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iv 

J·ho��pho.fructokin::tr;e "'·e1s purified frum sheep hcr1rt. The 

sr>dimente.t:i.on pattern of the purific(1 tm��ym0. \·l<·\S investicatcd 

over n protein cone entr::d;ion rc:mr,c 0.? to 1'+. 5 mc;/ml. Two 

rljr-;tinct 7 and 30 S l)(mJlrl��ries \H'T'r; oll:::·.erve<l at all conccntra-

t:;ions. A minor amount of 19 S ma.t cri<:J.l was also prcs ent. 

The 30 S boundary was asymmetric and its concentration 

dependence was characteristic of a pol;ymerisine; s ys tem in 

rapid reversible e quilibrium . 
The dissolved crystalline enzyme usually sediment ed as a 

single trailing 30 S boundary; the molecular vreie;ht of this 

component was estimated at 1.5 x 106• This value was 

consistent with x-ray data, which indicated unit cell 

dimensions of 600 x 250 x 220 �' implying a protein weight of 

greater than 10
6 

daltons per asymmetric unit. In  one 

experiment the 30 S component appeared to be undergoing a 

trimerisation to a 53 S form. 

Sodium dodecylsulphate gel electrophoresis indicated a 

protomer molecular wei�1t of 80,000 to 85,000, which was 

consistent with a corrected sedimentation coefficient of 

3.8 S and a molecular weight of 90,000 for maleyl­

phosphofructokinase, and with a corrected sedimentation 

coefficient of 3.9 S for the urea-dissociated enzyme. 

When maleylation was carried out on carboxymethyl­

phosphofructokinase in 7.5 M urea, the enzyme was further 

dissociated to a 40,000 molecular. weight ,;subuni t. Peptide 

mapping of tryptic peptides( �- � :· ·� l¥b.ic� : : ·crtginine-, histidine-, 

tryptophan- and tyrosine-containing peptides were located; 

was consistent with'an 85,000 form composed of two 

identical subunits. 

The enzyme was digested with trypsin. :B'orty-three different 

peptides were isolated using a combination of: gel 

filtration, ion exchange chromatography (on Dowex 50 and 

DE 32 cellulose), paper electrophoresis, and paper chromato­

graphy. · The complete amino acid sequence was established 

for 38 of these peptides. The amino acid compositions (and 



l'Prtinl se·quences ) w e re cntablishc<l for the other five 
tryptic peptides. A summary of the amino flcid sequence 

dot a obtain ed for the t rypti c  peptid e1:; is shovm in 

'ruble V .  

S even carboxyme t hylcysteine�containing pep t ides were 
isolat ed in this inv es t iga t i on, while ei(:':;ht hElve been 
i8olated from ra bb i t  muscle ( Coffee et al. 197)). Six of 

these peJ>tirles hnd ver,y oimilo.r compo::.;i tions bcbveon the 

tvJO FJpccies. '.rhe rabbit enzyme contr-1inecl two carboxy-

m e t hylcyst ein e-con taininc; p eptid es v1hich w e r e  not found in 

r:>heep h eart and the sh e ep enzym e contained a 20 residue 
pept ide not found in rabbit muscl e. This probably r efl ects 

gen e tic variation betw e en the two species. 
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1. INTRODUCTION 

The foundation of protein chemistry was laid in 1902, when Fischer 

nnd Hofmeister independently proposed that the linkage between the 

amino acids of a protein was the peptide bond. 

Although the phenomenon of biolog�al catalysis was recognis�d as 

early ns 1835, it was not until 1926 that these catalysts ( enzymes) 

were shown to be, in fact, proteins. The work of Sumner, in crystall­

ising urease, provided the impetus required to establish that enzymes 

were proteins. 

A big advance in the field of protein structure came with Svedberg's 

development of the ultracentrifuge ( Svedberg and Nichols, 1923; 

Svedberg and Peterson, 1940). From his studies with this instrument, 

Svedberg postulated that all proteins were composed of subunits. 

Although sub�equent investigations have shown that this is not abs­

olutely true, it is fair to say that the majority of proteins whose 

molecular weight exceeds 30,000, are composed of subunits. The term 

subunit is Uf"ed to mean a dissociated form of the native enzyme. 

It is important to note that this dissociation does not result from 

the cleavage of a covalent bond, but results from the disruption of 

non specific interactions. For example, insulin, with a molecular 

weight of 1 1,466, is made up of two identical 5733 MW subunits; in 

turn each of these subunits contains two polypeptide chains linked 

through disulphide bridges. 

1. 

The study of subunits has become increasingly important with the 

realisation that cellular control mechani�ms, and regulation of enzymic 

activity, might operate at the molecular level through interactions 

between subunits of an oligomeric protein ( Koshland and Neet,1968). 

Frieden ( 1971) has listed no less than thirty-one enzymes in which 

revf>rsible association - dissociation proce.sses may be involved in 

controlling the rate of reaction in vivo. 

Early methods of amino acid analysis of proteins were very laborious 

and required vast amounts of material. The ester distillation method 

of Fischer ( 1906) required 1 Kg of protein and took several months to 

complete. The introduction of automatic amino acid analysis on ion 

exchange columns (Spackman et al� 1958)was a milestone in protein chem­
istry. Since that time the equipment has been improved so that it is now 



por.r.ihlo to nnnlyGc 5 n molcc. of each component of a hydrolysate in 

3-'1 hourG, with completely automntic sample loading and column re­

v,onerntion ( Slump and Verbeek, 1968). Further improvements include 

nutomntic intev,ration of amino acid peaks and the use of fluorescent 

products inF>tead of ninhydrin to increase the sensitivity of the 

detection system. 

Prior to the commencement of amino acid sequence determinations, it 

is er.sential to know three things: 

1. The amino acid composition of the protein; 

2. The smallest subunit of the protein. If there is a number of 

different subunits, these must be isolated and sequenced indi­

vidually; 

3. The number of polypeptide chains contained in a particular sub­

unit. If a subunit contains two polypeptide chains linked through 

a disulphide bridge, it is necessary to either oxidise with per­
reduce and 

formic acid, or alkylate the subunit in order to senarate the f\ 
polypeptide chains. 

The first prote{n to have its primary structure determined was bovine 

insulin ( Sanger, 1945; Sanger and Tuppy, 1951; Sanger and Thompson, 

1953). The majority of amino acid sequence investigations since then 

have been conducted along the lines pioneered by Sanger in his class­

ical study; that is, partial hydrolysis of the peptide chain by 

chemical and enzymatic methods and characterisation of the resulting 

peptides. Sanger had no method available for sequentially degrading 

the polypeptide chain; instead, his major technique was to label the 

N-terminus using 2,4-dinitrofluorobenzene and subject the peptide 

2. 

to partial acid hydrolysis. Schematically, this can be represented as; 

H+ 

DNP-A-B-C-D-E � DNP-A + DNP-A-B + DNP-A-B-C , etc 

During the 1950's, Edman developed a method for the sequential degrad­

ation of polypeptide chains (below). This represented a major advance 

in the techniques available for determining primary structure. 

A wide range of enzymatic and chemical techniques are available 
for fragmentation of protein chains. The most widely used enzymes are 
trypsin (E.C.3.4.4. 4.), which cleaves bonds adjacent to the C-terminus 
of lysine and arginine, and chym?trypsin (E.C.3.4.4. 5. ), which hydrol­
yses bonds adjacent to aromatic and leucine residues. Other less 

specific enzymes, including thermolysin, pronase, subtilisin and pepsin 

can also be used. A considerable interest has arisen in the chemical 



modificntion of proteins to restrict cnzymatic cleavage to a f�w well 

defined bond�. �xnmples of such modification include, the blocking 

of lysine by trifluoroacetylation (Goldberger and Anfinsen, �962), 

maleylation (Butler et al, 1967) and PUccinylation (Li and Bert�ch, 

1960) and the modification of arginine using 1,2-cyclohexanedione 

( Toi P.t al, 1967) and phenylglyoxal (Takahashi, 1968). 

The only really ratisfactory method of chemical cleavage involves the 

use of cyanoeP.n b romi d e , which cleaves the peptide chain at methionine 
residues (Gross, 1967). Most other methods give poor yields or have 

undesirable side reactions associated with them. 

The separation of the complex mixture of peptides obtained from frag­

mentation of a protein presents a challenge to the ingenuity of a 

protein chemist. No single method can give a complete separation, 

and a combination of several techniques is normally required. Gel 

filtration on columns of Sephadex (cro�s linked Dextran) or Biogel 

(cross linked polyacrylamide) nermits a segregation of peptides into 

si7-e groups (Hjerten, 1971). Ion exchange chromatography makes use 

of cellulose, dextran or divinylbenzene polymers with charged sub­

stituents such as diethylaminoethyl or quaternary nitrogen groups 

for anion exchangers and carboxymethyl, sulphonyl or phosphate groups 

for cation exchangers (Peterson, 1970, Schroeder, 1972). 

Because both gel filtration and ion exchange chromatography can handle 

relatively large amounts of material, they frequently provide the 

first line of attack. Individual fractions from these separations 

are then frequently transferred to paper for further purification. 

Paper electrophoresis will separate small molecules on the basis of 

size and charge (Offord, 1966), while separation by paper chromat­

ography is based on the relative distribution of peptides between the 

aqueous phase on the paper and a mobile organic phase. Diagonal electro­

phoresis allows the separation and identification of peptides contain­

ing disulphide bridges (Brown and Hartley, 1966), lysine (Butler 

et al, 1967 ) and histidine (Milstein and Sanger, 196 1). 

The chemical methods in current use for the sequential degradation 

of peptides rely on the phenylisothiocyanate (PITC.) degradation of 

Edman (1949 and 1950). Th�s proc,dure (see below) involves coupling 

of the N-terminal amino group of the peptide with PITC, followed by 

cleavage of the now labile N-terminal amino acid with anhydrous 

acid. 



R 0 
I 11 

+ NH2-CH-C-NH-X � 

PEPTIDE PHENYLTHIOCARBAMYL-PEPTIDE 

(PTC) 

2-ANILIN0-5-THIAZOLINONE 
DERIVATIVE 

At this point, two approaches can be used to identify the 

amino acid.; 

1. The unstable 2-anilino-5-thiazolinone derivative may 

be converted to the 3-phenyl-2-thiohydantoin derivative 

(PTH-aa), via the open chain form, using aqueous acid 

(Edman, 1956a; Edman, 1956b). 

ONH-C = N 
I I s, /CH-R 

c 
n 
0 

s, 
C-NH Ok bH-R , \ I c 

11 0 

(PTH-aa) 

+ 0 t f HAQU 
) NH-C-NH-CH-COOH 

(PTC -aa) 

The PTH-amino acid can be identified by a variety o! 

methods, including paper (Landmann et al. 1953) and 

thin layer chromatography (most commonly used) 
. 

4. 



(Cherbuliez et al. 1960; Edman and Begg, 1967), mass 

spectrometry (Richards and Lovins, 1972) and gas­
liquid chromatography (Waterfield and Haber, 1970). 

2. · The second approach involves investigation of the 
peptide produced by the cleavage reaction. Here a 
small sample of the peptide is taken and the missing 
residue identified by the Subtractive-Edman procedure 
(Konie;sberg, 1972), or the Dansyl-Edman proceclure 
(Gray,. 1972) may be employed to determine the N-terminal 
of the new peptide. The Subtractive-Edman procedure 
is not suited to routine sequence determinations, as 

it relies on amino acid analysis to identify the 
missing residue. This results in the need for a 
large ( 20 nm ) sample, also amino acid analysi.s on 
each cycle is very time consuming. \-li th the Dansyl­
Edman procedure, a 0.1-1nm sample of peptide (NH2-X) 
is taken and reacted with 1-dimethylaminonaphthalene-
5-sulphonyl chloride (Dansyl chloride), in order to 
label the N-terminal residue. The peptide is then 
completely hydrolysed with hydrochloric acid. 

I 
O=S=O 

I Cl 

DANSYL CHLORIDE 

� I 0-=S=O 
I 

NH-CH-COOH 
I 
R 

+ aa's 6MHC1 



The dansyl amino acid may then be identified by 

chromatography on polyamide sheets (Woods and Wang, 
1967). 

6. 

Mass Spectrometry offers an alternative approach to peptide 
sequence determinations (Shemyakin, 1968; Lederer, 1968; 

Shemyakin et al. 1970). Peptide chains of up to ten 
residues can be sequenced directly following N-acetylation 
and permethylation. However, this is far from being a 

routine procedure. Under ideal conditions, mass spectro­
metry has the advantages: 

1. Due to their different volatilities, mixtures of 
peptides can be sequenced without prior purification; 

2. Amide and acid side chains can be differentiated 

directly; 

3. Peptides with blocked N-terminals (which would not 

couple with PITC ) can be sequenced; 

4. Unusual amino acids can be identified. 

With all these advantages, it may appear surprising that this 
technique has not been used more often in sequence studies. 
It does, however, suffer from serious drawbacks: 

1. The method of peptide blocking is not suitable for 
all side chains. Peptides containing arginine are 
not presently amenable to mass spectrometry; problems 
are also associated with quaternisation of histidine. 
Difficulties are encountered with peptides containing 

cysteine; 
2. Leucine cannot be distinguished-from isoleucine; 
3. Unexpected fragmentations commonly occur, making 

interpretation of the spectra dif ficult; 

4. Large amounts of peptide ( about 0.5 mg ) are 

required for analysis. 

The amount of sequence data that can be determined for a pep-

tide is generally l;m;ted to about 10 residues. In the case . 

of m ass s pectrometry, this limitation is cause�_by the 



decreased volatility of large peptides and the lack of 

stability of their molecular ions. Syatens invol7ing 

the Edman degradation are limited by oxidative desul:phuration 
of the PTC-peptide . \fuen this occurs, the cleavage reaction 
is inhibited (Ilse and Zdman, 1963 ) . Also, the yresence 

of p;lut:�mic n;ncl r:lnp:�rtin nc�.ic1 Cfln effectively reduce the 

�1.:-: . .:-tm t o t' l't'l't.ldu cwuiluble for coupling and cleavage 

respectively. 

Because there is a limit to the amount of direct sequence 

data obtainable from a large peptide or protein, it is 

necessary to fragment proteins prior to sequence analysis. 

The isolation and purification of these peptide fragments is 

often the rate-limiting step in sequence determinations. 

An automated sequenator has been developed by Edman and Begg 

(1 967 ) . This instrument performs the Edman coupling and 

cleavage reaction vri th an efficiency of about 987� per cycle, 

as opposed to about 9�� for the manual degradation. This 

allows longer sequences to be determined directly; e.g. the 

first 60 residues of apomyoglobin D (Edman and Begg, 1 967) .  

This type of instrument would be unsuitable for sequence 

studies on PFK, which appears to contain a blocked N-terminal 

residue (Paetkau et al. 1 968 ) . 

7a.. 

The asEignment of amide groups poses no problem when identifying 

PTH-amino acids or when mass spectrometry is used in sequence studies. 

However, the hydrolytic conditions (6  M HCl, 110°C) used in conjunc­

ion with the Dansyl-Edman technique, result in the conversion of 

glutamine and asparagine to glutamic and aspartic acid respectively. 

The loss of this information can be avoided if aminopeptidase is 

used to c leave the N-terminal amino acid. The N-terminal residue 

can be determined directly on the amino acid analyser. Alternativelyl 

The electrophoretic mobility of a peptide, before and after removal 

of a suspeqted amide, can be used as a basis for assigning amide 

groups. 



?b. 

Phosphofructokinase (Pl!Y..)(or, ATP: fructose 6-phosphate 
1-phosphotransferase. EC 2.7. 1. 11) catalyses the phosphoryla­
tion of fructose-6-phosphate to give fructose-1,6-diphosphate. 

This reaction is a rate-limiting step in the glycolytic path­
way, and as such, is ideally suitable as a major metabolic 
control point. As is the case v1ith other phospho.k_inases, 
PFK has a requirement for ATP and magnesium ions. In addition, 
to its role as a substrate, at hieh concentrations ATP exerts 
a strong inhibitory action on the enzyme (Vinuela et al. 1963; 
Salas et al. 1965a; Farmeggiani et al. 1966). PFK is also 
inhibited by citrate (Parmeggiani and Bov�an, 1963; Garland 
et al. 1963; Passonneau and Lowry, 1963; Salas et al. 1965b; 
UnderVTood and N ewsholme, 196 5) • \-Jhile the yeast enzyme can 
utilise ATP, GTP, ITP or CTP as the phosphorylating agent, 
only ATP can bind at an allosteric site and inhibit the enzyme 
(Ramaiah et al. 1964; Atkinson and \�alton, 1965). 
Phosphofructokinase is activated by ADP or M·�; 3' ,5'-cyclic 
AMP for the liver fluke enzyme, and 5'-MiP for yeast, and both 
forms for the enzyme from various mammalian sources (Lardy and 

Parks, 1956; Passonneau and Lowry, 1962; Iiansour and I"'!ansour, 
1962, Mansour, 1963) 

From these activation/inhibition properties of PFK, it is 
apparent that, under aerobic conditions, when there is a 
plentiful supply of ATP, glycolysis will be inhibited; on 
the other hand, when the level of cellular ATP drops and ADP 
and AMP accumulate, the rate of glycolysis will increase to 
produce more ATP. 

In terms of protein structure, rabbit muscle PFK has been the 
most widely studied.. . In the ultracentrifuge, at ·pH 8, both 
the native and dissolved crystalline enzyme exhibit a complex 
schlieren pattern; this consists of three inseparable 
boundaries with sedimentation rates of approximately 1 2  S, 

1 9  S and· 30 S (Ling et al. 1965; Parmeggiani et al. 1966; 
Paetkau and Lardy, 1967; Uyeda, 1969). A rapid reversible 
equilibrium exists between thes� different polymeric forms. 
The_ 12 S form (I1W 320,000-360,000) represents the monomer 



?c. 

of polymerisation (Leonard and 1tlalker, 1972) and is also the 

smallest fully active unit of the enzyme (Paetkau and Lardy, 

1967). The precise nature of the polymerisation reaction is 

not known, however, Leonard and \-Jalker ('1972) suggest a closed 

hexamerisation may occur, while Aaronson and Frieden ('1972) 
su�gest that there are several forms of the active enzyme 

c�� 360,000) which differ in their mode of polymerisation. 

In 0.8 I1 urea (Paetlcau and Lardy, 1967), and at pH 6.0 
(Aaronson and Frieden, '1972) the rabbit muscle enzyme dis­

sociates to a 7 S form of molecular weight 160,000-'180,000. 
Further dissociation occurs in 0. 5 M acetic acid, in 19b 
dodecylsulphate and on maleylation to yield a 75,000-85,000 
molecular weight form (Uyeda, 1969; Coffee et al. 1972). 
There is still some uncertainty as to the minimum molecular 

weight of the rabbit muscle enzyme. Leonard and �alker (1972) 
and Coffee et al. (1973) report values of bet\·:een 75,000 and 

85,000 in 6 M guanidine hydrochloride, while Paetkau et al. 

(1968) report values of 47,000 and 23,000 in 5.5 M and 6 1'1 
guanidine hydrochloride respectively. 

Peptide mapping experiments by Paetkau et al. (1968), and 

experiments involving the isolation of carboxymethylcysteine­

containing peptides (Coffee et al. 1973.), support the existence 

of identical subunits of the 80,000 molecular weight species 

of rabbit muscle PFK. 

\-Jhile extensive studies have been carried out on rabbit muscle 

Pb�K, the structure of the sheep heart enzyme is less well­

defined. At pH 8, the native sheep heart enzyme sedimented 

as two schlieren boundaries with sedimentation rates of 8. 2 
and 41 S, while the dissolved crystalline enzyme sedimented as 

a trailing 25. 4 S peak (Mansour et al. '1966). At pH 6. 5, the 

enzyme was converted to a 7. 5 S form, the molecular weight of 

which was determined as 160,000 by gel filtration (�1ansour and 

Ahlfors, 1968). In 5 M guanidine hydrochloride Mansour and 

Ahlfors observed a species with an s20w value of 2. 75 S and 

estimated its molec�ar weight as 32,000. They therefore 

proposed that the 7 S form of sheep heart PFK was made up of 
. 

six subunits. This work reports further investigation of the 

sedimentation pattern of the purified enzyme and its ·aubunit 

structure • .  



7d. 

The biolo�ical activity and function of a protein is deter­

mined in the first instance by its amino acid sequence. A 
lcnowledge of an enzyme's primary structure is therefore 

essential for a full understanding of how an enzyme acta. 

Because of its central role in the control of the energy 

balance of the cell, and because no data vras available on ita 

primary structure, it was decided to investigate the amino 

acid oequence of phospho!ructokinase, lt is hope� that this 
information will act as a contribution to a more complete 

understanding of the structure and mechanism of action of the 

enzym e . 

In this investigation, the amino acid sequence of tryptic 

peptides of PFK were determined using the Dansyl-Edman 

procedure, and in some cases, mass spectrometry was used. 



2.1 l"iaterials 

Ethyl alcohol, used in the purification of the en��::me, was 
twice distilled. itcrtic acid was rcdistill8d fron ninhydrin. 

� l yridine vias refl ux c d ·.·li th potassium hyd.roxic!.c and distilled 

'· ' '' • 

from n inhydrin. Dimeth;yl sulphoxide VJ<JS refluxed '.d.th cH1Ci1JJ·l 
byoridc and distilled at 45°C uncler ':-tcunm (0. 2 mm); this 
sol vent was then stored over calcium h;ydride. l-hcnylisothio­

cyanate, trifluoroacetic acid·and butyl ac etate were treoted 

&s described by Edman and Begg (1967 ). Iodoacetate was 

:r:ccrystallis ed from ethanol. rlaleic anJ1ydride was resublimP.d, 
under vacuum, in a cold-finger apparatus. Urea was passed 

through an 1\mberli te IRA-400 column to remove cyanate. 

Iodoacetic acid-2-C14 ( specific activity 34 mCi/mm) was 
obtained from Amersham. 

2. 2 Enzyme purification and crys tallir-;ation 

.;.. :Fhosph.ofructokinase was isolated 

procedure of I"1ansour (l'"Iansour ·et 

l"Ia nsour , 1969). All operations 

from sheep heart usin� the 

al. 1966; Lorenson and 
0 

were perform e d at 4 C or less. 

1.5 Kg of frozen sheep h earts were minced and homoe;enised in 
LJ. 1 of 10 mi-1 Tris/HC l (pH 8.0), 2 �1 EDTA. The suspension 
was centrifuged at 8,000 rpm in a GS3 rotor for 20 minutes and 

the supernatant discarded. The pellet was re-homo�enised in 

3 1 of 20 ml"l Tris/HCl ( pH 8.0), 50 rnh I'1c;so
4

, 5 mi1 2-mercaptoe­

thanol, 50 p I-l ATP . The cm�yme was extracted into this solu­

tion by s tirrin3 at 37°C for 25 minutes. The susrension was 

then centrifuGed, as desc ribed above , and the pollrt discarded. 

'.lhe supernatant (Fr.1) w.::·�·: placed in a methanol bath at -2°C 
and ethanol ( pre-cooled in liquid air) was added slo�iy via a 
jacketed column (cooled ,.,ith eth enol/dry ice ). vihcn the 

ethanol concentration reached 8%, the mixture was all owed to 

stir for a further 10 minutes, and was then centrifu�ed . The 

pellet was discarded and the alcohol increased to 15%. The 
mixture was re-centrifuged and the supernatant discarded. 



1'he :pell et was homoe;enised in 70 ml of 10 mM phospha.te buffer 

(pH 8.0) containine; 5 ml'1 2-mercapto ethanol, 0.1 mM A'rP and 

'10 p 1'1 fructose-1 ,6-diphosphate and centrifue;ed 
at 22,000 rpm in a SS-34 rotor for 30 minutes. The pellet 
was re-extracted with the same volume of buffer and re­

centrifuged. 

The combined supernatants (Fr.2) were applied to a 9 x 20 cm 
column of DEAE-cellulose. The column was developed with a 
linear gradient of 750 ml of 0.2 1'1 Tris/HCl (pH 8.6) and 

9 .  

750 ml of 0.9 I1 Tris/HCl (pH 8."6); in addition, both of these 
solutions contained 5 ml.'-1 2-mercaptoethanol, 0.1 m.M f:TP and 

10 p l'l fructose-1 ,6-diphosphate. 25 ml fractions were 

collected and tubes containing enzymatic activity were pooled 

(Fr.3). 

Saturated ammonium sulphate was slowly added to fraction 3 
with continual stirring. �nen the solution reached 4�fo 
saturation it was centrifuged. The supernatant was then 

brought to 605� saturation, centrifuged, and the supernatant 

discarded. 

The pellet containing the 'purified enzyme' was dissolved in 

50 mM phosphate buffer (pH 8.0), containing 10 �I 2-mercaptoe­

thanol, 0.1 mM ATP and 10 pM fructose-1,6-diphosphate. This 

was dialysed against a solution of 50 rrll'1 phosphate buffer 

(pH 8.0), 1 mM dithioerythritol, 0.1 :ml1 ATP, 10 pM fructose-1, 
6-diphosphate and 1 mM EDTA (Fr.4). Most enzyme preparations 
were, however, directly crystallised by dialysis against the 
above solution, which was, in addition, 3�G saturated with 

ammonium sulphate. After between two and four hours of 

dialysis, the solution was removed from the sack and allowed 

to crystallise at 2°C. The crystals were redissolved in the 

crystallising medium, less ammonium sulphate, by heating in 
a water bath . at 60°C for three minutes. 

Table 1 shows the yield and specific activity of the enzyme at 

the specified fractionation stages. The values quoted are 

for a preparation involving 1.5 Kg of heart. The enzyme 

assay system is described in Appendix 1. The protein 

estimations were performed by the Lowry method. 
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'rable 1 

Enzyme purification 

Stage Volume .Activity Total units Frotein Specific activity Yield 
(ml) (units/ml) (units) (mg/ml) (units/mg.) 5; 

Fr.1 2, 740 11.9 32.700 4.7 2.54 100 

Fr.2 130 152 19,600 14.6 10.4 61 
Fr.3 310 45 14,000 0.47 95 43 
Fr.4 13 1,140 14,800 7.6 150 45 

� 



;·;; ;_·:.: t;·1l:1 larr;P- ClH.)llGh J'cn· .:-ray 1111; .l.:i�;j_�:; v!CI'C pTep;·,:ecd by 

·Ji<:tlysinc; the purified en:<nne agcd.Jl<>t a solution o.r 50 ml'i 
phosphate pH 8.0, 1 mM dithioerythritol, 0 .1 mM �TP, 
10 pt1 fructose-1 ,6-diphosphate, 1 mi-1 ·snTA, and containing 26';0 
saturated ammonium sulphate. After standine; at 2°C for four 

days, individual crystals appeared on the walls of the dialysiu 
sack. At this stage the ammonium sulphate concen tration of 

the dialysing medium was increased to 26.85.; snturation and 

OVf'r the subsequent severJ days this was increased to 28.4;�. 
;:.�. 3 1-'olyacrylamide gel el ectrophores is 

Gel electrophoresis, at pH 8.5, was based on the procedure of 

Davis (1964). The practice of usinc sample and spacer gels 

w�s not employed (Hjerten et al. 1965); instead the protein 

was applied on the gel surface in 30� sucrose. The following 

solutions were used for gel preparation: 

(a) 30 g acrylamide and 0.8 e; D,N'-methylenebisacrylamidc 

made up to 100 ml with di s till ed water; 
(b) 1.6% dimethylaminopropionitri

.
i'e in Tris/e;lycine; 

(c) 0.48% ammonium persulphate. 

7 . 5'/� 13els were prepared by mixing equnl volumes of solutions 

(a), (b), (c) and distilled water. Gels were cast in 

7 x 0. 5 ·cm glass tubes and run in an J\crylophor Apparatus • 

.Both buffer chambers were filled with pH 8.5 'l'ris/�lycine 

buffer (3 e; Tris and 14.4 g glycine per 1). Bromophenol-blue 

v1as used as an internal mnrker durinr; electrophoresis. Gels 

1vere st ained and fixed in 1';b ami do-black in 7>·� acetic acid. 

Destaining \'/as performed electrophoretically. 

Lodium dodecyl sulphate Bels 

Dodecyl sulphate-polyacrylamide gel electrophoresis was 

performed according to the method of \-leber and Osborn (1969 ) .  

The 10/·G gel formulation was used. Proteins were prepared 

for electrophoresis by boiling for 10 minutes in 10 mM phosphate 

buffer, containing 0.1% sodium dodecyl sulphate and 0.1% 

2-mercaptoethanol. 
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2 . 4  1 f l trac entri fur;R.t ion 

.Both o c cl im entation and d i ffus i on e o e ffici ent s v-•e r e  neasured i n  
� �pin c o  Mo d e l E ul trac entrifuge w i th mech anic a l  S li C ed c ontrol 

( Chcrvcnk<1. , 1 969 ) . All runs w e r e  p e rf orm e d  a t  20°C in c�n 
/Jm rot or u.s in c; schli r;rcn optic s .  C n m1)l e s  v1c r e  p r· cpared for 
�nn lys i s  by d i alys i s  a cain s t  the s p e c i f i e d  buffer . Results 

v1 er e rec o rded o n  I l ford G 30 phot o craphic pl at e s , Hh ich v1ere 

d ev el op ed in red l i c;ht . 
2 - �- . 1  S e d im ent a t i on annlys is 

_,\. 1 2  mm Doub l e Sector C ell w a s  us e d  in mo s t  s ediment ati on 

runs . \·Jhen two s ampl e s  were run s imultan e ous ly , a 12 mm 
,;iHE l e S ec t or C el l  was u::> ed , t o�ethET w i th a s imi l n r  c el l  

c ont aining a +1 ° we dc; e  w indow ; in thi s c as e  the lu�s were 

r emov ed from the r o t or t o  provide the referenc e edG e . 

f l o;:;_ �_:; w: em ent s \vere ll18.cle on enlarc;cr:te:nts o f  t h e  devcJ oped 

r.rh e  ma0ni fic ation 

f �J c  t o r  VIas c alcul a t ed b;y · 1  i vi dinr; t ll•) 'O C G s ur c d  d i s  l; : 1 nc e 

t.� e t 1·l c cn t h e  r e f e r enc e cu · -� s by tll n ,., � twll di ;s t n nc n ,  1, 594 ern 
( d et ermined in a trELV c l l in5 microsc ope ) . Th e p o s i t ion o f  

maximum dis p l ac ement o f  a boundar;y vms measur e d  from the inner 

referenc e edg e .  Aft er division by th e magni fic a t i on fac tor , 

this value was added to 5 . 72 cm to give a value r ,  which 

repres ents the radial distance from the c entre o f  rotation to 

the point o f  maximum displac ement of the b oundary . Generally 

10 frames were expos ed per run at pr e- s et tim e int ervals . A 

c;raph of lo g r was plott ed as a func t ion of t im e , t ( in min ) , 

and the gradient d �£ r of the l ine was m eas ur e d . The 

s edimentation coe fficient ( s )  was then c alcula t e d  from 

equation ( 2 ) , where w repres ent s th e an�lar ve loc ity . 

1 dr ( 1) s = 

w 2  
. . . 

( s ec )  r dt 

< => s = �;�� d l og r (2 ) • dt (min ) 

The s edimentation coefficient , in units of s ec-1 , was 

converted to Svedberg Units ( S )  by multiplication by 1 01 3  sec . 



1 '  ,; 
2 . 4- . 2  Di ffus ion ana lys i s  

All runs were perf ormed in a 1 2  mm cup- type synthetic b ounde ry 
c el l  at 1 2 , 590 rpm . A 0 . 4- ml prot ein s ample , in 0 . 1  M pho s ­
phate buffer pH 8 . 0 ,  was plac ed in the c ell c entre-pi ec e while  
0 . 2  m l  o f  the s ame buffer ( from the dialys i s  m edium ) was 
introduc ed into the cup .  As s oon as th e vac uum chamb er was 
c l o s ed , the rotor vms started and the vacuum pumps turned on . 
The rot or was allowed to c oast at 3 , 000 rpm whi l e the chamb er 

· pressur e  dropped t o  0 . 5  � ·  At thi s  po int , the s p e ed was 
inc reas ed ; at 8 , 000 rpm the buffer layered on t op o f  the 
pro t e in s olution and at 1 2 , 590 rpm , readin�s were c ommenc ed . 
Five to t en frame s  were exp o s ed per run at e i 8ht minut e 

int erval s . The bar ru1gl e was k ept c ons tant at 7 5° . 

Ii easurement s on the plat e s  v1ere made wi th the aid o f  a phot o ­
�raphic enlarger . Tpe di ffus i on c o e ffic i ent was c alculated 
from equa t i on ( 3 ) , where A repr es ent s the area o f  the 
s chlieren boundary and ( dc/dr ) max ) the maximum disp lac ement o f  

the boundary . 

A2 1 

D = ( dc/dr )�ax • 4-Nt ( min )
60 ( 3 )  

As the b oundari e s  were symmetri c al , p e ak areas were 
c a lculat ed as the produc t o f  h e i ght t im e s  width- at-hal f­
height . After divi s ion of the area by the magnific a t i on 
factor , a graph of 

( dc/dr)!ax 
was plot t e d  agains t t ime and th e gradi ent determine d .  
Equation ( 3 )  was then empl oyed t o  c alculat ed the di ffus ion 
c o eff i c i ent in uni t s  of cm2/s ec . 

2 . 4 . 3  C orrec t ed c o e f fi c i ents 

S edimentat i on and diffus i on c o e ffic i ents were corr ec t ed t o  

s 20w an d  n20w value s ';LS ing equa t i ons (4)  and ( 5) 
respectively. 
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Sed im entation rat e in HP t cr at 20°c 

(4) 

( 5 )  

Obs erved s ediment ation rat e in buffer . 

Viscos ity of i·; at er at t emperature of run ( t ) . 

Viscosity o f  w�t er at 20°C . 

Visc os ity of s ;unpl e at  knovm t emp e ratur e ( t ' ) .  

Viscosity of v:r1. t er at l'.nown t emp era t ur e  ( t ' ) .  

· Dens ity of wat er at 20°C .  

Dens ity o f  s oluti on at t emp eratur e of run ( t ) . 

Partial spec ific volum e .  

Diffus ion c o effic ient in wat er at 20°C .  

Obs erved diffusion c o e ffic i ent . 

Temperature  of run , in °C .  

Viscos ity measurements were c arri ed out in a c apillary 

viscometer ivuners ed in a c on� tant t emperature wat er b ath . 

The vis c ometer was c al ibrat ed with wat er and r e adings 

repeated on the s ampl e  until  three cons ecutive values were 

obtained , which agreed to within ±0.0 5 s ec .  

Densit i es were measured in a prec alibrated 1000 pl pipet t e  

( volume = 1 . 01 3 m l ) .  At least thr e e  s eparat e  wei ghings 

were made per s amp l e ;  the av erage of the s e  values was us ed 

to calculate  the s ampl e  density . 

1 4 .  

The term (ryt;?20 ) ,  in eQuations 3 and. 4 ,  had a value o f  unity 

as all runs were p erformed at 20°C .  A value of 0 . 728 ml/gm 

was as sumed .for the partial  spec i fic volume ( Paetl:au and 

La rdy , 1 967 ) . In  ord�r t o  avoid.  the requirement of ·a large 

amount of s ampl e , vis c os ity and dens ity measuremen ts were 
c arried out on the s olvent ins t ead of the prot ein s olution ; 

this introduc es only a small error (Chervenka , 1 969 ) . 

2 . 4. 4  I1ol ecular v1eig,ht det ermi.nati ons 

T1olecular weights were c alculat ed from s edimentation and dif­

fus ion data , using the Svedb erg equation ( 6 ) , where H i s the 
univers al gas c onstant ( 8 . 31 5  x 1 07 ) and T is the abs olut e 
r emp eratur e . 



2.5 C arboxymethylation 

(6) 

Fhosphofructokinase was either dissolved in , or dialysed 
ae;ainst , 0.1 M 'rris/HC l ,  pH 8.0 containing 8 l'1 ur ea. and 10  ml'1 
d i  thioerythri tol (Nelson et al. 1 965 ) . A knO\vn protein 
concentration , of between 10 and 20 mg/ml was us ed. Th e 
r eduction w as allowed to pr oceed und er nitroe;en f or 12 hours 
at room temperature ; a 2.5-f old exce s s  of iodo acetic acid 
was then added. This excess w as over the t otal free thiol 
groups present. The carboxymethy lation vms allowed t o  
pr oceed in the d ark , under nitroe;en , f or 45 minut es. The 
r e action was terminated by the addition of 2-mercaptoethanol. 
The solution was then dialysed against distilled water , which 
resu lted in precipitation of the pr otein. 

'vih en 2-C14 i odoacetic acid was used for carboxymethylati on ,  
the protein was dissolved in .0.1 �I Tris/HC l ,  pH 8.0 , con-
taining 8 l'1 urea. T o  this was added an equi-molar amount 

of dithioerythrit ol t o  protein thiol groups. Aft er reduction , 
a 1.2 molar excess of 2-C14 iod oacetic acid (sp ecific activity 
1 p Ci/mg) was added to the reaction mixture. Af ter 30 
minu t es reaction , a f urther 1.2 mo lar excess of cold iod o­
acetic acid was added ru1d the reaction continued for a further 
15 minutes. This was t o  ensure compl ete carboxymethylation 
of the protein. 

1ooino acid analyses of the enzyme, carboxymethy lated by the 
first procedure, indicated a 95-98�G conversion . of cysteine t o  
S-carboxymethylcysteine. The second meth od , using 2-C14 

i od acetate , led to an 80-90% reaction. 

2.6 Maleylation 

�J:ale ylation of the prim ary amino gr oups of the enzyme was 
carri ed out in 0.1 M bor ate buff er , pH 8.8 , in a ' pH-Stat ' 
at room temperature ( But ler et al. 1969). Sufficient s o lid 

maleic anhydride (fine sublimed crystals) was added t o  



orovidc a 2 5-fold mo l ar �xc es s  over protein lys ine r e s idues . 
Gn c o mp l e t i on o f  the rea� tion , the pro t ein wo s di a lys e d 

a ca ins t 0 . 1  I1 phos pha t e  b n.ffer , pr T  8 . 0 . 

. ..., 7 c . ·rrypt ic di g e s t i on o f  enzyme 

'.Owic c-crys tall i s ed trypsin was t r e :1 t r d Hi th TFCK 
( I�-tosylphenylalanine chl oromethyl kf'ton e )  in order t o  inhibi L  
chyrnotryptic ac t ivi ty ( '-h" n3 and C c:u·1�ont C'r , 1 965 ) . Die;estion 
wi th trYJ>sin was bas ed on the methods out lined by Gmyth ( 1 9G7 ) .  

:-�-c arb oxymethyl-phosphofruc t okinas e ( Approxima t e ly 1 0  mg/m l ) 
\.•::'l. s di0 lys ed a gain s t di s t i l l ed wat er ancl the pH o f  th e 

suspens i on adj us t ed to 8 . 3  with di lut e ammonia .  'l'ryps in , 

GCJ.Uival ent t o  0 . 5/� ( 1>�/w) o f  the pho sl)h ofructokinas c ,  was added 

and the di gestion all owed to  proc e e d  at 37°C in a ' pH- stat ' .  

Aft er about 5 minut e s th e turbid suspens i on c l eared and after 
60 m inut es di gestion was c ompl et e .  At this p o int , a further 

0 . 5� o f  trypsin was added ; althouGh there wa s virtually no 

further upt ake of ammonium hydroxide , the reac t i on vms 
n l l owed t o  procec;d  for a furth er 30 minut es . The s o lut i on 

w a s  then fr eez e-dr i e d .  

2 . 8 reptide  m apping 

rrhirty me; o f  p eptide mat erial was d i s s o lved in 20 m1'1 ammonium 
hyd roxide and applied as a 1 x 30 cm ban d  acros s th e middl e 

o f  B. sheet of \ffi::ttman No . 1  chromatocraphy paper ( i.J-6 x 57 cm) . 

One p l o f  an int ernal fluore s c ent marker s o l ut i on , cont aining 
m�G - Ar r:;  and DNS-OH ( 1  mg/m l ) ,  was s po tt P.d at 2 cm i nt erva.J s 
P.l ons the band of (peptide mat erial . Ten JJ l of  ext ernal R and 

T m qrk P.rs were als o appli ed t o  th e paper . ( Th e  R s o luti on 

c ont a.in�d Lys , Arg , Leu , Val , H e t , l'r o , Phe and Tyr ; whi le 

t h e  T s o lut ion c ontained Hi s , Gly , .Ala ,  Ser , l l e , Thr , Glu and 
Asp ; a l l  at a c onc entrat i on of 5 mi·I in 1 0}� i s opropano l . ) The 
paper w a s  moi s t ened with pH 6 . 5  buffer ( pyridine/ac etic ac id/ 

\·mt er , 1 00 : 4 : 900 ) , and exc e s s  buffer blott ed off . 

Elec trophore s i s  was carri ed out at pH 6 . 5 ( Hyl e an<l Banger , 

1 955)  in a Hichl-type apparatus C l'lichl , 1 951 ) at 3 kV for 

45 minut e s . Aft er e l ectrophores is , the pap er was vi ewed 

under U . V .  light to locate the dansyl mark ers , and edge 



. h"l ,n�k ei·s v<'e r e  s t a ined Hi th r.inhydrin t o  determine how far th e 
p o pt i d c c  had run . i'lt pF 6 .  5 ,  ba !:; i c p cr-· t i d e s  m o v e  t o  th e 
c 8.tllo(J e  ( 1.1}) ) and 8.c i r'i i c  l '  :>t i d e s  w o v e  t o  the ,-.;.n o d e  ( d o 1:m ) . 

1 7  . 

l.l i ·  . · : ; a o ::m · t  '1 - ?  c m  from t h e  o r i ein ci. n·�  
' J ' j ; i : ·  29 CI1 ' <1 • .: :'. ' b · · nrl o L' IJ C)U\:; r .: t l p c :_• t :i _ ( � (: :C 

5 e n  fr ·�'I't th o b o t tom . , · . " b :J c l: L· :.� :. : :_; _-< :·· Vl :· c ut o u t; and d �1 n s yl 
: ,r l 'i ; 1  c · n/i. '..t.', i :ln.rk e r ::.. ';i C j ' C  · : 'p l i (:; cl  : �-. - � · · c: c ::::· j � ' C " l  :· b o v e . Th � 
' l • ; U iJ J "_> ] r· c�·· l; i cl e s  vr c r c� : : F; . ' .'; ' r-t t E: cl  i n ·_; ; : , ,  J' iJ.· � : t; \� i l'i P.11 G i on by 

c l ec t rophor e � i s  a t  pH 2 . 1  at � kV f o r  55 minut es . The buffsr 
us ed was ac e t ic ac i d  : wat er : f orm ic ac id (4 : 45 : 1 ) .  

The dri ed she e t  was again examined under U . V .  l i ght and e d c; e  
markers s t ained with ninhydrin . 

Th e she et c ontaining th e neutral pept ides 1·ras c ut into s ix , 
4 cm wi de vertical s tri ps , each o f  wh i ch was s e wn ont o a fres h 

s h e e t  o f  pap er , 1 2  cm from t he t op .  The pept i de s on t h e  

s trips w e r e  c ompr e s s ed int o a fin e line us ins 3� ac e t ic ac i d . 
I nt e rnal and ext ernal markers were appl i ed to the pap ers which 
1·1 ere then s ubj ec t e d  t o  des c ending chromatoGraphy ( in .but ano l/ 

acet i c ac i d/ wat er : 4 : 1 : 5 : upp er phas e ) for 1 6  hours . 

The l ower pha s e o f  the s o lvent wa s pl ac ed in the b o t tom o f  th e 

t ank for rapid e�ui l ibrat i on .  

B imi l arly , s ix ,  4 c m  wide verti c a l  s trips , containing th e 

a c i di c  and b a s ic p ep t i d e s  i·rere cut out and s e wn ,  in pai rs , 

onto s ix new she e t s  o f  pap e r . Chromato t;raphy wa s again us e d  

t o  achi eve s eparat i on o f  the s e p ept i d e s in the s ec ond 

dimens i on . 

I ndividual maps were th en s tain e d  with ninhydrin ( Heilmann e t  
al . 1 957 ) and chlorine o - t o l id in e  ( Daws on et a l . 1 969 ) for 
the det e c t i on o f  p eptides . Fur th e r  maps were s t a ined with 

S akaguchi reagent ( Eas t l ey , 1 965 ) , Pauly reagent ( Daws on et 
a l . 1 969 ) , Ehrlichs re agent ( Smi th , 1 953 ) and 1 -nitros o- 2-

naphthol , for the det e c t i on o f  arginine- , his t idin e- , 
t ryptophan- , and tyro s ine-c ont aining p eptides respectively. 

2 . 9  Preparative e l ec trophore s i s  

Peptides purified b y  preparative elec trophore s is were 
g enerally run on Whatman 3 MM paper , us ing a maximum loading 



ra t e  of 50 n mol/cm . ·vnwn l es s er vmo1.m t s  o f  p cpt icl e iv e r e  
avR.i l8b l c , s ampl es •-.rer e J: u.:1. on ',·Jho t raun l\ o . 1  paper with a 
J"lr:tximur.l loading o f  1 5  n mol/cm . In b o th cas o s , e l ec t:rophor e s i s  

'"aD c on duc t e d  as clescriq cCJ under :p e p t i d e  mappinc; ; the s o m e  
int erna l and ext ernal m a rk ers w e r e  o.rplied to the rap er . 

1 ept i cJ e f3  \ve r e  loc at ed by s t ainine; cdc;e marker s trips with 

nin h ydrin . Bands of p cr t ide mat eri a l  w ere cut out and 

e lut e d  us ing I T/50 ammonium hydroxi de . 

2 . 1 0  c1 4 Detect ion 

l'eptides c ontaininc; c1 4 w e r e  l ocat e d by a c omb inati on of 

u utoradioe;raphy anci l iquid s c intill a t i on c ounting. Auto­

radi o c;rapbs were expo� ed for a period o f  s ix weeks . Resul t s  

were r ecorded on K odak RP Royal X-Omat film . Triton fluid 
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was us e d for s c int i l l a t ion c ount inc; in a rackard Tri-C arb 

Liquid Sc int i llation Lp ec trom e t er .  The sc intillation fluid 

w a s  pr epar ed by dis s o lvinc; 3 g of FPO and 0. 1 g POPOP in 600 ml 

t oluene and adding 300 m l  of Trit on X-1 00 .  

2 . 1 1  Amino ac id a na lys i s  

j'ma lys e s  w er e  p erform ed on a Becla11an 1 20C amin o ac i d  analys e r .  

lJurine; the c ours e o f  t h i s  invest ir.;ation , the ins trument was 

c onvert ed to a s ingle c o lumn aut om<� t od :G eckmnn-L ocarte sys t em . 

�malys es on the v:hol e  pro t e in wer e c onduc t ed us ins 0 . 2  mg 
s amp l e s  of enzyme , vlhi l e . for p eptidcs , one-tv ent i eth of the 

puri fie d  s ampl e  was g enerally us ed . Feptides were hydrolys ed 

in 8 x 0 . 7  cm pyrex tub es us ing 200 �1 of c ons t ant b o i l ing 

po int hydrochloric ac i d . The tub e s  wer e s ea l ed under vacuum 

( 0. 02 mm )  and hydrolys ed at 1 1 0°C for ab out 1 5 hours . 

The analys is values for threonine a.nd s erine , rec orded under 

r esults , have b e en inc r eas ed by 5� and 1 0� respec tively . 

Thi s was t o  a llow for dec ompos i ti on o f  the s e  amino ac ids on 

acid hydrolys is . 
) 

2.1 2 N-t erminal analys i s  (peptides) 
N-t erminal analys is vms performed ac c ording t o  th e method of 

Gray ( 1 972 ) . Between 0 . 1  and 1 . 0 nm o f  peptide was dri ed 

under vacuum in a 0 . 6 x 3 . 0  cm Duram '.rub e and r edi s s olved in 



1 0  jJl 0 . 2  l'l r:; odium b i c arb onat e . Th i s  s o lut i on vJ<� � ;  x· e- dr i erl 
to r em ov e  tr.:1c e s  of m;mJ olri a ,  and r e clin c. olved i n  1 C, J l l  of c1 i r3 -
t i l l l) d_  \'-i rd; cr . 'i' en fl l o i  rlan s yl c h l o r i <l e  ( 2 . ) n c;/1 · 1  in 
.1 r� 0tonc ) vws add e d  and tll r' t ub e s s e a l e d  vv i th prtra .f i  _m ,  and 
i nc nb a t e(l at 45°C f o r  30 1 d.nut e s .  t\f t "r dr:y-inc; dn ,;rn , 50 p l  
o f  6 f l  HC l vm s add e d , th n t ub e s w n r e  "" c c1 l e d. un d er v o c uum and 

() t h �  p (} p t i r1 e s  w e r e  hydr o l .; :· ;  cd a t  1 1 0  C f or b e t 1:!c en '� n nd 1 6  

I J Ol ll :"] . 'fh e  tub e s w e r e  n} >cned and (l r i  e rl over s o cl j_ n 'fl 

:,:Jw r P. ::� iclue was extra c t e tl l'ii th 5 p l  o f  r)5t·� e thano l . Equr:�l 

n m oun t s  o f  the extrac t w o r e  s pott ed on 0 ac h  s i d e  o f  a 
(' . 5  x 7 . 5  cm polyam i d e  pl: li; e ( \.'ood s ond Wr_�ng , 1 96'? ) . One 
of th e s e  s ampl e  sp o t s ha<l 0 . 5  pl of a mo rk er s o lut i on sup er-

imp o s e d  on i t . The mark e r  c ontained clans yl d eriv� t i v e s  o f  

1 h e , I l e , l'r o , Gly , Glu , ;.,; er and Are; , each a t  a c onc ent ra t ion 

o f  0 .1 mg/ml in e th ano l • 

.i o l yam i d e  plat e s  v1e r e  s ub j ec t ed t o  a s c ending chromato graphy 

in 1 . 5� formic ac id for 1 0  minut e s . 

th8 p l a t es w er e  chronm t o � �rt:tph e d  for C-J. further 1 5  m i nut es in 
the s ec ond dim ens i on us inr; benz en n/•, c r )tic ac i d (9 : 1 ) .  Th e 

_pl o, t tJ s  '�:-I er e then insp e c t r:' d. under a 1J . V .  l amp ( 3G6 mp ) . 1\.t 

t h i s  s t G �e , an N - t e rmina l of eith er Uw , Leu , I l e ,  Fro , Lys , 

Gly o r  Tyr c an b e  i d en t i f i e d  uniqu e l y .. 

Chrom a t o ;:;ram s were re-run for 1 0  1ninu t es in the s e c ond 

dim ens i on in a s o lvent of ethyl ac etat e/methanol/ac etic acid 
( 20 : 1 : 1) an d  re ins p e c t ed .  Thi s  s olvent allm·.,rs 

ident i f ication of an N-t erminal of e i ther Ala , Glu , Asp , 

Cm-Cys , l'Iet , Ser or Thr . 

Plates were rerun for 7 minut es in the s ec ond d im ens i on in a 
s o lvent of a c etic ac id/pyridine/ethano l/wat er ( 40  : 2 2 . 5  
25 : 2 , 500 ) .  · Thi s  a l lows s eparati on of DNS-II i s from 

DNS-Arg and DNS-E -Lys ) 

lr/hen nec e s s ary , chromatography was r epeat ed for 50 minut es in 
the s ec ond dimens ion in 0 . 5  .M s odium phosphat e/ethanol ( 3  : 1 ) ; 
thi s affords s eparat ion o f  DNS-Arg from DNS- l -Lys (Hartley , 
1 970 ) . 



;,f t cr u s e , the po ly BJni d e  pl at e s \·,· c-r:· c  ua.shcd in a t1 o lut i o n  o f  

·"": t E'r/n.c eton c/880 a mmoni 't ( 500 : )00 : 25 ) .  Hitl1 c nr c , c n c.l t  
r1l:-1to c ould b e  reus ed ab o u t  3 0  t in e s . 

2 . 1 3  N - t ermin n l  s e n u cn c e  analyG i 8  

··elw 1 >: oom 1 - Dansyl - J;;cJ.;n nn proc e d ur e  o f  GrRy ( GrG ,y- 8ncl ��mi tb , 
1 '?70 ) ':J:::t s us e d  t o  inv c s  h ,._,;at e the r - t rri7lino l S fYJ UCn c e  o f  t h e  
f i r r:; t  four or five r e s i u w ' s  i n  a l' f'll t; i cJ c . 

,.;_hen the s e c_1 uenc e o f  th8 firs t f o u r  r e s idues \·Jns J' (� (plire d , 
?-1 0  n rn o f  the pept i de w.J. s plac ed i n  e ach o f  thr e e  

0 .  6 x 6 c m  tub e s  ( th e  f i r s t  resid ue h�tv ins b e en pr c d  e t erin in c cl 
by the N - t crminal analys i �l ) . Aft er frcez e-dryinc; , 25  f.J l  o f  
di.::; t i l l ed wat er and 2 5  pl o f  PI' rC was a d d ed t o  e ach o f  the 

t ub e s , whic h wer e th en f l ushed \vi tll o xye;e n- fr e e  n i t r o g en , 

c app ed , and incub at e d  at 45°C for 60 minute s . ;�ft er dryinc 
over c onc entrat ed s ulphuric ac id , at 60°C for 30 minut es , 
50 fJ 1 o f  TFA was add e d  t o  each s ampl e . The t ub e s  v1 er e ae;ain 
f lushed wi th nitroesen , c app ed , and inc ubat ed at 45°C for 30 

m inut e s . The c l e av ed p e ptides were th en dri ed over s o dirun 
hydroxide . 

On e tub e was s et asid e at 

r e p e a t ed on the r emainins 

sec ond t ub e  was removed .  

time on th e third tub e . · 

this st ac; e . The ab ove proc e s s wa s 
two s ampl es , at whi ch po int t h e  

T h e  c yc l e  was r ep e a t ed for a third 

A.t this s t o.c:e  25 jJl of d i r:; t i l l cd 
-vra t er \-.ras added t o  t h e  thr e e  tub e s , -v;hich were th en 

extrac t ed four t i m e s  wit h butyl a c e t at e . N- t errninal anal ys is 

wa s p erform e d  dir ec t ly on the aqueous pha s e  from e ac h  tub e • 

..-\nalys i s  o f  the firs t tub e yi e lds t h e  s ec ond r e s i du e o f  the 
p ept id e ' s s equenc e ;  analysis  o f  the s ec ond tub e  reve a l s  th e 

th ird r e s i due , whi l e  the third tub e  provi d es the fourth 
r e s idue . 

2 . 1 4  N - t e rrninal anafys i s  (pr o t ein) 
Th e N - t erminal o f  t h e  enzyme wa s la.b e l l ed ,  in 8 r1 urea , 

us ing dansyl chlor i d e ( Gray , 1 967 ; and Gras and Lab oue s s e , 

1 969 ) . One mg o f  pro t e in was di s s o lved in 1 ml of 8 M urea 
in 0 . 1  l'I s odium b i c arb onat e .  To thi s , was add ed 1 ml of 

dansyl chloride ( 25 mg/ml , in a c e t o n e ) . The re ac t ion 



21 . 

mixtur e  was incubated at )7°G for 4 hours and then di alyG P.d 

ae;ains t di s t ill ed wat er . The precipitated pr o t e in was tr:.>n[; ­

f erred t o  a hydro lys i s  tub e (1  x 7 . 5  cm ) and f r e e ?- c-dri e d .  

Five lnmdr ed f.J l o f  6 I'I hydrochloric ac i d  was added ; the tub e s  ' 0 w e r e  s e a l ed under vac uum and hydro lys ed at 1 1 0  C for 1 6  h our::: . 

Af t er dryin� , the hydrolys at e was extrac t ed tw i c e l i th 50 pl 
o f  vJG t er-saturated ethyl a c e t a t e ( this 0.l l ov:s removal o f  

�ansyl s ul phonic ac i d , wh ich otherwj_ s e  would i nt er f er e with 

L"he sub s ef}_uent chromato sr::1phy ) . The ex trac t w a s  dri ed and 
r e Ll i s s o l  ved in 95�; ethanol b e fore s p o t t ing on a 1 5  x 1 5  ern 
_po lyami de p l at e . Chromatography 1.-m s run as de s c rib ed 

pr evi ous ly . 

The residue , which was l e ft aft er e thyl ac etat e extrac t i on , 

was di s s o lved in 95% ethan o l  and chromato graphed a s  d e s c r ib ed 
€ 

ab ov e . (I n  addit i on t o  Dl'JS-OH , DNB-N H2 and DNS- E. ; -Lys ,  the 

r e s i due c ould c ontain mrs-His or DHS-Arg ) . 

2 . 1 5 Amino ac id s eC]u enc e det erm ina t i on 

2 . 1 5.1 Dansyl-Edman t echnique 

The Dans yl-Edman 'r ec hni �ue ( Gray , 1 972)  was us ed t o  det ermine 

th e amino ac id s e �uenc e o f  m o s t  peptides . 

o f  peptide was us e d  p er res i due . 

Betwe en 2 ru1d 20 nm 

The pept ide was fre e z e-d:ri ed in a 6 x 1 cm s c r ev1- t op t ub e  and 
r e di s s o lv e d  in 1 50 p l  o f  wat er . One hundred and f i fty pl o f  

F·rr.rc ( 5�� , in pyridine ) w a s  added . The t ub e  was f lush e d  with 

oxygen- fre e  nitro gen , c a pp e d , and incubated at 45°C for 

90 minut e s . I n  order t o  remove s o lvent , exc e s s  �I TC and 

v o l a t i l e  by-produc t s , the mixtur e  was dri ed at 60°0 for 40 
minut es over c onc entrat ed sulphuri c  ac i d .  Aft er addin� 

200 p l  of TFA , the tub e  was again flushed with n i t rogen , 

c app ed , and incub a t e d  at 45°0 for 30 minut e s . Exc e s s  TFA 

was removed over s odi� hydroxide f l ak es . The dri ed r e s i due 

was dis s o lved in 200 p l  of wat er and extrac t e d  thr e e  �imes 

with 1 ml washings o f  butyl ac et at e . Aft er vi gorous shaking , 

the t \'TO layers wer e s ep arat e d  in a c l  i n:Lc al c entrifuge . The 

upp er organic phas e ,  c ontaining the 2-anil ino- thi az o l inone 

d erivat ive of the N-terminal amino ac id , was disc arded at each 

washing s t e p .  



'rh e  c-:tque ous pha.s c ( c ont'·:.ining th<:=! o:ci :::;i.nal l '8p t i d <� , minuc_; L:h') 
N - t errnina l re s idue ) \-.ro..s J.r i ed do\'m and dis s olved in 1 50 p l  of 
\>Vat er . A s ampl e  of b etv1e en 5 and 20 jJ 1 was removed at t h i G  
po int and subj ect e d  to N-t erminal analysis to i dent i fy the 
s econd res idue in the s e�uenc e .  Thi s  cycle of op erati ons 

\'Tas repeat ed unt il the entire s equenc e of the peptide was 

obtained . 

2 . 1 5 . 2  Nass spec trometry 
) 

Betwe en 0 . 2  and 0 . 4  mg of peptide \va s  free z e-dri ed in a c;rm.md 

gla s s  tub e .  ThP. s ampl e was N-ac et yl at ed by adding 0 . 5  ml of 

ac etic anhydr i d e  and 0 . 5  ml of di s t i l l e d  wat er . The reac t i on 

mixture was s hak en for 40 minut es at room t emperature b e fore 

b e ine exhaus t ively dri ed down and dis s o lved in one drop of 

dry dime thyl sulphoxide ( D�SO ) (K ent , 1 970 ) . 

The b a s e  us ed for permethylation (l"Iorris and \-iilliams , 1 971 ) 
Nas prepared by adding 2 ml o f  dry DMSO to 0 . 1  g o f  sodi um 

hydride ( prewashed with dry hexane) .  The tub e  was flushed 

with oxygen- fre e  nitrogen , s toppered lightly , and incubated 
at 60°C for 10 minut es . A s

.
econd b atch of sodium hydride 

was added and the incubat ion c ontinued for a further 1 0  

minut es b e fore the mixture was c entri fuged . 

One ml of Methyl iodide was added to the tub e  c ont aining the 

N-ac etylat ed peptide ; imme diat ely after this , 1 ml of b as e  

was added. The p ermethylat ion was allowed to proc e ed for 

20 s econds b e fore b e ing s topped by the addition of wat er . 

The product was i s olat ed by extrac tion with 1 ml of chloroform . 

The chloroform extrac t was washed thr e e  times with wat er and 

evaporat e d  in vacuo. The yellow oil obtained was dis solved 

in one drop of chloroform and appli e d  to the dire c t  ins ert ion 

prob e of a l"ffi 902 Mas s Srectromet er . 

2 . 1 6  Dige s ti on of peptides 

Large tryptic p ept ides requiring further c l eavage prior to 

amino acid s equenc e det ermination , were treat ed a s  describ ed 

b e low . 



1\ r 
, ... ,) '11 0 t � 1 i 3  s o l ut i on 

\· ' ' l. n  n d ded 8.pproxim ::t t e 1 ;y 'I , ;  ( w/w) o f  e i ther 11h crmo l,p.: in , 
Chy:11 0 tryr.s in , or 0 u b t i l  i : · ·i n . Th c d i c;c:_; t  i·T o G c <:uT .l e d out 
ov cr-n i c;ht at 37°C . 'f1 1 �  s o lut i on w a s  f r e (� :;� c - dri c tl  c:md the 
!:'X t ! ·n t  of d i G e s t i o n  wr1.3 : · � · G c s s e cJ. by ,·w r\ lytic lll  c l cc t ro-
rhorc s i s . The peptide • ' "i c;ested ' li th peps in \-Ta S  t r e a t e d  in :1 



A 
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FIGURE 1 C RYSTALLINE PHOSPHOFRUC TOK INA SE 



. .  , . .  J ' I ' ' '  ( "'l • • !.!��· I u j • � I 

. ;ry�:> t · • l l i n a t i on o f  t b.c e n  . ym e  by th e r• c L ho(1 d c r: c r j l . .  · d  on l ' '1 ,;t' 
C) l e d t o  th e forma t i on n [ '  c rys t CJ l [> o f  l e t \" C C'n 2 Cl l l • l ]0 P ·  
l! i �: ur e  1 A on d B show th e 1 -llo t o t5ra phs o f  ph o s pho fruc tokina:: c 
c ry s t a l::.� t ak en in a 6 e i s r� int erferr:nc c� micro s c o p e  f i t t e d  vd. l;ll 
rl J :;-;.n.� u:_;ki a t t achment . 'j:he vi \·; :-;  sho •. ·n r epr e s ent t l·iO p l [l ll i"; S  
ob�-� c rv c d  by r o t ut i D e; th0 c rys t a l s  l� iu: o u� .h o.pproxim�1 t e ly 90° . 
. . hen v i e vved On one S ll J:' .f n c  " 1  th e C I'�IG t .:'l l G etrp•"' ;'1l' C d  < 3 
" "  c_;u l r • r  h C Fl :_:;on s 1 O l d i-:1 , l r o t o.t c cl  :• t: rj c;l lt ; • n ��l r <· 1 8. 
� lt cm� · :i r :  �-, l �m e  \·.·n � ob f· c·;-,r · 1 ,  imply _; l ii�� t l • 'l t  th n c n z �.' , ,... c ry n t o. l -

. .  , I U S . 

' i 'h r' : t i ?. e  o .f  t h e s e e ryn t; · · l · m n d e  t '  ' ' ! P ' ·  u ·i 1 � -·ll , l c  fC' ' ' -.: -ro.y 
' ' I  • l ;F > l s ; h OH0V Cl' 1 ;J. TJH • '  ' • orl vJ <J r; , ; r  u • l r · :  ,:; . "! ( , .  1 1 )  J'or 

· �  · " ) i·. i n e ;  :.oo fJ c ry r t ; , ] : : . L'h c s c C T'�  · ; ' : · "1 : ·  • " ' 1:' 1 l!l f l \1 1 1  i. r • r1 in 

�� f ! ; � l ( _ (_l ('. !). ] •i l l a ry t nb r• :_; . ' .• hen r.u1)j  ( ( '  :, ' ' ' l  t o  x-r : t y  : t  n .:-t lyFJ .i .  , ,  , 

{n: i r.:�. l  l cn e;ths o f  600 , 2 :J O  and 220 � 'd C! . e ob s r: rv e d  · i n  s t i l -l 

pho t o c;raphs . Th e c rys t a l s  w er e  o f  l ow s ymm e t ry , p o s s ib ly 
rnonoc l yni c . D e s pi t e  un� e r t a inty r e g�trd inc; t h e  s pr� c e  gro up ,  
the s e r e s ul t s  s ue;g e s t  a probab l e  vJ e i e;h t  o f  pro t ein o f  gr e a t er 

, ,  I • 

thr.m 1 06 da l t ons p er a s s ymm e t r i c  uni t . This l ar c; c  Rssymme tric  
lLl'li t  c ould a c c o unt f o r  t h e  v ery w e ak d i ffra c t i on b y  th e 

c rys t al s , a nd i s  c ons i s t ent w i t h  s e d im entat i on s tu d i e s  on the 
(l i s s o lved c rys t a l l in e  e n zym e . 

3 . 2 G e l  e l e c troph or e s i s  

O n  r; el e l e c t rophor e s i s  ( 7 . 5  g e l  a t  pH 8 . 5 )  the pur i fi ed enzyme 
did n o t  ent e r  the runnin5 gel , but form e d  a b and o n  the s ur fEJ c e. 
A s im i l ar r e s u l t  was ob t a in e d  wh e n  5 . 6,o e; e l s  wer e u s e d ; this 
s i t u a t i on i s  s imi l ar t o  ob s erva t i ons on r abb i t  mus c l e  PFK 
( I'a e t kau e t  al . 1 968 ) . The di s s o l v ed c rys t al l i n e  enzym e  

m i grat ed as a b and with mob i l i t i e s b e twe en 0. 2 a n d  0 . 4  i n  3 . � � 

5 e l s  at pH 8 . 5 ; a s im i l ar r esult has s in c e b e en r eport ed f o r  
c h i c k en l iv er PI� ( K ono , 1 97 3 ) . 

On mal eylat i on ,  b o th the puri fi ed and d i s s olved c rys t a l l in e  
enzym e ran as a s ing l e band in pH 8 . 5 g e l s ; t h i s  b ond had 

m ob i l i t i e s of 0 . '1 8 ,  0 . 4 and 0 . 8  in 1 2 . 5% , 7 . 5jb and 3 . 5% e; e l s  



l ' li o r e s i s  wn R c nrri od o u t  J n  s odium d od ur. yl r• ul phn t c  ( b elo i· · ) . 

'l'h8 pur i f i e d  enzym e  vlE )S t l j ::tlys ed < • c; · , _. Il :.d.: :;o J:d i l)ho : · l ' h ;\ t e  

lm f f c r  pH 8 . 0 , c on t a i n in1 :; 1 mi-1 d i t l t i o P r;y thri t o l , 0 - '1 rnl-J 11'1'1- , 
1 0  p h  fruc t o s e 1 , 6- d. i ph o :  phat e ::tnd 1 m i 1  L·�Dl' �� , ;n1 d ' , l ll> j ec t r· cl 
t� o s e cli m entrtt i on annly�; r; ;; o.t L�20L1 0 r pn . l•'i c;u v o  2 �; hows th e 

�j c h l i (;ren pa t t ern of  the .ruri fied e n ·.·. :;· , : r: in i t  doubl e s ec t or 

c el l  at 20°C and at a prot ein conc entrat ion o f  14  m�/ml . 

I nitially , two boundari es were ob s e rv e d ; hov1evor , G. S  
s edimentation proc e e ded , a smal l shoulder was det ected in the 

trai l ine; edge of the high m o l ecul c:1 r  weit;ht boundary . From 
a �raph of log r as a fw1ction of tim e , the s edimentation 

c o e ffic i ents of the three  boundaries were det ermined . The 

buffer had a vis c o s i ty o f  1 . 01 1 relative to  wat er , and its 

dens ity was 1 . 007 g/cc  at 20°C .  Us ine; this data in c onjunc­
tion with equation ( 4) ( P . 1 4) , s 20w values of 5 . 6 ,  1 9 . 3  � n d  

30 . 8 S were obtained for the low , medium and high mol ecul a r  

weight c omponents . A schlie�en pat t ern of s imilar shape t o  
that shown in J!'ig . 2 has b e en reported  for she ep heart . PFK 

(Mans our et al . 1 966 ) , however , in this instanc e ,  at a 

protein c onc entration of 3 . 7  mg/ml , s edimentation rat es of 

8 . 2 and 41 S were reported for the maj or boundari es . 

In order to investi�at e the c onc entrat i on dependenc e o f  the 

s edimentation c o e ffic ients , six additional s edimentat ion 

experiments were performed on dilutions o f  the above 

s olution . Data on thes e determinations is shown in Tab l e  2 .  

Two distinct high ( 30 S )  and low ( 7  S)  molecular weight peaks 

were obs erved at all  c onc entrations ; however , becaus e o f  the 

smal l  amount pres ent , it was not pos s ib l e  to measure the 

s edimentation c o effici ent of the medium ( 1 9  B )  molecular 

weight speci es at l ower prot ein c onc entration . Figure 3 

shows a plot of the s edimentation rat es of the 7 and 30 S 

forms as a func tion o f  prot ein conc entration . The assym­

metric 30 S boundary showed a marked c onc entration dependenc e 

attaining a maximum value o f  32 S b etween 7 and 11 mg/ml . 

The shape and the c onc entration dependenc e o f  this b oundary 



0 

1 8 . 6  

4 8 1 2 

22 . 6  26 . 6 30 . 6  

FIGURE 2 SEDIMENTA TION PATTERN OF PURI FIED PFK 

1 6  

34 . 6 ( m inut e s )  
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D a t a  for <l e t cnnin n. t i on o f  ;:; r.d :i r rl Cn l; o t i on 
rat e s  o f  -! :h • :  pur i f i 0 r'! C'J 1 Y.;)111 e . 

( I) )  ( mc;/ml ) 
rJ l or; r 

dt 

1 4 . 5 1 . '19 - ) X 1 0  

1 0 . 87 ) ['" - - 3 1 .  j") X 1 0  

7 . 25 1 .  ;, 5 X 1 0  - 3 

3 . 62 1 . 1 ! C) - :iJ X 1 0  � -
2 . 1 8 1 . 11 1 X 1 0- .) 

1 • LJ-5 1 .  :·} 3 _ 7, X 1 0  J 
7 

0 . 78 1 .  28 X 1 0- � ) 

Lo\·1 m o l f!C U l a r  w e i s1 tt 
1 4 . 5 2 . 7  X 1 0- L� 

1 0 . 87 2 . 7 X 1 0_4_ 

7 - 25 2 . 8 X 1 0-
4 

3 . 62  3 . ) X . 1 0 -4 

2 . 1 8 3 . '+ X 1 0-4 

1 . 45 3 . 1 X 1 0-
4 

c . ..  

2') . 6 
-..·.o 9 � . 
::;o . n 
;''J . 5 
�·;� . o  
( :(, . 5 

21� . 7 

b o un dory 
5 . 4 

5 . 4 

5 . 5 

6 . 5 

6 . 7  

6 . 1 

8 ' V) r \_ 1:1 

�n . G 
) 2 . 1 

�� ;? . O  
;;·,o 7 � . 

;.: / . 1  

-�7 (-L o / 
� 5 - 7 

5 . 6 
5 . 6 

5 - 7 

6 . 7 

7 . 0 
6 . 3 

I·! edium mol ecular wei cht b o undary 

1 4 . 5 9 . 4 X 1 0-4 
1 8 . 6 1 9 . 3 

1 0 . 87 9 - 3  X 1 0-
4 

1 8 . 4 1 9 . 1  
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F igure 3 Concentration dependence of the sed i mentation coefficient of pu rif ied P F K. 
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. .  ( I' <t 

a. r e  ch--.. rnc t cr i s t ic o f  a r o l ;ymer i11 r : :: yi. cl r <;vr .r.:> ib l c G(}.Ui l i ­

rn'ium itl i t h  l o w er m o l e c ul < ' l' w e i zht f o r; ,·, :> ( ri ichol e t  al . 1 �CA ; 
" Bethune and Gri l lo , 1 967 ) . 'l'he s o r1 3 J ,l •-· :t.to.t i on c o c f f i c i e  t o f  

t h e  7 i� b oundary d c c r en s c cl with d c c r c a s inz c onc ent r � l "i; i on , nnd 

r t s  fnr G S  c o ul d b e  j ud e; e c'l , th e r e l a t iv e  area m1der thi s 

b oundary r emain ed c ons t a n t  as c onc cntrn t i on d ec r e m; ecl . 

5 . 4 � e d j_m�nt a t i on s tud i P R  on the d i s s olved c rvs t a l l ine 

Thr e e  di f f er ent pr epara t i ons o f  t h e  d i s s o lved crystalline 
enz yme wer e s ubj ec t e d t o  s edim ent at i on analys i s  and produc ed 
s imi lar re su l t s . The c rys t al s  w e r e  di s s o lve d in , and 

d i a lys ed ae;ains t , a s o lu t i on o f  50 roll phospha t e buf f e r  pH G . O , 
1 nu'; di thi o erythri t o l , 0 .  '1 rnl'"i ATP , 1 0  jJ h fruc t o s  e-1 , 6-

d ipho s pha t e  and 1 :rnl'l EDTJ\. , for s ix h o urs prior t o  ana lys is . 

' . he s chli e ren patt ern o f  the di s s o lv e d  c rys tal lin e enzym e  at 
8 ms/ml and a rotor s p e e d  o f 47 , 660 rpm i s  shovm in F i e;ur e 4 .  

The trai l ine; b oundary had o. s ,.,0 value o f  31 . 6  S ,  c :m d  i t s  
c:. w 

shape wa s indic ativ e o f  n rapi dly ro lTl Cr i c ing sys t em . 
� �naly::: � 0 s on o. s ec ond p.r o v• r a t i on o f  c ryr-; t a l s , n t  4 ? , 040 rpm 

"1nd th"' s 0 m c  pro t e in c ort r� "ntrution , :i nrl i c at ecl a s i """� i l qr 

h o und ary , v1 ith a s ,)0 V8 �.' 1 �  '- \'1 
pre.r�) ra t i on , at 2 m�/ml : • nd. 
b oUl:t.cl o ry vl i th an s '":>Q V Cl J 1 .e 

L \V 
:n t t 0 rn o f  this prep;:1 rr• b. on 

R 0 s ul t �  o n  a thi rd 

59 , 780 , incl. i c D. t c d  [l n  a :� s ymm e tric 

of 27 . 0  � .  Th e s adim 0 ntation 

was r e �  .,.-. v r; r. t i c::� t c d  :::t f.t ..:-.r s t or<:::e 
of t h e  en7. ym e  a t  2° for 7 clays ; thero \·JUs no chance in 

e i ther the shape or s edimen t a t i on rat e o f  the b oundary . 

�llien a four t h  preparat i on o f  di s s o lv e d  c rys t a l l in e  enz ym e  was 

inv es t i gat e d , und er c ondi t i ons apparen t l y  i d ent i c a l  to tho s e  

d e s c rib ed ab ov e , a di ff er ent s e diment a t i on pat t ern was 

ob s erved , Fi gur e 5 shows a trac ing of this patt ern at 

42 , 040 rpm and a c onc entrat i on of 6 mg/ml . ( The e;las s  plat es 

c l oud e d  with t ime , and v1 e r e  unsu i t ab l e  for r eproduc t i on . ) 

I ni t i a l ly , thr e e  schli eren boundari es \•/ere ob s erv e d  w i th s 20v-r 
value s o f  27 S ,  51 S and 53 S ( p e aks 1 ,  2 and 3 r e s p ec t iv ely) . 
Aft er 1 2  minut es , the 27 S and 53 S p e aks dis app ear e d , l e aving 

a long trai l ing 51 S boundary i n  rever s ib l e  equi l ibrium with 

lower mol ecular forms. ]rom the r e l at ionship s2/s1 = 

(MW2/MW1 ) 312 , the mol ecular weight ratios of t h e  27 S t o  
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S C H L I E R E-N PATl E R N  O F  D I S S O LV E D  C R Y S T A LL I N E  P F K  

( 4 TH P R E PA RAT ION ) 



t o  th e �;3 G �; pec i cs wn s c :; t; imH t cd : 1 : ;  1 : 2 . 7 .  

-i t nppr' :1r'' tha t the enz ;ylfl ' '  lll a;y be und r.:- rc oine; rt fur t :wr po ly­
J !i ' ' r i c: :' t :i on invo lvinc; trit' ' r i s ation o f  thr; 30 !...i for;n . 

- r· 
' .  '_) 

c on d i t i ons 

. l l 'm t h e  enzyme w 0 s rnal c;y l. :-, t ed and. <l i : 1 l y :> ed n c;a. in s t  0 . 1  l'i 

! h o s ph<J t e  buffer pH 8 . 0  pJ ' i or to S (' rJirn cn tat ion ;, nd d i ffus ion 
nnnlys es , a s ine;l e symm etrical  boun(li."try was ob t �1inr. cl a t  a l l  
c onc entrati ons investie;at�d • . V a l u e s  o f  t h e  s adim cntRtion 
:md d i ffus ion c o ef fic i ent ( D ) , at v.;=� r i o u s  c onc entr0 t i ons , a r e  

shovm in Tab l e  3 .  The s p e ed us ed for s ediment a t i on analys is 
w a s  59 , 780 rpm . The buffer had a v i s c o s ity r e l a t ive to 
wat er o f  1 . 029 and a dens i ty o f  1 . 0 22 B/cc at 20°C . 

'l'ab l e  3 
S edimentation and d i ffus i on c o c ffic i 0nts  

of I-ml eyl-PFK . 

p (me;/ml ) s 20w D20vl ( 2 -1 ) c m  s e c 

2 . 9  3 . 82 3 - 55  X 1 0- '7 
3 . 8  3 . 8 1+ 3 . 85 X 1 0-7 

5 . 0  3 . 7 2 3 . 90 X 1 0-7 

6 . 7  3 . '81 3 . 76 X 1 0-7 

8 . 0  3 . 80 

1 0 . 0 3 . 64 
1 3 . 0 3 . 81 

F i �ur e 6 shows a plot o f  th e s edim ent ation ra t e  o f  maleyl­

rho s pho-fruc t okinas e as  a func tion o f  ,Prot ein c onc e n trat ion . 
irom thi s  graph the value o f  the s edimentation rat e at 
in f i ni t e  dilut i on ( s�0w) was obtained as 3 . 80 8 .  S imilarly , 

0 - -7 2 -1 the D20w value was det erm 1ned as 3 . 7 5  x 1 0  cm s ec • Using 
th e s e values , toe;ether wi th a part ial specific vo lume of 
0 . 7  28 cc/gm , and the d en s i ty of wat er at 20°C , in the 
;.:;v edb erg equation ( l.'-1W = RT s 20wfD20\v ( 1 -V tO)) the mol ecular 
weight of mal eyl-PFK wa s determined as 90 , 000 . 
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F i gu re 6 Concentration dependence of the sed i mentation coefficient of Maleyi-P F K. 



29 . 

'dhen th8 native enzyme ( c onc entrati on = 3 me;/ml ) wo.s dial:;ro od 
against 0 . 1  l'I phosphat e bu ffer pH 8 . 0 ,  c ontaining 7 - 5  l1 ur e a  
and 10 mi1 di thioerythri tol , and subj ected to s edimentation 
analys is ( 59 , 780 rpm ) , a s ingl e 1 . 9 S boundary was obs erved . 
��h e s o l  vent had a relative viscosity of 1 . 422 and a density 
of 1 . 1 1 32 g/c c ; us in� the s e  fi(jures , the s 20w value of th e 
urea-di ssociated enzyme \·ms determined Rs 3 .  9 S . 

"LkiA (r.w 67 ;ooo ) ,  ovalbumin (f'M 45 , 000) , chym o t ryps i no gen 
( I-M 25 , 000 ) and PFK were boiled in 1 0  rnl'1 phosphat e  buffer 
:!:)H 7 . 0 , c ont aining 0 . 1% s odium· dodecylsulphat e and 0 . 1% 
2-mercaptoethanol , and subj ected to dodecylsulphate gel 
el ec trophoresis ( \{eber an<l Osborn , 1 969 ) . Log I1\rl was plotted 
as a func tion of mobility with respec t to  bromophenol-b lue 
( Fi g . ? ) . Thre e  PFK s ampl e s  each migrat ed as a s ingl e band 
viith mobilities of 0 . 1 2 ,  0 . 1 2 and 0 . 1 4.  Thes e mobilities 

indic at ed a molecular weight of b etwe en 80 , 000 and 86 , 000 
for the dis s oc iat ed enzyme . 

( \ 
S-Carboxymethyl-phosphofruc tokinas e was mal eylated in 0 . 1  M 
b orat e buffer cont aining 7 . 5  H urea , and dialys ed a�ainst 
0 . 1  M phosphat e buffer pH 8 . 0 .  On s edimentation analysis 
at 59 , 780 rpm , carboxymethyl-mal eyl-PTI\ s edimented as a 

s in(jl e symmetrical b oundary with s20w values of  2 . 25 ,  2 . 1 2  
and 2 . 00 S at prot ein c onc entrations of 1 . 5 ,  3 . 0 and 4 . 5 m�/ 
ml respectively. The synthetic boundary obs erved in dif-
fus ion experiments was gaus s ian ,  and diffus ion c o effici ents 
of 5 . � , 4 . 9  and 4. 5 x 1 0-7 cm2/s ec respectively were calcu­
lat ed at  the above c onc entrations . Using the Svedb erg 
equation , apparent molecula.r weights of 39 , 000 , 39 , 000 and 
L�O , 000 were obtained for carboxymethyl-maleyl-PFK . Thi s  
form of  the enzyme migrated as a singl e hand of mobil ity 1 . 0 

on gel  electrophore s is at pH 8 . 5  in a 5 . 6% gel . 

3 . 6 N-terminal analys i s  

No N-t erminal res idue was detected for she ep heart PFK , 

althouGh when N-terminal analys i s  was performed on mygo lobin 

under the same c ondition , DNS-Val and DNS-Val-Leu were 

det ect e d .  The N-t erminal s equenc e of sperm whal e  myoglobin 
i s  Val-Leu - ,  and the d et ection of DNS-Val-Leu· on N-terminal 
analysis  is a c ons equenc e of the resi stanc e of Val-Leu bonds 
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Figure 7 Graph for the determination of molecular weight of PFK by gel electrophoresis.  



t o  r:J c i. d  h,}'Clrolys i s . 'Dl c· fn. i lur e t o  d r: i: c c t  r; n  1 : - t r  rm in al 
� T ' ) �1 i rl n r;  in s h e e p  h c o. r t  lFJ ·�. i s  par<, 1 1 G l r! c1 in rabbit q ,1l.' :; c l e J }i'Y , 

7 7 ./ •  .l.Jcp t i d e m a n s  

. • I ) , 

:�;-c arb oxym e thyl-ph o s pho fruc t ok i nas e  \·m s di� e s t e d  ,,J j_ th · tryp s i n . 

· t'h i rty ms o f  p ept i d e  mat rYial was s ub j ec t ed t o  pep l, i rl e  maJ)pln ;� 
( pa ge 1 6 ) . C ompo s i t e  r.F\ l ' S s hoHinc; the r e su l t s  o f  r: i x  
(:. r . .: t c c t i o n  proc edur e s  <-l. r e  J'r e s ent e cl in Fir;ur e 8 A  a nd B . 
:�l c c t rophor c t ic m ob i l i t i s �  at pH 6 . 5 n r e  expr e s s e d r e la t i v e  

1_; o M" i V1. r t i c  ac i d , v1h i l r:: :- 1 :  !JH 2 . 1 ,  mob i l i t i c s  11 r c  r c l :J. t iv e  t o  
t l " n ;; ;;r J - .'l. rc;in ine . C b r on " L n crapl1 ic m nh i l i ti e �� in t l 1 0  s ec ond 

l • 'i r�uJ ' I '  3 \ s h o ws 

p c·r t i cl 0 !3 d e t e c t ed ,,l i th n ;  .. i l 1yd rin . ' [ ' 1 ' ' ' mJ ,-;l crn l 1 J <:}>r e s ent s 

j > r·p l:: i. el (' r; clc t cc t ed \·J i th c." l orin e - 0 -- -t . n l .i 6 i n r; ;  ;> r r�pJ '' G ent s 

}J e p t i d e s  wh ich s t ai n e d  Ki th Pauly � c n cent ; 4 r e p r e s ents 

p e1)t i cl e s  whi ch s t ained wi th Ehr l i chs H e r{ e; en t ; and 5 
r epr e s ent s p ept id e s  d e t ec t ed wi th 1 -n i t ro s o- 2-naphtho l .  

A t o t a l  o f  50 pept i d e s  were d e t ec t ed with ninhydrin ; 44 o f  

th e s e  a l s o  r eac t ed with c hl orine-0- t o l idin e . Twenty- seyen 
p ep t i d e s  c ontained arginin e , 9 c on t a i n e d  his t i d in e , 5 

c ont ained t ryptophan and 5 c ontain ed tyro s in e . 
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L� . RE�ULTS ( 2) 

4 . 1  Pept ide s eparation, charact eris ation and amino ac i d  
s eo uenc e det ermination 

3 1 . 

Five hundred mg o f  c arboxymethyl-pho sphofructokinas e ( of v1hich 

about a t enth was c arboxymethylat ed us ing 2-c1 4 i odoac e t i c  

ac id ) was dige s t ed with tryps in . r.rhe initia lly turbid di s­

pers i on rapidly c l eared , and aft er two hours , diges tion v1as 
comp l et e .  At this point , the pH o f  the reaction mixtur e was 

dropp ed to 4 . 0  and the ac id-insolub l e  material removed by 
c entri fugati on .  
fre e z e-dri ed . 

Bo th the sup ernat ant and the pell et were 

The acid s o lubl e  tryptic peptides v1ere diss olved in 7 ml o f  

0 . 2 1'1 ammonium bicarbonat e  and applied t o  a 2 . 5 x 9 7  c m  c o lumn 
o f  S ephadex G 50 . The c o lumn was d eve l oped with 0 . 2  M 
nnooonium b ic arbonat e us ing upward flow at 1 4 . 0  ml/hour . 

Thirty minute frac tions were c o ll ec t e d .  Fi�ure 9 shows t h e  

e luti on pro fi l e  of p eptides ; optical dens ities were m e a s ur e d  
at 280 and 230 nm . Bas ed on thes e results and on e l ec tro­

phoretic analys is of tub e s  48 · to 83 , th e followin� tub es were 
pool ed and freez e-dri ed for further frac tionat ion . 

rruo e s  ( 58-76 ) , des i gnat ed frac t ion A ·  ' 

Tub es ( 54- 57 ) , des i gnat ed frac t i on B ·  ' 

rl'ub e s  ( L�9-53 ) ' de s i e;nat ed. frac t i on C ·  ' 

'l' ub es ( 23-48 ) ' des i gnat ed fract i on D ·  ' 

Electrophoretic analys is indicat ed that the tub es 64 t o  70 
c ontained free arginine and lys ine , implying that frac tion A 
c ontains p eptides which have b e en tot ally inc luded in the 

Sephadex . Although Figure 9 indicates UV ab s orpt ion 

occurring pas t tub e  N o . 76 ,  elec trophor esis and N-t erminal 
analys i s showed that this ab s orption was not due to p eptide 

mat erial . 
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1 ' I [ �-, � n • 

I ' -,. e i '· lj_ 1 i ' .,I .'l (' r-: : ' ' 1 .  (' b 1\ r _c ( ' :: '  J ' 

tl d , j t ; · .· l; c ( l  ·f; o ;. ' . ;. __ , · · :·t t; l·l r� ('r' <� t ' � -l L .� 1 � t."'d l , �, .. lru� I 

0 h l o r j c �1 c i d  nncl the s : mt J · 1 e  v�a s  :' H' l i r- d , u nt i c r n i i . '- ' 0 [; e n  

r r e r:: u uJ:-o e , t o  a 0 .  9 x 50 cm c o lumn o f  Dnvr cx 50 x Q ( 22 
13phcL'e:3 ) . 

- · ,.., 
' - . 

J. cp t id e 3  w e r e  elu t; e d  \v i l..;1 r  30 ml o L'  0 . 2 l i  r•:rr :i_ rlin r;j ;; c e t at c 

1J uffer pH 3 . 0 ,  fo l l O'I'l C d  b y  a e;rr.H1 i "nt c on}] i s t i. n c;  o C  ?00 m l  o .L 
0 . 2 I'i pyrid ine/ac e t a t c  pH 3 . 0  ancl L!-00 rn l  o f ? r ;  ] '�n ·l rlin e/ 

The c olmnn was t h rm  d ev e l o p e d  v:_i th a gr:, d i r·n t; 
o f  30 m l  2 . 0  I"i pyricline/:1 c et a t e  rH 5 . 0  r_mrl 30 ml o C  :.--� . 5 -: ,  

py rir.1ine/ac e t a t e  pH 9. 6 .  ilny pcpt i d.es r em r· i n inr� :" b s orb erl. on 

tho c o lumn were r em oved by \>la Ghin r; vii th 5n ml C' f t1 t t:>  pH 5 . 6  
b uf f e r . The flow rat e v• a s  mA.in'l: : t i.n f" d  : t t  20 n 1 l/hr us ing a 
0�el\m ::m i1 c c u-Flo pump , :J n <1 t h e  c o lun']l t cr :'lper , J t; ur e  '�J R S  kept R. t  
5 5°G us ing a c ircula t in f_';  Hat er pump . Ji'rc1 c t i ons o f  8.bout 

5 . 3 ml w e r e  c o l l ec t ed . 

� The c o l umn eff luent was rnoni t ored b ;1 c l e c t rophor e s i G  at rH 6 .  5 

and pH 2 . 1 . A 0 . 3  rn l  f W mp l e from c n c h  tub e was f r e e z e - dri ed , 

nnd di s s o lv e d in 20 p l  o f  !1/50 ammonium hydr oxi<l. e . T en fJl 

from c ons ec ut ive s amp l e s  1<1ere app l i e d  to each of h!o s h e e t s  

of i.-Jb.::Ltman N o  . 1  paper a s  a one - cm b u n cl . .El ec trophor e s i s  

was c arri e d  out A. s  pr evi ous ly des c rib e d . On e s e t  o f  e l ut i on 

pro f i l e s was s t a ined l'li th ninhydrin ::Ul d  the o ther \<Ji th 
S achaguchi Reagent . The c o lunm was als o mon i t ored for 

radi oac tivity by t a
'
kine; 5 fJl from e ach tub e  and spot t ine; on 

�,jh<� tman N o . 1  pap er ,  which was t h e n  subj e c t ed t o  aut oradi o­

r;raphy . Radi oac t ive peaks occurred in tubes 43 and 58 . I n  

o rd er t o  asc ertain -...rhich peptides in thes e tub e s  were radio­

e.c t ive , the ninhydrin- p o s i t ive sp ot s from the above maps 

ivere c ut out and c ount ed in a s c int i ll ation c ount er . Thi s  

indi c a t e d  that peptides A 5 8  N 1. 50 . A( 43-L�) . 3  and 
I 

/:. ( 43-44) N1 . 58 were radi o CJ c t iv e  ( s e e h c l ow for numb ering ) . 

Ji'i L'1JT 8 1 01\. and B sh m·rs th� s up er i mpo s ed resu l t s  o f  the two 

·� t::d ninG proc edur es toe; ether wi th th � r n (l j_o.gutotjrP i'hY reGults . 

Fi eu.re 1 0A displ ays th e pos i t i on of n.c idic and b a s i c  p ep t i d e f'  
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with respect to their e l ec trophoretic mobilitics  a t  pH 6 . �  And 
their tube numb er .  Fi gur e B disrlays the s am e  for the n c1.1.trD l 
peptidcs , exc ept that the elec trophoresis wan c arri ed out nt 
pH 2 . 1 . Althouzh tub e  nmnb ers do not s t art at on e ,  no p ep­
tides were c ontained in the fractions which are not sho�t ; 
furth er , no peptides were locat ed b eyoncl tub e  numb er 1 0 2 . 
All the peptides from fraction A c an b e  uniquely numb ered by 
quot inc; the ir Dowex .tub e numb er ,  their e l ectrophor etic 

mob i li ty , and whether neutral or charg ed at pil 6 . 5 .  Thus the 

c o de , A( 55- 56 )  . 3 5 ,  repr e s ents a p e p t i d e  which has been 

totally inc luded in Sephadex ( r epres ent ed by A) ; has b e en 
further purified from a pooled frac tion of tub e s 55  and 56 

inc lus ive , and has an e l ec trophor etic mobi lity of 0 . 35 at pH 
6 . 5 . Simi larly , the peptide numb ered A( 55-56 ) . 42 repres ents 
a peptide · occurring in the s ame Sephadex and Dowex frac tions , 

but with a mobility of 0 . 42 and pH 6 . 5 . Peptide m .. l.IDber A 
( 55-56 ) N1 � 48 also occurs in the s am e  Sephadex and Dowex 

frac ti ons , but is  neutral at pH 6 . 5  (N)  and ha s a mobil ity of 

'1 • 48 at pH 2 • 1 • 

The method of further puri fic ati on o f  peptides , numb ered in 

this manner , is describ ed b elow , to gether with other 
rel evant data on e ach peptide , its amino ac id analys i s  and 

s equenc e .  

The following c omments apply t o  peptides in this and all other 

fract i ons . 

1 .  Unle s s  s tated t o  the contrary , all purified peptides 

were · finally dis s o lved in 500 J-Jl o f  �1/50 ammonium 

hydroxide . 

2 .  Figure s  quoted under amino acid analys es are in n m o l  
and t h e  s ample  s i z e  repres ents one-twenti eth of the 

total purified peptide . 

3 . The implied mol ecular weight was calculated from the 

peptide ' s  electrophoretic mobility us in� Offord 

Diagrams ( Offord , 1 966 ) .  

4 .  The residue · mol ecular weight was c alculat ed from the 

amino acid s equenc e of the peptide . 



c yc t einc t?:;ive o. .). ' J.. l ov.,r c o1 o ' ' '·' ;  

O ,  indic a t es tha. t; th o p ep t i d e  s +.; ;1 in ed or0 n ce . 
1 � - t ermina J. s erine' r c s i d u e c·; 1 ; i  v r� l:h i :-:; c o l o ur ;  

H ,  th i s  s t n nd s  f o r  t'n n  rer1cli; ;b-·'ri o J  · � t  c o l o v r  

U8U8. l ly Cl. S S O C i 8  t r� (l 1:/i th tb � �  n inJ1 :ydrin r r; r1. c  t :i. on ;  

f� , this r e f ers t o  o. p A p t i d e  \ 11 li c h  r c a c  t s  only 
s l owly to cive t h e  r ed-vi o l e t  c o lour . 

Pep t i d e s  with N - t e rminal l euc ine , i s o l Auc in c  
o r val ine r e a c t  i n  thi s m n nn e r . 

) 
G . Lnl e s s  otherw is e s ta t ed , quo t e d  nm ino ac i d  G t: :l_n enc e s  

were de t ermin e d b y  t h e  Dan s y l - l'.rl n n n  i:Ie th od . The 
s yfTlbo l  N/A , in bracL c ts a ft er a � ; c; r ! uenc e , i n d i c at e s  

tho.t i t was d educ ed from N- t P.r,n in : ' l  nna l ys cs ·3 Jld 
am ino a c i d  ana lys e s . 

7 . 'rh e  numb er o f  ac idic r e s idues pr e s ent in a p e p t i d e  a s  

the ami d e , was c a l c ul a t ed ,  either from i t s  pH G . 5  

mob i l ity and r e s i due vTe i ght , or i t s  pH 6 . 5  and pH 2 . 1  

m ob i l i t y .  

8 .  The abbrevi at i on Ep ( 6 . 5 ) s tands for a p ept i d e ' s 

e l ec tropho r e t i c  mob i l i t y  at pH 6 . 5 . Thi s  mob i l ity 

is expr e s s ed r e l at ive to the dis t a nc e  between as par t i c  

a c i d  and the true ori gin ( the p o s i t i on o c c upi ed by t h e  

n eut ral am ino a c i d s ) . 

The abb r evia t i on Ep ( 2 . 1 ) s t ands for a pept id e ' s e l ec tro­

phor e t i c  mob i l i ty a t  pH 2 . 1 . H ere mob i l i ty is expres s ed 

r e l at ive t o  the di s tanc e moved by s erine from the t rue ori gi n  

(th� p o s i t i on o c c up i ed by dansyl- s ul phonic ac i d ) . 

, ,  l • • 



1 '\J rth e r  pur i ficat i on :  J r r:p . e l e c  t:ror•l J O r e G  i s  pH 6 .  ') ; elntc<'l. 

l'l/50 NHL�OH , r e d i c n o l v e cl  in 0 . 5  r.1l l'i/50 lm4on . 
I � obi lity : i•;p ( 6 . 5 )  0 . 611 . Impli rd_ LH == 260 . 
j � _i.n.h ;y drin : Y .  

· ' rr-;in i .n  0 :  + 
li - t; c rrn i. nn l : G l;y . 

-�rf� ( 11 5 )  , r; 1 · ( 50 ) • 

Gl;:,r- ;�1 ' £: . (i" / , ) • 

.PLl"i'J 1 l : ; A( 55- :,', ) . 11 .'� 

Fur ther pur i fi c a t i on : I r r;p . elec  troph or c s i s  pH 6 . ) ; elut ed. 

l'V50 NH40H , redi s s o lvcd in 0 . 5  wl T l/50 N H40H . 
hob i l i  ty:  Ep ( 6. 5 )  0.  4? . Impli e d  I't\</ = 480 . 

N inhydrin : R . 
,\.re;i n i n e : + .  
N - t erminal : Ala .  

An a l ys i s : Arg (80 ) ,  Al a  ( 77 ) , Val ( '1 55) . 

�)1'..' �UEl.fCE :  Ala-Val-Val- Ar� . . (N/A) . 

Res idue I'i�.J : 443 . ) 
This s equenc e was c onfirmed by mas s spcc tromctry . 

PEPTI D� A ( 55-56 ) . ) 5 

Furth er purificat i on :  J lrep . e l ec tropho re s i s  pH 6 . 5 ;  eluted 

M/50 NH4 OH , redi s s ol v e d  i n  0.  5 m l  h/50 NH4_0H . 
f·J ob ility:  Ep (6 . 5 ) 0 . 3 5 .  Implied nw = 61 0 .  
l'i i nhydrin : 0 • 

. \rginine : + 
N - t errninal : Ser . 

i'u.1r1.lys i s : Arg ( 80 ) , Thr ( 81 ) ,  Ser ( 80 ) , Val ( 91 ) .  

GEQUENCE : Ser-Thr-Val-Arg . 

Res i due HW : 453 .  



PEPTI DE A( 55-56 )  UI . 11 8 

Furth er purificati on : l'r c: p . e l e c tro phor e s i s  pH 6 .  �-; n nd piT 2 .  '1 ;  
e l ut e d  1"1/50 NH40H , red i s s olved in 0 . 5  ml t l/50 NH LJ_OH . 

l � ob i l it:r :  Ep (6 . 5 ) 0 ;  Ep ( 2 . 1 )  1 . LI-8 . I mpl i e d  MW = 360 .  

·kL n ny<l rin : R • 

. J ' C i n i.n c : + • 

. i ·/ ,,U � ·.1 : t ; t..; : Glu-Gl y- il.r g . ( ' . /A ) . 
1 :: � ; j d 1 1 ' �  I M :  :�·60 . 

l, 1 " '  • ' 67 r n ·.r:d . • L . o)L 11.. • :J ( 

Further puri fic ati on : Prep 

1"1/50 NH40H , redissolved 

M ob i l ity : Ep ( 6 . 5 )  0 . 57 .  

l'i inhydrin : 0 .  

Arcinine : ... . 

N- t erminal : S er .  

elec trophor e s is pH 6 . 5 ; 
in 0 . 5  ml M/50 NH40H . 

Impli ed MW = 31 0 . 

Ana lys is : Lys ( 86 ) , Ber ( 70 ) . 
SE�U EN CE : S er-Lys . (N/A) . 
Hes idue .MW : 233 . 

PEP'l'I DE A 54 • 5 

Further purification :  Pre .  

1'1/50 NH40H , redis s o lved 

I'lobi l ity : Ep (6 . 5 ) 0 . 50 .  
N inhydrin : s .  
/1r(jinine : - . 
N- t erminal : I l e .  

elec trophores is pH 6 . 5 ;  
in 0 . 5  ml 1'1/50 NH40H . 

Impli ed MW = 370 . 

Ana l ys i s : Lys ( 74) , Pro 

::JE·q,U.E.l'WE : · I le-Pro-Lys . 

( 79) , I l e  ( 68 ) . 
(N/A) . 

Residue MW : 3 56 .  

PEPTIDE A ( 83-84) . 43 

elut ed 

elut ed 

Further purification : Prep . electrophoresis pH 6 . 5 ;  elut ed 

M/50 NH40H , redissolved in 0 . 5  ml M/50 NH40H . 
Mobi lity: : Ep ( 6 . 5) 0 . 43 .  Implied MW = 460 . 

ninhydrin : Y. 



itr�inine : + .  
N- t erminal : Asn .  

.t\nalys i s : Arg ( 63 ) , Asp ( 64) • 

N o . amides : 1 .  
GEQUJ:JWE : Asn-.Arg . (N/A) . 

Hesidue :£'1'\J :  286 . 

FEF'.ri DE A ( 43-44 )  . 36 

Further puri ficati on : Prep . e l ec trorhores is pH 6 . 5 , e lut ed 
b/50 NH40H , redi s s olved in 0 . 5  ml HH40H . 

Mobility : Ep ( 6 . 5 )  0 . 36 .  Impli ed GW = 600 . 

JIT inhydrin :  Y. 
Arginine : - .  
N-terminal : Asn . 

37 -

Ana lysis : Lys ( 91 ) ,  Asp ( 76 ) , Thr ( 78 ) , Ala ( 87 ) , ?he ( 75 ) . 
No . amides : 1 . 
:: .. :l�).: ,�unw E : Asn-Phe-Ala-Thr-Lys . 

He si due r·'i\/ : 574 . 

The above s equenc e , which was det ermined by the Dansy l Edman 
pr oc edur e , was confirmed by mass spectromctry. The mas s es of 
the obs erved peaks and their structure is des cribed b elow : 

1'1/e 

1 1 9  

360 

445 

_) 574 

803 

I"I e 
Ac �Asn 

I I"1c2  
l"Ie Me 

Ac l Asn l Phe 
I J:le 2  

Me J:le M e  

Structure 

I l I Ac ·- Asn - Phe - Ala 
_ I  

J:i e2 

Me Me I1e 1""1e 
Ac l A�n l&e .!.. Ala j_ Thr 

11�2 I'�e 

Me Me Me Me Me 
Ac l Asn lPhe l Ala .J.. Thr .lLys - Ol"le 

I I I \ 

) 

l"Ie2  Me I"Ie Ac 



Oth er peaks occurred at : I'1e = 1 71 ,  c orresponcline; t o  los s o f  
CO from 1 1 9 ; a t  M/e ; 542 ,  c orre s pondi ne; to  loss  o f  MeOH 

from 574 ; and at 471 , c orrespondine; to o=C-1�la-Thr-Lys -Ol'"I c . 

(rias s es o f  the amino ac id fragments ob tained on mas s  spec tro­

metry of peptides have b e en describ e d  by Morris and Hi lli am s  
( 1 971 ) ) .

' 

PEPl'IDE A 57 . 5  

Further purification : F'r ep electrophoresis  pH 6 .  5 ,  elut ed 
r'i/50 NH4on , rediss olved in 0 . 5  ml H/50 NH40H . 

I'1 obi lity : Ep ( 6 . 5 ) 0 . 5 .  Impli ed 1'-!\1 = 370 . 

Ninhydrin � 
1�rsinin e :  

:K- t e rminal :  

ll.llalys i s : 

.S B(< � U1!.:N C E : 

Hes idue 1'1\.J : 

o .  

- . 
C' •  ..:>er . 

Lys ( 93 ) , Ser ( 92 ) , Gly ( 1 02) . 

Ser-Gly-Lys . (N/A) • 

290 . 

PEPTI DE A ( 70-71 )N 1 . 63 

Further puri fic ation : Prep . elec trophoresis pH 6 . 5  and pH 2 . 1 , 

e lut ed M/50 NH40H , rediss olved in 0 . 5  ml �/50 tTI140H . 

�obi l i ty :  Ep ( 6 . 5 )  0 ;  Ep ( 2 . 1 ) 1 . 63 . Impli e d  MW = 290 .  

Ninhydrin : R .  

Arc;inil1 e :  + .  
H - t crmina l : Glu . 

l·mal ys i s : Arg ( 1 96 ) , Glu ( 1 91 ) .  

No . amides : o .  
GB'�UENCE :  Glu-Arg . (N/A) 
Res idu e  I'lW : 303 . 

P.EFTI DE A ( 76-77 ) . 54 

Further purific ati on :  Prep . e lectrophoresis pH 6 . 5 ,  eluted 

!·1/ 50 HH40H , redissolved in 0 . 5  ml 1"1/50 NH40H . 

I'Tob i li ty :  Ep ( 6 . 5 )  . 54.  Implied l"'i.\-1 = 330 . 
Ninhydrin : S .  
Arginine : 

IT-t erminal : 

Analys i s : 

S�UENCE : 
Res i due MW :  

- .  

Leu . 

Lys ( 208 ) , Leu ( 200 ) . 

Leu-Lys . (N/A) . 

259 . 



PEPri DI: A ( 43-44 ) N 1 • 07 
Further puri ficRt ion : l'rfJp . e l e c t r o iJho r. e s i s  pH 6 . 5  and 

}_)H ? . '1 , elut e d  I"l/ 50 NH1+0Il redi s s o lved in 0 . 5  Jlll M/50 NHL�OH . 
f ) ob i li t y :  Ep ( 6 . 5 ) 0 ;  ·; ·;p ( 2 . 1 ) 1 . 07 .  Imp l i ed f-1\/ = 7 3 0  • 

.bi inhydT' in : tt . 
;-..rp�inin e : + .  
H- t errninal : J-' eu . 

Arg ( 1 '1 6 ) , j 1,0 j_: ( 1 25 ) , s:'b r ( 'L�O ) , G ly ( 1 30 ) , 

L eu ( 1 '1 8 ) , � yr  ( 1 1 2 ) . 

H o . amid e s : 0 .  

N- t e rrninal ana lys es on this pept i d e  in<lic at e d  the p r e s enc e o f  
DHS-L eu and Dl�S-0-Tyr . N o  s ec ond r e s i due was det ec t e d , 
though DNS-0-Tyr was pr e s ent . The third re s idue s how e d up 
a s  DN S-Bi s-Tyr . As the Dans yl-Edman hydrolys is tub e s v-i c r e  
s e al ed under vacuum , this impli es tha t t h e  s ec ond res idue w a s  
Trp . The p e pt i d e  w a s  pr evious ly knovm t o  c on t a in a trypto­

phan res idue as it r e!c t ed po s i  t i  v c l y  with hnr l i c h  R eagent . 

SEQu�"'1"CE : L eu-Trp-Tyr-Asp-Thr-G ly- .Arg . 

Re s i due 1'1\-l : 909 . 

P::!.:PTI DE A ( 41 -42 )  1\ 1 . 1 3  

Fur ther puri f±cation : Prep . el ec trophor e s i s  pH 6 . 5  and 2 . 1 , 

e lut ed M/50 NH40H redi s s o lved in 0 . 5  ml M/50 NH40H . 

Mob i l i t y :  Ep ( 6 . 5 ) 0 ;  Ep ( 2 . 1 ) 1 . 1 .  Impli e d  MW = 670 . 

N inhydrin : Y .  
Arginine : 

N- t e rminal : 

Analys i s : 

+ .  
Gly . 

Arg ( 74) ,  Asp ( 6 2 ) , Ser ( 63 ) , Gly ( 7 2 ) , I l e  ( 7 5 ) ,  

Phe ( 69 ) . 

N o . a.mide s : 0 .  

SEQUENCE :  Gly-I l e-Phe-Asp-S er-Arg . 

Res idue :MW: 693 . 

PEPTI DE A 3 9  N 1 . 23 

Fur ther puri fi e d : Pr ep . e l ec trophor e s is pH 6 . 5  and 2 . 1 , 

e lut ed M/50 NH40H redi s s o lved in 0 . 5  ml 1'1/50 NH40li . 

I1ob i l i t y :  Ep (6 . 5) 0 ;  Ep ( 2 � 1 ) 1 . 23 .  Impli e d  MW ::: 540 . 
Ninhydrin : S .  



·�rc; j .nj n e : + .  
� 1 -- t P rJ ; l ·i_l) .1 ]. :  J,cu . 

·, n ;, ] ;n; :i n :  t• rc; ( '-1 1 ) ,  '1.' 1 ! 1.' ( Ll-1 ) ,  : .l e- e  ( ij ! � ) , G J u  ( 4,<J ) , Leu ('-t 1�· ) . 
i () "' ;-t : ri. d. < ·. �  : 0 • 

. , . 1  1 • , ,  J •ll.t'ificn t i on : !.) • e l cc �. , · . : · , , . .  c : : :i ::; I' i �  () . �·· , clu:t •· cl 

L/ :;o I·lHL�OH redi s s o l  vcd. in 0 .  5 nl i �/50 :mr1�oH . 
f i ob i l i ty :  Ep (6 . 5) 0 . 46 .  Impl i e d  I-iv/ = 420 . 

H inhydrin : R .  
;,rginine : - . 
H - t erm inal : Ala . 
1�a lys i s : Lys ( 70 ) , Hi s ( 63 ) , As p ( 70 ) , Ala ( 1 20 ) , Val ( 7 2 ) , 

Leu ( 68 ) . 
H o . runi d e s : 1 .  

: :>E� �UEHCE : Ala-Ala-His-,\sn-Leu-Val-Lys . 
H e s i due m.J : 752 . 

The re a s on the ac tual mo l ecular w e i cht i s  �r e a t e r  than the 

v a l ue imp li e d from the e l ec tropho r e t i c  mobi l i ty , is b e c aus e 

the p eptide contains a hi s tidine r e s id u e , ·whi c h  c on f e rs on i t  

un additional ' ha l f  charge ' a t  pH 6 . 5 .  Furthe r , i f  this 
peptide c ontained aspartic acid as oppos ed to asparagine , i t  

shoul d have a mob i l ity o f  0 . 1 6  a t  pH 6 . 5 . As the pe pti d e 

has a mobility of 0 . 46  at this pH , this implies thu.t the 
aspartic res idue is pres ent as aspar0 gine . 

Th e s ec ond 'alanine residue in this pept id e showed up only 
w e akly on Dansyl Edman treatment . Fi�ure 1 1  shows the fra g­

m ent i ons that were obs erved on mass spec trometry , t o ge ther 

with a rat ionalis ation of the derivation of the i ons . The 
m o l ec ular ion was not det ec t ed , as the · peptide underwent an 
int ernal elimination at th e asparagine residue . 
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PJ�PI'I DE A ( 41 -42 )  • 48 

Further puri fic ation : Prep . e l ec t roph o r e s i s  pH 6 . 5 ,  elut ed 

I-'1/50 NH40H , redi s s olved in 0 . 5  ml l"i/50 NH40H . 

I i ob i l ity : l�p ( 6 . 5 ) 0 . 48 .  I mpli ed I"M = 380 . 
I·"i -i .nhydrin : 

- �  q;ininc : 
T 1 - t ermina l : 

0) 
1\. e 

Thr . 
/t _nalys i s : 
�-;Er, �UJ:!..'NC E :  
ltc s i due M\-1 : 

Lys ( 55 ) , Thr ( 9 5 ) , Va l ( 52 ) . 
Thr-Thr-Val-Lys . 
347 .  

PEPTIDE A ( 1 01 -1 0 5 )  . 51 

Further purificati on : Prep . e l ec t r ophr e s i s  pH 6 . 5 ;  elut ed 

1'-1/50 NH40H , r edis s o lved in 0 . 5  ml I-1/50 NH40H . 
Mob i l i ty :  Ep ( 6 . 5 )  0 . 51 .  Impli ed MW = 360 . 
N inhydrin : S . 

Arc;inin e : + .  
I: - t erminal :  L eu .  

Jill a.lys is : Arg ( 1 80 ) , Len ( 1 7 2 ) . 
;J1:- . �UE.1�C E :  Leu-Arg (N/ A) . 
ilc s i due NW : 287 .  

PEPTIDE A 33 N 1 . 26 

Further purific ation : Pr ep . electrophores is  pH 6 . 5  and 

pH 2 . 1 , e lut ed 1"1/50 NH40H , redis s o lved in 0 . 5  ml M/50 NH40H . 
I·1ob i lity:  Ep ( 6 . 5 )  0 ; Ep ( 2 . 1 )  1 . 26.  Impl ied .M\.J = 500 . 
N i nhydrin : Y .  
,·,rginine : + .  
N-t erminal : Asp .  

Ana lys i s : Arg ( 9 5 ) , Asp ( 96 ) ,  Thr ( 93 ) ,  Va l  ( 97 ) . 
No . amide s : 0 .  
3:8'-.�UENCE : Asp-Val-Thr-Arg . 

Res i due I"IW : 489 . 

IV1 • 



PEPTIDE A ( 70-71) . 54 
Further purification : rrep. electrophoresis pH 6 . 5 ,  elut ed 

l'i/50 NH40H, redissolved in 0.5 ml I1/50 NH40H. 

hobility : Ep ( 6 . 5 )  . 54 . I mplied I1\.J = 330. 

Ninhydrin : Y .  
Arginine : +. 

N-terminal : Gly. 

j111alysis : .Arg ( 5 5 ) , Ser ( 55) , Gly ( 52 ) . 
5E�UENCE: Gly-Ser-Arg. 

Hesidue l1W :  318. 

PEPTIDE A 58 N 1.50 

4·? . 

l!'urther purification : Prep. electrophoresis pH 6 . 5  and pH 2.1, 

e lut ed M/50 NH40H redissolved in 0. 5 ml l'I/50 NH40H. 

l"iobility:  Ep ( 6 . 5 ) 0 ; Ep (2 . 1) 1 . 50 . 

Ninhydrin ; Y .  
Arginine : +. 

N-terminal : Cys. 

Radioactivity : 150 cpm per 10 � 1 . 
Analysis : Arg (22), Lys ( 21) , Asp/CM-Cys (40) , Phe (20) . 

Specific act ivity : 18 cpm per nm . 
SEQUENCE: Cys-Lys-As p-Phe-Arg.  

Residue I1W : 725. 

N o.amides : 0. 

The cysteine residue at position one was detected as DNS­

Carbo xymethyl-cyst eine. This peptide \'/as neutral at pH 6 .  5 

and as it contains both .Axg . and Lys, it must also contain two 

' fr ee-acid' side chains. One of  these is provided by the 

Cl'-1-Cys residue and the other by the Asp residue, which has to 

be present as aspartic aci d  as· opposed to asparagine. 

The peptide will have a charge of +3 at pH 2.1 ; this, 

tog ether with a mobility of . 1.50, implies a molecular weight 

of 750, which is in good agreement with the residue weight of 

725 . 

This peptide contains an int ernal lysine residue, which is 

unusual for a tryptic peptide. The rate of tryptic cleavage 

is, however, decreas ed when the bas ic residue is next to an 



: u � i c1 i c  s icl e chain . H n r �  ther e a r c  t wo ac idi c reo idu es 

: t (l j uc cnt to the lyc in e , r c s u l  t ine; in ! lL� rti a l c l e avac;e of 

the -Lys -Asp- b on<i ( s e e  p e ptide A ( LI-�-1+4· ) N 1 .  5.:3 b e l o w ) . 

P:i�l'TI DE A ( 43-44 )  N 1 • 58 

:i:.'ur t h er pur i f i c a t i on : Pr ep . e l ec tr o pho r e s i s  pH 6 . 5 ru'1d 
pH 2 . 1 , e lut e d  1"1/50 HH40H , r edi s s o lv e d  in 0 . 5  ml 

I·l/ 50 NH4 OH . 

l"iob i l i ty : Ep ( 6 . 5 ) 0 ; Ep (2 . 1 ) 1 . 58 .  Impli ed I 1\4 = 31 0 .  
N inhydrin : Y .  

Arc;inin e : - . 
N -t erminal :  Cys . 

i{adioacti vi ty : 1 Li-0 cpm/1 0 j-Jl . 

v.t) ,U:i'J:WE : C ys-Lys . 
Hcs idue hH : 327 . 

This peptide r e s ul t s  from par tial c l e avae;e , by tryps in , of 

the -Lys-Asp- b ond of p e p t i d e  A 58 N 1 . 50 .  
PEFTI DE A ( 43-Li-4 ) • � 

Further puri fic a t i on : l'r e p . e l ec t r o ph o r e s i s  pH 6 . 5 ,  e lut e d  

l1/50 NH40 , redi s s o lved in 0 .  5 ml I-1/50 N H40H . 
nob i l ity :  Ep ( 6 . 5 ) 0 . 24 .  Impl ied l"M = 790 . 

N inhydrin : Y .  
Arginine : - . 

H - t e rminal : N o  N - t erminal detec ted . 

Hadioactivity:  85 cpm per 1 0  p l .  

Analys is : Lys ( 40 ) , Gly ( 38 ) , Ala ( 43 ) . ( See b elow als o ) . 

0peci fic activity :  5 c pm per nm . 
SE'-:,UENCE : X-Gly-A.la-Lys . 

The N-terminal residue (X) of this peptide did not c ontain a 

blocked amino group , as i t  was poss ibl e  to  d et ermine the 

s equenc e past the firs t res idue . X was not tryptophan , as 

the p eptide did not reac t with Ehrlich Reagent . 

As mentioned above , this peptide was radioac tive , as it 

c ontains no c arboxymethyl-cys t eine , the radioac t ivity mus t 

b e  c oming from another c arboxymethylated amino ac id . In 

addition to the above amino ac id analys is figures , the 

. q  l . 



p eptide also c ontained 1 2  nm o f  methionine , 2 nm of homo­

s erine lactone and 1 4 nm o f  a-carb oxymethyl-homocys teine .  

The s e c ompounds all repres ent breakdown produc ts o f  c arboxy­

methyl-me thionine under ac i d  hydro lys i s . 

I t  is  c onc luded that the s equenc e of p eptide A ( 43-44) . 3  i s  

l'1 et-Gly-Al a-Lys . Thi s  e;i ves a res idue molecular v1eight o f  

464 , which differs markedly . from th 8 i m p l i e s  vo.lue o f  790 
ba s ed on a mobility of 0 . 3 .  The l � ck of c orr e l a t ioh b e t w e en 

mobility and res idue weight is prob ab ly a c ons equenc e  o f  the 

pre s enc e of a sulphonium i on in this peptide . 

PEPTIDE A ( 24-26 ) N 0 . 95 

Further purification :  Frep . el ectrophoresis pH 6 . 5  and 

pH 2 . 1 , eluted M/50 NH40H , rediss olved in 0 . 5  ml M/50 
NH40H . 

1-:iob ility : Ep ( 6 . 5 )  0 ;  Ep ( 2 . 1 ) 0 . 95 .  Implied I1W = 9 50 . 
Ninhydrin : '  Y .  
Arginine : · + .  
N-t erminal : Gly . 

Analys i s : Arg ( 71 ) ,  As p  (75 ) , Thr ( 67 ) , Ser ( 70 ) , Pro ( 64� ,  
Gly ( 1 46) , Ala (71 ) ,  Fhe ( 65) . 

No . amides : 0 .  
SEQUB�CE :  Gly-Gly-Thr-Pro-Ser-Ala-Phe-Asp-Arg • 

. Res idue MW :  906 . 

PEPTIDE A (87-88 ) . 55 

Further purificati on :  Prep . elec trophores is  pH 6 . 5  and 

prep . chromatography ( BAW) , elut e d  M/50 NH40H , redis s o lved 

in 0 . 5  ml M/50 NII40H . 
I"Iobility : Ep ( 6 . 5 ) 0 . 55 ;  Ep ( 2 . 1 ) 1 . 56 .  
N inhydrin : S .  

Arginine : + .  
N-t erminal : Leu . 

Analys i s : Lys ( 50 ) , Arg ( 51 ) ,  Pro ( 49 ) , I l e  (48 ) ,  Leu ( 95 ) . 
SEQUENCE : Leu-Arg-Pro-I l e-L eu-Lys . 

Res idue MW: 738 . 
During Dansyl-Edman analysis , .the third res idue was det ec t ed 

as a faint DNS-Pro spot after a 1 6  hour hydrolysi s . When 



Yh e h y(l r o lyn i s  w n  s run .l'\ r· '� hoUJ '�' , ��'.- '0  spob"J w e r e c1 �"' t ec t: \' d ; 
( •IH' >·1 <1 :_; lJlTG-:Pro ( GO�.� ) , � · · ·l. the ol.' ·t · ·r "" '' '3  t en t n t ;iv �"' J �y i d cn b.-

f i () d  n :-: the d ip e p t i d e  J)J : �-rr o-I l t �  ( ?O; ', ) . The icl nn t ity o f  

! ;his c po t  w a s  c onfirm e d  Hh en th e fo1:}: i� J ·1 r e s  i(luc..> \rF� : ;  d e t c c  t r-·<J 
w> nn ; ;_I l e . 

l1 r :w urnine; a n e t  c harge o f  + 2 , .th e pH G .  5 m ob i l i ty o f  0 . 55 

impl i e s  a mol ec ul ar w e i e;ht o f  8 50 . ; t  pH 2 . 1 , th e p epti d e  

\·l i l J. c arry a net chare;e o f  +3 ; tll "i r ·  l. n r� c t h cr v-ri th a 

mob i l i ty o f  1 . 56 ,  imp l i e s  a mol e c u l ar weight o f  700 . 

va l u e s  are in a gr e ement with a r e s i due w e i �ht o f  7 38 . 
T h e s e 

Thi s p ep t i d e  c ontains an int ernal u re;inine r e s i due ; thi s  i s  

due t o  the s low rat e of tryptic c l e av�e;c of -J�g-Pro- and 

-Lys-Pro- bonds . ) 
PEPTI DE A ( 90-92 )  . 54 

Further puri f i c at i on :  Prep . el e c t rophore s i s  pH 6 . 5 ,  e lut ed 

1'1/50 NH40H , redissolved in 0 . 5  m l  h/50 Nn4oH . 
I'lob i l i t y :  Ep ( 6 . 5 ) 0 . 54 ;  Ep ( 2 . 1 ) 1 . 56 .  

Ninhydrin : s .  
Arginine : + .  

N-t erminal : Leu . ( DNS-L eu-L eu was a l s o  pres ent ) . 

/f I )  • 

Analys i s : Lys ( 41 ) ,  Hi s  ( 33 ) , Ar� ( 46 ) , Pro ( 68 ) , Al a  ( 38 ) , 
Val ( 34 ) ,  Leu (71 ) .  

SEr�U.t.lWE : Leu-Leu-Al a-Hi s -Val-Are:;-Fro-Pro-Lys . 

He s i due I-'IW :  1 , 029 . 

At pH 6 . 5 ,  this peptide c arr i es a n e t  charge of + 2 . 5 ,  

implying a molecular weight of 1 , 1 50 .  This value i s  c on­

s i s t ent with a charge of +4 , and a mobility of 1 . 56 at pH 2 . 1 . 

A ( 60-64 ) N 1 . 1 8  

Further purific ation : Prep . e l ec trophoresis pH 6 . 5  and 

pH 2 . 1 , eluted M/50 NH40H , redi s s o lv ed in 0 . 5  ml 

!'1/50 NH40H . 

nob i l ity : Ep ( 6 . 5 ) 0 ;  Ep ( 2 . 1 ) 1 . 1 8 .  Impli ed l'l\ol = 590 . 

Ninhydrin :  R .  
Arginine :  + .  
N-t erminal : Glu . 



l\nHlys i s : Arg ( 41 ) ,  0 r: r  ( 44) , Glu ( LI-7 ) , Tyr ( 42 ) . 

l'l o . amid e s : 0 . 

. � > liJ :UL1'lCE : GJ.u- S er-rryr- 1\re; . 

H e s idue Il\1 : 553 . 

A ( 1+5-46 )  • L�3 

Further purific ati on :  l'r ep . el ec trorhoresis  pH 6 . 5 , elut ed 

�1/50 NH,+OH , redi s s olved in 0 . 5  ml l':i/50 NH40H . 

Dob i l i t y :  Ep ( 6 . 5 ) 0 . 43 .  Impli ed �n� = 470 . 

Ninhydrin :  R .  

1-rginine : 

N-t errninal : 

Analys is : . 

SEQUENCE : 

Residue M.W : 

- . 

Leu . 

�ys ( 38 ) , Gly (40) , Va l ( 31 ) ,  Leu ( 33 ) . 

Leu-Gly-Val-Lys . 

41 5 .  

1 ! (, . 



il '/ .  

A ( 70-71 ) . 78 

'l'h i s  p ep t ide \v aS is o lated by e l e c tr01)ll0resis and w a s  found to 

b e  fr e e  u r�inine . 

.h ( �0- 51 ) • [,lj . •  

l.'h i s  p q; t i d G  \v<J s i ::; o l a t c d. by e l ce t r u ; . Jwr c 3 i s  a n d  w a s  found 

t o  b e  fr e e  l ys ine . 

P d  l'l J:J �; 1. ( 60-6) ) �. � ' I . �) 7 

l!.,urt h er pur i f i c at i on : 1:- rep . e l ec trophores is pH 6 . 5  and 

pH 2 . 1 , elut ed 1'1/50 NH40H , redis s o lved in 0 . 5  ml .f-1/50 

NH40H 

�ab i lity :  Ep ( 6 . 5 )  0 ;  Ep ( 2 . 1 ) 1 . 27 . 

N inhydrin : R .  

Arginine : + .  
N - t ermina l : Are; . 

1\nal ys is : Lys ( 27 ) , Arp; ( 26 ) , J.s p  ( 27 ) ,  Glu ( 28 ) , Ala  ( 27 ) , 

Met ( 24) , lhe ( 25 ) . 

n o . runides : 0 .  

El·; JU.:J1 C E : Arg-l.Jhe-i1sp-Glu-1Ua-I-let -.Lys . 

Res idue MW : 895 .  

This peptide wil l  c arry a net chare;e o f  +3 at pH 2 . 1 ; its 

mob i l ity therefore impli es a molecular v1eight of 900 . 

PbFTI DE A ( 43-44) - . 07 

Further pur i fication : lrep . e l ec trophores is pH 6 . 5  and 

pH 2 . 1 , e lut ed M/50 NH40H , redis solved 500 ml NH40H . 

h obi lity : Ep ( 6 . 5 )  - . 07 ; Ep ( 2 . 1 ) 1 . 60 . 

Ninhydrin : Very faint reac tion . 

Arginine : - . 

H-t erminal : No res idue detected , a l though DNS- E-Lys obs erved. 

Analys is : Lys Thr Glu Ala His 

nm :  43 34 1 02 34 1 04 

Rat i o : 1 . 26 1 . 00 3 . 00 1 . 00 3 . 06 ( With Thr/Ala =1 ) .  

Ratio :  1 .00 0 . 79 2 . 37 0 . 79 2 . 42 ( with Lys=1 ) . 

Two attempts were made to  s equenc e this peptide by Dansyl­

Edman treatment . Both of the s e  proved unsuc c es s ful ; 



however , DN S- f.-Lys was obs erv e d  on c nch Dansyl -Lclm nn cyc l e . 

I t  appe ars , ther e fore , that this p ep t i d e  c on t a ins a b locked 

!'! - t erm ina l r es idue , prob ab ly a pyroc;lutamic ac id r e s idue . 

111\'! 0 hundr ed and e i c;ht ;;r illl'l o f  thi s l l C p t i d e  \•JV..S lf - ac et yl at ed , 
p e rm c t hy l a t ed and rr epar ed for mas s s re c trom e try as des c rib ed 

pr evi ou::; l y . N o  p ep t i d e  s i gn a l s  \·: c� r e  Cl et ec t e d . Th is vms 

p o s :s ib l y  clu e t o  a quat ern i s a t i on n [' f; om n or a l l  o f  th e 

h i s t i <l in e  r e s idu e s , v1h i c h  would r c : ; u l l� i n  the exc lus i on o f  

th e cha r g e d  p ept i d e  from t h e  f inal c h l oro form pha s e , whi ch 

wn s app l i e d  to t h e  mas s s p ec trom e t c r . 

Tv1 o  s e t s  o f  am ino ac i d  a na lys is r :ll:; i o s are :-:Jhown above ; t h e  

f i r s t  s e t of rat i o s  deriv e d  from a s s i c;ning a l anine a valu e of 
uni t y ,  app e ars t o  give a mor e reas onab l e  r e s u l t . 8uch a 
peptide vvould have a s e quenc e/c ompos it ion of ?yroe;lu­
( Glx , Glx , Hi s ,His , His , Thr , Ala ) -Lys . I f  one or more of the 
glutamic a� id res idues here were pres ent as the amide , then 
thi s  peptide would be bas ic at pH 6 . 5 .  As this peptide was 

obs erved t o " b e  acidic , it mus t c ontain either thr e e  fre e  
glutamic ac id s ide chains or two fr e e  acid s id e  chains and 

one pyroglutamyl res idue . 

The above propos ed peptide would have a residue weight of 
1 , 098 , and a charge of +4 at pH 2 . 1 . The pH 2 . 1  mobility of 
1 . 60 is c onsistent with this dat a .  

As i t  was not pos s ib l e  to  det ermine the s equenc e o f  this 
peptide by Dansyl-Edman analysi s  or by mas s spec trometry , 

the remaining peptide mat erial was subj ected t o  a 1 2  hour 
di gestion with thermolys in .  'l'he digest was sub j ected to  

duplicat e analytical e l ectrophoresis at  pH 6 . 5 ;  one s trip 

was s tained with ninhydrin , and the other was s tained for 
histidin e . Two faint peptides were detected with ninhydrin ; 
one was basic with a mob ility o f  0 . 67 and the o ther , which 
was ac idic , also stained for histidine and had a mobility of 
-0 . 09 .  The s e  peptides were then s eparat ed by preparative 
elec trophoresis . 

· The basic p eptide had an amino ac id s equenc e of Ala-Lys and 

was in very low yield. Amino ac id analys is on the ac idic 

f l  J •  



J' C _pt i d c i ndic at e d rat i o :'. o f : Jll a  ( 1 . 00 ) , ,rhr ( 1 . 00 ) , Glu 

( 3 . 30 ) , lli s  ( 3 . 03 )  a nd };:;-�> ( 1 o 1 6 ) . C l e ar l y , thi s 1wp t i c1 e  

r cpr C !3  cnt s undi t3 e s t ed s t : t rt ing m<4 t cr i :J 1 .  

The r e c overed p ept i de mat eri a l wa s s ubj ec t ed t o  d i � e s t i on 

with peps in ; however , a s  j udged by e l ec trophor e s i s , no 

di g e s t i on t o ok plac e .  Th e r emainin� p eptide mat e r i a l  was 

11 ) • 

"' c1i [�e G t e d w i th s ub t i }  i s in ,  and a l  t h o u;:.;h e l ec t rophor e s i s  

indic a t e d that d i c; e s t i on had o c c ur r e d , there was insuffic i ent 

of t he p e p t i d e  l e ft t o  a l l o w  prepar a t iv e  s eparat i on of the 

r..;ub-pept id e s . 

4- . 3  :;Trn c t i on n 

Frac t i on B , repr c s entin[� � e phadex t ub es ( 54- 57 ) was di s s o lved 
in 1 m l  o f l'l/25 aJiunoni 1UJ1 hydr oxiCl e .  .\ 1 5 f-1 1  s ample was 

�mb j ec t e d  t o  e l e c trophor et i c  analys i s  a t  pH 6 . 5 in th e first 

d i m ens i on and a t  pH 2 . 1  in the s cc on · 1  (� imens i on ; �; t <1 inine5 
v: i t;h n inhydrin indi c a t e d  the pres enc e of 3 b a s i c , 4 ac idic 

and 1 neutral pep t i d e in thi s  frac t i on . Li rJ_ui d s c int i l l a t i on 
c o unt ing s howed that t wo o f  t h e s e  p cpt i d es 'v'lere radi oac t iv e . 

A s ec ond 1 5  )J 1 s ampl e  w a s  e l ec trophores e d  as d es c r ib ed ab ove 

and s t ained with S acha guchi R e agent ; the c ombin e d  r e sults of 

thes e det e c t i on proc edur e s  is shown in Figur e 1 2 .  

The s epara t ion ob t ained ( Fi g . 1 2 ) SUf,f:5es t ed that this frac t i on 

would b e  amenab l e  t o  further purific a t i on by pr eparative 

e l e c tropho r e s i s ; i t  was t h e r e f o r e  a rpl i ed as a 3 5  c m  band 

acro s s  a s h e et o f  \ fuatman 3 l'1I'1 pap er and s ub j e c t ed to e l ectro­

phor es is at pH 6 . 5 .  EdBe marker s t rips w er e  s t aine� with 

ninhydrin . The s epara t i on achieved was the s am e  as tha t  for 

the firs t dimens i on o f  Fig . 1 2 .  As in frac t i on A ,  p e pt id e s  

i n  t h i s  frac t i on a r e  numb e r e d  acc ord inr t o  th e i r  Sephadex 

frac t i on l e tt er and their e l ec trophoretic mob i l i t y  a t  pH 6 . 5 .  

The b a s i c  p eptides B . 55 ,  B . 2 5 and B . 0 5 were e lut e d  dir e c t ly 

from the pr eparat ive pH 6 . 5 e l e c trophor e s i s  run w i th M/25 

ammonium hydroxid e . The n eutral peptide B N1 . 1 0  was t r e a t e d  

s im i l arly a ft er a ddit i onal e l e c trophores is a t  pH 2 . 1 . The 

-p e pt ides were then fr e e z e-dri e d  and dis s o lved in 0 . 5  ml 

o f  M/25 ammonium hydroxid e . 
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1rll 8 JH· cpar a t ive pH 6 . 5 b c:md c orr c s pond ine; t o  the o c i c.lic 

rcpt ide B - . 41-1- \1/a s  cut out and rerun prepara t ively at pH 2 . 1 ; 

a s  ex1�ec t e d , a s inc;l e pep t ide was ob t a ined . The pr epara­

t iv e  pii 6 . 5 band , B - . 33 ,  was al s o  rerun pr epara t iv e l y  at 

pli 2 . 1  ; t h i s  e;ave ris e to two pept i d c s . rrhe ma.4 or 

c omponent was nonradi oac tive and c orre s ponded to peptide 

B - . 3 3 , whil e  the minor radio ac t iv e c omponent c orr es ponde d 
t o  p e pt ide B - . 26 .  When the prepa ra t ive pH 6 . 5  s trip 

c o rr e s ponding t o  band B - . 23 was rerun at pH 2 . 1 , two 

radi oac t ive p ept ides we r e  ob tained in equal amount s ; th es e 

c orre s ponded t o  peptid e s  B - . 23 and B - . 26 .  reptides 

B - . 23 , B - . 33 and B - . L IA , an d  t h e  t vJO s ourc es of B - .26 v.rer e  

then eluted dir ec t ly from t h e  pr ep�rative pH 2 . 1  runs and 

di s s o lved in 0 . 5 ml o f  h/25 ammonilJ.m hydroxi de aft er fr e ez e-

rlr:.; ing . 

Fi�FCIDE B • 5 5  

l }3 0 l.J.tion proc edur e : 0 ephadex and e l ec trophor e s i s  pH 6 .  5 .  

Nob i l i ty : Ep ( 6 . 5)  0 . 55 .  

Ninhydrin : S .  
Arginine : + .  

l'l-t  erminal : Leu. 

As s uming that a basic trypt ic p eptide will c arry a net charge 

of  +1 at pH 6 . 5 ,  th e mob i lity ( 0 . 5 5 )  of this peptide sug­

g es t ed a mol ecular wei�h t  of 320 , which impl i es that it 

should have b e en totally inc lud ed in the G 50 and elut ed in 

frac t i on A. The mob i li t y  o f  this p epti de there fore sug­

ges t ed that it  c ontains more than one basic res idue • .  

Analys is : Lys His Arg Pro Ala Val Leu 

nm 1 5  8 1 0  23 1 1  9 24 

Ratio  1 . 4 0 . 7  0 . 9  2 . 1  1 . 0 0 . 8  2 . 2  

SEQUENCE : Leu-Leu-Ala-His-Val-Arg-�ro-�ro-Lys . 

As predi c t e d  above , this peptide did indeed c ontain mor e 

than one b as ic res idue . I t  in fac t c arri es a char�e of 

+2 . 5  at pH 6 . 5 ,  implying a molecular weight of 1 000 , which 

is  c ons ist·ent with a res idue weight of 1 ,  029 . The s equenc e 
'I() • q t 

o f  this peptide is the same as peptide A ( 90 -92 ) . 54 .  



F�Pi'I DE B . 05 

I s o lat i on proc edure : Sephadex and e l ec trophoresis pH 6 . 5 .  

l'Iob i l ity : Ep ( 6 . 5 )  0 . 0 5 .  
r;r inhydrin : Y .  
Arrsinine : + .  
1 j  -t erminal : Asp . 

Analys is : His li..r[; Asp Thr 8er Glu rro G-ly Val I'i e t  L ou 

run 21 1 9  42 1 9  1 8  42 40 62 28 1 5  28 

l.tat io 1 .0 1 . 0 2 . 1  1 . 0 0 . 9  2 . 1  2 . 0 3 . 1  1 . 4 0 . 8 1 . 4 

In addition to  the above analysis , l es s er amounts of Ala 
( 9  nm )  and Tyr ( 8  nm ) were pres ent ; pos s ibly bein5 derived 

from some s light contaminat ing peptide and from pap er .  

Bas ed on the above molar ratios , it appeared that this peptide 

c on tained ab out 1 6  res idues , making it too  large for direct 
s equenc ing . I t  was therefore dec ided to att empt a thermo­
l ys in digestion .  In order that the N-t erminal thermolytic 

peptide might be readily identifi ed ,  a ' Zoom ' Edman analys i s  

was carri e d  out on the intac t peptide . This showed an N­
t erminal s equenc e of Asn-Val-Leu- . This , however , meant that 

the pept ide woul d  b e  unsuitable  for digestion , as this would 

l ead to the produc ti on of an Asn-Val peptide together with 
ano ther 1 4- residue peptide . I t  was therefore dec ided to  
c ommit this peptide t o  direct s equenc e analys is . 

SE(�UENCE : Asn-Val-Leu-G ly-His-I'Tet-G lx-G lx-G ly-G ly-S er-Pro­

Thr-Pro-Asx-Arg . 

On dansyl analysis , the s ec ond r es idue appeared as DNS-Val 
( 60%) plus another dansyl spot , which was tentatively 
i d entifi ed as DNS-Val -Leu ( 40%) . The identity of the DNS­

Val-Leu spot was c onfirmed when the third res idue was · det er­
mine d  as DNS-Leu . The pres enc e of this dipeptide is a 

c ons equenc e of the res istanc e of the Val-Leu b ond t o  ac id 
hydrolys is . 

· This peptide has a residue vleight of 1 ,  695 and a mobility of 

0 . 05 at pH 6 . 5 ;  this implies a charge of +1 /2 at this pH . 
The +1 /2 charge is provided by the his tidine res idue at 
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pos i t i on 5 .  The +1 char�e on the arginine s ide-chain mus t· 

ther efore b e  c anc e l l ed out by a s ingl e fr ee ac idic s i d e- chain . 

This impl i e s  that thr e e  out o f  the four ac idi c  res i du e s  

pr es ent o c c ur as th e amid e . The N-t erminal res idue was 

a s p aragin e , as the p eptide s t aine d  y e l l ow with ninhydrin . 

PEFI'I DE B • 25 

jm ino ac id analys i s  o n  t h i s  p e p t i d e  ind ic a t e d  th e pr e s enc e o f  

b o th argin�ne and lys ine , it thus app e ared that thi s  tryptic 

:p ep t i d e  was impur e , so it was· furth er puri fi ed by pr epara­

t ive chromato �raphy us in� butano l :  ac etic acid : wat er . 

I s o l a t i on proc edur e : Sephadex , e l ec trophoresis pH 6 . 5  and 

chromat o gr aphy . 

Mob i l ity : �p ( 6 . 5 ) 0 . 25 .  

N inhydrin : R .  
• i..rginin e : + .  
N-t errninal : Lys . 

Analys i s : Lys His Arg As p 

nm 32 23 28 46 
Rat i o  1 . 3 0 . 9  1 . 1 1 . 8 

Thr S er 

22 33 
0 . 9  1 . 3 

Analys i s  c ontinu ed :  Met L eu Phe 

nm 25 25 1 6  

Rat i o  1 . 0 1 . 0 0 . 6  

Glu Pro Gly .Al a  Val 

55 48 63 20 30 

2 . 2  1 . 9 2 . 5 0 . 8 1 .2 

Aft er puri fi c at i on by chromat o graphy , p eptide B . 25 c ont a ined 

b o th lys ine and arginin e ( above ) . The purity o f  this 

peptide was inves t igat ed further by ' 6 o om '  - Edman analys i s , 

whic h  ind i c at ed an N-t erminal s e qu enc e of Lys -Asx- Val- . 

Th e third r e s idue here show ed up as Val plus a Val-Leu di­

p e p t i d e , which indic at ed a s equenc e of Lys -Asx-Val-L eu .  As 

e ac h  o f  the ' Zo om ' -Edman cyc l e s  yi e ld e d  a single r e s idue wi th 

l i t t l e  b ackground , this p eptide ( B  . 25 )  was s ub j e c t e d  t o  

s equ enc e analys i s . 

SEQUENCE :  Lys -Asx-Val-Leu-Gly-His -Met-Glx-Glx-Gly-Gly-Ser­

Pro- ( ?  ) -Pro- C. ? ) -



, l t. J.t o u1 i \  :d; "vJ as .no t  p o ::.; :.; i. L> l e  t o  d c� t c r, .l i. n c  the e n t i r e  s e qu enc e 
o f  L: J 1 i ::.� p ep t i d e  d i r e c t l y ,  i t  is c l c :xely ident i c a l  e o  p ep t i d e : )  
: ), . 0 ) , ( above ) , exc ept tJl;-; t t h i s  r e p t id o c on t:; : J in s  :m o.ddi -
t i on;..J l  l y::.d.n e  r e :3 idue a t  t h e  ll - t crJi J in us . .l:' e p t i d c  B . 05 i·Ji th 

on a d d i t i on a l  +1 charcc would h av e  a mob i l i t y  of 0 . 25 at 

rl.I 6 . :; .  'l'his p e pt i d e do e s  ind e ed have this m o b i l i  t;y . 

l' r p t i d e  B . 0 5  and B . 25 are d eriv e d from a t rypt i c  split 
o c c urr inc a t  a -I,ys -Lys - ·  o r  -jtrg-l·ys - S C <luenc e i n  the intac t 

pr o t e i n . I f  C�ryp s in f ir s t  c l eav e s  : Jft er the s ec on d basic 

�rc up th en p eptide B . 05 i s otitaine d , plus a peptide with a 
-1�-rs -L;ys or -1Lrc-L�rs C - t f?ITlinal s G \ �  u r: nc e . 1\. pcptirl e c on­

t · , in :i n c  such a s e q uenc e \·'i l l  b e  fu r tl 1 r:r d e r;r a d c d , yi e ldinc 

f r e e  l ys ine ( fr e e  lys i n r:  has b e en d e t e c t ed ; s e e  p ept i d e 
,\ ( )0- 51 ) . (31.� ) � I f , on t: l 1 e  o th E:- r  h · : n<·i , t h e  tryps in c l e av e o  
1 ) c  t w u cn t h e  t w o  b 8 s ic croups f i r s t ' t J l en p q.d :; i cl e  l3 • 2 5  wi l l 
b r:  ob t o in e d  and wi l l b e  r e s i s t ant t o  fur t h e r  d i c e c t i on . 

1-}�.l n: DE I3 - . �_:G 

':i:hi s p e p t ide was further purified by pap er chromat o 5raphy 

in butano l/ac etic ac id/wat er , and r edis s o lved in 0 . 5  ml 
I-1/2 5  NH40H . 

I s o l at i on proc edur e : Sephadex , e l e c trophoresis pH 6 . 5 ,  

e l ec trophoresis pH 2 . 1  and chromato e;raphy . 

nob i l i t y :  Ep ( 6 . 5 )  -0 . 26 .  Ep ( 2 . 1 ) 0 . 84 .  

N inhydrin : + .  
ll.r5i n i n e : - . 

N-t erminal : Leu .  
Radi oac tivity : 1 90 c pm per 1 0  p l .  
lillalys i s : lmalys er malfunc tioned . 

SE·�UENCE : Leu-Fro-Leu-l'I et-Glx-Cys- Va l-Glx-Val- Thr-Lys . 

On Dansyl-Edman analysis , the s ec ond res idue showed up 

Heakly as m·lS-Pro on a 1 6  hour hydrolys i s . \fuen this 

res idu e  was repeated on a 4 hour hydrolys i s , two dansyl 
spots were det ec te d ; DNS-Pro ( 30% ) and DNS-Pro-Leu ( 70%) . 

Initiall y ,  _the 4th res idue was det ected as DNS-I"Iet and DNS-

hes . This res i du e  was repeat ed ,  s ealing the hydrolys e s  

tub e under higher vacuum . This resulted in the det ection 



of DHS-I"I e t  as the s o l e  d erivative . 1l'h c  6th r e s i due was 

d e t e c t e d  as DNS-Cl''i-Cys . Thi s  r e s idue vms confirmed by s ub ­

j e c t in� the butyl ac e t a t e extrac t ,  c ont aining the FI TC 

deriva t iv e  o f  this �tino ac id , t o  l i quid s c int i l l a t i on 

countinc . The dr i e d down extrac t c ont a ined 2 , 720 cpm . 

Thi s  p n pt i d e  has a r e s idue we i �ht o f  1 , 31 8 .  As s urninr::; a 

ch ar;3 c  o f  - 1  at pH 6 . 5 ,  P m o l ec ul :-e' ·:: r: i : ;ht of  1 , 000 would b e  
ex p ec t e d . /it pH 2 . 1 , this p e pt ic1 ·:; \ · i l l  have a n e t  char g e  o f  
+ 2 , t h �  ;::.ab i li ty of  0 . 81� impli es .'!. · t 1 1 c.: ular 1·rc i c;ht o f  1 , 250 . 

From thes e data , the p e p t i d e  mus t c ont a in two f r e e  a c i dic 
s id e - c hains , as the c arb oxym e thyl- cys t e ine r e s idue wil l  c on­
tribut e one of the s e ,  one of the glutamic aci d r e s idues mus t 

the r e fore b e  pres ent as glutamine . 

P:t:P.t'I DE B - • .3 3 

I s o lation procedur e : Sephadex , e l ec trophore sis pH 6 . 5  and 

e l ectrophor esis pH 2 . 1  

I'1obility : Ep ( 6 . 5) -0 . 33 ;  Ep ( 2 . 1 ) 1 . 04 

Ninhydrin : s .  
iu-ginine : - .  

N-t erminal : I l e .  

Analysis 

nm 
Lys 

25 

1 . 0 

Thr 

42 

1 . 8 

Glu Al a I l e  

54 40 24 

2 . 3  1 . 7 1 . 0 Ratio 

SEQUENCE : I l e-Thr-Ala- Glu- Glu-Ala-Thr-Lys . 

Th e pH 2 . 1  mobility of 1 . 04 implie s a mol ecular weight of 

5'-� • 

800 ; this is consist ent with a r e sidue weight of 861 for this 

peptide . Therefor e the pH mobility of -0 . 3 3 means that both 

acidic r e s idues are pr es ent as the fr e e  acid . 

During Dansyl-Edman analysis , high background l ev e l s  b uilt 

up on the polyamide plat e s  aft er the s econd glutamic acid 

r e s idue . I n  order to verify the above s equence , the 

remaining p e ptide material ( 90 nm) was subj ecte d  to digestion 

with thermo lys in .  The thermolytic digest was sub j e ct e d  to 

analytical e l ectrophor esis at pH 6 . 5  and 2 . 1 . Thr e e  ninhy-

·drin positive spots were obs erved : one acidic with a 

mobility of -0 . 31 ; one basic with a mobility of 0 . 55 ;  and 

one neutra l  with a mobility of 1 . 0 .  



5 5 -

The neutral peptide s tain e d s lowly v1i th ninhydrin , indic atinG 

an I l e N- t erminus .  Thi s c orr esponds to the expec t ed th ermo­

lytic peptide I l e- Thr , which would b e  neutral and have a· 

mob i lity o f  1 . 04 at pH 2 . 1 . 
The ob s erved basic peptide (mob i lity 0 . 55)  c orresponds to  

the exp ec t ed bas ic peptide Ala-Thr-Lys , which 0ould have a 
m ob i l i t y  o f  0 . 55 .  The ob s erv e d  ac idic pept i d e , with mob­
i l i t y  -0 . 31 , stA ined s l owly with ninh ydrin , indic at ing an 
l! - t errn inal I l e r e s idu e . 1he m ob j l i t �  o f  thi s p eptide s u �ge s ts 

a mol ecular \·l e i c;ht of 770 , implyin�· tlF! t t h i s  mo.t erail 

r epr e s ents undiges t ed peptide B - . ) ,:; . On preparative el ectro­

l 'horeo is o f  the di G; es t ed r:w t eri a l , this p e p t i rl e  was th e only 
one r e c ov e r e d  in l arge cno ufsh am.mmts t o  subj ect to further 

analys es . N-t erminal analysis ind ic a t ed the pres enc e of 

DNS-I l e and DNS-Lys , c onfirming the hypothesis that this 
p eptide repr e s ented undigested s tarting material . 

PEP.riDE B- . 23 

This peptide was further purifie d by paper chromato graphy in 

butanol/ac e t ic ac id/wat er , e lut ed , and redis s o lved in 0 . 5  ml 
h/25 NH40H . 

I s o lation proc edure : S ephadex , elec trophoresis pH 6 . 5 ,  

e l ec trophor esis pH 2 . 1  and chromatography . 

l'lobili  ty : Ep ( 6 . 5 )  - . 23 ;  Ep ( 2 . 1 ) 0 . 78 .  

N inhydrin : + .  
Arginine : + .  
N-terminal : Two spots were det ec t ed ; 

DNS-I l e  and the other to 
Radio ac t ivity:  205 cpm per 10 p l .  

.Analysis : Arg ( CI1-Cys Asp )  Thr Ser 

nm . 24 61 21 20 

one c orresponding to 

DNS-I le-Fhe . 

Glu Pro Gly Ala Val 

1 0  ? 49 3 2  28 
Rati o  1 . 0 1 . 0 1 . 5 0 . 9  0 . 8  0 . 4 ? 2 .0 1 . 3 1 . 2 

Analysis ( C ontd. ) Met I l e  Leu Phe 
nm 1 8  21 33 24 

Ratio 0 . 7  0 . 9  1 . 4 1 . 0 

Spec i fic · ac tivity 21 cpm/nm . 

SEQUENCE :  Ile-Phe-Ala-Asx-Thr-Pro-Asx-Ser-Gly-Cys-Val-Leu-Gly-



1 1 1 I V'  cys t c in 6'  r esidue at p o s ition '1 0  \"J.:.ts c onfirm r:d b;y c ountin c; 
· t: il c  d ri r:d d.ovm butyl a c c t n t e  extrac t c 0ntain ing the J'l 'J.'C 

cJ. c ri vat i v e  o f  this amino ac id : thi s  contained 5 ,  0'1 '? c:pm . 

l t was not pos s ible to dir e ctly dct c rr.tine the s e qu enc e of 

r e s idues past the glycine at positi on '1 3 .  

r .·· 
, . 

'l'he pH 2 .  '1 mobility of this p e ptid e  i1: 1p l i es a molecular weirrht 

o f  1 , 450 ; the pH 6 . 5 mob ility the r e fo r e  impli e s  a n et charge 

of - '1  at pH 6 . 5 . This m cRns that one o f  th e t wo Asx r esid u cs 

abov e is pres ent in the p e ptide as t h e  f r e e  ac id • 

. ..  t this st age , approximately 80 nm o f  peptide was r emaining ; 

t his material was dic;ested with chymotryps in . Dns e d  on the 

a b o v e  data , one would exp ect to obs erve thr e e  chymotryptic 

p 8pt id e s ; one n e utral I le-l he d i p e p t i d e , one radioa ctive 

a cidic d ecap eptid e with a charge of - 2 , and one arginine­

c ontaining p eptide v1hich vmuld sta in ye l low with ninhydrin . 

Duplicate analytic a l  electrophor esis was run at pH 6 . 5 on the 

chymotryptic digest . One strip was stained with ninhydrin 

and th e other with Sakaguchi Reagent . Thr e e  p eptid es were 

d etecte d  with ninhyd...rin ; · one b asic ( 1:1hich sta i n e d  y e l low ) , 

on e neutra l , and one acidic . The b asic peptide also stained 

pos itively for arginine and the acidic p eptide \·Ja s  radioactiv e .  

The s e  thr ee peptides wer e then s eparated pr eparatively at 

pH 6 . 5  and eluted . Data on thes e p e ptides is d e s cribed 

b elm·J . 

IT inhydrin : 

1 -..r ginine : 

l iob ili ty : 

B a s ic chymotryptic p el'tid e . 

y e l low , implying Gly N-t erminal .  

+ ,  implying C - terminal p e ptide of B- . 23 .  

Ep ( 6 .  5)  0 . 53 , Implies 11':/ = 340 . 

�his peptide 1-.ras then hydrolysed with 6M hydrochloric · acid . 

Th e hydrolysate was then dansylated and analys ed on a polyamid e 

sheet . Thr e e  fluoresc ent s pots w ere obs erv e d , corresponding 

to DNS-l"l e t , DNS- Gly and DN S-Arg . The sequence can therefor e 

be deduc e d  as Gly-l''let-Arg , which has a residue weight of 362 .  



N eutral chymotryptic p eptide 
This peptide was not investi�at ed further , as it mus t repre­
s ent the expected I le-Fhe N-t erminal p eptide . 

N inhydrin : H .  
Arginin e : 
CN Cys : + .  

Ac idic chymotryptic p eptide 

I1obili t y :  Ep ( 6 . 5 ) -0 . 54 .  Implie d }ill = 880 . 
N-t erminal : Ala . 

'l'his p eptide repr e s ent s the expec t ed �-Ua-Asx-'11hr-Pro -Asx-Ser­

Gly-Cys -Va l-Leu- p eptide , 1:1hich has an expec t ed mobility of 

-0 . 1+9 • 

57 · 

.A s dis cus s e d ab ove , one o f .  the Asx r e s idues in this p eptide i s  
pres ent a s  asparagine and the other a s  the fr e e  ac id . I n  

order to d et ermine the pos i t i on of the allide , the peptide 
mat erial was divided into two equal amo unt s . One-hal f  of the · 

mat erial was subj e c t ed to  a one-stage ' l o om ' - Edman treatment 
and the other half to a two-stage treatment . This results in 
the production of two peptide s : 1 ,  Asx-Thr-l:ro-Asx-Ser-Gly­

C ys-Val-L eu , and 2 ;  Thr-Pro-Asx-Ser-Gly-Cys-Val-Leu . At 

this p oint , thes e  two peptides were sub j ec ted to  direc t 
electrophoretic analys is at pH 6 . 5  and stained with ninhydrin . 

}'eptide 1 had the expected pH 6 .  5 mob ility of -0 . 55 and 

stained yellow with ninhydrin , indic ating an Asn N-t erminal . 

I f  the s ec ond res i due of the original chymotryptic peptide was 
As p ,  one would expect peptide 2 to have a net charge of -1 

and therefore a mobility of -0 . 31 ; if , on the o ther hand , 

the s e c ond residue was Asn-, then peptide 2 would have a net 
charge of -2 and therefore a mobility of -0 . 59 .  As p eptide 2 
had an ob s erved pH 6 . 5  mob i lity of -0 . 56 ,  it i s  c onc luded 
that the s equenc e of  the original chymotryptic peptide is : 
Ala-Asn-Thr-Pro-Asp-Ser-Gly-Cys-Val-Leu . 

From the c hY,IDotryptic dat a  the entire s equenc e o f  peptide B 
-0 . 23 .· c an  b e  deduc ed as : 
Il e-Phe-Ala-Asn-Thr-Pro-Asp-Ser-Gly-Cys-Val-Leu-Gly-Met-Arg . 



I 

PLP.ri DE B- . 44 

I s o l at i on proc edur e : Sephadex , e l ec trophor e s is pH 6 . 5 and 

e l e c t rophor e s i s  pH 2 . 1 . 
Mob i l i ty :  Ep ( 6 . 5 ) 0 . 44 ;  Ep ( 2 . 1 ) 0 . 78 .  
N inhydrin : R .  
Arginine : - .  

N -t erminal : N o  N -t erminal w as det e c t e d  us ing dans yl chlorid e .  

Analys is : 

run 
Rat i o  

SE<.;,UENCE :  

This peptide Has , however , fluor e s c ent and gave 

a purpl e  c o l o ur \•Ji th Ehrlichs R ea gent , indic ating 

the pr es enc e o f  Tryptophan . As the hydr o lys i s  

tub e  was s e a l e d  under high vacuum and i t  was 

p o s s ib l e  t o  s equenc e past the fir s t  res idue , 

tryptophan vTas as s i gned t o  the N-t erminal 

position . 

Lys As p Ser Glu Gly L eu 

1 9  38 29 43 30 49 
1 2 1 . 5 2 . 2  1 . 6 2 . 6  
Trp-Glx- Glx- Gly-Asx-L eu-Leu-Ser-1�x-L eu-Gly-Lys 

58 . 

Aft er the PI TC derivat ive of the firs t res idue was c l e aved with 

tri f luoroac e t ic acid , the r emaining p eptide was t e s t e d  with 

Ehrl ichs Reagent . No reac t i on was ob s erved , c onfirming 

tryptophan as the fir s t  r e s idue . 

Th e p enul t imat e res idue was mis s ed on dire c t  s equenc ing ; i n  

o r d e r  t o  d e t ermine this r e s i due , th e p eptide was diges t ed 

with c hymo tryps in and the bas ic sub p eptide is o lated by 

e l ec trophor e s i s  at pH 6 . 5 . Thi s  pept i d e  was hydrolys ed with 

6M HC l , dansylat ed and analys ed on a po lyamid e  sheet . Two 

s po t s  were d e t ec t ed , DNS- Gly and DNS-Bis -Lys . Thi s indi c a t e d  

tha t t h e  penult imat e r e s i du.e was Gly .  

The r e s idue weight o f  thi s peptide ( 1 , 360 ) i s  c ons i s t ent with 

a pH 2 . 1  mob i l i ty o f  0 . 78 and an impli e d  m o l e c ular weight of 

1 , 450 . The pH 6 . 5 mob i l ity of -0 . 44  therefore impli es a net 

charge o f  - 2 , which means that only one o f  the ac idic res i dues 

i s  pres ent as the amide . 



.l:'� c  . .i ' i.'ID:E B 11 �1 . 1  
l ::J ol o.tion proc edur e : L) cphadex , e l ec tr o1)hores i s  pii () . ) and 

pH 2 . 1  

:bp ( 6 .  5 )  0 ; j::p ( 2 . 1  ) 1 . 1  • 

i i i JI  hyrJTin : + • 

. rc_:inin c : 
) ' -- t e rm ina l : 

- . 

V a l . 

Lys 
22 

ll i s  
1 5  

i\Gf• eau Gly ;i l O  
1 9  23 41 ?L� 

Vn l L c u  I h e  

50 Ljlj. 1 1  

i n t i o  1 . 0 0 . 7  0 . 9  1 . 0 2 . 0  1 . 1 2 . 3  2 . 0  0 . 5 
; ] ; •r UJ:::t.iCE : Vn l-L eu-V a l -Vo 1-Hi s- Asx-Gly-.i he- Glx- Gly-J� eu- Al a-Lys . 

t : o s  icluc I 1':l : 1 382 . 

TJ1 c third r e s idue 1n this s e qu enc e was d e t e c t e d  partly as 

i-'i� b-'la l ( 50,�) and part ly <W DHS-Va l - VEl l ( 501;) . 

L l- . 4 Fract i on C 

1-'rac t i on c ,  r crr c r; ent i n s , r::phnd.ex · t \ 1 1 1 c; (/.1 9-53 ) >�c:t��  di s s o lv e d  

in 0 .  5 ml o f  h/25 G!Jlr:'!Oni 1 u n  b i c t:trb c·n n t s  �!.na_ s ub j  c c  t e <l to 

. un n ly t i c a l  e l ec t r o phor e s i s  at piT C< 5 .  ! _.�t o inin r; u i t h  niD hyrl r i n  

in(l i c ."l. t e d  t h a t  t h s r e  w e r e  no b u. s i c  p e p  t; i c: e ;3 r·r e a  ent . Th 8 
uc ic1ic pept icl es , however ·, did not r e �: o lve u.m1 vr cr e de t ec t e d  n s  
a s t reo.k on the pap er . _;i.no.lyti c a l  e l e c t rophores is a t  pH 2 . 1  

d i d  not r e s o lv e  this frac t ion any b e t t er ; a l ong s tr e ak 1•ra s 
o. gain obs erv e d .  Chromatocraphy in but ano l/ac e t i c  ac id/wat er 

ind i c at ed that thi s  method was als o uns ui t ab l e  for a pr ep arD.­

t ive s eparat i on of t h e s e pept ide s . 

Frac t i on C was fr e e z e- dri e d  and dis s o lv e d  in 1 m l  2 5  mM T r i s /  

IJC l pH 8 . 0 , 5 mM NaC l and appli e d  t o  a 1 9 x 1 . 6 cm c ol umn o f  

D E  3 2  i on exchang e c elp.ul o s e . The c olumn was deve l op e d  with 

a l i near gradient o f  1 00 m l  25 mJVI Tri s /HC l , 5 mi1 N aC l  and 

1 00 ml 2 5 ml1 Tri s /HC l ,  0 . 4 M NaC l . This was f o l l owed b y  a 

s t e e p er gradient of 50 ml 25 rni'1 rrr i s /HC l , O . L� I"l NaC l a.nd 

25 ml'l T r i s /HC l , 1 .N NaC l .  The c o l umn e ffluent was monitor ed 

at 225 and 280 nm . Results  ind i c a t e d  the pr es enc e of thre e  

partially res olved p e aks . The res o lution was not suffici ent 

f o r  a s at i s fact ory puri fic a ti on o f  any peptide . Therefore ,  

tub es containing p ept i d e  mat erial were p o o l ed , freez e-dri ed , 

and des a l t e d  on a 50 x 2 cm c o lumn o f  Sephadex G 25 . 
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l''ro c t i on G VJ<Js a[;o. i n  a rpl i c d  to a D�� 3 2  colunn us inc; o. mo di­

f i e d  e l u t i on s ys t em o f : 1 00 ml 25 J;-]J'l Tris/IIC l pl i D . O 5 m1'·1 
J-hC J. ; Iol l oH ed by a gradi ent o f  1 50 m l  25 m.l'i  '�ris/HC l , 

:> mJ J  H aC l  and 1 50 ml 2 5  ml i 'i'ris/HC l , 0 . 2 I l  li <:tC l . 'i' en. ml 

frac tions were c o l l ec t e d ,  t ub es were r e n.d at 225 run and a 

50 fJl s ::.t.mpl e was t ak en for Liquid L)c int i l l at i on c ount ing . 

h e s ul t s  are shmm in Fi g . 1 3 . Bas e el on th es e r e s u l t s , th e 

follo\vinr; tub es wer e pool e d , fr e ez e-dried , and des a l t e d  on a 

1 9  x 2 cm c o lumn of ne.!_}hu cl ex G25 .  

'�ub cs 1 7 and 1 8 ,  d e s i gnat ed C (1 7-1 8 )  

Tub e s  1 9  and 20 , des ignat ed c ( 1 9-20 ) 
'l'ub e 23 des ignat ed c 23 

'l'ub e s  30 , 34 and 3 2 , d e s ie;nated C ( 30-3 2 )  

Aft er des alting , the s e frac ti ons were fre e z e-dried and each 

was dis s o lved in 500 pl M/25 NH40H . 

Both amino acid analys i s  and ' Zoom ' -Edman analys i s  indic at ed 

that C ( 1 9- 20 ) .  c ontained no s i gnificant amount of peptide 

mat erial . 

PEPriDE C ( 1 7-1 8 )  

' Zoom ' -Edman analys i s  indic at ed that this peptide was ab out 

70% pure and had an N-t erminal s equenc e of Leu-Pro-Leu- . 

Analytical el ectrophore s i s  at pH 2 . 1  r evealed a maj or radio­

ac t ive s pot at mob i lity 0 . 8 2 .  Thi s  p eptide was therefore 

further purified by preparative e l ec trophores is at pH 2 . 1 . 

(,() .  

I s olation proc edur e : S ephadex , DE 3 2 , and electrophore s i s  at 

pH 2 . 1 . 

I'lob ili ty : Ep ( 2 . 1 ) 0 . 82 .  Impli ed rru = 1 , 300 . 

N inhydrin : S .  

N-t erminal : 

J'.nalysis : 

nm 

Rat i o  

Leu. 

Lys 

1 3  

0 . 9  

Cl"I C ys 

1 6  

1 . 1 

Thr 

1 9  

1 . 3 

Glu 

3 2  

2 . 3  

Pro 

1 4  

1 . 0 

Gly Val 

9 27 

0 . 6  1 . 9 

!1et I l e  

1 3  1 0  

0 . 9 0 . 7  

SEQUENCE :  Leu-Pro-L eu-Met-Glx-Cys-Val- Glx-Val-Thr-Lys . 

R�s i due M�/ : 1 , 31 8 .  

Leu 

27 

1 . 9 

The s ec ond res idue was detected as DNS-Pro (40�) and DNS-Pro­

Leu ( 60%) . This p eptide is the s ame as peptide B - . 26 .  



. 1 . J fll.l y ::; l 3 : 
nm 
Hat i o  

H i e  fue; 
'1 '1 6  1 1 3  

1 . 0 1 . 0 

;\ ::; p '.L1hr Gh1. 
2LI-0 2 5 5  778 

2 . 1  2 . 2  6 . 9  

One - t enth 

J r o  Gly Alo. Val L e t< I ·l J ( '  

? 91 1 1 6  1 67 30C 1 GU 

'[ 0 . 8  1 . 0 1 . 5  2 . 7 1 . 6 

JTour hunclr ed run o f  this p ep t id e v1n s  ta ken for Dans yl - Edma n 

t r e a tment . The ini t i a l  s e qu enc e w a s  d et ermin e d a s : Glx­

L cu-L eu-}h e-Glx-Pr o -Val -�sx- Glx-L eu- . As it was not p o s s i b l e  

t o  <l e t erm i n e  t h e  s equenc e pas t pos i t i on 1 0 ,  the r emaining 

p ept i <l e  mat erial ( approximat ely 450 run) was di e;e s t c d with 

chymo tryps in . 

Analyt i c a l  el ec tro phor e c i s o f  the d i r� c s t r eve a l e d  the' 
pr e s enc e of five c hymo tryp t i c  p e p t i <l c s ; one \vas b as ic , two 

acidi c , and t wo n eutral . Th e s e  p e pt i d es were s eparat ed by 

prepar a t i v e  e l e c trophor e s i s  and arc nlli1b ered � e l ow )  ac c ordi n G  

t o  th e i r  e l e c trophor e t i c  mob i l i t i e s . The pr e fix ( CH )  

indi c a t es the p ept ides ' chymotryptic origin. 

( CH )  N '1 . 0 Thi s p eptide was found t o  b e  the fr e e  Leu on 

N-t erminal and amino ac id analys i s . 

( CH )  N 0 . 7 5. 'rhis peptide was found t o  b e  fr e e  l!he on 

N-t erminal and amino acid analys i s . 

( CH )  • 27 

( CH )  - . 70 

( CH )  - . 56 

S e qu enc e ;  Glu-H i s-Ar g . 

The r e s idue w e i e;ht o f  this p eptide ( 440 ) and 

its pH 6 . 5  mob il i ty of 0 . 27 impl i ed that the 

glutamic acid res idue was pres ent as the fre e  

acid . As this p ept ide t erminat es with 

arginine , it r epres ents the C-terminal s equenc e 

of the parent p e ptide . 

Sequenc e ;  Glu-Leu. 

The amino ac id analys is ratios for this p ep t ide 

are shown below:  

Asp Thr Glu Pro Gly Al a Val Leu Phe 

1 . 1 1 . 1 3 - 3  0 . 8  0 . 9 0 . 8 0 . 9  0 . 8  1 . 0 

I • 



I t  was only po s s ib l e  t o  d et ermine t h e  G equenc e 

o f  the firs t thr e e  res idu es in this p ept id e . 

The ini t i�l s equenc e \·m.s : Glx-1:-'ro-Val - . 

r.L'he s ch em e  b cl o·w shows the orit5in o f  th ese chymo trypt i c  

p c pt i d e s  i n  r e lat i on to the par ent pept i de . 

G ( 30-3 2 )  

( CH )  - . 7'1 

( CH )  N 1 . 0 

( CH )  N 0 . 7 5  

( CH ) - . 56 

( CH )  . 27 

G lx-Leu-Leu-I�hc- Glx-Pro - Va l - il �:;x- G lx-L eu­

G l u-Leu 

L eu 

Fhe 
2 

Glx-�ro - Val- ( Asx , Glx , Thr , Ala , 

Gly , Leu , Phe ) . 

,...... Glu-His - Ar g  

From t h e  ab ove dat a , the s equenc e/c omp os ition o f  pep t i de 

C ( 30-32)  c an b e  derived a s : 

Glu-L eu-L eu-rhe-Glx-�ro-Val-Asx- Glx-Leu- ( Glx , Thr , Ala , Gly , 

Fhe ) -""' Glu-Hi s -Arg . 

r-: ' )  .. ; ('_ . .  

rr o t a l ling the numb er of am ino ac i d s  of each r e s i due h e r e , and 
c omp ar ing th e s e  value s vlith tho s e  .for the amino a c i d  analys i s  

o f  peptide C ( 30-32 ) , indi c at e d  that a fragment o f  c ompo s i t i on 

( Glx
2

, As x ,  �hr ) was mis s ing from the ab ove s equenc e .  Th e 

m i s s ing amino ac ids are repr es ent ed by the s ymb o l - • 

P:EPI'IDE C 23 

One - t enth o f  the p ep t i d e  mat erial was taken for amino a c i d  

analys i s . 

..:':nalys i s  : Lys .Arg C:r-1 Cys * Asp *  r.rhr B er Glu Pro Gly 

nm 5 25 1 30 90 58 33 0 1 70 

Ratio 0 . 2  1 . 0 1 . 0 4. 2 3 . 6  2 . 3  1 . 3 0 6 . 8  

imalys i s , c ontinue d :  Ala Val Met I le Leu Tyr Phe 

nm 58 38 0 58 7 5 0 32  

Rati o  2 . 3  1 . 5 0 2 . 3  3 . 0 0 1 . 3 

( * :  The CM-Cys and Asp p eak did not r e s olve during analysis . ) 
Thi s  peptide was radioac t ive and had a spec ific ac t ivi ty o f  

20 cpm/nm bas ed on arginine . From the r esults obtained on 



r r_] s r c c  t i  v c l y , i t  may b e  cl c Quc ed thnt tl l i �� p e p t i d e  c o nt ains <:l 
r; inc�l c CI'I-Cys r e s idue . Thus , 25 ru�1 out o f  t h e  1 30 nm p e ak , 

obs erved for Asp ,  w e r e  a t t r ib ut ab l e  t o  CJ·]-Cys . 

. :� m ino ac i d  ana lys e s s hovr e d  5 nano-r.w l c s  o f  lys i n e . I t  \v a s  

( . 

<J s s um ed that this was derived from a mna l l  c1ruount o f  c ontnmina t -

i n r,  p e p t i de materia l . I n  an e ffort t o  r emove t h i s  c ont amin::m t:; 

and o b t a i n  a more prec i s e  ::ma lys i s , the pept id e  -vm s s ub j e c t ed 

t:; o  pr e p a r a t ive e l e c t r ophor e s i s  at pli 2 . 1 . On e l e c trophor e s i s , 

the p e pt i d e  ran as a l ong s tr e ak .  I t  vms not pos s ib l e  t o 

r e c ov e r  this mat e r i a l  from the paper . 

:B'rac t i on D 

�rac t i on D ,  repr e s ent in� . ; ephadex tub e s ( 23-48 ) was di s s o lv e d 
in 1 m l  o f  25 ml"'i 'l'ri s/IIC l  pH 8 . 0 ,  5 rnl'l Na.Cl and applied t o  a 

20 x 1 . 6 cm c o lumn o f  DE 32 c e l l ul o s e .  The c o l umn was 

tl eve l o p e d  with 1 00 ml of the ab ove b u f f er f o l l o w e d  b y  a gradi e nt 

o f  1 50 m l  2 5  mM Tri s/HC l , 5 m.M N aC l  and 1 50 ml 2 5  ml'I 'l1irs/HC l , 

0 . 2 h N aC l . This was f o l l owed b y  a �ra d i cnt o f  7 5  m l  25 �1 
r.rris/HC l , 0 . 2  l"l NaC l and 7 5  ml 25 mii 1:Vris/HCl , 0 . 4 f1 N aC l . 

·.rhe c o l umn was s tripped with 50 ml 25 m.l'l Tris/HC l ,  1 1'1 NaC l . 

'f en ml frac t i ons were c o l l ec t ed ,  the c o lumn e f f luent was 

moni t or e d  at 225 nm and 50 f-1 l s ampl e s  from each tub e were 

s ub j ec t ed to l i quid s c int i l l a t ion c om1t ing . 

Figure 1 4  shows the e lution prof i l e  o f  this c olumn ; only 

t ub e s  25 and 26 c ontained a p eptide which \vas in suffic i ent 

yi eld to be amenab l e  to further inv e s t i gation . Th es e tub es 

vJ ere po o l e d , fre e z e-dried and desal t ed on a 1 9  x 2 c o lumn of 

Li ephadex G 25 . 
PEPri :JE D ( 25-26)  

' �oom ' -Edman analys i s o n  this pept i d e  indic at ed an N - t erminal 

s equenc e of Leu-Gly-Val- . One-t..,.l enti eth of the peptide 

material was taken for amino ac i d  analys is . 
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.r .. na lys i s : Are; Cm-Cys ils p  1J.1hr Ser Glu l ro Gly Jll a  V;.]. l l l Ct I l e  
n m  22 21 1 20 07 88 1 1�0 '? 1 09 1 25 9G 3 5  1 8  
r a t i o  1 . 0 1 . 0 5 . 5 11 . • 0 4 . 0 6 . 3 ? 5 . 0  5 - 7 L� • L!- 1 . 6 0 . 8  

1i:Ho hun dr e d  and f i f ty run o f  this p e p t i d e  Has sub j ec t e d t o  

l>n.n syl-Edrnan anal ys i s ; an ini t i a l  s e q uenc e of L eu-Gly-Va l ­

l�l a-Val -L e t- -vms f ound . 

1 1 1  1 l  
1 00 
L� .  �l 



Figure 1 5  Elution profile of i nsoluble peptides o n  Sephadex G-50 
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'J:he ' ac i d- ims olub l e ' tryp t i c  p ept i d c s  (p�·1) �·; e r e  di s s o lved iu 
L� . )  ml of 0 . 2 f'I ammon ium bic arb on2 t e  an d app l i e d  t o a 

2 . 5 x 93 cm c olumn o f  Sephadex G 50 . '.rb e  c o lumn was dev e l oped 

with 0 . 2  H ammoni um b ic arb ona t e us ing upv1ard flOi·J ut 1 3 . 5  ml/ 

hour . 'rhirty- five-minut e frac t i on r; 1:1 c r e  c o l l e c t e d . The 

c olur:m e f f luent was moni t or e d at 2E30 ;:; nd 225 run , and 50 p l  
::; o.mpl es vJ ere tLJ.kcn for s c int il l a t i on e ount in� ( J.<'i c; . 1 5 ) . The 

f o l l o v1 inc; tu1 e s  were  p o o l e d  and fre ez e - dri e d  for further 

purific at i on . 

Tub es ( 53-60 ) , d es ignat ed fr action Z · ' 

'.rub es ( 42-48 ) , des ignat ed fra c t ion Y ·  , 

Tub es ( 28-40 ) , d e s i gnat ed fra c t i on X ·  , 

Tub e s  ( 20-27 ) , designat ed frac tion �J . 

I''ract i on Z was sub j ected to preparative electrophores is . The 

only s i 3ni f i c ant c omponent pres ent was a small amount ( approx.  

200 nm ) of fre e  lys ine . 

5 . 1  Frac t i on Y 

:i•'ro c t ion '!. ,  r epr e s ent inG 0e:r>hadex tub e s  ( 42-L�S ) was dis s o lv e d  

in 2 ml o f  25 m �  fris/UC l rH 8 . 0 ,  5 �1 U aC l  and �ppl i ed t o  a 

1 9  x 1 . 6 cm c ol1.J.Irn of  DE 3.2 c e l lul o s e . 'l1he c olumn was 

deve l o p ed with 1 00 ml of thi s  s o lvent , followed by a l ine ar 

� ;l'ad..i on t  o f  220 rnl 25 ml' l  l'ris /HC l , 5 ml-� i� aCl and 220 ml 25 mH 
'rri s/HC l , 0 . 2  n NaC l . Th e c o lumn v1as then deve l op ed us ine; a 
gradient of 80 ml o f  the 0 . 2  M buffer and 80 ml of a 0 . 4  M 
s olution of buffer . Eighty ml of 1 M NaCl in rrris buffer Has 

then applied to the c o lumn. Ten ml fractions were c o l le c t ed 

and r ead at 225 nm ;  50 � l  samples were taken from tub es for 

scintil lation c ounting ( Fig . 1 6 ) . 

Tub es 1 6-20 and 50-54 were poo l ed , fre e z e-dri ed , and desalt ed 

on Sephadex G 25 . Thes e are referred to as fractions Y 

( 1 6-20)  and Y ( 50-54) . ''lhen one-twentieth of frac tion Y 

( 1 6-20) was sub j ected t o  amino acid analysis , peaks o
.
f only 

5-1 0 nm were obs erved.  Using the s ame s ample siz e , fract ion Y 

( 50-54) yielded peaks of b etwe en 90 and 350 nm . I t  was 
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c onc l udccl from tllis that .fro.c t i on Y ( 1 G-20 ) c ont f.l.i:r ) " cl no 

: ;  .i . t3ni ficcmt amount of 11cptide ma.t er i al . 

: ·> ··) th e l ec tr ophor e s i s  and H - t ermino l on < 1 lys i s  indi c a t e d  th<J t 
l ;hi r p e p t i d e was pur e , s o  it was s ub j ec t ed t o  fur t h e r  ana ly�> i s  
•·; i. thout  ;vl d i t i on a l  pur i .f j  c .'1. t i o n . 

;\.r r r, i n int � : 
J . -- l; t-r;;l irn l : Gys . 

· ' · , cJ i o : l c  1-. i vi t y :  6b0 Cpl'l/1 ( )  j J l .  

;� no.lys is : L;y s Ch C ys .Asp '.L'llr Ser Glu l ro Gly I l e  Leu ·ryr r lH! 
run 90 65 354 1 90 1 40 286 ? 1 1 5  1 01 1 1 2  1 68 1 77 

1{ati o  1 . 0 0 . 7  4 . 0  2 . 1  1 . 6 3 . 2  ? 1 . 3 1 . 1  1 . 3 1 . 9  2 . 0 .  

Spec i fic ac t ivity : 1 9  cpm/nm 

SE)Ubl'WB : C ys -Asx-Glx-.Asx-'l'yr- ( ?  )- ( ?  ) - Asx-

Gne hun dr e d  j.J l  of peptide \vas s ub j ected to dir ect Dons yl- .:.d.man 
1\.na lys i s  with the above resul t . The Cys res idue at p o s i t ion 

one was c on f i rmed by c ounting the firs t butyl ac etat e extrac t ,  
vv'hich c ont ained 5 , 564 · cpm .  As it wa s not pos s ib l e t o  det er­

mine the s equenc e o f  this peptide , pas t  res idue e i �ht , 200 � l  
was t a k en and digested  with chymotryps in .  

Analytical e l ectrophoresis o f  the d i g e s t  revealed t w o  maj or , 
ye l l ow , ac i dic spo ts  ( one o f  which was radi oac tive ) and one 
minor neutral spot . Thes e pept ides were s eparat ed by 
preparat ive e l ec trophoresis , elut ed ,  freez e-dried , and 
r edis s olved in 250 fJ l  of 1'1/50 ammonium hydroxide . Thes e 
chymotryptic p eptides (CH )  are numb ered ac cording t o  their 
e l ec trophor �tic mobi lity and discus s ed b elow. 

( CH) - . 66 

Nob i lity : 
Ninhydrin : 
Radioactivity : 
N-terminal : 

Ep ( 6 . 5 )  -0 . 66 

y 
+ .  
Cys . 



·imalys is : 

SE':�UENCE : 

Hes idue l'T..J : 

CI'I Cys /l�s p ( L�5 ) , Glu ( 1 7 ) , Tyr ( 1 G )  

Cys -Asx- Glx-�tsx-Tyr . 

601 . 

J� s s uming a n e t  charge o f  -2 at pH 6 .  5 ,  the mobi l i t y  o f  thi s 

p eptide imp l i es a m o l e cular weight o f  650 . 

( C H )  N 0 . 68 

i:·:obility : Ep ( 6 . 5 )  0 ;  Ep ( 2 . 1 ) 0 . 60 

R .  

( CH)  - . 44 

N inhydrin : 

N-t ermina l : 

. Ana lys i s : 

Residue M\-1 : 

.Mob i l i t y : 

N inhydrin : 

N-t ermina l : 

Analys i s : 

SE�UENCE : 

Thl ... ( fa int ) . 

Thr ( 5 ) , L e u  ( 7 ) , Tyr ( 7 )  • 

Thr-Leu-Tyr . 
395 

Ep ( 6 . 5 )  - 0 . 44  

Y .  

S er .  

Lys ( 1 6 ) ' 

S er ( 1 6 ) , 

Ph e ( 1 5 ) 

Thr 
S er -

Glx 

As p ( 1 5 ) , Thr 

Glu ( 3 3 ) , Gly 

.c"i.sx 
Glx 

Phe 

Gly 

( 1 5) , 
( 1 7 ) , 

Lys 

C l e arly , thi s  s ampl e was a mixtur e of t wo p ept i d e s . The 

L"iob i l i  ty o f  -0 . 44  irapl i c s that e ach peptide has a charge o f  -1 . 

Cn e pept i d e  c ont ains a G er N- t ermina l and a s  only a s ingl e  
r e s idue vms det ec t e d ,  the other p e p t i d e  mus t  c ontain an N-

· t erm.ina l Trp . It c an b e  de duc e d  that Gly ancl Lys ar e pr e s ent 

in the s ame peptide , as the oth er c hymo trypt ic p e pt i d e  ha s t o  

c ontain a t erminal aromat ic r e s i due (Fhe ) . Furt her , the 

pep t i de c ont aining the t erminal - G l y-Lys s equenc e  mus t al s o  

c onta in two fre e  ac id r e s idues , i n  order t o  b e  ac i dic � Als o , 

th e p e p t i d e  c ont aining the C - t erminal Fhe res i due has t o  c on­

t ain one fr e e  acid r e s idue t o  give it a c harge o f  -1 . The 

s equenc e of thes e pept ide s was ther e fo r e  deduc e d  as : 

11Trp- '1'hr-A..s p-:Phe . 
.�� � r. a 

S er-Glu-Ulu-Gly-Lys 

) 

1 

2 



-, ·.�· ' i (_: t i J I : � 

i ndic at e d  t h at it c ont n in •.:: <l 20 anJ irto · lC i<. : .s . I n  ord er to 

locate t h e  m i s s in� res idu c c , 1 50 � 1  of  p e pt i d e  Y ( 50-54) 
v:a s  d i g e s t ed vJi th thermol;yc in . Analytical e l ec trophores is  

. . .  . 

on this diges t indic ated two a c idic n po t c , one o f  which wa s 
y e l l ow and radioact ive , and one neutral spot . The thermolyt ic 

p c p t i d e s  ( TII ) were s eparat ed by prcpQra t ive e l ec trophoresis  

0 nd di s s o lv e d  in 250 p l  o f  l'I/50 amm oni wn hydr ox i d e . Thes e 

peptides are describ ed below :  

( TH )  - . 67 

l"i o u i li ty : 

N inhydrin : 

Radi oac t ivity : 
N - t erminal : 
SE· .. �UENCE : 

H e s  idue l'i\-/ : 

Ep ( 6 . 5 )  -0 . 67 

y 
+ .  
Cys . 

Cys-Asx-Glx-Asx-Tyr . 

601 

1'his peptid e is identic a l  to the ch yli1 o tryptic pept i d e  ( ea )  - . 67 . 
I t  is surpri s ing that the thermolys in <lid not c l eave this 

peptide at the Tyr r es idue . The pH 6 . 5  mob i lity of -0 . 67 , 

toGether with a res idue weight of 601 , implies that this peptide 

c arri es a net  charge of - 2 , therefore it must c ontain tvvo amides.  

Ji.ft er the f irs t two res idues were r ('nwv e d , by treatment with 

FITC and TFA , the remaininG peptide ( Gl:x:-Asx-'ryr ) vms s ub j e c t ed 

t o  electrophoresis at pH 6 . 5 .  A s ingl e spot was obs erved 

with a mobility of -0 . 48 ,  implying a charge of -1 on this 

peptide . This means that the s ec ond Asx res idue o f  pept i d e  

(TH) - . 67 is pres ent as asparagine .  \-ih en the third res idue 

w a s  removed , the remaining peptide ( Asx-Tyr ) was again 

subj ect ed t o  electrophoresis at pH 6 . 5 . A single neutral , 

yellow spot was obs erved , implying a s equenc e of Asn-Tyr . 

The s equenc e o f  peptide ( TH)  - . 67 c an  be  deduc ed as : Cys­

Asn-Glu-Asn-Tyr . 



( 'J.lH) - . 3 3 . 
Nob i l i ty : 

N irJlydrin : 

N- t errnina l : 

Analysi s : 

i.<es idue I·IH : 

Ep ( 6 . 5 )  -0 . 33 .  
s .  
Leu.  

Lys ( 1 5 ) , S er ( 1 5 ) , Glu ( 28 ) , 
Gly ( 1 G ) , L cu ( 1 4 ) , r.ryr ( 1 4) 

L eu-Tyr-D er-Glu- Glu- Gl y-Lys . 

824 . 

r.rhc r e s i c1 u e w c i rsht , t o c cther v1i th tlH� pH G .  5 m ob i l i ty , imply a 

ch�r� c o f  -1 . This i s  c o ns i s t ent with ob s ervat i ons on pep­
t i d e  (C II )  - . 44  ( 2 ) . Fur th er , this p eptide c ontains an over­
lap b etwe en peptides ( CH )  N . 60 and ( CH )  - . 44. ( 2 ) . Als o , from 
the above s equenc e ,  th e s equenc e of p ept i de ( CH )  - . 44 ( 1 ) c an 
b e  deduc ed as : ·:rrp-Thr-Asp-Phe . 

( TH)  N 0 . 78 

I'1ob il ity : 

N inhydrin : 

N -t erminal : 

Analysis : 

i.:lEC�UENC .t; :  

No . amides : 

Residue MH : 

Ep ( 6 . 5 )  0 ;  Ep ( 2 . 1 ) 0 . 78 .  

Impl i e s  1·-;'.i = 440 . 
H . 
I l e .  

Asp ( 8 ) , I l e  ( 8 ) , Phe ( 7 ) .  

I l e-l'he - .A sn . 

o .  

393 .  

From the above dat a  on chymotryp tic and thermolytic peptides , 

the s equenc e of the parent peptide , Y ( 50-54) , c an b e  derived 

as : 

Cys-Asn-Glu-Asn-Tyr-I le-Phe-Asn-Trp-Thr-Asp-Phe-Thr-Leu-Tyr­

S er-Glu-Glu-Gly-Lys . ( A s equenc e overlapping scheme is shovm 
on the next page . ) . 

) 
This s equenc e is c ons istent with the amino ac id analys is on 

p eptide Y ( 50-54) . Further , the ab ove s equenc e indicat es that 

the peptide has a residue weight of 2 , 285 , and a net charge of 

-4 at pH 6 . 5 .  I t  is therefor e pos s ib l e to predict that the 

peptide should have a mobility of -0 . 54 at pH 6 . 5 ; this is 

c onsistent with the obs erved mobility of -0 . 55 .  



Cys - Asn-Glu-As n-Tyr- I l e-Phe-As n-Trp-Thr- Asp-Fh e-Thr-Leu-Tyr- S er- Gl�- Glu- Gly-Lys 

( CH )  - . 66 

�------------� �--------� 
( TH)  - . 67 ( TH)  N 0 . 78 

7 7 I I 7 - - -1'- - - / --7 
N-t ermina l s e quenc e Y ( 50-54) 

�------� �---� �-------� 

( CH)  - . 44( 1 ) (CH)  N 0 . 68 (CH) - . L�4 ( 2) . 
' 

(TH) -: - 3 3  

bchem e  f or ove rlapping o f  c hymo tryptic and th er�o lyt i c  p e p t i d e s  o f  Y ( 50-54) . 

.__ . 
J 



(1) ., 
0 
::I 

Qi (.) 

N M 
w 
Cl 

c: 
0 

X 

c: 
0 

·.;::. (.) 
ctJ .... -
(1) 
"C 
·.;::. 
Q. 
(1) 
c.. 

l'o ..... 
(1) .... 
::I 
Cl 

u. 

I .  
Cl 
N 

,, 

CO CD N . . . 
(wu SZZ) Al!Suap 1e:>!ldQ 

/ ) 

Cl 
,._. 

Cl 
t.n 

Cl 
M 

Cl 
-

.... 
(1) 
..c E 
::I 
c: 

(1) 
..c 
::I 

1-



5 . 2  Frac ti on X 

?1 . 

Frac tion X ,  repres entine Sephadex tub es ( 28-40 ) was applied to 

a DE 32 c o lumn . The c o lumn was e,luted and monitored as 
, " i t _ , 1; I , I . I 

described for frac tion Y ;  3 �5 ml frac tion� were c o l l ec t ed f lr :;1 11. I . I 

( Fig . 1 7 ) . Tub es 76-84 were >pooled , freez e-dri ed , and desalt ed 

on S ephadex G25 .  Mat erial in this fraction was designat ed 

peptide X ( 76-84) . 

PEPriTIE X ( 76-84) 

�men this peptide was sub j ec t e d  to analytical elec trophoresis 

at pH 6 . 5 ,  i t  ran as a streak towards the anode .  When 

subj ected . to N-terminal analys is , spots corresponding to DNS­
His and DNS-0-Tyr were obs erved ; however , DNS-Ser , -Leu , -Gly 

and -Ala were also pr es ent at a l evel of about 25% .  

Analysis : 

nm 

ratio 

His 

82 

1 . 5 

Analys is C ont d .  

nm 

ratio 

Arg CMCys * Asp Thr Ser Glu Pro Gly Ala Val 

53 31 0 51 90 200 1 60 1 50 1 1 1  1 00 

1 . 0 1 4 . 8  0 . 9  1 . 7 3 . 8 3 . 1 2 . 9  2 . 1  1 . 9 

I l e Leu Tyr Phe 

85 1 82 54 70 

1 . 6. 3 . 4 1 . • 1 1 . 3 

( * This pepti d e  had a spec ific activity of 1 9  cpm/nm , bas ed on 

arginine ; this value is cons i s t ent with one mol e  o f  CI'ICys per 

mol e  of pept ide . ) 
Half of  the peptide mat erial was diges t ed with thermolys in and 

half with c hymotrypsin . The s ubpeptides were i s o lated by 

preparative e l ec trophores is . Data on thes e peptides, which are 

numb ered acc ording t o  their mob i l i t i es , is des c rib ed in 

Tab l e  I V .  

Fept ides (TH ) - . 38 and (CH ) - . 34 r epres ent overlapping 

s equenc es from the N-t erminal o f  the parent peptide . In both 

peptides , no s econd residue was detec t ed ; though DNS-0-Tyr 

was obs erved . The s ec ond res idue may have been tryptophan , 

although b ec aus e the peptides reac t ed only faint ly with Ehrlich 

r eagent , the pos s ibility that it might be an ac id l ab i l e  amino 

ac id derivative c anno t  b e  exc luded . There is evidenc e which 

s uggests the pres enc e of an additi onal ac idic group in thes e 



'7 " I o 

Jl r ·p t i d c s , r llElm e ly , the i nc ons is t enc :r o f  the pH 6 . 5 .' 1 11 <1 pH 2 . 1  
l:l Ob i l i t i c s . A further unusual f c <. •  t 1 1 r c  of th c r_:; c;  P ' 'l)t i d c s  i s  
! . h at th " th ird r e s i due WP G det ec t e d 8 8  a rnix t m:> c  o f  Dl l S- G l y  

;, tl (l, Jn� ; ;- H-L :.> -Tyr . A s  n mi n o  ac i d  <'' l l El. l ys i s  ind :L c ::d; ccl l�he 
r:� · c �� cnc c of a s inc; l e  tyro r>i n e  resich.1.c , an d H G  th i s VI A S  foun.d 
to oc c ury th e L�th p os i t i o , l , e; l yc i n c· \·rn �.; n s :: ; i c;n f') d  to p o s i t i on 
j .  I t  wa s not pos s ib l e  to det erm j .nc  th e R e �u cnc e o f  e i t h e r  
] o ( •p 't i d c  pas t  the 4-th r e s i du e . H0 1:J 0V(;r ' ph cn yl�:� l an in e  mm." t 
n c c l J PY th e C - t erm i n ::1 l  po s i t i on o f  p 0 p t id � ( C lf ) - . :) '1 , <� s it  i f1  

- ,  c h ymo tryp t ic pept i d e . 'l'he H- t crmin2. l s e 0 u �n c e  o f  the parent  
r r· p t i d e  (X  ( 76-84) ) is prop o s e d  as : 

Hi s -Trp ( ? ) - Gly-Tyr- C J�s p , Gly ) -l'hc ( 1 )  

·l · Ppt i d e s  ( TH ) - . 57 a and ( fH ) - . 57 b w e r e  e lut e d  a s  a s in g l e  
l • : m cl o n  e l ec tropho r e s i s  nt pH 6 . 5 ;  aft er electrorlF 1resis  at 

rH 2 . 1 , the p epti de app e o r c d  to run n s  two bands c l o E3 e  

t o g e th er ;  th es e were e l u t �d s epar a t e ly as p ep t i d e s ( TH) - . 57 a  

an d b .  Amin o ac i d  ana lys i s  o n  the s e p ept id e s ind i c a t e d  that 

th ey were i d ent ic al . However , at thi s  s tage , there was 

ins uf fic i ent material for s equenc e det ermination . 
!'h e p ept i d e ( 'l'Il ) - . 78 app o ;� rs t o r e pr e s ent a sh ort er s e gment 

o f  pept ide ( TH ) - . 66 ;  in f�ct the r e s i clues mi s s inG from pept ide 

( TH ) - . 78 app e ar in peptide ( TH) - . �7 - 'l'hus t h e  peptides 

( TH ) - . 78 and (TH ) - . 57 r epr e s ent th e produc t s  o f  pnr t i a l thermo­

l yt ic c l e avage at the L euc in e r e s i �ue of p ept id e ( Tl T ) - . 66 . 

Th e s e quenc e c ompos i t i on of this s ec t i on o f  th e parent 

p ept i d e wa s det ermined a s : 

Va l-Phe-I l e-Pro-Glx-Cys -Pro-Glx-As x-Asx- (His , Pro , Glx ) -

( L eu , Ala , Gly , Ser , Asp)  ( 2 )  

The s equenc e data on chymotryptic p ept id es (CH)- . 63 and 
( CH ) - " 56 indicates that "''hat was elut e d  n rt  �,.., _  u... u v n v  

i n  fact a s ingl e peptide which ran a s  a str eak on 

electrophoresis . 

WB.S 

The s e �ents of  s equenc e ;  ( 1 ) and ( 2 )  above ; c ont ain the 

maj ority of the res idues comprisin� p eptide X ( 76-84) . 

However , amino acid analys i s  indicates that in addition to I �  
thes e res idues , peptide X (7� '-84) contains an additional t en 

res idues , viz :  Arg , Thr , Ser , Glu , Ala ,  Val , I le and 3 L eu .  



TABLE I V  

Amino a c i d  analys es o f  chymo tryptic ( CR )  and thermo lytic ( TH) peptides of 

peptide X (7(...;6::--..;:8:::....4:..t:)..;:. ____________ ..;.._ ___ _ 

PEP.riDE Lys His Arg Asp Thr Ser Glu F�o Gly Al a Val .Me t  I l e  Leu Tyr Fhe 

( TH ) - . 38 1 •. 0 0. 9 2. 0 f 

( CH ) - . 34 1 •. 0 0 . 8  2. 1 

(TH ) - . 66 1 •. 0 4 . 4  1 . 0  3. 3 3. 1 1 . 1  1 . 0  1 . 0  

( TH ) - . 78 1 . 0 3 . 8 3 - 5  3 . 2  0. 8 

(CH ) -. 63 1 . 0 5 . 0  1 . 3  3 . 4 3 . 4  1 . 6 1 . 4  1 . 0  

( TH ) - . 57a 1 . 0 1 . 0 

( TH ) - . 57b 1 � 0 1 . 0  

( CH ) - . 56 Analys er Malfunc t i one d .  

S equenc e data on ab ove peptides 

Tyr 
(TH ) -. 38 His -Trp ( ? ) -Gly-Tyr 

Tyr 
( C H ) - . 34 His-Trp{ ? ) -Gly-Tyr -

1 . 1 1 . 1 

1 . 0  0 . 9  

( TH ) - . 66 Val-Phe-I l e-Pro-Glx-Cys -Pro-Glx-Asx-Asx­

( TH ) - . 78 Val-Ph e-I l e-Pro-Glx-Cys -Pro-Glx-Asx­

(CH) - . 63 Val-Phe-I l e-Fro-

( CH) - . 56 Val-Phe-I l e-Pro� Glx-C ys -Pro-Glu-Asx-As x -

0. 9 

1 . 0 1 . 3  

1 . 1  1 . 0  0. 9 

1 . 0  0. 9 

1 . 0  1 . 1 1 . 0  

0. 9 

0 . 7  

Ep ( 6 . 5 ) Ep ( 2 . 1  

- . 38 1 . 1 2  

- . 34 

-. 66 

- . 78 

-. 63 

- - 57 

- . 57 

""-J \..,'-1 
• 



5 . 3 Fraction W 

Fraction W ,  which probably repres ent ed undi ges t ed denatured 

s tartin� mat erial , was infec t ed by bac teria and unusable 
for further analys is . 

711 • 



6 . DI0CUS�.)ION 
6 . 1 l o lymcri s a t i on 

7 5 -

The d a t a  on the s ediment a t i on char�c t er i s t i c s  o f  th e ·puri fi ed 

em�ym e  i nd i c a t ed t hat , a t  pH 8 ,  s h e e p  h e art J:lFK exi s t s  as a 

polym e r  in rapid rever s ib l e  equilibrium with l ow e r  MW form s . 

' 11he s c hl i er cn pattern c ont ain e d  t v1o p e al�s a.t 7 and 30 S and 

a m inor s houlder a t  1 9  G ;  this d i f f ers from t h e  s j_ tua t i on 

,,,i th rabb i t  musc l e FFK , wh e r e  the 30 S bound ary c ont ains 

promin ent shoulders at 1 9 and 1 2  S ( Ling et al . ,  1 965 ; 

En m e �giani et al . ,  1 966 ; Pae tkau a nd La rdy , 1 967 ; Uyeda , 

1 969 ) . Th e differenc e in s hap e of  th e trai l ing 30 S 
b ound ary p a s s ibly r e f l ec t s  a di ff er enc e in the equi l ibrium 

c on s t ant f o r  the p o lym eri s at i o n  r e ac t i on b e t w e en th e two 

s ourc es of  enzyme . She ep he art PFK und ergo e s a c onc entrat ion­
dep end ent polymeris at i on . The c onc entration dependenc e of 

the s edimentation rat e o f  the 30 S b om)dary obs erved here is 

virtua l ly i dentic a l  t o  tha t  r eport ed for rabb i t  mus c l e  

( Leonard and Walker , 1 97 2 ) . This would indi c a t e  tha t the 

po lymer of the equilibrium r eaction has the s a�e mo lec ular 

w e i gh t  in b oth spec ies . The maj or di ffer enc e in the s edi­
ment ati on pat t ern between the t wo en zymes is  the abs enc e of 

7 S ma t eria l  in rabb i t  mu s c l e  at pH 8 .  This form of the 

enzyme does , however , exi B t  in equilibrium with th e 1 2  S form 

o f  rabb it musc l e ,  at pH value s  between 6 and 8 ( Aaron s on and 

� Fried en , 1 972) . 

I n  c ontras t to the purified en zyme , th e  di s s o lved c rys talline 

enzyme , s ediment e d  as a singl e trai ling 30 S boundary wi th no 

7 S mat e r i a l  ( a  s imilar r e s ul t  has b e en rec ent ly r eport e d  for 

the enzyme from chicken l iver ( Kono et al . ,  1 973 ) ) . From this , 

i t  would app ear that th e 7 S s p eci es do es not r e pr e s ent the 

m onomer i n  the forma t i on of th e 30 S s p ec i es o f  s h e ep heart . 

Wh en th e s ediment at i on patt ern of the di s s olved c rys t a l l ine 

en zyme was r e inve s t i ga t e d  aft e r  s ev en days , th e r e  was no 

c hange in th e pattern ; this is s i gnific ant in that it a l s o  

sum:;e s ts that the 7 S form i s  not i n  equi l ibrium w i th the 3 0  S 

s pe c i es . By anal ogy with r abb it mus c l e , i t  appears lik ely 

tha t the monom er o f  polym er i s a t i on o f  she ep heart PFK , at 
pH 8 ,  i s  the 1 2  S f orm . This may app ear t o  b e  an unj us t i f i e d  



76 . 

s tat ement , as no 1 2  S species  was obs erved in the schli eren 

patterns ; however , acc ording to the Gilbert Theory , if  the 

equi librium constant for polymeris ati on is sufficiently hi gh , 

then the monomer s p ecies may not b e  obs erved in a sys t em 

undergoing rapid r eversible equilibrium . 

Ling et al . ,  ( 1 96 5 )  report ed s edimentation c o effici ents of  

1 3 . 2 ,  20 . 4  and 31 . 4  S for the three  boundari es of rabbit 

mus c l e  FFK ; knowin8 the molecular weight of the 1 3  S boundary 

( 360 , 000 ) and employing the approximati on s1/f!2 = (I·l\·11 /I'H-!2 ) 2/3 

(r1artin and Aims , 1 961 ) ,  they predic ted  molecular weights of 

690 , 000 and 1 , 300 , 000 for the 20 . 4 and 31 . 4  S spec i es 

respectively .  Similarly , Paetkau and Lardy ( 1 967 ) , us ing 

the empirical relation MW =  5 . 4  x 1 03 ( s) 1 • 66 , predicted 

mo lecular ,..;eights o f  360 , 000 , 770 , 000 and 1 ,  600 , 000 for the 

thre e  c omponents in the schlieren pat t ern of rabbit mus c l e  

PFK . This led to  the ra.tionalis�tion of the obs erve d  s edi-, : 
mentation pattern in t erms of  a m6nom�r ( 1 2 s ) , dimer ( ( 1 9  S ) ,  
tetramer ( 30 S )  equilibrium ;  indeed , from the above equations 

and the data pres ented here , a sys t em involving half monomer 

( 7  S ) ,  (monomer ) ( 1 2 S)� dimer ( 1 9  S ) , t etramer ( 30 S )  c ould 

be propos ed for the native she ep heart enzyme . I t  should 

be pointed out , however , that the above-mentioned workers did 

not fully investigate  thP- c onc entration-dependenc e of the 

s edimentation rat es of the species involved , nor did they 

c ons ider the implications of the Gilb ert Theory , wher e , in a 

polymerising sys t em undergoing rapid r eversibl e  equilibrium , 

the obs erved schlieren boundaries do not nec essarily 

repres ent a parti cular molecular weight spec ies ( Gilb ert , 

1 959 ; Bethune and Kegeles , 1 961 ) . 

\fuile  this word of c aution has been s ounded regarding the 

speculation of mol ecular weights bas ed on s edimentation 

coeffici ents alone , it is  reasonab l e  to deduc e that the 30 S 

polymer r epresents a speci.es with a molecular weight in the 

order of 1 . 5 x 1 06 • This is  cons i s t ent with x-ray analysis , 

which implied a protein weight of greater than 1 06 Daltons 
per asymmetric unit . This 30 S species  does not repres ent 

the upper limit of polymerisation , as in one experiment at 

least , this form was obs erved in equilibrium with a 53 S 

speci es . 
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l f s i n g  g e l  filtration a t  pH 6 ,  hansour and 1\hlfors ( 1 968 ) 

d emons trat ed that the 7 S f oru o f, sheep hear t  J?FK had a 

mo l ec ular weight of about '1 60 , 000 ; tl�ey a l s o  ob s erv ed a 
2 . 75 S s pec i es in a sinGle s edimentation exp eriment in 5 . 5  B 
guanidine hydrochloride . Bas ed on the lat t er obs ervat i on , 

it was suggested that the 1 60 , 000 I-l\J r� p ec i e s was mn.d e up o f  

;; i x  3 2 , 000 I'fvl subunits . This pr o po s al i s  no t s upport ed by 
the data pres ent ed in th i s  inv e s t i r:,a t i on . On ma l c:yl ation , 

i l n d  on t r eatment wi th Ul' " l'l , the polydis pers e en%yr1 r' d is­

:-.; oc iat ed to a single  syrn r · 1 r> trical 3 . 8 :J bound ary ; 1 1 ; : ing 

B�Ow a nd D�Ow values , a 1n o l ecular Hei r.;ht of 90 , 000 l'>'as 

obt ained for this form of the em�yme . A mo l 8cular uei ght 

o f  80 , 000-86 , 000 was also obtained for th e enzym e  in � �� sod ium 

cJ o d ecyl s ulphat e . Furth er diss ociat i on to 40 , 000 mol ecular 

\lfeir,h t Iorm ( 2 .  3 L )  was obtained when the carbox;ymcthyl­

cnzym e  was mal eylated in 7 . 5  M ur ea . Th e s e f indinp;s a r e  
nn a l o [�ous t o  results  ob tain e d  for rnbbi t mus c l e l l"K , whe r e  

mo l e cular N eight s of 1 60 , 000-1 80 , 000 ( Faetkau and Lardy , 

1 967 ) , 80 , 000-90 , 000 ( l a etkau e t al . ,  1 968 ; Uyeda , 1 969 ) and 

L�0 , 000-47 , 000 ( Uyeda arid Racker , 1 96 5 ; Pa etkau et a l . ,  1 968 ) 

hav e  been r eported . 

P e p t i d e  mapping experim ent s  were undert aken in a further 

inve s t i gati on of s ubunit s t ructur e .  Junino acid analys is of 

s h e ep he art l'lt""'K ( Davis ) unpublished r es ult s ) indic a t ed the 

pr e s enc e of 46 mole s of lys ine and 52 mol es of arginine p er 

8 5 , 000 g of rec overed amino ac i ds . I f  the 8 5 , 000 I''J\.J form 

repres ent ed a s ingle polyp eptide chain , or i f  it wer e 

compos ed of two dis s imilar s ubunit s , th en one would expect 

t o  ob s erve 99 tryptic p ept ides , 52 of which would contain 

arginine ; on the other hand , if the 85 , 000 �M form contained 

two identical subunits , then 49 pept ides , 26 of which 

c ont ained arginine , would be expec t ed . As 50 peptides were 

de t ec t ed with ninhydrin, and 2 �  with Sachaguchi Reagent , it is 

c onc luded that the 85 , 000 - MW form is compos ed of two 

identical 40 , 000 - 1'1'.-J s ubuni t s . This conc lus i on is 

s upport ed by the detection of only 9 p eptides containing 

his tidin e , 5 c ontaining tyros ine and 5 containing tryptophan . 
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From amino . acid analys is , 20- , 1 6- cmd 1 4- peptides 

respec tively would have been expec t ed if the 85 , 000 M W  s pecies  

were c ompos ed o f  non-identic al subunits . The numb er o f  

peptides det ected c ont aining t.ht:JS E! .res idues is l e s s  than half 

the value expec t ed for the s:i twit ion with 1 non-identic al sub­

units ; this situation can aris e  becaus e thes e res idues c an 

occur more than onc e in a particular tryptic pept ide . 

Data pres ent ed by Coff e e  et al . ( 1 973 ) on the subunit 

s tructur e  of rabbit musc l e  PFK supports the conclus ions 

reached here for the sheep heart enzyme . Whil e  t h e  smallest  

subunit they obs erved was the 85 , 000 f'J\tl spec ies in 6 !'1 
guan i d ine hydrochloride , they c onc luded that it via s  composed 

of  t wo identical subunits . This c onc lusion was bas ed on 

the i s olation of only 8 ( c
1 4) c arboxymethyl-cyst e ine c on­

taining tryptic peptides ; hal f  the numb er expec t ed i f  the 

85 , 000 .1"1�/ form repres ent ed a s ingle polypeptide chain ( amino 

acid analys is , dis cus s ed below , indicated that each of thes e 

peptides c ontained only one CM-Cys res idue ) . Six M guan i ­
dine hydrochloride in 2-mercapto ethanol is a s olvent reput ed 

to dis s ociat e prot eins to s ing l e  polypeptide chains , however , 

phosphogluc omutas e has b een shown t o  be resis tant to dis ­

� o c iation b y  the s olvent ; a 62 , 000 �W spec i es is  obs erved 

ins t ead of  the two non-ident ical 31 , 000 MW subunits ( Duckworth 

and Sanwal , 1 972 ) .  

In a report j us t  published on chicken liver PFK , Kono e t  al . 
( 1 973 ) provide evidenc e for a 1 00 , 000 hW protomer compos ed of 

two identical 50 , 000 MW subunits . This propos al was bas ed 

on ultrac entrifugation ,  peptide mapping and electron 

micros c opy. 

The propos ed s truc ture of two 40 , 000 l'IW subunits making up 

th e 85 , 000 MW s p e c i es of rabbit mus c le and she ep heart FFK , 
app e ars t o  b e  at varianc e with subs trat e binding s tudi e s ; 

Kemp and Krebs ( 1 967 ) demons trated that rabbit mus c l e  PFK 
b ound one mol e  o f  either AY� , ADP or fructos e-6-phos phat e ,  

and 3 moles o f  ATP per 90 , 000 g of protein .  However , half­

s i t e  reactivity occurs in E . coli  CTP synthetas e (Levit zki et 

al . 1 971 ) ,  where an affinity l ab e l  r e acts with only one half 

of the susc eptib l e  s it es of this enzyme . It is therefore 



, p o s s ib l e  that Al'IP , .ADP and fruc t o s e -6-pho s phat e b ind t o  only 

one o f  the availab l e  40 , 000 1-1\:.J subunit s  of PFK . It has 
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b e e n  demon s trat ed that there is one s ulphydryl group p er 
90 , 000 g o f  rabb it mus c l e  FIT.K: that r ea c t s  r apidly vli th 

5 , 5 ' - dithiobis ( 2-nit r ob enz o i c  ac i d ) (K emp and For es t ,  1 968 ) ; 

wi th i dent i c al s ubunit s  one might exp e c t  t o  ob s erve two s uch 

sulphydryl groups . This s it uation may , however , b e  anal o gous 

to glutamat e dehydr o g en as e ,  whichJ although it c ont ains s ix 

i d entical s ubunits , only three o f  the s e ar e r e ac tive towards 
trinitrob enz ene sulph onat e  ( C o ff e e  et a l . 1 971 ) .  

Male y lation o f  a pro t e i n  e f fec t s  dissoc iat ion by elec tro sta tic  re ­

pul s i on .  Male ic anhyd r i de reac t s  spec i f i c ally  with  primary amino 

gr oup s ,  e ff e c t ively changing the charge on the l y sine re si due s from 
+ 1 t o  - 1 . In the exp e r iment s desc rib ed  in t h i s  inv e st igat i on , mal­
e y l a t ion wa s c onduc t e d  und e r  two set s  of c on d i t i on s .  In the first 
c a se , the nat ive e n zyme wa s maleylat e d  in 0 . 1 M b orate buffer  pH 8 . 8 ;  
th i s  re sul t e d  in the  pr oduc t i on o f  a 90 , 000 MW spec ie s .  In the se c ond 
se t of  experiment s ,  a 40 , 000 MW spe c i e s  wa s ob served whe n the carboxy­
me thylated  enzyme wa s maleylated in 7 . 5  M ure a .  Since  carboxyme thyl­
at i on of  the  c y steine  r e sidue s  does  not  a f fec t the  molec ular we ight 
value s ( 7 5 , 000 ) ob t a i n e d  in guan idine hydrochlor ide ( C o ffee  et al , 
1 97 3 ) , the  possib i l i t y  o f  d i sulph ide b on d s  holding two identical  
c ha i n �  together appear s  to  be exc lude d .  The  inc r eased di ssoc iat ion  
c ould  re sult from the fact  that in 7 . 5 M urea , the  enzyme i s  a lready 
d i s sociated  t o  the 7 S form , thereby making the lysine re sidue s more 
ac c e s tible to the male i c  a nhydride . 

I n  term s  of  d i s soc iat i on o f  a prote in into subun i t s ,  dodecyl sulphat e  

ha s a two fold a c t ion ; i t s  1 2-carbon c hain  di srupts hydrophob ic  

i n t e ractions between  subun i t s  and  the  charg�d sulphate group cause s 

d i s sociat ion through e l e c t rost atic repul si on .  The  numb er o f  d e t ergent  

m o l e c ul e s  b ound t o  a protein is  suffic iently large to  swamp i t s  

i n t r insic charge . The d od e cylsulphate-pro t e in c omplex ha s an extended  

r o d  struc t ure ) the  length o f  the rod b e ing a function of  molec ular 

we i ght . This  makes  it p o s s ible  to rap idly de t ermine subunit molec­

ular weigh t s  by elec t rophore s i s  in dodecyl sulpha te ; the  rat e  �f 



migrat i on , at a given gel c onc entration , i s  proportional t o  the length 

of the polypeptide c ha i n .  

R eagent s such a s  8 M urea and 6 M guanidine  h ydrochloride bring 

ab out d i s so c iat ion by  d i sruption of  hydrogen bond s .  The s i ze o f  the 

d i ssoc iated  prot ein  can be c onveniently mea sured by gel filtra t i on 

o r  analy t ical  ul trac entri fuga t ion . 

I t  appear s that the 80 , 000 MW form i s  c omposed  o f  two 40 , 000 MW sub ­

unit s held  t ogether by  a very strong c omb ina t ion of  nonspec ific bond s .  

I t  further appears that the 1 80 , 000 M W  form , the ac tive 360 , 000 MW 
m onomer and i t s  various polymers  are all held  t oge ther by progre ss­

ively weaker int erac t i ons .  Thi s i s  demon strated  by the  increa singly 

v igorous c ondition s  req uired  to e ff e c t  d i s so c ia t i on as  the mole c ular 

w e ight decrease s .  

6 . 3  Pr ima ry S t ruc t ure 

Data on the amino ac id  se q uenc e of tryptic  peptide s ,  ob tained in t h i s  

i nve s t i ga t ion , i s  summa rised in t able V .  

I t  i s  pert inent t o  note  that all the pept ide s whose comple t e  se quenc e s  

were e stab l i she d ,  c ontained  arginine or ly sine i n  the C - te rminal 

p o si t ion . Th i s  may appear a t riv ial ob serva t i on , a s  the peptide s 

were deriv e d  from a t ryptic  dige stion o f  the en zyme ; however , t h i s  

d o e s  demon strate t h a t  t he TPCK -treated  trypsin w a s  fre e of  a l l  c hyme­

t ryptic  a c t ivity . 

By insp e c t i on of  some o f  the se quen c e s ,  interest ing ob servat i on s  can  
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b e  made r egarding the  spe c i fic ity o f  t ryp sin . For exampl e ,  the p e p t i d e  

L e u-Arg-Pro-I le-Leu-Ly s and Leu-Le u-Ala-H i s-Val-A rg-Pro-Pro-Ly s b ot h  

c ontain an internal arg inine re sidue ; this  r e fle c t s  the slow rate of  

t rypt ic hydrolysis  at  A rg-Pro bon d s .  The i sola t i on of  a peptide o f  

s e quenc e Ile-Pro-Lys demonst rate s  that t ryp t i c  c l eavage i s  n o t  impaired  

when  the  proline re sidue i s  on the N-t erminal side  of the basic  re si due . 

The  i sola t i on of  pept i d e s  of  se quenc e CMCy s-Ly s and CMCys-Ly s-A sp-Phe­

Arg r e fle c t s  the de c rea sed  rate of  tryptic a t tack  a t  basic  re sidue s 

f lank e d  by  two ac i d i c  s ide cha in s .  The inabi l ity of  tryp sin t o  c l eave 



N - terminal basic re sidue s is  aptly demonstra t e d  by the occurrenc e here  

o f  a peptide  o f  se quenc e Arg-Phe-A sp-Glu-A la-Met-Ly s.  A further 

subtlety in the mechan i sm o f  attack o f  trypsin at Arg-Ly s se quenc e s  is  

p r ov ided by the isola t i on of two peptide s o f  se quenc e :  

Ly s-A sn-Val-Leu-Gly-H i s-Me t-Glx-Glx-Gly -Gly- Se r-Pro-Thr-Pro-A sx-A rg ( 1 )  

and a pept ide of  the same sequenc e ,  but la cking the N-terminal Ly sine 

re si due ( 2 ) . These  two pept ides  are derived  from a sequenc e of 

- X -Y-Arg-Ly s-A sn-Val-Le u-Gly�A rg in the parent en zyme . I f  the tryp sin 

first c leav e s  between  the Arg and Lys re si d ue s ,  then the pept ide { 1 )  is 

ob taine d ,  and i s  resi stant to  further c l eavage ; if , on the oth e r  hand , 

t h e  fir st trypt ic  spl i t  oc c ur s  between the ly sine and a sparag ine 

r e sidue , then pe p t i d e  ( 2 )  is obtained , plus a peptide of se quence  

- X -Y -Arg-Lys .  Th i s  a l so explains the  i sola t ion  o f  fre e lysine , a s  the  

l a t t e r  peptide  would be  further hydroly sed  to  -X-Y-Arg and  Lys .  

N ot only do  rabb it  musc le  and  she ep  heart PFK polym erise t o  the  same 

d e gree and have the same subunit st ruc ture , but early in dications  

a ppeare d t o  show a sim ilar primary struc ture in  t hat b oth prot e ins  
c o ntained  a blocke d N - t e rminal re sidue . The s imilarity in  primary 

s t ruc ture o f  the two e n zyme s  is borne out b y  c ompari son of  the c arb oxy­

m e thyl-cy st e ine c ontaining pept id e s  i solat e d  here , and those i solat e d  

from rabb it  muscle ( C o f fee  e t  al . , 1 9 73 ) . The rabbit muscle p e p t i de s 

R 1 , R2 , R3 , R4 9 R5 , and R6 ( Table VI ) are c l e arly very similar t o  the 

sh eep  heart pept id e s  S 1 , S 2 ,  S3,  S 4 ,  S 5 ,  and S6 . Pept ide s Ra and Rb 

h ave no c omplementary partner in sheep  heart , and rabb it muscle  

c ontain s no  pept i d e  c orre spond ing t o  S7 ; this probably repre sent s a 

spec i e s  d i ffe renc e b e tween  the two enzym e s .  

P e pt ide R 1  c ontains  b oth  arginine and ly sine . C offee  et  al . ( 1 973 ) 

stated  that ' this  probably re pre sents a Ly s-A rg or Arg-Lys  se que nc e 
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at  the C - t e rminus ' .  I f  b y  thi s  they meant t h e  C - t e rminus o f  the pept ide , 

then  a s  pointed  out ab ove , this  situa t i on c ould not ari se , a s  the 

C - terminal  re sidue w ould be  c leav ed  by try p sin .  I f ,  on the other hand , 

they  meant at the C - t e rminus of  the prot e in , then this would b e  ba sed  

o n  the assumpt ion tha t  pept ide R1  lac ke d a C - t erminal basic group 

and c ontained inst ead an int e rnal Arg-Lys  or Lys-Arg se quenc e .  H owever , 

a s  poin t e d  out previously , such a se quence  would also b e  susc e p t ible t o  



tryptic  d ige st�on , with the re sult tha t a peptide  of c ompo sition R 1  

c ould not be  i solat e d .  T h e  sheep  heart pept ide S 1  h a s  t h e  same c omp­

osit ion as R 1  and the se quenc e of thi s peptide wa s eluc idated  as CMCys­

Ly s-A sp-Phe-Arg ; there  is  no ev idence  that this  repre sen t s  the  C ­

t e rminal se quenc e o f  the e n zyme . 

Forty-five trypt ic pe ptides  were pur i f ied  t o  homogenity and  their amino 

ac i d  se quenc e or se quenc e/c omposi t i on e stablished (Table V ) . Th i s  repre­

sent s 43 un ique peptide s ,  a s  pept ide s A ( 90-9 2 ) . 54 and B . 55 ,  and 

B- . 26  and C ( 1 7 - 1 8 )  are identical . Of  the se 43 peptide s ,  there are 

thre e group s of ov erlapping pept i d e s  ( the re sul t of part ial tryptic  

cleavage ) ;  peptide A ( 50-51 ) . 84 plus peptide  B . 05 e qua l s  peptide  

B . 2 5 ;  peptide  A ( 4 3- 4 4 )  N 1 . 58 i s  derived  from peptide  A 58 N 1 . 5 , and 

pept ide A ( 70-7 1 ) . 78 is derived from peptide  A ( 60-6 3 )  N 1 . 37 ;  for 

thi s rea son , peptides  B . 2 5 ,  A ( 4 3-44 ) N 1 . 58 ,  and A ( 70-7 1 ) . 78 have 

not been inc luded  in Table VI I .  

Table VII shows  the amino acid  c omp o s i t i on o f  the various pept ide s ,  

i solated  in th i s  inv e s t igation ,  in relation t o  the am ino ac i d  c omp os­

itions  of  the or iginal e n zyme . From t h i s  table , i t  c an b e  seen  that , o f  

the  406 amino a c i d s  in the  45 , 000 M W  subun it s ,  350 resid ue s  have 

b e e n  acc ount e d  f or in the i solat e d  peptide s .  

I t  i s  perhaps  pert inent a t  th i s  j unct ure t o  make some c omme nt  on the 

stat e  of  play in the determ ination o f  the c omple t e  primary struc ture 

of phospho fruc t okina se . I n  this i nv e st igat ion 350 out o f  the 406 

r e s i due s have b e e n loc a t e d  in tryptic  pept i d e s .  Repeating this work 

t o  l ocate the m i ssing re si due s would b e  relat ively unpro duc t ive  in 

t erm s of a strategy for the determina t i on o f  the c omplet e amino acid  

sequence  o f  the  enzyme . The determ inat ion of  ove rlaps n e c e s sitat e s  the  

r e i solation o f  known , as  well as  unknown segment s of  se quenc e .  For  thi s 

reas on and b e cause phosphofruc tok ina se i s  d i ffic ult to  i solate in large 

q uantitie s ,  it  w ould be more produc tive  to sub j e c t  the lim i t e d  amount  

of  e n zyme ava i lable t o  other  form s ( non  tryptic ) of  dige stion .  

B e ca use o f  it s h igh degree  o f  spe c i fic ity , and  sinc e PFK c ontains  1 0  

m e t h i onine r�sidue s ,  cyanogen bromide would appear t o  b e  a m o st use­

ful  prote olyt ic  agent  in  the  det e rmina t ion o f  overlap s b e tween  the 

tryptic  pept i de s .  Unpub l i shed  re sul t s  o f  Dav i s ,  h oweve r ,  indicated  that 

the c yanogen bromide p e pt ide s were in solub l e , and c ould only be d i ss 

olv e d  suc c e ss fully in a 1 : 1 : 1  mixture o f  phenol/acetic  acid/wate r .  
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Th e insolub ility o f  the se pept id e s  make s sub se quent puri ficat i on v e ry 

di fficult . I t  appears  there fore , tha t  it  w ould be more fruit ful t o  

u s e  some other approach t o  the overlap prob l e m .  

I n  the initial dige st i on of  a prot e in , prior t o  the isola t i on and 

s e q uenc e determina t ion of the re sult ing pept id e s ,  it  is e s sential that 

a h i ghly spe c i f ic method  of  prot e oly sis  be  empl oye d .  I n  this re spe c t , 

se q uenc ine of the t ryptic  and cyanogen bromide pe ptides  usually pro­

v i d e s  the first line  o f  attack.  Since the cyanogen bromide pept i d e s  

are  not amenable t o  p ur i fic a t i on , o ther le s s  spec ific  cleavage me thods 

m u st be employed . 

The  most use ful ov e rlap data would probably b e  ob tained from chym e­

tryptic peptid e s  o f  PFK . I n gen eral , chymotryp s in cleaves  rapidly at  
aromatic re sidue s .  As  the  en zyme c ontains  8 tyro sine , 14  phenylalan ine 

a n d  7 trypt ophan r e si d ue s ,  about 30 chymotrypt ic  peptide s might b e  

e xp e c t e d .  H owever , b e c a use leuc ine re sidue s a r e  also susc ept ible t o  

a t tac k ,  a n  addit ional33  o r  more pep t i de s c ould b e  produc e d .  Because o f  

the  diffe rent ial rate o f  chymotrypt ic a t tack  a t  di fferent si t e s , i t  

i s  not p o ssible t o  pre d ic t  a c c urat e ly t h e  number  of  pept ide s that will 

b e  produc e d .  A s  an i n i t ial  step prior t o  the  preparat ive dige st ion o f  

P F K  with chymotryp sin , a n  analytical d ige st i on should be  carried  out 
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a n d  the extent o f  hydrolysis a sse ssed by p e p t i de mapping . A short d ige st 

w o uld b e  expe c t e d  t o  y i eld  fewer pept ide s ,  whe reas  a prolonged  dig­

e st i on would �ro duc e more  peptide s ,  the re sul t of increa sed c leavage 

at l e u·cine re sidue s .  

Thermoly sin dige st i on o f  PFK would b e  unsui table a t  this stage , a s  

th i s  en zyme c leav e s  a t  phenylalanine , tyrosine , t rypt ophan , leuc ine , 

i soleuc ine , valine and even  alanine r e sidue s .  Thi s would lead t o  the 

produc t i on of a large quant ity of v ery sma ll peptides.  The large 

n umb er of pept ides  produc ed  would c omplica t e  t he purific a t i on of the 

i n dividual peptide s ,  and  the size of the se pept ide s would make over­

lapping more unc erta i n .  S imilar c omments  w ould apply to the use , at  

t h i s  stage , o f  pep sin , subtilisin or part ial a c i d  c leavage . 

One  method that is  o f  c on siderable use in overlap determina t i on 

i nvolv e s  chemical m o d i ficat i on of  the basic  r e sidue s t o  prevent t ryp­

t i6 attack. If the e n zyme was maleylated  and  d igested with tryp sin , 

then  only the arginine re sidue s' would be  c leav e d ,  re sult ing in the  

pr?duc t ion  of  27 p e p t i d e s  ( perhap s 25 ,  b e c ause  of  the  two pept i d e s  

c ontain ing A rg-Pro se quenc e s ) . Thi s  small numb e r  o f  pept ide s should b e  



relat ively easy t o  pur i fy . The approach t o  the i sola t i on of  the maleyl­

pept i d e s  c ould h e  to perform an  initial purific a t i on on Sephadex G 50 

in 0 . 2 M Ammonium bic arb ona t e  ( pH 8 . 5 ) . I t  would then be  de sirabl e  

tm unb lock  a t  l e a st the lower mole c ular we ight peptide s s o  tha t they 

c ould be further  frac t i ona t e d  by chroma tography on Dowex 50 or by 

e l e c tr ophore si s , whe re pH value s b e l ow 6 . 5  are enc ountere d .  

Eluc id a t i on o f  the �e quence  o f  ma leylated tryptic  peptides  would pro­

vide only the lysine  overla p s  and  thi s would be  o f  l i ttle  use . The 

arpinine  ov erla p s  c ould be  obtained  if  this  proc e s s wa s repeated  a ft e r  

b l ock ing the argin ine re sidues  with 1 , 2 cyclohexanedione . I deally , the 

ent ire primary struc ture c ould be  det ermined  by e stabl ishing the 

se q uenc e of the tryptic pept ides  of the en zyme , which had first been  

blocke d w ith maleic  anhydri d e , and then  the  sequence  of  the pept i d e s  

o f  t h e  enzyme wh ich had b e e n  b l ocked with cy clohexanedione . 

I f  th i s  a pproac h  wa s used , then  the se que nce  data on the tryptic  

pept ide s e stab l i she d in  thi s i nve st igation w ould be  re dundant , and  

the next  step  in the se quenc e strat egy should a t t empt to  make the 

maximum u � e  of  the data already  a c c umulat e d .  In  t h i s  re spec t ,  the m o st 

fruit ful approach w oul d b e  t o  inv e s t igate the se quence o f  the pept ide s 

produc e d  from a sh ort c hymotryptic dige stion . 

PFK ha s one of  the most reac tive thiol group s known for any en zyme 
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( K emp and Fore st , 1 968 ) . One - SH group per  90 , 000 m olec ular weight  reac t s  

v ery rapidly with 5, 5 '  dithiob i s ( 2-n i trobenzoic  a c i d ) ; howeve r ,  th i s  

reac t ivity  i s  inhib ited  by the pre senc e o f  Mg-ATP . K emp sugge st ed  that 

the reac t ivity of this  th iol group wa s an in dicat ion for the b inding 

o f  Mg-ATP a t  the  inhibitory site o f  the e n zyme ( K emp , 1 9 69 ) . If th i s  

- SH gr oup doe s indeed  reside  a t  the allosteric  site , it  would b e  o f  

c onsid erable int ere st  t o  e stab lish ,  the amin o a c i d  se quenc e o f  thi s  

region o f  the e n zyme . Experimentally , th i s  would involve the following 

ste p s :  

( 1 )  Re duc t i on o f  the enzyme in  0 . 1 M Tris/HC l  pH 8 . 0 ,  c ontain ing 

fo -mercaptoethanol and removal of exc e s s re duc ing agent by e xhaust ive 

di�lysis  against 0 . 1 M Tri s/HCl  pH 8 . 0  under nitroge n ; 

( 2 )  The r ea c ti �n o f  the reduc e d  en zyme with c 1 4  iodoac e t at e . I f  th i s  

react ion wa s perform e d  using a 1 4- fold  e xc e ss o f  e nzyme ove r  i o d o­

a c e ta t e , then  the  rapidly rea c t ing thiol group w ould be  selec t ­

ively labelled ; 

( 3 )  The remaining c y st e ine re s idue s c ould then b e  carb oxyme thylat e d  



in 8 M urea using unlab e l l e d  io doac e tate ; 

( 4 ) I f  the  en zyme was now d ige st e d  with tryp sin , then th e radioac t ive  

all o s t e r i c  site  peptide  c o uld be  i solat e d  and  i t s  se quence e st ­

abl i sh e d .  

A n other unre solv e d  problem i n  the d e t e rmination of  the p r imary struc ture 

of PFK is the identity of  N- and C- term inal r e sidues and pept i de s .  

The decapeptide  gramic i d in S ,  wh ich  lacks d e t e c table N a n d  C terminal 

re sidue s ,  has been shown to  po �se ss a cyclic  struc ture . No pre c e d e nt 

ha s ,  however , been  e stablished  t o  indicate  that e n zyme s are c apabl e  

o f  posse ssing cyc l i c  struc ture s .  B l ocking groups are , however , often  

enc ount e r e d  a t  the N ,  and  less  fre que ntly at the C term i nus . Blocked 

N -termini  are  u sually cause d by the pre senc e of an N-acyl or a pyro­

glutamyl group , wh ile  b locke d C - termini are u sua lly attributable to 

an amida t e d  residue . 

A pept i d e  ( A  ( 43-44 ) - . 07 ,  p 47 ) w i th a block e d  N term in u s  has b e e n  

i solat e d  i n  this  inv e st i gat i on .  From the amino ac id  c omposition o f  thi s 

peptide  ( G l u3 , H i s3 , Thr , A la , Ly s ) , it  appear s l ikely that the block­

ing group c onsist s of  a pyroglutamy l re sidue . T h i s  propo sal i s  c onsi s­

t ent w i th the ob serv e d  e lec troph ore tic  mob i l i t i e s  of  the  peptide . I t  

i s  pos s ible however that the pre sen c e  of  t h i s  pyroglutamyl resi due i s  a n  

art ifac t produc e d  d uri ng i so la t i on . 

I t  would b e  o f  int ere st to  inv e st i gate the N - t�rminus o f  PFK using the 
pyrrol i d onyl nept ida se o f  P s e u d om onas fluore sc ens .  Thi s enzyme spe c ­
i fically hydroly se s a n  N - term inal pyroglutamyl linkage ( Dool i ttle  and 
A rmentrout , 1 968 ) . 

Wi th re sp e c t  to  the C - terminal p e pt ide , no  peptide  which  lacked  a C ­
t e rminal arginine or lysine residue wa s i sola t e d  in  th i s  inve st iga t i on .  
This  leav e s  open the  following p o s s ib il i t ie s :  

( 1) That the  C - t e rm inal r e s i d ue o f  the enzyme i s  argin i n e  or lysine ; 

82d 

( 2 )  That the  single basic  r e s i d ue c ontained  i n  the inc omplete ly se que n c e d  
pept i de s ,  C 23 , D ( 25-2 6 )  o r  X ( 76 -8 4 )  c ould be  inte rnal , in  wh ich  
case , one  o f  the se c ould repre sent the  C - t e rm inal peptide o f  the 
prot e in ; 

( 3 )  That the  C-term inal pept i d e  wa s lost d uring i solat i o n .  

· I ' 
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I f  the C - t e rminus  is  i nd e e d  amidat e d , th en m o st o f  the pept i d e s  

wh o se c omplete  seque nc e s  were e stab l i sh e d  c a n  b e  exc lude d a s  

p o r. s ible  C - t e rm inal p e p t i d e s , hecaure  th e i r  e l e c t r ophore t i c  

m oh i l i t i e s  are n o t  c on s i r. t a n t  with th e pre sence  o f  an 

a m i d a t e d  C - t erm i nus . 

I t  i s  to  b e  hoped  that when both th e p r i m a ry and  X- ray struc ture 
of PFK are eventually e stab l i she d , that  th i s  in forma t i on will  

prov ide  a mod e l , wh ich  will  ra t i ona l i s e  th e many  kine t i c  

s t ud ies  which  ha ve b e e n  made on th i s  e n zyme . 



TABLE V 

Summary of amino a c i d  s equenc e data ob tained for s h e e_::- heart FFl.\: 

PEPTIDE 

A(87-88) . 64 

A( 55-56) . 42 

A( 55-56) . 35 

A( 55-56)N 1 . 48 

A 67 . 54  

A 54 . 5  

A(83-84) . 43 

A(43 -44) . 36 

A 57 . 5  

A( 70-71 )N 1 . 63 

A( 76-77 ) . 54 

A(43-44)N 1 . 07 

A(41 -42)N 1 . 1 3  

A 39 N 1 . 23 

A(60-63) . 46 

A(41 -42 ) . 48 

A(101-1 05) . 51 

A 3 3  N 1 . 26 
. 

A ( 70-71 ) . 54 

A 58 N 1 . 50 
A(43-44)N 1 . 58 

Gly- Arg "' 

Ala-Val-Val-Arg " 

S er-Thr- Val-Arg • 

Glu-Gly-Arg � 

S er-Lys 

I l e-Pro-Lys o/ 

Asn-Arg 

Asn-Phe-Al a-Thr-Lys · 
S er-Gly-Lys 

Glu-_1-\.rg ' 

L eu-Lys r 

Leu-Trp-Tyr-Asp-Thr-Gly-Arg 

Gly-I l e-Fhe-Asp-S er-Arg 

L eu-Ser-Glu-Thr-Arg ­

Al a-Ala-His-As n-L eu-Val -Lys 

Thr-Thr-Val-Lys � 

Leu-Arg , 

Asp-Val-Thr-Arg . 

Gly-S er-Arg .. 

Cys -Lys -Asp-Fhe-Arg 
Cys -Lys 

SEQuil� C..c; _41 ii DE 

0 

1 

1 

0 

0 
0 

0 
1 

0 

0 

} 
·� 



PEPI'IDE 

A(43-44) . 3  

A( 24-26)N 0 . 95 

A( 87-88 ) . 55 

A( 90-92 ) . 54 

A( 60-63 )N 1 . 1 8  

A( 45-46 ) . 43 

A( ?0-71 ) . 78 

A( 50-51 ) .  84 

.A( 60-63 )N 1 . 37 

A( 43-44) - . 07 

B . 55 
B . 05 

B . 25 

B-. 26 

B- . 33 
B - . 23 

B- . 44 

B N 1 . 1 

0 ( 1 7- 1 8 )  

0 ( 30-32 )  

c 23 

TABLE V ( C ontd . ) 

SEQUENCE 

Met- Gly-Ala-Lys 

Gly- Gly-Thr-Pro-S er-Ala-Phe-�sp-Arg · 

Leu-Arg-Pro-I l e-Leu-Lys -

Leu-Leu-Ala-Hi s-Val -Arg-Pro-Pro-Lys v 

Glu-S er-Tyr-Arg v 

L eu-Gly-Val-Lys 

Arg 

Lys 

Arg--Fhe - As p-Glu-Ala-I"I et-Lys 

Pyroglu - ( 2Glu , 3His , Thr ) -Ala-Lys 

Leu-L eu-Al a-His -Val -Arg-Pro-Pro-Lys v 

Asn-Val-L eu-G ly-Hi s-:M e t - G  lx-G lx-G ly-G ly-�--: er-1-T•J.:'l'J:li'-r·ro - _·,s �;:- ·.r.:; 
Lys - Asn-Val-L eu-Gly-Hi s -I·i et - Glx- Gl:x-Gly-Gl y-0 er-Fr o ­

L eu-Pro-L eu-I"Iet - Glx-Cys -Val - Gl:x-Val -Thr-I ,ys v 
I l e-Thr-Al a-Glu-Glu-Ala - Thr-Lys 

I l e-Phe-Al a-Asn-Thr-Pro- As p-S er- Gly-C ys - Val -L eu- Gly-r: e -: - _·...r :; ./ 
Trp- Gl x-Glx-Gly-Asx-Leu-L eu-S er-As x-Leu- Gl y-Lys � 
Val-L eu-Val -Val -Hi s - Asx-Gly-Phe-Gl x-Gly-L eu-Al a-Lys v 
Leu-Pro-L eu-1-l e t - G lx-Cys - Val - ::T lx-Val - 'l'hr-Lys 
Glu-Leu-Leu-rhe- Glx-Pro-Val-As x-Glx-Leu- ( Glx , Thr , Ala , Gly , ih e ) ­

( 2Glx , Asx , Thr ) -Glu-His -l\rg .--

( Arg ,  Cys , 4Asx , 4Thr , 2Ser , Glu , 7 Gly , 2Al a , Val , 2I l e , 3 ·ryr , I-ne ) 

_.V :I DE 

0 

0 

0 

0 

3 

1 

0 

1 

1 

? 
? 

r� ·� -



PEPTIDE 

D( 25-26)  

Y( 50-54) 

X( 76-84) 

TABLE V ( C ontd . )  

SEC� U:E:N C E 

Leu-Gly-Val-Ala-Val-I"let- ( Cys , 5-i-\-sx , 4Thr , 4S er ,  6Glx , )Fro , 4Gly , 

5Al a ,  3Val , l'I e t , 2� l e , 2Leu) - Arg 

Cys -Asn-Gl u-As n-Tyr-I l e-Fhe-Asn- Trp-Thr-As p-Phe-Thr-Leu-Tyr­

Ser-Glu-Glu-Gly-Lys 

His -Trp ( ? ) -Gly-·:ryr- ( As p , Gly) -Fhe , Val-Phe-I l e-Fro-Glx-Cys-Pro­

Glx-Asx-Asx- (His , Pro , Glx) - ( Leu , Ala , Gly , S er , ltsp ) , 3L eu , I l e , Val , 

Ala , Glx , S er , Thr , Arg 

.!·:l .I D:C 

? 

3 

? 

c: 
. -V 



TA.3L:::: 1IT 

C ompari s on of B2lino ac id c omp o s i t i ons o f  CL --::: :.·2 - c: .: :-l -: ct :..:-:.-:_.:-_ _; 
p eptides o f  r abb i t mus c l e  ( R) and s h e ep-� e �= � ( u )  �;� . 

RESIDUE . R. 1 S . 1  d . 2  S . 2  �� . 3  S . 3 R . 4  S . 4 R . 5  0 . 5  .L 6 S . G  �1 . � 3 . b S . 7  

1 . 1 1 . 0 0 . 9  1 . 0 1 . 0 

1 . 0 1 . 5 
1 . 4 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 1 . 1 1 . 0 � . 0 � . 0 � . 0 1 . 0 

Lys 
His 
Arg 
Cm-Cys 
Asp 
Thr 

1 . 0 1 . 0 1 . 0 1 . 0 1 . 1 

1 . 6 1 . 0 3 . 0 

1 . 0 1 . 0 

2 . 0  5 . 0  

1 . 0 1 . 0 1 . 0 

5 . 5  4 . 2 4 . -:: 

0 . 9 1 . :J '1 . "1 
C:. 2. iL � 1 r-; ..... .. . .. - " 

0 . 9  1 . 0 

2 . 1  LL . O  

':"£ er 
:Glu 
_Pro 

Jay 
Ala 

� Val 
Met 
I l e  
Leu 
Tyr 
Phe 
Trp 

0 . 9 . 1 . 0 

1 . 0 1 . 0 

2 . 0  2 . 0  

1 . 6 

1 . 6 

0 . 9  

1 . 0 

1 . 0 

0 

4 . 1 

3 . 8  

5 . 5 
1 . 0 1 . 0 1 . 5 1 . 0 2 . 9  

3 . 2  2 . 0 5 - 7  

1 . 7 1 . 0 7 - 5  

1 . 7 2 . 0  1 . 7 1 . 0 4 . 9 

0 . 9  1 . 0 1 . 1 1 . 0 2 . 8  

1 . 0 1 . 0 0 

2 . 0  2 . 0  1 . 7 1 . 0 5 . 0  

1 ; 0 1 . 0 

4 . 0  4 . 2 

4 . 0  1 . 9 

6 . 3  0 . 7  

? 
5 . 0  6 . 6 

5 - 7  1 . 9 

4 . 4  0 . 7 

1 . 6 

0 . 8  1 . 8 

4 . 5  2 . 7 

3 .  ,:) 
2 . 3 

1 . 3 

r-. -: ..J • -

...., -;::: 
c:. . /  

1 . 5 

2 . :;:> 
3 . 0 

" -; 
c.. . �..-

2 . � 
4 . '1 
2 . 'J 
;-- :-1 . 
2 .  =< 
2 . 0 

� () ,..,.· .. ./ 

-'1 . 1 
1 . 2 1 . 3 1 . 1 

V • , 

'i. 7 
3 . 8 
_,.. . ::. 
" ' - . , . 
:..- . : 

'1 a . -
-: . s 
.., , ,  

/ . ....,.. 

"' " 
I • ,_, 

"' ; ' · / 

, ..., 
I • / 

1 . 0 
1 . 0 

1 • '1 
...., ? c . �  

'1 . 0 

0 . 6 

0 . 9  

0 . 7 

C o d e  numb er o f  she ep-h eart peptides in r e s ul t s  s ec t i o r- :  S . 1 = 1 53 ii 1 . 50 ;  
S 2 B ..... ,- ' C 7 1 7 /1 8 )  ' '  - B "

3 
. r 4 D. ( " �  .� - ' � - .., " - .. - - .  

• = - . C::O ana \ - I j D o ?  = - . C:: ' i::> o = C:: ) - c :.• ) j 0 o ) = V C. ';' j :: . ':.::> = - -
S . 7  = Y ( 50-5�) . 

2 . 0  
1 . 0 
3 . 0 

'1 . 0 

'1 . 0 
'1 . 0 
2 . 0  
2 . 0  
1 . 0 

( 7Y:,_':C !.• ..., . r - -......� � I  ' 



TABLZ Tl i 

Amino ac i d  c om:p o s i  t i on o f  :p ep t i d e s  in r e l a t i on t r;  c c ::po 3 i.  t i. cn o :  t::J.e o .::-i ::si n e. l  enz :i-:n e . 

PEPriDE Lys His Arg Asp 'rhr Ser Glu :F!:'o ·:a:,-- .:,1 3. C ::s -/ '? l  : : -? t  :!: l e  L eu ryr fh e '.;:'r:p 

.A( 87-88 ) . 64 1 1 

A( 55-56 ) . 42 1 1 2 

A( 55-56 ) . 3 5 1 1 1 1 
A( 55-56 )N 1 . 48 1 1 1 
A 67 . 54 1 1 

A 54 . 5  1 1 1 
A(83...-84) . 43 1 1 

A(43-44) . 36 1 1 1 1 1 

A 57 . 5  1 1 1 

A.( 70-71 )N 1 . 63 1 1 

A( 76-77 ) . 54 1 1 
A(43-44)N 1 . 07 1 1 1 1 1 1 1 
A(41 -42)N 1 . 1 3  1 1 1 1 1 1 

A 39 N 1 . 23 1 1 1 1 1 

A( 60-63 ) . 46 1 1 1 2 1 1 

A(41 -42 ) . 48 1 2 1 

A( 1 01 -1 05 )  . 51 1 1 

A 3 3  N 1 . 26 1 1 1 1 
A( 70-71 ) . 54 1 1 1 

A 58 N 1 . 5 1 1 1 1 1 

· �  
-... : 



'r�LBLL VI I  (Contd . ) 
PEPTI DE Lys His �'u'g Asp Thl' Ser Glu Fro Gly .Al a C ys Va l I·;e t  I l e  L eu 'r;yT �h. e .:::rp 

A(43-44) . 3  1 1 1 1 

A( 24-26)N 0 . 95 1 1 1 1 1 2 1 . 1  

A( 87-88 ) . 55 1 1 1 1 2 

A( 60-63 )N 1 . 1 8  1 1 1 1 

A( 45-46 )  • 43 1 1 1 1 

A( 50-51 ) . 84 1 

A( 60-63 )N 1 . 37 1 1 1 1 1 1 1 

A( 43 -44) - . 07 1 3 1 3 '! 
B . 55 1 1 1 2 1 1 2 

B . 05 1 1 2 1 1 2 2 3 1 1 1 

B- . 33 1 2 2 2 1 

B- . 23 1 2 1 1 1 2 1 1 1 1 1 ,., 1 . , 

B- . 44 1 2 1 2 2 3 1 
B N 1 . 1 1 1 1 1 2 1 3 2 1 
0 ( 1 7-1 8 )  1 1 2 1 1 2 1 2 

0 ( 3 0-32)  1 1 2 2 7 1 1 1 1 3 2 

c 23 1 4 4 2 1 7 2 1 1 2 3 1 
D( 25-26 ) 1 5 4 4 6 ? 5 6 1 5 2 2 3 

Y( 50-54) 1 4- 2 1 3 1 1 1 1 2 2 1 

X( 76-84) 2 1 5 1 2 4 3 2 2 1 2 2 4 1 1 1 



TiJ3L� VI I ( Contd . ) 
PEPTIDE Lys His Ar g Asp 'I'hr S er Glu Fro Gly :..l a  C ys Val Let I l e  L eu :Ly:c· _ _  � _ __ ._.. 

Total residues 
loc at ed 20 � 1 0  24 36 27 20 38 1 3 3 5 22 7 24 7 1 2  33 5 /': -, 1 ;  4 
No . res idues p er 
s ubunit *  23 1 0  26 37 27 23 43 1 5  37 33 7 31 1 0  22 33 8 1 4  '7 
*Numb er of moles o f  each r e s idue per 45 , 000 g o f  r e c overed amino ac i ds (Davis .. tl:!.:;>�.:o -

l ished result s ) . 

...... '-� 

• 



' . 'h ':' f o 1 J. o •.-d.n�'; 0 0 l u L i Ol l .-- · · r e  U 8 2 '  
r h  o r; pho fruc t okinn u (' :  

. · o ·l l d; i nn A , " c on t o. i ni n ·�; : : ·  m l  0 . '� ; ' i : · /nC l , J ' i T  .:: . 0 , 
n . 2 m l  0 . '1  � ;  .. nt;l1 Cr 3 i t.lm c l ' l or i d c , 
2 ml 0 . 1 ·; .; , �; ; ;, , 
1� 4 mg c ys t e ine , 

6 ml di s t i l l c� wa t er . 

S o l u t i on B ,  c ontaining : 0 . 2 ml 0 . 1  J I  fruc t o c e-6-phosphn t e , 
') 

1 ml 1 0- c  1 ;  .\'l'P ( pH 8 . 2 )  
2 m l  d i s t i l l e d wat e r  

.Solut i on C ,  c ontainin� : 20 JJl - glyc cropho sph:1t e  (l chydro­

cenas e/tri o s ephos�lat e i � om eras e ,  

'1 0  }J l  aldo l n s e , 

0 . 47 ml '1 0- 2 1 '1 '..lris/HC l pH 7 . 5 . 

Solution D ,  c ontaining : 1 . 4 me; lL:WH 2 p er ml o f  Ha t er . 

Solut i ons A ,  B ,  C and D w e r e  made up fr esh da i l y . The a s s ay 
s ys t em was pr epar ed by mixing : 0 . 22 ml of  A ,  0 . 08 m l  o f  B ,  

0 . 0 5  m l  D and 0 . 0 5 ml C in a c uvet t e  imnedi::'l. t e ly b e fore us e . 
'l'o this s o l  ut ion was add ed 0 .  05 ml o f  r:B1<: extrac t . 'l'he PFK 

c a mpl e was dilut ed to a s ui t ab l e  s t r ength pri or t o  as s ay 
us inB a s oltit i on c ontaining : 2 m l  1 0-

1 2-merc apto ethuno l ,  
2 ml 0 . 1 % BSA ,  0 . 2 ml 1 T'1 'l'ris/HC l pH 8 . 0  and 1 5 . 8  ml o f  

vTat er . 

CORRI GENDA 

Throughout the text , where a quan t i ty 

of peptide or amino a c i d  is quoted in 

n ano moles , th e symbol nm has been 

us ed : the correct SI symbol is however 

n mol . 
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