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AHHOTALIMSA

B cratbe MPUBOAATCA CBCACHUA O MOJICKYJISIDHOM CKPHUHHHIC BOILHOI\/'I IIJIECCEHU B MacCC€ LUCT
pa4yKOB apTeMUM U3 pa3iuyHbix BogoeMoB PK. OrTmeueHa HEOOXOAMMOCTh JAMArHOCTUKU BOMISIHOMN
wiecenn Aphanomyces invadans B macce HHUCT pavykoB apTEMHH, KaK BO3MOXKHOTO 3apaKEHHS €O
PBIOOBOHBIX BOJOEMOB, MPYAOB M OAacCEHOB NMpH WX NPHUMEHEHWH B KAadyeCTBE KOpMa AJsS PHIO.
[TokazaHo, 4TO HCCIeOBAaHHBIE TPOOBI IUCT apTEMHUH HE CO/IePKaT BO3OYIUTENEH YyMbl paKooOpa3HbIX
Y 3IIM300THYECKOTO sI3BEHHOT0 cuHApoma Aphanomyces astaci u Aphanomyces invadans.

KiroueBble cJioBa: pauykd, IMCTa, BOJASHAS IUICCEHb, apTEMUs, YyMa pPaKoOOpa3HBIX,
SMU300TUYECKUH SI3BEHHBINA CUHAPOM, TIOJUMEPA3Has LENHas PeaKLus

B TedeHme mpoUUIOrO CTONETHS POCT HOBBIX (POPM HHTEHCHBHOHW aKBaKyJIbTYPHI,
YBEIMYEHUE TI00AILHOTO TEPEMEIICHNs] BOJHBIX JKUBOTHBIX W WX TPOIYKTOB, a TaKXKe
pasnyHble MCTOYHUKU AaHTPONOIEHHOTO CcTpecca s BOJHBIX D3KOCHUCTEM NpPUBEIH K
MOSIBJIEHUIO MHOTUX HOBBIX 00JI€3HEH y pakoOOpa3HBIX.

B otnnune or MH(EKIMOHHBIX 3a00JI€BaHUM TEIUIOKPOBHBIX XKMBOTHBIX U YeNIOBEKa,
BUPYCHBIE 00JIE3HH PakoOoOpa3HBIX OCTAIOTCS Majo M3yYeHHBIMU. B HacTosIee BpeMsi CIIMCOK
3a00J€BaHUN BOJIHBIX >KUBOTHBIX, COCTABJICHHBIN MexIyHapoaHbM Onu3ooTnyeckum bropo
(M3B), Bximouaer nBe mHpeknuu ampuoOuii, AEBATH - PHIO, CEMb - MOJUIFOCKOB, BOCEMbB -
pakooOpa3HbIX. [Tapa3urapHsie 3a00neBaHus MpeodaalaloT CpeId MOJUTIOCKOB, B TO BpeMs Kak
BUPYCHBIE MH(EKIMK 3aHUMAIOT JOMHHHUPYIOIIEE MOJIOKEHHE B TOMYISIHUIAX PaKooOpa3HbBIX
[1].

OmHUM ®3 BaXHBIX TIATOTEHOB pPAaKOOOpa3HBIX SBISETCS, MPEICTABHTENb pPOJa
Aphanomyces, u3BecTHbBIi Kak BOJsHAas IUIECCHb - BO30YIHMTENb YyMbI PaKOOOpa3HBIX.
MurienuanbHbie  opraHu3mbl  cemeiictBa Oomycetida (BoastHas IUTeCEHB) JOJITOE BpeMs
CUHTAJINCh TpHUOAMU H3-3a XapaKTEPHOTO HUTYATOTO pOCTA, OJHAKO OHU HE SBIAIOTCA
npefcTaBuTeNsIMH Eumycota, BMecTe ¢ AMaTOMOBBIMH BOJOPOCIISIMA M OYPBIMH BOJIOPOCIISIMHU
Ki1accuduuupyeTcs B rpyme, HazpiBaeMon Stramenopiles wiu Chromista [2, 3].

Yernipe rtpymnmel (A — D) A. astaci Obut ommcaHbl Ha OCHOBE CIy4ailHOMN
ammndukann nomumopduoit JTHK-mommmepasnoit nennoit peakimu (RAPD PCR) [4,5]:
I'pynmma A (Tak Ha3piBaeMble ImTaMMbl AStACUS) BKIIIOYAET Psiji IITAMMOB, BBIICICHHBIX W3
Astacus astacus u Astacus leptodactylus. CunTaercs, 4To 3TH mITaMMBI OBUTM PacIPOCTPAHEHBI
B EBpone B Teuenue mmrtenpHoro Bpemenu. I'pynma B (mrammer Pacifastacus 1) Bkimrodaer
u30sAThl Kak A. astacus, Beyienennbie B IlIBeruu, Tak u Pacifastacus leniusculus - u3 o3epa
Taxo, CIIIA. 3aBe3ennsiii B EBpory mramm P. leniusculus, BepositHo, 3aBe3 A. astaci u 3apasun
mectHbIi A. astacus. I'pynma C (mrammer Pacifastacus 1) cocrout u3 mramma, BBIIEICHHOTO
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u3 P. leniusculus B ITurr-Jleiik, Kanana. dpyroit mramwm (Pc), Beinenennsiii u3 Procambarus
clarkii 8 Wcnanum, naxommrcss B rpymme D (mramm Procambarus). Illrammer A. astaci,
KOTOphIe ObLIM pacrpocTpaHeHbl B EBpore B TeueHHE MHOIMX JIET (IITaMMbI Tpynnbl A), 1o-
BUJUMOMY, MEHEE T[aTOT€HHbI, YeM IITaMMbl, HEJaBHO 3aBe3CHHBbIE C paKamH,
umnoprupyembiMu u3 CeBepHoit Amepuku ¢ 1960-x ronos.

Wudexknus A. invadans gaiie Bcero n3BeCTHa Kak SMU300TUYCCKUI I3BEHHBIA CHHIPOM
(EUS). On Takxe u3BeCTeH Kak 00yie3Hb KpacHbIX MaTeH (RSD), MukoTHueckuii rpanyieMaro3
(MG) u s3Bennbiit Muko3 (UM). B 2005 roay ydeHble MpeAJIOKUIM Ha3BaTh 3TO 3a00jIeBaHUE
AMU300THYECKUM TPaHyJeMaTO3HbIM adaHomuko3oM [6]. [lanHoe 3a0osieBaHHEe MMeEET
CIIOKHYIO0 MHPEKIIMOHHYIO STHOJIOTHIO U KIIMHUYECKU XapaKTepPU3yeTCsl HaJlu4yueM WHBAa3UBHOU
uHdekuu A. invadans ¥ HEKPOTHU3UPYIOIIMX S3BEHHBIX MOPAKEHHA, OOBIYHO MPHUBOSAIINX K
rpanyineMatosHomy otBery. Opnako Tepmun EUS  mpojomkaer  HCIOIb30BaThCs
OOJIBIIIMHCTBOM y4YeHBIX. 3abosieBaHUE BbI3bIBacTCs oomuiierom A. invadans. Mudekuus A.
invadans mupoko pacrmpocTpaHuiach ¢ MOMEHTA IepBoii Benbimky B 1971 roay B Snonuu, u
Ha CErOHAIIHHIA JIeHb 3apETUCTPHUPOBAH TOJIBKO OJMH T€HOTHII.

JInarnoctrka BOASHOM ruteceHn A. invadans B Macce IUCT PayKOB apTEMHHU SIBIISIETCSI
OJTHUM M3 BAXHBIX Mep MPEIyNpPekACHUS KOHTAMHUHAIMHA PHIOOBOTHBIX BOJOEMOB, MPYIOB H
OacceiiHOB TpW NPUMEHEHHM HMX B KadyecTBE KopMma s pwiO. Apremuu (ram. Artemia)
OTHOCSTCS K pakooOpasHbIM H3 Kiacca xabponorux (Branchiopoda), Beimensiembie B
cobctBeHHOE cemeiictBo — Artemiidae. Bce mpeacraBuTend — IJIAHKTOHHBIC OpPTaHU3MBI,
HACEJAIOIINE MOPCKHE MEJIKOBOIbS U COJIEHBIE 03Epa.

Lenpr0 TaHHOTO MCCIIEAOBAHMS SBJISIETCS. MOJICKYJISIPHBIA CKPUHUHT Ha HAJTWYUE BOIHON
TUIECEHU B Macce LIMCT PAYKOB apTeMUH, COOPAHHBIX U3 Pa3IHMUYHbIX BojoeMoB PK.

MarepuaJjibl 1 METOIbI

COop 6MOIOrMUECKUX MAaTEpUAIOB OT PAYKOB aPTEMHUH.

buonoruyeckue oOpasupl HUCT paukoB apTEMUHN COOMpANIU B €CTECTBEHHBIX BOJIOEMAxX B
BECCHHHM M OCEHHHUH Mepuoibl B COOTBETCTBUU C PykoBoactBom MOb mo amarHoctuke
OoJie3Hel BOIHBIX )KUBOTHBIX [7]. MaTtepuaibl XpaHuiu B xuakoM a3ote (-196°C).

Dkcerpakmuto MukpooHoi JIHK u3 mpob ocyrecTsisiiu ¢ momoribio Habopa PureLink™
Microbiome DNA Purification Kit (A29790), B COOTBETCTBHH C PEKOMCHIAIUIMH
npousBoauTens u3 200 Mk obpasma [8].

JUist MOJIEKY ISIpHOM MHIMKAIMK U UASHTU(PHUKAIMKA YyMbl paKOOOpPa3HBIX MCIIOJIb30BaHa
nonuMmepasHas uenHas peakuus (I1L[P-ananu3), nauenennass Ha oGnacts ITS (BHyTpeHHMI
TpaHCKpUOUpPYEMBIl crieiicep) KiacTepa siIepHbIX pHOOCOMHBIX TeHOB B reHome A. astaci. B
[T[{P-anann3e MCHOIb30BaHbl BHUIOCHELM(PHUUHBIE MpaliMEpHbIE CaWThl, PACHOJIOKEHHBIE B
obmactsax ITS1 u ITS2 (ITpsamoit mpaiimep (BO 42) 5'-GCT-TGT-GCT-GAG-GAT-GTT-CT-3
'm obpatubiii mpaiiMep (BO 640) 5'-CTA-TCC-GAC-TCC-GCA-TTC-TG-3'). Oxumaembrit
HPOAYKT IpeJCTaBIsieT co0oi (hparmeHT AnuHON 569 map HykieoTua0B. [ moATBepKACHUS
WJICHTUYHOCTH MPOBEAEHO CEKBEHUpoBaHue npoaykra [11[P.

Peaxmmto npoBoannu B Tepmouukiepe Eppendorf Gradient. Hayanpayro neHarypanuio
cMmecH npoBoauin npu 96°C B TeueHue 5 MUHYT, 3aTeM 40 HUKIOB aMIUIMpUKauuu: 1 MUHYyTa -
npu 96°C, 1 munyta - npu 59°C u 1 munyra - npu 72°C co craaueit puHaNbHOM >OHrauu B
tedyenne 7 MuHyT npu 72°C. AmmmudumupoBannyo JHK ananusupoBanu ¢ mnomoribio
aneKkTpoopesa B arapo3HOM Telie.

['opusoHTanbHEI Tenb-31eKkTpodope3 npoBoawian B 2% pacTtBope arapossl (Sigma,
CILA), oxpaiieHHOM OpOMHUCTBIM 3THAMEM, B TpUC-alleTaTHOM Oydepe npu HanpspkeHHH 88V
(8 BonbT/cM) Ha anmapare Biostep (BenukoOpuranus).
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Pe3yabTaThl HCCI1e10BaAHNS

buomatepuanbl B Bujie UCT paukoB apremun Artemia parthenogenetica, coopanubie B
mMae u asrycre 2021 r. wu3 BomoemoB CeBepo-Kazaxcranckoi, IlaBnomapckoit wu
Ke3pimopauHckoi obnacteid, ObUIM JOCTaBIICHBI B JlabopaTopuio skojoruu BupycoB HIIL]
MHUKPOOHOJIOTUHU U BUPYCOJIOruH (Tabiuna ).

Tabnuna — XapakTepuctruka coopannoro 6rmomarepuaia (ructel Artemia parthenogenetica u
A franciscana).

Bpewmst c6opa 1 Konmn4ecTBo
00pa3ioB (Oromacca IUCT
Mecrto (Bomoem) cObopa GmoMaTepraioB apTeMun)
Maii 2021 r. Asryct 2021 1.
CeBepo-KazaxcraHnckas 00J1acTh
03. CtaHoBoe 1 1
03. Menrucop 1 1
[NaBnonapckas o01acTh
03. [llap6akThI 1 1
03. Kamarys 1 -
03. Ke13puiry3 1 1
03. Kassl 1 1
03. CeiiTeHp 1 1
03. AIIBITAKBIP 1 -
Ke3putopanackast 00acTb

Tymrei0ackuii 3amuB 1 2
UepHBIIIOBCKUIT 3a7THB - 2
Hroro: 18 mpod 9 9

Kak BuHO U3 TaGuuIbl, HAMU TOJTYYEHO YeThipe 00pasiia B BUAE MacChl IIUCT apTEMUHU U3
nByx touek CeBepo-Kazaxcranckoii o6mactu, 10 mpo6 - u3 I[laBmomapckoii o6nactu U MmsTh
MatepHaioB - U3 Kel3putopuHCKo# 061acTy.

CkpvHHUHT IIMCT paukoB apremuu Artemia parthenogenetica, coOpaHHBIX W3 BOJOEMOB
Cesepo-Kazaxcranckoi, [TaBnonapckoit u Kei3piopauHckoii odnacreit B Mae u aBrycte 2021 .
Ha HaiMuue Bo30ymutened WHQEKINH, MOpakarollrue pakooOpa3HBIX, BOJHOW IieceHu A.
astaci u A. invadans.

B pesynbrate monexynsipHoro ckpuHuHra B I1L{P HykiienHOBBIE KHUCIOTHI BO30OyauTeENneH
BBICOKOIIATOTCHHOM Tl pakooOpa3HbIX BoJHOW ruieceHn A. astaci m A. invadans B oOpasuax
LUCT PAYKOB apTEMHUH HE OOHAPYKEHBI.

Takum 00pa3oMm, NPOBENEHHBIH MOJEKYISIPHO-TEHETUYECKUA CKPUHMHI HA HalIW4ue
BO30yauTeNel BOAHOW TuieceHW poja Aphanomyces u Bo30yauTeneil MacCOBBIX BHPYCHBIX
uH]ekuuii pakooOpasHBIX B mpobax muct apremuu Artemia parthenogenetica. mo3Bonstor
cieNaTh BBIBOJ O TOM, YTO B HMCCIIEJOBAHHBIX MpoOax HE CoJepKaTcss BO30OYIAUTETU BOIHOM
ieceHu A. astaci u A. invadans.
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KA3AKCTAHHBIH TYPJII CY KOMMAJIAPBIHAH ) KUHAJIFAH APTEMMUSI
(ARTEMIA PARTHENOGENETICA) IUCTAJIAPBI MACCACBIHAH IIASTH
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Tyiiin

Makanana Kazakcran PecrnyOnuKkacklHBIH OpTypii Cy KoWMamapbelHAH aiblHFaH Artemia
HIasiHAapbl [UCTaJapblH Cy 3€HIHE MOJIEKYJAIBIK CKPHHUHTI Typayibl aknapar OepinreH. CoHpjaii-ak
Artemia masHAApHl [HCTANAPBIHBIH MacCachlHIAa Cy 3€HiH Aphanomyces invadans OanmayasiH
MaHBI3IBUIBIFEl OJApABIH OalblK ©CipeTiH Cy KoWMarapbhlHa, TOFaHAAp MeH OacceilHaepre, Oiapiabl
OalbIKKa KeM peTiHJe MaiiananraH Ke3je )KYKThIPY MYMKIHJIITiH KOpCeTKeH. Artemia IuCTaIapbIHbIH
3epPTTEIreH VJTUIEpiHJAE IIasH Topi3fiiep 00ackl MEH OIHM300THSUIBIK JKapa CHHAPOMBIHBIH
Aphanomyces astaci koHe A. invadans KO3BIPFBIIIITAPEI KE3ECIIETeHI KOPCETIIIII.

KinrTi ce3mep: masHTopi3aiep, mHucranap, Cy 3€HI, IIasHaap, IIasH Tapi3aiiep obachl,
SMU300THUSIIBIK OMBIK jKapa CUHIAPOMBI, TIOJIMMEpa3bl TI30CKTI peaKiiusl.
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MOLECULAR SCREENING OF THE CAUSATIVE AGENTS OF CRAYFISH
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Summary

The article provides information on molecular screening of water mould in the mass of Artemia
crustacean cysts from various reservoirs of the Republic of Kazakhstan. The importance of the diagnosis
of water mould Aphanomyces invadans in the mass of brine shrimp cysts associated with their possible
infection of fish ponds, ponds and basins when used as fish feed is also given. It was shown that the
studied samples of Artemia cysts did not contain the pathogens of crustacean plague and epizootic
ulcerative syndrome Aphanomyces astaci and A. invadans.

Key words: crustaceans, cyst, water mold, brine shrimp, plague of crustaceans,
epizootic ulcerative syndrome, polymerase chain reaction

Over the past century, the growth of new forms of intensive aquaculture, an increase in
the global movement of aquatic animals and their products, and various sources of
anthropogenic stress for marine ecosystems have led to the emergence of many new diseases in
crustaceans.

In contrast to infectious diseases of warm-blooded animals and humans, viral diseases of
crustaceans remain poorly understood. The list of aquatic animal diseases compiled by the
Bureau of International Epizootic (OIE) includes two infections of amphibians, nine fish, seven
molluscs, and eight crustaceans. Parasitic diseases predominate among molluscs, while viral
diseases occupy a dominant position in crustacean populations.

In contrast to infectious diseases of warm-blooded animals and humans, viral diseases of
crustaceans remain poorly understood. The list of aquatic animal diseases compiled by the
Bureau of International Epizootic (OIE) includes two infections of amphibians, nine fish, seven
molluscs, and eight crustaceans. Parasitic diseases predominate among molluscs, while viral
diseases occupy a dominant position in crustacean populations [1].

One of the important pathogens of crustaceans is a representative of the genus
Aphanomyces, known as water mould - the causative agent of the crustacean plague. The family
Oomycetida (water mould) has long been considered a fungus due to its characteristic
filamentous growth, it is not a member of Eumycota, but together with diatoms and brown
algae, it is classified in a group called Stramenopiles or Chromista [2, 3].

Four groups (A - D) of A. astaci have been described based on random amplification of
polymorphic DNA polymerase chain reaction (RAPD PCR) [4, 5]: Group A (so-called Astacus
strains) includes several strains isolated from Astacus astacus and Astacus leptodactylus; It is
believed that these strains have been in Europe for an extended period. Group B (Pacifastacus |
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strains) includes both A. astacus in Sweden and Pacifastacus leniusculus from Lake Tahoe,
USA. Introduced to Europe, P. leniusculus probably introduced A. astaci and infected native A.
astacus in Europe. Group C (Pacifastacus Il strains) is isolated from P. leniusculus from Pitt
Lake, Canada. Another strain (Pc), isolated from Procambarus clarkii in Spain, is in group D
(Procambarus strain). A. astaci strains that have been present in Europe for many years (group
A strains) appear to be less pathogenic than strains recently introduced with cancers imported
from North America since the 1960s.

A. invadans infection is most commonly known as an epizootic ulcerative syndrome
(EUS). It is also known as red spot disease (RSD), mycotic granulomatosis (MG), and
ulcerative mycosis (UM). In 2005, scientists proposed to call this disease epizootic
granulomatous aphanomycosis. [6].

The disease has a complex infectious aetiology and is clinically characterized by the
presence of invasive A. invadans infection and necrotizing ulcerative lesions, usually resulting
in a granulomatous response. However, the term EUS continues to be used by most scholars.
The disease is caused by oomycete-fungus A. invadans. A. invadans infection has spread widely
since the first outbreak in 1971 in Japan, and to date, only one genotype has been reported.

Diagnostics of A. invadans water mould in the mass of Artemia crustacean cysts is
critical to prevent contamination of fish-breeding reservoirs, ponds, and pools when used as fish
feed. Artemia is a genus of aquatic crustaceans also known as brine shrimp. Artemia, the only
genus in the family Artemiidae. All representatives are planktonic organisms inhabiting shallow
marine waters and salt lakes.

The purpose of this study is molecular screening for water mould in the mass of cysts in
brine shrimp collected from various reservoirs of the Republic of Kazakhstan.

Materials and methods

Collection of biological materials from brine shrimp

Samples of brine shrimp cysts were collected in natural water bodies in spring and
autumn following the OIE Manual of Diagnostic tests for Aquatic animals. [7]. The materials
were stored in liquid nitrogen (-196°C).

According to the manufacturer's recommendations, extraction of microbial DNA from
samples was carried out using the PureLink ™ Microbiome DNA Purification Kit (A29790)
from a 200 puL sample [8].

For molecular indication and identification of crustacean plague, a polymerase chain
reaction (PCR analysis) was used aimed at the ITS region (internal transcribed spacer) of the
nuclear ribosomal gene cluster in the A. astaci genome. The PCR analysis used species-specific
primer sites located in the ITS1 and ITS2 regions (Forward primer (BO 42) 5'-GCT-TGT-GCT-
GAG-GAT-GTT-CT-3 'and reverse primer (BO 640) 5' -CTA-TCC-GAC-TCC-GCA-TTC-TG-
3 '). The expected product is a 569 bp fragment. Sequencing of the PCR product will be
performed to confirm identity.

The reaction was carried out in an Eppendorf Gradient thermal cycler. The initial
denaturation of the mixture was carried out at 96 ° C for 5 minutes, then 40 amplification
cycles: 1 minute at 96 ° C, 1 minute at 59 ° C and 1 minute at 72 ° C with a final elongation
stage for 7 minutes at 72 ° C. The amplified DNA was analyzed by agarose gel electrophoresis.

Horizontal gel electrophoresis was performed in a 2% agarose solution (Sigma, United
States) stained with ethidium bromide in tris-acetate buffer at 88V (8 volts/cm) on a Biostep
apparatus (UK).
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Research results

Biomaterials in the form of cysts of brine shrimp Artemia parthenogenetica collected in
May and August 2021 from water bodies of the North Kazakhstan, Pavlodar and Kyzylorda
regions were delivered to the laboratory of viral ecology of the Research and Production Center
for Microbiology and Virology (Table).

Table - Characteristics of the collected biomaterial (cysts of Artemia parthenogenetica and
A franciscana).

Collection time and number of samples
Place (reservoir) of collection of biomaterials (biomass of Artemia Cysts)
May August
2021 2021
North-Kazakhstan region
lake Stanovoe 1 1
lake Mengisor 1 1
Pavlodar region
lake Sharbakts 1 1
lake Calatuz 1 -
lake Kyzyltuz 1 1
lake Kazy 1 1
lake Seyten 1 1
lake Ashtytakyr 1 -
Kyzylorda Region
Tushchabaskiy Bay 1 2
Chernyshovsky Bay - 2
Total: 18 samples 9 9

As can be seen from the table, we obtained four samples in the form of a mass of
Artemia cysts from two spots of the North Kazakhstan region, 10 specimens from the Pavlodar
region and five materials from the Kyzylorda region.

Screening of cysts of crustaceans Artemia parthenogenetica collected from water bodies
of the North Kazakhstan, Pavlodar and Kyzylorda regions in May and August 2021 for the
presence of infectious agents affecting crustaceans such as water mould A. astaci and A.
invadans.

As a result of molecular PCR screening, nucleic acids, highly pathogenic for the
crustaceans aquatic mould A. astaci and A. invadans, were not detected in the samples of
Artemia shrimp cysts.

Thus, using molecular genetic methods, molecular genetic screening for the presence of
water mould of the genus Aphanomyces and pathogens of mass viral infections of crustaceans
in samples of Artemia parthenogenetica cysts was carried out. The data obtained allow us to
conclude that the water moulds A. astaci and A. invadans do not contain in the studied samples
of Artemia cysts.
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