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PEMDEPAT X-Bupyc kaprodens (XBER) u psg Apyrnx mnoreKCBUPYCOB CIIOCOOHBI K PEKOHCTPYKINAN i1 VItTr0 N3 BU-
pycHoro 6eaka 0600y u PHR. Beisiok 000109k MOTEKCBUPYCOB CIIOCO0EH 00Pa30BBIBATH BUPYCHBIE PIIOOHY -
riaeonporenabl (BPHII) He Tosbko ¢ romosiorngnoii PHER, Ho 1 ¢ reTeposIornYHbIMI HYKJIEMHOBBIMI KVCJIOTaMI.
B npencrasiennoit pabore nzydensl crpykTypa u csoiicrsa BPHIL, mosy4yeHHbIX i1 vitro mpu MHKyOanmmu 0esika
06os0ukn XBERK ¢ PHRK BupycoB pacTeHuii U :KMBOTHBIX, OTHOCSIINMXCA K Pa3JIMYHbIM TAKCOHOMUYECKIM IPyIIIam.
ITokazano, uro npu nHKyo6anuu ¢ 6ejaxom o6onouku XBR pasanmuuabix gy:xepogubix (rereposornunbix) PHR 06-
pasyrorcs BPHIL, mopdoorngeckn u mo TpaHCISAIMOHHBIM CBOlicTBaM moaooubie romosgornaabiv BPHIT (PHRK
XBER - 6esa0k 060m0ukn XBE). Mo:KHO IPeAIOIOKNTD, 9TO MHNIAINA cOopkn «cmemanabix» BPHII in vitro
TaK jKe, KaK 11 FOMOJIOTMYHBIX, HAaUYnHaeTcs ¢ 5 -kounesoro paiiona PHE, n npu BzaumoeiicTBni reTe posiormaabix
PHEK c 6eaxom o6osoukn XBR ob6pasyercs 0eikoBasti 000/109Ka, CXOHAS IO CTPYKTYpe ¢ 000JI0YKOIT FOMOJIO-
ruygHbIX yactun, Ilo-Bupmnmomy, oopazosanne in vitro rereposornanbix BPHII ¢ yuactuem 6eska oo6osmouxn XBEK
HE 3aBUCUT OT CHenuguIecKkoii HyKJIeOTUHOoII nociaenoBareabHocTu 5 -kouna PHE, n 6emok 06omoukun XBR
CIoCO0€eH yIaKoOBaTh Yy;KE€POJHBIN reHeTUIEeCKUIT MaTepraJl pa3jiNndHOro pa3Mepa U COCTaBa B BUPYCOMOA00OHbIE
VICKYCCTBEHHBIE YaCTUIbL

KJTFOYEBBLIE CJIOBA Bupycs! pacrenuii, PHR, Bupycubie pubonykieonporenabl, TPAHCISIIOHHBIE CBOIICTBA.
CMUCOK COKPALLEEHWMM XBK — X-pupyc kaprodens; BPHII — supycHslii pubonykaeonporenn; TB — rpancmopr-
HBIIT 0€JIOK.

ITOJIVIMEPV3aLA) HU3KOMOJIEKYJIAPHOTO OeJIka 000JI0UKN

BBEAEHME

BeskoBBINI Kancu MHOTUX (PUTOBUPYCOB COCTOUT
U3 UOEHTUYHBIX cyObenmnunul 6esika 000I0YKM, yIla-
KOBAHHBIX Ha OCHOBE CINPAJIBHOV cuMMeTpuu. I'eHOM-
Had BuUpycHasa PHK cnmpasibHO pacrnojiosKeHa MesKIay
BUTKaMM cyObenyuul 6esika 060JI0UYKM U CIIeIyeT UX
yKJIagKe. BaskHOI 0COOEHHOCTBIO PALA BUPYCOB ABJIA-
eTCsA BOBMOYKHOCTD 00paTMUMOI AMCCOMAINN BUPVOHOB
Ha 6esikn obosouxky u PHE ¢ nmocaenyroeit camocbop-
KOJ1 BUPYCHBIX puboHyKJIeonporenos (BPHII) in vitro.
B pesysbTaTe ynaercsa BOCCTAHOBUTD CTPYKTYPY U O1o0-
JIOTMYEeCKYI0 aKTUBHOCTE Bupyca [1, 2]. Camocbopxka (pe-
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MOsKeT npoucxoautb u B orcyrcrBue PHK ¢ obpasoBa-
HIEM YacTUll, 10 CTPYKTyPe UAeHTUUYHBIX BUPYCHBIM,
HO He OTPaHMYEHHBIX 110 JJHe [3].

IIponienypa camocOOpPKM ITO3BOJIAET IIOJIYYIaATh «CMe-
mranasle» BPHII, cocroamnue u3 BupycHoro 0eska 060-
Jouky 1 pana reteposiornunblx PHEK [4, 5]. JocTynHOCTE
KOHCTPYMPOBAaHNS BUPYCOB, CONEPIKAIINX TysKePOJHbIE
PHE, oTkpeiBaeT onpeneseHHbIE IIEPCIEKTUBEI IIPUIMe-
HEeHUA «CMellaHHBbIX» McKyccTBeHHbIX BPHII noa mo-
cTaBKM uy:KeponHblx PHK B KJIeTKM-MUITIEHN ¥ OPTaHbI
pacTeHUI! 11, BO3SMOKHO, KMBOTHBIX. BUpycChl pacTeHu
yaOoOHBI 1A (popMMpoBaHUA «cMelranubix» BPHII, mo-
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CKOJIBKY OHM OTJMYAIOTCA BBICOKON CTaOMJIBHOCTHIO,
IOJIHOW OmoJiorndeckoit 6e30macHOCThIO (pacTeHnuda
U SKVIBOTHBIE He VIMEIOT OOIIMX [TaTOTe€HOB) U HU3KOII ce-
6ecroumocThio npouenypsl coopku BPHIL ITocaexnuee
00yCJIOBJIEHO MICKJIIOUMTEJIBHO BEICOKMM YPOBHEM HAKO-
IJIEHUA pAJla BUPYCOB B 3apaskeHHoM pacteHnn (4—10
T' /KT JIICTBEB).

Ipyroe npenmyiectso BPHII cocTouT B BO3MOYKHOCTHI
KOHTpoJIMpyeMoii akTtuBaruy Tpancaanuy PHE, nakan-
CUIVPOBAHHON B 0eJIOK 0060J10uKY. Bupych! 1 «cMeltas-
Hble» BPHII MOTyT CTPYKTYPHO M3MEHATHCA IO BO3-
neiictBueM paga gpaxtopos (pH, dpochopuanposanne,
IPUCYTCTBYIE OIIPEJIEJIEHHBIX BUPYC-CIenpuIecKux
6eJIKOB-aKTMBATOPOB).

IIpn xoucrpymnpoBanum BPHII Hanbosee npexrmo-
YTUTEJbHBI CIIMpPaJbHble BUPYChl PACTEeHNIi, BecbMa
cTabuJbHbIE B YCJIOBUAX BBICOKUX TeMIIepaTyp, Hedpu-
310JIOTYEeCKNX 3HaueHuii pH cpenipl, a TakKe B IIPUCYT-
CTBUM TUAPOJIUTUYECKNUX PepMeHTOB. Kpome Toro, njmHa
CIIMPAJIBHOTO BUPYyCa 3aBUCUT OT pa3dMepa HyKJIEMHOBOMI
KJCJIOTBI, YTO, B OTJIMYME OT M30METPUUYECKIX BUPYCOB,
He HaKJIaJbIBaeT JKeCTKUX orpaHndennii Ha aiamnny PHE,
BrJyrouaemolt 8 BPHII mpu cbopke in vitro. Heckosnbko
oriepeskas pa3BUTHME COOBITHIA, JIOTUYHO IIPEIIOJIO0MKNTD,
YTO MOJM(PUIVIPOBAHHBIE U «CMEIIIAHHO» PEKOHCTPYMUPO-
BaHHBIE CIIMPAJIbHBIE BUPYCHI PACTEHNI MOTYT CIYKUTh
KOHTelHepaMI AJIA XPAaHEeHUA U JOCTABKI B KJIETKU «Te-
paIeBTUYECKNX» T€HOB U JIEKaPCTBEHHBIX CPEJNCTB [3].

OnuH u3 npencraBuTresiell GpUTOBUPYCOB CO CIIN-
paJsbHOI cTpyKTYypoit — X-Bupyc Kaprtodensa (XBK),
TUNMYHBIN IpeicTaBUTeINb pona Potexvirus cemeiicTBa
Flexiviridae. Bupmonsr XBR npesncraBisaior coboii rmbd-
Kle HUTEeBNIHbIE YacTUIIb] AJIMHON 515 HM 1 luaMeTpoM
13.5 am. BupycHasa yactuna cogepsxut oxkoso 1350 naeH-
TUYHBIX CyObenmHnIl 6esKa 000JI0YKY, YIIaKOBAHHBIX
B BUJIE CIIMPAJIN, MEKIY 000p0oTaMy KOTOPOII 3aKJII0UeHa
BupycHasa PHEK [6]. O6opor nepBuunoil ciupann XBK
coctout u3 8.9 cydowenuuui 6esra obosourku. 'enom
XBEK npepcraBieH onHoenodevHoin «mioc» PHEK gm-
Hoit 6345 H. [7]. T'enomuas PHK comepsxut Ha 5'-KoHIIE
KeIl, a Ha 3'-KoHIle — moJn(A)-mocyieJoBaTeIbHOCTD [8].
PHEK XBK komupyet IATb 6€JIKOB: BUPYCHYIO PEILIN-
kagy maccoit 165 klla u geTsIpe OeJika, OTBETCTBEHHBIX
3a ME’KKJIETOYHBIN ¥ CUCTEMHBIV TPAHCIOPT MHQEKIIN-
OHHOI'O MaTepuaja — TPU TPaHCIOPTHBIX Oeska (THI,
TB2, TB3 — npoayKThI «TPOMHOrO HJ0Ka F'eHOB», C Mac-
camu 25, 12 u 8 kJla cooTBeTCTBEHHO) 1 H6€JI0K 000JI0UKI
maccoit 25 x/la [8].

Pamnee ObLJ10 TOKa3aHO, YTO H€JIOK 000JIOYKM IIOTEKCBI-
pycoB criocobeH in vitro oopazosbiBaTh BPHII He TOIBKO
¢ romoJtornyHoit PHE, HO U ¢ HEKOTOPBIMI TeTePOJIord-
weivu PHEK [9, 10].

ITens Hacrodamen paboTel cocToANa B UBYUEHUN
ocobeHHOCTel CTPYKTYpPHI 1 cBoiicTB BPHII, mosy4uen-

HBIX 1N vitro npu MHKyOanuu 6esnka obosoukn XBE
¢ PHK pana BupycoB pacTeHUI U KMBOTHBIX, IIPNU-
HaJJIEMKAIIVX K Pa3JIMYHBIM TAKCOHOMMUYECKNIM I'PYII-
naMm. B kagectBe rereposornunbix PHE ncnoss3osann
PHEK norexkcBupycos (BMH — Bupyc mozauku Hap-
uucca, BAMK — Bupyc aykyba mozanku KapToded,
BMAusBT — BUpyC MO3auKM aJibTepPHAHTEPHI), TOOAMO-
Bupyca (BTM — Bupyc Tabaunoit Mo3ankm), 6poMoBmI-
pyca (BME — Bupyc Mo3auku KOCTpa) 1 MMKOPHABUPY-
ca MeHro (BUpYyC KMBOTHBIX).

SKCMEPUMEHTAJIbHAS YACTDb

Brigenenne npenapara XBE, 6eaka oooroukn u PHR
XBRK u Th1

IIpenapar XBR (Pycckuit mraMM) BbIAEJIAIN U3 3a-
paskeHHBIX pacteHust Datura stramonium L. coramacHo
ArabekoBy 1 coanT. [11]. Besok obosoukn XBK nosryda-
JIVI MeTOZIOM coJieBoii nenporensnzaiuy [12]. PHK BvI-
IeJany (peHOJbHBIM MeTonoM [13] ¢ HeKOTOPBIMU MO-
mndpuranyamu. PekombuuauTHbIN Oestok TH1 nosyuen
KaK OIMCaHo paHee [14].

Iloxyuyenne BPHII in vitro

g nonyuenua BPHII cmemusanu PHE u 6esox 060-
JIO4YKY B BecoBoM cooTHotteunu (w/w) PHEK : 6esiok 060-
Jouky = 1 : 10. VlukyOauyo npoBOAMIN B CTAHAPTHBIX
yeqoBuax [15]: B 20 mxa 0.01 M Tpuc-HCl-6ydepa pH
7.5 Ipy KOMHATHO TeMIepaType B TeueHne 20 MuH. Pe-
aKIVIO OCTAHABJMBAJN, 100aBIAA OPOM(EHOIIOBBI C1-
HUIT IV TIepeHoCs MHKYOaMoHHy0 cMech Ha Jex (0°C).

Tpaucaammus in vitro

Tpancaanuio PHK B GeckyeTouyHO? OeJOKCUHTE3M-
PYIOIIEeli cuCcTEMe M3 DKCTPAKTa 3aPOABIIIIEN] IIIITeHNIIbI
IIPOBOAMJIN, KaK ONMCAHO paHee [14], B mpucyTCTBUN
¥S-mernonnua B reuenue 60 muu npu 25°C. Koanye-
crBo PHE B mpobe cocraBiano 40 MKr/MKJI (B ciiydae
PHK Bupyca Menro — 25 mKr/mkia). PekomOuHaHT-
el TB1 gna TpancaanuonHoi aktuBanuy PHE B co-
craBe BPHII no6aBaAnm B MOJIAPHOM COOTHOIIIEHUU
XBK:TB1=1:100, t.e. na 1 mxr PHK (20 MKr BUpyca)
1.4 mxr TH1.

IIpocBeunBaonias 3JIeKTPOHHAST MIUKPOCKOIINS

Obpasue! (15 M) copObupoBaIM HA MEJHBIX CETKaX
JLJIA DJIEKTPOHHOM MMKPOCKOINM, IIOKPBITHIX (popMBa-
POBOIL TIJIEHKOI (IIpM HAHECeHNUN IIJIEHKM JMICII0JIb30Ba-
au 0.5% pacTBOp popMBapa B IUXJIOPITAHE) B TEUEHUE
15—20 c, mocye yero oOpas3Ibl HA CETKaX KOHTPaCTUPO-
BaJsm 2% PacTBOPOM ypaHMJIAIeTaTa U IIPOCMaTPUBAIIN
Ha 3JeKTpoHHOM MuKpockore JEOL JEM-1011 («JEOL»,
fAnonnsa) npnu 80 kB. V3o0paskeHNA NOTydIaan ¢ IIOMO-
mbio 1udposoit kameps! Gatan Erlangshen ES500W
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Puc. 1. SnektpoHHas mukpocoTtorpacus BPHIMN, cobpanHbix in vitro npm niky6aumm 6enka obonouxku XBK 1 romonormu-
HoM u reteponorunynbix PHK. A — PHK XBK; 6 — PHK BMH; B — PHK BAMK; I’ — cymmapHas PHK BMK; [ — PHK eupyca
Menro; E— PHK BTM; ) — PHK BMAnbT. Becosoe cooTtHowenne PHK : 6enok o6onoukn = 1 : 10. O6pasubl obpaba-
TbiBanm 2% ypaHunauetatom. MacwtabHble otpesku 100 Hm.

C MCIIOJIb30BaHMeM IIporpaMMHoOro obecneuennsa «Gatan
Digital Micrograph»™.

ATtomHO-cuioBast Mukpockonus (ACM)
CraHMpoBaHMe IPOBOININ HA MUKpPOCcKorax Nanoscope
3a («Digital Instruments», Santa Barbara, CIIIA)
n SmartSPM («Awuct-HT», Poccus) B pesoHaHCHOM
peskumMe Ha Bo3ayxe. TuNmMyHaA CKOPOCTH CKAHMPOBa-
Hua — 1 I'n. VcnoaszoBaan kauTtuieBepsl fpNO1S ¢ pe-
30HaHCHOI yactoront 118—190 kI'1, skecTtrocThbio 5.3 H/M
¥ TapaHTUPOBAHHBLIM PafNyCcOM 3aKPYTJIEHUA UTJIbI
10 am (HUUPII um. ®.B. JIykuna, Poccus). Iia obpa-
6orku n npeacrasiennsd ACM-uso0paskeHnnii MCIOJIb-
3oBaJi nporpammy PemroCran Onnara (IIIIT, Poc-
cud). 1A npuroToBsieHnA 00pas3I[0B Ha CBEYKECKOJIOTYIO
CJIFOZY IV BBICOKOOPVEHTUPOBAHHBIN IMPOJIUTUIECKUI
rpacut Ha 5—10 MuH Ha”HOCHJIM 5—10 MKJ IIpenapaTta
TpebyeMort KOHI[eHTpauuu. 3aTeM obpaser] 2 pasa mpo-
MBIBAJIV B Kalljle AVICTUJIIVPOBAHHON BOABI U BBICYIIIVI-
BaJIM HA BOBIYXeE.

PE3YJIbTATbI U OBCYXKAEHME

MeTtonom cbopru in vitro nonyden pan BPHII us Ges-
ka obosoukn XBK n PHK Bupycos, npmuHagIexammx
K Pa3JIMYHbIM TAaKCOHOMMYECKVM IpyInaM. B kadgecTse
reTepoJIOrMYHbBIX Kcnosb3oBaay PHE Bupycos, nepe-
4YJICJIEHHBIX BBIIIE: YeThIpex rnorekcBupycos (XBEK,
BMH, BAMEK, BMAabT), TobamoBupyca (BTM), 6po-
moBupyca (BME, nkocasnpudaecknit BUpyc ¢ (pyHKIO-
HaJIBHO (DparMeHTVPOBAHHBIM T€HOMOM) U IMKOPHABM-
pyca MeHro (Bupyc KMBOTHBIX). B KadecTBe KOHTPOJIA
ucnosb3oBaiu romosiornuryo PHK XBE.
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VIzBecTHO, uTO Gesok obosouku XBK He criocoben
cpopMUPOBATH BUPYCOIIOLOOHBIE arperaThl B OTCYT-
creue PHEK [16]. 113 puc. 1 ciexyer, 4To nIpu MHKyOa-
nuu 6esnka obosouku XBK c¢ rereposornmunsivu PHEK
pasanuHbIX BUpycoB B cooTHoweHny PHEK : 6es0x 060-
Jouky = 1 : 10 (w/W) B IpocBeuMBaIoOIIeM 3JeKTPOH-
HoM MuKpockorne (IIOM) MosxHO HAOJIIOAATH YaCTUIbI
(puc. 16—7K), mopdosornyecky HEOTINYNMbBIE OT Ya-
CTMILI, IOJIYHUEeHHBIX TPV PEKOHCTPYKIM OesIKa 000JI049KM
XBR c romosiornusoit PHK XBER (puc. 1A). Paree Mbl 11o-
kaszaJgu, yto romosiornunabie BPHII «PHK XBK — 6esok
obosouxkn XBK», odbpazoBannbie mpu nukyodanun PHE
u 6esika obostouky XBK, MIeHTUYHEI 10 CBOEN CTPYKTY -
pe HaTMBHBIM BupuoHaMm XBK [15].

Mopdomoruto BPHII ananmusupoBaan ¢ NpuMeHeHN-
eM Bbicokopaszpernaoineit ACM. Metogom ACM 6b1iin
nccyaenosansl yactunsl BPHII, comepsxalime romoJio-
ruyHble U reTeposiornyible PHRK. Vzoopaskenna sPHII,
IIOJTy4eHHBbIX Ipu MHKybanuu 6eaka obosouxkn XBE
c rereposornysbiMy PHE (puc. 26—E), naeHTUYHbI 130~
Opasxennuam romosornaHbix BPHIT (puc. 2A). Ilo naHHBIM
ACM cpenHaa BbICOTA TOMOJIOTMYHOTO KOMILJIIEKCA CO-
craBuya 10.0 = 0.6 HM, reTeposiornysbiX — 9.9 + 0.9 HM
(puc. 3). B mpenesax mOrpeIHoCTy 3T 3HAUYEHIUA COBIIa-
JIaIOT MesKy coD0ii 1 COOTBETCTBYIOT BBICOTE HATUBHOTIO
XBK (nmanuble He IpuBeJieHbl). Kak oTMeuasioch BHIIIIE,
nuametp BuproHa XBK pasen 13.5 um [6]. Pesyubra-
TBI OITPeJIeJIeHNA BBICOTHI TOMOJIOTMYHBIX KOMIIJIEKCOB
meTonoMm ACM corsacyioTed ¢ 3TO BeanduHOi [17].
OpHaKO BBICOTA U IIMPVHA BUPYCHOI YaCTULIBL, OIIpesie-
JeHHble MeTogoM ACM, MOryT BapbMpOBaTh B 3aBUCU-
MOCTY OT TUIIA MICIIOJIb30BAHHOTO 30HIa, CII0CO0a IIPUro-
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TOBJIEHM 00pasiia 1 BeJIMUNMHBI CUJIOBOTO BO3IECTBIUA.
Kax npaButo, mpu n3MepeHnsax Ha BO3AyXe BbICOTA BU-
proHoB XBR oxasbiBaeTCsA 3aHMIKEHHON! M COCTABJIAET
10—11 EM. OTO CBA3AHO C TeM, YTO B X0Jle CKaHMPOBa-
HISA 30HJ MUKPOCKOIIa OKa3bIBAET JaBJIeHNE Ha 00paser]
U cJIeTKa CILIIoBaeT ero [18].

Panee c npumenennem ITOM n ACM [15] Ob1yiM BBIAB-
JIeHBI «OTHOXBOCTBIe YacTULbI» (single tailed particles,
STPs) c 3'-kouriom PHK XBEK, cBo601HBIM OT OeJika 060-

Puc. 2. ACM-nzobpaxenus BPHIN, cobpaHHbIx in vitro
npw nikybaumm 6enka obonouku XBK ¢ romonormuHom

u reteponornyHbimm PHK. A — PHK XBK Ha crnrope;

b — PHK BTM Ha cntope; B — PHK BMH Ha rpadute;

I = cymmapnas PHK BMK Ha cnrope; [] — PHK Bupyca
MeHro Ha criroge; E — PHK BAMK Ha cnrope. Becosoe
cootHowenne PHK : 6enok obonoukn = 1: 10. O6pasupbl
BbICYLUMBAnNM Ha Bo3ayxe. Yactota konebaHui koHconm
300—350 kl'y,. Ctpenkamu ykasaHbl ydyactku PHK B cocTa-
Be BPHI1, cBobopHbie oT 6enka obonoukm XBK. Maclutab-
Hble oTpe3kn 1 MKM.

JIOYKM, Y TAJIOYKOBUIAHBIMI «TOJIOBKAMMI», CPOPMUPO-
BaHHBIMM B pe3yJbTaTe CIMPAJILHON yIakoBKU OeJska
oboJtouky Ha 5'-koHIIEBOM (pparmenHTe PHE.

Cootrottenne PHEK : 6esox o6osouxkm = 1 : 10 (w/w)
B MHKYybaIrmonHoy cmecu npu cbopre BPHII rapanTn-
pyeT oTcyTcTBIME N30BITKA CBOOOIHOTO OeJIKa 000JI0YUKM
Ha IIOBePXHOCTU 00pasioB. C Apyroit CTOPOHBI, 3TOTO KO-
JdecTBa Oesika 060JI0UKM HETOCTATOYHO AJIA MHKAIICH-
nauyy Becevt PHK. B pesysbrate ACM BBhIABJIAET YaCTU-
IIbI, Y KOTOPBIX "acTb Mosekyasl PHE B cocraBe BPHII
ocraeTcsa cBoOOHOI oT Oeska obosouku (puc. 2A,B,E).
Crnenyet oTMeTUTD, UTO cCBOOOAHBIE «XBOCThI» PHK nme-
10T He Bce kopoTkue BPHII (puc. 2B—/). 9T0 MOKeT ObITh
CJIeCTBYIEM TMAPOJIM3a CBOOOJHOTO OT O6eJsiKa 000JI0UKM
3'-rouna PHK pubonykieasamu B paCTBOPE MJIM IIPY 10~
MeITeHMUY CYCIIeH3UM YacCTUI] HA [IOBEPXHOCTD CJIIOJIBI
Iepes aHaJIN30M.

B nponecce camocboprn PHK ¢ BupycHbIM OeskoM
00070uKy 006pasyercsa reTepoOTeHHbIl 10 AJIMHE Ha-
6op BPHII (puc. 3). HacTuisl, comepsralime moJIHO-
cThi0 MHKancuauposanuyo PHE, He BbIABIEHBI fake
IIpY aHaJM3€e TOMOJIOTMYHOTO BapuaHTa (puc. 3A). InuHa
HauboJtee 11oJsiHO pekoHcTpyupoBanHHbix BPHII XBK no-
cturajia 300 HM, B TO BpeMs Kak MoJaJbHad IJMHA Ha-
TUBHBIX BUPUOHOB cocTaBisdeT 515 um. Ilo-Bunnumomy,
ymenbienne aauHbl BPHIT o6ycioBieHo HegocTaTKOM
OeJsika 000JI0YKY B MHKYOAI[MOHHOI cpefie (COOTHOIIeH e
PHE : 6esiox o6oJsiouku cocraiidaio 1 : 10 Bmecto 1 : 20,
JICITOJIb3YEMOTO IIPY PEKOHCTPYKIMI IOJHOPA3MEPHBIX
vgactul] XBER).

YBesuueHne KosaudecTBa OeJKa B MHKYOAIIMOHHONM
cMecu (B pacueTe Ha MoJtekysry PHE) mpuBoaut x yBesu-
YEeHUIO AJIMHBI «CMeILTaHHBIX» (T€TePOJIOIMYHbBIX ) YaCTULL
Tax mpu coorrnomtenny PHEK : 6esiox obosouxkn = 1 : 10
reTepoJIOTMYHbIe YaCTUIIBI, 00pa30BaHHbIE IIOCJIe «OJie-
Bauua» benxkom PHK norexkcBupycos BMH, BAMK
u TobamoBupyca BTM, nmenu cpenuion quuay 200 HM
u ObLiy aHagoruyuHel no ayguae BPHITI XBK (puc. 34).
Pasmep PHK sTux BUpPYCOB COMOCTABUM C pa3MepPOM
PHE XBEK. IIpu npuMmeHeHnn 60jee KOPOTKUX BUPYC-
ueix PHR (cymmapssiit npenapatr PHR BME coctout
n3 geteipex PHK naunoit ot 800 no 3234 H.) MoJApHOe
cootHomeHne PHR : Oestoxk 000JI0YKM yMEHBIIIAJIOCH,
¥ BO3PAaCTAaJIO0 KOJIMIeCTBO KOpoTKuX gactuil (80—100 um)
(puc. 3B). C npyroit CTOPOHBIL, IPU UHKYOAM ¢ DEJIKOM
obosouky XBK PHE Bupyca Menro (8400 1H.) MossipHOE
COOTHOIIIEHNE YBEJMUNBAJIOCH, I CPeIHNUI pa3dMep da-
crury yBesmraupasica 1o 400—450 um (puc. 3B).

Panee mb1 nokaszananu, uto, B otaname or BTM u pana
Ipyrux BUpycoB, MmojeKysna PHK B cocTaBe HaTUMBHBIX
yacTul], XBK 1 roMoJIOTMYHBIX «OJHOXBOCTBIX» BPHII
(PHEK XBK — 6esaox obosouku XBK) HegocTymnHa
naa rpancaanuu. Oguako tpaHcaamma PHK akTtusu-
pyetcsa npu docdopunnposanny beska odosouxky XBK
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Puc. 3. Tuctorpammebl
pacnpepeneHus BbiCOTbI i
M AnuHbl nonyyerHbix BPHI,
COCTaBMEHHbIE MO JaHHbIM
ACM. benok o6onoukm
XBK uHky6uposanm ¢ PHK
NnpY BECOBOM COOTHOLLIEHUM
10: 1. A—PHK XBK; 6 — —
CYMMapHas PHK BMK, B— 65 7 7.5 8
PHK Bupyca Metro.

S

Yucno vactuy,

Yucno uactuy,

45 55 65 75 85

a
&

& 8

Yucno uactuy,
2 = B8 R B8

o o

v ipy 06pa3oBaHNM KOMILIeKca BupuoHa miay BPHII
¢ TB1 XBK [11, 15, 19].

B nacrosameit pabore MbI N3ydaJy TPAHCIAIVIOHHBIE
CBOJICTBA U CIENM(PUYHOCTb AaKTUBAIMN TPAHCIAIUN
«cmermianubIx» BPHII ¢ mpumenennem TH1.

B KOHTPOJIBHBIX OIIBITAX OBLIO IOKA3aHO, YTO B3aM-
mozerictreue PHE XBE c 6enxom obosoukn XBR npn-
BOIUT K MHrubuposanuio Tpancaanuyu PHR B cocra-
Be BPHII no cpaBHenuo co ceobonuoit PHE (puc. 44,
1, 2). HaGurogaeMblit POHOBBI yPOBEHDb TPAHCJIAINNA
(puc. 4A, 2) MmoxHO 00'BACHUTH IPUCYTCTBUEM CBO-
6onuoit PHK B ycanoBuax HegocraTka 6eaxa o0oJs0u-
ku npu nHKyO6auuu [15]. Ilpu yBesndeHUn MOJIAPHO-
ro coorHomeHusa PHR : 6esox 06071049k KOJIMYECTBO
ceobonuoit PHE ymensbitaercsa, n ypoBeHb (POHOBOJ
TpaHcaAnMy nagaet [15].

C nmpyroit cToponsl, B3aumogericteue ¢ TB1 sPHII,
COCTOAIIMX 13 TOMOJIOTUYHBIX 6esikoB 06ostouky 1 PHEK,
OPUBOAUT K 9PQPEKTUBHON aKTUBAIUN TPAHCIIALIMN NH-
rarncuguposanHoit PHK XBER (puc. 44, 1, 3).

BaxkHO oTMETUTD, UTO aHAJOTMYHbIE PE3YJIbTaThI
[IOJIyYeHbI IIPM aHaJI3€e TPAHCIALIMOHHON aKTYMBHOCTH
reteposornyubix PHE B cocraBe BPHII, pexkonctpyupo-
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BbicoTa yacTtuy, HM

BbicoTa yacTuy, HM
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Yucno vactumy,
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OnuHa yacTtuy, HM

Yucno vactmy,

105 115 125 135 145 20 50 70 80 110 130 150 170

OnuHa yacTtuy, HM

Yucno vactmy,

a 95 10 105 n 50

100 150 200 250

OnuHa yactuy, HM

300 350 400 450 500 550 600

BaHHBIX ¢ OearoMm obosouky XBK (puc. 46—E). Ilpu no-
b6aBsiennuu 6eska obosoukn XBK k PHE npu cootHoIIE-
wum 10 : 1 (w/w) B MHKYDalMOHHOI cMecy HabJrogaeTca
3ameTHOe nogaisieHne Tpancaaimy PHK BME (puc. 45,
1,2), PHK BAMEK (puc. 4B, 1, 2), PHK BMH (puc. 4, 1,
2), PHK BTM (puc. 4/, 1, 2) u PHK Mesnro (puc. 4E, 1, 2)
B coctaBe BPHII 1o cpaBHEHUIO C TEM Ke KOJIMYIECTBOM
csobonuort PHE. Econ kosaecTBo H6esika 000JI1049KM yBe-
JuanThb 1o cootHoiennsa PHEK : 6esok obosouknu = 1 : 30,
TO yZaeTca NOOUTHCA MPaKTUUECKN IIOJTHOTO II0JjaBJjie-
HUA TpaHcaAauuu uHrancuauposansoiit PHK. Ha puc. 4
npepcTasieHsl pedyabTatsl 1 PHK BME (puc. 45, 4),
BMH (puc. 4I', 4) u BTM (puc. 4/, 4). IIpu nobaBienun
TB1 x «cmemanubiM» BPHII nmponcxoanT TpaHCIA-
oHHasA akTuBaIMA (puc. 46—E, 3), u 3pPpeKTUBHOCTb
TPAHCJIALMY BOCCTAHABJIMBAETCA 10 YPOBHA CBOOOIHON
PHE (puc. 46—E, 1). VI3 puc. 4 cnenyer, uro HaOOp I1eII-
TUAOB, 00pasyromnmxcsa npu Tpancadannu PHE B coctaBe
TB1l-akTuBupoBanubsix BPHII, nneHTNYeH IpogyKTamMm
TpaHcaauuy ceobonuoit PHE. IlosmyueHnnsle pe3yabTa-
ThI IPEAIIOJIATA0T, YTO CTPYKTYypa 0eJIK0BOM 060104~
KU «CMENIaHHbIX» (FreTepPOJIOTUYHBIX) ¥ TOMOJIOTUYHBIX
BPHII BecbMa cxXomHa.
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Panee mb1 nokasasu, uro npu TH1-3aBucumoit aktm-
Banuy tpaHcaanyy PHE B cocTaBe BUPYCHBIX YaCTUI]
niu romoJiornysbix BPHII perraloniyo posab urpaimoT
0eJIok-0eJIKoBbIe B3auMomeiicTeuA 0eJjiok 00oaoukn—THE1
[15, 20]. OcHOBHasA POJIb BO B3auMOAeicTBMUM OeJika 000-
Jgouky ¢ TB1, mo-Bugumomy, npruangeskut C-KOHIIEBOT
obsactu 6eska obosouxkyu XBK [21].

PesysbraThl TPaHCIAIVIOHHON aKTUBAIIN IeTEPOJIO-
riuHelXx PHK B cocTaBe «CMeIIaHHBIX» UCKYCCTBEHHBIX
BPHII cioyskaT HOBBIM [JOKa3aTeJIbCTBOM IJIaBHOM POJIN
OeJsika 000JIOUKY B 3TOM (PEHOMEHE.

Cnemnudnueckoe ysHaBanue BupycHbix PHE cTpyxk-
TYPHBIM 0€JIKOM UTrpaeT KJIIOYEBYIO POJb B MHKAIICK-
manuy BupycHbix PHR-reHOMOB mpu cbopKe BUPYCHO
gactuilbl. B mosekynax PHK pana Bupycos pacre-
it (BTM, BME, Bupyca MOPIIMHMCTOCTM TypHEIICa)
UIOeHTU(PUIMPOBaHBI CUTHAJBI cOOpKU ¢ Heskom 000-
Jouku (origin of assembly, OAS) [22—25]. B wacTHOCTH,
IOKa3aHa BasKHOCTBb D'-KOHI[EBOI 00J1aCTy reHOMHOI
PHEK B npornieccax cbopku Bupyca n pernaukanyu PHE
IOTEKCBUPYCOB [26].

Kwon n coaBt. [27] ngeHTU(HUINPOBAIN YUIACTOK
nHnimanuu cbopru XBE in vitro B coctaBe H'-KoHIIe-
Boro pparmenra PHR XBEK (51—84 H.), oOpa3syromiero
CTPYKTYPY B BUJE «IIE€TJIM CO IINMJIbKOI» (Stem-loop
1, SL1). Kpome ToOro, peryJyiaTopHble 3JIeMeHThbI, He00-
xonumble 1A cBas3biBaHusag PHEK ¢ 6enxkom 000104k,
Jokasan3oBaHbl B obsacty 1-107 u. PHK XBK [28]. ITo-
JydeHHble HaMJ Pe3yJbTaThbl aHaJM3a TPAHCJALU-
OHHBIX CBOMCTB rerepoJsiorndubix BPHII no3sosAwT
IONYCTUTD, YTO MHUIMAIMA COOPKY reTepPOJIOTMIHBIX
BPHII in vitro Takike HauMHaETCA C 5'-KOHIIEBOTO paii-
ona PHK u npoposmkaerca B 5'—3'-HanpaByieHUNU. OTOT
BbIBOJ ITpaBoMepeH a1 PHE nmorexcBupycos (BMH,
BAMEK). OnHaxko curHaJ AJid crenudmuieckoit cOOpKu
BTM pacnoJsoskeH B 3'-KoHIIeBOI obsacTtu, a y BMK
B mHMnmanuy cbopkm urpaior poas TPHK-nonobuas
3'-KOHIleBadA CTPYKTypPa M DJIeMeHThI TeHa IoJMepa-
3el. PHK Bupyca Menro (pog Cardiovirus cemeiicTBO
Picornaviridae) gomuoit 8400 H. comep:kuT Ha b'-KoHIE
BUpyc-cuenudpuaeckuit 6esox VPg [29], mpucoenyHeH-
sl kK PHE ocdonnasdpupHoii cBa3bio, a ee 3'-KoHeI]
nonmanenusguposaH [30]. He coBcem moHATHO, KaKue
cayTel y3Haet Oesiok obosouky XBK npu nannmanumn
oneBaHuA rereposornyubix PHE, xoTa, ncxona us pe-
3yJIbTATOB TPAHCIALVOHHON aKTUBaIMN, HauboJee Be-
POATHO, UTO OJieBaHMe HaunHaeTcd ¢ 5'-KoHna. Ocoben-
HO YAUBUTEJbHO, uTO TpaHcaanua PHE supyca Menro,
KOTOpas MMeeT BHYTPEHHUI CaliT MHNIMAIUM TPaHC-
JIAINM, TaKsKe MHTUOMpPYyeTCcA IPpY CBA3BIBAHNN C DeJ-
koM obosiouky XBK n akTuBupyercsa npu nobaBiaeHnn
TB1. Takum 06pazomM, MOYKHO AyMaTh, UTO MHUIIMAI[UA
obpaszoBanusa BPHII onpenesnsaerca 0eJKoM, 1o Kpaii-
Hell Mepe, B caydae Oenka obosmouky XBK 1, BepoaTHO,

e ] LIEE SRy

Puc. 4. TpaHcnsumorHas aktueaums PHK B coctase sBPHI
in vitro. BPHIM o6pa3oBaHbl npu MHKybauumn 6enka o6o-
noukn XBK c romonoruuHon n reteponoruynbimu PHK
npu BecoBoM cooTHoweHnn 10 : 1, 3a ucknroyeHem
popoxku 4 Havactax b, I, [, rape cooTHowweHue 6enok
obonoukn : PHK =30 : 1. DnektpodopeTtnieckuii aHanms
B 8—20% [peHaTypHpytoLLLeM MOMMAaKPUNaMUOHOM rene
MeUeHHbIX >°S MPOAYKTOB TPAHCNALMM B 3KCTPAKTE U3 3a-
pogabiwen nwennupsl. A — PHK XBK; b — cymmapras PHK
BMK; B — PHK BAMK; I' — PHK BMH; [ — PHK BTM; E —
PHK eupyca Menro. 1 — PHK; 2 — PHK + 6enok obornou-
kn XBK; 3 — (PHK + 6enok obonouku XBK) + Tb1 XBK.

Oesixa 000JI0YKM BMPYCa MO3AMKI [Tanaiy 0 JaHHBIM
Abouhaidar n Bancroft [31]. Coopka 6eska 0607109KM
XBK u rereposornunsix PHE HaunHaeTca ¢ y4acTKOB,
3HAYMUTEJBHO OTJINYAOIIMXCA 10 JIOKAJIN3AI[UU U CO-
CTaBy OT Ca}TOB MHUIMAINY COOPKY B TOM CJIydae, KOT-
na PHEK BzammopeiicTByeT ¢ COOCTBEHHBIM DEJIKOM.

MoOKHO IPEenIIOJ0KNUTE, YTO B YCJOBMUAX Hallle-
ro skcnepumeHTa Oesok obosmouku XBK y3mHaer
He cIelU(UUEeCKy0 HYKJIEOTUIHYIO II0CJIeI0BATEIb-
HOoCcTh B MoJieKkyJse PHE, a onpenesieHHYIO CTPYKTYPY
5'-xounesoro paiiona PHE, nannunpyoiryo obpaso-
Bauue sPHIIL
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BbIBObl

IToxazano, uTo mpu MHKybanuu ¢ 6eJKOM 000JI0UKM
XBR pa3inyHbIX 4y»KepOoAHBIX reTepoJorndaeix PHR
in vitro obpasyrorcsa BPHII, koTopsle o cBoeit Mopdo-
JIOTUM M TPAHCJIAIMOHHBIM cBoOJicTBaM HOIIO6H]::I TOMO-
gornuabiM BPHIT (PHK XBK — 6esiok obosoukn XBE).
Mo3KHO IPEATIOI0KUTD, YTO IIPU B3aMMOEICTBIN TeTe-
posornyseix PHR ¢ 6esnkom obosnoukn XBR obpasyercsa
OesikoBas 000JI0YKA, CXOAHAA 10 CTPYKTYPE ¢ 000JI0YKOIi
TOMOJIOTMYHBIX dyacTull. Ilo-Buaumomy, oOpasoBaHue re-
Teposornunbrx BPHII in vitro ¢ yuactuem 6eska 000-
aouxky XBK naunmmpyerca Ha 5'-koHile mosekyssl PHEK
Y He 3aBUCUT OT CIIeLN(PIUECKOl HyKJIeOTHIHO I10cIe-
JIoBaTeJbHOCTU 5'-KOHIleBoro paiiona PHK. B pesyib-
taTe 6esiok obosouky XBK criocobeH ynakoBaTh dyske-
POZIHBIV TeHeTUYEeCKNII MaTepuaJl pa3jIMiHoro pa3Mepa
B BUPYCONOJOOHYIO ICKYCCTBEHHYIO 4acTuIly. B coctaBe
BPHII reteposnornunas PHK Tak ke, Kak 1 TOMOJIOT Y-
Had, HeJoCTyIHa Jiid prbocoM. OTHAKO OHA CTAHOBUTCA
TPaHCJIANVIOHHO aKTVBHOM TPV MHKYOAINN IOy Y€ HHBIX
BPHII ¢ TB1 XBK. CesasbiBaune THE1 ¢ oguuM 13 KOHIIOB
Buprona XBK nnaynmpyer KOH(POPMAIMOHHbIE U3MEHEe-
HUA B TEPMUHAJBHBIX CyObeanHMUIIaX OesKa 000JI0UKH,

YTO IPUBOIAUT K AecTabuimsanun (peMonesInpoBaHNIO)
u Iepexony 0eJIKOBOJ crMpaJsu B MeTacTabuiIbHOe co-
croanue. [locaenyromasa THB1-3aBucumada TpaHCaAIM-
oHHadA pasbopka gactury XBK nponcxoaut ObICTpO 1,
BEPOATHO, KOOTIEPATIBHO C BLICBOOOKIEHMEM CBOOOTHOM
PHEK u cybbennuui 6eska Ha paHHUX CTaAUAX TPaHC-
aanyy [20]. BecbMa BepoATHO, 4TO ITOA00HBI MEXaHU3M
peannayeTcs B OMMCAHHBIX BBIIIE IPUMepPax TPAHCIIA-
LIMIOHHOM aKTMUBalun «cMeltaHHbIx» BPHII ¢ ygactuem
TE1.

Besky 000/109KY BUPYCOB pacTeHMIt CO CIIMPAaJIbLHOI
CTPYKTYPOJi B IIePCIIEKTVIBE, BEPOATHO, MOTYT IIPUMe-
HATHCA AJIA CO3JaHNUA U BBEJIEHUA B OPraHbI-MUIIIEHN
JMICKYCCTBEHHBIX «TMOpUIHbIX» HaHodacTul] (BPHII),
CIIOCOOHBIX pasdMpaThCs in VIVO MIOJ KOHTPOJIEM pas3-
JIMYHBIX (PAKTOPOB. ®

Paboma wacmuuno noddepicana epanmamu PODI]
(Ne 10-04-000-89a) u Munucmepcmaea 06pa3os8aHus
u Hayku PD (I'K Ne 02.740.11.0789). Buipasicaem
6.nazo0aprocmd Komnanuu AIST-NT u auuno
M. Cassameesy 3a anaaus o6pasyos memodom ACM.
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