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folic acid r equ i r emen t  by t h y m i n e  or t h y m i d i n e  2. The  incorpora t ion  was conf i rmed by  use of  
a por t ion  of the  thymine-2-~4C ob ta ined  from the  prev ious  exper imen t .  Organ i sms  were grown 
in 1oo ml  of m e d i u m  A s w i thou t  Tween,  with o . i2  m g  of labeled t h y m i n e  added.  Af ter  4 days  
growth ,  pyr imid ines  and  pur ines  were isolated from the  combined  nucleic ac ids  as described above.  
Of these,  t h y m i n e  was  the  only  c o m p o u n d  with de tec tab le  ac t iv i ty ,  ~oo counts /min/ /~mole ,  as  
compared  with a s t a r t i ng  ac t iv i ty  of 59,200. The smal l  degree of incorporat ion of t h y m i n e  is in 
a g r e e m e n t  with the  resul ts  of FRIEDKIN AND WOOD ? in this  o rgan i sm and others .  They  h a v e  
found t h a t  t h y m i d i n e  incorporat ion is 27 t imes  t ha t  of t h y m i n e  in Tetrahymena. 
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Quantitative aspects of CO 2 fixation during protein 
synthesis from ammonium acetate 

Micro-organisms,  growing on syn the t i c  med ia  con ta in ing  a m m o n i u m  ace ta te  as sole carbon source,  
rap id ly  incorpora te  isotope from added  14CHaCOONH 4 into protein: ,  2. In the  presence of un-  
labelled NaHCOs,  th is  syn thes i sed  protein  is less rad ioac t ive  t h a n  in its absence.  Shor t - t e rm 
exper iments*  indicated t h a t  the  prote in  init ial ly svn thes i sed  unde r  such  condi t ions  m a y  derive 
as m u c h  as 7 ° % of its carbon from the  unlabel led if icarbonate.  

These  resul ts  could be explained e i ther  by  the  occurrence  of a CO,-f ixat ion react ion of 
h i the r to  unsuspec ted  magn i tude ,  or by an increase in the  s t e ady - s t a t e  concent ra t ion ,  due  to the  
addi t ion  of b icarbonate ,  of a c o m p o u n d  in ready  equi l ibr ium with CO s ly ing on one of the  earl iest  
s tages  of  the  p a t h w a y  from ace ta te  to protein.  The  following expe r imen t s  suppo r t  the  la t t e r  
exp lana t ion .  

Growing cul tures  of ace ta te -grown Pseudomonas KBI  s were suspended  a t  pH  7.0 in z 5 ml  
of m e d i u m  con ta in ing  25 m M  a m m o n i u m  ace ta te  (Flask A) or 25 m M  a m m o n i u m  ace t a t e  + 
IO m M  N a H C O  s (Flask B) as carbon source. The  500 ml  flask A was gassed wi th  zoo°/o O t and  
s toppered  t ight ly ,  whi ls t  5 %  CO2195% O8 was con t inuous ly  bubbled  th rough  the  m e d i u m  in 
the  s imilar  flask B. At  zero t ime,  0.75 ml of a solut ion of 14CHsCOONa, con ta in ing  3 ° /~moles  
of ace ta te  and  g iv ing i .  lo ~ c o u n t s / m i n  under  the  condi t ions  of rad ioassay  used, was added  to 
each flask. Samples  (2 ml) were removed  every  3 ° rain and  the  protein,  prec ipi ta ted  with tr ichloro- 
acetic acid, was hydro lysed  in sealed tubes  a t  t lO ° for 18 hours .  The  amino  acid ni t rogen concen-  
t ra t ion  was e s t ima ted  colorimetr ical ly 4 and  the  rad ioac t iv i ty  of the  amino  acids  was de te rmined  
by direct  a s say  on paper  a f te r  au to rad iog raphy .  

At  both  22 ° and  3 °0 (Table I), t he  specific act iv i t ies  of the  protein syn thes i sed  in the  presence 
of lzCO~ were 83-85 % of t h a t  syn thes i sed  in its absence.  This  shows t h a t  COs-fixat ion accoun t s  
for only  15--i 7 % of the  carbon incorpora t ion in the  syn thes i s  of protein from a m m o n i u m  acetate ,  
and  is of an  order  cons i s ten t  with the  known C s + C l condensat ionsS,  6. 

Recen t  e x p e r i m e n t s  with ace ta te -grown PseudomonasT, 8 have  shown  t h a t  ace ta te  en te rs  the  
t r icarboxyl ic  acid cycle a t  two sites, to form ci t ra te  a t  one and  ma la t e  a t  the  other .  The  p re sen t  
resul ts  and  those  obta ined  previous ly  2 are cons i s ten t  with these  findings. Cell-free ex t r ac t s  of 
Pseudomonas K B I  conta in  malic e n z y m e  10 and  can form ma la t e  f rom p y r u v a t e  and  CO s. I t  is 
therefore  likely t h a t  the  addi t ion  of NaHI~CO 3 t empora r i ly  raises the  s t e ady - s t a t e  concen t r a t ion  
of ma la t e  or oxa loace ta te  (Fig. I), caus ing  the  prote in  syn thes i sed  in the  earl iest  s tages  of  the  
sho r t - t e rm  expe r imen t s  to be derived from a "pool" of Ca-compounds  of low radioact iv i ty .  
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Cross linking of collagen by S- and N-mustards 

When di-(2-chloroethyl) sulphide (mustard gas, H) is applied to the skin, about  z2 % of the 
amoun t  which penetrates  remains bound to skin tissue. The extent  of the resul tant  vesication 
has been shown to lm approximate ly  proport ional  to the a m o u n t  of H fixed x. 

The present  work was therefore carried out  to examine the reaction between mustard  gas 
and related S-compounds (S-mustards) and N-compounds  (N-mustards)  and collagen, the major  
protein component  of skin. PIRIE 2 investigated the reaction between H and ox-corneal collagen 
and found the reaction product  differed in certain aspects from untreated collagen. Swelling in 
acid and alkaline solution was much reduced and solubility in boiling water  and digestibility 
by proteolytic enzymes were negligible. These results suggest tha t  H might  be acting as a cross- 
linking agent, stabilising the s t ructure  of the collagen molecule. On the other  hand, ALEXANDER, 
Fox, STACEY AND SMITH S found tha t  neither H nor the N-mustard,  di-(2-chloroethyl) methylamine 
(HN2), brought  about  any obvious cross-linking of the fibrous protein of wool. In the present 
s tudy  an a t t emp t  was made to obtain fur ther  evidence for the cross-linking of collagen by some 
S- and N-musta rds  and other  cross-linking agents. A s tudy was therefore made of the effect of 
these various substances on the shrinkage temperature,  "Is, of collagen. THEIS 4 has defined Ts 
as " the  specific point at which the increasing disruptive tendencies exceed the diminishing 
cohesive forces, thus  making the shrinkage tempera ture  actually a measure of the s t ructural  
stabil i ty of collagen expressed in tempera ture  units".  Thus, if cross-linking has occurred and if 
measurements  of Ts are made tinder similar conditions of pH and ionic s t rength 4, an increase 
in 7/'., would be expected. 

Standard hide powder  (B.D.H.) was used in these experiments  and t rea tment  with the 
various reagents was carried out  as follows: 

(a) With the N-mustards ,  2,4-dinitrofluorobenzene (FDNB), z,3-difluoro-4,6-dinitrobenzene 
( I )FDNB) and tri-acryl formal, ~5 o mg of hide powder were suspended in iv ml of o.25M phos- 
phate  buffer, pH 7.4, containing the reagent ( iv mmoles) and the suspension agitated for z6 h 
at 37 c. The fall in pH during the incubation was never greater than o.5 of a unit. 

(b) In the case of the S-mustard,  however, the phosphate  buffer employed in (a) was too 
weak to maintain the pH during t rea tment  and a much higher concentrat ion of buffer ion was 
obviously necessary. Since S-mustards  react readily with anions ~ it is undesirable to use high 
concentrat ions of buffer, and another  method of t rea tment  was adopted. The hide powder was 
suspended in ~o ml distilled water, o.z N NaOH was added as required to maintain pH between 
6.8 and 8.2 (phenol red) and the reaction allowed to continue till the pH stopped decreasing 
(about I. 5 h). Tests using HN2 under these conditions gave similar results to those obtained 
with assay method (a), anti consequently the two procedures (a) and (b) are strictly comparable.  

In order to keep conditions of pH and ionic s t rength the same when determining T,:, the 
fibres were spun down hard after  t rea tment  with the agent and the supe rna tan t  discarded. The 
fibres were resuspended in 0.o25 M phosphate  buffer, pH 7.4, and spun down again. This process 
was repeated 6 times and finally the fibres were suspended in a small volume of buffer. Measure- 
ments  of Ts were carried out by the micro-technique described by BORASKY AND NUTTING*. The 
tempera ture  at  .which shrinkage occurred was read to the nearest  0.5 :. I t  was observed, as reported 
by these authors,  tha t  different samples of the same group of fibres gave values of Ts varying 
by as much as 3 °. Observat ions were therefore made on at least iv  groups of fibres from each 
sample and the mean and s tandard  deviation calculated. 

The effects of the various t rea tments  on the Ts of hide powder are shown in Table I. The 
main finding was the fact tha t  t rea tment  with a multifunctional S- or N-mus ta rd  brought  about  
a considerable rise in Ts, whereas t rea tment  with the corresponding mono-functional  compounds  
either brought  about  a much smaller increase in Ts or did not raise it significantly. This result 
is most  easily explained on the assumpt ion that  the multifunctional mus ta rds  have brought  


