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1. Introduction 

We have previously reported that E. coli tRNAtlU 
contained 5methylaminomethyl-2-thiouridine [l] and 
2-methyladenosine [ 1,271 as minor constituents. Pre- 
liminary sequential study of this tRNA strongly sug- 
gested that 5-methylaminomethyl-2-thiouridine and 
2-methyladenosine are located in the first position of 

the anticodon, and in the next to the 3’-hydroxyl end 

of the anticodon [ 11, respectively. The-specific function 
of the 2-thiouridine derivative in the decoding process 

in protein synthesis has been previously discussed [I] . 
In addition, it was shown that selective modification 

of the 2-t~ouri~ne derivative in E. coli tRNAGIU with 
cyanogen bromide caused loss of the glutamic acid ac- 
ceptor ability, suggesting that the first letter of the anti- 
codon, or the anticodon region of the tRNAGIU, might 
be important for the reco~ition of ~utamyl-tea 
synthetase [3] . For further understanding of the in- 
volvement of the 2-thiou~dine derivative in biological 
functions of tRNA, we have tried to obtain a total 
primary sequence of E. coli tRNA, G1”. This communi- 

cation deals with the nucleotide sequence of E. coli 
tRNAGlu . E. coli t~AG1uconsists of 76 nucleo- 
tide reiidues with relatikly few minor nucleosides, and 

Abbreviations: 
m2 A: 2-methyladenosine 
S: 5-methylaminomethyl-24hiouridine 
OD unit: an amount of material which has an absorbance of 
1.0 at 260 rnp when dissolved in 1 ml of water and measured 
with a 1 cm light path 
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the sequence can be arranged as clover-leaf structure 

as in the case of other tRNA’s. 

2. Materials and methods 

2.1. Isolation of E. coli tRNAfl” 
Unfractionated E. coli tRNA obtained from cells 

of E. coli B harvested at late log phase was first frac- 
tionated by DEB-Sephadex A-50 column chroma- 

tography as described previously [4]. Glutamic acid 
tRNA was separated into 2 fractions by this procedure 
[5]. The major species, designated as tRNAFl”which 
was eluted later from the column, was further frac- 
tionated by benzoyiated DEAE-cellulose column 
chromato~aphy, then reverse phase partition column 
chromatography as previously described [5]. In later 
work, the tRNAzlU fraction obtained by DEAE-Sep- 
hadex A-50 column chromatography at pH 7.5 was 
purified by successive application of DEAE-Sephadex 
A-50 column chromatography at pH 4.0 [6]. The 

tRNA thus isolated was found to accept 1.66 nmoles 
of “C-glutamic acid per OD unit of tRNA, and estim- 
ated to be more than 95% pure judged from its chroma- 
tographic profiles of RNase T, and pancreatic RNase 
digests. Details of this purification procedure will be 
published elsewhere. 

2.2. Isolation and characterization of oligonucleotides 

derived from RNase T1 and pancreatic RNase digests 
The general methods used for extensive hydrolysis 

of tRNA with RNase Ti or pancreatic RNase, subse- 
quent isolation of the oligonucleotides by DEAE-Seph- 
adex columns, sequence determination of the oligo- 
nucleotides by the use of RNase Ti’, T2, RNase U2, 
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p--“CCCC”“CGm~GCCC*CACCGCCC”S”CfC ---_---_--- -- --------- 
a) pG~CCCCuUCGUCY’AGAGGC 
d) pGUCCCCUUCGUC’+‘A b) CAGGACACCGC 

60 50 50 m I5 
---_ -- -v-P- 
GGCGGUAACAG~~GTYCGAAUCCCCUAGGGGACGCCAOH --- -___--__ --- 

c) GAAUCCCCUAGGGGACGC 
l ) GGGGTYCGA I) CGCCAOH 

Fig. 1. The nucleotide sequence of E. coli tRNAflU and the large oligonucleotides used for overlapping. Fragments a, b and c 
were obtained by limited digestion with pancreatic RNase; fragments d, e and f were obtained by RNasC Ua digestion of keth- 
oxal-treated tRNAFhr. The 2 lines over or under the sequence show fragments from complete RNase T.t and pancreatic RNase 

digestion. 

Fig. 2. Clover-leaf model of E. coli tR_NAFIU. 

pancreatic RNase, B. subtilis RNase, polynucleotide 
phosphorylase, snake venom phosphodiesterase, silk- 
worm nuclease and/or periodate oxidation, were es- 

sentially the same as those described previously [7] . 

2.3. isolation of large fragments used for overlapping 
Limited digestion of E. coli tRNAflU was performed 

in the presence of 0.02 M magnesium chloride as des- 
cribed previously [8,9] . Isolation of the large fragments 

by DEAE-cellulose column chromatography, followed 
by DEAE-Sephadex A-25 column chromatography and 
the procedure used for their characterization has been 
also previously described [8,9] . Oligonucleotides 
ending with A which were necessary for overlapping 
were obtained by digestion of E. coli tRNAflU with 
RNase Us after it was treated with kethoxal for the 
modification of G residue as described previously 
[lO,ll] . 

3. Results and discussion 

Fig. 1 shows primary sequence of E. coli tRNAfl” 
and the large fragments used for overlapping. By com- 
bining the data on the sequences of oligonucleotides 
derived from complete RNase Tr and pancreatic 
RNase digests with the sequences of the large fragments 
as shown in fig. 1, the sequence up to CL 9 from the 
5’-terminus and the sequence up to G4s from the 
3’-terminus have been unambiguously determined. 
Between these 2 sequents, the 3 following sequences 
were theoretically still considered as possible : 
1) -CCAGGACACCGCCCUSUCm’ACGGC-, 
2) -CCAGGACACCGCGGCCCUSUCm2 AC-, and 

3) -GGCCCAGGACACCGCCCUSUCm2AC-. 
However, it is virtually certain that the unique se- 

quence -CCCUSUCm2ACG- derived from the 
RNase Tr digest includes the anticodon loop, in 
which the sequence SUC is placed as the anticodon. 
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This con~~usion was obtained by consideration of the 
general features of anticodon region structure of tRNA, 
as we have previously discussed [l] . By taking into 
account this fact, the sequences (2) and (3) can be 
excluded. Therefore, we conclude that the correct 
primary sequence of tRNAF1” is as indicated in fig. 1. 
The most difficult task for obtaining the sequence of 
E, coli tRNAfl” is characterization of the oligonucleo- 
tides A-G-G-G-G-Tp and A-G-G-G-G-A-Cp, derived 
from the pancreatic RNase digest. These 2 oligonucleo- 
tides were eluted together as a broad peak from a 
column of DEAE-Sephadex A-25. They were extreme- 
ly resistant to attack by RNase Tr , RNase Tz , silkworm 
nuclease and snake venom phosphodiesterase, sug- 
gesting that they form an aggregate. Isolation of each 
oligonucleotide was partly achieved by fractionation 
of the pancreatic RNase digest with DEAESephadex 
A-25 coh~mn chromatography carried out at 65”. In 
addition, A-G-G-G-G-A-Cp and G-G-G-G-Tp have been 
separately sequenced by using oligonucleotides ob- 
tained from the large fragments c and e, respectively. 

The structure arranged in a clover-leaf form is shown 
in fig. 2. It contains relatively few minor components: 
2 moles of pseudouridine and 1 mole each of ribothy- 
midine, 5-me~yla~nomethyl-2-t~ouri~ne and 2- 
methyladenosine. 7_Methylguanosine, dihydrouridine 
and 4-thiouridine, which were found in most E. coli 

tRNA’s, were not present in E. coli tRNA9”. E. coli 
tRNA2’” has an unusual structure consisting of 4 un- 
paired nucleotides between the anticodon-stem and 
the T$C-stem*. E. Coli tRNA’s so far sequenced con- 
tain either a ~nt~ucleo~de sequence with 7-methyl- 
guanosine, or a longer stem in that position (see review 
by Zachay [ 121 and also [ 11,13-161 for sequences 
of other E. cob tRNA’s). A sequence of 4 unpaired 
nucleotides between the 2 stems has only previously 
been found in yeast tRNAAla [17] and tRNA*V [18]. 
It should also be mentioned that the tRNAfl” can 
form tertiary structures either of the type proposed 
by Levitt [ 191 with a base pair between Gr r and Cr8, 
or by Cramer et al. [20] with base pairs between 
AZ 2 -Ga a and J/C of GTJ/C. Isolation of other large 
fragments to obtain final overlapping, and sequence 

* It is also conceivable that LJ4 s forms a base pair with 
Aa 7, resulting in 6 base pairs in the anticodon-stem, 
leaving 3 unpaired nucleotides between the anticodon- 
stem and the TtiC-stem. 

determ~ation of a minor species of E. coli glutamic 
acid tRNA, i.e. tRNA’1;‘“, are currently being under- 
taken. 
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