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C e l l - f r e e  s y s t e m s  f o r  t h e  s t u d y  o f  p r o t e i n  s y n t h e s i s  can  be 

p r e p a r e d  f r o m  human p l a c e n t a .  The p r e p a r a t i o n  o f  r i b o s o m e s ,  

and  o f  pHS- and  ammonium s u l f a t e - f r a c t i o n s  c o n t a i n i n g  t he  

amino a c y l - R N A - s y n t h e t a s e s  a r e  o u t l i n e d  i n  t a b l e  1.  T r a n s f e r -  

RNA (tRNA) i s  i s o l a t e d  by t h e  m e t h o d  o f  DELIHAS and  STAEHELIN 

( 1 9 6 6 ) .  45 p e r c e n t  c h a r g i n g  w i t h  t h e  20 amino a c i d s  i s  

a c h i e v e d  as  d e s c r i b e d  i n  t a b l e  2.  A f i r s t  s t u d y  e s t a b l i s h e s  

t h e  c o n d i t i o n s  f o r  t h e  b i n d i n g  o f  amino a c y l - R N A  t o  human r i -  

bosomes  s p e c i f i e d  by  p o l y n u c l e o t i d e s  o f  t h e  t y p e  X p Y p Z . . . p Z  

( S c h o e c h , G . K . , a n d  M a t t h a e i , J . H . , 1 9 6 7 ) .  As r e p o r t e d  i n  t a b l e  3,  

t h e  s y s t e m  ( s e e  l e g e n d )  w o r k s  w i t h  r i b o s o m e s  f r o m  e i t h e r  human 

p l a c e n t a  o r  E . c o l i .  I n  an a t t e m p t  t o  i n v e s t i g a t e  t h e  g e n e t i c  

code  i n  t h i s  s y s t e m ,  a t  l e a s t  27 c o d o n s  a r e  f o u n d  t o  h a v e  t h e  

same m e a n i n g  as  i n  E . c o l i  (Br imacombe  e t  a l o ,  1965; $511 

e t  a l . ,  1965;  M a t t h a e i  e t  a l . ~  1965;  1967)o  T a b l e  ~ i n c l u d e s  

15 a d d i t i o n a l  c o d o n  t r a n s l a t i o n s  p u t  i n  p a r e n t h e s e s .  These  

a r e  i n  a g r e e m e n t ,  t o o ,  b u t  n e e d  f u r t h e r  c o n f i r m a t i o n .  A s e c o n d  

c o m m u n i c a t i o n  w i l l  p r e s e n t  o p t i m i z e d  c o n d i t i o n s  f o r  p o l y p e p t i d e  

s y n t h e t i z i n g  s y s t e m s  b a s e d  on t h e  p r e p a r a t i o n s  d e s c r i b e d  h e r e  

(Abadom e t  a l . ,  1 9 5 7 ) .  

R i b o s o m e s  p r e p a r e d  f rom human p l a c e n t a  a c c o r d i n g  t o  t a b l e  1 a r e  
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TABLE I: PREPARATION OF HU~IAN RIBOSOMES AND ENZYME FRACTIONS 

PLACENTA sliced, w a s h e d ,  w e i g h e d ,  and 
h o m o g e n i z e d  w i t h  U l t r a - T u r r a x - T ~ 5  
i n  2 v o l u m e s  o f  H o m o g e n i z i n g  Medium: 

10 mM T r i s - H C 1  pH 7.6 
10 min .  1 0 , 0 0 0  x g 100 mM KC1 

10 mMMgC12 ! (PIO-I) 
I 0 . 5  mM K-EDTA 

S%-i + NaDOCI)(0,6 ~) 250 mM s u c r o s e  50/ng/ml s t r e p t o m y c i n e  s u l f a t e  I 20 min°]  3 0 , 0 0 0  x g 
| 

SSO 
| 

hro[ 78,000 x g 
I ~$78 for enzyme 
W 

P78 

d i s s o l v e l i n  60 ml 
R e s u s p e n d i n g  Medium: 

10 mM T r i s - H C 1  pH 7,6  
100 mM KC1 
i0 mM MgC12 

! 

i0 min. I i0,000 x g 

( r i o - 2 )  

S10-2  

5 hr. 155,000 x g 

(S155) 

P133 

1 x washed  

RIBOSOMES 

~OO mg/ lO00  g t i s s u e  

f r a c $ i o n s :  - NaDOC 1) + 6 mM MEt 2) ' , 

S78 

+0,1N 
t o  

a c e t i c  a c i d  
pH 5 . 0  

S78 

+ AS 3) t o  
27 

20 min .  2 5 , 0 0 0  x g 

7 ($25-1)  < P 2 5 - 1 )  

P25-I S25-i 

d i s s o l v e  i n  I / ~  v o l .  AS 5) t o  
R e s u s p e n d i n g  Medium 65 % 
w i t h  6 mM MEt 2)  

+O,IN 
t o  

$2 

KOH 
pH 7 . 2  

20 m i n .  2 5 , 0 0 0  x g 

~ P 2 5 - 2 )  

;-2 

pHS-FRACTION 

1 g / 1 0 0 0  g t i s s u e  

" ($25-2 )  

P2 ' i -2  

d i s s o l v e  i n  l / ~  v o l o  
R e s u s p e n d i n g  Medium 
w i t h  6 mM MEt 2)  

ASS)-FRACTION 

5 g/lO00 g t i s s u e  

1 ) N a - d e o x y c h o l a t e  2 ) B - m e r c a p t o e t h a n o l  5)ammonium s u l f a t e  
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of similar activity as those from E.coli AIg, i.e. different 

p r e p a r a t i o n s  b i n d  10 t o  2 5 / ~ u m o l e s  o f  p h e n y l a l a n y l - R N A ( p h e - R N A )  

TABLE 2: CHARGING OF HUMAN tRNA (%) 

A l a  ( 3 ~ / 5 0 0 0 )  2 , 7  Leu ( 1 4 C / 1 5 0 )  1 , 7 0  

Arg  ( 1 ~ C / 1 5 5 )  3 , 3  Lys  ( 3 H / 3 0 0 0 )  1 , 5 0  

AsN ( 1 ~ C / 1 0 2 )  2 , 0  Met ( 5 H / 1 3 6 0 )  1 , 5 0  

Asp ( 1 ~ C / 1 0 6 )  3 , 2  Phe ( 5 H / 3 0 0 0 )  0 , 6 5  

Cys (l~c/ 96) 1,3 Pro (3H/2000) 1,00 

GIN (I~c/ 52) 1,6 Ser (I~c/ 87) 4,70 
Glu  ( 1 ~ C / 1 2 5 )  0 , 6  T h r  ( 1 ~ C / 1 3 3 )  2 , 2 0  

GIy (14C/ 67) 3,5 T r y  (3H/ s75) 4,00 

H i s  ( I & c / 2 ~ O )  2 , 3  T y r  ( 3 H / 3 0 0 0 )  0 , 8 3  

I l e  ( 1 ~ C / 1 7 ~ )  1 , 3  Va l  ( 1 ~ C / 1 0 7 )  3 , 1 0  

T o t a l  45 

C a l c u l a t e d  a t :  25 A 2 6 0 - u n i t s  = 1 mg RNA; M3YtRNA = 2 5 . 0 0 0  

L e g e n d  t o  t a b l e  2: 1 m l - r e a e t i o n  m i x t u r e s  c o n t a i n e d  i n  50 mM 
T~Ts-HC1 pH ~ 7 ~ - = - 5 0  mM KC1 - 10 mM MgCI~ - 6 mM MEt - 2 mM ATP 
- .5 mM CTP - 7 mM c r e a t i n e  p h o s p h a t e :  20 ~g e r e a t i n e  p h o s p h o -  
k i n a s e ,  50 m~moles  o f  e a c h  o f  20 L - a m i n o  a c i d s ,  one  o f  w h i c h  
l a b e l e d  w i t h  i s o t o p e  and  s p e c i f i c  a c t i v i t y  i n d i c a t e d  i n  p a r e n -  
t h e s e s ,  80 m~moles  tRNA, and  2 mg A S - f r a c t i o n  p ~ o t e i n  ( s e e  
t a b l e  1 ) .  T h e y  w e r e  i n c u b a t e d  f o r  30 m i n .  a t  37 C and d e p r o t e i n -  
i z e d  a s  d e s c r i b e d  ( M a t t h a e i  e t  a l . , 1 9 6 7 a ) .  

p e r  I00 ~ m o l e s  o f  r i b o s o m e s  w i t h o u t  s p e c i a l  t r e a t m e n t  f o r  

r e m o v a l  o f  i n d i g e n o u s  mRNA. T h e y  a r e  a l s o  v e r y  a c t i v e  i n  t h e  

s y n t h e s i s  o f  b o t h  p o l y p h e n y l a l a n i n e  f r o m  phe  o r  phe-RNA and  

p r o t e i n  f r o m  20 amino  a c i d s  (ABADOM e t  a 1 . , 1 9 6 7 ) .  A l a t e r  

c o m m u n i c a t i o n  w i l l  show a d v a n t a g e s  o f  f u r t h e r  p u r i f i c a t i o n  by  

s e d i m e n t a t i o n  t h r o u g h  s u c r o s e .  

W h e r e a s  t h e  p h S -  and  ammonium s u l f a t e - e n z y m e  f r a c t i o n s  a r e  p r e -  

p a r e d  f r o m  a s m a l l  p a r t  o f  t h e  same p l a c e n t a ,  w i t h o u t  t h e  

a d d i t i o n  o f  d e o x y c h o l a t e  and  i n  t h e  p r e s e n c e  o f  B - m e r e a p t o e t h a -  

n o l , t h e  p r e p a r a t i o n  o f  tRNA i s  s t a r t e d  f r o m  a n o t h e r  p l a c e n t a .  

The m e t h o d  o f  DELIHAS and STAEHELIN was t h e  o n l y  one  o f  t h o s e  

c o m p a r e d ,  w h i c h  r e s u l t e d  i n  tRNA o f  a f a i r l y  s a t i s f a c t o r y  
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TABLE 3: BINDING OF HUMAN AMINOACYL-RNA ON HUMAN AND E.COLI-RIBOSOMES 

CODED BY POLYNUCLEOTIDES OF THE TYPE XpYpZ...pZ -100 

aRNA h l )  + R i b o s o m e s  h C o d o n s  a g a i n s t  aRNA h + R i b o s o m e s  c 2 )  

b o u n d 3 ) 4  ~ ~ aRNA $ S t l m u -  t e s t e d  l a b e l e d  S t t m u -  ~ M o l e s  aRNA b o u n d 3 ) =  ~ M o l e s  8RNA 
1 0 0 ~ p M o l e s  R i b o s o m e s  ' l a t i o n  i n  l a t i o n  1 0 0 p p M o l e s  R i b o s o m e s  J '  

1,17 12,5 UAU..  T y r  3 h , O  0,67 

1 , 0 4  lIEU.. 0,50 

2 , 5 0  2 % 0  GCU.. A l a  4 7 , 3  2 , 2 1  

2 , 0 0  UUU..  1,50 

2,18 30,0 ACU..  Thr 1 1 9 , 2  3,07 

1 , 6 8  UUU.. 1 , 4 0  

0,78 20,0 GAU..  Asp 187,O 0,43 

0,65 UUU.. 0,15 

l )  human  

2)  f r o m  E . c o l t  

3) C a l c u l a t e d  a t  25 A 2 6 0 - u n i t s  = 1 mg RNA = 40  mp m o l e s .  

4)  " " 1 3 . 1  A 2 6 0 - u n i t s  = 1 mg r i b o s o m e s  h = 250  p p  m o l e s .  

5) " " 16 A 2 b o - U n i t s  ffi 1 mg r i b o s o m e s  c ffi 333  P~ m o l e s .  

L e g e n d  t o  t a b l e  3: 1 0 0 p l - r e a c t i o n  m i x t u r e s  c o n t a i n e d  i n  10 mM 
T r i s Z H C i  pH 7 : 5 - : - 3 0  mM KC1 - 16 mM MgC12 t h e  f o l l o w i n g  r e a c -  
t a n t s  i n  ~ m o l e s :  20 r i b o s o m e s ,  a p p r o x i m a t e l y  60 p o l y n u e l e o t i d e  
c h a i n s ,  A~d 400 tRNA, 45 % c h a r g e d  w i t h  20 amino a c i d s ,  one o f  
w h i c h  l a b e l e d  w i t h  i s o t o p e  and s p e c i f i c  a c t i v i t y  g i v e n  i n  t a b l e  
2.  S a m p l e s  were  i n c u b a t e d  f o r  20 m i n u t e s  a t  37°C,  p a s s e d  
through Millipore-filters and counted by scintillation at 
counting efficiencies of 16 % for 3H and 68 % for 14C. 

acceptor activity. This activity rises sharply by the chromato- 

g r a p h y  on S e p h a d e x  G200. T a b l e  2 shows t h e  a c c e p t a n c e  f o r  t h e  

i n d i v i d u a l  amino a c i d s ,  w h i c h  i s  more  h o m o g e n e o u s  t h a n  i n  t h e  

c a s e  o f  tRNA f r o m  E . c o l i ,  where  we s u c c e e d e d  i n  r e a c h i n g  99 p e r -  

c e n t  c h a r g i n g  w i t h  v a r i o u s  p r e p a r a t i o n s  ( M a t t h a e i  e t  a l . , 1 9 6 7 a ) o  

I n  t h e  b i n d i n g  a s s a y  d e f i n e d  by  t h e  l e g e n d  t o  t a b l e  3,  r i b o s o -  

mes and aRNA, p r e p a r e d  as  d e s c r i b e d  a b o v e ,  show the  s p e c i f i c  

s t i m u l a t i o n s  e x p e c t e d  w i t h  p o l y n u c l e o t i d e s  o f  t y p e  XpYpZ... pZNI00 

( s e e  t a b l e s  3 and 4 ) .  A l t h o u g h  t h e  p e r c e n t  s t i m u l a t i o n s  c a u s e d  

* aminoacyl-RNA 
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TABLE ~:  CONFIRMATION FOR HUMAN ~IANSFER-RNA OF CODON-~RANSLA?IONS FOUND IN E.COLI 
(Br lmacombe  e t  a l . ,  1965; S~II  e t  a l . ,  1965;, M a t t h a e l  e t  a l . ,  1965; 1966) 

I s1  2nd N U C L E 0 T I D E ~rd 

U C A G 

U 

A 

Phe h 1080  ( 2 )  

Phe c 58 (1) 

(Leu h 7 (2))  

( he  h s (2)) 

I l e  h 16 (2) 

I l e h c  1627 /~ / 

7 a l  c 90 ( 1 )  

(7al  e i~ (1))  

w ho 
( V a l c  I~ (1))  

Ser  h 22 (2) 

( S e r c  13 (1))  

Pro h 15 12/ 
c 217 

Pro h 159 (2) 

c 113 

Thr h 18 (2) 

Ala h 16 (~) 

Ala c ~7 (2) 

(Ala h 7 (2))  

(Ala h 6 (2))  

Tyr h 20 (36) 
o 4s (2) 

Tyr h 18 (~) 

( ~ l s  c s~ (1 ) )  

(GIN h 29 (I)) 

Lys h 239 12) 
c 35 1) 

c 395 
Asp c 108 (1) 

OlU o Ill 
( G l u  h 25 (1)) 

Cys u 
c 53 

C 

A 

G + 

U 

C 

Arg h 27 (2) A 

Arg he 2~16 Ill G+ 

Ser  c 55 (1) U 

( S e r c  25 (1))i C 

A 

Arg e 33 (3) G + 

U 

C 

Gly ++ c ~9 ( I )  A 

GIY++ he !15 35 l~I G+ 

L e g e n d  to  t a b l e  4:  A v e r a g e  s t i m u l a t i o n s  by  5 ' - t e r m i n a l  t r i p l e t s  
o f - ~ o i y n ~ i e o t T d e s  X p Y p Z . . . p Z ~ l ~ n  e x p r e s s e d  i n  p e r c e n t  o v e r  t h e  
h o m o p o l y m e r - b l a n k .  Number o f  e ~ r i m e n t s  i n  p a r e n t h e s e s ,  h ( c )  
t e s t e d  w i t h  human ( E . c o l i - )  r i b o s o m e s .  
+ G i n  t h i r d  and s u b s e q u e n t  n u c l e o t i d e s  r e p l a c e d  by i n o s i n i c  
a c i d  ( I ) .  ++ p r i m e r  GpG r e p l a c e d  by  I p I .  

by  t h e s e  l o n g  c h a i n s  a r e  c o n s i d e r a b l y  s m a l l e r  w i t h  human r a t h e r  

t h a n  E . e o l i  r i b o s o m e s  ( t a b l e  3 ) ,  r e p e a t e d  e x p e r i m e n t s  c o n f i r m  

the  40 t r i p l e t - t r a n s l a t i o n s  g i v e n  i n  t a b l e  4.  D a t a  p u t  i n  

p a r e n t h e s e s  n e e d s  f u r t h e r  c o n f i r m a t i o n .  So f a r ,  no d i f f e r e n c e s  

f r o m  t h e  code  o p e r a t i n g  i n  E . c o l i  have  b e e n  f o u n d .  T h e r e  i s  

a l s o  a q u a n t i t a t i v e  c o r r e l a t i o n  i n  b i n d i n g  e f f i c i e n c y  o f  t h e  

c o d o n s :  Those  t r i p l e t s  n o t  y e t  t r a n s l a t e d  i n  t h e  human s y s t e m  
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a r e  r e l a t i v e l y  p o o r l y  a c t i v e  in  t he  sy s t em from E . c o l i ,  t o o .  

The s m a l l e r  a c t i v i t y  o f  the  5 ' - t e r m i n a l  t r i p l e t s  i n  s t i m u -  

l a t i n g  human r i b o s o m e s  may be due to  a more c o m p l e t e l y  

s t a t i s t i c a l  b i n d i n g  o v e r  t he  e n t i r e  p o l y n u c l e o t i d e  c h a i n .  By 

u s i n g  s h o r t e r  p o l y m e r s  o f  the  same t y p e ,  we have r e c e n t l y  been  

a b l e  to  i n c r e a s e  t he  p e r c e n t  s t i m u l a t i o n s  f o r  t he  homologous  

human sy s t em by a f a c t o r  o f  10.  The t e c h n i q u e s  f o r  d i r e c t  i n -  

v e s t i g a t i o n s  o f  the  g e n e t i c  code in  man t hus  a p p e a r  to  be 

e s t a b l i s h e d .  
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