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BBIAEJIEHUE, KYJIBTUBUPOBAHUE N XAPAKTEPUCTUKA
CIIEPMATOTOHUEB IIETYXA (Gallus gallus)*
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JI.LA. BOJIKOBA, H.A. SUHOBBEBA

Hcnosb30BaHNe KJIETOK TOHAJ CAMIIOB CEJIbCKOXO3SCTBEHHBIX KUBOTHBIX W NTHIBI VIS MO-
JIyYeHNs XHMEPHBIX M TeHeTHYeCcKH MOoau(puIMpoBaHHBIX 0co0ell paccMaTpuBaeTcs KaK aJbTEPHATHBA
TPAIUIMOHHBIM METOIAM CeJIEKIMH M MOAN(UKANMA T€HOMA M OTKPHIBAET HIMPOKHE BO3MOXKHOCTH LIS
NoJIydeHusi 0co0eii ¢ HOBbLIMH 3aJaHHBIMH CBoOWcTBamMH. B ciyyae TpaHcreHesa Takoil moaxoj mpemy-
CMATpPHUBAET IeJIEHANPABICHHYI0 TeHeTHYECKYI0 MOAM(UKANNIO MOJIOBBIX KJIETOK CAMIIOB NMPH MHbEKIMI
pekomounanTHoii JIHK HemocpencTBeHHO B mMapeHXMMY CEMEHHHKOB B3POCIbIX ocodeil (in vivo) wiam
BBe/IEHHN TPAaHC(OPMHUPOBAHHBIX JOHOPCKMX CHEPMATOTOHHEB B CEMEHHHKH CTEPWIBHBIX OCOOeii-pemu-
NHUEHTOB (€X Vivo) M MOJIyYeHNnH B JajibHeiileM moTomMcTBa. B mocienneMm ciyuae KioueBbie (haKToOpbI,
onpenensiiomue 3(PpGeKTUBHOCTh MPOBOAUMBIX MAHHMIYJISIIMIA, — TMOJy4eHHe YUCTOH NMOMYJISIUH JOHOP-
CKHX KJETOK M JJIMMHHAIMA COOCTBEHHBIX CIHEPMATOTEHHBIX KJIETOK (BbIKJIIOYEHHE crepMaToreHesa). B
3TOi CBSA3M OCTAeTCsA AKTYaJIbHOil pa3padoTka 3¢)(eKTHBHBIX METOAOB BbIJEJEHHS M MOAAEPNKAHUS B
KYJIbTYpe CTBOJIOBBIX KJIETOK CEMEHHHMKOB — crepmaroronueB. Lleibi0 Hammx mccliienoBanmii Obuia om-
THMH3A0AsA METOIMYECKHX MOIXO00B ISl BbIIEIEHHS] M KyJIbTHBHPOBAHHS CIIEPMATOTOHHEB METyXa Kak
OJTHOTO M3 3TANOB TEXHOJIOTHH CO3/IaHHMsI TPAHCTEHHO# nNTUIbI. B pe3yabrare ObLIa mosyyeHa W 0Xapak-
TepU30BaHA KYJbTypa CIEpPMATOroHMeB meTyxa. Ha OCHOBAaHMH JAaHHBIX THCTOJOTHYECKHX HCCIIEN0BA-
HUii CIepMATOTeHe3a y MeTYX0B ObLIO YCTAHOBJIEHO, YTO B BO3PACTE 10 5 HeJl ClepMATOTeHHbIE KJIETKH
npeacTaB/ieHbl PEMMYIECTBEHHO OJHMM THIOM KJIETOK — CHePMATOTOHMsIMH. B cBs3u ¢ 3THM 11 mo-
JIydeHHs1 KyJbTYpbl CHEPMATOTOHHEB MCIOJIb30BAIM CEMEHHHKH 2-HeAeJbHbIX ocoleii. Boinenenue
CHEePMATOTEHHBIX KJIETOK M3 TECTHKYJ MEeTyXa OCYIIECTBJISUIH MOCPEICTBOM MOCJIEI0BATENbHOH MeXaHH-
4ecKoil M (pepMEHTATHBHOW 00pPa0OTOK TKaHM ceMeHHHMKA. /[ (hepMEHTATHBHOW IMCCOLMANMM TKAHH
CeMEHHHKA MOCJeN0BATE]IbHO 00padaThiBajJy PAcTBOPOM KOJLIAreHa3bl B KOHEYHO# KOHIEHTPanuu
1 mr/mu B Tedenue 20 mun u 0,25 % pacrBopom TpuncuHa B TedeHne 30 muH. JIas nosyyeHus: Makcu-
MaJIbHO YHCTOW TOMYJSIMM CIEPMATOTOHHEB YYMTHIBAIN HEOAWHAKOBYI0 CHOCOOHOCTh Pa3HBIX THIOB
KJIETOK K anare3nn. Bbuio yctaHoBieHo, 4To Yepe3 24 4 KyJbTHBHPOBAHMS MEPBUYHOI KYJIbTYPbl TECTH-
KYyJI IeTyXa B POCTOBO# Cpelie MPUCYTCTBOBAIM HENMPUKPENUBIINECS KJIETKH, NMPEICTABIECHHbIE B OCHOB-
HOM CHEePMATOTeHHbIMHM KJIETKAMH — crepmaTtoroHusiMi. He mpukpenuBimecs KJIETKM OCAXKIAIN M BbI-
CeBAIM B KYJbTypaJibHble YAINKM C Pa3HbIMU (uaepHbiMu ciosiMi. B KadecTBe (uaepHbIX CJI0€B HC-
N0JIb30BAJIN TepeBuBaemMy0 Kietounyw juanio STO, nepesuBaembie Kietkn Cepromm csuneii (ITTII),
KJIETOUHYIO JMHNI0 Sc, nepBuunbie KieTkd Cepromm metyxa. OcymecTBIsUIM TaKXKe KyJIbTHBHPOBAHHE
cnepmMaToronues Ha yamkax ¢ 0,2 % xeinatuHoM. PocToBoii cpenoil 1t Ky/JibTUBUPOBAHKS CHIEPMATO-
ronues cayxuia cpera DMEM c BbICOKHM coaepKaHueM IIoKo3bl (4,5 r/n), nomojnenHas 5 % cbi-
BopoTkoii ioaa koposbl («GE Healthcare Life Sciences HyClone Laboratories», CIIIA); 2 MM a-
rayramuaom, MEM (Minimum Essential Medium, 10 mxa/mia), antuouorukom (100x), mMepkanto-
atanooM (5x10-5 M), ams6ymunom (5 mr/ma) («Invitrogen», CIIIA); DL-lactic acid (1 mka/ma),
EGF (epidermal growth factor, 20 ur/ma), bFGF (basic fibroblast growth factor, 10 ur/mia) u
LIF (leukemia inhibitory factor, 2 ur/mu) («Sigma-Aldrich Co.», CIIIA). Kononnn cnepmatoronnes
t¢opvupoBamucy Ha 3-u-4-e cyT KyabTHBHpPOBaHMA. ONTHMANBHBIM (DUIEPHBIM ClI0eM A KyJIbTHBH-
poBaHHS CIEPMATOTOHHEB TNeTyXa OKa3aiuch coOcTBeHHble KiaeTKH Cepromu. Hanwume kononmit
CIepMATOTOHHEB MOATBEPIMJINM HA 7-CYTOYHOW KyJIbType MMMYHOTHCTOXHMHYECKH, HCIOJb30BAB CIie-
macuyeckue anturenaa K SSEA-1 (stage-specific embryonic antigen-1).

KiioueBbie clioBa: cepMaTOrOHHH, CIEPMATOTEHHbIE KJIETKH, METYXH, KyJIbTYpa KJIETOK.

HMcnonp3oBaHue KIETOK TOHANl CEJbCKOXO3SIMCTBEHHBIX XUBOTHBIX M
NTULBI VTS TTOJYYeHUS] TPAHCTEHHBIX M XMMEPHBIX 0CO0el MPU3HAHO OIHUM M3
MEePCHEKTUBHBIX HAMpaBIeHUIl COBPEMEHHOW OMOTEXHOJOTMU, paccMaTpuBae-
MBIX B KayeCTBE aJbTepHATHBbI TPAAULIMOHHBIM METONAM CEJeKIIMU U TpaHCre-
He3a (1-5). MHTepec K MCHONB30BAHUIO KJIETOK CEMEHHUKOB OOYCJIOBJIEH UX
MPUPOAHON CIOCOOHOCThIO TepeHocuTh uyxepoanylo JHK (uJIHK) B situe-

* PaGora BbimoHeHa npu GuHaHCOBOI moanepxke rpaHta PH® Ne 16-16-10059. B mpoBeneHun uccieqoBaHmii
6bUT0 McTob30BaHO obopynoBaHue LIKIT «Buopecypchl M OMOMHXKEHEPUST CETbCKOXO035ICTBEHHBIX XUBOTHBIX»
BUK umMm. akanemuka JI.K. BpHcra.
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KJIEeTKy B mpolecce omaonorBopeHus. B cimydae mnrerpanuu yJIHK B reHom
XO3MHA TPAHCIeH MOXET YCTOMYMBO MepenaBaThCsl B psiie MOKOoJeHUi. BBumy
MPOBEIECHUS MAHUNYJISILIMIA Ha B3POCIBIX XKMBOTHBIX 3HAYUTEJILHO COKpallaeTcsl
BpeMsI U 3aTpaThl HA MOJYyYeHHE TPAHCTEHHOIO IMOTOMCTBA.

B cnepmaToreHHOM 3MUTEIUM MOXHO BBIIEIUTH JBa TUIIA KJIETOK: IOJI-
nepxuparolye KiaeTku (kiaetku CepToiud) U KJIeTKU CHepMaTOreHHON JIMHUM
(cnmepmatoronuu tuna A u B, cnepmaTtonuTsl 1-ro 1 2-r0O Mopsiaka, criepMaTu-
b1, criepmun) (6). HanbGonplinii MHTEpeC MpeAcTaBisieT FeHeTUYecKash MOIM-
¢uKalms CTBOJOBBIX KJIETOK MOHaJ — CIIEpMAaTOrOHUEB TUIIA A, KOTOpPbIE CIIy-
>KaT NpelIeCTBEHHUKAMU BBICOKOCIIELIMATU3UPOBAHHBIX 3PEIbIX MOJOBBIX KJle-
TOK CaMLIOB — CIIEpMUEB. DTU KJIETKM MPEICTaB/SIOT COOOl HEMHOTOYMCIICH-
HYIO TMOMYJISILMIO CIIEPMATOreHHBIX KJIETOK, pacIliojaralolimxcsi Ha OazajabHOM
MeMOpaHe CEeMEHHBIX KaHaJbLIeB, U 00JadaloT CIOCOOHOCThIO K CaMOOOHOBIIE-
HUIO U TUdGEepeHIIMPOBKE, YTO 00ecIieYnBaeT HEIIPePhIBHOCTh CIIepMaToreHes3a
¢ obpazoBanueMm crnepmueB (7, 8). Takue cBolcTBa CiepMaTOroHUEB OTKPbIBA-
0T IIMPOKME BO3MOXHOCTM IJis pealu3allMy MX IOTeHILMana IIpyU CO3IaHUU
TPaHCTEHHBIX U XUMEPHBIX 0CO0Oel ¢ 3aJaHHbIMI CBOMCTBAMMU.

B ciyyae TpaHcreHesa paccMaTpMBalOTCS ABa MOAXOAA MO JAOCTaBKE pe-
kombuHaHTHOW JIHK B cnepMaroreHHble KJI€TKM CEMEHHMKOB, B TOM YUCJIE B
crepMaToroHuu, — in vivo 1 ex vivo. B mepBoM ciyyae mpenarosnaraercs BBeae-
HUE T€HHBIX KOHCTPYKIIUKA HEMOCPEACTBEHHO B CEMEHHWKM B3POCJBIX CaMIIOB.
Jns oTux uenaei UCHoab3yIoT, KaK MpaBUIo, PETPOBUPYCHBIE U JIGHTUBUPYCHBIE
BEKTOPbI, KOTOPbIE CIIOCOOHBI CaMOCTOSITETbHO MHTETPUPOBATLCS B TEHOM KJIET-
KU-XO3MHA U TpaHC(OPMUPOBaTh KJIETKU-MUILIEHU C BBICOKOM 3((heKTUBHO-
ctbio (9, 10). Ilpu BBenenun pekombuHantHoit JIHK B criepmaroreHHbIe KJeT-
KU €X Vivo BBIMOJHSIOT TpaHC(hOpMaLMIO CIIEPMAaTOrOHMEB in vitro ¢ mociemy-
Iolllell TpaHCIUIAaHTalMel B CEMEHHUKU CTEPWIbHBIX CAaMIIOB-PELIMIIUEHTOB U
MOJyYEHUEM TPAHCTEHHOM CIIepMbl, KOTOpas 3aTeM MCHOJIb3YeTCsl IS OceMe-
HEHMSI CaMOK C LIeJIbIO POXKIEHUST TpaHCreHHoro nmoromctsa (11, 12).

OnvH U3 KIIOYeBBIX (DaKTOPOB, O0ECHEUYMBAIOIIMX PE3YJbTaTUBHOCTh
9TOM TEXHOJOTUM, — IOJYYeHUE KYJIbTYphl cliepMaroroHueB. KyiabTuBupoBa-
HUEe U TeHeThuYecKasi TpaHc(opmMalus CiepMaTOreHHbIX KJIETOK CaMIIOB in Vitro
3HAUUTEJBbHO PACIIUPSIOT CHEKTP MOOXOAOB IO JOCTaBKE PEKOMOMHAHTHOM
JHK B KJIETKM-MUILIEHU C TTIOMOIIbIO O€30ITaCHBIX CUCTEM, MO3BOJISIOT lieJIeHa-
MpaBJIeHHO BO3IENMCTBOBaTh HA KOHKPETHbIE KiIeTKU-MullieHU. [Ipu 3ToM puc-
KU TIOSBJICHUSI TPAHCIEHHBIX 0CO0eil-MO3aMKOB € HeTpaHC(hOPMUPOBAHHBIMU
MOJIOBBIMU KJIETKaMU, OT KOTOPBIX B JaJIbHEHIIIEM He YAaeTcsl MOJYy4YMTh TpaHC-
T€HHOE MOTOMCTBO, MOJHOCTbIO HMBEIUpYloTcsa. IlprMeHeHue TMO3UTUBHON U
HEeTaTUBHOM CEeJIEKUMM NMPU MOIUGUKALIMU TOJOBBIX KJIETOK TapaHTUPYeT Haau-
Yyye B OIJIONOTBOPEHHOM OOLIMTE €IMHCTBEHHOM KOMUW TPaHCreHa, BCTPOSHHOM
B OIIpPeNeICHHBIN JIOKYC, U COXpaHEHUE LIEJIOCTHOCTU OCTalbHOTO reHoma. C yye-
TOM 3TOIO MCKYCCTBEHHOE OCEeMEHEHME TpaHC(HOPMUPOBAHHBIMU CIIEPMUSIMU B
OymyllleM MOXET paccMaTpUBaTbCs KaK 3JEMEHT IporpaMM IO MacCOBOMY IO-
JIy4EHUIO TeHETUYECKU MOIUMUIMPOBAHHON MTUIIbI.

Vxe BblIENeHbBl UM OXapaKTepPU30BaHbI CIEPMATOTOHUM J1AOOPATOPHBIX
KUBOTHBIX — Mblleit (13, 14) u xomsaukoB (15), HEKOTOPBIX BUIOB CEIbCKOXO-
3SIMCTBEHHBIX XKMBOTHBIX — cBUHEH (16-20) n ko3 (21, 22), a Takxke poid (23).
Coo01aeTcs 0 BbIACJIEHUU CIIEPMAaTOIOHUEB U3 TOHAJ SMOPMOHOB U CEMEHHMU-
KOB 1-cyTo4HBIX UBIILILT (24, 25).

PaHee HamMu M3ydyeHa BO3pacTHasl TMHAMMKa CIlepMaTOreHe3a y IMTHLbI
U MOKa3aHO, YTO y TETYILIKOB B BO3pacTe M0 5 Hed B CEMEHHMKax Cpelu Kie-
TOYHBIX IOIY/ISILUI IIpeBAIMPYIOT criepMatoroHuu (26). B HacrosieM umccie-
JIOBAaHUM MbI TMOKA3aJIM, YTO BBICOKYIO UMCTOTY KYJBTYpPbl KJIETOK CII€pMAaTOro-
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HUEB obecrneunBaeT IpeaBapuTebHOE yAaJeHue APYTruX TUIOB KJIETOK, B 4acT-
HOCTM CaMOil MHOTOUYMCJIEHHOH Tmomyasuuu kiaeTok Ceptonau. OcTaBliuvecsl B
KJIETOYHOM CYCIEH3MM eIMHUYHbIE COMAaTUYECKHEe KJIETKU 00pa3yloT (hUaepHbIi
cioii. OnTUMaIbHBIMUA CBOMCTBaAMU 00MamaeT (puAaepHbIil cloii, cpopMUpOBaH-
HbII COOCTBEHHBIMM KJieTKamMu CepToiu.

Hama nenp 3akitoyangach B ONTUMU3ALMU MPUEMOB BbIACJICHUS U KYJb-
TUBHUPOBaHUSI CIIEPMATOIOHMEB IE€TyXa B paMKax IO3TAIHON pa3pabOTKU TeX-
HOJIOTMU TOJIy4YeHUsI TPAHCTEHHOM NTULIBI.

Memoouka. CeMEeHHUKU, U3bATbIE y 2-HEOeIbHbIX METYyXOB, 0OpadaTh-
Banu 70 % STWIOBBIM CIIMPTOM, ISKAIICYJIMPOBAIM M IBaXKIbl IPOMBIBAIM B
(GU3UOJOTMYECKOM PACTBOPE C ABOMHOI 1030 aHTUMMKOTUYECKOIO aHTUOMO-
THKA, 3aTeM MEXaHMYeCKM M3MeJbyaau 10 (parMeHTOB pasMepoM 1-2 MM M
TpuXabl TpoMbiBanu cpenoit DMEM (cpena Urna B mogudukauuu JIioab0ek-
Ko0), ocaxmast kiuetku (300 g, 7 MUH) ¢ MOCIEAYIOIIUM IUIIETUPOBAHUEM CYC-
neH3uu. IlonydyeHHyl0 B pe3yjabTaTe MeXaHUYEeCKOH 0O0pabOTKU KIIETOUHYIO
Maccy ToaBeprajiu (pepMeHTaTUBHON 00pabOTKe: K IMOJYYEHHOMY OCalIKy Kie-
TOK J100aBnsiid pacTBop KojareHassl («I[Tan®xo», Poccusi) B DMEM (koHeu-
Hasl KOHLieHTpauus: 1 Mr/mia) u uHkyoupoBanu B TeueHue 20 mun npu 37 °C.
Krnerku ocaxpganu HU3KOCKOPOCTHBIM LieHTpudyrupoBanuem (200 g, 5 MuH),
HaIOCaIO0YHYIO XUIKOCTh CIIMBaIU, K ocanky pobasisumm 0,25 % pacTBop TpuII-
cuHa («Invitrogen», CIIIA), nuneTupoBaayd U UHKYOMpoOBaiu B TeueHue 30 MUH
npu 37 °C, nepuonuyecku BcTpsixuBas. [locie HelTpanuzauuu TpUIICMHA Cpe-
ol ¢ ceiBOpoTKOoit mioga KpymnHoro poratoro ckora (KPC) («GE Healthcare
Life Sciences HyClone Laboratories», CIIIA) xiieTku ocaxaaiau, IpPOMbIBAIU
HECKOJIbKO pa3, MOBTOPHO oOcaxmas M IMUIETUPYS OOpa30BaBILIMICS OCaZoOK B
poctoBoit cpene. IlolydyeHHYIO CYCIIEH3UIO BBICEBAIM B KYJIbTypajibHble (iia-
koHbl (1x106 ki1/cM2). B kaudecTBe pocToBOil Mcronb3oBaau cpeny DMEM
HG («Invitrogen», CIIIA) ¢ comepkaHueM TITIOKO3HI 4,5 /11, gonoaHeHHyo 20 %
coiBopotku 1oga KPC, o-rmyramunom (2 MM; «Invitrogen», CIIIA), MEM
(Minimum Essential Medium, 100x; «Invitrogen», CILIA), aHTUMUKOTUYECKUM
antuouoTukoM (100x; «Invitrogen», CIIIA). Kinetku cHumMamu c cybcTparta ¢
romMo1pio 0,25 % pacrtBopa TpHUIICUHA.

C ueNbl0 TOJYYEHMSI MNEPBUYHON KyJAbTYypbl KiIeToK CepTonu mis
najJbHEMIlero UCIoJb30BaHU B KauyecTBe (dUAEPHOro cjaosl yepes 24 4 rocie
BbIIEJCHUSI MEePBUYHON KYJbTYPhl CIIEPMAaTOrOHUMEB POCTOBYIO Cpeidy, Comep-
Kalllylo KJIETKHM CIEPMAaTOTeHHOIro psia U O4YeHb HeOOJbIIOEe KOJIUMYECTBO HE
MPUKPENUBIIUXCS K CYOCTpaTy COMAaTUUYECKMX KJIETOK, CIMBaiu. Yalluku mnpo-
MbIBaiu cpenoii DMEM, mocie 4ero K IPUKPENMBIIMMCS KIJIETKaM, IIpei-
CTaBJICHHBIM B OCHOBHOM KieTKamMu Ceprtoiu u dubpobdaactamu, moOaBIsIU
cpeny DMEM HG nanst panbHeliniero KyabTuBupoBaHusi. [1ocKoJIbKYy ykazaH-
Has cpeia He onTuUMalibHa IJIs1 pocTa (uOpOOIACTOB, OHU MOCTEIEHHO BbI-
TECHSUIMCh U3 KYJIbTYphl. 151 MpUroToBiaeHUsI DUACPHBIX CI0EB KJIETKU IOCIe
noctikeHust 90 % MoHOC/IOA B TeueHHe 3 4 oOpabaThIBaM PACTBOPOM MUTO-
munHa C («Sigma-Aldrich Co.», CIIIA) B koHeuHO# KOHLIEHTpalMu 30 MKT/MJI,
MOCJe 4Yero TPYKAbl MPOMBIBaIM pacTBopoM XsHkca («Ilandxo», Poccus) u
KUCIOJb30BAJIM IS KyJbTUBUPOBAHUSI CliepMaToroHueB. s uaeHTUbUKALN
kieTok Cepronu ux (UKCUPOBAIM METAHOJIOM M OKpallMBaJIM XXMPOBBIM Kpac-
HbIM O (Oil red) B TeueHue 15 MuH.

PocroBoii cpemoit anst cnepmaroronueB cayxuia DMEM HG, monon-
HeHHas1 5 % coiBopotkoii wioga KPC, a-mryramuboM (2 MM), MEM (10 mxi1/mi),
antuduorukom (100x), mepkanrosranonom (5x10-5 M; «Invitrogen», CIIIA),
anboymMuHom (5 mr/mi; «Invitrogen», CIIIA), DL-lactic acid (1 Mki/mi;
«Sigma-Aldrich Co.», CIIIA), EGF (epidermal growth factor, 20 Hr/mi; «Sigma-
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Aldrich Co.», CIIIA), bFGF (basic fibroblast growth factor, 10 Hr/mi; «Sigma-
Aldrich Co.», CIIIA) u LIF (leukemia inhibitory factor, 2 Hr/mi; «Sigma-Al-
drich Co.», CIIIA). Cpeny MeHSIIM Kaxable 3 CYT.

MophoI0rn4eckyro OLIEHKY CBEXEBBIIECICHHOM MOMYJSIUUA CIepMAaTo-
TeHHBIX KJIETOK IIeTyXa IPOBOIMIM BHU3YaJIbHO IO (ha30BO-KOHTPACTHBIM MUK-
pockornioM («Nikon», Smonwust). g mojiydeHUsT TTIOCTOSIHHBIX IIPENapaToB CIIep-
MAaTOIeHHbIC KJIETKM OKpaluvBaau mo PomaHoBckomy-I'mmaze: kietku 10 muH
¢dukcupoBanu oxaaxiaeHHbIM 10 —20 °C MeTaHOJOM, MPOMBIBAIM AUCTULINPO-
BaHHOI Bomo#l U momelnanu B kpacutenab ['mm3asl («Merck», I'epmanus) Ha 10-
15 MuH, TTOCJIe 4ero IpOMbIBAJIM BOAOIPOBOIHOM BOMOM.

st mneHTUUKALMY CIIepMAaTOTOHUEB B KYJIBTYpe Ha 7-¢ CYT KYJIbTH-
BUPOBAHUS NPUMEHSUIA TMCTOXMMUYECKOEe U MMMYHOTMCTOXMMUYECKOE OKpalllMi-
BaHnue. Ilpu rucroxummyeckoM okpamuBaHuu no IIudpdy (Ha rmkoreH) o
craHpapTHoM MeTomuke (27) kneTku ¢ukcupoBamu 10 % HelTpaabHBIM 3a0y-
depeHHBIM (opMaMHOM. B pesyibTaTte KOJOHMM CIIEPMAaTOTOHMEB OKpallliBa-
JINCh B MAJIMHOBBIN LBeT. JIJI1 BBISIBICHMSI 3KCIPECCHM ITOBEPXHOCTHBIX aHTU-
reHoB SSEA-1 (stage-specific embryonic antigen-1) kineTku (pukcupoBalin MeTa-
HOJIOM. MIMMYHOIMCTOXMMMYECKYIO 0OpabOTKY IMPOBOAWIM C HCIIOJIb30BaHUEM
aBUANH-OMOTUHOBOM cucTteMbl («Vector Laboratories», CIIIA) cormacHo onuca-
Huwo (15). B kauyecTBe mepBbIX aHTUTEN HUCIOJb30Baau aHTU-SSEA-1. Kowm-
IJICKC aHTUTECH-aHTUTEJIO UICHTH(UIIMPOBAIN C IIOMOIIBIO MePOKCUIA3bI, IS
BBISIBJICHUSI KOTOPOM NpUMEHSIIU 3,3-auaMuHoOeH3uAuH-TeTpaxaopar (AADB)
(«Vector Laboratories», CILIA).

Pezyromamer. Ctamuu BbIIEJICHHWS. CIIEPMATOIOHMEB II0Ka3aHbl Ha pPH-
cynke 1 (A-T).

Puc. 1. Craaguu BbieieHHs] CIEPMATOTOHMEB M3 CeMEHHMKA 2-HelenbHoro neryxa (Gallus gallus): A —
MocJjie MeXaHMYeCKoil 00paboTKM, BUAHBI HEGOJIbIIME (PparMeHThl TKAHM CeMEHHHKa (HATHBHBIA
npenapar, yBenmueHue x200); b — mocne dbepMeHTaTUBHON 00pabOTKM, BMIHBI 000COOJICHHBIE
cIiepMaTOTeHHbBIE M COMAaTUYEeCKUEe KJIeTKM (HATUBHBIM mpemapaT, yBenumdeHue x400); B — 2-cy-
TOYHAasl KynbTypa, BUumHbl criepmatoronuu (1), kierku Cepronu (2), xietku Jleitnura (3), ¢ub-
po6nactsl (4), muounHsle kKiuetku (5) (HatuBHBINA Tipenapar, yBeauudeHue x400); [ — 2-cytounas
KYJIbTypa, CIepMaTOrOHMM OTMeYeHbl CTpeikaMu (okKpaiuBaHue 1o PomaHoBckomy-I'mm3e, yBe-
maeHue x400). CeetoBast (A, b, I') u ¢a3zoBo-konTpactHas (B) Mukpockorust («Nikony», SAmoHust).

ITocne MexaHuyeckoili 0OpabOTKM CeMEHHMKAa Ha IIpernapaTrax ObLIu
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BUAHBI HeOoJbllue PparMeHThl TKaHU (cM. puc. 1, A). B pesynwsrate mocnemy-
o1ei pepMeHTaTUBHOM 00paboTku (cM. puc. 1, B) moayuynnu KiaeTouyHylo cyc-
IEH3UI0, COCTOSIIYIO IIPEUMYIIECTBEHHO 13 000CO0IeHHBIX KIeToK. Yepes 24 4
KYJIbTMBUPOBAHUS KJIETKM COMATUYECKOTO psima, oOafaloliie BBHICOKOM aire-
3ueil K IUIACTHUKY, IPUKPEIULUIMCh M HauyWMHaIWd OeauThess. OCHOBHAs 4acTh
KJIETOK CIICPMAaTOI€HHOTO psiia, KOTOphle MMeEIM BUI IIapooOpa3HbIX 00pa3o-
BaHUIi, HAXOOWIaCh BO B3BEIIEHHOM COCTOSIHMU, M TOJBKO HEKOTOpHIC IIpH-
KPEIUBUIMCh K pacIlIacTaBIIMMCSI COMAaTUYECKMM KJIeTKaM, MCIOJb3ys X B Ka-
yecTtBe (pugepHoro cios. Ha 2-e cyr (cm. puc. 1, I') cepmaToreHHble KIETKU
MPUKPEIUISUINCH K (UICPHOMY CJIOI0 U IMPHOOpETaIr OKPYIIIyio (hopMy.

AHanmu3 (UKCUPOBAHHBIX IIPENapaToB BbISIBWI HAJIWYKME B IOJYYCHHOI
KJIETOYHOM MOMYJISIIUMA HECKOJBKHUX TUIIOB KJIETOK. MHOTOYMCICHHYIO TPYIIITY
cocTaBsuM criepMaToronuy 1 Kietku Cepronu. CriepMaTOrOHMM XapaKTepr30-
BaJIUCh OKpyIIoi ¢opmoii. Ha okpallieHHbIX (PMKCHPOBAHHBIX IIpeIlapaTax BbI-
SIBJISUIOCh KpYIIHOe chepruyecKoe simpo M y3Kuii 000m0K HuTOILIa3Mbl. Kitetku
Cepronu MIMeNId KPYIIHOE SIAPO M HEYETKYIO LIMTOIUIa3My Pa3MBITOM (POPMEI C
JIMIUAHBIMYA BKIIOYeHUsIMU. Hapsiny co criepmaToronusiMu u kjierkamu Cepro-
JIA BBISIBISUIMCHh KJIETKUM MHTEPCTULIMAIBHONM TKaHU — (QUOpPOOIACThl M KIICTKU
Jlerimura. Knerku Jleiigura umenu HempaBWIbHYIO (DOpMY U OONBIINE pa3Mephl
II0 CPAaBHEHMIO C OIPYTMMM THUIIAMM KJIETOK ceMeHHMKa. PubpobiaacThl Xapakre-
pU30BaIUCh BepeTeHooOpa3Hoil (opMmoii. BeTpeuanuch Takke Menkue cdepu-
YyecKrue MUOMIHbIC KIeTKU (cM. puc. 1, B).

Puc. 2. IlepBnyHasi KyJbTypa COMATHYECKMX KJIETOK ceMeHHHKa metyxa (Gallus gallus): A — 4-cy-
TOYHasl KyJIbTypa, oTMedaeTcsl Hanmmuue ¢ubpodsactoB (1) m ximetok Cepronmu (2) (HaTUBHBINA
npenapar, yBeandeHue x200); b — 7-cyrounast KyiabTypa, Haamuyue kietok Cepronu (2) (HaTUB-
HbIN mpenapar, yBeaudeHue x200); B — 7-cyrouyHasi KyabTypa, ImpeacTaBicHa Kietkamu Ceprosu
(okpammBaHue 1mo PomanoBckomy-I'mm3e, yBenmuyenue x100); ' — 7-cyTouHast KyJiabTypa, WIOEH-
TuduKanus Kiaerok CepToiu IO HaIMYMIO JUMUAHBIX BKIodeHuil (3) (okpammBanue Oil red,
yBenmueHue x400). CeroBast mukpockonus («Nikon», Anonust).

C uenpl0 MOJIyYeHUSI TOMOIEHHOM KyJabTyphl KieTok CepToiau st
JIaJIbHEMIIETO MCITONIB30BaHUS B KauyeCTBe (PUACPHOIO CJIOS MPOBOIMIN KYJIBTH-
BUpOBaHME coMaThueckux Kietok. Ha 3-m-4-e cyr (puc. 2, A) B KyabType
HaOMIONANMCh KJIETKH, pasiuyamolnvecss mo Mopdosoruu: kietku CepTroiu, 1o
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dopme CXOmHBIE C MUTEIUATBHBIMU, U (HUOPOOIACTHI, MMEIOIINEe BEPETEHOO00-
pasnyio ¢opmy. Ha 6-7-e cyT KynbTUBUpOBaHMS KieTKM CepTojid BBITECHSIU
Bce ocraibHbie (cM. puc. 2, B). Ha mpemaparax, okpalueHHbIX o PomMaHOB-
ckomy-I'mM3e, KJIETKM B IOIY/ISILIMU MMEJIH MOP(OJIOTUIo, IMOJOOHYI0 TaKOBOIt
y SIUTEIMANBHBIX KJICTOK, M JIMIUAHbIC BKIIOUCHUSI, XapaKTePHbIC IS KIETOK
Cepronu (cMm. puc. 2, I').

11 mMoaydeHUs] MaKCHMAJIbHO YMCTOM IIOIMYJISIIUMU CIIEPMATOIOHHEB
HCIOJIb30BaJIi METOM, OCHOBAaHHBII Ha HEOAMHAKOBBIX AATe3MBHBIX CIIOCOOHO-
CTSIX pa3HbIX TUIOB KJIeTOK. C 3TOi LIeJbIO ¢ 1-CyTOYHOM ITEPBUYHOM KYyJIbTYPhI
KJIETOK CeMEHHMKa IIeTyXa CJIMBaIM POCTOBYIO Cpely, COAepXKalllylo He IpH-
KpenuBIIMECsS KICTKH, M Ocaxmaiu Mx LeHTpudyrupoaHueM. IloaydeHHBII
0CallOK COCTOSUI B OCHOBHOM M3 KJIETOK CIIEPMATOT€HHOIO psla, TaK Kak IIpak-
TUYECKU BCE COMAaTHMYEeCKME KJIETKM, 00jamasi IO CPaBHEHUIO CO CIIEpMAaToro-
HUSIMU OoJiee BBICOKOM anre3deil K IUIACTUKY, OCTaBalIMCh B KYJIBTYpalbHOM
(makone. KieTku NUIETHpOBaJIM B POCTOBOM cpeie Ui KYyJIbTUBUPOBAHUS
CIIEpMATOTOHUEB M BHICEBAJIM Ha (uIepHbIe CIOM, KOTOPHIMHU CIYXKWIM Kile-
touHas auHus STO, nepeBuBaeMble KieTku Ceptonu ceuHeit (ITTII), kneTounas
JuHUA Sc ¥ nepBuYHbIe KieTku CepToiM meTyxa, WIM Ha YallKd, ITOKPBITHIC
0,2 % xenatuHoM. Hawydie pe3y/bTaThl ObLIM ITOJIyYEHBI IIPU MCIOJIb30Ba-
HUM TIepBUYHBIX KJIeToK Ceptonu (Tadi.).

D¢ dekTHBHOCTh KYJIbTHBUPOBaHUA cnepMaToronues neryxa (Gallus gallus) B 3aBu-
CHMOCTH OT (PHIEPHOIO CJI0st

DuaepHblil CI0M
repeBUBacMble
ki1eTku Ceproin
ceuHeit (ITTIT)

IToka3zarenb KJICTOYHAs | KJIIETOYHAS
maanst STO | muHusT Sc

MEPBUYHbBIC KIIETKU
CepTonu meTyxa

le/leeHﬂeHI/le CTIICPMATOTrOHUEB K KJIETKaM

duaepHoOro ciost Ha 1-2-e cyr Ha 1-2-e cyr Ha 1-2-e cyt Ha 1-2 cyt
O0pa3oBaHue KOJIOHMII CIIEpMaTOrOHUEB Ha 4-5-e cyr Ha 4-5-e cyr Ha 4-¢ cyr Ha 3-u cyt
CriepMaToroHueB Ha 7-€ CyT KyJbTHBUPOBAHMUSI

konoHuu (cpeaHee asi 20 KOJIOHUIA), IIT. 6 6 8 10

Ha 3-u-4 cyr B KyabType (pOpMHPOBAINCH KOJIOHMHU CIIEPMATOTOHUEB,
IOCTEIICHHO YBEJIMYMBASCh B pa3Mepax K 7-M cyT. [1pu McIoiab30BaHUM B Kaye-
CcTBe (PUIEepHOro CJIOSI KeJIaTHHA CIIEPMATOTOHMU IMPUKPEIUISUIMCh HAa COMATH-
YecKue KIIeTKM, KOTOphle, KaK YXe OTMEYaloCh, B HEOOJBIIOM KOJMYECTBE
MPUCYTCTBOBAIM B CYCIIEH3MM KJIETOK ITOC/Ie cOOpa pOCTOBOM cpenbl ¢ 1-cyTod-
HOM KyJIbTypbl CEMEHHUKOB meTyxa (puc. 3, A, b).

Hanvuue KojoHWI cIlepMaTOrOHMEB Ha Iperaparax 7-CyTOYHOM Kyilb-
Typbl TMOATBEPAUIO MMMYHOTMCTOXMUMUUECKOe OKpaluuBaHue Ha SSEA-1 —
MapKep CTBOJIOBBIX KJIETOK, K KOTOPBIM OTHOCST CIIEpMATOrOHMHU Tumna A (cMm.
puc. 3, B, I), a Takke TMCTOXMMHUYECKOE OKpallIMBaHWE HAa IJIMKOTeH C HCIIOJb-
3oBaHueM peaktusa Lludda (cMm. puc. 3, 1, E).

b
275 oy * o
& &
B
. L
= 1
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Puc. 3. Kosonuu cnepmatoronueB neryxa (Gallus gallus) (mokaszaHbl CTpeJIKaM1) NMpPH KyJIbTHBHPOBA-
HUM HA pa3HbIX (uaepHbIX ciosx: A — Ha cobcTBeHHBIX KieTkax Cepronu (okpaivBaHue mo Po-
MaHoBckoMmy-I'umse), B — Ha vamkax Iletpu, o6padoranHHbix 0,2 % XelaTMHOM (HATUBHBINA IIpe-
napar), B — Hanunyue crneum®uueckoro MMMYHOTMCTOXMMUYECKOTO OKpAIIMBAHUSI HA 9KCIIPECCUIO
SSEA-1 (stage-specific embryonic antigen-1), ' — orcyrcTBHe crienpuuecKOro MMMYHOTHCTOXH -
MHMYECKOTO OKpallimBaHUs Ha 3Kcrpeccrio SSEA-1 B koHTpoJie (6e3 ucrojb3oBaHusl aHTU-SSEA-
1), yBenmmuenue x400; JI — okpammBanue kojgoHuu 1o Iuddy, E — orcyrcTBUe cnenmdpuyecko-
ro okpamuBanus o uddy B koHTpose (bumepHsblii cnoit), yBennuyeHue x630. CBeToBasi MUKPO-
ckorust («Nikony», SAmoHust).

Takum ob6paszom, 3(GEKTUBHOCTb TOAYYEHUS MAaKCUMAJbHO OTHOPO.-
HOM KYJIBTYphI CIIEpPMAaTOTOHMEB IIETyXa 3aBUCUT OT METONA WX OTHCICHUS OT
IPYIMX KJIETOK U WCIIOJb3yeMOro (uaepHoro cios. PasmeieHue KIETOK IIO
CIIOCOOHOCTU K aare3My IO3BOJISICT MAaKCHUMAJIbHO OYMCTUTh KYJIBTYpY CIepMa-
TOTOHMEB OT OCTaJbHBIX KJIETOK, B YaCTHOCTH OT CaMOii MHOTOYMCJICHHOM I10-
myasaiun KieTtok Cepronmu. EnvMHWYHBIE cOMATHMYECKWE KJIETKM, OCTaBLIMECS
IOCJIE 3TOTO0 B KJIETOYHOM CYCIICH3WM, IPU IOCIEAYIOIIEM KYIbTUBUPOBAHUMI
ciIyxaT (UAEPHBIM CJIOEM, Ha KOTOPBIA MPUKPEIUISIIOTCS CriepMaToroHuu. Kyib-
TUBMPOBAHUE CIIEPMATOIOHMEB Ha (DUIEPHBIX CIIOSX MM Yalllkax, o0paboTaH-
HbIx 0,2 % XeJaTMHOM, C UCIIOJIB30BAHWEM COOTBETCTBYIOLICI POCTOBOM CpelIbl
IO3BOJISIET II0JIyYaTh KOJOHUU CIIEPMATOTOHMEB Ha 3-u-4-¢ cyT. OnTUMaIbHBII
umepHbId CIION IS KYJIBTUBUPOBAHMS CIIEPMATOTOHUEB IleTyXa (DOpMUpPYETCs
U3 COOCTBEHHBIX Ki1eToK CepTou.
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Abstract

Using the male gonad cells of farm animals and poultry in the biotechnological programs
to produce chimeric and genetically modified animals is regarded as an alternative to traditional
methods of breeding and genome modification and offers great opportunities for obtaining individu-
als with new desired properties. In transgenesis, this approach provides a targeted genetic modifica-
tion of male germ cells by introducing the recombinant DNA directly into the testis parenchyma of
adults (in vivo), or introducing the transformed donor spermatogonia into testes of a sterile recipient
(ex vivo) for further obtaining progeny. In case of introduction of donor spermatogenic cells the key
points that determine the effectiveness of the manipulation is to obtain a pure population of donor
cells and the elimination of their own spermatogenic cells (spermatogenesis off). In this regard, con-
ducting research related with the development of effective methods for isolating and maintaining the
culture of testes stem cells (spermatogonia) is actual. The aim of our study was the optimization of
the methodological approaches to the preparation and cultivation of rooster spermatogonia within
the development of individual stages for producing transgenic birds. In the experiments we obtained
and characterized the culture of rooster spermatogonia. Based on preliminary histological studies of
spermatogenesis it was found that in roosters aged under 5 weeks the spermatogenic cells are pre-
dominantly presented by one cell type — spermatogonia. In this connection, for obtaining spermato-
gonia culture the testes from two week old cockerels have been used. Isolation of spermatogenic cells
from testicular of rooster was achieved by mechanical and enzymatic treatments of the testis tissue.
For enzymatic dissociation of testis tissue we used sequential processing with collagenase solution (at
a final concentration of 1 pg/ml) for 20 minutes and 0.25 % trypsin solution for 30 minutes. For
obtaining the most pure population of spermatogonia we took into account different capacity of
different cell types to adhesion. It was found that after 24 hours of culturing primary culture of
rooster testicles the unattached cells were presented mainly by spermatogonia. These cells were
pelleted and plated into culture dishes with feeder layers. Continuous cell line STO, transplanted
Sertoli cells of swine, a cell line Sc, primary Sertoli cells of rooster were used as feeder layers. Al-
so we carried out the cultivation of spermatogonia on the dishes coated with 0.2 % gelatin. The
growth medium for culturing spermatogonial cells was DMEM with high glucose content (4.5 g/1),
supplemented with 5 % FCS (Fetal Calf Serum, GE Healthcare Life Sciences HyClone Laborato-
ries, USA), 2 mM oa-glutamine (Invitrogen, USA), MEM (Minimum Essential Medium, 10 ul/ml,
Invitrogen, USA), antibiotics (100x, Invitrogen, USA), mercaptoethanol (5x10-> M, Invitrogen,
USA), albumin (5 mg/ml, Invitrogen, USA), DL-lactic acid (1 pl/ml, Sigma-Aldrich Co., USA),
epidermal growth factor EGF (20 ng/ml, Sigma-Aldrich Co., USA), basic fibroblast growth factor
bFGF (10 ng/ml, Sigma-Aldrich Co., USA), leukemia inhibitory factor LIF (2 ng/ml, Sigma-
Aldrich Co., USA). Spermatogonia colonies have been formed at days 3-4 of cultivation. Best results
were obtained by culturing the spermatogonia on primary Sertoli cells of rooster. The presence of
spermatogonia colonies was confirmed immunohistochemically in 7-day culture using SSEA-1
(stage-specific embryonic antigen-1) specific antibodies.

Keywords: spermatogonia, spermatogenic cells, roosters, cell culture.
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