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Momusayua u yenv: OguH W3 IMyTed co37aHUs OENKOB W TENTHIOB C HOBBIMH
CBOMCTBAMH — 3TO BKIIIOUEHHE AMHHOKHCIIOT, HE BCTPEUYAIOUINXCs B npupone. Takue
aMUHOKHCIIOTBI HAa3bIBAIOTCS HENPHUPOAHBIMM WM HempoTenHoreHHeiMu (HITA).
TpagUIIMOHHO Takue aMUHOKWCIIOTHI BCTPAaWBAaIOT, OOBIYHO B HEOOJNBINME MENTHIHL,
XUMHAYECKUM CHHTE30M WM MTOCTTPAHCISLMOHHON Moau(HKae aMUHOKHUCIOTHOTO
ocTaTka. ITOT MOAXO0]l UMEET MHOXKECTBO OI'PaHUYEHUH, B TOM YHCIIE SKOHOMHUYECKHE.
Britouenne HITA mo3BossieT BBOJUTH XUMHUECKUE TPYIIIBI, KOTOPBIE 00ECTICUBAIOT
HEIOCTYNHBIE JUIl IPUPOAHBIX OEJKOB cBoiicTBa. B TOM umncie Bo3MOXHA
nprKu3HeHHas Berpoiika HITA [1].

Hdus yero »sto MoxeT ObiTh HyxkHO? Ilpm mnomomm HITA co B3aumHO
KOMIUIEMEHTApHBIMH TPYIIaMH BO3MOXKHO CHEIM(UYECKH COCIUHATH O€lKH U
NENTUABI, HANPaBICHHO MPUCOCAMHATh OPraHUYECKHE COCAMHEHMs, B OOBIYHBIX
ycnoBusix 0e3 3allMThl JPYTUX AMHHOKHCIOTHBIX OCTAaTKOB. BO3MOXXHO BHOCHTB
3alMIICHHBIE WM MOAM(DUUIMPOBAHHBIE  TPYHNHPOBKH  UII  XHMHYECKUX
npeoOpazoBanuii. [Ipexe Bcero, Takoil moIxo MOXKET OBITh aKTyalieH IpH pa3paboTke
JIEKAPCTBEHHBIX CpeCTB. JIst n3yueHHs BIUSHUS TOCTTPAHCISIIMOHHBIX MOTU(pHKAINIT
BO3MOYKHO TaKKe BKJIFOUEHHE aMUHOKHCIIOT yKe ¢ MoaudukanusimMu. Otaensasie HITA
MOTYT UMETH (PIIOOPECIUPYIOLIUE, UK PETHCTPUPYEMBIE IPYTUMH METOIAMH, TPYTIIIBL,
9YTO MOXET OBITh HMHTEPECHO MAJsl NPWKHU3HEHHOI'O HCCIENOBAHUS OHOIOTMYECKUX
00bekToB. Ene oiMH BapHaHT HCIIONB30BaHUS — 3TO MOAMDUKAIUS HYHKITMOHATBEHBIX
aTOMOB JUIsl M3MeHeHHs aGUHHOCTH MM peakMOHHOM criocobHocTu. Llens HaydHOH
rpyrnnsl B HTY Cupnyc — B nepyto ouepenp BiroueHre HITA g koHCTpyHpoBaHUs
NENTUAOB M OENKoB, OOJIAAAIONINX YHHKAIBHBIME CBOWCTBAMH, [IJIsl CO3JAHUS
(apMareBTHIeCKUX CyOCTaHIIHH.

B nactosimee Bpems nentuiasl ¢ HITA, BCTpoeHHBIME IPH MOMOIIN OMOJIOTHYECKOTO
CHUHTE3a, HE IMONYYWIM IIMPOKOro mpusHaHus, Toraa kak HIIA, BcTpoeHHBIE
XUMHYECKUM CHHTE30M, HaxXOAAT UIMPOKOE IMpPHUMEHEHHE. OTO TOBOPUT O
MEPCIIEKTHBHOCTH JAHHOTO HAIIPABJICHUSI.

Memoowvr u ancopummei: llepBpIM maroM B pa3BUTHH OHOJOTMYECKHX CHCTEM,
HalpaBJCHHBIX Ha TOMyYEeHHE AaMHUHOKHCIOTHBIX TmocieaoBarensHocTeilt ¢ HIIA,
spisiercs: noiaydenue map amuHoain TPHK cunteraza(APC)/TPHK, oproroHansHbIX
npyrum amuHokucinoTtaMm, TPHK u APC knerkn. APC He B3auMoJIEHCTBYET C JpyTUMHU
TPHK n amunoxucnoramu. TPHK =e B3anmogeiictyer ¢ npyrumu APC B kietke. [Ipu
sroMm TPHK pomxHa B3auMOJEHCTBOBaTH C JJIEMEHTAMHU CHUCTEMBI TPAHCIALIMU
prOoCcOMOii U paKTOpaMH IOHTALHH.
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I[lomumo 20 aMHHOKHCIOT, KOTOpBIE BCTPaWBAIOTCA B O€IKKM OOJIBIIMHCTBOM
OpraHU3MOB, CYIIECTBYIOT €II€ JIBE€ — CEIEHOUUCTENH U NUPpoiau3uH. CeneHonucTenH
BKJIIOYAETCS C MCIOJIb30BAHMEM [JOIOJHMUTEIBHBIX MEXAaHHU3MOB, a IUPPOJIM3UH —
TPaJUIHOHHOIO MEXaHU3Ma pUOOCOMAILHOIO CHHTE3a IPU MOMOIIY JOMOJIHUTEIbHOM
napel APC/TPHK. Jlannas mapa Obuta oOHapyk€Ha B T€HOME apXed M OKas3alach
oproroHansHON K xo3saiickuM mapam APC/TPHK kak Gakrepwmii, Tak u dykapuot [2].
HmenHo 3Ta napa craja JOHOPOM JUIs ITOJY4YEeHUs JOCTATOYHO HIMPOKOTO pa3HO00pas3us
HITA B Genku m mentunabl. B HacTosimee BpeMs MPOAEMOHCTPUPOBAHO BKJIIOUCHHE
6onee 200 BapumantoB HIIA B Oenku mocne HampaBJIeHHBIX W3MEHEHHUH. B ocHOBHOM
9TO MPOW3BOAHBIC JTU3MHA U (eHUIAIAHNHA/THpo3uHa [3].

HecmoTpst Ha TO uTO OBLIa MOKa3aHa BO3MOXKHOCTH BKIIOYEHHUS IIUPOKOTO CIEKTpPa
HITA, B OompmuHCTBE cCilydyaeB A(QQPEKTHBHOCTh BKIIOYEHHUS IOBOJBHO HHU3KA.
Tpebyercs nononHUTENbHAS padoTa I HOBBILICHUS KaK CEJIEKTUBHOCTH BKIIIOUESHUS
koHKpeTHBIX HIIA, Tak m addextuBHOCTH padoTel APC. Bo3MOXHEI 1Ba OCHOBHBIX
npuHOuna g usMeHeHus cBodcTB APC. IlepBblif mpUHIMI — 3TO palMOHATILHBIN
JIu3aiiH. Bropoll — HampasieHHas 3BOIOLMsA. MBI UCIOJB30BAIA BTOPOM BapHUaHT —
meton PACE (phage assisted continues evolution) [4].

Pezynomamur: Tlpu momomn PACE u3 maper nupponusunoBoit APC/TPHK Obin
MOJYYEeHbl BapUaHTBHI, CIIOCOOHBIC BKIIOYATH PsAi AMHHOKHCIOT IPOU3BOTHBIX
tupo3uHa:  O-aJmWI-TUPO3UH, O-TPUABUA-THPO3HMH, O-METWJI-THPO3WH, I-aMHH-
¢denunananuH U 2-xnop-pennnananiH. Ha nepBoM 3Tane HampaBlIEeHHYIO 3BOJIIOLIUIO
APC mpoBomunu B mpucyrctBud 10 MM 1eneBbIX aMHHOKHCIOT. [lpu Menbiei
KOHIIGHTpAallMM NEpBBI 3Tall 3BOJIOLNMM HE YyIaBaJloch NPOBOAMTH. B  xoxe
MOCJIE0BATENbHBIX UTEpalUii HAIIPABICHHOW SBOJIOLMH YAAJIOCh HOOUTHCS PabOTHI
CUCTEMBI TIPH CHIDKEHMH KOHIeHTpauuu ImeneBbix HIIA mo 2.5 MM. Paboter mo
noBeIeHuI0 d3QpexTuBHocTH APC npomomkaroTcs.

s aHanm3a cBOWMCTB mosydeHHbIX APC oHM ObLIM KIIOHHUpPOBaHbBI B mrammel E. coli,
akcmpeccupytomeit ren Oenka GFP ¢ amOep cTOm-K0oI0OHOM B 6-M MOJIOKCHUU.
OddexTrBHOCT, pabOTHI  OICHMBAIM IO ypPOBHIO  (mroopecreHnmu. Macc-
cnekTpoMeTpuueckuil aHanu3 GFP ¢ BKIIIOYEHHBIM 0-aJUIMII-THPO3WHOM IIOKAa3al, YTO
BapuanThl APC w3 nHauvanpHbix 3TanmoB PACE o0mamaioT HEe TONBKO MEHbIIEH
3G PEKTHBHOCTHIO, HO M MEHbBIIEH CENeKTHBHOCTHIO. TO ecTh TOMHMO IeNeBOn
AMHUHOKHUCIIOTHI MOTYT BKJIFOYATh IPUPOHbIE AMUHOKHCIIOTHI THPO3HH U (PeHMIIaIaHHH.
Bapuantet APC ¢ Gosee MO3IHUX STamnoB 3KCIEPUMEHTa O0Jajald 3HAYUTEIBHO
Ooublel CieUUIHOCTBIO.

Buisoowi: Briepsrie B Poccun nomydeHs! mraMmbl poaynenTtsl oenkos ¢ HITA. Takum
0o0pa3om, HaMu 0TpabOTaH MPOTOKOJI MoydeHus: oproroHansHbix nap APC/TPHK s
BitoueHus 1eneBbix HIIA  mpowsBoaHBIX — (eHHMIaNaHWHA/THPO3WHA. [laHHBII
MPOTOKOJ MOKET OBITh PACHIMPEH Ha MPOU3BOAHBIC JIN3WHA, THCTHIUHA U TpUNITO(daHAa.
BBuay Toro, 4To B KauecTBe KOJOHA Mbl MOKEM HMCIIOIb30BaTh OJMH BapHaHT — aMmOep
CTON-KOOH, B HACTOSAIINNA MOMEHT BO3MO>KHO TOJIy4Y€HHE TENITHUIOB U OEJIKOB C OJHUM
BapuantoM HIIA. Pacmmpenue BO3MOXHOCTEH i MapauIeILHOTO BKIIFOUCHUS
Heckonpkux HITA TpeOyeT pa3paboTku HECKONBKUX B3aWUMHO OPTOTOHANBHBIX Map U
paloThl HaL APYTHMH 3JI€MEHTaMHU TPAHCKPHUIILUK U TPAHCIISILIUH.

QuHancuposanue.  VccnemoBanme — TOJIEp)KaHO B paMKax — pealn3anvu
TOCy/IlapCTBEHHOM Tmporpammsl ¢enepanbHoil  Tepputopun «Cupuyc» «Haydno-
TEXHOJIOTHUYECKOE pa3BuTHE enepanbHoi Tepputopun «Cupuycy.
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Motivation and Aim: One way to create proteins and peptides with new properties is to
incorporate amino acids not found in nature. Such amino acids are called non-natural or
non-canonic amino acids (ncAA). Traditionally, such amino acids are incorporated,
usually into small peptides, by chemical synthesis or post-translational modification of
an amino acid residue. This approach has many limitations, including economic ones.
The incorporation of ncAAs allows the introduction of chemical groups that provide
properties unavailable to natural proteins. It is also possible to incorporate ncAAs in life
cells or animals [1].

What can it be used for? With the help of ncAAs with mutually complementary groups
it is possible to specifically connect proteins and peptides, to join organic compounds in
a targeted manner, under normal conditions without protecting other amino acid
residues. It is possible to introduce protected or modified groupings for chemical
transformations. This approach may be relevant primarily in drug design. It is also
possible to include amino acids already with modifications to study the influence of
posttranslational modifications. Certain ncAAs may have fluorescent groups, or groups
that can be registered by other methods, which may be interesting for the lifetime study
of biological objects. Another use case is the modification of functional atoms to change
affinity or reactivity. The goal of the research group at university Sirius is primarily to
incorporate ncAAs for the design of peptides and proteins with unique properties for the
creation of pharmaceutical substances.

At present, peptides with ncAAs incorporated by biological synthesis are not widely
recognized, whereas ncAAs incorporated by chemical synthesis are widely used. This
indicates that this direction is promising.

Methods and Algorithms: The first step in the development of biological systems aimed
at obtaining amino acid sequences with ncAA is to obtain aminoacyl tRNA synthetase
(aaRS)/tRNA pairs orthogonal to other amino acids, tRNA and aaRS in the cell. aaRS
does not interact with other tRNAs and amino acids. tRNA does not interact with other
aaRs in the cell. However, tRNA must interact with elements of the ribosome translation
system and elongation factors.

In addition to the 20 amino acids that are incorporated into proteins in most organisms,
there are two more, selenocysteine and pyrrolysine. Selenocysteine is incorporated using
additional mechanisms, while pyrrolizine is incorporated using the traditional
mechanism of ribosomal synthesis with the help of an additional aaRS/tRNA pair. This
pair was discovered in the archaea genome and was found to be orthogonal to the host
aaRS/tRNA pairs of both bacteria and eukaryotes [2]. It was this pair that became a donor
for the acquisition of a sufficiently wide variety of ncAAs into proteins and peptides.
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The incorporation of more than 200 variants of ncAAs into proteins, following directed
modifications, has now been demonstrated. These are mostly lysine and
phenylalanine/tyrosine derivatives [3].

Although a wide range of ncAAs have been shown to be incorporated, in most cases the
incorporation efficiency is quite low. More work is required to improve both the
selectivity of inclusion of specific ncAAs and the efficiency of aaRS. Two basic
principles are possible to modify the properties of aaRS. The first principle is rational
design. The second principle is directed evolution. We have used the second principal.
The PACE (phage assisted directed evolution) method was used in this work [4].
Results: Using PACE, variants capable of incorporating a number of tyrosine derivative
amino acids were generated from the pyrrolysine aaRS/tRNA pair: O-allyl-tyrosine, o-
triazide-tyrosine,  o-methyl-tyrosine,  p-amine-phenylalanine, and  2-chloro-
phenylalanine. In the first step, directed evolution of aaRS was performed in the presence
of 10 mMol of the target amino acids. At lower concentrations, the first step of evolution
could not be performed. In the course of successive iterations of directed evolution, it
was possible to achieve the system operation when the concentration of target ncAAs
was reduced to 2.5 mMol. The works on increasing the efficiency of aaRS, continue.
To analyze the properties of the obtained aaRS, they were cloned into E. coli strains
expressing the gene of GFP protein with amber stop codon in the 6 position. The
performance was evaluated by fluorescence level. Mass spectrometric Analysis of GFP
with incorporated o-allyl-tyrosine showed that aaRS variants from the initial stages of
PACE have not only lower efficiency but also lower selectivity. That is, they can include
the natural amino acids tyrosine and phenylalanine in addition to the target amino acid.
aaRS variants from later stages of the PACE experiment had significantly higher
specificity.

Conclusion: Strains producing proteins with ncAAs were obtained for the first time in
Russia. We have developed a protocol for obtaining orthogonal pairs of aaRS/tRNA to
incorporate phenylalanine/tyrosine derivatives into target ncAAs. This protocol can be
extended to include lysine, histidine and tryptophan derivatives. Since we can use a
single variant, the amber stop codon, it is currently possible to produce peptides and
proteins with a single ncAA variant. Expanding the possibilities for parallel
incorporation of multiple ncAAs requires the development of multiple, mutually
orthogonal pairs and work on other transcription and translation elements.

Funding: The study is supported supported by the grant of the state program of the
“Sirius” Federal Territory “Scientific and technological development of the Sirius
Federal Territory”.
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