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INTRODUCTION 

Carbon-isotope effects have been reported in different biological systems by  this and 
other laboratories. The present  study was undertaken to ascertain the percentage 
error in rate determinations due to isotope effects in the formic acid-formic de- 
hydrogenase system. In our previous publication 1 the average maximum error due 
to an isotope effect was measured at IO 4- 2% for the urease system. I t  was therefore 
of interest to determine if for other molecules containing only one carbon, the average 
maximum isotope effect would be in the same range. The data obtained during the 
course of this s tudy indicated that  the variations in the specific activity of the carbon 
dioxide obtained from the reaction at different time intervals and the change in 
reaction-rate constants for 1~C and for 14C fell within the previously determined range. 
The data obtained was for a formic acid-formic acid dehydrogenase enzyme system 
at 37 ° C in a pH 7 phosphate buffer. 

HI4COOH Formic  acid dehydrogenase 14CO~ 
37 ° C o.i M Phospha te  

HI2COOH (KNO 3 and DPN) 12CO2 

The effects of varying ~4C/12C concentration on the substrate were also studied. 
Many studies concerning the mode of action of formic acid dehydrogenase on 

formic acid have been reported, and some studies have recently reported differences 
due to the presence of 2H in the formate 2. Very large amounts of partially purified 
extracts of a vegetable enzyme system were used in this s tudy for each run. This 
was necessary since our assay technique was dependent upon the collection of the 
C02 as BaCO3 and a minimum of 16 mg of BaCO s was required for plating purposes. 
The reactions were carried out as described in the experimental part  and were shown 
to be reproducible. 

EXPERIMENTAL 

Labeled formic 14C acid in the form of sodium formate  was dehydrogenated by  formic dehydro-  
genase in the presence of sodium ni t ra te  and diphosphopyridine nucleotide. The resulting CO s 
freed f rom the formic acid was  flushed wi th  the aid of oxygen (CO s free) at  a rate  of IOO ml /min  
f rom the reaction flask into a manifold and bubbled th rough  a centrifuge tube  filled wi th  ba r ium 
hydroxide.  The CO 2 obtained as the precipitate BaCO s was  then  centrifuged and the  precipitate 

* All radioactive materials  were obtained under  allocation of the  U.S. Atomic Energy  Com- 
mission. 
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washed several t imes in order to remove the excess Ba (OH)v  The BaCO 3 was dried at  I15 ° C 
in an oven overnight  and the  yield by  weight was determined for the dried samples. The samples  
were then  plated on special a l um i num  planchets  by  means  of a pilling machine 1. 

The appa ra tu s  used in this s tudy  has  already been described in previous publicationsl ,  a. 
Formic  acid labeled wi th  14C was  obtained f rom a commercial  source. The formic acid dehydro- 
genase was  prepared f rom peas according to the  method of NASON AND LITTLE 4. Cell-free extracts  
were prepared f rom IOO g of green split-peas which were soaked overnight  in water.  After decanting 
the water,  the peas were blended wi th  200 ml of o.i M N a aHP O,  in a Waring blendor for two 
minutes.  The mix ture  was  allowed to s tand at  room tempera tu re  for two hours  and then pressed 
th rough  cheese cloth in order to remove coarse material.  Upon centrifuging at  2000 r.p.m, for 
3 ° rain, a light green superna tan t  containing the enzyme was obtained. 

RESULTS 

The greatest variations in the specific activity of the recovered carbon dioxide were 
observed during the early phases of the reaction. With time the specific activity of 
the obtained carbon dioxide approached an asymptote and then maintained a constant 
value (Fig. I). Each experience was repeated at least once and the variations in total 
act ivi ty observed are at tr ibuted to the variable enzyme content of the different 
preparations. The curves plotted for the observed data were all of the same general 
shape and the reaction rate constants calculated for similar runs showed minor 
deviations. 
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Due to the ease of denaturation of this enzyme system, it was necessary to 
prepare a new "enzyme batch"  for each individual experiment. The "enzyme batches" 
in all cases contained endogenous formic acid, and therefore, t h e  added 14C-formate 
act ivi ty was diluted and an additional mixing period was required. In order to 
determine whether some of the carbon dioxide obtained was due to the action of 
the formic dehydrogenase enzyme on a large amount of endogenous formic acid, or 
to a generalized non-specific decarboxylating mechanism of the enzyme on other 
substrates present, an experiment was performed in which 14C-labelled acetate was 
References p. 548. 
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substituted for the 14C-formate in the reaction. Although the amount of carbon dioxide 
which was collected as barium carbonate was appreciable in two hours, there was 
very little radioactivity associated with each of the samples collected. This run gave 
evidence for the presence of endogenous formate, and helped evaluate the content 
for each experiment. The added radioactive formate was in all cases diluted by a 
factor, approximately 3 to 4 fold of the 14C/t~C ratio. 

40 

20 

I I I I I I I 

! 
50 100 150 200  250  300  350 400  

Time ( rain ) 

Fig. 2. 
12 C 14 C 

Exp.  I O • 

Exp.  2 [] • 

(x~C by weight) (14C by activity) 

]Fig. 3. 

• In ( ioo--  % Y"C) 
kt4 C = 1.25 • lO -3 rain -1 

O in ( i o o - -  % Yt.c) 
k~8 C =1.5o"  lO-3 min-1 

0 

v 

,50 

40 

L I I L 

I .... L I l 
100 200  300  400  

Time(rain) 

Figs I,  2, 3 and Tables I, I I ,  and I I I  list the data from some of the experiments. 
The observed deviations for the 1*C-formate rate activity were negative compared 
to the 12C-formate and in all the studied cases the approximate value of the 21 + 3% 
was found. This effect included all estimated errors due to randomness in the counting 
and timing of the samples, efficiency, etc. The atom-percentage excess of 14C over 1'C 
in these studies involved variation of up to two orders of magnitude. The full activity 
level of the stock solution (IOO/zc/mmole) and levels 1/25 (4 tzc/mmole) and I / I25 
(0.8/zc/mmole), of the full level were used. In  all experiments 12.5 ml of the labelled 
formate which had a concentration of I3.6 mg/ml was used. The isotope effect re- 
mained approximately constant through different concentrations and the variations 
in the rate constants were minimal. 

The rate constants were determined by  both graphical and analytical methods 
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T A B L E  I 

OBSERVED VALUES OF THE YIELDS BY WEIGHT (12C) AND TOTAL ACTIVITY (14C) OF 
THE BARIUM CARBONATE COLLECTED AS A FUNCTION OF TIME AND THE CORRESPONDING VALUES 

OF THE SPECIFIC ACTIVITY OF THE SAMPLES 

Time Weight % Yield ~*C S.A. T.A. 
rain mg counts~rain/rag .to* counts~rain % Yield 1'C 

45 46.2 2.3 700 32.3 0.5 
55 89.6 4.5 123o 85.7 1.4 
78 131.6 6.7 174o 158.6 2.5 

lO8 181.1 9.2 2230 269.2 4.3 
123 239.6 12.2 253 ° 417.2 6.6 
153 3o9.6 15.7 294 ° 623-o 9.9 
178 384.6 19.5 269o 824.6 13.1 
2o8 453.2 23.0 2997 lO3O.2 16.3 
238 539.4 27.4 324 ° 13o9. 7 2o.8 
268 615.6 31.2 322o 1554. 7 24.6 
298 696.4 35.3 3330 1815.7 28.8 
328 769.2 39.o 324 ° 2o59.1 32.7 
358 855 .1 43.4 321o 2334-7 37 .0 
428 869.6 49.0 311o 2690.9 42.6 

o0 1972.o IOO.O 323 ° 631o. 4 ioo.o 

The above da ta  is for the  
concentra t ion of lOO/~c/mmole. 

reaction utilizing 12. 5 ml of the  formate  solution which had a 
S.A. is the specific act ivi ty and T.A. is the total  activity. 

T A B L E  I I  

RESULTS FROM A RUN USING 12. 5 ml OF 4 pc /mmole  FORMATE 

Time Weight % Yield ttC S.A. T.A. 
rain mg counts/rain/rag zo a counts/rain % Yield t'C 

50 41.o 2.1 253 lO. 4 0.5 
7 ° 75 .1 3.8 451 25.8 1.3 

IOO 121. 4 6.2 666 56.7 2.8 
13o 174.8 8.9 777 98.0 4.9 
15o 219.4 I I . i  847 135.7 6.7 
165 28o.7 14.2 9Ol 19o.9 9,5 
18o 374.5 19.o 952 280.2 13, 9 
21o 482.7 24. 5 997 388.1 19.3 
24o 568.2 28.8 lO24 475.7 23.6 
27 ° 621.o 31.5 lO2O 529.6 26.3 
300 691.8 35.1 lO96 607.2 3o.1 
330 744.5 37.8 lOO8 66o. 3 32.8 
36o 8o7.3 4o.9 lOO9 723.7 35.9 
445 938-1 47.6 999 854.3 42.4 
oo 1972 ioo lO22 2,o15.4 ioo 

for the first order reaction. The rate constants  for various t ime intervals~,iwere 
calculated and the mean values were found to be k,, c = 1.51.10 -3 min -~ and 
k~, c ---- 1.19.10-3 min -1. These values gave an approximate  carbon isotope effect of 
21%. The analytical  expression used to evaluate the rate constants was: 

k = ( 1 / 0  in (lOO-- % Y)/lOO = 1It In (Roo - - R t ) / R ®  

t = time from start  of the reaction. 
% Y = per cent yield of the product  by  weight (a2C) or by  total ac t iv i ty  (14C). 
R~ and R~o = actual  value of the readings of weight or act ivi ty  at t ime t and at 

theoretical completion of experiment.  
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T A B L E  112 

RESULTS FROM USING A 0.8 # c / m m o l e  SOLUTION OF FORMATE 

VOL. 27 (1958) 

Time Weight S.A. T.A. 
rain mg % Yield I*C counts~rain~rag counts~rain % Yield x*C 

60 54.2 2.8 73 3.5 0.87 
90 124. 7 6. 3 112 I 1.4 2.9 

12o 172. 3 8. 7 144 i8. 3 4.6 
145 208. 4 lO.6 159 24.0 6.0 
175 249.9 12. 7 171 31.1 7.8 
205 292. 4 14.8 18o 38.8 9.7 
225 329 -° I6.7 179 45.4 11.3 
245 38o.8 19.3 192 55.4 13.8 
26o 455.0 23.1 202 70.4 17.6 
285 522.3 26. 5 2Ol 83.9 21.o 
31o 584.3 27.6 202 96.4 24.1 
370 698.2 35.4 204 119.6 30.o 
440 8IO.2 41.1 212 143. 3 35.8 
7o5 942.6 47.8 215 171.8 43.o 
720 lO42.5 52.9 193 191 .I 47.7 

oo 1972.o IOO 203 400.3 IOO 

DISCUSSION 

The variation in specific activity of the formed CO~ and the difference in the observed 
reaction rate constants for the formic acid-formic dehydrogenase system indicates 
a more rapid utilization of the 12C-formic acid. The values determined were close to 
those that have been previously reported. It  may be suggested that this difference 
in reaction rate between the 12C- and 14C-formates was in reality more of a result of 
the absorption-desorption characteristics of formate or of CO 2 on the enzyme rather 
than due to a different rate of utilization. On the other hand, it may be assumed 
that the total observed effect is the summation of the various mass effects due to 
the 12C/14C atomic-weight ratio. Of course, fortuitous cancellations may have occurred 
that could have reduced this overall result to the values found rather than the 
theoretical one s . 
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S U M M A R Y  

I t  has  been shown t h a t  formic acid lzC is u t i l ized  more  r a p id l y  by  the  formic acid dehydrogenase  
e n z y m e  s y s t e m  t h a n  is formic acid 14C. Regard less  of the  14C/laC concen t ra t ion  ra t ios  of the  
mate r i a l ,  t he  observed  reac t ion  r a t e  cons t an t s  were recorded as k,,c = 1.51" lO -3 and  ki,c = 
1.19" IO -s  a t  37 ° C a t  p H  7 in p h o s p h a t e  buffer. 
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