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Momusayus u yens: Otiieruienne N-KOHIIEBOTO HHUIIMATOPHOTO MeTnoHuHA (iMet) u3
MOJIUTIENTHTHON IIeTIH SIBJISIETCS TIIAaBHOU KO- M IOCT-TPAHCIAIIMOHHON Mou(UKaIneH,
oxBaTbBatomeii mo 80 % mpoTeomMa  KIETOK, KOTOpas  OCYILECTBISETCS
cnemuduyeckumMn  pepMeHTaMH — METHOHMH amuHomentuaazamu (MAII) [1].
CymiecTBeHHOW MPOOIEeMOil B OMOTEXHOIIOTUN MOTydeHHUs] PEKOMOMHAHTHBIX OEIKOB,
IPH UX TeTeposiornyHoii sxcnpeccuu B E. coli, sBisiercs venonnoe ynanenue iMet, uto
OPUBOAUT K HENPaBWIBHOW YKJIaJKe OCJKOB (arperauuu, amuioungousaunuu) [2],
M3MCHCHHUIO BPEMEHH UX MOJY)KH3HHU, TOTEPE aKTUBHOCTH, UMMYHOT'€HHOCTH | Jp. [3—
5]. dns pemieHust 3TOH MPOOJIEMbl MPUMEHSIOT TEXHOJOTHIO OOpabOTKH IIEIEBBIX
pekoMOnHaHTHBIX OenkoB (epmentamu MAII, kak B ycnoBusx in Vitro, Tak u mpu
nomotu Ko-3kcnpeccuu [6-8]. MAII u3 pasHbIX OpPraHM3MOB SIBIISIOTCS METalli-
3aBUCHUMBIMH NPOTEa3aMH U MUMEIOT CXOXKYI0 TPEXMEPHYIO YKJIaIKy, HO OTIMYArOTCA
cyOCTpaTHOUW CHENMU(PUIHOCTEI0O W yCIOBHSIMH (DYHKIIMOHMpOBaHUs. MMeromuecs B
Hacrosimee Bpems Kommepueckue MAIL dyenoseka, E. coli u P. furiosus ne
o0ecrneurBaloT Bcero pazHooOpas3us crienuUIHOCTEH U YCIIOBHI, BOCTPeOOBaHHBIX B
ouorexHosorun ynanenus iMet u3 pexomOuHanTHbIX OenkoB [9, 10]. B aroii cBs3u
akTyaieH Tmouck HOBbIX MAII, cTaOMIBHBIX B «HECTAaHIAPTHBIX» YCIOBHIX
(ToBBIIEHHBIX TeMreparyp, pH, B MpUCYTCTBUM A€HATYpaHTOB U Ap.). Llens manHoiM
paboTHhI 3aKiIrOYaIach B MCCIeNOBAaHUM CyOCTpaTHOHU crienuduaHocTH HoBo MAIT u3
oaktepun Thermus thermophilus (Tth-MAII) ¢ wucHIOIb30BaHHEM CHHTETHYECKHX
MENTUAOB.

Memoowt u ancopummer: KionupoBanue u ourctky depmenta Tth-MAII npoBoauiu
Kak omucaHo panee [11]. Jlns onpenenenus cyocrpatHoit creruduanocta Tth-MATI
WCTIOJIb30BAIM CHHTETUYECKUE TIENTUIHBIE CYOCTpaThl, OTIIHYAIONINECS 10 AMHUHOKHC-
JOTHOMY ocTatky mocie iMet. Peakiuio rugponusa nentunos nposoauiu mpu 60 °C B
TedeHne Jaca B 50 MKII peakIIMOHHOM cMecH cienyromero cocrasa: 50 MM Hepes pH
7.5, 150 MM NaCl, 0.1 MM xob6ainst, 200 MM nenruga, 2 MkM Tth-MAIIL. Peakumro
ocranaBnuBaiu go6asienuemM 1 MM DJITA. Crenens ruipoiin3a NenTHI0B OICHUBAIN
MIPY TIOMOIIX MAacC-CIIEKTPOMETPUH Ha MAcC-CIIEKTPOMETPHUECKOM JIETEKTOpE C 3JIEK-
TpopacmbsunTeabHol nonmsanuei (ESI-MS) Shimadzu Corporation, LCMS-2010EV
(Shimadzu Co., SAnouus). KannbpoBky mprudopa MpOBOIMIN C MCITOIB30BAHHEM MHO-
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rmobuna cepana somanu (Sigma-Aldrich Co., CIITA). MosekynspHbie Macchl OEIKO-
BBIX (Ppakiuii aHaJM3UPOBAIM MPU IOMOIIM HporpammHoro obecneuyenuss GPMAW
9.02 [12].

Pezynomamur: OMHOM U3 TTIABHBIX XapaKTEPUCTUK (hepPMEHTA SIBIISIETCS €ro cyOcTpaTHas
cneuduunocts. Crienmpuunocts MAII BappHpyeT OT Opranu3Ma K OpraHu3My, MOXKET
MEHSTBCS B 3aBHCUMOCTH OT CBSI3aHHOTO KaTWOHAa MeTajlyia, HO B II€JOM OHa
OTPaHUYUBAETCS PaAnycoM OOKOBOM IENMH aMIHOKHCIIOTHOTO OCTaTKa (a. 0.) CTOSIIIETO
3a oruersieMbiM iMet. OObIYHO 9TO HEOOJIBIINE, He3apsHKEHHBIC a. 0., Takue Kak Gly,
Ala, Ser, Thr, Pro, Val, Cys. B manHo#f paboTe MbI HcCEAOBANA CyOCTpPATHYIO
cnennduaHocts HoBOro (epmenta MAII u3 TepmodmiabpHOM GakTepunm Thermus
thermophilus, a umenno mnpoBenau oueHKy 3G ¢ekTuBHOCTH oTmieUieHus Met u3
CHHTeTHYeCKHX nenTtuaoB. s crumynsiiuu aktuBHoctd Tth-MAII ncnons3oBanu
noHbI KobanbTa (100 MKM). AHanu3 mokaszani, 9to 3pPeKTHBHOCTE oTimeruieHns Met, 3a
kotopsiM Haxomastcst Gly u Ala cocrasisier 95 %, B To Bpems kak s Thr 15 %. HoBbrit
depment Tth-MATI cieruduuen k otmeruieHunto Met B menTuaax mpenMyIecTBEHHO ¢
Gly u Ala na N-koHrie.

Buisoowi: BiepBbie n3ydena cyocTpaTHas crieliuuIHOCTh HOBOTO (hepmenta MAII u3
Oakrepuu T. thermophilus. HoBslii (hepMEHT MOKET MPUMEHSTHCS B OMOTEXHOJIOTHHU TSI
ynaneHuss N-KOHIICBOI0 METHOHUHA U3 PEKOMOWHAHTHBIX OCJIKOB M MEMTHJIOB.
Qunancuposanue. WCCICIOBAaHHE BBIMONHEHO MNpu  (DUHAHCOBOW  MOMAJEPIKKE
Poccwuiickoro wayunoro (onma, rpant Ne 23-24-00563, https://rscf.ru/project/23-24-
00563/.
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Motivation and Aim: The cleavage of N-terminal initiator methionine (iMet) from the
polypeptide chain is the main co- and post-translational modification, covering up to
80 % of the cell proteome, which is carried out by specific enzymes — methionine
aminopeptidases (MAP) [1]. A significant problem in the biotechnology of producing
recombinant proteins, with their heterologous expression in E. coli, is the incomplete
removal of iMet, which leads to incorrect protein folding (aggregation, amyloidization)
[2], changes in their half-life, loss of activity, immunogenicity, etc. [3-5]. To solve this
problem, the technology of processing target recombinant proteins with MAP enzymes
is used, both in vitro and using co-expression [6-8]. MAPs from different organisms are
metal-dependent proteases and have similar three-dimensional folding, but differ in
substrate specificity and operating conditions. Currently available commercial MAPs
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from humans, E. coli and P. furiosus do not provide the full variety of specificities and
conditions required in the biotechnology of removing iMet from recombinant proteins
[9, 10]. In this regard, the search for new MAPs that are stable under “non-standard”
conditions (elevated temperatures, pH, in the presence of denaturants, etc.) is relevant.
The purpose of this work was to study the substrate specificity of a new MAP from the
bacterium Thermus thermophilus (Tth-MAP) using synthetic peptides.

Methods and Algorithms: Cloning and purification of the Tth-MAP enzyme was carried
out as described previously [11]. To determine the substrate specificity of Tth-MAP,
synthetic peptide substrates differing in the amino acid residue after iMet were used. The
peptide hydrolysis reaction was carried out at 60 °C for an hour in 50 pl of a reaction
mixture of the following composition: 50 mM Hepes pH 7.5, 150 mM NaCl, 0.1 mM
cobalt, 200 uM peptide, 2 uM Tth-MAP. The reaction was stopped by adding 1 mM
EDTA. The degree of peptide hydrolysis was assessed using mass spectrometry using
an electrospray ionization mass spectrometry detector (ESI-MS) Shimadzu Corporation,
LCMS-2010EV (Shimadzu Co., Japan). The device was calibrated using horse heart
myoglobin (Sigma-Aldrich Co., USA). The molecular weights of protein fractions were
analyzed using GPMAW 9.02 software [12].

Results: One of the main characteristics of an enzyme is its substrate specificity. The
specificity of MAP varies from organism to organism and may vary depending on the
metal cation bound, but in general it is limited by the side chain radius of the amino acid
residue (a. a.) behind the iMet being cleaved off. Usually these are small, uncharged a.
a., such as Gly, Ala, Ser, Thr, Pro, Val, Cys. In this work, we investigated the substrate
specificity of the new MAP enzyme from the thermophilic bacterium Thermus
thermophilus, namely, we assessed the efficiency of Met cleavage from synthetic
peptides. Cobalt ions (100 uM) were used to stimulate Tth-MAP activity. The analysis
showed that the efficiency of elimination of Met, followed by Gly and Ala, is 95 %,
while for Thr it is 15 %. The new Tth-MAP enzyme is specific for Met cleavage in
peptides predominantly with Gly and Ala at the N-terminus.

Conclusion: The substrate specificity of the new MAP enzyme from the bacterium
T. thermophilus was studied for the first time. The new enzyme can be used in
biotechnology to remove N-terminal methionine from recombinant proteins and
peptides.

Funding: research was funded by a grant from the Russian Science Foundation,
No. 23-24-00563, https://rscf.ru/project/23-24-00563/.
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