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1 .  U C R  Id-9900 

E x p e r i m e n t a l  - P r o c c d u r c  

C h l o r o p l a s t  l a n l e l l a c  fragments w e r e  preps rccl c s ~ o ~ l t i a l l y  1)s t h c  p r o -  
c e d u r e  of P a r k  ancl P011. ' In b r i e f ,  c t ~ l o r o p l a s t s  isolatc?rl f1.on1 the  t iornogcnatc  
of s p i ~ i a c l ~  l e a v e s  w e r e  s o n i c a l l y  r ~ ~ p t u r e t l  a t  9 kc-/sec f o r  9 0  s e c .  T h e  s o n -  
i c a t e d  s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  3 5 ,  000  g  ( tnaxi~ri i i tm v n l ~ i c )  f o r  10 m i n u t e s ,  
and  t h e  p r e c i p i t a t e ,  c o n t a i n i n g  the  l a r g e s t  p i e c e s ,  w a s  cliscarcleti.  T h e  s u p e r -  
na tan t  w a s  t h e n  c e n t r i f u g e d  a t  1 4 5 ,  000 g f o r  L O  minutes, g iv ing  r i s e  to n s u p e r -  
na tan t  c o n t a i n i n g  " s m a l l  f r a g m e n t s "  and a  precipitate c o n t a i n i n g  " l a r g e  f r a g -  
m e r i t s .  ' I  'Shc l a t t e r  w a s  rcsuspcnclecl i t 1  w a t e r  o r  buf fc r  ( a s  ~lotccl  i n  the  t e x t ) ,  
w a s  sonicatecl  a  seconcl t i tnc ,an t i  then  ~ . e c e n t ~ . i f r ~ g c t i  to g ive  a  suspctns ion of 
s m a l l  f r a g m e n l s  ~ , c l a t i v c l y  f r e e  of frac.tioll- 1 p r o t e i n  ( c a r l > o x y d i s r n u t a s e )  ant i  
o t h e r  s n ~ a l l  t n o l e c t ~ l e s .  Al l  o p e r a t i o n s  w e r e  c a r r i e d  out  at  o r  n e a r  O°C, a s  
f a r  a s  p o s s i b l e .  The  t h r e e  t y p e s  of p r e p a r a t i o n s  st i~tl iccl  will b e  ~ . e f e l . r c d  to  
a s  s m a l l  f r a g m e n t s ,  l a r g e  f r a g m e n t s ,  and t w i  cc!- sonir.nlecl f r n g m c n t s ,  r c -  
s p e c t i v e l  y .  

S p e c t r a  w e r c  t.cc.o~.dccl otl a  C a r y  Moclcl 1 1  o r  Moclcl I4 s p c c t l . o p h o t o l n -  
c t e l - .  T h e  s a m p l c s  were conlnil icd i n  m a t c h e d  1 - c m  q t ln r t z  c u v e t t e s .  Ap-  
p r o p r i a t e  b a s e - l i ~ i c  corrections w e r e  m a d c  in o r d e r  that  a n  a c c u r a t e  r e p r e .  
s e n t a t i o n  of tlic s c a t t e r i n g  of t h e  s a m p l e s  b e  ir~tl ic-ated by the  s p c c t l - n  shown i n  
t h e  a c c o m p a t i y i n g  f i g u r e s .  

Absorpt ior l  S p c c t r ; ~  - --- 

A t y p i c a l  s p e c t r u m  of sonicatecl  c-hlor.oplast f r n g m c n t s  i s  shown in  
F i g .  1 ,  a long  with the  spc .c t rum of all a c e l o n e  e s t ~ - n u t  f r o m  t h c s e  f r a g m e n t s .  
C a s u a l  i n s p e c t i o n  of t h e  s p e c t r u m  of t h e  f r a g m e n t  s u s p e n s i o n  i n d i c a t e s  t h a t  
the  s a m p l e  c x h i b i t s  v e r y  Llttle tiirbiclity ( l igh t  s c a t t e ~ * i n g ) .  T h e  b c s t  q u a n t i -  
t a t i v e  m e a s u r e  of t u r b i d i t y  i s  t h e  r a t l o  o f  t h e  a p p a r e n t  a b s o r l ) e n c y  i n  t h e  f a r  
r e d  beyond 7 3 5  mp. to  the  absor l )cncy  o f  thc rctl m a x i m ~ l t ~ i  2 1 1  0 7 8  m \ ~ .  111 t h i s  
w o r k  t h i s  r a t i o  i s  lctss than  0 . 0 1 .  Ral>inowitch6 a l s o  cot ls i~1ct . s  t h e  r a t i o  of 
a b s o r b e n c y  a t  t h e  m i n i m u m  i n  t h c  g r c c n  ( ,I(  5 5 5  nlll hc1.c) to  tha t  of the  r e d  
m a x i m u m  a s  a m e a s u r e  of s c a t t e r i n g ,  ancl rc:ports the  r a t i o  of t h e  a1)sort ,cncy 
in  thc: v io lc t  ( a t  437 mlJ h c r c )  t o  t h a t  a t  t h c  rccl r n a x i m u n ~  a s  c o ~ l s t i t u t ~ n g  a  
s ign i f i can t  r a t i o  in the  s p e c t r a .  A s u m m a r y  of t h e s e  r a t i o s  f o r  the  b e s t  s p e c t r a  
of c h l o r o p l a s t s  and C h l o r e l l a  p ~ i b l i s h c d  to  d a t e  i s  g iven  in T a b l e  I .  It i s  i n t e r -  
e s t i n g  to no te  tha t  t h e  u s e  of a n  o p a l e s c e n t  p l a t e  d i f f u s e r ,  a l though i t  g r e a t l y  
s h a r p e n s  t h e  s p e c t r a  of s t r o n g l y  s c a t t e r i n g  s n n l p l e s ,  s t i l l  g i v e s  a  r e l a t i v e l y  
high a p p a r e n t  a b s o r b e n c y  i n  t h e  f a r  r e d .  T h e  two s p e c t r a  noted it1 T a b l e  1 
tllat h a v e  b e e n  p r e v i o u s l y  r e p o r t e d  to g ive  the  l o w e s t  s c a t t e r i n g  in  the  f a r  r e d  
h a v e  o t h e r  l i m i t a t i o n s  a s s o c i a t e d  with t h e m  I n  the  f i r s t  c a s e ,  t h e  s u s p e n s i o n  
of  p i g m e n t - p r o t e i n  c o m p l e s  c l a r i f i e d  b\. d ig i ton in  s t l ld ied  b y  s m i t h l o  g i v e s  a  
s p e c t r u m  \iehict~ i s  a p p r e c i a b i y  d i s t o r t e d  and  sh i f t ed  f r o m  t h a t  of t h e  u n c l a r i f i e d  

6 .  E. I .  R a b i n o w i t c h ,  P h o t o s y n t h e s i s ,  v o l .  11, p a r t  I ( I n t e r s c i e n c e  
P u b l i s h e r s ,  I n c .  , New Y o r k .  1 9 5 1 ) .  

7 .  K .  S h i b a t a ,  A .  A .  B e n s o n ,  alld M .  C a l v i ~ i ,  B i o c h i m .  R i o p h y s .  
A c t a  1 5 ,  4 6 1  ( 1 9 5 4 ) .  - 



F i g .  1 .  A b s o r p t i o n  s p e c t r u m  o f  a s p i n a c h  c h l o r o p l a s t  f r a g m e n t  
susper i s ion  and  e x t r a c t :  A ( so l id  c u r v e ) ,  s u s p e n s i o n  of t w i c e -  
s o n i c a t e d  f r a g m e n t s  i n  1 0 - 2  M a q u e o u s  p h o s p h a t e  b u f f e r ,  
pH 7 .4 ,  f r e s h l y  prepared; 13Tdashed c u r v e ) ,  a c e t o n e  e x t r a c t  
f r o m  s o n i c a t e d  f r a g m e n t s ,  f r e s h l y  p r o p a r e d  - -  s p e c t r u m  
f u r n i s h e d  b y  R o d e r i c  U, P a r k .  



(Absorbenc ie s  a t  the  violet m a x i m u m ,  the g r e e n  m i n i m u m .  the r e d  m a x i m u m ,  and  in  the f a r  r e d b e y o n d  720 mp) 
- 

A ( g r e e n )  A (v io l e t )  A ( fa r  r e d )  

S y s t e m  -- Method R e f e r e ~ c e  A ( r e d )  A ( r e d )  A ( r e d )  

Chlorz l la  (+ prote in)  T r a n s m i s s i o n  ( r e -  8 .  B a r e r  (1955)  0.59 1 .36  0.4 
f r ac t ive  i n d e s  
ad jus ted)  

Ch lo r  el la  T r a n s m i s  sior. 9 .  E m e r s o n ,  Lewis  (1941) 0.28 1 .40  0 2 

Ch lo r  el la  Opalescent  plate  7 .  Shiba ta ,  Benson,  0.24 1.33 0.17 
Calvin ( 19 54) 

Spinach (p ro t e in -  T r a n s m i s s i o n  10. Smith (1941) 0.254 1.62 1.10 
p igment  suspens ion )  

Spinach (p ro t e in -  T r a n s m i s s i o n  10. Smi th  (1941) 0.132 1.60 0.034 
p igment  suspens ion  
with digitonin) 

Spinach son ica t e  T r a n s m i s s i o n  2. Rabideau ,  F r e n c h ,  0 .28 1.90 0.086 
Holt ( 1946) 

Spinach son ica t e  Integrat ing s p h e r e  2 .  Rab ideau ,  F r e n c h ,  0.18 1.14 S m a l l  
Holt  ( 1946) ( c 0 . 0 3 )  

Spinach son ica t e  T r a n s m i s s i o n  T h i s  s tudy 0.103*. 005 1.63* 02 c 0 . 0 1  
( l ame l l ae  f r a g m e n t s  only)  

8 .  R .  B a r e r ,  Sc ience  121, 709 (1955).  - 
9 .  R .  E m e r s o n  and C .  M. L e w i s ,  Gibson Is land  A.  A .  A. S .  Sympos ium on Pho tosyn thes i s  (unpubl i shed) ;  

s e e  R e f e r e n c e  6 ,  p .  708. 

10. E .  L. S m i t h ,  J.  Ger,. Phys io l  24, 565 (1941).  - 

9 . - w 
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SPINACH CtILOROPLASr TRdGMEh'TS 
(5rRONG 1 IGHI  A 1  ?'CJ 

" . , Ih,.  

F i g .  3 .  B l e a c h i n g  of c h l o r o p l a s t  f r a g m e n t  s u s p e n s i o n  in  s t r o n g  
l igh t  in  a i r  a t  ZOC: t w i c e - s o n i c a t e d  f r a g m e n t s  s u s p e n d e d  i n  
5x10'5 M p h o s p h a t e  b u f f e r ,  pH 7 . 4 .  C u r v e  A: f r e s h  s a m p l e  
i m m e d i z e l y  a f t e r  p r e p a r a t i o n ;  C u r v e s  R, C ,  and  D a f t e r  1 ,  
2 ,  a n d  3 d a y s  of i l l u m i n a t i o n ,  r e s p e c t i v e l y .  





SPINACH Cl<LOHOPL ASf FRAthKNIS 
(LOW LIGIII A T  2.C) 

. 4, U l e a c h l n g  of c h l o r o p l a s t  f r a g m e n t  s u s p c n s i o ~ ~  in  low 
l ight n t  L ° C :  s m a l l  f r a g m c n t s  i n  5x10-5 h.1 p h o s p l l a t c  I > u P l u r ,  
p I i 7 . 4 ;  I n c r e a s e  i n  absorbency resulting i n a  f r e s h l y  p r c -  
p a r e d  s u s p c n s l o n  s t a n d i n g  f o r  1 6  h o u r s  i n  n n l b i e n t  rooin 
11ght ctt L o  C .  



' ~ ' I I ( !  w ( : I I - I ~ i i o w ~ ~  I)r.otcrsIivc: r:II'(::(:t of (:oIoi.c.rl c a ~ . o t c ~ l o i t l s  towartl  thc 
~ ~ ~ ~ ~ ~ ~ ~ ~ S \ ~ I ~ I I ~ ( ~ I  ic  ; i l ) l ) i I  Yal t~s  I f 1   nay 1 1 ~ 3  a  I ~ C S I . I I L  o r  l . 1 1 ~  gr(:;+tc r s u sccp l  ihil i t . y  of 

t ~ b I t ~ t ' ( ! f l  ( ' i i t ' t ) I ~ ! ~ l O i ( I ~  L I I ? I I I  C J ~  c \ ~ ! ~ t ~ o p h y I l  Lo oxi([ ;~l iot l ,  ( ; i L l ~ ~ v  i n  the  d a r k  o r  i n  
! I b  i t  ' I ' I 1 t b  c!vi(ltr~lc:c: of' t h i s  s t t~ t ly  i~l(lic:;.ilc:s 111;1t one or nio1.c co lo r ed  c a -  

3 rotc!rloi(lw a I ) sor l> ing  a 1  4 3 0 ,  450  10 4 5 5 ,  atlcl 485 Ln 490 Inp arc: i r r e v c r s i h l y  
!)lo:r~-Ircrl I(') ( O ~ O I . ~ ( ! S S  o r  wc:;lltly c.olori~tl  ~)~.ocltic:Ls i l l  t l ~ c b  f i r s t  s l a g ?  of ag ing  
O i  4 x ~ ~ ~ ~ i r o 4 ~ p ~ ; i s l  l i t t ~ l ( ! l \ i i ~ ,  'J'his C J C L . ~ ~  I . $ ,  i n  I + [ ,  I )cfor(:  a i ~ y  h I e ; i ~ l ~ i i i g  of ch101.0- 
I I I o h  of ~ o l l  I I I I I t  i s  c l t ~ i t c .  l ike ly  Lh;iL 
I h t b  I>l(: ; i i ,hi~~j;  i s  i i  ~ . O I I S ( ! ( I ~ I ( ; I I ( : ( :  of i ~ i r  oxi( I ;~t ic~i t  o i  Ihc ( . a ~ . ~ ~ ~ . c t i o i c l s  a11c1 Lliat Lhis 
i ~ x i f l a l  i 0 1 1  C J C C ~ I  1 -5  1 1 1 i t ~ 1 1  1110 rc; rapi(Il y i 1 1  ~ I I ~ J  I ) I ~ ( : S ( ! I ~ ( : C !  o f  l i g l ~ (  , I L  wot~lrl apl)(!a r  
tltal ( I > ( !  ~ ) ~ ~ ~ : I I O I I I ( ; I I ~ I I  i s  1\01 si1111)ly a q u c : s l i o ~ ~  c ) c  L I I C  ( : l ~ l o ~ ~ o p l ~ y l  l l s  b e i n g  o x i -  
tlizctl s i ~ i ~ i ~ l l ; ~ r ~ c ~ o t ~ s l y  i i t  ; I  s I o w ( : ~ I '  I .~IL(>; tlic ( . I ; I ~ S  ( Icfi t .~itcIy incliciilc: t h a t  a c c r -  
1ai11 f r a c i i o l ~  01' L I I ( I  ( ; a i ~ o t o ~ ~ o i ( I  i s  l ~ l c ! a ~ : l ~ ( : ~ l  I J ( : ~ C I I ' ~ ~  ;111y of thc  ~ : l ~ l o r ~ p h y l l  i s ,  
I I I ~ I I S  th l ?  I ' o ~ . ~ n o t *  apI)(!ill.s lo csc1.t a ~)roL(:( - ( ive  ; . ~ ~ l i o n  t o w a ~ c l  ( h e  l a t t c i . .  T h e  
# ~ ) ~ ( : l ~ ~ i l  ~ I ~ S O  ~ l l o w  lll;.~! w l ~ c i ~  llic c l ~ ~ l o ~ ~ c ~ ) l ) t ~ y l l  docs  begill to b1c.nc.h t h e r e  s t i l l  
l3c!l1l;~i~r# iJ ~hoi1111c:l' ill '18'1 10 ' l ( )O r - n ~ ~ . ,  n l t . ho t~g l~  iL i s  a p p ~ . e c i a b l y  rc:clucecl f r o m  
I I I  i ~ i i t i i l l y  'I'his s l l o t ~ l t l ~ ~ t .  cvc111unIIy d i s a p p e a r s  c o m p l e t e l y  h e f o r e  
llrc c l ~ l u r o ~ l ~ y l l  I ) l ( : i~c . l~i~ig  I I ~ S  ~ ) rogrc!ssccl  vc1.y f a r .  It a p p e a r s ,  t h e r e f o r e ,  
Illill 1);11'1 of Lhc: r n i ~ l c r i a l  ~ . o spo l i s i l~Lc  for  al)soi.plioti a t  485 L o  4 C ) O  mp d o c s  not  
t:tr!~Ccr 1 ) r ' t ) l  " ( : I  i c 1 1 1  i ~ ~ : i i i i ~ s t  c l ~ l o  r o ~ l l  y l l  oxi t l ; l t io i~.  

V. li. Sis t r .on l ,  C .  Cohen-T3az i re ,  a n d  17. Y. S t a n i e r ,  
N a t u r c  17h,  121 1 ( 1055) ;  G .  C o h c n - B a z i r c  and l i .  Y. S t a n i e r ,  N a t u r e  
I8 1 ,  2 5 m 9 5 8 ) .  - 



G .  M .  A n d r o e s ,  , J .  B i g g i n s ,  a ~ l d  h4.  1;' Singlclorr 

L i g h t - l n d u c e d  f r e e  r a d i c a l s  h a v e  h c c n  o l ~ s c ~ r v c ~ t l  i l l  1nii11y j ) l ~ o l ~ # y ! t l ) \ t : l i ~ -  
s y s t e m s ,  b u t  t h e i r  r o l e  i n  q u a n t u m  c o ~ i v c r s i o ~ ~  arlrl tI~c.ir f u n c l i a r ~  i l r  n a l l ~ r n l  
p h o t o s y n t h e s i s  a r e  unknown.  L i g h t  d o c s  not i l>dl~c-c Fi31\ ( c I c c ~ ~ c ) ~  9pi11 I'r;'St)= 
n a n c e )  s i g n a l s  i n  e t i o l a t e d  l c a v c s .  S i ~ n i I a  r l y ,  n t l a  1.k.. g1.0v:n I ~ ~ ~ ~ C I ~ I O I ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ P I I O  
m u t a n t  of C h l a m \ ~ ~ i o r n o n a s  ~ . e i n h a r . c l i ' ~ i e l c l s  no ~ , l~o to indu t . c t l  s12i11 s ~ g t ~ a l .  k i t i ~ =  
e v e r ,  t h i s  y e l l o w ,  d a r k - g r o w n  m u t a n t  procluc-cs ch lo rophy l l  i n  Ihct l ight  ant1 
s i m u l t a n e o u s l y  d e v e l o p s  pho to - induced  ESIi s i g n a l s ,  11~11~i1rg  g ~ . c c n i n g ,  ~ h I o r o =  
p h y l l s  a  and b  a r e  p r o d u c e d  in about  ecliial q\ ianli t icls  ovc tm a yrcriotl trf 15 
h o u r s ,  b y  which t i m e  m a x i m u m  p i g m e n t  c o n c e n t r a t i o n  i s  ~ ~ c t t c h o t l .  ,411 i n v c s -  
t iga t ion  w a s  c a r r i e d  ou t  on t h e  r e l a t i o n s h i p  of photosytl thctic7 nts t iv i ly  n r d  1,ro = 

d u c t i o n  of photo-incluccd f r e e  radicals L O  t h e  i ~ r n o \ ~ t i t  of r h l o ~ . o p h y l l  p r c s e n l  i ~ :  
the  g r e c n l n g  o r g a n i s m .  

C u l t u r e s  of t h e  m u t a n t  w e r e  g r o w n  t i e t c~ .o t l~o l )h ic . a l ly  i l l  s i x  l = l i t c l r  
f l a s k s  o v e r  p e r i o d s  of 8 to  14 d a y s  i n  tilc dark ( t h ~ . c e  c s p o r i n ~ c l ~ t s ) .  Wllnrt 
t h e  c u l t u r e s  w e r e  d e n s e  enough to p r o v i d c  the  s n l n p l c s  ~ ~ c ~ t l c t l ,  the f i r s t  
f l a s k  w a s  h a r v e s t e d  at  z e r o  t i m e  and t h e  r e m a i t l i n g  fivct f l a s k s  ivc!rc c$xl~troccl 
t o  u n i f o r m  l ight  of 700  f t - c  ( foo t  c a n d l e s ) .  T h e s e  r c t n s i n i n g  c u l t u r e s  wert: 
h a r v e s t e d  a t  3 - h o u r  i n t e r v a l s .  T h e  followi!lg d e t e r r n i ~ ~ o t i o n s  w e r e  made! an 
e a c h  s a m p l e :  

a ,  c h l o r o p h y l l  a anti b concentration, 

b .  r a t e  of O 2  e v o l u t i o n ,  

c .  r a t e  of  c 1 4 0  f i x a t i o n ,  2 
d .  e q u i l i b r i u m  p h o t o - i n d u c e d  ESK s igna l  amplitude. 

F o r  a l l  m e a s u r e m e n t s  t h e  l ight  i n t e n s i t i e s  u s e d  w e r e  m o r e  t h a n  s u f f i c i e n t  to  
l i g h t - s a t u r a t e  t h e  s a m p l e s .  ( S e e  d a t a  f r o m  t h e  t h i r d  c x p e r i r n c n t  i n  ' r a h l c  I!, ) 

a .  F o r  the  c h l o r o p h y l l  d e t e r m i n a t i o n s  0 . 0 2  m l  w c t - p a c k  ccl ls  w o r c  
e x t r a c t e d  with 5 . 0  m l  8 0  % a q u e o u s  a c e t o n e .  The r c s i d u c  w a s  rcnlovcd b y  
c e n t r i f u g a t i o l ~  a n d  t h e  o p t i c a l  d e n s i t y  of the  e x t r a c t  \vas t n c a s i ~ r c t l  a t  788, 
6 4 5 ,  a n d  663 trip C h l o r o p h y l l  contctlrt w a s  c a l c u l a t c ~ d  by  the  f o l l o w i ~ l g  f o r t n t i l a .  2 

- * Suppl ied  b y  D r .  Ru th  S a g e r .  

1.  B .  C o m m o n e r ,  J .  T o w n s e n d ,  a 1 1 d G . E .  P a k e ,  N a t u r e  174 ,  - 689 ( 1 9 5 4 ) .  

L. D. I .  A r n o q  P l a n t  P h y s i o l .  - 2 4 ,  1 (1949) .  



b 0111. I ' C S U ~ ~ S  a r c  plol lcd i n  F i g .  5 .  The c c l u ~ l i b l . i u r n  ESli n r r i p l i t u t l e ,  
the r u t c  uf C i " o L  l i x a t i o ~ i ,  a n d  Lhc r s t c  of 0 2  c v o l u t i o n  a r e  i t11  nol-malizeci  
so tlritl tlrc maximum v a l ~ l c  obscrvet l  it1 e a c h  v n r i  ah1 e is  equal to  u n ~ t y .  
'l'lr(ts(: arc: plotlad a g a i n s t  chloro1) l~yl l  F: t h  con tcnL ,  a l s o  n o t ~ n ~ a l i z e c l  t o  u n i t y  
at  l l l i ~ x ~ l l ~ l l l m  val\lt!. 



T a b l e  11. Conlpi la t ion of ~ . c s u l t s  f r o m  E x r ~ c r ~ i n ~ c ~ n l  3 or1 a ' i r r . i c l t t &  i ) i ~ b ' d t t l t 4 ~ * ~ 6  

C T i s c t ~ s s i ( ~ ~ >  

The  data  indicate:  
1 .  A n  ESR signal  g rows  in a s  the c h l o ~ o p l ~ y l l  contcrit tri t l t ~  ~ :ul l l i r ( '  ~ ~ C P C ~ S C L ,  
L .  The  r e l a t i o n s h ~ p  between chlorophyl l  content a 1 ~ 1  F;SR n ~ n p l i l ~ i r l c  i 8  no1 
l i n e a r ,  the m a j o r  p a r t  o f  the  ESR signal  an~p l i t u t l c  incrcasr* c o t n i t ~ g  tlktr;ri~g 
syn thes i s  of the l a s t  2 0 %  of the ch lorophyl l .  
3 The  r a t e  of ~ h o t o s y n t h c s i s ,  a s  mensurecl b y  c i t hc r  t l i c l  1-atc 01 O L  c!voitilbtbls 
o r  the  r a t e  of C / 4 0 L  f ixa t ion ,  i s  masitmnl long bcfotac tho a tnp l i tude  S t a r t 6  
i t s  s t e e p e s t  r l s e  
The  amount  of chlorophyl l  in the ce l l  a p p c a r s  to l i t n i t  t he  t ' i \ t ~  of ~ I I O ~ O P ~ I I ~ ~ C S ~ S  
up to a c e r t a i n  point .  Th i s  w o u l d  sugges t  that w h ~ n  the concc l t t~ 'a t ion  of l ight= 
abso rb ing  pigtnents  p a s s e s  a c e r t a i n  l eve l ,  tlloir c l ~ c ~ * g ) r - a i ~ s o ~ ~ b i r r g  ab i l i ty  !to 
longer  l i ln i t s  the r a t e  of 0 2  evolution and COz fisatiorr, but  s a t n c  o t h a r  p r s a =  e 

e s s  t h e n  b e c o m e s  l ~ m i t i n g .  Th i s  m a y  be  r c p r e s c n t c ~ d  schc~na t i c ; t l l y  at; fallows: 

L', - - -  --9 (€I2)  
h v  - -  - - -=i. p i g m c ~ ~ t  s y s t e m  - - - -3 A - - -  -> B~ 

C - ---> ( C H P )  

A s  the ene rgy -abso rb ing  power  of the pigtnent s y s t e m  i n c r e a s e s  some follow= 
up s t e p ,  such  a s  A - - - - ,B ,  becotnes  r a t e - l i m i t i n g .  T h i s  a l lows  pools of A ,  
e t c . ,  a n d  exc i ted  p igment  mo lecu le s  t o  build up.  111 th i s  v i e w  thc r'ntlicale 
would then be  i n  any  o r  a l l  of t h e s e  pools .  



I REVEBSICN OF C'HLAMYDOMONAS MUTANT 

-RELATIVE ESR SIGNAL 
8 AMPLITUDE 

CHLOROPHYLL CONTENT (NORMALIZED) 







W I I 

I - - G -  
buffe red  s a rnp l c .  

Another  i n t e r e s t i n g  difference i s  t h a t  of thc  nctioli spcactra. I I I  Ill(! 
ac t ion  s p e c t r a  made  on t h i c k  s u s p e n s i o n  of wtlolo b a c t e r i a ,  t l rc :  ~ i ~ a x i t n r r n ~  
w a s  shif ted t o  t h c  long-wave- length  s ide  of t h e  c l ~ l o ~ ~ o p h y l l  a h s o r p t i o n  nrirx= 
imum b e c a u s e  of s e l f - a b s o r p t i o n .  H o w e v e r ,  the  s l igh t ly  colorc!tl c l t ron~a ta=  



ffH888SP/RILUM RIrSRUM CHROMATOPHORES 

I. 1 2 x id6 O/aec ( S o t u r d  ing) 





P I O W V W I , ~  W W I C  W, O ~ ~ g c ~ l l - ~ r ~ ~ ~ l l ~ l ~ O ~ ~ ~  r ~ l l ~ c ~ ~ ~ ~ l ~  X ~ I ~ L I W J ~ I ~ ~ ~ I ~ S ' ~ '  

W & S  trd r~=ic&tl  0 1 1 1  i l l  t l~ i s  I l ; ~ i > ( ) ~ ' r ~ t ~  !.)I 1,y I ) ( ,  I .OI . I [ ;~  i111d C a l v i  II I a n d  (:I S C \ Y I I C Y C :  I ~ Y  
P ( i c ~ p ~ ~ ~ l l ~ l t k o v  a11d I , o l ) ; ~ l l c i ~ ~  Alll10ug11 Lhi s C V ~ ~ C I I C C I  ; I ~ ~ I L C C ~  b y  1-13ass s p e c  

1 
I i s  f 1 1  y I X I S  I ~ C S ~ C C L ~ V C I Y  w a s  
c . q u i v t ~ c ~ ~ I ,  tilt! ~ n s ( , t r ~ ~ ~ ~ i n l n  st1 ~ ~ c s l i : c l  I ly  I lo ro~1g11 a n d  C a l v i n  h a s  11ow r c c e i v c d  
~ u b ~ t ~ ~ t ~ t i ~ ~ l  s u l q m ~ ~ t  ( r i g ,  7 ,  4. 1 ,  

) 'l'l~c 1c1.11.r "x; t l \~l lol) l~yl l"  is  tlcfi~lctl Iierc! a s  a11 C.10 c a r u t c n o i t l s  c o n t a i n i n g  
t>xygtblt * 

1 G I l o ~ o i ~ j ; l ~  I 1 .  C 1 i 1  . A I I I .  C h c l n .  Soc - 7 3 ,  2 3 6 2  ( l ? 5  1 ) .  

2: 13, 1% S a p o z l r ~ ~ i l t o v  ;111tl A .  B .  I,ol)atltin, Ilolcl. Acacl. Nault S .  S .  S .  R .  - 7 2 ,  
4 I 3 ( It150). 

3 ,  I ) .  I S a ~ o x l ~ ~ r i l t o v  (.:I a l ,  , 11olcl;icly Alcatl. Nduk S.  S .  S 11. 1 1  - 3 ,  L ( 1 9 5 7 ) .  

4 .  I), t .  Si~l)o;l , l lnilrov ;lnd N .  V ,  l3a;. ,hanova, I3oklatly A c a d .  Nauk S .  S .  S .  R. 
120, 5 ( l O 5 H ) .  -- 

5 .  I ) ,  IC;~rrcr  ant1 . I .  I l u t s c h r n a ~ ~ t ~ ,  H e l v .  Ch i lm .  A c t s  - 2 5 ,  1624 ( 1 9 4 2 ) .  





1 C l i t a  A .  S I I I ~ ~ : O L I  I.  

b!c.j!jl [ ~ f  I I I ( ~  f l ' t ~ i t f ~ ~ !  I . ( ! S V C ~  I , (  11 c . ) ~ i  I I I < S  r(:(Ius I ' ~ ; ; L ~ L ~ O I I S  of p11c~t.c)~ yt-t\hc:si s 
! t $ ~ %  t ~ t ! ! ~ ; t ~ v i ! ~ I  C I I I  l h c  I - I ! ( ~ I I ~ . ~ I I ~ ,  t i ~ o i c t y  I .<JSLI I  (i11g f1.011-1 [ I ) ( :  i~11otc)Iysi s of water, 

!!y g - t . ~ ! i t  r ; ib l ,  O L I Y  l ~ . t ~ o w l ~ ~ ( l g ( !  (11' th(: l ) c ~ t l ~ w a y  o f  ~ I I C ,  ~ . ~ x i d ; : i ~ ~ t  is pt.i3c~ic:aIl y ~ I O I ,  . 

cbxi81c!r\!. 'l'ht! I Y I ~ I . ~ ~ J I '  S ~ \ I I I I ~ ) ~  i I L L  b l ~ ~ k  I I ; I  s I I C ~ ( ? I I  tlic I L I C ~ I L  1-jf i I t 1  ;~cIeq~.~atc:  d11a - 
6 I I I i s  1 0  i t  i :  i 1 :  o  i ~ o  :I.J~(:! S ~ S I I I C  

tr;olc-bl~i~.i, cisygiatr I 'I' an(l  18,  r c c l ~ ~ i  1n;tss sl)csc.l~.oi;t.;-~l)hic ;ln;~l y s i s  \cl-Iich i s ,  
c,! l j t?gt ,  ;i ~ : . I I I I I ~ I ~ * I ~ S ~ I I ~ I ~  l ( ! ( : l \~ l i~ lu~ . - .  b!~~c:lci~ I *  ; I ( ,  1 i v;~tiol.t o f  0 I '  ; i \ - ~ p ~ : a  1.5 t o  be  
l j b t ?  ~t i t )s t  l i ~ ~ o ~ ~ ~ i $ i i ~ t f :  i i [ J ~ ) l ' O i l ~ : ~ l  t i )  ~ I I ~ s  i ) l ~ o \ ) I c : ~ r ~ ~  ' l ' t~ is  p ;~pc!r  ~ I . c s ( , ~ I - I ~ s  I . C ; . S ~ I I L S  
fid,1.;ti,it.t1 l iy  I I I ( ' ~ I I I : ~  ( ' ~ t '  111(: 1 1 1 1 ( . l ~ a i l  I. i 1 c I  iva l  i o t ~  t i  0 , I )  S x ~ I ~ ~ I I o -  
1 ~ ! i ~ ~ 1 l ~ i  i r t~121 spi11ac.11 I ( : ~ I I '  C I ~ I ( . ) ~ ~ J ~ I ~ I S I S  I . ~ . C ~ ; I I ( : ( I  wi(I.1 1-120 , 

I ( w ( , t i o l ~  I h a s  I I C ~ P I I  S I I ( I W I I  l o  Lilltc pl.ic.c. i l l  t he  clarlc ill I C ~ ~ V C S  of E lodea  
i ~ i t t ~ t ~ i e ~ i s ~ h .  I 4 u L r ! i t l  is O I ~ V ( ~ I ~ I C ( I  to  iLs [ !pox~dc- ,  ~ r ~ o l ~ ~ x a t l t l ~ i ~ ~ ~ ~ ~  ( F ' J ~ ,  7,7?J-j-,- - - - % ==--- 

I I :  W I I ( : I I I P ~  o r  no1 I + ( ~ C I I . I . ; I I I ~ ( ~ I I ~ ~ I I ~  of I h v  cpoxicl(: 1-0 t he  lura11 
c r c c  !Iras i n  v i v o  IliIs 11u1 11cc11 t lc t ( - r~-ni~lccl .  'I'hc f i ~  riln I S C J ~ C I .  of viol a x a n t h i n ,  - ,.-= 
howctvur ,  I S  w ~ l l  k n a w l ~ ,  T h i s  I>caulif \ l l  gc~lc lc t~  yc l low p ig rnen t ,  aul.oxantI-Iin 
(1"1g. 7 ,  $> ) I  is found a s s o c i a l o d  w i t h  v io laxan lh in  in t h e  b l o s s o m s  of Viold 
\ ! = I (  C ~ ~ U I . .  ' ~ U I ~ O X ~ I I ~ ~ ~ I I  C - ~ I I I  a l s o  b e  p~.ocli~c e d  ill v i t r o  by t I ~ C L I L ~ I T C ~ ~ L  of i;m- :---=- -. -- 

c t x a ~ i t l ~ i ~ ~  w \ t h  cIil111c ; I (  i d ,  6 

1->- ---__-a _- -- 
?:* "I'hin work  was c1o11c c l r ~ r i t ~ g  1 t 1 v  a u I I ~ o r . ' s  Ie11~1r.c o f  n n  Atlvancecl Fellowship 
l r t b ~ ~ i  ~ I I G ~  Ami! ta i i -a1~ I I P ~ I - t  A s s o ~ - i ; ~ L ~ o t ~ ,  

3 I1 I ,  S i ~ l ~ o ~ l ~ l ~ i l t o ~  e l  ( 1 1 .  , Ih l t lar ly  Alcatl. Nauk S . S .  S .  R .  113,  L ( 1 9 5 7 ) .  -- - 

4, I ) .  I ,  S k ~ l ~ o z l l ~ ~ i l c o v  c ~ ~ l r l  N. V .  I3aalia11ovrc~ Ilalclacly A c a t l .  Natllc S .  S S .  I i .  
1201  5 ( 1058). - 



F i g .  7 .  Proposed  oxygen t r a n s p o r t  mechan i sms  i n  x;intlrophylls. 



W ~ I  g n l ) t ~ ~ . g  C L  i l l .  I I ~ I V C  i'(*[,ot.li:~l OJl tilei 1. r I i s c i r v t ~ i . y  o f  B l a b i l e  c a r o t c n o i c l  
oxY1:(:11:18(: ~ ~ ~ l ~ y r ~ i ( :  h y s I  ct7-1 111  C ; I ~ I O I . C I I , I  w l i i c h  is i i c  tr v c  111 t l iv tla ric c111rI in t i ib i  terl 

. - - -- -- 
! I  1 ,  h i  i t  L I  s , lppo 1.1 t o  (11 , .  r o ~ , r e p t  ( ~ f  - ; I  i -o t i : t~oi r I  i t i v o l v c m c n t  
ill ox)rg(:II 0 ~ , 1 1 1 S ~ ) O I ~ t .  

Pan, I< .  I D .  L c ~ u w r i c : ~ . ,  a n d  M .  C a l v i n ,  D i o c h c m ,  . .  - .  . 





J1:nc:h s n t n p l c  w a s  c s t i m a t c d  to c on ta l l )  o n  t h c  o r t l c r  of . 01  r n i c r o t n o l c  
~ ; l r ~ l h ~ ~ [ ~ h y l l ~ .  'I'hc: c n o r t n o n s  disc.  r e p a n r y  t ~ c l w e c n  t h i s  v a l u e  a ~ ~ d  t h e  c a l c * u -  
I;llcld a r n o u ~ l l  o f  ; ~ c t i v e t c c l  018 is i m n l e d i a t e l y  a p p a r i : n t  I1 is p r o h a h i e  t h a t  
a~16unrptiol1s I )  a n d  c a r c  not  v a l i d ,  111 ; i t idi t ion,  t h e  t e c h n i c a l  prol>lem of 
pro lo^^ b c n m  h o t n o g e n e i t y  a n d  f lux co11t1.01 h a s  n o t  b e e n  s o l v e d ,  T h e  r e s u l t s  
tlcrc! a r c  corlfirmecl, h o w c v e r ,  h y  a rccclr-it p a p e r  of S a p o z h n l k o v  ef a l .  
Although 110 q u a n t i t a t i v e  significance c a n  b c  a s c r i b e d  to t hese  f i n d i n g s ,  i t  n o w  
nppoars  l i k e l y  t h a t  x n n t h o p h y l l u  a r e  a s soc i a t c t l  w i t h  a n  oxygen-linkccl f u n c t i o n  
i n  ptrotos y n t h c s i  s . 

-..- 
l 1 .  I). I .  S a p o z h n i k o v  c t  a l ,  , B o t a n .  Z h u r .  4 6 ,  6 7 3  ( 1 9 6 1 ) .  - 

. 





H ZEA XA N THIN 



Band  I ( o r i g i n )  C h l o r o p h y l l s ,  s o m e  highly  oxirlizctl xnnthoph) i l l s  I 
Band I1 Xanthophyl l  m i x t u r e ,  i l~c lu t l ing  ncoxarrlhirl,  

f l avoxan th in ,  a n d  v io laxan th in  

Band  111 Z e a x a n t h i n  

Band IV L u t e i n  

Band V Xanthophyl l  m i x t u r e ,  t i ~ o s t l  y c r y p t o x a ~ ~ t l r i r ~  

T h e s e  b a n d s  w e r e  e l u t e d  d i r c c t l v  in to  s c ~ ~ a r a t e  L O - n ~ l  coun t inn  f lasks  c o n -  . , 
t a in ing  10 ml  s c i n t i l l a t i o n  solutiori  112, antl assayecl  in a  13acltarrl Autotmatic 
T r i - C a r l )  So i n t i l l a t i o n  c o u n t e r ,  a f t e r  c h l o r i n e  w a t e r  I,lcnc:hing, Excc!pt foi' 
t h e  i s o l a t i o n  of x a n t h o p h y l l s ,  a l l  p r o c e c l u ~ ~ e s  w c r c  iclcntical  10 t h o ~ c  t leecri l)ot!  
i n  P a r t  I  of t h e s e  s t u d ~ e s .  1 

I 
A .  I s o l a t i o n  of Xan thophy l l s  f r o m  P y r i d i n c  o r  Dioxnnc Motlc?l S ~ S ~ C I T ~ S  -- --- 

At the  c o n c l u s i o n  of t h e  e x p e r i m e n t s ,  the  c o n t e n t s  of each  sample  
tube  w a s  d u m p e d  in to  10 m l  of NaC1- s a t u r a t e d  w a t e r .  S c v c r a l  I -1nl f r a c t i o n s  
of p e r o x i d e - f r e e  d ic thy l  e t h e r  w c r c  t hen  aclclccl and s t i ~ ' ~ . c c l  to  c!sl~';lc:t tlrc 
l i p o i d s .  T h e  e t h e r  e x t r a c t s  ( e p i p h a s e )  w c ~ . c  then w;ishecl f r c c  of t r i t i l lnr  oxide 
by  s h a k i n g  w ~ t h  s e v e r a l  s u c c e s s i v e  f r a c t i o n s o l N a C ; l - s a I \ r ~ - n t e t l  w a t e r  irntiI no 
r a d i o a c t i v i t y  r c m a i n e d  in  the  a q u e o u s  p h a s c  ( t iypop l i asc ) .  S incc  p \ l ~ ' i f i u t l  
xan thophy l l s  w e r e  u s e d  l o r  t h e  m o d e l  s y s t e m ,  no s a p o n i f i c c l t i o ~ ~  w a s  c n r r i e t l  
o u t .  T h e  w a s h e d  e t h e r  e x t r a c t  w a s  clriccl with n n h y d r o u s  so(li11117 s t l l f a l c ,  
f i l t e r e d ,  and  d l s t ~ l l e d  off in  v a c u o  a t  300 C .  T h e  r e s i d u e   its ~.ct l i ssolvccl  i t 1  

a  s m a l l  amol int  of a n  e thyl  e t h e r - c t h a n o l  ( 1 :  1 )  m i s t u r e  a n d  c t i~*c~n~a tog~-a l> l l c ! t l  
on  S c h l c i c h e r  & S c h u c l l  P a p e r  No 287 a c c o r d i n g  Lo the  p~ .oce t l r r r c  t l c . . i c ~ ~ i l ~ c t l  
by J e n s e n  & J e n s e n .  No s i g n i f i c a n t  r a d i o a c t i v i t y  a s s o c i a t e d  with t h e  x;~nIlrr.,- 
phy l l s  w a s  found u n d e r  the cond i t ions  u s e d  f o r  t h e s e  c x p e r i m c n t s ,  

B. I s o l a t i o n  of Xan thophy l l s  f r o m  Sp inach  --- - L e a f  C h l o r o p l a s t s  -- 

At t h e  co l l c lus ion  of t h c  c x p e r i r n c n t s ,  the c o n t c n t s  of e a c h  satnplc t u l ~ c  
w a s  t r a n s f e r r e d  to 1.0 m l  of a n  a c e t o n e - m e t h a n o l  ( 7 : 2 )  m i x t u r e .  Two  ml 
p e r o x i d e - f r e e  e thy l  e t h e r  w a s  a d d e d  with s t i r r i n g ,  fo l lowed by I0  ml  N a C I -  
s a t u r a t e d  a q u e o u s  s o l u t i o n .  S e v e r a l  2 . 0 - m l  e t h e r  f r a c t i o n s  w c r c  u s e d  to  
e x t r a c t  t h e a q u e o u s  p h a s e .  T h e  c o m b i n c d  e t h e r  c x t r a c t s  w e r e  w a s h e d  with 
N a C 1 - s a t u r a t e d  s o l u t i o n  u n t i l  no  r a d i o a c t i v i t y  r e m a i n e d  in  t h e  a q u e o u s  phase. 
'The e t h e r  e x t r a c t  w a s  d i s t i l l e d  off in v a c u o .  T o  the  r c s i d u e ,  0 .1  1111 w a t c r  
a n d  1 . 0  m l  of a  5 M m c t h a n o l i c  KOH s o l u t i o n  w e r c  arlcled with s t i r r i n g ,  antl 
the  m i x t u r e  w a s  a n o w e d  to s t a n d  a t  r o o m  t e m p e r a t l l r e  f o r  5 ~ n i n  i n  d a r k n e s s  
and u!;der a n  argol:  a t ~ n o s p h e r e  . T w o  ml of p c r o s i d c - f r e e  d ie thy l  c t h c ~  w a s  
then  added ,  io l lowed  b y  10 rnl NaC1-sa t i i r a t cd  w a t e r .  T h e  e t h e r  e s t r a c t  wijs 
c o l l e c t e d  and  a d d e d  to  a s e c o n d  2 . 0 - m l  e t h e r  e s t l . a c t .  T h e  combinecl  c t h c r  
e x t r a c t s  w e r e  w a s h e d  f r e e  of a l k a l i  with s u c c e s s i v e  1 0 - m l  p o r t i o n s  of NaC1- 
s a t u r a t e d  w a t e r .  T h e  e t h e r  e x t r a c t  w a s  the11 d r i e d  with anhycfrous s o d i u m  

3 .  E. A .  S h n e o u r ,  in  B i o - O r g a n i c  C h e m i s t r y  Q u a r t e r l y  R e p o r t  UCRL-9652, 
A p r i l  196 1 ,  1 0 5 .  

4 .  A .  J e n s e n  and  S .  L .  J e n s e n ,  A c t a  C h i m .  S c a n d .  13,  1863 ( 1 9 5 9 ) .  



'I'he o v c r - , ~ l l  c o l l c l u s i o ~ l ,  t h c > r c f o r e ,  is  t h n l  bo th  t h e  h y d r o c a r b o n  and 
I 1 y c l 1 ~ c ~ x y l ~ L ~ c l  c a r o t e n o i r l s  do no1 [ I ; ~ I . I I (  ip;ite in hyclrogct11 Lrans f ' e r  procc:sscs 
i t 1  p I ~ o L c ~ s y ~ i L l ~ c s i  s . 



o .  F U R T H E R  STUDIES ON T H E  FORMATION O F  M E T H Y L  PI-IOSPflA'rE: 
BY T R E A T M E N T  O F  P ~ ~ O ~ - F E I )  S P I N A C H  CHLOROPLAS'I 'S 

W I T H  M E T H A N O L  

>$ a 
J o h a n n e s  U l l r i c h  

"Ki l l ingu  s o n i c a l l y  f r a g m e n t e d  s p i n a c h  c h l o r o p l a s t s  with 8 0  '510 m c t h a n o l  
a f t e r  i n c u b a t i o n  with ~ 3 2 0 4  a t  pH 8 p r o d u c e s  m o n o m e t h y l  p h o s p h a t e .  ? 'ysakicwicz  
a s s u m e d  t h a t  t h i s  compound  i s  f o r m e d  i n  a noner lzymic  r e a c t i o ~ ~  by  a s t i l l  u n -  
known p h o s p h a t e  d o n o r  of c n z y m i c  o r i g i n ,  h e c a u s c  s h e  w a s  a b l e  to get  some 
m e t h y l  p h o s p h a t e  e v e n  a f t e r  k i l l ing  thc  s a m p l e s  h y  s h o r t  bo i l ing  and a d d i n g  
the  m e t h a n o l  l a t e r .  L~ 3 S h e  a l s o  a s s u m e d  a r e l a t i o n  between f o r m n t i o r ~  of 
rnethyl  p h o s p h a t e  and  t h e  p r e s e n c e  of s o m e  c o f a c t o r s ,  A D P ,  a n d  l i g h t .  

B a s e d  on t h e s e  h y p o t h e s e s ,  h e r  e x p o r i m c n t s  h a v e  now heen  i.cpcrrtc!cl, 
v a r i e d ,  a n d  c x t c n d e d ,  s o m c t i m e s  u n d e r  comp1ctc:ly cliffcrcnt c o ~ l t l i t ' o r i s .  S O I I I ~  4 
of t h e  f i r s t  r c s ~ i l t s  t l ~ c s c o f  h a v e  b e c ~ l  g iven in a ~ ~ ' e l i m i ~ ~ a  r y  t.cl>orl and a I - ( ?  

poin ted  out  m o r e  c o m p l e t e l y  i n  t h i s  p a p e r ,  t o g e t h e r  wit11 new r c s u l t ~ .  

G e n e r a l  E x p e r i m e n t a l  P r o c e t l u ~ ~ e s  

'The c o n d i t i o n s  of the  i s o l a t i o ~ ~  procec1u1.e fo r  t h e  s p i n a c h  c l ~ l o ~ ~ o p l a s t s  
w e r e  changed  to  g ive  a h i g h e r  y l e l d .  F i v e  h u n d r e d  g of f r e s h ,  c o m p l e t e l y  
t u r g i d  s p i n a c h  l e a v e s  without t h e  m a j o r  p a r t  of t h e  m i d r i b  w e r e  c u t  in to  0 . 5 - c ~ n  
s t r i p s  a t  O0 and  h o m o g e n i z e d  f o r  30 s e c  ~ r i  1 l i t e r  of a  p r e c o o l c d  so lu t ion  of 
0 . 5  M s u c r o s e ,  0 .1  M t r i s  ( h y d r o x ~ ~ n ~ e t h ~ l ) - t ~ ~ ~ ~ i ~ ~ o ~ ~ ~ e t l ~ ~ i ~ ~ c ~ ,  a n d  0 . 0 1  M 
ethy- ienediaminetet raacet ic  a c i d  ( s o d i u m  s a l t ) ,  a d j u s t e d  to  pH = 8 . 1  b y a d c l i t i o n  
of H C I .  A f t e r  b e i n g  s q u e e z e d  t h r o u g h  12 l a y e r s  of c o m m e r c i a l  c h e e s c c l o l h ,  
t h e  s u s p e n s i o n  w a s  c e n t r i f u g e d  f o r  5 m i n  d t  200 g to r e m o v e  a l l  t h e  l a r g e r  
p a r t i c l e s .  T h e n  t h e  c h l o r o p l a s t s  w e r e  s p u n  down f r o m  t h e  s u p e r n a t a n t  by  
c e n t r i f u g a t i o n  f o r  15 m i n  a t  1 ,  000 g .  T h e y  w e r e  r e s u s p c t ~ d e d  i n  100 m l  of a 
s u l u t i o n  of 0 .5  M s u c r o s e ,  0 . 0 0 2  M t r i s ,  a n d  0 . 0 0 0 2  M E D T A ,  a d j u s t e d  t o  - 
pH = 8 . 1  a s  p r e v i o u s l y  d e s c r i b e d ,  and c e n t r i f u g e d  f o 7  30 m i n  a g a i n  a t  1 ,  000  g.  
T h e  p r e c i p i t a t e  w a s  r e s u s p e n d e d  i n  1 0 - 3  M t r i s  I ~ u f f e r  of pH = 8 .1  to  g i v e  a 
t o t a l  v o l u m e  of 4 0  t o  50 m l  of a s o l u t i o n  sx11 con ta in ing  a  c o n s i d e r a b l e  q u a n  - 
t i ty  of  s u c r o s e  In m o s t  c a s e s ,  t h e  suspe t l s ion  w a s  sonicatecl  f o r  9 0  s e c  in  a  
R a y t h e o n  s o n i c a t o r .  All t h e s e  o p e r a t i o n s  w e r c  c a r r i e d  ou t  a t  t e m p e r a t u r e s  
v e r y  n e a r  to  O O .  

T h e  c h l o r o p h y l l  c o n t e n t  of t h e  s u s p e n s i o n  w a s  d e t e r m i n e d  b y  l i g h t -  
a b s o r p t i o n  m e a s u r e m e n t  in 8 0 %  a c e t o n e  a t  663 a n d  645 m p  o r  a t  652 rnp. In 

*NATO F e l l o w  f r o m  U n i v e r s i t y  of Bonn ,  Bonn,  G e r m a n y ,  1961-62.  

1 ,  Edwige T y s z k i e w i c z ,  in  R i ~ O r g a n i c  C h e m i s t r y  Q u a r t e r l y  R e p o r t ,  
U C R L - 9 5 1 9 ,  J a n .  1961,  p.  5 8 .  

2, E d w i g e  T y s z k i e w i c z ,  in  B i o - O r g a n i c  C h e m i s t r y  Q n a r t e r l y  R e p o r t ,  
U C R L - 9 6 5 2 ,  A p r i l  1961,  p ,  117.  

3 ,  E .  ' I 'yszkiewicz ,  C. C i n g r a s ,  and  M .  C a l v i l ~ ,  R ioch i rn .  D i o p h y s .  Ac ta  - 5 0 ,  
3 7 6 - 3 7 7  (196  I ) .  

4 ,  J o h a n n e s  U l l ~ . i c h ,  in B i o - O r g a n i c  Chc!mistry Qi inr tcr - ly  R c p o r t ,  U C l i L - 9 7 7 2 ,  
J u n e  1961, p .  9 5 ,  
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I v C ~ r i v ~ t i r ) ~ i  C I S  t l i t !  i i ~ < . ~ ~ l ~ i . ~ t i o ~ ~  L i ~ n c  ~ I . C J I Y I  0 Lhi-(~ugll a few rninut.es i ~ p  
t c r  " . , I .  1'c::i\11 l c(l i 11 ir I Y I ~ I - C  0 1 -  l e s s  ~ - ; i l , i r l  I > L I ~  It1 -(11-) ;itld L C I  ~ I I O V C : L -  of t h e  s e v e r a l  
~ ) r g , l ~ ! i (  [ I I I C J S ~ ) I \ ~ ~ ( C : S  ~ l ~ l l a l l y  i l~volvccl  ill [ ~ t i o l o s y n ~ l i e s i s  and  some :;id(: reactions, 
i t 1 1 1  1 1 1 ~  yicltl  of n~c:tliyI ~)hosl)lint.c:,  whi:n l h c  s n m j ~ l c  w a s  l l l ~ i l l c r l l i  wilt1 m e t h a n o l ,  
!t~r!i(!(I O I I I  1111 ro~nl) l i ! l ( ! ly  ~ I I ( I L ~ ~ I C ~ I ~ ~ P I ~ ~ .  o f  tli(: i ~ i c u b a l i o ~ l  l i r i c  ( C V C I I  i f  i L  . is 0 ) ;  
!I l l !  S ~ \ I I I ~ ) I  c I l i l t l  o111 y l o  I~ilvc. I,r:cl~ slorcntl long ~ i i o u g h  ( s ( r v ~ i ' ~ 7 1  ( l a y s )  I > ( J S O ~ C  i t .  
v.:i15 put ( . I t \  Ill(.! \>a\>(: l . .  

6'. ' I ' I ~ c ~ ~ L L I I I ( * I I I .  01  ( 1 1 ~ 8  < I ~ I o I ~ o ~ ) I ~ I ~ ~ L  S U S ~ L I I S L O I I  w i ~ h  t l ~ ( > t t ~ i > ~ ~ ~ l  u p  [ O  ~i f e w  
I I t i  I I o i  J I o ~ , u I ~ s t  r ~ t c :  only  s l o w l y  clccl.easecI tile 
I 1 I I I I  ~ i l  I " K l l l ~ ~ i g "  1 1 1 ~ :  nilxtr11.e w i t h  ;it c l o n e  a n d  
. I I [ ~ / I I : ~ ~  1 1 1 t ~ t l \ ~ t 1 1 0 l  1 1 1 )  1 0  ~ ( I I ~ I I ~  ( l L i \ , >  I , L I I -  I. I I I [ I  1 1 c ) t  . I ~ I ~ I . C ~ L  ~ ~ 1 1 ) l y  , t t r ' ( > l  1 1 t1 ( '  I ( ? t . ~ - n r l t i ~ ~ ~  

I I I I I I .  I I o \ v ( * \  ( ' I , ,  t \ 1 1 ( . 1 1  1 1 1 ( 7  I I I I X ~ ~ I I - ~ ~  \ \ ; I \  I ~ l l l ( - t l  \ \ ' i l l 1  , ~ c . r * t c > ~ ~ c l  ,211r.l 

!!it11~ ( 1  l n i t ~ c l  I I ~  , 111  , ~ i  I. l l c > \ v  L ~ l  ~ ( ~ I I I I I  f c ~ i 1 1 1 ) c :  I . ~ I ~ L L  i * t b ,  I C I ( I I ~ L C ~ I ~  ( 11  I I I ( ~ I I ~ ~ I I ~ L ) I  ( 1 1 ~ 1  I I O I  

i t  I I l o t i i ~ t i o ~  o  i l i  I ~ L  I't.cc./,c - t l ~ . i c ~ r l  ( - h I ~ ~ ~ . o p l ~ s L s ,  o n  
( l t t b  ( b t k ~ ~ L ~ - 6 ~ ~ s y ,  b ~ i l l  for111 1 1 1 c ~ t I i y l  ~ I I I C I S ~ ~ I I ~ L I : ,  v:l~c~n i o d  with 1 ~ ~ ~ 0 . ~  a i ~ d  k i l l e d  
wit11 lr l~-11~,111oI.  S t o r a g o  ol' L \ I C  r l ~ l o r o p l a s l  S I I S ~ ( : I I S ~ O I I  f o r  S O I ~ ( :  ( l ays  a t  OU 
t 111 r low~i  1110 fornla l io11 ol' ; I I I  t h c  p l ~ o s [ , l l a t c s  of p t io tvsyr~theLic  o r i g i n ,  h u t  
8~ L ~ ~ a c c l y  effcclcd the yic.lct of methyl p h o s p h ~ l c .  F ' rozen  s torc td  c h l o r o p l a s t  
s \ ~ s t ) c t r s i o ~ i s  l o s t  t h e i r  p h o t o s y n t h e t i c  [~I iospho~. \ r IaLion a c t i v i t y  rno1.e s l o w l y .  
( ; l l l o r o ~ ) l ; ~ s t s  not rul) turecl  b y  s o n i c a l ~ o n  k e p t  t h e i r  a c t i v i t y  longel .  t h a n  sonicatecl  







F i g .  10 .  S o l i d  c u r v e :  e n l a r g e d  b e g i n n i n g  of t h e  c u r v e  i n  F i g .  9 ;  
d a s h e d  c u r v e :  y i e l d  o f  m e t h y l  p h o s p h a t e  f o r m e d  b y  a m i x t u r e  
i d e n t i c a l  t o  t h a t  i n  F i g .  9 ,  but  h e a t e d  i n  a n  o v e n  t o  5 5 O C .  T h e  
h e a t i n g  s t a r t e d  s l o w l y ,  t h e r e f o r e  s o m e  m e t h y l  p h o s p h a t e  could 
b e  f o r m e d  b e f o r e  t h e  e n z y m e  s t o p p e d  w o r k i n g .  





F i g .  1 1 .  Y i e l d  of t n e t h y l  p h o s p h a t e  i n  mix .1u1 .c~  of tncthnne)l  n ~ i d  
a c e t o n e  a f t e r  24 h o u r s  a t  2 5 O .  N o  incuba t ion .  





Discussiol i  of tllc I ~ ~ s 1 1 1 t : i  - -..-.-- 
T h e  e x p e r i m e n t s ,  ~ s p e c i a l l y  those! rncl~tic~rlctl untlcr N o .  3 i l l  lllu e x =  

p e r i m e n t a l  p a r t ,  show tha t  t he  working Ilypolllcsie of E,  'I 'yo;r,kicwirz, wlrich 
a s s u m e s  that  t h e r e  i s  a  phosphatc  donor  fornicrl 1,s urlzyrtlic. ..iyrrthcsis w l l i ~ h  
gives  a lkyl  phosphates  i n  a notlcnzytnic raact iol l ,  i s  rtnlcr~al~lt: ,  

It s c e m s  ~n i i ch  nlo r c  13 t ~ o l ~ a l ~ l e  thal s o u ~ c )  p r o l e i l ~  i l l  ~ h r l  t I I I O I ' O ~ I ~ ! B L  
s y s t e m ,  appa ren t ly  a phosphatasc ,  catalyzes 1 1 1 ~  c*sc~l~ ; r~ igc~  o i  pllusplrcrlo h c * ;  
tween the alcohol  and thc? water  containctl i n  I h c  s,rtl11)lt!t+ 1 0  yivcb rill cqrroiibrikr@ia 
which can  only be  accomplished by strotrg i ~ c * i t l  o r  11s .In ~ t c ' t i v t '  c r ) z y t ~ e ;  

In e s t e r s  of phosphoric  ac id  A E' of  the I1 yd  r o ly s i s  i s  in g c n c r a l  bc twec~r  = 

and - 5  kca l .  T h e  ca lcu la ted  value in the itlvcstigatetl ~ 'cac:tion i o  of llrc tiarlac? 
o r d e r  of magni tude ,  although it s t i l l  incluclos I a r y c  c r t - o r s  ca~rso t l  I>y r)ottirl= 
c o r p o r a t i o n  of the  addi t ional  ions i n  thc solut ion and by tlrc high co r~cs r r l r a t i o r~ ,  
w h e r e a s  the  equat ion app l i e s  only to v c ~ y  di lutc  solil t ions.  S O  lhc  4 F 6 ~ ~ 1 1 1 r i  
t o  app roach  the u sua l  va lues  for  alkyl phosphates quitc well .  

In fu tu re  e x p e r i m e n t s  a n  a t t empt  will be  m a d c  to  app roach  tho o u p p s ~ s t d  
equilibrium f r o m  the  o the r  s i d e ,  s t a r t i n g  with labclccl tnet hy 1 ~)Irooptralc in 
me thano l -wa te r  m i x t u r e s .  Tyszkiowicz  h a s  a l r e a d y  n~cnt iancA r o t n c  eqperi = 

m e n t s  on the hyd ro lys i s  of methyl  phosphatc  b y  sonic ;~ tc t l  c t r i o ~ ~ o p l o ~ t s .  IC 
i t  i s  pos s ib l e  to approach  the equi l ib r ium fro111 both s i d e s ,  i1tr i n t o r ~ t ~ c t l i a l o  
h igh -ene rgy  phosphdtc: d o n o r  c a n n o t  b e  involvccl in I I I O  fo~-tlialiclll of tIrc ~ t r s l l ~ y l  
phosphate  b y  the c h l o r o p l a s t s .  

A n  impor t an t  and s u r p r i s i n g  resu l t  of a l l  th is  ili\-cstigaliort will ttrctr 
be  the e x t r e m e l y  high s tab i l i ty  of the phosphatase  ca ta lyz ing  the  r c a c t i o ~ i ,  
which i s  s t i l l  ac t ive  in m ~ x t u r e s  containing B O Y 0  alcohol 01. a c c t s ~ \ c  a t  rclo1t-r 
t e m p e r a t u r e  for  s e v e r a l  d a y s .  



I I. f i .  14chcrl llcr. d c u t .  b o t a n , G c s .  -- 7 0 ,  37 1 ( 1 0 5 7 ) .  
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- 4 1 -  ucrt L - 9 9 0 0  

e t h a n o l ,  e t h a n o l - e t h e r  

m e t h o d  ( b )  





0.4 1 ( D N A )  

- - 0.48 (DNA) I 

l ' l r c t  vir l \ icb 0bl~(i11(3cI t'01. tllc I INA ( unLcrlt o f  c : l ~ l o r o p l ~ s t s  1s i n  a g r e e t n e ~ l t  
a k l l l  [ ~ . t ? v i u \ l s  I - v ~ o I . ~ ~ .  3 1  ' L ' I I c  ~ - ( ~ p l i c  c l l l o ~ ~  I I U L W C I : I I  Lhe va lue s  o l~ra ine t l  b y  
ccrl,rly~is r ~ f  t lcuxyri l )oso and p l ~ o s ~ > h a l c  is gout1 'I'lic h i g h  va lue  ol~ta inccl  f rom 
rtl[l';l\'ioli!l r ~ l j ~ c ) ~ ' p L i o ~ ~  d l  L b C )  rnp ( i n  s upc rna ldn l  A )  s u g g e s t s  i n l c r f e r e n c e  by 
s o r l ~ c  l ~ y f l ~ ~ ~ ~ l y s i s  p i -uc l~~c l  o t l ~ c t *  L I ~ ~ l t i  n~~ ( : l coL idcs  

1 3 u ~ ' i ~ y  o f  the  c I I I o ~ ~ ~ ~ ; I s L  pl 'cpa r;\liotls w a s  checlcecl b y  p h a s e  m i c r o s  - 
t i lpy  i ~ f t ~ ' ~ '  s t i l i n i~ lg  wilt1 m e t h y l g r c e n .  ConLnrninatiorl of t h e  plasticis b y  nuc l ea r  
I ta i ig lnc:~~ln  w a s  1101 clclcclctl b v  t h i s  tnethcrcl 

c:stiru 
t v  Lcc 

S O -  



ue w e  obtained fo r  the IINA co~rtcnt ol ell1 The v a l ~  u ~ o p l o o l s  i s  I~ighar 
than  that p r ev ious ly  r e p o r t e d  by a f ac to r  of t w o ,  nntl i t  is l ike ly  Chal this ra= 
su l t  i s  d u e  to o u r  method  of p las t id  p r e p a r a t i o n .  q'trc n e n n q u c o u s  i~olilrlcm 
t e c h n i q u e  min imized  l o s s  of R N A  f r o m  t h e  c h l e ~ . s p l a s t , .  'I'hus ahc ftKR cola- I 

t e n t  of t h e s e  c h l o r o p l a s t s  p robably  a p p r o x i n ~ a t c r j  the  i l l  vivo Icvcl. - u- 





'I'hc c h r o l n a t o g l . n m s  w e r e  1.1111 fo r  :) 111- C L L  ;111 , I V ( ~ I ~ ~ L ~ I *  L ( : I I I ~ ) c ~ ~ ' ~ ~ L I I ~ c !  ( I !  

2 / O C .  I n  both  s y s i e n ~ s  the so lvcn l  f ron l  11itd rt lr l  dpproxin~dlt! ly  *,0 rtn Trow 
the o r i g i n .  





Fig .  1 3  
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Two-dimens ional  c h r o m a t o g r a m ,  ~luri l lcs  a n d  pytsitnit!inss, 
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E x p e  r i ~ n e n t s  aricl Anal y t i~ i i l  M o l h o d u  -- 

A s  a r a t h e r  sensitive t o o l ,  w c  made 11sc o f  ~ ~ l t ~ - , i v i o I c t  s p e c t r o s c o p y  
111 s e v e r a l  r u n s  in o r d e r  t o  s e a r c h  for psc t idonron la t i c  hctcrocyclic ~ X L I U B .  

Except fo r  a g e n e r a l l y  i n c r e a s i n g  a b s o r p t i o n  I ~ e l o w  4 ,  000 A,  no specific ; ~ b =  
sorption cou ld  b e  s e e n  which  could  h a v e  I ~ e c n  ~ ~ n e q u i v o c ~ i l l y  t l ~ c  to ;L lrc*tc*~>o= 
c y c l l c  s y s t e m .  A l s o ,  s u b s e q u e n t  e x a m i n a t i o n  of m o r e  spccific fraction# 
f r o m  a n  l o n - e x c h a n g e  c o l u m n  a n d  s ~ ~ n u l t a n e o i i s l y  p r e p a r e d  paper chronn;ato= 
g r a m s  r e v e ~ l l e d  no s p e c l f l c  u v  a b s o r p t i o n .  Since 4 t o  5 ~ n g  of organic m n t c r i d l  
i s  f o r m e d  111 o n e  r u n ,  not I l lore than  0 .1% of ~ t  c a n  I>c i n  tltc fornn o l  it11)i orllglci 

-absorbing compounds. The m o r e  s e n s l t i \ . r  t r a c e r  mc:tltods wi th  e a r h o n -  13 , 
w e r e  t h e r c i o r e  e x p l o r e d  nex t .  

At tllis t l n l e ,  o r 6  a n d  c o - w o r k e r s  r e p o r t e d  t h e  f o r r n n t i o l ~  of atlontnc: 
a n d  4 -alminolnnidazolc - 5 -  c a r b o x a m i d e  u p o n  h e a t i n g  a concent r n t c d  ;icl~rcc>~rri 
soli i t ion of  NHqCN. In a  p r e l i m i n a r y  a t t e n ~ p t  w e  found by muiltts uf  pc~pc lS  

;:: The l i n e a r  a c c e l e r a t o r  w a s  m a i n t a i n e d  a n d  o p e r a t e d  by Mr. W illiarn Everetru 
o f  t h e  L a w r e n c e  R a d i a t i o n  L a b o r a t o r y .  We would l i k e  to cxpress our tlrcl~rka 

to  him fo r  h is  c o o p e r a t i o n .  





(375: 180:245), ( c )  repe t i t ion  with butanol-propionic  ac id -wa te r ,  and ( t i )  

propano l - ammol l i a -wa te r  (6:3:  1 ) .  'I'hc rnclioiititog rap11 of thc  filral ~ t l r 0 t t ~ 3 t 0 =  

g r a m  a f t e r  15  w e e k s '  exposu re  is shown in F i g .  16. 

to eva lua te  the an lounts  of adeninc ,  guan i~ lu ,  t h y ~ n i ~ l c ,  i ~ l r c l  cytosine in runs 
M27 and M28. Aliquot amoun t s  (10  m l )  of thcst: r cac l ion  rnixtrrres wet'@ 

One hundred mg e a c h  of adenine,  gua~ l inc ,  and  cytooinu ware  trddad 
to  the cold evapora ted  r e s idue  of the 3 - N WGI e lua t e  f r o m  lhc  Dawox=Je) 
column.  It  w a s  d isso lved  in di lute  su l fur ic  ac id ,  prccipi ta lut l  with A g N 8 3 1  
f i l t e r ed ,  then the f i l t r a t e  m a d e  alkal ine w i t h  Ba(Ol-l)2, and Piltcretf again, 
F r o m  the r e spec t ive  s i l v e r  s a l t s ,  the bases  w c r o  cxtractocl with H 6 1 ,  € ~ @ J I  

prec ip i t a t ed  a s  e i t h e r  the f r e e  base ,  guanine, o r  thc p i c r a t c s  of n d o t ~ i ~ r e  r a r d  
cytos ine .  

Cyanide and  thymine w e r e  sepa ra t ed  i l l  a s i m i l a r  111alt11or irorlr €Ire 
acid f rac t ion .  One hundred m g  of thymine anti 123 .5  nrg of K C N  w o r e  u o ~ t l  
fo r  dilution. Thymine w a s  s e p a r a t e d  f r o m  i t s  s i l vc r  sill( by I I a S .  

I The b a s e s  w e r e  r e c r y s t a l l i z e d  t h r e e  t i m c s ,  then  yurilrcci further by 
ion-exchange c h r o m a t o n r a ~ h v .  Th i s  was  donc on a D o w c x - f i B - X ~ ~ ~ l t ~ ~ l ~ n  with 

could be handled i n  one run.  

Ca rbon-14  w a s  counted a f t e r  e a c h  s t e p  of the purif icat ion.  9'11~ e a n r y l e ~  
w e r e  counted a s  c 1 4 0 2  a f t e r  combust ion,  by u s e  of liquid s c i n t i l l u t i a ~ ~  tech- 
niques .  The  spec i f ic  ac t iv i t i e s  that r e su l t ed  a f t e r  ion-exchange c h r o m a =  

I The spec i f ic  ac t iv i t i e s  had shown only a s l ight  t l ec reasc  Ix?twcsn thc  

I. mlght  s t i l l  not be en t i r e ly  due to  the b a s e s  examined ,  a n d  t h ~ s  tnay I M  too high. 



M 2 2 '  &'I ~ r :  
PURINES '' a& 

PYRMlOlNES 
(EXPOSED 107 
DAYS) 



Experiment Number 

M28 S ecific activity 

(dpm P mg) 

F r a c  ion of converted 
14 

*4 

M27 S ecific activity 
(dpm P mg) 

Fr tion of converted E 
C H4 



O l t  i i I 1 (  (111(1 t ~ t l t ~ l l ~ ] ) ~  t 0  1 = , 1 ( 1 i o ~ ~ t l t  O g ~ . ~ t l l I l ~  of ] ) ~ ( : S \ I I ~ I L ~ ( ~  \ ) \ I  r inc>s 
b t ~ t @ I  11) ~ ' i ~ t i t f I t ~ ~ t a : i l  ~ ~ l i ( 1 1 1 0 1 ~ i  0 1  I l 1 t 8  ~ . ~ ~ I ~ o l t ~  I * ~ ~ L I L ( ~ O I ~  I ~ I ~ x ~ L I I * ~ : ~  of r 1 1 1 1 s  M,! ' i l  M 3 0 ,  
1  I I w e  I f I  L l l d  I 1 1 1 1 1 ; 1 1 ,  . l 1 1 1 0 1 1 .  ' I 1 l l c !  ] , l ' o ~ c ! c l l l r ' c '  

$ 3  t I i t 4  % . t t ~ i t *  ~ I : I  11 : i (* (1  I " o I ~  I J U J * I ~ I (  <\I  1 0 1 1  i ~ )  ~ I I C ~  r ~ l ~ ~ ) ~ ( s  ( I ~ : s c ~ I I ~ ~ c I  d i lu l lon  a t ~ a l y s ~ s  

~ t t ~ t !  is+ I ~ I I I Y  I ~ ~ * I I O I ~ ~ ( ~ ( I  i t 1  I I I c *  , ; ( * I I ( ~  I - ~ I  I 1 1 i t ~ t 1 1 [ ~ ~ I : j  I l i c :  ~ I I . C : V I L ) \ I S  pa,>c 1, .  8 'i'wc> 
~ ~ ~ a l l t l l  )' l a ~ t t  11 0 1  ~ ~ l ~ l l l ~ l l c ~ l  (. y I O ~ i l l ( ~ ~  i l l l d  ~ l d c ~ t l l l l t !  d l l d  \{ O f  g ~ l ~ L l l 1 1 1 c  w e r e  
b ~ l i l ! ~ t l ! y  4 r t l t l e * t l  t o  0 .00  IIC 0 1  M L  / .  ( . ; y I o s i l i ( :  , 1 1 1 t l  ; ~ ( l c r ~ ! n c ~  ( 5 8 0  y eacll) ,  500 y 

I I 0 y o I I w I ~ r l l c l  t o  5 . 2  J of M 0 T h c  same 
t ~ I ' I ' \ ( * I ~ ~ B  .AS hot wit11 I I I ( I  i l ( l ( l i l i o t l  ol' 1100 y 01'  L I ~ : L (  1 1  a11d 32,O y o f  4-ami110- 
l L I ~ I I I I ~  v I I J I ' /LC; of M 3 1 , 'I'hc, c~val)oratecI 
* r r t t i  1 1111c.c .1r l  ~ * ~ t I c a t l  1 1 r i x l t 1  1 . 1 - s  \ v c . ~ . ( ~  L I ~ c b r r  ( . I1  ~ . v ~ ~ ~ a t o g ~ . ~ ~ j ) l ~ ( : c l  o n  i o ~ ~ - ( ~ ) : c : l i ; l n g ~  C O ~ U ~ ~ ~ I I S .  

I * ' I ~ I I I ' ~ I  IH t l c ~ t ~ ~ c ~ ~ r s l . t - ~ ~ I c ~ n  L11cs ~ > o y s i l ~ i l ~ L y  of s c p a r a t i ~ i g  thc , l f o ~ - c t r ~ e n t i o ~ ~ e c l  

I I I I I I S ~ I L I I I  I ! 0 A ' I ' h c  C I "  c l i s t , r ~ l > u t l o n  o f  r u n  
hl ; I  1 . 1  ~ l l j ~ t ~ l ' l l l l ~ l O ~ ( ~ ~ ~  (111 1 1 1 ~  S N L I I I ( ~  c l i . l j ; r ; ~  111.  

' I ' l lcb I ) . ~ s ( : H  w ( ' I ' ( '  L I I O I I  I ' C ' C O V C ~ I ' C ' C ~  I )y  t ' ~ i ~ l > ~ ~ . i ~ t i ~ > g  t h e  r ~ s p ~ ~ ~ t i v o  f l . r l ~ L l ~ J l l 5  

, t t r e l  . r ~ r l ~ l t ~ ~ i i t ~ ~ !  [ ! I ( :  c:xr* t .s t ;  L I I I I I I I ~ I ~ I I I ~ I ~  C o r ~ ~ i a I . ~ ~  i l l  V I L ( - L I O  ( 0 . 1  M M )  at 50  Lo O O O C ,  

( 1 1 %  l , t ~ t i l i ) .  * I ' l r ( -  r ( ~ s i c 1 1 1 ~ ~ : ;  \ v i * r ~ >  L , ~ l c r ~ i  1 1 1 )  111 C I I \ \ I ! C  I IGI  A I I C I  s ~ ) o t L ( ~ ( l  O I I  W ~ I ~ ~ I Y I ~ I I  
N o .  4 f~ I t t * r  1 ) , 1 1 1 ( ~  I *  lot-  l w o - d i n ~ ( ~ ~ ~ s  i o 1 1 , l I  ~ : ~ ~ J ~ O I ~ I ~ ~ ~ ~ ~ I ~ ~ L ~ ~ ~ I ~ ~  i l l  L l i t :  s o l v c ~ ~ t  pal r 
{ I )  I ~ I ~ I - ~ I I ~ I I I ~ I - V ~ I ~  I ( I )  1 o 1 - ~ o i  i l - 1 .  'L'he 
t4lr  ~.onrdtog r a t 1 1  oI' L l ~ c l  l .c!c .ovc:  t.c.tl t11y I I I ~ I I ( :  1 r o n l  t h e  I o n  - e x c l ~ a n g c  chromatographic  
Il3,rc*( l o ~ \ o t i o ~ r  ()I' M 1 I is s l ~ o w t ~  i l l  b'ig. 1') i l l  o t . c l c  I* t o  intlical(: how c o ~ n p l e x  
l l r c b a r b  I ' ~ ~ , ~ ~ ~ L i o r l : ;  still a r c l  : t l L l ~ u ~ ~ g l ~  I r o l n  Ill(.: ( I I ~ ~ ~ ; I ' ~ \ I I \  111 k ' ig .  18 t h e i r  s epa ra t ivn  

t l 1 c  w c 
I L L  ( 

n t  sys tcms  is g i v e n  
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t h e  products formed b y  othc:r cncrgy aocrreco, oueh a #  
d e lect r ic  discharge, is r~tlclcr way ,  





F i g .  20.  R a d i o a u t o g r a p h s  of f ina l  c h r o m a t o g r a m s  sf M27, M 3 6 ,  
and  M 3 1 ,  T h e  dotted l i n e s  indicate  added c a r r i e r .  
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i Q  II:I4KC'I'It0N I I ~ I { A ~ ) I A T I O N  010' AIZUICOUS SOI.,[JrJ?IONS O F  I-ICN 

C ; ~ I I . I . L ~ ~ U ~  I ' , I I I I I  ,111d h4t!li*in Cal\.ili  

1 1 1  l ) t l k  I ' O l l l ' S * '  O l  l m l ( ' (  I 1'011 I 1 ' 1 ' < 1 ( 1 1 < 1 1  1 0 1 1 5  O f  I I I I  X I  L I  I ' ( ' S  O f  511711)1(' j!,;IS(!S 

( ( : I  I,!, bl ,. Pit1  3) crvcDr l iq~r i t l  \v;ilrlr I i t  I , c~c ;~ lnv  01. i ~ i t v r ~ s t  to obtain a gr!nc:~*al 
at l t?d larrwYf IC;N worlltl I q c l i ~ c ' t  r~l i t lvr :i i 1 1 - 1 i  I ; I  I- cso~~clil ion:;. I ICN i s  ol , t i~lnctl  ilnclcr 
3eld(?Iy a 4 1  ~ ~ ~ c b c l  c.urril~l I O I I S  11~0111 I ~ ~ ~ X L I I I . ~ ' : ~  of CI I, ,  i l11~1 nit I ~ O ~ O I I C ) ~ I S  g ; iscs  l i ke  
3.411 traa NL v . 4 r r c . h  h t ~ s ( \  bclr:11 s~~l,jcbc.tcltl l o  c1clc.t rlc t l ~ s c h ; l ~ . g c .  Ll  3 I t s  p r e s c n c e  
r r r r r  I 1-1 e i I $ ~ )  I,(! c o r ~ f i ~ . t l ~ c ~ t l  ~ \ I I  i11g O I I ~  i ~ ~ v r ~ s t i g i ~ t i u t ~ ~  of (:l(:c:t ran ~ ~ ~ - a d ~ ; l t . i o t l  of 
srirtplr,  g i r ~ ~ t j .  " IlCN Iliis I J C C I I  101111([ i n  ~ o r n ~ ~ t s ,  a n d  Lherc is  evidence t h a t  
ill i s  witlcly r l i ~ l  ril,ulctl i l l  ~)rilllitivcn s y s t c l n s .  

[I! v i e w  of I h ~ . c i ( b  ~ ~ I C ~ O I ' S  i I l l ( l ,  ill ~ I I C  FjiII11(' f imc ,  t h e  high f r e e  e n e r g y  of 
i!6Nr i t  11111#t IN: c o n . ~ j i d ~ '  I ' C ~  a  poss j  l ~ l e  kc! y conipouncl i n  p r i n ~ o r c l i a l  chemistry, 
1: t s c  c i \ t k t t ; i t h # ~  I evoI111io11, 

I ( ~ ' d t ' l ~ o ~ i a  of  1 l C ; t  j ~ n c l t ~  r s i t n \ ~ l i ~ l  ori l ) r i n ~ i l i v ( ~  1orrc .s l r i i r l  cond i t ions  havc 
bht't'll sf t l~! i t ! t I  ~ J ) I  ~ t ' d  I I 1 I I O P ~ C '  ( ! X I J C ~ ~ I I ~ C I I ~  s I I ;LVC ~ I I V O I V C ! ~ ~  11eill ing c o n c e n t r a t e d  
iiqwurirr soluliotre of NII',CN lor. cxtonrlcd p e r i ~ ( l s  of tin7c. A m i n o  a c i d s  and  
4 fcw l l t l l ( h r r ~ t : y r l i c  I m H C b 9  ( i l d ~ ! ~ l i n r *  ;i11d 4 -il11ii!ioil?lidazole - 5 - c a r b o x a m i c l e )  w e r e  
t i d  W c  Iiilvc ~ r ~ r l ~ r t i ~  l<c:n stiltly of tlic ro;ict ions  of f ICN and  HZO u n d e r  
%"III~"* 1111 I * ~ I V I I ) I I > L  o r  (hlvc.1 1'011 i ~ * ~ ' c ~ d ~ i ~ L i o n  to 1i11.tlie1. undci.star~cl  ~t s r o l e  i n  
t h661111t + I  I C ~ V O I \ I I  io11, 

11:>:]~(' l ' l l l 1 ~ ' l l L ~ l ~  ~ J l ' O ( ' ( ' ( ~ l l l ' C  
*.-.--- .-- -h -- - ---.- -.------- 

111 t r l a t l r h l m  lo , I  lltrw \I:: '~ ( f 1 ~ ( L C ?  I. ~ric>tlic,tlu, (; I'' - l I ~ t ~ ~ I ( ~ ( 1  1-IGN w a s  c i~np loycd  
I 1 1 1 1 1 1  I IC "IN WilS 0bli l l l l~ ' t l  by GCULIY l ' ~ i L ( . L 1 1 1 ~  1 ' r! l j ~ S 0 4  ~ l t h  
c t c  I i d  I N '1'11~: I r r i i t l ~ a t  ion Tl,islc I S  s h o w  In F l g .  21. 
' l ' ! b t b  I ~ ~ I I I - w ~ L ~ ~  (0.1 I I I I ~ I )  t i l~ ' l ; c : I  C O I ~  l l d ~  it11 c ~ t ( : ~ i s i u n  v o l u m e  L O  a v o i d  o v c r p r c s s u r e  
i I i 1 1  I I  I i ~ ~ a c l i i l c ~ .  11)  g c n c r ; r l ,  tlic s y s t e m  j s  k e p t  a t  
roo111 I , ~ * I I ~ ( , c I : ~ I ~ u ~ ~ ~  I>y  t i11 <r11. s t r c ; \ n ~  clur.ing thc! j r~ .ac ! i ;~ t ions .  H C N  a n d  w a t e r  
\ v r b t : ~ *  C ~ O I I C ~ C ~ I \ S C ! ( I  illlo 1 1 1 ~ :  ~ I ~ L S I C  i ~ 1 ' 1 ~ 1 .  i t  I i i l ~ I  I > C ( : I I  f l i~s l i (~c l  several limes wi th  
I I \ c i o r ( ~  t l ~ t !  r l i f s l~  WGlfi S P ; L I C ( I  ( 0 1 '  irl.;icli;ltion, n i t r o g e n  w a s  a l l o w e d  
a t )  1 ~ 1 1 1 ~ 1 ~ 1 ~ ~  i n  t r r ~ t i l  i i  p rcs ! ru rc  oi b 0  c1-11 fly: w;~s re;~cllr:cl ( L O 0  C;). "hc a rnounts  
I , I I C I  , I (  ~ lv i l i t* : ;  111voI\.c~d W L ~ I . ~ ~  L 1 0  I 1111  l l  0 ,  . i i i c l  1 .86 1111101(: Kt "N ( 7 3  pC), 
I I I I I i t  I I I 0 I - h(f 1 1 1  LICN. 

. - ---- - a=,=- 

1 .  C;. l J I l l ~ r ~  c ~ ~ ~ t l  h4. C I ~ I \ . i n ,  l J r ~ t ~ i o r . d ~ ; 1 l  C) rga t~ ic  Cl ic11i1~1 1')'. I .  C O I : I ~ O : I I I ~ S  
I i  1 1  l i l c c t r o n  I l . rndia t ion 01' C' 4 1 1 q .  J. Aln.  Clicrn. S o c .  ( in  p r c s s ) .  

2. Pi. ' I ' nknhas l~ i ,  I (O~~y6knyak i1  %ass111 64, 4 4 7  (1961) .  

(1955) ,  

r g a n i c  C l l e m i s t r y  Q u a r t e r l y  

. Uiophys .  ( in p r e s s ) .  



T h e  t a r g e t  ce l l  was then i r r ; idi ;~tct l  for 2 Ilr w ~ l h  5-h lcv  e i o i t r s ~ t &  h m a a  
a  l i nea r  a c c e l e  Fator. The  total  doso r a t c  ahworbctcl wtlu eirl~rtialutl l o  he e n  
the o r d e r  of 10 ergs. Af tcr  i r  ra t l ia t io~i ,  l l r c ~  iiqtlt!oUS tdmoa is c lca;ar, dtrd 
the  pH has  changed f r o m  5 to  8. It c an  o n s ~ l y  I)c seen by Ncbgslsf; rcMgc+tll 
that ~ 1 - l q t  has  bccn f o r ~ n e d ;  t h i s  c x l ~ l ; ~  ills tllo i ~ l k i l l i ~ i ~ '  111 I isdllll*. 

The  radioact ivi ty  of n l iq i~o l s  o f  tllc rmc!i~r=tio~l stllt~l 1011 u3db cit*tcbt=nail!c"d 
by d i r e c t  liquid scint i l la t ion c o ~ ~ n t i n g  ilntl i11s0, tkhi*rs S ~ X J ~ ~ I J I ~ ~  i js pibpt:~ o 

ch romatography .  W h c r c a s  thc  di  r cc t  co t~n t ing  inrlicalc~!, the . tcti \ . i€y 
introduced, thc: rcs idua l  act ivi ty  on  thc paper was tiilcr!n ;ih tho cons-cai=aed 
f rac t ion .  Poss ib l e  t r a c e s  of NCIqCN w e r c  tlis t .cga~~tlvtl  I I I  Illis c*r6cc. ?'tat: 

conver ted  f rac t lon  then amounts  t o  L9% o i  t h t *  st ir~.bi~tg I ~ c : ~ ' ~ N ,  

Radioautographs of the c h r o t i i a t o f i ~ ~ a m s  01 lhc* c rutlb* rc~i~biC)II t l l i ~ I l t P ~ ? ~  
using two solvent  s  y s t c m s  [ phcnol -wa te r  i111tI I>utiltiol -ptuopionic itc-id=w~rtur 
(des igna ted  B p ) ,  and propanol - a r n m o t i  a~ i t l  bulalml -pr.opior~~ci acid =willst' 
(designated P A )  ] a r c  shown in E'igs. L L  a11c1 2 3 .  S o n ~ u  clnritto i4c:itlo and hdt = 

e r o c  yclic b a s e s  w c r e  addcd a s  car r i t !  r s  for  thcr ~ . c s ] ) c~c~ l  i v c *  c l~ ron~ i rksg raphy ,  
T h e i r  f lnal  posi t ions a r e  ilidicatcd. Two m a j o s  cornl)ou~rtlo (17.8": and 
13. 5'70 ) a r c  apparent. 

Since the format ion  of \ ls(?a was r-onsidul.cd p06fiihlc3, l lrcbit  Wi i8  Lo= 

ch romatog  r a p h d  wit ll c l ua t c s  f r o ~ n  both spots .  'i'hi! I ~ ~ I ~ I I O ~ I C I  i ~ i l  )' ~ j r  l h ~ !  
cotnpound with h i g h c  r  Rf coincidccl in two  so lvc~ i t  s ([ 'A i11lt1 IPP) wtbh urctir 
and i s  t h e r e f o r e  taken  a s  t h i s  base.  'l'hc S C C ~ I ~ C !  11)iij01' C I ~ L I \ . C  4p01 1b ilfi yet 
unidentified. E v ~ d c n c c  f rom c o c l ~ r o n ~ a t o g ~ ' a ] ~ l ~ ) f  d s o v r ~ r a l  ; t r n i l t c r  i t c : i t l ~  p o i t 1 1 ~  
to  the forrnat lon of glycinc,  a lan inc ,  and ;isp;~rlic. t ~ ~ . i t l  As yet, rlo fatrtlwc; 
conf i rmat ion  has heen madc .  

Thc  u\ . -absorbing spo t s  f r o m  thc nddc~tl c i ~ ~ ~ r i c l .  I>;~..ic~s wcvc (.ul arrl n t d  
e lua tes  f r o n ~  them rechro~natogra]>I lc<l  fos  fur thc r. scl); i~' ;~t ion i t t  iaopropiinol= 
hydrochlor ic  a c l d - w a t e r .  F i g u r c  24  rcprcsc!nts th(l c -or rssponding  ahraonarrio= 
g r a m .  Thc  ul t raviolet  absorp t ion  on tIlc papet '  and t h c  r c s j w c t i v c  boss irrc 
~ n d l c a t e d .  Only wit11 thyminc and urac i l  docs  snclioactivit y cdoirkc'irl~ wlllr arl 
addcd c a r r i e r ,  yet at  l ea s t  mos t  of thc ac t iv i ty  in thc  u rac i l  at.ch;l cermco fc;ott% 
u r e a  In the or iginal  c h r o m a t o g r a m .  Conf i rmat ion  of t h i s  itlc!titiEiCation with= 
out st111 fu r the r  f rac t iona t ion  is  obviously i m p o s s i l ~ l c  On tlrc o t h e r  Irancl, ~ t e  
negat lvc statements can  be m a d e ,  s ince  c a l c ~ r l ~ ~ t i o n s  that cons ido r  the starting 
activity on thc  papcr  and the exposusc  t i tne indicate  that otrly c - o t n ~ ~ o r ~ ~ r c l s  wlileh 
contained 1 p a r t  pc r  1 ,  000  o r  unorc of the ac t iv i ty  on tllc o r ig in  of tllc c=lrrnam%to= 
g r a m  would be r cvea  led. 

A pa ra l l e l  experiment, heating comparab le  n ~ o l a r i t i c s  and  activit ies  
of aqucous HC l ' i ~  a t  90° C fo r  5 days  under  nit ~ . o g c n  n t n ~ o s p l i c r c ,  i ~ ~ d i c n t a t l  

4 
110 format ion  ( l e s s  than  1 pa r t  in  10 ) of highes o rgan ic  m a t e r i a l .  Also, ears  
had been taken  t o  avoid bac t e r i a l  contaminat ion.  T1icrcfol.c tho rikcliation 
e f f ec t  i s  v e r y  d is t inc t .  So f a r ,  no comparab le  cxper i tncnt  Iins bccn Potw by 
heat ing NHqC ' 3 ~  under  n i t rogen  a t m o s p h e r e  in o r d e r  f o conf i rn l  Oro '  8 o x  = 

per l rnents .  





F i g .  2 2 .  chroma tog ran^ of c r u d e  ~ ~ c n c t i o l r  1nistu1.c. .Atninc~ 
a c i d s  added b e f o r e  c h r o m a t o g r a p h y .  
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C h r o m a t o g r a m  of c ~ ~ u c l e  reac t ion  m i x t u r e .  P u r i n e  
and pyrimidine b a s e s  acldecl I)efo~.c c h r o m a t o g r a p h y .  







E'er solme ti m c  the lllc2chani sln by which iolli/.ilrg l'il~!lcll 1 0 1 1  ( ! C z ( i t r l l 3 l 2 6 ) ~ @ 4  
c rys t a l l i ne  chol lne ch lor ldc  into acctaltlcliytlc i i ~ t l  11- rniethylomi~ru  hi^^ h @ t l  
under  invest igat ion in th i s  l,nl,orntol.y. Rece l l t  work Ilas bocn tfit'ucttrtl to= 
ward  e s t a b l i s h i t ~ g  thc movctnent  of hy t l rogc~i  iltolns tli~rirrg t h i s  duccstnposiC$eu 
by examining tho products  obtained f rom i r r a s d i ; ~ t i o ~ l  o l  [ ( c I I ~ )  N G I ~ ~ C B ~ O I ~ ]  'e 
and [ ( C H  ) 3 ~ ~ ~ 2 ~ ~ Z ~ ~ ]  'CI-.  Also,  attolrlpts have bc~un lnace  ? to &t@lil?)i!to 
whether  Ale decomposi t ion  is an  i t i ter-  01. i n t l . an~o lccu le r  process by i ~ v u s t i =  
gating the deutcr iurn composi t ion  of thr: nc~c:l;~ltloI~ytlc c~l)tairrc?tl f ront  the frc 
radiat ion of a  mix tu re  of uncleuterated ;ind 0 - m c t l i ) ~ l c ~ ~ c = t l o r ~ t e ~ ' ; ~ l u t l  c l ~ o l l n ~  
ch lo r ide .  Thc following i s  a r e p o r t  of p r o g 1 . c ~ ~  matlo i ~ r  t h e s e  i~rvc:sllgr\t iongo 

, P r e p a r a t i o n  of Deutera ted  Cliolinc Cll lor idcs  

[ ( C H ~ ) ~ N C I I  C D ~ O H ] ' C I -  a s  r ,  a s  i,l*cvioaaly doacril,ucl, By 
LiA1D4 reduct ion o  ? the ethyl  e s t e r  of N ,  N - d i n ~ c t l r y l g l y c i ~ ~ c  to ds,uturrrrud 
N, N-dimethylaminoethanol  followed Ly q m t e r n i z n t i o ~ ~  with methyl iodide and  
subsequent  convers ion  of the resu l t ing  dcuteratccl c h a l i ~ i c  iodide to the chdnrlde 
The  pur i ty  of the 0 - m e t h y l e n e - d e u t e r a t e d  chol ine thus  p ~ . c l ~ i r r c d  w a s  d e t e r =  
mined  by C  and  H ana lys i s  and  NMR spec t roscopy .  'I'hc NMIk Spi!ctl'llltl ob-  
ta ined  was  identical to that previously got ten for  cict~tc~'i~tc!d c h o l i ~ w  in which 
the  0 - m e t h y l e n e  proton contr ibut ion was  mis s ing  and tlrc N -1ncl11ylene lli11e 
w a s  sha rpened  by the  c l imin  tion of hyperf inc interaction!;. 2 

L ( C H ~ ) ~ N C H ~ C I I ~ O D I ' C L  w a s  p repa red  by  d isso lv ing  a lx lc tncr r tud  
chol ine ch lo r i  e in a  l a r g e  e x c e s s  of 9970 D 2 0 .  l'liis s o l ~ t i o r r  w a s  i ! v i ~ p r i ~ t ~ t l  
to d r y n e s s  and  the deu te ra t ed  compound was rccrystallis?c:tl fro111 N, N=tlimsthj. l  
forn la ln ide .  P r e v i o u s  to using th i s  sol\lclit for  r c?c~*ys t a l l i xn t i c~~r ,  i t  was  u e =  
t ab l i shed  by NM11 spectroscopy tha t  the lrydrogcn ; ~ t o ~ n  of t h e  solvent worrld l r ~ t  
exchange with DZO. The  puri ty  of the hyd rosyl-clcutcrnts!d clrolinc! \tfiLEi tie= 
t e r m i n e d  by C and H a n a l y s i s .  It was  not poss ib le  to  ol)tain a check of the 
pur i ty  by NMR spec t roscopy ,  s ince  no sui table  sol\*cnt f o r  t h i s  prirposc: ctrulcl 
be found. 

Pu r i f i ca t ion  of Evolved Acetaidchyde and ' l ' r i n ~ c t l r y l a ~ ~ ~ i n c  - 
Ini t ia l ly  the ace ta ldehyde  f r o m  i r r a d i a t e d  clrolinc clrloridc s ; l~ r~p l t j s  

w a s  i so la ted  by d i s so lv i r~g  the  s a m p l e  in 0.1 N  I-1 SO4, ref luxing th i s  so lu t ion ,  
and  sweeping the evolved ace ta ldehyde  into a c o l 5  t r a p  with a lrelionr s C r ( ~ a n ~ .  

1. M a r g a r e t  A Smi th  and  R i c h a r d  M.  Lernmon,  in Bio-Organic  C l r c n ~ i s t r y  
Q u a r t e r l y  Repor t ,  UCKL-9208, June  1960, 11. 27 .  

2 .  R o b e r t  0. Lindbloln, Electrol l -Spin-IZeson:~ncc a n d  Chcnl ica l  Stutiic!~ of 
Radiation Damage of Choline Ch lo r ide  and s o m e  of its Analogs ('l'lwfiis), 
UCRL-8910,  Octobcs  19,  1059,  pp4. 31-34 .  



' I ' l l ( :  I I I ~ I S S  spr1cLr;il d a t a  I o l  a t : c l ;~ l~ lc l~yc l t :  a r c  prc'sc~ilccl 1 1 1  ' r a l ~ l e  X I .  
I : I I I o I ~ L \ I ~ I ~ L L L ! ~ ~ ,  tllc ~ ' c s t ~ l l s  a r c  t l~i lc l l  less  c(: L la111 Lhan t h o s e  obtained for t r l -  
1 1 i 1  I ~ ~ I I ~ L ~ ~ ( : I * I I I o ~ c ,  i n l e  r p r c t a l i o n  o f  t h e s e  ~ . o s u l t s  i s  m a d e  sornc- 
\t*\l . \t  I I I O  I.(: t l i f f i c ~ ~ l t  b y  v n l -  i n t ~ o n s  I 11 t h e  g c n c  ra  l c J x p e r  ~ t ~ i e n t a l  p ~ o c c ~ c l t i  r c  s and 
c . o 1 1 ( 1 i t  i o n s  tlesc I- i l ~ c t t l  a t ~ o v c :  . 



TIME (min  ) 

E'ig. 2 5 .  M a s s  t r a c e  f r o m  ( ~ h r o t ~ ~ a t o g r n p h y  of acc ta l t l chydc  f r n c t i ~ n  
o n  d i rne thy l su l fo lane .  C a r r i e r  gas:  H e ,  f l ow rate: 00 ce/mitl; 

= z i? 



TIME (mln ) 

il'ig. 26. M a s s  t r a c e  f r o m  ch romatography  of t r i m e t h y l a m i n e  f rac t ion  
on t I imathy lsu l fo lane .  C a r r i e r  g a s :  H e ;  flow ra t e :  6 0  cc / rn in ;  T = 20°. 











The  se fose ,  d c s p i t e  the excel lent  C and  1-1 and NMIt  t l i ~ t i ~  ohtit  itictl 
f o r  thc m a t e r i a l  f rom t h e  s econd  s y n t h e s i s ,  i t  was clecidetl t o  p r c p n r c  ;I t h i r d  
b a t c h  of 0 - m e t h y  1enc:-clet~tcrated choline chloride. A g n  in, sa t i s fnc tosy  c l c -  
mental and NMR analyses w e r e  obta inct l .  'I'hc acet;llcicl~ytlc fro111 rac1i;ttioll 
decomposi t ion &gait1 gave I~ni l jor  peaks  a t  masses 45 i l l l c i  30 wit11 somc  crr- 
hancement  of mass  46 (4c ) ,  

F. E. Rlacet  a n d  J .  D .  Helclman, J .  Aln. Chc ln .  Soc .  64, 8 8 9  (l t)-12).  .* . - 



.A !i \ i t # ~  b; s ~ ~ c - t i  111 I * ' I G .  L.'? c ~ l ~ ~ o v ~ ~ ,  t i  t ' ( a ~ v  I ~ L  i l l u  1. I )  I . O C I \ I L . L S  \ ~ ( ~ i . t . !  t I c ~ 1 , c c L c ~ ~ l  
W ~ I < , I I  . ~ t ~ ~ ~ l ~ ~ l ( l ~ ! l i y ( l ( ~  S ~ L I ~ ~ I ) I I - S  1 ' 1 . 0 1 1 1  t I i ( >  1 ~ ~ ~ ( 1 1 , 1 1 i o 1 i  c I ( - ( ~ . ( - ) I ~ I ~ ) o s ~ L ~ o [ I  o f  I j o t 1 1  d c : \ ~ L ( : r t t t ( : ( l  
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/ l 8 l t C t t  ~ l \ ~ t ~ ~ ~ r i , l I  \ v l ~ i ( : l ~ ,  ; I (  ; i  l - 1 0 ~  I , ; L ~ ( !  of' O[.l ( , c :  / 1 , 1 1 i n ,  ( . : C ) I I ~ C S  o f t '  Lhc C O ~ L I I T I I ~  ~ v i t h -  
1 1 1  t l i t b  i l l S s l  (.! 1 1 1 i 1 l  1 i : i s  I ) t - ( - l i  L I * , I ~ I I ( ~ C I  9 i ~ i ( l  I ~ ~ ~ ~ ~ I ~ I ~ ~ ~ ~ I ~ ~ I ~ ~ ~ ~ I ~ ; L ~ ~ J I I ~ ~ I  ( > I )  ~ l i ~ ~ ~ c ~ ~ l ~ ~ y l s ~ ~ l f ~ ~ ~ l ~ ~ ~ ~ c ~  
. I I  .i I I I I I C . ~ \  s l o \ v ~ s  1. 1 ' I o ~ v  1 . ~ 1 1  (:. ' ~ I I ( ;  c ~ I ~ ~ ] ) L J I I ( ~ I ~ L  i ) ( : : ( k s  I I ; L \ ~ ~ . :  ~ ( : C I I  l r : i l > l ~ ~ . : c l  i n c l i -  

I I I 1 I I I S  s t  I I 0 1 i l y  o n c  ( : v ~ n p o t ~ c ~ ~ ~ l  a p l ) c ' ~ 1  r c c 1  ( . o n -  
r ,  

i I I I ,  I I i s  I . ~ ~ t . i v c l y  l i  : I  s I i i i i ~ i i ~ .  I l i e  1 . 1 c a k  
1 1 1 ~ t t  C I I J ; I ( ~ ; L I ~ : ;  , ~ I I O I I L  5 i ~ ~ i t i  ;~l 'Li!  I ,  i ~ ~ j c ( ~ l i o ~ ~  i 1 1  l i ' i i ; .  25 I I ; I S  I I ( : < ; I I  ( I c r 1 1 1 i t ~ ~ L y  i( l ( : i11.-  
\ \ i t k t 1  ; i s  I I \ L > \ \ I ~ I  t.11 1 1 1 1 * i ( l c ~ .  ' l s l i c :  1 ) ~ < 1 1 i  ; I I ) ~ I ( : ; I  r i 1 1 g  7 111  1 1 1  ; ( i t  I.:], i ~ ~ j c ; c ~ l . i < ~ l ~  \V;LS [0111id 

\ ( I  t s l  l ~ y l  ( ~ L I ~ I ~ I . ,  I l o \ \ , c : v ( :  I , ,  c l i [ ) l  I I I ~ !  C. I I I C J  r i ( l 1 ~  is I I S L I ~ I  I l y  I . c ( -  r y : i t i ~ l l i z ~ : d  frotn 
I I I I I  t i  1 1 x 1  I S i 1 1 c . c '  1.111:; 1 ) ~ . . 1 1 (  \ v c ~ s  1 1 o L  s c : c S l l  \vhcli the, c l l o l  i l l ( :  
~ ~ I I I O I . ~ ( I I ~  I \ < I I I  I I ( , ( * I I  ~ - ( - ( . ~ ~ y s L a l  I i y ,c*(I f 1.01.1-1 N ,  E - ~ l ~ ~ ~ ~ ~ ~ t l ~ ~ ~ I ~ o ~ ~ i ~ ~ i i r ~ ~ i ~ l ~ ~ ,  i t  i s  vc!ry 
I 1  i t  I S I S  I I : i ~ l  I I c: I I s  \ V h ( : l l i c : ~ .  t l l i s  i s  i n -  
( I c . t * ( I  t r c . c . l \ i t l c ' ( l  c ~ t l i c . ~ ~ .  w i l l  \,(-: t l c I . t : ~ ~ l ~ i i n c ~ t l  b y  c b s n . ~ ~ i i n i n g  f c ) r  ~ . ; l t l i o a c ! i \ , i l . y  I.he e t h e r  
I ) ~ ~ ~ I I <  S r o 1 1 i  S ~ L I ~ I I ) ~ ~  o f  c I 1 o l i n ~ -  ~ : l i l o i ~ i ~ l c :  l ~ ~ l ) ( : l c ~ c l  \vil,Il t - i i ~ ~ l ~ o ~ l -  1 4  i n  L h e  C ! - ~ n e t h -  
~ I ~ > I I ( .  p o s i t  ~ ( I I I .  ' V  r i  1 i \ ( - t l 1 y  \ i t l ~ ~ i ~ i ( !  CXIICI  c ~ c : c ~ L i ~ \ c l ( : l ~ ~ ~ c l ( ~ i  ~ i o \ v c \ ~ t ~  r j  r c : ~ i i a i n  1 . 1 1 ~  o11Iy 
1 1 ,  I I I  I '  I r i i  I o ~ i ~ i s i  i t  o i ~ i  l o  i d .  h i lc thy 1 
c , I ~ l o r i t l c . ,  1  I l t .  u l l l y  ol.l\c: 1. I J  l . o t l t ~ c : L  t lc l ' i l l  it.(: l y  i t l e n l i r i c ! c l ,  ;Lppcnl's i n  a1'11oullls 
r r ! ~ ~ r t ~ s ~ : ~ ~ t i ~ i ~  11oL 111o r t b  L h i ~ l i  lo/o 01: thc ~ ~ ~ : ( ! l ; ~ I c l c ? \ ~ y d c  p ~ ~ o c l u c e c l .  









'1'111: I - ~ ~ H \ I I L  0 1 '  1.11~1 ~ : y c : l i x a t i ( . ) n  ~ x , I ) c ! J ' ~ ~ ~ c I I L  w o u l d  a p p e a r  to i n d i c a t e  tha t  
I \  \\#;IS '5, o - t l i ; ~ ~ l l i ~ ~ o - ~ I - f o ~ . ~ ~ ~ ; ~ ~ r l i c l o l ~ y ~ . i ~ ~ ~ i c l i n c : ,  whi lo  t he  resu1.t of the h y c l r o l y s i s  
x i  I ~ I S  i ~ c o ~ ~ ; \ t ~ s i v ,  I ; ' ~ l r t . h c ~ -  inves t iga t iu l i  o I  t h i s  p r o h l e ~ n  is 
1 1 1 1 1 1 t '  1' \ V * l y .  



1 4 .  COMPLEXES OF S U L , F U R  ACILIS W IT!-I EI.,EC'SIlON hC;C;191~'1'01C3 

C o n t i n u i n g  t h e  w o r k  desc r ibed  i n  a p r e v i o u s  r c p o r t ,  it I ~ U I I I ~ I '  

s u l f u r  a c i d s  w e r e  invest igated w i t h  clcct  ron  accc1)tor s i n  thc: p r c n c r l c c !  of 
bases .  Color r e a c t i o n s  w e r e  a g a i n  o b s s r v e d  a n d  t h e y  i i rc :  rccordcd ill 
T a b l e  XI I .  A b b r e v i a t i o n s  a r c  t h e  s a m e  a s  l is ted in  the previous r(!por;t, 
and a new a b b r e v i a t i o n ,  T r ,  i n d i c a t e 6  t r a n s i e n t  colorat ion (duriitiorl ;.k few 
seconds). 





1 5 .  T H E  DIETI-IYL P I - I O S P W O N A T E  -'1'1LINI'l'I1O131CN %II;NI;; COMPI , E X  

P .  12. I-Ialnn~ontl  

Tile l ~ a s e s  usccl arc:  1- triethyhatnine, 2-tri-11-I,~itylal-11i11e, ~ - - b r . i 1 f 7 ~ : t i ~ y ~ i i 1 ~ ~ i 1 ~ ~ : .  

I n f o r m a t i o n  D i v i s i o n  
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I I .  I\NHIIIIIOS nr ly l i r 1 1 ) i  1 i l . i i !s w i  111 r t ~ s l ~ c t c l .  L O  1 . 1 1 ~  u s e  o f ,  
orn for I~IIIII~I(I(!.~ I . ( !HII~ I . ~ I I ~ !  f r o m  1 . 1 1 ~  r l s c  o f  ;IIIY ill f n ~  - 

I\.% IISI~II i 11 I 11 Itovi! , t t r ~ c  I..S~II I)(; I, i r l i j  o n  Ix11i1 I f o f 1.11~ 
( : c ~ r ~ ~ r r ~ i s s i r ~ n ' '  i r ~ c l u t l t ! ~  any c m p l o y c a  o r  c : o ~ ~ t , r i l c t o r .  o f  t.hr Com- 

~ ~ ~ i n r l i o r ~ ,  o r  t !~nployi !c !  o f  s u c h  c o r ~ L r n c L o r ,  t o  t h e  c x  t en t .  LIIH t. 
:~II(:II c!~nploycc: o r  c o r ~ t . t - n c t . o ~ .  c~ f ~ ; h c  C o m m i s s i o n ,  o r  crnpl o y e c  

o f  SIICII c o n  t, 1 - 0  (1 1.0 I* 11 1*op11 I.CS , (1 i S S ~ I I I I  11 11 t.es , o 1% 1) 1.0 v i d c s  ~ I C C C  s s  
t . ~ ,  1tt1y i 1 1 f o r 1 1 1 n ~ i o 1 1  ~III.SIIIIIIL L O  h i s  (2111ploy1nc111. o r  co11t1,nct .  

wi1.h ~.hc: ( : o ln~n i ss ion ,  ora h i s  c ~ r r l ) l o y ~ r ~ c r ~ L  w i ~ t r  s u c h  COI IL .~HCI .OI ' .  




