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1. Intreduciion

Two classes of methionine-accepting transfer RNA
have been characterised from the cytoplasm of mam-
matian cells. As in other cukaryotic systems, one of
these (tRNA?,llet) is found to donate methionine into
the internal posttions of protein chzins, whereas the
other, the initiator (tRNA%‘el), acts as a specific do-
rot for the N-terminal methionine residue found in
newly synthesized polypeptides [1-3}. Mcthionyl!-
tRNAME in the cytoplasm of eukaryotes, unlike that
of E. coli and mitochondria, does not necd to be
formylated before it can donate methionine into the
N-terminal positions of proteins. We are attempting
to relate the structure of a eukaryotic initiator tRNA
to its rofe in the cell with the aim of explaining the
differences in its behaviour from the bacterial initiator
tRNA. At present we are determining the nucleotide
sequence of the tRNA:’“‘ from mousa P'3 myeloma
cells.

Very recently the nucleatide sequence of the first
cukaryotic mitiator tRNA has been determined by
Simsck and RajBirandary [4]. This yeast tRNAM¢®
has a featuie distinct from all other tRNA's of known
sequences functioning in protein biosynthesis: the
common --GpTp¥pCp-- sequence found in loop 1V
of the cloverleaf structure is replaced in yeast
!R]’*JA?"=t by the scquence —GpAp—UpCp—. Now we
have also found the latter sequence in a mammalian
initiator tRNA replacing the common sequence con-
fizming the notion that this region of the molecule is
concerned with the special initiation role.
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2. Methods and resufts

The mouse P3 myeloma celis have been label ed
with [32P}phasphate in tsie culture in this labo-
ratory in studies cn the struc ture of mycloma res-
senger RNA by Drs. G.G. Brownlee and C. Milst2in.
We are very gratetul to them for making availablz
to us the radioactively labelled 4 S-RNA from their
cell extracts for use as our source material. In com-
meon with the IRNA%W‘ from rabbit tiver [2,3]).
guinea pig liver [5] . mouse ascites tummoeur cells
[1} and yeast |4}, a methionine-accepting species.
from these cells can be both aminouacylated with
meihionine by purifled E. coli methionyl tRNA
synthetase (a gift from Drs. CJ. Bruton and
G. Koch) as well as formylated by the £ coli teens-
tormyiase [6]. This property of formylation by
the bacterial enzyme has been used to identify the
fractionated tRNAME! a5 an initiator tRNANMC!,
The 32pP-labelled mouse P3 cell tRNAY®! has heen
purifted by chromatography on reverse phuse
RPC-5 columns |6], and characterized by two-
dimenstonal [ractionation of the ribonuclease di-
gestion fragments using the procedunres developed
by Brownlee et al. [7} . The oligonucleotide map
yielded by RNAase Ty digestion of the tRNA%"”
is illustrated in fig. 1. 14 oliponucleotides includ-
ing two identified as the 5"-end (pApGp) and 3'-
end {CpUpApCpCpA) oligonucleotides are re-
leased from the sample by RNAase T; digestion.
This corresponds to the number which might i
expected from a single spacies of tRNA and per-
mits the approximate length of 75 nucleotides ta
be estimatad from a comparison of the yields with
the ends. The purity of the tRNAM®! wus
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Fig. 1. Tracing of an autoradiograpk of a two dimensional fin-
gerprint of the radicactive RNAzse Ty complete digestion
products of myeloma tRNA%’eI, The arrows 1 and 2 represent
electrophoresis on cellulose acetate a1t pH 3.5 and on DEAE-
celluiose paper in 7% formic acid { 7] . The origin is at the in-
tersection of the arrows. The datied spots represent parfial
molur vicids. The sequences of the oligcnucleotide praducis
represented by the solid line spots are given as far as they
have been deermined. E is the position of the bluc marker.

estimated to be approx. 80% from the level of con-
tzminant oligonucleotides in the fingerprinis.

A most unusital feature which has emerged from
our analvsis of the ribeanuclease digestion products ¢b-
tained from this species of tRNA is the complete ab-
senice of the sequence —Tp¥p— in any of the irag-
ments. In RNAase T fingerprints of all our prepara-
tions —Tp¥pCpGp—, the product most commonly
found in RNAase T, digests of tRNA, is only present
at contzminant level (< 16%). In addition the
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Fig. 2. Sequence of toap IV in base paired bairpin form as
consistent with sequences i2f2rred to in the text.

fingerprint {(not shown) of a pancreatic rikonucleas:
digest of this tRNA species does not reveal the pres-
ence of the mononucleotide \p although ¥p would
be expected from the ability of pancreatic ribonucle-
ase to cleave after Tp and Wp were the sequence
—Tp¥P— in this tRNA. We have made use of thin-
layer chromatography on cellulose plates, using the
solvent sysiems described in [8], to identify the
mononucleotides produced by RNAase T, digestion
of the compiete RNAase T digesticn products of P3
celt tRNAY “t_and we have not found any evidence
for Tp or ¥p in this molecule.

We have also isolated partial RNAase T, digestion
products [6} which show that the longest complete
RNAase T digestion fragment obtained from P* celf
tRNA}'®! [m!ApApApCpCpApUpCp(Cp, UpCp)UpGpj
is preceded in the molecule by the probable sequence
GpApUpGpGpApUpCpGp. The part of the primary
struciure thereby tentatively determined can be
drawn as a haitpin leop {fig. 2), not containing the
anticodon from which it can be seen by comparison
with known cloverleaf structures that in all probabili-
ty a —GpArUpCp— replaces the ~GpTpW¥pCp found
in other tRNA species.

3. Discussion

SimseX and RajBhandary [3] have proposed that
the —GpApUpCp— sequence in t}_m-tRNAfiel of yeast
may be associated with its important biological roic
as the initiator tRNA species. They suggest thal it -
might reflect a unique structure for this moiecule -
which may enable mct.hit:)nyl-tR.l‘\L‘i%":t to act zs initi
ator and also vperate to prevent this unformylated
me:ti‘u‘onylAti’&NA?let from inscrting methionine into
the intamal positions of prateins. Qur studies on the
squence of a meuse cell tRNA?"’t have given strik-
ingly similar results, which indicate that this structur
2! feature may well be unique to the cytoplasmic ini-
tiator iIRNA’s of eukarvotes. The only prokaryotic
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rRNA%i-e‘ of known primary structure is the species
isofated from £. coff [9] and this has the normal
—GpTp¥pCp— sequence in loop bV (ofien called
T¥C-loop).

The features of the mammalian initiator IRNA
which differendiate’it from the £. coli initiator tRNA
are the lack of formylaticn of the attached methio-
nine during polypeptide chain initiation and the way

© jn which it is bound to the ribosome. The recognition

. by the bacterial transformylase implies that the special

: structural feature does not dictate the specificity of

" formylation. Darnbrough, EHunt and Jackson [10]

_have recently demonstrated the existence of a cam-

' plex between methionyl-tRNANC! and 40 5 ribosomal
subunits in rabbit reticulocyte lysates during active

 protein synthesis, The existence of this complex im-
plics that the initiator tRNA has the unique ability to

" bind to a ribosomal subunit in the absence of the ap-

propriate AUG initiator codon on the messenger RMA.

Either this property or the lack of recognition by the
elongation factor which recognises other aminoacyl-

iRNA’s may be a consequence of a special structural

feature of the LRNAM®! outlined above.
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