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INTRODUCTION 

The ability of any living organism to survive resides, 

to a large extent, in its ability to maintain an internal 

homeostatic environment, with respect to metabolite produc­

tion and utilization. This homeostasis is controlled by 

the normal functioning of biochemical pathways within the 

organism. These pathways are in turn controlled by the 

action of specific protein molecule (enzymes). The 

enzymes, varying in size, shape and specificity, catalyze a 

particular reaction or group of closely related reactions. 

One requirement for an enzyme to function properly is 

structural integrity of the protein molecul~. Correlation 

between the structure, catalytic and r egulatory relation­

ships of these enzymes constitutes an important area of 

research. One approach to the study of these relationships 

is by alteration of the normal enzyme through genetic 

mutation, isolation of the defective e nz me and determina­

tion of the physical and chemical bases for the altered 

function. The enzyme studied in tbis research is PEPC ase 

(phosphoenolpyruvate carboxylase) from E. coli K-12. The 

native protein has a molecular weight of approximatel y 

400,000 as determined b y sedimentation equilibrium analyses. 

Upon denaturation of the enzyme analyses sbo Ned a single 

l 
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species of approximately 100,000 molecular weight indicating 

that the carboxylase enzyme is composed of four subunits of 

identical size (Smith, 1971). PEPC'ase catalyses the essen­

tially irreversible carboxylation of PEP by bicarbonate to 

oxaloacetate and inorganic phosphate (Maruyama, et.al., 

1966). In some bacteria, it appears to fulfill an anapl e ­

rotic function in their metabolism (Kornberg, 1965). This 

bacterial enzyme is an allosteric protein vhose activity is 

stimulated by acetyl CoA (Canovas, 1965), fructose 1,6-

diphosphate (Samuel, et.al., 1966) and fatty acids (Izui, 

et.al., 1970), each of which might be expected to accumulate 

if the cycle were not operating efficientl y . Activ tion of 

the enzyme by cytidine 5-diphosp hate also compensates for 

aspartate inhibition under conditions where high concentra­

tions of aspartate are required for pyrimidine biosynthesis 

(Samuel, et.al., 1966). Oxaloacetic acid produced through 

the action of this enzyme is used by the TCA cycle. This 

enzyme is also inhibited strongl y b aspartate and b 

fumarate, malate and some other TCA cycle intermediates 

(Nishikido, et.al. 1965; Smith, 1970; Maeba, 1965). It 

appears that the enzyme is subjected to three types of 

regulatory processes: contiguous by acetyl coenzyme A and 

C-4 dicarboxylic acids, i.e. aspartate and malate; 

precursor activation by FDP compensatory feedback by 

certain pyrimidine nucleotides. 
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Presently, two mutant E. coli organisms have been 

produced through treatment with N-methyl - - nitro- -nitroso ­

guanidine. One of the mutants designated CORD for co­

regulatory/dissociation, has as much as 50-60 perce nt of its 

PEPC'ase activity, yet it will not sustain growth on media 

where glucose is the only carbon source. In the dimeric 

state, the CORD enzyme has essenti al y he s am speci c 

activity as the wild-type (WT)· howe e r, it i not activated 

by FDP or inhibited by a part te . The second mutant enzyme 

in this study has less th n 5 percent o th T e nzyme 

activity, and it can be grown on 1 cose medi onl if the 

media is supplie d ith TC cycle interme iate . I t does 

appear to produce more than 5 pe cent o t e in cti e enzyme 

protein. This mutant has bee n desi na ed C D or catalytic 

activity deficient. Neither of the mut nt enz me h s been 

purified to homo~eneit due to differences displa ed b the 

mutants to normal extraction techniques. 

I t is the objective of this researc to obtain the 

mutant enzymes in a homogeneous st te t rou~ tue use of · an 

antibody prepared agains~ t e T enz me . De elopment of 

this technique allo s examination of structural di~ferences 

which may account for t e catalytic and regu ator changes 

shown by these mutants. The esults obtaine maT also shed 

some light on the structura require en~s for c ata lJsis, 

regulation and subuniL i terac ion of L is enz me . 



LITERATURE REVIEW 

In 1836, years before Buchner's discovery of cell-free 

fermentation, J.J. Berzelius coined the term "catalysis". 

This term described the phenomenon by which some agents were 

capable, at lower temperatures, of accelerating chemical 

reactions which normally occurred at higher t emperatures. 

By the middle of the nineteenth century, M. Traube proposed 

that this catalytic power of organic tissues resided in its 

proteins. The catalysts had been ~iven the name enzymes by 

the end of that century. Since then and through the develop­

ment of new biochemical techniques, res e ar c h efforts have 

expanded in an attempt to elucidate the mechanism of enzyme 

actions as well as their structure and regulatory properties. 

To study physical and chemical properties of proteins, 

it was first necessary to isolate and purify t hem in large 

quantities. This basic method was first accomplished in 

1926 when Sumner crystallized urease from jackbean extracts. 

In 1930-36, Northrop and Kunitz cr stallized pepsin, trypsin 

and chmotrypsin, these studies provided the first real proof 

that enzymes were indeed proteins. Another area of investi­

gation which contributed to the correlation of structure­

function relationships in enzymology was the sequencing of 

the protein insulin by Sanger and the resolution of the 

three dimensional structure of protein usinb X-ray 

4 
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crystallographic techniques pioneered by Perutz and Kendrew. 

The importance of the accurate functioning of an 

enzyme in many systems has long been recognized. Since the 

accuracy of function of an enzyme, including the allosteric 

enzyme is related to structure, a brief backaround is pre­

sented on the nature of the allosteric enzyme. 

When enzymes act in a sequence so that the product of 

one enzyme becomes the substrate of the next , a multienzyme 

system or pathway is produced. The enzymes which are 

responsible for re 0 ulation of these multienzyme se uence s 

are generally termed" lloste ric' enzym (other pace; 

other site). An allosteric e n zyme not o nly c tal zes 

specific unique reaction in a sequence, but ' it has a second 

property not present in most enzymes; its catalytic activity 

is sensitive to the concentration of some crucial metabo­

lites not necessarily related to its substrate. This 

metabolite is called a regu lator and can have a positi e or 

negative effect on the enzyme. Allosteric enzymes have 

been found to possess at least two t pes of binding sit~s: 

one for the substrate, termed catal tic site· and another 

for the regulator, termed effecto r site. Therefore, the 

activity of the allosteric enzyme maybe altered by molecules 

that are bound to sites other than the catalytic site 

(Theodore et.al., 1964). 

Several mo dels have been roposed to explain allosteric 
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effects. The most common of these are the model s of ('Ionod, 

et.al., 1965 and Koshland, et.al., 1966). The general 

properties of an allosteric system according to ionod are: 

l. Most allosteric proteins are polymer s which are associ­

ated in such a way that the subunits all occupy 

equivalent positions. This imp lies that the molecule 

possesses at least one axis of symmetry . 

2. Allosteric interactions frequently appear to be corre­

lated with alterations of the quaternary structure . In 

essence, alterations of the bonding be wee n subunit . 

3. While heterotrop ic effe ts (i . e . inter ction between 

different lignads ) maybe either positive or ne ative, 

homotropic effects (in te r actio n between · ide n t i cal 

ligands) appear to be always co-operative . 

4. Few, if any, allost e ric systems exhibiti ng o n ly hetero­

tropic effects are kno~n. In other words, co- operative 

homotropic effects are almos t invariabl observed with 

at least one of the two ligands of the s stem . 

5. Conditions , or treatments or mu tations ~hicb alter the 

heterotropic interactions also simultaneous! alter t he 

homotropic interactions. 

There is a co-operative binding effect in the allosteric 

system. The general premise of this model is th a t the 

enzyme can exist in two and onl) tvo conformations, the R 

and T states. In the absence of substrate, near all 
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terminal subunits and therefore the interior subunits each 

interact with two neighbors, whereas the two termi nal units 

interact only with one neighbor. Thus in this model, the 

nature of subunit-subunit interactions are important. As 

illustrated in this representation the structural integrity 

of the subunit-subunit interactions account to some extent 

for the enzyme's ability to bind the substrate . In esse nce, 

the Koshland sequential model makes three assumptions: 

1. There are two conformational st tes accessible to any 

one subunit. 

2. The binding of substra e chan e the shape of the sub ­

unit to which it is bound. However t e conform tion of 

the other subunits in this enzyme molecule is not 

appreciably altered. 

3. The conformational change elicited by the binding of 

substrate in one subunit can increase or decrease the 

substrate binding affinity of the other subunits in the 

same enzyme molecule. 

Another difference observed with the allosteric enzymes 

is the kinetic properties. Often these properties of the 

allosteric enzyme do not fit the hyperbolic cur e associated 

with the dichaelis-Menten model of enzyme activit-. Instead , 

when initial velocity is plotted against the substrate 

concentration, the curve is sigmoidal particularl with 

homotropic allosteric enz rnes. The sigmoid curve implies 
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molecules are in the T form i f the e nzyme shows sigmoidal 

binding with the substrate. Binding of the substrate to 

the T form will shift the conformation to the R form provid­

ing there is homotropi c activation by the s ubstrate . 

Allosteric activators (o ther than ubstrates) and inhibitors 

can also cause a shift in the e nzyme form . Activators 

appear to have a greater affinity for the R form, therefore 

shifting concentrations from T to R. On the oth r hand, 

inhibitors have a greater affi ni ty for the T form, shiftina 

concentrations from R to T. This con idered to be t he 

"concerted mode l " since the conformatio:1s of all subunits 

change simultaneously. 

Koshland in 1966 diagrammed the var ious modes of bindin 

of the li gand to a tetrameri c enzyme for four major cases 

(Figure 1). Con formation A of the subunit is denoted by 

circles . Conformation B, the on e capable of bindin sub ­

strate S , is denoted b y squares . In the models in olving 

a progressive change, it is assumed that a subunit in 

Conformation B is present o nly when S is bound to it . I ·n 

the inact ive andjor tetrahedral case each subunit p esum­

ab ly interacts with each of the other subunits . I n the 

square case the subunits are arranged so 1:hat each subunit 

interact s with each of two neighbors, it beina presumed 

that diagonal interactions are neglig.ble . In the linear 

case, it is assumed th at 1: ere is no interact ion bet·;\een 



FIG E 1: Schematic illustration o 
binding the ligand S to 
t h four major cases . Con 
subunit is deno ted by c·rc 
B , the one capabl e o b·nct· 
by squares . In the model· · 
progressive change it · 
unit in Conformation B is 
S is bound to it . In he 
conformations change o B 
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that binding the first substrate mol e cule to the enzyme 

enhances the binding of subseque nt s ubstr te molecules t o 

other substrate sites (Lehninger, 1975) . l lo t er ic e nz ymes 

are generally capable o f s howin rr positiv o ne ga ve co -

operativity or both. In the case of po s it"ve o - op i v i y , 

a rather small increase in s ubs t r e con e nt at·o can c u se 

a very large a ccele r ation of the e o a l s · s 

producing a steep sigmoidal c ur e . On he ot e h nd 

negative co-operativi y ind·c e s h 

strate molecule de ere ses th bindin g 

substrate molecules, hus i vin g a 1 

b·n in rr o o n 

o o t 

e ne plo o 

hus 

b-

he 

initial V ver s us the co ncen t · on o Sat v 1 e c o s e -

ably less than the m imurn v e oci 

The enzym stu di e d in thi s ese c is ho p hoeno -

pyruvate carbo ylase (PEPC a se) o ne o e oste c 

enzymes in ol ed in r ecrula i g e lo \ o ca bon i ~o the 

TCA cycle for some or ani s 

all heterotroph·c ce ll s n 

metabolisms of a 1 foo s 

Th is c cle occ s a lmo 

s he majo ro eo o ·i 

s . T e e e ia urpos e of. 

this c ycle is to produce e e r ay a e abo i e 0 g 

oxidation of t he ace 1 co · o e ~0 ·e ld t ~ o e c le s o f 

C02 . It is i mpor nt to note hat o . a oace a e i c s 

essen~ial f o r operatio n o f the c c e i s r e e e r a e d r o h 

t e operation o f the c c e b t e on sou r ce of a 

olite from outside e c c e i by· e c ion 0 .£' PEPC' se . 

-
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This is true in man y bacterial o g nisms such s E . coli . 

The following diagram shows the re ction c t lyze by t is 

enzyme and its relationship to he TC c cle (Fig e 2) . 

The func tion and h nee the mpo ance 0 h's enz me in 

metabolism was established whe n i 

mutants devoid of its c tal ytic ac 

medium where glucose was the sole 

the organism r equired eithe some 

cycle or a compound like g lut mate 

enzyme under stud in this p pe 

that could easily produce a TC 

(Theodore , et . al . , 196 · s h, ort 

observations clearly in i c te 

c 

s de e h 

v i y oul no gro' on 

c rbon ou ce . Ins e d 

int e me iate 0 h c 

(in th c e 0 he 

com o un sp t 

c e n e e 

et . a . 19 ) . T ese 

his eaction s t e 

only viable one \hich caul e l ce ·nte medi es o he 

TCA c ycle as carbon skele ons are o t o t e c e 

e) 

for growth . Thus, this e zwme is in ol d n an nap e ­

rotic mechanism for r ep l e nish· ng o.·aloace a e ( 0 ) o r e 

c cle . 

PEPC'ase \ as first isco e r e b B n rs i ad Grei e 

(1953) . The enzyme was e acted f o p a s d fou d to 

catalyze the carbo·ylatio o f PEP b bicar bo a e to ie ld 

OA A and inorganic phosphate . The plant enz~ e as a g 

affinity for bicarbo_ate ad appa en ct i OIS p ar 

as a mechanis for rapp · n a carbo dioxi e as e o r 

carbon dicarbox lie ac·d . T e ac i ~~ o f tepa t e z e 





RELATIONSHIP OF PEPC'ase TO THE TCA CYCLE 

Protein 

1co21 
a:- xoglutarate ~ Protein 

jco2! 
Fumarate Succinate 
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does not change in response to any intermediary metabolite 

and is therefore not subjected to any known allosteric 

control mechanism. Another class of PEPC'as e, represe nted 

by the Euglena enzyme shows allosteric inh ibition by TCA 

cycle intermediates but is not activated b y any kn own 

metabolite (Ohmann, et.al., 1969). The third class of PEPC' ­

ase is the bacterial enzyme of wh ich the E . coli and S . 

typhimurium enzymes are represent tive . This is the most 

complicated of all in that it i s regu lated in an llost ric 

manner by a number of inte rmediary metabol i tes which have 

both positive and negative effects on its catalytic act ivity . 

The enzyme from E. coli, B has bee n purified to omo ­

geneity and shown to have a molecular weight· of appro imate­

ly 400,000 as determined b y sedimentation equilibrium. 

Using gel electrophoresis, the e nzyme consist of four sub­

units of identical size, each approximatel 100,000 molecular 

weight (Smith, 1971). In a study by Smith (1968) charac-

terizing the sedimentation behavior of the enz e, it vas 

shown that the enzyme could exist in a dimeric as well as 

the tetrarneric form. An al yses of the partiall· purified 

enzyme in sucrose gradients indicated association- dissocia­

tion reactions involving the monomeric units . PEPC ase has 

a s
20

w of 8.4 (correspondi ng to a di me r) in the absence of 

substrates, metal ions, me tabo lic regulators or urea. This 

value of 8.4 decreases to 5.8 (considere d a monome r) hen 
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1M urea is included in the sucrose aradient m· x ur and 

increases to 12.2 with Mg++ Whe n spart te i ded, th 

s20 ,w of the enzyme reaches 13 . 2 (considered the tetram r). 

Neither PEP nor acetyl-CoA alone nor t he two in combin tion 

can promote the association of the dime to the etram r in 

++ the absence of Mg . However, in he p sen e o re PEP, 

++ Mg and acetyl -CoA (which yi ld the d'mer orm ) , act'vi y 

assays indicate the dimer has 62 - 75 e cent o maximum 

activity. ++ Since Mg and other diva ent m 1 o ns exi 

in the cell at a consistent concentration i i ·mplied 

that the enzyme exists in the cell as te ram r and bat 

association-dissociation normally is no in ol d in re u la-

tion activity . 

As noted, th is bacterial enzyme is ac i ate b acet 1 -

CoA (Canovas, et . al., 1965), fructo e - 1 6 - bisphosphate (Izui 

et.al., 1970), GTP and by long chain fat acids or beir 

CoA derivatives (Taguchi , et.al . , 19 7)· Iz i et . al . 19~0) . 

Furthermore, it is acti ated by arious o r ic so e ts 

such as dioxane and alcohols hich re res ed to bind a 

the same site as the fatt y acids (Katsuki et . al., 1967) . 

Studies on the activators or PEPC ase and t eir binding 

sites are used for identification of the amino acid rnoie ies 

formi ng the allosteric sites, along ·ith t e spatial 

arrangement of the allosteric sites and the acti ~e site on 

the surface of the enzyme. Studies on t e i. teraction of 
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the effectors of PEPC'ase have also been done in order t o 

determine binding sites (as relat ed to syner ism) and 

mechanisms of regulation. Smith (1977) demonstr ted through 

kinetic analyses, that fructose - 1,6 bisphosphate (FDP) can 

function very effectively as a n augmentin lig n nd 

synergistically with acetyl-Co , c n revere the inhibi or 

effect of aspartate. However, th inh"b "tion by aspart e 

is still competitive with acetyl - Co . Two mech n·sms for 

the interaction of the enzyme, PEP FDP an acetyl - Co h ve 

been proposed. In these scheme , bindin of these moieties 

is random. Figures 3A and 3B ho~ the propose inter ctions 

where E-PEPC'ase, A=acetyl - CoA =FDP nd S=PEP . The 

activation of PEPC' ase by FDP is kinetica l anomalous b 

comparison with that of acet yl - Co (Smith, 1977) . It appears 

that FDP is independent of the order of addition of the 

reaction compon e nts , and that bindino of FDP makes the 

enzyme more accessible for interaction ith PEP or acet)l ­

CoA. The enzyme complex resulting fro the binding of each 

activator, including PEP, has increased affinit for the · 

other activators. It wou ld appear that the cellu ar 

concentration of FDP is not high enough for it to func ion 

alone as an effecti ve activator for the enz e . However, 

it may " prime '' the e nzyme for more effecti e acti ation b 

preventing the immedi ate binding of inhibitors thereby 

causing an easier trans it ion of the enz e from Jhe inacti ~e 
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to the active conformation. 

Silverstein and Willis (1973) demonstrated that activa­

tion of this enzyme by acetyl-CoA and laurate was additive 

rather than synergistic, and that synergistic reli f from 

aspartate inhibition did not occur with these two ctivators . 

This suggested that they may share the same bindin site . 

Silverstein also indicated that fatty acids, fatty acyl CoA 

derivatives as well as acetyl-CoA may share the same binding 

site. 

Certain nucleotides have be e n included as PEPC'ase 

activators. It was observed that syner istic activation of 

the enzyme occurs with acetyl-CoA and all of the co - acti 

tors, but there is no observed s nergistic activation with 

FDP and other activators. Synergistic activation implies 

separate binding sites and would be expected to occur only 

under conditions where separate binding sites exist for 

activators. The fact that acet 1-CoA could acti ate the 

enzyme in a s ynergistic manner ith all other activators 

suggested that the binding site for acet 1 - CoA was 

different from that of each of the activators . Ho e er, 

according to Smith (1980) s yne rgism ~-as not observed with 

any combination of FDP, CDP or GTP suggesting t is group of 

activators all interact at the same site---totall y or 

partially (Figure 4) . This might also suggest that the 

interaction of either of them with the enz- e mutual~ y 
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excludes the interaction of the others . Silverstein 

reported however, that synergistic act i vation could occur 

with FDP and the cytidine nucleotides but not with GTP. 

These data suggested that t h e binding sites wer different. 

Since the experiments were do ne at only one concentr tion of 

each of the activators, sufficie nt evidence w not provided 

to conclude that the cytidine nucleotide and FDP sites are 

different. In any event, it is clear that at lest tvo 

sites exist for Co- activator interaction ~ith PEPC'ase . It 

is possible that the active form of the enzyme doe not 

exist at all until substrate or one of the activators bind . 

At that time, the enzyme undergo s n iso erization to he 

active conformation, yieldin active dimers with relatively 

little cooperativity or active tetrarners with high coopera­

tivity. 

The activators do fit into at least t\O classes and can 

cause different effects relati ve to subunit - subunit inter­

action (Smith~ , 1980). The nucleotides and FDP (Type I) 

presumably bind at one si te and acet 1- Co (T pe II) at 

another site on the enzyme. FDP like aspartate, stabilizes 

the teterameric form of the enzyme in the acti e conforma­

tion. Not only do these two classes exhibit differences i n 

the subunit-subuni t interactions, they show a difference in 

cooperativit y effects. Virtually no cooperati it is sho n 

with acetyl-CoA where as signif icant cooperativit .: exists for 
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the Type I interaction. The PEPC'ase dimer active species 

also require acetyl-CoA for activation. However, little 

cooperativity is observed by acetyl-CoA activation alone . 

This suggest that the association between dimers i a loo e 

one. 

The primary inhibitor of PEPC' se appe r to be a par­

tate which is produced in a single r e ction sequence rom 

OAA. In competitive binding studies usin ~ Salmonella 

enzyme, neither acetyl-CoA, FDP nor GTP alone could displ ce 

aspartate from its binding site. Howeve r, FDP wit acetyl­

CoA or GTP with acetyl-CoA could effecti ely pre ent the 

binding of aspartate. T e e nzyme alone shows lov coopera­

tivity and appears to exist in an inactive state vhich binds 

aspartate more easily. Aspartate even in the presence of 

substrates can inhibit the enzyme completely . ohl and 

Markus (1972) showed that the limit of aspartate inhibition 

approached 100 percent as the concentration of aspartate 

approached infinity. In the inacti e state ith bound 

aspartate, the enzyme is more stable to ele a ted tempera-­

tures (Izui, et.al., 1967). Under these conditions, the 

enzyme exists predominantly as the tetramer and shows 

increased cooperativity with respect to PEP binding. Other 

strong inhibitors appear to be malate and fumarate hicb are 

intermediates of the citrate cycle. Se eral other compounds 

have been reported to be mild inhibitors of the enzyme such 
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as citrate, succinate and isocitrate . Corwin and Fanning 

(1968) suggested t hat the best inhibitors of PEPC' ase were 

four-carbon dicarboxylic acids substituted with either n 

amino or a hydroxyl g roup. 

Smith and Gold (1974) compared the eff c s of v rious 

allosteric inhibitors on the e nzyme . The r sult o the 

study indicate d that there was rel tionsh · p bet e n th 

stereochemistry of the pote ntial inhib"tor and its abilit 

to reduce activity or stabilize the etrameric form o the 

enzyme. Most of the inhib itors were compet · ive ith 

acetyl-CoA and shared with aspartate e ability to stabi­

lize the enzyme. Malate also inhibited acti it but it did 

not compete with ace t yl - CoA or stabilize the enz me . 

However, the report showed that each class of inhibitors 

is competitive with the other class of inhibitors and shared 

the same binding site. Pert·nent information obtained from 

the study included: 

1. Compounds that are four - carbons in leng h it carbox 1 

groups at both ends or three carbons in lengt i ' h ·a 

carboxyl and a SH group at opposite ends, are able to 

bind at the inhibitor site of the enz e and stabilize 

the tetr~~eric form of t_e enzyme . 

2. At pH 8.5, the optimum for PEPC'ase acti ·it , both of 

the end g roups of the potential inh"bitors us t be a t 

least partially ioni zed . This i plies that the groups 
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on the enzyme to which they bind are electronegative . 

3. The degree of inhibition cau sed by these compounds, 

is also related to the type o f moi ety ub tituted on 

the carboxy l g roup s . The strongly inhi itory com­

pounds have electronegative substitution in th·s 

position. 

The tetrameric form of the e n zyme i not only 

lized by allost e ric inhibitors b u t al o by hi h concentra­

tion of protein, Mg++ ion s and ethanol . Hoveve , tbi doe 

not prevent the enzyme fron under o·n a pont neous 

inactivation that is appare ntly related to ·ts dissociation. 

The rate of inactivation, as expecte , i deere ed by 

conditions that stabilize the tetramer form . Data presented 

by Smith and Perry (1973) showed the dimer and tetrame r 

forms of the enzyme could undergo inactivation b dissocia­

tion to monomer uni ts . The tetramer can dissociate directl 

to monomers and become inactivated or it can go to the dimer 

state and then to the monomer state before being inacti ated . 

~onorner-to-dimer reassociation occurs to form a catal tical -

ly active species but monomer - to - tetramer reassociation to 

an active species is not apparent. In o r der for reassocia­

tion to occur, Mg++ or aspartate must be present. If the 

enzyme is in 1M ure a, the tetrameric and dimeric fo r m of 

the enzyme can be maintained . 

The regulation of PEPC 'ase in E . coli is a lso 
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important, if the system is expected to f un ction and the 

organism survive. At l east th r ee differe nt mechanisms are 

known for the regul a tion of the e n zyme . These mechanisms 

include: 

1. Precursor or feed-forwar d activation w ich results from 

the interaction of FDP in nticipat io n of th n d o r 

the enzyme's activity . Whe n E . coli is bro~·n on 

glucose as the sole carbon source, the continuous 

metabolism of glucose is essential . Th inter ction of 

FDP with these enzymes would be ery import nt in 

assuring that the steady- state intracellular concentra­

tions of the allosteric inhibitors e not so effective 

that they inhibit these r eactions alto ether . 

2. Contiguous regulati on characterized b acet 1 - Co~ and 

by C-4 dicarboxylic acids as aspartate and malate . 

This is the classical allosteric re ulation ·hich 

results from the interaction of these et bolites that 

are closely associa t ed with the reaction catal zed . 

3. Compensatory feedback activation results from the inter­

action of pyrimidine nucleotides to counteract the 

increased concentration of aspartate r esulting from the 

inhibition of aspartate t ranscarbam lase b CTP. 

A great degree of structural integrit must exist in 

order to accommodat e so man y specific binding sites on each 

subunit. Even if the binding sites are not close to each 
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other or overlappin g alteratio n s in one mi h s g n ic n -

ly influ ence the abili ty of th other o c io 

shows the mechanisms o PEPC ase regu on . 

Some structural studies h e b n o ne u n PE c 

in regard to essential am no ac s n y 0 c 

and regulatory interac ion s . St ct a 

enzyme from E . coli indi cat d e ha 

cystine residues per mole vhich pe ed 0 e ee 

sulfhydryl groups . At l eas si. 0 e e 0 

t h e enzyme are esse ntial o r 'ts c a ic s c 

i t has been r epo r ted that mo 'fica 0 0 0 e t\ 0 0 

the groups b certain ef ecto s af ec ed e c h 

en z yme . Although conclusive e ence i lac i is 0 ... 
L. 

likely that the essential SH g roups a r e loc e a or near 

t:he active site . Recen t r eports ha e a so 'ndica ed he 

importance of arginyl residues (K eshi e . al . _g ) . 

B chemicall modifying the e nz me 3 b a e io e i 

was observed that one rebidue neces a 0 e ca al 

ic activity of the enz .e . I n a dit'o i as ca e 

that one to t vo argin 1 re sid es ·e_ e ol e 

regulatory interaction of tbe e _z P . T e e 

observations thaT i n acTivation and ese si za 0 occ rre 

independently with butaned'one 0 'f~ cat ' on pl ' es 1: a 

the arginy l residue essen t · a .cor c Ta :· t . c ac -i T - s 

distinct fro m those requi ..... ed f o 'e s ens . . t 0 P . 
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Studies done by Naide, et .al . , (1979) also demons trated 

the involvement of lysyl residues in t he functi o n of the 

bacterial enzyme. Here again the enzyme was rnodifie with 

TNBS (2,4,6 trinitrobenzene s ul fon te) , a rea e nt known to 

attack amino acid groups. It was reported th t he ysyl 

residues participat e d in the regulat ory act·v· y by FDP, 

GTP and aspartate. Suggestions were 1 o .ade t h at he 

lysyl residue necessary for the regulation by aspartate or 

malate was different from the one or ones nece sary for 

regulation by FDP and GTP. Thi s implic · o n b ed on these 

findings suggests that the sensitivity of the nz me to 

aspartate was maintained \hereas those to FDP nd GTP \ e r e 

lost upon modification in the presence of malate . The fact 

that inactivation and desensiti z ation did not occur con­

comitantly upon T~BS modification sug est that the 1 syl 

residues necessary for the catalytic acti it of the enz e 

is not the same as those necessar for the re ulation b 

the above effectors. The presence of malate d ring modifi -

cation protected the enzyme not onl ains desensitization 

to aspartate but also a gainst inacti ation . This presumabl 

due to a conformat ional change at the catal tic site caused 

by malate bound at the allos teric site . 

Certain proteases have recentl been used to stud the 

catalytic and regulatory properties of t is enz .e 

(Kameshita, et.al. , 1979) . The in estigation centered 



32 

around the effect of protease treatment on the enzyme's 

activity and sensitivity to effectors, and the resulting 

conformational changes occurring. The study showed that 

three types of kinetics occur in the inactiv tion of 

PEPC'ase by the proteases . The first typ of in ctivatio n 

which is rapid initially and gradu lly tappering off, 

suggested the formation of an interme diate enzyme specie 

which retained some enzyme activity and became re istant to 

further attack. This type of reaction was charact ristic 

when trypsin and pepsin were used . The second type of 

reaction showed a constant rate of hydroly ·s of a peptide 

bond which was essential for catalytic acti it . T e pro ­

teases which exhibited this type of reaction were papain, 

ficin and bromelain. The third type of inactivation showed 

increasing rate of proteolysis with time suggestio an 

intermediate species was produced - hich as susceptible to 

more proteolytic attack. Subtilisin and ch otr psin 

demonstrated this type of inactivation. 

The abilit y of the different effectors to influence. 

inactivation during the protease treatment as also studied. 

GTP and acetyl-CoA gave strong protection against inactiva­

tion, whereas FDP offered moderate protection. In contrast, 

laurate stimulate d the inactivation . Combined addition of 

FDP and acetyl-CoA protecLed the enzyme activity suggesting 

that these combi ned activators induc ed a different 
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conformational change i n the e n zyme t h e n whe n the act i vators 

were used alone. It was repor te d t h at aspar tate not only 

protected the enzyme from prot e olytic att ck b ut c used a 

temporary activation of t he e n zyme . 

As demonstrated from th is literatu re r view, ve r y few 

studies have been unde r taken to determine comp r tive struc­

tural differences in a mutant vers u th WT e nzyme . Th is 

procedure may provide a mo r e di r ect method of detecti n 

structural areas involve d in catalysis and re ulation . In 

addition, no studies thus fa r have attempted to use an anti ­

body to purify the e nzyme, mu tan t or wild- t pe . From t he 

literature re view, most of the structural studies h ve used 

a partially purified e nzyme t hus limiting the t pe of infor­

mation that can be obtai ned . These studies have also 

centered around de termining specific amino acids necessar 

for catalytic a nd re gu l a t ory activities. This indicates 

t hat there exist s a ne ed fo r f u rther structural elucidation 

of the mutational diff e rences of the e n z e . It appears 

reasonable that immunologica l studies could a lso be useful 

in determining the differen c e s t ha t exist in the te r t i a r or 

quaternary structures of the e nzyme , and sur face recepto r s 

related to a specific antibody . 

Two mutant enzymes from E. col i K- 12 have been p r o duced 

in our laborat ory in order to stu dy the r elationship bet ·een 

the structure, ca t al y ti c an d t e r e gulato r y p r operti es of 
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this enzyme. These two organisms have been ge netically 

altered using N-methyl-Nnitroso - N-ni trogu nidine. The 

mutants either fail to g row or grow very slowly o n medium 

where glucose is the only carbon sou ce . The ·rst mutant 

has been designated as CORD for co-re ul toryjdi sociation 

and the second mutant de si gnated CAD for c t ly ·c activity 

deficient. Both mutants are similar in th they will grow 

at near wild-type (WT) rat e when the me urn i s upp ie 

with an intermediate from the TCA eye e . 

The CORD mutant has been partial charac erized 

through kinetic studies and found to ha e s much as 50- 60 

percent of its PEPC' ase, it \ found t o h e dif use f st 

moving activity band in 5 percent polyacr lamide els ·hen 

stained for activity usin g fast violet . This su ested that 

the enzyme had a greater negative charge or that it existed 

in a more highl y dissociated form. 

McAlister (personal communication) in characterizing 

the mutants found a difference in the sedi en t aLion of he 

CORD and the WT enzymes . Sucrose gradient sediQe ation 

analyses of the WT enzyme in the presence of a complete 

assay mixture, a 5mM 'IgSO 4 mixture a 5rru I .lgSO 4 pl s 10. 

FDP mixture, FDP alone and 5m1 aspartaLe gave S alues of 

13.4, 11.0, 12.7, 12.2 and 12.2 respecti el . I si ilar 

experiments with the CORD enzyme the S al les , ere 8 . 1, 

7.6, 8.1 8.0 and 7.9 respectivel . T us the CORD mutant 
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is not stabilized in the tetrameric conform tion in the 

presence of any of the reaction compone n ts . However t he 

S values were more similar if no additio n~ were m de to the 

sucrose gradients, S values bei n g 7.2 a nd 6 . 6 for the WT a nd 

CORD, respectively. 

A measure of the specific activity of the mu t nt an 

WT enzymes as a functi o n of protein co ncentr tion also in ­

dicated that the CORD e n zyme wa more cti i n the 

dissociated state. This inverse relation h·p bet\een protei n 

concentration and specific activity s u g est that e 

aggregates can be forme d but that the how considerably 

diminished catalyti c activity. Fi ure 6 sho\ s decrease 

in specific activity upon dilution sug estiria that the most 

active species of the CORD enzyme is the dimer . 

Aspartate has been shown to increase cooperativit as 

demonstrated by changes i n the PEP saturation cur ·es . At 

lmM aspartate, a sigmod i al cu r e \as obtained fro t e ~T 

enzyme, however , with the CORD enz ;me at even 10 .I aspartate, 

the saturation curve was h yperbolic. r.'1hus, aspartate is_ not 

capable of inducing cooperative inte r acLions vith the CORD 

enzyme. Figure 7 sho s the result of t ese studies . 

The mutant enzyme described bas lost se eral ver 

important properties. Among them are the abilit · LO inter­

act effectivel y with asparLate, FDP CTP GmP and the loss 

of cooperativit y in its in teraction ith substrates and 
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activators . Figures and 9 s h o \ h i r ct·on o h 

CORD and WT enzymes wi t h FDP. F ig re 8 erno s 

act i vation of the CORD mutan t w"th DP b 

acetyl - CoA . The in er in F i u s 0 t 

exists in situ , but the c i v i y is e e in 

where the en zyme e is ts i n mo e e 

compares the r e acti o n 0 he CO D and VT e ym s 

respect to FDP act iva o n . 

The CAD mutan e n zyme has no be cha c e 

k "netically o r wi t h r e r s 0 its abi to b" 

strates and activa t or s du e 0 he c can no 

fo r activit y b y t h e classic as e use 

or CORD enzyme s. Ho e er, he c D a s 0 vs 

percent as much acti i ty as he VT ce ls . be m 

organism c a n be g r own on media s p e "t TC 

mediates . The inabili t 0 e r c an a s 

indicates the i mpo "t a ce of e e elop ent 0 

ical studies under a k e n in this r ese rc 
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fETHOD S A D L TERIAL 

The source of t h e e n zyme us e in hese s ies \as he 

bacteria E . coli K- 12 . The mu n e n zym , ~ c h b e n 

produced in our laboratory b y tme 0 h b c e \ i h 

nitrosoguanidine was extrac e om hi s ,. - s n in 

similar mann e r. Th e org n ism \ r own n 

defined med ium of dihydrog n p h osphat ( . 5fo ) c c urn 

chloride (.001 I) , magnesium sulf e 

ammonium sulfate (0 . 2 ) nd d"bas·c so i p ospha e ( . 6 . ) . 

The carbon source was glu cose n conce a ion o 

0.2 perce nt. 1hen the mut a n ts e to be p ic 

acid was also added to the me · um . The ce ll.s \ e 0 

o e rn ight at 37°C col ec ed b ce g ion a ·as e 

several times wi h 0 . 151 ICl . Each b ch o cells a 

weighed and stored frozen until enou h e ia . il -

able for enz me p uri fica ion ( 50 - oob . ) . 

Enzy.e Purification 

The enz ·me ·as purifie accor i o he p oce r es 

of Smith (1971) . The follo i a d"a r s a f o shee~ of 

the purificat·on procedure (Fi ure 10) . 

l . The frozen cells we re pl a ced in a equal 

- 2 
buffer pH 7 . 8 ( p~ o sphate 10 . · D A 0 

- 3 5 X 10 'I) . 

45 

o e of PE 

· a spa ~:a e 
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2 . The cell suspensi o n was mixe · by homoge ·z tion n a 

Waring blender a t me d ium ettin T e c s \ e e he n 

broke n in a Fren c h p ess . This e t c w s i e 

with the PEA buffer a n ce n t · e 0 

10 , 000 rpm ( 11 c e n t r i f ion v s on 

in the Beckman J21 r oto ) . The em 

purification pro edu e w s 5°C . 

Each supernatant r e t ai ned om he 

precipitation was assaye d 0 c 

effect i veness of the p i ica ion s e 

arruno 

0 on 

T e 
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e f 
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om 

35 - 50 pe r cent prec ..:_ p i ta on is sol ed i e e c ion 

buffer and assay ed f o r ac nd 0 e n cont n T 

enzyme activi t y was mea u e spec ro ho 0 t call· b· 

following the r a te o f o ,. i da ion 0 DH t 3 Onm in a 

coupled reaction ~i t h rna a e ehy o e ase . of 

s t e o t of e z- e enzymatic activit y is d e fi ne 

necessar to catal ze t e for o o o e cro ole of 

OAA per min te p er ml . r eactio mi u re eas r ed b- e 

coupled react on . The a s a ix1: re for e i - t pe 

enzyme was Tris ( 0 . 5 ) HCl pH . 5 co3 (0 . ) ·' o-SQ 

e 

c~ 

(0 . 1 .1 ) PEP ( O. ld ) .• DH ( 2m . j l . ) a FD he FDP as 

omitted when the CORD en z iTile ·as ass a e Pro e ·a 

determined by the standa r d O\ r e c iq e a d b - e 

A280 j 260 ratio hen t h e e z me so 0 s ve e esse al 

free of nucleo1:i de s . 

) 

e 
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Heat Treatment 

The resulting supern tant (in li o 0 pp 0 i e Y 

40mls . ) was made 50m1 with aspartat T ·s o 

heated quickly to 50°C in water b th n el 0 

minutes, then cooled rapidly to b low 20°C n ce 

bath . The precipitated prot e ·n w s p l e e by c 

tion and discarded . The superna a n t e ne con 

better than 80 percent of h e st no- c 

solution was then dia lyzed o e ni h a 0 . 01. 

taining 10-4 1 mercaptoeth no to emo e A ces 

This heat procedure was on y u e for t e ~ 

CORD and CAD mutant enz~mes a 

concentrations of aspartic aci 

Column Purification 

no p o ecte 

T 

E on -

e . 

c e se 

l . The next purificatio n s~ep n ol e ~· e se o ion 

exchange chromatograph y o n DE E cell ose (DE - 5 a~ an) . 

The columns were main tained at l0°C i~ t e 

lating refri gerant . The were de e ope 

gradient or PE ran 0 ing f r o 0 . 0 5 0 0 .2 

a flow rate of 64mls. / hr . The fl o r e a 

e o c c -

a e r 

0 p e a 

ain ai ed 

constant and the gradi ent de-e ope it e se of a I CO 

gradient maker. The co umn as eq il.bra~ed 0 e i a 

the same flow rate v i th 0 . Ol.i PEA befo e oa e 

dial-zed enzyme . 

2. Gel filtra~i o n on a cA- 34 c o n ';a se t.O ... e 0 'e 

he 
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the proteins by molecular s i ze . The column e elop 

with 0 . 02M PEA buf fer at a cons tan flO\ e 0 

Equilibration of th e column was ccompl.sh 0 

the same buffer prior to u se . fte el ion 0 

(as determined by 280nm abso b nee) h 

with 0.02M PEA cont a inin g 0 . 021 zi e a 

for further us e . 

co 

3 . Hydroxy lapatite (HTP) ch oma~o r phy o 

fication was the last column us e 

umn \ 

o e 

bo 

n 

3 m . / 

n wi 

p 0 e 

s r ns 

n co 

t·o 

de e op 

using a two step gradient ar in 

from 0 . 02M to 0 . 0731 PE in he f. 

he bu 

step 

cone n 0 

0 . 0 

0 . 25M PEA in the second step . Befo e pp y·n e 

which was extensi ely dial yze 

with O. OlM PEA for 5 - 6 hours . 

Sucrose Gradient Centrifu a ion 

This was the fina l me hod 

linear sucrose g rad ient ran a in 

percent to 20 percen t ( w j \ ) in 

The sucrose solutions \ere a de 

he co umn v. e 

e p lo e 0 p i 

i co nee a ion 

O. OL PE b f e \" 

0 ·i res ec 

0 

ib t 

ca 0 

0 5 

se 

0 as a 

n 

-

tat e . The gradient y·a s devel oped a~ 25 000 0 0 s 

at 5°C . The enzyme, ha-ino an S 20 ; v 0 2 - 3 e 

faster than -rhe othe r p rotein s under t ese co 0 s . 

was collected, ass a ed f o r act· . t - a p 0 e co ce te 

and frozen for th e rem a nin S"t dies. 

It shou l d be noted tha1: the enz · e ..cro e abo ·e 
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columns was collected from t , es h ving e hi est a o of 

activity to protein . PEPC'ase was concentrate by p cipi -

tation with 55 percent ammonium u fa e . n e c ca e h 

pellet was dissolved in 0 . 011 PE nd e · en ·vel 

against the same buffer except whe he c - 3 s 

used. This method of pur· icat· on 

done for both the WT nd CORD e n z 

d act"vity 

0 

the CAD enzyme were don e usina an n ibo 

the purified WT enzyme . Durin g h ac on p 

for the CAD enz yme the sampl c on we e eac e 

the antibod usin g th e Ouch e lon chni 0 

sample tubes g i v ing a po i i e e ct · on ve e a·en 

the next purificatio n step . The 0 m n e es co 

not be purified to homogenei b afo e on p ote 

extraction method . Thi s as e 0 t e e e b ·h. c 

w 

n 

0 

ns 

s 

he 

enzyme underwent dissocia ion re ul t ·ng i ul · ple pec·es 

that could not be st bilized by as ar a e o e fac 

one of them could not be ass aye i ec 1 - . s 0 t e 

assays using tl e an ibod · each s ep in he if·c 0 

increased b y one day . Complet e puri ·catio o .c e a 

s 

enzymes ob ta ined b y a -res-r t be recip 0 e ·o 
was 

enz mes with the anti bod~ fo lowe b~ e ec r op 0 e 0 a 

9 percent polyacrylamide ge e e z e ba c f 0 

the gel and the p r ote in el ed . e co p ete . .e ho is 

described in a fol lowin sect ·o n . 
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Electrophoretic Procedures 

Dis c tube gels of 5 perc nt c 

native enzyme samples (VT e n zy 

7 .5 and 6.5. These ae ls \ ere 

only) 

n e 

i e w e un o n 

pH ues of . 5 

0 ct· it a we 

as fo r protein. SDS gels o 9 p e ce n c l mi e e e o 

employed usin a the method o L emm · ( 70 ) . T e o el 

techniq u es were u e d to v e r · h pu i y o 

p r eparation that i s the p e e n ce o o n b 

systems . 

Immunological Proce dur e s 

Once the 'T enz me was s own o b omo e eo 

T n m 

bo 

i -

quots \e r e inj ected in to em le o n n al. emp 0 

elicit an antibody response . ppro rna el 500 a o e 

enzyme (mixed i tb Fre un ds complete a j ·ant) \·e e i ll 

injected into the animal ubc aneo 

boosted ever t o weeks ,ith 350ua . 

e a irnal 

n il ser f o 

as 

he 

goat gave a positi e Ouc terlo 

crude and purified T e n z me ) . 

was a ccomplished the anima 

and l50 - 225mls. of blood dra\ 

1:es ( he es e i t e 

f e e a tibod respo se 

as injec e e Te · r ee ee 

befo e eac boos e r injec-

tion. The injections foll o\ in the in 

the l ymph glands under the ec a 0 . 1 

tion . The immuno g l o bulins fr om ~ e se 

pur i fied b~ a modification of 1: e e o 

procedure vas as foll ows: 

ia one ~e r e e 

pe r s e o jec-

ere e pa r t · a 1· 

of ;e · r . s 
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1. The serum (from the clotted blood) 'as di lyzed ove r -

nigh t against 0. 11 phosphate bu f pH (if the ount 

of serum collect e d wa b elow lOOml . ' he olum w 

adjusted to lOOmls . with the phos te bu 

2. 18gjl00ml. of sodium s ulphat w e n the p ote 1S 

a llowed to precipi t a e . The u pens o n w s cen i u e 

at lOK r pm for 15 minu es t 0°C . 

3. The s upernatant was di c rd d nd e let is o e 

in 60 percent of t h e ori in 1 ~ol um w 

solution was c lari fied b y ow peed c 

b 

4. The supe rnat an t proteins we e p r ec p ated v· 

ml . sodium sulph t e , ce t i e n 

e r . T 

ion . 

1 /100 

e pellet 

dissolved in buffer (app o i t 1 30 e ce t of the 

ori ginal volume) . 

5. Final precipitati on was effecte sin 12 pe c n so i 

sulphate (w j v) . This suspension as centri u ed e 

pellet dissol ved in an ppropri ate o nt of buf er 

and clarified with low speed cen trifuga ion . 

6. The r e sulting supe rn a an as di 1 zed o er h agai s 

several chan ge s of 0 . 01_1 .. PO pH 7 . ,..., . The precipitated 

protein \as pelleted and discar e ad t e s pe r ~at 

assayed for protein usin g t e 2 0 / 260 atio . 

This method produced a par t icall p rified G f act·on . 

For mo r e complete puri fication (as done \·t 

fraction), the suspension asp aced o an equilibra ed 
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DE-52 resin column and elu ted wit h O.OlM KHP04 . A control 

(pre-injection) IgG serum was also partially purified . All 

fractions were stored fro zen for f urther use . The p rotei n 

banding pattern of the IgG fraction was determin d by 

electrophoresis on 9 percent SDS acrylamide tub ge l . 

The Ou c hterlony immunodifussion sl·de t s w the fi st 

test used to de te rmin e specificity of th e nzym for the 

antibody elicited against the WT enzyme . Four nd one h lf 

mls. of the reaction medium were pipetted onto s tand rd 

bacterial slide. The medium consisted of 1 . 5 percent ob e 

agar dissolved in a buffered saline solution pH 7 (0 . 11 

sodium chloride; 0.05 I sodium pho phate· 0 . 01 percent odium 

azide). In some cases, the antibody 20ul . , as p laced in 

the center we ll with varying dilutions of the enz me placed 

in the surrounding wells . I n the second ca e the enz me 

was pl.aced in the center well and ar ing concentrations of 

the antibody placed in the surrounding el l . The anti en ­

antibody reaction was carried out in a closed b id c w ber 

overnight at room temperature . 

Rocket Immunoelectrophoresic 

The rocket technique allowed quantification of the two 

mutant enzymes through the use of a standard protein cur·e, 

constructed from the r ocket results of the T enz e. T is 

procedure used a slide medium hich consis~ed of a one per­

cent agarose in a Tris-gl ycine-ba rbita l buffer ( Buffer 1· 
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sodium barbital 2 . 07 aj l, arbit 1 13gjl: B er 2: ci e 

56 .3gjl, Tris 45 . 2 gj l) . Thes wo bu fe s e i ed in a 

1 : 1 ratio before use to i ve a i n pH o . 6 . Th ·s s 

also the electrophores i s bu f e se to u bo h e p im nts . 

The following procedures e emplo e 

1 . Fifteen j mls . o f t h e n · bo y - eo t 

poured on to the slide . fte 0 e 

wells were pun ched out u s in 

wells ( horizontal) we r e u se er as p 

2 . The gel plate w s p l ace o n e c 

apparatus and the p l ate c o n n cte to t e 

means of paper vi c ks ( hat an #1) . T 

15 - 20°C with a ci rcula tion \a e bah . 

3 . Samples of the e n z me e r e a pl · e 

increasing co ncen t rati o n 0 1 :20 1 : 15 

samples were dilut e d wi t h the r unn in 

4 . The samples were e lect r opho r esed a 

h oc ~ e est : 

a o e w s 

( 0 - 0 . ) he 

u i p· 

e . 

0 c 

e s s em 

s tern as cooled to 

n e el s in 

1 : 10 an : 2 . e 

er . 

2 0 o r 3.5 ours . 

Upon completion o f th e run t e el pla es e e pres ed 

under pressure ashed wit b 0 . 1. ·acl (2 ) · sed i 

0 tilled water and dried at 70 C . The p a es le r e sta· e i t 

Coomassie blue (5g j l in 45 0m l . etha ol 100 ls . acet·c aci 

and 450rnls . ·ater) f o r 5 m·n t es . Des t a ·ni acet · c 

acid, water and ethano l . T e precipitant arcs ere e asured 

and a corre latio n ma de b e t ·ee -c e e s ob a· e vi t e 

enzyme and the mutan t e n z es . 
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This method allowed fo 

present in the t¥o mu nts 

strain . 

Crossed-Immunoelect esis 

The combination of e ec 

he qu nt · c ion o 

e l ti e to h t n 

op ho p 0 

n ym 

.e T 

0 

protein in agaro 0 l owe b e ec ho n n a n i -

body containing ge l in i ec ion e n ic a 0 e 

first, makes thi s technique s e 0 0 h' h 

resolution . Furthermore t e e e c o n 

precipitate is proportion 1 o h a t·o o 

the enzyme. Als o the umbe of a ti en · call 

of the progein enzyme can be etec e 

e c t · ·e ni s 

For this t a -dimensional sys em na i · (a i uo of 

the three enz med dilut ed in the ba bi 1 bu e ) a d S S 

treated samples were u e Si m·crol· e so eac enz e 

were mixed wit h a sample b ff e sol io con a·n bar b· al 

buffer SDS and bromophenol b l ue . he al·q o s vee bo· e 

f o r two minutes and used in he firs i ens·o . e 0 -

dimensions we re carrie o ut as f o lo ed: 

l . 15mls . of the heated one pe r ce t a a ose barbi 

buffer was poured on~o the glass p a es . A e r 

gelation, three ells ~ere a e us a e p a e as a 

guide . 

2. 20ul . of the sampl e enz me ere ap_ 

three ells and he ge s c o . ec e 

e o eac o e 

o t e b e r b · 



56 

means of the paper wicks . 

3. Electrophoresis in th e irs dimen o n w s c 

at 280V for three lours a a cons 

l5°C which was m intaine by c 

rrun 4 . After the time allot e 

the ge l plate . The ael s hen 

and transferred to th e seco d p e . 

em e 

n 

s 

n o 

5. For tne second dime nsi on pl e 5m . o 

containing agaros e we e po e onto he i 

slab and the antibo a ose so ut·o llo e 

geal. 

0 

0 

b h . 

oun 

e 1 bs 

ns·on 

o con -

6. After approximately en inutes t e o i · i d e va 

placed on t h e electrophore ic ppa a s connec e o 

the buffer by means of pape c a e ec rop o e e 

overnight at 80V . Temperat e vas n 

7. The completed plates ere eate s bo e it 

pre~sing, vashing and r ns i n T e pl es c u i a 

slab from the first di e sio :ve e e e t ne 

and then p hotographed . 

Inhibition Test (Binding a bilitr of 

Two types of class ca p recipi a.l: 0 est ·ere se 0 

determine the binding p r operl:·es oft e e z e o e 

elicited antibody . Binding dif e ences ere e~er i e b-

the ability of the I gG serum to i · b·t the ac i ~ i of e 

WT and CORD mu~ant . The firs ib . .:..o e co 01: be 
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carried out using the CAD mutant enzyme since the amount of 

inhibition exerted by the antibody was followed spectrophoto­

metrically. The othe r two e nz ymes were dilu ed \ith 0 . 0 

PEA such that the acti vity per ml . w s equ iv 1 n . 

The following is an example of the e periment 1 procedu es : 

Buffer 

Serwn 

Enzyme 

I g G#2 (50mG jml . ) Diluted 1: 7 

CORD (131.4U/ml .) Diluted 

WT-Wild Typ e (450U/ ml. ) Dilu e :20 

Control Serum Diluted 1:7 

21 19 17 15 13 11 9 7 5 

5 5 5 5 5 5 5 5 5 

3 

5 

4 6 8 10 12 14 6 1 20 22 

After incubating the r eaction mixture ove rni ht in 

ul . 

the col 
' 

the samples were centri gufed and the super tan assa ed for 

activity. 

The second titration experimen t sed emp o ed reac in 

all three enzymes with the IgG in larae r ua tit ' es . T e 

precipitated enzyme-an t ibody complex obtained as suff ' cient 

to be used for purification of the mutant enz· es . In this 

reaction, the antibody was added in such quan ities that ~he 

activit y of the WT and CORD enz·mes ;vere almos tota 1 

absent. The aliquo t s of enzyme, buffe r and IgG fraction 

were mixed and allO\'·ed to reac -c overnight in the cold . This 
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solution was centrifu ge d a nd th e s u pe n t n ssay o r 

nd o activit y . Fifteen ul. of e a c h enzyme we 

this were added lOul. of t h e WT e n zyme h 

ity. The three enzymes we r e ss a ye d lon 

for activity. This const ' tut e d t he s con 

supernatant fract ion was a ss a ye 

aliquot of lOul . of th e e n zyme n 15 o 

enzyme. Calculat ions we r e m de to e e 

r emo e 

n k O\n c 

w' t h a cont o 'T 

y . T 

s g nother 

' T con o 

ne he · nh· o 

ability of the antibody o n t h e t hree e n e . 

The pellet from the enzyme - n ' bo comp e. c -

tionated in to compo nent par ts b y SDS ub e ec r opho esis 

on 9 percent acrylamide . Th e e z b nds lon v h th 

heavy chain moiet y of t he I gG imm o lobu in e e e cise 

and the protein eluted from the gel (comp ete p oce u r es 

will follow). The PEPC'ase p r ote in a nd he he cain I G 

protein were assayed and a r at i o estab i he h · s p r oced-

ure also allowed for a measureme nt o t e bin in abili - of 

the three enzymes to the antibod . 

Peptide Mapping 

The pellet from the antibo d - an t i ae eac io s 

washed with 0.1 1. ~aCl (2X) centrif oed a dissol ed i n a 

SDS sample buffer. Aliquots of eac h e n z e e r e e lect r o ­

phoresed on a 9 percent SDS acr~ ami de el to eparate t he 

enzyme from the I gG fract· o ns . po n coP etio o e 

electrophoresis, one sampl e ge fro eac e z· e se r · es \ as 
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stained for 25 minut es i n a solution cant in· n f"nal con -

centrations of 0.1 percent Coomassie blue 50 p rcent 

methanol and 10 percent acetic ci he ces s n 

removed from the gel b y treatmen in so ut"on of 5 p c nt 

methanol and 10 percent cetic cid 0 one hou Th 

stained gels were l71atched gainst th co e pan n-

stained gels and areas i n the uns ne el 0 e n 

to the position of the enzyme b n n h n e s e e 

excised. Elution of the e nz yme rom the ban s 

by homo gen i z a tion of the gel n a n SDS p e s b 

(O.l25M Tris-HCl pH 6 . 8, 0.5 pe ce n DS 0 p ce o-1 

and 0.001 percent bromophenol blue) Cle ·e and (19 7) . Pro -

tein was determine d by the Lo\ p oce ure on he e e 

enzyme before treatment \ ith the ariou p otease 

The purified enzyme fractions ere he rea-re for 

three hours with the vari ous p o eases . 

added in an amoun t equivalent to 1 perce 

e p o ea es ere 

( -; ) o the 

enzyme protein that was to be diaested . he 1: o pro eases 

used were trypsin and chymotr·psin. e enz· e j p r otea e 

solution was immersed in boiling ·a te r to stop t e eac io 

This solution was then placed on an e xpo en ia~ radien1: 

slab gel for electrophoresis ( Finke s e n 

gradient gel (15-8 percent acrvlamide) as r 

p ress ) . mhe 

a Tris -

glycine buffer , pH 8.3 (0 . 05 .1 Tris 0 . 3 g cine 0 . 1 

percent SDS and 0.002 11 EDTA) at 35 - 40m unti the de 

ol 
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reached approximat ely one h l inch 

slab plate. The gels were stain e 

om he bo 

in 0 . 05 e ce 

om o t 

Comm ssi 

blue, 0.05 percen t amido black sol e so u on o 

acetic acid methanol nd w te 

percent solution of acetic ac · d . 

and evaluated for change . 

D s 

The 
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Two Dimensional Chroma tog d apping 

The enzymes were precipit ted s be 0 e w h he t' -

body. The rinsed pellet was suspen n n p ro i 

amount of freshly prepared 0 . 11 T i -HC p 

containing GM granidiniurn h ochlo e ce c 

acid (IAC). The solu ion w 0 b he 

dark with shakin g for 30 m nutes . s ion 

0 .02 Vl with dithiothreitol (DTT) . Eac 0 

then dial yzed overnight a a nst 0 . 2 on t 

pH 8. The enzymes ere collec e n 0 h 

PEPC'ase was then dissol\ e in SDS mp e b e n e ec ro -

phoresed usin g the L emmli met o (197 ) . 

Enzyme bands contain·ng he o ei \ e e u e 

according to the pre ious proced es a disso ed sin 

0 . 2M ammonium bicarbonate pH 9 . 5 . These p o en a iq o s 

were assayed for protein, d ie and s o ed i he r· e 

state for further use . 

Diges tion of the enz~mes wi ~psin - PC- an c 0 -

trypsin - TLC was carried out i 0 . 2 .. 0 i bica bo a e 

for the t a - dimensional cbro atro rap y map pi a s 

peptide mapping sample buffe for t e g a ie s ..... ab e 

mappin g . The enz-me- protease s o t·o s ~ere nc bate a 

37°C for six hours ith 'C e protease bei 0' ad de 1: ·o 0 

steps· one - half at zero e a d e ot e a _ at ~.- "' ee 

hours. After digestion the S S - e z es ve e loa e a 
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electrophoresed on the radient gel . 

The enzymes in the ammonium bic bo te bu e we e 

spotted on TLC cellulose pla es 

nanomole of protein p r pl T e 

3cm . from each edge in one co ne o he p 

chromatogrrun w s elect opho es o one 

at 350V with the spot place 1 y c os 

The plate was then dri 

di r ection . Upon compl 

nd c om to 

on h c 0 

sprayed with triethyl min e followe by 

spray (Felix, et . al . , 197 · Ti 1 

al., 197 ). 

Special Solutions 

P e 

0 

e 

9 

0 1 

0 er p ce 

e . h 

on h 1 ou s 

o le no 

n second 

n 

e 

e p e . 

1 . Electrophoresis Buf fer : py i ne · ce ic ac ·ate 

(1:10 : 89) . The pH oft is sol io app o·i el · 

3 . 7 . 

2 . Chromatograp h sol ent: 

water (50 :33: 1:40) . 

3 . Fluorescamine Spray : O. lo fl oresc i e ( / · ) i ce o e . 

4. Triethylamine: 10% triethyl e i e e e c o e . 



RESULTS 

Production of a Homoge neous 'T Enzyme 

All purifi cation procedu es \e e t n ceo n 0 

Smith (1971). Howe e r, modi ic o n on o ne o h ns 

was necessary . This modifi c ion l ow o c ea e 

separation of the protein f ac o on he ion h TP 

column . The largest po r io of e en 

0 . 0731 to 0 . 151 range of he PE b e 

i ng a peak at appro ima el 0 . 0 

A typical g raph sho\ ing s c o e sepa io 

i s shown in Figure ll . The spec c act o rae on 

obtained indicate d t ha he PEPC se e zyme as p obabl · 

pure . Other tests s ubstant'ated s . pon concen a on 

of the enzyme from the sucrose dien he o lo in a 

were obtained: 

UNITS / L . 

PROT . (. G . / .1L . ) 

tmiTS / G. P .OT . 

l . 6 

0 . 0 

9 . 30 

Tube gel electrophores·s sin e 9 pe ce s 

acrylamide and a 5 pe rcen !a 

the purified T enz me. he 9 erce 

m e ae ~ere r o 

S S ae s o ed one 

band, even ~ith o ther oa ing 

p resence of a homog e neo s enz~ e . 

63 

2C ) 

e na 

'nd·ca g e 

e • e s ·i 0 





Sucrose Gradient for WT Enzyme 

100 

80 

60 

40 

20 

Bottom Top 
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u o T nzyme electrophoresed on 5 
cen nati e and 9 percent SDS treated tub 
s . 

ve gel o 5 percent acry lamide with a 
50 pe cent increase in aspartic acid (pH 
6 . ) . 

B . i e 5 percent acrylamide gel using the 
s nd concent ration of aspartic acid 
(pH . 5) . 

C . 'T enzyme electrophoresed on 9 
SDS acrylamide gel . The presence 

indicates a homogeneous en z me 

The s con ban s hown in B was a product of 
d "ssoc· tion o t he purif ied WT enzyme due to 

ch nge from the optimum pH of 7.8. An 
inc ease in asparti c acid stabilized the 

e r meric o rm o f the enzyme thus reducing 
·ssoc · at · o n ( ) . 



A B C 
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SDS, run at pH value s of 6 .5 (Fi gur e 12B) n 7 . 5 (no s ho\n ) 

showed a second ban d . Because o f he res u l s \i h SDS h· s 

second band was belie ed to be due o 

enzyme which may occur whe n the pH d i£ 

normally requir e d for stabili z atio n 

determine if this was the c ase , he 

same buffe r but wit a 50 e r ce 

At pH 6.5 where dissociat · o n w s mos 

acid decreased the in t e n it y of st 

(Figure 12). Thus indicat · n g hat 

from dissociation and h t he enz ~ e 

was proper, therefo r e t o u se h is 

an antibody r esponse in t e oa s 

s 

no 

mo 

\ 

purification procedure is i e n in able 

s oc tion o f t he 

om h op t imum 

To 

e e e un n e 

s a ic 

ce b e p c 

0 s con 

t 1 " el 

nd pu e . It 

on 0 ic i t 

0 he comp ete 
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TABLE 1: SUMMARY OF PURIFI C TIO PROCEDURES . 

============================================================ 
PROCEDURES VOL U/ IL PROT SP . CT . YIELD PURIF . 
------------------------------------------------------------
1. Crude 600 14.0 17 . 7 0 . 00 1 

2. Strep 650 9 . 0 17 . 19 0 . 2 6 0 . 65 

3. A.S. 99 81 . 9 2 . - 1 . 92 9 

4 . Heat 98 65 . 7 2 . 16 2 . 33 f'"r6 . 

5. DE-52 16 281 . 36 3 . 3 6 . 

6. ACA-34 3.4 546 . 6 2 2 9 . 7 1 . 3 . 0 

7. HA-HTP l 627 . 0 1 7 . 35 36 . 1 5 . 2 

8 . SUC/GR 11.9 18 . 6 0 . 2 9 . 3 5 . 

' otes on steps i n table : (2) Su p na an er s rep ci n 

s ulfate precipitation of nuc eic cids . ( 3) Ammoni f e 

precipitate bet\ een 35 & 50 C1 ,o sa t 1- a io ( ) ea e n e 

presence of 50 rru aspart ate t 50 e ree f o 3 i 

(6) Tov\ ACA-34 columns e r e run . e firs co e c 

,vas to steep . From the ,.1.!2 co umn t ·o o s ere 

collected . Fract io n 2, hich containe 5 . I 

35.08 mg/ml (p r otein) as froze n . ( ) A ter L e s e r os 

gradient, the enzy e as con c en r Le to tOL 0 e of 

2 ml using the Amicon pressu_ e f ' t a t·on sse. 
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Immunodiffusion Results 

The first indica t ion o f an a n tibody produ ctio n w fo u r 

weeks after the initi a l i nj e ctio n of 500ug . of t h e e n zyme . 

Immunodiffusion test s ( s tanda rd Ouc h terlony lide test), 

using a partially puri f i e d I bG fractio n sho\ed a po itive 

reaction to the pur i fi e d PE PC'ase . nother WT enzyme puri -

fied up to the h ydroxylapatite step \a lso use d to est 

the specificity of the an t i bo d y (Figu re 13) . The specificity 

of the antibody was importan t since the CORD and CAD enzyme 

could not be pur i fi e d past the H column by stand rd ech ­

niques. However , sin ce the two mu tant enzyme w r e needed in 

the homogeneous st a te for studies of structural differences, 

specific antibodies wou ld b e needed to effect that purifica­

tion. The antibody (I gG #6 fraction) reac~ed vitb the crude 

CORD enzyme also, u s ing the standard Ouchterlon test . 

Figure 14 shows the prec i p i tant lines formed from this re ­

action. The diffus io n ~est also determined if there \as 

identit y be t ween t h e WT a n d CORD enz mes . 

The CAD enzyme was p ar t i ally purified using the stand­

ard procedures for the WT e n zyme . However, location of the 

enzyme during purificatio n was carried o u t b r eacting 

aliquots of the tubes f rom each ext r action step with the I gG 

fraction. Us in g t his me thod , i t \as shown tha~ the CAD 

enzyme would p rodu c e a positive Ouchte r lon~ reaction ~ith 

the WT s pecific antibody ( F igur e 15 ) . In each s lide 
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r e actio n , t he C \D enzyme s ho\e two p ecip'tant bans, lso 

the pre cipitant bands forme were ve y 1· ht . Ho\e r hi s 

method stil l i ndicat e d that h e C n zy co l p ecip 't a e . 



u 
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iffusion test showing 
antibody for the purified 

he partially purified enzyme. 

i e nzym showinrr precipitin band 
ion . 20ul . of the IgG fraction was 

n the center well with l5ul. of the 
e nzy e in each of the outer wel ls. 

icity o partially purified WT enzyme 
I G raction . The IgG fraction was 

ac in he center well with the partial­
pu ifie enzyme in each of the outer 

we l . 
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F G E 15 : I s o r e ac ion of the CAD mutant 
e . e IgG f racti on was placed in e 

\e l . In a ll cases, double ~recipi · n 
s e o e d ·ndicatin g two imrnunolo ic 1 

e c · ve species (d) . 
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Large Scale Precipitation 

Although seven fracti o n s of he serum cont inin n 

body were collected and parti lly pu ifie , 

been used in most of the expe riments . Th's 

c ion , 2 ha 

c on \ s 

shown to contain 5lmg jml . of p o e n s 0 50m 

of buffer. In orde r to di tin u' sh be w n he G 

and light pro tei n ch ins and th b n s occu n 0 

enzyme preparations , t h e n i e I G f ct · on a e ec o -

phoresed on 9 percen t acrylamide SDS us· ho 

the nature of the I gG cont aminat·n p o~e s s chec e 

Figure 16 shows t h e resul s of he el c o ho e 

Even though the antibo y p o ced as speci c fo e 

WT enzyme a nd would also p o u ce os ' ti ·e 0 ch e on 

reaction with CORD and C D mutan enz ·mes e . pe i ent ·e e 

ecipi e he 

0 see if he e z es 

done to det e rmi ne if the antibody co 

enzymes f r om a c rude p r epar ation a d 

could be separated from the p r ecipi 

complex . The ke~ \as to r eact tea~ 

e z e - antibo 

0 

elec and a purified 1 T e n z e p eparatio 

complex on a 9 percent SDS acr am e ae . 

tion was complete, t ree ban s cou l be 0 

corresponding to the t 0 chai ns of e I G 

b 

rop 0 

ser ·e 

and the subunit . 
(T'I is ec n e co· enz .e 

to pur if · the tant enzTJrnes t ro 0 

f rom the gel . Fi g re 17 sho···s a G frac 

a c e 

e e e 

e epara-

0 ob li 

e be se 

e 

~ 0 s a;e 
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similar results wi t h r espect to preci i a on o he T 

enzyme. Figure 18 a l lows u ne uivocal i ent· ·cat·o o e 

enzyme and the IgG staining band . In h's f'g e, h 

protein pattern o f a purified I gG #l ·s i e n s el 

as the bands ob t aine d when the pu i e G c o n s 

reacted witn the pur ified VT e n zyme . 
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b nd t e rn of IgG fraction af te 
on 9 percen SDS acrylamide u 

- B. I G ba d pat ern after partial p uri ic~­
io of the a n ibody serum . 

C . Con ol BS , molecular weighG 60 000 I 1) . 

I = Hea y chain of IgG with mole c 
weight of approximately 55 00 0 . 

II L' ht chain of I gG, molecul ar ei 
appro imately 22,000 . 
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T n z 

'T e z 

c . T e nz 

I . 

II . 
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o \T-I gG com lex afte 
pe r c n t SDS t ub e g e ls . 
h tially purifi e d I g G 

pro e i n p tte r n s with 
the \ T e n z yme . I n 

"e re col l e c te d 

me plus I gG rr 5 

m plu s I gG ,J.J. 6 

me l u s IgG rt ? 

PEPC se b a nd ( 1. w. 100 000 ) 

e av I G chain 

Li ht I OG chain 
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By reacting the CORD enzyme with t h e I gG r ctions on 

preparative scale, it was found that he e nzyme o 1 b e 

precipitated and separated o n 9 percent SDS c yl id be 

gels . . The protein band patterns observe wee sim·l r o 

those produced by the WT enzyme , in that h 

bands (WT enzyme band, h eavv nd li g h I G c 

were very distinct. However, more cent imi n 

h 

were noted . This could have b ee n ue o ncom 

of the enzyme-antibody compl ex p lle w h 0 . 1. 

m o 

) 

c b 

dissolving the pellet in h e sample bu 

the result of the CORD enz·me e ct·on . 

e 9 0 s 

The CAD enzyme was s ubjec to sep o n he 

of this separation, inc l u d·n the e ul s o 

s 0 

c ease 

a 

e 

s 

c a e ing of the enzyme-antibody comp e 

in washing produced a decrease in 

ent . 

e o n o en · e pr s -

As given in ~r et hods an . a er·al e band .... 0 e ch 

type of enz me was excised and e e z: e e e DS 

sample peptide buffer. Befo r e -che e z . e 'e e se o r 

further s tudies they \ere re - ru on t e 9 percen SD 

acrylamide gels test pur i f a f er their e x cis.:..o .c 
0 to 

the tube gel s . Figure 21 s o-s t r ee e z · es 0 e 

from the preparati e enz ·me - a t ·bod· comp e . e ap ear a e 

of one band for the enzymes ind·ca e e prese ce o 
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homogeneous PEPC' ase species. These pu ified e nzym s e 

then used for fu rther studies . 
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lts obtained from large scale precipitation 
h C D nzyme f rom crude extracts using the 

ntibody . The prec ipitation was 
sep ration and purificat ion of the 

on 9 pe cent SDS polyacry lamide gels. 
om eft to · ght the results show the effect 

increased w s hing of the enzyme-IgG complex 
ore elec rophoresis . 

C D e nzyme band 

I . I G heav chain 

I I G li ht chain 
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enzymes obtained from large scale 
the e n z mes from crude 

u sin h WT s p e cific antibody . The 
lut e f om the ge ls were subjecte d 
opho e ·s on 9 pe rce nt SDS polyacryla-

Th of one protein band fo 
homogeneous PEPC'ase 

CORD e nzym 

B. \T e nz e 

C. C D e nz me 

I . Trace r de 



A B C 
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Crossed-Immunoe lectrophoresis 

Crossed-immunoelectrophoresis is n e fee e ool e 

in the studies of comp lex antigen - antibody s s em . T 

method maybe used in two was, depen ·ng on \he he h e 

quantification or the e l ect ophore ·c eso u o n s 

emphasis of analysis. In this manne numbe o 

can be quantified and proteins i Th' 

basically used to study the e ec o o ic p 

co~ponents of the enzyme to the an · o ) o h h 

enzymes. 

ens 

c v 

In the native crossed- elec r opho es · s e n ·me m e 

ere diluted with barbital b er n n h 

dimension of 1 percent agaro e plates . o ' be 

onl y one spot was detected after st · i o '. e · r bo 

mutant enzymes showed slow mo i compo e s . T i pos · b 

indicated the presence of mo re a one o o icall 

active species or contaminati on o e P o e e 

electrophoresis in the second e s·o s l e ce 

agarose containing the antibo y e ach e z 0 ·e 

d'stinct precipita t arc . Fig e 2 s o ·s e es 

the WT enz me, Figure 23 the CO e z~ . e a i 2~ e 

CAD enzyme. Although the p r o ein co . ce 0 s 0 e 

a .... e l, e r e 

I 

part ial y purified mutant e.z es 

partially purified ·T enz · e (COR 5 6 . 55 . f . CA 50 . • I 

ml .; WT 38. 8mg . / ml . ) t e p _e c ip an a r c re f o 
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2: - ·mrnunoelect ophores is of the WT native 
T esu lts s how the p recipitin arc . 

n of the \T e nzyme electrophoresed 1n 
ime n sion . The l percent agarose 

s con dimen s ion contained the IgG 
ct'on . l5ul of h e prote in extract was 

the e -per ime n t . The protein ·concentra-
of t h e e nzymes were : CORD 56.55mg/ 
T 3 . m /ml and CAD 50.6mg/ml. 



J 
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o sed-· mmuno l ec t ophoresis of the CORD 
me (B) . The r e sul t s s how the 
a c p ttern of t h e e nzyme after 
es in the second dime nsion gel 

in~ percent g arose and IgG . The 
the p r ecipitin arc is less· than the 

e \T enzyme (Figure 22) even though 
ou of c rude prote in us e d was larger 

. 55 g/ l . : T 38 . 8mgjml. 

l 1 . o e h enz me ext r a ct was electr o­
phorese 
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ect ropho r e sis of the CAD 
me . Th r esu lts show the protei n 
th e nzyme in t he first dimension 

p ecipit in arc protein p attern of 
in he se cond dimension (a ). The 

m nsion ~e l contained the I gG fraction 
o h \T and C D protein extract were 

The h i of the CAD precipi·tin arc 
less han he \T (Figure 22) indicating 

o immunological reactive protein is 
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the mu tant enzymes . This i ndicated that the to 1 ount o 

actu al enzyme avai lable to r eact with the n "bo y w s le s 

with the mu tants or that the a n tibody binding si s fo 

mutants were distorted (resul ti n g from con o m n 

changes in the mut a nt enzymes ) for b"n in . 

The second phas e of the c ossed-· mm no lee o hoe s 

require d treatme nt of the three e n zymes w"th n SD s p 

buffer before electrophore si s . te eatm n h 0 

mutant enzymes showe d differe n ces in h s n s co 

dimensions . The WT enz me ( fi s a secon ens 0 

shown in Fi gure 25 ) sho e d the e p c e on p 0 e 0 a io 

pattern ( precipitant arc) a fte r st g . CO D en y e 

(Figure 26) showed a slow mi g r a n com on n in 

dimension bu t only one pre c p a n r c wh n enz- . a 
' 

elect ropho resed in the seco n i ension . e o· co one 

in the first dimen sion was t he e 0 e ob bl - ue t.O e 

presence of contamina ing pro eins . 0 e ot e he 

CAD mutant enzyme, ShO\D i Figu r e e .'h · bi l.e a slo ·er 

migrating component in he fi s 0 he 0 a ion 

of at least wo precipi ant arc s i he I G e of e 

second dimension . These res lts i d · c e a- t. he C. 

enz me contained t\ 0 ant.bod r e a c i ·e s ec.:.es . 
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o a-dimensional immunoelectrophoresis 
T enzyme . The fi rst dimension was run 

cen agarose ge ls . The WT enzyme 
wi h SDS before electrophoresis in 

imension . The complete d gels were 
a 0 degr ee angle into l percent 

tes co ntai ning the IgG fraction. 

i s dimensio n WT e n zyme gel . 

a . Se ond dimen ion ge l, showing the 
prec'piti n a rc. 



1 
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\O-dime nsiona1 immunoe 1e ct ro­
s o he CORD enzyme . The firs t 

ion (B) as run in 1 pe rce n t agarose 
SDS ea e CORD enzyme . The slow mi grat ­

com onen no ed in the fi r s t dimesnion was 
he r esenc e of contaminat in g ·proteins , 

one p ecip itin arc was formed in 
·mension (b) . The second dimension 

con the IgG fract ion. 



l 



106 

FI 27 . wo - i me n s · onal immunoelectrophore s i s 
enzyme . s l owe r migrating protein 

componen was no t e d in t h e first dimension when 
l pe ce n t agarose plates using SDS 

enzyme . t least two precipitin arcs 
fo e in h e I gG ge l of the second 

· on ( c ) . These results indicated the 
pr e nce of at least t ·o i rrununologically active 

ote · n sp c i e s . 
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Rocket Immunoel ectrophoresi s Results 

Quantitative immunoelectrophoretic metho s 

the electrophoretic mi gration of the antige n in 

containing gels and a specific irrnnu no - preci i 

antigen b y means of the correspo n ing p e i 

Individual precipi tin ban s a re o me 0 ch 

antibody system prese n t . The a e enc o ed 

precipitant arcs is proportional to h n 

ratio. The rocket immun oe lec op h o r esis p 

for determination of a sing l e p r o ein i n a p o 

The identification of the p r o ei n i e 

shaped precipitat e formed and h e 

measuring the hei ght of the r ock et . 

a o n 

e b e 0 

n ·body 

on 0 h 

n ·bo i 

n e n / 

he 

0 

0 

m 

0 e 

on 

n i c Measurement of the r o cke t e i ht 

from the slide gels, in \hi c h r e in 

as 

on e oc e 0 

10-50mm in hei ght c o rrespond o a e o o 

about .2- 0 . 4 percen t . If the r oc e s 

f rom an enlarge d photograph t he e 0 0 mea 

r e duced. 

To test the effecti e ess 0 s et.. 0 

PEPC'ase and the anti bod el' c i -c e d, pa i 

sample of the \~T enz e as r i 1 pe r ce 

containing 1:60 fina l concent""'a o n of CTG = a 

As no ted in this fi o r o .. ·ed .o re 

precipitin ar c . This as be e ·e 0 be e 0 

a 

a 

e en o 

ea u e 

erne . is 

i e 

ie 

e 

( i e 

~., _ a. 0 e 

i soc a 

) . 

o. 
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minary r esul s of WT e n zyme using rocket 
o lee ropho es is . 

e . 

of the WT e n zyme run in a 1 percent 
e l containi ng a 1 :60 fin a l concen­

of IgG . l 5ul of e nzyme using 1:5 , 
1:20 a nd 1 :25 di l utions (left t o 
place d i n each well. · The double 
we r e due t o d issociation of the 

B . e s showin g t he e f fe ct o f increased 
r at e to stabilize t h e tetrameric 

o t e e n zyme and preve nt dissociation. 



A 

8 



ll l 

of the WT enzyme. To determine i the nzyme h indeed 

dissociated at the pH u sed , a second e xperime t sin the 

rocket method was run. This method employe n c e se 

amount of aspartate (f i n al concentra ion 20m. ) . s obs 

in Figure 28, the WT en zyme showed on c'p n c . 

Results of all three e n zymes, f om which e h · h . e · ur -

ments were made, are shown in Fi g ure 29 

Figure 30 for the CORD ; and Fi gu e 31 o 

The rocket height s ob ine e 

Included in the tabl e is the ac 0 

o he 'T 

he C D 

n n T 

c 

the WT and CORD e n zymes and the amount o en c 

0 each well. For each d · lu i o n 15 ·e e o 

wells . The amount of enzyme fo t e CO D an e z · 

Z I 

0 0 

was determined b y di idi ng he spec.fic ac i r of e 

purified WT enz me f oun d to be 0 . 0923 I g . n o 
' 

specific activity of eac h i tion of 

enzyme samples. 

In order t o de t ermine an i ) he a o 0 

enzyme p resen t in the mu ta s s i a e oc e . e 

i 

ratio of the amount of e nz) e reci p 

IgG used was determine d. The ratio o 

1:0 e o !1 o 

lso dicate e 

surface binding capaci t- ( r ecepto s e) o e 

enzymes . The ra t i o s ~ere oase o e a e a e 

enzyme eluted fr om the t u be gels co ._are 0 e 0 0 

protein content of t _e ea ai o- 1: e G so e e 
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TABLE 2: SU\1MARY OF ROCKET I ·JMUNOELECTROPHORESIS HEIGH 

OF ALL THREE El ZY 1ES . 

WT ENZYME 

DILUTIONS 

1:2 

1:5 

1:10 

1:15 

1:20 

CORD ENZYME 

1.2 

1:5 

1:10 

1 : 15 

1:20 

CAD E ~~ZYME 

1 :2 

1:5 

1:10 

1:13 

1 :20 

(ACT. 450U /m1 . ; PROT . 38 . 8m 

puri fied) 

HEIGHT CT . 

46 3 . 3 7 5 

39 . 5 1 . 35 

31 . 6 7 5 

23 50 

16 . 5 . 33 7 5 

( CT . 131 . 3 9Ujm1 . · P OT . 

35 . 9 3 

30 . 393 

25 . 19 

20 .13 

14 . 09 3 

(PROT . 42 . 6 g j m1 . ) 

25 . 9 

22 

15 . 5 

10 . 6 

8 . 9 

jm 

5 . 3m 

a i 

u g . 

3 

. 3 

. 9 

3 . '""' 

I . ) 

10 . '""" 

2 . 13 

. 2 

. o~ 
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ock immu noelectrophoresis 
The height of e ach rocke t 
b) vas u sed to construct a 
lei h to enzyme c o ncentrat i on . 

c ve \ as then used to quantify t he 
D e n z -me concent r at i o n . The di -

he nzyme placed i n each well were 
:10, 1 : 5 and 1 :2 r e sp e cti vely from 

i~ht . 
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G R 30 : 
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FIGURE 31: Rocket immunoelectrophoresis using the CAD 
enzyme. 15uls of each dilution (1:20, 1:15, 
1:10, 1:5 and 1:2 respectively from left to 
right) were placed in separate wells. Quanti­
fication of the CAD rocket heights indicated 
the amount of cross-reacting material produced 
by the CAD was 30 percent as much as that 
produced by the WT enzyme. The height of the 
rockets were measured from the same relative 
positions as shown in Figure 29. 
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from the same ge l s . The r a tios found ares o\n in Table 3, 

alon g wi th the amoun t of p r otein elu ed for each entity . 

As indi c at e d i n Table 3 (ra t io of enzyme / an tibody) the bi 

ing abili ty o f t he three e nzymes is different . 

Eve n t hough t he antibody elicited against the T nzym 

p r e cip i ta t e d t he mu tan t protei ns \ i th the sa e e ree of 

spe c ifi c i ty , the an tibody/e nzyme affini y is i eren 

WT CORD CAD. This i ndic tes the s u rface c ges vh · ch 

have oc cur red are gr eat e r in t he C D mu an The ch nges 

(bindin g abi l i ty of the e nzyme to th an ibo y) obs ed 

appea r t o i ncrease as the ·bili yo th e n ym 

decre ases. 

In orde r to quanti fy the mu nt e nzy m 

c ur ve was _co nst ru c t ed u s ing the WT enzyme ul 

he i ghts of t he WT rocket s we e me ure ( 

re l a tionship de t ermine d between the conce t · o 

p rot e in i n the e nzyme d i 1 u t ion ( ..~ - . · i ) 

t he precipitin arc (Y- axi s ) . F i ure 32 ho 

obtained from the experime nt . 

The first three points , r eprese n i n t e 

p rotein in the first t hree dilutions of he 

h 

0 nc on 

s · n 

T p 

29) 

0 

i 

T c 

0 0 

e (i . e . 

1: 10, 1 : 15, and 1:20) we r e used since t ese po·n s co i -

t u t ed a strai gh t line . The remainin g po i nt s fro 

an d 1:2 diluti ons were omitt e d , sin ce t .es 

t he prot e i n was too c o n cen~ r ated to give a ·ali e 

e 1 : 5 



TAI3LE 3: HATIO OF ENZYME/ANTIBODY (Eluted from tube ge l separation) . 

ASSAY VOLUME PROT . TOT . PROT . RATIO 
(En z . / IgG ) 

1 . WT e nzyme 0 . 5 7 1 . 33mg . fml . 0 . 76mg . 1 . 01 

2 . IgG £rom WT 0 . 48 1 . 53 0 .7 3 

3 . CORD e nzyme 0. 55 1 . 18 0 . 65 
0.83 

IgG from CORD 0 . 53 1 . 4 8 0.78 

0 
0.1 
r-1 

5 . CAD e nzyme 0 . 51 1 . 07 0 . 545 
0. 78 

6 . CAD I gG 0 . 51 1 . 37 0 .70 
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FIGURE 32: Standard protein curve (cross-reacting protein) 
of WT enzyme rocket immunoelectrophoresis. As 
indicat e d the hei ghts of t h e first three con­
centrations were u sed to construct t he curve 
(i. e . hei ghts from 1 :20 , 1:15 and 1:10 dilutions 
of the e n zyme ). Th is WT enzyme curve was used 
to estimat e the amount of CAD a nd CORD cross­
reacting protei n present . 
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An example of the calculation metho d u se t o e e r m e 

the equivalent amount of e nzyme like pro te ·n prese t i n he 

mutants, is given below. 

1. The heights of two of the CAD rocket s we r e 

measured and the corresponding amount o prot e in f r o 

the standard curve extropolat 

Example: 22mm = 4 .7mg of WT p ot e in 

9mm l.Omg of \T pro e ·n 

2. 42.6mgj5ml. (concentrat i on of CD pro e· n) = . 5 mg/ml . 

3. A total of 25.6ug of CAD pro e in w s 1 ce d 

each well (15ul of a 1:15 d'lutio n o C D e n y 

equals 25.6ug protei n). 

4. Equivalent amount of enz m 1 · · ote· C D s 

4.7 + 1 = 0.22 or 22% 

25.6 

5. Correcting for the ratio of CD / I G e n om 

Table 3 gave a total of 7.7m o r 7 . 7 = . 30 o 30%. 

2 . 6 

This figure of 30 percent i ndi c t e s h 

p roduces approximatel y 30 percen t a much c os 

e C m 

eact·n 

material as the WT. The same calculat i o n me ho vas 

f or the CORD rocket. The resul ts indi c a ed t t e CO 

mutant had 75-80 percent as much c ro ss reactin e · al 

as the WT mutant enxyme. 
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Quantitation of Inhibition Reac o ns 

The previous section demonst r ted th t h ntibody 

could cross react wi h each of h e hree enzymes, an tha 

the WT as well as the mutant enzymes coul be precipi e 

in preparative quantities. The allowin g resul e rom 

studies used to determine to what ex e n t th ntibo y co d 

inhibit th e WT and CORD enzymes . Thi s proce u e woul es b­

lish the binding affinit y of the CORD mut n wh n comp re 

to the WT e nzyme . Again, o n y the WT n CORD e n zy 

used since the amount of inhibi ion w s o ow 

photometrically at 340nm . 

Table 4A shows the resu lt o th WT a 

using a pre- injection I gG r c 0 e con 

procedur e demonstr ted th t h e w s 

pre-inj ection serum whi ch would e c 0 n 

activity . Tab le 4B show the d" e e nc 

ability of the antibody to in h i • t the c 

and CORD en zymes . From the acti · t · e ep e e 

tables, the CORD e nzyme as 0 e ve o be e 

by the antibody wh e n camp r e d 0 tte acti i 

WT enzyme . This indicated tha the CORD 

the antibody, thus i dicat· a s 
affinity for 

on the mutant enzyme . 

co 
~ a 

e 

e 

noted in Methods and da e ls 1: e aG 
As 

dilut e d 1:3 along i 1: . he co t 
(5lmg . jml .) was 

s 

0 

ce 

0 

T 

t 1e 

"ere 

0 -

y 

he 

e 

i 

n e 

a t · o 

ser J:j , 

he 
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The activities of the t\o enzymes \ere iluted to a point 

such that the enzymes exhibited almost equal activity when 

assayed in 0. 01.1 PEA b u ffe r. All r eactions we e run over­

night, centrifuge d and th e s u pe rnat ant assayed . 

Figure 33 shows the results of the experiment when the 

control activities g i e n in T ble 4 were plotte against 

t he enzyme concentrations used (CORD and WT enzymes) . Figure 

34 illustrates the graph obtained when the activ'ties from 

Table 4B (inhibition r eactio n of the enzymes) ere plo ted 

against the enzyme concentrations . These elimi nar y res lts 

indicated that the bin ing bili y of th CORD mu n to h 

antibody was less than h t of t VT nzym . s· c e h b' -

ity of a n a n tigen ( e n zyme) to bind u cce s ull · \Vi h i s 

antibody r es ides in the n e i y of ur c 

and the availability 0 speci c rec to i e n-

dicat e d from this stu 
' 

t a the 0 emen i o c 0 s 

have be e n chan ge d to e ree n th co D mut t . 
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TABLE 4A: CONTROL REACTIO 

CONTROL SERUM + TVT CONTROL SERUd + CORD 

Enz. Vol. Act. Enz . Vol . Act . 

2ul. 4.35 2ul . 4 .70 

4 6 . 47 4 7.23 

6 9 . 49 6 11 . 23 

10 15.22 10 16 . 55 

14 18.01 14 26 . 23 

18 28.71 18 41 . 11 

20 34.85 20 50 . 0 1 ---------------------------------------------------------------------------------------------- --------------------------

TABLE 4B: I ~HIBITION REACTIO (IaG): 

IgG + WT CORD 

Enz . Vol. Act . Enz . Vol . ct . 

2ul. 2ul . . 25 

:4 4 

8 . 16 

12 .27 2 1 . 5 

16 .5 1 16 15 . 9 

20 1 .5 1 20 21 . 93 

22 2.56 

24 3.49 24 29 . 5 
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FIGURE 33: Effect of pre-immuni zation serum on WT and 
CORD enzymes . The concentrations of the 
enzymes are plotted a gainst the activity. The 
initial activity of the two enzymes were 
diluted such that the enzymes exhibited almost 
equal activity. The enzymes were diiuted in 
O.OlM PEA buffer in a ratio of 28uls buffer to 
2uls of enzyme. An aliquot of this solution 
was assayed spectrophotometrically at 340nm. 
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FIGURE 34 : Inhibition e ffect of I gG on WT and CORD enzymes. 
The results show a greater inhibitory effect, as 
indicated by a decrease in activit y , on the WT 
enzyme than on the CORD enzyme. This indicates 
a greater binding potential of th e WT enzyme to 
the IgG fraction . In this figure, the enzyme 
conce ntration is plotted against the enzyme 
activity which was followed spectrophoto­
metrically at 340nm . 
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Titration studies were also underta'en o ur t he r 

establish the binding prope rti es of t he \T n CORD enzymes 

as well as to quantify the amount of ntibo ) r equired by 

each enzyme to inhibit its ctivity . ga ·n, the wo enzymes 

were dilute d such that t he activity of bot h was appro imately 

the same . The reactio ns were run ccor ing to he proce ures 

given in Methods and Mat rials . Results of the ctivit"es 

obtained from the titr tion e p rim nt are g v n n T bles 

5A and 58. Graphic r e pres nta ·on o h d a om Tabl s 

5A and 58 is shown in Figur 35 (\Ten yme itr ion) n 

Figure 36 (CORD mu t n · tr t ion) . 

Using these d ta 't w s c cul h t 51 . 7u · . o 

IgG/U WT e nzyme w s r equ o com l on . T 

mutant enzyme requi e d 2 3 . Uo . 0 I G/U CORD 0 co p e e 

inhibition . An exampl e 0 t he n ion 0 h 

and the factor s u e d is v Ov . 

1. Experiment 1 di u io 

IgG 1:7 = 7. lmg . / 1 . 

5ul . of I gG u e = 35 . 5u . ; 1 . 

WT 1:20 (450U jml . = . 5U j m . ) 

CORD 1:5 (131 . u j 1 . = 2 6 . ~ U / l . ) 

2 . From a linear por t · o n on he t' rat·o c ·e 

line was extrapo l at e d bac to e . - a x i to e e e 

the amount of enz me r e ired 0 co. et..e i io 

In -rhe case of t e IT e z 7 _e 0 .3 of e z -. ·a 
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22.5U jml . X 0 . 0103 ml . = 0 . 23 Uj ml . 

Rati o of I gG/U = 35.5ug . = 151 . 7ug . I gG/U ~T . 

. 23 u 

The same calculation procedure was use or the CORD enzyme 

which showed that 4.6ul. o e n zyme was ne e for complete 

inhibition. 

This quantifica ion metho r inforced the previa s 

observation which demonstr te a di fe r e n ce n bin 

affiniti e s of t he two enz mes . 11 o th se r sul s n 

cated a structural s ur ac chan ge h occur n h CORD 

mutant. 



TABLE 5A: ONTROL TITRATION RESULTS FOR W 

ONTROL SERUM + WT ENZYME 

Vol . Enz . Sol . Activity Vol . En ?. . Sol . 1\ct.ivJLy 

u l . 2 .74U/ml . 4u l . 3 . 5 J Ujm l. 

6 4 . 34 6 4 . 81 

8 5 . 66 8 6 . 4 

10 6 . 89 10 7 . 9 1 
('f) 
('f) 12 8 . 6 1 
r-i 

14 9 .74 14 9 . 73 

16 10.98 16 11. 29 

18 13 . 31 18 1 2 . 61 

20 13.86 20 14 . 07 

22 15.81 22 14.98 



TABLE 5D: IgG TITRATION RESULTS fl WT D R 

I g:G FRACTION + WT .EN~Y~ I gG FRACTION + CORD ENZYME 

Vol. Enz . Sol . Activity Vol . En z . Sol . 1\ CtJ. Vl. -Ly 

ul . ---- 4ul . . l J 

6 . 092 6 1 . 0 

8 . 640 8 2 . 29 

10 . 89 10 3 . 54 

~ 12 1 . 54 12 4 . 82 (Y) 
,.--; 

14 3.39 14 5.5 

16 4 .63 16 7.43 

18 6.31 18 8.63 

20 8.58 20 

22 9.97 22 11 .29 
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FIGURE 35: Titration curve for the formation of the WT 
enzyme antigen-antibody complex. The 
concentration of enzyme in a total of 30ul 
varied as indicated on the abscissa of the 
figure. The top line of the figure is a 
control in which pre-immunization serum was 
used. The experimental format for the controls 
was the same as that for the IgG fractions 
(See Methods and Materials). From these data, 
it can be shown that approximately l52ug of 
this IgG fraction would be required to inhibit 
one unit of activity (See Table 5A-B). 
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FIGURE 36: Titration curve for the formation of the CORD 
enzyme antigen-antibody complex. The top line 
of the figure i s control in which pre­
immuinzation se rl~ was u sed . The experimental 
format for the controls was the same as that 
for the I G fractions (S e Methods a nd 
Ma terials). From these data 1 it can be shown 
that approximately 293ug of I gG fraction would 
be required to inhibit one unit of CORD 
activity as compared to 152ug of I gG to inhibit 
the WT enzyme activity (See Tabl es 5A- B) . 



CORD E ZYME 

15~-------------------------------------

/ 

12.5 / 

/ 

/ 
/ 

/ 

~/ 

10 
/ 

/ 
/ 

Cord Control / 

>-
/ 

/ 

1- " Jl 
> " " 7.5 1- / 

u 
, 

Titration 
<l: 

/ 
/ 

/ 

Reaction / 
/ 

" 
5 

.1 . 
/ 

/ 
/ 

/ 

// . 

/ 
,4 

2.5 .I 

/ ,. 
/ 

/ 
/ 

/ 

--------· 
0 4 8 12 16 20 24 28 

UL ENZYME 



13 

Peptide 1apping 

As indicated in 1et o s nd 1ateri lsJ two t ·pes of 

peptide maps were r un. One echni que use d trypsin and chy-

motrypsin digesti on of the three enzymes in SDS pepti e 

sample buffer without prior r eatment with I C. Th se e zyme 

samples used were those elut e d from the sep ation of t 

enzyme-I gG complex on 9% SDS acryl mide tube gel . Th r -

sults of this di gestion proce ure re shown in F'gure 37 

A and B. Fi gure 37 A s hows the peptide b n p t e rn ob ine 

when the three e nzymes were d 'g te \ it h t yps in . Tlese 

patterns were simil with h e, c p ion h t s m 0 e 

WT enzyme b nds were or nt e n h n t i g 

bands of the mutant e nzym ( ) . ·ro .v ve I h ou t 0 

e nzyme protein place d o n the el was he 0 e ch 0 

the enzymes . Fi ure 37 B u 't: e h b n p t n 

obtaine d from chymo t yp n i s 

the same method . The e p t e n o m d 

ference s in t he ban in te n it·e 0 h ·he 

compared to the WT enzyme pat e so 0 h 

some of the intermedi te b n prese n e 

· . . he c ~ n nd CO D m a pattern we re mlSS l ng ln pa te ns . 

The procedure use app a r e o p o uce o - par l 

digested enzy~e fragments si ce the n b r o pep i e 

actually genera ted b t liS · e Od 'aS le S a he n be 

calculated. 
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FIGURE 37A: Peptide map of enzymes partially digested with 
trypsin , without prior treatment with IAC . 
Approximately l50ug of each of the digested 
enzymes were run on an exponential gradient 
polyacrylamide slab gel . The results obtained 
showed similar band patterns betwee n the WT 
enzyme and the two mutant enzymes . However, 
a number of the WT peptide bands were more 
intense than the corresponding bands of the 
mutant enzymes (I ) . 

a. Trypsin control 
b. CAD enzyme band pattern 
c . WT enzyme band pattern 
d. CORD enzyme band pattern 

FIGURE 37B: Peptide map of e n zymes par tially digest e d with 
chymotrypsin, without prior treatment with I AC . 
The experimental format was the same as given 
in Fi gure 37A . These pattern formations also 
show differe n ces in the mutant enzyme band 
intensities when compared to the WT enzyme 
pattern. I t was also note d that some of the 
peptide ban ds present in the WT enzyme pattern 
were missing in the CAD and CORD mutants (I). 

a. Chymotrypsin control 
b . CAD enzyme pattern 
c . WT enzyme patte r n 
d. CORD enzyme pattern 
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The second method used for peptide mapping employed 

IAC treatment of the enzymes before di gestion of the three 

enzyme s with trypsin and chymotrypsin. As not ed in 1ethods 

and Materials, the IAC treated e nzymes were dried to r emove 

excess I AC and formic acid . Figure 38A shows the peptide 

pattern generated from I AC pre- treatment followed by r yp-

sin digestion. Again, the amounts of protei n placed on the 

gels were the same. The trypsin patterns showed diff e rences 

in band intensities of th mutant e nzymes when compare d to 

the WT peptide pattern. In th CAD mut a nt, there appe r e d 

to be a dif fere nce in the number of inte rm diat e ban s 

present when compared to the WT and CO D. Th e gr est if -

ference in the peptide patterns o 

observed in the l AC- chymotrypsin 

he three e nzym s \ as 

ges nzymes (F igu e 

38B). A section of the intermedi e p p ide s v mi s ·n 

in the CAD mutan t pattern . 

The r e served second port· o n o I C ea e d e z rmes 

was dissolve d in 0.2M ammonium- bi ca bona nd e o r t va -

dimensional peptide mapp i na on TLC pl e s . Th e r e u ob-

tained from several experime nts \er e ot con e nt e e n-

thouryh there were chan es noted in t e C D d CORD pe p e 
b 

patterns when observed under UV lightin . The co n is en l y 

large peptide fragment hich was locate near the ori in o f 

application of the enz-mes in ica ed th a t he e 

not completely di ge s ted Ubino his . e~1od . 

·me s ··e r e 
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FIGURE 38A: Peptide map of trypsin di geste d enzymes with 
prior IAC treatment . All three enzymes were 
treated with O.OlM IAC in the presence of 
guanidinium hydrochloride (See Methods and 
Materials). The trypsin digest patterns again 
show differences in the band intensities of 
the mutant enzymes when compared to the WT 
enzyme pattern. The CAD mutant pattern also 
appears to exh ibit a difference in the number 
of bands whe n compared to the WT and CORD 
patterns. 

a. Trypsin control 
b. CAD enzyme pattern 
c. WT enzyme pattern 
d. CORD enzyme pattern 

FIGURE 38B: Peptide map of chymotrypsin digested enzymes 
with prior IAC treatment. Although the 
protein concentrations of the purified enzymes 
placed on the gel were equal, a section of · 
peptide bands in the CAD enzyme pattern were 
missing (I). Using this technique, the enzymes 
were only partially digested. 
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DISCUSSIO 

Previous studi s using the enzyme PEPC'ase rom E . col· 

have shown that the native protein h sa molecula \eig t 

of approximatel y 00,000 ~hich, upon en tur ion in SDS 

polyacrylamide ge l s ve a single sp cies of pproxim tely 

100,000 molecular weight . This in ic ted that the en ym 

is composed of four sub nits o i en ic 1 size . Th nc o 

of this enzyme in this bacte ium s he i eve sible c bo'y-

lation of PEP to oxaloac te an ino ganic p osph e . Tl 

OAA produce d through h ctio 0 PEPC'ase s s 0 

repleni h intermedi s 0 TC C)C e . 

PEPC' ase i s n llos e ic en yme \h. c s v 

by acetyl-Co 
' 

FDP, y ce in py i 

nucleotides, and ·nh·b· e by 

and fumarat e . I p s s u jec e 0 

three types of re ul to p oce e con 0 s c 

and com pen a to y ee ac E.· m e 0 0 0 

type are ac e yl - Co ' 
F p CD 

act ion of one or more of t e e h 

is essential for ac ity . It s b h zym 

exists in an inacti e con 0 m 0 in e c e 

enzyme binds with its bstr te . po 

units change from t e n ct ·e ( co 0 atio ) 0 l. e 

1 5 
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active confo rmatio n (R) . Activates ve 

for the R f o rm and PEPC ' as inhib itors h ve 

reater ~fin ity 

gre te 

affinit y f or t he T orm . The e e at eas 0 typ s 0 

activator bindi ng s i tes for the enzy e· one or ce yl - Co 

and another f or FDP n CDP . I n ad i ion, he e re binding 

sites for the s ubstrate an fo inhib' o s . 

Th e t wo mutant E . coli o r ganisms whose enzy es \ re 

studied in conjunction w th \ T zyme , w r p 0 ce 

in the lab by t r a t m 0 org nis s \ 't 0 0-

guanidine . Thi s chemic l s n al yl t n g v ic 

would be exp cted to c t e .l 7 po i on 0 anine in 

D1 A. It i s knov n ch i 1 n n y 

could r e ult i n m n 0 0 

diff e r e nt ( wron ) 0 Th's 

in t e rmin t ·on 0 p 0 n ch 0 n c 

pro te in wh · h c y 0 y 

prope rties ·ncl n c n n i 

for the n · - T ntibo s ho e 

e lect ro pho e stu e , e io 

not occu f o r e · t e o · t e e ce bot h 

subunits o f pro .- rna el 100,000 .I • 

The enz mes r o e t 0 a i \ e s o· 

changes in c t l tic n to ac i , e co 

mutant whi ch h s s c 50- 0 pe ce 't of i s PE c e 

ac-ti ·i t y , is no act · te 0 . 0 ibi as a a e 
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indicating th t some st uc t a exi t i b' 

ing sites. The second mut n 1 CAD, h s les . h n 5 e rce t 

of the WT activity and s p 0 ce t bou 30 p ce 

(equivalence) of the WT e nz yme . \ i t hout h b'lity 0 

replenish TCA cycle intermed· tes th se mu nts 0 

sustain growth on medium where ucos he sol c bon 

source . 

In order to determ·n he n u e 0 h st c u 

changes i n the two mu nt en ym s y comp o n 0 h 

enzyme, it was necess y to ob n h i u 

purification procedu e w e 

demons trated th t e \!0 coul b 

the WT extraction m ho ym 

has be e n pur ifie to 0 

the K-12 s t r i n which w u 

previously been pur e 

homogeneity in thi t 0 

one band upon elec op o e 0 y s 

(9 percent) and by h p 0 . 3 n s/ 

mg . of protein. ntibo i es e e 0 

WT enzyme. This anti bod a su s q e 0 

two mutant enz roes . p c ic 0 i a e p 

the purification of other enz e 0 E c e . 

The enzyme- ntibo co ple.'e 0 e 0 e e 

separated on 9 pe r ce t SDS i e t e e o· 
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in the Results} t e e nzym s we r e e e n u l y ob i e n 

homogeneous state. 

The results of the itr tion-inhib i ·on s u i s r ei n­

forced the idea of structur l ch nges · n th CORD e n m J 

i.e.J it showed di e r n bin i g i n y ro h T 

enzyme indicating fewer n ge n ·c s s on h p o in . Th 

CAD enzyme could not bet s te d by hi s m ho s· nc i h 

no catalytic ctivity . 

As indicated in F' gu s 30-31 ( 

the amount of ntibody r 

enzyme activity w lmos two 

one unit of act·v y 0 

compared to 293. u 

indicative of ithe 

antigenic bindin s ·t e 

antio-enic bin n e 

or quaternary t u c u 

or both of the abo e s 

in the mutant s . 

Immunological di 

T 

G/ o · co 

( ) c 

o · ) 

ue 

h 

c u 

r enee 

0 

e z 

c 

c 

e 

0 b s 5 

n 

co 

c 

0 co 

0 

/U o 

c 

0 

0 

·e e ob 

0 

I 

served with the Ouchterlo 

all three enzymes sho e 

precipitant lines fo med) 

pitant bands in ic ti n wo o- e c e 

o p ec -

e 

are severa l possible expl a io s o e e c e 
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discussed below. 

Crossed-immunoelect ophore s is n e ec ool 

even in the studies of comp X an igen- n ibo ys e s. 

This method maybe used in wo w ys ep n ng on h h r 

quantitation or the elect ophore c e ol 0 s h in e 

of the analysis. This t chn' q n b us 0 S"t n 

correlate observed immuno og c l h n es e by 

three enzymes. 

Results usin the osse - 0 e 0 0 

nique, demon trat e d he 0 ' 0 
c 

compon e nt s in h c m n y 0 

and CORD enzym (Fi 3) . h n 0 

using SDS tre e c 0 

in the antibody 0 c 

indicative of te c 

enzyme when compa d 0 co 

definitely appe s 0 0 n 

protein which do no 0 0 0 

of interchain d'su 

result of parti al de h e 

The rocket - ·mmunoe opho e b 0 

determine the a moun 0 n e 0 

represents a reproducib e e 0 e e 0 

single protein in a co e e 0 0 e ce 

cellular enzyme cone nt tio 0 e s co 0 
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determined through purifi ca ion procedur es th·s me ho 

represented an important technique fo u nt · ic tio 0 t e 

mutant enzymes using t he WT protein con cent tion s 

standard. 

The identification of the p ote ns s iv n by he 

rocket-shaped precipit te forme in the n ibo ge 1 n 

quantitation of protei n content i s b se on co e on 

of the height of the precipit nt rocke c 0 h moun 0 

WT protein used. To quantit te 0 c u 0 n 0 

enzyme precipitate d by the h ( ·a) 

of enzyme to antibody ( moun 0 I G ) 0 l 

was determined a nd in co po ( b n 

32)' into the calcul ion s . 

As given in the e u e c m t 0 

30 percent as much WT- equ c 0 

The CORD mutant, on t he oth p 0 

75-85 percent as mu ch cro n ' 
This indicates th t alt hou h th 

the WT enzyme react with each 0 e e e e 

degree of specificity the antibo b·n 0 

with different affinities· WT co c 

results , it can be concluded t t cert in c 0 

the CORD and CAD enzymes ha e occur e 

these surface changes obser ed to ea e e ee e 

CAD mutant, linked to tbe · nabil. 0 1: s e e 0 
are 
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function ca t al yti cally . 

Peptide m pping s t u ies c~ · thout prio c rea nt ) 

were done to ide nti fy di f fe r e nces n he mino c compos -

tion of the mutant e nzymes wh en compar 0 th T n 

more specifically to ide ntify pep t ides t beh e 

differently on peptide m ps . The pept· pa e n 0 e ch 

enzyme was identifie d on g r ien sl b e ls er oi 

partial proteolyti c digest ion wi t yp 0 h yp n . 

In the first study, t h pur n y es e 0 te 

with IAC prior to di ges i on ( S M ho n ) . 

Since the WT e nzyme con 0 m 0 

lysine plus r in in u c 0 s u 

E. coli B)' it is m 0 

generated from tryp 0 

one - third that numbe r 0 e 0 

the WT enzyme unde r the o n 0 

peptide patterns 0 t be t s ( 

were similar, but the i n ten 0 

different in the CORD nd c 

conditions were used t o e min e 

results . These condit ions i nc e h 

enzymes on the same gr die n 0 e 
' 

e nzyme protein and rn · n t i n in co s a e. e 0 0 

Changes not e d in tbe t nt e z e (ba 

digestion can be i n te pre e s c e e be upo n 
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of peptides produced ha ing h s me mo c 1 w i h n 

increased number of the s me molec r we h es 

produced wo uld cause incre se band in ens n the 

reverse could occur for ecrease i n n ei h 

case, production of greate or esse nu b 0 s 

would result from the suscep 'b'l' y or 0 h 

lysine and /o r arginine 0 p oteo c 

The chymotrypsin d' ges d s 0 D n 

enzymes also gave simi a b n p Hot; h 

were differences a n n b n s. Th 

did show fewe r i n term n n 

either the s uscep 'b. h y 0 n 

phenylalanine and jo y 0 h 0 0 0 y c 

attack. 

Similar resu y 0 h 

peptides th t h be n c t 

the CAD enzyme p e n 

intensity and the numb 0 e e 

of chymotrypsi n di e e P ·o 

pretreated with I c con c e 

between the CAD enz e e z e ) 

and the WT and CORD enz s . e e t vo ·e 

similar patterns. 

Since it has been de 0 e c e 

and lys _· ne residues are necessa 0 c c 
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regulatory functi on o he e 0 i n t e a bilit 

of these resi dues or con orm ion a o nd hem ( s ic ed 

by the obse rved r esul t ) coul ccoun 0 h c i ent 

catalytic a nd r egulatory prop i ex ib' e by h t 

enzymes. 

Att empts t o determin pep t'de p s by compl 

digestion with trypsin nd he se 0 0 - io 1 g 

printing techniques i . e . c hrom 0 ph' I 0 c 

separation on thin 1 y r ce lulos p t s n cc 

due to the presence 0 n r e y 'bl co 

Preliminary resul s u ng h O \ 

diff erences in h p y c 

compared to the WT e zy e 

were inconc lusiv t e e 

to completely di es h ' co e . e 

inability to di e t h co e 0 0 

known . Howe ver t hi co u bo 

SDS which h d been u ou 0 p 0 



SUM1 RY D CO CL SIO 

The enzyme stud·ed in this rese rch phosphoenol -

pyruvate carboxylase (PEPC'ase), is one of he allos er·c 

enzyme s i nvolved in regulating the flow o c rhon in o th 

TCA cycle for some organisms . This enzyme c ~lyzes the 

formation of oxaloacetate om PEP. The unc ion , h c 

the import a nce of his enzyme in metabo sm w s es 

when it was demonstrated that mut nts d voi o s cat y-

tic activity would not grow on medi m wh l u co e \ s h 

sole carbon sourc . 

To gain some ins ht on h e on h. b n 

structure a nd th c c n e 0 y P op 0 

PEPC ase, two mut y e 

purifie d. The for em n one 

properties nd p ptide m 0 0 

the WT e n zyme . The t\ 0 y 

for co - re gul tory/ 0 n c D 0 c 

ty deficient . In th c 0 

essentiall y the same pee c c e 

CAD , on the other hand, b le s D c 0 

activity of the T enz e . 

The two mutant enz e d e e z ~ e bee 

purifie d to homogeneit b t e se 0 ec c er c 0 

an tibodies prepared ai s e r e with I 

0 
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Antibodies elicite d a g i ns he T nzy p ec p 

each of the proteins but wi h i e n n ies 

WT CORD CAD . It is conc lude th t the e bin i n 

differences indicate s ur ce ch nges n he vo n 

enzymes, changes which e link o ch n e n h uc -

ture of the surface an i gen i c bin ·ng sit Th s h 

immunological dif ere nces ob se v p ob b e c ch ng s 

in the tertiary or qu t e n s c u s o h m 

e nzymes. 

Some change in h mu a n e yrn 

the WT e nzyme have bee n ec 

as judged by pept· m p 

Partial di e st · on wi h 

prior treatme nt w h I C s m 

some of the WT enzym b n s roo 

or CORD mutant band o e 

enzyme run on the e l e 

In cases whe r e th 

trypsin and chymot p in co 

observed be tween th e C D e nz 

peptides) and the WT and CO e n 

gave similar patt erns 

peptide band in te ns it 

e e . c p io 

;va l e s t 

Attempts to deter ine e 

digestion with trypsin a n t e s e o 

wh n co p 

p 

0 0 0 0 

e 

e 

0 - e 0 

0 

0 

0 

D 

e 
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printing techniques, i . e ., chroma og p' icjel 

separation on thin 1 ye c llu ose pl t s, ' 

op o 

cces 

due to the presence of an pparen ly rge un i es ib e 

ic 

enzyme core . Howe ver, the preli in ry es 1 s si s 

technique indicate d a ch n e in the in p in n 

of the CAD e nzyme when compare to h 'm o CO e n 

The differences observed indic t th 

tural change is that re ul e in the los o 

FDP or complete loss of activity o th C D m y 

may have also cause a c h nae n he s see t ·b· it o 

specific amino acid to ot o y c 

The struc t u xal l te 0 

both subuni t - s ubun i n e 

suggesting a causal b 

The structural a l teration n h C 

tic activity but it i not e c 

binding or substrate bind·n 

It is apparent from h e 

c 

u e 

structural change has occu rred . The e 

affects tertiary or quaternar s 

also concluded that this resea ch 

c u 

s 

further studies to de termine thee · ct 

which has occurred. Our intent is o 

whereby the three enzymes c n be camp 

the protease used and a t wo - di ension 

c .. . 

co 

0 

0 

i e 

0 

a c 

ec 

0 

c -

by 

c 

e 

e 

0 

0 
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elucidated . Pept i des w i e e t p op 

characterize d fur ther with r espect o 

content. 

ei 

ie be 

ino c 

This premise is b se on the co ne us·on hat c e 

in the band int ensities o he mu ant enzy s ( o -

strate d i n this r esear ch) e l ect ch g s usc 

bility and/or availabil ' y of h ys ne g ·n 

residues in the case of trypsin ig s n 

phenylalanine and tryptoph n n he c o c o 

digest. 

Since i t has been emon t 

that spec ific l ys ine n 

for catalytic and r e ·ul o 

of these amino ac i ds o 

mutation could r esu lt in 

mutant enzymes studied ·n 

change in the availab'li 

for bindin g the acti ato 

reflected in lost or dim·n · 

diminished regulatory prop t· 

e 0 

0 

c 

c 

e 

0 

s 

0 
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