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Momusayus u yenw: CemeiictBo 6enkoB CopC (copper resistant protein) mpencrasiser
co0ol TMepuIIa3MaTuIeckue Melb-CBA3hIBAIOIINE OENKH, KOTOPhIE WIPAIOT BaXKHYIO
poms B romeoctaze memu. M3mawampHo COpPC paccmarpuBanmmch Kak OJUH W3
KOMITOHEHTOB CHCTeMBI ycToiunBocTr kK nonaMm meau COpABCDERS. Ho nozsxe 6p110
o0OHapykeHo, 4yTo yacTto reH COpC mpHuCyTCTBYET B TEHHBIX KJIACTEPAX TOJBKO C TEHOM
Oenka BHyTpeHHeld memOpanbl CopD, a Takke ¢ reHamMd MeaHbIX okcumas [1].
[Ipenmonaraercs, yto CopC B ngaHHOM ciy4yae BBHITONHSIET (YHKIHIO METAllIo-
HIaNiepOHa, YYaCTBYIOLIETO BO BCTPAMBaHHK MOHOB MEIU B AKTHBHBIN LICHTP MEIHBIX
¢depmentoB. B renome Gaxtepuu Thiolkalivibrio paradoxus reusr CopCD Bxomsar B
TeHHBIH  Kjactep, OTBEYAIOMMii 3a OHMOCHHTE3 Mejab-conepXamiero Oenka
tuormHaraeruaporenassl  (TCDH) [2]. Llenpto Hacrosimieli pabOTBI  SIBISUIOCH
CTPYKTYPHOE HCCIIEZIOBaHUE Meib-cBsizbiBatomero oeiaka CopC u3 Tv. paradoxus —
MOTEHIIMANBHOTO MeTautomanepona T1CDH, a takke aHanmm3 CTPYKTYpHBIX OTIHYUI
amo- u xomogopm CopC.

Memoowt u aneopummul. B pabote ObIIM MCIONB30BaHBI METO/Ibl TEHHON WH)KEHEPUH
IUTSL TIONTydeHusl pekoMOnHaHTHOH amo-(opmbel CopC, xpomaTorpadudecKkie METOIbI
qutst BiiesieHnst 1 o4ucTkr CopC 1 OMOXMMHYECKHE METOJIBI JIISL €T0 XapaKTePHCTHKH.
Xonogopmy nonyuanu Haceimerrem anodpopmel CopC nonamu CU? ¢ mociexyronmm
yaaneHueM u30bITKa MOoHOB Menu auanu3oM. Kpucrammer CopC momywanu MeTonoM
middy3un mapos, crpyktypel COpC pemieHsl METOIOM PEHTTEHOCTPYKTYPHOTO
aHaJIM3a.

Pezynomamur: TlonydeHsl 1 YTOYHEHBI CTPYKTYPHI ano- ¥ xosno-CopC ¢ paspemennemM
1.70 u 1.80 A. B o6eux crpykrypax CopC Haxoautcs B popMme AUMepa, 4TO OTIHYAET
CopC u3 Tv. paradoxus ot paHee OIMCaHHBIX TOMOJIOTOB U3 IPYTHX OAKTEPHIA, KOTOPHIE
HaXOJISTCSI B MOHOMEPHOM COCTOSIHMH. B 00pazoBannu aumepa ydacTBytoT C-KOHIIBI
MOHOMEPOB («XBOCT K XBOCTY»), Ha N-KOHIIE KaxJ0ro MoHomepa (opmupyercs
xapaktepublii st COpC  Menb-CBS3BIBAIOIIMIT MOTHB, KOTOPBIH B JIHTEpaType
Ha3BIBAETCS «THCTHAMHOBAs CKpemnkay. Takke B cTpykrype CopC m3 Tv. paradoxus
MMeeTcsl BCTaBKa M3 28 aMHHOKHCIIOT, KOTOpas OTCYTCTBYeT y romonorundasix CopC
[1]. Jannas BcraBka (hOPMHpYET METIIO U O-CIUpab, U €€ (PYHKIHs, BO3MOKHO,
3aKiIro4YaeTcs B (POPMHUPOBAHUM CaiiTa Uil B3AUMOJCHUCTBHS C O€IKaMU-TIapTHEPAMH.
DTO MOATBEP)KIAeT IOJNy4YeHHas paHee CTpykTypa komiuiekca CopC-FCC, rne
¢naBuHOBass  cyObeguHMIA  (IIaBOLMTOXPOMCYIb(PHUIAECTHIPOreHA3bI (FCC)
B3aMMOJICHCTBYET C JaHHOH O-criupaibio [3].
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B crpykrype xomodopmer Tv. paradoxus CopC caiir, Ha KoTopoM cBsizaH uoH Cu?*,
UMeEeT CTPOCHUE KBaJpaTHOW mupaMubl U popmupyercs N-KOHLIEBBIM THCTUAMHOM H
IByMsI KOHCepBaTHBHBIME ocTaTkaMu — Asp110 u Hisl12. Takoe ke CTpOCHHE UMEIOT
Meb-cBsi3biBaromtue caiitel CopC u3 apyrux 6akrepuii [1].

B cTpykType anodopMbl B 00JIaCTH «THCTUAWHOBOM CKPETKM» TaKKe MPUCYTCTBOBAI
noH Memu ¢ 3aceiaeHnocteio 0.3. Ocratkum Aspll0 u Hisll2 we MeHsroT cBOero
MOJIOXKCHUSI B CPaBHEHUH C XOJO(OpPMOH, COXpaHss CeTh 0Opa3yeMbIX BOJOPOIHBIX
cBszel, Toraa kak N-KOHILEBOW TMCTHIMH TUOO HE BUAEH, MO0 €ro aMHHOTPYIIa
OTBEpHYTa W HE MNPUHMMAET ydyacTHe B KOOpIMHAaUMM Meau. B xome Bceid
TOJIUITENITHHOMN [IENH TaK)Ke HAOMIOMaeTCs Psjl Pa3uuuil Mexay amo- u xoso-CopC:
netns 80—-83, koTopas B3aUMOACHCTBYET C YyY4aCTKOM, COJEp KaIlNM KOHCEPBAaTHBHBIN
Glu28 u3 BToprYHO# KOOPIUHAIIMOHHOW C(hepbl HOHA ME/IN, UIMECT Pa3HbIC MOJIOKEHHUSI.
Bowisoowr: CopC u3 Tv. paradoxus obiagaeT psgaoM CTPYKTYPHBIX OTIHYHIA OT paHee
OMHCAHHBIX TOMOJIOTOB: BO-TICPBBIX, SBISETCA JHMEPOM, BO-BTOPBIX, HMEET
JIOTIOJTHUTENBHYIO BCTABKY M3 28 aMHUHOKHUCIIOT, KOTOPasi y4acTBYET B OEIIOK-0CITKOBBIX
B3aMMOCHCTBUAX. [IOMUMO 3TOrO, OBUIM HAMIEHBI M OMUCAHBI PA3IUUUs B CTPYKTYpE
CopC B mpHCYTCTBUH/OTCYTCTBHE MOHOB MEIH: BO-TIEPBBIX, KoopauHupyromuii Hisl
n100 HE OMHUCHIBACTCSA JIIEKTPOHHOHM IJIOTHOCTBIO, JIMOO pPa3BepHYT OT MEIH, BO-
BTOPBIX, OTIIMYaeTcs monoxenue merim 80-83.
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Motivation and Aim: The CopC (copper resistant proteins) family is periplasmic, copper-
binding proteins that play an important role in copper homeostasis. CopC was initially
considered as one of the components of the copper resistance system — CopABCDERS.
But later it was found that CopC is often present in gene clusters only with the inner
membrane protein CopD, and also genes of cuproenzymes [1]. It is assumed that CopC
in this case functions as a metallochaperone, which binds copper ions and then
incorporates in the active center of cuproenzymes. In the genome of the bacterium
Thiolkalivibrio paradoxus, the CopCD genes are included in the gene cluster responsible
for the biosynthesis of the copper-containing thiocyanate dehydrogenase (TcDH) [2]. In
this work, the goal was to obtain structure of CopC — a potential metallochaperone of
TcDH, and to identify structural changes in apo- and holo-forms.

Methods and Algorithms: In the work we used genetic engineering methods to obtain the
recombinant apo-CopC, chromatographic purification methods for isolation and
purification of CopC, and biochemical methods for its characterization. The holo-CopC
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was obtained by saturating the apo-CopC with Cu?*, followed by removal of excess
copper ions by dialysis. CopC crystals were obtained by vapor diffusion; the CopC
structures were solved by X-ray diffraction.

Results: The structures of apo- and holo-CopC were obtained and solved with resolution
1.70 and 1.80 A. In both structures, CopC was a dimer that is in contrast to the structures
of previously described monomeric homologs. The C-termini of the monomers (“tail to
tail”) form a dimer interface: and the N-terminus of each monomer forms a copper-
binding motif, which is called the histidine brace in the literature. Also CopC from
Tv. paradoxus has a 28 amino acid insertion that is not present in other homologous
CopCs [1]. This insertion forms a loop and a-helix and acts as a platform for interaction
with partners-proteins. This is confirmed by the previously obtained structure of the
CopC-FCC complex, where the flavin subunit of flavocytochrome sulfide
dehydrogenase (FCC) interacts with this a-helix [3].

In the structure of the holo-CopC from Tv. paradoxus copper-binding site has the
structure of a square pyramid and is formed by the N-terminal histidine and two
conservative residues — Asp110 and His112. The copper-binding sites of CopC from
other bacteria have the same structure [1].

In the structure of the apo-CopC, in the histidine brace there was also a copper ion with
an occupancy of 0.3. Residues Aspl110 and His112 do not change their position in
comparison with the holo-form, maintaining the network of formed hydrogen bonds.
While the N-terminal histidine is either not visible, or its amino group is turned away
and does not participate in the coordination of copper. There is also a difference in the
polypeptide chain position between apo- and holo-CopC: loop 80-83, which interacts
with the region containing the conserved Glu 28 from the secondary copper coordination
sphere, has different locations.

Conclusion: CopC from Tv. paradoxus has a number of structural differences from
previously described homologs: firstly, it is a dimer, and secondly, it has an additional
insert of 28 amino acids, which is involved in protein-protein interactions. In addition,
differences in the structure in the presence/absence of copper were found and described:
firstly, the coordinating Hisl is either not described by the electron density or turns away
from copper, and secondly, the position of loop 80-83 is different.

Funding: The study is supported by the Russian Science Foundation grant No. 23-74-
30004.
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