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Ultrastructure and Biological Properties of Avian Infectious
Bronchitis Virus Following Cryopreservation

Pecbepar: B pabote uccnegoBaHbl yneTpacTpykTypa M MHGEKUMOHHAS akTUBHOCTb BMpYCa MHEKLUMOHHOrO BpoHXuTa NTuy
(IBV) nocne KpuOKOHCEPBUPOBAHUS U HU3KOTEMNepaTypHoro xpaHeHus npu —20, =70 n —196°C B Te4yeHue pasnuyHbIX BPeMEHHbIX
npoMexyTKoB (0T 3 CyTOK A0 8 neT) C NOMOLbIO 3NEKTPOHHOW MWKPOCKOMUMU, CEPONIOTMYECKNX U BUPYCONOrMYECKMX METOAO0B.
MokasaHo, YTO YeM HWxe TemnepaTypa XpaHEeHWUsi KPYOKOHCEPBUPOBAHHBLIX BUPYCOB, TEM Jyudlle COXPaHSIeTCsl UX ynbTpacTpykTypa
1 buonoruyeckme CBONCTBA. YNbTPaCTPYKTYpHble u3aMeHeHus |IBV nocne npogomxuTenbHOr0 XpaHeHUsi B YCMOBUSIX YMEPEHHO
HU3koW Temnepatypbl (—20°C) Bblpaxanucb B HapyLleHWW LenOoCTHOCTU NUNONpoTeMaHoN 060oNoYku BMPUOHOB; yTpaTbl MMu-
KONPOTENAHON «KOPOHbI» Y BOMNbLUMHCTBA BUPUMOHOB; KOH(OPMaLMOHHOW AecTabunusauum obonoykn u Hykneokancuga. MNocne
XpaHeHusi obpasuos IBV npu —70 n —196°C Gonbluasi 4acTb BUPMOHOB COXpaHsina 3MeKTPUYECKUIA 3apsi U NennoMepbl «KOPOHbI»
B Te4yeHne cpoka HabniogeHusi. HapylieHne LenocTHOCTM NMUMNonpoTenaHon o6oMoYkn 1 CTPYKTypbl Habnoganock He Gonee yem y
10% BMPUMOHOB OT 06LLErO UX Yucna.

KnioueBble cnoBa: BUPYC MH(EKLMOHHOTO GpOHXMUTa NTWL, MOPEONOrus, yneTpacTpykTypa, BUPUOH, KPUOKOHCEPBUPOBaHUE,
KpnobaHK, KpMOMoBpPEXAEHUS.

Pedepart: Y poboTi gocnimkeHo ynsTpacTpykTypy Ta iH(EKUilHY akTUBHICTb Bipycy iHdekuinHoro 6poHxiTy ntaxis (IBV) nicns
KpiOKOHCEPBYBaHHSA Ta HU3bKOTeMnepaTypHoro 36epiraHHs npu —20, —70 Ta —196°C BNpOAOBX pPi3HMX YacoBMX MPOMIXKIB (Big
3 0i6 pno 8 pokiB) 3a 4OMNOMOrok enekTPoHHOI MiKpockonii, ceponoriyHux Ta BipyconoriyHux MeTogis. MNokasaHo, Lo YuM Huxk4a
TemnepaTypa 36epiraHHs KpiOKOHCEpBOBaHMX BipyciB, TUM Kpalle 36epiraetbcst iX ynbTpacTpykTypa Ta 6ionoriyHi BnacTuMBoCTi.
YnbTpacTpykTypHi 3miHM IBV nicns TpuBanoro 36epiraHHsi B yMoBax noMipHO HU3bkoi Temnepatypu (—20°C) Bupaxanucs y nopyLueHHi
uinicHocTi ninonpoTeiaHoi 060M0HKM BipioHIB; BTpaTi rMikonpoTeifHoi «KopoHM» y BinbluocTi BipioHiB; koHdopMaUiiHii agecTabinisauii
obonoHkn Ta Hykneokancugy. MNicna 36epiraHHa 3paskis IBV npu —70 1a —196°C 6Ginblua YacTvMHa BipioHiB 36epirana enekTpudHui
3apsg i NennomMepu «KOPOHW» BMPOAOBX TEPMiHY crnocTepexeHHs. MNMopyLleHHs uinicHocTi ninonpoTteigHoi 060noHKKM Ta CTPYKTypu
cnoctepiranocs He GinbL Hix y 10% BipioHiB Bifg 3aranbHOI iX KiNbKOCTI.

KnrouoBi cnoBa: Bipyc iHdekLiliHOro 6poHXxiTy nTaxiB, Mopdornorisi, ynsTpacTpykTypa, BipiOH, KpiOKOHCEpBYBaHHS, KpiobaHk,
KPiOYLLUKOAXKEHHS.

Abstract: The authors investigated ultrastructure and infectious activity of avian infectious bronchitis virus following
cryopreservation and low temperature storage at —20, —70 and —196°C during various terms from 3 days up to 8 years using electron
microscopy, serologic and virusologic methods. It was shown that the lower was the storage temperature of cryopreserved viruses,
the higher was the preservation of their ultrastructure and biological properties. Ultrastructure changes in IBV following long-term
storage at moderate low temperatures (—20°C) included the damages of virion lipoprotein membrane, loss of glycoprotein ‘crown’ in
most virions, conformation destabilization of membrane and nucleocapside. Following storage of IBV at —70 and —196°C the most
virions retained electric charge and the ‘crown’ peplomers during whole observation term, damaged lipoproteid envelope and
compromized structure were found only in 10% of total virions.

Key words: avian infectious bronchitis virus, morphology, ultrastructure, virion, cryopreservation, cryobank, cryodamage.

Baxnol 3agadeil A1 HOHMMaHUSI MEXaHHU3MOB
KPHUOTIOBPEXKICHUSI BUPYCOB SIBIIIETCS BBISBICHUE
BKJIaJa B 3TH MIPOIIECCHI HAPYIIEHNS UX YIBTPaCTPyK-
Typbl. [IpuMeHeHne COBpEMEHHBIX 3JIEKTPOHHO-
MHKPOCKONIMYECKUX METOJOB MO3BOJIAET OLIEHUTH
CTPYKTYpHBIE HapyIIEHUs BUPUOHOB, KOTOPBIE MOTYT
ObITh BBI3BaHBI KpHOKOHCepBHUpoBaHueM [7, 10] u
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An important task for understanding the mecha-
nisms of cryodamage in viruses is to identify the contri-
bution of their ultrastructure disorder into these pro-
cesses. Applying the contemporary electron micro-
scopy methods enables the evaluation of structural
disorders in virions which can be resulted from cryo-
preservation [7, 10] and long-term storage. Rearrange-
ments and damage of either DNA or RNA of the
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uus JJHK win PHK BupycoB MoryT ObITE NPUYMHOM
HW3MEHEHUS CBOWMCTB BHPYCCOAEPIKAIIEro OHOIOru-
YECKOro mMarepuasna.

BrinenenHsie Bo BpeMst BCIIBIIEK HHPEKINOHHBIX
3a00eBaHMil KUBOTHBIX IITAMMBI BUPYCOB COXpa-
HSIOTCS B KproOanke HaroHansHOTo HayYHOTO LIEHT-
pa «IHCTUTYT HKCIIEPUMEHTAIBHON U KIIMHUYECKON
BeTepuHapHoil Menunuuey (HHL UDKBM) nus
JATbHEHIIIeT0 N3YICHIS MX OMOJIOTHIECKUX CBOMCTB,
MaTEHTOBAHUSA, pa3pabOTKN CPEACTB MPOYHUIAKTHKA
U Tepariy BUPYCHBIX MH(EKIHH >KkMBOTHBIX [ 11]. Bupy-
Cbl HH(EKINOHHOTO OpPOHXUTA NTHUIL ABJIAIOTCS YaCThIO
Konnexuu narorenos HHIT MOKBM, kotopoit npuc-
BO€H craryc HanmoHansHOro JOCTOSIHAS YKpPauHBI.

Bupyc nndexknnonnoro 6pounxura nrur (IBV) —
TIEPBBIN ONMCAHHBIN B IUTEpaType KOPOHABUPYC MTHII,
kxotopsiid Beraenn J.R. Beach n O.W.Shalk B 1936 1.
DTOT BUPYC COTIIACHO KiIaccudukanuu MexayHapo-
HOTO KOMUTETA IO TaKCOHOMEH BUpYcoB 2008 T. 0THO-
CUTCA K ceMeHCcTBY KopoHaBupycos (Coronaviridae),
noncemeiictBy Coronavirinae, pony Gamma coro-
navirus ¥ opa)kaeT B OCHOBHOM KYpP BCEX BO3pacT-
HBIX TpyNI. Y J1ofeil KOpOHAaBUPYCHI BBI3BIBAIOT
OCTpBIE PeCIIUPaTOPHBIC U KULIEYHBIE 3a00ICBaHHS.

Jlo n3MeHeHnH, BHECEHHBIX B TAKCOHOMHUIO KOPOHA-
BupycoB B 2008 1., He ObUIO MOJICEMENCTB, a POA
Coronavirus cuntany (pUIOTEHETUYESCKON TPYIIOi
[16]. ITo mepe yrmyOneHUs 3HAHUH OTHOCHUTEIBHO
MOJIEKYIIIPHO-TEHETHYECKHUX CBONCTB KOPOHABHPYCOB
YCOBEPIIEHCTBOBAJIACH WX KIIACCU(PUKAITHS, OBIITH BbI-
JIEJIEHbI HOBBIE TAKCOHOMHYECKHE €TUHUIIBI, B TOM
YHUCJIe ¥ BUJBI, OMACHBIEC JJIS YEJIOBEKa, HaIpUMep
BO30yauTenp arunudHoi mHeBMOHMH SARSr-CoV,
KOTOPBIM OTHOCUTCS K pony Beta coronavirus Tozce-
meiictBa Coronavirinae [9]. DTOT KOpOHaBUPYC TO-
siricst B 2002 1.: Tora BO BceM MUpe 3a00J1e510 OKOJIO
8 000 yenoBek u ymepyo 774. HoBblif omacHbIM
koponaBupyc MERS-CoV (Middle East Respiratory
Syndrome Coronavirus) Ha3BaH TaK H3-3a TOTO, YTO
BBLSBIIEH KaK BO3OYIUTEh PECTTUPATOPHBIX MHPEKIHH
Ha bnmxnem Boctoke B utone 2012 r. IlonHoe noHu-
MaHUE MyTH Mepeaavd BUPyca OT )KUBOTHBIX K JIFOISIM
OTCYTCTBYET, OJJHAKO MPENAIOJIATaroT, YTO BEPOIIOIBI
SBJISIFOTCSI OCHOBHBIM PE3€PBYapPHBIM XO3SHHOM BHPY-
ca OMIMKHEBOCTOYHOTO PECIHPATOPHOTO CHHIpOMA
(bBPC-KoB) u uctounukom 3apaxeHusl JTIOCH.

K Bupycy nndpexumonHoro 6ponxura nrun IBV
YeJIoBeK Takxke BocnpuuMuuB. [Ipu sToM 3abome-
BaHHUE [TPOTEKAET C CAMIITOMAMH JIETKOTO IOPa)KEHUS
BEPXHMX JbIXaTeNbHBIX IyTed [12]. ¥V nTun Bupyc
BBI3BIBAET PECIUPATOPHBIN, HEYPO30-HEDPUTHBIN H
PeNpOTyKTUBHBIN CHHIAPOMEI [1].

Bricokast TeTansHOCTH OT HH(PEKITHOHHOTO OpOH-
XHUTa HAOIIOMAETCS Y UBIILIIAT, HEAOCTUTTIINX MECs-
HOTO BO3pacTta, 10 90%, y 2—3-MeCSIHBIX IBITUIAT —
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viruses can cause changes in the properties of virus-
containing biological material.

Virus strains isolated during infectious disease
outbreaks in animals are stored at the Cryobank of the
Institute of Experimental and Clinical Veterinary Me-
dicine (IECVM) for further investigation of their biolo-
gical properties, patenting, development of the preven-
tive measures and therapy of viral infections in animals
[11]. Avian infectious bronchitis viruses are the part
of the Collection of pathogens of the IECVM, which
was granted the National Endeavour of Ukraine status.

Avian infectious bronchitis virus (IBV) is the first
described in the literature coronavirus of birds, which
was isolated by Beach J.R., Schalm O.W. in 1936. As
classified by the International Committee on Taxonomy
of Viruses in 2008 this virus belongs to the family of
coronaviruses (Coronaviridae), subfamily Corona-
virinae, genus Gammacoronavirus and affects mainly
chickens of all the ages. People coronaviruses cause
acute respiratory and intestinal diseases.

Before the changes made to the taxonomy of
coronaviruses in 2008, there were no subfamilies, and
the genus Coronavirus was considered as a phyloge-
netic group [14]. With the deepening of knowledge
about molecular and genetic characteristics of corona-
viruses, their classification improved, there were defi-
ned new taxonomic units, including the species, which
were harmful to humans, such as the virus causing
severe acute respiratory syndrome SARSr-CoV, belon-
ging to the genus Betacoronavirus of the subfamilies
Coronavirinae [9]. This coronavirus appeared in 2002,
when about 8,000 people suffered from it and 774 died
worldwide. New dangerous coronavirus MERS-CoV
(Middle East Respiratory Syndrome Coronavirus) was
named in such a way because it was identified as
causative agent of respiratory infections in the Middle
East in June 2012. There is no proper understanding
of the way of virus transmission from animals to
humans, however, the camels are suggested to be the
main reservoir host of the virus in the Middle East
Respiratory Syndrome (MERS-CoV) and a source of
human infection.

Humans are also susceptive to the avian infectious
bronchitis virus IBV. Herewith the disease proceeds
with the symptoms of mild injury of upper respiratory
tract [12]. In birds, the virus causes respiratory, neph-
roso-nephritic and reproductive syndromes [1].

High mortality due to infectious bronchitis is
observed in chickens of about one month age up to
90%, and up to 35% in the 2-3-month-old chickens.
Respiratory syndrome manifests itself in young birds
by a cough, conjunctivitis, rhinitis, sinusitis. Reproduc-
tive syndrome is usually found in the chickens older
than 6 months and proceeds chronically in association
with colisepticaemia and mycoplasmosis, characterized
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110 35%. PecipaTOpHBIN CHHAPOM Y MOJIOJHSKA IIPO-
SIBJISIETCS KaIllIeM, KOHbIOHKTHBUTOM, PUHUTOM, CHHY-
CUTOM. PenponyKTUBHBIH CHHAPOM, KaK MPaBUIIO,
PETUCTPUPYETCSl y Kyp CTapIIe 6 MECALIEB U TPOTEKAET
XPOHUYECKH B acCOIUAIMK C KOTUOAKTEPHUO30M H
MHUKOIUTa3MO30M, XapaKTEPU3YETCs CHIKSHUEM STHIIe-
Hockocth Ha 30—-80%, a Takxe mosierieHreM aehopmu-
POBaHHBIX MEJIKUX SUI. TakuM 00pa3oMm, U3 BIIIECKA-
3aHHOTO CJIEAYET, YTO KOPOHABUPYCHI UTPAIOT BAXKHYIO
PO B MH(EKIIMOHHOM MaTOJIOTUX YeTIOBEKA 1 KHUBOT-
HBIX U CIIOCOOHBI MPEOA0IEBaTh BUIOBOH Oapbep.

KoponaBupychl, Kak 1 OPTOMUKCO- H IapaMHK-
COBHPYCHI, COAEPKAT JUIMONPOTCHIHYIO 000JIOUKY,
OJTHaKO, B OTIMYHE OT HUX, KOPOHABUPYCHI HE CBA-
3BIBAIOTCA C PELENTOpPaMH, COAEPKAMUMH CHAJIO-
BYIO KHCIIOTY M HE HPOSIBIAIOT HEHpaMUHUAA3HYIO
akTUBHOCTH [3]. OTANYNATETPHBIMH TPU3HAKAMHU
cemeiictBa Coronaviridae SABISIOTCS CpeaHUN pas-
mep BupuoHoB (ot 80 mo 160 um); mammune PHK;
MeMOpaHBbl, COAepKaIled JUMUIBL; TieoMopdHas
(hopma BUPHOHOB C XapaKTEpHO KOPOHOU U3 OyJaBo-
BUJIHBIX BBICTYTIOB.

PuboHyKIIenHOBas KHCIIOTa KOPOHABUPYCOB ATTHHOM
oT 16 10 21 HM BbIMONHAET GYHKLIUIO MATPUIHOU H
nHpopmanmonHoit PHK, nostomy ona nngexnmuonna
[IpY BBEICHUH B 9YKapHOTHUECKYIO KIETKY. AHTUICH-
HbIE CBOWCTBAa BHpYyCa acCCOLMUPOBAHBI C HIMIAMU
BUpYCHOI 000710uKH [9]. [emarrmoTHHUHACTEpa3HbLH
MpOTenH QOPMHUPYET MEMIIOMEpH 000JI0UKH BHPYCA.
Bupyc umeer aBa UKOPOTEHHA TOBEPXHOCTHBIH (S)
n meMmOpanHbIii (M). Craiik-iporenH (S) ydacTByeT
B MPUKPETJICHUH K KJIETKE, TeMarTFOTHHAIINH, CIUSHAN
MeMOpaH u 00pa30BaHWUU BUPYCHEUTPATN3YIOMINX
antuTen [8]. benku Bupyca oTIu4aoTCs 0 TPOIU3MY
K TKaHsAM. VI3BeCTHO, YTO H3MEHEHHE MaTOT€HHOCTH
ITAaMMOB BHpycCa CBSI3aHO C MU3MEHEHUEM H303JIEK-
TpUYECKHX ToUeK ux OenkoB. Knaccudukanus 6enxos
Ha OCHOBE M30JIEKTPUUECKUX TOUEK [TO3BOJISET U/ICH-
TU(QHULUPOBATH BEICOKOIIATOTCHHBIE U TIEPCUCTEHTHBIC
mrammbl. Ha moBepxHOCTH BUpYCa 0OHAPY>KEHO IIATh
anTureHHsIx smuTonos (A, B, C, D, E), geTsipe u3
KOTOPBIX OTBETCTBEHHBI 3a €I0 HEUTPATU3ALMIO.

ITockonbKy BCE CyIIECTBYIOLIME METOIBI JOJIO-
CPOYHOr0 XPaHEHMsI BUPYCOB B HAIIMOHAJBHBIX U
MEXIyHapOIHBIX KOJUIEKLUSIX IPEAIoIaraoT Hajlu-
Yype 3Tana 3aMOpaXMBaHMS BUPYCCOMAEPKAIIETO
MaTepuana (HU3KOTEMIIEpaTypHOE KOHCEPBUPOBAHHE
npu —70 u —80°C, npu TemnepaTypax KUIKOr0o a30Ta
WJIM BBICYIIMBAHUE U3 3aMOPOKEHHOTO COCTOSIHUS —
THO(HIN3AIS ), TO IIETHEO HAIIIMX UCCIICAOBaHUI ObLTa
OIl€HKAa HapyIIEHUH CTPYKTYpHOH I1€I0CTHOCTH
BUPHOHOB, B YACTHOCTH BUPYCHBIX 000JIOUEK 1 HYKJIEO-
Kalcuja Mpu UX KPUOKOHCEPBUPOBAHMM U HU3KO-
TEMIIEpaTypPHOM XpaHEHHH, Ha IIpUMEpEe BHUpYyca
nH(eKIMoHHOTO OpoHxuTa nTHI IBV.
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with a reduced egg production by 30-80%, as well as
the appearance of deformed small eggs. Thus, from
the foregoing it can be concluded that the coronaviruses
play an important role in infectious pathology of
humans and animals and are capable of overcoming
the species barrier.

Coronaviruses as well as orthomyxo- and paramy-
xoviruses possess a lipoprotein envelope, but, unlike
them, the coronaviruses do not bind to the receptors
containing the sialic acid and do not exhibit a neurami-
nidase activity [3]. The features of the family Corona-
viridae are: average size of virions from 80 to 160 nm;
the presence of RNA; a membrane comprising the
lipids; pleomorphic form of virions with a characteristic
crown of clavate crests.

Ribonucleic acid of the coronaviruses with the
length from 16 to 21 nm serves as a matrix/information
RNA, however it is infectious when introduced into
eukaryotic cell. The virus antigenic properties are
associated with the spikes of the viral envelope [9].

Haemagglutinin esterase protein forms the peplo-
mers of viral envelope. The virus has two glycoproteins:
surface (S) and membrane (M) ones. Spike protein S
is involved into the attachment to a cell, hemaggluti-
nation, membrane fusion and formation of virus neutra-
lizing antibodies [8]. The virus proteins differ in tropism
to the tissues. The change of pathogenicity of strains
is known to be associated with alterations in isoelectric
points of their proteins. Classification of proteins based
on isoelectric points allows the identification of highly
pathogenic and persistent strains. Five antigenic
epitopes have been detected on the virus surface (A,
B, C, D, E), four of those are responsible for its
neutralization.

Since all the existing methods of long-term storage
of viruses in national and international collections
suggest the freezing of virus-containing material (low-
temperature preservation at —70 and —80°C, at tem-
peratures of liquid nitrogen or freeze-drying, i. e.
lyophilization), the aim of our study was to assess the
disorders in structural integrity of the virions, in
particular viral shells and nucleocapsid during their low
temperature storage using avian infectious bronchitis
virus IBV as an example.

Materials and methods

The research object was the avian IBV strain of
the Massachusetts type, obtained from the collection
of the Department of Avian Viral Diseases of the
IECVM. Freezing and storage of the collection samples
of extra-embryonic virus-containing liquid were
performed in a domestic refrigerator ((—20 £ 0.1)°C),
low-temperature freezer ((—70 = 0.4)°C), liquid
nitrogen (—196°C) for various time periods: from 3 days
and up to 8 years. Viruses are known to be generally
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MarepuaJjbl 1 MeTOABI

OOBeKTOM Hecnea0BaHts ObUT BUPYC HH(EKIOH-
Horo Oponxwura ntull IBV (mramm Maccauyccerc),
MOYYEHHBIN U3 KOJIJIEKIIMY BUPYCOB OT/ENA U3yUEHUS
6onezneit ntu HHL «M19KBM»y. 3amopakuBanue u
XpaHeHHe KOJUIEKIIMOHHBIX 00pa3IoB BUpyCCoaepKa-
11eH SKCTPadMOPHOHATIBHOM KHUIKOCTH OCYIIECTRIIIIOCH
B ycnoBusix OprtoBoro xomomwibHuKa ((—20 £ 0,1)°C),
HU3KOTeMITepaTypHoro xonomwisHuKa ((—70 + 0,4)°C),
TeMIlepaTypsl kuakoro asora (—196°C) B Teuenue
Pa3INYHBIX IPOMEKYTKOB BPEMEHHU: OT 3-X CYTOK 710
Oonee 8 ser. I3BeCcTHO, 4TO BUPYCHI B 1eJI0oM Oolee
YCTOMYUBHI K JCHCTBUIO (PaKTOPOB BHELIHEH Cpelbl
1 KPUOKOHCEPBUPOBAHUS, TOITOMY BO MHOTHX Jlabopa-
TOPHSX U Ha MIPEATPUATHIX OMOTOTHYECKON TPOMBIILI-
JIEHHOCTH I XpaHEHUsI BUPYCOB UCIOJB3YIOT yMe-
penHo Hu3KMe Temnepatypsl (—20... —22°C). OT1o u
00ycToBIIIO BBIOOP AMAana3oHa PeKMMOB KPHOKOH-
CEepPBUPOBAHNA M XpaHEHHUS BHPYCHOTO MaTepHaia.
Bupycconepxaiyro XuIKoCTh pac(hacoBBEIBAIH B
kpuonpobupku («Nunc», lanus) oobremom 1,8 u
2,0 cm3. OxnakmeHue oOpasoB Oromarepuana o
TEMIIEPATYPhl )KUJKOTO a30Ta OCYIIECTBISIN C IO-
MOIIBIO TPOTPAMMHOTO 3aMOpaKUBaTeNsl OMOJIOTH-
yeckux 00bekToB (3[IM-1) ¢ AeKTpOHHBIM OJIOKOM
ynpasnenus (CKTbB ¢ OIl npu UHcTuTyTe podiem
Kpuobuonoruu u kpuomenuuasl HAH Ykpaunsr);
CKOpOCTh oxnakeHus cocranisiia 300400 rpag/mMuH.
B nmpyrux cinydasx o0pas3mbl OXJaKJald B KaMepe
XosonuiabHUKa. TemneparypHblil peKUM KOHTPOJIUPO-
BaJId C TIOMOIMIBIO TEPMOJATYHKA, TIOMEIIEHHOTO B
3aMOpaKUBAaEMBbIil OOBEKT, M TI0 TIOKA3aHHUSIM HU3KO-
TEMIIEpaTypHOTO0 TEPMOMETpa. XpaHEHHE 3aMOpPO-
JKEHHBIX B J)KHJKOM a30T€ BHPYCOB OCYIIECTBISIN B
cocynax [Iproapa. OOpa3mpl MEUICHHO OTOTPEBalN
Ha BO3/yX€ WIH B TeUeHHEe 1—2 MUH Ha BOASHOM OaHe
npu temneparype 38...39°C.

Tutps! nnpexuuonHol akTuBHOCTH IBV ompene-
JSTU TUTpOBaHMEM Ha 9—10-1HEBHBIX KypHUHBIX
AMOPHOHAX,, BEIYHCIISIS YMOPHOHATBHYIO HHDUITAPYIO-
uryro o3y Bupyca (QUJL, ) no cranmapTHON MeETO-
ke [2].

Tutpsl remarrmoTunanuu 1BV uccnenoBanu B
peakuuu reMarmmoTHHanuu 1o merony B.H. Ciopuna
1 coaBT. [12]. M3ydeHne BIUSHUS YMEPEHHO HU3KHUX
TEMIEPaTyp U MTyOOKOTO OXJaKISHHs Ha yJIbTpa-
CTPYKTYypy BHpycoB IBV mpoBoawmm ¢ ncnomas3o-
BaHUEM DJIEKTPOHHO-MHUKPOCKOIMUYECKUX HCCIIEI0BaA-
Huii. OGpa3ip! HHaKTHBUpoBanuCh 0,5%-M pacTBOpoM
¢dopmansaeruna. [IpoBepka MOTHOTHI MHAKTUBALIMH
ObuIa MPOBEEHA METOAOM TPEX IMOCIIEA0BATEIbHBIX
raccakeil B KypHHBIX 3MOpHOHaX 9-CyTOYHOTO BO3-
pacra. B ciygae orcyTcTBusS HHOEKITMOHHOW aKTHB-
HOCTH BHpyca 00pa3Ibl UCTIOIb30BAIH IS IEKT-
POHHO-MHUKPOCKOITMYECKHUX HCCIEIOBAHIINA.
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more resistant to environmental and cryopreservation
factors, therefore in many laboratories and at bioin-
dustrial enterprises for storage of viruses there are
used moderately low temperatures (—20...—22°C). This
stipulated the choice of the range of cryopreservation
and storage regimens of viral material. Virus-containing
liquid was packed into 1.8 and 2.0 cm?® cryovials (Nunc,
Denmark). Biological samples were cooled using a
programmable freezer for biological objects (ZMP-1)
with an electronic control unit (Special Designing and
Technical Bureau with Experimental Unit of the
Institute for Problems of Cryobiology and Cryome-
dicine of the National Academy of Sciences of Uk-
raine); cooling rate was 300—400 deg/min; in other
cases the samples were cooled passively in the refti-
gerator chamber. Temperature conditions were moni-
tored by thermogauge placed into the cooled object,
or by low-temperature thermometer. The frozen in
liquid nitrogen viruses were stored in Dewar vessels.
The samples were either slowly thawed on air or in a
water bath at 38...39°C for 1-2 min.

Titers of IBV infectious activity were determined
by titration in 9-10-day-old chicken embryos, the emb-
ryonic virus infecting dose (EID,, ) was calculated
according to the standard procedure [2].

IBV hemagglutination titers were studied in he-
magglutination reaction as reported by V.N. Syurin
et al. [11]. The effect of moderately low temperatures
and deep cooling on the IBV viral ultrastructure was
investigated using electron microscopy. The samples
were inactivated with 0.5% formaldehyde solution. The
inactivation completeness was tested by means of three
successive passages in 9-day-old chicken embryos.
The virus samples were used for the electron micro-
scopy studies if there was no infectious activity.

The neutralization reaction (NR) in chicken embryos
and assessment of antigen specificity of the IBV virus
after cryopreservation was performed with different
virus dilutions and constant dose of a specific serum.
Once infected with a mixture of serum and virus the
8—10 day-old chicken embryos were incubated at 37°C
for 8 days with daily ovoscoping. Non-specific embryo
death in the first 24 hrs was not taken into account.
Neutralization was considered positive when no death
of embryos were found as well as no changes cha-
racteristic for IBV resulting from neutralization of virus
virulence by antibodies were observed. The results
were evaluated by the neutralization index: if higher
than 2 Ig — the reaction was considered as positive;
1.5-2 lg — doubtful; 1 Ig —negative.

Antigen specificity of cryopreserved viruses stored
in the cryobank was found in serological neutralization
reaction [12]. The dwarf embryos were studied
according the method described by A.Ya Samujlenko
et al. [9].
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[ToctanoBky peakuuu Hewtpanuzauuu (PH) B
KYPHUHBIX 3MOpPHOHAX M ONpeAecHNue aHTUTeHHOM
cneunpuunoctu IBV mocine ero kppokoHcepBupoBa-
HUS OCYILECTBIISIIN C pa3HBIMHU Pa3BEICHUAMHU BUpYyca
¥ TIOCTOSTHHOM 11030# creruduIeckoil ChIBOPOTKH.
ITocne 3apakeHHuss CMEChIO CBIBOPOTKHU W BHpyca 8—
10-cyTOYHBIX KypHHBIX SMOPHOHOB UX HHKYOHUpPOBAIIN
ipu Temreparype 37°C B TeueHne 8 CyTOK, €XKeHEBHO
oBockonupys. [ nbens sMOpHOHOB B mepBbIe 24 4 He
yauThIBasach (Hecrienuduyeckas rudens). Peakimio
HEWTpaTU3aliy CUUTAIN TIO3UTUBHON PH OTCYTCTBUH
rubenan 5MOpHOHOB M M3MEHEHHUH, XapaKTEPHBIX
i 1BV, B pesysnsrare HEHTpanu3auy BUPYJIEHTHOC-
TH BUpYyCa aHTHTENaMHU. Pe3ynbsraTsl OLEHUBAIH IO
HWHJIEKCY HeWTpanu3auuu: Beime 2 lg — peakuus
nonoxkutenbHa; 1,5-2 lg — comuurensras; 1 lg—Hera-
TUBHAS.

AHTHTEHHYIO CHEIUDUIHOCTS KPUOKOHCEPBHPO-
BaHHBIX BUPYCOB, KOTOPbIE XPAHUIIUCH B KPHOOAHKE,
ONPEIESIN B CEPOJIOTUYECKON peaKIi HEUTpau-
3anui [ 12]. UzyueHne KapmuKoBOCTH IMOPHOHOB IIPO-
BOJWIIU 110 METONY, ontrcanHoMY A. 5. CamyiineHko u
coanT. [9].

OKCIIEpUMEHTHI NPOBOJUIN B COOTBETCTBUH C
«O0ImUMH TPUHIHUIIAMHI SKCIEPUMEHTOB Ha KHBOT-
HBIX», 0100peHHbIMH V HanimoHamsHBIM KOHTPECCOM
no ouostuke (Kues, 2013) u cormacoBaHHBIMH C
MOJIOKEHUAMH «EBpONecKoil KOHBEHIIMM O 3aIUTe
[TO3BOHOYHBIX JKHBOTHBIX, HCTIONB3YEMBIX JIJIS IKCTIe-
PUMEHTAIBHBIX U JIPYTHX HaydHBIX Ienei» (Crpac-
oypr, 1986).

Nzydenne ynpTpacTpyKTyphl BUPYCOB IPOBOIMIN
3JIEKTPOHHOM MUKpOCcKonuel nmpenaparos IBV, pasmo-
PO’KEHHBIX MOCIIE XPaHEHHUS! B PA3JIMYHBIX TEMIIEPaTyp-
HBIX peXHUMax, ¢ MOMOIIbI0 METOAA HETaTUBHOTO
KOHTpacTHpoBaHus [13, 14].

ONEeKTPOHHO-MHUKPOCKOIMUYECKUM HCCIIEOBAHUIM
MOABEPraJii 00pa3Lbl, KOTOPBIE XPAHUIIU OT 3-X CYTOK
1o Oonee 8§ JeT B yCInoBUsIX yMepeHHO Hu3koH (—20°C),
Hu3koi (—70°C) m TeMmeparypsl KHIKOTO a30Ta
(-196°C). Ucmonp30Baim MEIHBIC CeTYATHIC ILIAT-
(hopMBI, KOTOPBIC TOKPHIBAITH (HOPMBAPOBOH TIIICHKOH.
AncopOnus BUPYCHBIX YacTHUI, IPEIBAPUTEIBHO
OYHINEHHBIX B TPAMCHTE INIOTHOCTH caxapossl [3],
Ha IUICHKaxX-IOJJI0KKaxX MPOBOAMIACH B TCUCHUE
3—-5 muH. [lony4eHHbIe BUPYCHBIE ITpeNapaTbl KOHT-
pacTupoBaiu ¢ MOMoUb0 GocPopHOBOILPPAMOBOIL
KHCJIOTHI 10 oOmienpunsTor Mmeroauke [ 13]. Mccnemno-
BaHMs OBUTH ITPOBECHBI Ha AIEKTPOHHOM MHUKPOCKOIIE
«II9M-125» ¢ uHCTpyMEHTaNbHBIM yBeIn4eHuEM 60—
100 000 pa3 Ha 6aze MucTuTyTa mpobiieM Kpruoouo-
sorun ¥ Kpuomenuiinabl HAH YkpawHsr.

IIpu craructudeckoir 0OpaboOTKe pPe3yIbTAaTOB
HCCIEJOBAaHUN ONpENessiii CPpEeJHUE 3HAYCHUS U
CTaHIApTHbIE OTKJIOHEHHUS CPEAHEro. 3Ha4MMOCTh
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The experiments were performed in accordance
with the General Principles of Experiments in Animals,
approved by the 5™ National Congress in Bioethics
(Kiev, 2013) and consistent with the statements of the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

The investigations of virus ultrastructure were per-
formed by electron microscopy of the IBV samples
thawed after storage at different temperature regimens
using the negative staining [15, 16].

Electron microscopy was performed in the samples
which were stored from 3 days up to 8 years at mode-
rately low (=20°C), low (-70°C) and liquid nitrogen
temperatures (—196°C). The copper grid platforms co-
vered with formvar film were used. Adsorption of virus
particles, preliminary purified in sucrose density gra-
dient [3] on the film substrate was carried out within
3—5 min. The resulted specimens were contrasted
using phosphotungstic acid [15]. Studies were perfor-
med with PEM-125 electron microscope using the 60—
100 thousand times magnification at the premises of
the Institute for Problems of Cryobiology and Cryome-
dicine of the National Academy of Sciences of Ukraine.

Performing statistical analysis of the research
results we calculated mean and standard deviation.
Significance of differences between samples was
assessed according the Student-Fisher’s test [13].

Results and discussion

Electron microscopic study of the post-thaw IBV
samples, stored from 3 days to 3.5 months at —20, 70
and —196°C demonstrated a large number of circular
and elliptical virions with moderate polymorphism and
the sizes of 90160 nm. The central part of the virions
from the mentioned samples was characterized by the
concave presence. Ultrastructure of IBV viruses was
presented with a two-layer lipoprotein membrane with
clavate processes, i. e. peplomers of up to 20 nm, which
formed a sort of the solar crown and nucleocapsid of
80 nm diameter (Fig. 1). Viral particles with a damaged
lipoprotein membrane (shown with an arrow) made 5-
7% of the total number of available virions.

Infectious virus activity after freezing of the samples
stored not longer than 3.5 months was (6.31 £ 0.02)
EID,, . In all the cases of storage temperature and
duration we identified such a feature of IBV infecting
the chicken embryos as a slowed growth (dwarfism
effect), regarded as a pathognomonic sign of IBV.
Hemagglutination titers within these storage periods
at —20°C did not differ from the baseline.

Infectious virus activity after thawing of the samples
stored for 6 years at —20°C was reduced by three
orders and made (3.63 +0.03) EID, . Haemaggluti-
nation titers in this case decreased from 1:64 in non-
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pa3IUYHN MEXTy BRIOOPKAMU OIIEHUBAIU IO METOAY
Creronenta-®Oumepa [15].

Pe3syabTarsl m o0cyxkaeHHe

ONEeKTPOHHO-MHUKPOCKOTIMYECKHE HCCIIEOBAHUS
pa3MopoXxKeHHbIX 00pa3iioB IBV, koTopsie xpaHUIHCh
oT 3-X CYTOK A0 3,5 MecsleB Mpu TeMmIeparypax
-20, =70 u —196°C, moka3zajiu HaJu4yue O0O0JBIIOrO
KOJIMYECTBA OKPYIVIBIX M DJUIMIITHYECKIX BUPHOHOB C
YMEPEHHO BBIPAXKEHHBIM MOJTMMOP(HU3MOM U pazmMe-
pom 90-160 um. LlenTpanbHas YacTb BUPHOHOB Xa-
pakTepu30Ballach HAIMYMEM BIIaJUHbI. YIBTPACTPYK-
Typa BupycoB IBV Obina npencrasieHa AByXCIOHHOM
JUMONPOTEUAHON 000JI04KOW ¢ OynaBOBUIHBIMHU
OTpOCTKaMHU-TIIEINIOMEpaMu pazmepoM 110 20 HM, Ko-
TOpBIC 00Pa3yIOT MOI00ME COTHEYHOW KOPOHBI, U HYK-
neoxarcuom ¢ nuametpom 80 HM u 6onee (puc. 1).
BupycHsbie yacTULBI C TOBPEKACHHOM JIMITOIPOTEN -
HOU 000I0YKO# (ITOKa3aHO CTPEJIKOW) COCTAaBIISUIH
5—7% OT Bcero KoJM4ecTBa NMEBITNXCSI BUPHOHOB.

WHexnmonHas akTHUBHOCTH BHUpYyca IMOCIE pas3-
MOpaXuBaHHA 00pa3IoB, XpaHUBIINXCS HE Oomee
3,5 mecsues, cocrasisna (6,31 +0,02) SUJL, . Tlpn
3TOM BO BCE€X CIydasX W HMCCIEIOBAHHBIX CPOKax
XpaHeHUsI ObLI BBISIBJICH TAKOH XapaKTEpHBIN PU3HAK
3apakeHHs KypuHBIX 3MOpuoHOB 1BV, kak 3amense-
HUE UX pocTa («3PPEKT KapIMKOBOCTH»), KOTOPBIH
SIBJISIETCS TATOTHOMOHUYHBIM MPU3HAKOM HH(EKIIMOH-
Horo OpoHXUTA. TUTPHI TEMArTIIIOTHHALIK B 3TH CPOKH
xpaHneHus npu Temneparype —20°C He U3MEHSITUCH
10 CPAaBHEHHIO C UCXOTHBIMHU.

WndexunonHas akTHBHOCTB BUPYyCa IMOCIE pa3Mo-
pakuBaHus 00pa3IoB, XPAaHUBIINXCS B TEUEHHE 6 JIeT
npu Temnepatype —20°C, cHU3MIach Ha TpH HOpsiAKa
u cocrasisna (3,63 + 0,03) DU . Tutpsl rem-
armIIOTHHALMM B 3TOM ClIy4ae CHHU3WINCH ¢ 1:64 y
HE3aMOPOKEHHBIX 00pa3LOB 10 IIOJHOM MOTEPH reM-
arnIIOTHHHPYIOIUX CBOMCTB BHPYCOM B Ipoliecce
XpaHEHMUsL.

WNHdeknnonHas akTHBHOCTh BHpYCa IOcIie pa3mMo-
pakuBaHusA 00pa3IOB, XPAaHUBIINXCS B TEUEHHE § JIET
pu Temriepatype —20°C, cam3unack Ha 5 1g mo cpas-
HEHHIO C UCXOTHOM, TIPH TOM BHPYC ITOJTHOCTBIO yTpa-
THJI TEMarnTIOTHHUPYIOIINE CBOICTRA.

AHau3 3IeKTPOHOTPaMM BUPYCOB, KOTOPBIE Xpa-
HUJINCh Ha MPOTSKEHUHU 6 JET MpU TeMIlepaType
—20°C, nokasaj HaJIM4ue MOJIMMOP(HBIX BUPUOHOB C
XOpOIIIO NMPEACTABIEHHOM IBYXCIOWHOM JIMTONPOTEU -
HOH 000JI04KO#l, HO TIIMKONPOTEUAHBIE OTPOCTKH,
KOTOpBbIe (POPMHUPYIOT MOJ0O0ME COMHEUYHONW KOPOHBI,
MPAaKTUIECKH OTCYTCTBOBAJHM (puc. 2). BeTpeuanucs
TOJIBKO €TMHIYHBIE BUPHOHBI C COXPAHHUBIIECHCS «KO-
POHOID U3 INIMKOIPOTEUHOB.

Cremyer OTMETHTB, 9TO TaKKe YBEJTHMUYIIOCH YHCIIO
(oxo0mo0 40% Ot 00111eT0 KOIMYECTBA BUPHOHOB) TTO3UTHB-
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Puc. 1. Ynerpactpyktypa Bupyca IBV n3 obpasuos, xpaHms-
LnXcsa B TedeHne 3-x MecsiueB npu Temnepatype —20°C
(cTpenkor nokasaHO HapylleHue LenoCTHOCTU NUMNonpo-
TenaHom 06O0moYKH).

Fig. 1. Ultrastructure of IBV virus samples stored for 3
months at —20°C (arrow points to damaged lipoprotein
envelope).

frozen samples down to complete loss of hemagglutina-
ting properties manifested by the virus following
storage.

Infectious virus activity after thawing of the samples
stored for 8 years at —20°C, was reduced by 5 Ig from
the baseline, herewith the virus lost the haemaggluti-
nating properties.

The analysis of electronograms of the viruses, sto-
red for 6 years at —20°C, showed the presence of
polymorphic virions with a distinct bilayer lipoprotein
envelope, but the glycoprotein processes, forming
somewhat similar to the solar corona were almost
absent (Fig. 2). There were only a few virions with
the preserved crown of glycoproteins.

It should be noted that the number (about 40% of
the total number of virions) of positively stained viral
nucleocapsids increased after long term storage (within
6 years) of the viral suspension under the moderately
low temperatures (—20°C). At the same time the posi-
tively stained lipoprotein envelopes of virions became
negatively stained following a long-term storage. The
electron micrographs show that the virions change their
shape during long-term storage at —20°C (Fig. 2—4).

The performed studies have also shown that the
electric charge of viral particles, providing adsorption
of a certain amount of virions on a cell membrane,
changes during their storage. It is known that the
difference of potentials between positively charged ice
and negatively charged liquid fraction appears at the
phase transition during freezing of the water or
suspensions with a biological material [4, 6]. Positive
charge of ice is due to the inclusion of ions (H,0") in
its crystals and negative charge of unfrozen fraction is




Puc. 2. YnetpacTpyktypa IBV 13 06pasuoB, XxpaHUBLUMXCSA
B TeueHue 6 net npu Temnepatype —20°C.

Fig. 2. Ultrastructure of the IBV from the samples stored for
6 years at —20°C.

HO OKpAaIlICHHBIX HYKJICOKAIICH/IOB BUPYCHBIX YaCTHUI]
Mocie JJIHUTENBHOTO XpaHeHUs (B TedueHue 6 Jer)
BHPYCHBIX CYCIICH3HH B YCIOBUAX YMEPEHHO HU3KOU
temnepatypsl (—20°C). B To ke BpeMsi O3UTHBHOE
OKpAaIIMBaHHUE JIUTIOTIPOTEUTHBIX 000JI0YEK BUPHOHOB
B IPOLIECCE TOITOCPOUHOTO XPAHEHUS M3MEHSITOCH Ha
HeratuBHOE. M3 MpUBEICHHBIX 3JIEKTPOHHBIX MUKPO-
¢dotorpaduii BUAHO, YTO Y BUPUOHOB B IpoIliecce
JONTOCPOTHOTO XpaHeHus mpu —20°C IpoucxXosIT u3-
MeHeHus popmbl (puc. 2—4).

[IpoBeneHHbIC UCCIENOBAaHUS TaKKe IMOKa3alu,
YTO IEKTPUUSCKUN 3apsi/i BUPYCHBIX YACTHII 33 CUET
KOTOPOTO MPOMCXOIUT aJCOPOIHS ONMPEACICHHOTO
KOJTMYeCTBa BUPUOHOB Ha KJIETOYHOW MeMmOpaHe,
M3MEHSIETCS B TIPOIECCE UX JUTUTEIHLHOTO XPaHCHHUS.
M3BecTHO, UTO Pa3HOCTh MOTEHIIMATIOB MEXKIY MOJIO-
KUTEIBHO 3apsSHKEHHBIM JIBJOM U OTPHUIATEIBHO
3apsOKCHHOM KUIAKOH (Qpakiuedl BO3HHKACT NpPHU
(hazoBOM Tepexosie, 3aMOpPAKUBAHUH BOZBI UITH CyC-
TIeH3UH ¢ OmosormueckuM Matepuaiom [4, 6]. [Tomo-
KUTEIBHBIA 3apsi] JibJja 00yCIOBIICH BKIIOUCHHEM B
ero kpuctauisl voHoB (H,0"), a orpunarenbHelii 3apsi
He3zaMep3liel Pppakiuy — HaJTudueM U30bITKa HOHOB
ruapokcwibHoi rpynns! (OH). Bupnons B mponecce
3aMOpakKHBaHUs 00513aTEIHHO MOMAIA0T B 30HY (hazo-
BOTO Tepexonia «Boja-jea», o0aaaas CyMMapHBIM
ANEKTPUYECKUM 3apsIoM ONPECIICHHOW BEINYHMHBI
[6], TpH 3TOM OHU MOJIBEPTatOTCS BO3ICHCTBUIO BHEIII-
HETO0 JJIEKTPUYECKOTO TOJIA.

MO’KHO TIPEATIONI0KHUTD, YTO B MPOLIECCE AITUTEINb-
Horo xpa"enwst IBV mipu —20°C mponcxoaut gecrabu-
JU3aIHs CTPYKTYpPbl BUPHOHOB 32 CYET HE TOJIHKO
H3MeHeHUs: uX (HOpPMbI, HO ¥ BHYTPUMOJIEKYIISPHOM
MTOJIBUKHOCTH CTPYKTYPHBIX KOMITOHEHTOB MOJIEKYJT
Oenka BupuoHa. MccnenoBanus B.U. Jlyrooro [5]
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stipulated with the excessive content of hydroxyl ions
(OH"). During freezing the virions possessing a total
electric charge of a certain value [6] occur for sure to
the water-ice phase transition zone, whereat they are
exposed to an external electric field effect.

It can be assumed that during long-term storage of
IBV at —20°C the structure of virions could be desta-
bilized because of the conformational changes associa-
ted not only with an alteration in their shape, but also
with intramolecular mobility of structural components
of the virion protein molecules. The researches of
V.I. Lugovoy [5] on the mechanisms of freezing da-
maging effect on proteins, in particular enzymes, have
shown that one of the main causes of the disordered
structural and functional properties of enzyme proteins
are high concentrations of inorganic salts, appearing
during water crystallization in the solution, having
lyotropic properties as well as provide the pH shifts
during the water freezing-out. The author believed that
the structural basis of cryostability or cryolability in
enzyme proteins was stipulated by an unequal degree
of conformational mobility and rigidity of macromo-
lecules, which, in turn, was caused (in accordance to
the principle of thermodynamic free energy minimum)
by different features of the amino acid composition of
the protein molecule polypeptide chain.

The absence of peplomers on the electronograms
of IBV stored for 6 years at —20°C, explains the total
loss of hemagglutinating properties.

The change in electric charge of viral particles
providing the adsorption of a certain amount of virions
on a cell membrane may be one of the causes of
declining the IBV infectious activity during storage at
-20°C.

; A -4&;-. T g

Puc. 3. YnstpacTtpyktypa IBV 13 o6pasuoB, XpaHUBLUNXCS
B TeveHve 8 net npu TemnepaType —20°C (60MbWNHCTBO
BYPUOHOB UMEIOT NO3UTUBHO OKPALLEHHBIN HyKneokancug
N HEraTUBHO OKpaLLEHHYK 060nouky).

Fig. 3. Ultrastructure of IBV of samples stored for 8 years at
—20°C (most virions have positively stained nucleocapsid
and negatively stained envelope).
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10 U3yYEHHUIO0 MEXaHU3MOB MOBPEKIAFOIIETO IeHCT-
BHS 3aMOPaKUBAHUS Ha OEIKH, B YaCTHOCTH — (ep-
MEHTBI, TI0Ka3aJli, YTO OAHON U3 OCHOBHBIX MPUYUH
HapyIIeHUs CTPYKTYPHO-(yHKITUOHATBHBIX CBOWCTB
0eIKOB-(hDEPMEHTOB SIBJISIIOTCS BHICOKHE KOHIIEHTPAIIUN
HEOPTaHMYECKUX COJIeH, KOTOphle BO3HUKAIOT MPHU
KPUCTAJITIM3AIIMU BOJIBI B PACTBOPE 3a CUET WX JINO-
TPOITHBIX CBOMCTB, a TakXke cIBUroB pH npu BeiMopa-
JKUBAHUM BOJIBI. ABTOp TOJIAaraeT, YTo CTPYKTYpPHYIO
OCHOBY KPHUOCTAOMJILHOCTH WJIM KPHUOJTAOMIBHOCTH
0eIKOB-()EPMEHTOB COCTABIISICT HEOJAMHAKOBAsI CTE-
MeHb KOH()OPMAITMOHHOW MTOABM>KHOCTH H JKECTKOCTH
X MaKpOMOJIEKYJI, KOTOpasi, B CBOIO Ouepe/Ih, 00yc-
JIOBJEHA (B COOTBETCTBUU C TEPMOJMHAMHYECCKUM
MIPaBUJIOM MUHUMYMa CBOOOTHOW SHEPTUU) pa3iiny-
HBEIMU OCOOCHHOCTSMH aMHUHOKHCIIOTHOTO COCTaBa
TIOJIATICTITHTHOH TN OEITKOBOM MOJICKYJTBI.

OTcyTcTBHE TETNTIOMEPOB Ha IJIEKTPOHOTPaMMax
IBV, XpaHuBIIUXCS B TCUCHUE 6 JIET MIPH TEMIIEpaType
—20°C, 00OBsICHSIET IPUYKHY TIOJIHOM IIOTEPU ITeMarTiIro-
TUHUPYIOIINX CBOMCTB.

W3meHeHne 3MeKTpUYecKoro 3apsana BUPYCHBIX
YaCTHI], 32 CUYET KOTOPOTO MPOUCXOTUT ajcopOIus
OTIPENICIICHHOTO KOJIMYECTBA BUPUOHOB HA KIIETOYHOH
MeMOpaHe, BO3MOXKHO, SIBISICTCS OJHOW M3 MPUYUH
CHWDKEHHS MH(EKIMOHHOM akTHBHOCTH IBV B poriecce
xpaneHus npu temmneparype —20°C.

DNEKTPOHHO-MUKPOCKOITUYECKUE UCCIICOBAHUS
obpasmos Bupyca IBV (mramm Maccaayccerc AM),
KOTOPBIEC XPAaHWIUCH Ha IpoTsDKeHnH & jieT mpu —20°C,
MMOKa3aju BBIPAXEHHOE yBEIMYEHHE KOJIHMYECTBA
BHPHOHOB, UMEIOIINX MOJIOKUTEIHHO OKPAIIECHHBIN
karicuz (6oee 50% ot oOmiero KoMM4ecTBa BUPHO-
HOB) ¥ OTPHUIATEIEHO OKPAIICHHYO JIUIOPOTEHTHYIO
0001104Ky (cM. puc. 3).

CoXpaHHOCTh YIBTPACTPYKTypPbl BUPUOHOB TMPHU
3TOM B 00pasiie ObljIa HEOIMHAKOBA, YTO MO3BOJISCT
MIPEATONIOKUTh HATMYNE TETEPOTCHHBIX MOMYISIUN
BHPYCOB C Pa3IMYHON KPUOYCTOHYHMBOCTBHIO JJaXKE B
mpejenax OJHOTO MITaMMa, MOCKOJIBKY Hapsay C
BHPYCHBIMH YaCTHIIAMH, YTPATUBIIUMH TIHKOIPO-
TEUAHBIE OTPOCTKH, BCTPEUAINCH TOITYJISIIH BHPyCa
C COXPaHMBIIUMUCS YIABTPACTPYKTYPOH U 3IEKTPHU-
geckuM 3apsanoM. OO0 3TOM CBHACTEIHCTBYET Kak
MTO3UTUBHO KOHTPACTHPOBAaHHAS IBYXCIOWHAS MEM-
OpaHa ITUIOMPOTEUIHONW O0OJOYKU OTACIBHBIX
BHPHOHOB, TaK U HEraTUBHO KOHTPACTHUPOBAHHBIN
Hykjiaeokaricua (cMm. puc. 4). Ilpu 3ToM KOIUYECTBO
BUPYCHBIX YaCTHI] C HAPYIICHHOHN IEJIOCTHOCTHIO
JIUTIONTPOTEH THOY 000JIOUKH B HCCIIECIOBAHHBIX MOJISIX
3peHuss 00pa3loB, XpaHUBINUXCS Oojnee 8 JeT, He
npessimano 10%.

CrnenyeT OTMETUTH, YTO C YBEIIMYEHHEM CPOKa
XpaHEHUS B YCIIOBHAX YMEPEHHO HU3KOM TEMIIepaTyphl
YCHIIMBAETCSI HEOTHOPOAHOCTH MOP(OIOTH BUPHOHOB:

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 4, 2015

Electron microscopic examination of the samples
of the Massachusetts AM IBV, which were stored for
8 years at —20°C, has shown a pronounced increase
in the number of virions with positively stained capsid
(more than 50% of the total number of virions) and
negatively stained lipoprotein envelope (Fig. 3).

The extent of ultrastructure preservation in virions
through the sample was not equal, suggesting the
presence of heterogeneous populations of viruses with
various cryoresistance even within a single strain,
because along with the viral particles that have lost
the glycoprotein processes, there have been found the
virus populations with preserved ultrastructure and
electric charge. This was evidenced both by a positively
stained bilayer membrane of the lipoprotein envelope
of individual virions, and negatively stained nucleo-
capsid (Fig. 4). Herewith the number of viral particles
with a disordered integrity of lipoprotein envelope in
the studied vision fields of the samples stored for longer
than 8 years, did not exceed 10%.

It should be noted that increasing the period of
storage under moderately low temperatures was
accompanied with the rising in heterogeneity of virion
morphology: there were found the virions of not only
round, oval, but of irregular shape as well (Fig. 4), the
majority of virions were positively stained.

The ultrastructure of IBV, long-term-stored at low
temperatures (—70 and —196°C) was more intact
(Fig. 5) than after storage at —20°C and was close to
the ultrastructure of the virus, which was shortly stored
(3 months) at a temperature of domestic refrigerator
(see Fig. 1). Hypothetically the storage of biological
objects at liquid nitrogen temperatures allows the
indefinitely long maintaining of their integrity, but in
practice it turned out that the found at moderately low

Puc. 4. PasHoo6pasue ynsTpacTpykTyphbl IBV 13 06pasuos,
XpaHuBLUMXCSA B TeveHue 8 neT npu Temnepatype —20°C.

Fig. 4. Diverse ultrastructure of IBV in samples stored for
8 years at —20°C.




BCTPEYAIOTCSI BUPHOHBI HE TOJIBKO OKPYIJIOH, OBaJIb-
HOM, HO ¥ HEeNpaBWIbHOH (HopMBI (cM. puc. 4), 601b-
LIMHCTBO BUPHOHOB TIO3UTHBHO OKPAILIEHBI.

VYneTpactpykrypa Bupycos IBV, anurtensHo xpa-
HuUBIMUXCS pu HU3KKUX (—70 1 —196°C) Temmeparypax
Oosee momHOLIEHHA (pHC. 5), 4eM MoCTIe XpaHEeHUs IPH
—20°C u 61u3Ka K yIbTPacTPyKType BHpPyca, XPaHHUB-
LIETOCSl B T€UEHHE HEMPOJIOJKUTEIILHOTO BPEMEHHU
(3 Mecsma) ipu TemIieparype OBITOBOTO XOIOMMIEHUKA
(cm. puc. 1). Teopetndecku xpaHeHHE OMOIOTHIECKUX
00BEKTOB IPHU TEMIIEpaTypax >KUIKOTO a30Ta MO3BOJISET
MOAACPKUBATh UX COXPAHHOCTh HEOTPAaHUUEHHOE Bpe-
Msl, OTHAKO Ha PaKTHUKE OKA3aJI0Ch, YTO COXPAHSIOTCS
BBISIBJICHHBIC TIPH YMEPEHHO HHU3KUX TeMIIepaTypax
TEH/ICHIIMH: C YBEJIMUEHUEM CPOKa XpaHEHHUS BUPYCOB
MOCTEINEHHO CHIDKACTCS MX MH(EKIIMOHHAS AKTHBHOCTb
Y TeMarrIioTHHHUPYIOIINE CBOKWCTBAa, HO B TOPa3ao
MEHBIIICH CTETIEHH, YeM Tociie XxpaneHus npu —20°C.

[Tpu 5TOM HHEKITHOHHAS AKTUBHOCTH CHUKAJIACH
He Ooree 4eMm Ha 2 |g o CpaBHEHUIO C UCXOAHOH, U
BHPYC HE TepsJ reMarrnIIOTHHHPYIOUINE CBONCTBA.
bonee 50% BupuoHOB jaxe mocie 6- U 8-JIETHETO
cpoka xpaHeHus npu temmneparype —70 u —196°C
COXpaHSUIM HETaTHBHO OKPALICHHBIH HYKJICOKAICH
U TIETUIOMEPHI «KOPOHBD».

Bce 310 cBHIETENBCTBYET O TOM, UTO YEM HMKE
TeMIeparypa XpaHeHHsI KpHOKOHCEPBUPOBAHHBIX BU-
PYCOB, TEM MOJIHEE COXPAHSIETCS UX YIBTPACTPYKTypa
1 OMOJIOTHYECKHEe CBOMCTBA. DIEKTPOHHO-MHUKPOCKO-
MUYECKUI METO/] UCCIIEI0BAHUI TO3BOJINII BU3YAJIbHO
OLICHUTb POJIb HAPYIIEHUI CTPYKTYPHOM LIEIOCTHOCTH
BHPHOHOB, B YaCTHOCTH BUPYCHBIX 000IOUEK 1 HYKJIEO-
Karcuaa, B KPUOTIOBPEKICHUSIX BUPYCOB IPH UX
KPHUOKOHCEPBUPOBAHUU U HU3KOTEMIIEPATypPHOM
XpaHeHuH Ha nnpuMepe IBV.

BoiBoabI

[IpoBeneHHbIC HCcCIEIOBAHUS BBISIBUIN HA JJICKT-
poHOrpamMMax YyJbTPacTpyKTypHbIE U3MeHeHus 1BV
[IpH JJINTETHPHOM XPAHEHWU B yCIOBHUSIX YMEPEHHO
HHU3KOH Temrmeparypsl (—20°C): HapyIIeHHe MeI0CT-
HOCTH JIUTIOTIPOTENTHOM 000I0UKH BUPHOHOB; TTOTEPIO
[JIMKOTIPOTEUTHONW «KOPOHBD) ¥ OONBITNHCTBA BUPHO-
HOB; KOH(DOPMAITMOHHYIO JIECTAOMITU3AITHIO CTPYKTYP-
HBIX KOMITOHEHTOB BUPYCHBIX OEIKOB O0OJIOUKH U
HYKJICOKAICUa.

C yBeaM4YeHHEM CpOKa XpaHEHHUs 10 § JeT mpu
—20°C yBeaM4MBAETCS KOTUYECTBO MTO3UTHUBHO OKpa-
LICHHBIX BUPUOHOB U BUPYCHBIX YACTHUII C TOBPEKIC-
HUSIMH TIEIUIOMEPOB UJIU MOJHBIM UX OTCYTCTBHUEM.
H3MeHeHuss ynbpTpacTpyKTypsl 00pa3IioB BUpycCa
COTIPOBOXJAINCH CHMIKEHHEM eT0 MH(EKIIMOHHON
AKTUBHOCTH U TIOTEPEHN reMarnitoTHHUPYIOIIEN aKTUB-
HOCTH TIPH JUTHTEILHOM XpaHeHnu oOpasrnos IBV B
YCIIOBUAX YMEPEHHO HU3KOU Temmeparypsl —20°C.
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Puc. 5. YnerpactpykTypa IBV n3 obpasuos, xpaHuBLUMXCS
B TeueHune 6 net npu Temneparype —70°C.

Fig. 4. Ultrastructure of IBV virus from samples stored for
6 years at —70°C.

temperatures tendencies were the same: with a rise in
the virus storage duration their infectivity and haem-
agglutinating properties gradually reduced, but in much
lesser extent than after storage at —20°C.

Herewith the infectious activity fell more than by
2 lg if compared to the initial, and the virus did not lose
haemagglutinating properties. More than 50% of virions
even after the 6- and 8-year storage at —70 and
—196°C retained the negatively stained nucleocapsid
and ‘crown’ peplomers.

All this testifies to the fact that the lower the storage
temperature of cryopreserved viruses is, the more fully
their ultrastructure and biological properties are
retained. Electron microscopy studies allowed a visual
assessment of the contribution of disordered structural
integrity of the virions, particularly the viral membranes
and nucleocapsid, in the cryoinjuries of viruses during
their cryopreservation and low temperature storage
as exemplified by IBV.

Conclusions

The conducted study allowed to reveal in electrono-
grams the ultrastructural changes in IBV during long
term storage at moderately low temperature (-20°C),
in particular the disordered integrity of the lipoprotein
envelope of virions; loss of glycoprotein ‘crown’ in the
majority of virions; conformational destabilization of
the structural components of the envelope viral proteins
and the nucleocapsid.

With a rise in the storage term at —20°C of up to
8 years there was an increase in the number of positi-
vely stained virions and viral particles with damaged
or absent peplomeres. The changes in ultrastructure
of the virus samples were accompanied by a decrease
in its infectious activity and loss of hemagglutinating
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[Ipu xpanenun o6pasnos IBV B ycnoBusx —70 u
—196°C BHpHOHBI B OCHOBHOM COXPAHSIOT HETATHBHOE
OKpalllMBaHHE U MENJIOMEPBbl «KOPOHBI» B TEUCHUE
HCCIIEOBaHHBIX CPOKOB XpaHeHus1. [1pu nonrocpounom
XpaHEeHUH BUPYyCa B yCIOBUIX HU3KOTEMIIEPATypHOTO
xonommibHUKa (—70°C) m xuakoro azora (—196°C)
HapyIIEHUE [EeTOCTHOCTH JIMITOPOTEUTHON 000I0UKH
1 KOH(GOPMAIMOHHON CTPYKTYpBI MOJIEKYN Oenka
Habmronanock He Oomnee ueM y 10% OT Bcex BUPHOHOB.
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one during long-term storage of IBV samples at
moderately low temperature of —20°C.

When storing the IBV samples at —70 and —196°C
the virions generally remain negatively stained, keep
‘crown’ peplomers for the studied storage duration.
During long-term storage of the virus under conditions
of low temperature refrigerator (—70°C) and liquid
nitrogen (—196°C) the compromized lipoprotein enve-
lope and conformational structure of the protein mole-
cules was observed not more than in 10% of the virions.
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