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U3IIO0JI3BAHU CbKPAIIEHUA

Hc = X1g XEMOIIUaHUH

RvH xeMmoImanuH Rapana venosa

KLH Keyhole limpet xemorranua

HIH xemormanut Helix lucorum

HpH xemormanut Helix pomatia

HtH xemormanut Haliotis tuberculata

OdH xemonuanus Octopus dofleini

NpH xemonuanud Nautilus pompilius

Da=]la AJITOH

kDa KWJIOJAJITOH

AK aMUHOKHCENMHA

AKII aMUHOKHCEJIMHHA [10CJIEJ0BATEIHOCT

OF (bYHKIMOHAIHA eAMHHULIA

Man MaHo3a

Gal rajiakTosa

GIcNAc N-aretun-D-riroko3aMuH

GalNAc N-aretun-D-ranakTo3aMuH

Fuc (hyxoza

Xyl KCHJIO3a

Hex XeKco3a

HexA XEKCYPOHOBA KHCEJINHA

HPLC BHCOKOC(EKTHBHA Te€UHA XpoMaTorpadus

LC TEYHA XpoMaTorpadus

MALDI Matrix-Assisted Laser Desorption/lonization — na3zepro-
JIlecOpOLIMOHHA HOHM3AIHS C TOMOIIa Ha MaTpuia

MS MacCHeKTPOMETpPHsI

ESI eJIEKTpOCpeii-HoHn3aL st

MS/MS TaHIEM MaCcCIEKTPOMETPHS

TEM TpaHcMHCHOHHA €JIEKTPOHHA MUKPOCKOIIUS

Cb crabmmmsupan oydep

CD KPBrOB JUXPOU3IBM

FPLC OBp30 pa3zenuTesIHa TeYHa XpoMaTorpadus

HPLC BUCOKOE(EKTHBHA T€UHA XpoMaTorpadus

HSV Herpes simplex virus - Xeprnec cuMIuiekc BUPYC

RSV Respiratory Syncytial Virus - PecrimpaTopes CHHIHATHAICH

BUPYC



YBOJ

[Ipe3 mocjeqHUTE TONMHH H3CIEABAHHATA HA [IIMKOIPOTEHHHUTE
NPEAU3BUKBAT TOJSIM HAYYeH WHTEPEC, KOETO CE€ ABDKM Ha IMIMPOKOTO UM
pa3mpoCTpaHEHUE B JKUBATa MPHPOJA W PA3NUYHUTE (PYHKIMH, KOUTO Te
U3IIBJIHABAT BB BCHYKU OPTaHU3MH.

[IpencraBurend Ha TJHMKONPOTEHHUTE Ca  KHUCIOPOJA—TIPEHACSIIH
NPOTEHHH “XEMOLMAHUHU’, KOUTO ca CBOOOJHO Pa3TBOPEHU B xeMomumdara
Ha apTpomoju W MOJItocKH. Te MpHUTeKaBaT pasUuHA aAMUHOKHUCEIMHHHU
HOCIIeIOBATEIHOCTH W BBIUICXHIPATHH CTPYKTYpH U uMar riaBuo O- u N-
CBBP3aHU [TIMKAHH.

VCTaHOBEHO €, Y€ BhIJICXUAPATHOTO ChIIbPIKAHUE [IPU XEMOLIMAHUHHU OT
MOITIOCKH € MeXIy 2-9%, KaTo OCBeH cHenu(MUIHHUIAT MOHO3aXapHIeH ChCTaB
or Man, Gal, GIcNAc u GalNAc, ce nabmonasar Fuc, Xyl u O-merun-Gal niu
3-O-metun-Man. Hanumumero Ha Xyl BBB BBINIEXUAPATHUTE CTPYKTYPH Ha
XEeMOIMaHIHHU OT MOJIFOCKH, C€ CBap3Ba C BUCOKO-MMYHOT'€HHUTE UM CBOMCTBA.

WscnenBanusaTa BHPXY BBIVIEXUIpPATHATA CTPYKTypa Ha XEMOLMAHUH
Megatura crenulata (KLH) ca mokasanmu Hanuuume Ha aBa HOBH Buia N-
cBbp3aHu TimkaHu. [Ipenmonara ce, ye kiMHUYHHAT ycrex Ha KLH karo
e(pUKaCHO CPE/ICTBO 32 MMYHOTEPAIlHsl Ha paK Ha [MUKOYHHS MEXYp C€ IbIKU
[JIABHO HAa OCOOCHOCTH BBB BbIVIEXHIpaTHAaTa My CTpykTypa. OcBeH KaTo
TepeneBTUYHA BaKCHHA B KJIMHUYHATa mpaktuka ¢ umeto Immukothel, KLH ce
U3M0J13aBa U KATO MIMYHOCTUMYJIATOP U HOCUTEI Ha XAl TeHH.

VYcTaHOBEHO €, Ye BBIVIEXUAPATHUTE CTPYKTYpU UIPasT U Ipyra BakHa
poyisi, a MMEHHO 3a H3TPaXIaHe HA CTPYKTypara H KOH(OpPMAalHOHHATA
CTaOMITHOCT Ha XEMOIIMAHUHHUTE.

Jlo cera caMo YaCTHYHO € M3CJICBaHA BBIJICXUIpPATHATA CTPYKTYpa Ha
xemormanud ot Rapana venosa (RVH), karo ca aHaaM3upaHW HAKOU
BBIUIEXUIPATHA CTPYKTYpPU U IIEHTPOBE HA CBHP3BAHE HA BBHITICXHUIPATHHUTE
BEpUTH KbM MOJUIMENTHIHATA Bepura. ETo 3aio, mpeaMeT Ha W3CeaBaHe Ha
HaCTOAIUA JUCEPTAINMOHCH TPYJ € UPE3 MpUJiaraHe Ha pa3jimiHu CbBPEMCHHU
METOJM M TEXHHKU [a CEe aHAIM3HMpPa MbJIHATA BHIJICXUAPATHA CTPYKTYpa Ha
XeMOILaHKH OT R. VEN0SA 1 /1a ce YCTAHOBAT HAKOW HEHHU QYHKIUH, ChP3aHH
¢ KOH(OpPMaITMOHHATA CTAOMITHOCT U aHTUBHPYCHHUS €(EKT.

W3scnenBanusta BbpXy aHTUBUPYCHHS eeKT Ha XemouuaHuHa ot R.
VeNoSa 1aBaT AOMBJIHHUTENHA HH(POPMAIUs, OTHOCHO BB3MOXHOCTHTE 3a
OPUIOKEHUETO Ha Xemoruanuaute. CpaBHUTETHOTO HW3CJICABaHE Ha
[IIMKO3UITUPaHa W HEIJIMKO3WiupaHa (opma Ha pasnuuHuTe H30(popMH,
U3rPXIAIIM TO3M TMPOTEHH XBHPISAT CBETIIMHA BbPXy GYHKIMATA HA
BBIJIEXUAPATHUTE MY CTPYKTYPH.



LEJ M 3AJIAYH

Lenra Ha HAacTOSIIUSI JAMCepPTALIMOHEH TPYA € 4pe3 NMpUJIaraHe Ha
pa3inyHu MeTOAH W TEXHHUKHM Ja ce Oompenesin BbIJIEXHIpPaTHATA
CTPYKTYypa Ha XeMOIMAHWH, M30JMPaH OT MOPCKH oxjaw0B Rapana
venosa (RvH), kakTo u HAKou HeitHN QyHKIHH.

3a U3'BIIHEHNE HA Ta3U L€ ca ITIOCTABEHN CICIHUTE 3a0a4H:

1. WM3onupane u oxapakTepusupaHe Ha JIBET€ CTPYKTYPHH CyOeAMHHUIH
RvH1 RVH2, kakTo 1 u3rpaxxaamure ri QyHKIMOHATIHN €INHHILIH.

2. Nzonmupane ©  OxapakTepu3UpaHe HAa  DJIMKONENTUAU  OT
(GYHKUIMOHAIHUTE €AWHUIM U CTpYKTypHUTe cyOemamnumm RVH1 wu
RvH2.  OmpepensHe  1meHTpoBeTe Ha  TIUKO3WIMpaHE  4pe3
enexTpoctnpeii-iorm3anuonHeH MaccnektpomeTsp (LC/ESI-MS), nano-
eNICKTPOCTIpe-iOHN3aIMOHHa Mac-criekTpomerpusi (nano-ESI-MS) u
Q-trap-LC/MS/MS cuctema.

3. Uzomupane Ha TrIHMKaHU OT CTPYKTypHHTE cybOereamnunu RvHI un
RVH2 u ompenensue Ha BbriexuapaTaute uMm cTpyktypu ¢ MALDI-
TOF u Q-trap crucremmu.

4. VYcraHoBsiBaHE Ha HSKOM (YHKIMHM Ha BBIVIEXHJpATHATa CTPYKTypa B
xXeMolMaHuH R. Venosa, xaro:

4.1. BnmsHme BBPXYy peacoluupamoTo TnoBeneHne Ha RVH u
n30OpPMHUTE My C EIIEKTOPHHA MUKPOCKOTIHSI;

4.2. BnusHnue BbpXy CTAOMJIHOCTTa Ha HATHBHaTa MOJIEKYyJa,
CTpyKTypHHUTE cyOemunuid u eana @OFE upe3 mnpunarane Ha
TEPMOJIMHAMUYHUS ITOAXO U U3II0JI3BAHE HA KPBI'OB IUXPOU3BM.

5. W3cnenBane Ha aHTHUBHPYCHHTE CBOWCTBA Ha HATHBHATAa MOJIEKYJa,
CTPYKTYpHUTE CYOCAMHWUIM M HIKOW (DYHKIMOHATHH CJIUHHUIMA Ha
XEeMOILIMaHUH OT R. Venosa cpeiry pa3anyHu BUPYCH.



PE3VYJITATU U JTUCKYCHUA

I.  OxapakTepu3upaHe Ha BbIJIeXWIPaTHATA CTPYKTypa Ha
XeMOLMAHUH OT MOPCKH OXJ1I0B Rapana venosa

[loBeyeTo  TIMKONMPOTEMHH  CBHIIECTBYBAT  KaTO  XETCPOTCHHHU
MUKO(OPMH, CBBP3aHH KbM €IMH WM HAKOJIKO TJIMKO3MJIATHH LIEHTPOBE OT
«mpoTeuHeH rpbOHaKk». Hamuumero Ha pa3KIOHEHHW JBY- U TPU-aHTEHHU
BBIJICXUIAPATHH CTPYKTYpH, MpPaBU aHANIM3UTE HA TJIHKaHH MHOTO IIO-
KOMIUIMIIUPAHU, OTKOJKOTO Ha mpoTerMHU. ETo 3amio, 3a pasnensHe u
u3cJe/BaHe Ha CTPYKTypaTa Ha BCEKH OTHAEJIEH TJUKAH ca HY)XXHH HIKOJKO
Pa3NUYIHU CTPATETHIL

CepuiecTByBaT TOJEMH pPa3idyusl, KaKTO BBB BBIVIEXUAPATHOTO
ChABPKAHME W MOHO3aXapHIHATa KOMIIO3UIMS Ha XEMOLUUAHUHUTE OT
apTPOIIOAN W MOJNIOCKH, Taka M B HAYMHA HA CBHP3BAaHE HA TIMKAHUTE KBM
MOJMITENTAAHATE BEPUTH. XEMOLUAHWHUTE OT MOIIOCKH, 32 pa3inKa OT
XEMOLMaHUHUTE OT apTPOIOIH, Ca TTUKONPOTEMHH C BUCOKO BBIJIEXUAPATHO
ChAbpXKaHUE Mexay 2-9%, CIOXKHM OJIMIO3axapuiHU CTPYKTYpH H
crnenupuueH MOHO3aXapHICH CBhCTaB, KOETO WIrpae CHIIECTBEHA PO 3a
rojgsiMaTa WM aHTHUIE€HHa AaKTUBHOCT. AHaIM3WTEe Ha BbIJIEXUAPATHHUTE
CTPYKTYPH Ha pelula U3CJICABAaHU XEMOIIMAaHUHN OT MOJIIOCKU MTOKa3BaT, 4e Te
ce XapakTepusupaT NpeauMHO C N-CBBp3aHM TJIHKaHH W TOBEYETO OT
MOTEHIIUATHUTE LIEHTPOBE OT MOJUTIEITUIHUTE UM BEPHUTH Ca TIIMKO3WINPAHH.
OnpenensHe NEHTPOBETE HA TJIMKO3WIMpaHe Ha MPOTEHHUTE, KAaKTO U
uneHTH(UIpaHe Ha CBBP3aHUTEC KBM TSAX OJHIO3aXapHIHU BEPUTH € OT
TOJIIMO 3Ha4€HHE, HO CHIECTBYBAT peAnIia IpodiIeMu, KaTo:

1. OmpenensiHeTO Ha MOTEHIMATHUTE IIEHTPOBE Ha TIIMKO3WJIMPAHE B
XEMOIIMAaHWHUTE € BB3MOKHO CaMO, aKO € W3BECTHA ITbPBUYHATA CTPYKTYpa Ha
nporenHa. TpH KkaTto mBbpBHYHATA CTPYKTypa Ha RVH Bce ome He e
OTIpEENCHa, 32 WACHTU(HUIMpPAHE Ha IICHTPOBETE Ha TIIMKO3WIMpaHe, Ogxa
W3MOI3BAaHN PA3IMIHA METOOM W TEXHUKH Karo EmmanoBo pasrpaxnane,
aHaNM3WpaHe Ha MENTHANM Clel JNETTHUKO3WINpaHe WiIH apHHATETHA
xpomarorpadust, MS/MS ananus3u Ha TIIUKONETITHIH.

2. B maccrnekTpute Ha IIHKONENTHAM OT XeMOLMaHWHU OT MOJIFOCKH,
MOJyYEHHUTE BBIJICXUIPATHH (PParMEHTH YECTO JOMHHHUPAT HAJ IENTHIHHTE,
KOETO C€ JBDKA Ha TOo-ToiisiMata JaOWIHOCT Ha BPB3KUTE MEXKIY
MOHO3aXapUJIHUTE OCTAThIIM W TOBA 3aTpPyAHsIBAa WHTEPIPETUPAHETO Ha
CIIEKTpPHUTE.

3. Hdpyr npobneM mpu u3ydyaBaHe Ha BbIJIEXUApATHATA CTPYKTypa Ha
XeMollMaHuH OT R. Vvenosa 0e HalIM4MeTo Ha TOJNSAMO pa3HooOpasue OT
Pa3KJIOHEHHU JBY- U TPU- AHTEHHU TJMKAHOBU BEPUTH OT BHCOKO MAHO3E€H U
KOIUIEKCEH THIL.



Eto 3amo 3a onpenmensHe Ha BbIVICXHIpaTHATA CTPYKTypa Ha
xemMouumaHuH oOT R.venosa, ©Oe paspaboTeHa cTpaTerus, BKIOYBAIla
M3I0JI3BAHETO Ha JABa OCHOBHH moaxona (Pur.l).
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@ur. 1. Memoouka, usnonszeana 3a oxXapaKmepusupane Ha 6vb2leXuOpamuama Cmpykmypa
na RVH.

I.1. IbpBHM MOAXOI 3a AHAJTWU3MPAHE HA BbIVIEXHIPATHATA CTPYKTypa Ha
xeMouuanuH ot R. venosa

[TbpBHAT TOAXOX OT CTpaTEerHATa 3a aHAJIM3WPAHE HA BBIJIEXUAPATHATA
CTPYKTYpa, BKIIOYBA OXapaKTEpPU3UpaHE Ha IJIMKOMENTHAH, HM30JHPaHU OT
(YHKIIMOHATHUTE SAUHUIM U CTPpYKTypHHUTE cyOenuunuy RVH1 n RVH2 crien
SH3MMHA XUIPOJIM3a C TPUIICHH U aHanm3upaneto uMm ¢ LC/ESI-MS, Q-Trap-
LC/MS/MS wumu Enektpocnpeii-ifoHn3anonHa maccrekrpomerpus. Tosn
MOAXO/, /1aBa BB3MOXKHOCT Jia C€ ONpPJAT LEHTPOBETE Ha TJIMKO3WIHPaHE B
NENTHHATA BEPUTa M BBIVIEXHIPATHATA CTPYKTYpA.



1.1.1.  Onpenessine Ha  LeHTpPOBeTe Ha  IVIMKO3WIHMPAHe U
0JINT03aXaPUJHUTE CTPYKTYPH Ha IVIMKONENTHIH, H30JUPAHH OT
(pyHKIMOHATHY eTUHULH

WNudopmariys 3a HEHTPOBETE HA TNIMKO3WIIHPAHE W OJMI0O3aXapHIHUTE
CTPYKTYpH Oeliie MmojyueHa ciiell U3Jie[BaHe Ha TIIMKOIENTH/IH, H30JHPaHU OT
¢dyuxumonanuute exuanim RvH1-a u RvH1-f.

3a Tasu men ®E-tm  RvH1-a u RvH1-f, Osxa nmomioxenu Ha
OPOTEOJIMTUYHA XHUAPOJM3a ¢ TpuiicuH. [lomydenute ¢QparmMeHTd 0Osixa
pasmeneHd upe3 ren-guirpanms Ha komona Superdex 300. Tlenruaute
MIOKa3aJIH MOJOXKHUTENIeH pe3ynTar Ha Tecta ¢ opiuHoi/H,SO,, 0s1xa pasnenenn
ype3 obpaTHOdazoBa xpomarorpadus, Ha komona RP-Nucleosil C18 wa HPLC-
cuctemMa (dur. 2A). C nmen upeHTUUIHMpPaHE HA TIMKONENTHIUTE, BCSIKA
(bpakuus 6eme TectBana ¢ opuuHoi/HySO,4 (Pur. 2B). JIse dpakiwm ot RvH1-
a (®wur. 2b) u emna or RvH1-f, 65xa moTBBpICHH KaTO TIIMKOMEITHIN U Osxa
aHanu3upand upe3 EaMaHOBO JaerpamupaHe, ¢ LeJ  ONOpelelsiHe Ha
AMHMHOKHCEIMHHATA UM IIOCIIEA0BATETHOCT U MOTEHIMAIHUTE LIEHTPOBETEe Ha
[ITUKO3UITHPAHE.
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®ur. 2. A) Pazoensine Ha @paxyuume, NOIYHEHU CAeO XUOPOAU3A C MPUNCUH HA
Gynxyuonarnama eounuya RvH1-a, ypes HPLC ¢ xonona Nucleosil RP 18 (C18, 100x2.1
mm), eayupana c nuneen epaouenm om pasmeop A (0.1% TFA 6 eooa) u pasmeop b
(0.085% TFA 6 ayemonumpun); B) Opyunon/H,SO4 mecm 3a onpedensme Ha
2nuKonenmuou, Ha niouka cunuxazen. Opaxyuume 1 u 2, usonupanu om RVH1-a, nokazanu
nonodcumenna peaxysi, 6sxa onpedeieru Kamo 1UKoOnenmuou.

Cren orcTpaHsiBaHE Ha BBIVIEXWAPATHUTE BEPUTM C TOMOINTA Ha
PNGase-F, npara rimukonentuam 0sxa mouiokeHd Ha EaMaHoBo ferpagupane,
MIPH KOETO Os1Xa MOJTyYeHH CIIeIHUTE aMUHOKHCEIIMHHH TI0CJICIOBATEITHOCTH

Glpl: FANATSIDGPNA Glp2: EMLTLNGTNL



Omnpenenennre,  moreHnuamHun  N-cBbp3BallM  IIGHTpOBE  Ha
rnukosuipane BB ®E RVH1-a, ¢ tunnunara nocnenosarennoct (N-X-T), ca
CTPOT'0 KOHCEPBUPAHH 32 XEMOIIMAHINHN OT MOJIFOCKH.

KomOunmpaiiku pasznuaaun metoau kato MALDI-MS, CE, ESI-MS u
XUIpONU3a CbC chnenuUYHN  TJIAWKO3WAa3W Oemie  OmpeleicHa U
BBIJIEXHapaTHaTa cTpykrypa Ha ®E-1iu RvH1-a u RVH1-f.

I'mukonenrruaute n3oaupanu ot RvVH1-a u RvH1-f, 6s1xa ananusupanu ¢
nazep pecopbumoHeH MaccnektpomeTsp (MALDI-MS) mpenu u  cien
tpetupane ¢ PNGase-F (Ta6:n. 1), ¢ men onpenensHe Ha MacuTe Ha BCEKU €IUH
OT W3CICABAHUTE TIUKONENTUAN, KAaKTO M MAacUTE Ha BBITICXUAPATHHUTE H
nentugaute Bepurn. B MALDI-MS cnekrspa Ha Tmuxomentun 1 (Glpl),
MOJTy4eH mpeau eH3uMHaTa xuapoinmsa ¢ PNGase-F 6e HabmoaBan caMo eiuH
MOJIEKyJIEH HWOH npuh M/z 2786, cBOTBETCTBANl Ha MacaTa Ha IEIUA
TIIMKONENTH TLTOC euH Hatpues #on [Glpl+Na]®. O6aue, cnex Tperupane ¢
PNGas-F, B MALDI-MS criexTbpa 0sixa HaONIOAaBaHN TPU CHTHAJIA: CUTHAIBT
npu M/z 2786 - choTBeTCcTBA Ha Ieaus rimkonentun Glpl, BTopusaT curHaz
npu M/z 1609 - otrosapst Ha MacaTa Ha Timkana [M+Na]*, a Tperusr curaan
opu M/z 1177 choTBETCTBAa Ha MENTHAA MOJIYYEH CIIEA AETIMKO3WIMPAHE,
koero Oe TOTBBPAEHO W OT Macarta Ha [eNTHAa, UW3YACICHa OT
aMHUHOKHCENWHHATa My TIociexoBarenHocT. [lomydeHure pesynratu ca
npenactapenu B Tabmuua 1.

Ta6auna 1. [IpencraBenn ca MacuTe Ha riMkonentuaute usonupanu or ®E-mm RvH1-a u
RvH1-f na xemormanun ot R. venosa, usmepenn ¢ MALDI-MS npenu u ciex Tperupane
cbe crienuduynaTa raukosuaaza PNGase-F.

& pamp A NWHHOEH CEHHER [mocomenTH Temun | Omirosszapun
MOCTEOEAT BTHOCT W (D) Wl (D) IWw (D)
Glp 1 2786 177 1609
RvH{-2 FANATSIDGFNA [2763 + Ma)” 1177.5° [1586 + Ma]"
Glp 2 FMLTLMNG THL & 23462 1177 1653
RvH{-2 [2828 +H]" 1175.6° [1652 +H]
Glp 3 | HSYsesYINASLLHGRSI 43 2040° o07
RvHi-f [3847 + ] [o06 +H]"

a) MounekynHa maca, usmepena ¢ MALDI-MS.
0) MonekynHa maca, uzuuciena ot AKII, nonyuyena upe3s EqmanoBo nerpaaupase.

3a ompejeinsHe Ha BbIJIEXHIpaTHATa CTPyKTypa Ha rimkomnentun Glpl,
(momupan ot RvVH1-3), O0sixa wW3MON3BAaHM PA3NUYHH  CHCIU(UIHU
ex3ornukosugasy, karo P1-2,3,4,6-GIcNAc-3umaza, ol-2,3-mano3umasa, ol-
2,3,6-maHo3ua3a, f1-3,4,6-ranakTo3uaasa ¢ el HACHTU(UIMpaHe HaYnHa Ha
CBBbp3BaHC HAa MOHO3aXapUAWUTS BHB BbIVIEXUIpATHATA Bepura. llomydeHuTE
(pakuny 6s1xa aHATM3UPAHH Ype3 KaWIIpHa eJleKTpodopesa 1 HOHU3AIMOHEH
maccrektpometsp (ESI-MS) (Dur.3).
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®ur. 3. A) ESI-MS cred ensumna xuoporusza na nuxonenmud Glpl cwve cneyugpuunu
enukosuoaszu:  P1-2,3,4,6-GIcNA-aza, al-2,3,6-manosudaza u al-2,3-manosuoasza; b)
(manxkama ouazpama): Kanunspua enexkmpogpopocpama na Glpl cred mpemupane c
paznuuny enuxosudasu. Yenosus: Glpl 6ewe pasmeopen ¢ 50 pn 6ygep pocamen 6ygep,
pH 2.5.

Kanwsiprata enexktpodoporpama Mokasa HIKOJIKO pasiuyd (Ppakiiuu
(cpoTBeTCTBAIM Ha 4 TIMKA), KOUTO 0sXa IMOJIy4eHH B pe3ysiTaT HAa €H3MMHATa
XMIpOJu3a Ha BeriaexuapaTHara Bepura Ha GIpl mpu 37°C, 3a 24 gaca. Cien
MOCIIEAOBATETHOTO UM aHamm3upane upe3 ESI-MS u wunTepmperupane Ha
MOJTyYCHHUTE JaHW, O¢ omNpeleicHa BbIJICXWApATHATA CTPYKTypaTa Ha TO3HU
rikad (Tabu. 2).

Tadauma 2. AHanu3 Ha CTPYKTypa Ha BbIVIEXHIpaTHaTa BEpHra, OoIpejeieHa Ha

6azarta Ha HabmonaBaruTe hparmMenTHH tiorn [M+H]" B ESI-MS. ['MHKaHBT € CBBP3aH KbM
nentua ¢ AK nmocnenosarennoct FANATSIDGPNA (1177 Da).

[M+H]"
INe H3n0s13BaHy eH3UMHU (mf2) CrpykTypa Ha riaukonentus 1
A (11-2,3- u (11—2,3—6—Ma1-1031/1,:[a3a 1747 <—Man([3 1_4) GlCNAC(B 1_4) GIcNAC -P
n B1-2,3,4,6-N-GIcNAc-aza
b |01-2,3- ma"o3uma3a u 1908 Man(al-6)

1-2,3,4,6-N-GIcNAc-aza
Man(p1-4)GIcNAc(B1-4)GIcNAc -P

B [01-2,3-6-manosmmasa n al- | 1953 BpfeGleNAc(B1-2)—Man(Bl-4)GleNAc(B1-4)GIcNAC-P
2,3- MaHO3H1/1a3a

T [1-2,3,4,6-N-GlcNAc-asa 1583 —GleNAc(B1-4) GIcNAC -P

CurnanbT moydyeH npu m/z 1747.0, orrosapst Ha ¢parment A (Tabu.
2), ceabpkany rmenrun ¢ AK mocinenosatennocr FANATSIDGPNA (1177.5



Da), cebp3an ¢ nBa GICNAC- u enun (al-4) Man- ocrateiu (568 Da). Tosu
¢parmeH Oe moimy4deH B pe3yiTaT Ha JeHCTBHETO Ha crenupuyHute 0l-2,3-
mano3uaaszau u B1-2,3,4,6-GIcNAC-a3a, KOWTO OTCTpaHsIBAT BHIJICXUIAPATHUTE
ocrarein  (al-6)Man u (al-3)Man, ceep3anu  kbpM  (Bl-4)Man ot
neHTtasaxapuanara cbpiesuHa (dur. 4). Curnampr mpu  m/z 1908.1
cpoTBeTcTBa Ha (hparment b (Tabm. 2), KOWTO BKIIOYBA: MENTHAA CBBP3aH C
nBa GICNAC-, enun (B1-4)Man- u emun (al-6)Man- ocrarek (730 Da). To3u
¢parmMeHT Oe TONydeH clex NpwiaraHeTo Ha crnenuduuHuTe 0l-2,3-
MaHo3umasza, ormemstma  camo  (al-3)Man  uw B1-2,3,4,6-GIcNAC-a3a,
orcrpansBaima  3MeGal-GIcNAc(B1-2) or  (ol-3)Man  (Dur. 4).
HabGmonaBanara pasnuka or 865 Da B cpaBHeHMe ¢ MacaTa Ha IeNUs
DJIMKOTIENTH TOJCKa3Ba, dYe IMOCIEJOBATEIHO ca OWIM OTCTPaHCHU
mono3axapuaaute octarbuute: MeGal, GICNAc, Man, u MeGIcNAC. TTuksT
opu m/z 1953 (Tabm. 2, Ne B) choTBeTCTBAa Ha TMENAWAA CBBpP3aH C JBa
GIcNAc-, emur Man(Bl-4)- u emxun 3MeGIcNAc(B1-2)- ocrarbin. Tosu
¢parmenT (Ne B) OGe momydeH B pe3ynrar Ha akTuBHocTTa Ha 01-2,3,6- 1 al-
2,3-MaHO3WIa3UTe, KOWUTO OTCTpaHSABAT BBIJICXUAPATHUTE OCTaThiy (al-
6)Man u (al-3)Man cebp3anu keM (f1-4)Man (Dur. 4).
B pesynrar Ha mpoBeleHHs aHanu3 Oe OmpejesieHa  CieiHara

BBIJIEXMApATHATA CTPYKTYypa 3a riaukonentun Glpl (dwur. 4):

Glp1 (n3onmpaH ot RvH1-a)

al-2,36 Man
S0, Man(a1-6) ',c“"
[
4 3MeGlcNAc(s1-2)< Man(p1-4) GlcNAc(s1-4) GlcNAc-ol 3
: Y n"““’ K Gﬁe
3MeGal(g 1-3)iGIcNAc(s1-2):Man(a1-3) “.,‘ PH

*,

*

4. ¥
R
o

2,3 Man
FANATSIDGPNA

p1-3,6al

p1-2,3,4,6GIcNAc
®@ur. 4. Onueoszaxapuona cmpykmypa na Glpl.

Comust MeTon (KanwisipHa enexkTpodopesa B komOunarus ¢ MALDI-
MS, ESI-MS wu Q-Trap-MS/MS) 6e npuioxkeH 3a H3CICIBAHE Ha
BBIJIEXUpAaTHATA CTPYKTypa W Ha JPYruTe TIUKONENTHAU, W30JIMPAHU OT
¢dyukumonanuute exuauim RvH1-a (Glp2) u RvH1-f (Glp3) (®ur. 5).

[MocpencTBoM mpwiiarane Ha KOMOWHAIMS OT Pa3iMyHH aHATUTUYHU
TEXHHUKH 0sxa aHaam3upanu rimkonentuaure or ®E-un RvH1-a u RvH1-f na
XEeMOIIMaHMH R. venosa u 6sxa ompeaeeH! OMUT03aXapuIHATEe UM CTPYKTYPH,
AK mnocnenoBaTeTHOCTH U LIEHTPOBETE HA TIIMKO3WIIMPAHE.
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Glp2 (u3onupaH ot RvH1-a)

IMeGal] £1-3) GleNac{ A1-2) Man{a1-6)
,

Man(g1-4) GleMac( g1-d)GleMAc -

EMLM.

3MeGal( 51-3) GleMAc(51-2) Man{a1-3}

Glp3 (n3onupan ot RVH1-f)
Man(a1-6)

"
/Man[ﬁl -4) GlcNAc(81-4)GleNAC- -

3Me Man(a1-3) IHSYSGSYI@_LHGPS

®@ur. 5. Onueoszaxapuona cmpykmypa na enuxonenmuou GIp2 u Glp3.

BB3 ocHoBa Ha nonydenute pesynrtatu 3a ®E RvH1-a 6e ycranoseHo,
4e Ts npuTexana Ba N-CBbp3Bally [IEHThpa Ha INIMKO3MIHpaHe pu Asn 262
u Asn 401. [TonyueHuTe pe3yiTaTy MOTBBpANXA HAMNYHETO Ha O-MeTUITUpaHu
XEKCO3W BBB BBITIEXHIPATHUTE CTPYKTYypH, KaKBUTO ca ONpPEAENeHH U 3a
HSKOH JIPYTH XeMOLIIMAHUHU OT MOJIIOCKH.

[IpunoxxeHata MeTOAMKa € BHCOKO HMH(OPMATHBHA, HO MMa HSIKOJIKO
CBIIECTBEHH HENOCTATBIM, a WMEHHO W3HCKBA TOMIMO KOJHYIECTBO
TTIIKOIPOTENH, OTHEMa MHOTO BpeMe M € TBBpAe ckbha. [lopamm ToBa, 3a
MOHATATHUIHUTE AHAIU3U OfXa W3MOJI3BAHU APYTU IO-CHBPEMEHHM METOAU U
TEXHHKH.

1.1.2.  OxapaxkTepu3upaHe Ha TJIUKONENTHAM, M30JIUPAHU  OT
CTPYKTYpPHHTE CYyOeTUHUIH

I'makonentuanTe 0sXa MOJYYEHH OT CTYKTYpHUTE cyoeanauia RVHL u
RVH2 cien mporeomuTryHa XHIPONIH3a C TPUIICHH B MPOJBIDKCHHE Ha €IHA
Houl (B ChOTHOIIEHWE: TpurcuH/xemonuaHuH 1:50). Ilomydenute ¢pakunn
Osixa w3onupaHu upes obparHopasoBa xpomarorpadus Ha Kojaoxa Nucleosil 7
C18 nma HPLC-—cucrema m TecTBaHM C OpPUUHON/CSpHA KHCEITHMHA 3a
olpeaeNnsHe Ha (PPaKLUUTE, ChABPKAIIN TTTUKOIESTITHIH.

1.1.2.1 Oxapakrepu3upane Ha riukonentuau upes ESI-MS/MS-ananunzn

Hskonko rnukonentunu uzonupanu Ha HPLC cnen tpuncunonusa Ha
RvH1 u RvH2, 6sxa ananmu3upaHu upe3 HAHO-TIOTOYEH eJIeKTpOCHpei-
HoHuzanmoneH MaccrekTpoMeTsp (ESI-MS), ¢ menm wunentudpunupane Ha
MSICTOTO Ha CBBbP3BaHE HA TJIMKaHAa KbM MENTH/HATA BEPUTA.

Onuro3zaxapuHATE CTPYKTYPH Ha TIIMKONENTUANTE OsiXxa aHATU3UpaHU

o + 2+
4ype3 HMHTEPIpEeTHpPaHe Ha pa3iuuyHo 3apedeHu vounu [M+H]", [M+2H]7,
3+
[M+3H]™ or MS/MS cnekrpure. B MS/MS crekTbpa Gsixa HaGIF0maBaHN
11



MOpEIUIY OT Ba THUIa Y U B 3apeneHu ioHH, B 3aBHCUMOCT OT IIOCOKATa Ha
(parMeHTHpaHEe Ha BBIIICXUAPATHATA BEPUTA HIIH KOMOUHAIUS OT TSIX.

Or MS/MS cnekrbpa (Pur. 6A), Oeme omperencHa Macara Ha
n3osmmpanuat Ha HPLC-cuctema rimkonentu - 2676.32 Da, npencraBeH kato
JIBOIHO 3apejieH MOJeKylleH HoH npu m/z 1338.16 [M+2H]*. TIomyuenust
(dparmenTen Hon npu M/z 1661.71, croTBeTcTBa Ha nentraa (0603HadeH ¢ R-,
m/z 1459.1), cebp3an ¢ enud GICNAC ocTaThk, KOSTO JaBa B3MOKHOCT TOYHO
Jla ce OmpeAeid MICTOTO Ha CBBP3BaHE Ha BBITICXHIpPATHATA BEpPHUra KbM
HENTH/HATA.

A) Y, By LY
100 204.08 Hex —— Man v,
Bra  B2a XL Y2 Ya
Y3p Man 4:& GleNAc —i— GlcNAc —R
Y3uYapBa Y4p B3 Bs'
80 366.15 Hex% Man 32\\3
Bap
.
<
=
2 v
] 60 Y3aY4pBa Y4aYap Yda
I Y3pYaaBy 11766~ Y4B
= 5282 YaaY T azs759” Yq
a2 Yax¥ap , Y30V4P = GleNAc - R
1014.40 109553
404 gy, VimBs Y2 o
Bip Y4aY4pBa vypBy 93297
163.06 69027 523
Y" -
20 819
L L T I I‘.t.llud‘ll
200 400 600 200 1000 1200 1400 1600
m/z
B)
b5
100 614.46
b6 YE[ULIHA [ULIAALIL]
713.45
80
-
@
£ 60 b4 b7 B12+GleNAc
2 543.40 b12 1460.07
[ 1257.01
E b8 b10
= 884.62 q072.70
> 40 [ILHA b R-GlcNac
e HA 322.27 b3 1185.80 | 1327.90 1662.09
20

200 400 600 800 1000 1200 1400 1600
m/z

2+
®@ur. 6. Opaemenmupane na 2nuxonenmud, onpedenen kamo [M+2H]“" npu m/z 1338.16.
A) Hano-Enexmpocnpeil tionuzayuonen MSIMS ananuz na everexudpamuus ocmamok,
nocpeocmeom enepeus Ha commcvka 37 €V. [lokazana e nwvainama 6venexudpamua
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cmpykmypa. B) Iceedo-MSIMSIMS excnepumenm na nenmuodus ocmamk, c8wp3am ¢ eOun
HexNAc (m/z 1662.09, [M+H]") , npu eonmasc 95 V u enepeus na cébnvcvk om 80 eV.
3apedenusm iion npu Miz 1661.71, cvomeemcmea na N-enuxozunupanus nenmuo, c6bp3aH ¢
eoun GICNAC ocmamwvk npu Asn.

B MS/MS cnektbpa Ha @Dur. 6A ce HabmomaBaT XapakTepHUTE 3a
(dparMeHTHpaHe Ha TIUKAHU €JMHUYHO 3apeleHU HOHHM C BUCOK MHTCH3HTET
npu M/z 204.08 (HexNAC) u 366.15 (HexHexNAC), kouTo ca mocieaBaHu OT
Jpyru emuHMYHO 3apenenn Homwm [M+H]" mpum m/z 528.2 (Hex,HexNAc),
690.27 (HexsHexNAc), 852.3 (HexsHexNAc) u 1014.46 (HexsHexNAc).
[Topenumara OT OBOWHO 3apelCHUTE HOHHU [M+2H]2+ npu mfz 1257.59
(Y4a/Y4B)a m/z 1176.6 (Y4(,Y45/Y3(1/Y35) M IIpH m/z 1095.53 (Y3aY4B), OTpassBa
MOCNeNOBAaTeTHOTO  ()parMEHTHUpaHe camMO Ha  KpailHO  CBBbpP3aHUTE
MOHO3aXapUJHH OCTATBhIM Ha OJIMTO3aXapujHaTa BEpHUra, KOSTO OCTaBa
CBBbp3aHa C IMeNTHAHATa MO BpemMe Ha ekcmepumenta (Pur. 6A). Ot
WHTEpIpeTalusITa Ha IIOCOYEHHTE HOHM Oe OmpeleieHa BbIVIEXHIpaTHA
CTPYKTYpa OT KJIacH4YeCKH BHCOKOMAHO3E€H THII, ChCTosma ce OoT asa N-
aIeTHIIXEKCO3aMUHOBH MOHO3axapuaHu octaThka (HEXNAC) 1 meT Xekco3Hu
ocrarbiy (Hex).

[IpunaraneTo Ha TO3W METOJ JaBa BB3MOXKHOCT 3a (parMeHTHpaHe
KaKTO Ha OJIMT03aXapHIHAaTa, TaKa W Ha TeNTHIHaTa Bepura. [Ipu moBuimaBane
Ha HANPEeKECHUETO B HOHW3WpPAIIUS M3TOYHHK Ha (parmeHtanus ot 60V mo
100V (HCCBI[O-MSS eKCIIEPUMEHT) BBIVIEXHJIpaTHATa Bepura Moxe Aa Objae
OTIETIeHa OT MeNnTHAHATa. Taka 0CBOOOJCHUAT MENTHI, KOUTO OCTaBa CBbP3aH
camo ¢ equd HexNAC MoHo3axapHjIeH OCTaThK, MOXe Ja Obae pparmeHTHpaH
B XEKCaloJIHATA KIIETKa Ha COIbCHK.

Or MS/MS coekrepsT Ha Our. 6A 6e omnpemeneHo, Y€ Ha
¢dparmenTHusaT o (R-GICNAC) npu m/z 1661.71, cpoTBeTCTBa Ha MENTHIAA
R- mpu m/z 1459.1, rmuko3unupan ¢ eaur GICNAC octarbk. TouHo TO3U #HOH
0c ToAMOXKeH Ha creaBamo (QparMeHTHpaHe Clie[ TOBWIIaBaHE Ha
HAIPEKCHUETO B N3TOYHHUKA Ha HOHM3ALNS U HEPTUATa Ha COTBCHK.

Crnien npocrneisiBaHe Ha CTOWHOCTUTE Ha b-ifionnTe B MaccrekThpa (Pur.
6b) ©Oe ompenenena AK-ta mocienoBaTeNHOCT Ha TENTHIHATA BepHra
YEXHAVNGSTXAAX u 0Oe ycranoBeH eauH N-cBbpBaml IICHTBD Ha
rimko3mwiupane (-NGS-). OnpeneneHusIT HeHThP Ha TIUKO3WINPAHE € YacT OT
THUIIMYHUASA MOTHB 32 N-TJIMKaHU ¢ aMHHOKHCEINHHA nocienosareiadoct N-aa-
S/T, kpaeTo -aa- MOXe 1a Objie BCIKA aMHHOKHCEIMHA, OCBEH MPOJIMH. B
npemnoxenata AK mocienoBatenHoct, octarbka X O MOTBI J1a OBbJIC JIEBIUH
WIM W30JIeBIIMH, Thii kato aara AK ocrareka TpymHO MoraT nga Oblaat
paszmmueHn upe3 npwioxkenns MS wmerox. [lo cemms HaumH Osixa
OXapaKTepPH3UPAHU OIIE IeT MINKOMENTHAA, H30JIUPaHu OT XeMouanua RvH
(npencraBenu B Tabi. 3, nenrumu Ne 1-6).
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Ta6muua 3. OxapakTepu3upane Ha MIMKONCNTHAN, n30aupanu o RVH upe3 npusarane Ha
ITbpBUS MOAXOJ OT pa3paboTeHaTa METOAWKA M H3IOJ3BAaHE Ha PAa3iIMYHH TEXHHKH, KaTO
ESI-MS, Q- Trap-LC/MS/MS, kanunsipra enexkrpodopesa. [loapexaanero va AK ocrarbim
OrpaJieHu OT CKOOM HE MOJXKE Jja ce YCTaHOBH chC ToyHOCT. HemsBectHusat AK octarbk e
otbenszal ¢ X.

I'nukonenTuamn I'nukanu Honu
(m/z)
ESI-MS
1 | [QKIAENLTTTR FucMansGIcNAc; [1036 [M+2H]*
5 | AENLTTTR Fuc MansGIcNAc; | 972 [M+2H]*
3 | HHGHV[..K..N..]R Fuc MansGIcNAc, [1396 [M+2H]*
4 | FSWVDGHNTSR ManGIcNAG, [1099 [M+2H]*
5 | YE[ILIHAVNGST[IL]AA[IL] Hex,Mans;GIcNAc;, [1339 [M+2H]*
6 | YE[ILIHAVNGST[IL]AA[IL] HexsMansGIcNAc, [1419 [M+2H]%
Q Tpan-LC/MS/MS
7 | MGQYGDLSTNNTR Hex MansHexNAc, [837.97[M+2H]*
g | SYNGTLLGSQILGKPY Fuc MansGIcNAGc; | 896 [M+3H]**
SVNGTLLGSQILGK Man;GIcNAC,
9 | FSWVDGHNTSR Man;GIcNAG, | 1099 [M+2H]*
10 | AENITTTR Fuc MansGIcNAc, | 972 [M+2H]*
11 | FANATSIDGPNA SO,MeHexAMeHexNAc,Man;GIcN | 2786 [M+H]"
AcC;
12 | EMLTLNGTNLA MeHex,AHexNACMansGleNAc, | 2846 [M+H]
13 | IHSYSGSYINASLLHGPSII MeManMan,GIcNA, | 2848 IM+H]
CE-MS/MS
14 | XVYSVNGTLLGAHVLGSR Man;GIcNAG, [941 [M+3H]*
HexA HexNAc, Fuc, [1233 [M+3H]*
MansGIcNACc2
15 | X—XFSWVDGHNTSR Man;GIcNAG, [1100 [M+3H]*
GIcNAcMan,GIcNAc, [1168 [M+3H]**
16 | FQNDTSLDGYQAVAEFHGLPAK FucMansGIcNAc, [1149[M+3H]**
17 | FONDTSLDGFQAVAEFHGLPPK MansGIcNAGC, [L104[M+3H]*
FucMan;GlcNAc, |1153[M+3H]**
18 | LHSYSGSYLNASLLHX—X MansGIcNAC, [959[M+4H]™
GlcNAcMan;GIcNAG, [1010[M+4H]*
19 | XNGTELSPR Man;GIcNAC, | 968 [M+2H]
XNASELSPR HexsMansGIcNAG; | 1373 [M+2H]*
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1.1.2.2. OxapakrepusupaHe Ha riauxonentuau ype3 Q-Trap LC/MS/MS

Haii-Touna xapakTepHCTHKa TPU H3CICBAHETO HA TIIMKONMCHTHIN CE
HOJTy4YaBa ype3 MPUJIaraHeTo Ha KOMOWHALMS Ha BHCOKO eeKTHBaHAaTa TeYHA
xpomarorpadusi ¢ TaHIEeM MAacCIEKTPOMETpUsl U eJeKTpochpeil HoHu3aius
(HPLC-ESI-MS/MS). TanmeM-MacCleKTPOMETPHUSITA € ChBPEMEHEH METO[, C
KOWTO Ce OmpelensT KakTO LEHTPOBETe Ha IIMKO3MIMPaHe, TaKa ChIIO H
CBBP3aHHUTE KbM TSAX BbIVIEXUAPATHU Bepuri. KoMOUHAIMATA HA JIBE CHCTEMHU:
TeueH xpomatorpad ¢ maccnekrpometbp (LC/MS) w/unu Q-Trap cucremara, ¢
HaHOCTIpEH-MOHM3AIMOHEH HM3TOYHUK, JaBa BB3MOXHOCT 32 TPOMHO
KBa/IpynoiHo ckanupane. CKaHMpaHETO Ha H3CIEIBAHUS TJHMKONEITHI Ce
u3BbpIIBa B MS- 1 MS/MS-pexxum, Npu MOBHUIIEHA PE30NIONMSI U B Maca-
o6xBaTr 10 m/z 1700. M3non3BaHeTo HAa TO3M METOJ JaBa BB3MOYKHOCT [1a CE
UICHTUQUIHUPAT TIUKOMENTH I, PUCHCTBAIIM B MHOT'O HUCKH KOHLICHTPAIIUH
B u3clienBaHaTa mnpoba. [nmkomentuanTe Morar aa ObAaT aHAIU3UpPaHU
CEJICKTUBHO B IPOTEOJUTHYHATA CMeEC, Ype3 M3BBPIIBAHE Ha IPEIBAPHTEIIHO
fiOHHO CKaHWpaHe 3a HaJIMYMe Ha MapkepHH iomn M/z 163 ([Hex+H]"), m/z
204 ([HexNAc+H]") mmu m/z 366 ([Hex-HexNAc+H]"), mpomsmmsammu ot
(parMeHTHPAaHETO Ha OJIMT03aXaPHIAHUTE BEPUTH.

To3u metoj Oe MPUIIOKEH 3a M3CIEABaHe HA W30JIUPaHUTe PPaKIMU HA
HPLC-cuctema ot crpykrypHuTe cyoennaun RvH1 u RVH2, cien en3nmua
XUIPOJIU3a C TPUIICHH, KOUTO OsXa HMICHTU(QHIUPAHH KATO TIMKOICTITHIN
CBIVIACHO TPOBEICHHUS TECT C OPHUHON/CsApHA KucenuHa. Ha dwur. 7A) e
npeacraern LC/MS/MS ananusza Ha enyupanara ¢pakoust Ha 31.24 MuH. OT
XpoMaTorpamaTta (IpeacTaBeHa KaTo JONbJIHUTENHATa (purypa KkbM Dur. 7A).

IpenBapuTenHOTO HOHHO CKaHHMpaHe Ha Tasu (pakums mpua m/z 204
[HexNAc+H]" m mpum m/z 366 [Hex-HexNAc+H]", maBa BB3MOKHOCT
CEJIGKTUBHO Ja ObAe aHamu3upaH camo ducTus rukonentun. Ot MS-
CIIeKThpa Oe YCTaHOBEH caMO €JWH JOMHHHUpAIl TPOHHO 3apeleH HOH
[M+3H]** npu m/z 837.97 (®ur. 7A), ot Koiito Ge onpexeleHa Maca oT 2493.6
Da 3a ckaHupaHus TITHKOICITHI.

A) s eSS B

7.0ed o 20

6,0e4 o

% WHTeHsuTe

5,0e4 4

R R R R R R
4004 Bpene (run)

3,0e4

% VHTeH3uTeT

780.0
2,0e4
731.0

1,0e4 4529.0 692.0 _A 57.0 9330 0o 0 12490
ego 0~/ E X
1095.0 1280.0
b fl. d | S 1479.0

60 1000 1200 1400 1600

Macalsaasa (mMiz)
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B)

130 v, MGQYGDISTNNTR
204.1 K L Mw 14575
o Man vy,
va Y Mani-GleNAc +GleNAc
Man + Man ©° g5 B4’ Mw 1054.0
= i Bn
© 90 B
= B;‘G{io‘{iﬂ be
% 6524
= 70 GleNag
I
=
= [ Gl
50 1660.9
by Y\?::&ﬂa,, 1009.6 Y13
300 |y, M7 5283 ) 1457.8
3 v, (B 8524655 4 Yz
:75‘2 46‘03 N ysué.s 90‘:%; s 141.4 12;;;!.;;325-%
2 4 b1 1 13
10l e 05, el b 1855 [, | 14398
[l vl
| | i | |I|| | ..]..u. N ) . N i
200 400 600 800 1000 1200 1400 1600

Maca/zapag ( miz )

®@ur. 7. A) [Ipexypcopno tionno ckanupapane Ha gpakyusma, eryupana npu 31.24 mun. om
xXpomamozpaghckomo pasoensne (emvknamama manka gueypa) u B) MSIMS cnexmwp na
moiino sapeden tion [M+3H]" npu miz 837.97, ckanupan (EP1) npu nosuwena pesynoyus.

BeraoexumparHara CTpykTypa Ha TIHKONENTHAa, Oe¢ ompenencHa (OT
MS/MS cnekrbpa Ha @ur. 7B) upes mpocnensBaHe HAa THIHYHUTE HOHH,
MOJyYeHH OT (pparMEHTHPAaHETO Ha BBITICXUIpaTHAaTa Bepura (IpeacTaBeHU
kato Y u B #ionu, chorBeTcTBamM Ha HOMeHKiIarypara Ha Domon/Costello)
npu m/z 204.1 (GIcNACc), m/z 366.2 (HexGIcNAc), m/z 528.3 (Hex,GIcNAC),
690.5 (HexzGIcNAc), u 852.4 (Hex,GIcNAC). Taka Ge wumeHTHHIIHpaHA
BBIJIEXMIpPATHA CTPYKTypa OT BHcOkoMmaHo3zeH tum (HexpMansGICNAC,),
msrpanena ot 5 Hex u 2 GIcNAc ¢ maca 1054.0 Da.

Cnen npocnenssane Ha Y- u b-iionure B MS/MS-cniektbpa Ha TpoiHO
sapenenns  don [M+3H]* mpu m/z 837.97, Ge ompemenena AK
nocienoBaTenHoct Ha nentuaa - MGQYGD(I/L)STNNTR (dur. 75). Honst
y; mpu m/z 806.4 crorBercTBa Ha mnentuaaus Gparment -(I/L)STNNTR- ot
C-kpast Ha menTuaHata Bepura. HaOnroqaBaHMST MHTEH3UBEH HOH mpu M/Z
1009.6 mpencraBisBa CHIIMAT TO3W (pParMeHT, HO CBBpP3aH C EOUH
moHo3zaxapuaeH GICNAC ocrarbk. OT apyra crpana WoHbsT mpu m/z 1660.9
ChOTBETCTBA Ha menTumust #Won Yi3 (M/z 1457.5), raumkosuinupaH ¢ eauH
GIcNACc ocraTpk. ToBa j0Ka3Ba, 4e onpeaeacHusaT cBbp3Bail HeHTbp -NNT- e
JCHCTBUTEIHO TIIMKO3UIUPAH C OJMro3axapHaHaTa BEPUra, YhsATO CTPYKTypa
Oe opezienieHa mo-rope.
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Cren uHTEpIpeTHpaHeTo Ha monyueHute pesynratd or LC/MS/MS
aHanu3a, Oe onpejesneHa cTpykTypara Ha riukana (Hex,ManzGICNAC,) ¢ maca
1054.0 Da u nenrbpa Ha TIUKO3WIMpaHe, BKIMoYeH AK mocienoBareHOCT
MGQYGD(I/L)STNNTR .

[To To3u HaumH Osxa aHamu3upanu ome 6 raukonenauay (Tabmumna 3,
Ne 7-13), kaTo 0s1Xa onpeeNieH! KaKTO BBIVICXHIPATHUTE UM CTPYKTYpH, TakKa
n N-cBbp3BamuUTE EHTPOBE B MIENTHIHATA BEPHTA.

.14, HM3non3BaHe Ha TreHHATa CeKBEHUHUsl 3a ompejesiHe Ha
NOTeHUHAJTHUTE LEHTPOBe HA IJIMKO3WIHpPaHe U mocTposiBaHe Ha 3-D
Moaea

OmnpenensHeTo Ha MOTEHIMAIHUTE IIEHTPOBE HA TIHKO3WIMPAHE MOXKE
Jla ce TIOCTUTHE JIECHO, aKo Ce 3Hae IMbpBUHATA CTPYKTypa Ha TIIMKOIPOTEHHA.
Ho ycranoBsBanero Ha JEHCTBUTENHO TJIMKO3OJIMPAHUTE IIEHTPOBE €
BB3MOXHO CJIE]I MACCIIEKTPOMETPHYUCH aHAIN3 HA TIMKOICTITHIU, H30JIUPAHH
OT U3CJICIBAHUS TJTUKOIIPOTCHH.

[Ipu cexBeHupaHe Ha JBa ()parMeHTa OT F'eéHOMa Ha MOPCKHS OXJioB R.
venosa Oe¢ ycTaHOBEHAa YACTUYHO IbPBUYHATA CTPYKTypa Ha JIBE
(YHKIMOHAHY equHUIH ,,b” 1 ,,¢” (RVH-b u RvH-C).

B wactuuHO ompexmeseHara IIbpPBHYHA CTPyKTypa Ha RVH-D He Ge
unentuduimpan N-rmuko3wiupan 1eHThP. ToBa 0Oe MOTBBPACHO U OT
HETaTUBHUS Pe3yJTaT, MoJIy4eH oT Tecta ¢ opuuHon/H,SO,.

B onpenenenust or reHHata cexBeHIusa gparmeHT Ha ®E RVH-c Ge
ycraHoBeH enuH noteHiuanen N-cebp3Bait 1eHTsp (—NTS-) Ha 143 mosumms.
[TorydeHUAT MOJIOKUTENIEH pe3ynTaT oT Tecta ¢ opuuHoi/H,SO, 3a E RvH-¢
0c OTBBPIKICHHUE, Y€ OMPEACTICHUAT IECHTHP € AEHCTBUTEITHO TIINKO3MITUPAH.

YcTaHoBeHO O, Ue ONpeieIeHUsAT OT IIbPBUYHATA CTPYKTYpa Ha RVH-C
ueHTbp -NTS- crorBercTBa Ha N-CBBp3BalIUs UEHTHP B TIUKOMENTHANUTE
npeactaBenn Ha Tabm. 3, Ne 4,9 u 15.

Ha ®wur. 8 ca nmokazanu pesyararture nonyuern ot Q-Trap-LC/MS/MS
aHAIM3a HA TVIMKONENTHH, TpeactaseH karo [M+2H]Y ifon mpu m/z 1099.0
(Tabmn. 3, Ne 9).

BwraoexunmparHara CTpykTypa Ha TIHKoIeNTHAa O OMpenesicHa, upes
npocneassane Ha tumuuaute Y u B donm: Y; mpu m/z 204.1 (GlcNAC),
Y3aY3BB3 npu m/z 366.1 (HeXGICNAC), YgaBgl Y3BB3 Ipu m/z 528.1
(Hex,GIcNAC) u B; mpu m/z 690.0 (HexsGIcNAC). Taka 6e uneHtuduimpasa
BBIVIEXUIPATHA CTPYKTYpa OT BUCOKOMaHO3eH Tuil - MansGICNAC,.

HaGmiomaBanusit  Hion Yy, mnpu mM/z 4473 cpoTBeTcTBa Ha
terpanentuaaus ¢parmeHT -NTSR ot C-kpas Ha nentumHata Bepura, a
MHTEH3UBHUAT WOH HabmomaBan npu M/z 680.1 mpencraBisBa CHIIUS
nenTuaeH GparMeHT, HO CBBp3aH ¢ equH MoHo3axapuiaeH GICNAC octaThk.
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OcBeH TOBa O¢ yCTaHOBEHO, ue U HOHBT mpu M/Z 1508.5, choTBETCTBA HA HOHA
Y11 (uenus mentun), cebp3an ¢ eaud GICNAC ocrarsk. OT WHTepHpeTanuITa
MIOCOYCHNTE HOHH, HEABYCMUCICHO O¢ YCTAaHOBEHO MSICTOTO Ha CBBpP3BaHE Ha
TJINKAaHOBaTa Bepura. Te3d [NaHHW MOTBBP)KIABAT, Y€ OIPENCIICHHUAT OT
reHHara cekBeHuus Ha RVH-c enmun N-cBbp3Ball IEHTbp IEHCTBUTENHO €
TJIMKO3WIMPAH ¢ ouro3axapuana sepura - ManzGICNAC,.

5.0e3

w71 45e3 [M+2H1?
1.0ed 1099.0
40e3
08ed
. 3.5e3
E N e,
S 0o /‘“‘3’
2 g
I 25e3
£ 04ed £ =
= 2,0e3
0.2¢4 7330
15e3
00 L TN (PR R 1.003/529.0 617.0 1018.0
0 20 30 40 50 60 oe 6800|7840 8570 160 11380 13450
Bpeme(MuH) ull.lhl.bw |n I‘I \ul\ |ll N .lJ
500 700 900 1100 1300
130] "1
204.1
110
20 FS@VDGHNTSR
b 70| Y32 Y35B3 Man . [GE] |
= 3 y.
= 366.1 B ; hel
g 7512  SleNAc o) Man - GleAc - GleAc
1 | B B. !
2 Y3aBs | Marn® T8 2 B3
= V35 B3 '
~ ! 528.1 680.1
=
B3
690.0 GlcNAc
35\3.2 be l—
bio 1 |
8 i 1l
Taed 8855 be 11314 Y10 g :
bg1044.4y 1158.5 b1
8293|9332 107?.5\ s 128T,_\51305.:; 1508.5
i

200 400 600 800 1000 1200 1400 1600
Maca/zapag, (m/z)

®ur. 8. [lpexypcopno ilonHO cKamupapawe ¢ MAHOEM MACCNEKMPOMEmpus Ha
enuxonenmuo, exyupan npu 30,71 mun., uspazen xamo 06oiino 3apeden tion M+H] 2 npu
m/z 1099.0 Cranupane (EPl) npu nosuwena pesynoyus ¢ MS/MS-pexcum na 060iiHo
3apeoens loH.

VYcranoBeHo Oe, ue WOHBT Y11 ipu M/Z 1305.6 chOTBETCTBA Ha MENTHIA,
BrioyBaill 11 AK ocrareka. Ho npu cpaBusaBaneto Ha nonydyenata AKII ot
Q-Trap-LC/MS/MS ananuza (®wur. 8) ¢ pesynrara OT TeHHATa CEKBEHIUsL, O
3a0ensi3aHa pasiuKa B €JHA IMO3UIHA, IPH KOSATO TPUNTO(PAHOBUAT OCTATHK (-
W) e 3amecTeH OT JAMMENTHICH OCTaThK, ChAbPIKAI ruiuH-rayTamar (-GE-).

To3u pe3yiarat MOXE Ja 61),[[6 00sICHEH ¢ CAMH HCAOCTATBK Ha
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MAaCCIEKTPOMTPHUYHOTO (DpArMEHTHPAaHE OKOJIIO TJIMIMHOBUS OCTaThK, MPHU
KOWTO YeCTO KaTO PE3ylTaT Ce MOIydaBaT MHOTO MAJKU MHKOBE C HHUCHK
UHTEH3UTET, a ChIIO TaKa M C TOBA, Y€ JUIENTHUIBT IULHUH-TIYTAMHH €
n300apeH Ha eMMHUYEH TPUNTO(PAHOB OCTATHK.

CieioBareilHo, MOXeEM Ja 0000IIMM, 4Ye ChbueTaBailkil JaHHUTE OT
renHara cexBeHnusa U Q-Trap-LC/MS/MS ananu3za Osixa onpeaeneHu: TouHata
AMHUHOKHUCEIMHHA MOCIIeI0BATETHOCT 3a TO3U TJIMKOTIEHTH]T
FSGEVDGHNTSR,  onuroszaxapuanarta Bepura (MansGIcNAc;) u N-
cBbp3Bamus HeHTbp —NTS- Ha 143 mo3umms BsB PE RVH-c.

BB3 ocHOBa Ha ycTaHOBEHaTa roiiiMa XOMOJIOKHOCT Mexny RVH-c u
@E OdH-g, uzonupana ot xemouuanut ot O. dofleini u ciex u3non3sanero Ha
Swiss PDB-viewer, 6e moctpoen 3- aumencuonanen moxen (3-D momen),
KOHUTO € mpeacraBeH Ha Our. 9.

®@ur. 9. 3-D mooen na ¢yukyuonanna
eounuya RVH-C, uzuucnen na 6azama
Ha  20/AMAMA  XOMOJOJCHOCH 8
cmpykmypama na OdH-g om Octopus
dofleini u c¢w»30aden nocpeocmeom
usnonzseane na SWiss PDB-viewer.

Tuxanvm MansGIcNAC, (npeocmasen
kamo  chepu) e  CévpP3AH  KbM
KOHCepeupan N-eruxosunamen
yenmwvp, N-aa-SIT na 143 nosuyus.

IMonyuenusit 3-D wmomen Ha RVH-C (Dur. 9) 0Oe wu3uucieH B
CBOTBETCTBHE C HM3BECTHATa KpHUCTaiHa CTpykTypa Ha OdH-g u mokassa, ue
Hal-BEpOSATHOTO PAa3MOJOXKCHHE Ha BbIJICXWApAaTHATA Bepura ¢ Ha
MOBBPXHOCTTA HAa (DYHKIIMOHAJIHATA eUHMIIA. TOoBa 3aKIIOUYEHUE ChOTBETCTBA
Ha U3BECTHUTE PE3yJTaTH 3a MsICTO Ha ojuro3axapuiaHute Bepurd Ha OFE ot
XEMOIIMaHMHH OT Motockd, karo RvH-e, OdH-g w ngp., npum kouto
BBIVICXUPATHATE BEPUTH CHINO Ca H3JIOKEHH MO IMOA00CH HAYMH Ha
MOBBPXHOCTTa Ha MoJekynaTa. Jlamu ToBa TpeacKa3aHO TOJOXKEHHE Ha
BBIVIEXUpPATHATA BEPUTA € HEOOXOJIMMO 3a YCTAHOBSIBAHE M TOJAbpKaHE Ha
KOHTAaKT C Jpyrute (DYHKIHMOHATHUA CIUHWIIM OT CTPYKTyHaTa CyOCIMHHMIIA,
ocTaBa Jia ObJie ONMPENEICHO B MO-HATATHIIHU eKciepuMeHTu. Ho e curypHo,
4e TO OKa3Ba BIISIHAE BBPXY oOmara CTaOMIHOCT Ha OJMTOMEPHUS
XEMOIIMaHWH.
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Wznon3eaHero Ha MHPBUSA MOAXOJ OT pa3pabdoTeHaTa METOIUKa 3a
aHaJM3MpaHe Ha BBIVIEXUApATHATA CTPYKTypa Ha XEMOIMaHWH OT R. venosa
UMa HSAKOM HeNOCTaThiM. Taka HampuMmep MONYyYCHUTE TIIHUKOICNTHAU IPU
TPHUIICHHOJIM3a Ha TJIMKOIPOTEHHA, ca 0COOCHO TPYIHHM 3a UIeHTH(UIMpaHe,
Thii KAaTO NPUCHCTBAT B MPOTCONIUTHYHATA CMEC B MAJIKH KOJIAYECTBA
(o6buknoBerno 0,2% mo 5%), B cpaBHCHHE C HETJIMKO3WIMPAHWUTE MHETTHIH.
OcBeH TOBa MHTEPIPETUPAHETO HA CJIOKHH OJIMTO3aXapUIHH CTPYKTYPHU OT
KOMILJICKCEH THII € 3aTPyJHEHO OT ()parMEHTUPAHETO Ha MENTHUIHUTE BEPUTH.
ToBa Hanara u U3MOJI3BaHE HA BTOPH TTOIXOI.

|.2. Bropu nmoaxoj 3a oxapakTepu3upaHe Ha BBIJIEXHIPATHATA CTPYKTYpa
HA XeMolMaHuH oT R. venosa

BropusaT monxos BKIIOYBA OXapaKTepU3UpaHe Ha TIIMKaHH, TTOIyYeHH
Cllel €H3MMHa XHUpoJin3a Ha cTpykTypHute cydennnunu RvH1 u RvH2 cwe
cnennduuna rmkosumaza PNGase F (®ur. 56) u npumarane Ha pa3iddHu
MacCHEKTPOMETPHYHN TEXHWKH. TO3M TOAXOX HH JaBa BB3MOXKHOCT Ja
(dparmMeHTHpaMe caMO BBIVIEXHIpaTHATa BepUra W Ja OIpEeAe]UM HelHara
cTpykTypa. Ilo To3u HauMH N30ATBaMe 3aTPYAHCHNETO, KOETO BH3HUKBA MPHU
aHAIM3UpaHe Ha TIMKOIECNTHAW Ype3 MacCHeKTPOMEPHUYEeH aHaIn3, KBAETO
HOJy4eHUTE (parMeHTUTE OT BBIVIEXHIPATHUTE BEPUIH Y€CTO JTOMHHHUPAT HaJl
HNeNnTHAHUTEe (parMeHTH M TOBAa  IOHSAKOTa 3TPYIHSIBA ONpENeNsSHETO Ha
CJIOXHHUTE BBITIEXUAPATHH CTPYKTYPH.
3a wu3clenBaHe Ha BBIVIEXUIPATHUTE CTPYKTYPH HA XEMOILMAHHMH,
U30JIMpaH OT MOpCKH oxyoB R. venosa, obutaBam YepHo Mope, Osixa
W3IIOJI3BAHM PA3IMYHU MeTonu U TexHuku, kato MALDI-TOF-MS u Q-Trap-
MAacCCIIeKTPOMETBp, CIIEA EH3UMHO OCBOOOXKTaBaHe Ha N-TJIHKaHUTE OT
HOJHUIIENTHAHUTE BEPUTH Ha CTPYKTypHHUTE cyOenuannm RvH1 u RVH2,

PNGase F I
o im ®ur. 10. [Toryuasane na N—
o !‘7,“_ oH 2NUKAHU  cled XUOPONU3A CbC
| cneyughuuna 2NUKO3UOA3a
PNGase F.

Hermukosunupanero Ha RVHI1 u RVH2 6e mpoBeneHo B neHaTypupaln
pasztBop (1% SDS, 0.5 M wmepkanrtoeranon, 0.1 M EDTA), karo N-rnukanu
0sxa OTAENeHH OT MpoTerHa cies 20 9acoBO MHKYOHMpaHE ChC CIEHUpHIHNSA
emuMm PNGase F (®ur. 10). OcBoboneHnuTe IIHKaHU OsiXa MPEYUCTEHH OT
peakimoHHaTa cMec dYpe3 enmyupaHu ¢ 25% ameronutpun  /0.05%
tpudryopoueTHa KuceniHa Ha konoHa Carbograph.
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1.2.1. AHanum3mpaHe Ha TJHKAHA W30JHPAHU OT CTPYKTYpPHHTE
cyoenmaunmn RvVH1 u RvH2 ype3 MALDI-TOF/MS

Macute Ha OCBOOOJISHHTE TJIHMKaHH OT CTPYKTYpHHTE CYOCIMHHIA
RvH1 u RVH2 cnen tpetupane ¢ PNGase F 6sxa onpenenenn upe3 MALDI-
MS ananmusu. MS-ciektpure 0s1xa perucTpupaHu B mauamnazona or Mm/z 900 o
m/z 3000.

Yactryna wH(OpManus 3a BBIIEXUIPATHUS ChCTaB W HAYMHA HA
CBBbp3BaHE HAa MOHO3aXapHIHHUTE OCTATHIM B TIMKAaHWUTE, (M3IOJ3BaHA IO-
KBbCHO TIPH TAXHOTO HHTEPIIpPETHpaHe) Oelle MoyydeHa 4pe3 aHAIH3HUPaHETo
um ¢ MALDI-TOF-MS mpeam wu cnen TpetupaHe CcbC CHEIUPUYHU
IIMKO3WAasu, Karo: o-1,2-manosumasa u  0-1,2,3,4,6-N-amermiriarokosa-
MUHHIA33.

1.2.2. AHanu3@paHe Ha TJHKAHH W30JHPAHU OT CTPYKTYPHHTE
cyoenmaunm RVH1 n RVH2 upe3 Q-Trap cucrema

TodeHHAT aHAMM3 HAa MOHO3aXapUIUTE OCTATBLUU H ONpe[essiHe Ha
BBIJICXUPATHUTE CTPYKTYPU HA TJIMKaHUTE O€ IOCTUTHAT dYpe3 TaHICM-
MaccrekTpomerpus Ha Q-Trap cucrema. Ilpmmaraiiku To3m MeToxm, Osxa
ONpesielicHH CTPYKTypuTe Ha 25 mimkaHa, u3zomupand oT RvH1 um Ha 28
riukana ot RvH2.
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®@ur. 11. Q-Trap-MS cnexmwvp na enuxanu om RVH2 cired mpemuparne ¢ PNGase F.

Ha ¢urypa 11 e mpeacraBern Q-Trap-MS cnekTbp Ha H30IHpaHUTE
rmmkaAn or RVH2, m3pasenm kato Na-amyktu, upes emummunn [M+Na]” u
JIBOMHO [M+2Na]2+ 3apenenu Houu. [Ipu To3m MeTon Oe m3mon3Bana Q-Trap
TaHIEM  MAaCCIEKTpOMETpusl  (XMOpUAEH  KBAAPYHOIHO-TMHEEH  Mac-
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CIEKTPOMETBP C HOHEH KamaH), Karo CTPYKTypaTa Ha TJHKaHUTEe Oc
ompezeneHa upe3 ¢parmentupade B MS/MS — pexuM Ha MOIOXKHUTETHA
vonmsammss. B MS/MS  cmekThpure Ha  (QparMEeHTHpaHWTE TIIMKAHU
JomuHUpam ca Y u B ifioHuTe, KouTO TmpemoctaBAT WHpOpMANUsA 3a
MOCIICAOBATEIHOCTTA HA CBBpP3BaHE W PA3KIOHCHUSATA B CTPYKTYPUTE.
[To3umuure Ha MOHO3aXapUIHUTE OCTATHLIU B OJHTO3aXapPHIHHUTE BEPUTH Ca
notBepaeHu ot C, Z, X u A HioHure.

B crpykrypHara cybemunnia RVH2 6sixa uneHTHGUIMPAHU HIKOIKO
IJINKaHa OT BHCOKOMaHO3eH Tul. CTpyKTypaTa Ha INIMKaHa MPEICTaBEeH KaTo
[M+Na]® npu m/z 1419.4 6e ompemenena or MS/MS-crekTbpa upe3
npocesBane Ha pasmukute Mmexay B u Y fonute (Our.12).
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®@ur. 12. MS/MS-cnexkmvp u cmpykmypa na enuxan uzonupan om RVH2, npedocmasen kamo
[M+Na] iton npu m/z 1419.4,

Ot unTepnperanusaTa Ha Y-ionute npu m/z 244.1 (Y,), 447.2 (Y,),
933.2 (Yy4), 1095.4 (Y5s), 1257.5 (Ys), Ha B-iionure mpu m/z 347.2(B,), 509.2
(B3), 671.2 (Bgg) 995.3 (Bs), 1198.2 (Bg), kakto M Ha Honure BgYs (M/z
550.3), BsYe¢ (Mm/z 883.3) um BgYs (m/z 1036.2) 0Ge ycraHOBeHa
MOCTIEZIOBATEHOCTTA HA CBhP3BaHE HA MOHO3aXapHIHUTE ocTaThi. Ha Dwur.
12 e mpexacraBeHa ompeneieHata CTPYKTypa OT BHCOKOMAHO3CH THII,
usrpagena ot gea GICNAC u ocem Hex ocrarbka.

OT mpoBelcHUTE W3CIEABAHUS YPe3 TaHICM-MACCIIEKTPOMETPHUS Ha
HEJCPUBATH3UPAHH [IIMKaHH O€ YCTaHOBEHO, Ye HSKOW OT ocBoboxenute N-
raukann ot RVH2, npeacrasenn karo [M+2Na]*" npu m/z 842.2 (1661.6) u
opu m/z 915.6 (1807.6) (Tabn. 4B), mpurexkaBaT HOB THI BBIJIEXHIpATHA
CTpyKTypa, BKIouBama eanH HeXNAC-ocTaTbk W eIMH OCTaThK OT
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XEKCYpOHOBa KucennHa HEXA (TIIOKYpOHOBa WM UIYPOHOBA), CBBP3aHU KbM
BBTPEIICH (PYKO3EH OCTATHK, KOWTO OT CBOSI CTPaHa € CBhP3aH KbM BBTPCIICH
GIcNAc-ocratsk. ITogobna crpykrypa e 6wmiaa ycranoBena u oT Sandra K. u
CBTPYIHHUIIM, HO TIPH aHAJIM3UPAHE HA MPEABAPUTEIHO MAPKUPAHH TIIMKAHU OT
RvH1 ¢ 8-amunonupen-1,3,6-tpucyndonar (APTS) u 3-amunomnupason (3-AP)
¢ Karsapa enexkrpodopesa u MS/MS.

MS/MS cneKTLng Ha mmkaHa ot RVH2, mpencraBeH kato ABOWHO
3apenen ion [M+2Na]”" pu m/z 915.2, e nokasan na ®ur. 13. J[oMuHHparm
B mpeacraBeHuss MS/MS crektsp ca Y HOHUTE, KOMTO MoraT Ja ObaaT
pasrpanudeHu ot B fioHuTe, opaay acUMeTpUYHATA IPHPOJa Ha MOJIEKYJIaTa.
HuTtepnperanusaTa Ha fonure Z; (372.1) u Ysp (917.2), xakto n Y4 (1079.3),
Zs (1264.1) u Ys (1282.2) 6e yOemnuTesHO AOKA3aTENCTBO 3a HaJM4Yue Ha
KpaitHo cBbp3aH Fuc octabk kbM GICNAC OT neHTa3XapugHaTa ChpIieBUHA.
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®@ur. 13. MS/MS cnekmvp u cmpykmypa Ha 060tHO 3apedenuss tonw [M+2Na]2+ na
enuxana npu m/z 915.2 om RvH2, o6o3nayen ¢ hpacmenmayuonna HoMeHKIamypa.

Ot nposenenust MS/MS ananu3, 6¢ yCTaHOBEHO, Y€ HAIMYHUETO HA
ifionnte Zy npu m/z 372.1 u Yeg ipu M/z 1631.2, kakTo 1 (pparMeHTaLHOHUTE
itorn >*X1,Z5Y 3, npu m/z 1042.6 1 Yo Yep*X1, tpu m/z 1384.3 nomyuennu
B pe3yiATaT Ha KPBbCTOCAHO pa3KbCBaHE Ha MHUPAHO3HSA LUKBJ, CHIIO ca
JIOKa3aTeNICTBO 3a HajauuuMe Ha JBa FUC ocTaThka — €IWHUSAT OT KOUTO €
BBTPEIICH, JIOKAIM3UPAH IMOYTH B Cpelara Ha BBIVIEXHJIpaTHATa Bepura, a
apyrust e a(1-6) cebp3an kbM miectust BbriiepogeH atom (C 6) na GICNAC
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OCTaThK OT I[ICHTa3axapujHAaTa ChPUEBHHA, KOWTO OT CBOS CTpaHa e
TITUKO3UTHO CBBP3aH ¢ ASN OT MOJHIENITHIHATA BEPUTA.
HannureTo Ha XeKCypoHOBa KucelrHa O¢ yOeIUTeHO TIOTBBPACHO OT
B, tona TipH m/z 931 548.2 u or pasnaMKara B MacHMTe Ha 3apeleHHUs TIINKaH
[M+Na]" npu m/z 1807.6 u iona Yep ipu m/z 1631.2 (®ur. 13).
Ipu ananusupane Ha MS/MS criexrbpa Ha rukan [M+2Na]? mpu m/z
867.2 (dur. 14) 6e moxyueHa apyra mHTEpecHa cTpykrypa (Tabdn. 4B), mpu
KOATO O€ YyCTaHOBEHO MOAM(HIMpaHEe Ha MeHTa3axapHIHaTa ChPLEBHHA C T10
enun Fuc u Xyl ocrarpk. Hanmumero Ha pykozeHn ocraTek, 0l-6 cBbp3aH KbM
Bbriiepon C6 ot kpaitaus GICNAC octaThk OT IeHTa3axapuaHATa ChpIIEBUHA
Man3GIcNAC, (®ur. 13), 6e moTBBpAEHO OT ¥HoHHHUTE (parmeHtd Y; (M/z
390.1), Y, (m/z 593.2) u Y,Y3, (m/z 1079.3), kakTo M OT HabmIOMaBaHATA
pasnuka ot 146 exunuim Mexxy HoHute Y4Ys, (M/2 1079.3) u Y,Y 1, Y3, (M/Z
933.2), kosiTo oTunTa 3arydaTa Ha TOYHO TO3W (pyko3eH octaTek. OT apyra
CTpaHa, aHAM3UPAHMST TIIHKAH ChAbPIKA M €IUH KCHIO03eH ocTaThk o1-2),
cebp3ad kbM Man(Bl-4) or menraszaxapumnata cwpiieBuHa (MansGICNAC,),
KOeTo Oe MOAKpPENeHO OT MHTEH3UBHUTE HOHM Y3B4 (M/Z 497.2) u Y4B, (M/z

659.3).
MBaz'l XY Y2 hE @Yw
g[ex \ij va Y:p’/.- Man B;— GIcNA;; GleNAc
Ya;;;‘: \Man\*’f N a3p ¥y
A B2 B3y
MeHeD ) Xyl
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YaYs,
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5 60901 5272 oo YaYaYs,
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= 4471 | 568.2 771.2 Fue
L 40 Y,Bs YaB3Ba Y3pBa
2261 9% 497.2| o
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e | Y1 Y1
20| B 2441 [3901 59\;2 o15l2 1061.3
185. } I J 858.0
o wrabtlild g J I H - ll l
200 300 400 500 500 700 800 900 1000 1100

Macalsapsan (m/z)

®ur. 14. MSIMS cnexmup u cmpykmypa na dsotino sapedenus iion [M+2Na]** na enuxana
npu M/z 867.2, uzsonupan om RVH2 u npedcmasen ¢ ppacmenmayuonna nomenkiamypa.

IpucsctBuero Ha Xyl e TBbpme HEOOWUYAHHO 32 BBITICXHIPATHHUTE
CTPYKTYpPU Ha TIJIHMKOINPOTEHMHHU OT >KMBOTHMHCKHM NPOM3XOH, Thi KaTo TO3H
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OCTaThK € XapaKkTepeH 3a TJHMKONPOTEMHH OT PACTUTEIEeH MPOU3XONI.
Hanmuunero Ha Xyl BBB BBIIIEXHAPATHUTE CTPYKTYPH Ha XEMOLMAHHHH OT
MOJIFOCKH, C€ CBap3Ba C BHCOKO-UMYHOT€HHHTE MM CBOICTBA NPOSBEHH IPHU
6ozaiinuin. Ho momo6Gum N-riawkaHoBM CTPYKTypu chabpxkamm Xyl, ca
OTKPHUTH B XEMOLMAaHHHM M OT OPYyrd ractpomonu, karo Helix pomatia, H.
lucorum, H. tuberculata.

CrpyKTypara, KOITo ChOTBETCTBA Ha B, fiona (M/z 541.2), chabpika Tpu
XEeKCO3HH OCTaThKa, EANHHAT OT KOMTO € O-MeTWINpaH U KpaiHO CBBp3aH B
crpykrypraus motuB MeHex(Hex)Hex. Bb3 ocHoBa Ha mpoBeneHus aHaimm3 6e
orpeieNieHa OJIUT03aXxapuaHaTa CTPYKTYpa, pencTaBena Ha dur.14.

IMpu ananmza Ha MS/MS criekTpute Ha raukanu u3onaupanu ot RvHIu
RVH2 6s1xa ycTaHOBEHHM HSAKOJKO METHIMPaHH CTPYKTypH (Tadin. 4A: rovkaHu
Ne 16 m 18; Tabn. 4b: rmukanu Ne 15, 16 m 22). HM3BectHo e, Ye
BBIVIEXUJIPATHU CTPYKTYpH, cbhabpkamm 3-O-mertun-D-manoza wmm 3-O-
metun-D-ranakro3a ca OwiM yCTaHOBEHH M TPH APYTM XEMOLMAaHWHH OT
momrockn, karo Helix pomatia, Lymnaea stagnalis wu Arion lusitanicus.
[Ipenmonara ce, 4e Te3u MeTwiaupanu N-TIIMKaHU UTPasT BakHA pETyJIHpaIia
poJIsl B OpraHu3Ma Ha Te3W racTpOIOAH.

1.2.3. AMuapaHe Ha IJIUKAHU U30JJMPAHHU OT CTPYKTYPHHUTE CyOeTHHUIH
u anaym3 ype3 MALDI-TOF/MS

Tel Karo pa3nukKata MEKIY MOJICKYJIHHTE Macd Ha METIIHpaH
XEKCO3CH OCTaThK W XEKCYpOHOBA KHCEIHHA € MHOro Majka - camo 0.036 Da,
Te He OMxa MOTiHM Ja ObIaT pa3rpaHUueHH 4Ype3 TOPEHNOCOUYCHUTE METOAU U
TEXHUKH. 3a JOKa3BaHEe Ha HAJIMYMETO Ha XeKCypoHOoBa kucenuHa (HexA) BB
BBIJIEXUIPATHATE CTPYKTYpH Ha N-TIHKaHM, H3MOI3BAXME IPYTrO HE3aBUCHMO
u3cienBaHe, a MMEHHO aHaimu3 Ha Tivkanu upes MALDI-MS npenu u cien
amumupane. To3u MeTosn 3a mpbB MBT € U3NoI3BaH or HoOenmoBus nmaypeaT
Tanaka 3a uHTEpHpeTHpaHe Ha cuanoBaTa kucenuHa B MALDI-MS. MeronsT
BKIIIOUBa MoAuduIpane Ha KapOOKCHIIHATA Tpyma M TPEBPHINAHETO U B
amua. Tasu upmes Oe HW3MON3BaHAa OT HAc 3a JOKa3BaHE HAJIMYUETO Ha
XEKCypoHOBa KHcelnMHa B N-TIMKaHWTE, H30JIMPaHd OT CTPYKTYPHHUTE
cybenuaniin  RvH1 u RVH2. Moaudunupanero Ha kapOOKCHIHATA Tpyna H
NpPEBPBIIAHETO W B aMHJ, BOIH JO IMOHMKABaHE HA MacaTa Ha rimkaHa ¢ 1.0
Da. Taka momudunupanute rnukanu Osixa ananusupanu ¢ MALDI-TOF/MS.
OT mony4eHUTe MacCIEKTPHUTE MPEIU U CIICA aMHUIMpaHe Ha TIIMKAHOBATa CMEC
or RVH2, 6e ycraHOBeHO MpoMsHAaTa HAa MAacHTe Ha JBa IJIMKaHA P M/Z
1661.6 u 1807.6 c 1 Da.

[omy4yenure pe3ynratd OT Te3W HE3aBUCHMHU W3CICIBAHMA, Ca
JIOKA3aTeNICTBO 3a HAIMYKE Ha HOBA TJIMKAHOBA CTPYKTypa B XEMOIMAHHWHA OT
R. venosa, mpu KOSATO XEKCYpOHOBAaTa KHCEJIMHA € CBbP3aHAa C BBTPEIIHA
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(¢yko3a OT BbBIVIEXHApaTHATa Bepura. I[IpUCHCTBHETO Ha OCTaTBK OT
XeKCypOHOBa KHCENHHA B CTpyKTypuTe Ha N-TmmkaHu ce cpemna TBBpHe
PAIKO B INIMKONIPOTEUHH, Thil KATO T € XaTaKTepeHa 3a CTPYKTypUTE Ha
NpoTeornuKaHuTe. Berpekn ToBa, mogoOHa cTpykTypa Ha N-rimukaHu ot
KOHIUIEKCEH BHUJ, ChAbPXKAIla OCTaThK XEKCYPOHOBA KUCEINHA € OTKPUTA
IIpH XopaTa, KaTo 9acT oT Berexuapataus enutomn (SO4-3GlcAP1-3Galpl-
4GIcNAc) B HNK-1, (mo3Hat ome kato anturen CDS7, mpuHaanexan KbM
CEMEICTBOTO Ha TIIOKYPOHWII TpaHCepa3uTe).

OT mnpoBeAeHUTE W3CICABAHUSA OsXa OIENEeNCHH BBITICXUIPATHUTE
CTPYKTypH Ha 25 riukanu, ot RVH1 u 28 rimukanu ot RvH2, npencraBenu Ha
Tabmuna 4 A u b. Ceuo Taka Gerie yctaHoBeHo, ye pu N-rinukanure ot RvH
npeo0iagaBaT CTPYKTYPH OT BUCOKOMAHO3E€H W KOMIUICKCEH THII, KaKTO IpHU
MIOBEYETO XEMOILMAHUHH OT MOJIIOCKH.

Taomuma 4 A). N-rimkanu, usonupanu or RvH1

Ne Komno3unus MALDI LCMS-
Q Trap
1 Man; GIcNAc, 933.3 933.3
2 Xyl Man; GIcNAC, 1065.6 1065.6
3 Fuc Man; GIcNACc, 1079.5 1079.5
4 Man, GIcNACc, 1095.5 1095.5
5 HexNAc Man; GIcNAC, 1136.5 1136.5
6 Mans GIcNAc, 1257.6 1257.6
7 Fuc HexNAc Man; GIcNAC, 1282.6 1282.6
8 HexNAc, Man; GIcNAC, 1339.6 1339.6
9 Mang GIcNAc, 1419.6 1419. 4
10 Fuc HexNAc, Man; GIcNAC, 1485.7 1485.7
11 Hexs Xyl Man; GIcNAC, 1550.9 1550.9
12 Man; GIcNAC, 1581.7 802.4
13 Fuc, HexNAc, Man; GIcNAc, 1631.8 827.6
14 HexA Fuc,; HexNAc, Man; GIcNAC, 1661.7 842.1
15 HexNAc; Fuc Man; GIcNAc, 1688.4 855.5
16 MeHex Hex, Fuc Xyl Man; GICNAC, 1711.6 867.3
17 Hex; Fuc,Man; GIcNAC, 1747.8 885.2
18 MeHexHexNAc, Fuc,Man; GIcNAC, 1807.8 915.6
19 Fuc, HexNAc; Man; GIcNACc, 1834.8 928.6
20 Hex HexNAc; Fuc Man; GIcNAC, 1850.4 936.25
21 Hexs HexNAc Xyl, Man; GICNAC, 1887.9 955.5
22 Fuc, HexNAc, Man; GIcNAc, 2037.8 1030.2
23 Fuc Hexs HexNAc Xyl, Manz; GIcNAc, 2049.9 1035.98
24 HexNAcs Fuc Man; GIcNAC, 2094.0 1058.5
25 Hex HexNAc; Fuc Xyl, Man; GIcNAC, 2115.6 1069.3
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Tadmuua 4 B). N-rivkann uzonupanu ot RvVH2

Ne KomMno3unusi MALDI LCMS-
Q Trap
1 Fuc; Man; GIcNAC, 1079.3 1079.5
2 Hex;Man; GIcNAC, 1095.2 1095.5
3 HexNAc; Man; GIcNAc, 1136.4 1136.5
4 Fuc; Hex;Man; GIcNAC, 1241.6 1241.4
5 Hex,Man; GIcNAc, 1257.7 1257.4
6 Fuc,; HexNAc; Man; GIcNAc, 1282.2 1282.1
7 HexNAc, Man; GIcNAc, 1339.6 1339.4
8 Hex, Xyl; Man; GIcNAC, 1389.4 1389.2
9 Hex; Man;GIcNACc, 1419.6 1419.4
10 Fuc,; HexNAc, Man; GIcNAc, 1485.7 1485.3
11 HexNAc; Mans;GIcNACc, 1541.7 1541.95
12 Hex, Man;GIcNAc, 1581.7 802.35
13 Fuc, HexNAc, Man; GIcNAc, 1631.8 827.2
14 HexA; HexNAc, Fuc; Man; GICNAC, 1661.7 842.2
15 MeHexNAc; HexNAc, Fuc; Man;GIcNAC, 1702.9 862.9
16 MeHex; Hex, Fuc; Xyl; MansGIcNAC, 1711.6 867.2
17 Hex, Fuc,; Man; GIcNAC, 1727.1 875. 4
18 Hex; HexNAc; Fuc; Man;GIcNAC, 1767.9 895.5
19 HexA; HexNAC, Fuc, Man; GICNAC, 1807.8 915.5
20 Hex HexNAc; Fuc Man; GIcNAC, 1850.4 936.25
21 Hex, Xyl; Fuc; Man;GIcNAC, 1859.2 941.4
22 | MeHex; HexNAc; Fuc;HexNAc, Man; GICNAC, 1864.8 943.6
23 Hex, HexNAc; MansGIcNAc, 1866.6 944.8
24 Hexs Fuc; Man;GIlcNAC, 1890.6 956.6
25 Hexs MansGIcNAC, 1906.6 964.7
26 Hexs HexNAc; MansGIcNAc, 1946.2 984.6
27 Hex; HexNAc; Man; GIcNAC, 2027.8 1025.4
28 Hexs; HexNAc; Fuc; MansGIlcNAC, 2061.0 1042.1

B 3akmoueHne MoxkeM Ja 0000IIMM, Y€ B CTPYKTYPHHUTE CYOCTUHHIIA

Osixa uAeHTH(UIMPAHH HOB BakeH kiac N-TIHKaHM 3a XEMOIMAHWHHTE, C
(hyKO3eH OCTaThK,
cebp3an kM GICNAC u 3amecten Ha maBe mosummu ¢ emuH P(1-2)-N-
alleTWIXEKCO3aMHUHOB OCTaThK U €[HA XEeKCYpOHOBa KucenuHa HexA. To3u HoB
BUJ CTPYKTypa HE € OTKpPHUTA J0Cera BbB BBIVICXUAPATHUTE BEPUTU HA APYTU
XEMOIIMAaHUHHU OT MOJIFOCKU. OCBEH TOBa, 0gXa ONpPEIeNeHH U HAKOJIKO OJHUI0-
3axapujiHd CTPYKTYpH, BKitouBamm O-merwnupaHa xekcosa (Tabm. 4 A, B),
KaKBHTO Ca OWJIM OTKPHUTH U B HAKOH JPYT'H XEMOLIMAHUHHI OT MOJIOCKH.

BBIVIEXUAPATHU CTPYKTYpH, BKIIOYBAIM  BBTPEILCH
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Cnenpaiiku pa3paboTeHaTa METOAWKA U U3NOJI3BAWKU  PA3IHYHU
MACCIICKTPOMETPUYHH aHANIW3M, 0¢ aHAIM3WMpaHa BBIVIEXUAPATHA CTPYKTypa
Ha XeMOoIlMaHWH OT R. venosa, karto B cTpykTypHHTe cybenenmmu RVHI u
RVH2 6e ycraHOBEeHO HAIMYMETO HAa BUCOKO XETEPOTCHHN CMECH OT TITMKAHH C
pasziuueH cbeTaB - Hexog HEXNAC,.4 Hexo.3 Penty.s Fucy.s.

Tes3u m3cnenBaHus ca BaKHAa CTBHIIKA B pa3padOTBaHETO Ha e(EKTHBHA
METO/MKA 32 OIpelelisTHe U HICHTU(UINPAHE Ha BBIVIEXUApPATHATA CTPYKTypa
U Ha JPYTH XEMOIMAHWHH OT MOJIOCKH. [IpencTaBeHUTE OT HAc pe3yiTaTh
yOenuTeTHO IOKa3BaT, Y€ XEMOIHWAHWUTE TMPEICTABIABAT HHTEPECHH 3a
M3CIIEABaHE MOJIEKYJIH, TOPaIi HATHIUETO Ha CIO0KHU BBIVIEXUAPATHU BEPUTH
C pa3KIOHEHaTa aHTeHHa CTPYKTYpa, ChIbpXKAIIM  pa3HOOOpa3HU
MOHO3axapuIHK OcTaThlid. OXapakTepu3upaHaTa BBINIEXHIpPATHA CTPYKTypa
Ha XeMOIMHMH OT R. venosa mma (QyHIZaMEHTaTHO 3HAYeHWE, ThH KaTo
pasimupsBa MO3HAHHWATA OTHOCHO MHOroobpasuero Ha N-IIMKaHOBU
CTPYKTYPH HA XEMOIIMAHHUHU OT MOJIFOCKH.

Il. ®dyHkuuu Ha BbIJIEXHAPATHATA CTPYKTYypa B XeMOLUAHUH
U30/IMPaH 0T MOPCKH oXJI0B R. venosa

M3BecTHO €, 4e BBIVIEXUAPATHUTE BEPUTH UTPAST MHOTO BaXKHA POJii B
npupojaTa, KaTro ydacTBaT B TIOYTH BCHYKM OWOJIOTUYHHM TMPOLECH H
U3IBIHIBAT PA3INIHA (YHKINH: BIMSAT BEPXY HarbBaHETO, CTAOMIIHOCTTA U
pa3TBOPUMOCTTA Ha TPOTEHHHUTE, a CHIOI0 Taka HAMHUpAT HPUIOKEHHE IIPH
JUATHOCTHKA U JIEYCHUE HA PA3INYHU OOJIECTH.

HNubopMmarusTa 3a cTabMITHOCTTa HA OMOMOJIEKYJIUTE € 0COOCHO BakKHA
U € CBbp3aHa C TAXHOTO MPaKTHUECKO NpHIOXKeHWe. B mureparypara nma
orpaHuueH Opoil craTuh, B KOMTO C€ AUCKYTHpAT MOAOOHM OMOMU3NYHU H
CTPYKTYPHH H3CIEIBAHUA 32 CTAOMITHOCTTA U (PYHKIMATA Ha XEMOIIMAHUHHTE.
Wzcnenane Ha cTaOMITHOCTTA HA XEMOIIMAHUHATE TIPEICTABISIBA HHTEPEC, THil
KaTo XeMOI[MaHWHUTE OT TacTPONOJU MMAT CJIOXHAa KOMIUIEKCHA CTPYKTYpa,
ChCTaBeHA OT MYJTHIUIETHH CYOeIMHMIIM, BCSKa ChCTaBeHAa OT 7 WU §
MOJOOHM, HO HEWIOCHTUYHH (YHKIMOHATHH CAWHUIW. Taka Hampumep
XeMOIIMaHUHBT OT R. VENosa mpurtexaBa CIOXXKHA YETBBPTHYHA CTPYKTYpa, C
Mosekynana maca okoio 9 000 kDa, karo msiiata MOJICKysia MOXe 1a Oble
IpeACTaBeHA KaTO OJIMIOMEpaHa CTPYKTypa M3rpajiecHa OT KyXd LWIHHAPH,
ChCTaBEHHU OT JIEKaMepH WM aujieKamepu (0OpMEHHU Clie/l CBhp3BaHE Ha JIBA
nekamepa e ¢ jumie”). HatupHara monekyna RVH e umsrpagena ot jBe
UMYHOJIOTUYHO PA3INYHU U CTPYKTYPHO HE3ABHCUMH H30(OPMH - CTPYKTYPHH
cyoenununim RVH1 u RVH2 (¢ monekysnna maca ceotBetHo 400 u 420 kDa),
BCsIKA TpeJICcTaBisiBaia xomoonuromep. B xemonumdara, 3HaUnTETHA YacT OT
neete m3odopmu RVH1 u RVH2, npuckcTBar KaTto AMIEKaMEpHU CTPYKTYPH.
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Bceeku nexamep cpabpxka 10, a gunmexkamep - cboTBeTHO 20 CTPYKTYpHHU
cyOeIMHHULIN.

11.1. AHanu3 Ha CTa0MJIHOCTTAa WM TIOBeJE€HHETO HA peacolualus Ha
XeMOOHMaHHH oOT R. Venosa dYpe3 TPaHCMHCHOHHA eJIEKTPOHHA
MHKPOCKOMHS

IloBeneHneTo Ha HaTHBHATA MOJIEKYJIa Ha XEMOI[MaHUH OT R. venosa u
Ha M30JIMPAHUTE CTPYKTYpPHU CyOSIMHMIM Osixa aHaJM3UpPAHU C ITOMOIITA HA
TPAHCMHCHOHHA eJISKTPOHHA MHKPOCKOIHUS TPH Pa3JIMYHH KOHICHTpPALUH Ha
Ca®* u Mg” iionn u pasmmurn pH-cromHoctn. HabmronaBanute pasimmans
Osixa OOSCHEHWM C BIMSHHETO HA BBITICXHIPATHATE BEPUTH BBPXY
CTaOMITHOCTTA Ha MPOTEHHA.

11.1.1. CradujHOCT U peacollHaTHUBHO NOBeJAeHUe HA HATUBHUA RVH

Ha enextponnara mukporpadus Ha dur. 15 A e nmokaszan usrien ,,0T rope” u
,»OT CTpaHu” Ha HaTHBHaTa Moiekyna RVH B pasrteop na 50 mM Tris/HCI
6ydep, pH 7.0, ceapprkain crabumusupamy ioau ot 20 mM CaCl, u 5 mM
MgCl,. VYcranmoBeHo ©Oe, uWe B pa3TBOpa OCBEH HAKOIKO IEKaMEpPH,
npeobiiagaBaT mumekamepHuTe (GopMu (KyxXM NWIMHAPUYHH CTPYKTYpPH,
(dopMupaHu crel CBbp3BaHE Ha JBa JAeKamepa ,JIUIe C Jne”’), KOeTo e
TUIWYHO CHCTOSIHWE 32 HATHBHATA MOJEKyJla Ha XEMOLHWAHWHH IIPU BCHYKU
ractporiogu (®@ur. 15A). Cren auanusa 3a eano neHonorue cpenty 0.13 M
riuHOB Oydep, pH 9.6, 6e koHCTaTHpaHOo, Ye HaTHBHUS XeMolmaHuH RvH e
ITOYTH HAITBJIHO JUCOLMUPAH Ha CTPyKTypHUTe cyOeawnuiy RvH1 u RvH2
(®ur. 15B).

A

®ur. 15. Tpancmucuonen ereKmpoHHO-MUKPOCKONCKY auanus Ha xemoyuanun om R.
venosa. Mszene0 ma namusnama monexyra na RVH om cmpanu (npasovevinuuema) u
omeope (kpweuema). A) Hamusen RVH ¢ 50 mM Tris/HCI 6ygep, pH 7.0, cvovporcawy 20
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mM CaCl, u 5 mM MgCl,. B) Jucoyuupan namusen xemoyuanun RVH ¢ 0.13 M Gly/NaOH
6ygep, pH 9.6; B) Peacoyuupan namueen xemoyuanun RVH crneo 2 onu 6 cmabunusupawy
oygep (CE) ¢ pH 7.0, cvovparcawy 50 mM CaCl, u MgCl, (peacoyuayusma e noumu nwvina).
C ygenuuagane Ha KOHYeHMpayusma Ha Ca®" u Mg** dionu, na 100 mM, peacoyuayuama
npomuya no 6vP30, NPU KOemo ce 00pa3yeam He Camo YUIUHOPUYHU OudeKamepu (depHume
cmpenku), Ho u myamumepu (beaume cmpenxu).

Crnen mpoMsiHa Ha YCIOBHATA - AWANN3a HA TUCOIMUPAHUTE CyOennHUIN 3a 3
nau cpemry crabunusupamr oydep (Cb), pH 7.0, cpabpxam 20 mM CaCl2
(®ur. 15B, uepnu crpenku) wim 50 mM CaCl2 (Dur. 15B, 6enu ctpenku), 6e
YCTaHOBEHO, Y€ CTPYKTYPHO MpobaTa € MHOTO IO-XETepOoreHHa B CPaBHBHCHIE
¢ m3xonHara Ha (dur. 16A). Kakro mokazsa ®wur. 16B, cnen peacornusita 8 Ch
¢ pH 7.0, ceappikant 20 MM umu 50 mM CaCl, u MgCl, pecriektusHo, HsIKOM
OT CyOCMHHMIIN MPHCHCTBAT KATO JUICKaMepH (IIOCOYCHH C YSPHHU CTPEIIKH),
KakTo W Mynruzpekamepu (Oemute crpenkw). IIpnHaTa peacommarms Oerne
HaOoaBaHa ciie]l TpeTusl JeH OT Auanu3aTa, npoBeneHa cpemry Cb Oydep
ceapprkait 100 mM CaCl, m MgCl, (Tab. 5).

11.1.2. CraémwiHocT W peaconNHAaTHBHO TOBeJeHHMEe HA CTPYKTYPHHTE
cyoenqmanou RvVH1 u RVH2 B cpaBnenune cbe KLH1 n KLH2

[lonmydeHuTe aHAHINM3U C CIEKTPOHHEH MHKPOCKOI, OTpa3sBalld
MOBEJICHUETO HAa MPEYHUCTCHUTE M30(opMH Ha XeMolmaHuHa oT R. venosa B
crabmimupanr Oydep, IMOKa3aBaT HAJIUYHCTO HA PA3IUYHHA OJIUTOMEPHU
CTPYKTYpH — MyJTHICKaMeTd W TyOymu. Jmcommmpanata RvHI B 50 mM
Tris/HCI 6ydep (pH 9.6) ce peacormupa cien 3 nHeBHa auaim3a cpemry 50
mM Tris/HCI 6ydep, (pH 7.0), cpappxam 50 mM wmwin 100 mM CaCl, u
MgCl,, kato obpasyBa aeiru crupanoBuand Tyoymu (®ur. 16 A, B). C
noBuiaBaHe Ha koHueHtparusata Ha CaCl, va 100 mM B crabumusuparims
Oydep, 1eKkaMepuTe acoUUpPar B TyOyJIH ¢ mo-rojisima abpkuHa (dur. 16 b).

®@ur. 16. Enekmponna MuKpockonus Ha
peacoyuayus Ha CMPYKMypHa eOuHuyd
RvH1. Creo 12 uwaca ouanuza ¢ 50 mM
Tris’tHCl  6y¢pep, ¢  pH 9.6,
peacoyuayuama be npogedend 8.

A) 50 mM Tris/HCI 6ygep, pH 7.0,
cvowvparcany 50 mM CaCl, u MgCl, 3a 3
OHu. Bce owe ne ca obpasysanu ovieu
CRupaiHu myoyau;

F) 100 mM CaCl, u MgCl, creo 3
OHU Ouanusa, ce obpazysam cChupaieH
my6yn, Kakmo u Mynmuoexamep.
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Cnen mnpomMsiHa Ha YCIOBUATA - JHWain3a Ha JAHCOLUHPAHUTE
cybemuuuiy 3a 3 mHu cpery cradbmmmsupany oydep (CB), pH 7.0, chabpxai
20 mM CaCl2 (®wur. 16B, yepuu crpenkn) wiaun 50 mM CaCl2 (dur. 16B,
Oenmu cTpenku), O¢ YCTaHOBEHO, Y€ CTPYKTYpHO Ipodara € MHOTO IIOo-
XeTeporeHHa B CpaBHBHEHHE ¢ u3xogHarta Ha (Dur. 16A). Kakro nokassa ®ur.
16B, cien peacouusita B Cb ¢ pH 7.0, chappixarn 20 MM wim 50 mM CaCl, u
MgCl, pecriekTHBHO, HSAKOM OT CYOCIMHHIM MPHCHCTBAT KaTO AMIACKAMEPU
(MOCoYeHH C YepHH CTPEJKH), KaKTO M MynTuaeKamepu (OenuTe CTPENKu).
[IpmHata peaconmarms Oemre HaOmMIOgaBaHa ciel TPETHsS ICH OT IUAN3aTa,
nposenena cperry Cb 6ydep coabsprxans 100 mM CaCl, u MgCl; (Ta6. 5).

[Ipn aHONMOTHYEH eKCIIEpUMEHT, IPOBENEH IPH CHIIUTE YCIOBUS, Oe
YCTaHOBEHO, Y€ CTPYKTypaHa cyeanHuna RVH2 nma paznn4HO NOBegeHHE OT
RVH1 u ce peaconnupa B HIKOJIKO KbCH MYITUMEPH U auaekamepu (Dwur. 17).
[IpnHaTa peacouunanus Ha RVH2 He Ge HaGIr0o1aBaHa IPU TE3H YCIIOBHS.

@ur. 17. Erexmpounna muxpoepagus na peacoyuuparnama RvH2. Creo oucoyuayus 3a eona
now npu PH 9.6, peacoyuayuama na cmpyxmypua cybeounuya RVH2 6e ocvuyecmeena cneo
3 Onesna ouanusa ¢ cmabunuzupawy 6ygep (Ch) ¢ pH 7.0, cvovpocawy 50 mM CaCl,, 2 mM
MgCl,, npu xoemo RVH2 npodyyupa oudexamepu (6enume cmpenxu) u Kbcu Mmyamumepu
(weprume cmpenxu). Ioana peacoyuayus na RVH2 ¢ Chb ne 6e nabmodasana npu mesu
YCA08U3.

OT mnpoBeoeHWTE W3CICABAaHMS, C TPAHCMICHOHHA CIIEKTPOHHA
MHUKPOCKOTIHSI 6€ YCTaHOBEHO, Y€ CTaOMIIHOCTTa M peacolusTa Ha HaTHBHATA
MOJICKyJIa Ha XEeMOIMaHWH OT R. Venosa W Ha MPEeYHCTCHUTE CTPYKTYpPHU
cybenuanin RVH1 u RVH2 ce pasnuyasart, Ho 3aBucHAT oT PH Ha pa3TBopa U
KOHLIEHTpalusTa Ha Ca®* u Mg2+ ronn. Bucokarta koHmeHTpanus Ha Ca " u
Mg iioun Boam 10 GBp30 peacoummpane Ha RVHI, koero 6e m3paseHO B
oOpa3zyBaHe Ha CIIUPAIHU TYOyJIH W JBITH MyJITHAEKaMepHu. Peaconmarmsra
Ha CTPYKTypHa cyOeauuuiia RVH2 mpu cemmmre ycoBus mpoTuda 0aBHO, KaTo
n300110 He ce cTura a0 ¢GopMmupaHe Ha TyOynd, a ce oOpasyBaT MPEIUMMHO
KbcH MynTHAcKamepu. CIUpalHuTe TYyOyNMH W ABITH MyiaTuMepu Ha RvHI1
MOKa3BaT TO-TOJsIMa CTAa0WIHOCT TpPU II0-BHCOKHM CTOHHOCTH Ha PH, B
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CpaBHCHHE C KbCUTE MYNITHUACKaMepu U qunekamepu Ha RVH2, kourto ca u B
no-roiisiMa crereH pH-3aBucumu.

B Tabnmma 5, ca mpenctaBeHH pe3ysTaTHTE OT HAONIOJIaBAaHUTE
MIPOMEHH, KOUTO 0sXa YCTAHOBEHU Cliell IUCONMUpane/peaconuupane Ha RvH
U cTpykrypHuTe cyoeannnuu RvVH1 m RvH2. Pesynrature Osixa cpaBHEHH C
HaOMIOTaBaHUTE MPOMEHH IPU AHAIOTHYEH EKCIEPHUMEHT ChC CTPYKTYpPHHTE
cyoemuaniin KLH1 u KLH2 B nepuon ot 1-3 muu, uiu 1 cemmuna mpu 4°C.

Ta6muma 5. PeaconmatiBHO moBeseHNe Ha cTpyKTypHHTEe cyOemmanmn RvH1 u RvH2 B
cpaBHeHHe cb¢ cTpykTypHuTe cyoequuny KLH1 n KLH2.

YcnosuA | RvH ‘ KLH1 | RvH1 KLH2 RvH2

pPH 7.0, peacouyniauna cnen 1-3 gHn

20 mhd CybeguHuym Aupexame- CybeqmHuum Avpekarepn, CyfGeguHuum
CacCls u Awvaexarepu P, KbCH Aupekamepu KbCH Ougekamepu
Macl: CMPanHKU WY T HME DM,
T Bynu CAMpaNHK
TyGynK
S0 b CyBenHHULM- CnMpanHM TyBynu Oupekamepu
CaCl: M | Anagkamen u MYNTHAEKANME PU W KECH
MgCls KBCM MYN THMER K
MYNT HMIEPK

100 mhd Avaexamepy U Kbcu TyBy nu Kvcu
CaClz 1 KBCM MYNTHAEKANE DU MyNTUAEKANME-
mMgCly MYNTHUMEDH PHTYOYM,

AHOSKAME DK

pH 7.0, peacounawyin cnen 1 cegmiya

100 mhi A aekarepn Crnupanum Abnrv coupanHu Avnru Abnrv 1 KkbcH
CaClz u My NTHAEKaMEPW | TyBynu By Au 1 CAMPanHK1 MYATHASKAME-
MgClz MYNTUAEKa- | MyNTUASKAME U Tyhynu u pu

MEpK T I, KA ME U

CMaGUMHOCM HA peacouuupanume Gopmy & ygep ¢ pasmHU cmoUHOCIMY Ha
pH. 100 mM CaCl; uMgCh

pHB8E6 1 Kocu (S
1-3 AHW MYNTHASKAME DM, My THOEKEME-
TyBynu Py, AKAEKaMEDH
pH8.61 Kbctn
1ceamiua MYNTHASKAME DM,
AeKameps
pH 9.6, MynTuanaekamepm, Auaekamepy 1
1ceamuua ASKaMmepn, cyBes MHULM
AUAEKAMEDW M
cyBeAMHHLM

Ilonyyenute pe3yaTaTd TOKa3BaT, Y€ TMPU WJIECHTUYHU YCIIOBUS,
crpykrypante eamannu RvHI w KLH2 wmar ananormdHo moBejeHHE Ha
peaconmanys, MpH KOETO MHOTO II0—JIECHO (OPMHUpAT MYINTHICKAMEPH U
CIMpPaIOBUAHU TyOynH, B CpaBHEHHE ChC CTPYKTypHUTE cybeanuumm RvH2 u
KLHI. Ot gpyra ctpaHa, OT eKCHEPUMEHTHTE Oellle YCTaHOBEHO, Ye CKOpOCTa
Ha peaconuanus 3a RvH1 u KLH2 e muoro mo-romsima, B8 Cb ¢ BuCOku
koHneHTpaunu (100 mM CaCl2 u MgCl2), OTKOIKOTO NpH IO-HUCKU
koHMeHTpamuu (20 mM u 50 mM). Konctatupano Oe, 4e MOBENEHUETO Ha
cTpykTypHata cybemmamna RvHI1, cien peacomuanust B HPUCHCTBHE HA
napaseHo BbBEJCHH KAJIIMEBH HOHU, € MHOTO MO-0JIM3KO JI0 MOBEICHUETO Ha
KLH2, otkonkoro 1o RvH2 u KLH1.
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Paznukara B peacoliuaTMBHOTO MOBeJeHUE Ha ABeTe cyOenuuunn RvH1
u RvH2, (cvotBetHo Ha KLH2 m KLH1), 6uxme Mornu na OOsSCHUM ChC
CHenn(pUIHOTO PA3IONIOKEHNE Ha BBIVIEXUAPATHATE BEPUTH HA IOBBPXHOCTTA
Ha [IeKaMepHTe, KOETO BEPOSATHO € MpHYMHATA 33 HEBBH3MOXKHOCTTA Ha
JEKaMEpHUTe Ja B3aUMOJCHCTBAT IMOMEXKIY CH U Ja 0o0pasyBaT MO-IBJITU
myntunekamepu. Iloctpoenmsar 3-D momen Ha cyOemunummara KLH1 ot
Gatsogiannis C. u J. Markl, moka3zaBa pa3mojOKEHHETO Ha IIEHTPOBETE Ha
TIIMKO3WINPAHe M MPOCTPAHCTBEHOTO PA3IMOJIOKCHUETO HA BBITICXUAPATHUTE
BEpUTH Ha IMOBBPXHOCTTA HA JuAeKkamepa. BeposTHo mopamu TOBa
pasmonoxxenue cybequammata KLH1 wma pasnuuHO TOBenmeHHWE IpH
peacormanus, B cpaBHeHne ¢ KLH2, xaro He oOpasyBa IBJITH CIUpaHU
TyOyJIH U MyITHICKAMEPH.

[lopamn ycraHoBeHaTa aHAJOTHS B IOBEICHHETO HAa peacoluanys Ha
RvH1 u  KLH2 u cporBerno Ha RvH2 u KLH1, npu wupeHTH4HH
eKCIIepUMEHTH, O¢ HampaBeHO IPENNoJOKEeHHe, ue pasiukKarta B
peacoIMaTiBHOTO TMOBeAeHUe Ha nBeTe cyOoemmuui RvVH1 u RVH2, cwimo
MOXXe Jga Oble OO0sCHEHa CBhC CHEIU(PHIHOTO pa3MoOJOKEHHE Ha
BBIJICXUIPATHUTE BEPUTH HA IOBBPXHOCTTA Ha JekaMepa Ha m3ohopma RvH2,
KOETO HE IMO03BOJISIBA (POPMHUPAHETO HA MBITH MYITHACKaMEepH, ThH Karo
BB3MPEISITCTBA  B3aMOJCHCTBHETO MEXKIY JAEeKaMephuTe U 00pa3yBaHETO
TyOynu, KakBUTO Osixa HabmonaBanu mpu RvH1 u KLH2.

11.2. OnpenensiHe Ha cTa0MJIHOCTTA Ha XeMomMaHWH oT R. venosa c
MOMOIITA HA KPBIOB IUXPOU3BM

Wscnenpanusata BbpXy OHMOPHU3MYHWTE CBOMCTa W CTAOWIIHOCTTA Ha
XEMOLIMaHWHUTE OT MOJIOCKM IOKa3BaT, 4e¢ KOH(OPMAI[MOHHATA CTAOMIHOCT
Ha HaTHBHHTE Mojekyau RVH u m3omumpanure RvH1 m RVH2 3aBucu or
pasnuuHu aeHatypantu (kato, pH u ryanunxunpoxiaopua Gdn.HCI). TTogo6un
IPOYYBaHUS CE YCIOXKHSBAT OT (paKTa, 4e TPYIHO MOTAT Ja ce pasrpaHHuaT
HACTBHIIIJINTE TIPOMEHH HAa YETBBTHYHATA CTPYKTypaTa Ha OJHUTOMEPHHS
TIINKOTIPOTEHH W TE€3W Ha TPETUYHATA M BTOPHYHA CTPYKTYpHU. [loKazaTencTBo
3a TOBa € U MPEACTAaBEHOTO MO-TOPE PA3NIUYHO MTOBEJCHUE HA peacolMupaHe Ha
W30JIMPaHUTe CTPYKTypHU cyoemunnim RVH1 w RvVH2, B cpaBHeHue c
Jcolnuupanara popMa Ha HaTHHATa Mojekyna RvH.

bsxa wu3nmom3BaHM excriepuMeHTanHuTe AaHHH OoT CD-cmextpure u
TEPMOJMHAMHUYHHS TIOIXOX 3a OIICHKA Ha CTAa0WIHOCTTA Ha HATHBHATA
monekyna Ha RVH, crpykrypaumre cyoemumamim RVH1 u RvH2 u emma
¢ynkuonanna equaua RVH2-e. Tazu OE 6e u3bpana, Thil KaTo ca H3BECTHH
KaKTO ITbPBUYHATA, TAKa M KPHCTAJIHATA i CTPYKTYpa, KOETO J1aBa BE3MOKHOCT
3a 00sICHEHHE Ha CBOMCTBaTA U.
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Ot ckanupanute MHOroOpoiinu CD-crextpu (®Pur. 18) npu naBa
BapypAally MapaMeThpa B LIMPOKHU IpaHuiM - Temrepatypa (20-85°C) u pH (2-
12), 3a BCeKH eaWH OT M3CJIEeABAHUTE OOCKTH O€ W3UMCIICHA EIUITHIHOCTTA
[0]22: (oTumTamia mMpOMEHHWTE B O-CIHUPATHUTE CTPYKTYpH mpu 222nm), 3a
Bcsika pH-cToMHOCT M TeMmiepaTypa.

®ur. 18. CD-cnexmpu,
usmMepeHu @  oOanieuHama
yampasuonemosa — obnacm
(200-250 nm) na RvH2, ¢
memMnepamypHust  UHmMepaa
20 - 85°C npu pH 7.4.

EnuntuyHocT

ObmkuHa Ha BbAHATa (nm)

C nenm ompenensHe Ha OOJACTHTE HA OOPaTUMOCT 3a BCEKH €IUH OT
aHaJIM3MpPaHUTe 00EKTH OsiXa M3CIIEABAHH 3aBUCHMOCTHUTE Ha EIHITHIHOCTTA
[0]222, xaTo GyHKIMA Ha TemmepaTypara HpH ¢Gukcupanu pH-cTOHHOCTH H
obparHo. IlpwgarameTo Ha TEPMOAWHAMHUYHHSA IOAXOMA, IPEIOCTaBS
BB3MOXKHOCT 3a H3ydyaBaHe Ha MEXaHM3MHUTE Ha Temieparypuure W pH-
3aBHCUMHUTE CTPYKTYPHH IIPOMEHH HA MYJITUMEPHU MPOTCHUHH.

11.2.1. Biusinue Ha TemnepatypaTta npu ¢puxcupanu pH-croiiHocTn BBpXy
RVH u crpykrypun cy6enunnunu RvH1 m RvH2. T-unaynupanu npexoau

IIpencraBenute rpaduunu 3apucumoctu Ha dur. 19A, b u B oprazsasar
IPOMEHUTE Ha CIUNTUYHOCTTa KaTo (YHKIMS Ha TeMIeparypara IpH
(ukcupann pH-cToifiHOCTH 3a HaTWBHaTa Mojekyida RVH u 3a cyGemmHuim
RvH1 u RvH2.

IIpu aHanu3upaHe Ha MPOMEHUTE Ha EIUNTHYHOCTTA, KaTO (PyHKIMS Ha
TeMIepatypara npu Gpukcupanu pH-cToliHocTn Oe ycTaHOBeHO Hajwuue Ha T-
WHAYIMPAHH IPOMEHH B IIMPOK TemreparypeH naTepsan 20-85°C (dur. 19A,
b u B).

VYcranoBeno Oe, ue ammumrynata (A[0]n-A[0]p) Ha kpuBuTE mpHU
paznmanu pH-CTOMHOCTH TUIaBHO HAMAJISIBa B TIOCOKA HAa KPAHUTE CTOHHOCTH.
Hpyra ocobenoct 0e HabrOMaBaHATa HEOOPATHMMOCT B MMOCOKA Ha “KpailHUTE
CHCTOSTHUS, KOUTO Ca C OTHOCHTEIIHO €THAKBO HAPYIIEHA CTPYKTypa (0coOeHO
3a HaTHBHUS XeMolmaHuH RvH).

CpaBHsBaliKu X0/a Ha eNUNTHIHUTE KPUBH [0]202(T) Ha Dur. 19 A, B u
B Gsixa yCTaHOBEHH, OTHOCHTEIIHO MAaJKH NMPOMEHH Ha eMuITHYHOCTTa [0]222
(npeaumuo npu RVH) nopu u npu BUCOKM TeMIlepaTypH, KOETO MOKa3Ba, 4ye
MHOTO OT €JIEMEHTH Ha BTOPHYHATa CTPYKTypa Ce 3ama3Bar, O0COOCHO B
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HeyTpanHo pH. CnenoBarenHo, He ce HaOmonaBa T-3aBUCHMO pasrbBaHe JOPU
U npu Temneparypu Haj 80°C, KbIeTO NPOTEHHBT 3amas3Ba "TII00yJIapHOTO CH
CbCBHTOSTHHE .

A)
T T T T 1 —-pH2.5
——pH3.0
—A—pH35
= - pHA0
< E 4 pH5.0
£ i 4 pH5.6
T o 4 pH6.0
~ £ =¥ pHB.4
E ; —¥-pH6.8
o [9) —*—pH7.0
0 o - pHT2
r;q o - @ pH75
o g - A pHg
= @ © ¥ pHY
) T pH10
: X pHI1
X pHI2
T pH25
@ pH3O
5 A pH3S
- ¥ pH4O
g 4 pH45
—+—pH5.0
E NN el Dwr. 19. IIpomenume Ha
d " 3 —#—pH5.8
" 4 oy N ) | I-pieo enunmusHocmma [0] 222, Kamo
’ R —+—pHB.2
g 2E ol @yuryua na T°C npu puxcupanu pH-
g , K : 2ol cmoiinocmu (6 unmepsana 2.5-12.0)
9 " Tl sa: A) RVH; B) RvHI,; B) RvH2.
= [ b pHe
e i * * - X SHQ
v i - ¥ pH10
2 i ®-0 pH1L
i B8 ¢ pHug
I I 1 I 1 W pH12

20 40 60 80

OT KpuBHUTE OTTﬁgsﬂBamH enentuyHOCTTa [0]222(T), HAa ®ur. 19 b u B,
Oc yCcTaHOBEHO, uYe JBeTe CYOCOUHHIIM UMAT PAa3JIMYHO TOBEJCHUE.
OTHOCHTEITHO TTO-MaJKUTE MPOMEHH Ha enenTuaHocTTa [0]222(T) Ha RVH2 mpu
craugaptau  yciosus (25°C) orpassear  mo-roasmara W CTaGMIIHOCT B
cpaBHeHue ¢ RVH1.

11.2.2. Bausgaue Ha pH BBpPXYy CTaOMJIHOCTTA HA HATHBHATA MOJIEKYJIa
RvH wu crpykryphure cydequanuu RvH1 n RVH2 npu pasmumyan
TeMIlepaTypH

Crnex wm3cnenBaHe Ha EIMNTHYHOCTTa, KOTO (QYHKIMA OT PH, mpm
(uKkcupaHu Temreparypu Osixa MOJy4eHH 3 KOMIUIEKTa KPHUBU 3a HATHBHATA
monekyna Ha RVH u ctpykrypun cydeauanm RVH1 u RVH2, npencraBenn Ha
¢durypa 20 A,b, B.

U tpure xomiuiekTa KpuBH [0]20:(pH), otpasssamnm pH-npexoaute (T.¢
KPHBHTE OTpa3sBaIlM KHCETaTa M ajKajHa JCHATypaius), uMar “popma Ha
KaM0aHa”, ¢ HECHMETPHYHM KpauWilla B KHCeJaTa M alKaJHaTa o0JIacTu
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(ocobeno RvH u RvHI) n c excrpemym wmexny pH 5-8 3a mnaruBHara
mouekyaa Ha RvVH, okoso pH 8.0 3a RvH1 u mexny pH 7-8 3a RvH2 (®ur. 20
A, b, B).

[lpu cpaBHsBaHE Ha MOJNYYCHUTE KPUBH, OTPa3siBallld 3aBUCHMOCTTA
[0]222(pH) mpu pasznuusm TemmnepaTypu, Oc HaOmomaBaHa 3abeeKUTENTHA
pasnukaTa B IMOBEIECHUETO HAa HaTHBHaTa MoJiekyiaa Ha RvH u RvH1 u RvH2
(®ur. 20). IlpencraBenute enmentudHd KpuBH [0]x2(pH) ma ®ur. 20A,
orpassBanm pH-npexoaute 3a RVH, ca momuepTano HeCHMETpHYHH U Ge3 ICHO
W3pa3eHy CUTMOUIHN 3a BCHYKHU KpailHu cToiHOCTH Ha PH. bsixa HabnronaBanu
ChBCEM MAJIKH IMPoMeHHn Ha KpuBHTe [0]222(pH) B ankamuara obmact (pH 8-12),
KOETO TII0JICKa3Ba, 4Ye aJKaJHaTa JeHaTypauus e HeoOpaTHM mporec 3a
HaTHUBHaTa MoJsieKyna RVH.

A) B) |
J 1
—-T20
= — T35
o = —A-T30
E E 6 T35
o i & [—4-T40
§ I -
8’ o™ —-T5
T .3_ 4 - & TEO
] B T
& = . @ T8
: =, - +
S
5
i ®@ur. 20. Bausnue na pH evpxy [0]22
° npu onpedeieHu memnepamypu (8
= unmepeana 20-85 °C):
S A) RvH; F) RvH1; B) RvH2.
)

Ot xoma wHa enentuunute KpuBu [0],2(PH) 3a crpykrypHaTa
cyoenunuia RVHI1 6e ycranoBeHo, 4ye mpu craHmaptHu ycioBus (25°C)
kucesnara nenarypaius (pHd,a) macremsa mpu pH 3.6, nokaro ajkanHara
(pHd,b) - mpu pH 11.0 (®wur. 20 B). Ocen TOBa, MPOIECHT HA JCHATYPAIHS B
KHcesara 00J1acT MoKa3Ba mo-ciaba TeMIepaTypHa 3aBUCHMOCT 3a Pa3jidka OT
aJIKaiHaTa.
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Hab6mrogaBaHoto HapacTBaHe Ha eaunTU4HOCTTA [0]222 mpu pH mexmy
5.3-7.0 (®ur. 20 B), BeposTHO ce ABIDKH Ha MPOTOHEH ACUIMT, MPHYUHEH OT
HOHM3aNHUsATa Ha KapOOKCHUITHUTE W UMHIA30JIHUTE Tpynu Ha RVHI.

Ilpu cpaBHsiBaHE TOJNy4eHHTE JiBa KOMIUICKTa KPUBH, OTPa3sBallH
npoMeHuTe Ha enentuaHoctta [0]222(pH), croTBeTHO 3a cybemuumure RVH1 u
RvH2 (®ur. 20 b, B), Gemre ycraHoBeHO, ue MpH HHUCKK Temmeparypu (25-
45°C) T1e ca mo-cmabo pH-3aBUCMMH, B CpaBHEHHE C II0-BUCOKHTE
temmeparypu (>50°C). O6mioro 3a aBete cyoeauuim RVH1 u RVH2, e ue npu
BCHYKH CIIy94ad IMPOMEHHTE Ha enuntuaHoctTa [0]222(pH) ca cnabo uspasenu, B
UHTepBaJa Ha anKamHuTe PH-cTOMHOCTH.

B 3akimrouenue Moxke aa 0600umM, ye pH-npexomute (dur. 20 A, b, B),
OTpa3siBallld KHCela W allkajHa ICHATYypalus He ca MpeACTaBeHH no0pe B
nmopeanIiaTa JaHHW 3a KpahHuTte croitHocTh Ha pH 3a RvH, RVH1 u RvH2.
[IppBara HaOmomaBaHa ocobeHOCT Oe MO-BHCOKaTa CTaOMIHOCT Ha IisuiaTa
MOJIEKyJia B CPABHBHUE ChC CYOSTMHHUIIUTE, KOCTO C€ AB/DKH HA BIMSHUETO Ha
4eTBBPTUYHATA I CTpyKTypa. Bropara 0COOEHOCT e, Ye CTpyKTypHara
cyoemunniia RVH2 (®ur. 20 B) e mo-crabuina B cpaBuerne ¢ RVH1 (®ur. 20
B). Habmogasanusat muk okosio pH 8.0 Ha KpuBHTE, OTpa3sBal(d IPOMEHUTE
Ha ementuaHoctTa [0]222(PH) 3a RVHIL, xakTto M OTCHCTBHETO Ha TaKbB 3a
RVH2 npu nuckm Ttemmneparypu B wunTepBana 20-45°C mokassa, ue
cybenuuunara RVH2 e crabuiamnsupana OT JOMBIHHTENICH - HEHOHOTCHHEH
(dakTop, B KOWTO JOIycKame y4acTHe Ha BBIJIEXUAPATHUTE OCTATHIIH.
[NoBuiaBaHeTo Ha TeMIlepaTypaTa MOXKe Ja I0Beie 10 KOH(MOPMAIMOHHU
POMEHH, KACACIIIN OJIMT03aXaPUIHATE BEPHUTH.

11.2.3. T-pH “da3zoBu tuarpamu”. O6paTumoct

B pesynrar Ha romemus Opol EKCIIEPHUMEHTANHO OTYCTCHH TOYKH Ha
enentuuHoctTa [0]22 B KoopaummatHata T-pH Mpexa, Moxe nga Obiae
HampaBeHa “‘JMCeKIHA’ Ha CTa0MIIHOCTTa HAa BCEKH €IWH OT HW3CJIEeIBaHUTE
00EKTH IpH Ja/ieHa TeMIIepaTypa 3a OIpenelieHH cToiHOCTH Ha pH u oOpaTHO
(mpu ompeneneno pH 3a cwoTBeTHaTa Temmepatypa). JlaHHuTe Osxa
NpeBbPHATH B HOBU 0a3a JaHHW, TbHA KaTo CHOpe] MNPUHIMIBT Ha
TepMOJMHAMUKaTa, oOmara oOpaTHUMOCT Ha  CHCTeMa [peAarojara
HE3aBUCHUMOCT Ha KpallHUTE CHCTOSHHUS OT HAaUWHA HA TSAXHATA pead3allusl.
V3non3Baiiku MOJyYCHUTE 3aBUCHMOCTH Ha enenTuuHocTra [0]0(T) wu
[0]222(pH), 6s1xa moctpoenu crorBeTHUTE pH-T (asou auarpamu (Dur. 21 A,
b, B). O6patumoctra Ha PH-T nenatypauusra e mpumep 3a NpUIIaraHeTo Ha
TEPMOJMHAMHUYHHAT MOAXO0J, KOWTO MOXKe Ja Ob/e M3MO3BaH 32 OICHKA Ha
CTaOMIHOCTTA HA IPOTEHHA.

Ot npencraBenure pesynratu Ha Pur. 21 A, b, B, cnexsa, ue
obparumoct ot 100-80% Ha mporecuTe Ha TemmeparypHo u pH-3aBucuMo
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pasrbBaHe U 3a TPUTE 00EKTa € Bh3MOXKHO CaMO B MHOTO TeceH pH-uHTepBa B
Kucesara obiacT npu cranaaptay ycnosus (25°C). BeposrHo B ciabo kucena
cpella BEpUruTe Ha XeMOIIMaHWHA Ce MPEBPBINAT B arjioMepar, mopaiau (hakra,
4e MOBEUYETO OT OJIMTO3aXapUIHUTE BEPHUTH Ca MIPOTOHUPAHU U 110 TO3M HAYWH
HaMaJsIBaT B3auMOJICHCTBHATA HAa OTONBCKBaHe. Thit karo RVH e omuromepen
MPOTEHH, TO TOIUTMHHATa W pH-wHIyInMpaHaTa ACHATypamus MOxe na Oble
MpHIPYKEHA ¥ OT TUCOIMUPaHEe Ha ChOTBETHHTE M30(opMu. YcraHoBeHO Oe,
Ye MpH CTAHJAPTHU YCJIOBHsI HaTHBHA RVH Mojekyna uMa Marbk HHTEpBAII Ha
obparumoct okosio pH 4.0, noxaro cydoenuammure RVHI1 m RVH2 mokaszsat
MO-BHCOKA CTETICH Ha 00paTuMoCT B paMKuTe Ha pH-MHTepBaia, CbOTBETHO
4.1-47 u 4.2-5.3), KOeTO BEpOATO C€ IBIDKM HAa CHIHH 3apsij-JUIONHH
B3aliMozencTBusa. B cmabo kucema cpena BepUTHTE HA XEMOIMAHWHA
ajoMepupar, KOeTo € TUITUYHO 3a XEMOIIMaHWHUTE OT T'aCTPOINOIH, ThH KaTo
MOBEYETO  OT  BBIVICXWAPATHUTE  OCTaThIM Ca  MPOTOHHPAHH U
B3aUMOJIEHCTBUATA HA OTOILCKBAHE Ca HAMAJIEIIH.

A) B)
%0 ‘ %0
80
80
7o 70
60
g ® %
40 0
3 30
20 20
a0 40
%0
80 ®@ur. 21. T-pH “®asosu ouacpamu’.
o Kpusume 6axa nonyuenu upes [0]2:(T) -
[01220(PH) @ynxyuu, noxassaiixu sonume
Ha  obpamumocm  3a  HAMUEHAMA
o 50 monexyna RVH (A) u 3a cybeounuyume
% RvH1 (B) u RvH2 (B). Jlunuume
cevpzsam T-pH mouxu c eonaxve %
30 obpamumocm, kamo 100% (1), 96% (2),
20 92 %(3), 88 %(4) u 80% (5).

C HapacTBaHETO Ha Temmeparypata B uHTepBana 35-45°C, 3a
CTPYKTYPHHTE CyOeIMHUIN O YCTaHOBEHO, 4e 00paTHMOCTTa ce yBelnn4aBa
ce "oTBaps mpo3soper] Ha obpatumocT” B mo-mMpoK pH-mHTEpBam MexIy
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pH 4-6. C nosuxasane Ha Temmeparypara (T°C > 50°C), wmapactBar u
HaOMI0laBaHuTe pa3auuus 3a Tpute obexra. HabmronaBaHata oOpaTUMOCTTa
npu mepBaTa cybemamHuia RvVH1 Oe mo-Manka OTKOJIKOTO MpH BTOpaTa
cyoenuauniia RVH2.

11.2.4. Bimsinue Ha pH u Temmeparypara BBpXy cradmanocrra Ha DE
RvH2-e. T-pH “da3oBa nmarpama”

[lpy wpeHTWYHW YCIIOBHA W CIIa3BaHE HA CBHIINTE KpUTEpHH Osxa
HIOJTyYEeHHU ChBCEM PA3IMYHH Pe3yATaTH 3a QyHKIMOHAHATa enquHnIa RvH2-e.
[lpn amanm3upaHe Ha MPOMEHUTE HAa EIMITHYHOCTTA, Karo (yHKOusS Ha
Temneparypara npu ¢pukcupanu pH-cToiiHocTH, O¢ ycTaHOBEeHO Hannyue Ha T-
UHAYLUHPaHH TIPOMEHHU B IIHUPOK TeMmepaTypeH unrepsan 20-85°C (Our. 22A),
kakTo ¥ npu RVH, RvH1u RvH2. HaGmonaBanu 0sxa CpaBHHUTEITHO MaJKU
npoMeHn Ha enunTudHocTTa [0]220(T) tpu BucOKH Temmeparypu (Dur. 22A),
MO/ICKa3Ba, 4Ye CTPYKTYPHHTE €JIEMEHTH C€ 3ala3BaT B OCHOBHaTa CH 4YacT,
ocobeno mpu neyrpanno pH. 3a ®E RvH2-e we 6¢ ycranoBeno obmo T-
3aBHCHUMO pa3rbBaHEe Ha IPOTEHHA W IO BCSIKA BEPOSTHOCT IOPU NPHU
temneparypu Han 80°C, mportenHa 3ama3Ba "TJIOOYJIHOTO CH CBhCHTOSIHHE”
(®wur. 22A), nogo6HO Ha HaTHBHATA Mosekyia RvVH (Dur. 20A).

A B)

o e

pHES ——T125

@ pH4D .
pH45 T30
~# pH5.0 —v—T35
—a—pH5.5 +T40
|—#— pHE.0 —4—T45
—a—pHE 4 > T50
B T
—8—pHT 5 * T60
—&—pHe ¢ T65
|—&— pH3 T70
T75
T80

pH10
- T85

6]10°Y deg.om Z.dmoly

-
-[81(10"3.deg.cm 2.dmol)

pH10.5|
pH11
pH11.5]
pH12

* %X b o

®@ur. 22. A) Buusnue na T evpxy [0, Ha RVH2-e npu ¢uxcupanu pH-cmotinocmu; F)
Bausinue na pH evpxy [0]202 Ha RVH2-e npu ¢uxcupanu memnepamypu.

KommnexktsT OT KpuBH, oTpassBamu pH-mpexommre 3a RVH2-g,
OpeCTaBeHn Ha rpaduyHaTa 3aBUCHUMOCT [0]20/pH (®ur. 22B), umar “dopma
Ha KambaHa” ¢ ekctpemyM B uHTepBana PH 5.0-9.0 u HecumeTpuuHH Kpauina.
pH-npexoauTte, (T.e KpUBUTE OTpa3siBAIl[M KUCEIATa W ajKajHA JIeHATypalus)
ca c1abo M3pa3eHu 3a BCHYKM KpalHM cToifHOCTH. IlpencraBenuTe KpuBH 3a
[0]222 (pH), 3a RvH2-¢ (®ur. 22B), moka3parT pa3iu4yHO MOBEICHUE B
CpaBHEHHE C TOJIyYeHHTE pe3yJTaTH 3a HaTHBHata Mojekyina RVH u nsere
mzodopmu RVH1 u RvH2 (Dur. 20 A, b, B). ToBa BeposTHO ce ABIKH Ha
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nporuyaneTo Ha peauia pH-nHesaBucumu npouecu. be naOmiomaBano, ue
KPUBHTE OTpa3siBalli MPOMEHUTe Ha enenTudHocTTa [0]222(pH) 32 RVH2-¢ B
pH-o6mactra 6.5-8.5 (®ur. 225) 06pa3yBar MIMPOKO IIATO IIPH TEMIIEPATYPH
mexny 20-40°C, cnemoBarenmHo Te ca PH-He3aBHMCMMH 3a pasiMKa OT
MOJyYeHHUTE pe3yiTaTh 3a HatuBHata Monekyna RvH um RvH1 u RvH2.
OTroBopHHU 3a cTpykTypHata crabunHoct Ha OFE RVH2-¢ B mocouenara obact
(pH 6.5-8.5) ca nanmuumero Ha pH-HETUTpyeMHUTEe TPYNH Ha TIIMKOMPOTCHHA.
Or apyra cTpaHa KpUBHTE, OTpa3sBalld MPOMEHUTE Ha eNenTHIHOCTTA [0]22, B
cemara pH-o6mact, Ho npu mo-Bucoku Temmeparypu (T°C > 50°C) ca B
u3BecTa crerneH pH-3aBucnMu, KOETO ce IBIDKU Ha ACHCTHETO Ha JIBa Iporeca
Ha HoHW3amus (Ha KapOOKCHJIHMUTE W  HMMHUIA30JIHUTE TpYyNH), C
IPOTUBOMNOJIONKHO BinusHUE BBpXy nesus (L) u necen (R) kpait Ha
emunrrnaaoctTa [0]222(pH) (Pwr. 22 A, B).

Ionyyenata T-pH ¢asoBa mmarpama (dur. 23), otpassBama
cTabWIIHOCTTa W OOpaThMara JeHaTypauusi Ha (yHKIMOHaJIHAaTa eIUHHLA
RvH2-e, 6¢ u3non3Bana 3a ompejiesisHe HA 30HUTE, B KOUTO IPOILIECHUTE Ha
TeMIIepaTypHo u pH — 3aBHCHMO pa3rsBaHe IPOTHIAT 00PATHMO.

90 ; . . T T
80
®@ur. 23. T-pH “®aszosa
Juazpama” Ha QYHKYUOHATHA
eounuya RVH2-e.

70

60

50
>

40

30

20

4,0

Ot npencrasenata Ha @ur. 23, T-pH ¢da3oBa auarpama 6e ycTaHOBEHO,
ye npu ®E RvH2-¢ e Bp3moxkna obparumoct ot 100-80% B cpaBHUTEIHO
mmpok pH-wmuTepBanm ot 5.5-7.0, 3a pasnuka OT MONYyYEHUTE PE3YNTaTH 3a
HaTHBHaTa Moyiekyla RVH u crpykTypHHTE CyOSIWHUIM TIPH HACHTHYHU
YCIIOBUSI U CTa3BaHe Ha chiute kpurepuu (Our. 22 A, b, B).

11.2.5. TepmonunaMuunu xapakrepuctuku Ha T-pH nenarypamusra na
¢pynkmnonanna exuauna RvH2-e

Ot mpoBefeHUs aHalIM3 Ha KPUBUTE, OTpa3sBally BIMAHUETO Ha T
BBPXY enenTHIHOCTTA [0]57; Tipu pasnuunu croitHocTr Ha pH, Osixa u3dncneHun
HJKOHM TEPMOJIMHAMHWYHH XapaKTepUCTHKU Ha T-pH nenatypanns na RvH2-e.

Wndnexcnara Touka Ha kpuBute (Pur. 24A), orpazsBamm T-
IPEeXOAnTe NP BCIKO PH OT paBHOBECHHMSI MHTEpPBAI B MIMPOK TeMIEpaTypeH
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auamnaszon 20-85°C, 6e u3non3BaHa 3a ompeelsHe Ha T, KAKTO € IOKA3aHO Ha
Our. 24A.

WsnonsBaiiku ypaBHenwero nHa Van’t Hoff, or makmona Ha mpaBute
A(InK/R) xeMm O(1/T) (Pur. 255) 6e onpenenena epeKTUBHATA CHTAIIHS Ha
nenaryparust  (van't Hoff's) AH,4, kosTo ¢ paBHa Ha UW3YMCIEHATa
KajopuMeTpudIHaTa eHTammus AHg,).

A) B)

65 1,5

pH6.0
H 6.0
6ol ©®®®g P 10}

AH,,=7.65kcal/mol
05k 4
0,0

-0,5} 4

55

50

InK/IR

4,5

4,0

35

-[@](10'3.deg,cm z.dmol)

3.0

-1.5

'
'
'
'
'
'
'
'
'
'
'

v

2,95 3,00 3,05 3,10 3,15 3,20

2,5
10 20 30 40 50 60 70 80 90 100 -
e 1/Tx10°3

®@ur. 24. A) Onpeodensine na Tm om kpusama, ompasasawa T-npexoda npu pH6.0;5)
Onpeoensine na epexkmusnama enmannus Ha oenamypayust (AHy,), npu pH6,0, usnonzeaiixu
ypsuenuemo na Van 't Hoff.

OT HampaBeHWTE U3YHUCIEHHs Oe ycTaHOBeHO, d4e oOjacrtrta Ha
obpatuMocT 3a (yHKIMOHaNHAaTa eauHuna RvH2-e e mo-romsimMa oT
ompejeneHara Bb3 ocHoBa Ha T-pH ¢asosa muarpama (pH 5.5-7.0) u 14 Ge
pasmupena 10 pH 8.0 (dur. 24 A, B). Jloka3aTenacTso 3a mbiiHaTa 00paTHMOCT
Ha mporeca Ha neHarypanus Ha OF B pH-untepBana ot 5.5 no 8.0 6e ¢axTsT,
Ye eKCIICPUMCHTAHO OIpPEICICHUTe CTOWHOCTH 3a EHTAINUATa Ha
nenaryparst AHp, (AHy) Jtekat Ha enHa mpaBa OT HAKJIOHA, Ha KOSTO Oe
HU3YHUCIICH e(beKTI/IBHI/IﬂT TCMIICPATYPCH KallalWUTCT IMPU MOCTOAHHO HAJIATaHE
(AC, = OAH/0T).

Ha rpajukara wHa @ur. 25A e mnpencraBeH cpemHHS TOILTHHECH
kananuteT (Cp) Ha mpolleca Ha JeHATypallusi, ONpeAeTeHUs 3a PaBHOBECHUS
pH-untepBan 5.5 - 8.0. CpaBHutenHo Bucokara ctoiHocT Ha ACp = 550
cal/mol.grad e B choTBeTCTBHE ¢ XHApOhoOHATA IPUPOJIAa U CKCIIOHUPAHETO HA
noBede xuapopoOHn AK-ocTaThlii NpH pasrbBaHETO HAa MpPOTEMHA IPHU
JICHATYPAILIHSL.

Onpenenenara 6e cBoOomHaTa eHeprus Ha ['mbc B paBHOBecHms PH-
untepsain 5.5-8.0, mpu excrpanonamus T = 298 K. KakTo e mokazano na ®wr.
25 B, mocTpoeHaTa KpHBa UMa CIIOKHA (hopMa ¢ OpUIATEIEeH eKCTPEMyM IpHU
pH 7.6, xoero moka3Ba, 4e CTPYKTypHaTa CTaOMHOCT Ha oOpatmma T-
nenatypaust e pH-3aBucuma. ExcriepiMeHTaIHO ONpENeTHUTEe CTOMHOCTH 32
T'u6coBata eneprus (AG®) chBIagaT ¢ TEOPUTHUHO M3UMCIEHHUTE.
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®ur. 25. A) Onpedensne na cneyuguunus monaunen kanayumem (Cp) na npoyeca na
oenamypayus 3a pasrogecnusi unmepean PH 5.5-9.0; B) Kpusa na Ceoboonama enepeus
na I'uoe 6 pH-unmepeana 5.5-8.0

Cnen npeusuncissanero Ha AH® or AH,, 3a Bcska ¢uxcupana pH-
CTOIHOCT IIpu cTaHAapTHA TeMreparypa 298K B pasmmpenata pH-obmact 5.5-
9.0, 6e ycraoseHo, ue AH°® e pH-He3aBHCHMa M ChC CTOMHOCT OKono 8,0
kcal/mol, koeTo e xapakTepHO 3a MpoIecH Ha XUAPOPOOHO MPEHAPEKAAHE Ha
YeTBbPTUYHATA CTPYKTYDA.

B ycnoBust Ha jJ0ka3aHa OOpaTHMOCT OsXa OINpeNesIeHH OCHOBHHUTE
TEPMOJMHAMIYHH BEIMYNHH XapaKTePU3UPAIIN CTPYKTypHaTa CTaOMIHOCT Ha
O®OE RvH2-e, karto: temmeparypute Ha «TomeHe» (Tp), mpoMsHaTa Ha
tormuHaMs KananuteT (AC,), Ha enranmusta (AHy) u Ha entpornmsita (ASy) B
o0yacTTa Ha paBHOBECHE M NpH cTanaapTHa Temmeparypa 25 °C (AH u AS°),
kakto u ['mGcoBara eneprus (AG®). IMonydyeHute JaHHM Ca MPEICTABEHH B
Tab6muma 6.

Ta6auna 6. TepmomunaMuunu mapamerpu, omnpenenenn 3a @E RvVH2-e 3a paBHOBecHuUs
uaTepBan pH 5.5-9.0

Tm AH, AH° AG°
pH (K) (kcal/mol) (kcal/mol) (kcal/mol)
5,5 3247 6,68 -8,01 -28,199
6,0 326,5 7,65 -8,03 -29,979
6,4 328,0 8,39 -8,11 -31,460
6,7 328,6 8,74 -8,03 -31,994
7,1 329,5 9,38 -7,95 -32,901
7,5 330,0 9,40 -8,19 -33,406
8,0 329,8 9,40 -7, 93 -33,194
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CiienoBaTeJHO:

e HalOmomaBanarta pasnukata B CTAOWIHOCTTa Ha IsUlaTa MOJIEKyJIa H
CTPYKTYpHHTE CyOCQMHHIIM OTpa3sBa BIMSHHUETO HAa YETBbPTUYHATA
CTPYKTypa, JIOKaTO pas3liukaTa B CTAOWIHOCTHUTE HAa CYOCAMHUIIMTE U €IHA
(yHKIIMOHATHA SAMHUIIA OTYNTA BIMSHUETO HA TPETHYHATA CTPYKTYpa.

e BiwusHHeTO Ha BBIJICXUApATHATA CTPYKTYpa BBPXY CTaOHJIMTETHHUTE
XapaKTePUCTUKN Ha HATHBHATa MoJieKyida RVH, cTpykTypHuTE CyOenuHuIM 1
enHa (DYHKIMOHAHA €IWHHIA O¢ MHIUPEKTHO YCTAHOBEHO Ype3 W3IOJI3BAHE
Ha KPbrOB JUXPOM3bM M INPHJIAraHeT0 Ha TEPMOAWHAMHYHHS IMOJXOA 3a
OLICHKA Ha CTaOMIIHOCTTA.

e  BrmoiexuapaTHaTa CTPYKTypa OKa3Ba BIHSHHE BBPXY CTAOMHOCTTAa HA
HaTHBHATa Mojekyida RVH u cTpykrypHUTEe CyOeAMHHIN, HO HE BIHSIEC BHPXY
crabuinocTTa (PH-T da3oBu nuarpamm) Ha efHa U30IHUpaHa (PyHKIMOHATHATA
eIMHUIIA, ThH KaTO € pa3MoJIOKEHAa Ha MOBHPXHOCTTA HA (PYHKIIMOHATHATA
eIMHMIA M HE ydacTBa BbB B3ammojeuctsue ¢ AK ocrarsin Ha ChcemHHTE
(YHKIIMOHAITHY SAUHUIIM.

I1l. AHTHBMpYCHA AKTHBHOCT

YcTaHOBEHO €, Y€ XCMOLMAHWHUTE MpOSIBSIBAT AHTUBUPYCEH |
AHTUTYMOpPEH e(dek, KOUTO Ce ABDKAT Ha TAXHOTO BHUCOKO BBIJIEXHIPATHO
CHIbpIKaHNe U clielmu(UIeH MOHO3aXapuAeH ChCTaB. [Ipu cpaBHsABaHETO Ha
onurozaxapuaaute crpykrypu Ha HIH, RvH u KLH ca ycranosenu
crenn(pUYHE Pa3INyus, KOCTO Ce OKa3Ba OT 0COOEH MHTEpeC 32 aHTUTCHHUTE
VM CBOMCTBA.

ETo 3amo, HatmBHUA XemommanuH RVH, rmukoswimmpana (RvVH-C) u
Hernukosunupana (RvVH-b) ®E-mum  6Gsxa in  Vvitro TectBaHM  cpery
pemukanusaTa Ha [Tomnosupyc, tam 1 (LSc-2ab), Kokcakusupye B1 (CV-B1)
u Pecnmparopen cunmurnaned Bupyc (RSV) 3a  ompenmensHe Ha
AHTUBUPYCHATA aKTHBHOCT.

OT mpoBeeHUTE EKCIePUMEHTH 3a MBbPBU IBT O¢ ycTaHoBeHO, ue DE
Ha XEMOIWAaHWH OT MOJIOCKH TIPUTEXaBa AaHTHUBHPYCHA AaKTHBHOCT.
EnunacrBeno rmukoswinpanata PE RvVH-C 6e mokaszama aHTHUBUpYyCHa
AaKTHBHOCT Cpely perukanusaTa Ha RSV, 3a pasnuka oT HaTHBHATa MOJIEKyTIa
RVH u Hernukosumupanara GpyHKnnoHanHa equanna RVH-b.

HabnronaBanusar antuBupyceH edekt Ha raukosunupanara OE RvH-c
cpenry RSV, HacouBa KbM MPEINOTIOKECHHE 32 YYaCTHE HA BBIVIEXUIPATHUTE
BEPUTH B aHTHBHUPYCHUTE CBOWCTBA HA XEMOIIMAHHHUTE.

3a MOTBBP)KAAaBaHE HAa AHTUBHUPYCHUTE CBOMCTBA HA XEMOIIMAHUHUA OT
MOJIFOCKM W 3HAYCHHETO Ha TIAXHOTO BBIVIEXUAPATHO CHIbPIKAHHE U
MOHO3aXapHIeH CBhCTaB, Osixa MOAOPaHW XEMOIMAHHHU ChC CICIHOUIHU
pasnuuMs B OJIUTO3aXapuIHUTEe UM CTPYKTYpH, Kato ot R. venosa, H. lucorum
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u KLH, xakTo ¥ TexHWTe INMKO3WIMpaHH M Heriaukoswmpanun PE-un. U
TPUTE BUJA XEMOIMAHWH Ca XETEPOTreHHO TIJIMKO3WIMPaHH, NPHUTEKaBaT
BHCOKOMAHO3€H THII CTPYKTYpH, KaKTO M TJIMKaHH, CBBP3BAIIN KCHJIO3E€H
ocrarek. IIpu HIH, npeobnagaBamu ca metwiupanu riukand, a mpa KLH e
YCTaHOBEHO M CIENM(UYHO pa3KIOHEHHE ¢ KpaiiHa ramakrtosa (Gal), koero e
cBbp3ano kM [3-1,3-GalNAC.

Ot mpoBeneHHTe H3CIeIBaHUA O YCTAaHOBEHO, 4Ye Hai-e(heKTUBEH
uHXuOuTop Ha Xepmec cuUMIUiekc Bupyc, Tan 1, mam ,Vic” (HSV-1) 6Ge
rmko3winupanata ®E RvH2-e. Tlpubasena B konmentpanus ot 200 ug/ml,
RvH2-e maxubupa pactexxa ma HSV-1 Bupyca ¢ 62%. Ilpunoxen B cpmjara
koHueHTpauus KLH, notucka BupycHata pemukanus ¢ 52%. YctaHoBeHoO 0Oe,
4ye HatuBHata Mmonekyiaa Ha RvH, HIH, ctpykryphara cybemunuma RvHI,
KakTo ¥ Ha Hermukoswimpanata ¢opma Ha ®E or HIH (HIH FU-3) me
MOKa3BaT HUKaKbB HHXUOUTOpEH edekT Bopxy HSV, tun 1 (Dur. 26).

100 4

—®— RvwHZ-e
—®—FRuH
—A—HIH

KHL
HIH FL-3
—P—HIH1

®ur. 26. Uscreosane in Vvitro
epexma Ha uHXUOUpAHE HA

o penauxayuama Ha eupyca HSV,

mun 1  wam ,Vic” om
XeMOYUAHUHUME HA MONIOCKU 8
. _ ws | Hamueno cvcmosnue - Rapana

venosa (RvH), Helix lucorum
09, (HIH)  »  KLH, mexnume
CMpPYKMypHU  cybeounuyu, u
204 @yuxyuonannume eOuHuyu
RVH2-e u necnuxosunupanama
HIH FU-3.

60 4 100

HuxubDupaHe Ha BUPYCHMA TUTBHP [%]

T T T
30 100 150 200
KoHueHTpauua (na/ml)

HabnronaBanusar antuBupyceH edekt Ha rmko3unupanata ®E RvH2-e
cpemy pemmkanmusara Ha HSV, tun 1 Oe ome egHo MOTBBpXKICHHE Ha
NPEANONIOKCHUETO 32 BpPB3KA MEXKIY BBIVICXUAPATHUTE CTPYKTYpH U
AHTUBHPYCHHUTE CBOWCTBA HA XEMOIIMAHUHHTE.

OO6scHeHne Ha aHTHBUPYCHUS edekT Ha rauko3mwinpanata ®E RvH2-e
0e HampaBeHO BH3 OCHOBA Ha MPEIIOJIOKEHHE 332 B3aUMOJCHCTBHS MEXKTY
BberiiexuapaTante Bepurn Ha ®E RVH2-e ¢ AK octaThiii Ha MIHKONIPOTEHHH
OT BHUpyca, KakTO M Ha B3amMmoneictBue Mexay c AK ocraremu ot
noBspxHOCTTa Ha OF W BBIIEXHIPATHUTE BEPUT'H HA TIUKOMPOTEHHH OT
BUpyca, OTIOBOPHM 3a HEroBaTa peruukanus. JleBeT OT eanHamecerTe
rnmukonporenHa B HSV-tun 1 ca moOpe u3ydeHH. YCTaHOBEHO €, 4e
rmukonporend G-2 (gG-2) e oTroBopeH 3a BHpycHAaTa peIUIMKAIMS U
npurexasa yetupy N-CBbp3aHU IIEHThpa Ha TJIMKO3UIIMPaHE.
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®ur. 27. 3-D - mooder Ha
@ynxyuonanna eounuya RvH2-e.

A) Llecmme mpunmoguiosu
ocmamvka ca npedCmageHu 6
HCHIMO.

FB)Amunorucenunnume ocma-

A) muvyu, GKIIOYEHU 6 Jynogeme ca
NOKA3aHU 8 CUHBO U 3€IeHO.
Trp351 °
Vaigs
B)

GIn301  Asn300

Ot nbppBHYHATA CTPYKTypa Ha (QyHKUMOHAIHATa equHuna RvH2-e ot
xemonmaHuH RVH e u3BecTHo, ye T mpurexaBa 6 TpUnTO(UIOBU OCTaThKa
(®ur. 28A), okoso 18 THPO3UHOBH U HAKOJIKO XUCTHAUHOBH OCTATHKA, KOUTO
BEPOSATHO ca BKIIOYCHHU B 00pa3yBaHETO Ha KomIuiekca Mexay HSV-tum 1 u
RvH2-e (®ur. 275).

BB3 ocHOBa Ha JaHHTE OT TE3W HM3CJICIBAHMS, HHXHOUPAIIUAT ePeKT Ha
RvH2-e mo ananorms Moxe na Owae o0sichen ¢ Ban-nep-BaancoBu
B3aMMOJICHCTBHUS MEXy BbIiiexuapaTHute octarbiin Ha ®FE RvH2-e u HSV -
MO 1, KaKTo W C HIKOM TPyNmd OT aMHHO-KHCEIWHHH OCTAThIH OT
nojunentuaauTe Bepuru Ha RvH2-e u HSV-tun 1 (®ur. 28).
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\ Gin301 ®ur. 28. Cxema Ha 8000pooHUme 8PB3KU U
0T O Ban-dep-Baancosu 63aumoodeiicmeuss mexcoy
RvH2-e u HSV-mun 1, npeononooicenu no

, . = aumanous,  HA - 8beNEXUOPAM-CELPIBAUUS
T A +Asn300 .

lle 299 < HaN— Odomen om aexkmun 7 om  Narcissus
& o psuedonarcissus  (NPL7), ¢ Man a(1-3)
{ Ho_-__OH Man66 (PDB ID 1npl). Manosnusm ocmamwvk
Tyr163-on 6 2nasnus ,,cevp3eauy 0x4cob”’ e noxasam c
C Hc-).. 0 oH yoebereHu AUHUU U CbC  CHLOMEEMHUME

e NH+ i 8000POOHU 8PBIKU.

e (=]

GIn302 " Glu1es

IIpencraBenure pe3ynTatd, NONYYEeHH OT  HU3CICABAHUATA HA
BBITICXHJpaTHATA CTPYKTypa Ha XemornwanmH RvH paskpuBar, 4e TOil €
XETepOreHO TIMKO3WIUpPaH, KaTo MmpeodiajgaBar TIIMKaHH OT BHCOKOMAaHO3eH
tun. Ho BeposTHO, B CTPYKTYypHHUTE CYOSIMHUIIM, KAKTO U B IsU1aTa MOJICKYIIa,
MOBEYETO BBIVIEXUAPATHU Bepurd ca “morpebanm”. Ilo Ta3m mpuyuHa Te He
MoraT Ja ydJacTBaT BbB Ban-mep-BaancoBun  B3amMopeicTBus ¢
AMHHOKHCEIMHHUTE OCTATBhIM OT MOJMIICHTUIHA BEPUTH OT BUpYyca, MOpamu
KOCTO HE Cce¢ HaOJroJaBa AaHTHBHPYCCH €(QEKT. 3a pa3muka OT TAX
BBIIIeXuapaTHuTe Bepurd Ha OFE RvVH2-e 6rxa Mo a B3anMoJIeHCTBAT ChC
cienmduunn  obnactu ot rmukonporenH G-2 (gG-2) or HSV-Bupyca,
nocpencTBoM Ban-nep-BaancoBu B3auMOJCHUCTBHS M BOIOPOIHH BPB3KU ChC
crierM(pUIHN aMHHOKHCEIMHHN ocTaThln. Hskomko mopeauny ot Takuea AK
OCTaThIIM MOTAaT Ja OBJaT WACHTUQUIMPAHH TI0 TOBBPXHOCTTA Ha
¢yHkmonanHata enuHuna RVH2-e, xoutro morar na ObIaT BKIIOYEHHU BBHB
B3auMoericTereTo Mexay RvH2-e u HSV, tun 1 — Bupyca.

[IpencraBennTe OT HAC pe3ylTaTH YOCIUTEIHO JIOKa3BaT, 4e
XeMOIIMAaHUHBT OT R. VEN0Sa  mpeicCTaBiiiBa HMHTEPECEH TIIMKOMPOTEHH,
mopagd YeTBbPTHYHATA CH CTPYKTypa HM HAJUYUETO HA  CJIOXKHHU
BBIJICXHUPATHH BEPUTH C pa3KJIOHEHATa aHTCHHA CTPYKTYpa, ChIbpIKaIld
pa3Ho00Opa3Hu MOHO3aXapUIHU OCTATHIIH.

OxapakTepusupaHara BbIJICXHPAaTHA CTPYKTypa Ha XEMOIUHHUH OT R.
venosa mMma (yHIAMEHTAJIHO 3HAYCHHE, ThH KaTO paslIMpsBa ITO3HAHMSITA
OTHOCHO MHOT000pa3uero Ha N-TIIMKAaHOBH CTPYKTYPH HAa XCMOIIMAHWHH OT
MOJIFOCKH. M3y4aBaHeTo Ha BIMSHUECTO HA BBIVICXUAPATHUTE CTPYKTYPH BBPXY
CTaOMJIHOCTTA U OMOJIOTMYHATA aKTHBHOCT Ha XEMOI[MAHUHUTE € OT HHTEepeC 3a
MPHUJIAraHeTO UM B OBJCINM M3CIICJBAHMS 32 PEKOMOWHAHTHA MPOAYKIHSA Ha
TJINKAHU 3@ THATHOCTUKA MJIH TeParus.
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U3BOIU

1.

PazpaboTeHa ¢ HOBa MeTOAMKa 3a M3CIICJBAaHE HA BBIVICXHJpaTHATA
CTPYKTypa Ha XEMOIIMaHWHH, KOSTO BKJIFOYBA J[BA OCHOBHH Toaxoxaa: 1)
M30JIMpaHe U aHAJM3UpaHe Ha TIIMKaHU U 2) U30JIMPaHe U aHAJTM3UpaHe Ha
rukonenTuau. Tasu MeToauka JaBa BB3MOXKHOCT Jla Oblie ompezesieHa
KaKTO OJIMro3axapujHara CTPYKTypa, Taka U TITUKO3UIINPAHUTE LIEHTPOBE.

Upes pasiuyHd MacCIEKTPOMETPHYHHN METOAHM U TEXHUKH Ca OMPEICICHU
BBIJIEXUIPATHUTE CTPYKTYPH OT BHCOKOMAHO3€H M KOMIUICKCEH BH[ Ha
25 rnukanu, w3onupand oT RVH1 u 28 rmukanm ot RVH2, kato u ca
YCTaHOBEHHU I[CHTPOBETE HA TIIMKO3WINPAHE.

3a IBpBU IBT € OTKPUT HOB BakeH Kiac N-IIIMKaHU 3a XeMOLMaHUHUTE,
BKJIFOUBALI XeKcypoHoBa kucennHa U GICNAC ocTaTbk, CBBp3aHH KbM
BBTpElIeH (PYyKO3€H OCTAThK.

OT T1TpoBeNeHWTE W3CICNBAaHUA C TPAHCMHCHOHHA  EIEKTPOHHA
MHUKPOCKOIHS € YCTAHOBEHO pa3iuine B CTAOWIHOCTTA M peacoIHaIusaTa
Ha HATHBHATa MOJIEKYJa M Ha CTpyKTypHHu cybemnuuun (RVH1 u RVH2),
KOMTO 3aBHcHAT OT PH Ha cpenara u KoHueHTpauwsta Ha Ca>' u Mg”'
HOHMU.

YCcTaHOBEHO € BIMSIHHUETO Ha BBITICXHJIpATHATA CTPYKTYpa BBPXY
peaconnanusaTa Ha CTPYKTYpHUTE CyOeIWHMIM, KOETO BOAW [0
oOpa3yBaHe Ha JIBJITH W cTabmiaHu TyOoynmu npu RVH1, noxaro npu RvH2
ce o0Opa3yBaT mumeKaMepH W KBbCH MyJdTHAEKaMepu. ToBa MOBEACHUE
MOXe Ja ObJe OOSCHEHO ChC CIEIU(PUYHOTO pPa3MOJIOKCHHE Ha
BBIJICXUPATHUTE BEPUTHM Ha MOBBPXHOCTTA Ha auaekamepa Ha RVH2,
KOETO 3aTpyaHsBa (POPMHUPAHETO HA ABJITH MyNTHAECKAMEPH U TyOyIIH.

BrusiHueTo Ha BBIIEXHApAaTHATa CTPYKTypa BBPXY CTaOMIUTETHUTE
XapakTCpUCTHUKM Ha HaTMBHaTa Mojekyna RVH, crpykrypaute
CyOeanHHIM M eHa (QyHKIMOHAIHA eIMHUIA € YCTAHOBEHO MHANPEKTHO
4ype3 KPbroB JUXPOU3bM U IIPUIATAHETO Ha TEPMOAUHAMUYHUS MOAXO0J 32
OLICHKA Ha CTaOMIIHOCTTA.

IokazaHo e, 4e mpolecuTe Ha TemnepaTypHo- u pH-3aBucHMO pasreBaHe
Ha HaTHBHATa MoyieKyida RVH u ctpykTypHuTe cybenuHunym ca odpaTumMu

B MHoro teced pH-T untepBan, 3a pasnuka or ®E RvH2-e, xpaero e
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10.

YCTaHOBEH MO-IIMPOK MHTEPBaAJI Ha 00paTUMOCT. B ycinoBus Ha oka3zaHa
00paTIMOCT ca OIpEeAEICHH OCHOBHHUTE TEPMOAMHAMHUYHH BEIMYUHH,
xXapaKTepH3Upalln CTpyKTypHaTa cradmiHocT Ha OFE RvH2-e.

Mexy KOHTaKTYBaIUTE TJMKAHOBH BEPUTH BEPOSITHO Ca HAIMLE CUIIHU
U crenu@uyHN 3apsAA-AUNOIHU B3auMoeiicTBus. B cnabo kucena cpena
BEPUTUTE HAa XEMOLMAaHMHA C€ NPEBPBILAT B arioMepar, nopaau (akra,
4ye TOBEYETO OT OJIUT03aXapUAHUTE BEPUTH Ca MPOTOHUPAHU U IO TO3U
HAuUH HaMaJsIBaT B3aUMOJICHCTBUATA HA OTOTbCKBAHE.

[Tokazano e, 4e BBIVIEXHApATHATA CTPYKTypa OKa3Ba BIUSHHUE BBPXY
cTaOMIHOCTTa Ha HaTUBHata Mosiekyna RVH w  crpykrypHuTte
CyOCIMHHUITN, HO HE BIUSHHUE BHPXY CTAOMIUTETHUTE XapaKTEPUCTHKU Ha
eaHa oTnenHa ¢pyHkuuoHanHa enuHuna (RvH2-e), Thii kaTo ce Hamupa Ha
nosbpxHocTra Ha OE.

3a OBpBU NIBT € MOKa3aH MHXHOupall egekT Ha riaukosmiupaHata OFE
RVH2-e cpenty perummkanunsita Ha HSV- tun 1, gokaro TakbsB edekT He ce
HaOJIfo1aBa IpM HATHBHATA MOJEKYyJa M ABETE CTPYKTYpPHU CYyOSIMHHIN.
ToBa mMoxe na Obne 00scHeHO ¢ BaH-nep-BaancoBu B3aumoneicTBuS |
oOpa3yBaHe Ha BOZOPOIHH BPB3KH MEXIY BBIIEXUAPATHATE OCTATHIM Ha
RvH2-e u HSV-tun 1.
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NNPUHOCH

1. Paspaborena e BHCOKO e(eKTMBHA METOMUKA 33 ONpEACIsIHE U
UIeHTUQUIMPAHE HA  CJIOXKHH  BBIVIEXUJIPATHH  CTPYKTypH  Ha
XeMOLIMAHMHU OT MOJIOCKM C HEHM3BEeCTHA WM YaCTUYHO M3BECTHA
ObPBUYHA CTPYKTYpa.

2. OnmnpeneneHa e BbITICXUApPaTHA CTPYKTypa Ha XeMoIlMaHWH OT R. venosa,
mpeficTaBeHa OT 53 TJIMKAaHOBH CTPYKTYypH. ToBa € JOCTH)KEHHE C
(hyHIaMEHTATHO 3HAYEHWE, ThH KAaTO pa3IIUpsBA MO3HAHUATA OTHOCHO
MHOrooOpasuero Ha N-TIMKaHOBU CTPYKTYpH Ha XEMOIMAHUHH OT
MOJIFOCKH, Taka U C MPAKTUYECKO MPUIIOKEHHE, CBBP3aHO C ObJaeu
U3CIIC/[BAHUS Ha TIIMKAHUTE 32 JUATHOCTUKA W/HIIH TePAIHs.

3. Oborarena e 0a3a JaHHU 3a BBIJICXHIPATHU CTPYKTYpPH, KaTo €
uneHTHUIMpaH HOB BakeH Kiac N-TIMKaHH 3a XEMOIMAaHHHUTE,
BKJIFOYBAIIl BhTpeIeH (GyKo3eH ocTaThK, cBbp3aH ¢ GICNAC u 3amecten
Ha JBE MO3MIUH C eauH N-aleTHIXEKCO3aMUHOB OCTaThK W EJHA
XEeKCYpOHOBa KucenuHa. ToBa € HOB BUJ CTPYKTYpa BBB BBITICXUIPATHUTE
BEPUTH HA XEMOIMAHUHH OT MOJIFOCKH.

4, 3a mppBH THT € ycTaHOBeHO, 4e mmkommsupanata ®E RvH-c Ha
XEMOIIMAaHWH OT MONIOCKH RVH mpurexaBa aHTHBHpYCHAa aKTHBHOCT
cpelry perukanuara Ha RSV.

5. HabGniomaBaHuaT aHTUBHpYCCH e(pekT Ha riukosmnupaHatra @E RvH2-e
cpemry perumkanuara Ha HSV- tunm 1 e omie eHO MOTBBpXKIEHHE 32
BPB3Ka MEXKIY BBITICXHIPATHUTE CTPYKTYPU U AHTUBHUPYCHUTE CBOWMCTBA
Ha XEMOIIMaHWHUTE. 3a MPBB BT € MPEUIOKEH MEXaHU3bM 32 O0SICHEHUE
Ha aHTUBUPYCHHS e(DEeKT Ha XEMOIIMaHWH OT MOJTFOCKH.

6. Ilomydyenara wH(popManus 3a  BBIVIEXHApAaTHATA CTPYKTypa H
CcTaOMJIHOCTTa HA HATHBHATa MOJIEKYJA, CTPYKTYPHHTE CYOCTUHHUIIM |
eaHa q)yHKLU/IOHaJIHa eIMHUIIA Ha XeMolaHuH OoT R. venosa e ocHoBa 3a
o0sicHEeHMe W Ha JpYyrd CBOWCTBA Ha TO3M TJUKONPOTEHH, KaTo
AHTUBHUPYCEH, aHTUTYMOpPEH e(DeKT U KaTO UMYHOCTHUMYJIATOpP.

49



DYBJIUKAIIUUA ITO JUCEPTAIIUATA

1. P. Dolashka-Angelova, A. Beck, A. Dolashki, S. Stevanovic, M.
Beltramini, B. Salvato, R. Hristova, L. Velkova, W. Voelter. (2004)
Carbohydrate moieties of molluscan Rapana venosa hemocyanin. Micron
35, 101-104 (IF 1.464)

2. A. Dolashki, L. Velkova, B. Atanasov, R. Hristova, W. Voelter, S.
Stevanovic, H.Schwarz, P. Di Muro, P. Dolashka-Angelova. (2008)
Reversibility and “pH-T phase diagrams” of Rapana venosa hemocyanin
and its structural subunits. Biochimica et Biophysica Acta 1784 (11), 1617-
1624. (IF 2.223)

3. P. Dolashka-Angelova, B. Lieb, L.Velkova, N. Heilen, K. Sandra, L.
Nikolaeva-Glomb, A. Dolashki, A. Galabov, J. Van Beeumen, S.
Stevanovic, W. Voelter and B. Devreese. (2009) Identification of
glycosylated sites in Rapana venose hemocyanin by mass spectrometry and
gene sequence, and their antiviral effect. Bioconjogate Chemistry 20 (7),
1315-1322. (IF 4.384)

4. P. Dolashka, L. Velkova, S. Shishkov, K. Kostova, A. Dolashki, I.
Dimitrov, B. Atanasov, B. Devreese, W. Voelter, J. Van
Beeumen. (2010) Glycan structures and antiviral effect of the structural
subunit RvH2 of Rapana hemocyanin. Carbohydrate Research 345 (16),
2361-2367. (IF 2.025)

5. L. Velkova, P. Dolashka, A. Dolashki, W. Voelter, B. Atanasov. (2010)
Structural analysis and molecular modeling of the RvH2-e functional unit
of Rapana venosa hemocyanin. Biochimica et Biophysica Acta 1804,
2177-2182. (IF 2.480)

YYACTHE B HAYYHU KOH®EPEHIIUN

1. L. Velkova, D. Todorov, I. Dimitrov, S. Shishkov, B. Atanasov, P.
Dolashka-Angelova (2009) Bulgarian-Japanese Symposium “Genomics
and Proteomics in Personalized Medicine”, 19-20 March 2009, Sofia,
Bulgaria. P 2.11. Rapana venosa hemocyanin with antiviral activity.

2. L. Yossifova, L. Velkova, I. lliev, I. Dimitrov, V. Moshtanska, S.
Zacharieva, P. Dolashka-Angelova (2009) Bulgarian-Japanese Symposium
“Genomics and Proteomics in Personalized Medicine”, 19-20 March

50



2009, Sofia, Bulgaria. P 2.9. Helix vulgaris hemocyanin: structure and
anticancer activity.

B. Bakalov, S. Shishkov, D. Todorov, K. Kostova, L. Velkova, P.
Dolashka-Angelova (2009) 6™ Balkan Congress of Microbiology -
Microbiologia Balkanica 2009 & 4™ Congress of Macedonian
Microbiologists. Inhibition of Herpes simplex virus replication by
hemocyanins in vitro.

L. Velkova, I. lliev, I. Dimitrov, L. Yossifova, V. Moshtanska, S.
Zacharieva, P. Dolashka-Angelova (2009) XI Anniversary Scientific
Conference “Biology —traditions and challenges”, 27-29 May 2009, Sofia,
Bulgaria. MB 17. Isolation of molluscan hemocyanin Helix vulgaris with
antitumor effect on Guerin ascites tumor-bearing animals.

L. Velkova, D. Todorov, I. Dimitrov, S. Shishkov, B. Atanasov, P.
Dolashka-Angelova. (2009) XI Anniversary Scientific Conference
“Biology —traditions and challenges”, 27 — 29 May 2009, Sofia, Bulgaria.
MB 13. Rapana venosa hemocyanin with antiviral activity.

L. Velkova, P. Dolashka-Angelova, W. Voelter, B. Atanasov. XI
Anniversary Scientific Conference “Biology —traditions and challenges”,
27 — 29 May 2009, Sofia, Bulgaria. MB 15. Thermodynamic and
electrostatic analysis of functional unit RvH2-e of Rapana Hemocyanin.

O. S. Boyanova, P. Dolashka-Angelova, L. Yosifova, S. Zaharieva, L.
Velkova, I. Dimitrov, D. Toncheva (2010) European Human Genetics
Conference, 12-15 June 2010, Gothenburg, Sweden. P06.015. Testing the
antitumor effect of hemocyanins on genomics and proteomics level.

L. Velkova, A. Dolashki, S. Shishkov, P. Dolashka-Angelova, (2010) VIII
Hayuna xondepennus no xumus, 18-19 ronu 2010 r. rp. Konpusmuia,
boarapus. P-77. Complete oligosaccharide structure of Rapana venosa
hemocyanin.

L.Velkova, L. Nikolaeva-Glomb, L. Mukova, A. Dolashki, P. Dolashka,
A. Galabov, (2011) 2*" International Conference on Antiviral Research
(ICAR), May 8-111”‘, 2011, Sofia, Bulgaria. Antivir. Res., 90, (2), A 47,
abstr. 94. Antiviral effect of molluscan haemocyanines.

51



IIUTATH

3abessi3aHUTE HUTATH HA MYyOJMKALUKUTE, BKIIOYCHH B JUCEPTALMOHHUS TPY[ ca:
00mo15 uurara.

Dolashka-Angelova P., Beck A., Dolashki A., Beltramini M., Stevanovic S.,
Salvato B., Hristova R., Velkova L., Voelter W. Carbohydrate moieties of
molluscan Rapana venosa hemocyanin. Micron 35 (2004), 101-104.

1.  Kurtz D.MJr. Iron Proteins with Dinuclear Active Sites Encyclopedia of
inorganic chemistry. Copyright © 2006 John Wiley & Sons, Ltd. (2006) -
Wiley Online Library.

2. Harvey D.J. Analysis of carbohydrates and glycoconjugates by matrix-
assisted laser desorption/ionization mass spectrometry: An update for 2003—
2004. Mass spectrometry reviews 28 (2009), 273-361.

3. Gutternigg M., Biirgmayr S., Poltl G., Rudolf J., Staudacher E. Neutral N-
glycan patterns of the gastropods Limax maximus, Cepaea hortensis,
Planorbarius corneus, Arianta arbustorum and Achatina fulica. Glycoconj J.
24 (2007), 475-489.

4. Zunino, S.A. Participatio de receptores tipo-lectina en la immunogenicidad
y en el efecto antitumoral de hemocianinas de mollusco en mamieros.
Niversidad de Chile, Facultad de Ciencias Quimicas y Farmacéuticas
(2012).

Dolashki A., Velkova L., Atanasov B., Hristova R., Voelter W., Stevanovic S.,
Schwarz H., Di Muro P., Dolashka-Angelova P. Reversibility and “pH-T
phase diagrams” of Rapana venosa hemocyanin and its structural subunits.
Biochimica et Biophysica Acta 1784 (2008), 1617-1624

1. Varshney A., Ahmad B., Rabbani G., Kumar V., Yadav S., Khan R.H. Acid-
induced unfolding of didecameric keyhole limpet hemocyanin: detection and
characterizations of decameric and tetrameric intermediate states. Amino
acids 39(3) (2010), 899-910.

2. Tang B., Wang Y., Zhang D., Zhang H. Fluorescence properties and
conformational stability of the hemocyanin from Chinese mitten
crab Eriocheir japonica sinensis (Decapoda, Grapsidae). J. Molecular
Structure 920 (2009), 454-458.

3. Spinozzi F., Mariani P., Miceti¢ 1., Ferrero C., Pontoni D., Beltramini M.
Quaternary Structure Heterogeneity of Oligomeric Proteins: A SAXS and
SANS Study of the Dissociation Products of Octopus vulgaris Hemocyanin.
PloS one, PEER-REVIEWED (2012) - dx.plos.org

Dolashka-Angelova P., Lieb B., Velkova L., Heilen N., Sandra K., Nikolaeva-
Glomb L., Dolashki A., Galabov A., Van Beeumen J., Stevanovic S.,
Voelter W., Devreese B. Identification of glycosylated sites in Rapana

52


http://onlinelibrary.wiley.com/doi/10.1002/0470862106.ia112/full
http://onlinelibrary.wiley.com/doi/10.1002/mas.v28:2/issuetoc
http://www.springerlink.com/index/r0516064212375m1.pdf
http://www.springerlink.com/index/r0516064212375m1.pdf
http://www.springerlink.com/index/r0516064212375m1.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Varshney%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmad%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Rabbani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Yadav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Khan%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.springerlink.com/index/X30683G63V837018.pdf
http://www.springerlink.com/index/X30683G63V837018.pdf
http://www.springerlink.com/index/X30683G63V837018.pdf
http://www.sciencedirect.com/science/journal/00222860/920/1
http://scholar.google.bg/citations?user=fXAAKI0AAAAJ&hl=bg&oi=sra
http://dx.plos.org/10.1371/journal.pone.0049644
http://dx.plos.org/10.1371/journal.pone.0049644

venose hemocyanin by mass spectrometry and gene sequence, and their
antiviral effect. Bioconjogate Chemistry 20 (7) (2009), 1315-1322.

1. Manubens A., Salazar F., Haussmann D., Figueroa J., Del Campo M.,
Martinez P.J., Huaquin L., Venegas A., Becker M. Concholepas hemocyanin
biosynthesis takes place in the hepatopancreas, with hemocytes being
involved in its metabolism. Cell and Tissue Research, Springer 342
(2010), 423-435.

2. Trabalon M., Carapito C., Voinot F., Martrette J.-M., Van Dorsselaer
A., Gilbert C., Bertile F. Differences in Brachypelma albopilosa
(Theraphosidae) hemolymph proteome between subadult and adult females.
J. Experimental Zoology Part A: Ecological Genetics and Physiology 313A
(2010), p. 651-659.

3. Guo D., Wang H., Zeng D., Li X., Fan X., Li Y. Vaccine potential of
hemocyanin from Oncomelania hupensis against Schistosoma Japonicum.
Parasitology International 60 (2011), 242-246.

4. Del Campo M., Arancibia A.S., Nova E., Salazar F., Gonzaleza A., Moltedo
B., De loannes P., Ferreira J., Manubens A., Becker M.l. Hemocianinas, una
herramienta inmunologica de la biomedicina actual. Revista Med Chile 139
(2011), 236-246.

5. Varshney A., Ahmad B., Rabbani G., Kumar V., Yadav S., Khan R.H. Acid-
induced unfolding of didecameric keyhole limpet hemocyanin: detection and
characterizations of decameric and tetrameric intermediate states. Amino
acids 39(3) (2010), 899-910.

Dolashka P., Velkova L., Shishkov S., Kostova K., Dolashki A., Dimitrov
I., Atanasov B., Devreese B., Voelter W., Van Beeumen J. Glycan structures
and antiviral effect of the structural subunit RvH2 of Rapana hemocyanin.
Carbohydrate Research 345(16) (2010), 2361-2367.

1. Guo D.,, Wang H., Zeng D., Li X,, Fan X., Li Y. Vaccine potential of
hemocyanin from Oncomelania hupensis against Schistosoma Japonicum.
Parasitology International 60 (2011), 242-246.

2. Arancibia S., Salazar F., Becker M.l. Hemocyanins in the Immunotherapy of
Superficial Bladder Cancer. From Basic Science to Robotic Surgery (2011).

Velkova L., Dolashka P., Dolashki A., Voelter W., Atanasov B. Structural analysis
and molecular modeling of the RvH2-e functional unit of Rapana venosa
hemocyanin. Biochimica et Biophysica Acta 1804 (2010), 2177-2182.

1. Varshney A., Ahmad B., Rabbani G., Kumar V., Yadav S., Khan R.H. Acid-
induced unfolding of didecameric keyhole limpet hemocyanin: detection and
characterizations of decameric and tetrameric intermediate states. Amino
acids 39(3) (2010), 899-910.

53


http://link.springer.com/search?facet-author=%22Augusto+Manubens%22
http://link.springer.com/search?facet-author=%22Fabi%C3%A1n+Salazar%22
http://link.springer.com/search?facet-author=%22Denise+Haussmann%22
http://link.springer.com/search?facet-author=%22Jaime+Figueroa%22
http://link.springer.com/search?facet-author=%22Miguel+Del+Campo%22
http://link.springer.com/search?facet-author=%22Jonathan+Mart%C3%ADnez+Pinto%22
http://link.springer.com/search?facet-author=%22Laura+Huaqu%C3%ADn%22
http://link.springer.com/search?facet-author=%22Alejandro+Venegas%22
http://link.springer.com/search?facet-author=%22Mar%C3%ADa+In%C3%A9s+Becker%22
http://www.springerlink.com/index/R20J8026687042N3.pdf
http://www.springerlink.com/index/R20J8026687042N3.pdf
http://www.springerlink.com/index/R20J8026687042N3.pdf
http://link.springer.com/journal/441
http://onlinelibrary.wiley.com/doi/10.1002/jez.636/full
http://onlinelibrary.wiley.com/doi/10.1002/jez.636/full
http://onlinelibrary.wiley.com/doi/10.1002/jez.v313a:10/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/jez.v313a:10/issuetoc
http://www.ncbi.nlm.nih.gov/pubmed?term=Rabbani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Yadav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.ncbi.nlm.nih.gov/pubmed?term=Khan%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=20213446
http://www.springerlink.com/index/X30683G63V837018.pdf
http://www.springerlink.com/index/X30683G63V837018.pdf
http://www.springerlink.com/index/X30683G63V837018.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Yadav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20213446

Lyudmila Georgieva Velkova

Structure and function of carbohydrate chains of hemocyanin,
isolated from marine snail Rapana venosa

ANNOTATION

Hemocyanins act as oxygen-transporting glycoproteins in many arthropod
and mollusc species. There are large differences in the molecular masses, structure,
and carbohydrate content and monosaccharide composition.

Molluscan hemocyanins (Hcs) have recently received particular interest due
to their significant immunostimulatory properties. This is mainly related to their
high carbohydrate content and highly specific monosaccharide composition.
Although it is generally accepted that the oligosaccharide constituents of Hcs are of
prime significance for its antigenicity and biomedical properties, knowledge on the
carbohydrate structures of these glycoprotein are still incomplete. Now we
analysed the oligosaccharides and the carbohydrate linkage sites of the Rapana
venosa hemocyanin (RvH).

The oligosaccharide structures of the structural subunits RvH1 and RvH2 of
Rapana venosa hemocyanin (RvH) were studied by sequence analysis of glycans
using MALDI-TOF-MS and tandem mass spectrometry on a Q-Trap mass
spectrometer after enzymatical liberation of the N-glycans from the polypeptides.
Our study revealed a highly heterogeneous mixture of glycans of the compositions
Hexq.o HeEXNAC,., Hexg.3 Penty s Fucy.s. A novel type of N-glycan, with an internal
fucose residue connecting one GalNAc(81-2) and one hexuronic acid, were
detected. A glycan with the same structure but with two deoxyhexose residues was
observed as a double charged ion. Several site-occupancies were subsequently
elucidated by precursor ion scanning of the intact glycopeptides using the Q-trap-
LC/MS and Nanoflow-ESI mass spectrometry.

Following reports on antiviral properties from arthropod hemocyanin, we
conducted a study of antiviral effects of the native molecules of RvH, KLH and
Helix lucorum hemocyanin (HIH), of their structural subunits, and of the
glycosylated functional unit RvH2-e and the non-glycosylated unit RvH2-c on
HSV virus type 1 were investigated. Only glycosylated Fu RvH2-e exhibits this
antiviral activity. The carbohydrate chains of the Fu are likely to interact with
specific regions of glycoproteins of HSV, through van der Waals interactions in
general or with certain amino acid residues in particular. Several clusters of these
residues can be identified on the surface of RvH2-e. Thus, for the first time, we
demonstrate here the inhibitory effect of one glycosylated functional unit of
molluscan hemocyanin RvH against viruses.
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