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Momusayus u yenv: Tuounanar sBISIETCS TOKCUYHBIM COSANHEHUEM, O0pa3yIOIIUMCS B
KaK B IPUPOJHBIX, TaK U B MPOMBIIIJICHHBIX Tpolieccax. XUMHUECKasi CTaOMIBHOCTh U
TOKCHUYHOCTH JAHHOI'O COEANHEHHUSI 00YCIIOBINBAIOT HEOOXOIMMOCTh MTOUCKA CIIOCOO0B
OYUCTKM TNPOMBIIUICHHBIX CTOYHBIX BOA OT THonMaHara. llepcrnekTHBHBIM
HarpaBJIeHUEM MPEJICTABISCTCS OMOpeMeINaIHsI CTOUYHBIX BOJ| C TOMOIIBIO THOIHAHAT-
YTUIM3HPYIOLIUX OPTaHNU3MOB.

TuonnaHaTneruIporenasa — Meab-coaepKaniii GepMeHT, KaTaTu3uPYIOLIHI OKUCITe-
HHUE THOIIMaHaTa ¢ 00pa30BaHMEM LMAHATa, CEPBl U C MIEPEHOCOM JIBYX AJIEKTPOHOB Ha
BHenHui aknenrtop. [lepas TuonmaHatneruaporenaza (TcDH) Obuia BbimeacHa u3
rajoankanoQuIbHON  cepookucisomeit  O6akrepum  Thioalkalivibrio  paradoxus.
AxtuBupii nearp TcDH w3 Tv. paradoxus (tpTcDH) comepskutr Habop u3
10 KOHCEpBATHBHBIX AMHUHOKHCIOTHBIX OCTATKOB, OOCCICUMBAIONIMX MOJICPKAHUC
CTPYKTYpPBI TPEXBAAEPHOIO MEAHOIO KIACTEpa M KaTanuThudeckue cBoiictBa tpTcDH
[1]. Bbut0 BBICKA3aHO TPETIONOKEHHUE, UTO XaPAKTEPHbIH 1a0I0H U3 10 KaTaTUTHYECKH
B2)XKHBIX AMHHOKHUCIIOT SIBJSIETCSI MapKepoM TNPUHAUIC)KHOCTH OelKa K CEeMEUCTBY
trorManaraeruaporenas [2]. Llespto maHHOM pabOThI OBLIO MCCIICIOBAaHHE CBOIMCTB U
CTpyKTypel romosioroB tpTCDH ¢ pasnuuHON CTeneHb0 TOMOJOTHM W3 pasHbIX
OpraHu3MOB.

Memoowt u ancopummor: B pabote UCTIONB30BATNCH METOABI MOJIEKYIISIPHOW OMOIOTHU
JUIA TIONy4eHUS! PEKOMOMHAHTHBIX OCJIKOB, a TaKkKe pas3jInuyHble OHMOXUMHYECKHE
METOJBI JUISI XapaKTEPUCTHKH CBOWCTB OEIIKOB.

Peszynomamur Tomonoru tpTcDH Obutn oOHapyxkenbl y Oonee yem 50 MHKpoopra-
HU3MOB. Ha 0ocHOBaHMM CTENEHH TOMOJIOTHH U IPUCYTCTBUS 3aMEH B AMUHOKHCIIOTHOM
mabnone romonoru tpTcDH Obutn pasgenensr Ha Tpu rpynnsl. IlepBas rpynma —
romosiorn tpTcDH ¢ HJIEHTUYHOCTHIO MO AMHUHOKHUCIOTHOM IOCJEI0BATENBLHOCTH
>50 % u 0e3 3aMEH B aMHUHOKHCIIOTHOM IIa0JIOHE, BTOpasi TpyIna — TOMOJIOTH C
uaeHTnIHOCThI0 49-35 %, HO ¢ 3aMeHOl OJHOI aMHUHOKHCIIOTHI B IA0JIOHE, TPEThS
rpymmna — Haubosee ynaneHHble Tomonoru tpTcDH (upentrunocts <33 %), HO Oe3
3aMeH B aMUHOKUCIOTHOM mmabioHe. Llenpro paboThl SBISIIMCH TONYyYEHHE WU
xapakTtepuctuka romonoroB tpTcDH w3 kaxmoil rpynmel, MOpoBepKa BaKHOCTU
AMUHOKHUCIIOTHOTO ImabjoHa Juiss npuuucieHus romonoroB tpTcDH k cemelicTBy
THONMaHaTaAeryaporeHas. [lns storo Obui  BeiOpansl TcDH w3 Gakrepuit
Pelomicrobium methylotrophicum (pmTcDH) wu Hydrogenobacter thermophilus
(htTcDH) (mepBast rpymma), Tautonia sociabilis (tsTcDH) (Bropas rpynma) u
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Thiohalobacter thiocyanaticus HRh1(ttTcDH) (tpetbs rpynma). [lyist Bcex Tpex rpymm
OakTepuii mpoaHaIM3UPOBaHbI TeHHBIE KIaCTEePHhI, CoAepKaline reHsl romonoro TcDH.
IMTokazano, uro 6akTepus P. methylotrophicum crmoco6Ha k pocTy Ha THOIMAHATE KaK
WCTOYHHUKE a30Ta, MPH 3TOM perucTpupyercs skcmpeccus pmTcDH wu depmenta
[MaHa3bl, KOTOPBI paznaraet oOpasytomuiics nmon aeiictueM TcDH nuanat va CO2 n
aMMOHHH, MCTIONB3YIOIIHICS B MTpolieccax OMOCHHTE3A.

I'omomoru tpTcDH wu3 mepo#t rpymmer (pmTcDH u htTcDH) 6pmmm momydeHsl ¢
MOMOIIIBIO TETEPOJIOTMYHOM 3Kcnpeccuu B kieTkax E. coli. O6a Oenka sBistoTCs Meab-
3aBUCHUMBIMH (PEPMEHTaMHM, KaTaTU3UPYIOIMMHA OKUCICHHE THOLMAaHAaTa MO TOH ke
cxeme, uro u tpTcDH, T. e. aBisroTCs THONHMAHATIETHApPOTeHa3amMu. OxXapaKkTepu3o-
BaHbl OMOXMMHYECKHE CBOMCTBAa 000MX OEJIKOB.

Bropas rpynmna romonoroB tpTcDH conepxuT onHy 3aMeHy B aMHUHOKHCIOTHOM
mabnone, ocratok H482, kotopsiii B tpTcDH orBeuaer 3a koopaunanuio uona Cul,
3aMeHEH Ha riyTaMuH. [loaydyeHnHas MmeToioM rereposiorndHoi skcnpeccuu tsTcDH u3
T. sociabilis, oTHocsmIasics KO BTOpPOM TpyImme, He obnajana THOIHAHATACTHIPO-
TeHa3HOW aKTUBHOCTHI0. CIIOCOOHOCTB K POCTY Ha THOLIMAaHAaTe Oblia MPOBEpEeHa TAKKe
s 6akrepun Methylocapsa acidiphila B2, conepikarieii B reaome ren romosiora TcDH
u3 BTopoii rpymnmbl. bakrepust M. acidiphila B2 okazanace He cnocoOHa Kk pocTy Ha
THonmanare. TakuM o0pa3oM, 3aMeHbl B aMHHOKHCJIOTHOM IIa0JIOHE KPUTHYHEI, U
OeJKy, cofeprKalne TaKylo 3aMeHY, He SIBIIOTCS THOLMAHATACTHIPOT eHa3aMH.

st mccnenoBanusi Tpetbed rpynmsl romonoroB tpTcDH Opiia BeiOpana Oaktepust
T. thiocyanaticus, mms koTopoii paHee Oblia IOKa3zaHa CIIOCOOHOCTh pPACTH Ha
THOLMAHATE KAK EOUHCTBEHHOM HCTOYHUKE 3Hepruu U azora. Pepment ttTcDH
(MIEHTUYHOCTh MO0 aMWHOKHCIOTHOH mocnenoBatensHoct ¢ tpTcDH 32 %), Bwime-
JICHHBI W3 mepuIUia3MaTudeckor ¢Gpakuuu T. thiocyanaticus, BeIpalieHHOW Ha
MUHEpaTbHOH CpeAe B NPUCYTCTBUH THOIMAHATa, MPEICTaBIsT CcOOOH cMmech
cBobogHOTrO (pepmenta u mpouHoro komruiekca ttTcDH ¢ TropemoxcuH-mogoO0HEIM
oenkoMm (TLP), ren xortoporo mpeamectByer reny ttTcDH. IIpenapar comepskan 1o
2.9 mona memu B mepecuere Ha TcDH. TuonmanataeruaporeHa3HONW aKTHBHOCTBHIO
obnmaman Ttombko komrimiekc ttTcDH-TLP, cBoGommerit ttTcDH ©He mnposBisn
KaTaJINTHYECKUX CBOICTB.

Jis  nanpHeHImMX wWccieAoBaHUK OB TOJTYy4eHBl PEKOMOMHAHTHBIE NpenapaThl
ttTcDH u TLP. Ilockonbky pexomOuHanTHbIH ttTcDH ObLT HECTaOMIIEH U CKIOHEH K
arperany, ObUIM NPOBEACHBI INUPOKUI CKPUHUHT U ONITUMH3ALIUS METOJIOB ITOJTyYeHHUS
W CTa0WIW3alMM [ENeBOro Oenka, IMO3BOJMBINKE YBeNU4nuTh BbIXoA ttTcDH u
M30aBUTHCS OT BBICOKOMOJIEKYJISIPHBIX arperatoB. CBOOOJHBIN pPEeKOMOMHAHTHBIN
ttTcDH, xak u HaTWBHBIA, HEe 00Jamal THOIUAHATIETHUIPOTCHA3HOW AaKTHBHOCTHIO
nocje HachleHuss noHaMu Meau. Karanuntuueckast aktuBHocTh ttTcDH mnossnsiercs
TOJIFKO TIPW HACHIIEHUH MOoHamu Mmenu B mpucytcTBum TLP. [Ipu stom obpasyercs
kommiekc ttTcDH-TLP, xoropsiii Habmogaercst Ha renb-¢pmibTpanuu. OOHapyxeHa
criocooHocTh TLP cBsi3piBaTh MOHBI Mean. Bo3mosxuo, TLP yuacTByeT Bo BcTpanBaHWUH
HOHOB MeJu B akTuBHbIA 1eHTp ttTcDH, 310 moaTBepskaaercst TeM, 4TO HACBILLICHUE
noHamu Mequ ttTcDH B orcyrerBue TLP npuBOauT K BCTpauBaHUIO TOJIBKO OJHOIO U3
TpPEeX HOHOB MEJIH.

Ananu3 Onmxaiiiero okpyxeHus reHa TcDH y MHUKpOOpraHn3MoOB pa3HBIX KIJIACCOB
MoKa3al, 9To y Tex Oaktepui, rae romosoru TcDH nmeroT KoHCepBaTUBHBIN MTa0I0H
n3 10 aMUHOKMCIOTHBIX OCTAaTKOB (Il€pBas M TPEThS TPYMIBI TOMOJIOTOB), PSIOM C
reHoM TcDH pacnonoxeHbl TeHbl Mellb-CBA3BIBAIOIINX OEJIKOB, OTBETCTBEHHBIX 32
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MEpeHoC W BCTpaWBaHHE HOHOB MEIW B AaKTHBHBIM LEHTp ¢ oOpa3oBaHHEM

KaTAINTHYECKH KOMIICTEHTHOH ¢opmbl (epmenTa. B cimyyae opraHusmMoB BTOpOH

rpynmnsl, rae y npennonaraemMoil TcDH mpucyTcTByeT 3aMeHa OJHOTO U3 OCTAaTKOB

AMHHOKHUCIIOTHOT'O 11a0JI0Ha, TeHbl OEJIKOB — MEPEHOCYMKOB HOHOB MeAU — B OJIKaii-

meM okpykeHuu reia TcDH otcyTcTByroT. [lockonbKy M3 HAaIIMX JaHHBIX CIEAYET, 4TO

takas ¢opma TcDH HeakTWBHA, TO KIETKE HET HEOOXOJMMOCTH CO3JaBaTh CHCTEMY

TPaHCIIOPTa HOHOB MEJU K 3aBEOMO JIe()eKTHOMY OEeTKy.

Buigoowi:

1. Tlonmyvensl u oxapakrepu3oBanbl romosioru tpTcDH u3 yeTsipex opraHu3MoB.

2. TlonmrepxneHo, uro mabioH u3 10 aMHHOKHCIOTHBIX OCTAaTKOB, (hOPMHUPYIOITHX
aktuBHbIA LeHTp tpTcDH, orBewaer 3a mpuHamnexHocTs romonoros tpTcDH k
THOLIMAaHATAETUIPOreHa3aM.

3. Bce wn3ydeHHble THOIMAHATAETHAPOTEHA3bl TPEOYIOT MPHCYTCTBHS TPEX HOHOB
MeAU B aKTUBHOM LICHTPE AJIs1 KaTATUTHYECKONH aKTUBHOCTH.

4. Harusneri ttTcDH Haxogutes B 1BYX popmax: CBOOOAHOM U B IPOYHOM KOMILIEKCE
¢ THOpenoKCUH-o00HbIM OenkoMm (TLP). Tonbko xommiekc ttTcDH-TLP
obOnamaer QepMeHTaTHBHON aKkTHBHOCTHIO. CBoOomHas ttTcDH HeakTnBHa U
HecTaOMJIbHA.

5. OntuMu3upoBaH Croco0 MOJIyYeHUs U CTa0MiIn3anuu pekomMOuHaHTHOH ttTcDH,
TO3BOJIMBIINH ITOTYYUTH TOMOT€HHBIN I MOHOAMCIIEPCHEIH MpernapaT Oenka.

6. Hacerimenune ttTcDH noHamu Menu MpUBOAWUT K BCTPAMBAHUIO TOJBKO OHOTO W3
TpeX MOHOB, U (epMEeHT oka3biBaeTcsi HeakTuBeH. Hackimenne ttTcDH nonamu
Menu B mpucyrctBud TLP mpuBoauT 00pa3oBaHUIO KAaTAIMTHYECKH aKTHBHOM
thopmer pepmenra.

Structure and properties of thiocyanate dehydrogenase
from various sources

Shipkov N.S.*, Tikhonova T.V., Dergousova N.l., Popov V.O.
Federal Research Centre “Fundamentals of Biotechnology”, RAS, Moscow, Russia
* shipkov1995@yandex.ru
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Motivation and Aim: Thiocyanate is a toxic compound formed in both natural and
industrial processes. The chemical stability and toxicity of thiocyanate necessitate the
search for ways to purify industrial wastewater from thiocyanate. Bioremediation of
wastewater using thiocyanate-recycling organisms seems to be a promising direction.

Thiocyanate dehydrogenase is a copper-containing enzyme that catalyzes the oxidation
of thiocyanate to form cyanate, sulfur and transfer two electrons to an external acceptor.
The first thiocyanate dehydrogenase (TcDH) was isolated from the haloalkalophilic
sulfur-oxidizing bacterium Thioalkalivibrio paradoxus. The active center of TcDH from
Tv. paradoxus (tpTcDH) contains a set of 10 conserved amino acid residues that
maintain the structure of a three-core copper cluster and the catalytic properties of
tpTcDH [1]. It has been suggested that the characteristic pattern of 10 catalytically
important amino acids is a marker of a protein belonging to the thiocyanate
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dehydrogenase family [2]. The purpose of this work was to study tpTcDH homologues
from different organisms.

Methods and Algorithms: The work used methods of molecular biology to obtain
recombinant proteins, and various biochemical methods to determine the properties of
proteins.

Results: tpTcDH homologues have been found in more than 50 microorganisms. Based
on the degree of homology and the presence of substitutions in the amino acid template,
tpTcDH homologues were divided into 3 groups. The first group contains tpTcDH
homologues with homology >50 % with no substitutions in the amino acid template, the
second group includes homologues with 49-35 % homology with one amino acid
substitution in the amino acid template, and the third group involves the most distant
tpTcDH homologues (homology <33 %), but without substitutions in the amino acid
template. The aim of the work was to obtain and characterize tpTcDH homologues from
each group, to verify the importance of the amino acid template for classifying tpTcDH
homologues to the thiocyanate dehydrogenase family. For this purpose TcDH
homologues from bacteria Pelomicrobium methylotrophicum (pmTcDH) and
Hydrogenobacter thermophilus (htTcDH) (first group), Tautonia sociabilis (tsTcDH)
(second group) and Thiohalobacter thiocyanaticus HRh1(ttTcDH) (third group) were
selected. Gene clusters containing genes of the TcDH homologue were analyzed for all
three groups of bacteria.

The work shows that the bacterium P. methylotrophicum is capable of growing on
thiocyanate as a nitrogen source, while the expression of pmTcDH and the cyanase
enzyme is recorded, which decomposes cyanate formed under the action of TcDH into
CO2 and ammonium used in biosynthesis processes.

tpTcDH homologues from the first group (pmTcDH and htTcDH) were obtained by
heterologous expression in E. coli cells. Both proteins are copper-dependent enzymes
that catalyze the oxidation of thiocyanate according to the same scheme as tpTcDH, that
is, they are thiocyanate dehydrogenases. The biochemical properties of both proteins
have been studied.

The second group of tpTcDH homologues contains one substitution in the amino acid
template, the H482 residue, which in tpTcDH is responsible for coordinating the Cu®
ion, is replaced by glutamine. The tsTcDH from T. sociabilis obtained by heterologous
expression, belonging to the second group, did not demonstrate thiocyanate
dehydrogenase activity. The ability to grow on thiocyanate was also tested for the
bacterium Methylocapsa acidiphila B2, which contains the gene of TcDH homologue
from the second group in the genome. The bacterium M. acidiphila B2 was unable to
grow on thiocyanate. Thus, substitutions in the amino acid template are critical, and
proteins containing such a substitution are not thiocyanate dehydrogenases.

To study the third group of tpTcDH homologues, the bacterium T. thiocyanaticus was
selected, for which the ability to grow on thiocyanate as the only source of energy and
nitrogen was previously shown. The ttTcDH enzyme (amino acid sequence identity with
tpTcDH 32 %) isolated from the periplasmic fraction of T. thiocyanaticus grown on a
mineral medium in the presence of thiocyanate was a mixture of a free enzyme and a
strong complex of ttTcDH with a thioredoxin-like protein (TLP), the gene of which
precedes the ttTcDH gene. The preparation contained up to 2.9 copper ions in terms of
TcDH. Thiocyanate dehydrogenase activity was possessed only by the ttTcDH-TLP
complex, free ttTcDH did not exhibit catalytic properties.
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Recombinant drugs ttTcDH and TLP were obtained for further studies. Since
recombinant ttTcDH was unstable and prone to aggregation, extensive screening and
optimization of methods for obtaining and stabilizing the target protein were carried out,
which made it possible to increase the yield of ttTcDH and get rid of high-molecular
aggregates. Free recombinant ttTcDH, like the native one, did not have thiocyanate
dehydrogenase activity after saturation with copper ions. The catalytic activity of
ttTcDH appears only when saturated with copper ions in the presence of TLP. In this
case, the ttTcDH-TLP complex is formed, which is observed on gel filtration. The ability
of TLP to bind copper ions has been discovered. It is possible that TLP is involved in
the incorporation of copper ions into the active center of ttTcDH, this is confirmed by
the fact that saturation with copper ions of ttTcDH in the absence of TLP leads to the
incorporation of only 1 out of 3 copper ions.

Analysis of the immediate environment of the TcDH gene in microorganisms of different

classes showed that in those bacteria where TcDH homologues have a conservative

template of 10 amino acid residues (the first and third groups of homologues), next to
the TcDH gene there are genes of copper-binding proteins responsible for the transfer
and incorporation of copper ions into the active center to form a catalytically competent
form the enzyme. In the case of organisms of the second group, where the proposed

TcDH has a replacement of one of the residues of the amino acid template, the genes of

copper ion carrier proteins in the immediate environment of the TcDH gene are absent.

Since our data show that this form of TcDH is inactive, the cell does not need to create

a system for transporting copper ions to a known defective protein.

Conclusion:

1. tpTcDH homologues from 4 organisms were obtained and characterized.

2. It has been confirmed that a template of 10 amino acid residues forming the active
center of tpTcDH is responsible for the affiliation of tpTcDH homologues to
thiocyanate dehydrogenases.

3. All studied thiocyanate dehydrogenases require the presence of 3 copper ions in the
active center for catalytic activity.

4. Native ttTcDH is found in two forms: free and in a strong complex with a
thioredoxin-like protein (TLP). Only the ttTcDH-TLP complex has enzymatic
activity. Free ttTcDH is inactive and unstable.

6. The method of obtaining and stabilizing recombinant ttTcDH has been optimized,
which made it possible to obtain a homogeneous and monodisperse protein
preparation

7. Saturation of tch with copper ions leads to the incorporation of only one of the three
ions, and the enzyme is inactive. Saturation of ttTcDH with copper ions in the
presence of TLP leads to the formation of a catalytically active form of the enzyme.
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