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KINASE INHIBITORS: A TOOL TO STUDY THE ROLE OF
PROTEIN KINASES IN PHYSIOLOGICAL AND

PATHOPHYSIOLOGICAL PROCES SES

Baran| 2k M.Gi momln2olB@h 8. 88 | U y'Breiet A.
Institute for Heart ResearcBAS; lInstitute of Molecular Physiology and Genetics SAS

Bratislava, Slogakia

Protein kinase pathways, such as MAPKs and PI3K/Akt, have difféuactions in the

animal cells and they play an important role in the stress responses and in processes of cell
survival and death. Targeting of components of these pathways with pharmacological agents
of high potency and specificity can help to establshimpact of specific kinases on cellular
functions. Pharmacological inhibition of MAPK and PI3K/Akt kinase signaling we used for
assessing of the role of specific protein kinases in modulation of cardiac function during
ischemia/reperfusion and in processof pathological remodeling in cellular and animal
models. Results of studies showed that activation of ERKs, members of MAPK family, plays

an important positive role in preventing of myocardial necrosis and apoptosis. This
impression was supported bydies using specific ERK pathway inhibitors, like PD98059
and U0126. The role of pa8APK pathway was studied using pharmacological inhibitor of

this kinase pathway, pyrimidyl imidazole derivative SB203580 (SB). In rat hearts the
treatment with SB reversdtie protective effects of ischemic preconditioning <{ifddiated
cardioprotection. However, these effects of SB were not observed in pig myocardium. The
contradictive results suggest that pd8PK has ambiguous character in heart with both
protective andletrimental effects. LY294,002 (LY) is a specific inhibitor of PI3K/Akt kinase
pathway which is a key signaling system implicated in cell survival and metabolic control in
various cell types. The application of LY in rat myocardium was connected withtiohibf
IP-mediated Akt kinase activation and modulation of matrix metalloproteds&viP-2)
activities. The obtained results point to possible relationship between Akt kinase and
modulation of MMP2 activities in cardioprotective mechanisms of IP. e telationship
between Akt kinase pathway and modulation of MRIBctivities point also data obtained in

rat hearts influenced by doxorubicin. Application of LY was also found to reduce the degree
of vincristine (VCR) resistance in L1210/VCR cells anddheg resistance reversal effects of

LY were accompanied with its influence on V@Rluced apoptosis.
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MATRI XOVE METAEIORKGDY A I CH DLOHA
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DOXORUBI CENU NA POTKA
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Antracykl2n doxorubic2n (DOX) |je8&ldioeloivi @ hl]

ochorenz. Kompl i k8§ciou ©pri pod8van? DOX s¥
vivinom kardiomyopati2, ktor® |asto ved¥ ag
sl edovaS zapojenie matrixovlich metdd hogodt eni n
pod8van2m DOX naprs8cdic eboploit kppanagi tM® pot kany Kk
intraperitone8lne pod8vanl DOX. Aehoacegklkdow
kumul at2vna bol a 15 mg/ kg hmot nost Bvokkontr
fyziologick®ho roztoku. Po posl ednej d8vke
alebo 8 tTgdRov

U potkanov, ktorTm bol aplikovanl DOX, bol

viacer® g¢gtruktur8lne zmeny, k eryo ka@®iotosicity ¢ h ar
antracykl 2nov. Zistili S me , ge DOX I nduk
charakterizovan® degener 8ciou a/alebo strat
kardi omyocytov, gtruktur 8l nou dvs drKganV getck
zmeny sa objavoval. ug 4 tlgdne po pod8van?
zvirazneng8 po 8 tTgdRoch. U potkanov, ktorTn
8 tTgdRoch, pozorovan® viraze®ugtrumleijum@ltmae
gtruktur8lne zmeny pozorovan® na Yarovni 0 K
s¥wvisia so zisten«bDazVvbgenyoumaakit xw(EMMR: me2 al
2). K viznamn®mu zvI geni-8, aomizingny vtaktivitelreelipli o u 2
spojen® so zmenami v prote2novich hlading8ch
endog®nneho tkani violiMB20o Zmleinly2 vorm&t MRt §ch t
MMP-2 boli spojen® taktieg ®©Ooenmehamio ¢i akui 8
S me, ge v plazme zvierat ovplyvnenlT chkDa %l i nk:
MMP-2, ako g MMRP9, a to ug 4 tlTgdne po aplik8cili
zvygovanie aktiv2t cirkul ug¢heci KK ha KDiFHorgye ieit r v 3
MMP-2 doch8§8dza predovgetkim Y% inkom radik§8I o
mechani zmov podieOaj %cich sa na %% inkoch D
chronick® % inky DOX boli 8 tliégudRovsopaniugerl
aktivitou superoxid dismut8ngsolnisl ed§kamt u o
superoxi du Navi ac, ug 4 4N gdoégl pov apkKi kk§ ¢
prote2novej expresie indukovateOnejrv8valyi NE
po 8 tTgdRoch. Pozorovali sme, ¢ge 8 tlTgdRov
zn2genl taktieg celkovli antioxidalnl status

Z2skan® visledky poukazuj %% na zapokDani e ma
MMP-2, dopr ocesov vyvolanlch %l inkami dl hodob®h
pozorovan® z mekbDyformy MMR2 i pot apl7i2k 8ci i DOX s ¥%vi



zvigenT mi hl adi nami superoxidu a zvligenou
pozorovanej indukie NOS2).
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Dl i rBMglEC2voxi dal nom strese i zol ove

Bezek GS8L. RakkseOovsg 7Z.

Dstav experiment8lnej f

armakol -gie a toxikol -gie SAV
D¥%bravsk8 cesta 9, 841 O

Brati sl ava

N

DvodPel eR je hlavnim org8nom biotzviemahsf or mé
Viznamroeu ou sa odieOa na exog®ohyecmel @nhalo
lieckovai nTch xenobiot2k. PeleR zohrg&8va dllegit!
organi zmu, biel kopidov,saahar iniSo wmaijaa Wad ll iegk it &
adet oxickhalpr ocesoch organi zmu.

[elue)

Vpel eni dee ttowo rkiug Yaa r eakt 2 vne formy kysl 2 ks
nest 8l e, vy semmkear gree¢ alctk® meo |l @ kul vy, ktor ® s¥% K
existencie. RFK al ebo vsoyGn® nmea dmlkg8ul yt vsoar ivS bpi
enzTlmovimi syst®mami, | ipidovou oxid8§8ciou,
znelisSuj%cimi ovzdugie atN. KIlinick® gt %di e
dilegitpatubgbon®me dazg8epnaelroavtizevhn yadhor en? at e
reumat oi dnre§darrdviidahl® doclaor en? .

Reakt2vne metabolity kysl 2kkya vs minsaorndjcia pmot

prevagne t1m, ge i ch oxiduj k8 PneusateSrl-abny
adet oxi khowaniaintegrdydbunka jejf yzi ol ogi ckl ch funkci 2 v
Syst ®mov -pmtoioxx iddaanrtt . Trval ® narudgenie tejto

m§ za n§sldedol bxomal ne pogkodenT ghisbi &mallor
pat ol ogi ck®ho stavu. Thayk ®2 @ n a v lav ®0 xbad alilaymelm i €

stres je charakterizovanl ak o p osrcuhgoepmioes S0 o
bi ol ogi ck®ho syst ®mu znegkodRovaS adeni knut
odstraRovaS visledn® pogkodenia bunky. Anti
nepri amo chr8nia bunky proti nepriaznivim

at oxicklTch radi k8l ovich reakci 2.

Ci eOom pr&ce bolo s edeorviaSRelC2wkiyd st mbrads nio
kt or | s aertbutylbhydroperaxidom (BHP).

Metodika: Hepat ocyty s a i zol oval. dvojstupRovou
Vexperimentoch ssamgeudkinmneiRap oNi ksgemgbarbitalovejo r T m
ane$ ®ze otvorilhi heagaBbadutPaahepariniz8ci.i C
kanylovala port8lna ¢gila a peleR sa pripoji
perfundovala perfY¥Yznym -h&zkahé&it ov kjjocestbey Do k 0 e
perf¥%zii sa peleR perfobhsavamalp@s%%eny mmme
kt opriebehu 15 min%¥%t rozpustil intersticiglr
Parenchl mov® hepatocyty s a z?2 s kiafluig8dirmy n &
premlvan2m. Prim8§rna suspenzia 1izolovanTlch

koncentr®mlua4@r @yl a sa experimkatele ag do pougi:t

Hepatocyty sa inkubovali v GOi nkub8tor e prikutlaplvat el &
pl at ni rok &d hn en a celkoeom aljekne Krebslenseleitovho roztoku 5 ml. Ako
model ovg | 8§tka sa na d§ndtu&md ui zoxli advad miG@hho hse
BHP, ktorl skhmenaephi k®wvia8é¢h vOo, 5 mM; 1,0 mM &
der isty ®tb &SMélBGL,s a apl i koval 10 -BHPwkibonpertdr Pooid&:



0,01;0,1a, 0O mM. Po 60 mi ntéstomnegsuspenzielodobrd aliquot 1 mls a z

na centrifug8ciu. V supernatante sa sSstanov
(LDH). Vi talita hepatocytov sa stanovila kombin
akriodamg/ et 2di pme ppbaro§ntiyd saa sn2mal i mi kr os ko
Moticam 1000.

Visledky &akdisnodsil@vsg | 8§tka sa nasysn@mé&ci u
izolovanTch h e p ahutgllydrdperoxid EBBR).§ Referendiee wdbornej

l iteratre wud8vaj¥% rlzne koncentr8ci e, ktor
Zt ohoto dteptaoa paBHPivkpoognti§8§¢ci @GmMa20,mM. mM; 1
Z8znamy fluorescenl| nej mi krografie poukazuj:
vplyvom pBHopeinebehu 60 min¥%tovej i nkub8ci e.
hepatocytov bola vgdy viac akooncEemn%,r e i 6D,
BHP sa zn2giHKom 11 0anMB&HB, s aprzin2 ¢i lkanc. B,amMst0 % a
BHP sa zn?2 PirledimaubB8c¥wou hepatocytov stobad?:
vz8vislosti od koncentr8cie zn2gilo uvoORova

001mMi 4, 90 Okat /I
01mMi 3, 49 Okat /|
1,0mMil1, 15 Okat /|
Proekt2vny ¥l iwoxki dSaMendEE2strese | amdadlvani ch he

-zvigen2m vitality izolovanTch hepatocyt

-zn2gen2m uvoORovania LDH

Z8ver:

Z visledkov priazniv®ho p!sobeni aSMegEC2ldoi nd
vsyst ®me izolovanlch hepatocytov g BboR&ana v
vlisl edkov, ktejf®ospar éiskmbggne vyvodi S zS8ver
stobad?2nov3MelECx@roil W &talhp sb&ci i oxi dal n®ho pogk
Syst® m izoIpvanTch hepatocytov sa ukg8zal vV h o
gl ykomicklch gtrukt %r .
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Ovplyvnenie multidrug rezistencievL 1 2 1 0/ VCR bunKk 8¢
pentoxifyl2nom.

Boh&8| oB8r¥n] 2k M.%Se@il &l dv§ BSu)ovsg§ Z.,

Dstav mol ekul genatikyjAV fH«tiov -mrie \al sSBstma s raxme SIAMent §1 ne |
onkol -gie SAV, Bratislava

Viacliekovs§ (mul tidrug) rezistenci a pr e
neoplastick® bunky st8vaj ¥ rezistentn® vol.
l iitevl s r*znou gtrukt Yr ou, farmakol ogi ckT mi %
znaj |l astejg2zch przlin j e zvigens§ expresia
vpl azmati ckej -g | nyeknobpr r Sogie: Ropp , P (Pt or T patr? m
transmemlnov® transport®ry, funguj e afRudtdregner get
rezistentnich bunk8ch sa podi eGakya Bilamsmag
funkciu Pgp mogno ovplyvni S skupinou | §8tok,
pati a a | der i vpsrteyd cxha8ndtzzanjowc.i cvhh pr 8cach bol a zi
ipentoxifyl2nu (PTXP}gppq)toIz§Ita’-'S/nreq2|slt2 elrd iVuIC Ru
|l epgi e objasnenie %W inku PTX sme stkedgvatbii
%l ohu v regul 8ci i apoptoticklch odpoved? b u
(senzi-gpg vmag a tP2Lvin2al OlI/2VnORa )( gz ipotzen 2w H,a P 2ni a)
ge pltsobenie PTX (0.1 mmgpVvLI2)0/VGRy vihod §p/rao tdeo2wmo

Yrovni, zvygpjporittvwmepS|I Pnie na vinkristz2n

£ 20000 F F

e

=}

>

§ 10000 -

E

b ol o ey

« P-gp

o 7500

E

ESOOO—HHHH ll_l_l

@

£ 2500 F -

2

”* . ’,,* “ﬁ « GAPDH
i e i+ <« vincristine
’|' i o+ i i + +  « pentoxifylline
L1210 L1210/VCR

Obr . 1. Ov p | ygwn ebnuinek ohvlegd 2l nR e L1210/ VCRr pteommxs tfiyl ¢ t
Omol /nke)pr& t omnost. i VCR, po!inysP—gaAGANrPoDoH2 nb. o | Hr ostteag mooweBn @h
Western blotu, pougit2m gpecificklch protil 8tok.

Tento fakt koreluje so sti mu-FI§GCApaptosisapopt -
kltom)aproteolytlckou -3ak a  p9§ z(y wrul eknaS8s pWespt)er n b |
Zistili s me, ge pr2tomnosS PTX ovplyvRuje
kvirazn®mu zvIigeniu fosforylovanej formy AKk
vm®di u pr2tomnl aj vinkrist2n (Obr. 2).
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b4 oL cm o o Phospho -Akt
- .  « (Ser473)
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Obr. 2. Vplyv VCR @PTX naexpresugpeci fi ck% fosforyl 8ciu Akt kin8zy. B
(100 Ompit 7Ly mnvost i Hdpr2 t@monlo/slt)i avCR, pobasci2fii ckk&d?
fosforyl 88cia ( na Ser 473) Akt ki n8zycibfoilcak Isctha nporvoetni 8

Urezistentnlch buniek L1210/ VCR bolo pozo

met al opr ot ei n3zporhdvawanre2 MsMP senzit?2vnymi L1z
PTX dgglhoo kn2geni u, | o s me pelekttvrraodfidri®zpyo. moltvo
“wWdaje naznal uj Y%, ge PTX ovplyvRuje citlivos

downr egugps,cisotui nfPul §mbdul §popu- myo®Rovania MM
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ExpresiaPg |l ykopr ontygg2rcth v eukemi cklch b
indukuje zmenyve x pr esi i gloywlkaphruqg tV&£24 rcdv Kk
si al ov %.

Buben| 2kov§ T. ,6BrCeiodru},A.\58% I9evd8§ 8&. J.

Dstav mol ekul genetileyb sftyazvi oelx-pgeird nent §1 nej onkol - gi e
Sl ovensk8 akad®mia vied, Bratisl ava

tatiana.kurucova@savba.sk

Multidrug rezistencia ( MDR) neoplastickTch buni ek j e
chemoterapi.i ng§dorovich ochorenz. Lastou [
gl ykopr gp.egpu j eP membr 8novl prote2n,bunkyf anspo
l2m zni gujSei kond enttilvmn wpbswmlbeaja zIlyh8§vanie ¢
modelom Pgp sprostredkovane,] MDR | e mygia | euk
postupnou adapt 8cilo2unima zwVisrkkarni8s tsftnab(iR)noa t
nes%cim ge®WPgpr ¢ TPDu¥skiPredch8dzaj Y%cich pr8ca
substr8tu transgl y-leachkasdovay et c bt eetakcc B, b WDRPE§ C
sme aj zmeny gpektre & | adi n8ch gl ykoprotefeajotvo n@ar Poivrg
zameraina gtudovanie interakcie |l ekt2nov so gp
povrch buniek L1210.717 WGAs(Triicuma Vuligaris$ m&kt ¢ n) , | BMRY
(Maackia amurensid e k t SNA) (Sambucus nigrd ekt 2 n) . Zo vgetkTlc
| ektl2emm VWGA mal viraztoblgvie2naRpxpoki tefeakt bank
Viraznej giu aglutiThégrekwoporzpropaemél no®R h2ni o
ktor 8§ nee-gpp(S) muoj evgPet kT mi t roma l ekt 2 nmi
sprizusg nT mi l ekt 2 nmi s mtel azda zhrgaerge naap e k tzrnee ng/l ywk
vmembr 8novich frak$iR&EhburioélbvaZlehilzi sme
WGA | ekt 2 hhunkpvwp oR o &aSbru?n ksa mi , viraznejilgée eMAA z d
aSNA s me nepozoroval.. Desialid8cia intaktnT
ovplyvnila v2zbu | ekt2nov | en minim8lne (obr
|l akt - zou zn2 gi |l a pionvtrerhaakci bunliekt 2 pokbstsat ne
predinkklySei a nosu sialovou (obidve Sspom2nan
testovanlch |l ekt2nov).
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Obr.1: Sledovanie v&2zby |l ekt2nu WGA na povrcl
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Are yeast mannans antioxiénts comparable with glucans?

S. Bystrick T, E. Machov§

Institute of Chemistry, Department of Immunochemistry of Glycoconjugates, Centre of Excellence Glycomed,
Slovak Academy of ScienceB,%b r av s k § cBradidawa, Soyvaki 4 5 3 8

Interest is given tgolysaccharides isolated from various sources as natural antioxidants.
Despite of that, mechanism of antioxidant abilities of polysaccharides has notlx@datet!.

Mostly studied wates ol ubl e der i vat i v-B-glucan,c goroteated y me t h
phosphatidylcholine liposomes against peroxidation induced bi i@#icals. Also, the

radicals cavenging pr oper tDigeian stuflied byaetedironxpgrageetich y | b
resonancs pectroscopy were descri bed.-D-glucaneor er , f
inhibit oxidative DNA damage induced by QHadicals was also found out. Only a few
information concerning the antioxidant activities of the second major surj@ast
polysaccharide, mannan, were published.

The presented contribution is focused on the study of antioxidant abilities of surface mannans
obtained fromC. albicansserotype A C. dubliniensis, C. tropicaliand S. cerevisiaaising

liposomes as modefor lipid oxidation. This assay includes the peroxidation of
phosphatidylcholine liposomes caused byl@&tlicals produced via Fenton's reaction in the
presence of mannans. As comparing glucan polysacchd e s , ¢ a rbglugag froent h y | £
S. cerevisia¢CM-g | uc an) a nlg4; plbiglucar) were monidored.

Table 1: The characterization of mannan and glucan polysaccharides and #he&itu€s

Sample IC2s MpeakX 10 Protein [%0] Monosacharide
[mg/mL] composition
[%]
Man Glc Gal GIcNA
MannanC. albicansser. A 6,3 19,3 4,9 854 59 8,7 1
MannanC. tropicalis 7,1 7,3 0,6 98 11 09 tr
MannanC. dubliniensis 21,3 7,5 0,9 983 1 0,7 tr.
MannanS. cerevisiae 43,1 3,4 1,1 965 26 09 tr
Pullulan n.d. 49 0 100 O 0 0
CM-glucanS. cerevisiae 6,5 32,5 3,9 25 975 O 0

IC25- the concentration of saccharides that provides 25% protection of liposomes against peroxidation with OH
radicals

n.d.* - antioxidant activity did noteached the I&value up to maximum concentration used

tr. - traces of GIcNAc from Macetylchitobiose bridge

The results revealed the considerable effect of all studied mannans in the protection of
liposomes against (Hradicals. Mannans protected thergedation of liposomes in a
concentratiordependent manner. It seems that the percerR@A grew with increasing
concentrations as well as the molecular weights of mannans ( Table 1). The largest mannan
prepared fronC. albicansserotype A (M ~ 193 kDa)was the most efficaciowmntioxidant of
liposome peroxidation (Fig. 1A, upper lindhe smallesmannan fronS. cerevisiagMp ~



34 kDa) prevented the peroxidation of liposomes less than others mannans (Fig. 1A, lower
line). The ICog values of mannansrgportionally increased with decreasing of their sizes

(Table 1).The antioxidant activity of CMylucan (M, ~ 325 kDa;ICog5 = 2.1 mg/ml) was
similar to that ofC. albicansserotype A mannarmwhile pullulan did not reached the 4§ at
used concentrationsl@able 1).

Polysaccharides are able to coat the surface of liposomes by strong nonspecific binding and
protective polysaccharide shield on liposome surface builds up. We suppose that the reason
of their antioxidant effect could be the protective shield grotects them from attack of QH
radicals produced in surroundings. It seems that the polysaccharides containing Hexible
linkages are most effective protector of liposome peroxidation that these ones containing only
Ulinkages.
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Do glucans and mannans really scavenge hydroxyl radicals ?

S. Bystrick T, E. Machov§

Institute of Chemistry, Department of Immunochemistry of Glycoconjugates, Centre of Excellence @lycome
Slovak Academy of ScienceB,%b r av s k § cBratidawa, Soyvaki® 4 5 3 8

According to actual notion the antioxidant abilities of polysaccharides are in consequence of
guenching of Ol radicals. To verify this supposition, the radical scavenging aesviaf

selected polysaccharide€( albicansserotype Aand S. cerevisiagnannans as well as GM

glucan and pullulan) were investigated by commonly useediplZenytl-picrylhydrazyl

(DPPH) assay and compared with s ttaopldelratd ant i ¢
glutathione). Analyses were performed at triplicate. Scavenging ability (%) & HA
Asampid/Ag] X 100, where Awas the absorbance of control (without sample). Ascorbic acid

(0. 003; 0. 00 7 ;-tocdphefoll (3.009n 6.028&) 0)0469g/ml) and glutathione

(0.006; 0.029; 0.057 mg/mL) were used as reference scavengers of.EzdrHls.
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Fig. Scavenging activities ofS. cerevisiagnannan (manndj C. albicansserotype Amannan (mannap
CM-glucan, pullulan, and natural antioxidena s ¢ o r b i-toccopaecoi athd glutdthionesingD P P H L assay.

Despite of wide concentration range of polysaccharides, their scavenging abilities did not
exceed 4.2 % (2.7 mg/mL @. albicansserotype A mannan) resp. 3.4 % (2.7 mg/mL of-CM
glucan). Natwal antioxidants used as positive controls quenched at optimal concentrations 93

% of DPPH:r adi cal s ( as c o ftdodplerolp and 8)5 % (glu@tBion®) % ( U

Seeing that polysaccharides did not scavengé @#icals, we suppose that the reason of
their antioxidant effect observed in some assay could be the formation of shields that protect
detector molecules from attack of Qtddicals produced in surroundings.
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ExpresiaPgl ykoprote2nu inhibuje akt
i ndukovan? tidlg@pDabuné&gch
Gi balpGeg egL Mbudaé, 58 dMBkeierlAL,Sul oV § Z

Pstav mol e k u |l genetilky [SAVL Bratislaval Slogeinsko a
irologickIl Wstav SAV, Bratislava, Slovensko;
bPDstav experiment 8l nej onkol - gie SAV, Bratislava, Slov

Multidrug rezistencia (MDR) e | av , kedy sa bunk
ktor8 t¥Wto rezistenciu vyVvYaoh&lageg albe
(substr8tomdj| adetdejl gn e gtudovanlch m
Pgl ykopr-gphlet or @hPo &Iiktpireistt @ @r edst avuj
chemoterapii.

gnl mos i
chani zn
e res8ln

y stan¥
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Zamer al i S me s a na s | e d oavpaonpite- z pr 2ipnaddunki o
cisplatinou (CisPtgp)meidzelgpepsubfPYypB8ynemap? en P
L1210 bukami.Rgp pozi t 3mee zdlatkdddobou adapt 8ci ou pa
buni ek na cytostati kum vinkri st 2mnun(iR kb ugn&nyo)n
pre Ougp 6TUnkyPPgp pozit2vne bunky sa vo viacer
|l 2gia od paunieknt 81 nych (S)

Zistili TBhoekys YYereRziastentnej giaet® zZomm

dopre
nie je ovplyvngpnerapamdmBhhkogr o RpPt kgst up L) ¥
apopt - -zy, j ej typi ck®memnte§udivtar asgk ¢ ukapr 81 DA
pozoroval.i vo vgetklch typoch buni ek, avgak
apopt - zyPgpr 8vegavt 2vnychPgpungk&ziht 2 vmeye hv Ci s
viraznej gi u ak$hb un8kcd eudR,&Va sbpuSn@dy§ tph v
Q
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ol nle A, 2
S SPt R RPt T TPt S IR ¥ 2

Obr.:Hl adina akt2vnej kasp8zy 3 po 24 hodinovom pt's
(index Pt)yvS,RalT bunk§&ch.

CisPt neindukuje zmeny hMadine Pg p . PorovnateOn® mnogstvec
prote2mumtBaxy oaptroottiec:krstab p&zorbvali s, Ral bunk§8ch, avyg
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GLYCOMIMETICS OF THE INHIBITORS OF
GLYCOSYLTRANSFERASES 7 DESIGN AND SYNTHESIS
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E-mail: chemhirs@savba.sk

Gl ykosyltransferases (GTO6s) represent an T
biosythesis ofN- and O-linked complex oljosaccharides of glycoproteins providing the
formation of a new glycosidic linkage. They cause significant structural variations in
biological systems and thereby modulate intermolecular interactions by steric influence and
lectin bindings. On the other hd, the part of these structural variations, raised by catalytic
effect of GTO6s, contribute to various mammal
to adult life [1,2].

This contribution based on the rational design of the transition state anhibiors of the
GTO6 s, repr es eticNAc 3], idtmduces theUsPrithesis of four precursors,
namely benzyl 2hio-U-D-fructofuranoside diethylphosphatel) , -anbnser 2j and their
ethyl2t hi o a n ahomaBa e Hanmeard).

Startng from benzyl or ethyl 2hio-U- o r -D-fsuctofuranosides, respectively [4], sequential
protection at position ® with tert-butyldimethylsilyl group, at € with dimethoxytrityl
group, at C3 and G4 with acetyl groups, followed by detritylation affordadcleophiles
having a free Okyroup at C1 [5]. These were coupled with diethyl chlorophosphate to give
blocked Dfructofuranoside iethylphosphates. The desired precursb# were finally
obtained by usual detritylation and deacetylation.

I OEt ||/OEt

P _P
@] \ —0 \
O OEt NG OEt
HO " SBn (Et) HO/\Q\SBn (Et)
HO' OH HO' OH
13 2(4)
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SYNTHESIS OF SOME PRECURSORS OF
GLYCOSYLTRANSFERASE INHIBITORS

Mar ek Bar 8t h | l gor Tvarogka, Mirosl a
I nstitute of Chemistry, Slovak Academy of Sciences, D

Glysosyltransferases are enzymes that catalyst transfer of monosacharidic unit from
an activated sugar phosphate to an acceptor molecule, usually an .alClodalesult of
glycosyl transfer can beraonosaccharide glycoside, an oligosaccharide or polysaccharide.

During oligosaccharide processing, oligosaccharides are converted into hybrid and
complex oligosaccharides by the additionNe&cetylglucosaminylGIcNAc) residues. This
transfer is catalysed bM-acetylglucosaminyltransferases (GICNAc dn) such dransfer,
the donor of the GIcNAc residue is UBBHcNAc while the acceptor is one of the hydroxyl
groups located atarticular position of aarietyof oligosaccharides.

Different strategies have been used in order to identify potent inhibitors of
glycosyltransferases. The main goal of this project is to design of the transition state (TS)
analogs starting from the donor UEHCNAC. Aleadingideaoa | | t hese TS anal ¢
t hi of | i n kmanmetic bfeGIcNAc annTS geometry andnaimetic of the acceptor
bear i n¢-psicéfusanose backbone with key substituion on postieh By the
phosphate group and on positior2@y the thiophenyl group

We report here aynthesis of some precursors of glycosyltransferase inhibitors,
bearing
D-fructo, D-psico and Dtagatofuranose ring. The synthesis starts from corresponding
tetrabenzoylated derivative to produce fructofuradessed inhibitors and dm
diisopropylidene derivatives to give psico and tadseed mimetics The multiple synthesis
using standard protective and deprotective procedure gave in all cases precursors, ready to be
used for the key step of synthesiphosphorylation in positoC-1.

A multi-members library of similar compounds can be reached by usage of similar
synthetic strategy. These compounds will undergoiaol ogi c al assays on
namely (GnFl, Core2GnT and GnV).
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FTIR AND NMR SPECTROSCOPIC STUDY OF MODIFIED
PECTINS
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Pectins are widely used as gelling and thickening agents in food industry and are
known as valuable dietafiber components [1]. Pectins can be structurally modified to alter
their physicochemical properties so that their functional properties can be improved as well as
novel ones achieved. In this way, they have gained a large impact in pharmacy andemedicin
[2,3]. Besides the types of substitution, the degree of substitution (DS) affects properties of
the derivatives. DS is normally determined by wet chemistry methods which are destructive to
the samples, timeonsuming and may involve the use of harmfuéroital reagents. As
alternatives, vibrational and NMR spectroscopy are becoming more and more reliable and
affordable candidates.

In this study, Fourier transform infrared (FTIR) aditt and **C-NMR spectroscopy
techniques were used to analyze a sehefrically modified derivatives prepared from citrus
pectin by the controlled eesterification of commercial methyl esterified pectin, acetylation,
amidation and alkylamidation. Distinct vibrations and corresponding chemical shifts of
functional groups IfFTIR spectra and NMR spectra, respectively, were used to determine the
structural changes introduced by the different modifications. For comparison, the DS of the
derivatives was determined by chemical methods (alkalimetry, elemental analysis). The
functional properties of the pectin derivatives were studied in view of the emulsifying
capability and thermal and thermooxidative stability, which both are important for
characterizing pectin additives in food, cosmetics and pharritheyresults will also aicheir
future applications in the characterization of pectic polysaccharides from novel plant sources
and/or identification of various pectin additives in food products.
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Synthesis ofp-nitrophenyl b-D-glycosides of disaccharide of
homoxylan type and trisaccharide of 40O-methyl-glucuronoxylan

type

J8&8n Hirsch, Marek Bar §t h, Mi rosl av Kc

Institute of Chemistry, Slovak Academy of Sciences, O

Synthesis of oligosaccharides related to hemicellulafexylan type has been
developed mainly for characterization of the structural features, physicochemical and various
functional properties of these natural polysaccharides.

This contribution describes the synthesisteb model di and trisaccharides odfylan
type, namelyp-nitrophenyl 40-(2-O-benzytb-D-xylopyranosyl)b-D-xylopyranoside 1) and
p-nitrophenyl 40-[2-O-(methyl 40-methy+U-D-glucopyranosyluronate)-D-xylo-
pyranosyl}b-D-xylopyranoside %) in order to serve as the chromogenetic substrates
testing of xylanase belongs to the GH5 family.

The starting point in the synthesis of disacchafideas nucleophilg-nitrophenyl
2,3-di-O-benzoyib-D-xylopyranoside [1] which was coupled with 3j#O-acetyt2-O-
benzytUb-D-xylopyranosyl acetimidat (prepared from 1,3:#i-O-acetyt2-O-benzytD-
xylopyranose [2]). The final disaccharidewas obtained by deacylation of the isolated
blocked disaccharide from the rection mixture igoad yield. For preparation of model
trisaccharide?, related to 40-methylglucuronoxylan, the 3.di-O-acetyt2-O-(methyl 2,3di-
O-acety+4-O-methy+U-D-glucopyranosyluronate)ib-D-xylopyranosyl acetimidate [3] was
used as a glycosylating agent in a coupling reactionptitrophenyl 2,3di-O-benzoyib-D-
xylopyranoside. The protected trisaccharide isolated by chromatography after deacylation
gave amned2 in a satisfactory yield. The structure of both model oligosacchatidad2 and
also their precursors was confirmed by NMR spectroscopy.

References:

[1] Takeo, K.; Ohguchi, Y.; Hasegawa, R.; Kitamura,Garbohydr. Res1995,277, 231
[ 2] KrR.v;8 1P al Gherh Zvesti97R31,:98

[ 3] Hirsch, J. ;CalkahydyResl988,310K46v §| , P.:

Acknowledgments

This work was supported by the grants VEGA No. 2/0101/11 and 1/0962/12; Centre of
ExcellenceGLYCOMED and Centre of Excellenc®r Glycomics ITMS 26240120031,
supported by the Research&Development Operational Programme funded by the ERDF



Honeys vary in the content of honeybee antibacterial peptide
defensinl
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Introduction

Honey possesses antimicrobial properties that are employed at treatmeoid,
throat ache and influenza, as well as in the treatment of infected wounds in folk and clinical
medicine. Major antibacterial factors in honey are low pH, high osmolarity, hydrogen
peroxide and the antibacterial peptide defensit)l Defensinlis a51 amino acid$ong
cationic peptideeffective against Grarpositive bacteriag, 3J). It seems to be constitutively
expressed in cephalic hypopharyngeal and mandibular glands of nurses (4, 5), a generation of
honeybees aged betweerlD days that prodie larval jelly specific food for the brood. Very
recently, its expression was also reported in the heads of older honeybees: foragers that collect
pollen(6).

The aim of this work waso evaluate the content and actibacterial actioitybee
defensinl in honey samples of different botanical origins.

M aterials and Methods

Honey samples were obtained from several regions in Slovakia (Table 1). Commercially
available manuka honey (UMF 1h+imported from New Zealand, was purchased from
Natureds Nectar (Surrey, UK) .

Preparation of honey extracts

Honey sample (2.5 g) was dissolved in deionized water to a final volume of 5 ml. The liquid
solution obtained was (filef(Mikipore,dMAtUBA) and then a 0. :
concentrated by cgabhrobamitdmpegatute in@ Vivaaptn 6 Bo@ceriratolr

tube (Sartorius, Germany), with an exclusi on
Vivaspin retentate was subsequgntlashed with 5 ml of deionized water and concentrated
again in a Vivaspin 500 concentrator tube (e

Analysis of defensinl content in honey extracts

The retentates of the honey samples were electrophooesgé,5% TricineSDSPAGE gel

(7) using a MiniProtean Il electrophoresis cell (BRad, CA, USA) The proteins were
transferred onto a 0 Nprotr@¥membrane (Signeldrichy UK)s e Wh a
in 48 mM Tris, 39 mM glycin and 20% methanol usthg semidry blotting procedure. The
membrane was blocked for 1 h in a TBST buffer (50 mM-R&, pH 7.5, 200 mM NacCl,

0.05% Tween 20) containing 1% BSA (TB®Tbuffer) and then incubated overnight with a

purified rabbit polyclonal antibody against redoinant honeybee defensifklaudiny et al.,

2012 diluted 1:140 in TBSIB. After washing wih TBST, the membrane was incubated for



2 h in TBSFB buffer containing swine antabbit HRRlinked antibodies (Promega, WI,
USA) diluted 1:2500. Immunoreactive bands were detected in solution containing dissolved
Sigmdrast3,3-diaminobenzidine tablets i@naAldrich, UK) and 0.03 mM NiGl.

Determination of antibacterial activityf defensinl in honey extracts

Antibacterial efficacy of extracts was evaluated by the radial diffusion akBagococcus
luteusasa model Granpositive bacteriumwas suspendkin 8 ml of 0.7 % (w/v) agar in LB
broth (at ®QF8/mlA®)pouad intal9D mm Petri dishes. After solidification, 2
mmdi ameter wells were punched into thke agar
antibacterial activity of the samplegas compared on the basis of the radius of a clear

inhibition zone around the wells after 18 h of incubation aA30D. The results ar

mean values from triplicate measurements.

Table 1. Examined honeys

Honey sample Principal botanical Sampe age Geographic origin in
origin (yean) Slovakia
hawthorn Crataegus laevigata 1 Myjava
sunflower Helianthus annuus 1 Bellova Ves
honeydew 1 Abies albaMill 2 Bansk§8 Gt
honeydew 2 Abies albauill 2 Bardejov
honeydew 3 Abies albauill 1 Star 8§ Vod
aacia 1 Robinia pseudoacacia 1 Myjava
acacia 2 Robinia pseudoacacia 1 Gahy

Results and discussion

The content and activity of defensinl were examined in honey extralttafiltration
retentates>5 kDa) of honeys in which only substances with higheleswdar weight (MW)

than 5 kDa including defensinl should be present. By this way, low MW antibacterial
compounds of honeys were excluded from analyses. The retentates of the eight honey types
analysed, with various botanical and geographical origins, ethodifferent levels of
antibacterial activity in the diffusion assay, as well as the differences in defensinl contents.
No antibacterial activity was observed in the retentate of manuka honey. The highest
antibacterial activity exhibited the retentate afMthorn honey (Fig. 1A).

Bands of defensinl with sizes of around 5.5 kDa were detected on the immunoblots using an
antirdefensinl antibody for all honey samples except manuka honey. Manuka honey yielded a
protracted immunoreactive defensinl band with gh&i MW ranging from 20 to 25 kDa

(Fig. 1B).

The intensity of defensinl bands and the antibacterial activities showed partial correlations in
most retentates of the honey types, except for the inactive manuka honey. The intensity of
defensinl did not coesponded well with the activity determined in sunflower and
honeydew3 honeys. The reason(s) of the observed discrepancies are unknown in the case of



last two mentioned honeys and they could include an influence of some environmental,
compositional and stage factors on the defensinl activity. Differences in the contents of
defensinl were also observed among honey samples of the same botanical but different
geographical origins (acacia and honeyddves albaMill honeys).
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Figure 1. Antibacterial activityand content of bee defensinl in examined honey samples.

(A) Antibacterial activity of 50% (w/v) water solutions of the honey samples after their
concentration in the ultrafiltration columgp kDa MWCO) was determined by a radial
diffusion assay usingv. luteus (B) Defensinl was detected by immunoblotting using a
polyclonal antibody against honeybee defenskite and ten microlitre retentates equivalent
to 125 and 250 mg of undiluted honey were used for the antibacterial diffusion

Obtained data documetitat defensinl isa regular butquantitatively variable component of
honeys. It seems that amount of defensinl in honey depends on the defensinl production
capacity of honeybees in colonies which participate on preparation of honey samples. Missing
antibacterial activity and higher MW of defensinl in manuka honey result from the
modification of the peptide by reactive methylglyoxal (see the other contribution to this
conference). Observed variation in defensinl content in honeys indicates possiblecdi$feren

in a medicinal potency of various honey samples what requires further research.
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Stepwise synthesis and characterization d-alkylsubstituted
analogues of

1,6-dideoxymannojirimycin
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It is well known that ideoxymannojirimycin (1,8lideoxy1,5imino-D-mannitol) is
powerful inhibitor of mannosidase, an enzyme which is conditieraidespread in living
organi sms. lt-mamhodi daseGol gibutd not endopl a
mannosidase. BotN- and O-substitution of 1,5lideoxy1,5iminoalditols and 1,4lideoxy
1,4iminoalditols as well as modification on carbon atomgnisicantly modulates their
inhibition potency against enzymes catalyzing sugar transformations [1]. In our previous
studies, we have prepared some precursors of mannojirimycin analogsherer Bergs
reaction of the keton2 (R = Me, isobutyl) [24].

0 R 1
R R
L__O< ..\OCH, O-...\OCHs N
D-Mannose 1> NV, M . HoOM

v
HO OH

1 2 3
(R = methyl, isobutyl, butyl, hexyl; R = ethyl, butyl, hexyl, cyclohexyl, benzyl)

Reaction conditiong) Me,CO, MeOH, HCI;ii) 70% AcOH;iii) NalOs, MeOH;iv) RMgl or RMgBr or RMgCl,
Et,0 or THF;v) PDC, CHCIy; vi) ag. HCI, MeOH, HO; vii) R!NH,, NaCNBH;, MeOH.

Starting from Dmannose, aldehydk (having suitably protected all hydroxyl groups)
was prepared in three steps by the known procedure (simultaneous -@i35,6
isopropylidenation and methyl glycosylation, followed by the selective-O5,6
deisopropylidenation and periodate oxidation). SubsetuGrignard reaction ofi and
oxidation of the obtained mixture of epimeric alcohols gave the ké&otrethe next steps,



the protecting groups were removed under acidic conditions, followed by the double reductive
amination to afford deoxymannojirimycanalogues8. Reductive amination was unsuccessful
when R in2 represented benzyl ortolyl.

The structure of all new compounds was determined on the basis of spéttaal(
13C NMR, EFMS, FTIR) data as well as data of elemental analyses. In addh®structure
of ketones2 (2A, R = benzyl;2B, R = o-tolyl) was unambiguously established using the
singlecrystal Xray analysis.
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Introduction

Historically, honey has been used in a treatment of the broad spectrum of injuries, including
wounds, burns and ulcersloney offers broagpectrum antimicrobial properties and it
promotes rajl wound healind1]. It has been assumed that the antibacterial action of honey
has its main impact on the healing pss of chronic wounds and burns.

Since the direct antimicrobial effects of honey were fully charactenzgdro, research has
focused on identifying the substances responsible for its immunomodualtory ¢#e8}s
Epidermal keratinocytes and dermal fibroblasts are key cellular skin components of th
wound healing cascade and repair process. Alongside macrophages, Kkeratinocytes
indisputably play a central role in the production of many of thengfammatory cytokines

[4, 5] that have an important part in the first phase of the wound healing process. Up until
now, there have been very few studies investigating the effdairey on keratinocytes or

cell types other than monocytes and macrophages. The aim of this study was to investigate the
effect of natural honey on MMP and cytokines production from human epidermal
keratinocytes.

Materials and Methods
Honey

The desirecamount of acacia honey was weight and diluted in PBS. The honey solution were
made up to 50% (w/v) and rendered sterile |
experiments were conducted on 1% honey solutions.

Isolation of keratinocytes

Skin tissue was cut into small pieces and incubated with 2 U/ml of dispase (Invitrogen, UK) at

4 AC overnight. The epidermis was separated
3 ml of 0.05% trypsin/0.02% EDTA solution for 15 min. An equal volume of soybegosin

inhibitor (0.25 mg/ml, Sigm&Aldrich, UK) was employed to stop the reaction of trypsin. The

cells were passed through 1@0m st eri |l e gauze, was hed and
keratinocyte specific growth medium (InvitrogerJK) according t o ma n
instruction.

Reattime PCR

Total RNA was extracted using RNAeasy Mini kit (Qiagen, UK) from keratinocytes lysed by
Qiagen Ysis buffer, and cDNA was obtained by reverse transcription (Primer Design, UK).
Approximately 10 ng of cDNA was used per reaction to amplify TNF -11bL, -8 G&n d
28S rRNA transcripts using a SYBRreen PCR assay mastermix and primer sets designed
by Pimer Design (Primer Design, UK). Amplifications were performed in duplicat@an



iCycler realtime detection system (BiR a d , UK) using the foll owin
10 minutes followed by 40 cycles f denaturati on at 95 AcC
anneahg/extensiomt 60 AC for 1 min. Resulting CT ve
normalized to 28S rRNA and expressed as relative units (RU) above the vehicle treated
samples

Results and Discussion

The beneficial effects of honey have been documerdedniy in humans, but also in animal
models[1]. Honey stimulates the rate of angiogenesis, granulation and epitaiali in
animals[6, 7].

In this study, acacia honey promoted anregulation of mRNA expression fot-1 b and
TGFb by twelvefold and eightfold, respectiv
expression of TNR) aft er i ncubation of kerati Rocyt e
regulated (Fig. 1a). In addition, honey significantly enhances the mRNA&ssipn of MMP

9 in primary keratinocytes (Fig. 1d).

€
S

Our results document that honey activates human keratinocytes what is associated with up
regulation of expression of certain cytokines (FMNF -11bL an< ) T @R d9. Adither
studies are needed toveal another factors and molecular mechanisms participating at
keratinocytes activation by honey.
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Biotransformation of methanol formaldehyde by bacteria isolated
from clouds.
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A predominant catalyst for chemical reactions occurring in the atmosphere is represented by
solar light. It is generally admitted that in the atmospheric aqueous phase of clouds the
reactivity of organic compounds is driven L
mainly produced by photochemical processks.we ver , Amat o #rgomeet . 200
al. 2010 have recently shown that living and active microorganisms are present in the
atmospheric water and could play an active role in cloud chemistry.

Living microorganisms are biocatalysts which could transform organic compounds and a
biodegradation could thus represent an alternative route to photochemistry in the cloud
chemistry. The organic compounds present in cloud water such as alcohols, aldehydes and
carboxylic acids are common intermediates of radical chemistry and microbial central
metabolism (Figure 1).

The objective of our project is to study the degradation of methanol and formaldehyde, two
important atmospheric pollutants by bacteria isolated from clouds. Long term goal of this
study is to assess the role of microorganisms imogpheric chemistry of methanol and
formaldehyde.
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Fig. 1 Similarities between methanol degradation by microorganisms and by photochemistry.

Evolution of concentrations due to methanol and formaldehyde in presence of bacterial cells
were observety *H NMR or *C NMR spectroscopyThe biodegradation rates of methanol

and formaldehyde measured from NMR experiments bot h 5 BAyGhedoord 17 .
bacterial strains(Pseudomonas syringae, Pseudomonas graminis, Frigoribactespm
Bacillussp.)are repord inTable 1 They are expressed as mole of compound degraded per

cell and per second
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