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A s imi l a r  p i c tu r e  was  o b s e r v e d  w h e n  ~H-ur id ine-  
labe l led  N D V  R N A  was  a d d e d  to  t h e  sys t em.  Af te r  
5 -min  incuba t ion ,  v i rus-speci f ic  po lysomes  w i t h  sedi- 
m e n t a t i o n  coeff icents  of 160S a n d  200S were  d i s t i nc t l y  
m a n i f e s t e d  (Figure  2A);  a cons ide rab le  p a r t  of these  
deg raded  in  15 m i n  (Figure  2B), a n d  w i t h i n  45 ra in  debr i s  
of Viral R N A  was  m a i n l y  f o u n d  on  m o n o s o m e s  (Figure  
2c). 

Figure  3 p r e sen t s  d e g r a d a t i o n  of v i r a l  tZNA in t h e  
process  of t r an s l a t i on .  I n  a series of e x p e r i m e n t s  N D V  
SH R N A  was  i n c u b a t e d  in t h e  cell-free p r o t e i n - s y n t h e -  
s iz ing s y s t e m  w i t h i n  t h e  s a m e  t i m e  in te rva l s ,  t h e r e a f t e r  
t h e  r e a c t i o n  was  s t o p p e d  b y  r a p i d  cooling.  R N A  was  
e x t r a c t e d  f r o m  t h e  i n c u b a t i o n  m i x t u r e  b y  p h e n o l  a n d  
a n a l y z e d  in sucrose  d e n s i t y  g rad ien t s .  T he  d a t a  adduced  
ind ica t e  t h a t  R N A  is h o m o g e n e o u s  i m m e d i a t e l y  a f t e r  i t s  
i nocu la t i on  in to  t he  i n c u b a t i o n  m i x t u r e  a n d  has  a sedi-  
m e n t a t i o n  c o n s t a n t  of a b o u t  50S (Figure  3A). A consi-  
de rab le  p a r t  of R N A  b r e a k s  u p  i n to  sma l l e r  f r a g m e n t s  

w i t h i n  15 m i n  (F igure  3B) a n d  decay-s a l m o s t  c o m p l e t e l y  
a f t e r  45 m i n  i n c u b a t i o n  (Figure  3C), 

Thus ,  N D V  R N A  forms  p o l y s o m e s  a f t e r  c o n t a c t  w i t h  
r ibosomes  a n d  t h e i r  subun i t s ,  t h e  d e c a y  of t he se  po ly somes  
in  t h e  process  of t r a n s l a t i o n  is co inc iden t  w i t h  deg rada -  
t i on  of v i ra l  R N A .  

B b l B 0 ~ b I .  PHK,  acrparnpoaaHnan n3 miprioHoa 60- 
/ le3aa Hb~o~acaa (BBH),  o6paayeT Bapyc-cneunCHqec~e  
n0nHC0~bt B nHKy6a~0Ha0fi  CMeC~, c0aep~<ame~ pn60C0~l  
KypHHbIX 3M6pHOHOB~ ~paK~HIO SIO0 H 0CTa~lbHMe I<0MI10- 
HeHTbl 6ecKHeT0qH0~ 6eJmK-CnUTe3npym~efi CHCTeMbl. B 
npouecce TpaHc~u~U rapoacxoAur ~ierpa~auua ~apycH0fi 
P H K  n pacna~ noancom. 
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T h e  R o l e  o f  G l y c i n e  i n  t h e  B i o s y n t h e s i s  o f  a T e r p e n e  I 

P r o m p t e d  b y  some r e c e n t  p u b l i c a t i o n s  *-e in t h i s  a n d  
o t h e r  journa l s ,  we wish  to  record  here  our  own  f ind ings  in 
a r e l a t ed  area.  I n  t h e  course  of our  s tud ies  on  b i o s y n t h e s i s  
u s ing  s t a b l e  i so topes  a n d  s p e c t r a l  m e t h o d s  1, 7-9 we b e c a m e  
i n t e r e s t e d  in  t e s t i n g  w h e t h e r  u n d e r  f a v o r a b l e  c i r cum-  
s t ances  glycine  can  h a v e  a s ign i f i can t  role in  t h e b i o s y n t h e -  
sis of t e rpeno ids .  F o r  our  i n v e s t i g a t i o n  we se lected oph io  
bo l in  B x0, ~x (I), a s e s t e r t e r p e n e  w i t h  a r egu la r  i sopreno id  
ske le ton  devoid  of O-Me g roups  or  a d d i t i o n a l  m e t h y l  or  
e t h y l  s idechains .  T h a t  I c an  be  de r ived  f r o m  m e v a l o n i c  
ac id  h a s  b e e n  conc lus ive ly  d e m o n s t r a t e d  ~2 b y  us ing  1*C, 
SH a n d  lsO labels .  

0 
I 

VCe r e p o r t  in  T a b l e  I ou r  o b s e r v a t i o n s  on  t h e  incorpora -  
t i on  of some labe led  s u b s t r a t e s  i n to  I b y  t h e  fungus  
Cochiobolus miyabeanus grown  in a c h e m i c a l l y  de f ined  
m e d i u m  lL Since ace t ic  acid,  ser ine,  a n d  p y r u v i c  ac id  
are  k n o w n  to  be  p recursors  of m e v a l o n i c  ac id  v ia  ace ty l  
CoA x4, t h e i r  r e a d y  i n c o r p o r a t i o n  in to  t he  m e v a l o n o i d  
t e r p e n e  o p h i o b o l i n  B is to  b e  expec ted .  I t  is n o t e w o r t h y ,  
however ,  t h a t  r a d i o a c t i v i t y  is e f f ic ien t ly  i n c o r p o r a t e d  
i n to  I b y  [2-x~C~ glycine,  [x4C-methyt] m e t h i o n i n e  a n d  
[14C-methyl] sarcosine.  

The  f ind ings  f rom a closer e x a m i n a t i o n  of t h e  incorpora -  
t i o n  of a few s u b s t r a t e s  in to  I are  l i s ted  in T a b l e  I I .  I n  
seeming ly  iden t i ca l  e x p e r i m e n t s  [2-x~C]-gtycine a p p e a r e d  
to  b e  i n c o r p o r a t e d  m u c h  b e t t e r  t h a n  [1A~C] giycine.  
W h e n  a m i x t u r e  of [2-x~C] glycine  a n d  [IAaC] g lycine  was 
a d d e d  to  t he  subs t ra t e s ,  t he  asC-incorporat ion7 was  one 
m a g n i t u d e  h i g h e r  t h a n  t h e  ~4C-incorporation. 

Ozon iza t ion  of oph iobo l in  B der ived  f rom [2-x4C] gly- 
c ine  gave  ace tone  (spec. get.  1.68 × 10 ~ d p m / m  M)  con t a in -  
ing  14.4% (calcd. 13.6%) of t h e  a c t i v i t y  of I. K u h n - R o t h  
o x i d a t i o n  of t h i s  a ce t one  p r o d u c e d  ace t ic  ac id  (sp. ac t .  

0.81 × 106 d p m / m M )  w i t h  one  ha l f  of t h e  a c t i v i t y  of t h e  
ace tone .  These  o b s e r v a t i o n s  i nd i ca t i ng  t h e  a l t e r n a t e  
l abe l ing  p a t t e r n  s h o w n  in I is f u r t h e r  s u p p o r t e d  b y  
t h e  f i nd ing  t h a t  K u h n - R o t h  o x i d a t i o n  of a s a m p l e  of I 
f r om [2-x4c] g lycine  p roduced  2.6 moles  of l abe led  ace t ic  
ac id  (CANONICA et  al. 1,). 

R a d i o a c t i v i t y  f rom [3-14C] ser ine  is i n c o r p o r a t e d  effi- 
c i en t ly  a n d  co r responds  to  t h e  a l t e r n a t e  p a t t e r n  s h o w n  in 
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Table II. Isotope incorporation from labeled compounds 

SpeciMia EXPERIENTIA 27112 

Amount  Added 
Substrate ~c mg 

Spec. act ivi ty 
of substrate 
(dpm]mM : ls) 

Spee. act ivi ty 
of metabolite 
(dpm]mM: 1 m) 

Overall isotope 
dilutionX~: l s / l m  

Metabolite: Ophiobolilx B 
[2-x~C] Acetate 
[1-~*C] Acetate 
[2-~C] Glycine 

[1-~C] Glycine 

[1-x~C] Gtycine 
[2-~zC] Glycine 
DL-[3-14C] 
DL-[I'14C] Serine 
[a4C Formate] 

10 2.8 667 x 10 s 
10 2.6 700 × 10 s 
10 2.4 690 x 10 s 

5 1.1 757 x l0 s 
10 2.2 755 × 10 s 
10 2.3 724 × 10 s 

5 1.25 666 x 10 s 
5 1,25 666 x 10 s 
5 166 × 10 s 

13C = 50% 5 
10 2.3 101 x 10 ~ 
10 2.3 101 x 10 ~ 
10 2.1 719 x 10 ~ 

110 × 10 s 
259 × 104 
165 × 105 
102 × 10 s 
97 × 105 

462 × 10 s 
418 × 10 s 
306 × 10 8 
592 x l0 s 
a~C = 3% 
153 × 10 ~ 
293 × 10 a 
205 x 10 4 

61 
250 

42 
73 
78 

1,580 
1,600 
2,180 

286 
17 
66 

3,300 
340 

• The procedure described in ref. ~s was used for the incorporation experiments.  

I .  O z o n i z a t i o n  w a s  e m p l o y e d  t o  o b t a i n  a c e t o n e  w h i c h  
w a s  o x i d i z e d  t o  a c e t i c  a c i d  t o  d e t e r m i n e  t h i s  p a t t e r n .  

A n u m b e r  o f  p a t h w a y s  f r o m  g l y c i n e  t o  a c e t y l  C o A  c a n  
b e  c o n c e i v e d  Xe, lL O u r  f i n d i n g s  r e p o r t e d  h e r e  e x c l u d e  
t h e  p o s s i b i l i t y  t h a t  g l y c i n e  is  d e a m i n a t e d  t o  a c e t i c  a c i d  
o r  s o m e  o t h e r  t w o - c a r b o n  a c i d  w h i c h  is  c o n v e r t e d  d i r e c t l y  
to  a c e t y l  CoA.  

T h e  l a b e l i n g  p a t t e r n  o b s e r v e d  b y  u s  is  i n c o n s i s t e n t  
w i t h  t h e  f o r m a t i o n  o f  1 m o l e  o f  s e r i n e  f r o m  2 m o l e s o f  l a b e l -  
e d  g lycine~% T h e  o b s e r v e d  l a b e l i n g  p a t t e r n ,  h o w e v e r ,  is  
in  a c c o r d  w i t h  eq .  (4). 

T h i s  p a t h w a y  is  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  b y  
GOODWlN e t  al.  1~ t h a t  [2-x4C] g l y o x y l i c  a c i d  is  a n  e f f i c i e n t  
p r e c u r s o r  fo r  i n t r o d u c i n g  r a d i o a c t i v i t y  in  f l - c a r o t e n e  in  
c h l o r o p l a s t s  b u t  [IA4C] g l o x y l i c  a c i d  is  n o t .  I n c o r p o r a t i o n  

/k 

H~N*CHa C O a H - -  ~, *C a + C H -  CO2H (or equiva len t )  
II 

i ° A 
*CH~ C H ~ C O 2 H  

I 1 
O H  i O H  eq. (4) 

A 
* C H  s - -  C O ~ C O A  + C O  z 

o f  r a d i o a c t i v i t y  i n t o  I f r o m  s a r c o s i n e ,  f o r m a t e  a n d  m e t h i o -  
n i n e  w h i c h  a r e  k n o w n  p r e c u r s o r s  o f  o n e  c a r b o n  u n i t s ,  is 
a l so  in  a g r e e m e n t  w i t h  eq .  (4). 

S i n c e  i t  is  b e l i e v e d  t h a t  a m i n o  a c i d s  a r e  a m o n g  t h e  
f i r s t  o r g a n i c  c o m p o u n d s  t o  b e  f o r m e d  i n  p r e b i o t i c  t i m e s ,  
t h e  e a s y  i n c o r p o r a t i o n  o f  c a r b o n  f r o m  g l y c i n e  a n d  s e r i n e  
i n t o  a t e r p e n o i d  is  n o t  s u r p r i s i n g .  

S t u d i e s  a r e  i n  p r o g r e s s  u s i n g  m i x t u r e s  o f  x 'C-  a n d  ×*C- 
l a b e l e d  s u b s t r a t e s  t o  o b t a i n  a m o r e  d e t a i l e d  u n d e r s t a n d -  
i n g  o f  t h e  b i o s y n t h e s i s  o f  i s o p r e n o i d s  f r o m  a m i n o  ac id s .  

Zusammen[assung. M i t  d o p p e l t  m a r k i e r t e m  G l y c i n  
k o n n t e  g e z e i g t  w e r d e n ,  d a s s  d a s  K o h l e n s t o f f a t o m  d e r  
M e t h y l g r u p p e  v i e l  b e s s e r  a l s  d a s  K o h l e n s t o f f a t o m  d e r  
K a r b o x y l g r u p p e  in  d i e  I s o p r e n g r u p p e  d e s  O p h i o b o l i n s  B 
a u s  Cochiobolus miyabeanus e i n g e b a u t  w i r d .  D i e  R a d i o -  
a k t i v i t g t  w i r d  in  O p h i o b o l i n  B e i n g e b a u t ,  w e n n  d ie  
f o l g e n d e n  V e r b i n d u n g e l r  v e r w e n d e t  w e r d e n :  [3-xaC]-Ser in ,  
[ x * C - M e t h y l ] - S a r c o s i n ,  [ l * C - M e t h y I ] - M e t h i o n i n ,  u n d  [14C] 
F o r m a t e .  
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Table I. Incorporation of radioactivity in Ophiobolin B from labeled 
compounds in presence of glycine 

×4C-labeled Incorporation 
compound • (%) 

[221~C] Acetate 2.7 
[2-14C] Glycine 1.7 
[3-a4C] Serine 4.2 
[l~C-Methyl] Methionine 1.5 
[t4C-Methyl] Sarcosine 2.9 
[2-14C] Pyruvate  4,1 
[3-14C] Pyruvate  6.8 
[2-14C] Acetate b 1.1 
[3-14C] Serine o 3.3 

*Each flask contained 5-25 tic of 14C-labeled compound and 5-10 mg  
of [2-xac] glycine, bGlycine was omitted but  5 mg of [2-xsC] acetate 
was added to each flask, cGlycine was omitted but  5 mg of L-serine 
was added to each flask. The procedure described in ref. xa was used 
for the incorporation experiments.  

is The 'Overall isotope dilution' does not  take into account the num-  
(ber (n) of sites in the metabolite tha t  can bear the label; the true 
'isotope dilution' will be n t imes larger. 
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