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IIponsBonnsie L-metnonnna (L-metnonun cynbsdoxcumun (MSX) u L-metnonnn cymsdon (MSO)) sBs-
I0TCSl HHTHOUTOpaMH L-TiTyTaMiH CHHTETAas3bl, 3a CUET Yero IPOSBIIOT TOKCHYECKOe JeHCTBHE Ha KIIET-
kr. OHU IPUMEHSIOTCS B MEAUIMHCKOI IPaKTHKe IS TEPAlUU BOCIAJICHUH, OHKOJIOTHH U TyOepKyiesa.
Bakrepuu ponos Salmonella, Pseudomonas u Acinetobacter ycTOWInBBI K TOKCHYeCKoMy eiicTBrio MSX
n MSO 6naronapst aktuBHOCTH L-MeTnonun cynsdoxcnmun anermnrpancdepas (MSX-NAT). B nanmnoit
pabote mposenen ananu3 MSX-NAT pasnuuanbix BunoB pona Enterobacter n3 rpynmsl ESKAPE marore-
HOB. AHaJI3 MHO)KECTBEHHOTO BEIPABHUBAHMS ()ePMEHTOB BBISBIJI BHICOKHH MPOIEHT HACHTUIHOCTH X
MIOCIIEIOBATEIILHOCTEH, HECMOTPSI Ha Pa3HOOOpas3ne JIMH MX MONUIENTUAHBIX [eTell, a Takke TOIOIHNU-
TeNbHBIC YHUKAJIbHBIE BCTAaBKU B N-KOHIIEBOIT 0071acTH OITKOB, (ByHKITHN KOTOPBIX ITOKa HE YCTAHOBJICHBL.
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DIVERSITY OF L-METHIONINE SULFOXIMINE
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Timofey A. Kudryashov*, Maria V. Trunilina, Vyacheslav V. Bykov, Andrey S. Sokolov,
Yulia S. Lapteva

Institute for Biological Instrumentation, Pushchino Scientific Center for Biological Research
of the Russian Academy of Sciences
142290, Russian Federation, Moscow Region, Pushchino, Nauki Ave., 3

L-methionine derivatives (L-methionine sulfoximine (MSX) and L-methionine sulfone (MSO))
are inhibitors of L-glutamine synthetase, which explains their toxic effect on cells. These derivatives
are used in medical practice for treating inflammation, tuberculosis, and oncological diseases. Bacteria
of the Salmonella, Pseudomonas, and Acinetobacter genera are resistant to the toxic effect of MSX
and MSO due to the activity of L-methionine sulfoximine acetyltransferases (MSX-NAT). In this work,
MSX-NAT from various Enterobacter species from the ESKAPE group of pathogens was analyzed.

BMOMEOVLMHA | JOURNAL BIOMED | 2025 | Tom 21 | Ne 4 | 63-66 63



METOQAbI M TEXHONOM MU BUOMEOULIMHCKUX MCCINEQOBAHUIA |
METHODS AND TECHNOLOGIES OF BIOMEDICAL RESEARCH

An analysis of multiple enzyme alignments revealed a high percentage of their sequence identity, despite
the diversity of their polypeptide chain lengths. In addition, unique insertions in the N-terminal region
of the proteins were found, the functions of which remain to be clarified.
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BeeneHune

[Tpou3BogHbIE METHOHMHA — METHOHHMH
cynbpokcumua (MSX) 1 MeTHOHUH Cyab(OH
(MSO) — sBnAOTCS CTPYKTYPHBIMM aHAJIO-
ramMy NIyTAMUHOBOM KHUCJIOTHIL. X B3aumo-
JIEHCTBHE C OCTaTKaMH AaKTHBHOIO IIEHTpa
L-rimyTaMuH CHHTETa3bl IPUBOJUT K HHIHOUPO-
BaHMIO aKTUBHOCTH (hepMEHTA M HapYIICHHIO
MeTaboM3Ma aMMHUaKka B KJIETKE, YTO BJIEYET
3a co0oil eé¢ rubenb. HrHOUTOPHI TITyTaMUH
CHHTETa3bl IMPOSIBISIIOT TEPareBTUUECKUE d(-
(eKThl B KMBOTHBIX MOJENSIX MEYCHOYHOU
sHIe(anonarui, 6OKOBOrO aMHOTPOPHUYECKO-
o CKJIEp03a, BOCHAJIUTEIbHON IEUYEHOYHOU
HEJJOCTaTOYHOCTH, a TaKKe HPUMEHSIOTCS
B Tepanuu paka. [IockonbKy miyTaMuH KpUTH-
4YeCKM BaKeH Juisl pocta MukoOakrepuii, MSX
UCIIOJNIb3YIOT B KauecTBE MPOTHUBOTYOCpPKYIE3-
HOTO CpEeJCTBA KaK CaMOCTOSITEIbHBIN Mperna-
par Jmb0 B COBOKYIHOCTH C OelaKBUIMHOM
[1, 4]. Onnako B Oaktepusix poxa Salmonella,

Pseudomonas, Acinetobacter u np. oGHapyxe-
HBI T€HBI, 00ECTIEYNBAIOIINE KJIETKaM YCTOMH-
YHUBOCTh K TOKCHYECKOMY JeicTtBuio MSX
n MSO [2, 3]. T'ens! koaupytoT L-meTHOHUH
cynbpokcumMuH anerunTpancepassl  (MSX-
NAT), oTHOCcsmuecs K CyHepceMEenCTBY
GNAT-aneruntpancpepas. DepmeHTH  Ka-
TaJU3UPYIOT TEPEHOC AaleTUIBHOW TPYIIIBI
OT aneTui kodH3uMa A Ha No-aMHUHOTPYIITY
MPOM3BOJHBIX METHOHUHA, YTO IIPUBOIUT
K yTpaTre UX MHTUOUPYIOLIETro JCUCTBUSI B OT-
HOUICHUH L-TiTyTaMHH CUHTETAa3bl.

bakrepun  Enterobacter  spp., Hapsay
¢ Enterococcus faecium, Staphylococcus au-
reus, Klebsiella pneumoniae, Acinetobacter
baumannii u Pseudomonas aeruginosa, 0THO-
carcs k rpynne ESKAPE narorenos, koTopsie
BBI3BIBAIOT TSDKEIIble MHMEKIMH U MPOSIBIISIIOT
MHOXECTBEHHYIO AQHTUOMOTHKOPE3UCTECHT-
HocTh. OHH BxoaAaT B criucok BO3 ot 2018 1.
Kak OakTepuu, /it OOpPbOBI C KOTOPHIMH

Taonuya. Cnucok L-memuonun cyrbgokcumun ayemunmpancdepas pasnuunsix 6uoos Enterobacter
Table. List of L-methionine sulfoximine acetyltransferases of various Enterobacter species

Enterobacter asburiae YncA
Enterobacter cloacae YncA
Enterobacter hormaechei YncA
Enterobacter ludwigii YncA
Enterobacter sp. PGRG2 MddA
Enterobacter sp. RHBSTW-00175 MddA

64

AOA376F9D8 172 5,83
AOA377M1T3 151 5,95
AOAB22WGS5 172 5,75
G8LDO1 181 5,89
AOAATOUWGH1 172 6,10
AOATLT7IXY2 172 5,97
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Puc. Mnocecmsennoe 8blpasHugane amuHoKUCI0muolx nociedosamenvrocmeii MSX-NAT, eusyanuzuposannoe npu
nomowu Vector NTI Suite 8.0. YepHoti pamkoul evi0ener KamaiumudecKuil 0cmamox enymamurogoi kuciomsl (E)
6 akmueHom yenmpe pepmenmos. Kpacuoui nunueii noouepknymol amunoOKUCIOMbl, y4acmsyiouwjue 6 KoopouHayuu

ayemun-KoA (P-loop).

Fig. Multiple sequence alignment of MSX-NAT, performed and visualized using Vector NTI Suite 8.0. The black frame
highlights the catalytic glutamic acid residue (E) in the enzyme active center. The red line underlines the amino acid

sequence involved in acetyl-CoA coordination (P-loop).

HEOOXOMUMO pa3padaThiBaTh HOBBIC AHTHMHU-
KpoOHBbIe mpenaparsl [5]. B 210ii cBs3u nmesb
JIAHHOM paboThl 3aKIIoYaliach B CPaBHUTENb-
HOM aHaJInu3¢C MCPBHUYHBIX aAMUHOKHCJIOTHBIX
nocJea0BaTebHOCTeH L-MeTHOHHH Cyab(oK-
CHUMHUH arneTuiaTpaHcdepasbl pasinyHbIX BU-
noB Oaktepuii pona Enterobacter.

MaTtepuansi u metoabl

Jnst moucka L-meTnoHWH Ccyiab()oKCHMHH
anerunTpancdepas u3 pazIMIHBIX BUIOB Pojia
Enterobacter 6vina mpoaHaau3upoBaHa 0asa
nanHbix UniProt. MHOXeCTBEHHOE BBIPABHH-
BaHME M aHAJIN3 HaWJCHHBIX MOCIE0BATEIb-
HOCTeH OBUIM OCYIIECTBICHBI C IOMOUIBIO
nporpammuoro nakera Vector NTI Suite 8.0
(InforMax).

Pe3ynbraTthl M X 06cyxaeHune

Ananu3 6a3et UniProt BeissBHA 6 mociie-
JoBaresibHOCTe  L-METHOHMH  Cynb(OKCH-
MUH aneTtwitpancdepas pa3nvHbIX BHIOB
Enterobacter pmunour or 151 mo 181 a.o.
(Tabm.). Bce GepMeHTBI SIBISIOTCS KHCIBI-
MU OelIKaMH, UX TPEACKa3aHHBIC H303JICK-
TpUYECKUE TOUKH JieXkar B mpejenax ot 5,75
1o 6,1. inuaa MSX-NAT y uerbipex BHIOB
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Enterobacter (E. asburiae, E. hormaechei, E. sp.
PGRG2, E. sp. RHBSTW-00175) coctaBns-
er 172 a.0., 4TO COOTBETCTBYET JUIMHE HaW-
Oonee wm3ydyeHHbIX Ha cerogHs MSX-NAT
u3  Salmonella wn Pseudomonas. OpHako
MSX-NAT y mramma E. cloacae meHbIe
Ha 21 a.0.,a MSX-NAT y mrramma E. ludwigii,
HaTpOTHUB, AJIUHHEE Ha 9 a.0. IO CPABHEHHUIO
C OCTaJIbHBIMU.

Taxkum 06pa3oM, aHAIU3 MOCIEI0BATEIBHO-
cteit MSX-NAT pa3nu4HbIX BHIOB OakTepHii
pona Enterobacter TO3BONWI BBISIBUTH pa3-
JUYUS B OpraHu3anuu N-KOHIIEBOTO JIOMEHa
(depmenToB. Brian B (QyHKIMOHANBHYIO ak-
TUBHOCTb (DEPMEHTOB KaK/IOW W3 BBISBICH-
HBIX MOCJIEIOBATEIbHOCTEH HA CETOIHSIIHUN
MOMEHT HE ONHCaH B MMPOBOH nHTEpaType
u TpeOyeT manmpHeWIero usydeHus. Takum
o0Opa3zoMm, aHaNIM3  IOCIEN0BaTeIbHOCTEH
MSX-NAT pa3nuuHbIx BUJIOB OakTepuil poaa
Enterobacter 1o3BONWII BBISIBUTH Pa3IUuus
B OpraHu3anuu N-KOHIIEBOTO JJoMeHa (hepMeH-
TOB. Bkian B (yyHKIMOHAIBHYIO aKTHBHOCTh
(epMEHTOB KaXJIOH M3 BBISBICHHBIX MOCIE-
JIOBaTCIbHOCTEH Ha CETOAHSIIHMI MOMEHT
HE OMMCaH B MUPOBOH JHUTEpaType U Tpedyer
JlaJbHEHIIEro U3yYyeHUsl.
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