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sys tem does no t  seem to  do so in these systems.  This  is, 
however ,  observed  in t he  b reak-down of t he  camphane  
molecular  ion 

->- C~H n + Call  5 + H~ 

- - ~ "  @ 

->- C~Hx~ + Call 7 

Rdsumd 

Les au teurs  on t  t rouv6  que lques  corr61ations ent re  la 
fo rmat ion  des ions les plus abondan t s  et  la disposi t ion 
des l iaisons-6thyl6niques dans  les ions mol6culaires  de 
quelques  terp6nes.  

* J. H. BEYSON, personal communication. 
5 j .  H. BEYNON, R. G. LESTgR, and A. E, WILLIAMS, A.S.T.M. 

E-14 Committee on Mass Spectrometry, May 1959. 

where the  ions of masses 95, 43, and  41 are v e r y  abundan t .  
Ring-s t ra in  seems an i m p o r t a n t  fac tor  in all these sys tems 
as the presence of the  gem-dimethyl bridge sys tem gives 
a conformat iona l  r ig id i ty  to the  molecule.  This  is suppor ted  
by the  fact  t h a t  t he  e l imina t ion  of 43 uni ts  f rom 1-methyl-  
4-isopropylcyclohexane while marked  is no t  as intense as 
in the  sys tems  discussed*, 

O the r  p r o m i n e n t  f ragments  which  occur  in cer ta in  of 
the spectra ,  n a m e l y  mass 68 in dipentene,  and 75 in 33 
carene m a y  readi ly  be in te rpre ted  as a l lyl ic-bond fissions. 
The  p r o m i n e n t  peak  of  mass  79 in the  e- and  &fenchenes  
is no t  readi ly  expla ined  on this  basis w i thou t  pos tu la t ing  
hydrogen  migra t ions  also and  this  sys tem is to be fu r the r  
examined .  

These s tudies  have  been  ex tended  to pulegone and to  
c a m p h o r  to  a l low of compar i son  wi th  the  hydrocarbons .  
In  accordance  wi th  prev ious  observa t ions  4,~ the  p redomi-  
nan t  process seems to  be t he  e l imina t ion  of carbon  mo-  
noxide.  The  remain ing  f ragments  m a y  be ob ta ined  as 
follows 

C~HI~ + CO 

.... _ _ +  CaHT,+ C6H90 • 

C~H9 + CeHTO • 

giving f r agmen t  ions of 57,43, and 28. I n  a s imilar  w a y  
camphor  yields f ragments  of masses 41,43, and 81. 

o 
- - ~  C~H~ + H 2 + C~H~O • 

0 
C~H7 + C~HgO 

- - t ~  Calls  " + H ,  + CO + C6H , 

The o the r  s ignif icant  f r agmen t  ion a t  low energies, 55, is 
not  so read i ly  in te rpre ted .  

I t  is concluded,  therefore,  t h a t  the  pr incipal  f r agmen t  
ions ob ta ined  in th is  series of compounds  may ,  w i th  two  
exceptions,  be ob ta ined  d i rec t ly  f rom the  carbocycl ic  
skeletons.  T h e y  do n o t  a t  least  a t  t he  low energies used 
require  re -a r rangements  of this  skeletal  s t ruc tu re  for the i r  
in te rpre ta t ion .  

We acknowledge with gratitude the provision of a sample of 
pulegone by Dr. G. BUCrtANAN, The University of Glasgow, of ZI 3 
earene by Dr. L. N. OWEN of the Imperial College of Science and 
Technology, London, and part of the mass-spectrum of camphor 
by Mr. W. SNEDD~N of The University of Glasgow. 

T. GILCHRmT (in part)  
and R. I. REED 

Chemistry Department, The University o/Glasgow, July 
27, 1959. 

T h e  E f f e c t s  o f  N u c l e a s e s  

o n  P h o t o s y n t h e t i c  C O  2 F i x a t i o n  

The occurrence of nucleic acids in chloroplas ts  has  been  
recognised for qui te  somet ime x b u t  v e r y  l i t t le  is known  
abou t  the i r  function,  except  possibly an  i n v o l v e m e n t  in 
the  propaga t ion  of chloroplasts.  I t  has been ind ica ted  
t h a t  the  a c t i v i t y  of R N A  ~ could be l inked to  t he  syn thes i s  
of  specific proteins  i.e. enzymes  invo lved  in p h o t o s y n -  
thesis  3. I n  v iew of some recent  observa t ions  on nucleic  
acid  cont ro l  of prote in  and polysacchar ide  syntheses  i t  
was considered of in teres t  to  s tudy  whe the r  and  to  w h a t  
e x t e n t  the  CO 2 f ixa t ion  react ions in pho tosyn thes i s  are  
nucleic  acid dependen t  processes. 

Y o u n g  cul tures  of Chtorella pyrenoidosa and  Nostoc 
muscorum were used. The  cells were cent r i fuged in t he  
cold  in an  M S E  centrifuge,  suspended in phospha t e  buf fe r  
of p H  7-0 and  incubated  wi th  deoxyr ibo-  or  r ibonucleases  
for 2-2.5 h a t  37°C. The  cells were then  cent r i fuged  again,  
resuspended in phospha te  buffer  al lowed to metabol i se  
NaHxdCO3 (obtained f rom the  RadiochemicaI  Centre,  
Amersham,  England)  for a fur ther  per iod  of 2 h a t  25°C. 
The  cells were ex t rac ted  in ho t  80% ethanol ,  f i l tered and 
the  residue washed in 80% ethanol .  An a l iquo t  of t he  
f i l t ra te  was t ransferred to stainless steel  p lanche t s  for 
count ing  wi th  an end window r -coun te r  and  ano the r  
ch roma tog raphed  two d iment ional ly  on W h a t m a n  No. 1 
fi l ter paper  wi th  phenol-water  bu tano l  acet ic  w a t e r  
(4 :1 :1)  as the  developing solvent  4. The  rad ioac t ive  areas  
on the  ch romatograms  were located b y .  exposure  to  
X - R a y  films and counts  were t aken  d i rec t ly  on paper .  
The  DNase  (1 X cryst) used was ob ta ined  f rom the  Nut r i -  
t iona l  Biochemical  Corporation,  Cleveland,  Ohio, U.S.A.  
and RNase  (5 X cryst.) was suppl ied by  S igma  Chemica l  
Co., St. Louis, Missouri, U.S.A.  

Nuctease t r e a t m e n t  resul ted  in s l ight  inh ib i t ion  (less 
t h a n  10%) of  the  incorporat ion of  a*C into  the  80% e tha-  
nol-insoluble fraction.  E x a m i n a t i o n  of t he  e thano l  soluble 
fract ion however  revea led  r a the r  severe  effects  on the  
synthesis  and metabo l i sm of xdCO~ f ixa t ion  products .  The  
effect  of nuclease t r e a t m e n t  on the  t o t a l  incorpora t ion  of 
xdC into the  alcohol-soluble f rac t ion  and  the  more  impor -  
t a n t  products  of xdCO~ f ixa t ion  dur ing  a 2 hpho tosyn thes i s  
is shown in the  Table .  I t  appears  t h a t  t he  CO~ f ixa t ion  
process in C. pyrenoidosa is more  suscept ible  to  nuelease 

1 E. t. RABINOWITCH, Photosynthesis and related processes, Vol. 2, 
Part 2 (Interscience Publishers, Inc., New York 1956). 

2 The following abbreviations have been used: DNA, deoxyribo- 
nucleic acid; RNA, ribonucleic acid; DNase deoxyribonuclease; 
RNase, ribonuelease. 

S G. BRAWERMAN and E. CHARGAFF, Biochim. biophys. Acts 31, 
164 (1959): 

4 B. B. BISWAS and S. P. SEre, Nature 181, 1219 (1958). 
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t r e a t m e n t s  t h a n  t h a t  in  N. muscorum. T h e  i n h i b i t o r y  ef- 
fec t  of D N a s e  t r e a t m e n t  is more  severe  t h ~ n  t h a t  of  
R N a s e ;  w i t h  R N a s e  o n l y  a 5 %  i n h i b i t i o n  is n o t e d  in  
N. muscorum. I t  m a y  b e  due  to  t h e  d i f fe rence  in  p e n e t r a -  
t i on  of nucleases .  T h e  d i s t r i b u t i o n  of 14C i n t o  t h e  p h o t o -  
s y n t h e t i c  p r o d u c t s  in  b o t h  t h e  o rgan i sms  is h o w e v e r  
a f fec ted  b y  e i t he r  of t h e  nucleases  in  vax-ying degrees.  
Sucrose  syn thes i s  a p p e a r s  to  be  t h e  m o s t  af fec ted .  Con-  
s ide rab le  r a d i o a c t i v i t y  was  d e t e c t e d  in  ' t h e  nuc leo t ide  
area" of t h e  c h r o m a t o g r a m s  of N. muscorum a n d  R N a s e  
t r e a t m e n t  h a s  been  found  to  r e su l t  in  a m a r k e d  a c c u m u l a -  
t i o n  of t h e  p r o d u c t s  i nvo lved ,  p r o b a b l y  a t  t h e  expense  of 
sucrose  syn thes i s .  1'C i n c o r p o r a t i o n  i n t o  a s p a r t i c  a n d  
g l n t a m i c  ac ids  is s t i m u l a t e d  b y  b o t h  t h e  nucleases  in  
N. muscorum, p a r t i c u l a r l y  b y  RNase .  I n  C. pyrenoidosa 
D N a s e  m a r k e d l y  r e t a r d s  a s p a r t i c  acid syn thes i s  b u t  g lu t -  
amie  ac id  s y n t h e s i s  is seve re ly  a f fec ted  b y  RNase .  Nu-  
cleases h a v e  also a n  i n h i b i t o r y  ef fec t  o n  g lyc ine-ser ine  
s y n t h e s i s  in  b o t h  t he  o rgan i sms .  A l a n i n e  syn thes i s  in  N.  
rnusvorum is t o t a l l y  abo l i shed  b y  t h e  app l i c a t i on  of 
l~Nase  in  C. pyrenoidosa o n  t h e  o t h e r  h a n d  t h e r e  is a 
s l i g h t  s t i m u l a t i o n .  D N a s e  h a s  some  i n h i b i t o r y  ef fec t  o n  
a l an ine  s y n t h e s i s  in  C. pyrenoidosa, b u t  n o t  a t  all  in  N .  
muscorum. No i n c o r p o r a t i o n  of  14C i n t o  m a l a t e  or  c i t r a t e  
is o b s e r v e d  in  nuc leases  t r e a t e d  C. pyrenoidosa. I n  N.  
muscorum m a l a t e  or  c i t r a t e  h a d  on ly  t r aces  of rad io-  
a c t i v i t y  a n d  no  conc lus ion  c a n  be  m a d e  r e g a r d i n g  t h e  
ef fec t  of nucleases .  

The effect of nuclease treatment on the products of 14CO2 fixation 
in Chlordla pyrenoidosa and Nostoc muscorum 

{Data expressed as % variation from control for each compound) 

Compound 

Nucleotide area e . . 
Sugar phosphates  
Sucrose 
Aspartic acid 
Glutamic acid . . . 
Glycine- Serine . . 
Alanine 
Citric acid.  
Malie acid 
Total  14C incorpo- 

ra t ion  

L C. pym noidos_~a 

. . . . . . .  

[ RNase ~ DNase b 

f 

- 44 50 
- 9 6  - 1 0 0  

- 2 - 4 3  

- 5 5  - 1 8  

- -  5 0  - -  69 
+ 11 - 21 
- -  1 0 0  - -  i00 
- 1 0 0  - 1 0 0  

- 4 9  - -  7 6  

N .  ~vy~uscoy~t~ 

RNase e DNase a 

+ 227 -- 12 

- -  76 63 
+ 255 + 8 
+ 109 + 11 
- -  I 0 0  - -  100 
- -  1 0 0  0 

- -  5 - 29 

Packed cell volume 0.8 ml, suspended in 10 ml phosphate buffer 
of pH 7.0 containing 7 mg RNase. Incubation at 37°C for ~.5 h. 
After incubation washed, centrifuged, and resuspended in 5 ml 
phosphate buffer, cells allowed to metabolise 50 ~zC NaHIiCi3~ for 
2 h in light from two 1000 W photoflood lamps 18" away from the 

incubation mixture, one on either side. 
1~ Same as above except that  4-3 mg DNase was added. 
e 20 ml cell suspension; 5.5 mg RNase, incubation period ~2 h after 

washing and eentrifugation resuspended in 5 ml phosphate buffer 
and incubated with 50 IxC NaH14COa for 2 h otherwise same as 
above. 

a 10 ml suspension, 5 mg DNase, resuspended in 6.5 ml phosphate 
buffer and 100 btC bicarbonate added, otherwise same as above. 

e The radioactive area near the origin of ehromatograms containing 
nueleotides etc. 

t Low counts. 

F r o m  t h e  o b s e r v a t i o n s  r eco rded  he re  i t  a p p e a r s  t h a t  
b o t h  R N a s e  a n d  D N a s e  af fec t  t he  s y n t h e s i s  a n d  m e t a -  
bo l i sm of some  of  t he  CO 2 f ixa t ion  p r o d u c t s  in  p h o t o -  
syn thes i s ,  p a r t i c u l a r l y  sucrose.  The  response  to  p r e t r e a t -  
m e n t  w i t h  nuc leases  for  o t h e r  c o m p o u n d s  is v a r i e d  a n d  
t h e  effects  are  a p p a r e n t l y  compl i ca t ed .  T h e  m e t a b o l i c  

i n t e r r e l a t i o n s h i p  a m o n g  t h e  p r o d u c t s  of p h o t o s y n t h e s i s  
e x c e p t  t h e  v e r y  ea r ly  ones  is n o t  wel l  u n d e r s t o o d  a n d  i t  is 
n o t  poss ib le  a t  p r e s e n t  to  sugges t  w h i c h  of t h e  r e a c t i o n s  
i n v o l v e d  a re  nuc le ic  ac id  con t ro l led .  I t  should ,  h o w e v e r ,  
be  b o r n e  in m i n d  t h a t  t h e  effects  o b s e r v e d  m a y  n o t  be  
d i r ec t  effects  of nuc lease  t r e a t m e n t s  since whole  cells were  
u sed  a n d  t h e  q u e s t i o n  of p e r m e a b i l i t y  is t h e r e  t h o u g h  i t  
is r e p o r t e d  t h a t  r ibonuc leases  of mo lecu l a r  we igh t s  of 
a b o u t  13 000 can  p e n e t r a t e  l iv ing  on ion  roo t  t i p  cells ~, % 

T h e  e x p e r i m e n t s  w i t h  i so la t ed  ch lo rop la s t s  a n d  uses of 
i n h i b i t o r s  in  nucle ic  ac id  s y n t h e s e s  wil l  f u r t h e r  e luc ida t e  
t h e  po in t .  

B.  B.  BlSWAS* a n d  S. 1 ~. SEN 

Radiochemical Laboratory, Bose Research Institute, Cal- 
cutta (India), June 5, 1959. 

Zusammen]assung 

]Es sche in t ,  dass  D N a s e  u n d  R N a s e  bei  d e r  p h o t o -  
s y n t h e t i s c h e n  F i x i e r u n g  des  CO 2 v e r s c h i e d e n e  u n d  k o m -  
p l iz ie r te  ~ q r k u n g  aus f ibem Die  S a c c h a r a o s e - S y n t h e s e  
w i r d  d u r c h  die B e h a n d t u n g  m i t  D N a s e  u n d  R N a s e  d e u t -  
l ich  v e r m i n d e r t .  
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B. P. KAUFMAN and N. K. DAs, Proc. nat. Acad. Sci., Wash. 40, 

1052 (1954); Chromosoma 7, 19 (1955). 
* Present address: Dept. of Zoology, University of Texas, 

Austin 12, Texas. 

C y s t i n e  M o n o s u l f o x i d e  

Severa l  p a t h w a y s  for t h e  m e t a b o l i s m  of cys t ine  to  
t a u r i n e  are  st i l l  u n d e r  c o n s i d e r a t i o n  1. A m o n g  t h e  m o r e  
p r o b a b l e  i n t e r m e d i a t e s  in  t h e  m e t a b o l i s m  of cys t e ine  or  
cys t ine ,  on ly  t h e  cys t ine  monosu l fox ide  h a s  been  n e i t h e r  
i so la t ed  n o r  syn thes i zed .  I t s  p r e p a r a t i o n  w a s  unsuccess -  
ful ly  a t t e m p t e d  b y  TOENNIES a n d  LAVINE ~-4. Cys t ine  
m o n o s u l f o x i d e  is of g rowing  t h e o r e t i c a l  i n t e r e s t  s ince 
s imple  th iosu l f in ic  es te r s  (monosu l fox ides  of a l k y l  disul-  
fides) s t u d i ed  b y  W*EISBERGER a n d  PENSKY s were  s h o w n  
to  possess  c a n c e r  b lock ing  a c t i v i t y ,  w h i c h  t he se  a u t h o r s  
de r ived  f rom t h e  i n h i b i t i n g  ef fec t  of al l icin on  s u l f h y d r y l  
( -SH) c o n t a i n i n g  enzymes .  All icine (a l ly l th iosul f in ic  a l ly l  
ester)  is a n  en zy mi c  m e t a b o l i t e  of all i ine,  t h e  a c t i v e  p r in -  
ciple  of gar l ic  (Allium sativum)6-s. 

L-Cyst ine  monosu l fox ide  h a s  n o w  b e e n  p r e p a r e d  b y  
r e d u c t i o n  w i t h  h y d r i o d i c  acid in  t h e  cold of cys t ine  disulf -  
oxide.  T h e  l a t t e r  h a d  b e e n  s y n t h e s i z e d  in  n o n a q u e o u s  
s o l v e n t  b y  TOENNIES a n d  LAVINE a. 

I n  c o n t r a s t  to  t h e  disul foxide ,  t h e  m o n o s u l f o x i d e  is 
s t a b l e  in  t h e  p resence  of 0.5 N N a O H .  ' I t  d a r k e n s  a n d  
s lowly decomposes  u p o n  h e a t i n g  a b o v e  175 ° C,[xJ~4 = _ 111 ° 
(:k 3°), c = 0 .70% in N HCI. T h e  n i n h y d r i n  spo t  a p p e a r s  
i m m e d i a t e l y  a n d  is deepe r  colored  t h a n  t h e  one  g iven  b y  

x L. YOUNG and G. A. MAw, The Metabolism o/ Sulphur Com- 
pounds, Chapter V (Methuen Co. Ltd., London 1958), p. 97. 
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