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Abstract The translation initiation factor elF-4E plays an im- 
portant role in regulating the overall rate of translation in eukar- 
yotic cells. To investigate the expression of elF-4E itselF, we 
characterized the elF-4E mRNA expressed in Xenopus embryos. 
5'-RACE was performed to determine the 5'-end of the mRNA 
and the result predicts isoforms differing at the amino-terminal 
end. Expression of the elF-4E mRNA in Xenopus oocytes and 
embryos was examined by RT-PCR. Xenopus elF-4E mRNA is 
produced during oogenesis and persists during the early stages of 
embryogenesis as a maternal mRNA. 

Key words: Translation initiation factor; eIF-4E; 
mRNA; 5'-RACE; RT-PCR; Xenopus laevis 

1. Introduction 

Most of the eukaryotic mRNAs have the m7G-containing 
cap structure at their 5'-termini [1]. Eukaryotic translation ini- 
tiation factor elF-4E is an mRNA cap-binding protein and is 
involved in the binding of mRNA to the 43S initiation complex 
to form the 48S initiation complex [2]. elF-4E plays a crucial 
role in the initiation stage of protein synthesis. In the rabbit 
reticulocyte system, elF-4E binds to elF-4A and p220 to make 
a complex elF-4F. The activity of elF-4E is physiologically 
regulated by phosphorylation at Ser-53 [2]. cDNAs or genes for 
elF-4E have been cloned from yeast [3], mouse [4], rabbit [5], 
human [6] and wheat [7,8]. The amino acid sequence as deduced 
from the cDNA clones predicts the presence of 8 tryptophans 
(9 in wheat elF-4E) that are evolutionarily remarkably con- 
served in number and position. There is a report that the tryp- 
tophans would participate in cap recognition [9]. elF-4E has 
been suggested to play a regulatory role in the control of cell 
growth in both mammalian [10,11] and yeast cells [12]. Using 
mouse elF-4E mRNA, elF-4E was reported to be involved in 
mesoderm induction in Xenopus laevis [13]. Recently, elF-4E 
binding proteins 4E-BP1 and 4E-BP2 that can block cap-de- 
pendent translation were found in human cells [14,15]. They are 
suggested to link protein synthesis to the cell-signaling paths, 
also including insulin. 

To be able to understand the protein synthesis in eukaryotes, 
it is important to investigate how the expression of elF-4E 
itselF is controlled. Here we report the cDNA sequence and 
characterization of mRNA encoding elF-4E expressed in Xen- 
opus embryos. 
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2. Materials and methods 

2.1. Cloning and sequencing of Xenopus elF-4E cDNA 
PCR was performed on oligo(dT)-primed AzaplI Xenopus laevis 

tailbud cDNA library [16] using Taq DNA polymerase (Boehringer 
Mannheim) and primers derived from the rabbit elF-4E cDNA se- 
quence (corresponding to regions P1 and P2, see Fig. 1). Plaque hybrid- 
ization was performed according to standard methods [17] using the 
PCR amplified cDNA fragment as a probe. More than 1 x 104 phages 
were screened and positive clones were isolated. Their inserted cDNAs 
were subcloned into the SK(-) form of the Bluescript vector. Both 
strands of the cDNA were sequenced using Pharmacia cycle sequencing 
kit or using TAKARA BcaBEST dideoxy sequencing kit on a Hitachi 
automated DNA sequencer WS-10A. 

2.2. Preparation of eggs and embryos of Xenopus laevis 
Mature male and female frogs were purchased from Johfu. An adult 

female was sacrificed and the ovary was obtained. The ovary was 
treated with 1 mg/ml collagenase for 15 h at 21°C, and then small 
oocytes (stage I and II) and large oocytes (stage V and VI) [18] were 
collected. X. laevis embryos were obtained by in vitro fertilization [19] 
and cultured in 0.1 x Steinberg solution after being dejellied in 2% 
cysteine. Staging was carried out according to Nieuwkoop and Faber 
[201. 

2.3. 5' and 3"-RACE 
RNAs were extracted from tailbud embryos by AGPC method [21] 

and treated with DNaseI (Boehringer Mannheim). 5' and T-RACE was 
performed essentially as in [22] using the primers specific to Xenopus 
laevis elF-4E sequence (Fig. 1). The amplified cDNA fragments were 
subcloned into pUC18. Several clones were sequenced as described 
above. 

2.4. RT-PCR 
RNAs were extracted from oocytes and embryos at various stages 

by the phenol method [23]. After treating with DNasel, 1/xg of total 
RNA was reverse transcribed with Superscript II (Gibco-BRL) using 
random hexamers (Takara Shuzo) as primers. PCR amplification was 
performed for 30 cycles using 1/200 of the RT-mixture, the primers 
indicated in the figure legends and Taq DNA polymerase (Boehringer 
Mannheim). PCR conditions were as follows; denatured at 94°C for 
1 min, annealing at 48°C for 1 min, and extension at 72°C for 3 min. 

3. Results and discussion 

PCR was performed on the Xenopus laevis tailbud cDNA 
library [16] using the primers derived from the rabbit elF-4E 
cDNA sequence. The resultant PCR fragment of approxi- 
mately 380 bp in length was cloned into pUC18 and sequenced. 
The sequence was highly homologous to the 3'-half part of the 
coding region of the rabbit elF-4E cDNA. Screening Xenopus 
laevis tailbud cDNAs (more than 1 x 10 4 phages) with the PCR 
clone yielded two positive clones. The length of the inserted 
cDNAs were approximately 2.5 kbp and 0.6 kbp. The 2.5 kbp 
cDNA was subcloned into the SK(-)  form of the Bluescript 
vector. Both strands of the cDNA were sequenced. The se- 
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RT-P~R 

~ Ct  CC T'ctT'C~'T'c~'c ~'~l'cc~'-cg~ g g c t  gT-gc ~ ~ a ~ c c  a ~  -1  

a tgg~gg'ccgT-gg'aacc g gaaaacaccaa~ccccaa~c~ac~gugagguaaagaa 
M A A V E P E N T H P Q S 1" E • • • £ 

ac%ggtca~ga~at~ gaaaacaccaatcc~aa~a~qgaagaggaaaaa ga aact 60 
T ~ Q • Z E ]1' T N P ~ S T E E E X E T 

ggtcaggagattgtaagccccgatcagtacattaagcatccactacagaacagatgggcc 120 " 

G Q E I V S P D Q Y I K H P L Q N R W A 

ctttggttcttcaaaaacgataaaagcaaaacttggcaggctaatctgcgcctcatttca 180 

L W F F K N D K S K T W Q A N L R L I S 

aaatttgatacagttgaagatttttgggcgctttacaatcatatccagttgtctagtaac 240 

K F D T V E D F W A L Y N H I Q L $ S N 

tt aatgtccggatgtgac tattcactct tt aaggat gggatt gagcct at gtgggaagat 300 

L M S G C D Y S L F K D G I E P M W E D 
(~I) 

gaaaagaacaagcgtggaggtagatg~ctaat~acactaaacaaacagcagagaagaaat 360 
E K N K R G G R W L I T L N K Q Q R R N 

gatttagatcgtttttggctagagacgctcatgtgccttattggagagtcctttgatgaa 420 
D L D R F W L E T L M C L I G E S F D E 

3 '-RA~ 

catagcgacgatgtatgtggcgcagttgtaaatgttagagcaaaaggggataaaata~a 480 

H S D D V C G A V V N V R A K G D K I A 

atct ggact act gaattt gaaaac aaggat gc tgtt ac ac at at agggagggtt tacaaa 540 
I W T T E F E N K D A V T H I G R V Y K 

gaaagattaggacttcctgcaaaggtagtgattggttatcagtcccatgcagacacagct 600 
E R L G L P A K V V I G Y Q s H A D T A 

~5"-RACE , RT-PCR 
accaagagcggctccact actaaaaatc gatttgtt gt tt aa~gcc atcaaagt at tc 660 
T K S G S T T K N R F V V * 

~ .~  ( P 2 )  , 5 ' - R A C E  ~ 5 ' - R A ~  

tt___~at~gagactgcgtcaagaaatcgcgacttgggagttgt~ccaaagcctctacaaa 720 

agcagagtggactgcatttaaattcaaattccatctaaatattgctaagatttgtgaaaa 780 

gtctttggcctttttgtcttgtgctatgttcaaa~ctcctcaccaccctcaccttttttt 840 

ttattttaattttttttccttttccccccccccttttttttagtaaagttatccaatcaa 900 

aacatttcaatgctcagatgcccatactcccagt~tccataattgttgcccaggttatgt 960 

ctgtaatagaagtttagccctctgctattacagatctattcatccacaatgtgcacccac 1020 
atcacccacagttaattgaaactcaacgtttgcattgtatgcaatacaacagcttggtga 1080 

tttacaaggcggagga~a~aaaacattcaaatttctctagcgattcatggtttggttt 1140 
tatttaattttttttaacagcattattctggctgtaatttgcgctgatgttggctgctag 1200 

gtttaatttatttctttccctccttgataacattagtgatattcaatttttttttattta 1260 

gctcttgtaacttggtgatggatctgggggaaaaatgggtta~agtgttattttg 1320 

tgagtttataaaatcctctttctttttttatgacattacaaagctttgctgcaagtttat 1380 

gcatttcagtagaatcagtgacctgtttctgtgatttcttaaacatagttgtggattttt 1440 

aattttttttatgtacaccgtaatgacattccttactagaaatagtatgtctgttttttg 1500 

ggttttttttgtatcttatggagtattttaacacattgtattagactattttttgctttg 1560 

gttaaaaaaaaaaaacaaatggctcaagtagcaaagcagtcaccattcatacaattctta 1520 

atacagtgtacaaaactgta~atgtgtacagtgaattgtcttttagacaactaga 1680 
tgtgc~gtttttttttttccctccttcaagagcgatctggtacagacatgttcctaaaag 1740 

cgtcacatttaaaggaaaagttgactttcaaacagatgttgaataattcgctaatggtg~ 1800 
caccggggttcccctttggttctgactctgtagttcccatttctcctcgcgtggaagttc 1860 

gcaatattatggaaatgacgtcactgcctctgatgaagtcctaaaatgatgtaagatgaa 1920 

ggtggtgacttctccaagcgccccaggagtgttacagcgggttggagccga&accacaat 1980 

agcaacttgcacagtaacacgacattagagggacagaggagatttgatgtgcctttttaa 2040 

aacgtctcaaatcatgga~taatcactgagaacctgactattctgatgaatgtgatttaa 2100 
agctcaaacgctgtaagtacccaactttagaaaaccgtggtgatgtaacaagtaatatga 2160 

cacccttagtaagtttggcaatatgtggaactacaaccaacaacccactacacttagatt 2220 
ccctttatgctgcattattgtctccccgagctttttagcgctgactcatacagactttaa 2280 

tatttcaaacagatttgttttgtaatccatttataaaggcagtgtaaacaattcatgtta 2340 

caaaaacgctgtgatcgcatccttcgcatctcca~K~Ki~aaatgccccccaaatcctgt 2400 

gaactctgacattgacatttggaggcccatttgtcgatggtcgaatttcaaattcatgtg 2460 
aaatttttttgatttatttttttactct~K~J~Kttcgaatgtattcgaaaaaaaaaaaa 2520 

aaaaaaaaaaaaaaaaaa 2538 

Fig. I. cDNA and deduced amino acid sequences of Xenopus laevis eIF-4E. The arrows indicate the region corresponding to the primers used for 
PCR, RT-PCR, 5' and 3'-RACE. The sequence obtained by 5'-RACE is printed in bold. The italicized sequence is included in the long 5'-RACE 
fragment. The oligopyrimidine tract in the 5'-region is underlined. Nucleotide positions are numbered according to the short type cDNA. Poly(A) 
signals are printed in bold and underlined. 

quences of the cDNA and the deduced amino acids are pre- 
sented in Fig. 1. The cDNA encodes a polypeptide which is 
homologous to the mammalian eIF-4E but missing the amino- 
terminal region. 

5'-RACE (rapid amplification of cDNA ends) was used to 
obtain the sequences of the N-terminal coding region and the 
5'-untranslated region. Consequently, 2 types of 5'-end frag- 
ments were obtained (Fig. 1). In one type, the 18-amino acids 
sequence ENTNPQSTEEEKETGQEI is repeated, but it is not 
repeated in the other. By RT-PCR using tailbud cDNA and the 
primers corresponding to the 24 bp sequence of the 5'-end 
region (Fig. 1, position -52  to -29)  and the 22 bp sequence of 
the 3'-untranslated region (Fig. l, position 643 to 664), we ob- 
tained two different clones having a length of 716 and 770 bp, 
respectively. Thus, the existence of the 2 types of cDNAs was 
confirmed (data not shown). 

Xenopus 
Human 
Rabbit 
Mouse 

DFWAL ~'llllI ~ 

ZATH~2STZZZ~Z~ZZ 

MAAVB PENTN -PQS- -TEEE 

**T** **T*P T*NPP T**** 
**T** **T*P T*NPP PA*** 
**T** **T*P TTNPP PA w** 

LSSNL MSGCD YSLTK DGZEP 
***** *p*** ***** ***** 
***** *p*** ***** ***** 

***** *p**w ***** ***** 

GAVV21 VRAKG DKIAI WTTEF ENKDA VTHIG 

From the results described above, it is speculated that Xen- 
opus laevis eIF-4E protein consists of 213 amirio acids or 231 
amino acids. Fig. 2 shows the alignment ofeIF-4E protein. The 
overall homology of the amino acid sequence of Xenopus eIF- 
4E is more than 80% compared to the human, rabbit and mouse 
versions, albeit in the amino-terminal region, sequence homol- 
ogy is rather low. The large proportion of charged amino acids 
is characteristic for the amino-terminal region. The number and 
the positions of the tryptophan residues are highly conserved. 
In Xenopus eIF-4E, there are 3 cysteine residues, although 
mammalian eIF-4E contains 4 residues. Thus the amino acid 
residue at the fourth cysteine (TGT) in the latter is converted 
to phenylalanine (TTT) in the former. It is suggested that one 
pair of cysteine residues forms a disulfide bridge [2]. In mam- 
malian eIF-4E, the fourth cysteine may exist as a sulfhydryl. 

Both types of 5'-RACE fragments obtained as above contain 

K-BTG ~EIVS PDQYZ KHPLQ NRWAL WFFKN DKBKT WQANL RLISK FDTVE 
* T * S N  * w V A N  W ~ H * *  * * * * *  * * * * *  w * * * *  * * * w *  w * * * *  * * * * *  w * * * *  

RL'WEDE KNKRG GRW'LZ TLNKQ ~,RND LDRFW LETLM CLIGE SFDBH 8DDVC 

RV~KE RLGLP AKVVI GYQTH ADTAT KSOBT TKNRF W 
***** ***F* P'I** ***** ***** ***** ***** ** 

Fig. 2. Alignment of the deduced amino acid sequences for Xenopus laevis, human [6], rabbit [5] and mouse [4] elF-4E protein. The italicized sequence 
is included in the long type cDNA. Identical and absent amino acid residues are indicated with asterisks and hyphens, respectively. 
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A 
elF-4E 

B 
activin receptor 

Fig. 3. Expression of Xenopus elF-4E (A) and activin receptor (B) 
mRNAs in oocytes and embryos. Total RNAs extracted from oocytes 
and embryos at the indicated stages were analyzed by RT-PCR. PCR 
product was fractionated on 1.0% agarose gel electrophoresis. Ampli- 
fied bands were visualized by ethidium bromide with ultraviolet light. 
Primers to eIF-4E mRNa are indicated in Fig. 1. Activin receptor 
primers are as follows: forward, GGAAAAAAACATGGGAGCTG 
(corresponding to the -10  to + 10 region); reverse, CAAAACGA- 
GAAGAGAACAAT (corresponding to the + 460 to + 480 region) [28]. 

approximately 50 bp 5'-untranslated sequence (Fig. 1). Thus, 
the 5'-untranslated region of Xenopus eIF-4E is 2.5 times longer 
than the human  and the mouse versions. The 5'-terminal region 
contains characteristic oligopyrimidine tract CCTCCTCT- 
T C T T C C C T  which is similar to the oligopyrimidine tracts at 
the 5' ends of the cDNAs for the vertebrate ribosomal proteins. 
In mammalian and Xenopus, the 5'-terminal oligopyrimidine 
elements have been shown to be involved in translational con- 
trol especially at the step of polysomal mobilization [24-26]. In 
Xenopus, m R N A  of tffe elongation factor EF-lct  also has the 
oligopyrimidine element and the translation of the E F- I~  ap- 
pears to be coordinated with that of ribosomal proteins [27]. 
In the case of Xenopus eIF-4E cDNA, the first pyrimidine base 
cytosine is preceded by a purine base adenine. However, con- 
sidering that reverse transcriptase can add a few extra template- 
independent nucleotides, the 5'-terminal base can be cytosine. 
The expression of Xenopus eIF-4E could be regulated at trans- 
lation step coordinately with ribosomal protein and EF-I~ .  
This is an attractive and interesting possibility. 

The Y-untranslated region (1866 nt) is nearly three times as 
long as the coding region (Fig. 1). This is a pyrimidine-rich 
region and contains many short repeats of thymine residues. It 
is of interest that there is a 31 nt pyrimidine sequence at position 
850. The 3(-untranslated region contains 5 poly(A) signals; 
AATAAA at positions 1303, 1641, 2375, 2489, and ATTAAA 
at position 1096. In tailbud embryos, expression of the two 
shorter mRNAs  generated by the use of  different polyadenyla- 
tion signals (polyadenylated at positions 1118 and 1328, Fig. 1) 
was confirmed by 3 ' -RACE (data nog shown). 

Expression of the eIF-4E m R N A  in oocytes and embryos 
was examined by RT-PCR. Fig. 3A shows that Xenopus eIF-4E 
m R N A  is expressed at a high level in oocytes stage I-II ,  and 
the m R N A  persists in early embryos. High levels of m R N A  
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expression at tile early phases of oogenesis is a well known 
phenomenon.  Expression of activin receptor m R N A  was also 
examined as a control (Fig. 3B). This m R N A  is reported to be 
expressed as a maternal  m R N A  and its level is relatively con- 
stant throughout early Xenopus embryogenesis [28]. The ex- 
pression pattern of the eIF-4E m R N A  is similar to that of  
activin receptor m R N A  during oogenesis, although it is some- 
what different in later embryonic stages. It appears that the 
amount  of the eIF-4E m R N A  gradually decreases from cleav- 
age stage to gastrula stage and turn to increase at tailbud stage. 
Further experiments are now under way. 
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