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HEMOCYANINS AS IMMUNOSTIMULATORS

Reneta Toshkova ', Emilia Ivanova?, Maria-Dorothea Nastke', Lyudmila Velkova?,
Stefan Stevanovic?, Rumyana Hristova®, Alexandar Dolashki, Maria Gardeva®,
Ivan Dimitrov*, Wolfgang Voelter®, Pavlina Dolashka-Angelova*

' Institute of Experimental Pathology and Parasitology, BAS, Bulgaria;

2 Institute of Microbiology, BAS;

) Department of Immunology, Institute for Cell Biology, University of Teebingen,
Germany;

4 Abteilung fer Physikalische Biochemie des Physiologisch-chemischen Instituts der
Universitat Tebingen, Germany;

s Institute of Organic Chemistry, Bulgarian Academy of Sciencés, Bulgaria

Hemocyaa.n from the giant keyhole limpet Megarhura crenulatahas been a subject of
biomedical interest because of its remarkable immunostimulatory properties in experimental
animals and man. Molluscan Helix vulgaris (HvH) and Rapana venosa (RvH). and
arthropodan Carcinus aestuarii (CaH) hemocyanins have been studied in order to evaluate
their potential biochemical and medical applications.

It was established that the serum IL-2 production was better expressed in animals
immunized by HvH and CaH then with the native molecule of KLH. Increased IL-2
production in supernatants of in vitro cultivated lymphocytes was observed in animals
immunized with native CaH and KLH. Spleen cells from the mice immunized with other
hemocyanins showed negligible stimulation. It was found that CaH causes increased
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Complete oligosaccharide structure of Repana venosa
hemocyanin
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? Department of Immunology, Institute for Cell Biology, Umversny of Tiibingen,
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The complete oligosaccharide structures of Rapana venosa
hemocyanin (RvH) were studied by sequencing of glycopeptides using
LC/ESI-MS, Nanoflow-ESI mass spectrometry, CE or by MALDI-
TOF-MS after enzymatically liberation of the N-glycans from both
structural subunits RvH1 and RvH2. The structural information of these
glycans was obtained by sequencing of them by Q-Trap mass
spectrometer. Mass spectrometry revealed a highly heterogencous
mixture of different glycans from RvH2 comprising at least 37 different
compositions of Hexgo HexNAc,.4 Hexos Pentys Fuces and the
deoxyhexose and pentose residues. Oligosaccharides  with
approximately the same structures were identified in structural subunit
RvHI1. Also novel types of N-glycans with a internal Fuc connecting
one GalNAc(B31-2) and one hexironic acid was confirmed in both

structural subunits RvH1 and RvH2.
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Gene sequence and immunological potential of Helix
vulgaris hemocyanin, isolated from garden snails, in
comparison with other molluscan hemocyanins

Pavlina Dolashka-Angelova , Lina De Smite, Ivan Dimitrov, Tsetanka
Stefanova, Evangelia Livaniou, Persefoni Klimentzou, Ludmila Velkova,
Stefan Stevanovic, B. Salvato, Hristo Neychev, Wolfgang Voelter
iv_dm@abv.bg

A new hemocyanin was isolated from the hemolymph of garden snails Helix
vulgaris, composed of two isoforms, HvHI and HvH2 separated on an ion
exchange column DEAE-Sepharose 6CL. Structural and immunological properties
of Helix vulgaris hemocyanin were studied in comparison with molluscan Hcs
Rapana venosa and Megathura crenulata. Quaternary structure of these Hces is by
didecameric isoforms, containing different structural subunits. However they show
different reassociation behaviour by mixing them over a gcriod of several days,
using 2 stabilizing buffer (SB). Higher concentrations of Ca*' and Mg®* ions led to
rapid reassociation of J-HvH resulting in short and long multidecamers.

To obtain the complete coding sequence for Helix vulgaris hemocyanin
(HvH), we performed several RT-PCRs using degenerated primers derived from the
copper binding site A of H. tuberculata hemocyanin and sequences of HvH
obtained by Edman degradation. All obtained fragments were cloned, sequenced
and identified by “blasting” them, thus we finally were able to verify 80% of
complete sequence of HvHI,

The possibility of using HvH and RvH as carriers of small molecules
(haptens) in immunizing protocols was studied in comparison with KLH, which is a
widely used, highly immunogenic carrier protein. By using HvH as a carrier of the
well-known hapten TNBS (2,4,6-trinitrobenzene sulfonic acid), an increasing with
time production of hapten-specific TFN-y was detected in splenocyte cultures of
mice, which lasted longer than in case of KLH and RvH carriers. Also, use of HvH
or RvH as a carrier of the hapten ProTa[101-109] showed that antisera of higher
titres than that of the control conjugate (ProTa[101-109])-KLH) were obtained
immediately after the second bleeding. HvH and RvH may prove to be useful for
the development of new antiviral, antibacterial and antitumor vaccines, since they
seem to launch strong and specific immune response against the conjugated
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Atanasov. Electrostatic analysis of Humicola lutea 103 superoxide dismutase in
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Electrostatic analysis of Humicofa lutea 103 superoxide dismutase
in comparison with bovine enzyme

Vesela Moshtanska!, Dolashka-Angelova P.", Velkova L.', Angelova M.%,
Voelter W.*, Atanasov B.’

! Institute of Organic Chemistry with Centre of Phytohemistry, Bulgarian Academy of
Sciences, G. Bonchev 9, Sofia ,Bulgaria; ? Institute of Microbiology, Bulgarian Academy of
Sciences, Sofia, Bulgaria; * Institute of Biochemistry, University of Tubingen, Tubingen,
Germany, vesela m@abv.bg

There has been a considerable and continuing interest in the use of the antioxidant
enzyme superoxide dismutase (SOD) in medicine over the last years, arising from its
ability to reduce the deleterious effect of superoxide anion radicals (O2+-) in the cells. The
fungal strain Humicola lutea 110 produces a manganese (Mn)- and a copper/zinc-
containing (CuZn) superoxide dismutases (HLSODs). CuZnSOD enzyme is the first
identified glycosylated fungal SOD with one mole of N-acetylglucosamine, connected to
the polypeptide chain. The comparative investigations of the protective effect of HLSOD
and commercially available bovine SOD show that intranasal inoculation of the virus
produces a damaging infection of the lungs, which is highly lethal to the animals. HLSOD
impressively protected mice from mortality; survival was increased by 66%, survival time
was prolonged by 5.2 days. The pathological changes in the lungs were reduced, though
viral infectious titers remained high. Thus, no correlation between the direct cause (viral
replication) and effect (pathological changes) was observed. The bovine SOD at a high
dose of 500 U/mice protected mice from mortality to a lesser extent. The protective effect
of HLSOD was comparable to that of ribavirin. We assume that the clearance of HLSOD
from the serum has been delayed due to the presence of polysaccharide chain in the
molecule. This could explain the different protective effects of HLSOD which is naturally
glycosylated and bovine SOD which is not glycosylated.

Because protein-virus interaction is primary manifested by long-range electrostatics,
we study in details Coulomb interactions of both enzymes. Their 3D structures are very
homologous, but side chains distribution (by type and site) are quite different. First of all
HLSOD has most alkaline stable (AGel = -17 kcal/mol at pH 11.3) if compare to bovine
enzyme, which is more stable in wide pH region (more than AGel = -35 kcal/mol at pH 3-
12). HLSOD has more hydrophobic residues on molecular surface than bovine enzyme,
which facilities and strongest its dimerization and carbohydrate interaction. Bovine SOD
has four abnormal Asp residues (D61, D122, D99 and D74, with calculated pKa-s below
0), whereas no such anomalies in HL-enzyme. Most attractive is surface electrostatic
potential (3D-SEP) distributed in different ways in both molecules: As seems from poster
3D-SEP figures HLSOD has wide neutral area (in green), but bovine enzyme has
alternate negatively/positively fields. This difference should be functionally important,
supporting carbohydrate moiety interaction with target structures (partially with capside
virus proteins).
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Helix vulgaris hemocyanin: Gene sequence and antiviral properties

Dimitrov I',, De Smit L2, Velkova L', Shishkov S.’, Kostova K.’, Devreese B.%, Van
Beeumen J.> and Dolashka-Angelova P.'

'Institute of Organic Chemistry with Centre of Phytohemistry, Bulgarian Academy of
Sciences, Bulgaria; * Laboratory of Protein Biochemistry and Protein Engineering,
University of Ghent, Belgium; 3 The Sofia University, Biological Faculty, Laboratory of
Virology Sofia, Bulgaria; pda54(@yahoo.com

Rapana venosa hemocyanin is glycosylated proteine isolated from the hemolymph of
marine snails from the Black Sea. Using LC/MS/MS, Q-Trap and MALDI techniques the
most important class of glycans, one internal fucose branching to hexuronic acid and
HexNAc, were analysed in both structural subunits RvH1 and RvH2. Though hexuronic
acid moieties, which are common constituents of proteoglycans, occur rather rarely in
glycoproteins.

Studies on antiviral activities of native molecules and functional units (FUs) from
Rapana venosa (RvH), Helix vulgaris (HvH), keyhole limpet (KLH) and Carcinus aestiarii
hemocyanin (CaSS2) revealed that only the glycosylated FU of RvH and CaSS2 presented
antiviral properties against Herpes simplex virus type 1, strain Vic, (HSV-1). Thus, for the
first time, our results revealed that the glycosylated functional unit of molluscan and
arthropodan hemocyanin display antiviral activity, No inhibitory effect on this viruse could
be observed for the native molecule RvH, HvH and structural subunit RvH1. The antiviral
effect of glycosylated FU against the replication of HSV is established, but its antiviral
mechanism is still unknown. Therefore, the further investigation of the inhibitory
properties of HvH against HSV is under way.
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Anniversary Scientific Conference “Biology —traditions and challenges”, 27-29 May
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ISOLATION OF MOLLUSCAN HEMOCYANIN HELIX VULGARIS WITH
ANTITUMORE EFFECT ON GUERIN ASCITES TUMOR-BEARING ANIMALS

L. Velkova', I. Iliev’, I. Dimitrov', L. Yossifova, V. Moshtanska', S. Zacharieva' and P.
Dolashka-Angelova'

llnsluutc of Organic Chemistry with Centrum of Phytohemistry, BAS, Sofia 1113, Bulgaria

*Institute of Experimental Pathology and Parasitology, Bulgarian Academy of Sciences. 1113 Sofia, Bulgaria

Correspondence to: P. Dolashka-Angelova
E-mail: pda54 @yahoo.com

Keywords: hemocyanin, Helix vulgaris, Guerin tumore, glycoprotein

Three types of hemocyanin molecules were identified in the haemolymph of garden snails Helix
vulgaris. This hemocyanin similar to Helix pomatia consists of Pc-HvH, aD-HvH and aN-HvH. These
components were separated by size exclusion chromatography and isoelectric fragmentation. They all show the
cylindrical quaternary structure, typical for gastropodan hemocyanins, comprising 20 subunits with & molecular
mass of approximately 500 kDa each.

The BC-HvH was erystallized by dialysis of total HvH against NaOAc-HOAc buffer, pH 53, 1 =
10mM. Seven functional units (FUs) with molecular masses about 50 kDa, dfetermined by MALDI-TOF, were
isolated after tryptic hydrolysis of structural subunit c-He. N-terminal sequences of FUs showed high similarity
with FUs from other molluscan hemocyanins.

HvH is a glycoprotcin and its immunogenetical properties were studied in comparison with RvH and
KLH. The mechanisms of immune response of spleen lymphocytes from experimental Guerin ascites tumor-
bearing animals preliminary immunized with vaccines supplemented with Helix vulgaris(tHVH) Rapana venosa
(RvH) and KLH were studied. Experimental data showed significant immune activation in animals treated with
HvH, RvH, much higher than that in the control group immunized with keyhole limpet hacmocyanin (KLH).
Comparing the titres of specific antibodies against each subunit we found, that the second subunit of RvH2 is
more immunogenic than the first one, although it is of lower molecular weight. This is probably due to the
higher state of glycosylation and the greater heterogeneity in domain subunit organization.
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7. L. Velkova, D. Todorov, I. Dimitrov, S. Shishkov, B. Atanasov, P. Dolashka-
Angelova. (Lecture MB 13) Rapana venosa hemocyanin with antiviral activity. XI

Anniversary Scientific Conference “Biology —traditions and challenges”, 27 — 29 May
2009, Sofia, Bulgaria.
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RAPANA VENOSA HEMOCYANIN WITH ANTIVIRAL ACTIVITY

L. Velkova', D. Todorov’, I. Dimitrov', S. Shishkov?, J. van Beeumen® and P. Dolashka-
Angelova'

! Institute of Organic Chemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria
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Correspondence to: Prof, Dr. P. Dolashka-Angelova

E-mail: dolashka@orgchm.bas.bg

Keyword: Rapana venosa hemocyanin, functional unit, glycosylatin, antiviral effect, mass spectronietry

Molluscan hemocyanins (Hcs) have recently particular interest due (o their  signilicant
immunostimulatory properties. This is mainly related to their high carbohydrate content and highly specific
monosaccharide composition. Our study revealed a highly heterogeneous mixture of different glycans isolation
from structural subunit RvH2 of Rapana venosa hemocyanin at least 28 different compositions of Hex0-9
HexNAc2-4 Hex0-3 Pent0-3 Fuc0-3 and deoxyhexose and pentose residues. A novel type of N-glycan, with an
internal Fuc connecting one GaINAc(B1-2) and one hexuronic acid, was detected in RvH2 as was previously
found in subunit RvHI, ;

We compared investigation on antiviral effects of several molluscas hemocyanins (keyhole limpel
hemocyanin, Rapana venosa hemocyanin and Helix vulgaris hemocyanin) and the arthropod Carcinus aestuarii
hemocanin. For the first time, we demonstrate here the inhibitory effect of one glycosylated functional unit of
molluscan hemocyanin against viruses.The FU RvH-1 of Rapana venosa hemocyanin is the most effective
inhibitor on the replication of Herpes simplex virus type 1, strain Vic, (HSV-1).
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8. L. Velkova, P. Dolashka-Angelova, W. Voelter, B. Atanasov. (Lecture MB 15).
Thermodynamic and electrostatic analysis of functional unit RvH2-e of Rapana

Hemocyanin. XI Anniversary Scientific Conference “biology -traditions and
challenges”, 27 — 29 May 2009, Sofia, Bulgaria.
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THERMODYNAMIC ANALYSIS AND MOLECULAR MODELING OF RAPANA
VENOSA HEMOCYANIN - FUNCTIONAL UNIT RVH2-E

L. Velkova', P. Dolashka-Angelova', A. Dolashki®, W. Voelter’, B. Atanasov '
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Correspondence to: Prof. Dr. B. Atanasov
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Keyword: Rapana venosa Hemocyanin functional unit RvH2-¢, Circular dichroism spectra, Reversible
denaturation, Thermodinamic characteristics, 3D- structure

pH-T diagram is typical “phase portrait” for siability of  functional unit RvH2-¢, Using different
techniques the T-transition curves at different pH for RvH2-¢ were analyzed and the parameters of the
thermodynamic functions were obtained. Increasing temperature and within the T range 25-55°C the reversibility
increases and “opens a reversibility window” within the range of pH 5.5-9.0, for which were calculate at
standard temperature the thermodynamic functions AHo and AGoexp.

Molecular modeling of correct 3D structure of functional unit RvH2-e was done which allows us to fix
most probably position of missing 9 residues now presented in existed x-ray model at very poor resolution of
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9. V. Moshtanska, P. Dolashka - Angelova, L. Velkova, M. Angelova, W. Voelter, B.
Atanasov. Electrostatic analysis of Humicola Lutea 103 superoxide dismutase in

comparison with bovine enzyme. XI ASC “Biology — traditionsand challenges”, 27 — 29
May 2009, Sofia, Bulgaria.

MB 18
ELECTROSTATIC ANALYSIS OF HUMICOLA LUTEA 103 SUPEROXIDE
DISMUTASE IN COMPARISON WITH BOVINE ENZYME

V Moshtanska', P. Dolashka-Angelova', L. Velkova', M. Angelova’, W. Voelter’, B. Atanasov'
" Institute of Organic Chemistry with Centre of Phytohcmlstry. BAS, Sofia 1113, Bulgaria

'lnstuulc of Microbiology, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria

“Interfacultary Institute of Biochemistry, University of Tiibingen, D-72076 Tiibingen, Germany

Correspondence to: B. Atanasov

E-mail; batanasov@yahoo,com

Keywords: Humicola lutea fungal strain, glycoprotein, stability

The fungal strain Humicola lutea 110 produces a manganese (Mn)- and a copper/zinc-containing
(CuZn) superoxide dismutases (HLSODs). CuZnSOD enzyme is the first identified glycosylated fungal SOD
with one mole of N-acetylglucosamine, connected to the polypeptide chain. The comparative investigations of
the protective effect of HLSOD and commercially available bovine SOD show that intranasal inoculation of the
virus produces a damaging infection of the lungs, which is highly lethal to the animals.

Because protein-virus interaction is primary manifested by long-range electrostatics, we study in details
Coulomb interactions of both enzymes. Their 3D structures are very homologous, but side chains distribution
(by type and site) are quite different. First of all HLSOD has most alkaline stable (AGel = -17 keal/mol at pH
[1.3) if compare to bovine enzyme, which is more stable in wide pH region (more than AGel = -35 keal/mol at
pH 3-12). HLSOD has more hydrophobic residues on molecular surface than bovine enzyme, which facilities
and strongest its dimerization and carbohydrate interaction. Bovine SOD has four abnormal Asp residues (D61,
D122, D99 and D74, with calculated pKa-s below 0), whereas no such anomalies in HL-enzyme. Most attractive
is surface electrostatic potential (3D-SEP) distributed in different ways in both molecules: As seems from poster
3D-SEP figures HLSOD has wide neutral area (in green), but bovine enzyme has alternate negatively/ positively
fields. This difference should be functionally important, supporting carbohydrate moiety interaction with target
structures (partially with capside virus proteins).
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Three types of hemocyanin molecules were identified in the haemolymph of garden snails Helix
vulgaris. Helix vulgaris hemocyanin (HvH) similar to Helix pomatia consists of fe-HvH, uD-
HvH and «N-HvH. They all show the cylindrical quaternary structure, typical of gastropodan
hemocyanins, comprising 20 subunits with a molecular mass of approximately 500 kDa each.
Seven functional units (FUs) with molecular masses about 50 kDa were isolated after tryptic
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Angelova P. :
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Rapana venosa hemocyanin is glycosylated proteine isolated from the hemolymph of marine
snails from the Black Sea. Using LC/MS/MS, Q-Trap and MALDI techniques the most important
class of glycans, one internal fucose branching to hexuronic acid and HexNAc, were analysed in
both structural subunits RvH1 and RvH2. Though hexuronic acid moieties, which are common
constituents of proteoglycans, occur rather rarely in glycoproteins.

Studies on antiviral activities of native molecules and functional units (FUs) from Rapana venosa
(RvH), Helix vulgaris (HvH), keyhole limpet (KLH) and Carcinus aestiarii hemocyanin (CaSS2)
revealed that only the glycosylated FU of RvH and CaSS2 presented antiviral propertics againsl
Herpes simplex virus type 1, strain Vic, (HSV-1). Thus, for the first time, our results revealed that
the glycosylated functional unit of molluscan and arthropodan hemocyanin display antiviral
activity. No inhibitory effect on this viruse could be observed for the native molecule RvH, HvH
and structural subunit RvHI. The antiviral effect of glycosylated FU against the replication of
HSV is established, but its antiviral mechanism is still unknown. Therefore, the further
investigation of the inhibitory properties of HvH against HSV is under way.
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Vescla Moshtanska', Dolashka-Angelova P.!, Velkova L3, Angclova M2 Voelter W.}, Atanasov
B. R
" Institute of Organic Chemistry with Centre of Phytohemistry, Bulgarian Academy of Sciences, G.
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Bonchev 9, Sofia ,Bulgaria; * Institute of Microbiology, Bulgarian Academy of Sciences, Sofia. Bulgaria:
Institute of Biochemistry, University of Tiibingen, Tiibingen, Germany, vesela_m@abv.bg

There has been a considerable and continuing interest in the use of the antioxidant enzyme
superoxide dismutase (SOD) in medicine over the last years, arising [rom its ability to reduce the
deleterious effect of superoxide anion radicals (O2+-) in the cells. The fungal strain Humicola
lutea 110 produces a manganese (Mn)- and a copper/zinc-containing (CuZn) superoxide
dismutases (HLSODs). CuZnSOD enzyme is the first identified glycosylated fungal SOD with
one mole of N-acetylglucosamine, connected to the polypeptide chain. The comparative
investigations of the protective effect of HLSOD and commercially available bovine SOD show
that intranasal inoculation of the virus produces a damaging infection of the lungs, which is highly
lethal to the animals. HLSOD impressively protected mice from mortality; survival was increased
by 66%, survival time was prolonged by 5.2 days. The pathological changes in the lungs were
reduced, though viral infectious titers remained high. Thus, no correlation between the direct
cause (viral replication) and effect (pathological changes) was observed. The bovine SOD at a
high dose of 500 U/mice protected mice from mortality to a lesser extent. The protective effect of
HLSOD was comparable to that of ribavirin. We assume that the clearance of HLSOD [rom the
serum has been delayed due to the presence of polysaccharide chain in the molecule. This could
explain the different protective cffects of HLSOD which is naturally glycosylated and bovine
SOD which is not glycosylated.

Because protein-virus interaction is primary manifested by long-range electrostatics, we study in
details Coulomb interactions of both enzymes. Their 3D structures are very homologous. but side
chains distribution (by type and site) are quite different. First of all HLSOD has most alkaline
stable (AGel = -17 kcal/mol at pH 11.3) if compare to bovine enzyme, which is more stable in
wide pH region (more than AGel = -35 kcal/mol at pH 3-12). HLSOD has more hydrophobic
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13. WM. Iamutpos, JI. /e Cmert, JI. BeakoBa, b. [leBpee3e, 7K. Ban bumen, I1. {onamxka-
AnrenoBa: I'eHHa cekBeHIIUsI HA CTPYKTYpHAa cyOeguHHIa B HA XeMOLMAHHHA OT
rpaguncku oxuiioB Helix lucorum. IX HammonanHa koHdepeHIHsi MO0 XHMHUS 32
cryaeHTH M JokTopanTH 18-19.05.2010, Cousi, Brarapus.

IX| _wvonanHa koHdepeHuUs No Xumus 3a CTyAeHTu u gokTtopanTtu' 2010

IFEHHA CEKBEHIIHUS HA CTPYKTYPHA CYBEAUMHMUIIA B HA
XEMOLIMAHHMUHA OT I'PAJIMHCKH OXJIOB HELIX LUCORUM

Hpau Jumurpos, Jinaa e Cver, Jlronmuna Beakosa, Bapr [leepeese,
Kozed Ban Bumen, Hasnuua Jonamka-AHreiosa

Buwnzapcka Axadesmus na Hayxume, Hucnmumym no opzanuuna xumus ¢ Lenmop no
D@umoxumusn, yn. Axad. I'. bonves, 6n. 9, Copun 1113, e-mail: i.dimitrovi@gmail.com

HzonupaHa u H3cneiaBaHa € CIPyKTypHata cybeaunuua 3 Ha XeMouMaHHHa OT
MCKOTENO0TO, rpagMHcKua oxmioB Helix lucorum. Toii, 3a paznuka OT APYr# MONIOCKOBH
XCMOUHAHHHH, € NpEeACTaBeH B XeMonumdbarta ot Tpu Oentbunu uszodopmu - B-HvH, ap-HvH -
i1 an-HvH. OnpenencHa e MoseKyaHaTa Maca Ha 3 CTpyKTypHara cyBeaunnua, ¢ noMoia Ha
MOJICKYy/IHO-CHTOBa Xpomartorpapua - 915 xJla (xaro aumep). Chuiara e npejgcrascHa 8
RoMonumdbara, riaaBHO KaTO XOMOTCHHM AMJICKaMCepH, HO HMMa pa3/IM4HO [MOBEACHMUC IIpH
Jcouuanua u peaconuauxs 8 pH-crabunusupam 6ydep, ceaspxauw; 10 u 20 mM CaCl,.
[(sionnpana u cexsenmpana e xIHK, xkoawpamia uenus nonunentua Ha [ Crpykrypsara
oyOcanuuua. Ta ce cueron or 10929 ae. 6asyu, B KOMTO C¢ BKIIOYBAT 5’-HETpaHCAHpyema
o0nacr (5’UTR), cecraBena ot 75 as. 6a3u, 3’-nerpancnupyema obnact (3’UTR), ceeraBena
0T 555 aB. 6a3u ¥ OTBOPCHA PaMKa Ha YCTCHE 33 CHIHAJICH MENTHA OT 21 a-aMHHO-KHCEIHHH,
KoKTo ¥ nonunentHa or 3412 a-aMuHO-KHMCENHHH. CBUIMAT € ChCTABEH OT OCEM OTHACIHH
(DyNKUHOHANHK enMHHUM, HaMMEHOBaHM OT ,,a” mo “h” (FUs: a, b, ¢, d, ¢, f, g, h), xouro
OTPYKTYPHO CHOTBETCTBAT HAa OCCMTC Pa3NHYHH (PYHKUMOHANHHM CAMHHLIM OT XEMOLMAHMHA
0T oxatoBa H. pomatia v NMpHTEXaBallM MOJNCEKYJHAa maca mexay 50 u 60 x[a, ceepsauu
1IOMCHKAY CH, Ype3 KPaTKH ,JIHHKCPHH yuyacTbuu. ChIUMTE Ca YCTAHOBCHHM IPOTCOIHMTHO,
Upe3 ananui Ha N-xpaifHaTa MM aMHHO-KHCCAMHHA [10C/ICAOBATCAHOCT, KaKTO H 4pe3 N-
Kpakuu HanaraHua CPAMO CHOTBETCTBAIH CH QYHKUHOHAIHH €AHHHIH OT XEMOUHAHHHH OT

Onm3xu BuaoBeE.

L IX HALMOHATIHA
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YIRMAECKY PAKYRTET
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Title: P06.015 - Testing the antitumor effect of hemocyanins on genomics and
proteomics level

Keywords: bladder cancer; hemocyanins

Authors: Q. S. Boyanoval, P. Dolashk_i-ﬁr_x_gplgygz, L. Yosifova®, S. Zaharieva’, L.
Velkovaz, I. Dimitrovz, D. Toncheva';
lDepartment of Medical Genetics, Medical University- Sofia, Sofia, Bulgaria,
2Institute of Organic Chemistry with Centre of Phitochemistry, BAS, Sofia,

Bulgaria, 3Institute of Experimental Pathology and Parasitology - Bulgarian
Academy of Sciences, Sofia, Bulgaria.

Abstract  Urinary bladder cancer is the 7-th most common cancer worldwide and is a

Body: socially significant healthcare problem. Risk factors such as DNA mutation and
environmental factors: tobacco smoking, infection by Schistosoma haematobium,
diet and the aging of the world population may be responsible for its
pathogenesis. One of the approaches for bladder cancer therapy is the use of
Keyhole limpet hemocyanins (KLH).The hemocyanins are copper-containing
respiratory proteins and serve as oxygen-carriers in the blood of some arthropods
and mollusks. Our laboratory investigates hemocyanins and their derivatives from
the species: Helix lucorum (HIH) and Rapana venosa (RvH ) and their clinical
use. The aim of our study is to examin their effect on genetic level against
bladder cancer.
Three different hemocyanin isopolypeptides, named B-HIH, aD-HIH and «N-
HIH, were isolated from the hemolymph of the Helix lucorum and were identified
by their N-terminal sequences and molecular masses. The molecular masses were
determined by PAGE and size exclusion chromatography. The mass of the f-HIH
was found to be 1068 kDa and the masses of aD-HIH and aN-Hc - 1079 kDa.
The anti-tumour effects were investigated on 647-V, T-24 and CAL-29 bladder
tumor Gene expression profiling and Microarray CGH analyses of the tumor cells
before and after haemocyanins treatment, and studies on the gene sequences of
the haemocyanins isoformes will be disscused.

The European Society of Human Genetics 2010
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15. L. Yossifova, I. lliev, E. Gardeva, P. Dolashka-Angelova, V. Moshtanska, L. Velkova,
S. Zacharieva. Research on the protective properties of haemocyanin from Helix
vulgaris (HvH) and its derivates against infection with Trichinella spiralis. P45. British
Society for Parasitology Spring Meeting and Trypanosomiasis & Leishmaniasis

Seminar Cardiff University, March 29th—April 15t 2010, Wales, UK.

P45 Research on the protective properties of haemocyanin from Helix vuigaris (HvH) and its derivates against
infection with Tr!chlnella sp!rahs

Liliya_Yossifova® lvan liev', Elena Gardeva', Paviina Dolashka- Angelova Vesela Moshtanska’, Lyudmila Velkova®
and Siya Zachaneva """"

‘Instntute of Experimental Pathology and Parasitolegy - BAS, Sofia, Bulgaria

ZInstitute of Organic Chemistry vith Centre of Phytochemistry - BAS, Sofia, Bulgaria

We studied the effects of application of hemocyanins, derived from Helix vulgaris (garden snail) on experimental
infection with Trichinelfa spiralis in laboratory animals. For this purpose we used white Wistar rats (age 30 days, weight
120g), which were immunized with hemocyanin alone or conjugated with total larval antigen according o immunization
protocol. Rals immunized 20 days p.i. exhibited very low inhibition of muscle larval burden. Animals immunized once
with the conjugate showed a significant reduction of larval burden up to 89%. After therapeutic application with the
conjugate (single immunization, p.i.), pathomorphological alterations in Trichinella larvae were observed - ie. 2
progressive destruction of capsule wall and resorption, which allowed the penetration of inflammatery cells. The matrix
was reduced and allered and the capsule was infiltrated with cellular debris. This process ends in total destruction of
larvae and their entire lysis. Qur results showed low protective effects but strong therapeutic potential of of HvH and its
conjugates. Resulls oblained elucidate some funclion of hemocyanins as good carrier molecules and activators of the
immune syslem and define their properties as feasible preparations in the therapy of parasitic zoonoses.
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structure of Rapana venosa hemocyanin. P-77. VIII Chemistry Conference, 18-19 june
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8™ Chemistry Conference Koprivshtitsa 18-19 June 2010
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COMPLETE OLIGOSACCHARIDE STRUCTURE OF RAPANA
VENOSA HEMOCYANIN

L. Velkova', A. Dolashki', S. Shishkov?, P. Dolashka-Angelova'$

"Institute of Organic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia,
Bulgaria; °The Sofia University, Biological Faculty, Laboratory of Virology, 1421
~ Sofia, Bulgaria;

Hemocyanins act as oxygen-transporting glycoproteins in many arthropod and
mollusc species. There are large differences in their molecular masses,
structure 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.
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 R.
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 Hexge HexNAcz.4 Hexos Pentos Fuces. A novel type of N-
glycan, with an internal fucose residue connecting one GalNAc(B1-2) and one
hexuronic acid, was detected, as also occurs in subunit RvH1. 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 and of
Helix lukorum hemocyanin (HIH), of their structural subunits, and of the
glycosylated functional unit (Fu) RvH2-e and the non-glycosylated unit RvH2-¢
on HSV virus type 1. 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.

Acknowledgement: This work was supported by a research grant by the Bulgarian
National Science Fund TKO01-496/2009 and UV-L-301, DAAD -17/2007 and DFG-
01/2008 (Germany) and the Bulgaria Academy of Sciences (BAS).
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Padova, Padava, Ttaly

Mollusczn hemocyvanins (Hes) are glycosylated proteins with high molecular mass
and carbohydrate content about 7-9%. Molecular masses ol the native and
dissociated molecules of molluscan Ocrtopus vilgoris (OvH), Sepic officinalis (SoH),
Rapana venosa (RvH) and Helix lucorwm (HIH), as well as arthropodan Carcunius
acstearti (CaH) hemocyanins were determined to be in the region of 4000 ¢ 9000
kDa by Electrosprey ionisation mass spectrometry (ESI-MS), Matrix assistunt Jaser
light spectrometry (MALLS) and Matrix assistant laser desorption mass spectromeiry
(MALDI-MS) analyses. The differences c¢f the masses measured by mass
speetrometry end calculated by their gene sequences represent the carbohydrate
contain of Hes. i

Twa approaches were applicd and the aligosaccharide structures of several Hes were
proposed based on both, sequence analysns of the glvcopeptides and the glycam by
MALDI-TOEF-MS, CLE-MS pLC/ESI-MS/MS and LC- MS-(3=Trap.

The oligosaccharide structures of the glycans were studied by preliminary sequence
analysis by MALDI-TOF-MS before and after treatmenl with the specific
exoglycosidases P1-3 4,6-galactosidase and al-6(>2.3,4) fucosidase, followed by
scquence analysis of Q-trap/MS/MS  spectra. These analyses revealed spccnf‘ c
differences in the oligisacchiride moieties of molluscan Rvll {(hexuronic zcid and
internal fucose), HIH (methyl-galactose), fHaliotis tuberculata (methyl-hexosa and
internal [ucose), KLH (1.3 galactose linked to 1.4 GlcNAc} as well as high m'mno:e,
fucose undl xylose residues. In fact, the presence of hexuronic acid residue, with a
neizhboring internal fucose Lo which also an N-acetylhexosamine is linked, stand for
a novel N-glvean motif, '
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Antiviral Effect of Molluscan Haemocyanines

Lyudmila Velkova '+*, Lubomira Nikolaeva-Glomb?, Lucia
Mukova?, Aleksander Dolashki'!, Paviina Dolashka’', Angel S.
Galabov?

V Institute of Organic Chemistry with Centre of Phytochemistry 9, Sofia,
Bulgaria
2 The Stephan Angeloff Institute of Microbiology. Sofia, Bulgaria

Hemocyanins (Hces) are oxygen-binding glycoproteins, freely
dissolved in the hemolymph, of many arthropods and mollusks. The
structure and oligosaccharide moieties of the molluscan Hes Rapana
venosa and Helix lucorum have been determined and recently
received particular interest due to their immunostimulatory prop-
erties. Hemocyanins also have been found to show antiviral activity.
In the present study the antiviral effect is tested against the
in vitro replication of human respiratory syncytial virus (hRSV)
and influenza virus AJAichi/2/68/H3N2 by the CPE-inhibition assay.
The complete molecules of Hes do not show antiviral effect. But a
marked antiviral activity of the structural subunits and the func-
tional units is found against the replication of hRSV. Their effect
against the replication of influenza A virus is weaker. The antivi-
ral activity seems to be due to the glycosylation of the structural
subunits RvH1 and RvH2 and of the functional units as well, where
the carbohydrate chains are exposed on the surface of the molecule
and some of the moieties can bind to viral proteins, It is assumed
that the complete molecules of the hemocyanins do not possess
any antiviral activity because of the fact that in this case the car-
bohydrate chains are buried in between the whole molecule and
therefore, are unable to interact with viral proteins. The antiviral
activity is present only in the case when the carbohydrate chains
are exposed externally.

Native molecule Structural subunit

doi:10.1016/j.antiviral.2011.03.080
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Wolfgang Voelter®, lvan Petkov’
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® Institute of Organic chemistry, Bulgarian Academy of Sciences, G. Bonchev 9, 1113 Sofia, Bulgaria
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Tubingen, Germany

In this study, an improved, rapid, high yield synthesis of N,N"-4,4"-bis(benzyl-2-boronic acid)-bipyridinium
dibromide (0-BBV) is described. The obtained 0-BVV is applied in a two-component saccharide sensing
system (complex) where it serves as a fluorescence quencher and a saccharide receptor. This system was
applied to different natural oligosaccharides isolated from molluscan Rapana venosa (RvH1-a) and
arthropodan Carcinus aestuarii (CaeH) hemocyanins (Hcs) and cyclodextrins (CDs). The carbohydrate
contents of both Hes were calculated in our previous work to be 1,6% and 7% for CaeH and RvH1-3,
respectively. We propose that the difference in fluorescence increase of the native CaeH and RvH1-a when
titrating them with the complex is due to the fact that the carbohydrate content of CaeH is lower and the
carbohydrate chains are buried in between the structural subunits of the native molecule, while the glycans
of the functional unit RvH1-a are exposed on the surface of the molecule leading to a 4-fold fluorescence’s

intensity change.
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Expression profile of bladder cancer cell lines after treatment with
potential new drug- Helix lucorum hemocyanin (HIH)

0. S. Boyanova’, P. Dolashka?®, L. Velkova?, B. Rukova’, I. Dimova’, S. Hadjidekova’, D.
Toncheva’;
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Urinary bladder cancer is socially significant healthcare problem- negative
environmental factor, infections and aging of the world population are re-
sponsible for its growing incidence. This requires elaboration of new drug
development. Such a potential new drug is Helix lucorum haemocyanin
(HIH) - a highly immunogenic glycoprotein with xenogenic nature and a lot
of mannose residues.

The anti-tumor effect of HIH was investigated on CAL-29 and T-24 bladder
tumor cell line and results suggest 35%-50% inhibition of cancer cell viabi-
lity in a dose 500ug/ml of HIH after 72h of incubation.

Gene expression profiling of the tumor cells before and after HIH treatment
using the panel for 84 genes for Human Inflammatory cytokines and recep-
tors was performed.

Results presume more than 10 times upregulation of genes for inflammato-
ry response activation, cell mediated immunity and proinflommatory cyto-
kines: C4A, CCR4, CARD-18, IL36A, IL37, CXCR1, IL9, LTA, MIF and TNF in
CAL-29 cell line treated with HIH (G1). In the same group more than 4 time
overexpression of TOLLIP gene was achieved.

In T-24 cell line treated with HIH (G2): IFNAZ2, IL37, CXCR1, IL36B, IL5 and
AIMP1 genes were significantly overexpressed. In the both group CXCR1
gene (for IL8 receptor) had the highest expression.

Gene for CXCL1 was notably downregulated compare to ABCF1, BCL6, IL1A,
IL1B in both groups.

Our results suggest that HIH can perform both: growth inhibiting effect (on
cell line level) and immune response activation (according gene expression
profile) in bladder cancer.
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Presenting the results of experiments with Helix lucorum hemocyanin
(HIH)-potential new agent in bladder cancer treatment

Boyanova 0., Dolashka P.z, Velkova L.%, Rukova B.', Toncheva D."'

:Dcpartmenl of Medical Genetics, Medical University- Sofia, Bulgaria
“Institute of Organic Chemistry with Centre of Phitochemistry, BAS

Searching of new therapeutic approaches to fight bladder cancer is essential because
of relapses and growing incidence of the disease due to aging of the world population
and unfavorable environmental factors.

Such a potential new drug is Helix lucorum haemocyanin (HIH) - glycoprotein with
high molecular mass, xenogenic nature and a lot of mannose residues.

The antiproliferative effect of HIH have been investigated on CAL-29 and T-24
bladder tumor cell line and results suggest 35%-50% inhibition of cancer cell viability
in a dose 500ug/ml of HIH after 72h of incubation.

Gene expression profiling of the tumor cells before and after HIH treatment using the
panel for 84 genes for Human Inflammatory cytokines and receptors was performed.

Results presume more than 10 times upregulation of genes for inflammatory response
activation, cell mediated immunity and proinflommatory cytokines: C4A, CCR4,
CARD-18, IL36A, IL37, CXCRI, IL9, LTA, MIF and TNF in CAL-29 cell line
treated with HIH (G1). In the same group more than 4 time overexpression of
TOLLIP gene was achieved.

In T-24 cell line treated with HIH (G2): IFNA2, 1L.37, CXCRI, IL36B, IL.5 and
AIMPI1 genes were significantly overexpressed. In the both group CXCRI1 gene (for
IL8 receptor) had the highest expression.

Gene for CXCLI1 (overexpressed in metastatic bladder cancer) was notably
downregulated compare to ABCF1, BCL6, IL1A, IL1B in both groups.

Proteins from treated and untreated with HIH cell lines were also isolated for the
evaluation of changes in proteomic profile.

Our results suggest that HIH can perform both: growth inhibiting effect (on cell line
level) and immune response activation (according gene expression profile) in bladder
cancer.
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EXPRESSED PROTEIN LIGATION AS A
MODIFICATION TOOL FOR A NOVEL
NON-ANIMAL COLLAGEN-LIKE
PROTEIN

F. Fehr, Y. Peng, J. A. Werkmeister, J. AM.
Ramshaw

Commonwealth  Scientific and  Industrial
Research  Organisation  (CSIRO),  Future
Manufacturing Flagship, Bayview Avenue, 3168
Clayton, Melbourne, Australia

Collagen is the most abundant structural protein
as substantial part of the extracellular matrix.
The protein is built of three polypeptides which
super-coil to form a triple-helix. These triple-
helices form bundles and fibres to form larger
tissue structures.[1]

Collagen is used in a variety of medical
products, but concerns about possible transfer of
diseases due to extraction from animal sources
call for cost-effective  production of
recombinant collagen.[2]An alternative
approach makes use of stable collagen-like
triple-helical sequences, derived from various
bacteria which are discase-free and their
production by fermentation provides high
yields.The bacterial collagen VCL (V: globular
domain, CL: collagen-like domain) examined in
this work has been fermented giving yields up
to 19 ¢/l and being biologicallyinert which
makes it a versatile template for further
modifications.'3 4]

In the current project, expressed protein ligation
(EPL) is used to modify VCL to introduce new
and improved functions that will enhance the
properties of this collagen-like protein. EPL
allows the ligation via a native amide bond
which is not limited to peptide sequencesbut
also provides the opportunity to incorporate
unnatural amino acids such as B- or D-amino
acids, a single fluorescent label or a functional
side chain which are not accessible by classic
recombinant protein  expression.  Structural
activity of collagen as material can be studied
more extensively and information can be

collected about how the material properties
change when modified.

Key words: expressed protein ligation, collagen, cell-
biomaterial interaction, tissuc engineering

[n B. BrodskyJAM. Ramshaw, Matrix  Biology
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[2) A. Werkmeister JAM. Ramshaw, Biomed Mater 7,
012002(2012)

[3) Y. Peng et al., Microbial Cell Factories 1,14(2012)
[4) Y. Peng etal, Appl Microbiol Biotechnol . 98,
1807(2014)
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University of

Hemolymph of garden snail Helix lucorum is a
complex mixture of biochemically and
pharmacologically active components such as
proteins,  peptides and  glycopeptides.
Hemocyanin is a copper-containing, a
respiratory  glycoprotein.  To analyse its
oligosaccharide structures, peptides and
glycopeptides are isolated by reverse-phase
HPLC after treatment of the hemocyanin with
trypsin. The isolated fractions are analyzed by
the orcinol/H,SO,; test. Using the nano-
LC/MS/MS-Q-Trap  system  allowed to
determine the glycosylation sites and the
carbohydrate structure. The glycopeptides,
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SYNTHETIC PEPTIDES DERIVED

FROM BOVINE LACTOFERRICIN:
EFFECT OF L-, D-AMINO ACIDS
EXCHANGE

N. Huertas M, J. E. Garcia, Z, J. Rivera and
J.E. Rosas P.

ScienceFaculty. Universidad Nacional de
Colombia. Carrera 30 No. 45-03, Bogota,
Colombia.

Bovine Lactoferricin (LfcinB) is a peptide
with demonstrated antimicrobial activity.
This activity is directly related with its
structure.  Structure-activity studies have
established two main requirements for its
antimicrobial activity: a cationic charge and
an amphipathic conformation [1,2].

In this study we have evaluated the effect of
the replacement of L by D-amino acids, on
the sccondary structure peptide and its
antimicrobial activity. As model, a sequence

derived from LfcinB  was  selected
(‘RRWQWRMKKLG'").Designed
peptidesweresynthesized,  purified, and

characterized using RP-HPLC, MALDI-TOF
MS and Circular Dichroism (DC). For each
peptide, the antibacterial activity against
Escherichia coli ATCC 25922 and
Enterococcus faecalis ATCC 29212 was
evaluated. RP-HPLC analysis showed that D-
amino acids in sequence peptide , induce a
variation in retention times with respect to L-
amino acids analogue, indicating differences
in the physicochemical behavior of the
peptides.Furthermore, it was possible to
identify, by DC, changes in secondary
structural elements, which depends on type
and position of D-amino acid. Finally,
inclusion of D-amino acid residues in the
peptide sequence had minor influence on the

strains (MIC~130 pM).

The results underlined the importance of
secondary structural clements and suggest
that an appropriate position of D-amino acid
residucs might be affecting the antimicrobial
activity.

Keywords: Peptides, Bovine Lactoferricin, D-Amino
Acids, Sccondary Structure.

[n D Chan. Biachimica et BiophysicaActa, 1758, 1184

(2006)

[2] D. Chapple. Infection and Immunity.66(6), 2434
(1998)
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ANTIMICROBIAL ACTIVITY OF
PEPTIDES ISOLATED FROM THE
HEMOLYMPH OF HELIX LUCORUM
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The recent appearance of a growing number
of bacteria resistant to conventional
antibiotics, has become a serious medical
problem. To overcome this resistance, the
development of new compounds is
encouraged. Hemolymph of Helix fucorum
garden snail is a complex mixture of
biochemically and pharmacologically active
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Abstract. The recent appearance of a growing number of
resistant 1o conventional antibiotics, has become a serious medical
problem. To overcome this resistance, the development of now
compounds is encouraged. Hemolymph and mucus of Helix
lucorum and Helix aspersa garden snalls are a complex mixture of
biochemically and pharmacologically active components

Glycoprotein ‘hemocyanin’ and antimicrobial peptides from the
nemolymph and mucus are important components of the innate
immunity. Some isoforms and peptides serve as effector molecules
of the defense system, providing an efficient initial effect against
infectious pathogens.

The in vitro antitumor activity of Helix hemocyanin and its
isoforms with different oligosaccharide structures was established
on the bladder carcinoma permanent cell lines Cal-29, T-24, This
is probably due to the specific oligosaccharide structures of
hemocyanins which are exposed on the surface of the molecule
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Abstract. The recent appearance of a growing number of
resistant to conventional antibiotics, has become a serious medical
problem. To overcome this resistance, the development of new
compounds is encouraged. Hemolymph and mucus of Helix
lucorum and Helix aspersa garden snails are a complex mixture of
biochemically and pharmacologically active components.

Glycoprotein ‘hemocyanin’ and antimicrobial peptides from the
hemolymph and mucus are important components of the innate
immunity. Some isoforms and peptides serve as effector molecules
of the defense system, providing an efficient initial effect against
infectious pathogens.

The in vitro antitumor activity of Helix hemocyanin and its
isoforms with different oligosaccharide structures was established
on the bladder carcinoma permanent cell lines Cal-29, T-24. This
is probably due to the specific oligosaccharide structures of
hemocyanins which are exposed on the surface of the molecule.
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Determined by Mass Spectrometry
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Abstract. Hemocyanins (Hcs) are copper-containing respiratory
glycoproteins with quaternary structure, freely dissolved in the
hemolymph of several arthropods and molluscs. The carbohydrate
structure of molluscan Hcs has recently received particular interest
due to their immunostimulatory properties, antitumor and antiviral
activity. This is mainly related to their high carbohydrate content
and specific monosaccharide composition. We have determined
and analysed oligosaccharide structures of molluscan hemocya-
nins, isolated from the hemolymph of Bulgarian garden snails Helix
lucorum and of marine snail Rapana venosa. The oligosaccharide
structures of the structural subunits of Rapana venosa hemocyanin
(RvH) and the isoform Bc-Helix lucorum hemocyanin (Bc-HIH) were
studied by sequence analysis of N-glycans using MALDI-TOF-MS
and tandem mass spectrometry on a Q-Trap mass system, after
enzymatical liberation of the N-glycans from the polypeptides. Our
study revealed a highly heterogeneous mixture of N-glycans with
compositions Hex3-7HexNAc2-5MeHex0-4Pent0-1Fuc0-1  and
Hex0-9HexNAc2-4MeHex0-1Pent0-2Fuc0-3, in the isoform B-HIH
and subunits of RvH, respectively. Identified glycans of B-HIH have
predominantly monoantennary and diantennary structure with
complex type and hybrid type. As in most molluscan hemocyanins,
the glycans of B-HIH contain mainly a terminal MeHex residue, in
some cases even two, three and four. Several carbohydrate chains
in the HIH we analyzed are core-fucosylated, and also possess a
high degree of methylation. Identified glycans in RvH have mainly
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Carbohydrate structure of the 8¢c-HIH structural
subunit of Helix lucorum hemocyanin
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Abstract. Hemocyanins (Hcs) are copper-containing respiratory
glycoproteins with quaternary structure localized in the hemolymph of
several arthropods and molluscs. Molluscan Hcs usually have are
powerful immunogens, probably due to their high carbohydrate
content and specific monosaccharide composition. We analyzed the
oligosaccharides and the carbohydrate linkage sites of the structural
subunit PRc-Helix lucorum hemocyanin (Bc-HIH) isolated form
hemolymph of garden snail Helix lucorum using tandem mass
spectrometry.

Monosaccharide sequencing and determination of the
configurations of N-glycans released from Bc-HIH after PNGase F
treatment was performed by Q-Trap mass spectrometry. The
carbohydrate structures of Bc-HIH contained various larger N-
glycans with a number of methylated sugars, which could be
identified as 3-O-methyl-mannose and 3-O-methylgalactose, in
addition Fuc and/or Xyl residues were found in polysaccharides. In
total 26 glycans, were identified as a highly heterogeneous mixture
with compositions Hex3-7HexNAc2-5 MeHex0-4 Pent0-1Fuc 0-1.
The primary structures of N-glycans from high mannose, complex-
and hybrid type have been determined.
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Ministry of Education, projects DHRC/01/6 and Youth and Science,
DMU 03/26, Bulgaria and co-financed by FWO - VS.025.12N,
Belgium and DFG-STE 1819/5-1/2012 - Germany
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Identification of glycosylated sites in Bc-structural
subunit of Helix lucorum hemocyanin (Bc-HIH) using
analysis of glycopeptides by mass spectrometry

L.. Velkova, P. Dolashka

Hemocyanins  (Hces) are  large, oligomeric  blue
coppercontaining glycoproteins that play a role as dioxygen carriers in
the hemolymph of most molluscs and several arthropods. Molluscan
Hcs usually have powerful immunogens, probably due to their high
carbohydrate content and specific monosaccharide composition.
Although that f3c-structural subunit of Helix lucorum hemocyanin (f3c-
HIH) manifested immunological potential and antitumor activity, its
oligosaccharide structure is still incomplete.

Glycopeptides were isolated from the structural subunit f3c-
HIH after overnight digestion with trypsin and the resulting peptides
were subjected to reversed phase by high-performance liquid
chromatography (RP-HPLC). Fractions testing positive in the
orcinol/H2SOs glycosylation test were lyophilized and further studied
by tandem mass spectrometry, using a Q-Trap LC/MS/MS system.

Glycopeptides, selectively detected in a proteolytic fraction by
the appearance of collisionally induced marker oxonium ions such as
m/z 163 [Hex+H]', 204 [HexNAc+H]", or 366 [HexHexNAc+H]",
were sequenced. Additional carbohydrate structures were analyzed in
the same way and authentic binding sites could be revealed. We
analyzed a number of glycopeptides by Q-Trap-LC/MS/MS, identified
the sugar chains and peptide sequences and confirmed six N-
glycosylation sites from gene sequence of structural subunit fc-HIH.
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Bladder cancers are wide-spread in the world with a high morbidity rate and considerable
social and economic implications. Therefore, the development of novel agents with mechanisms
of action is a persisting issuc. Hemocyanins, the huge oxygen-transporting glycoproteins of
some mollusks, are used as immunomodulatory proteins with proven anti-cancer propertics.

In our previous studies *hemocyanins® glycoproteins, isolated from the hemolymph of
molluscan brown garden snail Helix lucorum (HIH) and manne snail Rapana venosa (RvH)
were analysed in comparison to the hemocyanin from keyhole limpet hemocyanin Megatura
crenulata (KLH). The antitumoral effect of the mentioned hemocyanins and its isoforms were
studied in vitro on the bladder cancer permanent cell HT-1197, CAL-29, T-24, and the normal
urothelial cell line HL 10729 (1). We demonstrated that the total molecule of HIH has a superior
growth inhibiting effect than KLH and RvH on CAL-29 and T-24 bladder cancer cells and the
mechanism of antitumor activity of the tested hemocyanins includes the induction apoptosis.
Gene expression data showed upregulation of genes involved in the apoptosis as well as of the
immune system activation and downregulation of genes associated with response to
angiogenesis (2). '

Inhibition of Cal-29 tumor cell growth was observed after incubation with native
hemocyanin of /. lucorum hemocyanin, The effect and mechanism of action of active
hemocyanins were studied at the level of their molecular organization, amino acid sequence,
and carbohydrate structure using several new mcethods and techniques In this study, the
antitumor activities of HIH were investigated before and after treatment with hemocyanin by
changes in protein expression of T-24 and CAL-29 bladder cancer cell lines. Since KLH is used
increasingly in biomedicine as a casrier for vaccines and immunotherapeutic agent for bladder
transitional cell carcinoma was used as a control.

Protcomic profiling of bladder carcinoma permanent cell lines T-24 and CAL-29, treated
with HIH, show different protein expression by two-dimensional (2D) gel electrophoresis. 2D
profiles of protein expression before treatment were compared to those after treatment with HIH
and the different spots were analysed by MALDI-TOF-TOF. Mass spectrometry analysis
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Hemocyanins (Hes) are copper~containing respiratory glycoproteins with extremely high
molecular weight and complex quatemary structure, dissolved in hemolymph of different
species of molluscs and arthropods. Molluscan hemocyanins have recently particular interest
due 1o their significant immunostimulatory properties. This is mainly related to their high
carbohydrate content and specific monosaccharide composition,

To identify the carbohydrate structure of HiH2, the glycans were removed after digestion
with the specific glycosidase PNGase F. Two approaches were applied to analyse the isolated
glycans. The first approach based on MALDI-TOF-MS before and after treatment with the
specific exoglycosidases B1-3,4,6-galactosidase and al-6(>2.3,4) fucosidase and analysis of
the fragments via MS giving only preliminary results about the structures of the glycans.
Therefore, the second approach, tandem mass spectrometry was applied, and the glycan
structure being derived from their MS/MS spectra, obtained on a hybrid quadrupale - linear ion
trap mass spectrometer.

In total, 24 glycans were identified as a highly heterogeneous group of structures with
compositions MeHeX0-2HexNAc2-4Hex2-5Pent0-1Fuc0-2, The novel structural motif for

Hes: MeHex]Fue(al-3)-]GIeNAg, including thus MeHex and (al-3)-Fue residues being linked

to an internal GleNAc residue, was detected, as also occurs in subunit HUHI. As a particular
feature, we finally detected 6 xylose-containing structures in HiH2, but none of these types of
glycans has been found in HtH1, so far. The oligosaccharide chains are mostly modified at the
inner core by f1,2-linked xylose to the f-mannose, by a-fucosylation (mainly al,6-) of the
innermost GleNAc residue and via methylation.

The oligosaccharide moietics found in HtH2 reveal a complex N-glycan pattern combining
typical structural features of different higher organisms. Qur results may be considered as basic
information for further investigations on Haliotis tuberculate hemocyanin, as a potential source
of novel N-glycans that are important for the stimulation of the immune response and/or for the
production of antibodies used in diagnosis and therapy.
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ABSTRACT

The recent appearance of a growing number of resistant 1o conventional antibiotics. has become a serious
medical problem. To overcome this resistance. the development of new compounds is encouraged.
Hemolvimph and mens of Helix fncorum and Helix aspersa garden snails and Rapana venosa marine
siadl are i complex mixture of biochemically and pharmacologically active components.

Glvcoprotein “hemocvanin® and antimicrobial peptides from the hemolvmph and mucus are important
components of the mnate immunity. Some isoforms and peptides serve as eftector molecules of the
defense system, providing an efficient nitial etfect against infections pathogens,

The in viro amtitinor activity of Helix and Rapana hemocvanins and their isofonms with different
oligosaccharide structures was established on the bladder carcinoma permanent cell lines T-2.. This is
probably due to the specific oligosaccharide structures of hemocevanins which are exposed on the swrface
of the molecule.

Key words: Antibacterial activity, Antitumore activity. Hemocyanins. Ielix Tucorum. Helix aspersa.
peptides.
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Abstract

Molluscan hemocvanins (Hes) have recemtly particular interest due 1o their signiticant
mumunostimulatory properties. This is mainly related 1o their high carbohvdrate content and specilic
monosaccharide composition. We present comparative studies in oligosaccharide structures of structural
subwmits from Repana venosa (RvH), Haliotis niberenlate hemocevanin and Heliv fncoriam hemocyanin
by mass speciromelry,

Two approaches were applied to analvse the isolated glveans. The first approach included
sequencing of the glyveans by specilic glyeosidases and analysis of the ragments via MALDI-TOF-MS
before and after treatment with the enzymes giving only preliminary results about the structures of the
glveans. Therefore. the second approach. tandem mass spectrometry was applied, and the glvean structure
being derived from their MSMS spectra. obtained by tandem mass spectrometry, on a hybrid quadrupaole-
linear ion trap mass spectrometer - ES[-Q-Trap system.

The characterization of the N-linked glveans found in HIH, RvH and HiH, in this study, is revealed
m part novel structural motifs which might contribute 10 the pronounced immunogenicity of this
gastropod glveoprotein. 1133 obvious that gastropods have a wide capacity 10 modify the basic biantennary
N-glvean siructure with many species-specific peenliar structures, The oligosaceharide moieties found in
HUH. RvH and Hill are a potential source of novel N-glyeans that are important for the stimulation of the
munune response and or for the production of antibedies used m diagnosis and therapy.

Keywords: molluscan hemocvanins (Hes). Rapane venosa (RvH), Haliotis tuberculate hemocyanin
(HIH), Helix fcorn hemocvanin (HIH), structural subumit: mass spectrometry: ESI-Q-Trap: N-glyeans.
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Hemocyanins (Hcs) are copper-containing glycoproteins that act as oxygen transporting proteins in
many arthropods and mollusk specles. Hemocyanins from the molluscs Helix aspersa (HaH), Helix
lucorum (HIH) and Rapana venosa (RvH) exhibiting different oligosaccharide structures have been
investigated for potential use in therapy of bladder cancer permanent cells. In vitro studies on the
antitumor activities of these proteins were performed in T-24 cells and compared to doxorubicin and
mitomycin-C. Control experiments were performed using normal urothelial HL 10/29 cells. The
obtained results show that the human tumor T24 cell lines are sensitive to the action of the tested
hemocyanins and their isoforms. The inhibition of the tumor cell growth was dose and time dependent
and was observed after incubation with native HaH and HIH and FUs Bc-HIH-h and RvH-c. Cells
treated with both FUs, Bc-HIH-h and RvH-e, showed apoptotic and necrotic cells and this inhibition
was stronger than the effect measured for doxorubicin treated cells. No growth inhibition of the normal
urothelial cell line HL 10/29 was observed after treatment with HIH, HaH, RvH and their isoforms, The
Impact of hemocyanins on tumor cells was investigated by 2D-gel PAGE and several proteins showed
Indeed altered abundancies. The most effective inhibition of tumor cells is probably caused by a
specific novel and unusual N-glycan oligosaccharide structure on HIH with methylated hexoses, an
Internal fucose residue connecting one GalNAc(31-2) and one hexuronic acid.
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Abstract

The hemolymph of molluscan snails is a complex mixture of biochemically and pharmacologically-
active components such as peptides and proteins. The various aspects of biomedical applications of molluscan
hemocyanins. associated with their immunogenic properties and antitumor activity. give major importance to
structural studies of these glycoproteins. Hemocyanins (Hes) are copper-containing respiratory glycoproteins
with quatemary structure localized in the hemolymph of several arthropods and molluses. Molluscan
hemocyanins are large glycoproteins. usually have a higher carbohydrate content with different structures and
quantities of the oligosaccharide moieties.

The native molecule hemocyanin CaH isolated from hemolymph of garden snail C. aspersum is
constructed from three different subunits - f¢c-CaH. «N-CaH and uD-CaH (MW~ 400 kDa). each of them
containing eight functional units (MW~ 50kDa).

The structural and conformational stability of the CaH. Pfc-CaH subunit and the Bc-CaH-g functional
unit were analyzed by CD in wide pH-T range (T°C 20+85°C and pH 2.5+12). The obtained results lead to
the conclusion that:
© The mechanism of thermal denaturation of CaH is of a complicated character and the process of thermal
unfolding is irreversible. The relatively small changes of initial especially [6]22: at high temperatures indicate
that many secondary structure elements are preserved. especially at neutral pH and even at extreme high
temperatures.

e The native CaH molecule 1s more stable compared to the Bc-CaH subunit and fe-CaH-g functional unit, it
was explained by the formation of quaternary structures. which introduces additional factors. namely non-
1onic forces (intra-subunit. hydrophobic and hydrogen-bonded networks of carbohydrate moiety interactions).
The difference in the stability of the native CaH and fc-CaH SU indicates the influence of the quatermary
structure and the difference in the stability of fc-CaH and fc-CaH-g Fu shows the influence of the tertiary
structure.

® The carbohydrate structure influences the stability of the native molecule CaH and Bc-CaH subunit. but does
not affect the stability of one isolated functional unit.

Keywords: hemocyanin, fc-CaH subunit (SU), fc-CaH-g functional unit, circular dichroism (CD), stability,
remperature and pH-dependent denaturation.
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Abstract

The rapid increase in drug-resistant infections has presented a serious challenge to antimicrobial therapies.
because it emphasizes the urgent need to develop novel antimicrobials drugs agents. One area of interest is
peptides and proteins produced by invertebrates as part of their defenses system.

Extract collected from hemolymph of the garden snails C. aspersum is a complex mixture of biochemically and
pharmacologically active compounds as peptides and proteins.

After applying ultrafiltration and reverse-phase high-performance liquid chromatography (RP-HPLC) were
isolated 10 different fractions. with molecular weights below 3000 Da. The precise molecular weight of the
peptides was deternunate by MALDI-TOF-MS. All fractions testing positive in the orcinol/H2S04 glycosylation
test were lyophilized and further studied by tandem mass spectrometry, using a Q-Trap LC/MS/MS system.
Glycopeptides. selectively detected in a fraction by the appearance of collisionally induced marker oxonium ions
such as m/z 163 [Hex+H]". 204 [HexNAc+H]". or 366 [Hex-HexNAc+H]', were sequenced. We analyzed a § of
glycopeptides by Q-Trap-LC/MS/MS, identified the sugar chains and peptide sequences.

Our i vino study has shown that several fractions. containing peptides and glycopeptides showed
antimicrobial activities against tested microorganisms including Gram-positive and Gram-negative bacteria. We
suggest that these compounds therefore have the potential to become a substitute for the commonly used
antibiotics against which bacterial resistance has gradually been developed.

Keywords: snail C. aspersum, glvcopeptides, MALDI-TOF-MS, Q-Trap LC/MS/MS system.
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Several peptides and glycoproteins with antioxsdante activity have excellent potential as
pharmaceutical products Inlabitory effect of the fraction, contaung, on the reduction of NBT by
photochenucally generated superoxide anson radicals

Tandem mass spectrometry, combines MALDI-MSMS and Q-Trap MSMS, was apphed to
analyse the structure of ten biologically active peptides solated from Cormu aspersum with
antioxadant actiaty  The molecular masses of peptides were measured by thewr MS spectra and the
prumary structures were deternuned by they MS'MS spectra

Tandem mass spectrometry as a very useful method was also apply to analyse the pnmary structure
of glycoproteins, superoxide dismutase from A marvianus NBIMCC 1984 yeast (CuZn-KmSOD)
and from fungal straun Humicola lutea 103 (CuZn-HISOD) The obtained fractions after treatment
of the enzyme with trypsin were separated by HPLC and thew anuno acid sequences were
determuned by MALDI-TOF-TOF

Both SODs are glycoproteins and their carbohydrate structuses were also idennfied by MALDI-
MSMS and Q-Trap MSMS. After treatment of the CuZn-KmSOD with PNGase F a sungle peak
at 1257 3 [M«Na]" was detected which suggests a umform oligosacchande chain The structure of
thus carbohydrate chain was determuned by Q-Trap MSMS

One putative hinkage site was observed mn the sequence of both glycoprotemns This hinkage site (-
Asn-LeuTle-The-) at posttion 33-35 1s the glycosylated and 15 conserved w several SODs

Keywords: antnucrotral peptides, glycopepides, glycoprotems, Comu  aspersum, mass
spectrometry
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The world provides a nich source of peptides with antumicrobial, antnvral and antitumor
actuvity. Glvcopeptides are an expanding group of structurally complex anti Gram positive
anhbactenal agents, representanves of which have been used m human and vetennary medicine.
Quute a senes of proline-nch pepndes, 1solated from arthropods and molluscs, were considered to
be pronusing candidates for the treatment of nucrobial infections and suppression of mucrobual
resistance.

We now report on the pnmary structure and mass of a peptide 1solated from the mucus of
the molluscan garden snail Cornu aspersum. and compare its antimicrobial activities with those
of other sumular peptides isolated from the hemolymph of the manne snal R venosa and garden
saal . iconam

The structure of a glycopeptide 1solated by hugh performence reverse phase chromatography
(HPLC) from the mucus of the garden snml Cormy aspersum was determuned by mass
spectrometnc analvses. Its molecular mass of 4113 Da was measured by MALDI-TOF and the
amno acid sequence of the glvcopeptide KARYCGAEVTAN was determined by its MSMS
analysis.

In the test aganst Gram= (C perfringens, P. acnes & S. aureus) and Gram- (£ coli)
bactena the peptide shows an mnhibation effects agamst S awraus and £ colt

Kevwords: antinucrobial peptides. glvcopeptides. S.awrews, £ coli, Helix hicorum, Rapana
venosa. Cornu aspersum. mass spectrometry
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The hemolymph of molluscan snails 15 a complex mixture of biochemically and
phammacologically-active components such as peptides and protemns with antioxidante
activity.

The peptides with antioxidant activity were 1solated from the extract of garden snail C.
aspersa and the temperature and pH-dependent denaturations of one isolated peptide were
detemuned by circular dichroism (CD). Loss of a-helical structure occurred in the range of
50-85°C depending on pH. The peptide was not stable towards thermally-induced unfolding.
A copper-contaiming respiratory glycoprotein (hemocyanin) was also isolated from the
hemolymph of garden snail C. aspersa (CaH). The structural and conformational stability of
CaH. Bc-CaH subumt and functional unit fc-CaH-g were analyzed by CD in wide pH-T range
(T°C 20+85°C and pH 2-12).

The obtained results show that the native CaH 1s more stable compared to the pc-CaH subunit
and Pc-CaH-g functional unit, which was explamned by the formation of quatemary structures,
and non-ionic forces (intra-subumit, hydrophobic and hydrogen-bonded networks of
carbohydrate moiety interactions). The difference in the stability of the native CaH and Pe-
CaH ndicates the influence of the quaternary structure and the difference in the stability of
pc-CaH and Pc-CaH-g shows the influence of the tertiary structure.

The carbohydrate structure influences the stability of the native molecule CaH and pc-CaH
subumt. but does not affect the stabulity of one 1solated functional umt.

Keywords: pe-CaH subumt (SU). Be-CaH-g functional unit (Fu). circular dichroism (CD).
stability, temperature and pH-dependent denaturation.
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Antioxidant Screening of Peptides Isolated
from the Hemolymph of Garden Snail Cornu aspersum

Yulian Voynikov™. Radoslav Abrashev’, Nedelina Kostadinova’, Ekaterina Krumova®,
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Eemail: pudian_yoynikerQ yahoo.com
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Abstract: Antioxidative peptides have been utilized by various species to combat pathogenic
microorganisms and stress. In the present study, the antioxidant potential of protein fractions
obtained from the hemoplymph of the garden snail Cornu aspersum was cvaluated. Proteins
were separated from the isolated moluskan hemolymph into three fractions with masses of
< 10 kDa, 10-30 kDa and = 30 kDa. Two complementary test methods were employed for the
preliminary antioxidative screening, involving measurement of the radical scavenging activity
on 1,1-Diphenyl-2-picrythydrazyl free radical (DPPH), and the inhibition of nitre hlue
tetrazolium (NBT) reduction by photochemically generated Oy Caffeic acid was used as a
positive control. On the DPPH assay all fractions were able to reduce the stable free radical
DPPH to the yellow-colored 1.1-Diphenyl-2-picrylhydrazyl, with the peptide fraction below
[0 kDa exhibiting better free radical scavenging activity than those with higher molecular
weight. All tested fraction revealed comparable inhibition on the reduction of NBT by
photochemically generated superoxide anton radicals. but the effect was less pronounced than
that of caffeic acid.

Kevwords: Cornu aspersum, Pepide., Protein, DPPH, NBT.
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Antibacterial Activity of Peptides from Snail Cornu aspersum

Alexandra Nissimoyva. Aleksander Dolashki, Lyudmila Velkova, Pavlina Dolashka

Institute for Organic Chemistry, Center for Phytochemistry, Bulgarian Academy of Sciences
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Abstract: The emergence of multi-resistant bactena requires the development of anuibiotics
with new mechamisms of action. Antimicrobial peptides are a umique and diverse group of
molecules that have a great potential for use in new antimicrobial drugs. as many of them
have a pronounced cytotoxicity to a number of multi-drug resistant bactena. It i1s known that
Cornu aspersum snail mucus contains a number of biologically active components.
Ten biologically active peptides from Cornu aspersum snails contained in a fraction below
10 kDa were 1solated by high pressure reverse phase chromatography (HPLC) on a Nucleosil
column CI8.

The molecular masses of these peptides between 1 and § kDa were determined by mass
spectrometry analysis (MALDI-TOF). The amino acid sequences of the peptides were
determined by their MS/MS spectra which indicate that they are tryptophan, tyrosyl and
proline reach peptides. We also analyzed a glycopeptide with a mass of 4113 Da. whose

amino acid sequence was determined by MS/MS analysis = KARYCGAEVTAN,

Some of these peptides show antibactenal acuivity agamnst bactenal strains E. coli,
C. perfringens, P. acnes and 8. aureus.

Keywords: Antumicrobial pepudes. Cornu  aspersum. Mass spectrometry. £, col,
C. perfringens, P. acnes, S. aureus.
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Structure and Stability of Hemocyanin and Peptides
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Abstract: The hemolymph of molluscan snails 1s a complex mixture of biochemically and
pharmacologically-active components such as peptides and proteins. The structures stability,
temperature and pH-dependent denaturation of one of isolated peptide was determined by CD.
Loss of a-helical structure occurred in the range 50-85 °C depending on pH. The peptide was
not stable towards thermally-induced unfolding.

The native molecule of CaH. isolated from hemolymph of garden snail C. aspersa,
is constructed from three different subunits — fie-CaH, av-CaH and ap-CaH (Mw ~ 400 kDa).
and cach of them containing eight functional units (Mw ~ 50kDa).

The structural and conformational stability of the CaH, Bc-CaH subunit and the fe-CaH-g
functional unit (Fu) were analyzed by CD in wide pH-T range (T °C 20=85 °C and pH 2=12).
To provide details on the stability of the protein. Fu flc-CaH-g was compared with the natuve
molecule of CaH and the subunit fic-CaH wvia pH-T diagrams. typical phase portraits for
stability and denaturation reversibility. Increasing the temperature from 25 °C to 60 °C, the
reversible denaturation of the molecule of protein also increases, opening a reversibility
window within the range of pH 5.5-8.0 for subunit fic-CaH and the range of pH 5.0-9.0 for
functional unit Bc-CaH-g and as a result of which the real thermodynamic parameters
(ACp, AH%, . and A G°;) were determined.

The obtained results lead to the conclusion that the carbohydrate structure influences the
stability of the native molecule CaH and fic-CaH subunit. but does not affect the stability of
one isolated functional umt.

Kevwords: Photosystem fe-CaH subunit (SU). fic-CaH-g functional unit (Fu), Circular
dichroism (CD), Stability, Temperature and pH-dependent denaturation.
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ANTIMICROBIAL ACTIVITY OF PROTEINS AND PEPTIDES ISOLATED FROM
EXTRACT OF THE GARDEN SNAIL CORNU ASPERSUM

L. Velkova'. A Dolashki'. L. Molin®, P. Traldi’. Y. Voinikov', R. Velikova', W. Voelter’. P,
Dolashka'

JInstaute for Organic Chemestry, Center for Phylochemistry, BAS, S08),
*CNRAISTM Po3ova
Intertacumary Insthste of Bochemesyry, Unverssy of Tubngen Tutngen

The rapid increase In drug-resistant infections has presented a serious
challenge to antimicrobial therapies. because it emphasizes the urgent need to
develop novel antimicrobials drugs agents. One area of interest is peptides and
proteins produced by invertebrates as part of their defence system.

Extract coliected from the garden snaiis C. aspersum is a complex mixture of
blochemically and pharmacologically active compounds as peptides and proteins.

The structural subunits (Bc-CaH. ax-CaH and gp-CaH) with molecular mass of
about 420 kDa of oxygen transporter glycoprotein C. aspersum hemocyanin (CaH)
were isolated. Surprisingly. the structural subunit §¢-CaH not only shows strong
antimicrobial activities against S. aureus and the likewise Gram-positive
Streptococcus epidermidis. but also against the Gram-negative bacterium
Escherichia coli. Furthermore. the subunit ¢-CaH, carries immunomodulatory
properties. which makes it especially interesting compound for the development of
novel therapeutics.

The isolated 14 fractions from the extract (mucus and hemolymph) of C.
aspersum after applying ultrafiitration and reverse-phase high-performance liquid
chromatography (RP-HPLC). containing different peptides. have molecular weights
between 600-7000 Da. determined by MALDI-TOF-MS.

Our in vitro study has shown that the three fractions from the extract of C.
aspersum. have a demonstrable antimicrobial activity against two different strains of
Propionidbacterium acnes (PA266 and KPA) and £. ¢oli (3548 and 3397). Two of the
fractions show strong antimicrobial activities against S. epidermidis. as a f¢c-CaH
subunit.

We suggest that these compounds therefore have the potential to become a
substitute for the commonly used antibiotics against which bacterial resistance has
gradually been developed.

Acknowledgments. This work was supported by a research grant Ne K 01/14 from

19.12.2016. to the National Science Fund of Republic Buigaria.
Keywords. antimicroblal activity, extract. snail C. aspersum, Bc-CaH. peptides

56



43. R. Velikova, L. Velkova, A. Dolashki, P. Dolashka. AntM-39 Antimicrobial properties
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AntM-39
ANTIMICROBIAL PROPERTIES OF MOLLUSCAN HEMOCYANINS

R. Velikova L. Velkova. A. Dolashki. P. Dolashka

Institute for Organic Chemustry, Center for Phytochemistry-Bulganan Academy of Sciences, Sofia

Hemocyanins (Hcs) are oxygen-binding glycoproteins. freely dissolved in the
hemolymph. of many arthropods and mollusks. They have been shown to exhibit
antitumor, antiviral and antimicrobial activity and are therefore considered to be
"natural antibiotics”. Hemocyanins are a promising alternative to conventional
preparations.

The native molecule and three structural subunits were isolated from the hemolymph
of the garden snail Cornu aspersum from the farms. Physicochemical analyzes and
conformational stability of hemocyanin by fluorescence spectroscopy and circular
dichroism confirmed that the protein is very stable. The antibacterial activity of
hemocyanin from snail Cornu aspersum and its isoforms were also determined in
vitro against bacterial strains of E. coli and S. aureus, identified as pathogenic with a
high risk of resistance.

Hemocyanin from C. aspersum and its isoforms are new biologically active natural
compounds. alternatives to chemical antibiotics. potential for application and
treatment of therapeutic problems. Information will be gathered to create new
concepts to overcome multi-drug resistance and create new types of antimicrobials.

Acknowledgments. This work was supported by a research grant of Bulgarian
Academy of Science Ne 72-00-40-111/09.05.2017.

Keywords. antibacterial activity. circular dichroism (CD.) snail C. aspersum
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Proteomics analysis of Alzheimer's and antitumor activity of glycoproteins against bladder carcinoma
permanent cell lines

Pavlina Dolashka, Voynikov Y, Velkova L and Dolashki A
Bulgarian Academy of Sciences, Bulgaria

Izheimer's disease (AD) is the most common form of dementia. It is the sixth leading cause of death and affects nearly 30 million

people worldwide. Scopolamine and streptozotocin are widely utilized in chemically-induced dementia animal models to mimic
specific pathophysiological pathways thought to underline AD. To the best of our knowledge, there is no report describing proteome
analysis on scopolamine or streptozotocin AD animal models. Therefore, we conducted a comparative proteome analysis on CSF
isolated from rats with chemically-induced dementia with the purpose of identifying protein biomarkers. Rodents were divided into
three groups: rats with scopolamine-induced dementia, rats with streptozotocin-induced dementia and healthy controls. Proteins
and peptides were separated from the isolated CSF into four fractions. Two low molecular peptide fractions, with mass below 3 kDa
and another with mass ranging from 3 to10 kDa were analyzed by mass spectrometry, while two other protein fractions, with mass
between 10 and 50 kDa and with mass higher than 50 kDa, were characterized by 2D-PAGE and the results were compared. The
impact of hemocyanin on tumor cells was investigated by 2D-gel PAGE and several proteins showed indeed altered abundancies. The
most effective inhibition of tumor cells is probably caused by a specific novel and unusual N-glycan oligosaccharide structure on HIH
with methylated hexoses, an internal fucose residue connecting one GalNAc(f81-2) and one hexuronic acid.
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emocyanins (Hcs) are copper-containing glycoproteins that act as oxygen transporting proteins in many arthropods and

mollusk species. Hemocyanins from the molluscs Helix aspersa (HaH), Helix lucorum (HIH) and Rapana venosa (RvH)
exhibiting different oligosaccharide structures have been investigated for potential use in therapy of bladder cancer permanent
cells. In vitro studies on the antitumor activities of these proteins were performed in T-24 cells and compared to doxorubicin
and mitomycin-C. Control experiments were performed using normal urothelial HL 10/29 cells.

The obtained results show that the human tumor T24 cell lines are sensitive to the action of the tested hemocyanins and
their isoforms. The inhibition of the tumor cell growth was dose and time dependent and was observed afier incubation with
native HaH and HIH and FUs pc-HIH-h and RvH-c. Cells treated with both FUs, pc-HIH-h and RvH-e, showed apoptotic and
necrotic cells and this inhibition was stronger than the effect measured for doxorubicin treated cells. No growth inhibition of
the normal urothelial cell line HL 10/29 was observed after treatment with HIH, HaH, RvH and their isoforms. The impact of
hemocyanins on tumor cells was investigated by 2D-gel PAGE and several proteins showed indeed altered abundancies. The
most effective inhibition of tumor cells is probably caused by a specific novel and unusual N-glycan oligosaccharide structure
on HIH with methylated hexoses, an internal fucose residue connecting one GalNA¢(881-2) and one hexuronic acid.
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Abstract

Natural compounds have a great potential for use in new antimicrobial drugs, as some of them have a
pronounced cytotoxicity to a number of multi-drug resistant bacteria. Snails produce biological fluid (mucus)
which protects them against microbial invasion. The mucus of garden snail C.aspersum is a complex mixture of
bioactive compounds with potential pharmacological application.

We have performed in vitro studies on the antimicrobial activities of different extracts, obtained from
mucus of C.aspersum, against Gram” and Gram™ bacteria and a fungal strain Aspergillus niger. Our preliminary
results have shown that the mucus fraction below 10kDa possess strong antibacterial activity against the
pathogen E. coli. The fraction having below 20kDa displayed the highest antibacterial activity against
Propionibacterium acnes 266 Al, followed from fraction above 100kDa. The fraction between 10-50 kDa
inhibits the strongest mycelial growth of A. niger than fractions below 10 kDa, between 50-100 kDa and over
100 kDa.

Using tandem mass spectrometry we identified the primary structures of many novel antimicrobial
peptides in active fraction below 10kDa. Most of them contain high level of glycine and leucine residues into
the amino acid sequences and belong of a class of Gly/Leu-rich AMPs, but others, contain proline, tryptophan
and valine residues which are typical for peptides with antimicrobial activity. We compared of protein
expression profiles of bacterial cells of strain P. acnes 266 Al before and after treatment with the fraction below
20kDa and found a significant change in the expression of seven proteins in bacterial cells. After analyzed by
MALDI-MS, Mascot and searches across the different databases, these peptides were identified.

Our results may be considered as basic information for further investigations on bioactive compounds
from C. aspersum and their potential biomedical applications.

Keywords: mucus extracts, garden snail Cornu aspersum, antibacterial and antifungal activity, antimicrobial
peptides (AMPs), mass spectrometry.
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of 19.12.16, funded by the Scientific Research Fund of the Ministry of Education and Science in the Republic of
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Abstract

Alzheimer's disease (AD) is now considered the most prevalent progressive neurodegenerative disorder,
responsible for 75% of all dementia cases. It affects approximately 35.6 million people worldwide, mainly the
elderly ones. At present time only symptomatic treatments are available. From recent data it is suggested that for
the development of AD, mainly B-amyloid peptides and neurofibrillary assemblies consisting of phosphorylated
tau proteins are responsible for plaque formation. The structure, dynamic behavior and spatial organization of
microtubules in neurons in the brain are regulated by their associated tau proteins. Although tau’s structure
function has been intensively studied for many years, little is known about the molecular mechanisms of
interaction between tau proteins and microtubules and promotion of the assembly of microtubules.

Herein, we present results of changes occurred at 45-50°C in the brain proteome of an experimental
animal model (rat) with scopolamine-induced neurodegenerative disorder, type AD, using two-dimensional gel
electrophoresis (2D-PAGE) coupled with MALDI-TOF-TOF. After homogenization of brain tissue from
hippocampus, striatum and cortex, a comparative 1D- SDS-PAGE analysis was performed on samples with and
without heating to 45°C.

The main observation from our investigations is the different behavior of the hippocampal proteome
from the healthy rats before and after heating to 45°C. Due to the demonstrated change in protein level of tau
and tubulin in the rat hippocampus after heating to 45°C, it was suggested
that the observed exothermic process at 35-45°C in mice may be due to the partial unfolding of tau protein
which leads to the release of tubulin. Both proteins together are involved in protein fibrillation and aggregation.
The reported results from this study can help clarify the molecular mechanisms of scopolamine-induced
dementia and neurodegenerative processes in general.

Keywords: Scopolamine-induced neurodegenerative disorder; Brain homogenates; Hippocampus; Tau protein;
Proteomic analyses; Mass spectrometry.
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Abstract

Acne vulgaris is one of the most common an inflammatory skin disease. which is observed in about
80% of young adults. The pathophysiological factors that cause the development of acne are excessive sebum
production, abnormal keratinization and desquamation of pilosebaceous follicular epithelium (comedogenesis),
follicular proliferation of Propionibacterium acnes and inflammation. P. acnes appears to play a central role in
the induction of inflammation. Recent microbiological and dermatological studies have reproducibly pointed to
the strong associations between P. acnes and acne vulgaris, S. aureus and atopic dermatitis, and
Malasseziaspecies with dandrff. Resistance development in P. acnes is another serious problem in using
conventional antibiotics such as erythromyecin. In these contexts, we investigated several mucus extracts from
garden snail Cornu aspersum for antibacterial activity.

The isolated mmcus extract was separated into several fractions by ultrafiltration on Millipore membrane
filters from 10kDa, 20kDa, 30kDa and 100 kDa. The obtained fractions were tested for antimicrobial activity by
the well diffusion method against Propionibacterium acnes 266 (Al).

The fraction having below 20kDa displayed the highest antibacterial activity against P, acnes 266 (Al),
followed from fraction above 100kDa. Using tandem mass spectrometry we identified the primary structures of
many novel antimicrobial peptides in active fraction below 20kDa. Most of them contain high level of glycine,
proline, tryptophan and valine residues which are typical for peptides with antimicrobial activity.

We have applied a combination of two-dimensional electrophoresis (2-DE) and mass spectrometry
(MALDI-MS) to identity changes in expression of proteins secreted by P. acnes 266 (Al), before and after
treatment with active fraction below 20kDa. These proteins are: glycerol-ester hydrolase A PPA2105 (GehA;
MW 35972Da, pl 6.59); PROAC0001_1849 (MW 31987Da, pI 5.00) putative lysozyme M1 [P, acnes SK137];
PPA0687 (MW 28612 Da, pl 9.61) CAMP factor 2; hypothetical protein, specific to P. acnes PPA1715 (MW
49335Da); hypothetical protein specific to P. acnes; PPA1939 (MW 16862Da, pl 6.17); PPA2106 (MW
54063Da, pl 6.34) putative endoglycoceramidase; PPA0721 (MW 40716Da, pl 9.44) putative invasion-
associated protein, NIpC/P60 family.

Keywords: mucus extracts, garden snail Cornu aspersum, proteomic assay, two-dimensional electrophoresis (2-
DE), mass spectrometry MALDI-MS.
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Abstract

The most common neurodegenerative disorder and the most important cause of dementia in elderly
people appear to be Alzheimer's disease (AD). The AD-associated problems decrease life expectancy, reduce
quality of life, cause physical disability, and eventually lead to serious problems in daily life activities such as
social and occupational functions. To reduce the burden of the disease on patients and their families and the
social and economic costs, many scientific teams make the remarkable efforts to find diagnostic markers which
predict the disease earlier. Recently, it is suggested that for the development of AD, mainly B-amyloid peptides
and neurofibrillary assemblies consisting of phosphorylated tau proteins are responsible for plaque formation.

In this study, brain homogenate (BH) and cerebrospinal fluid (CSF) of an experimental animal model
(rat) in normal and scopolamine-induced neurodegenerative disorder (type AD), were analyzed by using
proteomic techniques, mass spectrometry (MALDI-TOF-TOF) and bioinformatics’ analysis.

Comparisons between controls and scopolamine-induced neurodegenerative disorder (type AD) of BH
and CSF have showed several common proteins (as microtubule associated proteins, tau proteins, tubulins, and
beta amyloid precursor) which are expressed significantly differences. Recent studies have shown, the amyloid-
beta (AB) and amyloid B1-42 play a key role in the pathogenesis of AD. The intact Ap from soluble aggregates
comperes are especially relevant biochemical marker because they are believed to be the most toxic form of
AB. Therefore, we investigated different fractions <10kDa from BH and CSF, using mass spectrometry
(MALDI-TOF-TOF). We found a diversity of Af peptides between 3.0-6.5kDa, and identified some of them.
We observed high heterogeneity of proteoforms, which associates with post-translational modifications. This
heterogeneity of AP proteoforms deepens our understanding of AD and offers many new avenues for
investigation into pathological mechanisms of the disease, with implications for therapeutic development.

Keywords: Scopolamine-induced neurodegenerative disorder (type AD); Brain homogenate (BH);
Cerebrospinal fluid (CSF); Amyloid-beta (AB) peptides ; Proteomic analyses; Mass spectrometry.
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Hemolymph and mucus of Cornu aspersum garden snails provide a rich source of peptides and proteins
with antioxidant, antimicrobial, antiviral and antitumor activity. Antimicrobial peptides and glycoproteins
from the mucus and hemolymph are important components of the innate immunity. Some isoforms and
peptides serve as effector molecules of the defense system, providing an efficient initial effect against
infectious pathogens. Therefore quite a series of proline-rich peptides isolated from the mucus of C.
aspersum garden snails were analysed and were considered to be promising candidates for the
treatment of microbial infections and suppression of microbial resistance.

Using tandem mass spectrometry the primary and oligesaccharide structures of many novel peptides
with molecular masses between 1 and 20 kDa displayed the highest antibacterial and antifungal
activities were identified. Most of them contain high level of glycine, proline, tryptophan and valine
residues which are typical for peptides with antimicrobial activity.

Applying a combination of two-dimensional electrophoresis (2-DE) and mass spectrometry (MALDI-MS)
the proteins secreted in the mucus alse were identified. The carbohydrate structures of both
glycoproteins, superoxide dismutases (SODs) and hemocyanins, having also antioxidant activity were
determined by MALDI-MS/MS and Q-Trap MS/MS.

Based on obtained results the active compounds were applied to develop several novel food
supplements to overcome the recent appearance of a growing number of resistant to conventional
antibiotics, which has become a serious medical problem.

Keywords: antimicrobial peptides, bio-antioxidants, glycopeptides, glycoproteins, Cornu aspersum,
mass spectrometry
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Several glycosidases such as alpha-glucosidase I and alpha-mannosidase are located in the endoplasmic reticulum of
Saccharomyces cerevisiae and they cleave the terminal alphal, 2-linked glucose alphal, 2-mannose, Therefore, the effect
of S. cerevisisae in quiescent state GO and active cells on the glycosylated hemocyanin Rapana venosa (RvH) and Haliotis
tuberculata (HtH) is analyzed in comparison to the enzyme zymolysis. The carbohydrate structure of both the hemocyanins is
known to have mainly mannose-type structures. The structural units of RvH1 and HtH1 are composed of various functional
units with 45-60 kDa molecular masses measured by MALDI-TOF/TOF-MS ligand-bound by protease-sensitive peptides.
However, we propose the model that the individual polypeptides of the various FUs are linked together in a network generated
by oligosaccharides. Our hypothesis is confirmed by the generated fragments, with molecular masses of about 50 kDa, after
incubation of HCS in S. cerevisiae growth medium. It is based on the assumption that yeasts produce glycosidases that break
the oligosaccharides connecting the different functional units. After four days incubation of RvH and HtH in medium with
S. cerevisisae in quiescent state GO and active cells, several different fractions were isolated which showed a negative orcinol/
H2504 test. The results show a higher effect after treatment of both hemocyanins in S. cerevisiae active cells medium than in
quiescent state G, However, the observed effect is lower than that after incubation of both HCS with zymolyase.
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Identification of peptides and glycopeptides with antimicrobial activity from garden snail C. aspersum
using mass spectrometry
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he recent appearance of a growing number of bacteria resistant to conventional antibiotics has become a serious medical

problem. Therefore the development of antibiotics, with novel mechanisms of action is a current issue. The mucus from the
garden snail C. aspersum is a complex, multi-component mixture including different biochemical active substances. The mucus
extract was separated into several fractions using Millipore filters with different size (10, 20 and 100 kDa). We have performed
in vitro studies on the antimicrobial activities of different extracts, obtained from mucus of garden snail C. aspersuni, against
Gram+, Gram- bacteria and fungal strains A. niger and A. fumigatus. Our results have shown that fractions < 10 kDa, <20
kDa and between 1-10 kDa possess strong antimicrobial activity against the tested pathogens. To explain the observed effects
against various microbial organisms, the peptides and glycopeptides in active fractions were purified by reversed phase high-
performance liquid chromatography (RP-HPLC). All fractions were tested of the orcinol/H2S04 test. The positive fractions
(glycopeptides) were lyophilized and further studied by Q-trap-LC/MS/MS. We identified the carbohydrate chains and amino
acid sequences of several glycopeptides. Using tandem mass spectrometry MALDI-TOF-MS/MS, we identified the primary
structures of 15 novel antimicrobial peptides in active fraction below 10kDa. Most of them contain high levels of glycine and
leucine residues, but others contain proline, tryptophan and valine residues, typically for peptides with antimicrobial activity.
Our results may be considered as basic information for further investigations on bioactive compounds from mucus of garden
snail C. asperstm,

Keywords: mucus extracts, garden snail Cornu aspersum, antimicrobial peptides (AMPs), glycopeptides, mass spectrometry
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Cornu aspersum-derived peptides with biological activity
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R:ccmly. bioactive peptides have received close scientific attention for their broad scope of bioactivities, mainly including
ntioxidant and antimicrobial properties. Such peptides are especially prominent for their notable contributions to human
health improvement through the scavenging of dangerous free radicals. Moreover, they have shown to be good candidates
for the development of alternative antimicrobial agents. The aim of the present study was to derive different fractions from
the mucus of the garden snail Cornu aspersum and to evaluate their antioxidation and antifungal activity. The snails, Cornu
aspersum were collected in Bulgaria and the mucus was purified. After that, the fractions with different molecular mass
were obtained by ultrafiltration on Millipore filters. Mass spectrometry analyses on an LTQ Orbitrap XL mass spectrometer
(Thermo Fisher Scientific, Bremen, Germany) equipped with a nanoelectron spray ion source was performed for the peptide
characterization. The total antioxidant potential of the tested fractions was assessed by the DPPH and ABTS radical scavenging
activity methods and the nitroblue tetrazolium (NBT) reduction assay; superoxide dismutase (SOD) activity was evaluated
as well. The results showed that the natural peptides derived from C. aspersum, specifically the low molecular mass fractions
possess potential antioxidant activity confirmed by hydroxyl and superoxide radical scavenging activity and radical cation
decolorization assay. These peptides exhibited fungicidal and fungistatic activity against Candida membranifaciens, Aspergillus
Jumigatus and Aspergillus niger.
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Introduction. Snail mucus is a rich source of bioactive natural compounds with
a variety of functions, including facilitating of the treatment of wounds and skin
conditions. More importantly, the mucus is well known for its anti-aging properties
and frequently investigated for antibacterial potency. Generally, both of these
properties facilitate the ability of the organism to cope with the generation of free
radicals.

Aim. The aim of the present study was to evaluate the extent of antioxidant
potential of fractions from mucus of garden snail Cornu aspersum.

Methods.The model snail species were collected in Bulgaria and the mucus
was purified and subjected to ultrafiltration. Three different samples were investigated
- Iyophilized fractions (molecular mass < 10 kDa and > 20 kDa) and liquid fraction (>
20 kDa). Inhibitory effect of the fractions was determined by calculating of the
inhibition of NBT reduction by photochemically generated superoxide. Superoxide
dismutase (SOD) activity and dose-dependence of the superoxide anion scavenging
effect were studied as well.

Results.The fraction with molecular mass <10 kDa showed the highest SOD
activity. It is possible that the detected SOD value represents the so called “SOD-like”
activity that could be displayed by some peptides with low molecular mass capable of
superoxide scavenging.

Conclusions.The results from the antioxidant screenings of C. aspersum
mucus and its fractions show that this naturally derived product (specifically the low
molecular weight fractions), has a good potential to counteract the formation of
reactive oxygen radicals.

Keywords: Comu aspersum, superoxide radicals, SOD, antioxidant activity
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