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ABSTRACT 

T h e  a 1 m  o f  t h i s  p r o j ec t w a s  t o  i n v e s t i g a t e  t h e  

ca r b o xy l  t e rm i n a l  s e qu enc e o f  s h e e p  h e a r t  p h o s p h o ­

fruc t o k i na s e .  Ex i s t i ng m e t h o ds f o r t h e  p r e p a r a t i on o f  

t h e  enzym e f r om s h eep h ea r t  p r ove d t o  b e  unsui t a b l e  

b e c au s e of t h e  ins o l ub l e na t u r e  o f  t h e  p u r i f i ed e nzyme. 

Cons equen t l y  i t  was n e c e s sa ry t o  d eve l o p  a s u i t ab l e  

pu r i f i ca t i on s c h e me be fo r e  seque n c i ng �ar k  c ou l d  b e  

comm e n c ed. Pu r i f i ca t i o n  s t ra t eg i es i m·olv i ng m agnes i um 

i on p r e cipit a t i o n o f  p h osp h ofruc t o kina s e, DEAE-c e llu l o s e  

c h r oma t o grap hy and aga r o se c h ro m a t ograp h>- \\·e r e  t r i e d  

be fo r e  n s u i t abl e  m e t h o d �as found . 

T h e ca r b o x y l  t e rm i na l s e quenc e o f  p h o s p h o f ruc t o k ina s e  

\\·a s  i m· e s tiga t ed b y  t h e  t r i t i um l a b e l l i ng me t h od of \ia tsuo, 

b>' car b o x�· p e p t idas e Y d i gest i on a n d  by i s o la t i on of t h e  

c a r b o x yl t e rm i n al p e p t i d e  ge n e r a t e d  b y  t ry p t i c  d i ge s t io n. 

D i g e s tion o f  p h osp h o f ruc t o k i nase by c a r b o x y p e p t i d a s e  Y 
r e s u l t e d  i n  t h e  r e l e ase o f  l euc i ne, i soleuc i n e a nd 

p h eny l a l anine. Howe v e r a t t emp t s  t o  ch a r a c t e r ise t h e  

ca r b o x y l  t e r m i n a l  r es i du e  b y  t r i t ium l ab el l i ng ,  a nd t o  

i so l a t e t h e  c a rb o xy l  t e rm i n a l  p e p t i d e �e r e  u nsuc c ess ful . 

Th e c a r b o xy l  t e rm i n a l  seque n c e sugges t e d  b >- t h ese r esu l t s  

a nd t h e  p oss i b l e  a m i d a t i o n  o f  t h e  c a r b o xy l  t e rm i na l  r es i due 

a r e  d i scusse d . 
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1 .  INTRODUCTION 

l. 

Phosphofructokinase (E . C . 2 . 7 . 11 ATP:D-fructose-6-phosphate 

1-phosphotransferase) catalyses the phosphorylation of fructose-6-

phosphate to fructose-1,6-bisphosphate . 

- 4 -3 + 
F-6-P + MgATP � F-1,6-bisphosphate + MgADP + H 

Phosphofructokinase (PFK) is an allosteric enzyme . The number 

of effectors and the sensitivity of the en:yme to them depends 

on the source of the enzyme . Generally the bacterial enzyme is 

influenced by a small number of metabolites, while the activity 

of the eucaryotic enzyme is affected by numerous compounds . 

Allosteric properties of the eucarvotic enzyme usually involve 

inhibition by high levels of ATP (1) , and inhibition by citrate 

at inhibitory concentrations of ATP (2) . Relief of ATP inhibition 

and activation of the enzyme are caused by inorganic phosphate 

( 3) , AMP ( 4) , cAlv1P ( 5) , ADP ( 3) , F-6 -P and F- 1 , 6 -b is P ( 3) . 

Because of its allosteric nature PFK is an important 

regulatory site of glycolysis (9) . At high ATP levels the enzyme 

is inhibited, resulting in decreased glycolytic flux and decreased 

production of ATP . Low levels of ATP result in high levels of AMP 

and ADP via the adenylate equilibrium reaction (10) , which 

stimulates PFK activity . This results in an increased glycolytic 

rate and production of ATP . 

There is some evidence that PFK activity is also regulated 

by covalent phosphorylation and dephosphorylation . The liver and 

muscle enzymes have been reported to contain phosphate covalently 

bound to a se r in e re s id u e ( 11 ) , ( 1 2  ) , (13) , (14) . The act i vi t y of 

the liver enzyme appears to be stimulated by phosphorylation, but 

no change in the activity of the muscle enzyme due to 

phosphorylation has vet been demonstrated . As yet the nature of 

the Kinase and phosphatase enzymes involved in the phosphorylation 

of PFK, and the regulation of these enzymes has not been elucidated . 

PFK activity is also affected by hormones . Infusion of 

glucagon or epinephrine in rats causes a rapid reduction of PFK 

activity (15), (16), while infusion of insulin increases activity 

(15). The biochemical mechanism responsible for these hormone 

dependant changes in PFK activity is not yet clear . One possibility 



t. . 

is that the effects of these hormones are linked to phosphorylation 

and dephosphorylation of PFK via cAMP, a Kinase and a Ilhosphatase 

enzyme, in a system comparable to that involved in glycogen 

metabolism (17) . 

Sheep heart PFK 1s a muJtimeric enzyme . It appears to 

consist of protomers of molecular weight 80,000-90,000. Brennan 

et al (19) determined a protomer molecular weight of 80,000-90,000 

by SDS gel electrophoresis. However the protein was further 

dissoc iated to subunits of molecular weight 40,000 when 

carboxymethylated PFK was maleylated in 7 . 5M urea . The number 

of trypic peptides determined by electrophoretic mapping was 

found to be cc n s i s tent hi t h a pro to mer of m o 1 e c u 1 a r w:i g h t 8 5 , 0 0 0 

and which consisted of two identical subunits. Similar results 

were obtained with rabbit muscle PfK (20) hhich �ere later found 

to be incorrect because 'of limitations of the peptide mapping 

system used. Walker et al (21) performed peptide mapping under 

different conditions . They demonstrated that the rabbit muscle 

PFK subunits appeared to have a molecular �eight of 80,000, 

consisted of a single un1que sequence and that the subunits are 

similar if not identical. 

The sheep heart and rabbit muscle enzymes appear to be very 

similar. They have similar amino acid compositions (23) and 

some sequence homclogy (21), (24) . The kinetic and allosteric 

properties of the two enzymes are similar (22). In addition the 

same isozyme has been reported for the rabbit skeletal muscle 

enzyme and the rabbit heart muscle enzyme (25). Hence the 

molecular weight of the sheep heart PFK subunits may also be 

80,000 and the subunits similar or identical . 

The smallest active form of the sheep heart enzyme 1s a 

tetramer of molecular weight 320,000 (26). The tetramer can be 

reversibly dissociated to a less active dimer of molecular weight 

180,000 (18), and reversibly associated to several higher poly­

meric forms at high PFK concentrations. PFK polymers of molecular 

weight up to 2 x 10
6 

have been reporteJ (22). 

The amino acid sequence of a protein is primarily responsible 

for the conformation that the protein adopts, and is therefore 

also responsible for the biological activity of the protein . 
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Therefore u knowledge of the primary structure of an enzyme 1s 

necessary [or a full understanding of how that enzyme functions . 

This project is part of an ongoing in\·estigation of the amino 

acid sequence of sheep heart PFK being performed in this 

laboratory . It is useful when sequencing proteins to determine 

the s equence of the amino and carboxyl terminals at an early 

stage . This gives information about the number of polypeptide 

chains in a multichain protein in the absence of more complete 

sequence data . It also provides points of reference when 

reconstructing the entire sequence of the protein by ordering 

cleavage products. The amino terminal sequence of PFK has 

already been determined (60) , and it was the aim of this project 

to elucidate the carboxyl terminal sequence. 

There are three general methods for investigating the 

carboxyl terminal sequence of proteins. The first is by 

exclusively labelling the carboxyl terminal residue, hydrolysing 

the protein and then identifying the labelled amino acid in the 

mixture of amino acids. The second method is by sequentially 

removing amino acids from the carboxyl terminus and identifying 

them. This can be performed either chemically or enzymically. 

The third method is by isolation of the carboxyl terminal peptide 

from the mixture of peptides generated by enzymic or chemical 

cleavage of a protein. It is then sequenced from the "back 

door" via its amino terminal using conventional sequencing 

techniques. 

The two most �idely used methods in the first group are the 

Akabori hydrazinolysis method, and the tritium labelling method 

of Matsuo. In the former method ( 2 7) the protein is exhaustively 

hydrazinolysed . This results in the release of all the 

constituent amino acids as amino acid hydrazides except for the 

carboxyl terminal residue which is released as a free amino acid . 

Consequently the carboxyl terminal amino acid can be separated 

from the bulk hydrazides by taking advantage of the charge 

differences hetween them. 

In the Matsuo tritium labelling method ( 29) , ( 3 0 )  the protein 

1s dissolved in a solvent system consisting of acetic anhydride 

and pyridine 1n tritiated water . In the presence of acetic 

• 



anhyride a cyclic oxazolinone is formed at the carboxyl terminal 

of proteins. The carbon at position 4 of the oxazolinone has a 

hydrogen atom which is capable of being exchanged with water in 

a base catalysed reaction . In the presence of pyridine and 

tritiated water the carboxyl terminal residue is quantitatively 

labelled with tritium. It can therefore be identified if the 

protein is hydrolysed after the tritiation reaction (See Figure 

1 )  . 

Recently a new method for determination of the carboxyl 

terminal amino acid has been reported (31 ) . The protein is 

reacted with dimethyl-biguanide . This results in the formation 

of a carboxyl terminal triazine structure . The modified protein 

is then digested by a protease from Streptomyces griseus which 

releases the triazine and other amino acids. The triazine amino 

acid can then be identified (See Figure 2 ) . 

The carboxyl terminal amino acid can also be identified by 

reducing it to the corresponding amino alcohol . This can be 

identified after the protein has been hydrolysed. Various 

hydride reducing reagents have been used in this reaction . For 

example - LiA IH
4 

(32 ) , LiBH
4 

(33 ) , NaBH
4 

(34) and sodium 

dihydrobis (2-methoxyethoxy ) aluminate (35 ) . 

There are two general methods by which proteins can be 

sequentially degraded from their carboxyl termini . They are by 

digestion with a carboxypeptidase enzyme and by chemical 

-1 • 

sequential degradation. The former method has been used extensively 

in sequencing work. However the use of carboxypeptidase enzymes 

has been limited by their inability to release certain residues . 

For example carboxypeptidase A does not release carboxyl terminal 

proline, arginine or lysine . Carboxypeptidase B only releases 

arginine and lysine residues . Recently a number of new carboxy­

peptidases with considerably broader specificity than carboxy­

peptidases A and B have been isolated. For example carboxypeptidase 

C from citrus fruit (36) , carboxypeptidase Y from bakers
' 

yeast 

(37), (39 ) and penicillocarboxypeptidases S-1 and S-2 from the 

mould Penicillium janthinellum (38), (40 ) . These enzymes release 

most amino acids inc1uding proline from the carboxyl termini of 

proteins . 
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Several carboxyl terminal chemical degradative strategies 

have been devised. However all of them have limitations and are 

not as well developed as amino terminal sequencing methods. 

Bailey (42) extended the amino alcohol end group determination 

strategy to a sequential method. In this method the carboxyl 

terminal amino acid was reduced to an amino alcohol with LiBH
4

, 

and then cyclised to an imidate ester with POC13. The imidate 

ester opened in acid to give an open chain ester. This could be 

reduced with LiBH
4 

to give a free amino alcohol and a shortened 

polypeptide on which the reaction could be repeated (see Figure 

3). The use of this method was limited by side reactions which 

resulted in reductive cleavage of peptide bonds . 

A method originally developed by Schlack and Kumpf (44) has 

recently been revitalised by Stark (45) and others (46 ) . The 

polypeptide was reacted with ammonium t�ocyanate and acetic 
" 

anhydride resulting in the formation of a carboxyl terminal 

thiohydantoin . This could be cleaved under mild conditions to 

give a free thiohydantoin characteristic of the carboxyl terminal 

residue. The shortened polypeptide could then be reacted with 

ammonium thiocyanate again (see Figure 4) . Lengthy sequence 

determinations were precluded in this method because of the 

failure of carboxyl terminal proline and aspartic acid to be 

released, and because of incomplete hydrolysis of the acylthio­

hydantoin. 

A strategy similar to the Stark degradation scheme is 

currently being developed by Tarr (47) . This method involves the 

reaction of the polypeptide with an alkylisothiourea. This 

results in the formation of a carboxyl terminal cyanamide which 

can then be cyclised and hydrolysed as an iminoh>·dantoin 

characteristic of the carboxyl terminal residue (see Figure 5 ) . 

As in the Stark me thod carboxyl terminal proline and aspartic 

acid are resistant to cleavage . 

In 1 9 5 5 Boissonas (48) proposed an electrochemical procedure 

in which oxidation of the carboxyl terminal residue lead to 

fragmentation with loss of co
2 and formation of a carboxyl terminal 

methylolamine . It was claimed that the methylolamine could then 

be selectively hydrolysed (see Figure 6). However Boissonas was 
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unable to proceed more than two or three residues into a 

polypeptide chain. It is likely that the methylolamine was being 

only partially hydrolysed and partially converted to an unreactive 

amide (41) . 

Very recently Parham and Loudon (49 ) , (50) reported upon the 

development of a solid phase sequence degradation strategy . 

The peptide was attached to porous glass beads and an azide 

synthesized at its carboxyl terminus. Degradation of this azide 

results in the release of an aldehyde characteristic of the 

carboxyl terminal residue, and formation of a shortened peptide 

amide. Reaction of the peptide amide with 1,1-bis (trifluoroacetoxy ) 

iodobenzene caused its conversion to an isocyanate. This could 

then be hydrolysed giving a new peptide amide which could be 

degraded by repetition of the hydrolysis reaction (see figure 7). 

There are a number of strategies by which the carboxyl 

terminal peptide can be separated from, or identified in a 

mixture of peptides generated by enzymic or chemical cleavage 

of a protein. Hargrave and Wold (51) developed a method 

involving the blockage of protein carboxyl groups with glyc inamide. 

After fragmentation of the modified protein only the carboxyl 

terminal peptide is totally devoid of free carboxyl groups . It 

can consequently be separated from the other peptides on the 

basis of charge differences. 

The same general idea was proposed by Duggleby and Kaplan 

(52) who preferred the use of ethanolamine as the blocking group. 

Fang and Hargrave (53 ) proposed a method in which the protein 

is maleylated and digested with trypsin. The trypsin peptides are 

then remaleylated to block their �-amino groups . The carboxyl 

terminal peptide will then have no positively charged group at 

low pH. This fact can be employed to separate it from all 

other peptides, each of which will contain a positively charged 

arginine residue. 

The carboxyl terminal peptide can be identified by a 

combination of electrophoretic peptide mapping and carboxypeptidase 

digestion (56) , (57 ) . One sample of the protein is digested by 

a carboxypeptidase enzyme and is then selectively cleaved and 

subjected to electrophoretic peptide mapping . A sample of the 

protein which has not been digested by the carboxypeptidase 
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is selectively cleaved 1n the same way 1s electrophoresed in 

parallel to the first sample. By comparison of the two peptide 

maps the carboxyl terminal peptide can be i dentified. It will be 

the only peptide to migrate to a different location on the two 

maps because of its reduced size in the sample subjected to 

carboxypeptidase digestion ( 5 6 ) . 

Proteins can be labelled to facilitate identification of the 

carboxyl terminal peptide . If the carboxyl terminal residue is 

labelled by the Matsuo tritium labelling reaction prior to 

selective cleavage, then the carboxyl terminal peptide will be 

radioactively labelled ( 5 4 ) . 

Horn ( 5 5 ) has proposed a method in which all peptides except 

the carboxyl terminal peptide are radioactively labelled. The 

protein is selectively cleaved by cyanogen bromide which 

specifically cleaves on the carboxyl side of methionine residues. 

This results in a mixture of peptides all with carboxyl terminal 

homoserine or homoserine lactone residues, except for the carboxyl 

terminal peptide. All the former peptides can then be aminated 

with 14c ethylene diamine . 

In this project the carboxyl terminal sequence of sheep 

heart phospho fructokinase was investigated by three methods . 

By the tritium labelling method of Matsuo, by carboxypeptidase 

Y digestion and by the peptide isolation strategy of Hargrave 
/ 

and Wold . 



2 . 1  Materials 

2 .  METHODS 

s. 

General laboratory chemicals were supplied by British Drug 

Houses, May and Baker, and the Sigma Chemical Company. Sheep 

hearts were obtained from the Co-operative Wholesale Society . 

Rabbit muscle aldolase, �-glycerophosphate dehydrogenase, triose 

phosphate isomerase, bovine pancreas ribonuclease A, DCC treated 

trypsin and bovine serum albumin were all purchased from the 

Sigma Chemical Company . Carboxypeptidase Y was donated by Drs 

C . H .  Moore and J.C . Mclntosh. Sepharose 6B was obtained from 

Pharmacia Fine Chemicals. Dowex l-X4 and SOW-X2 ( 2 0 0 - 4 00 mesh) 

ion exchange resins and Bio-Gel P2 were from Bio-Rad Laboratories . 

DEAE-cellulose was from Whatman, and Amberlite MB-3 resin from 

British Drug Houses. Tritiated water (l. OCi per 0 . 2  ml) was 

purchased from the Radiochemical Centre. 

Before use maleic anhydride was recrystallised from chloro­

form, iodoacetic acid was recrystalliscd from carbon tetrachloride, 

and solutions of urea �ere deionised by passing through Amberlite 

MB-3 resin . Py ridine was redistilled after refluxing over 

ninhydrin, then redistilled after refluxing over NaOH . Acetic 

anhydride was redistilled after refluxing over calcium carbide . 

Hydrochloric acid was distilled in an all glass distillation 

apparatus . 

2 . 2  Purification of phosphofructokinase 

Fat and connective tissue was removed from fresh sheep hearts. 

The heart muscle was then chopped into small pieces and stored 

frozen . The purification was started by mincing and blending 1. 8kg 

of frozen heart in cold wash buffer (lOmM tris-HCl pH 8 . 6, 2mM 

EDTA) . The enzyme was then dissolved by gently blending it in 

cold extraction buffer (lOm�l tris-HCJ pH 8 . 6, SOmM MgS0
4

, SmM 

2-mercaptoethanol, 0. 68mM ATP, O . lmM EDTA) . 

The extract (fraction l)was adjusted to a pH of 8 . 0 with 

saturated tris solution . It was then heated rapidly to 57
°

C, held 

at this temperature for three minutes and then cooled rapidly to 
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a n d  4 °C in a me t h an o l  ba t h . I n s o l u b l e  ma t e ria l w a s  

r e m o ved b y  ce n t ri fu g a tion w hil e t h e  s o l u b l e  e n zyme r emain e d  in 

t h e  r e d  s up e rn a t a n t  ( f r a c t ion 2) . P F K  wa s p r ecipit a t e d  wit h  

amm o nium s u l p h a t e  b e tHe e n  3 8% and SS% s a t u r a t io n  ( t h e  s up e rn a t an t  

a f t e r  3 8% s a t u ra tion 1 s  f r action 3 ) . T h e  e n z yme wa s ext r act e d  

f r o m  t h e p r ecipi t a t e  by dia l y s is o v e rnig h t  a g ain s t  p h o s p h a t e  b u f f e r  

( 2 0 mM p h o s p h a t e p H  8 . 0 ,  l OmM 2 - me rcap t o e t ha n o l ) . T h e  r edi s s o l v e d  

e n z yme ( f r actio n  4 )  wa s p r ecipit a t e d  by adju s tin g  t h e  p H  o f  t h e  

s o l u tion t o  6 . 1  wit h  s a t u r a t e d  KH2P o4 s o l ution . 

A t  t h e  fin a l  s t ep in t h e  purification o f  PFK o n e  o f  t h r e e  

dif f e r e n t  f r action a t io n  p r oce du r e s  wa s u s e d . In m e t h o d  A t h e  

e n z yme in t h e  p H  6 . 1  p r e c i pi t a t e  wa s r e dis s o l ve d  by e x t r actio n in 

t ri s  b u f f e r  ( l OmM t ris - HC l  pH 8 . 6 ,  SmM 2 - m e rcap t o e t hano l ,  O . lmM 

AT P , l OpM F - 1 , 6 - bis P ) . T h e  s o l ub l e  en z yme ( f raction SA) w a s  t h e n  

p r e cipit a t e d  b y  dia l ys i s  a g ain s t  a b u f f e r  co n t ainin g a high 

m a g n e s ium ion conce n t r a t i on ( 2 0mM imid a z o l e-HCl p H  7 . 0 ,  SOmM Mg Cl2 , 

SmM 2 - me rcap t o e t h an o l , O . l mM AT P ) . T h e  fin a l  in s o l ub l e  P F K  

f r action is f r a c tio n 6A. 

I n  m e t h o d  B t he p H  6 . 1  p r ecipi t a t e  w a s  dis s o l v e d  in a minimum 

v o l um e  o f  t ris b u f f e r ( l OmM t ris - HCl p H  8 . 0 ,  SmM 2 - me rcap t o e t h a n o l ,  

l .OmM MgS0 4 , O . l r.tM ATP , l OpM F-1 , 6-bisP ) .  T h e  e n zyme ( f r actio n 

SB) w a s  l o ad e d  o n t o  a 3 . 0 cm x 1 7 . 0 cm co l umn o f  DEAE - ce l l u l o s e  

which h ad b e e n  e qui l ib r a t e d  in t h e  a b o v e  s o l u tion. I t  wa s t h en 

e l u t e d  wit h  a l ine a r  g r a dien t con sis tin g o f  3 5 0m l  o f  e quil ib r a tion 

b u f f e r  a n d  3 5 0m l  o f  e qui l ib r a tion b u f f e r  co n t ainin g 0 . 8M KCl . Th e 

co l umn wa s e lu t e d  a t  a f l ow rat e  o f  24 . 0 m l  p e r  h o u r  a n d  8 . 0 m l  

f r action s we r e  co l l ect e d . F r actio n s  co n t ainin g high l ev e l s  o f  P F K  

activit y  we re p o o l e d a n d co nce n t r a t e d  b y  u l t r a fi l t r a tion ( f r ac t ion 

6B) . 

M e t h o d  C is a n  a d a p t a t io n  o f  t h e  me t h o d  o f  Hu s s ey e t  a l  ( 5 8 ) . 

T h e  p H  6 . 1  p r e cipi t a t e  w a s  dis s o l ve d  in a minimum vo l um e  o f  h i g h  

s a l t  bu f f e r  ( SOmM t ris - p h o s p h a t e  b u ffe r p H  8 . 0 ,  SmM 2-m e rc a p t o e t h an o l ,  

l mM EDTA , lM a mmo nium s u l p h a t e ) . T h e  e n zym e  ( f r ac tio n SC ) wa s 

t h e n  ch roma t o g r ap h e d  o n  a 2 . 6 cm x 80 . 0cm co l umn o f  S e p h a r o s e  6B 

e quil ib r a t e d  a n d  e l u t e d  wit h  hig h s a l t  b uf f e r .  T h e  co l umn w a s  

e l u t e d  a t  a f l ow r a t e  o f  20ml  p e r  h o u r  a n d  lOm l  f r actio n s  we r e  

co l l e ct e d . F r actio n s  co n t ainin g high P F K  activity we r e  p o o l e d  a n d  

p re cipit a t e d  by 7 5 %  amm o nium s u l p h a t e  s a t u r a tion . T h e  p r ecipit a t e  
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wa s dis s o l ve d  in a minimum v o l ume o f  l o w  s a l t  bu f f e r  ( SOmM t ris­

p h o s p h a t e  pll 8 .0 , Smt-1 2-me r c ap t o e t h a n o l ,  l mM E DTA , 0 . 2mM 

F - 1 , 6-bi s P ) . T h e  e n z ym e  ( f r a c t io n  6 C )  wa s t h e n  c h r o m a t o g r a p h e d  

on a 2 . 6 cm x 70 . 0 cm c o l umn o f  S e p h a r o s e  6 B  e quilib r a t e d  a n d  

e l u t e d  in l ow s a l t  b u f f e r. T h e  c o l umn wa s e l u t e d  a t  a f l ow r a t e  

o f  20 ml p e r h o u r  a n d  lOm l f r a c tio n s  we r e  c o l l e c t e d. T h o s e  

c o n t ainin g hig h P F K  a c tivity we re p r e c ipit a t e d  by 7 5 % ammo nium 

s u l p h a t e  s a t u r a tion a n d  t h e n  r e dis s o l v e d  in a sma l l  v o l um e  o f  

dis til l e d wat e r  o r  l ow s a l t b u f f e r  ( fr a c tion 7C) . 

T h e  me t h o d s  u s e d  t o  p r e p ar e  P F K  a r e  s umma ri s e d  in Fig u r e  8 .  

2 . 3 C h a r a c t e ris a tion o f  ph o s p h o f ru c t o kin a s e  

P r o t ein was e s t im a t e d  b y  t h e  C o o m a s s ie b l ue  me tho d ( 5 9 )  wi t h  

b o vin e s e rum a l b umin a s  t h e  s t an d a r d  p r o t e in . Ab s o rb an c e s we r e  

d e t e rmin e d  a t  5 9 5 n m  in a Hit a c hi 1 0 1 s p e c t r op ho t ome t e r. 

P F K  a c tivit y  w a s  me a s u r e d  by c oup l in g  t h e  P F K  r e a c tion t o  t h e  

oxida tion o f  NADH t o  NAD
+

. This wa s d o n e  by t h e  a ddition o f  t h e  

e n z yme s a l do l a s e , o(-g l yc e ro p ho s p h a t e  d e hyd r o gen a s e , and t rio s e  

p h o s p h a t e  i s o me r a s e  t o  t h e  a s s ay s o lu t ion. ( s e e  Fig u r e  9 ) . 

T h e  r a t e  o f  NAD H  o xida tio n wa s me a s u r e d  by t h e  r a t e  o f  

d e c r e a s e  o f  a b s o rb a n c e  a t  3 4 0 nm. Ac t ivit ie s  we r e  m e a s u r e d  in a 

O . Sm l  mic r o c uve t t e  u s in g  a Unic am S P 800 r e c o r ding s p e c t r o p h o t om e t e r . 

T h e  a s s ay s o l ution c on sis t e d  o f  0 . 3 5 m l  t ri s  b u f f e r ( 70 mM t ri s -

HC l p H  8 . 0 ,  l . SmM Mg C l 2 , SmM 2- m e r c ap t o e t h a no l , 3mM F-6-P , l . SmM 

AT P , 0 . 4 mM NADH , 0 . 0 1 5 % B SA ,  0 . 3 4 uni t s  p e r  ml a l do l a s e , 3 . 8  

uni t s  p e r m l  � - g l yc e r o p h o s p h a t e d e hydro g en a s e  a n d  t rio s e  p h o s p h a t e  

i s o me r a s e ) .  T o  t his wa s a d d e d  O . OSml o f  a p p r o p ria t e l y  dil u t e d  

P F K s o l u tion t o  initia t e  t h e  r e a c tion . ( C o mp o sition o f  t h e  dil u e n t  

wa s  lOmM t ri s - HC 1 p H  8 .  0 ,  7m!v1 2 - me r c ap t o e t h a n o l , 0 . 1% B SA ) . 

T h e  h o mo g e n e ity o f  t h e  p u ri fie d enzyme wa s d e t e rmin e d  b y  S D S  

p o l ya c ry l ami d e  g e l e l e c t r op h o r e s is ( 6 1 ) .  T h e  g e l s  we r e  p o u r e d  in 

0 . 6 cm by lOcm g l a s s  t ub e s .  T h e y  c o n sis t e d  o f  l . Oc m  o f  5 %  s t a c kin g 

g e l ( 5% a c ryl ami d e , 0 .2% N , N  me t hy l e n e  bis a c ryl amid e , O. l M  t ris ­

H C l pl! 8 . 6 ,  0.0 4 %  THIED , 0 . 0 4 %  a mmonium p e r s u l ph a t e , 0 . 1 %  S D S ) .  

T his wa s laye re d u p o n  8 . 0 cm o f  1 5 % runnin g g e l ( 1 5 % a c ryl ami d e , 

0. 1% N , N  me t hyl e n e  bis a c ryl ami d e , O . l M  t ri s - g l ycine pH 8 . 9 , 0 . 0 5% 

TEMED , 0 .0 5 %  ammo nium p e r s u l p h a t e , 0 . 1 % S D S ) .  
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T h e  e l ect ro d e  b u f f e r  co n s i s t e d  o f  O . lM t r i s-g l ycin e b u f f e r  

p H  8 . 9 ,  0 . 1 % S D S . T h e  p r o t ein t o  b e  elect rop h o r e s e d  wa s dis s o l ve d  

in a s ma l l vo l ume o f  t ris bu f fe r  ( O . O l M  t ris - g l ycin e pH 8 . 9 ,  1 . 0 % 

S D S , 0 . 1 5M 2-m e rcap t o e t ha no l ) . I t  w a s  h e a t e d  fo r t wo minu t e s  in 

a b oiling wa t e r  b a t h , a f t e r  which t h r e e  d r op s o f  g l yce r o l  a n d  

b r omophe n o l  b l u e  in dicato r we r e a d de d .  Up t o  1 0 0  pg o f  p r o t ein 

wa s app l ie d  t o  e ach g e l , which we r e  t h e n  e l ec t r o p ho r e s e d  a t  5 mA 

p e r g e l  tub e u n t i l  t h e  m a r k e r  dy e r e ach e d  t h e  b o t t om o f  t h e  g e l s . 

Ge l s  we re  s t ain e d  b y  imme r sio n in 0 . 1 % amido b l ack in 1 0 % ace tic 

acid f o r  two h o u r s , and d e co l o u r e d  b y  r e p e a t e d  wa s h e s  in d e s t ain 

s o l u tion ( g l acia l  ace tic acid : e t h an o l : wa t e r , 1 :7 :7 ) . 

2 . 4 Ca r b o x yme t hy l a tio n ( 6 3 )  

The  p r o t e in t o  b e  ca rbo x yme t hy l a t e d  wa s dis s o l v e d  in O . lM 

t ris - HC l  b u f f e r  p H  8 . 0 ,  8 M  u r e a  a t  a concen t r a tion o f  1 0 - 20 mg 

p e r  m l . I t  wa s r e duce d and dis s o cia t e d  b y  a d din g a n  amo un t o f  

dit hio t h reit o l  e qu a l  t o  t h e  mo l a r cy s t ein e  co n t e n t  o f  t h e  p r o t e in , 

a n d  s tir rin g o v e rnig h t  un d e r  ni t r o g e n  a t  r o o m  t emp e r a tu r e . A f t e r  

t his p e rio d a vo l ume o f  p a r t ia l l y  n e u t r a l is e d  io d o ace t ic acid 

s o l u tion w a s  a d ded to giv e  a 2 . 5 - fo l d mo l a r e xce s s  o v e r  t h e  t hio l 

con t e n t  o f  t h e  s o l u tio n . C a r b o x ym e t hy l a tion wa s a l l owe d t o  

p r oce e d  und e r  nit r o g e n  a n d  in t h e  d a r k  f o r  4 5  minu t e s . I t  w a s  

t h e n  t e rmin a t e d  b y  t h e  a ddit io n  o f  2- m e rcap t o e t h a n o l i n  a 1 0 - f o l d  

mo l a r  e xce s s  o v e r  t h e  io do ace t ic acid . T h e  ca r b o x ym e t hy l a t e d  

p ro t ein w a s  dialyse d a g ain s t  s e v e r a l  chan g e s o f  co l d  dis til l e d 

w a t e r  t o  r e m o v e  e xce s s  r e a g e n t s  a n d  t h en l yo p hi l i s e d . 

2 . 5 M a l e y l a tio n ( 6 4 )  

T h e  P FK s o lu tion wa s dia l y s e d  a g ain s t  co l d  O . l M  b o r a t e  b u f fe r  

p H  9 . 0 (which a l s o  con t aine d  5 mM 2 - m e rcap t o e t h an o l ,  l mM EDTA , 

0 . 2mM F - 1 , 6 - bi s P and 0 . 5M K2so4 ) .  This wa s t o  r em o v e  t ri s  and 

ammonium s u l p h a t e .  So l id m a l eic a n hyd ride was a d d e d s l ow l y  o v e r 

a p e rio d o f  two h o ur s , t h e  p H  o f  t he s o l u tion b e in g m ain t ain e d  a t  

9 . 0  b y  t h e  a d dition o f  s m a l l a mo un t s  o f  5 M  NaOH . En o u g h  ma l eic 

anhydrid e wa s add e d  t o  g1ve a 2 0 0 - fo l d mo l a r  e xce s s  o v e r  t h e  amin o 

an d t hio l con t en t  o f  t h e  s o l u tion . A f t e r  t h e  ma l e y l a tio n re action 

e xce s s  r e a g en t s  we r e  r emo v e d  by dia l y si s  a g ain s t  e it h e r  dis til l e d  

wa t e r  o r  0 . 1  M py�din e - ace t ic acid b u f fe r p H 6 . 0 .  I f  
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nece s s a ry t h e  m a l e yl a t e d  p r o t ein wa s l y o p hi l i s e d  a f t e r  dial y s is . 

P o l yacr y l amide g e l  e l ect r o p h o re sis in n o n de nat urin g co ndition s 

( 6 2)  wa s u s e d  t o  de t e rmin e whe t h e r  t h e  PFK h ad b e e n  s ucce s s fu l l y  

ma l e y l a te d  o r  n o t .  T h e  g e l s  w e r e  p o u r e d  in 0 . 6 cm b y  l Ocm g l a s s  

tub e s . T h e y  co n sis t e d  o f  l . Ocm o f  2 . 5 %  s t ackin g g e l  ( 2 . 5% 

acry l amid e , 0 . 6 % N, N me t h y l en e  bis acr y l amide , O . l M  t ris - HCl p H  

6 . 7 ,  0 . 0 6 %  TEME D , 20% s ucr o s e , 0 . 0 0 5% rib o f l avin ) . T his w a s 

l ay e r e d  o n  6 . 0cm o f  7 %  runnin g g e l  ( 7% acr y l amid e , 0 . 2% N , N  

me t hy l en e  bis acry l amide , 0 . 4 �! t ris -HC l p H  8 . 9 ,  0 . 0 3% TEMED , 0 . 0 9 % 

ammo n l um p e r s u l p h at e ) . 

T h e  e l ect r o d e  b u f f e r  wa s O . l M t ri s -g l ycin e b u f f e r  p H  8 . 9 . 

T h e  p r o t e in t o  be e l e ct r op ho r e s e d w a s  dia l y s e d  a g ain s t  e l ect r o d e  

b u f f e r an d t h r e e  dr o p s  o f  g l yce r o l a n d  b r omophe no l b l ue  w e r e  adde d . 

E l ect rop h o r e sis , s t ainin g a n d  d e s t ainin g w e r e  p e r f o rme d a s  

described for SDS p o lya c ry l am i d e g e l  e l e c t r o p h o re s i s . 

2.6 C a r b oxy l t ermin al t ritia tion 

T h e  t r i t ia t i on p r oce d u r e  o f  Ma t s uo wa s u s e d . T h e  exp e rime n t  

was fir s t  p e r f o rme d wi t h  r e duce d a n d  ca rb o xyme t hy l a t e d  b o vin e 

p ancr e a s  rib o n ucl e a s e  A t o  wo r k  o u t  exp e rimen t a l  p r oce dure s ,  

and t he n  wit h  ma l e y l a t e d  P F K . T h e  t ritia t io n  p ro ce du r e  f o r  b o t h  

p ro t e in s w a s  t h e  s ame . Fif t y  n a n omo l e s  ( 0 . 6 9mg ) o f  r e duce d a n d  

ca rb oxyme t hy l a t e d  rib o n uc l e a s e  o r  20 0nmo l e  ( 1 5mg ) o f  ma l ey l a t e d  

P F K  wa s w e ig h e d  in t o  a Quick f i t  t u b e  and dis s o l v e d  in a minimum 

vo l ume o f  dis til l e d  wa t e r . T o  t his w a s  a d d e d lOOmCi o f  t ritia t e d  

wa t e r  a n d  t h e  t ub e  w a s  co o l e d  in ice fo r fiv e min u t e s . A 0 . 3m l  

v o l ume o f  py ridine a n d  O . l m l  ace tic anhyd ride w a s  a d d e d . T h e  t u b e  

w a s  s t o p p e r e d , coo l e d  i n  ice f o r  3 0  min u t e s  and t h e n  l e f t  o v e rnigh t  

a t  r o om t emp e r a t u r e . 

A f t e r  t h e  t ritiation r e action p y ridin e , ace t ic anhydride an d 

t ritia t e d  wa t e r  we r e  r emove d b y  l y ophi l i s a tion . T h e  Quick fit 

tube wa s con n e c t e d  t o  an o t h e r Quick f i t  t u b e  via a g l a s s  U t u b e  a s  

s hown in Fig u r e  10 . T h e  re action mixture was  f r o z e n  in l iq uid air 

and t h e  ap p a r a t u s  was e v acuated t h r o u g h  a sid e a rm in the emp ty 

Quick fi t t ub e . By warmin g t h e  t ub e  co n t ainin g t h e  r e action 

mix t u r e  and co o l in g  the e mp t y  tube in l iq uid air the h i g h l y  
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Figure 10 Apparatus used 1n tritiation reaction 



1 3 . 

r a dio active s o l v e n t  cou l d  b e  s ub l ime d o f f  an d t r ap p e d  in t h e  

emp ty t ub e . T h e  p ro t ein r e s idue w a s  r e di s s o l v e d  i n  0 . 5 m l  

dis til l e d  wa t e r  a n d  t h e  l y o p hi l is a tio n  p ro ce dure r e p e a t e d . T his 

was  done five t im e s  to r em o v e  r e v e r s ib l y  exchan g e ab l e  t ritium in 

ca r b oxy l  a n d  amide g r oup s o f  t h e  p r o t ein . 

T h e  l y o p hi lis e d  p r o t ein w a s  t h e n  hyd r o l ys e d .  I t  was  

dis s o l v e d in 0 . 5m l  o f  con s t an t  b oi lin g p o in t  hyd r och l o ric acid 

( 5 . 9M )  a n d  t r an s f e r r e d  t o  a 0 . 7 cm by Bern h e avy w a l l e d , acid w a s h e d  

pyr e x  t e s t  t ub e . T h e  t u b e  w a s s e a l e d  un d e r  vacuum ( 0 . 0 5 mmH g ) and 

h e a t e d  at  1 1 0
°

C f o r  2 4  h o ur s . A f t e r  t hi s  p e rio d t h e  t ub e  w a s  

o p e n e d  a n d  t h e  con t e n t s  d rie d r apid l y  o v e r NaOH p e l l e t s  i n  a n  

e v acu a t e d  d e s s ica t o r . 

T ri ti a t e d  amin o acid s in t h e  rib o n uc l e a s e  hydr o l y s a t e  we r e  

iden ti fie d by an a l ytica l hig h vo l t a g e  p ap e r  e l e c t r o p ho re s i s  ( 6 5 ) . 

I on exch a n g e  ch r o ma t o g r ap hy w a s  u s e d  t o  d e t e rmin e l a b e l l e d  amin o 

acids in t h e  P F K  hyd r o l y s a t e . I n  t h e  f o rme r me t h o d  t h e  p r o t ein 

hyd r o l y s a t e  was dis s o l ve d  in a s m a l l vo l ume o f  2 0rnM ammonia 

s o l u tion . I t  wa s s p o t t e d  o n t o  a s h e e t  o f  Wh a tm a n  No . 1 

ch r o ma t o g rap hy p ap e r  in a 3cm s t r e a k . M a r k e r amino acid s we r e  

s p o t t e d  o n  b o t h  s id e s  o f  t h e  s tre a k  an d t h e  s he e t  w a s e l ect r o p h o r e s e d  

in p H  2 . 1  bu f f e r ( fo rmic acid-ace tic acid-wa t e r , 1 :4 : 4 5 )  a t  3 KV 

f o r  4 5  minu t e s . A f t e r  e l ect r o p h o r e s i s  t h e  s h e e t  wa s d rie d a n d  t h e  

s t rip s con t ainin g t h e  m a rk e r  amin o acid s w e r e  cu t o f f  and s t ain e d  

in cadmium - ninhyd rin s t ain ( p r e p ar e d  b y  mixin g 1 . 7 % ca dmium ace t a t e  

in 3 3% ace tic acid wit h  1 %  n inhyd rin in ace t on e  in t h e  r a tio 3: 1 7 ) . 

Amin o acids in t h e  P F K  hyd r o lys a t e  we r e  ch a r act e ris e d  b y  ion 

exch a n g e  ch r o ma t o g r ap hy o n  t h e  ion exch a n g e  r e sin o f  a Loca r t e  

s in g l e  co l umn amino acid a n a lys e r . T h e  hyd r o l ys a t e  w a s  dis s o l ve d  

in 0 . 5m l  dis t i l l e d  wa t e r  a n d 0 . 1 25 m l  o f  t his wa s app l i e d  t o  t h e  

co l umn w hich w a s  e l u t e d  n o rm a l l y .  F r actio n s  o f  l . Om l  we r e  co l l e c t e d  

a t  t h e  b o t t o m  o f  t he co l umn b e fo re t h e  e l u a t e  w a s  r e act e d  wit h  

ninhyd r in in t h e  a n a l ys e r . 

T r i tia t e d  amin o acids we r e  de t e c t e d  by l iq uid s cin til l a t ion 

coun tin g in e it h e r  a P ack a r d  T ri- C a rb Liquid Scin t i l l a tion 

Sp ect r o me t e r  o r  a Beckman L SBOOO S e rie s Liq uid Scin t i l l a tion 

Spect r om e t e r . E l ect r o p h o r e t o g r ams we r e  cu t in t o  0 . 5 cm by l . Ocm 

r e ct an g l e s  an d co un t e d  wit h  5 . 0 ml o f  s cin ti l l a tion s o l ve n t , whi l e  
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0 . 0 5 m l  o f  io n e xchange fractidnswe r e  cou n t e d  wit h  9 . 0 m l  o f  

s cin ti l l a tion s o l ven t .  A l l s amp l e s  we r e  co un t e d  f o r  t e n  minu t e s . 

T h e  s cin ti l l a tion s o l ve n t  in b o t h  ca s e s  con s is t e d  o f  O . l g  POPOP 

a n d  4 . 0g PPO dis s o l ve d  in 3 3 3m l  o f  T ri t o n  X- 1 0 0  d e t e r g e n t a n d  

6 6 7 m l  o f  t o l ue n e . 

2 . 7 Dige s tion by c a r b o x ypeptida s e  Y 

2 . 7 . 1 Dige s tion o f  ribo n ucl e a s e  

The e xp e rime n t  w a s  fir s t  p e r fo rm e d  wit h  a p r o t ein o f  k n own 

s e qu ence t o  wo rk o u t  e xp e rime n t a l  p r oce d u r e s ,  a n d  t o  d e t e r min e 

wh e th e r  t h e  c a r b o x y p e p tida s e  Y p r e p a r a t ion w a s  cont a min a t e d  wit h  

e n d o p e p tida s e  ac tivi t y . Five mil lig r ams ( 3 5 0  n mo l e )  o f  r e duce d 

an d ca rbo xyme t hy l a t e d  b o vin e p ancr e a s  rib o n ucl e a s e  A w a s dis s o l v e d  

in O . lM p y ridin e - ace tic acid b u f fe r  p H  5 . 5 ,  5 M  u r e a . A n  e q uimo l a r 

amoun t ( 3 5 0  n mo l e )  o f  in t e rn a l  s t an d a r d  n o r l e ucin e w a s  a d d e d  a n d  

t h e  s o lu tion w a s incu b a t e d  a t  3 0
°

C .  T h e  c �r b o x yp e p t id a s e  Y e n z yme , 

which wa s s t o r e d  a s  a n  ammonium s u l p h a t e  s us p e n s io n , w a s  p r e p a r e d  

b y  dia l y s in g  f o r a n  h o u r  a g ain s t co l d  lOmM pho s p h a t e  b u f f e r  p H  7 . 0 .  

A f t e r  t hi s  pe rio d a vo l ume con t ainin g 2 . 5 pg c a r b o x yp e p t i d a s e  Y 
wa s a dde d t o  t h e  rib o n uc l e a s e  s o l u tion , givin g a 0 . 0 5 % e n z ym e /  

s ub s t r a t e  r a tio ( w/w ) . A t  time in t e rv a l s  o f  0, 1 0 , 20 , 4 0 , 6 0 , 9 0 an d 

120 min u t e s  a f t e r  t h e  a ddition o f  carb o x yp ep tid a s e  Y ,  a liqu o t s  

con t ainin g 5 0 nmo l e  o f  rib o nucl e a s e  w e r e  r emove d  f r o m  t h e  dig e s tion 

mix t u r e . T h e  r e action was t e rmin a t e d  by the a d dition o f  t rich ­

l o r o ace tic acid . C on t ro l  dig e s tion s  con t ainin g ca r box ype p ti d ase 

Y o n l y  an d rib o n uc l e a s e  o n l y  we r e  p e r fo rme d in p a r a l l e l  to t h e  

a b o v e  r e action . 

F o l l owing dig e s tion p r ecipi t a t e d  p r o t ein w a s  r e mo v e d  b y  

cen t rifug a t io n . T h e  a liquo t s  we re t h e n  d e s a l t e d  b y  ion e x ch ange 

chr o ma t o g r aphy on 0 . 5 cm by 4 cm co l umn s o f  Dowe x 5 0 W - X2 ,  p r e p a r e d  

in t h e  pyridinium f o rm a n d  e quil ib r a t e d  i n  0 . 2M p yridin e - ace ti: 

�cid b11f f e r p H  3 . 1 .  A liqu o t s  we re  a p p l ie d t o  t h e  co l umn s a n d 

w a s h e d  wi t h  l . OM ace tic acid t o  r e m o v e  u r e a, a n d  e l u t e d  wit h  a 

s ma l l vo l ume o f  dis til l e d  w a t e r  and t h e n  l . OM ammonia s o l u tion . 

T h e  dis ti l l e d  w a t e r  a n d  ammonia wa s h e s  we re co l l e c t e d  s e p a r a t e� 

t o  avoid f o rma tio n o f  ammon ium ace t a t e  which w o u l d h av e  in t er f e r e d  

in s ub s e q u e n t  amino acid an a l y s is . T h e  e l u t e d  amin o acid s we r e  
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l y o p lt i l i s e d  a n d  an a l y s e d  on a L o c a r t e  s i n g l e  c o l umn amin o a cid 

an a l y s e r , whic h had an a u t oma tic l o a din g a c c e s s o r y . P e a k s  o n  

t h e  c h roma t o g rams we r e  in t e g r a t e d  manua l l y b y  t h e  h a l f  heig h t  b y  

wid t h  me t ho d . T h e  an a l y s e r  wa s c a lib r a t e d  r e g u l a r l y  wit h a 

B e c kman s t an d a r d  mixt u r e  c o n t ain in g 5 0  n m o l e  o f  e a c h  amino a cid . 

2 . 7 . 2 Dig e s tion o f  p h o s p h o f ru c t o kin a s e  

T h e  dig e s tion o f  P F K  b y  c a r b oxyp e p tid a s e  Y w a s  p e r fo rm e d  

dif f e r en t l y t o  t h e  rib o n u c l e a s e  dig e s tion . Twen t y  s e v e n  mi l lig r am s 

( 3 0 0  nmo l e) o f  P F K , f r e s h l y  p r e p a r e d  b y  me t h o d  C w a s  ma l e y l a t e d . 

I t  w a s  t h en dia l y s e d  a g ain s t  O . l M p yridin e - a c e tic acid b u f f e r  p H  

6 . 0  un til  t h e  p H  o f  t h e  s o l ution wa s 6 . 0 .  A n  e quimo l a r amo u n t 

( 3 0 0  nmo l e )  o f  no r l e u cine s t an d a rd w a s  a d d e d  and t h e  s o l u t io n  w a s  

e qu i l ib r a t e d  a t  3 0
° C .  C a r b oxyp e p tid a s e  Y wa s adde d t o  giv e  a 0 .0 5% 

e n z yme ; s u h s t r a t e  r a tio ( w/w) . A t  t ime in t e rva l s  o f  0 , 1 0 , 20 , 3 0 , 4 5  

a n d  6 0  minu t e s  a f t e r  t h e  addition o f  t h e  e n z yme , a liquo t s  c on t ainin g 

5 0  nmo l e  o f  P F K  w e r e  r emo ve d a n d  p l a c e d  in a boilin g  wa t e r  b a t h  

f o r  f i ve  min u t e s  t o  t e rmin a t e  t h e  r e ac tion . C a rb oxyp e p tid a s e  Y 
a n d  P F K  c on t r o l  e x p e rim e n t s  w e r e  p e r f o rm e d  in p a r a l l el t o  t he 

a b o v e  dig e s tion . P r e c ipi t a t e d  p r o t ein in t h e  a liqu o t s  w a s  r em o v e d  

b y  c e n t ri fu g a tion and t h e  s up e rn a t a n t s  w e r e  l yo p hi l i s e d  a n d  

a n a l y s e d  on t he amin o a cid a n a l y s e r . 

2 . 8  C a rb o xy l  t e rmin a l p e p t id e  is o l a ti o n  

T h e  me t ho d  o f  H a r g r ave an d Wo l d  ( 5 1) w a s  u s e d  t o  is o l a t e  t h e  

c a rb oxy l  t e rmin a l  p e p tide o f  P F K . T hi r t y  mi l lig r am s o f  P F K  wa s 

dia l y s e d  t o  remo ve s a l t s  and t h e n  l yo p hi l i s e d . P r o t ein c a r b oxy l 

g ro up s w e r e  b l o c k e d  with a l anin e amid e . T h e  P F K  w a s dis s o l v e d  in 

a s ma l l  vo l ume o f  8M u r e a  and s o l id L - a l anin e amide H C l w a s  a d d e d . 

T h e  s o l u tion wa s tit r a t e d  t o  a p H  o f  �7 5 wit h  O . l M HC l , a n d  t h e  

re a c tion w a s  initia t e d  b y  t h e  a d di tion o f  t he c o n d e n sing a g e n t  

1 - e t hy l - 3 - ( 3 - dime t hy l  aminop r o p y � c a r b o diimide in a minimum v o l ume 

o f  w a t e r . T h e  c on c e n t r a t i on s  o f  a l anin e amide a n d  t h e  c a r b o diimide 

in t h e  s o l u tio n we re l . OM an d O . l M  r e s p e c tive l y .  T h e  s o l u tio n 

w a s  s ti r r e d  f o r  s e ve r a l  h o u r s  a t  r o om t e mp e r a t u r e , t h e  p H  b e in g  

m ain t ain e d  a t  4 .  7 5  b y  t h e  p e rio dic a ddi tion o f  di l u t e  H C l .  T h e  

r e a c tio n w a s  t h e n  t e rmin a t e d  b y  di l u tion wi th dis t i l l e d  w a t e r  
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and r e a g e n t s  we r e  remo v e d  by d i a l y s i s  a g a i n s t  1 mM HC l . 

T h e  m o d i f i e d  p r o t e i n  wa s r ecov e r e d  by l yo p h i l i s a t i on an d 

r e d i s s o l ved i n  1 mM HC l . T h e  p H  o f  t h e  s o l u t i on wa s a dju s t e d  t o  

8 . 3 - 8 . 5  w i t h  a f ew d r op s o f  N-e t h y l  m o r p h o l i n e . An app r o p r i a t e  

vo l ume o f  1 m g  p e r  m l  DCC t r e a t e d t r yp s i n s o l u t i on w a s  adde d t o  

g i ve a 1 %  e n z yme/s u bs t r a t e  r a t i o  (w/w ) a n d  t h e  s o l u t i on w a s 

i ncu ba t e d  a t  3 7
°

C f o r  1 2  h o u r s . A f t e r  t h i s  p e r i o d  1 mg o f  p i g  

p an cr e a s  ca r boxyp ep t i da s e  B w a s  a d d e d  t o  t h e  s o l u t i on , wh i ch wa s 

i ncu ba t e d  f o r  a fur th e r  1 2  h o u r s  a t  3 7
°

C an d t h e n  l yo p h i l i s e d .  

T h e  t ryp s in - ca r boxyp e p t i d a s e  B d i ge s t  w a s  s u bje ct e d  t o  i on 

exch a n g e  ch r oma t o g r aphy i n  a l k a l i n e  u r e a  o n  a s t ro n g  ba s e  a n i on 

exch an g e  r e s i n .  T h e  d i g e s t  w a s  d i s s o l v e d  i n  a s m a l l vo l ume o f  

8M u r e a  and t h e  p H  wa s adju s t e d  t o  1 1 . 0  w i t h  4 M  NaOH . I t  wa s 

app l i e d t o  a 1 . 0 cm by 8 . 0 cm co l umn o f  Dowex 1 - X 4  wh ich wa s p r e p a r e d  

i n  t h e  h y d r o x i d e  f o rm , a n d  e q u i l i br a t e d  w i t h  8 M  u r e a  p H  1 1 . 0 - 1 1 . 2 .  

T h e  co l umn w a s  e lu t e d  w i t h  a l k a l i n e  8M u r e a  a t  a f l ow r a t e  o f  

1 . 0 m l  p e r  m i nu t e  and 3 m l  f r act i on s  we re  co l l ec t e d  a n d  n e u t r a l i s e d  

w i t h  a d r o p  o f  f o rm i c  aci d .  I on exch an g e  f r ac t i o n s  w e r e  de s a l t e d  

by g e l  ch r o ma t o g r aphy o n  a 2cm by SOcm co l umn o f  B i o - Ge l  P 2  

e q u i l i br a t e d  a n d  e l u t e d  w i t h  20mM ammon i a  s o l u t i on . T h e  co l umn 

w a s  e l u t e d  at  a f l ow r a t e  o f  O . Sm l  p e r  m i n u t e  a n d  2m l f r act i on s  

we r e  co l l e ct e d . E l u t e d  p e p t i de s  we r e  d e t e ct e d  by me a s u r emen t  o f  

t h e  con duct i v i ty and abs o r bance a t  2 1 5 nm o f  t h e  f r act i on s . 

F r act i o n s  be l i e v e d  t o  con ta i n p ep t i de s  w e r e  l y o p h i l i s e d  a n d  

exam i n e d  by am i n o  ac i d  an a l y s i s  an d by p re p a r a t i v e  h i g h  vo l t ag e  

p ap e r  e l ect r o p h o r e s i s  a t  p H  2 . 1 . T h e  l a t t e r  p r oce d u r e  w a s  p e r f o rme c 

s im i l ar l y t o  an a l y t i ca l  p a p e r  e l ect r o p h o re s i s  wh i ch h a s  be e n  

d e s c r i be d  a l r e ady , e xce p t  t h a t  Wh a tm a n  3MM ch roma t og r aphy p ap e r  

w a s u s e d  i n s t e ad o f  Wh a t m an N o . 1 ch r om a t o g r a p h y  p ap e r . A f t e r  

e l ec t r o p h o r e s i s s t r i p s  c o n t a i n in g  t h e  m a r k e r  am i n o  aci d s a n d  

t h e  e d g e s  o f  t h e  unk n own m a t e r i a l  w e r e  cut o f f  a n d  d e v e l o p e d  i n  

cadm i um n i nh y d r i n  s t a i n  t o  l o ca t e  t h e  p o s i t i on o f  any p ep t i de s . 

T h e s e  we r e  e l u t e d  f r o m  t h e  chr o m a tg r ap hY p ap e r  w i t h  SOmM ace t i c 

aci d ,  l y o p h i l i s e d  and h y d r o l y s e d . T h e y  w e r e  t h e n  an a l y s e d  on 

the  a m i n o  ac i d  an a l y s e r . 
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3 . 1 P u r i f i ca t i on an d ch a r act e r i s a t i on o f  p h o s p ho f ruct o k i n a s e  

R e s u l t s  o f  a t yp i ca l pur i f i ca t i on o f  P F K  a r e  s h own i n  T a bl e 

I .  N o  act i v i ty d a t a  i s  g i v e n  f o r  t h e  f i n a l  f r act i o n  p re p a r e d  by 

me t h o d  A becau s e  o f  t h e  i n s o l u bl e n a t u r e  o f  t h e  e n z yme a t  t h a t  

s t ag e . No act i v i t i e s  a r e  g i v e n  f o r  t h e  f r ac t i o n s  p re p a r e d  by 

me t h o d  B. T h i s  i s  becau s e  t h i s  me t h o d  w a s  p e r fo rme d o n ly o n ce , 

d u r i n g  wh i ch n o  act i v i ty a s s ays we r e  m a d e , be f o r e  be i n g  f o u n d  t o  

be un s u i t a bl e f o r  t he p re p a r a t i on o f  P F K . 

F r o z e n s h e ep h e a r t  r e t a i n s  P F K  act i v i t y fo r s e v e r a l  mo n t h s . 

I n  f r o z e n  ext r act s t h e  e n z yme e x i s t s i n  a n  i n act i ve p a r t i c u l a t e  

f o rm and mus t be s o l u bi l i s e d  by i ncuba t i on w i th AT P a n d  Mg S0 4 
(22) .  The p r e s e nce o f  a d e n i n e  n uc l e o t i d e s  o r  h e xo s e  p h o s p h a t e s  

i s  r e q u i red t h ro u g h o u t  t h e  p u r i f ic a t i o n  ( 6 6 ) .  T h i s  i s  t o  

s t a bi l i s e t h e  e n z yme wh ich i s  o t h e rw i s e  m a r k e d l y l a bi l e , p a r t i cu l a r l y 

a t  a m i l d ly a c i d ic p H  ( 1 8 ) . Th e g r e a t e s t  d e c r e a s e  i n  P F K  act i v i ty 

du r i n g  t l1e pu r i f i ca t i o n  u s u a l l y occu r r e d  i n  t h e  h e a t  f r act i on a t i o n  

s t e p , h o w e ve r i t  a l s o  re s u l t e d i n  t h e  r e m o v a l o f  a l a r g e  amo un t o f  

unwan t e d  p r o t e i n .  

D u r i n g  s om e  p re p a r a t i on s  a s l i gh t l y  h i g h e r  act i v i ty w a s  

o bt a i n e d  i n  f r act i o n  3 t h an i n  t h e  p re ce d i n g  f r act i on 2 .  T h i s  w a s  

p ro babl y due t o  ac t i v a t i on o f  t h e  e n zyme i n  f r act i on 3 by 

ammo n i um i o n s  f r om ammo ni um s u lp h a t e  f r act i on a t i on ( 6 7 ) . O n  o n e  

occa s i o n t h e  S S% ammo ni um s u lp h a t e  P F K  p r ec i p i t a t e  w a s  ext r act e d  

i n  p h o s p h a t e  bu f fe r  s up p l em e n t e d w i t� O . lmM AT P . T h e  act i v i ty o f  

t h e  r e d i s s o l ve d  e n zyme ( f r act i o n  4 )  wa s f ou n d  t o  be g r e a t e r  t h a n  

w h e n  n o  ATP w a s  p r e s en t . I n  t h e  abs e nce o f  AT P t h e  act i v i ty o f  

t h i s  f r act i o n  w a s  u s ua l ly a bo u t  1 9 , 0 0 0  un i t s ,  w h i l e  i n  t h e  p r e s e nce 

o f  ATP t he act i v i t y w a s  3 4 , 0 0 0  un i t s . H o we v e r in t h e  p re s e n c e  o f  

ATP t he e n z yme co u l d  n o t  be p r e c i p i t a t e d  i n  t h e  s u bs e q ue n t  

ac i d i f i ca t i o n  s t e p . I n  t h i s  s i tu a t i o n t h e  P F K  h a d t o  be r e d i a l ys e d  

a g a in s t  p h o s p h a t e  bu f f e r  t o  r e mo ve AT P a n d  t h e n  ac i d i f i e d  a g a i n  t o  

p r e c i p i t a t e  t h e  e n zyme . T h i s  behav i o u r  wa s p r o ba b l y  due t o  t h e  

g r e a t e r  s t a bi l i ty o f  P F K  i n  t h e  p r e s e nce o f  a d e n i n e  nucl e o t i de s . 



Ta b l e  T .  

F r a c t i o n  

1 1 H e a r t  

11 
. 

e x t r a c t  
2 .  H e a t  

s t e p  ! s u p e r ­
' n a t a n t  
1 3 .  3 8 %  
I ( NH 4 ) 2 

: s o4 
s u p e r ­
n a t a n t  

; 4 .  5 5 %  
' l NH 4 )  2 

s o 4 
I , p r e c l p l -

t a  t e  
, r e d i s s -i o l ve d  
I i 5 .-\ . p H  6 . 1  
: p r e c i p i -

t a t e  
, r e d i s s ­' j o l v e d  
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j 5 C . p H � · � 
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1 6 C .  Ag a -
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s a l t  
b u f f e r )  

7 C . A g a -
r o s e  

e l u a t e 
( l ow 

s a l t  
b u f f e r )  

l 1 u r i f i c a t i o n  o f  p h o s p h o f r u c t o k i n a s e . 

V o l um e  
( m l )  

5 9 4 0 

:5 8 00 

:5 9 5 0 

P r o t e i n  
( mg / m l ) 

4 0 . 6  

5 .  0 

'-1 . 5  

1 1 1  2 9 . 2  

l 0 0  2 . l  

1 5  4 . 0  

1 1 . 5  1 5 . 2  

9 . 0 1 1 . 4 

6 . 0 1 0 . 9  

T o t a l  
a c t i v i t y 
( u n i t s )  

-+ 2 , 1 7 0 

2 8 , 1 2 0 

2 :i , :2 8 0  

1 9 , 3 0 0  

1 :2 , 3 9 0  

1 2 , 2 3 6 

l l  , 1 0 2  

1 0 , 3 6 9  

S p e c i f i c  
a c t i v i t y  

( u n i  t s / m g )  

0 . 2  

1 . 5 

1 . 4 

6 . 1  

5 9 . 0  

6 9 . 2  

1 1 0 .  7 

1 5 8 . 5  

Y i e l d  
( % ) 

l OO 

6 7  

6 0  

2 9  

2 9  

2 6  

2 4  



Tab l e  1 .  ( C o n t d ) . 

No t e  1 .  Th e l e t t e r s A a nd C i n  t h e  p r e p a r a t i o n  t ab l e 
r e f e r  t o  t h e  d i f f e r e n t  f r ac t i o n a t i o n m e t h o d s  
u s e d . 

2 .  A u n i t  o f  a c t i v i t y i s  d e f i ne d  a s  t h e a m o u n t  o f  
e n z ym e  r e q u i r e d  t o  c a t a l y s e  t h e  f o r m a t i o n o f  
1 1 um o l e  F - 1 ,  6 - b i s  P p e r  m i nu t e  a t  r o om t e mp e r a tu r e . 



l s .  

U s ua l l y two e x t r ac t ion s o f  t h e  acid p r ecip it a t e  wi t h  p H  8 . 0  o r  

8 . 6  bu f f e r we re  r e q ui r e d  t o  d i � s o l v e  t h e  e n z yme . M o s t  o f  t h e  

m a t e ria l dis s o l ve d  du rin g t h e  s eco n d  e x t r action . Tw o e x t r actio n s  

may h ave be en n ece s s a ry t o  r ais e t h e  p H  o f  t h e  p r e cipi t a t e  

s u f ficien t l y  fo r i t  t o  dis s o l ve . I f  m a g n e s ium io n s  w e r e  p r e s e n t  

i n  t h e  e x t r action bu f f e r  a t  a co n ce n t r a tion o f  lOmM t he p re cipi t a t e  

u s u a l l y  f ai l e d  t o  r e dis s o l ve comple t e l y  e v e n  a f t e r  f i v e  o r  s ix 

e x t r action s .  

SDS  p o l y acry l ami d e  g e l e l ect r o p h o r e sis  o f  P F K  p r e p a r e d  by 

m e t h o d  A g ave a s in g l e  ban d in dica t in g  t he p r e p a r a t io n  t o  be 

homo g e n e o u s . A l t h o ug h  a r e a s on a bl e  y ie l d  o f  p u r e  P F K  wa s o bt ain e d  

by me t h o d  A ,  i t  w a s  v e r y  dif ficu l t t o  s u bs e q u en t l y  r e di s s o l v e  t h e  

e n z yme o n  a l a r g e  scal e .  I t  f ai l e d  t o  dis s o l v e  in l . OM ammo nium 

s u l p h a t e  a n d  in m i l d  d e n a t u rin g s o l u tion s s uch a s  0 . 0 1 - 1 . 0% 

B rij 3 5  and T ri t on X- 1 0 0  d e t e r g e n t s . 

Remo va l o f  m a g n e s ium io n s  f r om t h e  p r e p a r a t i o n  by dia l y s i s  

a g ain s t 0 . 2 M EDTA s o l u t ion o r  O . Z M EDTA in 1 . 01'-! a mm o n ium s ulp h a t e  

s o l u tion a l s o  f ai l e d  t o  s o l ubi l i s e t h e  en z yme . T h e  p r e cipit a t e  

cou l d  on l y  be r e di s s o l ve d  by co n s t a n t  s t ir ring in h a r s h l y  d e n a t u rin g 

s o l u tion s  s uch a s  1 . 0% S D S  o r  S . OM u re a . Howe ve r p o l y acry l amid e  

ge l e l ect r op h o r e sis  o f  P F K  dis s o l ve d  i n  t h e s e  s o l u t io n s  in dica t e d  

t h at s om e  f r a g me n t a tio n o f  t h e  p r o t ein h a d  occu r r e d  d u r in g  

dis s o l u tion . T h e r e f o r e  i t  w a s  un d e sir abl e t o  u s e  t h e s e  m e t h o d s . 

T h e  in s o l ubl e n a t u r e  o f  P F K  in t h e  p re s e nce o f  m a g n e sium i o n s 

can n o t be e xp l ain e d . 

B ecau s e  o f  t h e s e  s o l ubi l i t y  p r o bl e m s  i t  be came n e ce s s a r y  t o  

r e p l ace t h e  m a g n e s ium i o n  p r e cipi t a tion s t ep wi t h  a f r actio n a ti o n  

me tho d w hich yie l de d  s o l u bl e  e n z ym e . T h a t  a f u r t h e r  p ur i fica tion 

s t ep wa s n ece s s a ry a f t e r  t h e  p H  6 . 1  p r e cip i t a t i o n  s t e p  was  s h own 

by SDS p o l y a cr y l ami d e  g e l  e l ect r op h o r e s is o f  t h e  pH 6 . 1  p r e cipi t a t e . 

This indica t e d  i t  t o  be t o o  imp u r e  t o  be u s e d  f o r  s t ruc t u r a l  wo r k . 

F ractio n a tion by DEAE- ce l l u l o s e  ch r oma t o g r aphy a n d a g a ro s e  

ch roma t o g r ap h y  w a s  inv e s t i g a t e d . 

T h e  p ro t e in e l u tion p r o fi l e o bt ain e d  wh e n  t h e  r e di s s o l ve d  

p H  6 . 1 p re cip i t a t e  w a s  s ubj ect e d  t o  DEA E - ce l l u l o s e  ch r om a t o g rap hy 

(me t h o d  B) i s  s hown in F ig u r e  1 1 .  P ro t ein e s t im a t i o n  and S D S  

p o l yacr y l ami d e  g e l  e l ect r o p h o r e sis  o f  t h e  en z ym e  p r e p a r e d  by t hi s  
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m e t h o d in dica t e d  t h a t  a l ow yie l d  ( a b o u t  3 0m g  p r o t ei� o f  imp u r e  

P F K  wa s o b t ain e d .  C o n s e q u e n t l y t hi s  me t ho d  w a s  no t p u r s u e d  

f u r th e r . 

P r e p a r a tion me t h o d  C t a k e s  a d v an t a g e  o f  t he a s s o cia tion ­

di s s ociation p r o p e r tie s o f  P F K . I n  hig h s a l t  b u f f e r  ( which 

con t ain e d  l . OM ammo nium s u l p h a t e )  P F K  exis t s  p r e domin an t ly a s  a 

1 3 S p a r ticl e  co r r e s p o n din g t o  a t e t r am e r  o f  mo l ecu l a r  weig h t  

3 2 0 , 0 0 0 . Thus und e r  t h e s e  co n ditio n s  t h e  P F K  wa s inc l ud e d  b y  t h e  

g e l  which h a s  mo l ecu l a r weig h t  excl usion l imi t s o f  S e p h a ro s e  6 B  

10
4

--4x l 0
6

. I n  t h e  l ow s a l t  b u f f e r  P F K  e xi s t s  main l y  a s  a mix t u r e  

o f  1 8 S  a n d  3 0 S  p a r ticl e s  wit h  s ome 1 3 S  ma t e ria l a l s o  p r e s en t . 

C o n s e que n t l y  unde r t h e s e  co n d i tio n s  i t  is l a r g e l y excl u d e d  f r o m  

t h e  a g a r o s e  g e l . Since a l l  o t h e r  hig h mo l e cu l a r  weig h t  m a t e ria l 

h a s  b e en r e m o v e d  in t h e  fir s t  co l umn s t e p , P F K  is e l u t e d  f r om t h e  

s econd co l umn a t  t h e  void vo l ume i n  a p u r e  s t a t e  ( 5 8 ) . 

T h e  p r o t ein e l u tion p r o fil e s  o b t ain e d  when t h e  r e di s s o l v e d  

p H  6 . 1  p r ecipi t a t e  wa s s u b j ect e d  t o  a g a r o s e  chroma t o g r ap hy i n  high 

a n d  l o w  s a l t  b u f f e r s  a r e  s hown in F i gu r e s 1 2 a  and 1 2 b . I t  wa s 

found t h a t  if t he e qui l ib r a tion p e riod in t h e  p re c e din g 3 8 % 

ammonium s u l p h a t e f r acti o n a tio n s t e p  wa s incre a s e d , t he n  t h e  s i z e  

o f  t h e  fir s t  p e a k  t o  b e  e l u t e d  f rom t h e  high s a l t  co l umn wa s 

decr e a s e d .  

P F K  p r e p a r e d  by me t h o d  C mig r a t e d  in 1 5 %  SDS p o l yacryl amide 

g e l s  wit h  a m o b i l i t y  o f  0 . 0 9 r e l a tive to t h e  moveme n t  o f  t h e  

b r omop h e n o l b l u e  ma rk e r  b an d . T h e  g e l s  w e r e  main l y  sin g l e b an d e d  

wit h  a mino r amo un t o f  s ma l l  mo l ecu l a r  we igh t  p r o t e in b eco min g 

app a r e n t  wi t h  h e avy l o a din g o f  t he g e l s  ( s e e  Fig u r e  1 3 ) . H o we v e r 

t h e  P F K  wa s con s i de r e d  t o  b e  p u r e  e n o u g h  t o  p e r fo rm s e q u e ncin g 

wo r k  o n . P o l yacryl amide g e l s  o f  p e ak s  e l u t e d  a f t e r  t h e  hig h P F K  

activit y  p e a k  i n  b o t h  co l umn s s h owe d t h ey cont ain e d  P F K  a n d  

significan t amoun t s  o f  s ma l l  mo l ecu l a r  we i g h t  p r o t ein s . 

T h e  P F K  p r e p ar e d  by m e t h o d  C wa s p u r e , o b t ain e d  in r e a s on ab l e  

yie l ds and wa s r e a d i l y  s o l ub l e  in mi l d  co n dition s .  T he r e f o r e  it 

wa s s ui t ab l e  f o r  s e q u e ncin g wo r k . One dis advan t a g e  o f  t hi s  m e t h o d  

howe v e r  wa s t h e  l e n g t h  o f  time r e q ui r e d  t o  p e r fo rm t h e  p r e p a ra t io n . 

I t  u s u a l ly t o o k  f r om five t o  s e v e n  d ays d e p e n din g o n  how f a s t  t h e  

two a g a ro s e  co l umn s we r e  e l u t e d . I n  comp a rison m e t h o d  A r e q uire d  
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Figure 1 3  SO S polyacrylamide gel  e lectrophoresis 
of PFK prepared by method C 
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o n l y  two a n d  a h a l f  day s . 

3 . 2 Ma l e y l a t i o n o f  ph o s p h o f r uc t o k i n a s e  

The r e  we re  t w o  p r e r eq u i s i t e s  f o r  de t e rm i n i n g  t h e  c a rb o x y l  

t e rm i n a l  s e q u e n c e  o f  t h e  p u r i f i e d  e n z yme . T h e  f i r s t  K a s  t h a t  t h e  

PFK b e  d i s s o c i a t e d  an d J e n a t u r e d  s o  t h a t  t h e  c a r b o xy l t e rm i n a l  w a s  

ac c e s s i b l e  f o r  r e a c t i o n , t he s e c on d  w a s  t h a t  t h e  d e n a t u r e d  p r o t e i n  

b e  s o l ub l e .  A t t e mp t s  t o  d e n a t u r e  t he p r o t e i n  by t h e  a d d i t i on o f  

s o l i d u r e a  t o  t h e  s o l u t i on ( f r a c t i o n  7 C ) , r e s u l t e d  i n  t h e  p ro t e i n  

b e c om i n g  i n s o l ub l e an d p r e c i p i t a t i n g . Th i s  a n oma l o u s  r e a c t i on o f  

PFK t o w a r d  u r e a , wh i c h u s ua l l y  fa c i l i t a t e s  t h e  d i s s o l u t i o n  o f  

p r o t e i n s , c an n o t  be e xp l a i n e d . C a r b o xyme t h y l a t i o n  w a s  n o t  u s e d  t o  

de n a t u r e  t h e  p r o t e i n  b e c au s e  i t  h a d  b e e n  f ou n d  p r e v i o u s l y  t h a t  

c a r b oxyme t hy l a t e d  PFK b e c ome s i n s o l ub l e i n  l ow s a l t  c o n c e n t r a t i on s . 

I t  w a s  d e c i de d  t o  a t t emp t t o  d e n a t u r e  t h e  PFK by m a l e y l a t i o n . 

R e a c t i on c o n d i t i on s  w e r e  r e q u i r e d  un de r wh i c h t h e  PFK � o u l d  r em a i n  

s o l ub l e  a n d  wh i c h w o u l d  a l l o w  t h e  ma l e y l a t i on r e a c t i o n  t o  o c c u r . 

� la l e y l a t i o n  i s  u s u a l l y p e r fo rme d i n  t h e  p r e s e n c e  o f  a d e n a t u r i n g  

a g e n t  s u c h  a s  u re a  o r  g u an i d i n e  H C l t o  en s u r e  t h a t  t h e  p ro t e i n  i s  

f u l l y d e n a t u r e d  an d a c c e s s i b l e  f o r  r e a c t i on .  T h e s e  r e a g e n t s  h a d  

t o  b e  a v o i de d  o n  t h i s  o c c a s i on s i n c e  u r e a  h a d  b e e n  f o u n d  t o  

p r e c i p i t a t e  t h e  e n z yme . 

PFK p re p a r e d  b y  me t h o d  C wa s o b t a i n e d  d i s s o l ve d  i n  t r i s - p h o s ­

p ha t e  b u f fe r  w h i ch a l s o  c o n t a i n e d 2 - me r c a p t o e t h a n o l , f r uc t o s e - 1 ,  

6 - b i s p ho s p h a t e , E DT A  a n d  ammon i um s u l p h a te . The  ma l e y l a t i on 

r e a c t i o n  w a s  p e r f o rme d i n  s i m i l a r  c on d i t i on s  e x c e p t  t h a t  t h e  t r i s  

b u f fe r  a n d  ammon i um s u l p h a t e  w e r e  r e p l ac e d  w i t h b o r a t e  b u f f e r  a n d  

p o t a s s i um s u l p h a t e  r e s p e c t i ve l y . T h i s  w a s  d o n e  b y  d i a l y s i n g  t h e  

PFK s o l u t i o n  a g a i n s t  b o r a te  b u f f e r  c on t a i n i n g  2 - me r c a p t o e t ha n o l ,  

E D TA , f r u c t o s e - 1 , 6 - b i s p h o s p h a t e  a n d  p o t a s s i um s u l p h a t e . Th i s  w a s  

n e c e s s a ry b e c au s e  b o th t r i s  a n d  ammo n i um s u l p h a t e  wo u l d  i n t e r fe r e 

i n  t h e  m a l e y l a t i o n r e a c t i o n . To e n s u r e  t h a t  c omp l e t e  ma l e y l a t i o n  

o f  PFK o c c u r r e d  i n  t h e  a b s e n c e o f  a d e n a t u r i n g a g e n t  a l ar g e r 

e xc e s s  o f  m a l e i c  an h y d r i de w a s  a dd e d  ( 2 0 0 - f o l d )  t h a n  i s  u s ua l 

( 5 0 - fo l d ) � 

Wh e n  n a t i ve PFK wa s s u b j e c t e d  t o  p o l ya c ry l a m i de g e l  

e l e c t r o p h o r e s i s  i t  f o rme d a b a n d  o n  t h e  s u r f a c e  o f  t h e  runn i n g  g e l  
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( s e e  F i g u r e  1 4 a ) . I n  c o n t r a s t  ma l e yl a t e d  P F K  m i g r a t e d  i n t o  t h e 

runn i n g  g e l a s  a d i f fu s e  b and w i th a mo b i l i t y o f  0 . 2 2 t o  0 . 3 3 
re l a t i v e  t o  the  ma r k e r d y e  ( s e e  F i g u re 1 4 b ) . N a t i v e s h e e p  h e a r t  

P F K  i s  a l a r g e  t e t rame r i c  e n z yme wh i c h i n  h i g h c o n c en t r a t i o n s  

f o rm s  a g g r e g a t e s  ( 6 7 ) . C o n s e q uen t l y  i t  i s  t o o  l a r g e  t o  m i g r a t e  

i n t o  p o l y a c r y l am i d e  g e l s  c on t a i n i n g  mo r e  t h a n  2 . 5 % a c r y l am i d e . 

I n  c o n t r a s t ma l e y l a t e d  P F K  c an m i g r a t e  i n t o  g e l s  c o n t a i n i n g  up t o  

1 2 . 5 % a c ry l am i d e  ( 6 8 ) . T he m o v e me n t  o f  t h e  m a l e y l a t e d  P F K  i n t o 

t h e  g e l s  i n  t h i s  e xp e r i me n t  i n d i c a t e s  t h a t  m a l ey l a t i o n h a d  

o c cu r r e d  s u c c e s s fu l l y  d e s p i t e t h e  a b s e n c e  o f  a d e n a t u r i n g a g en t . 

H o w e v e r  t h e  b ro adn e s s  o f  t h e  b an d  i n d i c a t e s  t h a t  ma l e y l a t i on h a d  

o c c u r r e d  t o  d i f fe r i n g e x t e n t s . 

Whe n  t h e  m a l e y l a t e d  P F K  w a s  d i a l y s e d  a g a i n s t  d i s t i l l e d  w a t e r  

o r  p y r i d i n e - a c e t i c a c i d  b u f fe r  i t  rema i n e d  i n  s o l u t i o n i n  c on t r a s t  

t o  t he n a t i v e  o r  c a r b o x yme t hy l a t e d  e n z yme w h i c h b e co me i n s o l ub l e  

i n  l ow s a l t  c o n c e n t r a t i o n s . M a l e y l a t e d  P F K  i s  p ro b a b l y  s o l ub l e  

wh i l e t h e  u r e a  den a t u r e d p r o t e i n i s  i n s o l ub l e b e c au s e  o f  t h e  l a r g e  

e x c e s s  o f  n e g a t i ve c h a r g e s  th a t  ma l e y l a t e d  p ro t e i n s  h a v e . Th i s  

r e s u l t s  i n  e l e c t r o s t a t i c  r e pu l s i o n  o f  t h e  p r o t e i n  c h a i n s  w h i c h h a s  

a d i s s o c i a t i n g  an d s o l ub i l i s i n g  e f f e c t . C a rb o xyme t hy l a t i o n  a l s o  

i n t r o d uc e s  n e g a t i ve c h a r g e s o n t o  t he p o l y p e p t i d e  c h a i n , b u t  

c a rb o xyme t hy l a t e d  P F K  wa s i n s o l ub l e  a t  l ow s a l t c on c e n t r a t i o n s . 

Th i s  i s  p rob a b l y  b e c au s e o f  t h e  f e we r n umb e r  o f  c a rb o x yme t hy l a t i on 

s i t e s  t h an ma l ey l a t i o n s i t e s  i n  P F K .  U n d e r no rma l r e a c t i o n 

c on d i t i on s  on l y  c y s t e i n e  r e s i due s a r e  c a r b o xyme t hy l a t e d , w h i l e 

b o t h  l y s i n e  a n d  c y s t e i n e  re s i du e s  a r e  a l ky l a t e d  b y  ma l e i c  a n h yd r i de . 

T h e  l a t t e r  f o rms s t a b l e  S - ( 2 - s u c c i n i c  a c i d )  c y s t e i n e  ( 6 4 ) . T h e r e  

a re 1 3 . 6  mo l e s  o f  c y s t e i n e  a n d  4 3 . 5  mo l e s  o f  l y s i n e  p e r  mo l e  o f  

P F K  ( 2 3 ) . 

3 . 3  C a rb o x y l  t e rm i n a l t r i t i a t i o n 

3 . 3 . 1 T r i t i a t i on o f  r i b o n u c l e a s e  

B o v i n e  p anc re a s  r i b o n uc l e a s e  w a s  r e d u c e d  a n d  c a r b o xyme t hy l a t e d  

p r i o r  t o  t r i t i um l ab e l l i n g  t o  make  t h e  c a r b o x y l  t e rm i n a l  a c c e s s i b l e  

fo r re a c t i on . A f t e r  t r i t i a t i o n , l ab e l l e d  a m i n o  ac i d s  � e r e  c h a r a c t -
' 

e r i s e d  b y  h i g h vo l t a g e  p a p e r  e l e c t ro p h o r e s i s  a t  p H  2 . 1 . T h e  

e l e c t r o p h o re s e d  r i b o nu c l e a s e  h y d r o l y s a t e  wa s n o t  s t a i n e d  w i t h 
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n i n hyd r i n  t o  a v o i d  q u e n c h i n g  o f  t lt e  t r i t i um l ab e l , a n d  b e c au s e  

t r i t i a t e d  am i n o a c i d s  a r e  p a r t i a l l y d e c omp o s e d  b y  t h e  n i n hy d r i n  

r e a c t i o n ( 2 8 ) . T r i t i a t e d  am i n o  a c i d s i n  t h e  hy d r o l y s a t e  we r e  

i de n t i f i e d  b y  c ompa r i s o n w i t h t h e  n i n h y d r i n  s t a i n e d  m a r k e r  a m i n o  

ac i d  s t r i p s . 

T he r e s u l t s  o f  th i s  e xp e r i me n t  a r e  r e p r e s e n t e d  i n  F i g u r e  

1 5 . Th e r e  w a s  a p e ak o f  r ad i o ac t i v i t y a s s o c i a t e d  w i t h t h e  v a l i n e  

s p o t . Th i s  i n d i c a t e s  t h a t  t h e  t r i t i a t i o n r e a c t i o n  h a d  o c c u r r e d  

s uc c e s s fu l l y  s i n c e  va l i n e  i s  t h e  c a r b o x y l t e rm i n a l  r e s i due o f  

r i b on u c l e a s e  ( 6 9 ) . T h e  s e r i n e , i s o l e u c i n e  and l e u c i n e  m a rk e r  s p o t s  

s l i g h t l y  o v e r l ap p e d  t h e  p e a k o f  r ad i o a c t i v i t y , p ro b ab l y  b e c au s e  o f  

t h e i r  p o o r  s e p a r a t i o n  f ro m  v a l i n e . T h e r e  w a s  a b r o a d  r a d i o a c t i v e  

p e a k  a s s o c i a t e d  w i t h t h e  g l yc i n e  a n d  a l an i n e  s p o t s . T h i s  m a y  h av e  

b e e n  due t o  r e s i du a l  t r i t i a t e d  py r i d i n e  d e r i \· a t i \· e s . 

3 . 3 . 2  T r i t i a t i on o f  p ho sp lt o f r u c t o k i n a s e  

A f t e r  t r i t i a t i o n  o f  ma l e y l a t e d  P F K  l a b e l l e d  a m i n o  a c i d s i n  

t h e  P F K  h y d r o l y s a t e  w e re  c h a r a c t e r i s e d  b y  i on e x c h an g e  c h r o ma t o ­

g r aphy o n  t he i on e x c hang e r e s i n o f  a L o c a r t e  s i n g l e  c o l umn a m i n o  

a c i d  an a l y s e r , r a t h e r  t h an b y  p ap e r  e l e c t ro p h o r e s i s . Th i s  w a s  d o n e  

t o  i n c r e a s e  t h e  r e s o l u t i on o f  am i n o  a c i d s  a n d  t he s e n s i t i v i ty o f  

t r i t i um l ab e l d e t e c t i on . F r a c t i o n s  we r e  c o l l e c t e d  a t  t h e  b o t t o m  

o f  the  c o l umn b e f o r e  b e i n g  r e a c t e d  w i t h n i n h yd r i n  i n  t h e  an a l y s e r  

t o  avo i d  q u e n c h i n g  o f  any t r i t i a t e d  am i n o  a c i ds . 

T h e  e l u t i on o f  r a d i o ac t i v i t y w a s  c o r r e l a t e d  w i t h am i n o  a c i d  

e l u t i on b y  an a l y s i n g  0 . 2 m l  s amp l e s o f  f r ac t i on s  w i t h 5 . 0f l o f  

B e c kman s t an d a r d  am i n o  a c i d  m i x t u r e  ( c o n t a i n i n g  5 n mo l e  o f  e a c h  

ami n o  a c i d ) , o n  t he L o c a r t e  a n a l y s e r . Am i n o  a c i d s  c o u l d  b e  r e a d i l y  

i d e n t i f i e d  b e c au s e  t he y  s up e r i mp o s e d  on t h e  ap p r o p r i a t e  5 n mo l e  

c a l i b r a t i o n  p e ak . I t  wa s found f o r  e x amp l e  t h a t  g l u t a m i c  a c i d  

e l u t e d  i n  5 1 . 0 m l  and i s o l e u c i n e  a t  9 4 . 0m l . I n  t h i s � a y  t h e  p o s i t i on 

o f  am i n o  a c i d s i n  t h e  c h r oma t o g ram c o u l d  b e  c o r re l a t e d  w i t h t h e i r  

e l u t i on v o l ume , and h e n c e  w i t h t h e  ra d i o a c t i v i t y e l u t i o n  p r o f i l e . 

T h e  r e s u l t s  o f  t h i s  e xp e r i me n t  a re r e p r e s e n t e d  i n  F i g u r e  1 6 . 
One l a r g e  and o n e  s ma l l  p e ak o f  r a d i o a c t i v i t y we r e  d e t e c t e d  a t  

t h e  b e g i nn i n g  o f  t h e  c h r o m a t o g r a m . Howe v e r the s e  we r e  e l u t e d  

b e f o r e  t h e  f i r s t  am i n o  ac i d  ( a s p a r t i c  a c i � )  w a s  e l u t e d  f r o m  t h e  
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c o l umn .  T h e s e  p e a k s  m a y  h a v e  b e e n  due t o r e s i d u a l t r i t i a t e d 
w a t e r i n  t h e  h y d r o l y s a t e . T w o  s ma l l e r p e a k s  o f  r a d i o a c t i v i t y  

o c c u r r e d  a t  L 0 9 . 0 m l  a n d  1 1 3 . 0 m l . I l o w e v e r t h e s e  p e a k s  e l u t e d a f t e r  

p h e n y l a l an i n e  a n d  t y r o s i n e  i n  a p a r t  o f  t he c h ro m a t o g r a m  w h e r e  

n o  am i n o a c i d s a r e p r e s e n t .  An a l y s i s  o f  t h e s e  r a d i o a c t i v e f r a c t i o n s  

c o n f i rmed t h e a b s e n c e o f  am i n o a c i d s i n  t h e m . On e e x p l a n a t i o n 

fo r t h e s e  p e a k s  i s  t h a t  t h e y  1.; e r e r e s i d u a l  t r i t i a t e d  p y r i d i n e 

d e r i v a t i ve s  . .  o a m i n o a c i d s  i n  t h e  P F K  h y d r o l y s a t e w e r e  l a b e l l e d  

w i t h t r i t i um . 

T h e  t r i t i a t i o n  o f  ma l e y l a t e d P FK wa s p e r f o r m e d  t w i c e , a n d  o n  

b o t h  o c c a s i o n s  n o  a m i n o  a c i d s w e re l ab e l l e d . I I o \v e v e r r i b o n  u c 1 e a s e 

w a s  s u c c c s s f u l l )' t r i t i a t e d  u n d e r s i m i l a r  r e a c t i o n c o n d i t i o n s . 

Th e r e fo r e t h e  f a i l u r e  o f  P F K  t o b e  l a b e l l e d c a n n o t  h a v e b e e n  d u e  

t o  f a u l t y  e x p e r i me n t a l t e c h n i q u e , b u t r a t h e r  t o  s o m e  i n t r i n s i c  

p r o p e r t y  o f  P F K . I n  t h e c on d i t j o n s  u s e d i n  t h i s  e x p e r i m e n t , a l l 

c a r b o x y l t e r m i n a l  a m i n o  a c i d s \\· e r e  c a p a b l e  o f  b e i n g t r i t i a t e d  

e x  c e p t t h e i I l l  i n  o a c i d  p r o  1 i n  e ( 2 8 ) . T h i s  i s  b e c a u s e  i t i s  

i n c ap a b l e  o r  f o rm i n g  t h e c a r b o x y l t e r m i n a l  o x a : o l i n o n e s t ru c t u r e 

w h i c h i s  n e c e s s a r y f o r  t r i t i a t i o n t o  o c c u r  ( s e e  I n t r o d uc t i o n ) . 

T h e r e f o r e  t h e p o s s i b i l i t y e x i s t s  t h a t  t h e  c a r b o x y l t e r m i n a l  r e s i du e  

o f  P F K  i s  p r o l i n e . T h e  s i g n i f i c a n c e  o f  t h e f a i l u r e  o f  P F K  t o  b e  

t r i t i a t e d  w i l l  b e  d i s c u s s e d  l a t e r .  

3 . 4  D i g e s t i o n b y  c a r b o x y p e p t i d a s e  Y 

3 . 4 . 1  D i g e s t i o n o f  r i b o n u c l e a s e  

B o v i n e  p an c r e a s  r i b o n u c l e a s e  w a s  r e du c e d  a n d  c a r b o xy m e t hy l a t e d  

p r i o r  t o  d i g e s t i o n  t o  m a k e  t h e  c a r b o x y l t e rm i n a l a c c e s s i b l e  f o r 

r e a c t i o n . N a t i v e p r o t e i n s a r e  g e n e r a l l y  r e s i s t a n t  t o  c a r b o x )· p e p ­

t i da s e  d i g e s t i o n ( 28 ) . A l t h o ug h  r i b o n u c l e a s e  i s  r e a d i l y  s o l ub l e  

t he d i g e s t i o n  � a s  p e r f o rm e d  i n  t h e  p r e s e n c e  o f  t h e  d e n a t u r i n g a g e n t 

u re a . T h i s  wa s b e c a u s e  i t  w a s  a n t i c i p a t e d  t h a t t h e  s u b s e q u e n t 

d i g e s t i o n  o f  P F K  w o u l d h a v e  t o  b e  p e r f o r m e d  i n  u r e a b e c a u s e  o f  

t h e  i n s o l ub l e  n a t u r e o f  t h a t  e n z ym e . T h e c a r b o x y p e p t i d a s e Y e n z ym e  

re t a i n s  8 0 %  o f  i t s a c t i v i t y a f t e r  b e i n g  i n c u b a t e d  i n  6 �1 u r e a  a t  

25° ( f o r o n e  h o ur ( 7 0 ) . 

T h e  n o n - p r o t e i n  a m i n o  a c i d  n o r l e u c i n e  w a s  a d d e d  t o  t h e 

r i b o n u c l e a s e  s o l u t i o n  o n  a m o l e  p e r  mo l e  b a s i s  a s  a n  i n t e rn a l  



1 4 .  

s t a n d a r d . A f t e r d i g e s t i o n l o s s e s  o f  a m 1 n o a c i d s a n d  i n a c c u r a c i e s  

i n t r o du c e d  du r i n g  s amp l i n g c a n b e  a c c o un t e d  fo r b y  c o mp a r i n g  t h e  

amo u n t o f  n o r l e uc i n e i n  e a c h  a l i q u o t . E v a l u a t i o n i s  b a s e d  o n  t h e 

r a t i o  o f  t h e  a m o un t o f  a m i n o a c i d  r e l e a s e d a n d  t h e  am o u n t o f  
n o r l e u c i n e  p r e s e n t  i n  t h e  a l i q u o t s , a s  s h o w n  i n  t h e  e q u a t i o n b e l o w 
( 7 1 )  . 

[A . A . r e l e a s e dj h . t e o r . l"n o r l e u c i n e] h x · t e o r . Jn o r l e u c i n e_J_ f d - o u n 
[� . A . r e 1 e a s e dl f d · � o u n 

A n o n - p r o t e i n  a m i n o a c i d  mu s t  be  I l s e d  a s  t h e i n t e rn a l s t a n d a r d  s o 

t h a t  a f t e r  d i g e s t i o n t h e o n l Y  i n t e r n a l  s t <m d a r d p r e s e n t  i s  t h a t  

h· h i c h  w a s a d d e d o r i g i n a l ! )· .  :'-J o r l e u c i n e w a s c h o s e n b e c a u s e i t  i s  

c h r o m a t o g r ap h i c a l l y \\· e l l  s e p a r a t e d f r om o t h e r  am i n o  a c i d s d u r i n g  

a n a l y s i s  ( e l u t i n g  b e t \\ e e n  i s o l e u c i n e  a n d  t y r o s i n e ) . I n  a dd i t i o n 
i t  i s  c omme r c i a l l y a v a i l a b l e  a n d  v e r y  s t a b l e  ( 7 1 ) . 

A f t e r  d i g e s t i o n t h e a l i q u o t s  w e r e  s u h j e c t e d t o  i o n e x c h a n g e  
c h r o m a t o g r a p h )· t o  r e mo ve u r e a  h· h i c h o t h e nd s e h o u l d  h a \· e  i n t e r fe r r e d  

i n  am i n o  a c i d  a n a l y s i s . T h e  r e c o v e r y  o f  s o me am 1 n o  a c i d s f r o m  i o n  

e x c h a n g e  c h r o ma t o g ra p h y \\· a s  n o t  c o mp l e t e � t h c s c  am i n o a c i d s  
p r o b a b l y  b e i n g e l u t e d 1d t h  t h e u r e a . T h e s e  l o h· re c o v e r i e s \v e r e 

a c c o un t e d  f o r h )· d e s a l t i n g a s a mp l e  c o n t a i n i n g  S Of l  B e c k ma n s t a n d a r d 
a m i n o  a c i d  m i x t u r e  ( c o n t a i n i n g 5 0  n mo l e  o f  e a c h  am i n o a c i d ) . F r o m  
t h e r e co ve r i e s  o f  t h e s e  am i n o  a c i d s  c o r r e c t i o n  f a c t o r s  c o u l d  b e  

c a l c u l a t e d  fo r e a c h am i n o  a c i d  ( s e e  T a b l e  1 I) . 

Am i n o a c i d s  i n  t he d i g e s t i o n  a l i q uo t s  �-.·e re q u a n t i t a t e d  b y' 
a m i n o  a c i d  a n a l )· s i s , a n d  c o r r e c t e d  b y t h e  n o r l e u c i n e a n d  i o n 
e x ch a n g e  c h r o ma t o g r a p h y  c o r r e c t i o n  f a c t o r s . An y a m i n o  a c i d  y i e l d s 
1 n t h e  z e r o t i m e  s a  m p 1 e s lv e r e  1: 1 1  e 1 1  s 1 1  h t r a c t e d f r o  m t h e s e v a 1 u e s . 

� o  am i no a c i d s  he r e  r e l e a s e d  i n  t h e p a r a l l e l  c a r b o x y p e p t i d a s e  Y 

c o n t ro l d i g e s t i o n  i n d i c a t i n g  t h a t  a u t o d i g e s t i on o f  c a r b o x y p e p t i d a s e  
Y h a d  n o t  o c c u r r e d .  

T h e  r e s u l t s  o f  t h i s  e x p e r i me n t  a r c s h o h· : l  1 11 F i g u r e  1 7 .  T h e  
c a r b o x y l  t e r m i n a l  s e q u e n c e  o f  r i b o n u c l e a s e  : s  - i > r o - V a l - H i s - P h e - A s p ­
_c\ l a - S e r - V a l - C O O H  ( 6 9 ) . F r o m  m y  d a t a  t h e c o r r e c t  s e q u e n c e  o f  t h e 

f i r s t  s i x r e s i du e s c a n  b e  d e d u c e d . T h e  i n c r e a s e d  r a t e  a t  w h i c h 
v a l i n e  i s  r e l e a s e d  t o w a r d s  t he e n d  o f  t h e d i g e s t i o n  p r o b a b l y  



Tab l e  I I .  R e c o v e r i e s  o f  am i no a c i d s  f r om 1 o n  e x c h a n g e  
c h r om a t o g r a p hy . 

Am i n o  ac i d  Amo u n t  Ca l c u l a t e d 
r e c o v e r e d ( nmo l e )  c o r r e c t i o n f a c t o r  

As p a r t i c  ac i d  3 3 . 2  1 . 4 7 
Th r e o n i n e  2 9 .  3 1 .  6 6  
Se r i ne 3 4 . 4  1 .  4 2  
G l u t am i c  a c i d  3 4 . 2  1 .  4 2  
P r o l i n e  3 9 . 2  1 .  2 4  
G l y c i ne 4 0 . 3  1 .  2 1  
A l a n i ne 4 1 . 3  1 . 1 8 
V a l i n e  4 5 . 5  1 .  0 7  
M e th i o n i ne 3 9 . 2  1 .  2 4  
I s o l e u c i ne 4 6 . 8  1 .  0 4  
L eu c i ne 4 6 . 1  1 . 0 6  
No r l e u c i ne 4 6 . 1  1 . 0 6  
Ty ro s i n e 4 8  . 0  1 . 0 2  
P h e ny l a l a n i n e  4 8 . 8  1 .  0 
H i s t i d i n e 4 8 . 0  1 .  0 2  
L y s i ne 4 8  . 1  1 .  0 1  
A r g i n i ne 4 6 . 5  1 . 0 5  

No t e  1 .  F i f t y  nanomo l e s o f  e a c h  am i no a c i d  w a s  a pp l i e d t o  
t he c o l umn . 

2 .  C o r r e c t i o n  f a c t o r s  w e re  c a l c u l a t e d  r e l a t i v e  t o  
p h e ny l a l an i ne w h i c h  w a s  r ec o v e r ed i n  th e g r e a t e s t 
amount . 

3 .  Am i no ac i d s  a r e  l i s t e d  i n  t he o rd e r  i n  w h i ch t h e y  
a r e e l u t e d  dur i ng am i no ac i d  a na l y s i s . 
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re p r e s e n t s  t h e  re l e a s e  o f  t h e  s e c on d  va l i n e  r e s i due  i n  the  s e q u e n c e . 

S i n c e  t h e  c o r r e c t s e q u e n c e  c an b e  de du c e d  f r o m my d a t a , t h e  

c a r b o xy p e p t i d a s e  Y p r e p a r a t i o n  mu s t  h a ve b e e n  f r e e  o f  c o n t am i n a t i n g 

e n d o p ep t i d a se a c t i v i ty . T h e r e fo r e i t  i s  s u i t ab l e f o r  u s e  i n  

s e q ue n c e  s tu d i e s . I t  i s  i mp o r t an t i n  s e q u e n c e  an a l y s i s  t h a t  t h e  

c a rb o x yp e p t i da s e  p r e p a ra t i on i s  f re e  o f  e n d o p e p t i d a s e  a c t i v i ty , 

o t h e rw i s e  e r r o n e o u s  re s u l t s  c a n  b e  o b t a i n e d . Th i s  i s  e s p e c i a l l y  

t r u e  i f  t h e  c a r b o x y l  t e rm i n a l  r e s i d ue o f  t h e  s ub s t r a t e  p r o t e i n  i s  

an am i n o  ac i d  wh i c h i s  s l ow l y  r e l e a s e d  by  t he c a r b o x yp e p t i d a s e  

e n zyme . C a r b o xyp e p t i d a s e  Y p r e p a r a t i on s  c an b e  c on t am i n a t e d  b y  an 

a m i n op e p t i d a s e  e n z yme ( 7 2 ) , and by y e a s t  p r o t e i n a s e  A ( 7 3 ) . Th e 

a m i n o p e p t i da s e  c a n  b e  i n a c t i v a t e d  b y  the  a dd i t i on  o f  E DTA , b u t  

t h e r e  i s  n o  s p e c i f i c  i n h i b i t o r  fo r t he p ro t e i n a s e  A e n z yme ( 7 4 ) . 

The r e fo r e t h e  p r e p a ra t i o n  mu s t  b e  f r e e  o f  t h i s  c on t am i n an t . 

3 . 4 . 2  D i g e s t i o n o f  pho s p h o f ru c t o k i n a s e  

I t  w a s  i n t e n d e d  t o  p e r f o rm t h e  d i g e s t i on o f  P F K  i n  u r e a , 

s i m i l a r l y  t o  t h e d i g e s t i o n  o f  r i b o n u c l e a s e . How e v e r d i s s o l u t i o n 

o f  P F K  p r e p a r e d  b y  me t h o d  A i n  u r e a  c a u s e d  s ome f r a gmen t a t i on o f  

the  p r o t e i n  c h a i n , and  ad d i t i on o f  u r e a  t o  P F K p re p a r e d  b y  me t h o d  

C caus e d  t h e  e n z yme t o  b e  p r e c i p i t a t e d . T h e  expe r i me n t  w a s  

p e r f o rme d w i t h  ma l e y l a t e d  P F K  i n  t h e  a b s e n c e  o f  u r e a . A t  a c i d i c  

p H  m a l e y l  b l o c k i n g  g r oup s a r e  h y d r o l y s e d  f rom t h e  p r o t e i n c h a i n  

by an i n t r amo l e cu l a r l y  c a t a l y s e d  r e a c t i on . Howe v e r a t  3 7
°

C an d 

p H  6 . 0  ( t he  p H  a t  wh i c h t he c a rb o xyp e p t i d a s e  Y d i g e s t i on w a s  

p e r fo rme d ) , t h e  h a l f  l i fe f o r  h y d r o l y s i s  o f  ma l e y l  g r oup s i s  

ap p r o x i ma t e l y  1 0 3 h o u r s  � 4 ) . T h e r e f o r e  t h e  ma l e y l a t e d  P F K  w a s  

s u f f i c i en t l y  s t a b l e  t o  p e r fo rm t he d i g e s t i on a t  t h i s  p H . A f t e r  

t h e  d i ge s t i o n  am i n o a c i d s w e r e  q u a n t i t a t e d  b y  am i n o  a c i d  an a l y s i s  

and c o r r e c t e d  b y  t h e  n o r l e u c i n e  c o r re c t i on f a c t o r  a n d  z e r o  t i m e  

y i e l d .  N o  am i n o  a c i d s  we r e  r e l e a s e d  i n  t he p a r a l l e l  c a r b o �·p ep t i da s e  

Y con t ro l  d i g e s t i on .  

The  r e s u l t s  o f  t h i s  e xp e r i men t a r e  s h own i n  F i g u r e  1 8 . 

Leuc i n e  a n d  i s o l euc i n e  w e r e  r e l e a s e d  m o s t r ap i d l y  f ro m  P F K  b y  

c a rb o xyp e p t i d a s e  Y ,  f o l l ow e d  b y  p h e n y l a l an i n e . T h e  r a t e s  a t  wh i c h 

am i n o  a c i ds a r e l i b e ra t e d  f rom a p r o t e i n  b y  a c a r b o x yp e p t i d a s e  

e n zyme a r e  u s e d  t o  d e duc e t h e i r  s e q ue n c e  a t  the  c a rb o x y l t e rm i n a l . 
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The c l o s e r  an am i n o ac i d  i s  to  t h e  c a r b o x y l  t e rm i n a l  t h e  fas t e r 

i t  i s  l i b e r a t e d . Am i n o  a c i d s a re r e l e a s e d  u n t i l  t h e  p e nu l t i ma t e  

o r  e xp o s e d  re s i due  i s  o n e  wh i c h  i s  l i b e r a t e d  at s o  s l ow a r a t e  

t h a t  h y d ro l y s i s  i s  e f fe c t i ve l y  e n de d .  

I s o l e u c i n e  a n d  l e u c i n e  we r e  re l e a s e d  f a s t e r  t h an p h e n y l a l an i n e  

a n d  t h e r f o r e  mus t o c cur  c l o s e r  t o t h c c a r b o x y l  t e rm i n a l  than  

p h e ny l a l an i n e . But  b e c aus e l e u c i ne and  i s o l e uc i n e  we r e  r e l e a s e d  

a t  t h e  s ame r a t e , t he i r  re l a t i v e  o r d e r i n  t h e  s e q u e n c e  c a n n o t  ·b e  

de t e rm i n e d . The  c a r b o x y l t e rm i n a l  s e que n c e  i mp l i e d  b y  t h e s e  

r e s u l t s  i s  - P h e - ( L e u - I l e ) - C OOH . A l t h o u g h  c a r b o x yp e p t i d a s e  Y d o e s 

have a b r o ad s p e c i f i c i t y f o r  t h e  r e l e a s e  o f  c a r b o x y l  t e rm i n a l  

r e s i du e s , i t  do e s  e xh i b i t  p r e f e r e n c e s  fo r c e r ta i n  am i n o  a c i d s  

and  am i n o  a c i d  s e q u e n c e s .  I n  g e n e r � l  a r om a t i c  a n d  a l i p h a t i c  a m i n o  

a c i ds a r e  r e l e a s e d  f a s t e r t h a n  b as i c  a n d  a c i d i c  re s i due s ( 7 4 ) . 

Th i s  c an r e s u l t i n  t he l i b e r a t i o n · o f  two o r  m o r e  a m i n o  a c i d s a t  

the  s ame  r a t e , a s  h a s  o c cu r r e d  i n  t h i s  e xp e r i men t . 

T h e  r e s u l t s  o f  t h i s  e xp e r i m e n t  c on f i rm e d  

d i g e s t i o n  o f  ma l e y l a t e d  P F K  b y  c a r b oxyp e p t i d a s e  Y .  

a p r e l i m i n a ry 

I n  t h i s  

e xp e r i me n t  a s i n g l e  a l i q uo t  o f  P F K w a s  d i g e s t ed  f o r  3 0  m i n u t e s .  

An a l y s i s  i n d i c a t e d  the am i n o  a c i d s r � l e R s e d  i n  t h e  g r e a t e s t  

quan t i t i e s  we re l eu c i n e  a n d  i s o l e u c i n e . 

T h e  c a r b o xy l  t e rm i n a l  s e q u e n c e  o f  c a r b o xyp ep t i d a s e  Y h a s  

r e c en t l y  b e e n de t e rm i n e d  b y  t h e  d i g e s t i o n  o f  d i i s o f l uo ro o h o p h a t e  

i n a c t i va t e d  c a r b o xy p e p t i d a s e  Y b y  c a r b o x yp ep t i da s e  A ( 7 5 ) . T h e  

c a rbo x y l  t e rm i n a l  a m i n o  a c i d  o f  c a r b o xy p e p t i da s e  Y i s  a l e uc i n e  

r e s i du e , w h i c h  i s  t h e  s ame  am i n o  a c i d  r e l e a s e d  f r om P F K  i n  t h e  

g r e a t e s t  y i e l d .  The  p o s s i b i l i t y t h a t  t h e  a p p e a r a n c e  o f  l e uc i n e  

w a s  due  t o  aut o d i ge s t i o n  o f  c a r b o x y p ep t i da s e  Y ,  r a t h e r  t h an d i g e s t ­

i on o f  P F K  c an b e  e xc l u d e d  f o r  two r e a s on s . At  t h e  e n z yme / s ub s t r a t e  

r a t i o  u s e d ,  t h e  amoun t o f  c a r b o xyp e p t i d a s e  Y p r e s e n t  i n  e a c h  

d i g e s t i on a l i q uo t w a s  0 . 0 3 7  n mo l e . I f  t h e  e n zyme h a d  r e l e a s e d  i t s  

own c a rb o x y l  t e rm i n a l re s i d ue  t o  t h e  max i mum e x t e n t  o f  o n e  mo l e  p e r  

mo l e  o f  p r o te i n  t h e n  0 . 0 3 7  nmo l e  o f  l e uc i n e  wou l d  h ave  b e e n  r e l e a s e d . 

Th i s  amoun t i s  i n s i gn i f i c a n t c o mp a r e d  t o  t h e  a c t ua l  amoun t o f  

l e u c i n e  r e l e a s e d  dur i n g  t h e  d i g e s t i on . I n  a dd i t i o n  n o  am i n o  a c i d s 

w e r e  r e l e a s e d  i n  t h e  p a r a l l e l  c a r b o x y p e p t i d a s e  Y c o n t r o l  e xp e r i m e n t , 

i n d i c a t i n g  t h a t  a u t o d i ge s t i o n  h a d  n o t  o c c u r r e d . 



1 7 . 

3 . 5  C a r b o xy l t e rm i n a l  p e p t i de i s o l a t i o n  

I n  t he m e t h o d  o f  H a rg r a ve a n d  Wo l d  ( 5 1 )  g l yc i n e a m i de wa s 

u s e d  t o  b l o c k t h e  c a r b o x y l  g r o up s  o f  p r o t e i n s . S i n c e  t h i s  w a s  

un av a i l ab l e  L - a l an i n e am i de wa s u s e d  i n s t e a d . A f t e r t ryp t i c  

d i g e s t i on o f  t h e  mo d i f i ed P F K  a l l  o f  t h e  t r y l � i c  p e p t i de s  s ho u l d 

have h a d  a f r e e  L - c a r b o x y l  g r o up , e x c e p t  t he c a r b o xy l t e rm i n a l 

p e p t i de w h i c h  w a s  b l o c k e d  b y  a J a n i n e am i de . C on s e q u e n t l y  du r i n g  

an i on e x c h a n g e  c h r oma t o g raphy a l l  p e p t i d e s  s h ou l d  h a v e  b e e n  

re t a i n e d  b y  t h e r e s i n , e x c ep t t h e  c a r b o x y l  t e rm i n a l  p e p t i de wh i ch 

i s  e l u t e d . T h e  d i g e s t i on o f  t h e  p e p t i de s  b y  c a r b o xyp ep t i da s e  B 

p r i o r  t o  i on e x c h an g e  c h r oma t o g r ap h y  w a s  t o  r emo ve c a rb o x y l  

t e r mi n a l  �rg i n i n e  re s i du e s . ( T ryp s i n c l e av e s p r o t e i n s  o n  t he 

c a r b o x y l  s i d e  o f  l y s i n e  and a r g i n i n e  r e s i d ue s , h e n c e  t ry p t i c  

p ep t i de s  e n d  i n  c a rb o x y l t e rm i n a l  _ a r g i n i n e  o r  l y s i n e ) . D i g e s t i o n  

b y  c a r b o x yp e p t i d a s e  B w a s  n e c e s s a ry b e c a u s e p e p t i d e s  c o n t a i n in g  

p o s i t i v e l y  c h a r g e d a r g i n i n e  a r e  n o t  r e t a i n e d  dur i n g  i o n  e x c h a n g e  

c h roma t o g r ap hy . 

I o n e x c h a n g e  f r a c t i o n s  w e r e  de s a l t e d  b y  ge l c h r oma t o g r ap hy 

and  any p ep t i de s  d e t e c t e d  b y  m e a s u r e me n t  o f  conduc t i v i t y and  

ab s o rb an c e  at  2 1 5 n m . F r a c t i o n s  b e l i e ve d t o  con t a i n  p e p t i d e s  we r e  

t ho s e  t h a t  a b s o rb e d  a t  2 1 5 nm b u t  h a d  n o  c on du c t i v i t y . 

A f t e r  p r e p ar a t i ve p ap e r  e l e c t ro p ho r e s i s  o f  d e s a l t e d  i o n  

e x c h a n g e  f r a c t i o n s , a s p o t  w i t h  mo b i l i t y  e q u a l  t o  t h e  a r g i n i n e  

m a r k e r am i n o  a c i d  w a s  d e t e c t e d . T h i s  m a t e r i a l  w a s  e l u t e d  f r om t h e  

e l e c t r o p h o r e t o g ram a n d  l yo p h i l i s e d .  n n e f i f t h  o f  t h i s  ma t e r i a l  

w a s  h y d r o l y s e d  and  t h e n  an a l y s e d . I t  wa s found  t o  c o n s i s t  o f  

a r g i n i n e  o n l y . Th i s  a r g i n i n e  wa s p r o b ab l y  r e l e a s e d  f r o m  t h e  

t ryp t i c  p e p t i d e s  b y  c a r b o x y p e p t i da s e  B .  Arg i n i n e  w a s  e l u t e d  f r om 

the  i on e x c h a n g e  re s i n b e c a u s e  at  p H  1 1 - 0  ( t he pH a t  w h i c h t he 

i on ex c h an g e  c o l umn wa s run ) i t  h a s  n o  n e t  c h a rg e , an d i s  n o t  

b ou n d  b y  t h e  re s i n . I n  con t r a s t f r e e  l y s i n e h a s  a n e t  n e g a t i ve 

c ha r g e  a t  p H  1 1 . 0  and i s  t h e r e fo r e re t a i n e d  b y  t h e  c o l umn . 

N o  p e p t i d e s  we re  e l u t e d  from  t h e  i o n  e x c h a n g e  c o l umn . The  

f a i l u re o f  t h i s  e x p e r i men t may  h a ve b e e n  due  to  t h e  ab s en c e  o f  an 

a rg i n i n e  o r  l y s i n e  r e s i due n e a r  the c a r b o x y l  t e rm i n a l o f  P F K . [ n . 

t h a t c a s e  t h e  c ar b o x y l  t e rm i n a l p e p t i de g e n e r a t e d  b y  t r yp t i c  

c l e av a g e  wo u l d h av e  b e e n  l a rg e  and  p o s s i b l y  i n s o l ub l e .  



4 .  D I S CU S S I O l\ 

S h e e p h e a r t  PF K w a s  d i g e s t e d  by c a rb ox yp e p t i d a s e  Y 

tw i c e . On b o th occ a s i o ns t h i s  r e s u l t e d  i n  t h e  l i b e r a t i o n 

o f  l eu c i ne , i s o l e uc i ne a nd p h en y l a l an i n e . Howe v e r  no 

t r i t i a t e d  am i no ac i d s  w e r e  d e t e c t e d  whe n P F K  w a s  s ub j e c t e d  

t o  t h e  � la t s uo t r i t ium l ab e l l i ng r e a c t i o n . A n  a t t e mp t  t o  

i s o l a t e t h e  c a r boxy l t e rm i na l  p e p t i d e  o f  t h e  p r o t e i n  b y  

t h e  m e t h o d  o f  H a r g r a v e  a n d  \V o l d  w a s  a l s o  u n s u c c e s s f u l . 

T h e  c a rb o xy p e p t i d a s e  Y r e s u l t s  s u g g e s t  t h a t  t h e  

c a r b o x y l t e rm i na l s e quenc e o f  P F K i s  - Ph e - ( L e u - I l e ) - C OOH . 

How e v e r  d e s p i t e t h e i r  a p p a r e n t  p r e s en c e  a t  t h e  c a rb o x y l  

t e rm i n a l , ne i t h e r  i s o l e uc i n e  o r  l eu c i n e w e r e  l a b e l l e d i n  

t h e  t r i t i a t i o n  r e a c t i o n . T h i s  i s  pu z z l i ng s i n c e  b o th o f  

t h e s e  a m i n o a c i d s , i f  o c cu r r i n g a t  t h e  c a rb o xy l t e rm i na l , 

s h o u 1 d h ::n- e r e  a d  i l y i n c o r p o r a t e d t r i t i u m u n d e  r t h e  

e x p e r i m e n t a l  c o nd i t i on s  u s e d . U nd e r  t h e e x p e r i m e n t a l  

c o nd i t i o n s u s e d t h e  o n l y  am i n o  a c i d  i n c a p a b l e  o f  b e i n g 

t r i t i a t e d  � a s  p r o l i n e .  H o � e v e r  t h e fa i l u r e  o f  t h e  t r i t i a t i o n  

r e a c t i o n  c a nno t ha \· e b e e n  d u e t o  t h e  p r e s e n c e  o f  p r o l i n e a t  

t h e  c a r b o x y l t e rm i n a l  s i n c e  t h i s  am i n o a c i d  \v a s  n o t  r e l e a s e d 

d u r i n g t h e  c a rb o x )· p e p t i d as e  Y d i g e s t i o n  o f  P F K . Ca r b o x y ­

p e p t i d a s e  Y i s  c a p a b l e  o f  l i b e r a t i n g c a r b o xy l t e rm i na l 

p r o l i n e ( 39 ) . 

A n  a l t e r n a t i v e e x p l a n a t i o n  f o r  t h e  f a i l u r e  o f  t h e  

t r i t i a t i o n  r e a c t i o n  i s  t h a t  t r i t i um i n c o r p o r a t i o n  m a y  h a v e  

b e e n p r e v e n t e d  b y  b l o c k a g e  o f  t h e  c a r b o x y l t e rm i n a l o f  P F K .  

Th e r e  i s  s o m e  ev i d e n c e  t o  s u p p o r t  th i s  v i ew .  D a v i s  ( 2 3 )  

i nv e s t i g a t e d t h e  c a rbo x y l  t e rm i n a l  s e q u e n c e  o f  s h e e p  h e a r t  

P F K  w i t h  c a rb o x y p e p t i d a s e  A .  H e  found  t h a t  l e uc i n e a nd 

i s o l e u c i n e h· e r e re l e a s e d  i n  t h e  g r e a t e s t :· i e l d , b u t  b o t h  1 n  

r e c o v e r i e s o f  l e s s  t h a n  0 . 0 7 5 mo l e s  p e r  mo l e  o f  p r o t e i n .  I t  

is i n t e r e s  t i n g t h a t  d e s  p i  t e t h e l o 1v y i e l cl s i n t h i s e x  p e r  i men  t , 

t h e  t 1,· o rn .:1 i n  a m i no a c i d  s r e  l e a  s e cl w e  r e  t h o s e  r e  l e  a s  e cl i n t h e 

g r e a t e s t y i e l d b y  c a r b o x yp e p t i d a s e  Y i n  m :· e x p e r i m e n t .  

P a c t k a u  e t  a l  ( 20 )  e x am i n ed t h e  c a r b o x y l t e rm i n a l  

s eq u e n c e o f  r a b b i t  mu s e  l e P r K ,  a n  e n ::: :· me  h-h i c h i s  v e r y  
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s im i l a r  t o  t h e  s h e e p  h e a r t  e n z yme  s t ru c t u r a l l y a nd 

k i ne t i c a l l y  ( s e e  I n t r o d uc t i o n ) . The rabb i t  mus c l e  e n z ym e  

w a s  d i g e s t e d  b y  c a r b o x y p e p t i d a s e s  A and B ,  and s ub j e c t e d  

t o  t h e  hyd r a z i no l y s i s  r e a c t i on . A l l th r e e  me t h o d s  f a i l e d 

to  d e t e c t  a c a r b o xy l  t e rm i n a l re s i du e . Th i s  w a s  a t t r i b u t e d  

a t  l e a s t pa r t i a l l y  t o  ma s k i ng o f  t h e c a rb o xyl  t e rm i n a l  

b e c au s e o f  t h e  g r e a t  p r o p e n s i t y o f  P F K  t o  ag g r e g a t e  e v e n  

1 n  h i g h l y  d i s ru p t i v e s o l v e nt s . 

The r e  a r e  two p o s s ib l e  e x p l a na t i ons  fo r t h e s e  r e s u l t s . 

T h e  f i r s t i s  t h e  o c cu r r e n c e  a t  t h e  c a r b o x y l  t e rm i na l  o f  P F K  

o f  a n  am i n o a c i d  wh i c h i s  no t r e l e a s e d  b y  e i t h e r  c a rb o xy ­

p e p t i d a s e  A o r  B ,  and wh i c h  i s  no t d e t e c t e d b y  t h e 

hydr a z i no l y s i s  me t h o d . The s e c o nd p o s s i b i l i ty i s  t h a t  t h e  

c a r b o x y l  t e rm i na l  i s  b l o c k e d . The f o rm e r e x p l a n a t i o n  s e em s  

unl i k e l y b e c a us e t h e r e  a r e  no am i no ac i d s  wh i ch a r e  no t 

d e t e c t e d  b y  b o t h t h e  h y d r a z i no l y s i s  me t ho d  o r  b y  c a r b oxy ­

p e p t i d a s e  A o r  B d i g e s t i o n . W i th t h e  e x c ep t i o n  o f  p r o l i ne , 

a l l  am i no ac i d s  a r e  r e l e a s e d b y  c a rb o xy p e p t i d a s e s  A a nd B ,  

a l t h o u g h  s ome r e s i du e s  a r e  r e l e a s e d a t  a s l ow r a t e  ( fo r  

examp l e  g l y c i ne , a s p a r t i c  a c i d  a nd g l u t am i c  a c i d ) . Am i no 

ac i d s w h i c h  a r e  d i f f i c u l t  t o  i d e n t i fy b y  t h e  h y d r a z i no l y s i s  

m e t ho d  a r e  a r g i n i ne a nd c y s t e i ne , wh i c h a r e  p a r t i a l l y  

d e s t r o y e d  i n  t h e  r e ac t i o n  ( 2 8 ) . 

The p o s s i b i l i ty t h a t  t he c a r b o x y l  t e rm i na l  o f  P F K  i s  

b l o c k e d  i s  a mo re  l i ke l y  e x p l a na t i o n  f o r  t h e  f a i l ur e  t o  

d e t e c t  a c a r b o x y l  t e rm i na l  r e s i du e . B o t h  c a r b o x y p e p t i d a s e s  

A a nd B r e q u i r e  t h e i r  s ub s t r a t e  p r o t e i n  t o  h av e  a f r e e  

� - c a r b o x y l  g r o u p  f o r  a c t i v i t y ( 2 8 ) . S im i l a r l y  t h e  

hyd r a z i no l y s i s  me th o d  r e qu i r e s  t h e  c a r b o x y l  t e rm i na l  r e s i du e  

t o  b e  u nb l oc ke d  i n  o rd e r f o r  i t  t o  b e  s ep a r a t e d  f r om t h e  

b u l k am i no ac i d  hyd r a z i d e s  b y  c h ar g e  d i f f e r e nc e s  ( s e e 

I nt r o du c t i o n ) . 

I f  t h e  c a rb o xy l  t e rm i n a l  o f  P F K  i s  b l o c k e d  t h e n  t h e r e  

i s  s om e  i nd i r e c t e v i d e n c e  t h a t  i t  i s  am i d a t e d . T h e r e  a r e  a 

numb e r  o f  am i no t e r m i n a l  b l o c k i ng g ro u p s  ( ac e ty l , f o rmy l and  

py r o g l u t amy l g r o u p s ) .  How e v e r  the  o n l y  k nown c a rb o x y l  

t e rm i n a l  b l o c k i ng g r o u p  i n  n a t ur a l l y  o c c u r r i ng p o l y p e p t i d e s  



( fo r  e x a m p l e  o xy t o c i n ,  s e c r e t i n  a n d  g a s t r i n ) 1 s  t h e  a m i d e  

g r o u p  ( 2 8 ) ( 7 6 ) . 

I n  a d d i t i o n  c a r b o xyp e p t i d a s e s  A a nd B ,  w h i c h  f a i l e d 

to  r e l e a s e  am i no a c i d s  f r o m  PFK, r equ i r e a f r e e � - c a r b o x y l  

g r o u p  fo r ac t i v i t y . I n  c o n t r a s t ,  c a r b o xy p e p t i d a s e  Y ,  w h i c h  

do e s  r e l e a s e  am i no a c i d s f r om P F K ,  h a s  c a rb o x y l  t e rm i na l  

am i d a s e  a c t i v i t y .  I n  t he d e am i d a t i o n r e a c t i o n  c a rb o xy ­

p e p t i d a s e Y r e l e a s e s  t h e  am i d e  g r oup a s  ammo n i a  a nd t h e n  

t h e  c a r b o x y l t e rm i na l  am i no a c i d  s e p a r a t e l y , r a t he r  t h a n  

r e l e a s i ng a n  am i no a c i d  am i d e ( 3 9 ) ( 4 0 ) . 

I f  t h e  c a rb o xy l t e rm i na l  r e s i d u e  o f  P F K  i s  am i d a t e d  

t h e n  m y  a p p a r e n t l y  i n c o ns i s t e nt r e s u l t s  c a n  b e  e x p l a i ne d . 

C a rb o xy p e p t i d a s e  Y �o u l d  h av e  r e l e a s e d  t h e  am i d e  g r o u p  a nd 

t h e n  t h e c a r b o x y l  t e rm i na l  r e s i d u e  a s  a f r e e  am i no a c i d  

( e i t h e r  l eu c i n e o r  i s o l eu c i ne )  . .  B u t  c a r b o x y l  t e rm i na l  

t r i t i a t i o n wou l d  h a v e  b e e n  p r e v e nt e d  b y  t h e  p r e s e n c e  o f  a n  

am i d e  g ro u p  a t  t h e  c a rb o xy l t e rm i na l  ( 3 0 ) . App a r e nt l y  

am i d a t i o n  p r e v e n t s  f o rma t i o n o f  t h e c y c l i c  o x a z o l i no n e  

s t ru c t u r e  \,·h i c h 1 s  n e c e s s a ry f o r  t r i t i a t i o n t o  o c c u r  ( s e e  

I nt r o du c t i o n ) . U n f o r tu n a t e l y t h e r e  i s  n o  exp e r i me n t a l  d a t a  

t o  c o nf i rm t h a t  t h e  c a r b o x y l t e rm i na l  o f  P F K  i s  am i d a t e d . 

�o e f f o r t s w e r e  m a d e  du r i ng t h e  d i g e s t i o n o f  P F K  b y  

c a rb o x yp e p t i d a s e  Y t o  q u a n t i t a t e  t h e  amo u n t  o f  ammo n i a  

r e l e a s e d i n  t h e  d i g e s t i o n  a l i quo t s . I t  w a s  no t t h e n  

r e a l i s e d t ha t  t h e  c a rb o x y l  t e rm i na l  r e s i du e  o f  P F K m a y  h av e  

b e e n  am i d a t e d . 

E v e r y  c a r b o x y l  t e rm i na l  s e q u e nc i ng s t r a t e gy h a s  

c h a r a c t e r i s t i c  me r i t s  a nd i nt r i ns i c d i s a d v a n t a g e s  d e p e nd i ng 

o n  t h e  c h em i c a l  p r i nc i p l e  i n vo l v e d . C o n s e qu e n t l y  i t  h a s 

b e e n  r e c omm e n d e d  t h a t  r e s u l t s  s h ou l d  b e  ob t a i n ed f r om a t  

l e a s t t w o  a n a l y t i c a l  m e t h o d s  wh i c h  a r e  g o ve r n e d  b y  e n t i r e l y  

d i f f e r en t  c h em i c a l  p r i n c i p l e s , b e fo r e  a v a l i d  c o n c l u s i o n  

ab o u t  t h e c a r b o xy l  t e rm i na l  s e que nc e c a n  b e  m a d e  ( 2 8 ) . I n  

t h i s  i nv e s t i g a t i o n  r e s u l t s  w e r e  o b t a i ne d  f r om o n l y  o ne 

a na l y t i c a l  m e t h od - t h e  c a rb o x y p e p t i da s e  Y d i g e s t i o n  o f  P F K . 

Th e r e fo r e  t h e c a rb o x y l  t e rm i n a l  s e q u e nc e i mp l i ed b y  t h a t  

e x p e r i me n t  c a nno t b e  s a i d  t o  b e  c o n c l us i ve . 
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3 6  Z u b e r , H .  ( 1 9 6 4 ) N a t u re 2 0 1 , 6 1 3 .  
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3 7 . Hay a s h i , R . , A i b a ra , S . , Ha ta , T . , 

Ac t a . 2 1 2 , 3 5 9 .  

( 1 9 7 0 )  B i o c h L m . B i o p h y s . 

3 8 . Shaw , R .  ( 1 9 6 4 )  B i o c h im .  B i o p h y s . Ac t a . 2l , S S 8 . 

3 9 . Hay a s h i , R . , H a t a , T .  

6 7 3 . 

( 1 9 7 2 )  B i o c h i m .  B i o p h y s . Ac t a . 2 6 3 , 

4 0 . S o d e k , J . , Ho fmann , T .  ( 1 9 7 0 )  i n  " M e t h o d s i n  E n z ymo l o g y "  

N e w  Y o r k  Ac adem i c  P r e s s , 11_ ,  ( e d s ,. P e r l mann , G .  E .  L o r an d ,  L . ) 

p .  3 8 4 . 

4 1 . L o u d o n , G . tvl . , P a r h am , M . E . , M i l l e r , .t-L J .  ( 1 9 7 7 )  i n  " B i o -

o r g an l c  C h em i s t ry" ( e d . van  T ame l en , E . E . ) N e w  Y o r k  Ac a d e m i c  

P r e s s , } ,  C h ap . 4 ,  p .  7 1 . 

-l- 2 . B a i l e y ,  J . L .  ( 1 9 5 5 )  B i o c h e m . J .  � , 1 7 3 .  
4 3 . K h o ran a , H . G .  ( 1 9 5 2 )  J .  C h e m . S o c . 2 3 , 2 0 8 1 . 

-l- 4 . S c h L t c k , P . , Kump f ,  \V . ,  
1 5 4 , 1 2 5 .  

( 1 9 2 6 )  H o p p e - S e y l e r s  Z .  P h y s i o l . C h em . 

4 5 . S t a r k , G . R . ( 1 9 7 2 )  1 n  " 1'-!e t h o ds i n  E n z ymo l o g y "  ( e d s H i r s , 

C . H . \v . .  T i ma s h e f f ,  S . ) N e v.- Yo r k  Ac a de m i c  P r e s s , 2 5 , p .  3 2 6 . 

4 6 . D a r b r e , A . , R an g a r a j an , M .  

P r o t e i n  S e qu e n c e  An a l y s i s "  

C o mp any , p .  1 3 1 . 

( 1 9 7 5 )  i n  " So l i d P h a s e Me t h o d s  1 n  

( e d . L au r s e n , R . A . ) P i e r c e  C h em i c a l 

4 7 . T a r r , G . R . ( 1 9 7 5 )  i n  " S o l i d P h a s e  Me t h o d s  i n  P r o t e i n S e q u e n c e  

An a l y s i s "  ( e d . L a u r s e n , R . A . ) P i e r c e  C h e m i c a l  C ompany , p .  1 3 9 . 

4 8 . B o i s s on a s , R . A .  ( 1 9 5 2 )  H e l v . C h i m . Ac t a . � , 2 2 2 6 . 

4 9 . P a rh a m , M . E . 1 Loudo n , G . M .  ( 1 9 7 8 )  B i o c hem . B i o p h y s . Re s .  

C ommun . _§_Q_ , l .  
S O . P a r h am , M . E .  , L oudo n , G . M .  ( 1 9 7 8 )  B i o c hem . B i o p h y s . Re s . 

C o mmum . _§_Q_ , 7 .  

5 1 . H a r g r a v e  P . A . , Wo l d . F .  

� ' 8 5 0  

( 1 9 7 3 )  I n t . J .  Pe p t i de P r o t e i n R e s . 

5 2 . Dug  g 1 e b y  , R . G . , K a p 1 an , H . 

5 3 .  F o n g , S . L . , H a r g rave , P . A .  

l_Q_ , l 3 9 . 

( 1 9 7 5 )  An a l . B i o c h em . � , 3 4 6 . 

( 1 9 7 7 )  I n t . J .  P e p t i d e P r o t e i n  Re s . 
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5 4 . M a t s u o  , 1 1  • , tvl a t s u b a r a , H • 

1 2 9 , 5 6 4 . 

( 1 9 6 8 )  P r o c . S o c . E x p t l .  B i o l . M e d . 

5 5 .  H o rn , M . J .  ( 1 9 7 5 ) An a 1 . B i o c h e  m . _§_2_ , 5 8 3 . 

5 6 . C a r 1 t on , B . C . , Y a no f s ky , C .  ( 1 9 6 3 )  J .  B i o l .  C h e m . 2 3 8 , 6 3 6 .  

5 7 .  N au g h t o n , M .  A . , H a g o p i an ,  H .  ( 1 9 6 2 )  An a l . B i o c h e m  } , 2 7 6 . 

5 8 . Hu s s e y , C . R . , L i dd 1 e , P . F . , A r d r o n , D . , K e 1 l e t , G . L . ( 1 9 7 7 )  

E u r . J .  B i o c h e m . � , 4 9 7 . 

5 9 . S e dmak , J . J . , G r o s s b e rg , S . E .  ( 1 9 7 7 )  An a l .  B i o c h em .  22_ , 5 4 4 . 

6 0 . F o r d y c e , A . M • , t-.1 i d  h i n  t e r , G . G . , M o o  r e  , C . H • 

S o c . T r a n s . l , 7 2 1 .  

( 1 9 7 9 )  B i o c h e m . 

6 1 .  We b e r , K . , O s b o rn , �1 . ( 1 9 6 9 )  J .  B i o l .  C h em . 2 4 4 , 4 4 0 6 . 

6 2 . Dav i s , B . J .  ( 1 9 6 4 )  An n . N . Y . Ac . S c i . 1 2 1 , 4 0 4 . 

6 3 . G u r d , F . R . :\' .  ( 1 9 6 7 )  l n  " tvle t ho d s i n  E n z ymo l o gy "  

C . H . W . ) N ew Y o r k  Ac adem i c  P r e s s , l:.l_ ,  p . 5 3 2 . 

( e d . H i r s , 

6 4 . B u t l e r , P . G . , H a r t l e y , B . S .  ( 1 9 7 2 )  i n  " tvle t ho d s  i n  E n z ymo l o g y "  

( e d s  H i r s , C . H . \\' . ,  T i ma s h e f f ,  S . :-J . )  :-\ e w  Yo rk Ac a d em i c  P r e s s ,  

� '  p .  1 9 1 . 

6 5 . S h o t t o n , 0 . 1'-l. ,  H a r t l e y ,  B . S .  ( 1 9 7 3 )  B i o c h em . J .  1 3 1 , 6 4 3 . 

6 6 . W a k i d ,  N . , Man s ou r , T . E .  ( 1 9 6 5 )  �lo l . P h a rmac a l . ..!_ , 5 3 .  

6 7 .  Man s ou r , T . E . , W ak i d , N . ,  Sp r o u s e , H . M .  

2 4 1 , 1 5 1 2  

( 1 9 6 6 )  J .  B i o l . C h e m . 

6 8 .  B r e n n a n , S . O . ( 1 9 7 4 )  P h . D . T h e s i s , Ma s s e y  Un i ve r i s ty . 

6 9 .  Smy t h , D . G  . .. S t e i n , \\' . H . , Mo o r e , S .  ( 1 9 6 3 ) J .  B i o l . C h e m . 

2 3 8 , 1 1 1 4 .  

7 0 . H a y a s h i , R . , M i n am i , Y . , H a t a , T .  ( 1 9 7 2 )  Ag r i c . B i o 1 . C h e m . 

� , 6 2 1 .  

7 1 . H ay a s h i ,  R .  ( 1 9 7 7 )  i n  " M e t h o ds i n  E n z ymo l o g y " ( e d s .  1-l i r s , C . H . W . , 

T i m a s he f f ,  S . N . ) N ew Y o rk A c a d em i c  P r e s s , !Z_ ,  p .  8 4 . 

7 2 . Ma s ud a , T . , H a y a s h i , R . , H a t a , T .  

ll_ ,  1 5 0 . 

( 1 9 7 5 )  Ag r i c . B i o l . C h e m . 



7 3 . Ha t a , T . , 1-layas h i , R . , Do i ,  E .  

_g , 15 0 . 
( l 9 b 7 )  Ag r i c . 13 i o l . C h e m . 

7 4 . Haya s h i ,  R .  ( 19 7 6 )  i n  "f-.1e t h o d s  i n  E n z ymo l o g y " ( e d . L o rand , 

L . ) N ew Yo r k  Academ i c  P r e s s , ±2 , 5 6 8 . 

7 5 . Haya s h i , R . , Mo o r e , S . , S t e i n , W . H .  

2 4 8 , 2 2 9 6 . 

( 1 9 7 3 ) J .  B i o l . C h e m . 

7 6 . C r o f t , L . R .  ( 1 9 7 3 )  i n  " H an d b o o k  o f  P ro t e i n S e q u en c e s "  

J o yn s o n  - B ruvve r s  L t d . 
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