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The biosynthesis of aminoacylated tRNAs (aa-tRNA) is a critical Glu + tRNAGN ND-GIuRS _ GIu-tRNAGh AT GIn-tRNAGN
step in the faithful translation of the genetic code into proteins. In ND-ASpRS A AdT A
most organisms, the 20 amino acids (aa) are esterified to their ASp + tRNAAS? === Asp-tRNAS"————» Asn-tRNA"®"
corresponding tRNA by 20 different aminoacyl-tRNA synthetases Figure 1. Indirect pathway for GIn-tRNA" and Asn-tRNAS" biosynthesis.
(aaRS), each of which is specific for one amino acid and a

corresponding set of tRNAs (direct aminoacylation pathway). glutaminase step

Recent genomic studies revealed the absence of glutaminyl-tRNA i il AdT i i
synthetase (GINnRS) and/or asparaginyl-tRNA synthetase (AsnRS) H’NW;O /) 'ok/\,ﬁ%o'
in archaebacteria, Gram-positive eubacteria, and many Gram- Gin O NH, Glu
negative eubacteria. The survival of microorganisms missing one NH, NH, NH,

or both of these essential enzymes implies an alternative pathway (Nfu (wa (Nf)n
for the formation of GIn-tRNA"M and Asn-tRNAs", This indirect tRNA”W W tRNA“W 'S vRNAaa\@/\‘ N
AdT AdT

pathway involves the misacylation of tRI¥Awith Glu (or tRNAAS

with Asp) by a nondiscriminating aminoacyl-tRNA synthetase (ND- Q_oH AQDP Q_H Nﬂpoﬁ o o
aaRS) and the subsequent transamidation of the misacylated aa- *HaN‘f kinace ’HaN"j: rancamidase ’“a"';ﬁzn
tRNA by an amidotransferase (AdT) (Figure?1). o= step o step "

The dissemination of antibiotic resistance has become a major o=p-0 ’
problem in clinical medicine, and there is a critical need to develop ©

antibacterial agents with novel modes of actidfhe widespread Figure 2. Reaction mechanism: GIu—tRI\T’R amidotransferase (GIUAdT),
. L . n = 2, tRNA22= tRNACG", Asp-tRNA*s" amidotransferase (AspAdT),=

use of the indirect transamidation pathway among prominent human1 tRNAR — tRNAASY

pathogensand its absence in the mammalian cytoplasm identify

AdT as an interesting target for the development of new and highly recently, only a few AdT inhibitors have been reported in part

s_pecific antimicrqbial agenszere we report the synthe_sis and  pocause of the absence of a convenient assay. Some analogues of
biological evaluation of puromycin analogues as meChan'Sm'basedglutamine and ATP were useful to study the reaction mechahism,

|nh_||_l:r)]|tors of amtljnoacyrll-tR.NA zf':\mldhotransferas.gs.. . but these inhibitors are likely to interfere with many other enzymes
e proposed mechanism for the transamidation reaction (:ata-acting on the same substrates.

It)':zeﬁl zy ?m_ldotfr?k? sferqzes dls a thrtlaet-stgp e\;ent (Fl?utre 2.)‘ F'.rjt' The general synthetic approach to the puromycin analogues is
ned ynzron)1/5|sbo nde amllc; rﬁinnorl 9 utamlrﬁ; orms r?du ?m'? at;l outlined in Scheme 1 (see Supporting Information for full details
and enzyme-bound Né{glutaminase step). The second step is the of each synthesis). The coupling of puromycin aminonucleokide

activation of the side-chain carboxyl group of the amino acid fixed with N-tertbutyloxycarbonyl K-Boc) protected amino acidsusing

on the tRNA (Glu-tRNA" or Asp-tRNA" resulting from the . . g
. . - . . N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide (EDG}hydrox-
reaction of this carboxyl group with ATP to form a mixed anhydride ysuccinimide (NHS) provided amidsin high yields (72%91%)

(kinase step). In this intermediate, the high-energy anhydride bond ;

. . . . - despite the presence of two unprotected hydroxyl groups on the
activates the carboxyl group. Finally, the aminolysis of the activated . .
amido acceptor by enzyme-bound hfransamidase step) forms nbosg_. Rempval of the Boc protecting group under standard
the final product (GIn-tRNA™ or Asn-tRNA*". The overall conditions with CEC.OOH gave productd, .bUt glycosyl bond
reaction is the simple conversion of the side chain carboxylic acid cleavage a_md depurlnat_lon lowered the yleIQS. n c_orltrast, Boc
(Glu or Asp) into an amide (GIn or Asn) while the amino acid is removal wih 4 M HCl/dioxane proceeded without difficulty to

furnish the final product in high yields (89%-100%).

still attached to a tRNA (pretranslational modification). ; . . )
With a series of compounds in hand, we set out to evaluate their

Two types of amidotransferases have been identified so farin " " o : - i -
nature. GatCAB are heterotrimeric proteins encoded by ger]eslnhlbltory activities againsHelicobacter pyloriGatCAB amidot-

named gatC, gatA, and gatB. These enzymes found in both archaeéansferase (Table 1). Enzyme production and kinetic experiments
and bacteria can transamidate both Glu-tFAnd Asp-tRNAS™, were carried out as previously descrilfe@ompetitive inhibition
The second type, heterodimeric GatDE, occurs only in archaea and®f H- pylori AdT by compoundsta—4h, with respect to Asp-
functions solely as a GIUAdT. The first crystal structures of tRNAAS" was characterized in the presence of saturating concentra-
members of each type have been determined recéndly. to tions of the two other substrates (2 mM ATP and 1.28 mM
L-glutamine) and of 0.561.25uM Asp-tRNAAs", The decrease of
t Department of Chemistry. the transamidation rate from its val\gin the absence of inhibitor,
* Department of Biochemistry and Microbiology. to its valueV; in the presence of various inhibitor concentrations,
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Scheme 1. General Synthetic Approach to Inhibitors?
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aConditions: (a) EDCN-hydroxysuccinimide, DMF, 7291%; (b) 4
M HCI, dioxane, 89-100%.

Table 1. Inhibition of Helicobacter pylori GatCAB
Amidotransferase

\N/
N XN
&
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compound X R Ki (uM)

40 (LNH, o )-ove 4100300
4b (L)-NH, —CH, COOr 134 +4
4¢ (L)-NH, —(CH,),-C0O0" 105+2
4d (L)-OH —{(CH,),-CO0" 130+ 16
4e (L)-NH, —(CHo),-CONH, 45+ 6

o
af (D,L)-NH,  —(CH-B—cH, 33+3

o

o
4g L)NH oy Soom, 11+0.7

0
4h (L)-NH, —(CH-§-CH, 4402

)

was used to identify the competitive nature of the inhibitor and to
obtain theK; value, as described in the Supporting Information (see
Figure S1).

We initially assayed the parent compound puromy4a& an
aminonucleoside antibiotic produced Byreptomyces alboniger
This natural product mimics the charge@t&minus of aminoa-
cylated tRNA and has been widely used as a basic tool for the
study of protein synthesis on the ribosomes. Puromycin is a very
weak inhibitor of AdT K; = 4 mM).

The amino acid chain of puromycin is related to tyrosine and
differs from the aspartic and glutamic side chains transformed by
AdT (Figure 2). Replacement of the methoxyphenyl moiety of
puromycin by carboxylic acid derivatives considerably enhances
the ability to inhibit AdT. Compound4b and4c, analogues of the
3'-ends of Asp-tRNA and Glu-tRNA, are competitive inhibitors
with similar K; values of 134 and 10a@M, respectively. This is
consistent with the fact that the enzyme is equally efficient in
transamidation of both Asp-tRN#&" and Glu-tRNAM.°

Replacement of the-amino group by a hydroxyld) slightly
increases th&; (K; = 105 uM for 4c vs 130uM for 4d). The
amide variantde has structural homology to the final product of
the enzymatic reaction and shows improved actiwty= 45 uM)
over the carboxylic acid analogudb and4c.

Various phosphorus- and sulfur-containing derivatives have been
previously proposed as analogues of tetrahedral intermediates
formed transiently during enzymatic reactions involving formation
or hydrolysis of amide bond8.As stable analogues of the transition
state in the last step of the transamidation process, we designed
49, and 4h where the carbonyl to be attacked by ammonia is
replaced by a tetrahedral phosphorus or sulfur atom with a methyl
group mimicking ammonia. Racemidf prepared from t,L)-
phosphinothricin did inhibit transamidase activity witiKa= 33
uM. Likewise, aK; = 11 uM was determined for the diastereo-
merically mixedL-methionine R,S)-sulfoxyde4g. The sulfoneth
exhibited the highest activity with & = 4 uM. Competitive
inhibition with respect to Asp-tRN&" was observed for all
puromycin analogues.

In conclusion, we have identified analogues of the natural product
puromycin that have inhibitory activity against bacterial aminoacyl-
tRNA amidotransferases. These mechanism-based inhibitors will
provide useful chemical probes for further mechanistic investiga-
tions, ligands for X-ray crystallography, and a potential avenue to
develop antibiotics with a novel mode of acti®ninvestigations
along these lines are currently underway.
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