JIAIC[S

COMMUNICATIONS

Published on Web 02/14/2006

Regiospecificity of the Peptidyl tRNA Ester within the Ribosomal P Site
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The ribosome utilizes two substrates during polypeptide synthe-  (a) "z Are . .
sis: an aminoacyl tRNA in the A site and a peptidyl tRNA in the ° . O oA O A . @?
P site. Peptide bond formation involves aminolysis of the P site oo HH g;?z- o AL S
ester by the A-site amino acid. Both the peptide and amino acid ©0 ¢ Pep amincacy! c/o <—O c/o aminoacyl 0 ¢:: Pep
are linked to their tRNAs through an ester bond to A76, the 3 HN7_! AY \ HN
. . o d ep Pep d /
termlnal rggdug of each tRNA. The reaction is expected to be O-Aked peptidyl oo ed
regiospecific with regard to its tRNA substrates, yet the ester Intermediate tRNA Intermediate
Imkages_ betwe_en thg tR_NA and the amino acid or peptide are (p) o pcyy o e CrpCrpO-  Are
susceptible to isomerization between the' @2d O3 hydroxyls > g’_fz,
of the terminal A76 ribose sugar. The uncatalyzed rate of amino 0 oH OHQ
©0-P-0 ©0 '«::O

acid isomerization in aqueous solution is approximately’s and

|
. L . . o 9 o 9
the thermodynamic equilibrium between the two isomers is ap- 7—->__,7 ﬁN OpCrspCry O J;,N OpCrspCry
proximately 1! The reaction products are the same beginning with = HOCO ~ Ho{©
either an O2 or O3-linked mechanism, but the geometry of the 05 inhibite el 02 inhibitor "
n_ucleophlle, the It_aavmg group, and_the oxyanion are substantially Figure 1. Two distinct pathways for the ribosome-catalyzed peptide bond
different for reaction of the two regioisomers. formation. (a) Isomerization of the peptidyl ester on the terminal A76 of

The regiospecificity for the A-site substrate has been establishedthe P-site tRNA leads to two different intermediates linked via thé O2
as the O3isomer2—4 tRNA analogues that force the amino acid _(right) or the O3 (left) oxygen. (b) Nonisomerizable _mimics of these
onto the O3 positon, such as puromycin (Pr) antcoxyad- _ [Sedates fesure Cri Crs, and 476 of e peptdl and amioscy
enosine (2dA), are active as peptide acceptors. Similar analogues mimic the tetrahedral carbon formed in the intermediate.
that force the amino acid to the O&e inactive. The A-site product
following peptidyl transfer is also O3inked, consistent with this
regiospecificity?

In contrast to the A site, the regiospecificity of the peptidyl tRNA
in the P site has not been determined (Figure?1).early report
suggested that a tRNA, which had ‘adA substitution at position
76, was active as a peptide donor, while the-iked 3-dA76

We prepared two regioisomers of the peptidyl transferase
inhibitor, CCApPmMCC, where the phosphodiester is either O3
02-linked to the P-site A76 (Figure 1b). These analogues were
prepared by solid phase chemical synthesis based upon the method
described previousli# They include the critical A76 hydroxyl
vicinal to the phosphodiester linka§®ecent structural studies on
N ) . . . X A-site substrates indicated that the peptidyl transferase center (PTC)
substitution was |nact'|v@.Th|s led t(,) the widely held conclusion is induced into an active conformation by the stacking of the A-site
that the P-site ester is OBnked (Figure 1a, left); however, all  ,,jntide €744 To ensure that the ribosome is in the induced
other studies on P-site substrates lacking either ther23-OH state, both isomers include C74 and C75 on both the P-site and
demonstrated that both are inactive as peptide donérSonse- A gjte segment. Most importantly, and unlike substrates previously
quently, the functional regioisomer cannot be assigned from such | ,ca4 1o explore this question, these compounds cannot undergo
studies. A cocrystal structure of a peptidyl tRNA fragment in the regioisomerization.

P-site and sparsomycin in the A site suggests that the ribosome  Transition state theory predicts that the ribosomal PTC will bind
binds preferentially to the Odinked regioisomet? While this is tighter to the transition state than to the substrate or product states
consistent with reaction via the Glinked intermediate, it remains o the reaction. Consequently, the compound with greatest affinity
possible that the ribosome catalyzes peptide migration to the O2 for the PTC is indicative of the tetrahedral intermediate’s re-
position in the course of the reaction, resulting in ari-#&ed giospecificity. The affinities of the O2and O3 analogues were
transition state (Figure 1a, rlght) Potentia”y consistent with this determined by 1_Cyc|ohexy|_3_(2_morpho|inoethy|)carbodiimide
possibility is the structure of the 50S ribosome in complex with  methop-toluenesulfonate (CMCT) chemical footprinting of active
the transition state inhibitor CCdApPH‘lThIS compound includes site residue U2585, as previ0u5|y describet:15The extent of

a phosphoramidate to mimic the putative tetrahedral intermediate, CMCT modification as a function of analogue concentration was
but lacked a 20H at the P-site A762 In the cocrystal structure,  determined by reverse transcription, and the resulting data were
the nonbridging phosphoramidate oxygen was closer to tHe C2 used to calculate the binding constant (Figure 2). Theli@Bed
carbon than would be possible if the@QH were present. Such a inhibitor bound the ribosome with an affinity of 288 40 nM
conformation raises the possibility that the ribosome may prefer to (Figure 2a). This is 7-fold tighter than that observed for the original
bind a transition state with an Oinkage to the P-site tRNA. The ~ CCdApPmn inhibitor under the same conditions (data not shown),
ambiguous biochemical and structural data prompted us to exploreconsistent with the additional stacking and base pairing interactions
an alternative approach to establish the regiospecificity of the by C74 and C75 in the A site. The G&nalogue showed only slight
reaction. binding at concentrations greater than @ (Figure 2b). This is
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(a) o The marked preference for the OBomer suggests that the
E ol o 02’ (uM) ribosome uses the GBnked tRNA as the P-site substrate. Because
il vwe . . 03 (uM) this is the same regioisomer used in the A-site, it indicates that the
- cw aminoacyl tRNA ester is not required to undergo regioisomerization
O - + +++ + CMCT during its course through the PTC.
:-—:-H-UZWT Preferential binding and inhibition by the Glihked isomer
L EL L 1] 1 clarifies an important ambiguity in the previous biochemical data
© 0.8 regarding the inactivity of 2 or 3-dA76 P-site substraté$° The
- Realeod d 306 current data argue that substrates lacking-@Q are inactive as
L;;---~.- ':3 0.4 don_ors because they are cpnstrained into thg wrongliaked
= . - @ regioisomer. In contrast, P-site substrates lacking thek2 adopt
a w02 the correct O3linked regioisomer, but are inactive as P-site donors
. 0 because the'Z20H plays a critical role in substrate assisted catalysis

- = =
= 2 : .

- TS Beey2s8s 10 100 1000 10* of the peptidyl transferase reactidhe current data exclude a
Inhibitor Conc. (nM) mechanistic model in which the A76'-©H participates as a

Figure 2. Regiospecificity of analogue binding by chemical footprinting ~ covalent intermediate in the reaction.
and peptidyl transferase inhibition assays. (a) CMCT footprinting of U2585 In conclusion, we have established the regiospecificity of the

in the PTC at 37°C. Shown is an autoradiograph of primer extension rihosomal peptidyl transferase reaction. We are now in the process

reaction from CMCT modification of U2585 in the presence of thé @3 f utilizi h inhibi d d th le of th itical
the O2 analogue. Concentrations and presence of CMCT are indicated above®! utilizing these inhibitors to understand the role of the critica

each lane. Bands for U2585 and U2477, which is used to normalize the A76 2-OH and to probe the stereospecificity and potential metal
footprinting data, are marked with an arrow. (b) Plot of footprinting data jon dependence of peptide bond formation.
used to estimate the relative dissociation constafds (
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Figure 3. Inhibition of the modified fragment reaction. (a) Sample reaction
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