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LChlorosuccinate, a recognized substrate for succinic dehydrogenaae 

(cawronetal.,1962; DemMmim and Veeger, 1965), poreseee one set 

of oxidireable hydrogme ubile the natural substrate possessor two such 

setr (Gaurcn etal.,lW; Lwyet al., 1962). In both instances ewyme 

catalyzed dation give the unsaturated tram acid and ansmlng the 

eametrans arrangeneat of carboxylgra~ps for the reactive conformation 

of the substrates, them the hydrogen8 mnoved are also tram (Gauron et 

al.,1962;Tchem and VanMll..ig~,1960). LCblorosuccinatewith one set 

of tram renoveable hydrogens is, therefore, particularly well suited for 

a study of isotope effects on the enayme catalyaed oxidation. 

For this study, ~4suterio-Lchlorosuccinate,~-e@kro4euterio- 

Irchlorosuccinate~-thr~satesucc~te and dFsodSdeu- 

terio-L=cblorosuccinate uere syntheeimd by nitrosyl chloride treatment 

(with retention of configuration) of the corresponding Gaspartic acids, 

the deuterated Laspartic aclde being obtained bytheproceedures of 

Temiya and Wxbw& (1962). The routes to the sew&l daterated aepa+ 

tates are as follower*4euterioJrcrspartate riatransminase catalyzed 

exdange of L-aepartateuith deuteriwnodde~~~bredeuterio&mpar- 

tate via aspartase catalymd tram addition (Gfnmm and PO*, 1959; Amt, 

196O)of anmcniti3 to fumarate#-tbreo4euteri*Laepartate via tram- 

sdnase catalyzed exchange of #+-t hmxkdideuterio-&aspartate with protitm 
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oxide; 1 
f 

tbreo-dideuterio-Gasprrrtate via aapertaee catalysrd addition 

of ammonia to dideuterio--ate, the dideuterio&marate being obt6ined 

w  catalytic hydrogenation of ethylacetyleaedicarboxylate (Hoberman and 

D'Adamo, 1960). 

cow 
q-11, $EJ ;-Jr c$; 

COON coon COOH coow 
d- D p-ery+h~o-D p-+ko-P ti,,&iheo-di D 

Cagarative ratw of ddation by ferricyanide of the neveral L 

Table I 

Comparative Bate0 0P Cbddation of 

Deuterium Substituted LChloro8uccinatea ' 

Deuteriumb Hatee Ratio 
Atom/mole HEate@ateD 

Nolmal 
4 4buterio 

8.57 ,+ 0.n 1: 18 

a 

0.933 6.42 f 0.25 x lo4 
-erythro-Deuter 0 h 6.93 20.35 x I@ 
4hroo-Denteria 

(3 +thrwMdeuterlo 
3.57,+0.09 x I.& 

1.78 3.03 _+o.ll x lc* 

a. At 29,Se, pxi 7.8 in a total v0ltaw of 3.00 ml. ibaction mixhres 
mksinod0~Hphosphatebuffar, O.CO1Hpotassium cyanide, 3.Omg. 
cry&. l gg albumin, 010C6 M ferricymid6, 0.W It aubetrate and O.lml. 
enzyme @later, 1949) , equal to 8.0 mgo protein. 

b. AlldeutwiumamJ.ysesbyJ.Nwneth. 

oe In optical da8ity unite per ain. at 455 mu* Average of three rune* 

e, The amay conditiena are there of Dervartfmlan (1965) for ammum 
ing amyme aativity. With m&nate the specific activity at 29.80 
yBII 03cu, mole8 oxitied par m5.a. per mge protein. 
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chloroeuccimtoe are presented iu Table I. It is inmediately apparent 

that only th+threo hydrogen of the trene removeable pair i6 importeat 

in the rate detenaiuing step, Rate@lat 
3r- 

three-D beiq 2.40 while 

Rete@fde~BD is 1.33. This latter ratio is but slightly larger then 

F&t.e&tat~ aud is, therefore, essentially a secondary isotope 

effect. It ie to be noted that the determined value of RateH/Ret~~thr~D 

is notthst forieotopicallyplreFthreo-dsuterl o&0chloroeuccinate (see 

footnote d, Table I). Accoxdngly, thetruevalue ofRatejj/Ret )-three-D 

will be greater thau 2.40, the incraarent being dependent on distribution 

of enzyme betwedol uneubetituted substrate-enzyme ccmplez and isotopic 

eubstrate-enzyme canplex (Dixon end Webb, 1964)* 

Participation of only me of the tram removeable hydrogen8 in a rate 

deter&&g step is coneieteat with 8 previously expressed hyp&heeie 

(Gawron et al., 19621 Galmouet al., 1963) that oIIe of the hpdrogene may 

beMveda0 aprotonandthe other ae aehydrideaion, afreeredical 

~~~ceee forremovaloftrane hydrogen atcme beinghardtorieualiso. Uuc 

ties of ferricyauide oxidation of euccinate and fchloroeuccinate, catalmed 

by both particulate end soluble eucciuic dehydrogeaase, are interpretable 

(Gauron et al., 1966) by a react&m scheme which providee for oxidation 

of eubetrate by en iutremolecular procese; the euzyme-eubetrate complex 

iuitielly famed from w&Used euzymo aud reduced substrate uudergoing 

intramoleculertreneformationto reduced enzym-product ccmplex, Itre- 

amins to be scan whether the isotopic rate effect obtained nith&hreo- 

deuterio-L&loroeuccinate ia interpretable on the baeie of this step in 

the reacticm eequeuae. 

Lose of isotope fzwm reeidual substrate during oxidation use aleo eu- 

p&mentally considered. The results are presented in Table II. It ie 

appareukthatover thetimerequired for2O$oridation,noloee ofdeuterim 

occurs fraa residual F threo4euterioAAloroeuccinate audthatreeidual 

Ql-deuterio-G&loroet~cciuate loeee a emall emount of deuteriuz. Aeeuuing 
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Table II 

Deuteriuu I688 from Residual Substrate on Oxidation a 

Compouud 

Initial 

Atca D/hole 

After 20% Oxl.d%~~ 

o(-deuterio 

P 4lxvo-deuterio 

0.933 0.893 

0.986= Loo 

a. In a total volam of 40.0 ml. at pH 7.8, 29.8’. Reaction mixtures 
contained O.lU phosphate, O.OOlBf potamim cmide, 40 ag, c t. egg 
albunin, 0.006 I ferricyanide and 0.01 H m&&rate, For the zd euter- 
iorun, l.33& ofenneymo, specifiea&ivity0.19, 57mg. proteinper 
ml., wan anployed aud 20$ oxidation required I2 mfns. For the&threo- 
deuterio ruu,2,Qml,of arayaewas employed for15.5mi.m. A 3.0ml. 
aliquot of each run was mouitored at 455 mu. Carrier &hlomeuccinate 
was used to facilitate irolatiom. 

b. After correctian for dilution. 

c. See footnote d, Table I. 

the eaperimzMl significance of this latter result, it uould e~eam that, 

at best, attack on #-hydrogen ia of little importance in initiating the 

reaction. 

Lose of deuterium by anarobic %xehaugen was also investigated (Table 

III), the mperiment6 being carried out in the presmnce of fxunarate to pro- 

vide adequate ratea Doth(Sdeuterio-L=chlorosuccinate andJbthreo-deuterio= 

Lcbloroauccinate loee deuterium; the &deuterio ccmpound at a faster rate 

than the/-threo deuterio ccanpound, the ratio of the exohange rate8 being 

1.83. It is interesting to note that for oxidation, Rat&Rate 
rcI, 

is 1.80. 

Thus the two sets of experiments yield &milar results despite the differ- 

ence in expeeatal canditions. Itwdd seerthatboth exehangeandoxi- 

dationareproceeding by the sameraechenism. Accordingly, fumarate is act- 

ing aa an tidant, poeeible aa ahydrogglatxeptor,as previouslyeuggested, 
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Table III 

canpal=atiYeRato of Deuteri~Iobr onAna.robic "E%change" a 

Initial P Lorr 
4-Dellm 0.933 584 P -threaJ)eateriQ 0.986b z; . 32.1’ 

a. In a total volmo of 20&l. at pH 7.5, 35’ under nltrogrn for 45 
miss. ReactAcumlxkurea eontaiaedO.O6Mpho@ate, O.OlBIImagneoit~~ 
chloride, 0.005 W mate, 0602 Ida&orated IechlmosPecluate &d 
34 al. of enqme preparation, spedflc aetivlty 0.20, 80 ag4 prQteia 
per& At the mdofthe imubationporlod, carriadL&lorosucoi- 
nateua8 addedto faolutate iaolatim. 

be 8ee footnote d, !fable I, 

(Gswron et al., 1963), albeit the tramferred hydrogen is oapable of m 

ehenge. 

The tdlnical assiatsaae of lfr. David Ford and 8uppQrt of this pro- 

Ject by Grent GN-06245 fmnthe GemralHadical Sciences Mvleionoftho 

National Iastituterr of Health are ~&efbll,y aclmouledgod. 
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