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Comparison of phosphorylation of elongation factor 1 from different 
species by casein kinase II 
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One subunit of EF-I or EF-Ifl7 from Artemia salina, wheat germ and rabbit reticulocytes is modified by casein kinase II. The subunit corresponds 
to the low Mr subunit of EF-1 (26000-36000) which functions along with a higher Mr subunit (46000~8000), to catalyze the exchange of GDP 
for GTP on EF-lct. The factor from Artemia and wheat germ is phosphorylated directly on serine by casein kinase II whereas a modulatory com- 
pound is required for phosphorylation of EF-1 from reticulocytes. Polylysine increases the rate of phosphorylation of EF-1 from reticulocytes by 
24-fold; both serine and threonine are modified. This suggests that polylysine may be substituting for a physiological regulatory compound which 

modulates phosphoryation in vivo. 
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1. I N T R O D U C T I O N  

E l o n g a t i o n  fac tor  1 f r o m  eukaryo tes  exists in mul t i -  
p le  fo rms .  The  heavy  fo rm ranges  in Mr  f rom 140 000 
to  800 000 [1,2]. A s igni f icant  po r t i on  o f  EF-1 is t ight ly  
c o m p l e x e d  with  v a l y l - t R N A  synthe tase  [3,4]. EF-1 con-  
sists o f  3 (c~ fl 3') or  4 (~) subuni t s  as shown with A r t e m i a  
sal ina [5], whea t  ge rm [6] and  r abb i t  re t iculocytes  [7]. 
The  o~-subunit (Mr 50 000) has  been i so la ted  a lone  or  in 
the  h o l o e n z y m e  and  media tes  the  G T P - d e p e n d e n t  bin-  
d ing  o f  a m i n o a c y l - t R N A  to 80 S r i b o s o m a l  subuni t s .  
The  f13" subuni t s  have  been i so la ted  [5,8,9] and  shown to 
ca ta lyze  the  exchange  o f  G D P  b o u n d  to EF- lo t  with ex- 
ogenous  G T P .  A n  add i t i ona l  subuni t ,  6, is somet imes  
f o u n d  with the  f13' comp lex  and  with EF-  1; the  po ten t i a l  
ro le  o f  6 in e longa t ion  has  yet  to  be real ized.  

In  A r t e m i a  salina, one o f  the  subuni t s ,  Mr  26 000, 
has  been  shown to be p h o s p h o r y l a t e d  at  serine 89 [10]; 
a d j a c e n t  acidic  res idues  at  the  ca rboxy l  t e rminus  p ro -  
vide  a r ecogn i t ion  sequence for  casein k inase  II  [11]. 
The  same subuni t  is p h o s p h o r y l a t e d  in vi t ro  by  a casein 
k inase  I I - l ike  p ro t e in  k inase  copur i fy ing  with  the  
e longa t ion  fac tor  [10]. Recent  repor t s  indica te  EF-1 is 
p h o s p h o r y l a t e d  on  a Mr  47 000 subuni t  in m a t u r i n g  
X e n o p u s  oocytes  dur ing  meio t ic  cell d ivis ion and  is 
m o d i f i e d  in vi t ro  by  the C D C 2  p ro te in  k inase  [12,13]. 
T w o  o ther  subuni t s ,  Mr  30 000 and  36 000, also 

p h o s p h o r y l a t e d  in oocytes ,  a re  r epo r t ed  to  be m o d i f i e d  
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in v i t ro  by  casein k inase  II .  P rev ious ly ,  EF-1 f rom 
re t icu locytes  was examined  as subs t ra te  for  casein 
k inase  II ,  but  no  p h o s p h o r y l a t i o n  was observed  [14]. 
The  pu rpose  o f  these s tudies  is to examine  the re- 
qu i r emen t s  for  p h o s p h o r y l a t i o n  o f  EF-1 by  casein 
k inase  II f r om d i f fe ren t  species,  and  iden t i fy  i f  
m o d u l a t o r y  c o m p o u n d s  are  requ i red  for  p h o s p h o r y l a -  
t ion  to  occur .  

2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Materials 
Polylysine (Mr 36 500) was purchased from Sigma. Casein kinase II 

was purified as described [15]. EF-I was highly purified from rabbit 
reticulocytes (Venema, R.C. and Traugh, J.A., manuscript in 
preparation) and Artemia salina [16]. EF-1 /37(6) was purified from 
Artemia [5] and wheat germ [9]. The factor from Artemia was 
generously provied by Dr Wim M611er (State University of Leiden, 
The Netherlands), and the factor from wheat germ was a gift of Dr 
Joarine M. Ravel (University of Texas, Austin). 

2.2. Phosphorylation of  EF-1 
Phosphorylation of EF-I was carried out in 0.07 ml reaction mix- 

tures containing 20 mM Tris-HC1, pH 7.5, 10 mM MgC12, 50 mM 
KCI, 0.14 mM [7-32p]ATP (2000 dpm/pmol), 1 #g of EF-1, 50 units 
of casein kinase II [15], and 1 #g polylysine, as indicated. Reactions 
were incubated at 30°C for 30 min and terminated by addition of 
0.005 ml of 100 mM ATP, immediately followed by sample buffer 
containing sodium dodecyl sulfate; the samples were analyzed by elec- 
trophoresis in 10% polyacrylamide gels [17]. The gels were stained in 
Coomassie blue, destained, dried and autoradiographed. 

2.3. Phosphoamino Acid Analysis 
The phosphorylated protein bands were excised, digested with tryp- 

sin, and hydrolyzed with 6N HCI for 2 h at 100- 110°C. Each sample 
was supplemented with a mixture of phosphoamino acid standards 
and analyzed by electrophoresis on silica gel plates as described [18]. 
The labeled amino acids were identified by autoradiography and 
staining with ninhydrin. 
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Fig. 1. Requirements for phosphorylation of EF-1 by casein kinase II. The first lane in each panel is the protein pattern of purified EF-1 from 
the species indicated, as visualized with Coomassie blue. The following two lanes are the corresponding autoradiograms of EF-1 phosphorylated 

by casein kinase II in the absence or presence of polylysine, as described in section 2. 

3. RESULTS 

Phosphorylation of highly purified EF-1 from rabbit 
reticulocytes and Artemia salina and EF-1 /5~ from 
Artemia and wheat germ was examined with casein 
kinase II purified from reticulocytes (Fig. 1). With EF-1 
from Artemia and wheat germ, a single subunit was 
phosphorylated. No phosphorylation of EF-1 from 
reticulocytes was observed in the absence of effector 
compounds. The subunit from Artemia was 
phosphorylated both in the EF-1 complex or as EF-1/53,. 
EF-1 from reticulocytes was a substrate for casein 
kinase II when phosphorylation was carried out in the 
presence of the effector compound, polylysine. 
Polylysine has been shown to have similar stimulatory 
effects when calmodulin is used as substrate [19,20]. 
The subunit of EF-1 phosphorylated by casein kinase II 
has a Mr of 33 000 in reticulocytes, 36 000 in wheat 
germ and 26 000 in Artemia. 

Phosphorylation of reticulocyte EF-I was stimulated 
24-fold by polylysine (Table I). With Artemia, 
phosphorylation of EF-1/53, was stimulated 1.8-fold by 
polylysine and phosphorylation of EF-1 was slightly in- 
hibited. With wheat germ, little or no effect was ob- 
served with polylysine. Thus, mammalian EF-1 was the 

Table I 

Phosphorylation of EF-1 by casein kinase II in the presence and 
absence of polylysine 

32p Incorporated into EF-1 

E F -  1 - P o l y l y s i n e  + Polylysine Stimulation 
(cpm) (cpm) (-fold) 

EF-1 rabbit 
Reticulocytes 490 11648 23.8 
EF-I Artemia salina 5047 4765 0.9 
EF-1B3, Artemia salina 3591 6595 1.8 
EF-IB3, Wheat germ 15510 18590 1.2 

Following phosphorylation of EF-1 by casein kinase II, the 
phosphorylated subunit was excised from the gel and the radiolabel 

was quantified by scintillation counting. 

only factor to require polylysine for phosphorylation by 
casein kinase II in vitro, and phosphorylation of EF-I 
from other eukaryotes was affected only to a small ex- 
tent, if at all, by the modulatory compound. 

Phosphoamino acid analysis of EF-1 from Artemia 
and wheat germ showed only phosphoserine in the 
absence of polylysine. A small amount of threonine was 
observed in the factor from wheat germ with polylysine, 
but was less than 10O7o of the total phosphate incor- 
porated. With reticulocyte EF-1, which can be 
phosphorylated by casein kinase II only in the presence 
of polylysine, approximately equal amounts of 
phosphoserine and phosphothreonine were observed. 

4. DISCUSSION 

The phosphorylation of a single subunit (Mr 26 000) 
of EF-1 and EF-1/53, from Artemia salina by casein 
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Fig. 2. Phosphoamino acid analysis of EF-1 phosphorylated by casein 
kinase I1 in the presence or absence of polylysine. The phosphorylated 
subunit of EF-1 was excised from the polyacrylamide gel and 
subjected to phosphoamino acid analysis as described in section 2. 
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kinase II confirms the results obtained by Janssen and 
Mfller [10] using EF-I~3, containing traces of a casein 
kinase II-like enzyme. This subunit is modified on 
serine 89 [10], in a sequence which agrees with the con- 
sensus sequence for casein kinase II [11]. Casein kinase 
II also modifies a single subunit in wheat germ (Mr 
36 000). One subunit of EF-1 (Mr 33 000) from 
reticulocytes is also phosphorylated by casein kinase II, 
but only in the presence of a modulatory compound, 
such as polylysine. A similar requirement was observed 
with EF-1 ~y from reticulocytes and liver (data not 
shown). Polylysine has little or no effect on phos- 
phorylation of EF-1 from the other species. With 
Artemia and wheat germ, the primary phosphorylated 
amino acid is serine. With reticulocytes, both serine and 
threonine are observed in approximately equal a- 
mounts. 

The observation that a single subunit from each 
species is modified by casein kinase II leads us to sug- 
gest that the Mr 26 000 subunit of Artemia EF-1 
(denoted as/5 in reference [10]) is equivalent to the Mr 
33 000 subunit from reticulocytes (denoted as t5 in 
reference [7]) and the wheat germ polypeptide Mr 
36 000 [9]. This subunit would correspond to the low 
Mr subunit of EF-1 (Table II) which, along with the 
h i g h e r  M r  subunit, catalyzes the exchange of GDP 
bound to EF-lo~ for GTP. At this time, sequence data 
have been determined only for the Artemia factor 
subunit [21]. Phosphorylation at serine 89 in Artemia 
has been reported by Janssen et al. [10] to decrease the 
EF-l~y-dependent guanine nucleotide exchange rate 
with o~. 

It is interesting that an effector molecule is required 
for phosphorylation by casein kinase II only with the 
purified factor from mammals. Although polylysine is 
not a physiological activator, other effector compounds 
could carry out this role in vivo. Other studies (Palen, 
E., Venema, R.C. and Traugh, J.A., unpublished), 
have shown that the low Mr subunit of EF-1 is 
phosphorylated in reticulocytes in vivo at the same 
site(s) modified in vitro by casein kinase II, as shown by 
two-dimensional phosphopeptide mapping. The re- 
quirement for modulation of substrates prior to 
phosphorylation has been observed recently with 
another component of protein synthesis, the cap bin- 
ding protein, which can be isolated either alone (elF-4E) 
or as the p25 subunit of the cap binding protein com- 
plex, elF-4F. The cap binding protein is phosphorylated 
at a significant rate by protein kinase C only when pres- 
ent in the elF-4F complex [22]. The polylysine require- 
ment for phosphorylation of the low Mr subunit of 
EF-1 from reticulocytes suggests that complexation of 
EF-1 with a modulatory compound is required for 
phosphorylation in vivo. 

Acknowledgements: We wish to thank Dr Wim M611er for initial 
discussions on phosphorylation of EF-I and the gift of EF-I from 

Table II 
Comparison of phosphorylated subunits of EF-1 from three different 

species 

Rabbit reticulocytes Wheat germ Artemia salina 
(Mr × 10 -3) 

52 (a) 52 (t~) 50 (ct) 
48 (B) 47 46 (3') 
38 (y) 
33 (/5) 36, 34 26 (B) 

Subunits phosphorylated by casein kinase II are underlined. Values 
were taken from [7] for reticulocytes, from [9] for wheat germ and [5] 
for Artemia salina. Letters in parentheses denote the nomenclature 

used in the original paper. 
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