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ABSTRACT. Eubacterial peptidyl-tRNA hydrolase (PTH) recycles all N-blocked aminoacyl-tRNA molecules
but initiator formyl-methionyl-tRNAVet, the acceptor helix of which is characterized by-a72 mismatch.
Positive selection by PTH of noninitiator tRNA molecules with a ful72 base pair is abolished, however,
upon the removal of the'phosphate. The tRNA'phosphate plays therefore the role of a relay between
the enzyme and the status of the 72 base pair. In this study, the receptor site for thetosphate of
elongator peptidyl-tRNAs and the position at the surface of PTH of then@ of complexed peptidyl-

tRNA are identified by site-directed mutagenesis experiments. The former site comprehends two cationic
side chains (K105 and R133) which are likely to clamp the phosphate. The second corresponds to a four
asparagine cluster (N10, N21, N68, and N114). By using these two positional constraints, the acceptor
arm of elongation factor Tu-bound Phe-tRRAcould be docked to PTH. Contacts involve the acceptor
and T¥C stems. By comparing the obtained 3D model to that of E&:Phe-tRNAecrystalline complex

in which the 5-phosphate of the ligand also lies betwee K and an R side chain, we propose that, in
both systems, the capacity of the@hosphate of a tRNA to reach or not a receptor site is the main
identity element governing generic selection of elongator tRNAs. On the other hand, while-#t2e 1
mismatch acts as an antideterminant for PTH or-EE recognition, it behaves as a positive determinant

for the formylation of initiator Met-tRNAVet,

Bacterial peptidyl-tRNA hydrolase recycles aborted pep- the contribution of the tRNA 'Sphosphate. In the case of
tidyl-tRNA molecules resulting from premature termination N-blocked-methionyl-tRNA'!, the same mutations are
of translation by hydrolyzing them to free tRNA and peptide expected neutral.

(1—3). Any N-blocked-aminoacyl-tRNA is a substrate of the  The crystal structure at 1.2 A resolution®fcoli peptidyl-
hydrolase, except formyl-methionyl-tRN¥! of eubacterial ~ tRNA hydrolase was solved recentl$)( Packing of the
origin. Indeed, formylated initiator tRNA must be kept intact protein molecules in the crystal enables several main-chain
to be recruited by IF2 and to participate in the formation of atoms of three residues at the C-terminus of one peptidyl-
the ribosomal initiation complex. tRNA hydrolase to establish contacts inside a channel on
Early in vitro studies with N-acyl-aminoacyl-tRNAs as another peptidyl-tRNA hydrolase molecule. Such an interac-
substrates indicated that the action of the hydrolase wastion was assumed to reflect the formation of a complex
facilitated by the presence of &terminal phosphate atthe  petween the enzyme and one product of the catalyzed
end of a fully base-paired acceptor steth This observation  reaction. At the vicinity of this channel are cationic regions

may explain the resistance dscherichia coliformyl- possibly involved in the binding of the tRNA moiety of the
methionyl-tRNAMe! to cleavage byE. coli peptidyl-tRNA substrate.

hydrolase. Indeed, like all eubacterial initiator tRNA&S coli In the present study, functional probing of several residues

tRNAM*! lacks base pairing at position-72. Possibly, the  jnqived in the recognition of the main-chain atoms of the
resultln_g_ mismatch at the top of the acceptor helix twists peptide product was performed. A likely position of the site
th_e position of fth_e phosphate group such that it can no longer ¢ hydrolysis of the ester bond of peptidyl-tRNA is deduced.
trigger the activity of the enzyme. If this is true, adequate Tq eyidence the cationic side chain(s) possibly involved in
mutations in the enzyme active center capable of changingi,e recognition of the tRNA 'Sphosphate, candidate basic

the response of the hydrolase to the presence or absence Qfije chains were selected as a function of their position with
the tRNA B-phosphate should be obtained. Such mutations respect to the enzyme center, and single-point mutants of

can be searched for by assuming that, in the productive neptiy|-tRNA synthetase were systematically produced and
peptidyl-tRNA:enzyme complex, the-phosphate of RNA — ys5aved for their ability to cleave aacetylaminoacyl-

has the capacity to interact with one or several cationic amino;rNA with or without a 5 phosphate. This approach eventu-
acid side chains. The modification by site-directed mutagen- ally reveals one lysine (K105) and one arginine (R133)

esis of the charge carried by such residues should Cance?esidue, the substitution of each by an alanine markedly
*To whom correspondence should be addressed. Phone: (33)reduces the dependence of the enzyme kinetics on the

1 69 33 41 81. Fax: (33) 1 69 33 30 13. E-mail: blanquet@coli. Presence of the tRNA'$hosphate. The reduction is more
polytechnique.fr. pronounced with the double mutant. The two identified side
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chains are very close to each other in the 3D model of the m\l
hydrolase. They possibly offer an electrostatic clamp to NH C—Lys;g;
interact with the 5terminal phosphate of elongator peptidyl- Met67-—C/ o=C
tRNAs. ‘czo T }m o, Ao
MATERIALS AND METHODS N A= e
C-CH, = 2
Construction and Purification of PTH VariantsSite- o—rt ° HN
directed mutagenesis of thpth gene was performed on an “NH, G Clniss
M13mpl9 derivative harboring this gene, as described Asngg e O/_C\
previously 6). The mutated genes were completely se- O\
quenced prior to insertion into the pUC18 expression vector. 5
Then, the resulting plasmids were used to transformihe K
coli strain K37ApthTr, in which the chromosomath gene H2N\Cyo
is disrupted and in which a temperature-sensitive plasmid [ A
?Hz snii4

carries a wild-typepth gene b). For each PTH variant
analyzed in the present study, the transformants succeeded Ca

in growing at a temperature (£Z) that caused the loss of = FiGure 1. Hydrogen bonds between residues belonging to the active
the thermosensitive plasmid. This result shows that eachfﬁg‘:ré’ftelifnﬁgg%";tezz\éﬁegy‘ggi‘gg)agg ;nﬁieni ﬂ:)"’(‘)iﬂnatogsz C:I] éhe
mutant PTH enzyme h?d retained enough_ aCt'V'ty _to C_omple- molecule in the crystal. The side chains of asgaragings 10,y68, and
ment the absence of wild-type PTH activity. Purification of 114 are represented (hydrogen donors).

PTH variants from such transformants resulted in enzymes

devoid of any contamination by wild-type PTH. Growth of 20 mM Tris-HCI (pH 7.5), 10 mM MgGl 0.1 mM EDTA,
the cells and purification of the mutant enzymes through 0.7-25 4M of the substrate under study, and catalytic
Q-Sepharose and SP-Sepharose (Pharmacia) chromatogramounts of PTH (0.6 nM to 4M). The reaction was
phies were performed as describ&l @ccording to SDS  quenched by the addition of 100 of 5% TCA and 20uL
PAGE anaIySiS, pUrifiEd PTH variants were at least 95% of carrier RNA from yeast (4 mg/mL) The Samp|e was

homogenec_)us. centrifuged, and the released radioactivity was measured in
Preparation of PTH Substrates. E. cdlRNAM* was  the supernatant by scintillation counting, as descritieil (
overexpressed in strain JM101T6) (from plasmid pB- K andk.,values were derived from iterative nonlinear fits

StRNAMet (7). tRNARM* accepting 1700t 100 pmol of  of the theoretical Michaelis equation to the experimental
methionineAyo unit was purified from these cells as vyalues, using the Levenber@/arquardt algorithm. Confi-
described §). Purified tRNAY®" (33 nmol) was aminoacy-  dence limits on the fitted values were obtained by 100 Monte
lated at 28C in a reaction mixture (626L) buffered with  Carlo simulations followed by least-squares fitting, using the
20 mM Tris-HCI (pH 7.5), containing 7 mM Mg&l 150  experimental standard deviations on individual measurements
mM KCI, 2 mM ATP, 70uM [*C].-methionine (2.1 GBa/  (12).
mmol), 10 mM 2-mercaptoethanol, anduM M547 me-
thionyl-tRNA synthetase9). After a 15 min incubation, @ RESULTS
formylation was triggered by the simultaneous addition of
125 uM FTHF and 1uM E. coli formylase purified as 1. Active-Site Mapping of Peptidyl-tRNA Hydrolase Des-
described 10). After a further 15 min incubation at 2%, ignates Its Reaction Centdn the crystal, in agreement with
the reaction was quenched by ethanol precipitation in the the expected broad specificity of PTH, the contacts between
presence of 0.3 M sodium acetate (pH 4.8). The obtainedthe C-end {,:KAQi93) of one enzyme molecule and the
material was incubated for 30 min in the presence of 10 mM surface of another enzyme molecule only involve main-chain
CuSQ and chromatographied on a Chelex 100 column, as atoms of the formers). Electrostatic bonds occur between
described previously5j. After ethanol precipitation and the free carboxylate oxygens of Q193 and the amide
centrifugation, the tRNA sample was redissolved in 0.2 mL hitrogens of N114 and N68, between the main chain oxygen
of a 20 mM sodium acetate buffer (pH 5.5) containing 100 of A192 and the amide nitrogen of N10, and between the
mM KCI and 0.1 mM EDTA and applied on a Trisacryl main oxygen of K191 and the main-chain nitrogen of N68.
GFO05 (IBF, France) gel filtration column (10 mL) equili- Such a network summarized in Figure 1 indicates that the
brated in the same buffer. The recovered formyl-methionyl- PTH channel, where the C-end is stuck, has the capacity to
tRNA was precipitated with ethanol and stored-£20 °C. accommodate the amide carbonyl groups and the free
Before use, the pellet was redissolved in 5 mM sodium carboxylate of any tripeptide. An additional bond is observed
acetate (pH 5.5) containing 0.1 mM EDTA. between the main-chain oxygen of H188 and the hydroxyl
E. coli tRNAYS was produced, lysylated, acetylated, and Of the Y15 side chain. This interaction possibly reflects an
purified on Chelex 100 as described previoushy. (The accessory-binding site for a peptidic moiety composed of

obtained diacetyl-lysyl-tRNA sample was chromatographied UP to six residues. Nevertheless, this interpretation is
on a Trisacryl GFO5 column, and stored as above. The questionable because Y15 is not conserved in the available

derivative of E. coli tRNA{et with an A.G change was PTH sequences, in contrast with N10, N68, and N114, in

produced as describe8)( Dephosphorylation of tRNAet which all three are strictly constant residues.

was carried out as described previously for tR)AS). At this stage, it remains unsolved whether Q193 at the
Peptidyl-tRNA Hydrolase Assayeptidyl-tRNA hydrolase  C-end of the sticked PTH molecule precisely occupies the

activity was measured at 2& in 100uL assays containing  site of the amino acid residue esterified to tHaiBose in
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peptidyl-tRNA or whether it occupies one secondary subsite T a1 Catalytic Parameters of PTH Varidnts
among all those covered by the peptidyl moiety. In the first

case, Q193 location would coincide with that of the ami- 'f‘;'_i,ﬁgﬁggﬁ?e
noacyl moiety of anyN-acetyl-blocked aminoacyl-tRNA, and » refative  tRNA) 10 KeafKim
N114 and/or N68 can be predicted essential to the activity ___"?Y™€ Koat(S7) K (M)  kealKm (5—OHtRNA)
of PTH. Residue N10 should also be important to the WU O oo x0T 100 1
cleavage of the substrate since it may be expected to interact/1sa 093+008 96+13 16 17
with the oxygen of the N-blocking group, an acetyl group T18A 0.67+0.05 9.8+12 11 14
in the case of the model sub;tr_a_te diacetyl-lysyl-tRNA Eégﬁc mj& 0.02 fniis <8:g7 r}g
or a formyl one in the case of initiator tRNA. On the other N21A 0.16+0.01  95+1 2.8 14
hand, cleavage of diacetyl-lysyl-tRN¥& should not drasti- Eggﬁ igi 8-5 ?gi g-g 1;? %é
cally responq toa mutatipn of_ Y15.1In the second case, where pggac 0.9+ 01 69+09 33 nd
Q193 occupies a subsite distinct from that of the tRNA- I\N/IggAAC 8'%% obog07 i'zla 0.168 t13.7 ?g
gstermed a_lmlnoacyl moiety, N10 can be predicted to not RB2A 45403 7508 110 18
interfere with the cleavage of the model substrate. D93AC 0.05+0.01 10+2 08 nd
: T . _K103A >0.7 >40 2.7 14
To decide between the two situations, the three asparagingc; gsa ~0.25 =40 1 59
(N10, N68, and N114) were substituted by alanine in the H113Ac 12402 8.8+28 23 nd
i N114A 0.055+ 0.004 4.9+ 0.6 1.9 18
PTH sequence. The Y15A mujtatlon was also undertak_en. K117A 16003 oita 13 o
The two strictly conserved residues, T18. and N21, which gri133a 0.021+ 0.002 14+ 2 0.25 47
also belong to the putative active site region of PTH, were ﬁiiﬁc ;};’i 04 ﬁi ) ig %55
included in the analysis. R170A 35+025  75£09 78 18
First, each mutant enzyme expressed from the pUC18 Siggﬁ K105A %gﬁa(i% 001 %-i:ttlll-l 58061 11§
vector was assayed for complementation in the context of - i : ' :
the strain K3ApthTr (see Materials and Methods). All * For each mutant enzymka, Km andkea/Kn values for phospho-

. rylated diacetyl-lysyl-tRNAYS were measured as described in gef
mutants showed the capacity to promote the growth of the Relativek:./Km values are shown, given an arbitrary value of 100 with

pth null strain. This behavior argues that the introduced the WT enzymeke./Kn values were also measured using dephospho-
mutations did not affect the overall protein folding. Second, rylated di-acetyl-lysyl-tRNAYs as substrate® Ratio of k.a/Km values
the catalytic parameters of the PTH variants in the hydrolysis obtained for each PTH variant with’-Bhosphorylated and'®H

of diacetyl-lysyl-tRNAYs were compared in vitro with those ddephosphorylated d|a.cetyl-lysyl-tRNA_ respectively® Referenceb.

of the wild-type enzyme (Table 1). Results with the N10A nm, not measurable; nd, not determined.

variant have already been obtain&)l. Clearly, with all the

studied mutants, values of the substrate remain close to 2. Catalytic Efficiency of Peptidyl-tRNA Hydrolase Re-
the value obtained with the native enzyme. This result is in sponds to 5Dephosphorylation of the Substrawild-type
agreement with the idea that the studied residues, N10, Y15,PTH was assayed with the substrate diacetyl-lysyl-tRRA
T18, N21, N68, and N114, do not significantly contribute With or without the >phosphate. As shown in Table Kea/

to the stability of the enzymesubstrate complex. In ref. Km in the reaction of hydrolysis is decreased 17-fold upon
residues M67, F66, D93, and H113, which also surround removal of the phosphate. This factor is compatible with the
the active center of the enzyme, were changed into alaninesg&ffect shown in re#, using an acetyl-phenylalanyl-tRN#
There again, th&, of the substrate was insensitive to the substrate.

mutations. In contrast, several categories of mutations can Cleavage of formyl-methionyl-tRNA" by the enzyme
be distinguished at the level of the. parameter. One set was also undertaken. As expected from réfand 11, we
includes N10, N68, and N114 associated with reduction of found (Table 2) that this tRNA was a poor substrate of the
Keatupon alanine substitution by 2 orders of magnitude. D93 hydrolase as compared to fully phosphorylated N-blocked-
can be added to this category. Another set comprehenddysyl-tRNA and that the efficiency of the enzyme did almost
residues Y15, T18, F66, and H113, the substitutions of which no more depend on the presence or absence of the 5
affect the catalytic rate by a factor never exceeding 6-fold. phosphate.

Between these two categories is the case of the N21A variant, |nterestingly, the quantitative analysis conducted in the

the kear Of which is 20-fold smaller than that of wild-type  present study shows that, if deprived of phosphate, the two
PTH. substrates diacetyl-lysyl-tRN% and formyl-methionyl-
Altogether, the above results support the view of an tRNAfMet behave in a very similar manner, with nearly
involvement of the amide nitrogens of all three asparagine identical k.o/Km values. This behavior has to be brought
side chains, 10, 68, and 114, in the hydrolysis of diacetyl- together with the observation in refisand 11 that f-Met-
lysyl-tRNAYS. Inside the putative active-site crevice of PTH, tRNAMe'becomes a good substrate of PTH upon the creation
these side chains are very close to N21, D93, and H20, all of a full 1-72 Watson-Crick base pairing. Therefore, either
of which also appear to participate in catalyss¥. (Conse- the removal of the Sphosphate in diacetyl-lysyl-tRNA
quently, we are allowed to conclude that, in the crystal orthe presence of a172 mismatch in f-Met-initiator tRNA
structure, Q193 of one PTH molecule bound to another PTH has very similar consequences on the efficiency of the
molecule actually designates the binding site of the amino hydrolase. This conclusion gives credit to the starting of the
acid residue esterified to thé Bbose in a peptidyl-tRNA.  working hypothesis according to which tRNA-phosphate
In agreement with this conclusion, cleavage of the model is a functional relay between the enzyme and the status of
substrate is only slightly affected by the mutation of Y15. the 1-72 base pair.
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Table 2: kealKm Values of PTH Mutants in the Presence 6fPhosphorylated or'8D0H Dephosphorylated Substrates

diacetyl-lysyl-tRNAMs formyl-methionyl-tRNAMet f-Met-G72-tRNAMet:
5'-phosphate '50H 5-phosphate '50H 5'-phosphate
WT 100 5.8 4.7 3.8 120
K105A 1 0.35 0.23 0.23 0.97
R133A 0.25 0.053 0.47 0.5 0.6
R133A-K105A 0.061 0.036 0.18 0.16 0.18

2 Relativek.s/Km values were calculated given an arbitrary value of 100 to the result obtained with diacetyl-lysyFtRINA WT enzyme® In
this tRNAMet derivative, the A72 nucleotide is replaced by a G.

R133; and (iii) K117. All these residues were systematically
changed into alanines. A few positions outside of or close
to the sphere were also included in the mutagenic procedure,
as controls. Chosen were R33, R35, R82, R170, and R186.
Each resulting mutant enzyme was overproduced and purified
after having verified that it still complemented the absence
of wild-type PTH activity in vivo. The in vitro assay with
diacetyl-lysyl-tRNAYs was used to compare the effects of
the mutations on the michaelian parameters of the hydrolytic
reaction (Table 1). In the case of the following variants,
R19A, K103A, K105A, K117A, R133A, K142A and K144A,
the K, values were significantly increased with respect to
that measured with the wild-type enzynig, values associ-
ated to K103A, K105A, and K142A even became unmea-
surable (i.e., greater than 301). With R33A, R35A, R82A,
R170A, and R186A, th&, of the substrate did not change.
Such a discrepancy between the behaviors of the mutant
enzyme species enables the concusion that, on one hand, the
negative surface potentials centered around R133, K142, and
K117 can all attract the negatively charged tRNA and, on
the other hand, the five arginines located far from the active
center do not interfere with the productive binding of the
RE2 substrate. In addition, this experiment indicates a position
of the tRNA moiety on one side of the surface of the protein
compatible with the orientation of the peptide product as
Ficure 2: Location of the studied basic residues in the three- indicated by the Crysta' packing. The case of R19 is pecu”ar

dimensional model of peptidyl-tRNA hydrolase. The. @ace of . o L . o
the enzyme is drawn in gray. The peptidic backbone of the three because the hydrophaobic part of its side chain is buried within

C-terminal residues of a neighboring enzyme molecule in the the protein, in the vicinity of the helix which holds K142.
crystal, thought to mimic the peptide product of PTH reaction, is Accordingly, the R19A mutation might cause a local
shown with green sticks. Side chains of residues belonging to the structural change at the level of the helix containing K142
active center are drawn in red. The blue side chains indicate the 54 affect tRNA binding indirectly. Regarding tke; values,
basic residues at the enzyme surface studied by site-directed .
mutagenesis. The figure was drawn with Se@i)( those measured with R33A, R35A,_ R82A, R17OA_, and
R186A are left roughly unchanged, in agreement with the
3. Two Cationic Side Chains of Peptidyl-tRNA Hydrolase id€a that these positions do not make part of the binding
Are Involved in the Recognition of Elongator tRNA-5  area of tRNA. The rate values of all other variants are either
PhosphateThe maximum distance between the ester bond reduced by factors lower than 15 or left unchanged (K144A)
linking a peptide to tRNA and the’ 5RNA phosphate can ~ With the exception of R133A, thke. of which is lowered
be measured equal to 20 A. Assuming the active center ofby 2 orders of magnitude. The whole results indicate that
the hydrolase to comprehend a cluster made of N10, H20,K103, K105, K117, R133, K142, and K144 participate to
N21, N68, D93, and N114, a sphere of radius 20 A can be the productive binding of the substrate.
constructed from this center on the PTH 3D model. Provided To determine if one of the above residues interacted with
that the protein is not submitted to a large structural the 3-end of tRNA, catalytic efficiencies of the enzyme
rearrangement upon substrate binding, this sphere mustariants were measured with either the substrate lacking the
contain the basic residue(s) which we suppose to interacts'-phosphate or the intact substrate (Table 1). Enzymes
with the B-phosphate at the surface of the protein. By mutated inside the active center (Y15A, T18A, N21A, N68A,
applying this procedure, several clusters of lysine and and N114A) were also included in the analysis. In most cases,
arginine side chains exposed to the solvent appear ashe ratio between catalytic efficiencies with intact or with
candidates to the binding of the tRNA phosphate (Figure dephosphorylated substrate was contained between 13 and
2). 21, very close to the ratio obtained with native peptidyl-
The lysines and arginines of interest are mainly clustered tRNA hydrolase. The two exceptions are the R133A and
within three areas: (i) R19, K142, K144; (i) K103, K105, K105A mutants for which the ratios betwekgn/Kn values

Ty
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chains has made negative a large part of the positive
contribution brought by the '8RNA phosphate to the
efficiency of catalysis. Interestingly, the two positions K105
and R133 are very close to each other on the 3D model of
the hydrolase. This opened the possibility that both these
residues interact with thé-phosphate, like a clamp. If true,
the corresponding double mutant K105R133A should
become even less sensitive to the absence of the tRNA
phosphate. Table 2 shows that this is indeed the case. The
ratio between the tw&../Kn, values is now reduced up to a
value of 1.7.

As expected, like the wild-type enzyme, K105A, R133A,
and the double mutant still do not distinguish between the
presence or absence of &@hosphate in f-Met-tRNA®.,
Surprisingly, however, in the cases of the R133A and of the
K105A—R133A mutants, thek./Ky, values with fmet-
tRNAMet are systematically larger than those measured with
dephosphorylated diacetyl-lysyl-tRN& This discrepancy
FIGUrRE 3: Schematic view of the proposed model for a peptidyl- does not hold for the K105A single mutant. One possibility
tRNA hydrolase:tRNA complex. The peptidic backbone of peptidyl- js that the alanine introduced instead of R133 has rendered

tRNA hydrolase is shown in blue, with two side chains of active .
site residues shown in red, and the two negatively charged residuesthe enzyme sensitive to some sequence feature of the

clamping the 5phosphate of tRNA shown in blue. Electrostatic Substrate distinguishing between tRNA and tRNAY,
bonds with the 5phosphate of tRNA are represented with red likely in the acceptor arm region. As shown in Table 2, the
dashed lines. The green tube schematizes the backbone of theC;A;, mismatch of tRNAMet cannot account for this effect.

e 78 are rerasentod 25 Stcke. The yelow sdcke ropresent thé Uthentic initiator t(RNA and its derivative with an 4G
peptidic backbone of the C-end of a neighboring enzyme molecule change display the same behaviors in the presence of all
in the crystal with the two terminal oxygens labeled. One of these Mutated enzyme species assayed.

oxygens is at 1.4 A of the’ DH of the ribose of A76. The figure

was drawn with Setor2(1). DISCUSSION

become equal to 4.7 and 2.9, respectively. We conclude The main lesson to be drawn from this study is the
therefore that obliteration of the corresponding cationic side occurrence at the surface of PTH of charged side chains

Ficure 4. Comparison of the EFTu:GTP:Phe-tRNA" complex (left; 16) with the proposed model of the peptidyl-tRNA hydrolase:
tRNAPhe complex (right). The phosphate backbones of the bound tRNAse shown in green, and drawn in the same orientations. The
3'- and 3-terminal bases are represented with sticks. Phenylalanine esterified to tRNA in also represented in the ca$e cbEiplex.

The Gu traces of EF-Tu and of peptidyl-tRNA hydrolase are in yellow. The K105 and R133 side chain of PTH as well as K90 and R300
of EF—Tu are shown in blue. The figure was drawn with Setf) (
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capable of recognizing thé-phosphate of elongator pepti- 5'-phosphate from the receptor site on either PTH or-EF
dyl-tRNA substrates. The involvement of positively charged Tu would help initiator tRNA to escape removal of its
side chains suggests that the enzyme can directly interacformyl-methionyl moiety, on one hand, and to escape
with the negatively charged-Bnd of tRNA, without the need  diversion from the translation initiation pathway, on the other
for any cofactor. This idea is in agreement with the hand. From the present study and frobi)( an N-blocked
observation in reb that substrate hydrolysis by PTH can be initiator Met-tRNA can be estimated a +@0-fold weaker
obtained without the addition of divalent metal ions. Func- substrate of PTH than an N-blocked elongator aa-tRNA. In
tional role of residues 105 and 133 in the catalytic mechanismref 18, the affinity of Met-tRNAVet for the elongation factor
of PTH is also indicated by the full conservation at the is measured 10-fold smaller than that of an aminoacylated
equivalent locations of cationic side chains in the 26 available elongator tRNA.
PTH sequences of eubacterial origin, with the exception of Interestingly, N-formylation of tRNA'¢-esterified me-
Borrelia burgdorferj the PTH of which lacks the equivalent thionine by Met-tRNAMet transformylase is also governed
of R133. by the I-72 mismatch §, 19, 20Q. Consequently, a same
The above results designate K105 and R133 as receptoidefect allows the initiator tRNA to escape twice misap-
sites of the 5phosphate of tRNA. Moreover, our present propriation by EF-Tu. It serves as the main positive signal
site-directed mutagenesis study indicates the position of thefor a formyl addition which strongly precludes further £F
3'-end of complexed peptidyl-tRNA. Docking of the substrate Tu binding (L8). Before this, the mismatch directly hinders
could be therefore undertaken under these two constraintsrecognition of Met-tRNA"e by the elongation factor. With
Most of the available free or protein-complexed tRNA the latter protein, however, like with PTH, the tRNA-5
structures 13—15) could not be fitted simultaneously in the phosphate serves to sense the status of th&lIbase pair.
phosphate receptor site and in the catalytic center of the
enzyme without prior rearranging of the acceptor end, in REFERENCES
particular of the 3terminal adenosine. In contrast, elongation 1 kgssel, H., and RajBhandary, U. L. (L96&)Mol. Biol. 35
factor Tu bound Phe-tRN#¢(16), the 3-phosphate of which 539-560.
interacts with its receptor protein, matched the constraints, 2. Kossel, H. (1969Biochim. Biophys Acta 204.91—202.
and fitted at the surface of the PTH protein with very few 3. Cuzin, F., Kretchmer, N., Greenberg, R. E., Hurwitz, R., and
bad contacts only involving side-chain atoms from residues ggggev'”e' F. (1967proc. Natl. Acad. Sci. U.S.A. 58079~
involved in substrate binding such as N68, N114, and K142 4 schuiman, L. H., and Pelka, H. (1975) Biol. Chem. 250
(Figure 3). Such bad contacts were easily eliminated by slight 542-547.
motions of the corresponding side chains. In addition, the 5. Schmitt, E., Mechulam, Y., Fromant, M., Plateau, P., and

esterified amino acid in Phe-tRNcould be superimposed 6 E‘ifrigﬁl;)eti_' S. é;gq?ZEMFBOMiIIé? ;‘_:)76821?539-': banvert. M
to the C-tgrmlnal reS|du_g of. the mimicked PTH peptide 'Mecﬁulém,”Y., and ’Faylat, G kléésjochihié’(Paris) 7'0 N
product, without any modification of the tRNA acceptor end. 773-782.
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