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The maintenance of amino acid specificity by aminoacyl-tRNA synthetases can require the hydrolysis of
missynthesized products that is known as amino acid editing. Bacterial prolyl-tRNA synthetase includes a
special editing domain, that deacylates alanyl-tRNA"", and so exhibits post-transfer editing activity. The
mechanism of tRNA-dependent editing by prolyl-tRNA synthetase has to be defined. The present work aim is
to study the structure of the active site of enterobacteria E. faecalis prolyl-tRNA synthetase editing domain.
The amino acids positions E218, T257, K279, G331, S332, G334, and H366 have been chosen for the
site-directed mutagenesis (alanine scanning). An editing activity of the mutants was compared with the
wild type prolyl-tRNA synthetase. Three amino acid residues, important for the editing activity, K279, G331
and H366, were revealed. This data are consistent with the existing suppositions about the structure of
bacterial prolyl-tRNA synthetase deacylating active site.
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Introduction. The maintenance of amino acid speci-
ficity by aminoacyl-tRNA synthetases may require not
only specific recognition of amino acid, but also hydro-
lysis of missynthesized products that is known as
amino acid editing. There are two ways of editing,
namely, hydrolysis of missynthesized
aminoacyl-adenylate (pre-transfer editing) and hydro-
lysis of missynthesized aminoacyl-tRNA (post-transfer
editing) [1].
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Actually, the mechanisms of post-transfer editing
by aminoacyl-tRNA synthetases of the first structural
class are rather well-known [2-4], while the studies on
analogous mechanisms for aminoacyl-tRNA synthe-
tases of the second structural class, i.e. phenylalanyl-
[5] and treonyl-tRNA synthetases [6], are still in prog-
ress. However, the prolyl-tRNA synthetases
post-transfer editing has been poorly investigated.

Bacterial prolyl-tRNA synthetases are able to per-
form the pre- and post-transfer alanine editing [7],
which takes place in specialised editing domain, called
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Fig.1. Mutant E. faecalis tRNAP™ (tRNA"™*%)  Recognition
elements for alanyl-tRNA synthetase introduced in the sequence of
wild type tRNA™™ are indicated. Nucleotides of anticodon are
underlined.

INS (insertion) [8, 9]. The current results of site-di-
rected mutagenesis (for the Escherichia coli enzyme)
[10] and structural data (for the E. faecalis enzyme)
[11] allowed us to make some assumptions about loca-
tion and structural organisation of the bacterial
prolyl-tRNA synthetase deacylating site. For the E.
coli enzyme, a particular importance for the efficiency
and specificity of post-transfer editing of conservative
lysine K279 and conservative histidine H369 has been
shown and their participation in the formation of
deacylating active site has been supposed [10]. Based
on the structural data a possible role of conservative
lysine K279, glycine G331, and histidine H366 as
structural and functional elements of the E. feacalis
deacylating active site has been suggested [11]. The
aim of current work was to verify these suggestions as
well as to compare the degree of similarity between the
post-transfer editing mechanisms for the enzymes of
phylogenetically distant bacteria: E. faecalis
(Firmicutes type) and E. coli (Proteobacteria type).
Materials and Methods. The mutagenesis kit
(Stratagene,USA), plasmid DNA extraction kit
(Qiagene,  USA),  chromatographic = matrixes
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(Pharmacia Biotech, Sweden; Toyo Soda, Japan),
amino acids (Pierce, France), radioactively marked
substances (Amersham, UK), fibreglass filters
(Whatman, USA), PEl-cellulose (Merck, Germany)
were used in the work.

Creation of chimeric tRNA""" and mutant forms
of E. faecalis prolyl-tRNA synthetase. Mutagenesis of
E. feacalis tRNA"™ gene inserted into pUCI8 vector,
containing T7-promoter, in order to introduce the rec-
ognition elements of alanyl-tRNA synthetase into its
sequence (Fig. 1), was performed by QuickChange
method (Stratagene) [12] using polymerase chain reac-
tion (PCR). All mutant genes were checked by se-
quencing. [n vitro transription and isolation of
tRNA"™*" mutants were performed similarly to those
for E. feacalis tRNA" as previously described in [12],
except for the co-expression of tRNA with
cys-hydrolytic ribosyme.

Mutagenesis of E. faecalis prolyl-tRNA synthetase
gene was accomplished by QuickChange method
(Stratagene) [13], isolation and purification of mutant
proteins were done as described in [12].

Analysis of aminoacylation. 130 ul of reaction mix-
ture contained 100 mM tris-HCIL, pH 8.0, 20 mM
MgCl,, 0.5 mg/ml BSA, 3 mM ATP, 3 mM proline, 20
uM "“C-labelled proline (85.0 mCi/mmol), 5 or 10 uM
tRNA"™ (CGG) Rhodopseudomonas palustris and 5
nM prolyl-tRNA synthetase or its mutant forms.
Aliquots of 20 pl were taken from the reaction mixture
incubated at 37°C and put into 200 pl of cold 10% TCA
for tRNA and aminoacyl-tRNA precipitation. Then
precipitates were transferred onto fibreglass filters,
washed with 50 ml 5% TCA, dried and radioactivity
counted in liquid scintillation counter.

Aminoacylation of tRNA"" by '""C-labelled
alanine. 0.5 ml alanine-tRNA™*" were obtained at the
following concentrations of reaction mixture constitu-
ents: 600 nM alanyl-tRNA synthetase from Thermus
thermophilus, 15 pM tRNA"™*"* 0.03 mM alanine, 78
uM "“C-labelled alanine, 100 mM tris-HCI, pH 7.5, 15
mM MgCl,, 0.5 mg/ml BSA, 3 mM ATP. The mixture
was incubated at 37°C for 20 min and acidified by so-
dium-acetate buffer with subsequent treatment by phe-
nol and chloroform. After ethanol precipitation the pel-
let was dried and dissolved in 40 pl of 0.1 M so-
dium-acetate pH 4.0 buffer solution.
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Fig.2. Post-transfer editing activity of wild type and mutant forms of
E. faecalis prolyl-tRNA synthetase. Initial rate of deacylation
reaction catalyzed by wild-type enzyme was taken as 100%.

Alanyl-tRNA""" hydrolysis assay. 60 pl of reaction
mixture contained 60 nM prolyl-tRNA synthetase of E.
feacalis or its mutant forms, 100 mM HEPES, pH 7.0, 10
mM MgCl,, 0.1 mg/ml BSA, 2 mM dithiothreitol
(DTT), 3 pl of “C-alanyl-tRNA"*"* solution, prepared
as described above. Reaction was conducted at 37°C, 5
ul aliquots were withdrawn at zero time-point and after
1,2, 3,5, 10 min of incubation, put on fibreglass filters,
saturated by 10% TCA. Then filters were washed in 5%
TCA, dried and analysed in liquid scintillation counter.

Analysis of ATP hydrolysis. 18 pl of reaction mix-
ture contained 100 mM HEPES, pH 7.5, 25 mM KCl,
10 mM MgCl,, 2 mM DTT, 1 mM ATP, 75 uM "“C-la-
belled ATP (57.9 mCi/mmol), 500 mM alanine or 250
mM proline, 15 uM tRNA"™ and 2 pM prolyl-tRNA
synthetase. During incubation at 37°C, 2 pl aliquots
were taken out and put on PEI-cellulose. Then ATP,
ADP, and AMP were separated by method of thin-layer
chromatography in 0.75 M potassium-phosphate
buffer, pH 3.5. Radioactivity of ATP and AMP zones
was analysed in liquid scintillation counter.

Results and Discussion. The following positions
were selected for alanine scanning: T257, K279, H366,
homologous to those which were already defined to be
important for the post-transfer editing activity of E.
coli prolyl-tRNA synthetase [10]; positions G331,
S332, suggested as essential for the editing domain on
the basis of structural data and computer simulation
[11]; positions G334 and E218, located in the area of
contact between editing domain and synthetic domain.

To check the editing activity of different mutant forms
of prolyl-tRNA synthetase in alanyl-tRNA hydrolysis
we created a hybrid tRNA, recognized by both proline
and alanine aminoacyl-tRNA synthetases. Therefore,
we introduced the recognition elements of tRNA spe-
cific for alanine into the sequence of tRNA specific for
proline (Fig. 1).

The obtained chimerical tRNA was aminoacylated
by labelled alanine. The editing activity of
prolyl-tRNA synthetase mutant forms was estimated
by the rate of labelled alanyl-tRNA hydrolysis. The
data of initial rate of deacylation revealed that three
out of seven isolated mutant forms of the enzyme
(K279A, G331A, and H266A) showed significant
(from 4 to 50-fold) decreasing of post-transfer editing
activity. K279A mutant demonstrated 2% activity
comparing to that of the wild type enzyme, G331 A and
H366A mutants — 16% and 24% respectively (Fig.2).

For further investigation of mutant forms, showing
significant decreasing of the post-transfer editing activ-
ity in deacylation assay, analysis of ATP hydrolysis,
reflecting overall pre- and post-transfer editing (Fig. 3),
and aminoacylation by homologous amino acid were
conducted (Fig.4). The investigation of ATP hydroly-
sis in the presence of edited amino acid (alanine) re-
vealed the same tendencies to a decline in the editing
activity for different mutant forms of the enzyme. At
the same time, the decreasing of aminoacylation activity
of mutant forms does not correlate with the decreasing of
editing activity, and is probably caused by induced
conformational changes in the synthetic domain of
prolyl-tRNA synthetase. These results allow us to con-
clude that mutations K279A, G331A, H366A specifi-
cally affect the post-transfer editing.

The data obtained confirm our previous assumption
[11] about the structure of E. faecalis prolyl-tRNA
synthetase deacylating active site, but they do not
prove the role of amino acid residues T257 and S332,
located close to the deacylating active site. K279 and
H366, amino acid residues of E. feacalis prolyl-tRNA
synthetase, which are homologous to K279 and H369
of E. coli, have similar [10] importance for hydrolysis
of alanyl-tRNA"*" which emphasize the similarity of
post-transfer editing mechanisms for prolyl-tRNA syn-
thetases of both bacteria, in spite of their being
somewhat phylogenetically distant.
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Fig.3. Editing against alanine performed by wild type E. faecalis (3)
prolyl-tRNA synthetase and its mutant forms G331A (/), H366A
(2), and K279A (4) in the presence of tRNA"™® R. palustris (CGG).
Wild type enzyme without tRNA (5).
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Fig.4. Kinetic of R. palustris tRNA"™ (CGG) aminoacylation
reaction catalyzed by the wild type E. faecalis prolyl-tRNA
synthetase (/) and its mutant forms G331A (2), K279A (3), and
H366A (4); 5 — without enzyme.

Structural data show that a side chain of lysine
K279 is directed outside from all other amino acids of
putative active centre and probably participates in the
binding of acceptor end of alanyl-tRNA" [11]. Simi-
larly to E. feacalis prolyl-tRNA synthetase, a substitu-
tion of lysine K279 to alanine in the enzyme of E. coli
[10] has the highest impact on the post-transfer editing
activity compared to all studied amino acid residues,
Apparently, this residue is positioning the substrate in
the active centre of the editing domain, therefore, play-
ing crucial role in the post-transfer editing by enzyme.

Histidine H366 as well as glycine G331, forming
hydrogen bond with its side chain, perhaps, maintains
an optimal structure of the deacylating active centre.
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The substitution of histidine H369 to alanine or
cysteine in E. coli enzyme resulted not only in dramatic
decrease in the post-transfer editing activity, but also in
disruption of deacylation specificity and hydrolysis of
prolyl-tRNA"™ as well [10]. The recognition of a bigger
substrate by such mutant forms of the enzyme may
point out on the disruption of the pocket integrity,
where the editing amino acid residue is located [10,
11]. The same event may influence both substrate bind-
ing and catalysis efficiency which explains the
decreasing in the post-transfer activity.

In conclusion, we can suggest that it is unlikely for
a side chain of any studied amino acid residue to partic-
ipate directly in the catalysis of deacylation reaction.
At the same time one cannot deny that chemical groups
of the main chain some of these amino acids play a sig-
nificant role in coordination of the ion or water mole-
cules, that are responsible for catalysis. In any case, the
mechanism of alanyl-tRNA"™ deacylation in the edit-
ing domain active centre of bacterial prolyl-tRNA
synthetases is yet to be defined.

K. C. Boapwun, U. A. Kpuxauswii, A. B. Paesckuii, A. A. Xumumn,
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[IpenmnonaraeMplii aKTUBHBIN EHTP
penaktupytomero aomeHa nponuwin-TPHK cunTetassr Gakrepuu

Enterococcus faecalis

Pesrome

Obecneuenue  AMUHOKUCIOMHOU — CHEYUDUUHOCMU — AMUHOA-
yun-mPHK cunmemas 6 psioe ciiyuaes mpebyem npogedenusi 2uopo-
AU3A OUWUOOYHO CUHMEZUPOBAHHBIX NPOOYKMOS, U36ECMHO20 KAK
amunokuciomuoe  peoakmuposanue. baxmepuanvuvie  npo-
aun-mPHK cunmemasel codepacam cneyuaivhvili pe0akmupyro-
wuii domen, deayunupyiowuii ananun-mPHK™™ u makum o6pazom
0eMOHCMPUPYIOWUil ROCMMPAHCHEPHYIO PeOaKMUpyOWYIo AKmus-
nocmos. Mexanusm mPHK-3a6ucumo2o pedakmuposanus npo-
aun-mPHK — cunmemasoti  ocmaemcs — nepackpvimuim. Llens
nacmosuel pabomvl cOCMOANA 8 U3YHEHUU CIPYKMYPbl AKMUBHO-
20 yenmpa peoakmupyrouezo oomena npoarut-mPHK cunmemaso
E. faecalis. Amunoxuciomnvie nosuyuu E218, T257, K279, G331,
8332, G334, H366 uzbpamnsl 014 calim-HanpasieHHo2o MmymazeHes3d
(anaHuH08020 CKAHUPOBAHUS), A PeOAKMUPYIOWAs AKMUEHOCHb
MYmaumuulx popm conocmasnena ¢ Oukum munom npoaun-mPHK
cunmemasvl. Bvisagnienvl mpu aMuHOKUCIOMHBIX OCMAMKA, UMeI0-
wux sHaveHue 011 NOCMMPAHCHEPHOU pedaKmupyruel aKmug-
nocmu ¢epmenma, — K279, G331 u H366. Iloayuennvie oanubie
noOmMeEepIHCOaIom cyujecmaylowue npeonoiodcenus 0 cmpyKkmype
AKMUBHO20 YeHmpa peoaKmupyroueco 0oOMeHd OaKmepuaibHblx
npoaun-mPHK cunmemas.

Kuwouegvie cnosa: npoaun-mPHK cunmemasa, pedaxmuposa-
nue, mPHK, caiim-nanpasnennulii Mmymazenes.
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ITepenbauyBaHuii aKTUBHUI LEHTP PERAryI0UOro JOMEHY IIPOJIiI-

TPHK cunrerasu 6axrepii Enterococcus faecalis

Pesrome

3abesneuenns aminoxuciomnoi cneyugivnocmi aminoayur-mPHK
cunmemas iHKOIU nompeodye npogedenHst 2i0poizy NOMUIKOBO CUH-
me308aHUX NPOOYKMi8, 8i00OM0O20 K AMIHOKUCIOMHE Pedd2y8aHHsl.
baxmepianvui nponin-mPHK cunmemasu micmams cneyianvhuil
pedazyiouuii domen, wo deayunioc ananin-mPHK™ i maxum wunom
nposense nocmmpancghepuy peoazylouy akmugnicms. Mexanizm
mPHK-3anexcnozo peoacysanns npoain-mPHK cunmemasoio nu-
waemoca Hegcmanosienum. Mema yici pobomu nonseana y 6usna-
YeHHI CMPYKmMypu aKmuHo20 YeHmpa peoazyiouoco 0oMeny
nponin-mPHK cunmemasu E. faecalis. Aminoxuciomui nosuyii
E218, T257, K279, G331, S§332, G334, H366 obpano oas
caim-cnpAmMo8ano2o mymazenesy (a1anHino08020 CKAHYB8AHHS), A pe-
oazylouy akmuHiCmb MYMAHMHUX OpM 3iCmasieHo 3 ax-
mueHicmio nponin-mPHK cunmemasu ouxozo muny. 3uaiioeHo mpu
AMIHOKUCIOMHUX 3AIUWKU, 8ANCIUGT OJIsi NOCMMPAHCPepHoi peda-
2yrouoi akmuenocmi pepmenmy, — K279, G331 i H366. Ompumani
OaHi niOMeepoAHCYIOMb ICHYIOUL NPUNYUJEHHS U000 CIPYKMYPU AK-
MUBHO2O YeHmpa peoazyioyo2o domeny O0axKmepiarbHux npoJii-
mPHK cunmemas.

Knrwuosi cnosa: nponin-mPHK cunmemasa, peodacysamus,
mPHK, caum-cnpamosanuil mymazenes.
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