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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 .  

J. BRACHET, Nature 174, 876 (1954). 
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. 

2 G. TOENNI~S, J. Amer. chem. Soe. 56, ~198 (1934). 
s G. TOENNIES and T. F. LAVINE, J. biol. Chem. 113, 576 (1936). 
4 T. F. LAVlNE, J. biol. Chem. 113, 584 (1936). 
5 A. S. WEISBERGER and J. PENSKW, Cancer, Res. 18, 1301 (1958). 
s C. J. CAVALLITO, J. BUCK, and C. SUTmR, J. Amer. chem. Soc. 

66, 1952 (1944). 
7 A. STOLL and E. SEE~ECK, Helv. chim. Aeta 31, 189 (1948). 
s E. D. WILLS, Biochem. J. 63, 514 (1956). 
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cys t ine .  C o n t r a r y  t o  t h e  conc lus ion  d r a w n  b y  TOENNIES 
a n d  LAVINE a f rom o x i d a t i o n  m i x t u r e s ,  t h e  monosu l fox ide  
of cys t ine  does  r e spond  to  t h e  c y a n i d e  n i t r o  p russ ide  t e s t  ~ 
a l t h o u g h  s lowly  (3-5 ra in  a t  r oom t e m p e r a t u r e ) .  Th i s  
ind ica tes  t h a t  t h e  su l fu r  of t h e  su l foxide  g roup  is st i l l  
l iable to  nuc leoph i l i c  a t t a c k  b y  t he  cyan ide  ion  x°. 

The  monosu l fox ide  s lowly reduces  d i c h l o r o - i n d o p h e n o l  
in vacuo a t  r o o m  t e m p e r a t u r e  b u t  h a s  n o  effect  on  me-  
t h y l e n e  b lue  in  e i t he r  i t s  leuko or ox id ized  form.  

T h e  £. R.  s p e c t r u m  (Fig.) of t h e  m o n o s u l f o x i d e  is 
d i s t i ngu i shed  f rom t h e  c o r r e s p o n d i n g  cys t ine  s p e c t r u m  
b y  a s h a r p  p e a k  a t  8 - 9 3 / ,  w h i c h  is a s s igned  to  t h e  sulf-  
oxide  g r o u p  n .  A need le  s h a p e d  p e a k  a t  7-49 # a l lows t h e  
d i s c r i m i n a t i o n  f rom t h e  disul foxide ,  w h i c h  lacks  t h i s  p e a k  
b u t  shows t h e  usua l  su l foxide  p e a k  s l igh t ly  sh i f t ed  to  
8.95 /~. 

Cys t ine ,  as wel l  as i t s  sulfoxides,  is r e l a t i ve ly  i m m o b i l e  
w i t h  a v a r i e t y  of c h r o m a t o g r a p h i c  so lvents ,  e x c e p t  in  t h e  
p resence  of coal  gas a n d  a m m o n i a .  U n d e r  t he se  cond i t ions ,  
t he  p re sence  of m e r c a p t a n  p e r m i t s  t h e  ex i s tence  a n d  chro-  
m a t o g r a p h i c  m o v e m e n t  of m o n o s u l f u r  d e r i v a t i v e s  of t h e  
disul f ides  a n d  t h e i r  sulfoxides .  These  would  r e c o m b i n e  in  
t he  p re sence  of air .  W e  cou ld  c o n f i r m  t h e  r a t i o  of t h e  R I  
va lues  r e p o r t e d  b y  WhHEaARD et aL n for  cy s t i ne  (0.25) 
a n d  i ts  d i su l fox ide  (0-21), b u t  f o u n d  t h e  m o b i l i t y  in  agree-  
m e n t  w i t h  CONSD~N et al. 1~ 0"13 a n d  0.11, respec t ive ly .  
The  cys t ine  m o n o s u l f o x i d e  could  n o t  be  d i s c r i m i n a t e d  
c h r o m a t o g r a p h i c a l l y  f rom t h e  disulfoxide.  I t s  R I  v a l u e  
in p h e n o l / H z O  4 :1  in  coal  ga s /NHa  on  W h a t m a n  p a p e r  
No. 3 is 0.11. 
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I.R. spectra of cystine, cystine monosulfoxide, and cystine 
disulfoxide'* in KBr 1:400 measured on a Perkin Elmer Spectro- 

photometer, Modell 21, with Slave Recorder 

* The structure of 'eystine disulfoxide' is not yet established 
beyond any doubt. The other alternative is the thiosulfonic ester. 

Experimental .  Crude  cy s t i n e  d i su l fox ide  was  p r e p a r e d  
b y  t h e  genera l  m e t h o d  of  LAVINE*. D u e  to  t h e  p re sence  
of ace t ic  a n h y d r i d e  in  t h e  ox id iz ing  m e d i u m ,  t h i s  p r o d u c t  
c o n t a i n e d  m o n o - N - a c e t y l - c y s t i n e  d isul foxide .  T h e  N-  
ace ty l  i m p u r i t y  p r e c i p i t a t e d  f i r s t  on  n e u t r a l i z i n g  w i t h  
a m m o n i u m  h y d r o x i d e  a so lu t i on  of t h e  m i x e d  c rys t a l s  
in  N HCI. T h e  m o t h e r  l iquor  c o n t a i n e d  f u r t h e r  cy s t i n e  
monosul fox ide .  

T h e  t h u s  pur i f i ed  L-disul foxide  s h o w e d  [u]~ = -- 22 ° 
(:t: 2°), c = 1 . 3 8 %  in 1 N HC1. L i t . a  [m]~ = -- 30.2 ° in  1 N 
HC1. L-eyst ine d isu l foxide  (2.00 g, 7.5 mmoles )  was  s u s p en -  
ded  in 40 ml  of w a t e r  a n d  d i s so lved  w i t h  6 N HCt  (6 m l  
18 mmoles) .  Th i s  so lu t i on  w as  cooled in ice a n d  p l aced  irt 
t h e  da rk .  F ive  m o l a r  K I  (3 ml ,  15 mmoles )  was  a d d e d  a n d  
s t i r r ed  occas ional ly  d u r i n g  x/~ h.  T h e  so lu t i on  was  t h e n  
t r a n s f e r r e d  to  a cooled s e p a r a t o r y  f u n n e l  a n d  e x t r a c t e d  
r a p i d l y  12 t imes  w i t h  30-ml p o r t i o n s  of c h l o r o f o r m  u n t i l  
t h e  ch lo ro fo rm a n d  the  aq u eo u s  so lu t i on  were  colorless.  
T h e  aqueous  so lu t ion  was t h e n  n e u t r a l i z e d  in  t h e  cold 
w i t h  8 N NH4OH.  The  p r e c i p i t a t e  w as  q u i c k l y  f i l t e red  
a n d  w a s h e d  w i t h  alcohol  fol lowed b y  ace tone .  Yie ld :  
1.38 g (75-2%).  Dec. a b o v e  175°C. I t  w as  s t o r e d  in  a n  
e v a c u a t e d  dess icator .  

T h e  a u t o m a t i c  t i t r a t i o n  recorde r  g a v e  56 m g =  4-38 × 
10 -4 mol  (2.19 cm a 0.2 N N a O H ) :  eq2 wt .  128 (ca lcu la ted  
128.12). 

F o r  ana lys i s  t h e  c o m p o u n d  was h e a t e d  1 h to  100°C in 
a 1 m m  H g  v a c u u m .  

CaHnN~OS ~ 256.24 
Ca lcu la ted  C 28.10 H 4-72 N 10.93 S 25 .02% 
Found 28.34 4.93 10.66 2 5 , 1 7 %  

This work is part of an investigation of the 'iodine trapping syn- 
drome' described by ScoTt et aL 14 and supported by Cancer Research 
funds of the University of California. It was aided by facilities of 
the School of Pharmacy of the University of California, 

I wish to acknowledge my appreciation to Dean T. C. DAHtELS 
and Dr. E. JORGENSEN for their interest in this study. 

G. E .  UTZtNGER 

School o/ Pharmacy,  University o/ Cali/ornia Medical  
Center, San Francisco (Calif.), October 29, 1959. 

Zusammen/assung 

E s  w u r d e n  die H e r s t e l l u n g  u n d  die E i g e n s c h a f t e n  v o n  
Cy s t i n -mo n o s u l fo x y d  b e s c h r i e b e n  u n d  die I R . - S p e k t r e n  
y o n  Cyst in ,  C y s t i n - m o n o s u l f o x y d  u n d  C y s t i n - d i s u l f o x y d  
wiedergegeben.  
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