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SUMMARY 

A protein which forms a ternary complex with GTP and Met-tRNA i 
has been partially purified from a high-speed supernatant fraction of 
wheat germ. This protein has properties similar to eukaryotic initiation 
factor MP (or IF-I) which is present in high salt washes of ribosomes 
from animal tissues. Ternary complex formation is optimal at low mag- 
nesium ion concentration, but diminishes as the magnesium ion concen- 
tration is increased. The factor is not specific for GTP, since a ternary 
complex is also formed with dGTP, CTP and UTP. At constant GTP and 
Met-tRNA i concentrations the amount of ternary complex formed is linear 
with respect to factor concentration, except at very low concentrations. 
Wheat germ factor is inhibited by N-ethylmaleimide and is inactivated 

by heating. 

Work on the mechanism of initiation of protein synthesis in eukary- 

otic cells has led to the isolation of a number of factors which are 

thought to be required for the formation of initiation complexes (1-6). 

One of these factors which has been termed IF-MP (5) or IF-I (2, 4) forms 

a ternary complex with GTP and Met-tRNA i . The involvement of this 

factor in the initiation process was inferred from the finding that com- 

plex formation is specific for Met-tRNA i. Three observations that pro- 

q ¢  , . 

Abbrevlatlons: Met-tRNA i is methionyl initiator tRNA, HEPES is 
N-2-hydroxyethylpiperazine-N'-2'-ethanesulfonic acid, EF-I and EF-2 
are eukaryotic elongation factors 1 and 2. 
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v ide  more d i r ec t  e v i d e n c e  are 1) Met - tRNA i in  a t e r n a r y  c ompl e x  i s  

more e f f i c i e n t l y  i n c o r p o r a t e d  i n to  p e p t i d e s  t h a n  free Met- tRNA i (4, 7), 

2) Met - tRNA i bound  to 40S r i b o s o m e s  from the t e r n a r y  complex  in  the 

p r e s e n c e  of AUG y i e l d s  m e t h i o n y l  pu romyc in  upon the a d d i t i o n  of 60S 

r i b o s o m e s  and  puromyc in  (2, 4), and  3) a d d i t i o n  of the  f ac to r  r e s t o r e s  

p ro t e in  s y n t h e s i s  to a r e t i c u l o c y t e  sys t em which  has  b e e n  i n a c t i v a t e d  

by a n  i n h i b i t o r  formed dur ing  i n c u b a t i o n  in  the  a b s e n c e  of hernin  (8, 9). 

P rev ious  work c o n c e r n e d  wi th  IF -MP w a s  done  wi th  fac tor  i s o l a t e d  

from 0 .5  M KC1 w a s h e s  of r i b o s o m e s  from a v a r i e t y  of e u k a r y o t i c  s o u r c e s .  

In  the  c o u r s e  of our work on p ro t e in  s y n t h e s i s  i n  a c e l l - f r e e  sys t em from 

w h e a t  germ we found tha t  the h i g h - s p e e d  s u p e r n a t a n t  f r a c t i o n  c o n t a i n s  

a p ro te in  wh ich  i s  p robab ly  i d e n t i c a l  to  I F - M P .  In  t h i s  c o m m u n i c a t i o n  

we repor t  p rope r t i e s  of t h i s  f ac to r  i s o l a t e d  from whea t  germ s u p e r n a t a n t .  

MATERIALS AND METHODS 

Commercially available reagents were purchased from standard 
sources. VCheat germ was obtained from Dixie Portland Co., Arkansas 
City, Kansas; tRNA was isolated from wheat germ and purified through 
the DEAE-cellulose step as described by Allende (i0) and was charged 
with L35sJ methionine using either Escherichia coli or wheat germ super- 

F ~ 

natant by a modification of the procedure described by Ghosh et al. (Ii). 
Specific radioactivity of the charged tRNA was 32, 000 cpm/pmole. 

Whea t  germ h i g h - s p e e d  s u p e r n a t a n t  w a s  made by c e n t r i f u g i n g  a 
w h e a t  germ h o m o g e n a t e  prepared  in  buf fe r  (100 mM KC1, 20 mM HEPES 
pH 7 .56 ,  5 mM Mg(Ac)2,10 mM 2 - m e r c a p t o e t h a n o l ,  0 .1  mM EDTA) at  
1 5 , 0 0 0  x g f o r  20 rain and  t h e n  a t  105, 000 x g f o r  4 hr .  The s u p e r n a t a n t  
w a s  t r e a t e d  b a t c h w i s e  wi th  DEAE-ce l lu lose ,  f r a c t i o n a t e d  (40-65% s a t u -  
ra t ion)  wi th  ammonium su l f a t e ,  and  ch r oma t og r a phe d  on  C M - S e p h a d e x  
C - 5 0 .  Fur ther  p u r i f i c a t i o n  on  DEAE-Sephadex A-50 y i e l d s  a f ac to r  wh ich  
w i l l  b i n d  120 p m o l e / m g  p ro t e in  in  the  s t a n d a r d  a s s a y  d e s c r i b e d  b e l o w .  
E x p e r i m e n t s  d e s c r i b e d  in  t h i s  c o m m u n i c a t i o n  were  done  wi th  p r e p a r a -  
t i o n s  wh ich  had b e e n  pur i f i ed  th rough  the  DEAE-Sephadex s t e p .  

The a s s a y  for I F - M P  i s  b a s e d  upon the  G T P - d e p e n d e n t  r e t e n t i o n  of 
35S] Met - tRNA i to m i l l i po re  f i l t e r s .  The a s s a y  mix ture  c o n t a i n s  in  a 

f i n a l  vo lume  of 0 .0S  mI, 100 mM KCI, 20 mM HEPES, pH 7 .56 ,  2 mM 
2 - m e r c a p t o e t h a n o l ,  0 .2  mM GTP, 3 pmoles  of L3Ss] Met- tRNAi,  and  
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3 to 25 }~g of f ac to r  d e p e n d i n g  on the  s t age  of p u r i f i c a t i o n .  After the  
s a m p l e s  are i n c u b a t e d  for 10 rain a t  25 ° t h e y  are d i l u t e d  by the  a d d i t i o n  
of 1 ml of co ld  buf fe r  c o n t a i n i n g  100 mM KC1, 20 mM HEPES, pH 7 .56 ,  
and  2 mM 2 - m e r c a p t o e t h a n o l .  The d i l u t e d  s a m p l e s  are i m m e d i a t e l y  
f i l t e r ed  on n i t r o c e l l u l o s e  m e m b r a n e s ,  w a s h e d  wi th  two 2-ml po r t ions  of 
of d i l u t i o n  buffer ,  dried~ and  c o u n t e d  in  a l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  

RESULTS 

The e f fec t  of m a g n e s i u m  ion  c o n c e n t r a t i o n  on t e r n a r y  c ompl e x  for -  

m a t i o n  i s  shown in  Table  1. In  a g r e e m e n t  wi th  the  r e s u l t s  o b t a i n e d  

wi th  c rude  IF -MP from r e t i c u l o c y t e  r i b o s o m e s  (12) l e s s  c omp l e x  i s  d e -  

t e c t e d  a t  i n c r e a s i n g  m a g n e s i u m  ion  c o n c e n t r a t i o n s .  T rea tmen t  of the  

whea t  germ f ac to r  wi th  10 mM N - e t h y l m a l e i m i d e  for l 0  rain at  25 ° r e -  

s u l t s  in  comple t e  l o s s  of a c t i v i t y .  Furthermor% a bou t  50% of i t s  a c t i -  

Table 1 

Effect of Magnesium Ion Concentration on Ternary Complex Formation 

M g++ GT P [35 S] M et-t RNA i 
(raM) (0.2 raM) bound  (cpm) 

0 + 26, 000 
0 - 1, 200 

1 + 13, 300 
1 - 300 

3 + 4, 900 

3 - 320 

5 + 4, 000 
5 - 310 

The assays were performed as described in MATERIALS AND 

METHODS except that magnesium acetate and GTP concentrations 

were varied as indicated. Each tube contained 6.8 ~g of IF-MP. 
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vity is lost when it is heated at 45 ° for i0 min at protein concentrations 

used in the assay (Table 2). 

The effect of IF-MP concentration on binding [35S] Met-tRNA i is 

shown in Fig. i. At low protein concentrations little binding occurs; 

however, when the amount of protein in the assay reaches a critical 

limit, about 1.2 [~g, there is a sudden increase in the binding of 

Met-tRNA i . This observation is consistent with the occurrence of a 

protein-protein association effect. 

T a b l e  2 

I n a c t i v a t i o n  of W h e a t  Germ I F - M P  by  H e a t  and  N - E t h y l m a l e i m i d e  

Treatment 
[3 S S]  M e t - tRN A  

bound  (cpm) 

None 24, 000 

Heat a 12, 200 

N-Ethylmaleimide b 2, 800 

N-Ethylmaleimide + GTP c 2, 500 

The s t a n d a r d  I F - M P  a s s a y  a s  d e s c r i b e d  in  MATERIALS AND 
METHODS w a s  u s e d .  a) An a s s a y  mix tu r e  c o n t a i n i n g  6 . 8  ~g f a c to r ,  
b u t  from w h i c h  GTP and  [35S]  M e t - t R N A  were  o m i t t e d ,  w a s  h e a t e d  
in  a w a t e r  b a t h  a t  45 ° for  10 min and  i m m e d i a t e l y  c h i l l e d  in  i c e .  
The a m o u n t  of  t e r n a r y  c o m p l e x  fo rmed  upon  t h e  a d d i t i o n  of  GTP and  
[35S] Met-tRNA was determined by filtration on millipore filters as 
described, b) IF-MP (68 ~g) in 70 M1 of buffer (I00 mM KCI and 
20 mM HEPES, pH 7.56) was incubated with i0 mM N-ethylmaleimide 
for 10 rain at 25°7 dithiothreitol was added to a final concentration of 
50 raM, and the tube was chilled in ice. The standard assay was per- 
formed using 6.8 [~g of the treated IF-MP. c) Experimental conditions 
were the same as in b except that 0.2 mM GTP was present during 
the reaction with N-ethylmaleimide. 
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Fig .  1. D e p e n d e n c e  of t e rna r y  complex  fo rma t ion  upon 
I F - M P  c o n c e n t r a t i o n .  The b i n d i n g  a s s a y  w a s  performed as  d e -  
s c r i b e d  in  MATERIALS AND METHODS wi th  the a m o u n t s  of I F - MP  
i n d i c a t e d .  

The nucleotide specificity for ternary complex formation is shown 

in  Table  3. [ 3 5 S ] M e t - t R N A  i i s  bound  to I F - M P  wi th  GTP, dGTP, UTP 

and  CTP, but  no complex  i s  formed wi th  ATP, dATP, dCTP, dTTP and  

GDP.  

DISCUSSION 

If i n i t i a t i o n  f ac to r  MP f u n c t i o n s  p h y s i o l o g i c a l l y  in  a c y c l i c  m a n n e r  

by  a t t a c h m e n t  and  r e l e a s e  from r i b o s o m e s  or r i b o s o m a l  c o m p l e x e s  d u r -  

ing  the  i n i t i a t i o n  p r o c e s s ,  one would  expec t  to f ind  i t  i n  the s u p e r n a t a n t  

a s  we l l  as  in  r i b o s o m a l  w a s h e s .  P u r i f i c a t i o n  of w he a t  germ h i g h - s p e e d  

s u p e r n a t a n t  ha s  r e v e a l e d  the  p r e s e n c e  of a f ac to r  wh ich  a p p e a r s  to  be  

f u n c t i o n a l l y  i d e n t i c a l  to  IP -MP i s o l a t e d  from r i b o s o m a l  w a s h e s  prepared  

from o ther  t i s s u e s .  We have  not d e t e r m i n e d  the p r e s e n c e  of IP -MP i n  

r i b o s o m a l  e x t r a c t s  of w h e a t  germ but  b e l i e v e  i t  i s  u n d o u b t e d l y  p r e s e n t  

there. 
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Table 3 

Nucleotlde Specificity for Ternary Complex Formation 

Nucleotide 
3 5 S~ M e t - tRNA 

bound (cpm) 

GTP 24, 222 

dGTP 2 2 , 6 0 0  

UTP 22, 032 

CTP 15 ,647  

ATP 3~ 400 

dATP 3, 325 

dCTP 4. 200 

dTTP 4, 800 

GDP 3, 100 

None  3 , 2 0 0  

I n c u b a t i o n s  were  a s  d e s c r i b e d  in MATERIALS AND 
METHODS for the  s t anda rd  a s s a y .  All n u c l e o t i d e s  
were  at  0 .2  raM, and 6 . 8  ~g of f a c t o r  w a s  p re sen t  in 
e a c h  t ube .  

Although the data are not given we have found that our preparation 

is free of Met-tRNA ligase, EF-I and EF-2. The presence of these pro- 

teins could obscure the interpretation of our results. Eukaryotic initia- 

tion factor-i which catalyzes a GTP-independent, message-dependent 

binding of aminoacyl-tRNA to 40S ribosomes is present in the IF-MP 

preparation used in the work reported here, but the two activities differ 

in heat sensitivity and can be separated from each other by gradient 
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centrifugation. The two activities~ EIF-I and IF-MP have comparable 

chromatographic properties on the ion exchangers used for their purifi- 

cation. 

The sharp break in the IF-MP concentration curve in Fig. 1 may be 

the result of a concentration-dependent association of IF-MP monomeric 

or protomeric subunits to form a protein complex which is able to bind 

GTP and Met-tRNA i. Further purification of the factor will be needed 

before one can determine what this sharp break in the concentration 

curve means. 

Since GTP is generally believed to be required for initiation of pro- 

tein s y n t h e s i s ,  we  w e r e  s u r p r i s e d  to  f ind  t h a t  w h e a t  germ I F - M P  d o e s  

no t  h a v e  a n  a b s o l u t e  s p e c i f i c i t y  for  the  n u c l e o s i d e  t r i p h o s p h a t e  in  

fo rming  the  t e r n a r y  c o m p l e x .  I t  w i l l  be  of  i n t e r e s t  to  d i s c o v e r  w h e t h e r  

t e r n a r y  c o m p l e x e s  fo rmed  w i t h  dGTP, CTP~ and  UTP a r e  a b l e  to  t r a n s f e r  

t h e i r  M e t - t R N A  i to  40S r i b o s o m e s .  An e x t e n s i v e  s t u d y  of  a m i n o a c y l - t R N A  

s p e c i f i c i t y  h a s  not  b e e n  made ,  but  Phe- tRNA and  a c P h e - t R N A  (both 

E. co l i )  do not  form c o m p l e x e s  w i th  I F - M P  and  GTP. The a d d i t i o n  of 

E. c o l i  M e t - t R N A  t o  t he  s t a n d a r d  a s s a y  d o e s  not  d i m i n i s h  c o m p l e x  

f o r m a t i o n  w i th  w h e a t  germ [ 3 5 S ]  M e t - t R N A  i n d i c a t i n g  t h a t  I F - M P  i s  

s p e c i f i c  for  t he  e u k a r y o t i c  M e t - t R N A .  I F - M P  i s  p r o b a b l y  s p e c i f i c  for  

M e t - t R N A  i s i n c e  a t e r n a r y  c o m p l e x  i s  fo rmed wi th  w h e a t  germ tRNA 

r 

w h i c h  h a s  b e e n  c h a r g e d  w i th  [_35SJ m e t h i o n i n e  by  E. c o l i  s u p e r n a t a n t .  

E. c o l i  s u p e r n a t a n t  i s  known (11) to  c h a r g e  on ly  t h e  i n i t i a t o r  s p e c i e s  

of  w h e a t  germ tRNA M e t .  

ACKNOWLEDGEMENTS 

We w i s h  to  a c k n o w l e d g e  the  i n v a l u a b l e  t e c h n i c a l  a s s i s t a n c e  of  
M r s .  L j u b i c a  M a u s e r .  Th is  work  w a s  s u p p o r t e d  by  NIH G r a n t s  
G M 0 1 2 3 4 ,  AM 10705 and  CA16239  

182 



Vol. 65, No. 1,1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

REFERENCES 

1. Levin, D.H. ,  Kyner, D. and Acs, G. (1973) Proc. Nat. Acad. Sci. 

USA 70. 41-45. 

2. Cashion, L.M. and Stanley, W.M.,Jr .  (1974) Proc. Nat. Acad. Sci. 

USA 71, 436-440. 

3. Schreier, M.H. and Staehlin, T. (1973) Nature New Biol. 242, 35-38. 

4. Gupta, N.K., Chatterjee, B., Chen, Y.C. and Majumder, A. (1975) 

J. Biol. Chem. 250, 853-862. 

S. Elson, N.A., Adams, S.L., Merrick, W.C. ,  Safer, B. and Anderson, 

W.F. (1975)I. Biol. Chem. 250, 3074-3079. 

6. Zasloff, M. and Ochoa, S. (1973) J. Mol. Biol. ~ 65-76. 

7. Dettman, G.L. and Stanley, W.M. ,  Jr. (1972)Biochim. Biophys. 

Acta 287, 124-133. 

8. Gross, M. (1974) Biochim. Biophys. Acta 366, 319-332. 

9. Clemens, M.J . ,  Henshaw, E.C. ,  Rahamimoff, H. and London, I .M.  

(1974) Proc. Nat. Acad. Sci. USA 71, 2946-2950. 

10. Allende, 5.E. (1969) Techniques in Protein Biosynthesis, Vol. 2 

(Campbell, P.N. and Sargent, y.R., Eds.) pp. 55-100, Academic 

Press, New York. 

11. Ghosh, K., Ghosh, H.P. ,  Simsek, M.~ Uttam, L. and Raj Bhandary, 

U.L. (1974) ~. Biol. Chem. 249~ 4720-4729. 

12. Gupta, N.K., Chatterjee, B., Chen, Y.C. and MajumderA. (1974) 

Biochem. Biophys. Res. Comm. 58, 699-706. 

183 


