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SUMMARY: Treatment of E, coli formylmethionine tRNA with sodium bisulfite
produces six C => U base changes in the tRNA structure. Four of these modifi-
cations have no effect on the ability of tRNA?Et to be aminoacylated or
formylated., Prior to bisulfite treatment, Met-tRNA}get is not able to form

a ternary complex with bacterial T factor and GTP, as measured by Sephadex
G-50 gel filtration, After bisulfite treatment, a large portion of the
modified tRNA is bound as T-GTP-Met-tRNA?Et. Formylation of bisulfite-
modified Met--tRNAlget completely eliminates T factor binding., Unmodified
tRNAIéet is unique among the tRNAs sequenced to date in having a non-hydrogen-
bonded base at the 5' terminus, Bisulfite-catalyzed conversion of this
unpaired Cj to Uy results in formation of a normal U;-A73 base pair at the
end of the acceptor stem. It is likely that this structural alteration is
responsible for the recognition of bisulfite-modified Met-tRNAbget by T
factor,

In recent years, work from several laboratories has clarified the
mechanism of action of elongation factors T and G in bacterial protein synthe-
sis (l). T factor, which consists of two components, Tu and Ts, serves to
bind aminoacyl-tRNAs to the acceptor site on the ribosome during polypeptide
chain elongation. T factor-dependent binding has been shown to occur through
formation of an intermediate Tu-GTP-AA-tRNA1 complex (2-7). This ternary com-
plex is not formed with deacylated or N-acyl aminoacyl-tRNAs (2-5), thus pre-
venting unwanted ribosome binding of these species during tramslation. 1In
addition, no detectable ternmary complex is formed with the E, coli initiator

tRNA (8). Since all other AA-tRNAs, including Met-tRNAget, are recognized

*This paper is V in the series "Structure and Function of E. coli Formyl-
methionine tRNA,'" For paper IV see reference 16,

+Research Career Development awardee of the National Institute of General
Medical Sciences (GM 25161).

1Abbreviations used are: AA-tRNA, aminoacyl-tRNA; tRNA%et, the methionine
accepting tRNA from E. coli wh%ch can be enzymatically formylated; Met-tRNA%et,
methionyl-tRNA¥EC; fMe t-tRNAMEE, N-formylmethionyl-tRNAYEL; tRNAget, the
methionine accepting tRNA from E. coli which cannot be enzymatically formy-
lated; tRNAPhe, phenylalanine accepting tRNA.
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by T factor, the discrimination against Met-tRNADf{et must be due to the pres-
ence of some unique structural feature in the tRNA itself, We now report that
introduction of specific C—> U base changes in the primary sequence of E,

coll tRNAlf'Iet by treatment with sodium bisulfite produces a modified tRNA spe-
cies which forms a ternary complex with T factor and GTP.

MATERTALS AND METHODS: Purified E, coli tRNA?et was isolated from crude E.

coli K12 tRNA as described previously (9) and accepted 1,8 nmoles methionine

and formate per A260 of tRNA, The sample of tRNAIfI{et

used in these studies
was the isomer having an A residue rather than a 7Me G residue at position 47
from the 5' terminus (10). The tRNA:et used here was a partially purified

fraction obtained free of tRNA;Iet

by chromatography on benzoylated DEAE cel-
lulose (11) and accepted 0,3 nmoles methionine per A260' Phe--t:RNAPhe was
prepared from a partially purified fraction of tRNA accepting 0,14 nmoles
phenylalanine per A260' Crude E. coli synthetase was prepared from E. coli
strain Q13 as described previously (9).

Uniformly labeled [140]methionine (71 cte/min/pmole) was obtained from
Amersham/Searle and [14C]pheny1alanine (63 cts/min/pmole) from Schwarz Mann,
Folinic acid was obtained from General Biochemicals, converted to 5, 10-meth-
enyltetrahydrofolate as described by Dubnoff and Maitra (12) and stored in
50mM mercaptoethanol, 0, 1N HC1 at =-20°. This compound was converted to the
formyl donor, 10-formyltetrahydrofolate, by neutralization of the solution

Met

just before use, Met-tRNAf and M.et-tRNAget were prepared as described pre-

viously (9). fMet-tRNAbfdet

mM Tris~HCl pH 7.5, 10 mM Mgclz, 10 mM KC1, 10 mM NH4C1, 2 mM reduced gluta-

thione, 2 mM ATP, 0,15 mM [14C]methionine, 1 mM formyl donor, 36 uM tRNAI;Iet

was prepared in a reaction mixture containing 100

and 2,9 mg/ml crude E. coli synthetase, After incubation at 37° for 25 min,

protein was removed by passage of the solution through a small DEAE cellulose

column (9). The reaction mixture for preparation of Phe-tRNAPhe was the

same as that described above except that tRNA%et, methionine, and formyl
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donor were omitted and 0,16 mM [14C] phenylalanine and 58 uM tR¥APR vere
added,

Bisulfite modification of tRNA};EIet was carried out as described previously
(13, 14).

y-32P—GTP and purified T factor (Tu,Ts) were generous gifts of Dr. Umadas
Maitra and were prepared as described elsewhere (15). The T factor used in
these experiments had been stored for 4 months in 20 mM Tris-HCl pH 7.8, 1 mM
dithiothreitol, 30% glycerol at -20°, One unit of T factor is defined as the
amount of factor which binds 1 pmole of GDP in 10 min at 0° as measured by
retention of [3H] GDP on Millipore filters (153).

Formation of T-GTP-AA-tRNA complexes was assayed by the procedure of
Gordon (3). The reaction buffer consisted of 50 mM Tris-HCl pH 7.5, 150 mM
NH4CI, 10 mM MgC12 and 1 mM dithiothreitol. The reaction mixture for complex
formation contained reaction buffer, 400 pmoles of y-BZP-GTP (specific activity
1500 cpm per pmole), 14 units of T factor and 2 to 48 pmoles of AA-tRNA in a
total volume of 0,125 ml. After incubation at 25° for 10 min, the mixture
was cooled to 0° and a 0.1 ml aliquot was applied to a Sephadex G-530 column
(0.5 x 20 cm) which had been equilibrated with reaction buffer at 0°, The
sample was eluted with the same buffer, Fractions (0,15 ml) were collected
and counted in Bray's scintillation fluid. Formation of the ternary complex
was assayed as the amount of y-32P-GTP in the excluded volume of the column.
This fraction was completely separated from free GTP and Pi under the con-
ditions used,

RESULTS AND DISCUSSION: As part of our studies on structure-function rela-

tionships in E, coli formylmethionine tRNA (9, 14, 16, 17) we have recently
investigated the effects of sodium bisulfite-catalyzed deamination of cytosine

residues in this tRNA on its ability to be enzymatically aminocacylated and

formylated., Treatment of tRNAl;_let with 3M NaHSO3 at 25° results in a first-

order loss of these biological activities as a function of time and produces
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C —> U base changes at six different sites in the tRNA structure (13,14).
The modifications at Cq5 in the anticodon and C7g in the CCA-OH sequence have
been shown to be responsible for the loss of biological activity while the

four remaining modifications at Cj, Ci6 Cl7' and Cy5 have no effect on the

Met

ability of t:RNAf to be acylated or formylated (l4)., The positions of these

modifications are indicated on the clover leaf structure of tRNA}flet shown

in Fig. L
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FIGURE l: Sites of C —> U conversions in molecules of bisulfite-modified
E. coli tRNAl;_Iet active with respect to methionine and formate acceptance.

0MeC, 2'-0-methylcytidine; D, dihydrouridine; S, 4-thiouridine; Y,

pseudouridine,

We have now examined the ability of bisulfite-modified tRNA}fiet

recognized by bacterial T factor. The bisulfite reaction was carried out to

to be

the extent of 60% loss of methionine acceptor activity. The remaining active
molecules were enzymatically aminoacylated and tested for their ability to

form a T-GTP-AA-tRNA complex, Figure 2 compares the amount of ternary complex
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FIGURE 2: Formation of the ternary complex with E. coli T factor,

7-32P-GTP and aminoacyl~tRNAs as measured by Sephadex G~50 gel filtration.

formed, as measured by y-32P-GTP excluded from a Sephadex G-50 column, for a

number of aminoacyl-tRNA species. Phe—tRNAPhe and Met~tRNA$et were found to

behave identically in the binding reaction. Prior to bisulfite treatment, no
ternary complex could be detected with Met-tRNA?et,

treatment, a substantial fraction of the modified tRNA was bound as T-y-32P-

however after bisulfite

GTP-Met-tRNAI;et. Formylation of the modified tRNA completely eliminated
formation of the ternary complex, in keeping with the known ability of T
factor to discriminate against N~acyl aminoacyl-tRNAs.

These results indicate that one or more of the C —> U changes in the

structure of bisulfite-modified tRNA alters the molecule in such a way

Met
£
that it is no longer prevented from binding to T factor, While we have not
yet directly determined the modification responsible for this change in
biological activity, we consider the C -———> U base change at the 5' terminus

Met

to be the one most likely to account for our results, E. coli tR.‘NAf is
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unique among the tRNAs sequenced to date in having a non-hydrogen-bonded base

at the 5' terminus (10). Bisulfite - catalyzed conversion of C1 —> 1

produces a normal Ul - A73 base pair at the end of the acceptor stem of

tRNAIéet and increases the structural resemblance of the initiator tRNA to

other tRNAs,
The extent of modification of C1 in the tRNA used in these experiments is

50-70%. C7 is modified to the extent of approximately 407 and C,, and C

5 16 17
to less than 30% each., If the C1 ~—> U; conversion alone is respomsible for

the change in T factor recognition of Met-tRNA?et, this could explain why

only a fraction of the modified molecules are able to form the ternary complex.
The initiator tRNA from yeast has been shown have a fully base-paired ac-

ceptor stem (18,19). Unlike E. coli tRNAY ",

ternary complex with GTP and T factor from both yeast and E., coli (20).

this tRNA is able to form a

Richter et al, (21) have shown, however, that while the complex formed with

yeast initiator tRNA can readily be detected by Sephadex G-50 gel filtration,
it is more unstable than complexes formed with other AA-tRNAs and dissociates

during slower gel filtration on G-100, Furthermore, the yeast Met-tRNA?et-

GTP-T complex does not function as an intermediate in the binding of the
tRNA to the acceptor site on the ribosomes,

The structural requirements for recognition of AA-tRNAs by T factor have
been investigated in a number of laboratories. Ofengand and coworkers have
shown that cleavage of the 2',3' -carbon-carbon bond of the 3’ terminal
adenosine residue of yeast Phe-tRNAPhe prevents formation of the termary
complex (22), The denatured form of yeast ]‘..ev.1-tRl\IAII';lIl has also been shown
to have a markedly reduced affinity for wheat germ T factor (23), and a re-
quirement for the 5' half of the tRNA molecule has been demomstrated in the

formation of a ternary complex consisting of E. coli Val-tRNAval, E. coli

T factor and GTP (24)., Modifications in the anticodon loop (24-27), anticodon

stem (28), dihydrouridine loop (28) or dihydrouridine stem region (24,29), on
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the other hand, have no effect on T factor recognition. Recently, it has also
Phe .. .
been shown that yeast Phe-tRNA containing GCCA-OH in place of the normal
CCA-OH terminus is active in ternmary complex formation with E. coli T factor
and GTP (30), as is phenyllactyl-tRNAPhe prepared by deamination of Phe-
tRNAPhe (31). The present report represents the first example of a structural
change which results in an increase in the ability of a tRNA to be recognized
by T factor.

ACKNOWLEDGMENTS: The authors are indebted to Mrs, Heike Pelka for expert

technical assistance, This work was supported by research grants from the
National Institutes of Health, U.S.P.H.S. (GM-16995) and the American Cancer

Society (NP-19B),

REFERENCES

(1) Lucas-Lenard, J. and Lipmann, F. Ann. Rev. Biochem, 40, 409 (1971),

(2) Ravel, J,M., Shorey, R.L. and Shive, W. Blochem. Biophys. Res. Commun,
29, 68 (1967).

(3) Gordom, J, Proc, Natl. Acad. Sci. 58, 1574 (1967).

(4) Gordon, J, Proc, Natl. Acad. Sci. 59, 179 (1968).

(5) Skoultchi, A., Ono, Y., Moon, H.M. and Lengyel, P. Proc, Natl, Acad,
Sci, 60, 675 (1968),

(6) Lucas-Lenard, J. and Haenni, A, L. Proc, Natl, Acad, Sci. 59, 554 (1968).

(7) Ertel, R,, Brot, N, Redfield, B., Allende, J.E. and Weissbach, H.
Proc, Natl. Acad., Sci, 59, 861 (1968).

(8) Omo, Y,, Skoultchi, A., Klein, A, and Lengyel, P. Nature 220, 1304 (1968),

(9) Schulman, L.H. J,_Mol. Biol. 58, 117 (1971).

(10) Dube, S.K.,, Marcker, K.A., Clark, B.F.C. and Cory, S. Nature 218, 232

(1968).
(11) Seno, T., Kobayashi, M. and Nishimura, S. Biochim., Biophys. Acta 169,
80 (1968).

(12) Dubnoff, J. and Maitra, U. Methods in Enzymology 20, Part C, 248 (1971).

(13) Goddard, J.P. and Schulman, L.H. J, Biol. Chem, 247, 3864 (1972).

(14) Schulman, L.H, and Goddard, J,P, J, Biol. Chem, 248, in press.

(15) Lockwood, A.H,, Hattman, S., Dubnoff, J. and Maitra, U, J. Biol, Chem,
246, 2936 (1971).

(16) Schulman, L.H. Proc, Natl, Acad, Sci, 69, 3594 (1972).

(17) Schulman, L.H, Proc, Natl, Acad, Sci, 66, 507 (1970).

(18) sSimsek, M. and RajBhandary, U.L. Biochem, Biophys. Res. Commun. 49,
508 (1972).

(19) RajBhandary, U.L. and Ghosh, H.P, J. Biol, Chem. 244, 1104 (1969).

(20) Richter, D. and Lipmann, ¥. Nature 227, 1212 (1970).

(21) Richter, D,, and Lipmann, F., Tarrago, A. and Allende, J,E., Proc. Natl.
Acad. Sci, 68, 1BO5 {1971).

(22) Ofengand, J. and Chen, C.M, J, Biol, Chem. 247, 2049 (1972).

(23) Jerez, C., Sandoval, A., Allende, J,, Henes, C. and Ofengand, J. Bio-
chemistry 8, 3006 (1969),

281



Vol. 51, No. 2, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

(24)
(25)
(26)
(27)
(28)

(29)
(30)

(31)

Krauskopf, M., Chen, C.M, and Ofengand, J. J. Biol. Chem, 247, 842
(1972).

Wagner, L,P, and Ofengand, J, Biochim, Biophys, Acta 204, 620 (1970).
Ghosh, K. and Ghosh, H.P, Biochem, Biophys. Res, Commun, 40, 135 (1970).
Thang, M.N., Springer, M., Thang, D.C., and Grunberg-Manago, M. Fed,
Eur, Biochem, Soc. Lett, 17, 221 (1971).

Abelson, J,N,, Gefter, M,L,, Barnett, L,, Landy, A,, Russel, R.L. and
Smith, J.D. J.,_Mol. Biol, 47, 15 (1970).

Chaffin, L., Omilianowski, D,R. and Bock, R.M. Science 172, 854 (1971),
Thang, M.N., Dondon, L., Thang, D.C. and Rether, B, Fed., Eur, Biochem.
Soc, Lett, 26, 145 (1972).

Fahnestock, S,, Weissbach, H, and Rich, A. Biochim, Biophys, Acta 269,
62 (1972),

282



