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2. Uenw 1 3agayum Ha HacToALWMA AUCepTaLUOHeH Tpy4
Llenta Ha HacToAWMSA JucepTauuMoHeH Tpya e paa Ovaar wusonupaxu T
oxapaKTepuauMpaHu CTPYKTYpWuTe, cBoWcTBara M crabunHocTTa Ha Mep-Chabpxaluu

NPOTEUHW: XEMOLMaHWHU OT MONIOCKM W apTPOMOAHW OpraHua3mMu K Cynepokcug

AMCMYyTasa oT reOuyeH wam. Bue Bpb3ka € M3nbnHeHneTo Ha Tasn uen 6axa nocraseHn

CrnejHWTe 3afa4u:

1 W3onupaHe Ha cybeauHuuu, varpaxaalM MonexkynaTta Ha XemMOUMaHuHW oT
MoniockuTe Rapana venosa w Helix vulgaris v XxeMoUWaHuHu OT apTponoagHwuTe
Limulus polyphemus w Carcinus aestuarii.

2. W3cneasaHe AWHAMMKaTa Ha ONMroMepU3aUMa Ha CTPYKTYpHWTe cyBeauHuum Ha
XEMOLWMaHUHW OT Moniockute Rapana venosa w Helix vulgaris w TaxHata
CTabuNHOCT Npu pasnuy4HyM pH CTOMHOCTW M KOHLEHTPaLMW Ha METANHN AOHW.

3. Maonupane n maeHTuduuMpaHe Ha dyHKUMOHANHWTE eAuHUUM, smae.ﬁm:.._s
CTPYKTypHUTe cyBeanHuuM Ha Rapana venosa XxeMouMaHuH Ype3 onpejensHe Ha

Z:xbm_.\.:.._m,_.m UM aMUHOKMUCeNMHHa NnocnesoBaTenHocT.

4, OxapaKTepuavpaHe Ha BbIMEeXWapaTHaTa CTPyKTypa Ha XeMOUMaHwH oT

Monockus Rapana venosa. 1

5. WacnesBaHe Ha CTpyKTypaTta U cTabunHocTTa Ha XeMOLMaHWH OT apTPOMNoAHMA
Limulus polyphemus 4pe3 hnyopecuUeHTHa CNeKTPOCKONUA W KPLroB AUXPON3bM
npy pasnuyHy Temnepatypu, pH CTOWHOCTM W pa3nNUYyHM KOHLUEHTpauuu Ha
ryaHWauH XWapoXIopua U ypea.

6. OnpegensHe Ha nbnHara aMWHOKUCENWHHATa nocnefoBaTenHocT,
BbrexugparHa cTpykTypa v nyopeclUeHTHW CBOWCTBA Ha efHa CTPYKTypHa
cybeavHunug CaSS2, narpaxpaalla xekcamepa Ha XeMOoUMaHWH OT apTponoaHva
Carcinus aestuarii.

7, Maonvpare Ha rnukosvnvpanvs eHsum Cu/Zn cynepokcua aucmyTaza (COM) ot
reBuunms wam Humicola lutea 103 (HL).

8. OnpegensHe Ha aMWHOKWCENWHHATa NOCNEeoBaTENHOCT U BbrnexugpaTtHaTta
cTpykTypa Ha HL-CO[1.

9. WMacneasanua 3a eBeHTyanHoTo npunoxenune Ha HL-CO[ 8 meguumHarTa.
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3. Peaynrary y AUCKycus

31, Waonupane na XeMouuaHuH or mon
CTPYKTYpHU cybenmHuuyp
Hatuenusr XeMoumanuH (Hc)

HcK
A Rapana venosa y M3rpaxpawmmre ro

Bewe n

i A i i PeYucTen or Xemonumoara na Mopckus
Yrvpane. Cne

X A Auc

thopma na Tosy NpoTeuH cnep 24 “acosa guany g oo

PH 9.6, gse
CTPYKTYPHK cybeammyn Baxa Pasgenenun ya HiLoad 26/

(Pur. 1)
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) Gaxa HAGHT DML Mpay EhoTBeTHO, KaTo CTPYKTYPHY

. Cnep ACMLAHUTENHOTE Yy

Onyupana ¢ nuneey rPaguenT Ha
TFA u 80% ncoqoxs._.u_\s\me”& B

. cMec om
dseme CMpyKkmypHy cybedunuyy |

3.1.1 WM3cneaBaHe Ha HaTMBHaTa, AucouMMpaHa W peacouuupaHa cdopmu Ha

XeMOLMaHWH Rapana venosa v narpaxpawute ro ase cybeaunmum RvH1 n
i

RvH2 ¢ enekrpoHeH MUKpoOCKon
[vHamukaTa Ha OnNuUromMepHuTe CuCTOAHMA Ha RvH w uwamawpawure =

cy6eanHvuy RvH1 v RvH2 Gele nacnessaHa ¢ nomMouia Ha enekTpoHeH MUKpockon u

CpaBHeHa C Apyrn XeMOoUMaHuHU OT MOMKOCKW.

@ur. 2. CHUMKU Om eneKkmpoOHEH MUKPOCKON Ha Rapana venosa xeMouuaHuH. a)
HamueeH Hc (RvH) e 50 MM Tpuc/HCI 6ygbep, pH 7.0, cvovpxawy 20 MM CaCl, u 5 MM
MgCly; 6) ducoyuupaH npomeud e 0.13 M Mmuuuv/NaOH 6&ychep npu pH 9.6, 8)
peacoyuupaH RvH cned duanusa 3a 2 dHu cpewy cmabunusupaw 6ygep, pH 7.0,
cuobpxaw, 20 mM CaClo u MgCl,;, 2) peacouuupaHe Ha RvH cned duanusa 3a 2 OHu
cpewy cmabunusupaw, 6ygpep, pH 7.0, cvdvpxaw, 50 mM CaCl, u MgCly; e)
peacoyuupaHe Ha RvH cned duanusa 3a 2 OHu cpewly cmabunusupaw 6ygep, pH 7.0,

cwobpxaw 100 mM CaCl; u MgCl,.
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.2a), Bewe Aucoumupan
nocnegcreue AWanusvpad cpewly 50 mM
pasnuyHu KOHUEHTpauumu Ha CaCl, u Mg
KOHUEHTpauuTe Ha pgsara AVBaneHTHu i

AO CTPYKTYPHY CyBea (®ur. 26) u ¢

Tpuc/HCI Bycbep, pH 7.0, ChabpXKaLL

Cl, (®ur. 28,r). Mpu YBE€Nnu4yaBaHe Ha
OHM Ca®* u Mg?*
no :
BUllasave Ha peacouwauusra u hopmupare He ca .

CTpenku
p ), HO 1 MynTuaekamepu (ronemute CTpenku) (dur.

Bewe Habniogasano

MO Ha Anaexkamepu (Mankute
L 2r)

Mpoueckt Ha
Aucoumayms u peacoumayms Ha cybeanHuTe RvH1 1 RvH2 6e
we

a no-6bpao peacoyuu

paxe
o CeAbPXKaW 100 MM CacCl .
YPep, ceavpxawy 10 MM CaCl, u MgCl,,
TPBOUYKU 1 MynTuaekamepu Gewe Habniog
Omo_w ] gmo_m.

2 u MgCl; B CpaBHeHue c
dopmupaHe Ha CMEC OT Kkbcu cehepuynm

BUCOKU KOHUEHTpaLmu Ha CaCl; u MgCl, (our. 3).

b

OT nposeaeHuTe ekcnepumeHTy Gelle ycTaHoBEeHO, Y& NOBEAEHUETO Ha RvH1
cnea peacouMaLms B NPUCLCTBUETO Ha KanuMeBy U MarHesuesu AOHN Npunuya noseqe
Ha nosepeHveTo Ha cybeaunmumte KLH2 w HtH2, oTkonkoto Ha noseaeHWeTo :w
cybeaunnumnte KLH1 u HtH1.

CrabpnHocTTa Ha MynTuaexamephute chopmn Ha RvH1 Bewe uacnesBsara crnea
avanuaa cpetyy 50 MM Tpuc/HCI Bydep, coabpxaw 100 mM CaCl; 1 MgCls, HO npwu
pasnuunu pH. YcraHoseHo Geuwe, 4Ye cTabunHocTTa Ha Te3u c¢opmu Ha RvH1 e pH
aaBucMMa u cnep 2-3 AveBHa awanuaa cpewly Gycep ¢ pH 8.6, abnxuHaTa Ha
MynTUAEKaMepuTe v cchepryHuTe TpBOUUKKM Hamansea.

Mpw BTopaTa cyBeaunnua RvH2 cuTyauusTa cnej peacounpaHe e pasnuyna ot
Tasu npu RvH1, Ho Cblo Taka 3asucy OT pH ¥ KOHUEHTpauMATa Ha KanuuesuTe M
MarHesueBMTe oHW. [MpU BMCOKM KOHUEHTPauMW Ha Te3u WoHM culyo ce Habniopaea
TeHaeHUMA Ha hopMUpaHe Ha MynTuaekamepu v cihepuyHu TpuBKMIKM Npu RvH2, Ho Te
ca no-kbCi B CpaBHeHue ¢ Teaun, dopmmupanyn ot RvH1. OcseH ToBa npu ysenuuasaHe
Ha pH Ha Bydepa, RvH2 MynTuaekamepute ca no-Hectabuniu B CpaBHeHWe C Te3n B

RvH1.

OrpaHnuyenata cnocoBHoct Ha RvH2, KLH1 1 HtH1 cyGeannuin, 3a pasnvka ot RvH1,
KLH2 » HtH2, aa peacouuupaT B AbAMM MynTUAEKamepuTe W cepuyHuTe TPBOMUKM
moxe Aa Buae obacHeHa ¢ BUcokaTa um ctabunHocT. MNpeaBapuUTenHnTe N3CNeABaHus
nokaaaxa, uye RvH2 e no-ctabunua ot RvH1 1 TemnepaTypara u Ha ToneHe (59°C) e no-
sucoka oT Tasu Ha RvH1 (53°C), KLH1 (56°C) u KLH2 (49°C).

MpoueckT Ha peacouumpare Ha RvH cyBeawreunte Belwe uacneasaH v upes
chnyopecueHTHa criekTpockonua. PeaynTatute noTBbpAWXa HanpaBeHUTe U3BOAW OT
eNeKTPOHHUS Mukpockon, uye asete cyBeamHuum RvH1 u RvH2 wmat pasnuyHo
noeepeHvmeTo 8 crabunuanpaly Gydep ¢ koHueHTpauun 100 MM CaCl; v MgCl.

3.2. Onuromepna cTabunHocT Ha Helix vulgaris xeMounaHuH

Oee cybeannum, a u B. Helix vulgaris ¢ monekynHata maca okono 400 kfa Baxa
M30NMpaHK cnej 24 Yacosa Avanusa Ha Helix vulgaris He cpewy 0.13 M rnuumH/NaOH
Bydep, pH 9.6. Kakto usnara monekyna, Taka v ABeTe CybefHULMTE Ce nokasaxa kato
No KOMNAKTHW B cpaBHeHwe ¢ Tesn Ha RvH u npu Tax Gewe Habniopasax no-cnab

npoLUec Ha peacoLaums.
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Yacoea Oduanuza cpe.

MM MgCl,,

Cmpenka) cned 3-dneena a
MM Tpuc/HC) Gygbep, pH NMmﬁ:mm
MM CaClz u 20 mM Mgcy,

cpewy 50
bObpXaw 100

Cnep 15 AHeBHa Aenonumepuaa
Bydep, cbabpia 0
prawy 0.05 M ZnCly, Hsakonko PYHKUMOHaNHM EAVHULM Baxa uaony
PaHu,
VHOKUCENUHHY nocnegosarennocty ¢ Tesn
npe
PeYucTeHu cnep TPETUpPaHuTe ¢ Tpuncuy RvH1 n Ry

s -
RvH2-e)( dur. 5), pokaro OCTaHanute dhyHkymonan

Ha
H2

HH

yHKUMOHaNHUTe €AuHULM
(RvH1-3, RvH1-f, RvH2-a

EAEHMUM nokasaxa paznuy

HU N-kpai
KPauHW amuHokuce nuHHy nocnenosatentocTu. Teay

iy = qvurbh.% 50 mm Tpuc/HC)

Rattrat RvH1 SLLRKNYDTLTEQETD I
Rebtia® SLLRKNVDTLTEQEILIL !
LHTERY S LLRERKENYPTLTEQEIL L |
RiHIL* 1 HVAGGANMKGF VRKDI P K
Rl b" ALTRKNYDTLANE
: 51 AGVYOYRRNTINSLTODAEM
SLTRKNVEFL
RuH14" S VHRHS RXDLTTGGG
Hifd1 AP W n VRENINYLTD
T’ VEHS SHVRRENLI S$LRXE
ReMic® XQPDDLHYLDYGH
Rlli<* ALVYVPRIUNYDPDRLTODEPQELI I
RiMic’ GXPI SDLVXKSVYVXTLSTP
RaH11° GVGVREKDLNTLTAAE
GVGYRKDLNTLTAAE
Radli-1” GYGVYVRKDLNTLTAAE
RaHIp* NE DV BT MEHMT Y
RvMi-g* VTALEEEHRKEVDDLNDRDI
RHih* VHPYAYNHYVRADLADL
Rialyh® YT HLLEEYREKEVYDDL
RaHa® RvH2 SLLEKNYDTLTEXE
Rt 2 ? SLLREKNVDSLTEEE
RiH2& SLILRKNVDSLTEETE
Rali2b” AMUDS DDTILTRYENVLAMDL AQ
L AEDDFAANYNDHYNRHDYETLT AEQMQ
Rl ? EV. A HI HI NLNILALGEK
RiH2c? FVAPNRVYRRDLSKLSERD
Reli2d® HSE1 AGVOEVRENIN
Ret2a® ASSHT RENITEALTEKDET.
RiH2< R AS SHI RRNI EALTKOETS
RiH2e” DQGHT HRNLVYREKSHWY
[ Tt SODDOQGHT HRNI
RM2e’ G KY QDD QGHT HRNLVYRKSVENL
RaM1* XYUTHKS ADL ¥VRKLY
Rili2a S - NLVREKSYNNLSPSERN
TN TR HS 1 AGVOGYREKENI NSLTDAFEM
g D ADAYVEVRKNI NS LTDA
Rilll-g- YEADEHYPRNLKSLTITGOGEVWE
ANHDS DDTLTRYEVLAMOLARCQ
ALDDEAANPHRNY RIEDYETLTAEQM

Que. 5. CpasHsisaHe Ha N-kpaliHama amUHOKUCENUHHama nocrnedogamesniHocm Ha
pa3nuynHu yHKuuoHanHu eduHuyu Ha Rapana venosa xeMoUUaHUH, MofyyeHu cned
npomeonu3a Ha nan_\xé%x:am cybeduHuuy RvH1 u RvH2 ¢ nodxodawu
npomeonumuyxu ex3umu % unu cned mpemupare ¢ Zn**®,



XeMounaHuH, H3nonieaiiky HPLC/ESI-Ms
3441, Msonupane na rmukonenTugy or tyn

Mosevero
Xemo

UMaHUHKY ca FnukonpoTeuHn ¢ ronsma pasny
BemexuapartHoto um CbAbpXaHue, Taka oy

mwa:mxs.nbm._.:o._a s o W B TexHus MoHo3axapugen ChCTag,
a Monwckute Xemoy
MaHHU Npeaussukea
ocoben

KUMOHanHa €auHuua RvH1-3

RvH1 u RvH2.

Mposepka 3z MUKo3uaHus Xapaktep Ha RyH1
OpcuHon/H,S0, tecta, Crparteruara, us
CbAbpxaHue Ha RyH{

-a bewe Hanpasewa ypegz

Bbrnexup PaTtHaTa non:mbomm._.mhxon#

Ypes e A-i
CnekTpomeTsp (ESI-MS) u MALDI-MS, :m_,.ﬂooaums-so:sumzso:mx -

o

ABcopbyug npu 206 nm

mtmtmsya en
¢ @Nyupana ¢ nuweey 2
Pasmeop B (0.085%, TFA a n:m_ﬂo:% ot

3.4.2. CekBeHMpaHe Ha rMUKONeNTUAUTE OT thyHKUMOHANHa eauHMuUa RvH1-a

Aeata rnukonenTnau Gsxa aBTOMAaTUMHO CEKBEHVPAHW Crej npemaxsaHe Ha
BbINexnapaTHute Bepur C nomowrta Ha PNGase-F u Texnute m:sxo,hsnm:sxxr
NOCNeAoBaTeNnHoOCTH ca nokasatu Ha eur. 7 (Glp 1 1 Glp 2). B cbuwara dmrypa Teau
FIvKoNenTWAW ca cpaeHeHW, upes nporpamute LALIGN w Fasta, ckc cneuwduurm
aMUHOKWNCENUHHW NoCNeA0BaTeNHOCTU Ha ApYri MOMKOCKM XEeMOUWaHWHW, CBBbP3BaLLy

BbIMexXuapaTHy BEPUM.

260 270 400
Gip1 FANAT]s! DGPNA Glp2 EML TLINGT]
Mcc FGLODSVI z_uoomﬂmmz Mcc KYEAFNLUNGG
Ode FSLTSDINIDPMTIREH Od EYHLKDLSGNE
Ra FAQTSATNPNNVITIRAH Ra ELEVTARAGTOl
Oda FGRDT--NPI SLITIKEH Oda HADVTEIINGT
Odb FAFEPPLNNNKHITIHAH odb NLCI NDI|NGT]A
Odd FSPNTTIA-NHDRMTILTH ©0dd VvTEVTAVNGSIS
Ode FSFGAPYNLNDL|TITKL Ode KTKLVAdQNGT
Odf FVWES~-~NPNLH|T|IRAA o©df EVEI ETVDGKW
Odg FNLDT--NPNAV|TIKAH ©Odg FDIKVTIKGI O
Hpg FSDAD--NVNPVITIRTN Hpg NI HI vSNGT]
Hpd FQDKKL-NPRNTTINI Y Hpd KVEIKDLSGTL

Quz. 7. CpasHseaHe Ha amuHOKUCENUHHAMa NocnedoeamenHoCm Ha pezsuoHume ¢
npednonazaemu N-cebp3eawu UEHMpPo8e Ha hyHKUUOHANHU eOUHUUU om pasnuyHu
XEMOUUSHUHU OM MOTKOCKU,

W3onupaHuaT rnvkonenTua 1, ¢ MonexynHa maca 1177.5 [Oa, ce cwcTom ot 12
aMWHOKMCENMHHKM OCTaTkka, AokaTo 11 aMMHOKMCENWHHWM OCTaTbLM Ca BKKOYEHW B
rnukonentug 2 c MonekynHa maca 11756 [a. Osa npeanonaraemu rnvMKo3MnuMpaHu
UEHTpoBe Ca OTKPUTU B aMUHOKUCENWHHATa nocneaosatentoct Ha RvH1-a ¢ TunvuxaTa

nocneposatenHoct (N-X-T) 3aa N-cebpasaluym onurosaxapuau (dur. 7).

3.4.3. OnpepnensHe Ha BLIMeXWapaTHata CTPYKTYpa Ha rnukonentug 1 (Glp 1),
M30MMpaH OT (PyHKUMOHaANHaTa eguHuua RvH1-a .
Inukonentua 1 Bewe aWanuaupad ¢ nasep gecopBuvioHeH Mac-CrneKkTpoMeTsp

(MALDI-MS) npeawn v cneg Tpetupase ¢ PNGase-F (Ta6nuua 1). B MALDI cnekTLpa

nonyyeH npeau Tpetvpane ¢ PNGase-F Gelue mamepen camo eanH ioH ¢ Maca/aapsg

2786, KoWTO NpeAcTaBnNsBa Macarta Ha uenvs ravkonentua Glp 1 nnoc eauH HaTpues

von [Glp 1+Na]’ Cnep Tpetupake Ha rnukonenTug Glp 1 c PNGase-F o6aue 6sxa

u3mepeHn Tpu curdana 8 MALDI cnektepa ¢ Maca/aapsag 1177, 1609 u 2786. CurdansT

2786 ce pbnyu Ha uenus Glp 1 nnioc HaTpuesMs WOH, A0KATO cUrHanbT 1609 [M+Na]*

npeAcTaenssa onurosaxapupHata wyact. [lupBuAT cwrHan ¢ wmaca/aapag 1177
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OROTRaTCTRg  wa ABEAWKOIWNUpanus nenrtug,
WAHEHRB NG 1l MaOHTe OF AMUWHOKMCENUHHaTa nocneposartenHocr.

Tabmum 1 Mowosaxapudwu  macy  wa usonup.

hyrryonamaime o RvHt-a u RvH1-f na Xem
onpedensin  oned mpemiy

amepeni o MALDI-MS

Dparinm )t..xo.g:a-:..x:!- Fnnkonentug | Nentig Onurosaxapug
:on:.nuhﬁhmu:ooq Ha Mu (0a) M (a) Mu ()
Glp 1 A I NA 2786 1177.0° 1609
[2763 + Na)* | 1177.5¢ [1586 + Naj*
Glp 2 EMLTUNGTNCA 20846.2 1175.7° 1653
(2828 + H]* | 1175.6° [1652 + H]*
Glp 3 IHSYSGSYINASLLHGPSI| 3848 294¢" 907
[3847+H)*
a) Monekyna maca H3Mepena ¢ MALDI

6) go:mé::u Maca uaunucneHa or AMNUHOKHCENHHHATa nocnegosartenHocTt

3a na ce onpeaenu onurozaxapugHara MOCNepoBaTenHocT, rmukonenTuabT 1
Bewe TPETUPaH C paznuuHu CNeUNdUUHA  eH3umu (rnukoangasn) u nony4yexure
pakumm  Baxa aHanuavpauu 4pes kanunspua enektpocbopesa u enexTpocnpeii
WOHU3aLMOHEH (ESI-MS)  (owr, 8). Ypes
enektpoghopesa Gewe YCTAHOBEHO HanuumeTo Ha MHOXecTEO dp
TPeTUpaHe CbC crneumuduiHM rnkoaus asu

Mac-CrekTpoMeTsp KkanunspHara
akuum cnep,
+ @ YPE3 N3MEePBaHeTO Ha TOYHUTE UM Macy u
CekBeHvpaxe ¢ nomowra Ha ESI-MS BAxa aHanMavpaHu ecuuku nuKoBe W cnegHaTa
BernexuapartHata CTpykTypa Ha rnukonentua 1 Gelue onpegenena:

FnukonenTug 1 SO;Man(e1-6) &

3MeGIcNAC(#1-2) — Man($1-4) GleNAc(#1-4) GleNAc-ol
3MeGal(g1-3) GlcNAc(81-2) Man{e1-3)

kakTo Gewe noTBLpaeHO U ypes

aHume  enukonenmudu  om

oyuanuH om Rapana venosa,
Jane  ene  cneyugpuynama a2nukosudaza PNGase-F c_
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Quz. 9 a) Enekmpocnpell (oHU3aLUOHEH Mmac-cnexkmep (ESI-MS) na anukonenmud Gip
2 cned eH3UMHO pasKbCeaHe CbC CeyUhUYHL 2uKo3udasu: PNGase-F, 31-2,3,4,6-
GlcNAcase u  a1-2,3-maHosudasa. b) (mankama  duaspama):  Kanunspra
enekmpogopozpama Ha Glp 2 cned mpemupane ¢ PNGase-F nokasea 2 znaemu
pasdensHus Ha gpazmenmume. Yenoaus: Glp 2 e pasmsopeH & 50 un 6yghep (50 MM
ghocepamen bychep, pH 2.5), paspeden ¢ eoda (10:1, V) u uHXekmupaH (5 Ma/MuH.).

Mo ceuwma metop Gewe onpeseneHa BwrmexugpaTHaTa CTPyKTYpa Ha
ravkonenTua 3 (Glp 3) ot dyHkumMoHanHa eguHuLa RvH1-f.
FnukonenTug 3 Man(«1-6) R

Man(81-4) GlcNAc{#1-4) GlcNAc-ol
3MeMan(r1-3) €

3.5. Crpyktypa M cTabMNHOCT Ha XeMOUMaHUH oOT aptponoguua Limulus
polyphemus

ApyruaT BUL NPeACTaBMTEN HA XEMOLUMEHUHMTE Ca apTPONOAHMTE XEMOLMaHWUHW,
HMATO CTPyKTYpa Ce pasnuuasa OT Taau Ha MoniockuTe. HarueHata monekyna Wa
apTPONOAHUTE XEMOLMAHWHM € W3rpajieHa OT MOHO-, 2-, 4- u 6- XeKcamepu, kaTo
MOnekynHata maca Ha epHa CTpyktypHa cyBeauHuua e okono 75 kfla v BknioYBa B
aKTMBHUA LEHTBP ABa MEAHW NOHA. ’

XemounaHuHbT Gelwe uzonupaH oT Limulus polyphemus, npuHagneally Kbm
apTponojHuTe xemoumanuHw, knac Chelicerata. Cnes awucouuvpaHe HWa HaTWBHaTa

Monekyna Ha xemouwaHwHa oT Limulus polyphemus cnep pawanwaa cpewy 0.1 M

19

T

=

m
BukapboHateH Gydep C pH 9.6 v B npuceCTBNE HA 1 M ypes, Baxa wsonupaxun

cyGeauHWLM C MONekynHa Maca okono 75 kda (dur 10). m
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10 a) Gbp3o epekmueHa meyHa xbozmao%mmv:m (FPLC) nm %%Moﬂﬂ:u_wonozm.
s > cyBeduHUUU Ha XxeMouyuaHuH om Limulus polyphe e
e B s asHoseceHa ¢ 0.1 M NaHCO; 6ygep, crObpxaw 10 M o
vy MB 6eduHuyume bsixa paadeneHu ¢ luHeeH NaCl epadueHm ( ) npu
ko %oxm 20 mn/muH. [Mopsusm nux (6e3 Homep) nbmmn_‘www: o
e ﬂo 0meuH, .8 10% Hampues dodeyun cyngam ao::mxn::mzwzc i
1mo:nozccnmmumﬂm0m mbmmh Ha u3onupaHume hpakyuu L1-L5, :nmanaﬂw pi
m:mxaboawo% 6.7 usuuya 1- busoncku CepymMeH anbymuH (66 k[a), :1:F.__ L
b i n _mmm:xcnm L5 ueuua 3 — cmandapm [cMec om :.ons,.m %w.athh
na% <§Wﬂm ﬁﬁ» Bueoncku cepymeH anbymut (66 k/a) u ¢pocghopunasa :
N::%Nﬂ 4-7 - nabw\,.qé\bxc cy6eduruuu L1, L2, L3, L4 cbOmMeemHo.

HW
OT nyBnukyBaHWTe aMUHOKNCENUHHA nocneAoBaTENHOCTW Ha  CTPYKTYP
TO Ha
OT apTPOMOAHW  XEMOoUMaHUHW € yCTaHOBEHO  Hanuine
Ha
o 18 TupoawHosu u 7 TpunTochaHoBM OCTaTLUM B €AHa CTPYKTYP

cybeanHvua
npuBnn3nTenH e
cyBepuHuua. Yetrpw ot TpuNTOhaHOBMTE OCTaTbUM B eAHa cTpykTypHa cybeanHuLy

KTUBHWA LUEHTBLP,
xemounanvH ot Limulus polyphemus ca paanonoxenn 8 6nu3ocT A0 @

kato Tpn 176 n Tpn 363 ce HamWpaT Ha Pa3cToRHME OKONO 5A .
OT KkpucTanHaTa CTpyKTypa Ha akTuBHWTE UeHTpoee, A n B Ha CTPYKTYp
AHUATA
cyBeanHnua Ha XeMoUnaHuH ot Limulus polyphemus Bsxa w3MepeHu pascTo
MEXY MEAHUTE AOHU 1 TpunTochaHoBUTE OCTATHLLN (Dur. 11).
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Que. 11. Kpucmanna CMpyKmypa Ha akmueHume
cybeduruya Ha xemoyuanuHn om Limulus polyphe
173, 177, 204 ca cebpaanu kbm CuA u mpu xucm

3.5.1. ®nyopecuenthun ceoiictea Ha HaTUBHaTa Monekyna M cTpykTypHute

cybeaMHUUM Ha XeMouMaHuH oT Limulus polyphemus

®nyopecueHTHUTE cBoOiiCTBA (Amax = MakcumanHa gunxuHa Ha BbfnHata 1 Q -

kBaHTos pobue) Ha peata Buga XEMOUMaHuHM oT apTponogHute Crustacea u
Chelicerata ce ouyaksa aa ca CX0AHW nopaau chakTa ye, ronam Gpoii TUPO3UHK (OKONO
720) v TpunTochamu (okono 140) ca oTkpuTH B HaTusHaTa Monekyna, CbOTBEeTCTBaLM Ha
18 TupoanHa u 7 TPUNTO(MAHN B €fHa CTPYKTYpHa eAMHULA. EMUCHOHHUAT cnekThp Ha
XemouwanwH ot Limulus polyphemus ot euaa Chelicerata ce XapakTepusupa c eMmucus c
MakcuMyM npu 333 HM crea sb3byxaake npu 295 HM, kbgeto TpunTochaHosuTe
OCTaTbLM Ca NoYTH U3LANO BbaByeHN (Tabnuua 2).

Mpu cpasHABaHe Ha eMucMoHHUTE CBOlicTEA Ha oKCu-

¥ ano- copmuTe Ha gBa
apTPOnoAHU  XeMmouuaHwHu P.

vulgaris v Limulus  polyphemus npu  epHaksm
EKCNepUMEHTaNHM yCrnosus GeLue NoKasaHo, Ye KBaHTOBWS Aobus Ha dnyopecueHuma
CMIHO Ce NoBULIABA W NPK ABATa XEMOLMaHUH Cnej npemaxsaHe Ha MeaHUTE WOHK OT
8KTUBHMA LIeHTbP (ano-chopma) (Tabnuya 2). Tosa ce obscHsaea ¢ noracawma egekr Ha
MEAHUTE HOHW BbPXY TPMNTOaHOBATa eMUCHS U NO-KOHKPETHO Ha Tpn 176 u Tpn 363,
KOWTO Ce HamupaT Ha pascrosHue 5.36 1 5.17 A oT CuA CuB.

Moeuwasane Ha KkBaHTOBMA f06uUB Ha nU:KOUmD_AmI_.__Sﬁ. KakTo U oTmMecTBaHe Ha

Amax Gelue uamepero u 3a U30NUpaHuTe 5 CTPYKTYPHM CyBeguHuum Ha XEMOLMaHWH oT

Limulus  polyphemus, koceTo fnokassa, 4e uMa U3NOWEHM WHAONOBM aapa Ha

NOBLPXHOCTTA Ha Monekynata Ha CTpykTypHaTa cyBeauHmua, kouto vactuumo ca
norpeGanu oT ChCeAHMTE CTPYKTYpPHMU cyBeavHuLm, narpaxgalm HaTueHaTa Monekyna
Ha XeMouMaHuHa.
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Tabnuua 2. CpasHeHue Ha N-xkpalHu aMuHOKUCENUHHU :oo:mmommamnzwmmﬂﬁ%
pasnuyHu eudoee apmpornodHu XxeMouuaHUHU U mexHume 9%580:@:3:: Ci i
Amax — MaKcumanHa 0bnxuHa Ha ebiHama u Q — keaHmos dobus.
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CneundnyHoTo OBKPLXEHWE Ha WHAOMOBUTE TPYNK B MONEKynara Ha HaTUBHUMA
xemouuanuH ot LpH Bnuse Bbpxy NpoabmKUTENHOCTTa Ha Bb30YAEHOTO UM CLCTOAHME,
kaTo Gewe yCTaHOBEHO ABOWHO NO-TONSIMa pa3nuka NpU HaTWBHata Mofekyna B
CpaBHeHWe CbC CTOMHOCTWTE ONpEeAEeneHu 3a HerosuTe cybeamnum.

3.5.2. Uacneasane geHaTypupawmaT edekT Ha ryaHnauH xuapoxnopua (Gdn.HCI)

BLPXy HaTMBHMA  xemouwauwH ot Limulus polyphemus  upe3

cdnyopecueHTHa CNeKTPOCKOMNMUA.
WacneasaHu 6axa HacTbNBALMTE NPOMEHUTE B KOH(OPMaUWATa U arperauuaTa

.C
Ha XeMOLUMaHUHa No BpeMe Ha pasrbBaHe Ha monekynara s npuckcTave Ha Gdn.HCI
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nobasaHe Ha pa3anuyHW KOHUEHTpauuu Ha Gdn.HCl (mexay 0 w 1.5 M) Gewe
HabnioaaBaHo Neko NOBULLIABAHE HA (hNYOPECLEHTHUA UHTEH3WUTET, JOKATO Hal- BUCOKa
CTOWHOCT Ha emucuata Bewe wuamepeHa npu 2 M Gdn.HCI, ksaeto monekynata
HanbnHO Ce e Aucouwupana Ha uarpaxgawmTe s cybeauHULM, a Cblyo Taka W
noracAsalUvAT epeKT Ha MeAHUTE HOHU € ENUMUHMPEH.

3a no-406po naacHABaHe Ha Npoleca Ha pa3rbBaHe Ha okcu-He Bsaxa cpaeHeru
kpuBata Q/Cm (®ur. 12 mankata Auarpama) ¢ Re#/Cm, KpuBaTa nokasaHa sue Our. 12.
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Que. 12. EchekmueHomo CbLOMHOWEHUE Ha UHMeH3umema Ha ghnyopecueHmHama
emucus (Rey) Ha Limulus polyphemus He npu pasnuuxu KoHueHmpayuu Ha a2yaHuduH
xudpoxnopud (Gdn.HCI); (mankama cpuaypa): Ecpekm Ha Gdn.HCI (0-8 M) ebpxy
UHMeH3umema Ha chnyopecueHmHama emucus Ha okcu-Hc Limulus polyphemus c
koHueHmpauus 0.05 ma/mn, 8 0.05 M Tpuc/HCI 6ycpep, pH 8.2, cudbpxaw 5 MM CaCl,
u MgCl.. ®nyopecueHmrusm keaHmos dobue (Q) bewe onpedener, uznonaeaiiku N-
Ac-Trp.NH; kamo cmaxdapm. @nyopecueHmHuam uHmeHaumem e u3bpaH npu dee
NPOU380MHU OBMXUHU Ha ebfiHama 336 u 365 Hm.

3.5.3. TemneparypHOo [neHaTypupaHe Ha HaTMBHUA XeMOUMaHuH oT Limulus

polyphemus

TepMUYHOTO fleHaTypupaHe Ha pasnuuHu BWAOBE XEMOLMaHWHW Gelue
u3cnenBaHo Ypes KpLroBo AuxpondHa cnektpockonus (CD). Janewdus UV CD cnekTbp
Ha HaTuBHWA npoTeuH Limulus polyphemus, paateoped B 50 mM Tpuc/HCI, pH 8.2, e
AOMWHWPAH OT OTpULATENHE enenTUYHOCT NpK 220 HM , ABMXKALLA Ce Ha HAaNWYWeTOo Ha
a-XenuKkc CTpykTypa. Hanwuneto v npomeHuTe Ha PB-CTpykTypata cuujo 6Gewe
npocneaeHo C NpoOMAHaTa Ha OTpUUATeENHaTa enunTUYHOCT, uaMepeHa npu 210 HM.
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HesHauutenHu npomenu B enuntudHocTTa Baxa HabniofaBaHu B AaneyHaTta obnacr
NPy NpeMaxsaHe Ha MeJHUTE OHW W NPU AUCOLMMPaEHE Ha HATUBHATa MONeKyna.

3aBvcuMOCTTa Ha TeMnepaTyparta Ha ToneHe (Tm), uadncreHa ot nonyyenute CD
CneKkTpu npu pa3nuyHu pH CToiHOCTM B TemnepaTypHus uHTepsan 20-95 °C e
npeacTaseHa Ha Td(AG)-pH dhasosara auarpama (dur. 13).

1 =T Qua. 13. Td(AG)-pH
1 @baszoea duazpama Ha
okcu-He om Limulus
4 polyphemus. pH (pH 3-

12) 3asucumocm Ha

55

5D

™1 TrT

& asp 51
s [ & & meMnepamypama Ha
:.. bk LN Oenamypayua  (Td).
sl ..m.« 5 Tm- memnepamypa Ha
L B el moneHxe.,
»E : Be
L 3.6 i 122 1
st . N L I . " i 3
3 -4 5 ] 7 B 9 10 1" 12

OT nokasaHata cha3osa guarpama Gelse yCTaHOBEHO, e, TemnepaTypaTa Ha
AeHaTypupaHe HamansBa pA3ko npu pH cToiiHocT no-Hucku ot 5.0 8o 3.6 U No-BUCcOKK
ot 10.0 ao 12.2. pH 3aBMCUMOCTM Ha TemnepaTypaTa Ha ToneHe e A0CTa cxoaHa 3a
HaTuBHaTa Monekyna u CTPykTypHuTe cyBeauHuum. Te [OCTMraT Makcumandata
Temnepartypa Ha Tonexe okono pH 9.

YcranoseHo Gelle, 4e NpoTenHsT e cTabunen B o6nacrta okono pH 7.2 (pH 6.5 —
9.0) v e HanwbNHO peHaTypupaH npu pH 3.6 1 pH 12.2, npu 25°C,

3.5.4. Ecbext Ha pH Bbpxy cTaBMNHOCTTAa Ha HATUBHMA XeMoUMaHUH oT Limulus
polyphemus
lNpouectT Ha pasrbBaHe Ha MONekynarta Ha XeMouWaHwH ot Limulus polyphemus
8 pH obnactra (pH 2 -12) Bewe uacneasaH ¢ nomoLTa Ha Kpbros guxpouswm, CD
CneKkTpuTe Ha XemouuanwH ot Limulus polyphemus, namepenu 8 ganeunara UV o6nacr,

8 Tpuc Gydrep npv paanuyiHu pH CTORHOCTY ca nokaaaHu Ha dur. 14 u dur, 15.

24



(®)

o

-2

-4

Cpegwra enuntuysoer
3 o
[x 10 deg.cmz.domi ‘j

20 240
Avnxnna Ha BuaHata (HM)

Pue. 14. Kpweoso duxpouyxu cnekmpu (CD) na Hamu i
BHUA XxemMoyuaHuH i
polyphemus, usMepenu e kucenama pH o6nacm (3.0-7.8). szoccmzﬁxwﬂ e wﬂ&ﬁ%
m Mnmowwaxwxcm Ha 24 yaca g 6ygepu ¢ paznuyro PH: 0.05 M Hampuees cyncham (pH
.mx -5.0) u 0.05 M Hampues ¢hocgham (pH 5.0-7.0). pH deHamypuparemo Ha Hc (0.4
Ma/mn) e npocnedero Ypes sanuceare Ha CD cnekmpume e o6naamma 200-260 Hm.

Habniogasanu 6axa CaMo He3HaYnTenHu npoMenu Ha enuntyHocTa 8 pH obnacr
6.0-9.0, kugeto NpoTenHa ocTasa cTabunen.
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Qua. 15. Kpneos Ouxpouyru cnekmpu (CD) Ha HamueHus xem u. !
polyphemus e ankansama PH obnacm (8.0-1 1.8). He Gewe ct%%:%%h ...“mom.w ﬂmqnﬁcw
pasnuqnu byghepu & pH obnacmma 7.0-8.0: 0.05 M Tpue/HC! (PH 7.0-9.0), 0.05 M
xmbmo:mixmcxmbmoxmﬁ (PH 9.0-10.5) u NaOH (pH 11.0-12.0). pH mmzmixc.smmtmdo [
npocnedeHo ypes sanuceawe Ha CD cnexmpu Ha Hc (0.4 ma/mn) & daneynam
ynmpasuonemosa o6nacm 200-260 Hm. ?
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Tean pesyntath cbOTBETCTBAT ¢ gaHHuUTE nony4yeHn oT chrnyopecuyeHTHUTE
M3CNeABaHMA W NOTBbPXAABAT 3aKMIOYEHUETO, Ye CTPyKTypaTa Ha HaTWeHaTa Monekyna
Ha xemouvaHuH ot Limulus polyphemus w werosuTe CTPYKTypHU cyBeauHum e
crabunHa B pH obnactra ot pH6 a0 pH 9.

3.5.5. W3acnenBane AGHATYPUPAHETO Ha HATUBHWA XeMOUMAaHMH oT Limulus
polyphemus c ryanupgun xuapoxnopua (Gdn.HCI) ypes kpuroe AUXPOU3BLM.

Xemouvmanwk ot Limulus polyphemus w eAHa CTpykTypHa cybeguHuip 6sxa
uHKyGMpanu 24 yaca B Bychep ¢ paznuuHm KOHUeHTpauum va Gdn.HCI (0 — 8.0 M). Creg
NPOCneAsBaHe Ha NPOMEHUTE Ha eNUNTUYHOCTTa Npu 222 HM Belue YCTaHOBEHO, Ye npu
YBENUYABAHE Ha KOHUEHTpaUMATa Ha peHaTypaHta, CD curdamsT Hamansgea
3HaYUTEnNHO.

CrabunHocTra Ha xemouuanuHa ot Limulus polyphemus npu AeHaTypupaHxe ¢
ryaHuauH xuapoxnopuy Gelwe cpasHeHa chc cTabunHocTTa Ha Apyrv apTponoaHu Hc,
xato C. aestuarii w P. vulgaris (dur. 16). OT Tean AaHHu Belwe HanpaseH w3soaa, ye
HaTUBHUA xemouwaHwH ot Limulus polyphemus e no-ctabunex npu AeHaTtypupaHe ¢
NYaHUAUH XWAPOXNOPUA, OTKOMKOTO Ca APYruTe XeMOLMaHWHY,
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Quez. 16. Echexma Ha ayaHuduH XuBpoxnopud ebpxy uHMeH3umema Ha Komown eghexkma
npu 221 M Ha HamueeH Limulus polyphemus (vepeeH), C. aestuarii (cur) u P. vulgaris
(vepen) Hes. [enamypuparemo ¢ Gdn.HC! e npocnedeHo 4pes sanuceaxe Ha CD
cnekmpu Ha He (0.4 ma/mn) e o6nacmma 200-260 HM, 0.05 M Tpuc/HCI 6ygpep, pH 7.0,
cvibpxaw 5 MM CaCly u MgCls, fpu pasnuyHu KoHueHmpauuu Ha Gdn.HC/ (0-8 M),
npu 25°C.

KoHueHTpauma Ha Gdn.HCl o 2 M noutn He snusie BbPXY CTpyKTypaTta Ha
XEMOUWaHUHUTE. 3HAYMTENHO HaManeHue Ha enuUNTUYHOCTTa Belwe HabnogasaHo npu
BCUYKM XemouwnanuHu 8 obnactra 2.5-6.0 M Gdn.HCI. Mpu koHUeHTpaums Hag 6.0 M

MOnekynara Ha XxemMouMaHWHa e HanbNHO AeHaTypupaHa.
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3.6. Mscnegsane CTpyKkTypata Ha eaHa CTpykTypHa cyGeauHuua (CaeSS2),
H30nMpaHa oT xeMoUMaHMH Ha apTponoakus Carcinus aestuarii
XeMouvaHuHsT ot Carcinus aestuarii CbAbpXKa TpU roneMu W ABe Manku

NONUNENTUAHM BEPUrM C Pa3nNUYHM N-KpaiHn AMUHOKUCE NUHHM rnocneAosaTenHocTy.
AMUHOKMCENNHHATA NOCNEe0BaTeNHOCT Ha CTpykTypHata cybeauwHuua CaeSS?2

Bewe onpegenexa ypes asTomMaTUuHO EamaHoBo paskscaare u MALDI-MS aHanuau Ha

parMeHT OT npoTeuHa, nony4yeHu cnep paskbCeBaHe C XMMOTPUNCMH U TPUNCHH,

Mepso nonyuexuTe nenTtuan Gaxa Paspenenv Ha aBe cpakuymy Ha Superdex HR 10/30

KOMoHa, Kouto chpakummu Gaxa ¢pakuvonupade ypes RP-HPLC (®ur. 17). Cnep

aHanua“paHe Ha W3oNMpaHUTE NenTuauTe ¢ Mac-CnekTpoMeTsbp, B nocneacteue Gewwe

ONMpeAeneHa aMMHOKUCENMHHATA UM NOCNEeA0BATENHOCT,

AGcop6umna npu 214 nm

19 w 30 0 40 0 0 £S5 +
Bpeme (MuH.)
Que. 17. Paadensne Ha pakyuume Ha cmpykmypHa cybeduruya CaeSS2, u3onupaHa
Om xemouyuaxuH Ha Carcinus aestuarii, nonyvyexu cned mpuncuxHosa xudponusa, ype3s
8UCOKO ebekmueHa meyHa Xpomamoepacpus (HPLC). Konowa: Nucleosil 100 RP18
(250 x 10 Mm) enyupana ¢ nuHeen 2paduenm om 5% B do 90% B a pamkume Ha 110
MuH. Pasmeop A (0.1% TFA ebe 80da) u pasmeop B (0.1% TFA a 80 % auemoxumpun).

Ckopocm Ha nomoka 1mn/mun, Menmudrume chpakyuu 6axa usMmepeHu npu ObnxuHa
Ha ebnHama 214 Hm.

Su_sm_umx_\_ﬂm MONEKYNHU Macu, aMUHOKUCENUHHA nocnefosaTtenHocT u nosvunaTa

Ha nonyyeHwWTe NenTuam, crep paskbceaHe Ha Monekynara Ha CTpykTypHa cybeauHuua
CaeSS2 ¢ Tpuncu ca nokasanu Ha Tabnuua 3.
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Tabnuua 3. EdmaHoso pasxbecsaHe u Mac-cnekmpomempuyeH aHanua Ha nenmudume,
fnonyyeHu Ypes mpurcuxoea xudponusa Ha cmpykmypHama cyGeduHuua CaeSS2,
usonupaxa om xemoyuaHuH Ha Carcinus aestuarii. lomeHuuansume O-cebpseawy u
N-cebpaeawu enukosunupaqu ueHmpose ca ombenssaHy ¢ moMeH wpugbm.

Muk Ne AMHHOKHCENHHHA Mosnuma | Mwu (Ja)
nocnegoBarenHocT
4 DSPGGASDAQK 1-11 1032.0
32 TFDVNSLMPVK 12-22 1250.5
49 YEEIRDPHLK 23-32 1289.4
6 ELSLSFDPLSGHYDDDGVSAKR 33-54 2408.5
47 LMKELNEHRLLQQSHWF 55-71 2209.5
11 SLFNPR 72-77 732.8
54 |TREEDLMLYNV 78-88 1382.5
42 DEHSGNWDTFE 89-98 1207.2
57 AGNAAFFR 99-106 852.9
56 VHVNEGFFVYASYS 107-120 1618.7
16 VVIHSK 121-126 681.8
34 LTQHVVLPPLYEVTPH 127-142 1843.1
53 LFTNSEVIQK AYAAK 143-157 1682.9
2 MTQTPTK 158-164 8059
5 |IFAHFTGSK 165-173 1007.1
1 SNPEQR 174-179 729.7
33 VAYFGEDIGMNTHHVTWH 180-197 2114.3
40 HLEFPFWWDDAHYD 197-210 2511.7
10 |AHYDHHIER 207-215 1177.2
51 GESCSS 217-222 568.5
38 VHHQLTVR FDAER 224-236 1607.8
35 LSNYLDPVR 237-245 1076.2
22 ELHWDDV 246-252 9129
15 IHEGFAPHTSYK 253-264 1386.5
17 YGGYFPDRPDNVNFEDVDGVARVR 265-288 27579
12 VRDMLLFEER 287-296 1780.1
20 1QDAIAHGYLR 297-307 1256.4
18 YNGSTINIR 308-316 1037.1
27 DNHGIDVLGDVFESSMYSPRQDYY 317-340 2808.0
7 GALHNQAHR 341-349 1003,1
9 VLGSQADPHGK 350-360 1108.2
13 FALPPGVLEHFETATR 361-376 1785.0
30 DPAFFRLHK 377-385 1130.3
31 YMDNIFRKHK 386-395 1351.6
19 |DSLTPYTKNELK 396407 | 14086
37 FEGVNIDSIYEK 408-419 1413.5
36 GNLETYF 420-426 8429
44 |TYFESFMYTGVNI 425-437 | 15717
48 MLLTNDVDDVDI 438-449 1362.5
8 ATYITDLAHK 450-459 1132.3
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MUK Ne AMHHOKMCENNHHA Nosnuma Mu (Ja)
nocnegoBaTtenHocT
55 ELSFQEDVTNEGDIGVLETVR 460-480 2350.5
39 [IFAWP 481-485 632.7
28 IDDDHVEFSFNEGR 486-499 1679.7
45 WDVIEMDKFWYIM 500-511 1598.9
58 LEHGHHSIDR 512-521 1200.3
41 SSFDSTVTIPDR 522-533 1324.4
52 SFHDIEDRT 535-543 1119.1
46 SEAIPHGK 544-551 837.9
3 ELHIEEFESVTGLPNR 552-567 1870.0
23 FLIPK 568-572 616.8
29 GLVKGKDMDVMV 573-584 1291.6
50 AVTSGEGLA 585-593 803.9
21 AVEGLHR 594-600 780.9
14 SANFAHHGCPEVR 601-613 1424.5
24 YPDKRPHGYPLYR 614-626 1638.8
43 |PVDDER 627-632 729.7
25 |IITGVTNFK 633-641 992 2
26 |HIQVKVFHH 642-650 1144.3

MenHaTa aMUHOKUCEnNMHHaTa nocneposaTenHoCcT Ha CTPyKTYpHara n%@thISrE

CaeSS2, nonyyeHa wupes KoMBuHaums
cnektpomeTpun, Gewe  onpepeneHa

Ha Epamanoso cekeHupave W mac-
W CpaBHeHa C  aMUHOKUCENUHHUTE

MNOCNEAOBATENHOCTM Ha APYIW M3BECTHY XEMOLMaHHK (Dur, 18).

i » » ] £l o
CaeSS 2 DSPGGASDAQKTFDVNS LMP VKYE LSFDPLSGNYD DDG VSAKRLMXELN
Cme TAGGAF DAQKQHDV NS ALWKVYE ONFOPLSGHYD DDG VAAKRLMEELN
Pie CDSADKLL AQKOHDVNYLVYKLYG TENPOGDLLLYHDN ASVNTLMADFK
Psl AFOVASADVQOOKDYVLYLLNKI ¥YG SEDPVGNLGSYS pG AAVQELVODLN
Haa DASGDSTAKRQODVNHLLDRI YD TESPEADTSMYTDOGTAAHHLMEELN
Cs2 LEFEQLTSLTERQLPYV DORDPRLA
tplt LFEQLSSATYI GDG DEKKHSDRLK
Ecd LEKKLTSLSPDPLP EERDPRILK
Aae LERHLTALIRERLP LORDERLEK

AAAAMAAAAA S8

Ll
CaelS2 FHRLELQOSY
Tm#é ENRLLKGQ
e GGRLLOK
Pt DOGKLLEQK
Haa CHRF LEQHK

FRLFNTRORFEAIML RV

SLINPROREEALNLFDVL
e EAGRLPRGTLFSCFHEKHLKEATELFVI L
Lot NVGKLUGPGA) FSCFHPBHLEEARHLYEVE

Eod GVOFLPRGTLFOS F AEAI VFI EL 1
Aab GVGI LPRGTEFSCFHARHLAEATELYVAL

FSLFENTROREEAIMLYDVLEHKST

e
GTFAGNAAFFRVIN

MANC

MHCK

e

NE
STFAGNAAFFRVSMNE
HAFVSESNAAYFRTNMNE
ASEVGNAAYFROKMNEGEFVYALYV A
ECFVENAAFFRERMNEGEFAYALYT A

AAL L AAANL AR A

YSANDFREFI KLATOARE] VNEGCLYVY VLS va

EAGDFNDFIE) AKEARTFA ) EGLFAFAAEVA
HUAKNFERFILALATNARAVVNEGL YA ANS VA
YGAKDFNDF) HLCEGARQIVNEGMFVYAVS \a

A AAdanadanbhananya AAANAAALALAAA SAAANR AR
50 W e L

CaS3l VINSKLTOHVYLPPLYEVTPHL FFASEVI OKAYAAK o T
VINSELTOMYVLPPLYEVIPHLFTNSEVI QEAYKAKMIOTAAKR
LINSGLGEGVVLPPLYE "TNSEVI HEAYKAQMTNTPSK
VINSSL FINSEV]I EEAYRAKQKQTP GK
VINSEL TPHMITNSEI | HRAYTARMI QTP G
YVHRDD QEVFPDRFIPAETI NLAAKEAKNH PGDD
YLHRDD L QEIFPDKFI PSAAI NEAFKKAHVRPEF DE $
LLSRDDCNGYYI PRIQEVFPDRFVPAETI NRALKVDKI SDP NLDT
YLURTOCKGITVIPI QEVFPDRFVPAETI NRANKEASNH PDOGS
A BBEEEBEEEBD AAMAMAAAAAAAAA BERBREBSB

29

MpoabnxkeHue Ha dur. 18

Caess 2
Cmn

Pic

Pl

Haa
€22
Lpn
Fgd
Ark

C3e8%2
Tmt

CarSS 2
Cats
Pic
Pl
Hia
Cs2
LpR
Eca
Axt

Cas$s 2

CarSS 2
(mo
Pre
Pt
Haa
ts2
Lph
Fed
Aaw

- ooy . -
QRVAYFGEDI GMNTHOVTWHLEF P F
QRVAYFGED! GMNTHNVIWHLEFP ¢
QUVAYFGEDVGMNTHHVLWHMEFFP ¥
QRVAYFGED!I GINTHNVIWHMEFP F
QRVAVFGEDI GLNI HHVTWHMOFF ¥
YKLAVFRIDVEVNAHHWYWHYV VY P A
VRLAVYVREDVGE NAUNRIWNLVYPS P
YNVAYFREDI €

"~ . el

i DAHYDHHII ERKCGES (S s HOLTVRFDAERL
DAHENHHI ERKGES Cs s HOLTVRF DAERL
iDS SGRHLDRKGES FFWVHHQLTVRY DAERL
‘DA YGHHLDRKGE NFF[W iHOQLTVRF DAERL
DS. YGYHLDRKGE LFF

EGLTAKVKDRKGE LFY

SPRYFGRKEDRKGE LEYY
IWHWHLVYPAF ~DADFFGKI KEDRK LEYYMUQQMCARYBCERL
YELSYFREDI @ IPAIWHT VYP A T NPTVMGKEKDRKGE LFFYMHOQMCARY DS FRI

ALARAARARRN LA AAAKRAALL AN

frer et 21 we i Cuy T i~ OF7 R

e " e "
DPVRELY GEARNTS YEYGGYFPD RFDNVNFEDV DGVARVEDMLLFEER
DPVDEL Y SFDPQAVYKYGGVFPS RPDNI HFEDY DGVADVRDMLLYEER
SNHLDPVEELSRINKAI DEGEAPHTAYEYGGYFPS WPDNVHESpV DOVARVEDM SMTEDR
SNYLDPVGEL KPIVDGEAPNTTYEYGGOFPA RPDNVKFEDVDDVAR] RDMVI VESR
SNWLDPVDEL RITHEGFAFNTSYKYGGEFPA RPDNVHFEDV DGVAHVEDMI ) 1 ESR
SNGLNRMVPFHNFEEELEGYAPHLTSL VSGLHYAS RPQGLRLCDLPDVNVON AERWRER
SNGMHRMLFFNNFDEPLAGYAPHLTHVASGKYYS PRPDGL KLRDLGDIELS E MVRMRER
SVGLORMLFFONI DDELEGYSPHLSSLVSGLEYGS RPAGMHLR DI NDCS Vo MERWRER
HNFDEPLEGYAPHLTSL VS GLOYAS RPEGYSL HDLS DVDVQ DMVRWRER

T3 Y BhbhbbbbRRE’ BbERBEE T T T A NA A ARAAR
o mAm 2 —f
. Lid e » e = - e
QDA ANGY LR mﬂMmT_z_-=z= 1Y DYFESSNYSPRUOYYEALUNQANRVLGSOAD
LDAT ANGYVR | VOLRNKDCI DLLGDVI ESSLYSPNPOQYVCALINTANMMLGRQGH

RDAI ANGYI VDSEGKHI DI SNEXGIDI LGDE [ESSLYSPNVOYYGAL NTAMI VLGRQGD

RDAI ANGYVTDNUGDNI NI RRDHGIDYLGCDI TESEVYSPNAQYYGALNUNT AN MLGROGD
TLEA DLOHVHAADGS ELALDEANGANI LGTLIEASSSY PNKAFYGS LHNWG IVMMARMID
ILDST HLGYVI SEDGSHKTLDELHG DI LGALVES SYESVNHEYYGNLUNWGNVTMAR] Hp
ILDAI HTIGLVIDSHGKEI KI TEENGINYI GAL TESSHOS VNKPYYGTLIUNWGHVMI AR HD
TLDAI NMHYI VDKDRNEI PLDI ERETDI LGDI TESSOESKNVEYVOGSEIUNWGHVMMANI T D
ALAANAANE

1
1
ITRDA ANGYIDALDGSHIDIMNSHGIEF LGDI IESSGYSANPGFYGSLINTANS MLORQGD
1
1

fn s i [ . — o}

e » Ll ] » el by
‘:nxeasmwﬁcra=nmqaas=~>nm-r:nxﬁnzuqnz=a£MHHt¢4zz=rzqrnez_~u_<
PHECEFDLPPCVLEHFETATROPAFF RLUKYM DND ¢ RRHKD LPPYTRKEELNFEGVNI DNFY
PTGRFDLPPGVCEHFETSTROFS FFRLUKYMDNI FREHKDSLTPYTRDELTESOVS] DST A
PRGRFDLPPGVLEHFETATROPS FFRLUKYMDNI FKENKDNLP PYTKADLEFSGVSVTELA
PHGKPNMPPGYMEHFETATROPS FFRLUKYMDNI FRKEHKDSLFPYTEADI EFTGVAVEE VE
POTRFGENPGYMSDISTSLIOF! FYRWIRFVINI FOOFKATLHS YTPEDLS FRGL EVLS AY
FOGRENEEPCGYMSOTSTSLRDPI EVSWURF I DN| FNEYKNTLKFYDUDVLKEP DI QVODYT
ADGRYRTRKPGYMODTSTSLRDPI FVRY NEWMDNI FOE YKHRLPS YTHOOLDFP GYRT S RvT
FPOHRFUENRGYMSDTSTSLRIPI KYRWHRT (DN f GEHKKSFHPYTKEELS P GVEVVOYS

AMARAALABAAAAAANAANS Axaaan BREDOBR K

- “% el £ Ll Ll
FRGNLETVFESFMYT  GVNIMLLTNDYDBVDI ATYI TDEATKELSFQEDVTNEGDI GVLE
| KGNLETYFETFEYS LVNAVDDTEDVDDVDI FTYISRLNUKEFSFVGDYVT NELDHOVLA
TEGTLETFFENFEYS LLNAVDDTVDI ADVEILTY! ERLNHEKFSFLI LVINNT EVEA
VVGELETYFEDFEYS LI NAVDDAEGI PDVEI STYVPRLNIHKEFTFR] DVE NGOV ERL A
| VGOQLKTFFDEFEFS LOGNAVDELEKVHDVAI SAYVHRLNHEEFS YR LVONNNEGDI LA
VNARQANVVTTFMENDLLDLSHGE KT GTGHRVOVOY NULDHEPFS L1 SVENBTIGAAKIA
LUARVORVVHFTMREQF KHGINPGNARST KARY YHLDHEPFSYAVNVORTIas 0Kua
VRESKVERILHTYSKDSLLELS HGLNI KGIH QVKYNY EHLODHEPYNYE] EVORRTIGE AR ¢
INSKTANVI TTLI KENL SHGINFGTDOSVAVEY MHLDUEYFT VNI Ve[S AL Kits
bokbRRERRRBED T T T T

- L
T VRIF HIDDDUNVEF S FNEGRRT VI £ MDKF SHUST DRSS FDs[IT T POREST
T VRIF? EDNNGVAFSFNDGRIPN AL E VDK FRIV ML HP GHNT ERSSHDSSATVPDI PS Y
T VRIFAMPLRDNNGI EYSFNEGRRRALELDRFWVEVEHGHHOI TROSTES S VIVPDVES L
T VRIFARPHEDNNG] EYTFDEGHRINAL EL DRKFRVS LEGGKTS1 ERKSTESSVTVPDVP 8]
T YRINLCPIVONNGI HI PLSEGUMT CT EMDKF KOLKTGSNKI DRKSTESSVYTVPDS LS|
T LRVFLGPRKYDELGNRLVPDEOR LM ELDKEFHKELAPGRENY] NRNAT ESSVTLAHTY FF
T
TC
T
.

BAGGRRERBUD R DR PR
- i

VRIFLAPKYDELGNEI KADELRRTAI CLDKFETDLHP ANTVVRHSLDSSVTLS HQPTF
¥R TLDRKFHRRLEPGENVLVRASGDSSVTLS KVPTF
YR ELDRFEVILTPC
B

FLAPKYDELGNRLLLEEQREL Y

PEEBE WRERhEBURERS

T o——
o
»
wr
-
*
'
-
v
W
=
e
-t
i
i
>t
e
"
-
-
>
wr

H
B
i

wa ] -

TG_ EDRTSEA] PHGKELHI EEFE GLPNRF LI PKULVEGKDMDVMYAVYISGEGLAAVEG
GLIKDPRINEAI AQNKELHI EEFESGLGLIARF PEKGNVECLDMDVMVAL ITSGEADAAVEG
OTLIDRADAAISSGCALHLEDYESALGLPNRF LLP KGOAQ FNLVVAVIDGRTDAALDD
HDOLFAEAEAGGAG LAKF ESATGLENRF LLP KGNDR EFDLVVAVIDGDADS AVPN
LHEKTDOAVASGS KLDLHEYERSCGLPARLLLP KGT VNGMUFDLF VAVINGDEDKEVTI DY
ALOGASEDS SE V¢ 8 CGWPE HMILPRCTHKGMEFELF VAATDY T LONP LGA
TGVYGLNENKS L Y CEWPSHLLYP KGN KGMEYULFVUMLTDWDRRKYE
TELESGNANVNPN EYC mu;:.f.v.-anﬂmn:"fuuﬂ...ﬁw—.:.—..nn:‘ﬂm.:mﬁog»:»
DOLUGAGEGVSEDS TEYC EHMLI PRGSHKOGMEFELF VML TDHDE DT VAGL

a

CAAAAAAARARL Adaaa ERP BB RUE R B NAALALLL

30



Mpoabnxexue Ha dur. 18

e L o - 4 "
"CaRSY LHRSANFANHG (CPEVE VPDKRPHGYPLYRPVDDERL I TGV TNEKHI QVKVF
Cmé  LHENTSFNHYG CPDGT NP DRRRHLYPLDRUVDDERI | NDI. HNFKHI OVKVF HHA
Pic LHENTKFIHYGY  DRQ  YPDKRPHGYPLDRRVDDER( FTEAL PNFEOQRTVKLYSHEGYD

Pyl LHENT  EYYHYUSHGV yp DKRPHGYPLDRKVPDERVFEDL PNEKHI OVKVFNHGE HI
Haa PETDEHGUTHAQUGAHGEKYP DKKPMGY PLE RS 1 PDERYIHDVA NINVIHVKVFFKEEH
Cr2 SYRTI CS DAVSYCGAKDOKYP DRRPMGEPFDRP T VARS ALELLTEFNWILTOVKI KFLG

1pnt SESVACVDAVS YCGARDHKYPDKKPMGFPFDRPE HTE HI SDFLTNRNT KD

K
Ecd GEQTI U_u.vha.n49.3>h—u0n4-.=vnz>w—nu.-.ﬂQav_0;.”._.wm0'|2._-1?.3>10m OYEGHEHN

I K1
1
Aat SENANVLSDAVSYCGARDDRYFOKKAMGEPFDRKI EARTAAEFLT P NMGL D! Ki KFHG
A5 Won rEBRNRBY

AAda nhed " AAAAAARA RARRAE

Quz. 18. CpaeHeHue Ha aMuHOKUCENUHHE nocnedosamenHoan Ha cmpykmypHama
cybeduruya CaeSS ¢ amuHoKucenuHHume nocnedosamen+Hocmu Ha CmpyKmypHama
cybedunuyy, usonuparu om Opyau apmponodHu xemouuaHuHL.

MonyyeHata nbpeuyHaTa Cipyktypa Ha CaeSS nokasa sucoka cTeneH Ha
XOMOMICKHOCT C MenTUAHaTa noCneaoBaTeNnHoCT Ha cybeaunuua 6, usonupama ot
CPOAHMA xemoumanuH ot Cancer magister. YcTaHoseto Ge, ye CaeSS2 Ce CbCTou OT
650 aMWHOKMCENMHHM OCTaTbUM M MauucHeHaTa MonekynHa maca ot 74 870 [a
CbBnaga ¢ pesyntatute nonyyexn ot SDS-PAGE. CpasHeHueTo ¢ Apyru xemouMaHuHu
ot siga Crustacean nokasa, Yye JbI¥MHATA Ha nonvnenTuaHaTta eepura Ha Teau He e
npnbnusntenHo egHakea, okono 650 amuHo KUCenWHHW. MbpeudyHaTa crpykTypa Ha
CaeSS2 nokasa gocra sucoko CbAbPHKAHWE Ha TpUnTOhaH, TUPO3UH U theHUnanaHuH,

KOETO Npasu hriyopecLeHTHaTa CrnekTpocKkonus NoAXoAAL MeToj 33 uacneaBaHe Ha
CTabWNHOCTa Ha TO3M NPOTEWH.

3.6.1. DnyopecueHTHM cBOICTBA Ha CTpyKkTypHa cybeaunuua CaeSS2, M30nupaHa

OT XeMOUWaHWH Ha apTponoanua Carcinus aestuarii

Hanuuueto Ha10 TPUNTODaHOBU U 27 TMPO3MHOBK ocTatbum Bewe ycTaHoseHo B
aMWHOKUCEeNMHHATa nocnejosaTenHocT Ha CaeSS2. Mpy BL36y*aaHe cbC cBETNMHA C
ABITKMHA Ha BBNHATA NPW 295 HM, HATUBHWA OKCU- XEMOLMEHWH U OKCU- CTPYKTYPHU
CyGEAMHNLM NoKa3Baxa EeMWCUA C Amax npu 310-336 wm (Tabnuya 4), AoKa3ealwa
NPUCLCTBUETO Ha "norpeGann” TpunTtodaHosu CTPaHU4HU BEPUrK BB BbTPELUHOCTTA Ha
Monekynara. HanuiveTo va Tean Tpuntochamm Gelue NOTBBPAEHO M NPW NoracAHe Ha
TpUNTOdaHoBaTa thlyOpPeCUEHLNA C HOHHI racuTeny KI'v CsCl v HeyTpanHus racuten
akpunaming. M3MepeHnTe HUCKW CTOMHOCTW Ha KOHCTAHTWTE Ha noracsHe ¢ WOHHU
FACATENN Ce ABNXKAT Ha OrPaHMYEHMAT UM 4OCTBLN 40 UHAONOBUTE AAPA, Pa3nonoXeHu
BbB BLTPELUHOCTTA Ha Monekynara.

AHanuavpaiku Team A3HHW,  TpunTodhaHoBMTE OCTaTLUM Pa3nonoxeHu B
CTpykTypHaTta cyGeawHuua CaeSS2 moraT ga Gbaat knacuduumpanu B TPW Knaca ¢
BPEME Ha XMBOT CbOTBETHO 0kono 0.11-0.15, 0.33 1 3.1-3.5 He.
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Tabnuua 4 Kovcmawma Ha nozacseawe (Ksv) Ha ::uo:omm.am emucus Ha

moromepnama CaeSS2 u HamueHus xemouuaHud om Carcinus aestuari e
7 Cu"(PuPhPy)**)

npuckcmeuemo Ha akpunamud, kanuee fodud u medex komnnekc (Cu'(Pu Py)<°).

Rl I I sl P
oxy- | oxy- oxy- apo- oxy- apo- o0xy- apo-
Haruses He - - . 3647 310:1° 322417
CaeSS1 1.0° | 10° 209 40° 329:1° 33131°
Cae552 1.0° | 1.0° 24" 3.5° 0.9x10° 1.4x1¢* 33621° 339+1°
CaeSS3 1.0% [ 1.0° 09* 10.0° 332+1° 33511°
* [Dolashka-Angelova 1996]; ® [DI Muro 2002

Pa3snonoxenneTo Ha TpuntodhaHoBuTe oCTaTLUM B Mmonekynata Ha CaeSS2 e
nokasaHo Ha @ur. 19. Teau agaHHM gasaT nonesHa MHbopMaLus 3a obAacHeHue Ha
¢pnyopecueHTHUTE CBOMCTBA Ha NPOTEMHA.

®ur. 19. Kpucmanozpagpcku moden Ha cmpykmyprama cybeduHuya CaeSS2.
lpednonazaemu Mecma Ha pa3nonoxeHuemo Ha mpunmoghbaHosume ocmamubyu
(ombenszanu e yepsexo) u N-cebpssauus enuKo3unupad ueHmMup (ombenssaH e
CUHBO).

MoracaHeTo Ha TpunTodhaHosaTa chnyopecueHumMs ot MEAHUTE WNOHW € MHOro
KpaTbK npoUec, KOWTO NpOTMYa, KOraTo pascTOSHWE MeXay WHAOMOBUTE fapa u
noracssawuTe MeAHW ioHu e nog 14 A. Ot kpuctanorpadckua mogen Bele uayucneno,
4e pasctosHuaTa ot Tpn 196, 203, 223 v 249 0o MegHUTe HOHM ca nog 14 A (@ur. 20).
Tean TpunTochaHn ca hyOPECLEHTHO aKTUBHU CaMo KoraTo MeaHWUTE so:s. 6vaar
OTCTPaHEHW OT aKTUBHUA LIEHTLP.
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@ur. 20. MNpubnuantenyu pascroaHua
MEXUy TpunToghaHoBUTE ocTaTbiy w
MEAHMA UEHTLD B XeMOUMaHWH oT
Carcinus aestuarii,

waag w223

Wa2o3

3.7. Bwrnexugpaten cuhcTas Ha CTpyktypHa cyBeamnuua 2 (CaeSS2) na
XemouwmaHnuH ot Carcinus aestuarii

ApTponogHusaT XeMmoumanwH Carcinus aestuarii e FNUKONPOTenH, kakTo Gewe
onpeaeneHo 4pes opcuHon/H,S0, MeTona. YcraHoseHo Gelwe, ye BbINexuapaTHusT
CbCTaB Ha UenuA HaTUBEH XeMouMaHuH e 1.6%, Aokato Ha CaeSS? e 6.3%, koeTo e
HeoBbuyainHo Bucoka cTolHoCT 32 apTpONOAHN XEMOLIMAHUH M.

3a pa ce uacneasa Buinexuapatiata cTpyktypa Ha CaeSS2, npeyncTexata

0<mthIEm Bewe noanoxeHa Ha TPUNCKUHOBA Xvaponuaa, nocneasaHo or

dpakunoHvpare Ha nonyyYeHute nentuau Ha Superdex 300 konoua. ®pakuusTa

fNokasana nonoxuTteneH pesynrar aa Bbrnexwapatn ¢ opcuHon/H,S0, metoa, Belwe
AONBAHUTENHO pasgeneHa Ha HPLC (Dur. 21)

ABcopBuma npu 206 nm

= L

0 30 50 70
Bpeme (min.)

Dur. m._ Pasdensane Ha enukonenmudHume ¢hpakuuu Ha XxeMoyuaHuH om Carcinus
aestuarii, nonyyewu cned mpuncuroea xudponu3sa ypes eucoxo egexmuseHa meyna
Xpomamoepagpus (HPLC). Konowa: Nucleosil 7 C18 (250 x 10 mm) eflyupaHa ¢ nuHeex
epaduerm om 5% A do 100% B a pamkume Ha 70 MuH. Pasmaop A (0.1% TFA ebs
€00a) u pasameop B (0.085% TFA g auemoxumpus). Ckopocmma Ha :o_ﬂowm e TMn/MuH
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YcraHoseHu Gele, Ye YeTUpU pakumn CuaLPKAT BbINexuapaTt (NokasaHu Ha

®ur. 21). Gpakuuute 1, 2 U 3 ChABPKAT B CEKBEHLMATA CW BMUHOKUCENUHUTE Cep/Tpe,
KOUTO yyacTeat 8 O-rnMKO3WNMPaHUTe LEHTPOBE, AOKATO (pakLMA 4 ChabpKa ACT-XXx-
Cep/Tpe, Tunu4Ha nocneaoBatenHocT 3a N - rukoaunupaxu LieHTpoBE.

Pasnuunnte rnukonenTtuam B nocneacreue 6axa oxapaktepuaupanu ¢ MALDI-MS,
kaTto GAxa ONpeAeneHn TeXHUTe MONEKYNHW Macu npeau W cnep CeKBEHUpaHe Ha
sbrnexuapariute sepurn (Tabnuua 5). 3a uenta Bsxa wanonseaHu cneunduyHn
FMWKO3WAA3M, KOMTO Pa3KLCBAT BBIMEXVAPATHUTE CTPYKTYPYW HA PA3NUYHM NO3ULMK.

3a UHTEpnpeTUpaHe Ha PesynTaTuTe OT FMMKONENTUAMTE, Pa3KbCBAHETO UM Gelue
M3BLPLUEHO Ha fABa eTana: NbpBO Pa3sKbCBAHE C HEYpamuHMAA3a, MOCNeABaHO OT
paskbcBaHe ¢ a-N-aueTunranakTosaMuHuaasa unu B-ranakrosugasa.

Tabnuua 5. Cmpykmypa Ha anuxkonenmudume, usonupaHu om cmpykmypHa
cybeduruya CaeSS2 Ha xemoyuaruH om Carcinus aestuarii,

Opakuun’| Maca na faca wa rnuconentuaalpfaca Ha Maca Ha BULINeXHADATeH WMACTO Ha
rankonentuaa® nnuuh.__hu....nuﬂ-nu nentuaa’j onurosaxapuga’ cucras® CBLDIBAHE
1 1399 1399 995 404 GalNAc, The-Gin-Ser
(693.6)
¥ 2458 1762 1030 1466 N-Acetyl-O-di- Sor-Pro-Sar
(1071} NeuAec:GahGalNAc:
3 2855 2222 1330 1525 N-Acetyl-O- Ser-Tyr-Ser
(1330) NeuAc:GakGalNAg,
q 2468 2498 1150 1348 SCMansGlENALy Asn-Asn-Ser
(1158}

a) Homepupare Ha rnukonenTuauTe, CLOTBETCTBALLO Ha NukoeeTe oT HPLC ot Our, 21.

6) UameperaTa maca Ha rnukonentuaa ¢ MALDI-MS

B) Onpeaenexa ¢ MALDI-MS (croitHocTuTe B ckoBuTe ca npeAckasaHy Bb3 OCHOBa Ha
nenTugHaTa CekBeHUus).

r) Maca Ha onurosaxapuauTe, U3UMCNEHW OT PA3NUKUTE B MacaTa Ha ravkonenTuaa u

macara Ha nenTuaa.

A) Maca Ha onurosaxapuguTe, onpeseneHa Ha 6a3ara Ha paskbCBaHe Chbe cneyndunyHmn

eH3umu u uamepera c MALDI-MS.

Bbrnexuapathng cbCTas Ha paanuuHUTE rIUKONENTUIM € NpesckasaH, 6a3upariku
Ce Ha peaKTUBHOCTTa UM KbM CNEeUM(UYHUTE EH3UMW U OT M3MEPEHWTE Pa3nuku Ha
Monekyniute um macu. [lpeanonaraemusT CbCTaB M CTPYKTYPU Ha n3onupaHuTe
rMWMKONenTUaM ca nokasaHu B Tabnuua 5 u ®ur. 22. YcraHoeeHo Bewe HanuuveTo Ha
YETUPKM TMUKONENTWAW B CTPYKTypHaTa cybeannuua CaeSS2, kato Tpu oT Tsx ca O-
CBBP3aHU rnukonenTuau v eanH e N-cabpsad. [nukonentup 4 ce pasnuuasa o
OCTaHanuTe TpU NO CBALPXKAHWETO HA acnapruHOB OCTaTbK M TUMWMYHATa 3a N-
rMuUko3unupare nocneposatenHocT Acn-Xxx- Cep/Tpe (dur. 22).
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®ur. 22. [pednonazaem cbcmae Ha enukonenmudume udeHmucpuyupaHu e
cmpyxkmypHa cybeduHuya CaeSS2, usonupana om xeMouuaxuH Ha Carcinus aestuarii.
TGS, SPS, SYS u NNS- ca aMuHoKucenuHHume nocnedogamenHoomu Ha

enuKko3unuparsume yeHmpose g CaeSS2.

3.8. Wsonupawue, cTpyktypa u 6uonoruunm M3cnegBaHuMA Ha eH3uma Cu/Zn-
cynepokcua aucmytasa (Cu/Zn-COM) ot re6uuen wam Humicola Jutea 103
(HL-COf).

HaTypanHo rnukoaunupanuaT enaum Cu/Zn-CO[] Bewe w3onupaH OT rbBUYHUS
wam Humicola lutea 103, kaTo enekTpopopeTiHO No MeTtosa Ha [leiiBuc Bewe

YCTaHOBEHO HanW4MeTo Ha MaHrad u Cu/Zn-CO[f}-an (dur. 23).

1 3 4

Dur.23. PAGE no memoda Ha [elieuc: a) uvxubupare Ha akmusHocmma npu pasnuyHu
KOHUeHMpayuu Ha kanuee yuaxud u 6) onpedensane Ha npomeuH

YcTaHoseHo Be, ye uzonupaxata Cu/Zn-COQ npejicTasnasa gumep ¢ MonekynHa
maca 32 kfla Ha usnata Monekyna v okono 16 kfla Ha egHa cyBeamHuua.

Onpesenena Gewe nupsuvHara CTpykTypa Ha Cu/Zn-CO[] Ypes cexksexupare Ha
N-kpaiiHaTa aMUHOKWCEeNWHHa NOCNefOBaTeNHOCT W Ha nony4eHuTe nenTwaM cnep,
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TpeTvpaHe Ha npoTeMHa C TpuncuH U xumoTtpuncud. HPLC npodwmnst Ha
paKkuMoHMpaHe Ha Nony4YeHWTe cnef TPMNCMHOBA XWMAPONW3a NenTUAM € NoKas3aH Ha
®ur. 24. Waonupanute dpakuwn Baxa cubpaHu u aHanuaupadu upes MALDI-MS u
aMUHOKUCENUHHO CEKBEHWUPaHE.

a

N . 340 ar

Abcopbuua npn 214 nm

10 20 30 40 50 60 70 80
Bpeme (1MuH.)

®ur. 24 a) PasdenaHe Ha nonyyeHume nenmudu cned TPUNCWHOBA XMAPONW3a Ha
eH3uma Humicola lutea cynepokcud ducmyma3sa (HL-CO/) ¢ sucoko echekmueHa meyxa
xpomamoepacpusi (HPLC). Konowna: Nucleosil RP18 (C18, 100 x 2.1 mMm), enyupaHa ¢
nuHeeH epadueHm om pasmeop A u pasmeop B e pamkume Ha 70 MuH. Pazmsop A
(0.1% TFA ebe eoda) u pasmeop B (0.085% TFA e auemonumpun). Ckopocm Ha
nomoka Tmn/muH. lNenmudHume chpakuuu bsxa uaMepeHu npu ObAXUHA Ha eblHama
206 um; 6) Opcuron/H2SO4 mecm Ha enyupaHume nenmudu om HPLC u HaHeceHu Ha
cunuka 2en nnoyu.

ExkcnepumeHTanHo onpejeneHWTe Macu Ha nentuaute uypes MALDI-MS
CbOTBETCTBAT HAa TEOPETUYHO M3YUCNEHWTE MacWM OT CEKBEHTHUA aHanu3. MMenHaTta
amuHokucenuHHa nocneposatendoct Ha HL-CO[ 6Gewe onpepeneHa upes
koMEuHUpaHe Ha nony4YeHwTe peaynTtatv oT EaMaHoBoTO paarpawpaade, MALDI-TOF
aHanusu W CcpasHABaHe Ha CEKBEHUMATA CbC Te3an Ha Apyrv CO[-au (®ur. 25). Bua
OCHOBa Ha NbpBUYHATa CTPykTypa Gelse u34yMCneHa v ToYHaTa MONeKyfNHa maca Ha
enHa cybepumHnua 15716 Ja. Camo eguH TpuntodaHos ocTaTek Betlue uaeHTurumpan
Ha noauumsa 32, kakTo u npu ocTaHanute COM-31 v 4Ba LWCTEWMHOBYW OCTATLLUM, KOUTO Ce
npeanonara, ye obpazyeat gucyndugHa Bpbaka.
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1 190 20 3 40
H. lutea VKAVAVLRGDSKI TGTVTFEQANESAPTTVS WNI TGHDP i
A, fumigatus VKAVAVLRGDSKI TGTVTFEQAIENS PTTVS WNILNGNDP N 4 ®ur. 25. Moden Ha kpucmanka |
E. nidulans VEAVAVLRGDSKVSGTVTFEQADENS[KIT]VS WNI TGNDP N 8 §8 Hiivoula lolea
C. purpurea NVKAVAVLRGDAKVGGTVVFEQESESAPTTI TWOITGNDAN cmpyxmyp L
M. crassa VEAVAVVRGDANVKGTVI FEQESESAPTTI TYDISGNDP N cynepokcud Jucmymasa  (HL-
C. gloeosporivides MVKAVCVVRGDSKVTGSI VFEQESESAPTKI TWDI SGNDAN COAf). ®uzypama e nocmpoena
S. cerevisiae VOAVAVLKGDAGVSGVVKFEQASESEPTTVSYEI AGNSPN ¢ npoepamu MOLSCRIPT u
Homo sapies ATKAVCVLKGDAP VQGI | NFEQKESNGPVEVWGS | KGLT- & Raster3D.
Bovine ATKAVCVLKGDAPVQGTI HFEAKGDT- - VVVTGSI TGLT- E
O. cunicuhis AMRKAVCOVLKGDGP VQGVI HEEQKASGEPVYVS GOl TGLT- E
41 S0 60 70 &n
H. lutea AERGNMHI HQEGDNTNGCTS AGPHYNPFKKTHGAP TDEVRH
A. fumigalus ARRGFHVHQFGDNTNGCTS AGPHENP YGKTHGAPEDSERH
E. nidulans AERGFHI HQFGDNTNGCTSAGPHFNPFGKTHGAPEDEVRH
C. purpurea AKRGFHI HTFGDNTNGCTSAGPHFNPHGKTHGAP TDE ARH
N. crassa AKRGFHI HTFGDNTNGCTS AGPHENPHGGTTGDRTAEVRH
C. gloeosporioides  AKRGMHI HT FGDNTNGCTSAGPHFNP HNKTHG AP EDSNRH
S. cersvisiae AERGFHI HEFGDATNGCVSAGPHFNPFKKTHGAP TDEVRH
Homo sapies GLHGFHVHEFGDNTAGCTS AGPHFNPLSRKHGGP KDEERH
Bovine GDHGFHVHQFGDNTQGCTSAGPHFNPLSKKHGGP KDEERH
O. cuniculus GEHGFHVHOQYGDNTQGCTTAGPHFNPHSKKHGGP ADEER I
&1 0 100 110 120
H. lutea VGDLGNI KTDAEGNAVGS VODKLI KV1 GAESI LGRTI VVH
A, fumigatus VODLGNFETDAEGNAVGSKQDKLI KL1 GAESVLGRTLVVH
E. nidulans VGDLGNFKTDAEGNSKGSKTDKLI KL1 GAESVLGRTLVVH
C. purpurea VGDLGNLETDGQGNAKGS VKDEHVKLI GPHS VI GRTV VI i
N. crassa VGDLGNI ETDAQGNAKGTVTDNLVEKLI GPESVI GRTVVVH n- Gewe onpeaeneHd u
C. glocosporioides  VGDLGNI ETDANGNSKGTVTDSHVKLI GPES VI GRT VVH Monexynrata maca na eana cyGeautmua Ha Cu/Zn-COA pon
S, cerevisiae VOGDMGNVKTDENGVAKGSFKDSL] KL1 GPTS VVGRS VVI H upes MALDI-MS aHanua. OT nonyd4eHus Mac-CnexkTup, nokasaH Ha Our. 26, Beuwe
Homo sapies VGDLGNVTADKDGVYADVSI EDS VI SLSGDHCIT GRTLVVH
Bovine VGDLGNVTADKNGVAI VDI VDPLI SLSGEYSI | GRTNV VH usMepeHa monekynHa maca 15935.2 [la 3a eana cybegusuua u 31893.5 [la 3a usnata
O. cuniculus VGDLGNVAAGKDGVANVS | EDRVISLSGEHSI [ GRTMVVH
Mornekyna.
121 130 140 15G
H. lutea AGTDDLGRGGNEESKKTGNAGPRPACGVI G A % —
A. fumigatus AGTDDLGRGGNEESKKTGNAGARPACGVI GI A 2 100
E. nidulans AGTDDLGRGDSEESKKTGNAGARPACGVI Gl A =
C. purpurea AGTDDLGKGDNEESLKTGNAGPRPACGVI G] $ = &0
N. crassa AGTDDLGKGGNEESLKTGNAGPRPACGVI G] & 2 2 461
C. gloeosporioides  GGTDDLGKGDNEESLKTGNAGPRPACGVI GI 8 =
S. cerevisiae AGODDLGKGDTEESLKTGNAGPRPACGVI GL 2 i
Homo sapies EKADDLGKGGNEESTKTGNAGSREACGYVI Gl AK m 60
Bovine EKPDDLGRGGNEES TKTGNAGSREACGYVI G1 AK : "
O. cuniculus EKODDLGKGGNEESTKTGNAGSRLACGVI GI AQ T
o 10 | o3
@ur. 25, CpaeHeHue Ha aMUHOKUCENUHHU nocnedosamen+Hoanu Ha Humicola lutea g k1 Yo
cynepokcud ducMymasa (HL-CO/]) cue cekseryuume Ha dpyeu CO4. i 2
W 10 _r
Manonssaitkv  nonyuexata MH(OPMaUMa 33 NbAHaTa  aMUHOKUCENWHHE © u

10 000 ucdac 30 c,g 40 000 50 000

NOCNejoBaTENIHOCT Ha €H3UMa, KakTO W W3BECTHU KpucTanorpadickn CTpyKTYpU Ha Maca/3apsag (m/z)

noaobHu COf-aun, ypes cneywanHu nporpamu Gele HanpaseH Mogen Ha KpucTansara
CTpyktypa Ha HL-COL (®ur. 26). Toau mogen aasa BU3yarHa npeacrasa 3a

@ur. 26. a) MALDI- cnexmup Ha cybedunuyama Ha Cu/Zn-COZ. Mpobama (10
Pa3NONOXEHVETO Ha pasnuyHM OCTaTsuM, kato Ha Tpn32 u Apyrv u criomara 3a nuxomona) e pasmeopena e 0.1% (v/v) TFA u HaHecena 3a uamepeare. Pasmeopu om

a i AlqeH oeanbymur (M= 44400 Da) u 6usoncku cepen anbymun (M= 66430 Da) ca
W3SAICHABAHE Ha CBOICTBATA Ha EH3UMA. ooy s, AN
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®ur. 26 6) MALDI- crnekmbp Ha cybeduHuya Ha Cu/Zn-CO[ cned mpemupare ¢
PNGase-F.

Habniogasanmat Haii-sucok nuk npu 15935 cwoTBeTcTBa Ha Macata Ha enHa
cybeaunuua Ha Cu/Zn-COfl. WauucneHa oBaue MONeKyfnHa maca oT nbhHaTa
amuHokUcenuHHa nocnejoeartenHoct e 15716. Tosa Bogu 4o pa3snvka ot 219 [la mexgy
M3MEepeHaTa mMaca W W3YNCMeHaTa, KOeTO Ce AbMKM HA HanuuyueTo Ha eaHa

onurosaxapuaHa ctpaHuuHa sepura (16+203) u okucnenus Metd4 ocraTok.

3.8.1. Edbex Ha HL-CO[] Bbpxy AlAichi/2/68 BUpYC

MssecTHa e sawumara cyHkums Ha COJ npv peauua sabonasavus. EcekTuT Ha
W3onupausa eHaum HL-CO/] Gewwe nacneasaH cpeLly rpunHus BUPYC U CPaBHEH C TO3M
Ha Busoncka CO[ u u3nonasaHoTo NeKapcTBeHo CPeacTBo puGaBupuH. YcTaHoBeHO
Gewe, ye HL-CO[] npeana3sa MULLKK OT CMbPT CNej UHXEKTUPaHe ¢ eKCnepuMeHTaneH
AJAIchi/2/68 Bupyc, kaTo yALN¥aBa BPEMETo Ha ¥MBOT. Manonasaiiu rNAKO3MnNupaHaTa
HL-CO[, ctenenxta Ha ouensBaHe ce noeuwwm ¢ 66% u BPEMETO Ha ouenseaHe Be

YABMKEHO C 5 AHW, A0KATO HernukosvunupaHata Gusoncka HL-CO[ nokasa no-cnab6
edekT.

4. 3aknwyeHue

Llenta Ha HacToswara guceprtaums Ge pa ce w3cnensa CTpyKTypata u

CBOWCTBATA Ha METaN-ChAbLPXALUMTE NPOTEWMHW: XEMOLMaHWHM W  Cynepokcua
AucmyTaza. [leata BUA@ NPOTEMHW CLALPXAT MEAHM WOHW B AKTUBHWA LEHTLD W
HamupaT npunoXeHwe Npu UMyHoTepanuaTa Ha pasnuunu Gonectu. OT nposesexuTe
Hay4HU U3CNEABaHUA MOraT la Ce HanpaBAT CMELHUTE 3aKNIOYEHUA:
1. OxapakTrepuaupaHa e ofMroMepHaTta CTabUrHOCT Ha XEeMOLMEHWHU OT MOMIOCKUTE
Rapana venosa (RvH) v Helix vulgaris (HvH), kakto u TexHuTe CTpyKTypHM cy6eavHuumM
RvH1 1 RVH2 npu paanuuku ycnoews. Mpu npocneaseaxe Ha npoueca Ha peacouvauma
Ha Te3n Ase CyGeAMHMLM M Ha HaTusHaTa Monekyna 8 Gycepu ¢ paanuumu pH
CTOWHOCTH M KoHUeHTpauum Ha CaCl, u MgCl, e ycraHoseHo, ye Te peacoyuupar B
AVAEKaMepu u MynTugekaMepu.

RvH1 1 RvH2 ca 61oXuMuyHO 1M MMYHONOMYHO Pa3nyHi 1 NPOSBSBAT Pa3nuyHu
CBOWCTBA Ha AuCOLUMMpaHE W peacouuvpaHe. PeacouvaumsTa, npoBeseHa cpely
crabunusnpaw 6ycep c pH 9.6, 8 npucberaue Ha 2 mM CaCl, n MgCly, B npogbmxeHve
Ha HAKOMKO CEAMMLM, BOAW A0 (DOPMUPAHETO Ha JeKkaMepy, A0KaTo B cTabunuanpaly
Bycep ¢ pH 7.0 ce Habniogasat npegumHo uaexkamepu. Bucokata KOHLIEHTpaUuA Ha
Ca® u Mg itonu cnocoberea aa no-6up3o peacouvnpare Ha RvH1, uapaseHo B gbnru
crabunHn myntuaekamepu W cepuyHn TpuBuuku. PeacoumaumsTa Ha CTpYKTYpHa
cybeaunnua RvH2 npu cblyute ycnoeua npotuya 6asHo, ¢ dopMupaHe Ha auAekamep,
KbCW TPBOBUUKIA U ABNMM MyNTUAEKAMEDH, KOUTO Ca NO-HECTAaBUNHM NPU NOBULLABAHE Ha
pH Ha pa3sTtBopa.

2. W3onupanu ca HAKONKO (hYHKUMOHANHM ELMHULM HAa XEMOLMAHUH OT MOMIOCKMS
Rapana venosa (RvH), 6e3 dopmupaHeTo Ha NpoTEonUTUYHY CTPaHUYHN NPOAYKTH,
YPe3 npunaraxe Ha HOB METOA: AENONMMEepU3auus B NPUCLCTBYE Ha Zn?* foHu. Ypea
HOBMA METOA Ce W3bArBa HeAOCTaTLKBLT Ha PAa3KbCBAHE Ha NONMNENTULHUTE BEPUTK Ha
PasnWyHA NO3ULMW NpWU TPETUPAHE C TPUNCUH UMK APYrU NPOTEONUTUYHU EHIUMMU.
Onpepenenn ca N-kpaiHUTE aMUHOKUCENUHHU NOCMELOBATENHOCTH Ha Teau eAuHULY,
kaTo € yCTaHoBeHa MHOTO BUCOKA CTEMEH Ha CTPYKTYPHa XOMONOXHOCT NpW CpaBHABaHe
€ OYHKLUMOHANHU eAMHULM OT AAPYTU racTPONOAHMN XEMOLMAHUHM.

3. NaonupaHu ca ase CTPyKTYPHU cyBeanHum a- He u B- He ¢ MOfeKynHa Maca oKono
400 k[a or xemouwaHuHa, pa3TBOPEH B xemonumdaTa Ha rpaguHcKkuA oxnios Helix
vulgaris. YCTaHoBeHo e, ue peacouuuaumaTa 8 crabunuaupaw Gycbep ¢ 50 mM CaCly u
MgCl;, pH 7.0 Ha gBete cyBeauHuum e HenbnHa u ce dopMupaT camo aexkamepu,
AVAEKAMEDPU U MyNTUAEKaAMEPH.
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4. OnpepaeneHn ca BbrEXMAPaTHUTE CTPYKTYpPU Ha ABe yHKLUMOHANHM eguHnum RvH1-
.a@ u RvH1-f oT nbpeata crpykTypHa cybeauHuLa Ha xemMouMaHWH oT Rapana venosa,
, K2KTO 1 Ha XemouMaHuH oT apTponogHus Carcinus aestuarii upes npunaras{e Ha peguua

METOAN W TEXHUKW: kanunapHa enektpochopesa, MALDI- Mac-CnekTpoMeTpus U

€NEKTPOCNPE MOHU3ALMOHHA Mac-CEKTPOMETPMS, B KOMBMHaUMs rMKO3ugasHo

paskbcBaHe.

5. YcraHoseHo e, Ye HaTueHaTa CTpykTypHa cybeanHuua CaeSS2 Ha xemouuaHuH oT

apTponofHua Carcinus aestuarii ce cbctow oT 650 AMWHOKWUCENWHU oCcTaTbLM U e

W34ncneHa TouHata MonekynHa maca 75036 [a. MupeuyHaTa CTpykTypa Ha CaeSS2

NoKa3Ba BUCOKA CTENEH Ha XOMONOXHOCT (73%) cbe cybeavHuua 6 Ha xemouMaHWH oT

Cancer magister, npeactaBuTen Ha Buaa Crustacean. WaeHtudnumpanm ca 10

TPUNTOaHOBY 1 28 TMPO3MHOBM OCTaTbLM B CaeSS2, koiTo ca KnacucmumpaHsun B Tpu

Knaca, 8 33aBUCMMOCT OT NPOABLMMKMTENHOCTTA Ha BPEME Ha XWBOT. [HokasaH e

NOracalvAT ehekT Ha MEeAHUTE WOHW OT aKTMBHWA UEHTbP BBpXY dryopecueHTHaTa

€MWUCHUA Ha NpoTEMHa.

6. MN3cneasaHeTo Ha KOHhOPMaLMOHHATa CTaBUNHOCT Ha XEMOLUaHWH OT apTPONoAHMA

Limulus polyphemus cpeuwly pasnuyxm ASHATYPaHTU (ryaHMAMH XMAPOXNOpUA U ypea),

HPE3 KpBroB ANXPOUILM W (DNYOpEeCLEHTHA CNEKTPOCKONWS, nokasa, ye CTpyKTYpara Ha

HATUBHWTE AMAEKAMEpHM arperatm v Ha W3oNUpaHuTe 5 CTPYKTYpHW cybeaunuuyu e

CTabunuampada oT XMAPOMKIHM M NOMAPHU BPL3KW U B ABeTe (hOpMMU Ha NPoTenHuTe

(ano- v okcu-). leHaTypupaHeTo Ha WacneaBaHuTe (OPMU Ha XEMOLIMEHMHA C ryaHWauH

XMAPOXNOPWA BOAW A0 B1P3NA UM KOHGOPMALIMOHEH NPEXO, B PA3rbHaTO ChCTOSHUE.

7. WsonupaH e HoB, rnukoaunupak eHaum Cu/Zn cynepokcup awvcmytasa (CO[) ot

reOudHma  wam  Humicola lutea 103. OnpegeneHa e aMuHOKMCENWHHaTa My

nocnepoBaTenHocT ypes EaomaHoBo paarpawaaHe M e CbNOCTaseHa C Tean Ha Apym

Buaose Cu/Zn CO[-3n. AMUHOKUCENUHHATA nocnejoBaTeNHOCT Ha eH3WMa, CbCToALWa

ce oT 152 aMWHOKVCENMHHU OCTATbUW, NOKa3a BUCOKA CTeneH Ha XOMOMOMHOCT (74—

85%) ¢ Tasu Ha Apyrv Bugose Cu/Zn COf-au.

OxapakTepuavpana e swrnexugpatHarta CTpyktypa Ha CufZn CO[, kato e
AOKa3zaHo, Ye pasnukata B MonekynHata maca Ha H. lutea Cu/Zn SOD u3MepeHa c
MALDI-MS (15,935 Da) v Tasu mauucriena oT aMWHOKUCENWHHATa NocneaoBaTenHocT
(15,716 Da) ce gbmxn Ha BLrexwapaTHaTa Bepura ot N-aueTunrmnioKko3amuH, cBbp3aH
KbM rMUKO3UNMpaHua UeHTop Asn23-Glu-Ser.

8. YcraHoBeH e 3awMTHUAT ecbekT Ha HL-COOl Bbpxy muLLku, WHXEKTUPaHW C

ekcnepumexTaneH rpuned A/Aichi/2/68 supyc. Manonaeaiiku rnvko3vnupada HL-CQOQ,
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CTeneHTa Ha ouensBaHe ce noBuwM C 66% W NPOALIMKUTENHOCTTa Ha »WBOT Be
YABIMKEHO C 5 IHU B CpaBHeHMe C Hernukosunupaxnara HL-CO[l.

Peaynratute OT TO3M JMCEPTALUMOHEH TPYA AOMPUHACAT 3@ MO-MbAHOTO
u3ncHsABaHe Ha CTpykTyparta, dyHKUMMTE U CBOWCTBATa Ha ABaTa MeA-CbAbpxKalm

NPOTEUHKU. XEMOUMAHWH WU CynepoKcna AMCmyTasa.
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