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Momusayuss u yenv. Na-anerwnrpanchepassl (Na-AT) Katanu3upyioT TepeHOC
AIeTHIILHOW TPYINIBI OT alleTHIKOIH3MMAa A Ha 0-aMUHOTPYIITY IIHPOKOTO CIIEKTpa
CcyOCTpaToB (aMHHOKHCIIOTHI, Oe€lKd, cepoToHuH u ap.) [1]. Dto OGomblioi Kiacc
(epMEHTOB, XapaKTEePHU3YIOIIUXCS KOHCEPBAaTHBHON TPEXMEPHOW CTPYKTYpOH, HO
HU3KHM TIPOIICHTOM HAEHTUYHOCTH IIOCIEOBATEIbHOCTEH, YTO 3aTPyAHSET HX
KOPPEKTHYIO aHHOTAIIMIO B TEHOMAX M IpeJCKa3aHue X CyOCTpaTHOM Ceu(pUIHOCTH.
No-AT Bxomsir B coctaB cynepcemeiictea GNAT-anerunrpancgepas, KoTopoe
XapakTepu3yeTcs CeqUpUIECKUM YepeIOBaHUEM DIIEMEHTOB BTOPUYHBIX CTPYKTYD, a
nmeHHO [0-Bl-al-02-B2-B3-f4-03-B5-04-f6-f7, W HUX YHUKATBHOW TPEXMEPHOI
yknankoii — tak HazbiBaeMblii GNAT-nomen [2]. @epmentsi cemeiictBa Na-AT (kak u
m3uH-AT (KAT)) comepxar enquanynabiii GNAT-goMeH, B To BpeMs Kak (hepMEHTEHI
npyrux cemeiicte AT, moryT comepkath Heckonmbko GNAT, a Takxke Apyrue JOMEHBI.
Lentpanpaast gacte GNAT-goMeHa cOmepKUT METIo, CBs3BIBAONIYI0 aneTii-Ko A,
KOTOpasi UMeeT KoHCeHCYC aMHHOKHCIOT Q/R-X-X-G-G/A. YuurtsiBas BaxxHOCTh No-
AIlCTHJIMPOBAHUSI B KOHTPOJE aKTHBHOCTH (epmeHTOB [3] W (yHKIMOHHpOBaHMUS
OenkoB (B TOM yHcie U (JaKTOPOB MATOTEHHOCTH) B KIeTKax [4]; yuacTue B OHOCHHTE3E
u  gerpaganuu  aHTuOwotukoB [5]; mpumenenne No-AT B OHOTEXHOIOTHH
AIETHJIMPOBAHUSI PEKOMOMHAHTHBIX OelKOB [6], aKTyaabHBIM MpEACTABISETCS HUX
KOPPEKTHOE TpeCKa3aHie H aHHOTALUs B TeHOMaX MHUKPOOpraHu3MoB. Llens nanHO#
PabOTHI 3aKIIFOYAETCS B UCTIOIB30BAaHUH AITOPUTMOB U METOI0B OMOMH(POPMATHKH IS
noucka Na-AT B reHome OGakrepun T. thermophilus HB8, ux crpykrypHo-dyHKIHO-
HaJIbHOT'O aHAJIN3a C IIEJIbI0 TPECKa3aHus X CyOCTpaTHOH CreupUIHOCTH.

Memoovl u aneopummut. TIoNCK aMUHOKHMCIIOTHBIX TIOCIIEIOBATEIBHOCTEH MHOXKECTBA
MpermoaraeMeix anetuntpancdepas B renome 6akrepun T. thermophilus mposowu B
NCBI mo 3ampocy “acetyltransferase”. BeipaBHIBaHHE aMUHOKHCIOTHBIX MOCIEAOBA-
TENLHOCTEH OSITKOB BBIMOJIHSIIH ¢ HCToyb30BanueM nporpamm Clustal Omega [7] w/win
T-coffee [8]. IIpencka3anue BTOPUYHON CTPYKTYPbI OCIKOB MPOBOAMIM TPH MOMOIIN
onnaitH-cepsepa PsiPred [9]. TIpenckaszanue TpeTHUHON CTPYKTYPBI OEITKOB OCYIIIECTB-
msumn B mporpamme Alphafold2 [10]. [lns BelpaBHUBaHMS TPETUYHBIX CTPYKTYpP OCIIKOB
UCIob30BaN mporpammy PyMol. ITouck 6eaKoB-0pTOIOroB NPOBOIIIH MPU TOMOIIN
cepepa BLAST u DALI [11]. C uenbto aHam3a mpezmoiaraeMoi pepMeHTaTHBHOM
AKTHBHOCTH T€HBI HEKOTOPBIX ()EPMEHTOB OBUIM KJIOHHPOBAHBI C HCIIOJIb30BAHUEM
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METOOB I'eHHOM HHXkeHepuu. [loaydeHs! ounieHHble mpenapaTs! hepMeHToB. Na-are-
TUITpPaHCpepa3Has akTHBHOCTD ObLIa UCCIICA0BAHA B PeakIuy iN VItro aneTuiimpoBaHus
MoenpHoro Oenka [12].

Pesynomamul. Ananmu3 resoma O6akrepuu T. thermophilus HB8 wa mpeamer namuums
anHotupoBaHHbIX “Na-acetyltransferase” wmm “N-terminal acetyltransferase” ne nman
pesynpTaTa. OmHAKO 3TO CBUAETENBCTBYET He 00 orcyrcTBUM No-AT B 6akTepun, a o
CIIOKHOCTH ~ aJIeKBaTHOM aHHOTAIMM (EpMEHTOB TaHHOTO MHOTOYHCIICHHOTO
cemeiictBa. Menee crieruUUHbI MOKMCK MO 3ampocy “‘acetyltransferase” mo3sosmin
BBISIBUTH CBBIIIE JECATH aHHOTHUPOBAHHBIX «rpearnonaraeMbix» AT. OqHako 3To 3HaYH-
TEeNBbHO MeHbIIIe, ueM B Oakrepuu E. coli (29 AT) umu Streptomyces (72 AT), 4ro omsTh
CBUJICTENILCTBYET O CIOXHON MACHTU(UKAIMKA U KOPPEKTHON aHHOTAMH (HEpPMEHTOB
nmanHoro cemeiictea. /st orbopa cpenu mHOoxkecTBa AT nmenHo No-AT Mbl nmpoBenu
MHO>KECTBEHHOE BBIPABHUBAaHHE aMHHOKHCIIOTHBIX IOCIIEIOBATEIBHOCTEH HCCiIemye-
MBIX (PEPMEHTOB C JETANBHO H3YYCHHBIMHU OCIIKaMH-OPTOJIOraMH U3 APYTUX OaKTEpHi.
BrlpaBHMBaHHE IMO3BOJIWIIO OTOOpaTh MIECTh (PEPMEHTOB, HECYLIMX TOJBKO OIMH
GNAT-10MeH, B OCHOBHOM 3TO CPaBHUTEILHO HEOOJbIIKE OCNKU, pa3MepoM oT 150—
205 aMmuHOKHUCTOT. BRIpaBHUBaHUE TPEXMEPHBIX CTPYKTYP OTOOPAHHBIX IIECTH IPEATIO-
naraeMbiX No-AT BBISBHIO XapaKTepHYIO Ui ()epMEHTOB JJAHHOTO CEMeicTBa TOIO-
noruro GNAT-nmoMeHa, B 0COOCHHOCTH PACIIONOXKEHUE ABYX P-THCTOB, POPMUPYIOIINX
aKTHUBHBIN 1eHTp. OHaKo 1S Tpex u3 mectu npeamnonaraeMbix Na-AT gepenoBanue
3JIEMEHTOB BTOPHYHBIX CTPYKTYpP HE COOTBETCTBYET KAHOHHYECKOMY 3a CUET JOTIOJIHH-
TENBHBIX BCTABOK/IEJICIMNA o-CriMpasiell u/min B-CTpyKTyp. MHOXKECTBEHHOE BBHIpaB-
HUBaHUE TOCTIeI0BaTeIbHOCTEH 0TOOpaHHBIX mecTd Na-AT mo3Bonmio uaeHTHGHUIN-
poBaTh KOHCEHCYC aMHHOKHUCIIOT, CBsi3biBaronux anetwi-Ko A. YV T. thermophilus on
nmeer BuL Q/r-G/r-X-G-L/v-G/i, rae HWKHHM HHIEKCOM OTMEYEHBI OCTATKH,
BCTpEUAIONIMecs TOJIBKO B OAHOM mocienoBaTeibHocTd No-AT u3 mectu. Hamu Obimn
KJIOHHPOBAHBI, TTOJy4YeHBI OUYHIIEHHBIC TIpenapaThl psiaa (GepMEHTOB M UCCIIEJOBaHa X
No-aneruntpancgepasHnas akTHBHOCTb B YCIIOBHS IN Vitro Ha MOebHOM Oeike.
Bvi6oovi: PezynbraThl paboOTHI MO3BOJMIN BBIICIUTH CHENU(UICSCKUE KPUTCPHU LIS
noricka, npeackasanus u orobopa Na-AT cpean mHOXKecTB GNAT-AT. [lomyueHnbpie
JaHHBIE B JAJIHEHIIEM MOTYT Jiedb B OCHOBY CO3JaHHs aITOpUTMa WICHTH(UKAIMU
Na-AT B reHOMax OpyTrux OPraHU3MOB, YTO B HACTOAIIEE BPEMs, HECOMHEHHO, OUCHB
aKTyaJIbHO JJIsl KOPPEKTHOW aHHOTAIMK (hepMeHTOB cemeiicTBa Na-AT 1 peackazaHus
UX CyOCTpaTHOM CIEUPUIHOCTH.

Qunancuposanue. ViccnenoBanue BHIMONHEHO MpU PUHAHCOBOW mojaepkke Poccuii-
ckoro Hay4yHoro ¢oHza, rpant Ne 23-24-00478, https://rscf.ru/project/23-24-00478/.
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Motivation and Aim: Na-acetyltransferases (Na-AT) catalyze the transfer of an acetyl
group from acetyl coenzyme A to the a-amino group of a wide range of substrates (amino
acids, proteins, serotonin, etc.) [1]. This is a large class of enzymes characterized by a
conserved three-dimensional structure but a low percentage of sequence identity, which
makes it difficult to correctly annotate them in genomes and predict their substrate
specificity. Na-ATs are part of the GNAT acetyltransferase superfamily, which is
characterized by a specific alternation of secondary structure elements, namely “BO-f1-
al-02-B2-B3-B4-a3-p5-a4-p6-B7”, and their unique three-dimensional folding, the so-
called “GNAT domain” [2]. Enzymes of the Na-AT family (like lysine AT (KAT))
contain a single GNAT domain, while enzymes of other AT families may contain
multiple GNATSs as well as other domains. The central part of the GNAT domain
contains an acetyl-Co A binding loop, which has the amino acid consensus “Q/R-X-X-
G-G/A”. Considering the importance of Na-acetylation in the control of enzyme activity
[3] and the functioning of proteins (including pathogenicity factors) in cells [4];
participation in the biosynthesis and degradation of antibiotics [5]; the use of Na-AT in
the biotechnology of acetylation of recombinant proteins [6], their correct prediction and
annotation in the genomes of microorganisms seems relevant. The purpose of this work
is to use algorithms and bioinformatics methods to search for Na-AT in the genome of
the bacterium T. thermophilus HB8, their structural and functional analysis in order to
predict their substrate specificity.

Methods and Algorithms: A search for amino acid sequences of multiple putative
acetyltransferases in the genome of the bacterium Thermus thermophilus was carried out
in NCBI using the query “acetyltransferase”. Alignment of amino acid sequences of
proteins was carried out using the Clustal Omega [7] and/or T-coffee [8] programs.
Prediction of the secondary structure of proteins was carried out using the PsiPred online
server [9]. Prediction of the tertiary structure of proteins was carried out using the
Alphafold2 program [10]. The PyMol program was used to align protein tertiary
structures. The search for orthologous proteins was carried out using the BLAST and
DAL servers [11]. In order to analyze putative enzymatic activities, the genes for some
enzymes have been cloned using genetic engineering techniques. Purified enzyme
preparations were obtained. Na-acetyltransferase activity was studied in the in vitro
reaction of acetylation of a model protein [12].

Results: Analysis of the genome of the bacterium T. thermophilus HB8 for the presence
of an annotated ‘“Na-acetyltransferase” or “N-terminal acetyltransferase” was
inconclusive. However, this does not indicate the absence of Na-AT in the bacterium,
but rather the difficulty of adequately annotating the enzymes of this large family. A less
specific search for “acetyltransferase” identified over ten annotated “putative” Abs.
However, this is significantly less than in the bacteria E. coli (29 AT) or Streptomyces
(72 AT), which again indicates the complex identification and correct annotation of
enzymes of this family. To select Na-AT among many ATs, we carried out multiple
alignment of the amino acid sequences of the enzymes under study with detailed
orthologous proteins from other bacteria. The alignment allowed us to select six enzymes
that carry only one GNAT domain, mostly relatively small proteins ranging in size from
150-205 amino acids. Alignment of the three-dimensional structures of the selected six
putative Na-ATs revealed the GNAT domain topology characteristic of enzymes of this
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family, in particular the arrangement of the two B-sheets forming the active site.
However, for three of the six putative Na-ATSs, the alternation of secondary structure
elements does not correspond to the canonical one due to additional insertions/deletions
of a-helices and/or B-structures. Multiple sequence alignment of selected six No-ATs
made it possible to identify a consensus of amino acids binding acetyl-Co A. In
T. thermophilus, it has the form “Q/R-G/R-X-G-L/V-G/I”, where the subscript denotes
residues found only in one Na-AT sequence out of six. We cloned and obtained purified
preparations of a number of enzymes and studied their Na-acetyltransferase activity
under in vitro conditions on a model protein.

Conclusion: The results of the work made it possible to identify specific criteria for
searching, predicting and selecting No-ATs among the sets of GNAT-ATSs. The data
obtained can subsequently form the basis for creating an algorithm for identifying Na-
ATs in the genomes of other organisms, which is currently, undoubtedly, very important
for the correct annotation of enzymes of the Na-AT family and prediction of their
substrate specificity.

Funding: Research was funded by a grant from the Russian Science Foundation,
No. 23-24-00478, https://rscf.ru/project/23-24-00478/.
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