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An isotope effect is a difference, in either the rate or the equilibrium of a reaction, 
induced by the difference in mass between the isotope under consideration and the 
one which is used for comparison, usually the natural mixture. The existence of such 
an isotope effect, both in simple chemical reactions as well as in the more complex 
reaction sequences found in metabolic studies, is well established 1-s. Occasionally, 
it is most convenient to measure the rate of a reaction by using isotopic material and 
to depend upon the characteristics of the isotope (e.g., radioactivity) to provide the 
required sensitivity for the measurement. When the information desired is the absolute 
rate by which the reaction proceeds with the natural mixture of isotopes, it is neces- 
sary to apply a suitable correction factor to the rate thus measured; this will convert 
it from the rate of the reaction of the isotopic material to the rate of the reaction of 
the natural mixture of isotopes. 

Thus, various investigators, studying the rate of photosynthesis, have found that 
carbon-i 4 is assimilated more slowly than carbon-i2 by amounts varying from 6 % 
to 17 %s-s. Similar rate differences between carbon-I4 and carbon-i2 have been 
observed in single-step chemical reactions 9,10. While the reaction rate is altered by 
the use of different isotopes, the nature of the reaction product, apart from isotopic 
composition, is not changed. In a biological system, the product is very often the result 
of a complex sequence of reactions which are related in several ways. If the isotopic 
difference is maintained throughout such a complex series of transformations, it is 
conceivable that the relationship between the starting material and the final products 
may be so different quantitatively as to appear as a ~ qualitative difference. I t  is not 
to be expected, however, that the direction of an isotope effect in different reactions 
wil l  always be the same, no matter what reaction is involved. Thus it is very unlikely 
that the situation of a one-sided isotope effect, carrying through a long sequence of 
reactions to produce a totally different metabolic pattern, will occur. I t  has been 
assumed, therefore, that the reactions of carbon-I4 in biological systems will not be 
qualitatively different from those of carbon-I2. Recently, however, BOICHENKO AND 
ZAKHAROVAll, 12 have reported that tracer amounts of carbon-I 4 (in which 0.08 % or 
more of the total carbon is present as carbon-I4) reduced the rate of carbon dioxide 
uptake to I/5th the control value (0,004 % carbon-I4) for IO rain of photosynthesis. 
When 0.72 % of the total carbon was present as carbon-I4, the rate was further 
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reduced to I / 4o th  of the  cont ro l  value.  This implies  t ha t  c a rbon - I  4 somehow interferes  
wi th  the  ass imi la t ion  of ca rbon- I2 .  Fu r the rmore ,  the  p a t t e r n  of ca rbon - I  4 incorpora-  
t ion is r epo r t ed  to be a l te red  to a m a r k e d  degree as well. An  effect l ike this  is ve ry  
different  from the known isotope effect of ca rbon- I4 ;  as carbon d ioxide  conta in ing  
IO % to 20 % of a4CO~ is commonly  employed  in our  l abora to ry ,  these findings of 
BOICHENKO AND ZAKHAROVA p r o m p t e d  us to  re inves t iga te  this  point .  

The  exper iments ,  descr ibed below were designed to  de te rmine  whe the r  there  is 
any  effect on the  ra te  of pho tosyn thes i s  and  the p a t t e r n  of carbon d ioxide  incorpora-  
t ion in the presence of carbon dioxide conta in ing  IO % to 20 % 14CO2 when using 
ei ther  algae or a higher  p lant .  

To test  the  effect of increas ing concent ra t ions  of ca rbon- I  4 on the  ra tes  of 
pho tosyn thes i s  and  on the  f ixat ion p a t t e r n s  of carbon dioxide,  Chlorella pyrenoidosa 
( i  % suspension) was exposed,  using techniques  prev ious ly  descr ibed  lz, to labe led  
sodium b ica rbona te  of specific r a d i o a c t i v i t y  ranging  from 0.003 to 15/*C/tzmole. The  
exper iment  r epor ted  in Table  I was per formed  in a new a p p a r a t u s  14 in which several  

TABLE I 

T O T A L  I N C O R P O R A T I O N  OF C A R B O N - I  4 B Y  ChloreUa A F T E R  2 M I N  P H O T O S Y N T H E S I S  

IN THE PRESENCE OF NaHl4COz OF VARYING SPECIFIC ACTIVITY 

I .o ml of cell suspension containing IO /zl of wet packed cells was aerated in the light (intensity 
2,ooo f.c.) with air containing 1% CO 2 for 25 rain, immediately after which the air and COz flow 
was stopped and ioo/~1 of o.o26 3I NaHCO 3 (for specific activity see Table) were injected. The cells 
were allowed to carry on photosynthesis in the presence of NaH14CO3 for 2 min. The reaction was 

then stopped by the addition of 4 ml of boiling alcohol. 

Specilic activity ~ ICO± conc. as Total fixation Expected Jrom 
o] added NaHCO:~ per cent o] o] "C in Ratio Found fixed 

in ttC/lonole total CO,. counts~rain spee. act. 

A 1. 5 2.2 517,ooo A/C 547 53 ° 
B 0.057 0.084 22,000 A/B 26.3 23.5 
C 0.00274 0.00405 974 B/C 20.8 22.6 

samples  were shaken s imul taneous ly  over  a l ight  source. The rad ioac t ive  b i ca rbona t e  
solution,  and  la te r  the  boil ing e thanol ,  were added  wi thout  i n t e r rup t ing  the shaking 
of the  samples  in order  to ensure r ap id  and  comple te  mixing.  The  resul ts  from the 
first exper iment  (Table I) show the to ta l  f ixat ion of laC02 b y  the cells af ter  2 min of 
photosynthes is ,  while in Fig.  I is shown the f ixat ion af ter  va ry ing  t imes  of exposure  
to laCO~ from 6 sec to 3 rain. In  these exper iments  the  volume and  m o l a r i t y  of the  
in jec ted  b i ca rbona te  were cons tan t .  The  d a t a  in Table  I indica te  t ha t  af ter  2 min 
there  was n o  effect on the  specific ra te  of ca rbon- I  4 f ixat ion caused b y  va ry ing  the 
specific ac t i v i t y  of ca rbon- I4 ,  while Fig.  I indicates  tha t  the  same holds t rue  for 
exposure  t imes  of 6 sec to 3 min. In  bo th  of these exper iments ,  the  f luc tuat ions  in 
f ixat ion from the  theore t ica l  values  lie wi th in  the  expe r imen ta l  error. The  pa t t e rn s  of 
ca rbon- I4  f ixat ion into the  alcohol-soluble compounds  were de t e rmined  in the  6-sec, 
4o-sec, 2-min, and  3-min samples  of Fig.  i .  No significant changes were seen in the  
d i s t r ibu t ion  of ca rbon- I  4 among the  var ious  compounds  in the  samples  suppl ied  wi th  
va ry ing  specific ac t iv i t ies  of HCOz for the  t imes  ment ioned .  The pa t t e rn s  for 3-min 
f ixat ion t ime are shown in Fig.  2. These two exper iments  do not,  however ,  indica te  
whether  or not  there  is any  change in the  ra te  of t o t a l  carbon dioxide  u t i l i za t ion  when 
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Fig. z. Total incorporation of carbon-I 4 by Chlor¢lla at various times in the presence of NaI-I14COs 
of varying specific activity.  3.o ml of cell suspension containing 3o ~1 of wet  packed cells were 
aerated in the  light ( intensity 7,ooo f.c.) wi th  air  containing 1% CO 2 for xo min, immediately after  
which the  air  and  CO~ flow was stopped and  Ioo ~1 of o.o26 M NaH14COs were injected, the  specific 
ac t iv i ty  of which was 15 pC/pmole (curve A), 1.5 pC/pmole (curve B), and o.I 5 pC/pmole (curve C). 
The cells were allowed to carry on photosynthesis  in the  presence of NaH~aCOs for t imes ranging 
from 6 sec to 3 min, the  reaction then  being stopped" by  the  addit ion of ~2 ml of boiling alcohol. 

The ordinates for curves B and C are multiplied bY ~o and  ~oo, respectively. 

Fig. 2. Pa t te rns  of carbon-I  4 incorporation 
by  Chlorella after  3-rain photosynthesis  
wi th  NaH14CO8 of varying specific activity.  
A, specific act ivi ty 15/~C/~umole; B, z.5/~C] 
/~mole; C, o.i5/~C//~mole. For  experimental  

details see Fig. i.  
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changing  from an env i ronment  in which all the  carbon is present  as ca rbon- I2  to an 
env i ronment  conta in ing  some ca rbon- I  4. To ob ta in  an answer to this  quest ion,  the  
ra tes  of gas exchange  of Chlorella dur ing pho tosyn thes i s  were measured  in an ap-  
paratuslS,  16 which au toma t i ca l l y  records the  concent ra t ions  of oxygen,  carbon di- 
oxide,  a n d  r ad ioac t ive  carbon dioxide  every  7 seconds. The  ra tes  of gas exchange were 
first de t e rmined  wi th  an a tmosphere  of air  conta in ing  0.79 % CO~ being c i rcula ted  
th rough  the  suspension, and  then  again  af ter  the  in t roduc t ion  of a known a m o u n t  of 
14CO 2 into  the  sys tem.  The  amoun t  of ca rbon - I  4 in t roduced  was suffrcient to make  a 
a final isotopic  concen t ra t ion  of abou t  5 % 14CO, of the  t o t a l  COs present  which was 
now ra ised to 0.90 %. The  ra tes  of absorb t ion  of CO~ before and af ter  the  in t roduc t ion  
of the  ca rbon - I4  were 21.5 and  20.5 a r b i t r a r y  uni ts  of CO ~/min, while the  corresponding 
oxygen  evolu t ion  ra tes  were 16 and  15 a r b i t r a r y  uni ts  of O~/min. I t  is thus  seen t h a t  
there  was no significant effect on the  pho tosyn the t i c  ra te  when ca rbon- I  4 was in t ro-  
duced into the  sys tem.  This  same t y p e  of expe r imen t  was then  per formed  wi th  a 
leaf of a Pr imrose  p l an t  (Primula sp.), this  being the  p l an t  genus used b y  BOICHENKO 
AND ZAKHAROVA 11. I m m e d i a t e l y  upon  remova l  of the  leaf  from the  p lant ,  the  base  of 
the  pet iole  was submerged  in wa te r  in a smal l  tes t  t ube  and  then  p laced  in the  i l lumina-  
t ion chamber*.  The  ra tes  of oxygen  and  carbon dioxide  exchange  before and  af ter  the  
in t roduc t ion  of ca rbon- I4  (final 14CO 2 percentage  abou t  5 % of t o t a l  COs) were 2.95 
and  2.98 a r b i t r a r y  uni ts  of COs absorbed  per  min  and  2.5o and  2.90 a r b i t r a r y  uni ts  
of O~ evolved per  rain, respect ively .  Once again  it is seen t h a t  there  was no significant 
change in the  ra te  of gas exchange caused b y  the in t r6duc t ion  of ca rbon- I  4. I t  was 
not iced  t h a t  af ter  the  in t roduc t ion  of c a rbon - I4  to  bo th  Chlorella and  the  Pr imrose  
leaf the  ra te  of u t i l i za t ion  of the  14CO2 was a l i t t le  slower t han  t ha t  of ~2CO~ (the 
inf rared  CO~ ana lyzer  detects  ma in ly  12CO~, and  not  ~4CO2; the  ra te  of ~aCO~ ut i l iza-  
t ion was de t e rmined  b y  measur ing  the r a d i o a c t i v i t y  in the  c i rcula t ing  a tmosphere  
using an  ioniza t ion  chamber) .  Q u a n t i t a t i v e l y  this  i sotope effect is wi th in  the  range 
men t ioned  at  the  beginning  of this  communica t ion ,  bu t  the  i m p o r t a n t  observa t ion  
is t h a t  the  presence of the  14CO~ did  not  have  a n y  apprec iab le  effect on the  absorp t ion  
of the  ~2CO2, or upon  the  specific ra te  or p a t t e r n  of 1 'C0 2 ut i l iza t ion.  

The  above  exper iments ,  which are bu t  a few done in our  l a b o r a t o r y  in an a t t e m p t  
to confirm the  resul ts  of BOICHENKO AND ZAKHAROVA 11,12, unequ ivoca l ly  demons t r a t e  
t ha t  aside from the  usual  isotope effect there  is no effect of ca rbon- I  4 which would 
inva l ida te  i ts use as a t racer  subs tance  in biological  sys tems at  speci f ic-act iv i ty  levels 
as high as 20 % ca rbon- I4 ,  a t  least  for short  per iods  of t ime.  

SUMMARY 

In view of the wide application of radioactive carbon dioxide in tracer experiments together with a 
reported anomalous effect of the isotope content on the tracer behavior, we have investigated the 
effect of varying specific activity of the carbon dioxide on botb the rate and pattern of photo- 
synthetic carbon fixation. We have found no effect of the carbon-i 4 other than the ordinary mass 
effect in both algae and higher plants. 

* The illumination vessel as depicted in reference 15 was replaced by a modified illumination 
chamber which is similar in size and shape, but suitable for working with leaves as one whole side 
can be removed. 
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THE METABOLISM OF CORTISOL AND PROGESTERONE BY 
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Steroid metabolism of the liver has been studied extensively since ZONDEC 1 first 
observed the liver to have the capacity of inactivating steroid hormones. It has been 
only recently, however, that evidence pertaining to the metabolism of steroids by 
extrahepatic tissues have appeared in the literature 2,3. In this report data are 
presented which demonstrate that human fibroblasts propagated in vitro convert 
cortisol and progesterone to a wide variety of steroid products. 

METHODS 

Stock cul tures of h u m a n  fibroblasts,  s t ra in  U12-7o5, were propaga ted  in medium 705 (5 % chick 
embryo  extract ,  20 % normal  horse serum, 75 % solution 7034) as described by  SWIM AND PARKER 5. 
Expe r imen t s  were conducted  in 16 × I5O m m  tubes  containing 5o,ooo-12o,ooo cells in 6 ml of 
med ium supplemented  wi th  14C-steroid (8,ooo-lo,  ooo counts/rain,  specific act ivi ty  cortisol-4-14C 
3.2. IO ~ counts / ra in/rag,  progesterone-4-14C, 1.o7" I o~ counts~rain~rag). The tubes  were inclined at  

* A pre l iminary  repor t  of th is  pape r  was  read at  the F o r t y - E i g h t h  Annual  Meeting of the 
American Society of Biological Chemists,  Federation Proc., i6  (1957) 258, 

** Aided by  U.S. Public Hea l th  Grants  42o7-(C) and E-1547. 
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