porc ine B-lac toglobul in . Does the s i gnal pept ide play a ro l e  in the 

potent i a l  phys iological func tion o f  B- l ac toglobul in? Does it relate to 

the fact that fatty acids can not be bound to porc ine B - l actoglobu l in , 

but to bovine B-lactoglobulin? 

The exi s t ence of BLG in kangaroo sugge s t s  that thi s secret ed protein has 

a long evo lutionary hi s tory . The role of BLG in animals which diverged 

from ruminant s - 5 0  mi l l ion years ago may provide s ome ins ight into the 

phys i o l ogical funct i on of BLG . The s impl e  argument is that the 

phys io logical funct i on of BLG may have been l o s t  during the evolutionary 

history o f  mammals ( s ince human and rodent lack BLG ) , but s hould have 
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some impact on i ts early appearance . Future research about the BLG 

s tructures o f  long-diverged species may f ac i l i tate the elucida t ion o f  

the phys i ol ogical func tion o f  BLG . 

Even though the role o f  Glu8 9 in the Tanford trans it ion has been proposed 

based on the s t ructure analyses of this thes i s , gene manipulat ion about 

Glu 8 9  is ant i c ipated to provide more ins i ght into the r o l e  o f  Glu 8 9  in 

the Tanford trans i t ion . Understanding the Tanford t rans i t ion is 

import ant not only for the phys iological function o f  BLG , but also for 

potential pharmaceutical applications . Bovine g-lactoglobul in may act as 

a shuttle to carry sa fely acid- sens i t ive medicine through s t omach . As 

the residues ins ide the BLG calyx are not s trongly conserved , sui table 

gene manipulat i on to these res idues may cus tomi ze the binding abi l i ty o f  

BLG required in future appl ications . 

Byqin, Spring of 1 998, Massey 1 74 



References and etc. 

References 

Al i ,  S .  and Clark , A . J .  ( 1 9 8 8 ) . Characterization of the gene encoding 

ovine g- l actoglobulin . J .  Mol . Bi ol . ,  1 9 8 8 ; 1 9 9 : 4 1 5 - 4 2 6 . 

Al i ,  S . , Mcc lenaghan , M . , Simons , J . P .  and C lark , A . J .  ( 1 9 9 0 )  . 

Character i s a t i on o f  the alleles encoding ovine beta- lactoglobul ins A and 

B .  Gene , 1 9 9 0 ; 9 1 : 2 0 1 - 2 0 7 . 

Alexander ,  L . J . , Levine , W . B . , Teng , C . T . and Beattie , C .  W .  ( 1 9 9 2 ) . 

Cloning and s e quenc ing o f  the porc ine lacto ferin cDNA . Anim . Gene t ,  

1 9 9 2 ; 2 3 : 2 5 1 - 2 5 6 . 

Alexander ,  L . J .  and Beattie , C . W .  ( 1 9 9 2 ) . Sequence o f  porc ine g

lactoglobul in c DNA . Anim . Gene t . ,  1 9 9 2 ; 2 3 : 2 6 3 - 2 6 5 . 

Anema , S . G .  and Creamer , L . K . ( 1 9 9 3 ) . E f fect o f  the A and B variants o f  

both a lpha s l - and kappa-casein on bovine casein micel l e  s olvation and 

kappa-casein c ontent . J .  Dairy Res . ,  1 9 9 3 ; 6 0 : 5 0 5 - 5 1 6 . 

Askonas , B .  A .  ( 1 9 5 4 ) . Crys tal l i z a t i on o f  goat g - l actoglobulin . Bi ochem . 

J . , 1 9 5 4 ; 5 8 : 3 3 2 - 3 3 7 . 

Ascha f fenburg ,  R .  ( 1 9 6 8 ) . Genetic variants of mi l k  protein : the ir breed 

distr ibuti on . J . Dairy Res . , 1 9 6 8 ; 3 5 : 4 4 7 - 4 6 0 . 

Ascha f fenburg ,  R .  and Drewry , J .  ( 1 9 5 5 ) . Occurrence o f  di f ferent g

lactoglobu l ins in cow ' s mi lk . Na t ure , 1 9 5 5 ; 1 7 6 : 2 1 8 - 2 1 9 . 

Aschaf fenburg , R .  and Drewry , J .  ( 1 9 5 7 ) . Improved method for the 

preparation of c rystall ine g- lactoglobul in and a- lactoalburnin from cow ' s 

mi lk . Bi ochem . J . , 1 9 5 7 ; 6 5 : 2 7 3 - 2 7 7 . 

Ascha f fenburg , R . , Green , D . W .  and Sirnmons , R . M .  ( 1 9 6 5 ) . Crystal forms 

of g- lactoglobul in . J. Mol . Bi ol . , 1 9 6 5 ; 1 3 : 1 9 4 - 2 0 1 . 

Axe l s s on , I . ,  Jakobs son , I . ,  Lindberg , T .  and Benedi t s s on ,  B .  ( 1 9 8 6 ) . 

Bovine g- lactoglobul in in the human mi l k . Acta Paed . Scand . ,  1 9 8 6 ; 7 5 : 7 0 2 -

Byqin, Spring o f  1 998, Massey 1 75 



References and etc. 

7 0 7 . 

Baker , E . N .  and Hubbard , R .  E .  ( 1 9 8 4 ) . Hydrogen bonding in globular 

proteins . Prog . Bi ophys . Mol ec . Biol . ,  1 9 8 4 ; 4 4 : 9 7 - 1 7 9 . 

Bar 1ow ,  W .  ( 1 8 9 7 ) . A mechanical c ause o f  homogenei ty o f  s t ruc ture and 

symmetry . Sci . Pro . Roy. Dubl in Soc . , 1 8 9 7 ; 8 : 52 7 - 6 9 0 . 

Basch , J . J .  and T imashe f f ,  S . N .  ( 1 9 6 7 ) . Hydrogen i on equ i l ibria o f  the 

genetic var i ants of bovine g- lactoglobul i n . Arch . Bi ochem . Bi ophys . , 

1 9 6 7 ; 1 1 8 : 3 7 - 4 7 . 

Bell , K .  ( 1 9 6 2 ) . One dimens ional s t arch gel electrophores i s  of bovine 

skim mi l k . Na t ure , 1 9 6 2 ; 1 9 5 : 7 0 5 - 7 0 6 . 

Be ll , K .  and McKenz i e ,  

1 9 6 4 ; 2 0 4 : 1 2 7 5 - 1 2 7 8 . 

H . A .  ( 1 9 6 4 )  . g-Lactoglobul ins . Na t ure , 

Be ll , K .  and McKenz ie , H . A .  ( 1 9 6 7 ) . The whey proteins o f  ovine mi lk : g

lactoglobul ins A and B .  Bi ochim . Bi ophys . Ac ta , 1 9 6 7 ; 1 4 7 : 1 0 9 - 1 2 2 . 

Bel l ,  K . , McKenz i e ,  H . A .  and Murphy , W . H .  

( Drought mas t er ) . A unique protein var i ant . 

1 9 7 0 ; 2 1 4 : 4 2 7 - 4 3 6 .  

( 1 9 7 0 ) . g-Lactoglobulin 

Bi ochim . Bi ophys . Ac ta , 

Bel l , K . , McKenz i e ,  H . A .  and Shaw , D . C .  ( 1 9 8 1 ) . Bovine g- lactoglobulin 

E,  F and G of Bali ( Banteng ) Cattle , Bos (Bibos ) javani cus . Aus t .  J .  

Biol . Sci . ,  1 9 8 1 ; 3 4 : 1 3 3 - 1 4 7 . 

Bernback , S . , Blackberg , L .  and Hernell , O .  ( 1 9 9 0 ) . The complete 

diges t i on of human milk triacylglycerol in vi tro requires gas t r i c  lipas e , 

pancreat i c  c o l ipase-dependent l ipase , and bile sal t - s t imulated lipas e .  

J .  Cl in . Inves t . , 1 9 9 0 ; 8 5 : 1 2 2 1 - 1 2 2 6 . 

Berni , R . , S toppini , M . , Z apponi , M . C . , Meloni , M . L . , Monaco , H . L .  and 

Zano t t i , G .  ( 1 9 9 0 ) . The bovine plasma retinol-binding protein , amino acid 

sequence , interac t i on with trans thyretin , crys t a l l i zation and 

prel iminary X- ray data . Eur . J .  Bi ochem . , 1 9 9 0 ; 1 9 2 : 5 0 7 - 5 1 3 . 

Byqin, Spring of 1 998, Massey 1 76 



References and etc. 

Bewley , M . C . , Qin , B . Y . , Jameson ,  G . B . , Sawyer , L .  and Baker , E . N .  

( 1 9 9 8 ) . Bovine B - l actoglobulin and i t s  vari ant s : a three dimensional 

s truc ture perspective . In intl . Dai ry Fed .  Bul l . ,  1 9 9 8 ; Spec ial I s sue . 

" Milk Protein Polymorphism , "  IDF , 1 0 1 - 1 0 9 . 

Bianchet , M . A . , Bains , G . , Pelos i ,  P . , Pevsner , J . , Snyder ,  S . H . , Monaco , 

H . L .  and Amzel , L . M .  ( 1 9 9 6 ) . The three- dimensional s t ructure of bovine 

odorant binding protein and i t s  mechani sm of odor recogn i tion .  Na t .  

Struc t . Biol . ,  1 9 9 6 ; 3 : 9 3 4 - 9 3 9 . 

Bignetti , E . , Tirindelli , R . , Ros s i , G . L . , Bol ogne s i , M . , C oda , A .  and 

Gat ti , G .  ( 1 9 8 5 ) . Crystal l i za t i on of an odorant -binding prot e in from cow 

nasal mucosa . J .  Mol .  Bi ol . ,  1 9 8 5 ; 1 8 6 : 2 1 1 - 2 1 2 . 

Blomho f f ,  R . , Green , M . H . , Berg , T .  and Norum , K . R .  ( 1 9 9 0 ) . Transport 

and s torage o f  vitamin A .  Sci ence , 1 9 9 0 ; 2 5 0 : 3 9 9 - 4 0 3 . 

Bocskei , Z ,  Groom ,  C . R . , Flower , D . R . , Wr ight , C . E . , Phi l l ips , S . E . V . , 

Cavaggioni , A . , Findlay , J . B . C .  and Nor th , A . C . T .  ( 1 9 9 2 ) . Pheromone 

binding to two rodent urinary proteins revealed by X-r ay c ry s tal lography . 

Na t ure , 1 9 9 2 ; 3 6 0 : 1 8 6 - 1 8 8 . 

Boyer , P . D .  ( 1 9 5 4 ) . Spec trophotometric s tudy o f  the react i on o f  protein 

sul fhydryl groups wi th organic mercurials . J. Amer . Chem . Soc . , 

1 9 5 4 ; 7 6 : 4 3 3 1 - 4 3 3 7 . 

Brand , E . , Saidel , L . J . , Goldwater , W . H . , Kas s e l l ,  B .  and Ryan , F . J .  

( 1 9 4 5 ) . Emp i r ical formula for is- lactoglobul in . J .  Amer . Chem . Soc . , 

1 9 4 5 ; 6 7 : 1 5 2 4 - 1 5 3 2 . 

Brauni t ze r , G . , Chen , R . , S chrank , B .  and S tangl , A .  ( 1 9 7 3 ) . The sequence 

of is- lactogl obul in . Hoppe- Seyl ers . Z .  Phys i ol . Chem . , 1 9 7 3 ; 3 5 4 : 8 6 7 - 8 7 8 . 

Brew , K .  and Campbel l ,  P . N .  ( 1 9 67 ) . The character i z a t i on o f  the whey 

proteins o f  guinea-pig mi l k .  Biochem .  J . , 1 9 6 7 ; 1 0 2 : 2 5 8 - 2 6 4 . 

Brignon , G .  and Ribadeau-Dumas , B .  ( 19 6 9 ) . Chemica l  and phys ico-chemical 

Byqin, Spring o f  1 998 , Massey 1 77 



References and etc. 

characteri zat i on o f  gene t i c  variant D of bovine B- Iac toglobul in D .  Arch . 

Bi ochem . Bi ophys . ,  1 9 6 9 ; 1 2 9 : 7 2 0 - 7 2 7 .  

Brignon , G .  

pept idique 

and Ribadeau-Dumas , B .  

de l a  B-Iactoglobul i n  

( 1 9 7 3 ) . Local i sa t ion dans la chaine 

bovine de la subs t i tut ion Glu /Gln 

di f ferenc i ant les var i ents gene t i ques B et D .  FEBS Le t t . ,  1 9 7 3 ; 3 3 : 7 3 - 7 6 . 

Brown , E . M .  and Farre l l , H . M .  Jr . ( 1 9 7 8 ) . Interaction o f  B - l ac toglobulin 

and cytochrome c :  complex f orma t i on and iron r educ tion . Arch . Bi ochem . 

Bi ophys . ,  1 9 7 8 ; 1 8 5 : 1 5 6 - 1 6 4 . 

Brownlow , S . ,  Cabral ,  J . H . M . , Cooper , 

Pol ikarpov , I . , Nor th ,  A . C . T .  and 

lactoglobuin at 1 . 8  A resolut i on 

Stru c t ure , 1 9 9 7 ; 5 : 4 8 1 - 4 9 5 . 

R . , F l ower , 

Sawyer , L .  

s t i l l  an 

Briinger , A . T .  ( 1 9 8 8 - 1 9 9 2 ) .  V3 . l f .  Yale Univers i ty .  

D . R . , Yewda l l ,  S . J . , 

( 1 9 9 7 ) . Bovine B

enigmat i c  l ipoca l i n . 

Briinger , A . T .  ( 1 9 9 2 ) . Free R value : a novel s ta t i s t i c al quantity for 

assess ing the accuracy o f  crys tal structures .  Na t ure , 1 9 9 2 ; 3 5 5 : 4 7 2 - 4 7 5 . 

Bul l , H . B .  and Currie , B . T .  ( 1 9 4 6a ) . Monolayer s  o f  B- l ac toglobulin I f i lm 

molecular weight . J .  Amer . Chem . Soc . , 1 9 4 6 ; 6 8 : 7 4 5 - 7 4 7 . 

Bul l , H . B .  and Curr i e , B . T .  ( 1 9 4 6b) . Monol ayers o f  B- I ac toglobu l i n  1 1  

Mixed monolayers o f  B- Iac toglobu l i n  and sodium lauryl sulphate . J .  Amer . 

Chem . Soc . , 1 9 4 6 ; 6 8 : 7 4 7 - 7 4 8 . 

Cambi l l au ,  C . , Rous s e l , A . , Inisan , A . G .  and Knoops -Mouthuy , E .  ( 1 9 9 6 ) . 

TURBO-FRODO vers ion 5 . 5  B i o-Graphics . 

Cannan , R . K . , Palmer , A . H .  and Kibrick , A . C .  ( 1 9 4 1 ) . The hydrogen ion 

di ssociat ion curve o f  B- lactoglobul in . J .  B i o l . Chem . , 1 9 4 1 ; 1 4 2 : 8 0 3 - 8 3 3 . 

Casal , H . L . , Kohler , U .  and Mantsch , H . H .  ( 1 9 8 8 ) . Structural and 

conforma t i onal change o f  B- Iactoglobul in B :  an infrared spectroscopic 

study o f  the e f fect of pH and temperature . Bi ochim . Bi ophys . Ac ta , 

1 9 8 8 ; 9 5 7 : 1 1 - 2 0 . 

Byqin, Spring of 1 998,  Massey 178 



References and etc. 

Cec i l , R .  and Ogs ton , A . G .  ( 1 9 4 9 ) . The sedimentation c ons tant , di f fus i on 

cons tant and mol ecular wei ght of B-lactoglobul in . Bi ochem .  J . , 

1 9 4 9 ; 4 4 : 3 3 - 3 5 . 

Chibna l l , A . C .  ( 1 9 4 6 ) . The contribution o f  the analyt i c a l  chemi st to the 

problem of protein s tructure ( second proctor memo r i a l  lec ture ) .  J .  

In t ern . Soc . Lea ther Trades Chem . , 1 9 4 6 ; 3 0 : 1 - 2 0 . 

Cho , Y . J . , Batt , C . A .  and Sawyer ,  L .  ( 1 9 9 4 ) . Probing the ret inol -binding 

s i te o f  bovine B- lactoglobul in . J .  Biol . Chem . , 1 9 9 4 ; 2 6 9 : 1 1 1 0 2 - 1 1 1 0 7 . 

Cho , Y . , Gu , W . , Watkins , S . , Lee , S . P . , Kim , T . R . , Brady , J . W .  and Batt , 

C . A .  ( 1 9 9 4 ) . Thermostable var i ants of bovine B- lactoglobul in . Pro tein 

Eng . , 1 9 9 4 ; 7 : 2 6 3 - 2 7 0 . 

Chobert , J . M . , Dalgalarrondo , M . , Dufour , E . , Bertrand-Harb , C .  and 

Haer t l e , T .  ( 1 9 9 1 ) . Inf luence of pH on the s t ructural changes o f  B

lactoglobulin s tudied by t ryptic hydrolys i s . Bi ochim . Bi ophys . Acta , 

1 9 9 1 ; 1 0 7 7 : 3 1 - 3 4 . 

C lark , A . J . , S imons , P . , Wi lmut , 1 .  and Lathe , R .  ( 1 9 8 7 ) . Pharmaceuticals 

from t ransgenic l ives tock . TIBTech . ,  1 9 8 7 ; 5 : 2 0 - 2 4 . 

Collaborative Computational Proj ec t ,  Number 4 .  ( 1 9 9 4 ) . The CCP4 sui te : 

programs for protein crys t a l lography . Acta Crys t . ,  1 9 9 4 ; D5 0 : 7 6 0 - 7 6 3 . 

Collet , C . , Joseph , R .  and Ni cholas , K .  ( 1 9 9 1 ) . A marsupial B-

lac toglobulin gene : characteri zation and prolact in- dependent expres sion . 

J .  Mol . Endocrinol . ,  1 9 9 1 ; 6 : 9 - 1 6 . 

Collet , T . C .  and Joseph , R .  ( 1 9 9 5 ) . Exon o rgani z a tion and s e quence o f  

the genes encoding a- lactalbumin and B- lactog lobulin from the tarnmar 

wal laby ( Ma cropodi dae ,  Marsupi a l i a ) . Bi ochem . Gene t . ,  1 9 9 5 ; 3 3 : 6 1 - 7 2 . 

Cont i , A . , Napoli tano , L . , Cantisani , A . M . , Davo l i , R .  and Dal l ' Olio , S .  

( 1 9 8 8 ) . Bovine B-lac togl obulin H :  i solation by p reparative i s oelec t r i c  

focus ing in immobi l i zed pH gradients and prel iminary characteri zation . 

Byqin, Spring of 1998, Massey 1 79 



References and etc. 

J. Biochem .  Bi ophys . Me th . ,  1 9 8 8 ; 1 6 : 2 0 5 - 2 1 4 . 

Corpet , F .  ( 1 9 8 8 ) . Mul t iple sequence a l i gnment with hierarchical 

c luster ing . Nucl . Acids . Res . , 1 9 8 8 ; 1 6 : 1 0 8 8 1 - 1 0 8 9 0 . 

Cowan , S . W . , Newcomer , M . E .  and Jones , T . A .  ( 1 9 9 0 )  C rys tall ographic 

ref inement of human serum ret inol binding prot e in at 2 A resolution . 

Pro t e i ns 1 9 9 0 ; 8 : 4 4 - 6 1 . 

Creame r , L . K .  and MacGibbon , A . K . H .  ( 1 9 9 6 ) . Some recent advances in the 

bas ic chemi s t ry of mi l k  proteins and l ip i ds . In t .  Dai ry Journal , 

1 9 9 6 ; 6 : 5 3 9 - 5 6 8 . 

Creamer , L . K . ( 1 9 9 8 ) . pers onal communicat ion . 

Crowfoot , D .  and Ri ley , D .  ( 1 9 3 8 ) . Crys tal s t ructures o f  the prote ins . 

Na t ure , 1 9 3 8 ; 1 4 1 : 5 2 1 - 5 2 4 . 

Diaz de Vi l legas , M . C . , Oria , R . , Sala , F . J .  and Calvo , M .  ( 1 9 8 7 ) . Lipid 

binding by E - l actoglobu l in of cow mi lk . Mi l chwi ss enscha ft , 1 9 8 7 ; 4 2 : 3 5 7 -

3 6 1 . 

Drayna , D .  ( 1 9 8 6 ) . C l oning and expression of human apol ipoprotein D cDNA . 

J. Bioi . Chem . , 1 9 8 6 ; 2 6 1 : 1 6 5 3 5 - 1 6 5 3 9 . 

Drenth , J .  ( 1 9 9 5 ) . P rinc iples o f  protein X- ray c rys tal lography . 2 nd ed . 

Springer , New York . p7 4 - 1 8 1 . 

Dufour , E .  and Haer t l e , T .  ( 1 9 9 0 ) . Alcoho l - induced change o f  E-

lactoglobul in -- retino l - binding stoichiome try . Pro t ein Engineering, 

1 9 9 0 ; 4 : 1 8 5 - 1 9 0 .  

Dunni l l ,  P .  and Green , D . W .  ( 1 9 6 5 ) . Sulphydryl groups and the N � R 

con formational change in E- lac togl obul in . J .  Mol . Bi ol . ,  1 9 6 5 ; 1 5 : 1 4 7 -

1 5 1 . 

Erhardt , G . , Godovac - Z immermann , J .  and Cont i ,  A .  ( 1 9 8 9 ) . I s o l ation and 

complete primary s e quence o f  a new ovine wild- type E-lactoglobul in C .  

Byqin, Spring of 1 998, Massey 1 80 



References and etc. 

Bi oI . Chem . Hoppe- Seyl er , 1 9 8 9 ; 3 7 0 : 7 5 7 - 7 6 2 . 

Ewald , P . P .  ( 1 9 2 1 ) . Das ' re z iproke gitter ' in der s t rukturtheori e .  Teil 

I :  Das Re z iproke eines einf achen git ters . [ The ' reciprocal lattice ' in 

the theory of s t ructure . Part I .  The reciprocal o f  a primi tive lattice . ]  

Z .  Kri s t . , 1 9 2 1 ; 5 6 : 12 9 - 1 5 6 . 

Farre l l , H . M . , Bede , M . J .  and Enyeart ,  J . A .  ( 1 9 8 7 ) . Binding o f  p

nitrophenyl phosphate and o ther aromatics by B- lac toglobul in . J .  Dai ry 

Sci . ,  1 9 8 7 ; 7 0 : 2 5 2 - 2 5 8 . 

Fernande z , F . M .  and Olive r , G .  ( 1 9 8 8 ) . Proteins present in l lama milk . 

I .  quant itative aspec t s  and general character i s t i c s . Mi l chwi ssenscha f t , 

1 9 8 8 ; 4 3 : 2 9 9 - 3 0 2 . 

Flowe r , D . R .  ( 1 9 9 6 ) . 

func t i on . Bi ochem .  J . , 
The l ipocalin 

1 9 9 6 ; 3 1 8 : 1 - 1 4 . 

protein f ami ly : s t ruc ture and 

Flower , D .  R .  ( 1 9 9 5 ) . Mul tiple mo lecular recogni t ion propert i es o f  the 

l ipoca l in protein fami ly . J. Mol . Recogni t . , 1 9 9 5 ; 8 : 1 8 5 - 1 9 5 . 

Flower , D . R . , North , A . C . T .  and At twood , T . K . ( 1 9 9 1 ) . Mous e  oncogene 

protein 2 4p3 is a member o f  the l ipocal in protein fami ly . Bi ochem . 

Bi ophys . Res . Commun . ,  1 9 9 1 ; 1 8 0 : 6 9 - 7 4 . 

Flower , D . R . , North , A . C . T .  and At twood , T . K . ( 1 9 9 3 ) . S truc ture and 

sequence relationships in the l ipocal ins and related prote ins . Pro tein 

Sci ence, 1 9 9 3 ; 2 : 7 5 3 - 7 6 1 . 

Frapin , D . , Dufour , E .  and Haertle , T .  ( 1 9 9 3 ) . Probing the f a t ty acid 

binding s i te of B- lactoglobul ins . J .  Pro tein Chem . , 1 9 9 3 ; 1 2 : 4 4 3 - 4 4 9 . 

Fugate , R . D .  and Song , P . S . , ( 1 9 8 0 ) . Spec t ros cop i c  charact e r i zat ion o f  

B- lac toglobul in- ret inol c omplex . Bi ochim . Bi ophys . Acta , 1 9 8 0 ; 6 2 5 : 2 8 - 4 2 . 

Futterman , S .  and Hel ler , J .  ( 1 9 7 2 ) . The enhancement o f  f luorescence and 

the decreased sus c eptibi l i ty to enzymatic oxida t i on of ret ino l complexed 

with bovine serum albumi n ,  B- lactoglobul in , and the r e t inol -binding 

Byqin, Spring of 1998, Massey 1 8 1  



References and etc. 

protein o f  human plasma . J. Biol . Chem . , 1 9 7 2 ; 2 4 7 : 5 1 6 8 - 5 1 7 2 . 

Ghose ,  A . C . , Chaudhuri ,  S .  and S en ,  A .  ( 1 9 6 8 ) . Hydrogen i on equi l ibria 

and s edimentation behaviour o f  goat B- lac toglobu l ins . Arch . Bi ochem . 

Bi ophys . ,  1 9 6 8 ; 1 2 6 : 2 3 2 - 2 4 3 . 

Godovac - Z irnrnermann , J . , Cont i , A . , Jarnes , L .  and Nap o l i t ano , L .  ( 1 9 8 8 ) . 

Micro-analys i s  o f  the amino-acid sequence o f  monome r i c  B-lactoglobu l in 

I from donkey ( Equus asinus)  mi lk . Bi ol . Chem . Hopp e - Seyl er , 1 9 8 8 ; 

3 6 9 : 1 7 1 - 17 9 . 

Godovac - Z irnrnermann , J . , Cont i , A . , Liberatori , J .  and Braunitzer , G .  

( 1 9 8 5 ) . The amino-acid s equence o f  B- lac toglobul i n  1 1  from horse 

colos t rum ( Equus caba l l us ,  Peri ssodactyl a ) : B - l a c toglobul ins are 

retino l -binding proteins . Biol . Chem . Hoppe-Seyl er , 1 9 8 5 ; 3 6 6 : 6 0 1 - 6 0 8 . 

Godovac - Zirnrnermann , J .  and Shaw , D .  ( 1 9 8 7 ) . B- Lac toglobulin ident i f ied 

in marsupial milk . the pr imary s t ructure , binding s i te and poss ible 

func t ion of B- lactoglobulin from eas tern grey kangaroo ( ma cropus 

gi gan t e us ) . Bi ol . Chem . Hoppe-Seyl er, 1 9 8 7 ; 3 6 8 : 8 7 9 - 8 8 6 . 

Godovac - Z irnrnermann , J . , Cont i , A .  and Napo1 i  tano , L .  ( 1 9 8 7 ) . The c omplete 

amino -acid sequence o f  dimeric B- l actoglobulin f rom mou f l on ( Ovi s ammon 

musimon ) mi lk . Bi ol . Chem . Hoppe- Seyl er , 1 9 8 7 ; 3 6 8 : 1 3 1 3 - 1 3 1 9 . 

Godovac - Zirnrnermann , J ,  Cont i ,  A . , Shei l ,  M .  and Napol i tano , L .  ( 1 9 9 0 ) . 

Cova lent struc ture o f  the minor monomeric B- lactog l obu1in 1 1  component 

from donkey milk . Bi ol . Chem . Hoppe-Seyl er , 1 9 9 0 ; 3 7 1 : 8 7 1 - 8 7 9 . 

Godovac - Z irnrnermann , J . , Krause , 1 . , Buchberger , J . , Wei s s , G .  and 

Klos t ermeyer , H .  ( 1 9 9 0 ) . Genetic variants of bovine beta- lactog l obul in . 

A novel wild- type B-lactoglobul in W and i t s  primary sequence . Bi ol . Chem . 

Hoppe- Seyl er , 1 9 9 0 ; 3 7 1 : 2 5 5 - 2 6 0 . 

Goodrnan , D . S . , Sporn , M . B . , Roberts , A . R .  and Goodrnan , D . S .  ( 1 9 8 4 ) . In 

the ret inoids . Vol 2 Eds . , Academic Press , Orlando , FL , pp . 4 1 - 8 8  

Gorbuno f f ,  M . J .  ( 1 9 6 7 ) . Exposure o f  tyros i ne residues i n  protein : 

Byqin, Spring of 1998, Massey 1 82 



References and etc. 

React ion o f  cyanuric f luoride with r ibonuc lease , a - l a c talbumin , and g

lactog l obu l in . Bi ochemi s try, 1 9 6 7 ; 6 : 1 6 0 6 - 1 6 1 5 . 

Green , D . W .  and Ascha f fenburg , R .  ( 1 9 5 9 ) . Two f o l d  symmet ry o f  the g

l actoglobul in molecule in c rystals .  J .  Mol . Bi ol . ,  1 9 5 9 ; 1 : 5 4 - 6 4 . 

Green , D . W . , Ascha f fenburg , R . , Camerman , A . , Coppo l a , J . C . , Dunni l l , 

P . , S immons , R . M . , Komorowski , E . S . , Sawyer , L . , Turne , E . M . C .  and Woods , 

K . F .  ( 1 9 7 9 ) . Structure o f  bovine g-lactoglobu l in at 6 A resolut i on . J. 

Mol .  Bi ol . ,  1 9 7 9 ; 1 3 1 : 3 7 5 - 3 9 7 . 

Grosc laude , F .  ( 1 9 6 6 ) . Mi s e  en evi dence de deux variants supp l ementaires 

des prote ines du lait de vache : as 1 -CnD et LgD . Ann . Biol . Anim . Bi ochem .  

Bi ophys . Ac t a ,  1 9 6 6 ; 2 9 5 : 3 5 2 - 3 6 3 . 

Groves , M . L . , Hipp , N . J .  and McMeekin , T . L .  ( 1 9 5 1 ) . E f f ec t  o f  pH on the 

denaturation o f  B- lactoglobul in and i t s  dodecyl sulfate der iva t ive . J. 

Amer . Chem . Soc . , 1 9 5 1 ; 7 3 : 2 7 9 0 - 2 7 9 3 . 

Hahn , T .  ( 1 9 9 5 ) . 4 th ed . International tables for crys t a l lography , Vol 

A .  Kluwer Academic Publ i shers , Boston . 

Harker , D .  ( 1 9 5 6 ) . The determination o f  the phases o f  the s t ruc ture 

factors o f  non- centrosymmetric crys tals by the method o f  double 

i somorphous replacemen t . Acta Crys t . , 1 9 5 6 ; 9 : 1 - 9 . 

Hal l iday , J . A . , Bel l ,  K . , McKenz ie , H . A .  and Shaw , D . C .  ( 1 9 9 0 ) . Fel ine 

whey proteins : identi f ication ,  isolation and ini tial charact e r i z a t i on of 

a-lactalbumin , g- l ac togl obulin and lysozyme . Comp . Biochem . Physi ol . ,  

1 9 9 0 ; B9 5 : 7 7 3 - 7 7 9 . 

Hal l iday , J . A . , Bel l , K . , McAndrew , K .  and Shaw , D . C .  ( 1 9 9 3 ) . Fel ine g

l ac tog l obul in I 1 1  and I l l , and canine g- l ac toglobul ins I and 1 1 : Amino 

acid s equences provide evidence for the exis tence of more than one gene 

for g-lactoglobu l in in the cat and dog . Pro t ein Seq . Da t a  Anal . ,  

1 9 9 3 ; 5 : 2 0 1 - 2 0 5 . 

Hal l iday , J . A . , Bel l ,  K .  and Shaw , D . C .  ( 1 9 9 1 ) . The comp l e t e  amlno ac i d  

Byqin, Spring o f  1 998, Massey 1 83 



References and etc . 

s equence o f  fel ine is- lactoglobul in 1 1  and a par t i al revis ion o f  the 

equine is-lactoglobulin 1 1  sequence . Bi ochim . Bi ophys . Acta , 

1 9 9 1 ; 1 0 7 7 : 2 5 - 3 0 . 

Hamb l i ng ,  S . G . , McAlpine , A . S .  and Sawyer , L .  ( 1 9 9 2 ) . In " Advanced Dairy 

Chemi s t ry :  1 . Proteins " ( Fox , P . F . , ed . ) pp 1 4 1 - 1 9 0 , Elsevier Appl . S c i . 

Haque , Z . ,  Kr i s t j annson , M . M .  and Kinsel l a ,  J . E .  ( 1 9 8 7 ) . Interaction 

between K- casein and is- lactoglobul in : pos s ible mechanism . J .  Agri c .  Food 

Chem . , 1 9 8 7 ; 3 5 : 6 4 4 - 6 4 9 . 

Hattor i , M . , Ametani , A . , Katakura , Y . , Shimi zu . M .  and Kaminogawa , S .  

( 1 9 9 3 ) . Unfo1ding/refolding s tudies on bovine is-lactoglobulin with 

monoc l onal antibodies as probes . J .  Bioi . Chem . , 1 9 9 3 ; 2 6 8 : 2 2 4 1 4 - 2 2 4 1 9 . 

Hemley , R . , Kohler , B . E .  and Siviski , P .  ( 1 9 7 9 ) . Absorpt ion spectra for 

the complexes formed from vi tamin-A and is-lactoglobu l in . Bi ophys . J . , 

1 9 7 9 ; 2 8 : 4 4 7 - 4 5 5 . 

Hennighausen , L . G .  and S ippel , A . E .  ( 1 9 8 2 ) . Mous e  whey acidic protein i s  

a novel member o f  the f ami ly o f  ' four-di sulphide core ' prote ins . 

Aci d Res . , 1 9 8 2 ; 1 0 : 2 6 7 7 - 2 6 8 4 . 

Nuci . 

Hi l l , J . P . , Motion , R . L . , Buckley , P . D . and B lackwell , L . F .  ( 1 9 9 4 ) . The 

e f fect o f  p- ( chloromercur i ) benzoate modi f ic a t i on of cyto s o l i c  a ldehyde 

dehydrogenase from sheep l iver . Evidence for a second a ldehyde binding 

s i t e . Arch . Bi ochem . Bi ophys . ,  1 9 9 4 ; 3 1 0 : 2 5 6 - 2 6 3 . 

Hi l l , J . P . , Boland , M . J . , Creamer , L . K . , Anema , S . G . , Otter , D . E . , 

Paters on , G . R . , Lowe , R . , Motion , R . L .  and Thresher , W . C .  ( 1 9 9 6 ) . E f fect 

o f  the bovine is- lactoglobul in phenotype on the propert i es o f  fS

lac toglobu l in , Milk Compos i t ion , and Dai ry Produc t s . Chapter 2 2 , 

Macromolecular Interac tions in Food Technology , pub l i shed by the 

Amer i c an Chemical Society . 

Huang , X . L . , Cat ignani , G . L . , Foegeding , E . A .  and Swai sgood , H . E .  ( 1 9 9 4 ) . 

Relat ive s tructural s tabi l i t ies o f  is- l actoglobul ins A and B as det ermined 

by proteolytic suscept ibi l i ty and di f ferent i a l  scanning c a l orimetry . J .  

Byqin, Spring of 1 998,  Massey 1 84 



References and etc. 

Agri c .  Food Chem . , 1 9 9 4 ; 4 2 : 1 0 6 4 - 1 0 6 7 . 

Huber , R . , Schneider , M . , Mayr , I . ,  Mul ler , R . , Deut zmann , R . , Suter , 

F . , Zuber , H . , Falk, H .  and Kayser , H .  ( 1 9 8 7 ) . Mol ecular struc ture o f  

the b i l in binding protein ( BB P )  from Pi eri s brassi cae a fter re f inement 

at 2 . 0  A resolution . J. Mol . Bi oi . ,  1 9 8 7 ; 1 9 8 : 4 9 9 - 5 1 3 . 

Huber , R .  , Schneider , M . , Epp , 0 . , Mayr , I . ,  Mes serschmi dt , A . , 

P f lugrath , J .  and Kayser , H .  ( 1 9 8 7 ) . Crys t a l l i zation ,  c rys tal s t ruc ture 

analys i s  and preliminary mol ecular model o f  the bi l in binding protein 

f r om the insect Pi eri s  brassi ca e . J. Mol . Bi oi . ,  1 9 8 7 ; 1 9 5 : 4 2 3 - 4 3 4 . 

Hunter , A . K .  ( 1 9 9 5 ) . Submitted to EMBL/GENBANK/ DDBJ DATA BANKS . 

Hunziker , H . G .  and Taras suk , N . P .  ( 1 9 6 5 ) . Chromatographi c  evidence for 

heat induced interact ion o f  a- lactalbumin and B- lactoglobulin . J .  Dai ry 

Sci . ,  1 9 6 5 ; 4 8 : 7 3 3 - 7 4 4 . 

Jakob , E .  and Puhan , Z .  ( 1 9 9 2 ) . Techno l ogical propert i e s  o f  mi lks as 

inf luenced by genetic polymorphi sm o f  mi lk proteins ---- a review . In t .  

Dai ry J . , 1 9 9 2 ; 2 : 1 5 7 - 1 7 8 .  

Jakob , E . , S i evert , C . ,  Sommer , S .  and Puhan , Z .  ( 1 9 9 5 ) . Automated 

determinat i on of total ni trogen in mi lk by the Dumas method . Z .  Lebensm 

Un t ers Forsch , 1 9 9 5 ; 2 0 0 : 2 3 9 - 2 4 3 . 

Jakob , E .  ( 1 9 9 4 ) . Genet i c  po lymorphi sm o f  mi lk proteins . Bu l l . In t .  Dai ry 

Fed . , 1 9 9 4 ; 2 9 8 : 1 7 - 2 7 . 

Jakobs s on ,  I . ,  Lindberg , T . , Benedikt s s on ,  B .  and Hansson , B . G .  ( 1 9 8 5 ) . 

Dietary bovine B- lactoglobulin � s  trans ferred to human mi lk . Acta 

Paedi a tr Scand . ,  1 9 8 5 ; 7 4 : 3 4 2 - 3 4 5 . 

Jakobs son , I .  ( 1 9 8 5 ) . Unusual presentat i on o f  adverse reac t i ons to cow ' s 

milk proteins . Kl in . Padi a tr ,  1 9 8 5 ; 1 9 7 : 3 6 0 - 3 6 2 . 

Jang , H . D .  and Swaisgood , H . E .  ( 1 9 9 0 ) . Characteris tics o f  the interaction 

o f  calcium with casein submi c e l l es as determined by analyt ical a f f inity 

Byqin, Spring of 1 998, Massey 1 85 



References and etc. 

chroma t ography . Arch . Bi ochem .  Bi ophys . ,  1 9 9 0 ; 2 8 3 : 3 1 8 - 3 2 5 . 

Jame s on , G . B .  ( 1 9 9 8 ) . unpubl ished resul t s . 

Je f fr ey ,  P . A .  ( 1 9 9 7 ) . PREDICT . s hareware . 

Jennes s ,  R .  ( 1 9 8 5 ) . Biochemical and nutri t i onal aspects o f  mi lk and 

colos t rum . In Lactation ( Larson ,  B . L .  ed . ) .  I owa State Univers i ty Pres s , 

pp . 1 6 4 - 1 9 7 . 

Jennes s ,  R . , Phi l l i p ,  N . r .  and Kalan , E . B . , ( 1 9 6 7 ) . Immunochemi cal 

compari son of B- lac toglobul ins . Fed . Proc . , 1 9 6 7 ; 2 6 : 3 4 0 - 3 4 3 . 

Jones , S .  and Thorton , J . M .  ( 1 9 9 5 ) . 

review o f  protein dimer s t ructures . 

1 9 9 5 ; 6 3 : 3 1 - 6 5 . 

Prot e in-protein interac tions : a 

Prog . Bi ophys . Mol ec . Bi oi . , 

Jones , T .  A .  and Kj eldgaard , M .  ( 1 9 9 3 ) . v 5 . 9 ,  Department o f  Mol ecular 

Biology, BMC , Uppsala Univer s i ty ,  Sweden . 

Kabsch , W .  and Sander , C .  ( 1 9 8 3 ) . Di c t ionary o f  protein secondary 

s tructure : pattern recogni tion of hydrogen-bonded and geometrical 

features . Bi opolymers , 1 9 8 3 ; 2 2 : 2 5 7 7 - 2 6 3 7 . 

Kaminsky ,  S . , Smi th , L . J .  and D ' Souz a , S . W .  ( 1 9 8 8 ) . Human gas tric 

l ipas e . E f fects o f  fatty acid and bovine serum albumin on in vi t ro 

act ivi ty . Scand. J .  Cl in . Lab . Inves t . ,  1 9 8 8 ; 4 8 : 5 8 3 - 5 8 7 . 

Katakura , Y . , Totsuka , M . , Ametani , A .  and Kaminogawa , S .  ( 1 9 9 4 ) . 

Tryptophan- 1 9  o f  B- lactoglobul in , the only residue completely conserved 

in the l ipocalin super fami ly , is not es senti a l  for binding retino l , but 

relevant to s tabi l i z ing bound retinol and maintaining i ts s truc ture . 

Bi ochim . e t  Bi ophys . Acta , 1 9 9 4 ; 1 0 2 7 : 5 8 - 6 7 . 

Kel l a ,  N . K .  and Kinsella , J . E .  ( 1 9 8 8 ) . Enhanced thermodynami c stabi l i ty 

o f  B-lac toglobu l in a t  low pH . Bi ochem . J . , 1 9 8 8 ; 2 5 5 : 1 1 3 - 1 1 8 . 

Kim , S . C . , Ol s on , N . F .  and Richardson , T .  ( 1 9 9 0 ) . Po lymeri z a t i on and 

Byqin, Spring of 1 998, Massey 1 86 



References and etc. 

gelation of thiolated 8-1ac toglobulin at ambient t emperature induced by 

oxi da t i on wi th potass ium i odate . Mi l chwissenschaft . ,  1 9 9 0 ; 4 5 : 6 2 7 - 6 3 1 . 

Kol de , H . -J . , Liberatori , J .  and Brauni tzer , G .  ( 1 9 8 1 ) . The amino ac id 

sequence of the water buf falo 8- 1actoglobulin . Mi l chwi ssenscha ft , 

1 9 8 1 ; 3 6 : 8 3 - 8 6 . 

Kraul i s , P . J .  ( 1 9 9 1 ) . MOLSCRI PT : a program to produce both detai l ed and 

schema t i c  plots o f  protein structures . J. Appl . Crys t . ,  1 9 9 1 ; 2 4 : 9 4 6 - 9 5 0 . 

Laskowski , R . A . , MacArthur , M . W . , Mos s , D . S .  and Thornton , J . M .  ( 1 9 9 3 ) . 

PROCHECK : a program to check the s tereochemi cal qual i ty o f  protein 

s t ruc ture . J .  Appl . Crys t . ,  1 9 9 3 ; 2 6 : 2 8 3 - 2 8 9  

Lee , S - P . , Cho , S .  and Batt , C . A .  ( 1 9 9 3 ) . Enhancing the gelation o f  8-

lactoglobul in . J .  Agri c .  Food . Chem . , 1 9 9 3 ; 4 1 : 1 3 4 3 - 1 3 4 8 . 

Lee , K . H .  ( 1 9 8 7 ) . I s olation o f  an ol facto ry cDNA : s imilar i ty to r e t ino l 

binding protein sugges t s  a role i n  ol faction . Sci ence , 1 9 8 7 ; 2 3 5 : 1 0 5 3 -

1 0 5 6 . 

Li , C . H .  ( 1 9 4 6 ) . E l ec trophoretic inhomogenei ty o f  c rys ta l l ine 8-

lactoglobul in . Bi ochem . J. , 1 9 4 6 ; 6 8 : 2 7 4 6 - 2 7 4 7 . 

Liberatori , J . , Gue t t i , L . M .  and Cont i , A .  ( 1 9 7 9 ) . Immunological evidence 

of 8- lactoglobul ins i n  human colostrum and mi l k . Bol l . Soc . I t . Bi ol . 

Sper . , 1 9 7 9 ; 5 5 : 8 2 2 - 8 2 5 . 

Liberatori , J . , Mor i s io , L . , Guett i ,  L . M . , Cont i , A .  and Napol i tano , L .  

( 1 9 7 9 ) . 8-Lactoglobu l ins in the mammary s ecret ions o f  c amel ( Camel us 

dromedari u s )  and she-ass . Immunological detection and p r e l iminary 

phys ico-chemical charac terization . Bol l . Soc . I t . Bi ol . Sper . , 

1 9 7 9 ; 5 5 : 1 3 6 9 - 1 3 7 3 . 

Libera t or i , J . , Gui dett i , L . M .  and C ont i , A .  ( 1 9 7 9 ) . Immuno- chemical 

s tudie s  on JS-lactoglobul ins prec ipitin reactions of s ow ' s  and mare ' s  

mammary secretions against anti - bovine JS- lactoglobulin ant i s e rum . Boll . 

Soc . I t . Bi ol . Sper . ,  1 9 7 9 ; 5 5 : 8 1 5 - 8 2 1 . 

Byqin, Spring of 1 998, Massey 1 87 



References and etc . 

Lont i e , R .  and Preaux , G .  ( 1 9 6 6 ) . Polarime t r i c  inve s t i ga t i on o f  JS

l actog l obulin A and B and of the react i  vi ty o f  their thiol groups . 

Pro t i des of the Biol ogi cal Fl u i ds ,  1 9 6 6 ; 1 4 : 47 6 - 4 8 1 . 

Lovr i en ,  R . , and Anderson , W . F .  ( 1 9 6 9 ) . Resolut i on o f  binding s i tes in 

B- lactoglobul in . Arch . Biochem .  Bi ophys . ,  1 9 6 9 ; 1 3 1 : 1 3 9 - 1 4 4 . 

Lyster , R . L . J . , Jenness , R .  and Phi l l ip s , N . 1 .  ( 1 9 6 6 ) . C omparat ive 

biochemi cal s tudies of milks - - - - Ill . Irrununo - e l ec t rophoret i c  c ompar i s ons 

of mi lk proteins o f  the Arti odactyl a . Comp . Bi ochem . Phys i ol . ,  

1 9 6 6 ; 1 7 : 9 6 7 - 9 7 1 . 

Mai l l iart , P .  and Ribadeau-Dumas , B .  ( 1 9 8 8 ) . Prepar a t i on o f  JS

lactoglobul in and JS-lactoglobul in- f ree proteins from whey r etentate by 

NaCl s a l t ing out at l ow pH . J. Food Sci . ,  1 9 8 8 ; 5 3 : 7 4 3 - 7 5 2 . 

Manderson , G . , Hardman , M . J .  and C reamer , L . K .  ( 1 9 9 5 ) . Thermal 

denaturation of bovine B- lac toglobulin A ,  B ,  and C .  J. Dai ry Sci . ,  Supp l . 

i ssue , 1 9 9 5 ; 7 8 : 1 3 2 - 1 3 2 . 

Matthews , B . W .  ( 1 9 6 8 ) . Solvent content o f  protein c rys t al s . J .  Mol . 

Bi oI . ,  1 9 6 8 ; 3 3 : 4 9 1 - 4 9 7 . 

Maurer , H . R .  ( 1 9 6 6 )  . S impl e  deco l o r i z i ng 

electrophores i s . Z .  Kl in . Chem . , 1 9 6 6 ; 4 : 8 5 - 8 6 . 

apparatus for disc 

Maurer ,  H . R .  and Dat i , F . A .  ( 1 9 7 2 ) . Polyacryl amide gel e l ec trophore s i s  

o n  micro s labs . Anal . Bi ochem . , 1 9 7 2 ; 4 6 : 1 9 - 3 2 . 

McAlpi ne , A . S .  and Sawyer , L .  ( 1 9 9 0 ) . JS- Lac toglobulin : a protein drug 

carrier? Bi ochem . Soc . Trans . ,  1 9 9 0 ; 1 9 7 : 4 0 7 - 4 1 7 . 

McDonal d ,  1 . , Naylor , D . , Jones , D .  and Thornton , J .  ( 1 9 9 3 ) . HBPLUS : 

hydrogen bond calculator v2 . 2 5 .  

McDougal l , E . I .  and Stewart , J . C .  ( 1 9 7 6 ) . The whey proteins o f  the mi lk 

of red deer ( cervus elaphus L . ) .  Bi ochem . J . , 1 9 7 6 ; 1 5 3 : 6 4 7 - 6 5 5 . 

Byqin, Spring of 1 998, Massey 1 88 



References and etc. 

McKen z i e , H . A .  Ed . ( 1 9 7 1 ) . In Milk Proteins Chemis t ry and Mo l ecular 

Biology ; Academic Pres s : New York . p2 7 4 - 3 3 1 .  

McKenz i e , H . A . , Muller , V . J .  and Shaw , D . C .  ( 1 9 8 3 ) . ' Whey ' proteins o f  

mi l k  o f  the r e d  ( Macropus rufu s )  and Eastern grey ( Macropus gi gan t eus ) 

kangaroo . Comp . Bi ochem . Physi ol . ,  1 9 8 3 ; B7 4 : 2 5 9 - 2 7 1 . 

McKen z i e , H . A .  and Sawyer ,  W . H .  ( 1 9 6 7 ) . E f fect o f  pH on JS-lactoglobul ins . 

Na t ure , 1 9 6 7 ; 2 1 4 : 1 1 0 1 - 1 1 0 4 . 

McKenz i e ,  H . A . , Sawyer ,  W . H .  and Smi th , M . B .  ( 1 9 67 ) . Optical rotatory 

dispe r s i on and s edimentat i on in the s tudy o f  a s s oc iat i on-di s s o c iat ion : 

bovine JS- lactoglobul ins near pH 5 .  Bi ochim . Bi ophys . Acta , 1 9 6 7 ; 1 4 7 : 7 3 -

9 2 . 

McKen z i e , H . A .  and Sawyer ,  W . H .  ( 1 9 7 2 ) . On the di s soc i at i on o f  bovine JS

lactoglobul ins A ,  B ,  and C near pH 7 .  Aus t . J .  Bi ol . Sci . ,  1 9 7 2 ; 2 5 : 9 4 9 -

9 6 1 . 

Mclean , D . M . , Graham , E . R . B . , Ponzoni , R . W .  and McKenz ie , H . A .  ( 1 9 8 7 ) . 

E f fec t s  o f  milk protein genet i c  variarts and compos i t i on on heat 

s tabi l i ty of milk . J .  Da i ry Res . , 1 9 8 7 ; 5 4 : 2 1 9 - 2 3 5 . 

McMeekin , T . L . , Poli s ,  B . D . , Del laMonica , E . S .  and Cus ter , J . H .  ( 1 9 4 9 ) . 

A c rys t a l l ine compound o f  JS-lactoglobulin wi th dodecyl sul f a t e . J .  Amer . 

Chem . Soc . , 1 9 4 9 ; 7 1 : 3 6 0 6 - 3 6 0 9 . 

McSwinery , M . , S ingh , H . , Campanel l a ,  o .  and Creamer , L . K . ( 1 9 9 4 ) . 

Thermal gelation and denaturation o f  bovine JS- lactoglobul ins A and B .  J .  

Dai ry Res . , 1 9 9 4 ; 6 1 : 2 2 1 - 2 3 2 . 

Merchant , Z . , Jiang , L . X . , Lebenthal , E .  and Lee , P . C .  ( 1 9 8 7 ) . Pancrea t i c  

exocr ine enzymes dur ing the neonatal period in pos tmature rats . In t .  J .  

Pancrea tol , 1 9 8 7 ; 2 : 3 2 5 - 3 3 5 . 

Mil l s , O . E .  ( 1 9 7 6 ) . E f fect o f  temperature on t ryptophan f l uorescence o f  

JS-lactoglobul in B .  Bi ochim . Bi ophys . A c t a , 1 9 7 6 ; 4 3 4 : 3 2 4 - 3 3 2 . 

Byqin, Spring of 1 998, Massey 1 89 



References and etc. 

Miranda , G .  and Peliss ier , J . P .  ( 1 9 8 3 ) . Kinet i c  s tudies o f  in vi vo 

diges t i on o f  bovine unheated s kim-mi lk proteins in rat s t omach . J .  Da iry 

Res . , 1 9 8 3 ; 5 0 : 2 7 - 3 6 . 

Monaco , H . L .  and Zanotti , G .  ( 1 9 9 2 ) . Three-dimens i onal s truc ture and 

act ive s i te o f  three hydrophobic mol ecul e -binding proteins with 

s i gni f ic ant amino ac id sequence s imi larity . Bi opolymers , 1 9 9 2 ; 3 2 : 4 5 7 -

4 6 5 . 

Monaco ,  H . L . , Z anot ti , G . , Spadon , P . , Bologne s i , M . , Sawyer , L .  and 

Eliopoulos , E . E .  ( 19 8 7 ) . Crys tal s truc ture o f  the trigonal form o f  bovine 

g- lactoglobul in and o f  i t s  complex with retinol at 2 . 5  A resolution . J .  

Mol . Bi ol . ,  1 9 8 7 ; 1 9 7 : 6 9 5 - 7 0 6  

Mont i , J . C .  and Jolles , P .  ( 1 9 8 2 ) . Characterizat i on o f  a thermo s ens i t ive 

protein from human mi lk whey . Experi en t i a ,  1 9 8 2 ; 3 8 : 1 2 1 1 - 1 2 1 3 . 

Monti , J . C . , Mermoud , A . F .  and Jol les , 

lactoglobul in antibodies milk . Experi en t i a ,  

P .  ( 1 9 8 9 ) . Ant i -bovine 

1 9 8 9 ; 4 5 : 1 7 8 - 1 8 0 . 

g-

Moreau , H . , Gargouri , Y . , Lecat , D . , Junien , J .  L .  and Verger , R .  ( 1 9 8 8 ) . 

Screening o f  preduodenal l ipases in s everal mamma l s . Bi ochim . Bi ophys . 

Acta , 1 9 8 8 ; 9 5 9 : 2 4 7 - 2 5 2 . 

Mulvihi l l , D . M .  and Kins e l l a , J . E . , ( 1 9 8 7 ) . Characteri s t i c s  o f  whey 

proteins and g- lact oglobu l in . Food Technol . ,  1 9 8 7 ; 4 1 9 : 1 0 2 - 1 1 1 . 

Narayan , M .  and Ber l iner , L . J .  ( 1 9 9 7 ) . Fatty a c i ds and retinoids bind 

independently and s imul taneous ly to glac togl obul in . B i o chemi s try, 

1 9 9 7 ; 3 6 : 1 9 0 6 - 1 9 1 1 . 

Narayan , M .  and Berl iner , L . J .  ( 1 9 9 8 ) . Mapping f a t ty acid b inding to g

lactoglobu l in : Ligand binding i s  res tricted by modi ficat ion of Cys 1 2 1 . 

Pro tein Sci ence, 1 9 9 8 ; 7 : 1 5 0 - 1 5 7 . 

Navaza , J .  ( 1 99 4 ) . AMoRe : an automated package for molecular replacement . 

Acta Crys t . ,  1 9 9 4 ; A5 0 : 1 5 7 - 1 6 3 . 

Byqin, Spring of 1 998, Massey 1 90 



References and etc. 

Neuteboom, B . , Giuf frida , M . G .  and Cont i , A .  ( 1 9 9 2 ) . I s o lation of a new 

l i gand- c arrying casein f ragment from bovine mammary g l and microsome s . 

Fed .  Eur . Bi oi . Soc . Le t t . ,  1 9 9 2 ; 3 : 1 8 9 - 1 9 3 . 

Newcome r , M . E .  ( 1 9 9 3 ) . S truc ture o f  the epididymal retinoic acid binding 

protein a t  2 . 1  A resolut i on .  Stru c t ure , 1 9 9 3 ; 1 : 7 - 1 8 . 

Nicho l l s , A . , Sharp , K .  and Honig ,  B .  ( 1 9 9 1 ) . Protein folding and 

associ a t ion : ins ights from the inter facial and t hermodynamic prope r t i es 

o f  hydrocarbons . Pro teins , 1 9 9 1 ; 1 1 : 2 8 1 - 2 9 6 . 

North , A . C . T .  ( 1 9 9 1 ) . Protein structure , predic t i on and design . ( Kay , 

J . , Lunt , G . , and Osguthorpe , D .  Ed . ) Port land Pres s ,  1 9 9 0 ,  London . 

Biochem . Soc . Symp . , 1 9 9 1 ; 5 7 : 3 5 - 4 8 . 

Nozaki , Y . , Bunville , L . G .  and Tanford , C .  ( 1 9 5 9 ) . Hydrogen i on t i tration 

curves o f  B- lactoglobul in . J .  Amer . Chem . Soc . , 1 9 5 9 ; 8 1 : 5 5 2 3 - 5 5 2 9 . 

Oatley ,  S . J .  ( 1 9 9 4 ) . TOM v2 . 4  UCSD 

O ' Nei l l ,  T . E .  and Kins e l l a , J . E .  ( 1 9 8 7 ) . Binding of a lkanone flavors to 

B-lactoglobul in : e f fects of c onformational and chemi cal modi f i cati on . J .  
Agri c .  Food Chem . , 1 9 8 7 ; 3 5 : 7 7 0 - 7 7 4 . 

Otwinowski , Z .  ( 1 9 9 6 - 9 7 ) .  Data process ing system Version 1 . 9 . 1 .  

Unive rs i ty o f  Virginia Patent Foundat i on . 

Palmer , A . H .  ( 1 9 3 8 ) . The preparat i on o f  a c rys t a l l ine globul in f r om the 

albumin frac t i on of cow ' s  mi l k . J. Bi oi . Chem . , 1 9 3 8 ; 1 0 4 : 3 5 9 - 3 7 2 . 

Pantaloni , D .  ( 1 9 6 5 ) . Struc ture et changement s  de conformations de l a  B

lactoglobulin en solution . Doctural Thes i s , Univer s i ty of Paris . 

Papi z ,  M . Z . , Sawyer , L . , E l iopoulos , E . E . , North , A . C . T . , F indley , 

J . B . C . , S ivaprasadarao , R . , Jones , T . A . , Nowcomer , M . E .  and Kraul i s , P . J .  

( 1 9 8 6 ) . The s truc ture o f  B-Iactoglobul in and i t s  s imilarity to plasma 

retino l -binding protein . Na t ure , 1 9 8 6 ; 3 2 4 : 3 8 3 - 3 8 5 . 

Byqin, Spring of 1 998, Massey 1 9 1  



References and etc. 

Parry- Smi th , D . J .  and At twood , T . K . , ( 1 9 9 2 ) . ADS P  ---- a new package for 

computational s equence analys i s . Compu t .  Appl . Bi osci . ,  1 9 9 2 ; 8 : 4 5 1 - 4 5 9 . 

Patterson , A . L .  ( 19 3 4 ) . A Fouri er series method for the determinat ion o f  

the components o f  interatomic dis tances in c rys t al s . Phys . Rev . , 1 9 3 6 ; 4 6 :  

3 7 2 - 3 7 6 .  

Patterson , A . L .  

components o f  

1 9 3 5 ; A9 0 : 5 1 7 - 5 4 2 . 

( 1 9 3 5 ) . A direct method for the det ermination o f  the 

interatomic dis tances in crys ta l s . Z .  Kri s t . ,  

Pedersen , K . O .  ( 1 9 3 6 ) . Introduc tion and prel iminary resu l t s  with 

frac t i onation of skim milk . Bi ochem . J . , 1 9 3 6 ; 3 0 : 9 4 8 - 9 6 0 . 

Pedersen , K . O .  ( 1 9 3 6 ) . The lac toglobulin o f  Palmer : Detected changes in 

sedimentation c oef f i c i ent at pH 5 . 0  and 7 . 5 .  Bi ochem . J . , 1 9 3 6 ; 3 0 : 9 6 1 -

9 7 0 . 

Pelos i ,  P .  ( 1 9 8 2 ) . I dent i f i cation of s spec i f i c  ol factory receptor for 

2 - is obutyl - 3 -methoxypyraz ine . Bi ochem . J . , 1 9 8 2 ; 2 0 1 : 2 4 5 -2 4 8 . 

Pelos i ,  P .  ( 1 9 8 9 ) . In Chemi cal Senses , Vol 1 .  ( Brand , J . G . , Teete r , J . H . , 

Cagan , R . H .  and Kare , M . R . , Eds . )  Marcel Dekker , New York . 

Pere z , M . D . , Puyol , P . , Ena , J . M .  and Calvo , M .  ( 1 9 9 3 ) . Comparison o f  

the abi l i ty to bind l ipids o f  g-lactoglobu l in and s erum albumin of mi lk 

from ruminant and non- ruminant speci es . J .  Dai ry Res . , 1 9 9 3 ; 6 0 : 5 5 - 6 3 . 

Pere z , M . D .  and Calvo , M .  ( 1 9 9 5 ) . Interac t i on o f  g- lac toglobulin wi th 

ret inol and f atty ac i ds and i ts role as pos sible biological func tion for 

this protein : a revi ew . J .  Dai ry Sci . , 1 9 9 5 ; 7 8 : 9 7 9 - 9 8 8 . 

Pere z ,  M . D . , Sanchez ,  L . , Aranda , P . P . , Ena , J . M .  and Calvo , M .  ( 1 9 9 0 ) . 

Syn thes i s  and evolution o f  concentration o f  g- lac toglobul in and u

lactoalbumin from c ow and sheep colostrum and mi l k  throughout early 

lactation . Cel l  Mol . Bi ol . ,  1 9 9 0 ; 3 6 : 2 0 5 - 2 12 . 

Pere z , M . D . , Sanchez ,  L . , Aranda , P . , Ena , J . M . , Oria , R .  and Calvo , M .  

Byqin, Spring of 1 998, Massey 1 92 



References and etc. 

( 1 9 9 2 ) . E f fect of B-lactoglobul in on the act ivity o f  prega s tric l ipase 

--- a poss ible role for this protein in ruminant mi lk . Bi ochim . Bi ophys . 

Acta , 1 9 9 2 ; 1 1 2 3 : 1 5 1 - 1 5 5 . 

Perez , M . D . , Diaz de Vi l l egas , C . , Sanchez , L . , Aranda , P . , Ena , J . M . 

and Calvo , M .  ( 1 9 8 9 ) . Interac t i on o f  fatty acids with B - l actogl obulin 

and albumin from ruminant mi l k .  J .  Bi ochem . ( Tokyo ) , 1 9 8 9 ; 1 0 6 : 1 0 9 4 - 1 0 9 7 . 

Perva i z ,  S .  and Brew , K .  ( 1 9 8 6 ) . Puri fication and charac terizat ion of 

the maj or whey proteins from the mi lks o f  the bot t l enose dolphin 

( Tursi ops trunca t u s )  , the Florida manatee ( Tri checl us mana t us 

l a tiros tri s )  and the beagle ( Cani s  fami l i ari s ) . Arch . Bi ochem . Bi ophys . ,  

1 9 8 6 ; 2 4 6 : 8 4 6 - 8 5 4 . 

Perva i z ,  S .  and Brew , K .  ( 1 9 8 5 ) . Homo logy o f  B- lac t oglobulin , serum 

retinol -binding protein , and protein HC . Sci enc e ,  1 9 8 5 ; 2 2 8 : 3 3 5 - 3 3 7 . 

Perva i z ,  S .  and Brew , K .  ( 1 9 8 7 ) . Homol ogy and s t ruc ture- func tion 

correlations between a1 -acid glycoprotein and s erum retino l -binding 

protein and i t s  relative s . FASEB . J . , 1 9 8 7 ; 1 : 2 0 9 - 2 1 4 . 

Pevsner , J .  ( 1 9 9 0 ) . Odo rant - binding protein ( charact e r i zation o f  l igand 

binding ) . J .  Bi ol . Chem . , 1 9 9 0 ; 2 6 5 : 6 1 1 8 - 6 1 2 5 . 

Pevsner , J .  ( 1 9 9 0 ) . Odorant-binding protein ( charac teri zation o f  l igand 

binding ) . J. Bi ol . Chem . , 1 9 9 0 ; 2 6 5 : 6 1 1 8 - 2 5  

Pevsner , J .  and Reed ,  R . R .  ( 1 9 8 8 ) . Molecular c l oning o f  odorant-binding 

protein member of a l i gand carrier fami ly . Sci ence , 1 9 8 8 ; 2 4 1 : 3 3 6 - 3 3 9 . 

Pevsner , J . , Tri f i l e t t i , R .  R . , Strittmatter , S . M .  and Snyder , S .  H .  

( 1 9 8 5 ) . Isolation and charac terization o f  an o l f ac t o ry receptor protein 

for odorant pyrazines . Proc . Na t l . Aca d .  Sci . USA , 1 9 8 5 ; 8 2 : 3 0 5 0 - 3 0 5 4 . 

Pol i s , B . D . , Schmukler , H . W . , Cus ter , J . H .  and McMeekin , T . L .  ( 1 9 5 0 ) . 

Isolat i on o f  an e l ectrophor et ic a l ly homogeneous c rys tal l ine component o f  

B- lactoglobulin . J .  Amer . Chem . Soc . , 1 9 5 0 ; 7 2 : 4 9 6 5 - 4 9 6 8 . 

Byqin, Spring of 1 998, Massey 1 93 



References and etc. 

Preaux , G . , Brauni t zer , G . , Schrank , B .  and S tangl , A .  ( 1 9 7 9 ) . The amino 

acid s equence o f  goat g-lac toglobul in . Hoppe -Seyl ers Z .  Phys i ol . Chem . , 

1 9 7 9 ; 3 6 0 : 1 5 9 5 - 1 6 04 . 

Puyol , P . , Pere z , M . D . , Ena ,  J . M .  and Calvo , M .  ( 1 9 9 1 ) . Interac tion o f  

bovine g-lactoglobul in and o ther bovine and human whey proteins wi th 

retinol and fatty acids . Agri c .  Biol . Chem . , 1 9 9 1 ; 5 5 : 2 5 1 5 - 2 5 2 0 .  

Puyo l , P . , Perez , MD . , Mata . L .  and Calvo , M .  ( 1 9 9 4 ) . Study on 

interac tion between g-lactoglobulin and other bovine whey proteins with 

ascorbic acid . Mi lchwi ssenscha f t , 1 9 9 4 ; 4 9 : 2 5 - 3 1  

Puyo l , P . , Pere z , MD . ,  Mata . L . , Ena , J . M .  and Calvo , M .  ( 1 9 9 3 ) . E f fect 

o f  ret inol and fatty acid binding to bovine g- lactoglobulin on i ts 

res i s tance to t rypsin diges t ion . In t .  Dai ry J . , 1 9 9 3 ; 3 : 5 8 9 - 5 9 5 . 

Puyo l , P . , Perez ,  M . D . , Peiro , J . M .  and Calvo , M .  ( 1 9 9 4 ) . Ef fect o f  

retinol and f atty ac i d  binding t o  bovine g-lac toglobulin on i t s  

res i s t ance to thermal denaturation . J.  Da iry Sci . ,  1 9 9 3 ; 7 7 : 1 4 9 4 - 1 5 0 3 . 

Qi , X .  L . , Brownlow , S . ,  Hol t ,  C .  and Sel lers , P .  ( 1 9 9 5 ) . Thermal 

denaturation o f  g-lactogl obul in : e f fect of protein c oncentra t i on at pH 

6 . 7 5  and 8 . 0 5 . Bi ochim . Bi ophys . Acta , 1 9 9 5 ; 12 4 8 : 4 3 - 4 9 . 

Qin , B . Y .  ( 1 9 9 6 ) . The struc ture determination o f  g - lactoglobulin from 

bovine mi lk whey . F i r s t  year report , 1 9 9 6  June . Masey University ,  

Palmerstom North , New Zealand . 

Qin , B . Y . , Creamer , L . K . , Bewley , M . C . , Baker , E . N .  and Jameson , G . B .  

( 1 9 9 8 ) . Structural bas i s  o f  the Tanford t rans i t ion o f  bovine g

lactoglobulin A f rom c rystal struc tures at three pH values . Bi ochemi s try, 

accepted . 

Ral s t on ,  G . B .  ( 1 9 7 2 ) . The decrease in stabi l i ty o f  g- lactoglobul in on 

blocking the sulphydryl group . Compt . Ren d .  Tra v .  Lab . Carlsberg . , 

1 9 7 2 ; 3 8 ( 2 5 )  : 4 9 9 - 5 1 2 . 

Ras k ,  L . , Anundi , H .  and Peterson , P . A .  ( 1 9 7 9 ) .  The primary s t ructure o f  

Byqin, Spring of 1998, Massey 1 94 



References and etc. 

the human retinol-binding prot e i n . FEBS Le t t . ,  1 9 7 9 ; 1 0 4 : 5 5 - 5 8 . 

Ravel l i , R . B . G .  ( 1 9 9 7 ) . S trategy : A program for the determination o f  the 

optimal s tart ing spindle angle in X-ray crys t a l l ography data-col lection . 

Department o f  Crys tal and Struc tural Chemi s try ,  U trecht University,  The 

Nethe r l ands . 

Reddy , M . , Kel la , N . K .  and Kinsel l a ,  J . E .  ( 1 9 8 8 ) . S t ructural and 

conformat i onal bas i s  o f  the res i stance of B- lactoglobul in to peptic and 

chymo t ryptic diges t ion . J .  Agri c .  Food Chem . , 1 9 8 8 ; 3 6 : 7 3 7 - 7 4 2 . 

Robi l lard , K . A .  and Wishnia , A .  ( 1 9 7 2 ) . Aroma t i c  hydrophobes and B

lactoglobulin A :  thermodynamics o f  binding . Bi ochemi s t ry, 1 9 7 2 ; 1 1 : 3 8 3 5 -

3 8 4 0 . 

Robi l la r d ,  K . A .  and Wishni a , A .  ( 1 9 7 2 ) . Aroma t i c  hydrophobes and B

lactogl obulin A: kine t i c s  of binding by nuc lear magnetic resonance . 

Bi ochemi s try, 1 9 7 2 ; 1 1 : 3 8 4 1 - 3 8 4 5 . 

Sawyer , L .  ( 1 9 8 7 ) . One f o ld among many . Na t ure , 1 9 8 7 ; 3 2 7 : 6 5 9 - 6 5 9 . 

Scader , C .  and Schneider , R .  ( 1 9 9 1 ) . Databas e  o f  homology- der ived pro tein 

s truc tures and the s truc tural meaning of sequence a l ignment . Pro teins , 

1 9 9 1 ; 9 : 5 6 - 6 8 . 

Schuber t , D .  and LaCorbiere , M .  ( 1 9 8 5 ) . I so l a t i on 

mediat ing protein from chick neural retina adherons . 

1 9 8 5 ; 1 0 1 : 1 0 7 1 - 1 0 7 7 . 

o f  

J. 

an adhe s i on

Cel l Bi ol . ,  

Schuber t , D . , LaCorbiere , M .  and Esch , F .  ( 1 9 8 6 ) . A chick neural retina 

adhes ion and survival molecule is a retinol -binding protein . J. Cel l 

Bi ol . ,  1 9 8 6 ; 1 02 : 2 2 9 5 - 2 3 0 1 . 

Sheldr i ck , G . M .  ( 1 9 9 7 ) . SHELXL : program for c rystal s truc ture 

re f i nement , Univers t iy o f  G6t t ingen , Germany . 

Sj 6gren , B .  and Svedberg , T .  ( 1 9 3 0 ) . The mol ecular weigh t  o f  lac talbumin . 

J .  Amer . Chem . Soc . , 1 9 3 0 ; 5 2 : 3 6 5 0 - 3 6 5 4 . 

Byqin, Spring of 1 998, Massey 1 95 



References and etc. 

Smi th ,  S .  and Abraham , S .  ( 1 9 7 5 ) . The compos i tion and biosynthesis of 

milk f a t . Adv . Lipid Res . , 1 9 7 5 ; 1 3 : 1 9 5 - 2 3 9 . 

S$rensen , C . M .  and Palmer , A . H .  ( 1 9 3 8 ) . Dissociation tendency of 

crys tal l ine lactoglobulin in very weak soluti ons o f  ammonium chlori de . 

Comp t . Rend . Trav. Lab . Carl sberg . Ser . Chim . ,  1 9 3 8 ; 2 1 : 2 8 3 - 2 9 0 . 

Spec tor , A . A .  and F l etcher , J . E .  ( 1 9 7 0 ) . B inding o f  l ong chain fatty 

acids to g- lactoglobu l in . Lipi ds , 1 9 7 0 ; 5 : 4 0 3 - 4 1 1 . 

Spreyer , P . , Schaa l , H . , Kuhn , G . , Rothe , T . , Unterbeck ,  A . , Olek , K .  

and Mul l er , H . W .  ( 1 9 9 0 ) . Regenerat ion-assoc iated high l evel expres s i on 

o f  apo l ipoprotein D mRNA in endoneurial fibroblas t s  o f  peripheral nerve . 

EMBO . J . , 1 9 9 0 ; 9 : 2 4 7 9 - 2 4 8 4 . 

Sunde l in , J .  ( 1 9 8 5 ) . Amino acid s equence homo l ogies between rabbi t ,  rat , 

and human s erum retino l -binding prote ins . J .  Bi ol . Chem . , 1 9 8 5 ; 2 6 0 : 6 4 7 2 -

6 4 8 0 . 

Tanford , C . , Bunvi l l e , L . G .  and Nozaki , 

trans f ormation of g- lac t oglobu l in at pH 

1 9 5 9 ; 8 1 : 4 0 3 2 - 4 0 3 5 . 

Y .  ( 1 9 5 9 a ) . The revers ible 

7 . 5 . J. Amer . Chem . Soc . , 

Tanfor d ,  C .  and Nozaki , Y .  ( 1 9 5 9b ) . Phys ico- chemical c ompar i son of g

lactoglobul ins A and B .  J .  Biol . Chem . , 1 9 5 9 ; 2 3 4 : 2 8 7 4 - 2 8 7 7 . 

Tegoni , M . , Ramoni , R . , Bignett i , E . , Spine l l i , S .  and Cambil l au ,  C .  

( 1 9 9 6 )  . Domain swapping creates a third putat ive combining s i te in bovine 

odorant binding protein dimer . Na t .  S truc t . Bi ol . , 1 9 9 6 ; 3 : 8 6 3 - 8 6 7 . 

Thornton , J . M .  ( 1 9 8 1 ) . Di sulphide bridges in globular proteins . J .  Mol . 

Bi ol . , 1 9 8 1 ; 1 5 1 : 2 6 1 - 2 8 7 . 

Thomp s on , J . D . , Higgins , D . G .  and Gibson , T . J .  ( 1 9 9 4 ) . CLUSTAL W :  

improving the sens i t ivity o f  progress ive mul t ip l e  s equence a l i gnment 

through sequence weight ing , pos i t i ons -spec i f ic gap pena l t ie s  and wei ght 

matrix cho ice . Nucl e i c  Acids Research , 1 9 9 4 ; 2 2 : 4 6 7 3 - 4 6 8 0 . 

Byqin, Spring of 1 998,  Massey 1 96 



References and etc. 

Thresher , W . C . , Kni ghton , D . R . , O t ter , D . E .  and Hi l l ,  J . P .  ( 1 9 9 4 ) . Br i ef 

communicat ions : 2 4 th Internat ional dairy congres s , Melbourne , 1 9 9 4 ,  

In t erna t i onal Dairy Federa t i on (Brussel s) , 1 9 9 4 ; p 1 0 1 . 

Timashe f f ,  S . N . , Mescant i , L . , Basch , J . J .  and Townend , R .  ( 1 9 6 6 ) . 

Conforma ti onal Trans i t i ons o f  bovine B- lactogl obul ins A ,  B ,  C .  J .  Bioi . 

Chem . , 1 9 6 6 ; 2 4 1 : 2 4 9 6 - 2 5 0 1 . 

Timashe f f ,  S .  N .  

lactoglobulin . 

and Townend , R .  ( 1 9 6 1 ) . Mol ecular interaction ln B

the genet i c  species of B

point . J. Amer . Ch em . Sac . , 

V .  The a s soc iation o f  

lactoglobul in below 

1 9 6 1 ; 8 3 : 4 6 4 - 4 6 9 . 

the isoelectric 

Tirindel l i ,  R . , Keen , J . N . , Cavaggioni , A . , Eliopoulos , E . E .  and F indlay , 

J .  B .  ( 1 9 8 9 ) . Complete amino ac i d  s equence o f  pyrazine - binding protein 

f rom c ow nasal mucosa . Eur . J .  Bi ochem . , 1 9 8 9 ; 1 8 5 : 5 6 9 - 5 7 2 . 

Townend , R . , Herskovi ts , T . T . , Timashe f f , S . N .  and Gorbuno f f ,  M . J .  

( 1 9 6 9 ) . The s tate o f  amino ac i d  residues in B- lac toglobul in . Arch . 

Biachem . Bi ophys . ,  1 9 6 9 ; 1 2 9 : 5 6 7 - 5 8 0 . 

Townend , R .  and Timashe f f , S . N .  ( 1 9 5 7 ) . The mo lecule weight o f  B

lactoglobulin . J .  Amer . Chem . Soc . , 1 9 5 7 ; 7 9 : 3 6 1 3 - 3 6 1 4 . 

Townend , R .  and Timashe f f ,  S . N .  ( 1 9 6 0 ) . Molecule interact ions in B

lactoglobulin . IV . The di s sociation of B- lactoglobul in be l ow pH 3 . 5 .  J .  
Amer . Chem . Soc . , 1 9 6 0 ; 8 2 : 3 1 7 5 - 3 1 7 9 . 

Townend , R . , Kumos inski , T . F .  and Timashe f f , S . N .  ( 1 9 6 7 ) . The c ircular 

di chro i sm of variants of B- lactoglobu l in . J. Bi oi . Chem . , 1 9 6 7 ; 2 4 2 : 4 5 3 8 -

4 5 4 5 . 

Tronrud , D . E .  ( 1 9 9 5 ) . The TNT r e f inement package , V5 E .  c opyright 1 9 9 4 ,  

Oregon s tate board o f  higher educa t i on ,  us . 

Unterman , R . D . , Lynch , K . R . , Nakhas i ,  H . L . , Dolan , K . P . , Hami l ton , J . W . , 

Cohn , D . V .  and Feigel s on ,  P .  ( 1 9 8 1 ) . Cloning and s equence o f  several a2u-

Byqin, Spring of 1 998,  Massey 1 97 



References and etc. 

globulin cDNAs . Proc . Na t l . Acad . Sci . USA , 1 9 8 1 ; 7 8 : 3 4 7 8 - 3 4 8 2 . 

Webe r , K .  and Osborn , M .  ( 1 9 6 9 ) . The reliabi l i ty o f  mol ecular wei ght 

determinat ions by dodecyl sul fate-polyacrylamide gel e l e c tr ophores is . J .  

Bi ol . Chem . , 1 9 6 9 ; 2 4 4 : 4 4 0 6 - 4 4 1 2 . 

weichsel , A . , Anderson , J . F . , Champagne , D . E . , Walker , F . A .  and Mont fort , 

W . R .  ( 1 9 9 8 ) . Crys tal s t ructures o f  a nitric oxide transport protein from 

a blood- sucking insect . Na t .  S truc . Bi ol . ,  1 9 9 8 ; 5 : 3 0 4 - 3 0 9 . 

Wilmo t , C . M .  and Thornton , J . M .  ( 1 9 9 0 ) . g-Turns and the i r  dis tort ions : 

a proposed new nomenc l ature . Pro t ein Engineering, 1 9 9 0 ; 3 : 4 7 9 - 4 9 3 . 

Wishnia ,  A .  and Pinder , T . W .  Jr . ( 1 9 6 6 ) . 

proteins . The alkane binding s i te o f  

Biochemi s try, 1 9 6 6 ; 5 : 1 5 3 4 - 1 5 4 2 . 

Hydrophobic interac tions 

g- lactoglobul ins A and 

in 

B .  

Yewda l l , S . J .  ( 1 9 8 8 ) . Struc tural s tudies on g- lac toglobulin . Ph . D  

Thes i s , University o f  Leeds . 

Yvon , M . , VanHi l le , I .  and Pel l i s ie r , J . P .  ( 1 9 8 4 ) . In vi vo mi lk diges t i on 

in the cal f abomasum .  11 . Mi lk and whey proteolys i s . Reprod . Nu tr . Dev . , 

1 9 8 4 ; 2 4 : 8 3 5 - 8 4 6 . 

Zano t t i , G . , Berni , R .  and Monaco , H . L .  ( 1 9 9 3 ) . C rys tal s tructure o f  

liganded and unliganded forms o f  bovine plasma retino l -binding protein . 

J .  Bi ol . Chem . , 1 9 9 3 ; 2 6 8 : 1 0 7 2 8 - 1 0 7 3 8 .  

Zano tt i ,  G . , Malpeli , G .  and Berni , R .  ( 1 9 9 3 ) . The interact i on o f  n 

ethyl retinamide with plasma ret inol -binding prot e in ( RB P )  and the 

crys tal s t ructure of the ret inoid-RBP complex at 1 . 9  A resolution . J .  

Biol . Chem . , 1 9 9 3 ; 2 6 8 : 2 4 8 7 3 - 2 4 8 7 9 . 

Byqin, Spring of 1 998, Massey 198 



References and etc. 

Appendix 

:r e  Script f i l e s  

The foll owing X- PLOR scrip t fi l e  i s  designed for scru t ini zing the 

con tribu t i on o f  wa ters t o  the R f  and R fac t or in a s truct ure one by one . 

r emarks Check R value for every waters 

topology 
@ /progs l / xplor3 . 8 5 l / toppa r / tophcs dx . pro 

@bro / brc . top { * Read topology f i l e  o f  l i gand . * }  
@water . top 

end 
end 

parameter 
@ /progs l / xp lor3 . 8 5 l / toppar / parhcs dx . pro 
empirical potentia l * } 
@bro / brc . par 
@water . par 

end 

end 

{ ===> } s t ructure @generate . ps f  end 

{ ===> } coor @b-pos itional_s . pdb end 
vector do ( charge= O . O  ) ( resname LYS 

( name ce or name nz or name hz * ) ) 
vector do ( charge= O . O  ) ( resname GLU 

( name cg or name cd or name o e *  ) ) 
vec tor do ( charge= O . O  ) ( resname ASP 

{ *Read 

{ *Append parameters for z inc . * } 

{ * Read s t ruc ture f i le . * }  

{ *Read c oo rdinates . * } 
and 

{ * Turn o f f  charges on LYS . * } 
and 

{ * Turn o f f  charges on GLU . * } 
and 

( name cb or name cg or name od* ) ) 
vec tor do ( charge= O . O  ) ( resname ARG and 

{ *Turn o f f  charges on ASP . * }  

( name cd or name * E  or name c z  or name NH* or name HH* ) ) 

f l ags 
inc lude pele pvdw xre f 
? 

end 

xre f ine 

{ ===> } 
a= 5 4 . 0 2 6  

{ ===> } 
b= 5 4 . 0 2 6  c =  1 1 2 . 1 8 3  

{ *Turn o f f  charges on ARG . * }  

{ * In addi tion to the emp i rical * }  
{ *potential ener gy t e rms , which * }  
{ * are turned on ini t ia l ly ,  thi s * }  
{ * s tatement turns on the * }  

alpha= 9 0 . beta= 9 0 . gamma=12 0 .  

symmet ry= ( x , y , z )  { *Operators for c rys tal symmetry P 3 2 2 l . * } 
symmet ry= ( -y , x-y , z + 2 / 3 ) 
symmet ry= ( y- x , - x , z + 1 / 3 ) 
symmet ry= ( y , x , - z )  
symmet ry= ( -x , y-x , 2 / 3 - z )  

symmet ry= ( x-y , -y, 1 / 3 - z )  

{ *The f o l lowing contains the atomic form factor s . A 4 -Gaus s ian* } 
{ * approximation i s  used . Atoms are selected based on their * }  

Byqin, Spring of 1 998,  Massey 1 99 



References and etc. 

{ * chemical type . Note the use o f  wi ldcards in the selec t i on . * }  
SCATter ( chemical C *  ) 

2 . 3 1 0 0 0  2 0 . 8 4 3 9  1 . 0 2 0 0 0  1 0 . 2 0 7 5  1 . 5 8 8 6 0  . 5 6 8 7 0 0  . 8 6 5 0 0 0  5 1 . 6 5 12 
. 2 1 5 6 0 0  

SCATter ( chemi cal N *  ) 
1 2 . 2 1 2 6  . 0 0 5 7 0 0  3 . 1 3 2 2 0  9 . 8 9 3 3 0  2 . 0 1 2 5 0  2 8 . 9 9 7 5  1 . 1 6 6 3 0  . 5 8 2 6 0 0  -

1 1 . 5 2 9  
SCATter ( chemi cal 0 *  ) 

3 . 0 4 8 5 0  13 . 2 7 7 1  2 . 2 8 6 8 0  5 . 7 0 1 1 0  1 . 5 4 6 3 0  . 3 2 3 9 0 0  . 8 6 7 0 0 0  3 2 . 9 0 8 9  
. 2 5 0 8 0 0  

SCATter ( chemi cal S *  ) 
6 . 9 0 5 3 0  1 . 4 6 7 9 0  5 . 2 0 3 4 0  2 2 . 2 1 5 1  1 . 4 3 7 9 0  . 2 5 3 6 0 0  1 . 5 8 6 3 0  5 6 . 1 7 2 0  

. 8 6 6 9 0 0  
SCATter ( chemical B r *  o r  chemi cal BR* 

17 . 1 7 8 9 0 0  2 . 17 2 3 0 0  5 . 2 3 5 8 0 0  1 6 . 5 7 9 5 9 9  5 . 6 3 7 7 0 0  0 . 2 6 0 9 0 0 3 . 9 8 5 1 0 0  

4 1 . 4 3 2 8 0 0  2 . 9 5 57 0 0  
{ == = > } 
nre f l ect i ons = 1 0 5 0 0  
re f le c t i on @br1 S . cv end 

{ ===> } 
{ *Read r e f l e c t i ons . * } 

resoluti on 1 5 . 0  2 . 2 3 { *Resolution range . * } 
reduce 
do amp l i tude ( fobs 

cuto f f . * } 
fwind= 0 . 0 1 = 1 0 0 0 0 0  

fobs * heavy ( fobs - O . O * s i gma ) ) { * S i gma 

print comp l etene s s  { * Check comp l etene s s  o f  data . * } 

method=FFT { *Use the FFT method instead o f  direct summat i on . * }  
f f t  

memory= 1 0 0 0 0 0 0  { * Thi s  tel l s  the FFT routine how much phys i ca l  memory* }  

end { * i s  ava i l abl e ;  the number refers to DOUBLE COMPLEX * }  
{ *words , the memory i s  al located from the HEAP . * }  

? 
end 

{ *Thi s  prints the current s ta tus . * } 
{ *Thi s  terminates the di f frac t i on data pars er . * } 

xre fin { * Thi s  s tatement computes the * } 

{ * in i t i a l  R value . * }  

do ( fpart=0 . 4 0 * exp ( - 2 0 0 * ( s ( ) � 2 ) / 4 ) * fpart ) 

{ *  the following table l i s t s  a l l  waters name * }  
for $ 1  in ( 4 0 0  1 6 5  1 6 6  1 6 7  1 6 8  1 6 9  

1 7 0  1 7 1  1 7 2  1 7 3  1 7 4  
1 7 5  1 7 6  1 7 7  1 7 8  1 7 9  

) loop m1 

display $ 1  

s e l ec t i on= ( not res i d  $ 1 ) 

update- fcalc 

end 

print R 
end loop m1 

stop 
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II . List of s tructure factor and coordinate files 

Al l the experimen tal s t ru c t ure fac t or fi l es and the corresponding 

s truc t ure coordina t e  fi l es are backed up in the a t tached di sc on the back 

cover of this book . To tal 9 0 1 1 2 0  byt es ,  i t  can be res tored by ' tar -xvf ' 

and fol l owed by ' uncompress ' in a UNIX environmen t . 

1 .  S tructure f or BLGA in lattice Z at pH 7 . 1  and the exper imental 

s tructure factors : 

z a 1 0-pH7 . 1_f ina l . pdb . Z  ( 5 9  block ) , z a 1 0-pH7 . 1_s . cv . Z  ( 3 1 6  block ) . 

2 .  S truc ture for BLGA in lattice Z at pH 6 . 2  and the exper imental 

s tructure factors : 

za9-pH6 . 2_fina l . pdb . Z  ( 6 1  block ) , za9-pH6 . 2_s . cv . Z ( 2 0 9  block ) . 

3 .  S tructure for BLGA in lattice Z at pH 8 . 2  and the exper imental 

s tructure factors : 

za2-pH8 . 2_fina l . pdb . Z  ( 6 0  block ) , za2-PH8 . 2_s . cv . z  ( 2 4 9  block i . 

4 .  S tructure for BLGB in lattice Z at pH 7 . 1  and the experimental 

structure factors : 

zb1-pH7 . 1_final . pdb . Z  ( 6 0 block ) , zb1-pH7 . 1_s . cv . Z  ( 3 2 2  block ) . 

5 .  S truc ture for BLGA-BrC 1 2  in lattice Z at pH 7 . 3  and the experimental 

structure fac t ors : 

br1-pH7 . 3_fina l . pdb . Z  ( 5 9 block ) , br1-pH7 . 3_s . cv . Z  ( 3 3 5  block ) . 

Byqin, Spring of 1 99 8 ,  Massey 20 1 



Key word index 

B - factor 9 4  
BLGB 7 0 ,  7 7 , 8 3 , 9 1  
BrC 1 2  7 1 , 7 8 ,  84 , 1 3 6 , 1 4 5 , 1 5 1  
C - terminus 1 1 3  
ca displacement 1 5 0 , 1 5 4 , 1 6 3  
ca trace 8 9  

Fourier trans f orm 4 1  
Glu 8 9  1 3 , 1 4 3  
Laue condi t ion 3 8  
N-terminus 1 1 2  
Patterson fun c tion 4 2 , 4 5  
R 4 7 , 8 6  
R f  4 7 , 8 6  

Tanford t rans i t ion 2 6 ,  1 04 , 1 3 7  
acces s ible surface area 1 0 0 , 1 4 1  
a-H 1 1 5  
anomal ous carboxyl group 2 3 , 2 7 , 1 3 6  
autosomal 1 2  

is-B , C ,  D 1 1 7  
is-E , F ,  G ,  H ,  A 1 2 0  
is- I 1 1 6  
is-lactoglobul in 4 ,  4 8 ,  5 3 , 1 4 6  
is- sheet I 1 1 7 , 1 4 8  
is-sheet 1 1  1 2 0 ,  1 4 9  
bottom 1 0 9 , 1 7 1  
conforma t i on 2 5 ,  2 8 ,  1 3 9 , 1 5 6  
crys tal 2 4 ,  4 3 , 5 4 ,  6 0 ,  73  
crys ta l l i z a t i on 2 4 ,  5 6 ,  5 8  
cys teine 1 2 3 , 14 0 ,  1 6 6 , 1 7 1  
cytochrome c 2 4  
dairy 3 2 , 4 8 ,  1 7 1  
di f fract i on atom 3 5  

dif frac t i on crys tal 3 7  

di f frac t i on elec tron 3 4  
di f frac t i on qua l i ty 8 5  
di f frac t i on uni t c e l l  3 6  
di f frac t i on 3 4 ,  3 7 ,  6 0 , 6 2  
dimer 8 8 , 9 9 , 129 , 1 6 9  
e lectrophores i s  5 1  

f atty ac i d  1 3 5 , 1 4 5 , 1 5 2  
gas tric dige s t ion 2 2 , 1 5 2  
gelation 2 2  
glyc ine 1 2 8  
goal 3 2  
handle 1 1 2 , 1 5 8 ,  1 6 4  
heavy a t om 4 3  
image 4 0  
indexing 
inter face 
isolation 
lattice 
lattice X 

lattice Y 

6 3  
1 3 2  
1 7 , 5 0 , 5 5  

3 0 ,  3 3 , 7 5 ,  8 7 , 1 2 8 , 1 6 0 ,  1 6 2  
1 6 1  

1 3 5  
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l i gand 1 9 , 1 3 3 , 1 6 9  
l ipoc a l in 6 ,  1 6 8  
l ipoc a l in a l i gnment 1 0 , 1 6 7  
l ipoc a l in bovine 9 

l ipoca l in gene s truc ture 
l ipoc a l in mot i f  
lock and key 9 8 ,  

l oop AB 1 0 1  
l oop BC 1 1 9  

l oop CD 1 0 2  
l oop EF 1 0 4 , 1 3 8  

loop GH 1 0 7 , 1 3 9  

macromol ecule 
mercury 1 3 4  
methionine 1 2 3  
model 8 6  

2 3  

8 
1 3 0  

8 

molecular rep l acement 4 4 , 4 5 , 7 4  
mutation 5 ,  1 2 3 , 1 5 3 , 1 5 5 ,  1 5 9  
network 1 1 0 
pH 6 . 2 6 7 , 7 6 , 82 , 9 1  

pH 7 . 1 6 5 ,  6 9 , 7 5 , 8 1 , 8 3 , 9 0  

pH 7 . 3 7 1 ,  7 7 ,  84 

pH 8 . 2 6 3 , 7 4 , 79 , 9 2  
palmi tate 1 3 5  
phenotype 1 5 , 2 2  
phi / p s i  1 5 0 , 1 5 7 
phys iological function 2 1 ,  1 4 4  
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property 1 7  
property binding 1 8  
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reciprocal space 3 9  
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res i due hydrophobic 1 2 6  
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resolution 8 5  
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s equence 1 0 , 1 3 , 1 6 7  
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