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Momusayus u yenv: O3epo baiikan — yHUKaTbHBIH TPECHOBOJHBIN BOJOEM C BBICOKOH
CTETEHBI0 SHAEMU3Ma U TPOJIOIDKAIOIINMCS MPOLECCOM BUI000pa3oBaHusl. TUIHIHBIM
SHIEMUYHBIM OOHTATENeM JIUTOPAIH O3epa SIBIACTCS BHI OalKaIbCKUX aMQpUIO]
Eulimnogammarus Vverrucosus, 3aHUMAIOIINi BaXKHOE MECTO B €ro TPOPHUYECKOM
cTpykrype. OH BBICTYNaeT yAOOHBIM MOJEIEHBIM 00BEKTOM JIJIsl H3YUYEHUS KOJIOTHH H
0ocoOeHHOCTe MeTabonn3Ma OaiKaIbCKON (payHBI.

OnarM u3 coco00B MMMYHHOTO OTBETa PaKOOOpPas3HBIX SBISIETCS CHHTE3 OEIKOB-
¢denonokcunas. [lanaeie OENKH OTBEYAIOT 32 METAHU3AIMIO MTOBPEKACHHBIX TKAaHEH U
WHKAICYJSHIO naToreHoB. @eHoIoKcHaas3bl pakooOpa3HbIX MHPOKO HCCIEAYIOTCS, HO
B HACToOsILlee BpeMsl B JIUTeparype HeT uHpopMamuu o OelKax 3TOro cemeicrsa y
amoumnoa. MccnenoBanue HanpasieHO Ha MTOUCK T€HOB, KOJUPYIOMINX (EHOIOKCHIA3HI
E. verrucosus. M3ydenne 3TUX OCIIKOB IMO3BOJIMT PACIIUPUTH (HYHIAMEHTAIBHYIO 0a3y
3HaHUH O MeTaboiam3Me W HMMyHHTeTe Oalikambckux amdunon. Kpome Toro,
X0J0A0aaNTUPOBaHHbIE  (DEHOJOKCHAA3bl  MOTYT  OBbITH  NEPCHEKTHBHBI B
(apManeBTU4ECKOW MPOMBIIUIEHHOCTH IJIsi CHHTE3a KOMMEPUYECKOrO MeJlaHWHA B
KadecTBe OMOIOTUYECKH aKTUBHOW M00aBKH K mwile, Y D-QuibTpa B KOCMETHUECKUX
CPeICTBax, a TAKXKe AJISl IPOU3BOJICTBA OMOCOBMECTUMBIX MOTYIPOBOAHHUKOB.
Memoowvr u ancopummul: Jlfisi UCCIENOBaHUS TE€HOB, KOIUPYIOMMX (DEHOIOKCHAA3HI
E. verrucosus, 6pu1 TIpOBENIEH aHaN3 JIMTEPATYPHBIX HUCTOYHUKOB C IIENIBIO IMTOMCKA
KOHCEHCYCHBIX IOCJICZOBATEIbHOCTEH Ul HAaXOXIEHHS CXOJCTB B TPAHCKPHUIITOME
JIAHHOTO BHUJIA. 32 OCHOBY HCCIIEIOBAHMsI OBUTH B3SThI M3BECTHBIE I'€HBI, KOJUPYIOIIHE
¢denonokcumassl  BugoB Macrobrachium nipponense (AFA26602) u Homarus
gammarus (CAE46724) [1]. Tlouck B cOopke TpaHckpunromMa E. verrucosus
ocymiecTBiieH npu momomntd nporpammbl GENEXplOT [3]. Ananu3 mociemoBaTesb-
HOCTEH MPOM3BOAMIICS €  HCIOJb30BaHMeM  mporpammbl  SnapGene  Viewer
(https://www.snapgene.com/snapgene-viewer). JIns maapHEHIIEro HWCCIEIOBAHHUS |
noadopa mnpaiMepoB BbIOHMpaIM OO0NACTH T'€HOB C OTKPHITOM PaMKOM CUMTBHIBAHHS U
JUIMHOW ~aMHHOKHUCIIOTHBIX IOCTIE/IOBATEILHOCTEH, COOTBETCTBYIOIIMX pa3Mepam
W3BECTHBIX (eHoNoKcuaa3. st BeiOopa miazMuIHOTO BEKTOPa U OJXOISIINX CAaHTOB
PECTPUKIIMH C TIoceoBaTebHoCTsIMU TipoBoauu ITIP in silico B mporpamme UGENE
[2]. TTombop mpaiiMepoB ocymiecTBIsin B mporpamme SnapGene Viewer. TIIP
NPOBOJIMIIA TIPH TMOMOIIM KOMMEPYECKHX PEaKIMOHHBIX cmeceir SX Screen Mix
(Evrogen), 5x g-PCR Mix-HS (SYBR), 2.5x Mix («CunTom»), 2x Screen Mix Hs-Taq
Color («buoJlabMukcy).
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Pesynomamer:  JIns uccnemoBaHuss ObUTH BBIOpAHBI JBE HanOoJiee TMOAXOISIINC
MOCIIeI0BaTeIbHOCTH HyKJIeoTuaoB E. verrucosus — GJDV01086918.1 (2437 m. H.)
(puc. 1) u GJDV01086920.1 (4404 m.H.) (puc.2), umenyemble nanee EvePOl u
EvePO2 coorBercTBeHHO. B 00enx MoCaeI0BaTEIbHOCTIX HMEETCS OTKPBITAas paMKa
cunthiBaHus JuinHOM 2187 1. H. (728 a. k.).

EvePO_F1 (72 ..89) EvePO_R1 (2238 ..2258)

5001 10001 15001 20001

Puc. 1. ITocaenosatensHocts EVEPOL E. verrucosus (SnapGene Viewer)

EvePO_F1 (72..89) EvePO_R2 (2241 .. 2258)

10007 20007 30007 40001

Puc. 2. ITociaenoBatensHocts EVEPO2 E. verrucosus (SnapGene Viewer)

JImst KOHCTPYUpPOBaHUS TUIA3MUTHOTO BeKTOpa ObLTH BHIOpaHH! mnazmuaa PPROEX u
caiitel pectpukumn BamHI u Pstl, He umerome MOBTOPOB B aHaIM3HPYEMbIX
nocieaoBaTeNibHOCTIX  (puc. 3). [Jlns  nanbHeiimedd  pa®oThl  OBLIM  3aKa3aHbI
KOMMEpYECKHe TpaiiMephl, IPeICTaBICHHbIEC HIDKE.

[ocnemoBarensHOCTS |[TpsimMoit ipatimep (5°-3°) OO0patHsr1ii npaiimep (5°-3”)

EvePO1 TCCCGGATCCATGGCGTC |GGTCCTGCAGCTACATATCTGTG
TACCGAGCAA GCAGGATT

EvePO2 TCCCGGATCCATGGCGTC |ATCCCTGCAGCTACGCATCTGTGC
TACCGAGCAA CTGG

PstI (0)

PPROEX-EvePO

6907 bp

(4710) BamHI

Puc. 3. [Tna3sMuIHBIH BEKTOP, COIEPIKAIIMI YIAaCTOK reHa [UIsl BCTABKH aHATU3UPYEMbIX
MOCIIeZI0BATEIFHOCTEH, KoAupyomux Geromokcuaassr E. verrucosus (SnapGene Viewer)
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C xJIHK E. verrucosus mposoauiu amiuindukanuto nocienoarenbHocteit EvePO1 u
EvePO2 B rpamuente temmeparyp 50-60 °C, wucnonw3ys mpaiimepsl EvePO F1,
EvePO _RI1, EvePO_R2. Ha nanusiii moment 1P He nana pe3ynbratos (puc. 4).

Puc. 4. Pesynbrats! [11{P, npoBeaeHHON CO CKOHCTPYHPOBAHHBIMU IpaiiMepaMu K
MOTEHLMATIBHBIM TT0CIIeI0BaTeIbHOCTIM (heHostokenaas E. verrucosus. M — mapkep; F1 —
npsiMoi nipaiimep; R1, R2 — oGpaTHbIe npaliMepsl

Buisoowi: B xone mccrnemoBaHUs TEHOB (DEHONOKCHAA3 IHIEMUYHBIX OalKaabCKUX
amumon E. VErrucosus 6su1 ocymecTBIeH aHATN3 INTEPATYPHBIX NCTOYHUKOB U TTOUCK
MOCJIEIOBATEILHOCTEH, CXOAHBIX C W3BECTHBIMU, KOAWUPYIOIIUMH (HEHOIOKCHIA3BI
Ipyrux pakooOpasHbeix. [lomoOpans! mpaitmepsr 1t [P u ckoHCTpyHpOBaH MTa3MEIT-
HBII BekTop IN Silico, HeoOXxomuMbIid sl nanbHele# pabotel. B TpaHcKkpunrome
E. verrucosus HaiiieHbl KaKk MHUHHMYM JBE IOCIIEIOBATEIbHOCTH, MOIXOASAIINE Ha
POJb FeHOB (DEHOJIOKCHJIA3, JJISI KOTOPBIX TPOJOJDKACTCS OMOMH(POPMATHUSCKUH H
na0opaTopHBIN aHAIU3.

Qunancuposanue: ViccienoBanue MPoOBEIEHO IPH MOJAEPKKE rpaHTa MUHHCTEpPCTBA
HayKH ¥ BbIciiero odpazoBanust Poccun Ne FZZE-2024-0008.

Search and analysis of sequences encoding phenoloxidases
of the endemic Baikal amphipod species
Eulimnogammarus verrucosus

Arbuzova G.*, Drozdova P., Zolotovskaya E., Pomazkin V., Timofeyev M.

Institute of Biology, Irkutsk State University, Irkutsk, Russia
* halina.arbuzova@gmail.com
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Motivation and Aim: Lake Baikal is a unique freshwater body with a high degree of
endemism and an ongoing process of speciation. Typical endemic inhabitant of the

littoral is the Baikal amphipod species Eulimnogammarus verrucosus, which plays an
important role in the trophic structure of the lake. This species is a convenient model
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object for studying the ecology and metabolic peculiarities of the Baikal fauna. One of
the mechanisms of immune response in crustaceans is the synthesis of phenoloxidase
proteins. These proteins are responsible for melanization of damaged tissues and
encapsulation of pathogens. Crustacean phenoloxidase family proteins have been widely
investigated, but currently there is no information on amphipod phenoloxidases in the
literature. This study aims to find genes encoding phenoloxidases in the endemic Baikal
amphipod species E. verrucosus. The study of these proteins will expand the
fundamental knowledge on metabolism and immunity of Baikal amphipods. In addition,
cold-adapted phenoloxidases may be used in the pharmaceutical industry for the
synthesis of commercial melanin as a biologically active food additive, UV filter in
cosmetics, as well as for the production of biocompatible semiconductors.

Methods and Algorithms: To investigate the genes encoding phenoloxidases of
E. verrucosus, the available literature was analyzed to search for consensus sequences
to find similarities in the transcriptome assembly of this species. The known sequences
encoding phenoloxidases of Macrobrachium nipponense (AFA26602) and Homarus
gammarus (CAE46724) species were taken as the query [1]. The search in the
E. verrucosus transcriptome was carried out using the GenExploT program [3].
Sequence analysis was performed using the SnapGene Viewer program
(https://www.snapgene.com/snapgene-viewer). Sequences with an open reading frame
and a suitable length of the encoded amino acid sequence were selected for further study
and primer selection. The selected sequences were further subjected to in silico PCR
procedure in UGENE [2] program for selection of plasmid vector and suitable restriction
sites. The selection of primers was performed in the SnapGene Viewer program. PCR of
the desired sequences was performed using commercial PCR mixes 5x Screen Mix
(Evrogen), 5x g-PCR Mix-HS (SYBR), 2.5x Mix (“Syntol”), 2x Screen Mix Hs-Taq
Color (“BioLabMix”™).

Results: The two best-fitting nucleotide sequences of E. verrucosus, GJDV01086918.1
(2437 bp) (Fig. 1) and GJDV01086920.1 (4404 bp) (Fig. 2), hereafter referred to as
EvePO1 and EvePO2 respectively, were selected for further analysis. Both sequences
contain a 2187 bp (728 aa) long open reading frame.

EvePO_F1 (72 ..89) EvePO_R1 (2238 ..2258)

5001 10001 15001 20001

Fig. 1. EvePO1 sequence of E. verrucosus (SnapGene Viewer)

EvePO_F1 (72..89) EvePO_R2 (2241 .. 2258)

10007 20007 - 30007 40001

Fig. 2. EvePO2 sequence of E. verrucosus (SnapGene Viewer)

For plasmid construction we chose the plasmid pPROEX and the restriction sites BamHI|
and Pstl, which are absent from the analyzed sequences (Fig. 3). Commercial primers
were ordered for further work with the sequences:
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Sequence |Forward primer (5°-3”) Reverse primer (5°-3”)
EvePOl1 |TCCCGGATCCATGGCGTCTACC |GGTCCTGCAGCTACATATCTGTGGCA

GAGCAA GGATT
EvePO2 |TCCCGGATCCATGGCGTCTACC |ATCCCTGCAGCTACGCATCTGTGCCT
GAGCAA GG

PstI (0)

rmB_Ty,

_tey
Mg, o
-

PPROEX-EvePO
6907 bp

(4710) BamHI

Fig. 3. Plasmid vector designed for insertion of analyzed sequences encoding phenoloxidases
of E. verrucosus (SnapGene Viewer)

Amplification in a temperature gradient of 50-60°C was performed with the investigated
sequences using cDNA of E. verrucosus. At this point, PCR was inconclusive (Fig. 4).

Fig. 4. PCR results of candidate sequences encoding phenoloxidases of E. verrucosus. Denotes:
M — marker; F1 — forward primer; R1, R2 — reverse primers
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Conclusion: During the study of sequences encoding phenoloxidases of the endemic
Baikal amphipod E. verrucosus, we analyzed literature sources and searched for
sequences similar to those known to encode phenoloxidases of other crustaceans. PCR
primers were selected and an in silico plasmid vector was constructed for further work
with the sequences. At least two sequences were found in the transcriptome of
E. verrucosus that are suitable for the role of phenoloxidase encoding sequences and
further bioinformatic and laboratory analysis is in progress.

Funding: This study was supported by grant No. FZZE-2024-0008 from the Russian
Ministry of Science and Higher Education.
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