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Summary : Initiator methionyl-tRNA's from E. coli and wheat embryo
can also transfer methionine into internal positions of a polypeptide
chain. This transfer depends on the protein synthesizing system

used, an E. coli system being about 10-times more active than a wheat
embryo system. At low Mg2+ concentration this incorporation depends
on the presence of both initiation factors and fmet—tRNAMEt, but

the rate is slower than that from met—tRNA%et. Wheat embryo initietor
met-tRNAMet can initiate protein synthesis in an E. coli system

only when it is chemically formylated, but fmet-tRNAgeE (non-initiator)
is inactive in this reaction.

A special species of methionine tRNA is involved in the
initiation of protein synthesis in both prokaryotic (1-4) and
eukaryotic (5-13) systems. Formylation of the prokaryotic tRNAP;et
is necessary for its initiator function (1k,15) but initiation in
the eukaryotic system does not require any blocking of the initiator
met-tRNA (6-13). In eukaryotic systems initiator tRNA'C® (tRNA’ﬁSt)
species are not formylated (5-8, 11-13) but they can be charged
and formylated by E. coli enzymes (5~8). An exception to this is

wheat embryo initiator tRNAMet, which is charged by E. coli synthe-

1
tase but is not recognized by the E. coli transformylase (11-13). It
has been reported that prokaryotic and eukaryotic initiator met-

tRNA species are unable to transfer methionine into internal position
of a polypeptide chain (3, 6-8, 11-13, 16, 17). A suggested
explanation for this is the failure of initiator tRNAMet species

to form a ternary complex with the elongation factor (T or TI) and
GTP (6, 15, 18-20). However, two eukaryotic initiator tRNA's,

yeast tRNA?St and wheat embryo tRNAI\ldet form ternary complexes with

elongation factor T and GTP (21, 22). Furthermore, it was recently
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reported that in mammalian systems initiator met-tRNA's can insert
methionine internally (23-25).

We previously reported that in an E. coli system either E, coli

I
fmet—tRNA®Y or yeast fmet-tRNApe'

f
synthesis from E. coli met—tRNAxet as directed by poly r (A~U-G)

can initiate polymethionine

(4, 5). We also showed that in a wheat embryo system polymethionine

synthesis from wheat embryo met-tRNAget is dependent on the N-terminal

incorporeation of methionine from met—tRNAl\fet {13). In the present
communication we report that the initiator met-tRNA's can transfer
methionine into internal positions. The efficiency of this transfer
depends on the initiator tRNA species and the ribosomal system used.
Also eukaryotic initiator met-tRNA's can initiate in prokaryotic
system only when it is formylated, but formylated non-initiator

met-tRNA's are inactive.

Materials and Methods:

Met

Wheat embryo tRNA’;et (1810 pmoles/A, . unit) and tRNA, (960

260

pmoles/A260 unit) were prepared as described earlier (13). E. coli
Met Met
tRNA, (1650 pmoles/A26o) and tRNA (1420 pmoles/A260) were

prepered from E, coli B tRNA by the procedure of Nishimura (26),

Purified tRNA’th was free from tRNAzet

of f-[3ss]met-tRNA¥et yielded less than 0.1% free [358] met. Chemical

since alkaline hydrolysis

formylation of methionyl-tRNA's was done with formyl-N-hydroxy-
succinimide (15). The procedures for polypeptide synthesis using
ribopolynucleotides of repeating sequences were previously deseribed
(13, 27). The polypeptide synthesizing system from E. coli contained
three times washed ribosomes and purified elongation factors T and G
(27). The unfractionated initiation factors d S-100 used were passed
through a DEAE-cellulose column in presence of 0.25 M NHhCl to remove
contaminating nucleic acids (5). Polymethionine synthesis as directed
by poly r (A-U-G) in this system was dependent cn the presence of added

tRNA.
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Table I

Polymethionine synthesis from initiator methionyl-tRNA's

in prokaryotic and eukaryotic systems

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

[355] Met polymerized (pmoles/ml)
E. coli W. embryo W. embryo
Ribosomal Met-tRNARE® Met-tREAbIEt Met-tRNANEt
System Used Condition % of % of % of
Input Input Input
E. coli -poly(A-U-G) 2.4 2.3 3.0
+poly(A-U-G) 50.3 60 7.7 21 67.1 k0
Reticulocyte -poly (A-U-G) 1.2 1.6 0.7
+poly (A-U-G) 13.8 16 7.8 3.5 72.8 45
Wheat embryo -poly (A-U-G) 0.6 0.8 1.0
+poly(A-U-G) 5.1 6 3.1 1.k 60.8 37

The E. coli system contained per ml 18 A,gy units of washed ribosomes, 0.18 mg

of purified T and G proteins and necessary components (27).

Wheat embryo system

contained per ml 25 Asgy units of washed ribosomes; 0.65 mg of a partially
purified wheat embryo T and G factor free from nucleic acids and other necessary

components {13).
and other necessary components were used in the reticulocyte system (2L),

6 Apgp units/ml of previously incubated reticulocyte ribosomes

Poly

r(A-U-G) present was T2 nmoles/ml. The Mg®* concentrations used in E. coli and
wheat embryo systems were 12 mM and in the previously incubated reticulocyte

system was 6 mM.

Results:

Table I shows that both met-tRNA

Incubation time was 45 minutes.

Met
b

and met-tRNA

(1 pmoles = 4500 cpm).

Met
1

can form

polymethionine directed by poly r {A-U-G) in cell-free systems from

E. coli, reticulocytes, and wheat embryo.

Edman degradation of the

polymethionine synthesized (13) showed that about 90% of the [3581

methionine is incorporated internally.

methionine from met--tRNAI;.!et
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Table I1
Effect of initiation factor and formylmethionine on the

polymerization of methionine from initiator methionyl-tRNA's

[358] Met polymerized (pmoles/ml)
L oM MgSt 6 mM Mg2*
[355] Met-tRNA [355] Met-tRNA

W. embryo E. coli W. embryo E. coli
Conditions Met; Metf Metl Metf
-poly(A-U-G) 1.7 1.0 2.1 1.7
+poly(A-U-G) 1.9 1.1 L, L 10.6
+poly (A-U-G) + I.F, 2.4 1.7 13.8 33.0
+poly{A-U-G) + I.F. 3.k 4.5 17.1 34.6
+ ﬁnet-tRNAb:,et

The conditions are the same as described in Table I. The concentr%tions
of unfractionated E. coli initiation factors and f[35s] met-tRNAl® were
0.2 mg/ml and 11 pmoles/ml respectively. Time of incubation was 10 min.

which is subsequently incorporated internally was ruled out since presence
of an excess of unlabelled methionine (lo—hM) did not decrease the

[355] met-tRNA's, Also addition of [3H] methionine

incorporation of
(2 nmole) in the reaction mixture did not reveal any incorporation of
{3H] methionine in the polymethionine synthesized.

The efficiency of polymerizetion varies with the cell-free system,
and the tRNAbfet used: the E. coli system and tRNA.}get gives the greatest
internal insertion of methionine, while the wheat embryo system and
tRNAPfet is least efficient. Polymerization from the non-initiator
Met—tRNAhzdet shows that the three systems tested have similar polymerizing
capacity.

We showed earlier that polymethionine synthesis from met—tRNA:iet

+
in an E. coli system at low Mg2 concentration depends on the presence

553



Vol. 49, No. 2, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

A WE Mer-traM® B E coi Metirua™e! C E coi Met-tRNAME'
6 Mo* 6 Mg?" 4mM Mg?*
Jis0
’_E: 45 met =
E ' HFTHLE z
me
§ HLEF T~ ) 3
g +LF. g
2
¥ 1008
h-]
® ¢LF. \ met | &
E +LF+FT %
é sk ~;¢,(A-u-s) 150
+ poly(A-U-G) +LE+™e §
o T f
— ¥
— -poly(A-U-Ghy - polyl8-U-G) /*'<L‘ <oy AU-G) 4Fm'fx -
A 1 A e . J. L L A i . 1 )4
10 ) 30 10 20 10 20 30
TME (MIN)

Fig. 1 Kinetics of polyﬂethionine synthesis from met—tRNAMet,
met-tRNAMet ang met—tRNAmet. The conditions for 1A and 1Blare
the same as in Table II. In experiment 1C 290 p moles/ml of
[%H] metﬁggNAﬁet (1 pmole = 1050 cpm) and 11 gmoles/ml of £[%¥%s)
met~tRNAf or 8 pmoles/ml of [°%S] met-tRNAM®T yere used. Hot
CC13C00H inscluble labeled materials were fiitered on Millipore
filter and counted. The contribution of **S was about 2%.

Fmetf is fmet—tRNA?et and metf is met—tRNA?et.

of fmet-tRNA”get

presence of both initiation factors and fmet-tRNArﬁet at 4 mM Mg

stimulates small amount of polymethionine synthesis from tRNAbf,et and

Met
tRNAl

and initiation factors (4). Table II shows that

2+

. However, at 6 mM M32+, the addition of initiastion factors

alone is sufficient to give significant incorporation. The kinetics

+
of incorporation of both me‘(.-'l;Rl\IAI;fe't and met—tRNA};I.Et at 6 mM Mge are

shown in Fig. 1A and B respectively. Figure 1C shows that at 4 mM Mg2+

Met,

presence of both f‘met—tRNAf and initiation factors are needed for

polymethionine synthesis from met—tRNAﬁet. Unformylated met-tRNAhf{et
could not replace fmet—tRNAget. Polymerization from the non-initiator

met-tRNA was faster than that from the initiator met~tRNA's. Thus at

4 mM Mg2+ polymethionine synthesis from tRNA.xet was almost complete at
Met Met

10 min while the same from tRNAf or tRNAl was still continuing,

To find out if tRNAIfet can act as an initiator in E. coli

system we formylated met—tRNA}lqet chemically and tested for poly-
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Table III
Stimulation of polymethionine synthesis by formylated

vwheat embryo methionyl-tRNA's in an E, coli system

[th] Met polymerized (pmoles/ml)
Conditions 15 min 30 min
~poly{A-U-G) 17 22
+poly (A-U-G) 46 54
+poly (A-U-G) + W, embryo 113 140
nmet-tRNATet
+poly (A-U-G) + W. embryo by L2
met-tRNA‘;et
+poly (A-U-G) + E. coli 250 300
fmet-tRNA'i’et

M32+ concentration was 5 mM. Concentrations of f[3SS] met-tRNA?et,

£[355] met-tRNAYel ang f£[35s] met—tRNA’get used were 11, 10, and

8.5 pmoles/ml respectively. The system contained washed E. coli
ribosomes, initiation factors, 0.7 mg/ml of an E. coli S~100 fraction
depleted of its nucleic acids by DEAE-cellulose chromatography,
unfractionated E. coli B tRNA (16 Apg units/ml) and [14C] methionine
(specific activity 60 uci/imole) and other necessary components (&, S).

methionine synthesis in an E. coli system at 5 mM M32+. The

results in Table III show that f*met-tRNAl;et stimulates incorporation

of methionine in presence of initiation factors. The extent of

stimulation is about 50% of that obtained with f‘met-tRNAb;Et. Chemi-
Met Met

cally prepared f*met-tRNA2 could not replace f"'me'l:-tRNA:L under

identical conditions. Like the unformylated met-tREARC', met-tRNALS®

also failed to stimulate polymerization. Binding experiments also

Met Met
showed that only 1‘*’met-—1;RNAl and not f‘*m‘t:--tRI‘IA2 could be

specifically bound to salt-washed E. coli ribosomes at 5 mM M32+ in
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the presence of GTP and initiation factors and AUG (date not presented).
Discussion:

Our finding that initiator met-tRNA's can form polymethionine
in both prokaryotic and eukaryotic systems shows that like the non~
initiator aminocacyl-tRNA's they are also recognized by elongation
factors and bind to ribosomal sites accepting aminoacyl-tRNA's. Gupta
and co-workers have made similar observations with reticulocyte
system (23, 24) end recently in an E. coli system (personal communi-
cations). The kinetics of polymerization, however, suggest that
the recognition of initiator met-tRNA by polymerizing enzymes and
internal codons are less efficient than that for the propagator

tRNAxet. In fact, the presence of met—tRNAMet decreases the poly-

m
merization of met-tRNA.I;Et (unpublished observation).

Our results further suggest that the specificity of recognition
of an initiator or internal methionine codon depends on both the
ribosomal system and the structure of the tRNAMet. The fact that
E. coli system can add methionine internally from initiator met-tRNA's
more easily than the eukaryotic system may explain its requirement
for formylation of initiator met-tRNA's.

Although neither met—tRNAbfet nor met-tRNAl;et is recognized by

E. coli transformylase, our observation that after chemical

formylation met—tRNA¥Et is recognized by E. coli initiation factors
while met—tRNAlget is not, suggests that there are structural

differences between them. These structural features allows

initiator tRNA's to be recognized by both initiation factors and
elongation factors, but restricts the recognition of non-initiator
tRNA's to elongation factors.
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