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Dedi¢né poruchy metabolizmu (DPM) su ochorenia, ktorych pri¢inou je geneticky
podmienena porucha funkcie enzymu ¢i transportného proteinu. V poslednych rokoch bol
pozorovany vyznamny pokrok v diagnostike tychto ochoreni. Celkovy poc¢et DMP vzrastol ,v
sucasnosti je znamych viac nez 1000 dobre definovanych ochoreni a z dovodu vzniku novych
poruch v metabolickych drahach su neustale objavované d’alSie ochorenia.

Proténova spektroskopia je Specidlna analytickd technika zohravajica doélezitu ulohu v
diagnostike niektorych dedi¢nych ochoreni, ktoré nemézu byt stanovené inymi technikami,
pripadne moéze v budicnosti nahradit’ niektoré konvencné diagnostické techniky v
metabolickych skriningovych laboratériach.

Deficit guanidinoacetdt metyltransferazy (GAMT) je pomerne novou skupinou
dedi¢nych poruch spojenych so syntézou a transportom kreatinu. Pri¢inou tohto ochorenia su
mutacie na GAMT géne, ktory zodpoveda za tvorbu enzymu GAMT, ktory sa podiela na
dvojkrokovej syntéze kreatinu z aminokyselin glycin, arginin a metionin, v dosledku ¢oho
dochadza k zvysenej hladine kyseliny guanidinovej (GAA) v telovych tekutinach. Spolo¢nym
klinickym prejavom je mentalna retarddcia, oneskorenie reci, epilepsia. Hlavnym
biochemickym nalezom je deficit kreatinu v mozgu in vivo *H-NMR spektroskopiou. Véasny
zachyt tejto skupiny pacientov je vel'mi dolezity, pretoZze suplementacia kreatinom dokaze
zabranit neziadicim prejavom a ochranit mozog pacienta pred poSkodenim. Pacienti st
zachytavani skriningom z moc¢u pomocou TLC a kvantifikdcia GAA sa vykonava pomocou
GC-MS/MS a najnovsie *H-NMR spektroskopiou. V *H-NMR spektrich mocu pacientov
zachytenych skriningom boli potvrdené diagnostické signaly GAA (singlet CH2 skupiny pri
3,80 ppm). Priprava vzorky na meranie pozostava v pridani D20, interného Standardu TSP
a upravy pH vzorky.
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Doxorubicin (DOX) patri medzi antracykliny a je €asto pouzivany pri chemoterapii
nadorovych ochoreni. Systémy ovplyviiované DOX sa podielaju nielen na realizacii jeho
protinadorovych, ale i toxickych tcinkov, a tak komplikédciou pouzivania DOX je poskodenie
viacerych organov (srdce, oblicky, mozog, pecen). Ciel'om nasej $tidie bolo charakterizovat’
mechanizmy zahrnuté v realizécii u¢inkov vyvolanych dlhodobym podévanim DOX na srdce
potkana, sledovat’” zmeny v tolerancii stdc voci ischemicko/reperfuznemu poskodeniu po
ucinkoch DOX a skimat’ moznosti ovplyvnenia srdca po u¢inkoch DOX pomocou flavonoidu
kvercetinu.

V praci sme pouzili samce potkanov kmena Wistar, ktorym sme intraperitonealne
podavali DOX (3 tyzdne, vyslednd davka bola 15 mg/kg). Kontrolnym zvieratdm bol
podavany fyziologicky roztok. Kvercetin bol podavany peroralne (20 mg/kg hmotnosti tela)
pocas podavania DOX a dva tyzdne po ukonceni aplikacie DOX. Systolicky krvny tlak a
frekvencia srdca boli merané metddou neinvazivnej pletysmografie. 8 tyzdiov od posledne;j
davky DOX boli odobrané srdcia pouzité na sledovanie ischemickej tolerancie (model
perfuzie izolovaného srdca podla Langendorffa) alebo boli rozdelené na jednotlivé Casti a
lavda komora (LK) bola pouzitd na biochemické analyzy. Aktivity matrixovych
metaloproteinaz  (MMP) boli stanovené Zelatinovou zymografiou a hladiny/aktivacia
proteinov Western blot analyzou s vyuZzitim Specifickych protilatok.

Zistili sme, ze u zvierat, ktorym bol poddvany DOX dochddzalo k zvySovaniu
systolického tlaku krvi a tieto u¢inky DOX boli redukované aplikiciou kvercetinu. Pri
sledovani zmien v hladinach ABC transportéra P-glykoproteinu (P-gp) sme zistili, ze 8
tyzdinov po aplikacii je v LK srdca zvierat ovplyvnenych DOX zvySeny obsah mRNA, ktora
je produktom génu mdrlB. Ide o gén, ktory koduje protein ABCBI1B, t.j. P-gp. Za ucelom
zistenia Ulohy niektorych proteinkindz (MAPK, PI3K/Akt) v procesoch suvisiacich s vyvinom
ucinkov DOX sme sledovali v LK zmeny v hladindch a aktivécii tychto proteinov. Zistili sme,
ze DOX nemal vyznamny vplyv na hladiny a aktivaciu extracelularnym signidlom-
regulovanych kindz a c-Jun-N-termindlnych kinaz. V pripade Akt kindzy sme zistili, Ze
chronické ucinky posobenia DOX boli po 8 tyzdiloch spojené so zvySenou Specifickou
fosforylaciou Akt kinazy na Ser473, pricom tato fosforylacia odraza aktivaciu tohto enzymu.

Vplyv chronickych uc¢inkov DOX na odpovede srdca voci akutnej ischémii sme
sledovali na modeli izolovaného perfundovaného srdca potkana. Vyznamné zmeny v
ischemickej tolerancii sme pozorovali u zvierat, ktorym bol podavany kvercetin, priCom k
vyznamnému zlepSovaniu postischemickej obnovy parametrov kontraktility (+dP/dtmax a -
dP/dtmax) a LVDP dochadzalo hlavne u potkanov ovplyvnenych DOX. Z hladiska



sledovania molekularnych mechanizmov bolo zaujimavé zistenie, ze zmeny v ischemicke;j
tolerancii boli spojené so zvySenim aktivacie Akt kindzy a znizenim proteinovych hladin a
aktivit MMP-2.

Vysledky poukazuji na to, ze v nami sledovanom modeli pésobenia DOX na srdce
potkanov moze mat aplikacia kvercetinu pozitivne ucinky, ktoré sa vSak vo vicsej miere
prejavuju az po vystaveni sfdc akutnej ischemicko/reperfuznej zatazi. Mechanizmy
zodpovedné za tento ochranny G¢inok mézu zahfiiat’ aktivaciu signalnej drahy Akt kindzy,
potla¢anie MMP-2 a modulaciu ABC transportérov (P-glykoprotein).
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KINASE INHIBITORS: ATOOL TO STUDY THE ROLE OF
PROTEIN KINASES IN PHYSIOLOGICAL AND
PATHOPHYSIOLOGICAL PROCESSES

Baranéik M., Ivanova M., Simonéikova P., 'Bohacova V., ‘Sulova Z., 'Breier A.
Institute for Heart Research SAS; lInstitute of Molecular Physiology and Genetics SAS,
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Protein kinase pathways, such as MAPKs and PI3K/Akt, have different functions 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 establish the impact 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 processes of 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 by studies using specific ERK pathway inhibitors, like PD98059
and U0126. The role of p38-MAPK pathway was studied using pharmacological inhibitor of

this kinase pathway, pyrimidyl imidazole derivative SB203580 (SB). In rat hearts the
treatment with SB reversed the protective effects of ischemic preconditioning (IP)-mediated
cardioprotection. However, these effects of SB were not observed in pig myocardium. The
contradictive results suggest that p38-MAPK has ambiguous character in heart with both
protective and detrimental effects. LY294,002 (LY) is a specific inhibitor of PI3K/AKkt 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 with inhibition of
IP-mediated Akt kinase activation and modulation of matrix metalloproteinase-2 (MMP-2)
activities. The obtained results point to possible relationship between Akt kinase and
modulation of MMP-2 activities in cardioprotective mechanisms of IP. To the relationship
between Akt kinase pathway and modulation of MMP-2 activities 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 and the drug resistance reversal effects of
LY were accompanied with its influence on VCR-induced apoptosis.
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MATRIXOVE METALOPROTEINAZY A ICH ULOHA V
PROCESOCH VYVOLANYCH DLHODOBYM PODAVANIM
DOXORUBICINU U POTKANA

[vanova M., Bartekova M., Okruhlicova L., Simon¢ikova P., 'Dovinova 1., Baranéik M.

Ustav pre vyskum srdca SAV; 'Ustav normélnej a patologickej fyziologie SAV, Bratislava, Slovenska republika

Antracyklin doxorubicin (DOX) je lieivo ¢asto pouzivané pri chemoterapii nddorovych
ochoreni. Komplikaciou pri podavani DOX su jeho toxické ucinky na srdce spojené s
vyvinom kardiomyopatii, ktoré Casto vedu az k zlyhaniu srdca. Cielom nasej stidie bolo
sledovat’ zapojenie matrixovych metaloproteinaz (MMP) do procesov vyvolanych dlhodobym
podavanim DOX na srdce potkana. V praci boli pouzité potkany kmena Wistar, ktorym bol
intraperitonedlne podavany DOX. Antracyklin bol aplikovany v 7 davkach a jeho celkova
kumulativha bola 15 mg/kg hmotnosti. Kontrolnej skupine bolo podanych 7 davok
fyziologického roztoku. Po poslednej davke DOX boli potkany ponechané na Zive eSte 4

alebo 8 tyzdiov.

U potkanov, ktorym bol aplikovany DOX, boli na urovni l'avej komory (CK) pozorované
viaceré Strukturalne zmeny, ktoré s charakteristické aj ako markery kardiotoxicity
antracyklinov. Zistili sme, ze DOX indukoval heterogénne subcelularne zmeny
charakterizované degenerdciou a/alebo stratou myofibril, cytoplazmatickou vakuolizaciou
kardiomyocytov, Strukturdlnou disorganizaciou extracelularneho priestoru v LK. VsSetky
zmeny sa objavovali uz 4 tyZzdne po podavani DOX, ich intenzita a zdvaZnost’ bola eSte viac
zvyraznena po 8 tyzdioch. U potkanov, ktorym bol aplikovany DOX, boli, predovsetkym po
8 tyzdnoch, pozorované vyrazné Strukturdlne zmeny na urovni extraceluldrnej matrix. Tieto
Strukturdlne zmeny pozorované na urovni LK po dlhodobom pdsobeni DOX pravdepodobne
suvisia so zistenou zvySenou aktivitou 72-kDa formy matrixovej metaloproteinazy-2 (MMP-
2). K vyznamnému zvySeniu aktivity doslo u zvierat DOX-8, pri¢om zmeny v aktivite neboli
spojené so zmenami v proteinovych hladinach tohto enzymu, ani so zmenami v hladinich
endogénneho tkanivového inhibitora MMP — TIMP-2. Zmeny v aktivitach tkanivovej 72-kDa
MMP-2 boli spojené taktiez so zmenami v aktivitich MMP uvol'nenych do cirkulacie. Zistili
sme, ze v plazme zvierat ovplyvnenych t¢inkami DOX dochadza k zvySeniu aktivit 72-kDa
MMP-2, ako aj MMP-9, a to uz 4 tyzdne po aplikacii DOX, pricom u¢inok DOX na
zvySovanie aktivit cirkulujicich MMP pretrvaval aj po 8 tyzdioch. K aktivacii 72-kDa formy
MMP-2 dochddza predovSetkym ucinkom radikélov a preto bolo z hladiska sledovania
mechanizmov podielajicich sa na ucinkoch DOX v ramci LK dolezitym zistenie, zZe
chronické ucinky DOX boli 8 tyzdiov po ukonceni jeho podavania spojené so zniZenou
aktivitou superoxid dismutdzy, dosledkom coho bol viac ako 2-nasobny narastu hladiny
superoxidu. Naviac, uz 4 tyzdne po aplikdcii DOX (DOX-4) doslo v LK k indukeii
proteinovej expresie indukovatel'nej formy NO syntazy (NOS2) a tieto zmeny pretrvavali aj
po 8 tyzdnoch. Pozorovali sme, Ze 8 tyzdiiov po podani poslednej davky DOX bol vyznamne
zniZeny taktieZ celkovy antioxida¢ny status buniek tkaniva LK.

Ziskané vysledky poukazuju na zapojenie matrixovych metaloproteinaz, hlavne 72-kDa
MMP-2, do procesov vyvolanych ucinkami dlhodobého posobenia DOX. Javi sa tiez, ze
pozorované zmeny v aktivite 72-kDa formy MMP-2 po aplikacii DOX stvisia so zistenymi



zvySenymi hladinami superoxidu a zvySenou produkciou oxidu dusnatého (v dosledku
pozorovanej indukcie NOS2).
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Utinky SMelEC?2 v oxida¢nom strese izolovanych hepatocytov

Bezek S., Ragkova L., Kyselova Z.

Ustav experimentalnej farmakologie a toxikologie SAV
Dubravska cesta 9, 841 04 Bratislava

Uvod:  Pedefi je hlavnym organom biotransformacie organizmu ¢loveka a zvierat.
Vyznamnou mierou sa podiela na metabolizme endogénnych a exogénnych latok vratane
liekov ainych xenobiotik. Pecenn zohrava dolezitti ulohu v metabolizme zakladnych Zzivin
organizmu, bielkovin, sacharidov a lipidov, ale ma aj dolezitat ulohu v metabolickych
a detoxikacnych procesoch organizmu.

V peceni sa tvoria a detoxikuju reaktivne formy kyslika (RFK). RFK su vo vSeobecnosti
nestale, vysoko reaktivne a energetické molekuly, ktoré st kratky cas schopné samostatnej
existencie. RFK alebo vol'né radikaly sa v biologickom systéme mozu tvorit’ prooxidativnymi
enzymovymi systémami, lipidovou oxidéaciou, oziarenim, zdpalom, chemickymin latkami
znecistujucimi ovzdusie atd’. Klinické stadie potvrdili, ze reaktivne formy kyslika zohravaji
dolezitu ulohu v patogenéze degenerativnych a zapalovych ochoreni, aterosklerdzy, astmy,
reumatoidne;j artritidy a nddorovych ochoreni.

Reaktivne metabolity kyslika sposobuji poskodenie biologicky vyznamnych molekul
prevazne tym, ze ich oxiduji. Pre aerdbny Zivot je charakteristickd neustila tvorba
a detoxikacia. Zachovanie integrity bunky a jej fyziologickych funkcii vyzaduje rovnovahu
systémov prooxidant-antioxidant. Trvalé naruSenie tejto rovnovahy v prospech prooxidantov
ma za nasledok hromadenie oxidacne poSkodenych biomakromolekul, ¢o modze vyustit’ do
patologického stavu. Takéto trvalé naruSenie rovnovahy sa nazyva oxidacny stres. Oxidacny
stres je charakterizovany ako poruSenie rovnovdhy medzi vznikom RFK a schopnostou
biologického systému zneSkodnovat vzniknuté reaktivne medziprodukty, pripadne
odstraniovat’ vysledné poskodenia bunky. Antioxidanty su latky, ktoré bud’ priamo alebo
nepriamo chrédnia bunky proti nepriaznivym U¢inkom xenobiotik, lie¢iv, karcinogénov
a toxickych radikalovych reakcii.

Cielom prace bolo sledovat’ Gcinky stobadinového derivatu SMelEC2 v oxida¢nom strese,
ktory sa idukoval tert-butylhydroperoxidom (t-BHP).

Metodika: Hepatocyty sa izolovali dvojstupfiovou perfiziou enzymom kolagenazou.
V experimentoch sa pouzili potkany-samce kmena Wistar, ktorym sa v pentobarbitalovej
anestéze otvorila bruSna dutina v linea alba. Po heparinizacii do véna iliolumbalis dextra sa
kanylovala portdlna Zila a pe€enn sa pripojila na mimotelovy perfuzny systém a in situ sa
perfundovala perfiznym bezkalciovym roztokom. Po 10-12 minttovej otvorenej jednocestnej
perfuzii sa pecen perfundovala perfuznym médiom s obsahom 0,05% enzymu kolagenazy,
ktory v priebehu 15 minut rozpustil intersticidlny kolagén a hepatocyty sa uvolnili do média.
Parenchymové hepatocyty sa ziskali trojndsobnou diferencidlnou centrifugiciou a
premyvanim. Primdrna suspenzia izolovanych hepatocytov sa nariedila na zasobnu
koncentraciu 40.10%/ml a drzala sa na Tade az do pouzitia v experimente.

Hepatocyty sa inkubovali v CO: inkubatore pri teplote 37°C na kultivaénych
platni¢kach na rota¢nej trepacke v celkovom objeme Krebs-Henseleitovho roztoku 5 ml. Ako
modelova latka sa na indukciu oxida¢ného stresu v systéme izolovanych hepatocytov pouzil t-
BHP, ktory sme aplikovali v koncentraciach 0,5 mM; 1,0 mM a 2,0 mM. Pyridoindolovy
derivat stobadinu SMelEC2 sa aplikoval 10 minat pred podanim t-BHP v koncentraciach



0,01; 0,1 a 1,0 mM. Po 60 minutovej inkubacii sa z testovanej suspenzie odobral aliquot 1 ml
na centrifugaciu. V supernatante sa stanovil intracelularny enzym laktatdehydrogenaza
(LDH). Vitalita hepatocytov sa stanovila kombinovanym fluorescenénym farbenim zmesou
akridin-oranz/etidium bromid a preparaty sa snimali mikroskopickou digitdlnou kamerou
Moticam 1000.

Vysledky a diskusia: Ako modelova latka sa na indukciu oxida¢ného stresu v Systéme
izolovanych hepatocytov pouzil tert-butylhydroperoxid (t-BHP). Referencie v odbornej
literature udévaji rézne koncentracie, ktoré sa pouzivaji na vyvolanie oxida¢ného stresu.
Z tohoto dovodu sa v tejto praci pouzili t-BHP v koncentracidch 0,5 mM; 1,0 mM a 2,0 mM.
Zaznamy fluorescencnej mikrografie poukazuji na vyrazné zmeny prezivania hepatocytov
vplyvom posobenia t-BHP v priebehu 60 minatovej inkubacie. Vitalita kontrolnej suspenzie
hepatocytov bola vzdy viac ako 95%, po 60 minatovej inkubacii pri Koncentracii 0,5 mM t-
BHP sa znizila na 78%, pri konc. 1,0 mM t-BHP sa znizila na 60% a pri konc. 2,0 mM t-
BHP sa zniZila na 52 %. Predinkubaciou hepatocytov stobadinovym derivaitom SMelEC2 sa
Vv zavislosti od koncentracie znizilo uvolfiovanie LDH:

0,01 mM — 4,90 pkat/l
0,1 mM - 3,49 pkat/l
1,0 mM — 1,15 pkat/l
Protektivny u¢inok SMelEC2 v oxida¢nom strese izolovanych hepatocytov sa prejavil:
- zvySenim vitality izolovanych hepatocytov

- znizenim uvolnovania LDH

Zaver:

Z vysledkov priaznivého posobenia pyridoindolového derivatu stobadinu latkou SMelEC2
V systéme izolovanych hepatocytov potkana v oxida¢nom strese indukovanom t-BHP a z
vysledkov, ktoré sa ziskali v tejto praci mozno vyvodit’ zéver, Ze hepatoprotektivne u€inky
stobadinového derivatu SMelEC2 spocivaju v inhibicii oxida¢ného poskodenia.

Systém izolovanych hepatocytov sa ukdzal vhodnym systémom na $tidium funkénych
glykomickych $truktur.

Podakovanie

Tato publikacia vznikla vd’aka podpore v ramci operacného programu Vyskum a vyvoj pre
projekt Centrum excelentnosti pre glykomiku, ITMS 26240120031, spolufinancovany zo
zdrojov Eurdpskeho fondu regionalneho rozvoja.



Ovplyvnenie multidrug rezistencie v L1210/VCR bunkach
pentoxifylinom.
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Viacliekovd (multidrug) rezistencia predstavuje fenomén, vdaka ktorému sa
neoplastické bunky stavaju rezistentné voci posobeniu nielen jedného lieCiva, ale Sirokej skale
lie¢iv s roznou Struktarou, farmakologickymi vlastnostami a mechanizmom u¢inku. Jednou
Z najCastejSich pri¢in je zvySend expresia integralneho proteinu, nachadzajiceho sa
v plazmatickej membrane:  P-glykoproteinu (P-gp). P-gp, ktory patri medzi ABC
transmembranové transportéry, funguje ako energeticky zavisla efluxna pumpa a v multidrug
rezistentnych bunkach sa podiel'a na eliminécii cytotoxickych latok z bunky. Transportnu
funkciu Pgp mozno ovplyvnit' skupinou latok, nazvanych chemosenzitizéry, medzi ktoré
patria aj derivaty xantinov. V predchadzajucich pracach bola zistend schopnost’ metylxantinu
— pentoxifylinu (PTX) potlacat’ rezistenciu u P-gp pozitivnej L1210/VCR bunkovej linie. Pre
lepsie objasnenie ucinku PTX sme sledovali jeho vplyv na enzymy zohravajuce doélezitu
ulohu v regulacii apoptotickych odpovedi bunky na modeli leukemickych buniek L1210
(senzitivna, P-gp negativna linia) a L1210/VCR (rezistentna, P-gp pozitivna linia). Zistili sme,
ze posobenie PTX (0.1 mmol/l) vyvolava downregulaciu P-gp v L1210/VCR na proteinovej
urovni, zvySuje citlivost’ P-gp pozitivnej linie na vinkristin (Obr. 1).
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Obr. 1. Ovplyvnenie hladin P-gp bunkovej linie L1210/VCR pentoxifylinom (100 umol/L) v pritomnosti (1.2
pmol/L) a nepritomnosti VCR, pocas 24 hodin. Proteinové hladiny P-gp a GAPDH boli stanovené metédou
Western blotu, pouzitim Specifickych protilatok.

Tento fakt koreluje so stimulaciou apoptozy (detegovana Annexin V-FITC Apoptosis
kitom) a proteolytickou aktivaciou kaspazy-3 a kaspazy-9 (uréena Western blot analyzou).
Zistili sme, Ze pritomnost PTX ovplyviiuje aktivaciu Akt kindzy. Pocas 24 h doslo
k vyraznému zvySeniu fosforylovanej formy Akt kinazy, ¢o sa vSak nepotvrdilo, ak bol
Vv médiu pritomny aj vinkristin (Obr. 2).
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Obr. 2. Vplyv VCR a PTX na expresiu a $pecifick fosforylaciu Akt kinazy. Bunkové linie boli ovplyvnené PTX
(100 pmol/L) v pritomnosti (1.2 pmol/L) a nepritomnosti VCR, pocas 24 hodin. Expresia a Specificka
fosforyléacia ( na Ser 473) Akt kinazy bola stanovena metdédou Western blotu, pouzitim Specifickych protilatok.

U rezistentnych buniek L1210/VCR bolo pozorované vicsie uvoliiovanie matrixovych
metaloproteindz, hlavnhe MMP-2, v porovnani so senzitivnymi L1210 bunkami. Pésobenim
PTX doslo k jeho znizeniu, ¢o sme potvrdili pomocou zymografie a elektroforézy. Uvedené
udaje naznacuju, ze PTX ovplyviiuje citlivost’ rezistentnej linie L1210/VCR na vincristin
downreguléaciou P-gp, stimulaciou apoptézy a moduldciou uvol'iovania MMP.
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Expresia P-glykoproteinu v mysich leukemickych bunkach L1210
indukuje zmeny v expresii glykoproteinov obsahujucich kyselinu
sialov.

Bubenéikova T., Cholujova D.}, Breier A., Sedlak J., Sulova Z.
Ustav molekularnej fyziologie a genetiky, 'Ustav experimentalnej onkologie
Slovenska akadémia vied, Bratislava
tatiana.kurucova@savba.sk

Multidrug rezistencia (MDR) neoplastickych buniek je zavaznym problémom pri
chemoterapii nadorovych ochoreni. Castou pri¢inou rozvoja MDR je expresia P-
glykoproteinu (P-gp). P-gp je membranovy protein, transportujuci cytostatika von z bunky,
¢im znizuje koncentraciu lieciv v bunke a tym sposobuje zlyhdvanie chemoterapie. Nasim
modelom P-gp sprostredkovanej MDR je mySia leukemicka linia L1210/VCR ziskana
postupnou adaptaciou na vinkristin (R) a linia ziskana stabilnou transfekciou plazmidom
nesticim gén pre l'udsky P-gp (T).V Predchadzajucich pracach sme zistili pokles hlavného
substratu transglykozylaénych reakcii, UDP- sacharidov, v rezistentnych bunkach. Pozorovali
sme aj zmeny Vv spektre a hladinach glykoproteinov na povrchu buniek. V tejto praci sme sa
zamerali na Studovanie interakcie lektinov so $pecifickou vdzbou na kyselinu sialovi na
povrch buniek L1210. Testovali sme tri lektiny— WGA (Triticum vulgaris lektin), MAA
(Maackia amurensis lektin) a SNA (Sambucus nigra lektin). Zo vSetkych testovanych
lektinov len WGA mal vyraznejsi toxicky efekt a to hlavne na P-gp pozitivne bunky (R,T).
VyraznejSiu aglutinaciu pozorujeme u R a T buniek v porovnani s parentalnou liniou buniek,
ktora neexprimuje P-gp (S) ato vSetkymi troma lektinmi. Pomocou lektin blotov
S prislusSnymi lektinmi sme zaznamenali zmeny v hladindch atiez spektre glykoproteinov
Vv membrdnovych frakcidch izolovanych z S, R aT buniek. Zistili sme vyraznejSiu vézbu
WGA lektinu na R a T bunky v porovani s S bunkami, vyraznejSie rozdiely vo vizbe MAA
a SNA sme nepozorovali. Desialid4cia intaktnych buniek neuraminiddzou z Vibrio cholerae
ovplyvnila vdzbu lektinov len minimalne (obr.1, obr.2, obr.3). Predinkubdcia buniek so sialyl
laktozou znizila interakciu lektinov s povrchom buniek podstatne vyraznejsie ako
predinkubécia s kyselinou sialovou (obidve spominane latky su prirodzené ligandy
testovanych lektinov).
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Obr.1: Sledovanie vazby lektinu WGA na povrch buniek po desialidacii


mailto:tatiana.kurucova@savba.sk

h
5 R T
Wy 2]? 165 ?1(
—
c 1639 1469 1764
g 1093 96 1184 kontrola
(] 54 499 554
0 i Al T 0 T ¥ P 0
210 185, M
158 140 2059 Kontrola
105 9 HETE desialované
'53 47 e bunky
0 - - . i} .
138 139, 182.
104 1044 137
69 70 a1
3 354 459
13 m 163
987 839 124 MaA
66 56 824 desialované
333 3 11 bunky
L} 0.
0 ' w0t o' ' Wt ' wt w @@ 10 1 0 10
Lectin-FITC
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Obr.3: Sledovanie vizby lektinu SNA na povrch buniek po desialidacii
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Are yeast mannans antioxidants comparable with glucans?

S. Bystricky, E. Machova
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Interest is given to polysaccharides isolated from various sources as natural antioxidants.
Despite of that, mechanism of antioxidant abilities of polysaccharides has not been elucidated.
Mostly studied water-soluble derivative, carboxymethyl [B-D-glucan, protected
phosphatidylcholine liposomes against peroxidation induced by OH- radicals. Also, the
radical-scavenging properties of carboxymethyl B-D-glucan studied by electron paramagnetic
resonance spectroscopy were described. However, failure of carboxymethyl B-D-glucan to
inhibit oxidative DNA damage induced by OH- radicals was also found out. Only a few
information concerning the antioxidant activities of the second major surface yeast
polysaccharide, mannan, were published.

The presented contribution is focused on the study of antioxidant abilities of surface mannans
obtained from C. albicans serotype A, C. dubliniensis, C. tropicalis and S. cerevisiae using
liposomes as model for lipid oxidation. This assay includes the peroxidation of
phosphatidylcholine liposomes caused by OH- radicals produced via Fenton's reaction in the
presence of mannans. As comparing glucan polysaccharides, carboxymethyl 3-D-glucan from
S. cerevisiae (CM-glucan) and pullulan (a-1,4-; a-1,6-glucan) were monitored.

Table 1: The characterization of mannan and glucan polysaccharides and their 1C,s values

Sample IC2s Mpeak X 10*  Protein [%] Monosaccharide
[mg/mL] composition
[%]
Man Glc Gal GIcNAc
Mannan C. albicans, ser. A 6,3 19,3 4,9 854 59 87 tr.
Mannan C. tropicalis 7,1 7,3 0,6 98 11 09 tr.
Mannan C. dubliniensis 21,3 7,5 0,9 98,3 1 0,7 tr.
Mannan S. cerevisiae 43,1 3,4 1,1 96,5 26 09 tr.
Pullulan n.d. 4,9 0 100 0 0
CM-glucan S. cerevisiae 6,5 32,5 3,9 25 975 O

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

n.d.* - antioxidant activity did not reached the 1Cys value up to maximum concentration used

tr. - traces of GIcNAc from N-acetylchitobiose bridge

The results revealed the considerable effect of all studied mannans in the protection of
liposomes against OH- radicals. Mannans protected the peroxidation of liposomes in a
concentration-dependent manner. It seems that the percent of AOA grew with increasing
concentrations as well as the molecular weights of mannans ( Table 1). The largest mannan
prepared from C. albicans serotype A (Mp ~ 193 kDa) was the most efficacious antioxidant of
liposome peroxidation (Fig. 1A, upper line). The smallest mannan from S. cerevisiae (Mp ~



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

(Table 1). The antioxidant activity of CM-glucan (M, ~ 325 kDa; 1Co5 = 2.1 mg/mL) was
similar to that of C. albicans serotype A mannan, while pullulan did not reached the 1Co5 at
used concentrations ( Table 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 that protects them from attack of OH-
radicals produced in surroundings. It seems that the polysaccharides containing flexible B-
linkages are most effective protector of liposome peroxidation that these ones containing only
a-linkages.
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Do glucans and mannans really scavenge hydroxyl radicals ?
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According to actual notion the antioxidant abilities of polysaccharides are in consequence of
quenching of OH- radicals. To verify this supposition, the radical scavenging activities of
selected polysaccharides ( C. albicans serotype A and S. cerevisiae mannans as well as CM-
glucan and pullulan) were investigated by commonly used 2,2-diphenyl-1-picrylhydrazyl
(DPPH-) assay and compared with standard antioxidants (ascorbic acid, a-tocopherol and
glutathione). Analyses were performed at triplicate. Scavenging ability (%) = [(Ao -
Asampie)/Ao] X 100, where Ao was the absorbance of control (without sample). Ascorbic acid
(0.003; 0.007; 0.013 mg/mL), a-tocopherol (0.009; 0.028; 0.046 mg/mL) and glutathione
(0.006; 0.029; 0.057 mg/mL) were used as reference scavengers of DPPH- radicals.
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Fig. Scavenging activities of S. cerevisiae mannan (mannan'), C. albicans serotype A mannan (mannan?),
CM-glucan, pullulan, and natural antioxidants - ascorbic acid, a-tocopherol and glutathione using DPPH- assay.

Despite of wide concentration range of polysaccharides, their scavenging abilities did not
exceed 4.2 % (2.7 mg/mL of C. albicans serotype A mannan) resp. 3.4 % (2.7 mg/mL of CM-
glucan). Natural antioxidants used as positive controls quenched at optimal concentrations 93
% of DPPH- radicals (ascorbic acid), 92.6 % (a-tocopherol) and 88.5 % (glutathione)

Seeing that polysaccharides did not scavenge OH- radicals, 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 OH- radicals produced in surroundings.
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Expresia P-glykoproteinu inhibuje aktivaciu kaspazy 3
indukovanu cisplatinou v L1210 bunkach
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Multidrug rezistencia (MDR) je jav, kedy sa bunky stani odolné nielen voci latke,
ktora tito rezistenciu vyvolala, ale aj voci inym, Struktirne a funk¢éne odliSnym substanciam
(substratom). Jednym z najcastejSie Studovanych mechanizmov MDR je transportna pumpa,
P-glykoprotein (P-gp), ktorého expresia a aktivita predstavuje realnu prekazku pri Gc¢innej
chemoterapii.

Zamerali sme sa na sledovanie pripadnych rozdielov v apoptéze indukovanej
cisplatinou (CisPt, nie je substratom pre P-gp) medzi P-gp pozitivnymi a P-gp negativnymi
L1210 bunkami. P-gp pozitivne bunky sme ziskali dlhodobou adaptaciou parentalnych L1210
buniek na cytostatikum vinkristin (R bunky) alebo transfekciou parentdlnych buniek génom
pre l'udsky P-gp (T bunky). P-gp pozitivne bunky sa vo viacerych biochemickych aspektoch
lisia od parentalnych (S) buniek.

Zistili sme, ze R a T bunky st rezistentnej$ie na pritomnost’ CisPt, a tato rezistencia
nie je ovplyvnena inhibitorom P-gp, verapamilom. Bunky po aplikacii CisPt vstupuju do
apoptozy, jej typické prejavy ako napr. DNA fragmentécia a ultrastrukturdlne zmeny sme
pozorovali vo vSetkych typoch buniek, avsSak cisPt indukuje rychlejsi a vyraznejsi vstup do
apoptozy prave v P-gp negativnych bunkich, nez v P-gp pozitivnych. CisPt vyvolava
vyraznej$iu aktivaciu kaspazy 3 v S bunkach, nez v R a T bunkach (obr. 1).
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Obr. 1- Hladina aktivnej kaspazy 3 po 24 hodinovom pdsobeni 10 mg/1 cisplatiny
(index Pt) v S, R a T bunkéach.

CisPt neindukuje zmeny v hladine P-gp. PorovnateI'né mnozstvo proapoptotického
proteinu Bax a antiapoptotického proteinu Bcl-2 sme pozorovali v S, R a T bunkach, avsak v
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pritomnosti CisPt nastalo vyraznejSie zniZenie proteinu Bcl-2 v S bunkéch, na rozdiel od R
a T buniek.

Vsetky vySSie spomenuté zistenia nam indikuja, ze P-gp, nezévisle od jeho
transportnej aktivity, vyvolava zmenu v regula¢nych drahach buniek, ¢o vyvola Ciasto¢na
stratu citlivosti na cisplatinu.
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GLYCOMIMETICS OF THE INHIBITORS OF
GLYCOSYLTRANSFERASES — DESIGN AND SYNTHESIS
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Glykosyltransferases (GT’s) represent an important group of enzymes involved in the
biosythesis of N- and O-linked complex oligosaccharides 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 hand, the part of these structural variations, raised by catalytic
effect of GT’s, contribute to various mammalian diseases that can span from early childhood
to adult life [1,2].

This contribution based on the rational design of the transition state analog inhibitors of the
GT’s, representing donor UDP-GICNACc [3], introduces the synthesis of four precursors,
namely benzyl 2-thio-a-D-fructofuranoside 1-diethylphosphate (1), its f-anomer (2), and their
ethyl 2-thio analogues (a-anomer 3 and B-anomer 4).

Starting from benzyl or ethyl 2-thio-a- or -D-fructofuranosides, respectively [4], sequential
protection at position C-6 with tert-butyldimethylsilyl group, at C-1 with dimethoxytrityl
group, at C-3 and C-4 with acetyl groups, followed by detritylation afforded nucleophiles
having a free OH-group at C-1 [5]. These were coupled with diethyl chlorophosphate to give
blocked D-fructofuranoside 1-diethylphosphates. The desired precursors 1-4 were finally
obtained by usual detritylation and deacetylation.
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SYNTHESIS OF SOME PRECURSORS OF
GLYCOSYLTRANSFERASE INHIBITORS

Marek Barath , Igor Tvaroska, Miroslav Koo6s and Jan Hirsch
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Glysosyltransferases are enzymes that catalyst transfer of monosacharidic unit from
an activated sugar phosphate to an acceptor molecule, usually an alcohol. The result of
glycosyl transfer can be a monosaccharide glycoside, an oligosaccharide or polysaccharide.

During oligosaccharide processing, oligosaccharides are converted into hybrid and
complex oligosaccharides by the addition of N-acetylglucosaminyl (GIcNAc) residues. This
transfer is catalysed by N-acetylglucosaminyltransferases (GICNAc-T’s). In such a transfer,
the donor of the GIcNAc residue is UDP-GICNAc while the acceptor is one of the hydroxyl
groups located at a particular position of a variety of 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 UDP-GIcCNAc. A leading idea of all these TS analogs is a ,,1-
thio*“ linker between a mimetic of GICNAc in TS geometry and a mimetic of the acceptor
bearing the B-D-psicofuranose backbone with key substituion on postion C-1 by the
phosphate group and on position C-2 by the thiophenyl group.

We report here asynthesis of some precursors of glycosyltransferase inhibitors,
bearing
D-fructo, D-psico and D-tagato-furanose ring. The synthesis starts from corresponding
tetrabenzoylated derivative to produce fructofuranose-based inhibitors and from
diisopropylidene derivatives to give psico and tagato-based mimetics.2 The multiple synthesis
using standard protective and deprotective procedure gave in all cases precursors, ready to be
used for the key step of synthesis - phosphorylation in position C-1.

A multi-members library of similar compounds can be reached by usage of similar
synthetic strategy. These compounds will undergo a biological assays on human GnT’s,
namely (GnT-I, Core2GnT and GnT-V).
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Pectins are widely used as gelling and thickening agents in food industry and are
known as valuable dietary fiber 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 and medicine
[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, time-consuming and may involve the use of harmful chemical reagents. As
alternatives, vibrational and NMR spectroscopy are becoming more and more reliable and
affordable candidates.

In this study, Fourier transform infrared (FTIR) and *H- and 3C-NMR spectroscopy
techniques were used to analyze a set of chemically modified derivatives prepared from citrus
pectin by the controlled de-esterification of commercial methyl esterified pectin, acetylation,
amidation and alkylamidation. Distinct vibrations and corresponding chemical shifts of
functional groups in FTIR 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 pharmacy. The results will also aid their
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 of p-nitrophenyl g-D-glycosides of disaccharide of
homoxylan type and trisaccharide of 4-O-methyl-glucuronoxylan

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

This contribution describes the synthesis of two model di- and trisaccharides of xylan
type, namely p-nitrophenyl 4-O-(2-O-benzyl--D-xylopyranosyl)-S-D-xylopyranoside (1) and
p-nitrophenyl 4-0-[2-O-(methyl 4-O-methyl-a-D-glucopyranosyluronate)-5-D-xylo-
pyranosyl]-s-D-xylopyranoside (2) in order to serve as the chromogenetic substrates for
testing of xylanase belongs to the GH5 family.

The starting point in the synthesis of disaccharide 1 was nucleophile p-nitrophenyl
2,3-di-O-benzoyl-4-D-xylopyranoside [1] which was coupled with 3,4-di-O-acetyl-2-O-
benzyl-o,p-D-xylopyranosyl acetimidate (prepared from 1,3,4-tri-O-acetyl-2-O-benzyl-D-
xylopyranose [2]). The final disaccharide 1 was obtained by deacylation of the isolated
blocked disaccharide from the rection mixture in a good yield. For preparation of model
trisaccharide 2, related to 4-O-methylglucuronoxylan, the 3,4-di-O-acetyl-2-O-(methyl 2,3-di-
O-acetyl-4-O-methyl-a-D-glucopyranosyluronate)-a,5-D-xylopyranosyl acetimidate [3] was
used as a glycosylating agent in a coupling reaction with p-nitrophenyl 2,3-di-O-benzoyl-$-D-
xylopyranoside. The protected trisaccharide isolated by chromatography after deacylation
gave aimed 2 in a satisfactory yield. The structure of both model oligosaccharides 1 and 2 and
also their precursors was confirmed by NMR spectroscopy.
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Introduction

Honey possesses antimicrobial properties that are employed at treatment of cold,
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 defensinl (1). Defensinl is a 51 amino acids-long
cationic peptide effective against Gram-positive bacteria (2, 3). It seems to be constitutively
expressed in cephalic hypopharyngeal and mandibular glands of nurses (4, 5), a generation of
honeybees aged between 5-15 days that produce 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 was to evaluate the content and actibacterial activity of bee
defensinl in honey samples of different botanical origins.

Materials and Methods

Honey samples were obtained from several regions in Slovakia (Table 1). Commercially
available manuka honey (UMF 15+), imported from New Zealand, was purchased from
Nature’s 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 filtered through a 0.22 pm PES filter (Millipore, MA, USA) and then
concentrated by centrifugation at 5000 x g at room temperature in a Vivaspin 6 concentrator
tube (Sartorius, Germany), with an exclusion limit of 5 kDa, to a final volume of 500 ul. The
Vivaspin retentate was subsequently washed with 5 ml of deionized water and concentrated
again in a Vivaspin 500 concentrator tube (exclusion limit 5 kDa) to a final volume of 100 pl.

Analysis of defensinl content in honey extracts

The retentates of the honey samples were electrophoresed on 16,5% Tricine-SDS-PAGE gel
(7) using a Mini-Protean Il electrophoresis cell (Bio-Rad, CA, USA). The proteins were
transferred onto a 0.1 pm nitrocellulose Whatman® Protran® membrane (Sigma-Aldrich, UK)
in 48 mM Tris, 39 mM glycin and 20% methanol using the semi-dry blotting procedure. The
membrane was blocked for 1 h in a TBST buffer (50 mM Tris-HCI, pH 7.5, 200 mM NacCl,
0.05% Tween 20) containing 1% BSA (TBST-B buffer) and then incubated overnight with a
purified rabbit polyclonal antibody against recombinant honeybee defensinl (Klaudiny et al.,
2012) diluted 1:140 in TBST-B. After washing with TBST, the membrane was incubated for



2 h in TBST-B buffer containing swine anti-rabbit HRP-linked antibodies (Promega, WI,
USA) diluted 1:2500. Immunoreactive bands were detected in solution containing dissolved
SigmaFast 3,3-diaminobenzidine tablets (Sigma-Aldrich, UK) and 0.03 mM NiClo.

Determination of antibacterial activity of defensinl in honey extracts

Antibacterial efficacy of extracts was evaluated by the radial diffusion assay. Micrococcus
luteus as a model Gram-positive bacterium, was suspended in 8 ml of 0.7 % (w/v) agar in LB
broth (at 48 °C) at 10 CFU/mI and poured into 90 mm Petri dishes. After solidification, 2
mm-diameter wells were punched into the agar and a 4 pl sample was added to each well. The
antibacterial activity of the samples was compared on the basis of the radius of a clear
inhibition zone around the wells after 18 h of incubation at 30 °C. The results are shown as
mean values from triplicate measurements.

Table 1. Examined honeys

Honey sample Principal botanical Sample age Geographic origin in
origin (year) Slovakia
hawthorn Crataegus laevigata 1 Myjava
sunflower Helianthus annuus 1 Bellova Ves
honeydew 1 Abies alba Mill 2 Banska Stiavnica
honeydew 2 Abies alba Mill 2 Bardejov
honeydew 3 Abies alba Mill 1 Stara Voda
acacia 1 Robinia pseudoacacia 1 Myjava
acacia 2 Robinia pseudoacacia 1 Sahy

Results and discussion

The content and activity of defensinl were examined in honey extracts- ultrafiltration
retentates (>5 kDa) of honeys in which only substances with higher molecular 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, showed different 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 of hawthorn honey (Fig. 1A).

Bands of defensinl with sizes of around 5.5 kDa were detected on the immunoblots using an
anti-defensinl antibody for all honey samples except manuka honey. Manuka honey yielded a
protracted immunoreactive defensinl band with a higher 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 corresponded 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 storage 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 honeydew Abies alba Mill honeys).
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Figure 1. Antibacterial activity and 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 column (5 kDa MWCO) was determined by a radial
diffusion assay using M. luteus. (B) Defensinl was detected by immunoblotting using a
polyclonal antibody against honeybee defensinl. Five and ten microlitre retentates equivalent
to 125 and 250 mg of undiluted honey were used for the antibacterial diffusion

Obtained data document that defensinl is a regular but quantitatively 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 possible differences
in a medicinal potency of various honey samples what requires further research.
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It is well known that 1-deoxymannojirimycin (1,5-dideoxy-1,5-imino-D-mannitol) is
powerful inhibitor of mannosidase, an enzyme which is considerably widespread in living
organisms. It inhibits Golgi a-mannosidase I but not endoplasmic reticulum (ER) a-
mannosidase. Both N- and O-substitution of 1,5-dideoxy-1,5-iminoalditols and 1,4-dideoxy-
1,4-iminoalditols as well as modification on carbon atoms significantly modulates their
inhibition potency against enzymes catalyzing sugar transformations [1]. In our previous
studies, we have prepared some precursors of mannojirimycin analogues via Bucherer—Bergs
reaction of the ketone 2 (R = Me, isobutyl) [2—4].

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; Rt = ethyl, butyl, hexyl, cyclohexyl, benzyl)

Reaction conditions: i) Me,CO, MeOH, HCI; ii) 70% AcOH; iii) NalO., MeOH; iv) RMgl or RMgBr or RMgCl,
Et,0 or THF; v) PDC, CH,Cly; vi) ag. HCI, MeOH, H0; vii) RINH,, NaCNBH3, MeOH.

Starting from D-mannose, aldehyde 1 (having suitably protected all hydroxyl groups)
was prepared in three steps by the known procedure (simultaneous 2,3:5,6-di-O-
isopropylidenation and methyl glycosylation, followed by the selective 5,6-O-
deisopropylidenation and periodate oxidation). Subsequent Grignard reaction of 1 and
oxidation of the obtained mixture of epimeric alcohols gave the ketone 2. In the next steps,



the protecting groups were removed under acidic conditions, followed by the double reductive
amination to afford deoxymannojirimycin analogues 3. Reductive amination was unsuccessful
when R in 2 represented benzyl or o-tolyl.

The structure of all new compounds was determined on the basis of spectral (*H and
13C NMR, EI-MS, FTIR) data as well as data of elemental analyses. In addition, the structure
of ketones 2 (2A, R = benzyl; 2B, R = o-tolyl) was unambiguously established using the
single-crystal X-ray analysis.
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Introduction

Historically, honey has been used in a treatment of the broad spectrum of injuries, including
wounds, burns and ulcers. Honey offers broad-spectrum antimicrobial properties and it
promotes rapid wound healing [1]. It has been assumed that the antibacterial action of honey
has its main impact on the healing process of chronic wounds and burns.

Since the direct antimicrobial effects of honey were fully characterized in vitro, research has
focused on identifying the substances responsible for its immunomodualtory effects [2, 3].
Epidermal keratinocytes and dermal fibroblasts are key cellular skin components of the
wound healing cascade and repair process. Alongside macrophages, Kkeratinocytes
indisputably play a central role in the production of many of the pro-inflammatory 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 effect of honey 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-9 and cytokines production from human epidermal
keratinocytes.

Materials and Methods
Honey

The desired amount of acacia honey was weight and diluted in PBS. The honey solution were
made up to 50% (w/v) and rendered sterile by filtration through 0.22 pm PES filter. All
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 °C overnight. The epidermis was separated from the dermis with fine forceps and placed in
3 ml of 0.05% trypsin/0.02% EDTA solution for 15 min. An equal volume of soybean trypsin
inhibitor (0.25 mg/ml, Sigma-Aldrich, UK) was employed to stop the reaction of trypsin. The
cells were passed through 100 pum sterile gauze, washed and cultured in serum free
keratinocyte specific growth medium (Invitrogen, UK) according to manufacturer’s
instruction.

Real-time PCR

Total RNA was extracted using RNAeasy Mini kit (Qiagen, UK) from keratinocytes lysed by
Qiagen lysis buffer, and cDNA was obtained by reverse transcription (Primer Design, UK).
Approximately 10 ng of cDNA was used per reaction to amplify TNF-a, IL-1p, TGF-f and
28S rRNA transcripts using a SYBR-Green PCR assay mastermix and primer sets designed
by Primer Design (Primer Design, UK). Amplifications were performed in duplicate on an



iCycler real-time detection system (Bio-Rad, UK) using the following conditions: 95 °C for
10 minutes followed by 40 cycles of denaturation at 95 °C for 15 seconds and
annealing/extension at 60 °C for 1 min. Resulting CT values with the various stimuli were
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 documented not only in humans, but also in animal
models [1]. Honey stimulates the rate of angiogenesis, granulation and epithelialization in
animals [6, 7].

In this study, acacia honey promoted an up-regulation of mRNA expression for IL-1p and
TGF-B by twelvefold and eightfold, respectively (Fig. 1b,c). On the other hand, mRNA
expression of TNF-o after incubation of keratinocytes with honey was just twofold up-
regulated (Fig. 1a). In addition, honey significantly enhances the mRNA expression of MMP-
9 in primary keratinocytes (Fig. 1d).

Our results document that honey activates human keratinocytes what is associated with up-
regulation of expression of certain cytokines (TNF-a, IL-1p and TGF-B) and MMP-9. Further
studies are needed to reveal another factors and molecular mechanisms participating at
keratinocytes activation by honey.
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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 by the presence of free radicals (*OH, NO3¢)
mainly produced by photochemical processes. However, Amato et al. 2007 and Vaitilingom et
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 in atmospheric 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 observed by *H NMR or 3C NMR spectroscopy. The biodegradation rates of methanol
and formaldehyde measured from NMR experiments at both 5 °C and 17 °C by the four
bacterial strains (Pseudomonas syringae, Pseudomonas graminis, Frigoribacterium sp.,
Bacillus sp.) are reported in Table 1. They are expressed as mole of compound degraded per
cell and per second.

Biotransformation of methanol



At 17 °C, all strains degraded methanol, at rates ranging from 102! to 102 mol cell* s™. At 5
°C, the rates of methanol transformation were lower and could be only measured for two
strains, P. syringae and Frigoribacterium sp.

Considering the metabolic pathways involved in the transformation of C1 compounds, no
intermediate was detected, suggesting that methanol was directly oxidized into formaldehyde,
then formate and CO- as described in Figure 1.

Table 1 Biodegradation rates of methanol and formaldehyde

Compound Methanol Formaldehyde
Biodegradation rate (mol cell™ s

Strain and temperature 5°C 17°C 5°C 17°C
Pseudomonasgraminis 0 5.6 x 102 81x10% 19x10%
Pseudomonassyringae 58 x 10 57x 102 86x 102 14 x 101
Frigoribacterium sp. 25x 102 35x 102 6.4x 102 6.4x 102
Bacillus sp. 0 29x 102 31x10% 20x10%
Average 15x 102 23x10% 26x10%° 46x10%°

Biotransformation of formaldehyde

Formaldehyde was efficiently degraded by all four studied bacterial strains with values
ranging between 10° - 102 mol cell? s? at both temperatures 17 °C and 5 °C. Thus,
contrarily to methanol, low temperature was not a limiting factor for formaldehyde bacterial
degradation.

Metabolite productions were observed during the biotransformation of formaldehyde (see
Figure 3) such as methanol, formate and CO (presence of HCO3). Other metabolic
intermediates were identified (see Figure 4), with notably production of C3 compounds
(glycerol, 1,2- and 1,3-propanediol) from formaldehyde by the strain Bacillus sp. This fact
indicates its biotransformation via Serine cycle.
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Figure 3 In vivo *C NMR experiment: Biodegradation Figure 4 ldentification of 1,3-propanediol in the
incubation mix-
of 13C-labelled formaldehyde by Bacillus sp. 3B6. ture after 5.5h suggests its

biotransformation via Serine cycle.
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Solar light is considered as the predominant catalyst for chemical reactions occurring
in the atmosphere. It is generally admitted that in the atmospheric aqueous phase of clouds the
reactivity of organic compounds is driven by the presence of free radicals (*OH, NO3¢)
mainly produced by photochemical processes. 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.

We have shown that Bacillus sp. 3B6 efficiently degradated methanol and
formaldehyde. In this study biodegradation kinetics of methanol and formaldehyde (two
important polutants of the atmosphere) by 4 bacterial strains (Pseudomonas spp., Bacillus sp.
and Frigoribacterium sp.) isolated from cloud water have been investigated by NMR at 5 °C
and 17 °C. The biodegradation was observed at both temperatures with rates ranged from 10~
19 to 102 mol cell? st for formaldehyde, and from 10°%! to 102 mol cell* s for methanol.
C3 Compounds (glycerol, 1,2- and 1,3-propanediol) were identified as metabolic
intermediates from formaldehyde by Bacillus sp.

Extent of microbiological oxidation of organic compounds as an alternative route to
radical chemistry in clouds was considered by comparison of biodegradation rates with those
related to the reactivity of organic species with free radicals *OH (daytime chemistry) and
NO3+ (nighttime chemistry). Our results show a clear evidence about the same range of
magnitude of biological and chemical reaction rates and their relative contribution varied
according tested scenarios, including the temperature of the clouds (5 or 17 °C), the category
of the clouds (urban and remote) and the diurnal cycle (day and night time). They also show
that biotransformation processes could be the main sink for C1 compounds in liquid clouds (T
> 5 °C ="warm cloud") during the night and both in polluted and non polluted clouds.
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Figure 2 Comparison of radical chemistry and biodegradation of formaldehyde and methanol according tested
scenarios, including the temperature of the clouds (5 or 17 °C), the category of the clouds (urban and remote)

and the diurnal cycle (day and night time)
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Proténova nuklearna magneticka rezonanéna spektroskopia (*H-
NMR) a dedi¢né metabolické poruchy

Salingova A.%, Behulova D.!, Matulova M.?, Uhliarikova 1.2, Kolnikova M.3, Saligova J.%,
Potoc¢nakova I2.4

Centrum dedicnych metabolickych porich Oddelenia laboratérnej mediciny, Detskd fakultna nemocnica s
poliklinikou Bratislava, 2Centrum glykomiky, Chemicky tistav SAV, Bratislava, °Klinika detskej neurolégie
Detskej fakultnej nemocnice s poliklinikou Bratislava, *Detskd fakultnd nemocnica Kosice

Nuklearna magneticka rezonancna spektroskopia (NMRS) je v sti€asnosti jednou z dolezitych
kvantitativnych, kvalitativnych a zobrazovacich metod, ktord v suc¢asnosti otvara nové
perspektivy v diagnostike znamych ale i neznamych dedi¢énych metabolickych ochoreni.
NMRS telovych tekutin (sérum, plazma, moc¢, likvor) dokaze identifikovat’ vicSinu
metabolitov obsahujucich proton a vytvara tak charakteristicky spektralny obraz (fingerprint)
Vv zavislosti na aktualnej koncentracii metabolitov v zmesi.

Spolupraca Chemického tstavu SAV (vybaveného 600 MHz VNMRS Varian spektrometrom
s triple HCN kryosondou so zvySenou toleranciou na roztoky s vy$§im obsahom soli) s
Centrom dedi¢nych metabolickych porich Oddelenia laboratérnej mediciny, DFN v
Bratislave prispela k verifikacii a kvantifikacii viacerych metabolitov v moc¢i. Skriningovou
metodou (HPTLC) lekari zachytili v mo¢i zvySené vyluCovanie guanidinoacetitu u 3
pacientov avolnej kyseliny sialovej u4 pacientov. Bolo  potrebné  verifikovat
a kvantifikovat’ tieto kI'icové metabolity, ked'Ze kvalitativna skriningové analyza je mene;j
Specifickd a zatazend moznymi interferenciami. V H-NMR spektrach boli v prislusnych
vzorkach mocu identifikované a kvantifikované signdly zodpovedajuce jednak
guanidinoacetatu ako aj kyseline sialovej.

'H-NMR spektroskopia je 3pecidlna analyticki metéda zohravajiica dolezitd wlohu
v diagnostike niektorych dedicnych metabolickych ochoreni, ktoré nemo6zu byt zachytené
Vv Specializovanych laboratoriach inymi tradi€énymi technolégiami. Metdda je nedeStruktivna,
rychla, nevyzaduje Specialnu upravu vzorky a mozno ju povazovat' za alternativny analyticky
postup. Optimalne vysledky H- NMRS analyzy telovych tekutin si vyzaduju tizku spolupracu
medzi klinickym biochemikom, metabol6gom a Specialistom na NMRS analyzy.
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NMR spektroskopia a jej vyuZzitie v biochemickej diagnostike
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NMR spektroskopia vyuziva magnetické vlastnosti jadier. NMR spektroskopiou mozno
detegovat’ jadra, ktoré maji nenulovy magneticky spin (neparny pocet nukleénov) a teda nesu
naboj. To sposobuje, ze rotaciou okolo vlastnej osi jadra vytvaraji okolo seba lokalne
magnetické pole (magneticky moment). Orientacia magnetickych momentov jadier
v prostredi slabého zemského magnetického pola, teda mimo magnetu spektrometra je
nahodna. Po vlozeni vzorky do spektrometra vSak dochadza kich zorientovaniu v smere
a proti smeru magnetického pola magnetu. NMR spektrum vSak vznikd az vyexcitovanim
zorientovanych jadier z nizSej energetickej hladiny radiofrekvenénym pulzom do vysSej
energetickej hladiny. Aby doslo k excitacii jadra na vy$$iu energeticktl hladinu, energia RF
pulzu musi zodpovedat’ rozdielu energii nizsej a vysSej energetickej hladiny pre dané jadro.
MnozZstvo energie potrebnej na excitaciu je vel'mi malé. Spadd do oblasti frekvenéného
vysielania rozhlasu a televizie (KHz).
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Z toho vyplyva, Ze NMR je energeticky najmiernejSia technika pouZivanand v Strukturalnej
analyze. T4ato nedeStruktivna metdda je:

- rychla (15 min) na ziskanie metabolickému profilu analyzou telovych tekutin

- akykol'vek metabolit obsahujiici protény ddva v *H NMR spektre signaly s
charakteristickou polohou v spektre (chemicky posun)

- kvantitativna, teda intenzita signalu zodpoveda poctu protonov absorbujtcich energiu
(rezonujucich) s danou frekvenciou

- signaly moZu byt naStiepené vplyvom susednych protonov na multiplety (interakénou
konS$tantou), mozu sa prekryvat’



- vytvéraju spektralny pattern (fingerprint) v zavislosti na okamzitej koncentracii
metabolitov v zmesi (pocet metabolitov méze byt vacsi ako 1000)

- jej vyhodou v diagnostike je aj to, ze vzorky netreba $pecialne upravovat
(derivatizovat))

- nevyhodou muze byt zavislost’ chemickych posunov signalov (ich polohy v spektre)
od pH
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Obrazok 2 *H NMR spektra vzoriek mocu.

Zaver:

'H-NMR spektroskopia je 3pecidlna analytickd metdda zohravajuca dolezitd tlohu aj
v diagnostike niektorych dedicnych metabolickych ochoreni, ktoré nemo6zu byt zachytené
Vv §pecializovanych laboratoriach inymi tradi€nymi technologiami. Metoda je nedeStruktivna,
rychla, nevyzaduje Specialnu upravu vzorky a mozno ju povazovat’ za alternativny analyticky
postup. Optimalne vysledky *H- NMR analyzy telovych tekutin si vyzaduja tuzku spolupracu
medzi klinickym biochemikom, metabolégom a Specialistom na NMR analyzy.
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Uvod: Myelodysplasticky syndrom (MDS) je klonalna porucha charakterizovand inefektivnou
hematopoézou, ktora mdze viest’ na jednej strane k fatalnym cytopéniam a na druhej strane
Kk rozvoju akutnej myeloidnej leukémie. MDS je Vsucasnej dobe povazovany za
hematologicku malignitu vychadzajicu z pluripotentnej kmeniovej bunky. Heterogenita MDS
sposobuje, Ze priebeh tohto ochorenia sa u jednotlivych pacientov znacne odliSuje. Z tohto
dovodu je ochorenie ¢lenené podla starSej FAB (Francuzsko-Americko-Britska klasifikacia)
a podla novsej WHO (World Health Organization) klasifikdcie do jednotlivych podskupin.
V nasom laboratoriu sa zaoberame podskupinou pacientov s deléciou dlhého ramienka
chromozomu 5 (5g- syndrémom). Tento syndrom bol prvy krat popisany v roku 1974 Van
den Bergom, patri medzi najcastejSie chromozomalne abnormality a pacienti s tymto
syndromom maji dobri prognézu. Medzi novsie pristupy v liecbe tohto ochorenia patri aj
lenalidomid, ktory patri medzi IMIDs (imunomodulacné lieCivo) s antineoplastickymi
a antiangiogénnymi ucinkami. Ma podobné biologické ucinky ako talidomid ale menej
neziaducich ucinkov. Imunomodulaéné ucinky tohto lieku st az 1000x silnejSie ako ucinky
talidomidu. Cinnost’ protinadorovej chemoterapie je viak &asto vyraznym sposobom
obmedzena vznikom rezistencie. Méze sa jednat’ o primarnu necitlivost’ nadorovych buniek
k cytostatiku, avsak Castejsi je typ rezistencie, ktory vznika az v priebehu cytostatickej liecby,
kedy sa povodne citliva nddorova populacia stava rezistentnou a ucinnost’ cytostatickej lieCby
sa znizuje. Multidrug rezistencia (MDR) je sposobena zvySenou expresiou minimalne dvoch
génov a to MDR 1, ktory kéduje transmembranovy protein P-glykoprotein (P-gp) a MRP1,
ktory koduje “multidrug associated protein” (MRP). Enzymy, ktoré majii vyznamnu rolu v
proliferacii a angiogénnych procesoch, su matrixové metaloproteinazy (MMP). Zmeny v
hladinach a aktivitdch tychto enzymov koreluji so zmenou citlivosti nddorovych buniek na
chemoterapiu a so vznikom multidrug rezistencie. MOLM bunkova linia reprezuntuje model
akutnej myeloidnej leukémie odvodenej od myelodysplasplastického syndromu. PouZili sme
tuto bunkovu liniu na porovnanie efektu lenalidomidu a beZne pouzivanych cytostatik
vinkristinu a mitoxantronu.

Material a metédy: Cielom naSej Stadie bolo sledovat’ efekt terapie lenalidomidom u
pacientov s MDS na expresiu P-pg, MRP a sledovanie hladin a aktivit LDH (laktat
dehydrogenaza) a MMP. Vzorky periférnej krvi a kostnej drene od pacientov s MDS 5g-
lieCenych lenalidomidom boli spracované separaciou leukocytov na Ficolle a expresie P-gp a
MRP boli stanovené pomocou RT-PCR. Aktivita MMP bola stanovovand vo vzorkach
plazmy pomocou zymografie. Hladiny MMP proteinov boli sledované pomocou Western
blotu. Aktivita LDH bola stanovena ako NADH oxidacia spektrofotometricky podla
Standardného protokolu.

Vysledky a zaver: Zistili sme, Ze liecba MDS pacientov lenalidomidom neindukovala
zvySenu expresiu P-gp a MRP mRNA. Na druhej strane liecba lenalidomidom vyvolala
signifikantnt redukciu MMP aktivit v plazme.  PredlZzovanie terapie s lenalidomidom
vyvolalo signifikantnej$iu redukciu MMP a LDH aktivit rovnako ako redukciu hladin
proteinov MMP v plazme pacientov. DoterajSie vysledky naznacuju, ze liecba lenalidomidom
u pacientov s myelodysplastickym syndrémom 5q- nespdsobuje zmeny v expresii P-gp a



MRP. Taktiez sa zdd, Ze zmeny v hladinach a aktivitich MMP sa moézu podielat’ na
efektivnosti liecby lenalidomidom pri pacientoch s MDS.

Obr. 1. Sledovanie expresie MRP. 1-1H pacient s MDS pocas lie¢by lenalidomidom, NK negativna kontrola,
PK pozitivna kontrola, L ladder

Orb. 2. Sledovanie expresie Pgp. 1-1H pacient s MDS pocas liecby lenalidomidom, NK negativna kontrola, PK
pozitivna kontrola, L ladder
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The topic of the present work was to modulate the ability of different types of glucoamylases,
by using the native and the recombinant enzymes, for the interaction with Con A. It was also
intended to prepare “tailor-made” neoglycoenzymes by chemical modifi-cation of nonglyco-
sylated recombinant glucoamylase with mannan using the method for glycosylation described
in our previous works [21,23]. The obtained results indicate how the differences in the
structure of glucoamylases influence their interaction with Con A.

Various types of glucoamylases were prepared. Glucoamylase GIm was isolated from the
native yeast strain Saccharomycopsis fibuligera IFO 0111. Two glycosylated recombinant
glucoamylases Glu’s of S. fibuligera HUT7212 were expressed and isolated from the strains
Saccharomyces cerevisiae and one, nonglycosylated, from Escherichia coli. The biospecific
affinity of those preparations to Concanavalin A was investigated and compared with the
commercially available fungal glucoamylase GA from Aspergillus niger.

Table 1. Characterization of used glucoamylases

Glucoamylase Mw (kDa) gll;/lcac?sr;/?;t?;n Content C?;/:; ccharide
GIm 62 -N- 7.9
rGluS.c.A 64 -N- 18.4
rGluS.c.B 62 -N- 11.8
GA 97 -O- 12.8
rGIuE.c. 55 Nonglycosylated 0

Three methods of characterization glucoamylases — Con A
precipitation, inhibition methods and surface plasmon resonance . All glycosylated enzymes
showed affinity to Concanavalin A characterized by their precipitation courses and by the
equilibration dissociation constants within the range from 1.43 to 4.17x10—6M (Table 2)

Table 2.Glucoamylases—Con A interaction determined by SPR method

interaction were used:

Glucoamylase Ka (1/M s)? kq (1/M)? Kp (M)
GIm (5.01+0.11)x10° (2.09+0.11)x1072 4.17x107°
rGluS.c.A (5.10£0.19)x10° (1.56£0.11)x1072 3.05x107°
rGluS.c.B (8.33+0.34)x10° (2.7420.12)x10 2 3.29x10°°
GA (3.69+0.97)x10% (5.2840.12)x1072 1.43x107°

8Presented values are averages of three measurements

The results suggested some differences in the interaction of Con A with the individual
glucoamylases. The highest affinity to Con A showed GA. The recombinant glucoamylase




Glu with the higher content of the saccharides was comprised by two binding sites with the
different affinity. The glucoamylases with the lowest affinity (GIm and Glu with a lower
content of saccharides) also demonstrated a nonspecific interaction with Con A in the
precipitation experiments. The minimal differences between the individual glucoamylases
were determined by the inhibition experiments with methyl-a-d-mannopyranoside.

Keywords: Glucoamylase; Concanavalin A; Biospecific interaction; Precipitation; Inhibition;
Surface plasmon resonance.
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The procedure for the determination of strength of interaction between Concanavalin
A (Con A) and naturally mannosylated glycoproteins using enzyme-linked lectin binding
assay (ELLA) was developed. Lectins are proteins or glycoproteins present in plants,
microorganisms, animals and human organisms with specific affinity to monosaccharide or
oligosaccharide structures of various compounds. The importance of both glycosylation and
lectins in biological processes is known [1], however, deeper understanding of their role is
actual fundamental task with strong impact to medicine, pharmacy and life sciences generally.
Both the studies of carbohydrate-binding specificity of lectins and the investigation of
carbohydrate structure of glycoproteins of various origin through the use of lectins are the
main subjects of lectinomics [2-4]. In this work was studied the possibility of use of enzyme
linked lectin binding assay (ELLA) for determination of apparent dissociation constants of
glycoprotein - lectin interactions calculated by both the Liliom plot and the fitting method. A
new method of ELLA-based determination of glycoprotein-lectin interaction was developed.
Five glycoproteins were bound on solid highly charged polystyrene surface of immunoassay
plates. The interaction of mannose-containing glycoproteins immobilized on MaxiSorp
immunoassay plates with Con A was determined as amount of bound lectin via coupled
peroxidase by spectrophotometry. The amount of lectin interacting with glycoproteins was
determined at equilibrium conditions. The interactions of Con A with five mannose-
containing glycoproteins, invertase (INV), glucoamylase (GA), glucose oxidase (GOD),
ovalbumin (OVA), and transferrin (TRF) were quantified. Two methods of calculation were
used.

1/ The equation developed by Liliom et al (odkaz) describes the linearized form of saturation
curve.

1/ (1-i)=(co/ 1)/ (p/ Kpapp) — (F/V) (q/Kb) Scp

were i is relative saturation (i = Aago/Asgomax = Scona/Sconamax); P is the number of blocked
epitopes per mol Con A; Kbp/p is Kpapp (apparent dissociation constant); co is total
concentration of Con A; F is reaction area; V is reaction volume; q is number of epitopes per
glycoprotein macromolecule; Sgp is concentration of glycoprotein on the plate surface. Kpapp
was calculated from the reciprocal slope of the plot. In presumptive univalent situation in
which p=1, the Kpapp may be equal to Kp,

2/ Method of calculation of Kpapp by fitting to 1:1 binding model

This steady state binding model assumes specific 1:1 binding (binding to one site), and fits
binding isotherms in accordance with equation 2.

A0 = Asgomax - Ccona/ (Kpapp + Ccona)



Augo is absorbance at 490 nm equal to the lectin concentration; Aagomax is absorbance at 490
nm for maximum specific binding extrapolated to saturation concentration of lectin; ccona is
lectin concentration; Kpapp is equilibrium dissociation constant.

Two types of ELLA methods were used: a/ one-step method with Con A-HRP and
two-steps method with Con A and AV-HRP.

Figure 1. The sorption curves of interaction Con A with glycoproteins INV (@), GA (H), and TRF (A)
determined by ELLA method with AV-HRP and OPD.
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Table 1. Dissociation constants of interaction Con A — glycoproteins determined by ELLA method

ConA-HRP ConA-HRP ConA + AV-HRP | ConA + AV-HRP
Glycoprotein | Kp (Liliom) Kp (fitting) Kbp (Liliom) Kb (fitting)
[M] [M] [M] [M]

GOD 2.76 x 10”7 2.99 x 10”7 2.02x 107 1.88 x 10”7
OVA 1.82 x 10 1.03 x 10 4,78 x 10”7 4.99x 10”7
GA 5.28 x 10”7 4.43 x 107 1.23x 10°® 0.97 x 10°°
TRF 1.30 x 10 1.50 x 10°® 1.53 x 10°° 1.81 x 10°®
INV 3.42x 107 2.33x 107 1.74 x 10”7 2.45x 107

ELLA method for determination of dissociation constants of five glycoproteins — Con
A interactions was susccesfully used. Apparent Kp calculated were based on assumption of
binding of one site of Con A to one site of glycoprotein (model 1:1). Both the linearization
method and fitting of isothermal sorption curves, respectively were applied for calculation of
Kp. The obtained values are comparable with those measured by other methods. Herein
described ELLA method is suitable for determination of dissociation constants of
glycoprotein - lectin interaction.
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The aim of this study was to obtain an immobilized GOD suitable for the removal of
glucose from pharmaceutical and food products. In the present work we have prepared and
characterized four samples of Aspergillus niger GOD immobilized on bead cellulose and on
Eupergit, either by covalent or biospecific binding. GOD was biospecifically bound to
Concanavalin A-bead cellulose (GOD-ConA-TBC) and covalently to triazine-bead cellulose
(GOD-TBC). Eupergit C and Eupergit CM were used for preparation of other two forms of
immobilized GOD: GOD-EupC and GOD-EupCM. These immobilized preparations of GOD
were used for a study of glucose biotransformation to gluconic acid and for the removal of
glucose as an admixture of dextran.

Table 1. Characteristics of immobilized GODs

Immob. GOD Content of GOD Dry weight _ Activity Specific activity
' (mg prot./g of wet sorb.) | (%; w/w) | (units/g of wet sorb.) | (units/mg of prot.)
GOD-TBC 0.65 14.6 23.5 +0.65 36.1
GOD-ConA-TBC 0.63 18.6 27.5+2.05 43.7
GOD-EupC 0.81 22.8 22.2+0.1 27.42
GOD-EupCM 0.87 33.0 21.4+0.95 24.64

Figure 1. Bioconversion of glucose with four immobilized forms of GOD and from mixture of glucose with
low molecular weight dextran .
Immobilized GODs used: (®) GOD-ConA-TBC; (A) GOD-TBC; (ll) GOD-EupC; (¢) GOD-EupCM.
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GOD-ConA-TBC and GOD-EupC exhibited the best operational and storage stabilities. pH
and temperature optima of these two immobilized enzyme forms were broadened and shifted
to higher values (pH 7 and 35°C) in comparison with those of free GOD. The decrease of
Vmax values after immobilization was observed, from 256.8 + 7.0 mmol min™* mgGOD™* for
free enzyme to 63.8 + 4.2 mmol min™t mgGOD™ for GODConA-TBC and 45 +2.7mmol min™
mgGOD™ for GOD-EupC, respectively. Depending on the immobilization mode, the
immobilized GODs were able to decrease the glucose content in solution to 3.8-15.6 % of its
initial amount The best glucose conversion, was achieved by an action of GOD-EupCM on a
mixture of 100 g dextran with 9 g of glucose (i.e. 98.7% removal of glucose).

Acknowledgement

This contribution is the result of the project implementation: Centre of excellence for
Glycomics, ITMS 26240120031, supported by the Research & Development Operational
Programme funded by the ERDF.



Enzymatic Oxidation and Separation of Various Saccharides with
Immobilized Glucose Oxidase

D. Mislovicova, V. Pétoprsty, A.Vikartovska

Institute of Chemistry, Center for Glycomics, Slovak Academy of Sciences,
Dubravska cesta 9, 845 38 Bratislava, Slovakia

GOD from Aspergillus niger is a flavin-containing glycoprotein with extreme
specificity for the substrate D-glucose. GOD has also been shown to be able to oxidize
saccharides other than D-glucose [1-5], but these studies indicated that other saccharides were
more slowly oxidized than D-glucose. The differences in oxidation rates of various
saccharides indicate that certain structural features of the substrates are important for the
enzymatic reaction. The great difference between the oxidation rate of D-glucose and the
other saccharides was observed. The goal of the present work was to determine the oxidation
kinetics of saccharides other than D-glucose using immobilized GOD on bead cellulose
(GOD-TBC). The differences in reaction rates of individual saccharides were evaluated by
monitoring the elimination of the more rapidly interacting saccharide (D-glucose, D-xylose)
from a mixture with a more slowly reacting saccharide (D-xylose, D-cellobiose) or unreacting
D-lyxose. Immobilized GOD on bead cellulose was used in the presence of immobilized
CAT-Eupergit (CAT-Eup) to eliminate hydrogen peroxide produced. A simple co-
immobilization of GOD together with CAT on the bead cellulose was used to obtain the
mixed biocatalyst for efficient biotransformation of saccharide admixtures.

Table 1 Kinetic characteristics of enzymatic oxidation of various saccharides with GOD-TBC

Saccharide kcat/Km [mM—1 min—1] Ratio of glucose/saccharide
D-Glucose 36.0 1

D-Mannose 0.8565 42

D-Galactose 0.5840 61.6

D-Xylose 0.1290 279.0

D-Fructose 0.1416 254.2

D-Cellobiose 0.1415 254.4

D-Sorbose 0.00732 4.92 x 10°

L-Sorbose 0.0170 2.11 x10°

D-Arabinose 8.489 x 107 424 x 10°




Figure 1. Kinetics of catalytic oxidation of various saccharides with GOD-TBC
A - -D-mannose, ®-D-galactose, A -D-xylose, o-D-fructose, A-cellobiose
B - e-D-sorbose, o-L-sorbose, ¢-D-arabinose
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The differences between oxidation rates of saccharides with immobilized GOD have been
utilized for the elimination of minor amounts of D-glucose from D-xylose or D-cellobiose
(within 2-3 h) and D-xylose from D-lyxose (within 1 week) solution mixtures. The appli-
cation of immobilized GOD has some advantages because of simple removal of glucose from
reaction mixture with improved operational stability and reusability compared to the approach
based on a soluble enzyme. The presence of immobilized CAT accelerated elimination of
saccharide admixture and decreased the possibility of GOD inhibition with hydrogen peroxide
produced.
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Glucose oxidase (D-glucose: oxygen 1-oxidoreductase) (GOD), catalyzes the
oxidation of Glc to gluconolactone and hydrogen peroxide, using molecular oxygen as the
electron acceptor. The product 3-gluconolactone spontaneously hydrolyzes to gluconic acid
[1]. GOD from Aspergillus niger is known to be highly selective for Glc, which is thought to
be its primary substrate. Other sugars can also be oxidized by GOD, but their oxidation rates
are negligible compared with that of Glc [2,3]. To enhance enzyme properties such as
reusability, opera-tional stability, recovery and shelf life, GOD has been immobilized on
different supports using various immobilization methods. The aim of this work was to
develop a method for the complete removal of residual Glc from a Man solution that was
prepared by

the epimerization of Glc. This procedure is based on the significant difference in oxidation
rates of GOD for Glc and Man. GOD prepared in our laboratory in three different
immobilized forms: GOD-triazine bead cellulose (GOD-TBC), GOD-Con A-triazine
beadcellulose (GOD-Con A-TBC) and GOD-Eupergit (GOD-Eup) [4], was used in biotrans-
formation procedure. An effective method to remove gluconic acid generated during Glc
biotransformation was then developed.

Table 1. Results of GOD loading on supports.
- Activity immob. GOD
Immobilized GOD [Ulgwet biocat ]
GOD-TBC 35.4
GOD-Con A-TBC 52.0
GOD-Eup 24.5




Figure. 1. Catalytic reaction rate of Glc or Man oxidation by immobilized GODs. @-
Glc, O-Man on GOD-Con A-TBC; lI- Glc, (- Man on GOD-Eup; A- Glc, A-

Man on GOD-TBC.
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Figure 2. Bioconversion of Glc in a Man solution using GOD-ConA-TBC. Batch experiments in 10ml
50mMphosphate buffer (pH 6) with 0.96% Man and 0.04% Glc (w/v) under continuous aeration at 30 C
with: O- 100mg, - 66mg, A- 50mg and <>-33mg GOD-Con A-TBC. @ 100mg of GOD-Con A-TBC with
CAT-Eup 1:1 were used. 10 pL of CAT solution was added to 100 pL sample to remove hydrogen
peroxide before Glc determination.
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It was demonstrated that 0.04% Glc could be entirely removed from a 0.96% solution
of Man using all three types of immobilized GOD (with specific activities ranging from 24.5
to 52 U/g of wet sorbent) in combination with immobilized CAT, within 1h under aeration
with oxygen at 30 ° C. Although the rate of Glc oxidationwith GOD-Con A-TBC was much
higher than with the other two immobilized GODs, GOD-TBC showed the best results in
biotransformation experiments for Glc elimination and also demonstrated the best operational
stability. Supplementing with immobilized catalase (to eliminate hydrogen peroxide)
improved Glc removal and increased the operational stabilityof immobilized GOD during



repeated application.No decrease in the Man content after 2 h of biotransformation was
observed.This result is consistent with the fact that Glc is a 50-times better substrate of GOD-
TBC than Man. The complete removal of gluconic acid was achieved by precipitation with
CaCl2. Product desalting by ion exchange chromatography resulted in pure Man. Thus this
method has the potential to remove higher contents of residual Glc from mixtures with other
saccharides.
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C. albicans je povodcom pocetnych zivot ohrozujucich oportinnych infekcii
u pacientov s AIDS. U pacientov s transplantaciou organov je najvysSie riziko fungalnej
infekcie pri transplantacii peCene a kostnej drene.[1] Bunkova stenu kvasiniek tvori 80%
polysacharidov (hlavne [ -glukany, [1-D-manany a chitin), 6-10% proteinov a 3-10% lipidov
(vosky, neutrdlne lipidy), prostrednictvom ktorej dochddza ku primdrnej interakciu
s hostitel'om, je zodpovedna za expresiu antigénov, adhéziu a intercelularne interakcie.
Rozpoznavanie kvasiniek hostitel'skymi bunkami je zaloZzené na viacerych zlozkach bunkove;j
steny, predovsetkym glykénoch, ktoré predstavuju cca 90% bunkovej steny (B-1,3-D-glukany,
B-1,6-D-glukany, chitin a manoproteiny) [2,3,4] Uloha antikandidovych $pecifickych
protilatok v obrane hostitela bola predmetom viacerych vyskumov. [5,6] Imunologicka
diagnostika kandidoz je zalozena na detekcii Specifickych protilatok voci komponentom
bunkovej steny kvasiniek. Anti-mananové a anti-glukanové protilatky st pritomné v sére
vacsiny zdravych I'udi, pricom ich patologicky vzrast je zaznamendvany pri rozvoji invazivnej
kandidézy u imunokompromitovanych pacientov. Ako $tidie ukazuju pomocou anti-
mananovych polyklonovych alebo monoklonovych protilaitok je mozZné detekovat
antigenémiu u pacientov so syst¢tmovymi kandidézami, ¢o naznacuje potencial mananu ako
imunomodulatora.[7]

Technika enzymového imunosorbentného stanovenia (ELISA) je zaloZend na reakcii antigénu
S primarnou protilatkou v sére, vzniknuty imunitny komplex sa detekuje sekundarnou
protilatkou, ktord je znacend enzymom. Vyhodnotenie je zaloZené na farebnej zmene, ktora
sprevadza reakciu enzym- substrat.[8]

Material a metédy: Subor sér od pacientiek s kolpitidami (n = 61, vek 35 + 20)
(Onkologicky ustav Sv. Alzbety a Fakultnd Nemocnica Staré mesto, komeréne dostupné
supravy ELISA- anti- CANDIDA- II-A, G, M a ELISA- anti- ASCA- 1I- A, G, M (Biogema,
Kosice) 96 jamkové platni¢ky, Elisa- reader (MRX I, Dynex, USA).

Na detekciu sme pouzili komeréné stpravy ELISA-anti-CANDIDA-II-A, G, M (Biogema,
Kosice), kde sa pouzili adsorbované glykany bunkovej steny C. albicans serotyp A (CCY 29-
3-302, Zbierka kvasiniek ChU SAV) ako zmes antigénne dominantnych polysacharidov
a ELISA-anti-ASCA-I1-A,G, kde ako antigén je viazany manan bunkovej steny S. cerevisiae
(CCY 21-4-13, Zbierka kvasiniek ChU SAV). Okrem tychto komerénych diagnostik sme
sledovali anti- mananové protilatky (ako antigén bol pouzity stenovy manan C. albicans
serotyp A zizolovany z bunkovej steny) a anti [1-D-glukanové protilatky (antigén- glukan)
pomocou ,.home made” modifikdcie komercnej supravy. Rozsah fyziologickych hodnot
protilatok bol charakterizovany na darcoch krvi (Biogema KosSice).

Vysledky a diskusia: V klinickych vzorkach boli identifikované Specifické protilatky voci



kvasinkovym imunogénom enzymovou imunosorbentovou metodou (ELISA). Podla obrazka
¢.1 a 2 najvyssie koncentracie sa pozorovali u Specifickych protilatok triedy IgM voci glukanu
C. albicans, avsak vyssie koncentracie protilatok vo¢i tomuto antigénu boli zaznamenané aj
Vv ostatnych izotypovych triedach. Podobny charakter vykazovali aj mananové antigény C.
albicans a S. cerevisiae s kulminaciou IgM a IgA izotypov protilatok.

Z vysledkov je mozné usudit, ze u vicSiny pacientov prebiechala akutna faza infekcie
sposobena kvasinkami C. albicans, vzhladom k zvySenym nameranym hodnotam protilatok
IgM a IgA. Najvyssie hodnoty boli zaznamenané pri IgM voéi glukanu C. albicans (306,86
U/ml) a najnizsie v triede IgA voci glukan/manan C. albicans (9,96 U/ml).
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Obr. 1. Porovnanie percenta pozitivnych hodn6t vo¢i vybranym antigénom. Ako graf dokazuje, najviac
pozitivnych vzoriek bolo detekovanych v triede IgM voci glukanu C. albicans.

Zaver: Kandidézy su v dnesnej dobe vel'mi aktudlny problém, nakolko sa neustdle zvySuje
percento pozitivnych klinickych nalezov, objavuje sa rezistencia kvasiniek a tym sa priamo
umerne zvySuje aj obtiaznost’ liecby. Diagnostika je moznd niekol’kymi spdsobmi.
Imunologicka identifikacia je zaloZena na in vitro testoch detekovania Specifickych protilatok,
vd’aka ¢omu je mozné urcit’ Stddium ochorenia, pripadne sledovat’ jeho priebeh. V naSej praci
sme sa zamerali na charakterizaciu stiboru klinickych vzoriek pacientiek s kolpitidami. Zistili
sme az 98 % IgM pozitivnych vysledkov voci glukanu C. albicans a 96% v triede 1gG, ale aj
77% IgM pozitivnych vzoriek na manan C. albicans. Prekvapujtice bolo aj vysoké percento
pozitivnych hodndt IgM na manan S. cerevisiae, nakolko pacientky trpeli kandidovymi
kolpitidami.
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Vo vseobecnosti 65- 90% bunkovej steny tvoria 6-1,3- a 3-1,6-D- glukany, ktoré su
povazované za hlavné Strukturne komponenty.[l1, 2, 3] Fagocytéza patri k hlavnym
mechanizmom vrodenej nespecifickej bunkovej imunitnej odpovede pri obrane hostitel'a na
pritomnost’ cudzieho elementu. Ide o pomerne komplikovany, viacstupiiovy proces, ktory
zahta: aktivaciu buniek obranného mechanizmu hostitel'a, chemotaxiu, opsonizaciu, adhéziu,
pohltenie, nasledné respiracné vzplanutie a deStrukciu nepotrebného materialu.[4]
Profesionalnym fagocytom mézu byt pontknuté okrem komercne dostupnych mikrobidlnych
agens aj inaktivované fluorescen¢ne oznacené kvasinky a hyfy C. albicans. Fagocytoza a
respiraéné vzplanutie neutrofilov sa potom detekuje hydroxyetidin bromidom (HE), ktory sa
po excitacii (pri 483 nm) pretransformuje na etidium bromid, ktory je schopny sa interkalovat’
do DNA buniek.

Hlavnym cielom prace bolo sledovanie fagocytovej aktivity a respiratného vzplanutia
neutrofilov imunizovanych Balb/c mys$i (imunizovanych synteticky pripravenym
nonaglykozid-BSA konjugatom) po jednotlivych podaniach.

Material a metody: Balb/c mysi (samicky, 6-8 tyzdnové), nonaglukozid -BSA konjugat

(9 glukozovych jednotiek naviazanych na proteinovy nosi¢ BSA- hovidzi sérovy albumin),
kvasinkova forma rastu C. albicans (CCY 29-3-32) oznacena s FITC (fluorescein
isotiokyanat), hyfova kultara C. albicans (CCY 29-3-32) oznacena s FITC, roztok
hydroxyetidinu (HE, Polysciences, USA), ACK lyza¢ny roztok, prietokovy cytometer (FC
500, Beckman Coulter, USA)

Imunizacia laboratérnych mySi Balb/c: laboratorne mysSi boli imunizované testovanym
konjugatom (davka 28,455ug/100uL/mys). Imunizacné davky a néasledné odbery (celkovo 3)
boli realizované v trojtyzdiovych intervaloch, krv z orbitadlneho plexu bola odobratd do Li-
heparinovych skimaviek.

Priprava fluorescen¢ne oznacenej kvasinkovej a hyfovej kultary C. albicans: kultary
kvasiniek ahyf boli inaktivované 70% etanolom a oznacené FITC (Img/ml v karbonat
bikarbonatovom pufti, pH 9,6).

Stanovenie fagocytovej aktivity a respira¢ného vzplanutia pomocou prietokového
cytometra: vzorky testovanej krvi (dve skupiny kazdej vzorky- pre meranie bazélnej a
indukovanej fagocytézy a spontanneho vzplanutia) boli inkubované v 15 minutovych
intervaloch najprv v roztoku hydroxyetidinu vo vodnom kupeli pri 37°C, nasledne k nim boli
pridané fluorescencne oznacené kvasinky a hyfy (ku kontrolnej skupine vzoriek, pre meranie
spontanneho vzplanutia, boli az tesne pred meranim). Erytrocyty boli zlyzované ACK



lyzaénym roztokom pri 0°C a nasledne bola fagocytova aktivita a respiracné vzplanutie
neutrofilov merané na prietokovom cytometri. (FC 500, Beckman Coulter, USA). [5]

Vysledky a diskusia: V praci sme testovali vplyv (takto pripravené¢ho nonaglykozid-BSA
konjugatu ([J-Glc-1-3)e-(CH2)sNH-SPACER-BSA, kde glukooligomérna ¢ast’ konjugatu
predstavuje ¢ast’ z nativnej molekuly []-glukanu C. albicans) na Balb/c mysi.

Schopnost’ buniek fagocytovat' a respiraéne vzplanut' je mozné sumarne oznacovat ako
metabolicku aktivitu fagocytov. V praci sme testovali ich schopnost’ pohltit’ rdzne
morfoformy C. albicans: kvasinkov aj hyfovu kulturu C. albicans CCY 29-3-32. (Obr.1)
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Obr.1 Porovnanie fagocytozy a metabolickej aktivity indukovanej C. albicans CCY 29-3-32 kvasinkovou
a hyfovou formou po jednotlivych podaniach testovanej formuly.

Ako z grafov vyplyva vzostupny trend fagocytovej aktivity bol pozorovany pri hyfovom
modeli, v pripade kvasinkového modelu sme pozorovali zvySenie fagocytovej aktivity az po
3.intraperitonealnom podani. (Tab.1)

Tab. 1 Porovnanie fagocytovej aktivity a celkovej metabolickej aktivity v porovnani po 1. a 3.podani testovacej
latky. V pripade hyfovej formy rastu C. albicans dochadzalo ku postupnému zvySovaniu , kym u kvasinkovej
formy rastu doslo ku zvyseniu az po 3.intravendéznom podani.

C.albicans- Metabol.aktivita
hyfa FA (%) (%)
3.i.p. vs.1. 27,8 21,3
3.s.c. vs.1. 32,8 28,5
3.5.C. vs.3.1.p. 5 7,2

C.albicans- Metabol.aktivita
kvasinka FA (%) (%)
3..p. vs.1. 2,2 0,8
1.vs.3.s.C. 4,2 1,7
3.1.p. vs.3.s.C. 6,4 8,5

Ro6zne prezentacie mikroorganizmov fagocytom su spojené s odlisnou velkostou a stavbou
povrchov testovanych mikroorganizmov. Fungalna bunkova stena je zlozena z chitinovych, -



glukanovych polymérov a manoproteinov. Ako bolo dokazané [6], pri prepnuti kvasinkovych
buniek na hyfy dochadza aj k prestavbe bunkovej steny: v kvasinkovej bunkovej stene je
dominantna [1-glukanova vrstva, kym v hyfovej manoproteinova vrstva. Tym je mozné
vysvetlit’ aj r6zne rozpoznavanie manoproteinovymi receptormi (Galektin 3, TLR 4, Fc-[1[]
Dectin 2, DC-SIGN ai.) a glukdnovymi receptormi (TLR 2, TLR6, Dectin 1) a nasledne iny
Sposob spracovania internalizovaného mikrobidlneho agens.a indukcie respiracného
vzplanutia.

Zaver: Vysledky nasej experimentalnej prace poukazuju na rozdielne rozpoznavanie
a spracovanie mikrobialnych agens neutrofilmi v zavislosti na morfotype C. albicans.
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Fagocytéza patri k hlavnym mechanizmom vrodenej neSpecifickej bunkovej imunitnej
odpovede hostitel'a. K profesiondlnym fagocytom patria polymorfonukledrne granulocyty-
neutrofily a eozinofily. K d’alsiemu typu buniek patria aj monocyty a ich tkanivové varianty
makrofdgy. Fagocytéza je pomerne komplikovany, viacstupiiovy proces, ktory zahfna:
aktivaciu buniek obranného mechanizmu hostitel'a, chemotaxiu, opsonizaciu, adhéziu,
pohltenie, nasledné respiracné vzplanutie a deStrukciu nepotrebného materidlu. [1] Uz od
zahdjenia pohltenia cudzorodej latky makrofdgom dochddza k aktivacii hexdzo-
monofosfatového skratu (pentézovému cyklu), pocas ktorého sa tvori relativne velké
mnozstvo NADPH. Aktivaciou NADPH-oxiddzy v aerébnom prostredi enzym katalyzuje
premenu NADPH na NADP® a vznikaju silné mikrobicidne metabolity akymi sa
superoxidovy anion, peroxid vodika, singletovy kyslik a hydroxylovy radikal. Od zaciatku
fagocytozy dochadza aj k metabolickej aktivacii fagocytu- respiracnému (oxidacnému)
vzplanutiu.[2] Profesiondlnym fagocytom moéze byt pontknuty napr. inaktivovany
Staphylococcus aureus viazany na inertné partikuly [3], inaktivované kvasinky a hyfy resp.
MSHP (mikrosférické hydrofilné partikule, Artim s r.0). Fagocytdza a nasledné respiracné
vzplanutie neutrofilov sa detekuje hydroxyetidin bromidom (HE), ktory sa po excitacii (pri
483 nm) pretransformuje na etidium bromid, ktory sa interkaluje do DNA buniek, ktoré
respiracne vzplanuli. Pouzitie dvoch réznych fluorochrémov umoznuje simultinne meranie
fagocytovej aktivity buniek a respiraéného vzplanutia v jednej vzorke krvi na prietokovom
cytometri. Hlavnym cielom prace bolo sledovanie fagocytovej aktivity a respiraéného
vzplanutia neutrofilov imunizovanych Balb/c mySi (imunizovanych synteticky pripravenym
nonaglykozid-BSA konjugatom) po 1., 2. a 3.podani konjugatu.

Material a metody: Balb/c mysi (samicky, 6-8 tyzdnové), nonaglukozid -BSA konjugat

(9 gluk6zovych jednotiek naviazanych na proteinovy nosi¢ BSA (hovédzi sérovy albumin),
Staphylococcus aureus oznaceny fluoresceninom (SPA-FITC, Invitrogen), roztok
hydroxyetidinu (HE, Polysciences, USA), ACK lyzacny roztok, prietokovy cytometer (FC
500, Beckman Coulter, USA)

Imunizacia laboratéornych mysi Balb/c: laboratorne mysi boli imunizované testovanym
konjugatom (davka 28,455p1g/100puL/mys). Imunizaéné davky a nésledné odbery (celkovo 3)
boli realizované v trojtyzdinovych intervaloch, krv z orbitalneho plexu bola odobrata do Li-
heparinovych skimaviek.

Stanovenie fagocytovej aktivity a respira¢ného vzplanutia pomocou prietokového
cytometra: vzorky testovanej krvi (dve skupiny kazdej vzorky- pre meranie bazalnej a
indukovanej fagocytézy a spontanneho vzplanutia) boli inkubované v 15 minutovych



intervaloch najprv v roztoku hydroxyetidinu vo vodnom kupeli pri 37°C, nasledne k nim boli
pridané fluorescencne oznaCené SPA (ku kontrolnej skupine vzoriek, pre meranie
spontanneho vzplanutia, boli az tesne pred meranim). Erytrocyty boli zlyzované ACK
lyzacnym roztokom pri 0°C a nasledne bola fagocytova aktivita a respiracné vzplanutie
neutrofilov merané na prietokovom cytometri. (FC 500, Beckman Coulter, USA). [5]

Vysledky a diskusia: Rezistencia, tvorba biofilmu ai. su faktory, ktoré komplikuju liecbu
kandidéz. Preto sa vyskum orientuje na hladanie spdsobov liecby resp. profylaxie pre
pacientov s kandidéozami. Jednou z moznosti je glykokonjugatova vakcina — pripravena
konjugaciou kandidového mandnového resp. iného glykanového antigénu na vhodny
proteinovy nosi¢. V praci sme testovali vplyv (takto pripraveného nonaglykozid-BSA
konjugatu ([1-Glc-1-3)e-(CH2)sNH-SPACER-BSA, kde glukooligomérna c¢ast’ konjugatu
predstavuje Cast’ Z nativnej molekuly

[1-glukanu C. albicans) na Balb/c mysi.

Schopnost’ buniek fagocytovat' a respiratne vzplanut' je mozné sumarne oznacovat ako
metabolicku aktivitu fagocytov. V praci sme testovali ich schopnost’ pohltit’ opsonizované
partikule Staphylococcus aureus (SPA-FITC) (Obr.1).
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Obr.1 Porovnanie fagocytovej aktivity a metabolickej aktivity indukovanej S. aureus partikulami (SPA) po
jednotlovych podaniach testovanej formuly.

Tab. 1 vyjadrujuca porovnanie fagocytovej aktivity a celkovej metabolickej aktivity v porovnani po 1.
a 3.podani testovacej latky. V pripade SPA dochadzalo ku postupnému zvySovaniu.

Metabol.aktivita
SPA FA (%) (%)
3.1.p. vs.1. 8,1 9
3.s.c.vs.1. 10,2 10,6
3.s.C. vs.3.i.p. 2,1 1,6

Zaver: Praca bola zamerana na testovanie indukovanej fagocytovej aktivity a simultanneho
respiratného vzplanutia neutrofilov pocas vakcindcie pouzitim komeréne dostupnych
fluorescenéne znacenych Staphylococcus aureus partikal (SPA- FITC) na overenie mozného
vplyvu imunizacie nonaglukozid- BSA konjugatom na funk¢énost’ neutrofilov. Vysledky nasej
experimentalnej pradce poukazujii na rozpoznavanie a spracovanie mikrobialnych agens
neutrofilmi s dérazom na dimorfizmus C. albicans.



Podakovanie

Tato publikacia vznikla vd’aka podpore v ramci operacného programu Vyskum a vyvoj pre
projekt Centrum excelentnosti pre glykomiku, ITMS 26240120031, spolufinancovany zo
zdrojov Eurdpskeho fondu regionalneho rozvoja.

Pouzita literatara:

[1]
2]
[3]
[4]
[5]

Hofej$i V. a Bartiitkova J. J. (2009) Zaklady imunologie. Triton, Praha, 4.vydanie, p.33.
Buc M. (2009) Zakladna a klinicka imunologia. UK, Bratislava, p.117.

Webster S.D., Galvan M.D., Ferran E. et al. (2001) J. Immunol. 166, p.7496.
Bobové&ak M. (1998) Atestaéna praca. Klinické laboratérium-VUCH P. Nova Polianka.
Paulovi¢ova E., Korcova J., Farkas P. et al. (2010) J. Med. Microbiol. 59, p.1440.



Mechanizmy rezistencie patogénnych kvasiniek

Ruzena PiliSiova, Ema Paulovic¢ova

Chemicky ustav, Centrum Excelentnosti Glycomed, Slovenska akadémia vied,
Dubravskda cesta 9, Bratislava

chemrupi@savba.sk

Kvasinkové infekcie su v sucasnej dobe vaznym terapeutickym problémom, ale na druhej
strane vel'kda vyzva pre vyskumné timy- hladat, skimat’ a pomdct’ lekdrom, no hlavne
pacientom v boji s komplikovanymi a vel'mi neprijemnymi ochoreniami.

Povodcom kvasinkovych infekcii si v prevaznej miere fakultativne patogénne kvasinky rodu
Candida: C. albicans (50-60%), C. glabrata (15-20%), C. parapsilosis (10-20%),

C. tropicalis (6-12% ai., Tab.1.) ako aj rody Cryptococcus, Histoplasma, Blastomyces,
Paracoccidioides. [1]

Tab.1 Porovnanie poc¢tu izolovanych réznych druhov kvasiniek rodu Candida v rdéznych mestach na Slovensku
zarok 2010 a 1.polrok 2011. (HPL s.r.0.)

10000
9000 m Bratislava/2010
S000
7000 W Noveée Zamky /2010
6000
5000 A Komdarno/2010
4000
3000 H MW Bratislava/2011, 1.polrok
2000
1000 - I R
o | I-l_ _ "N 1. 1 mMNove Zamky /2011,
T T T T ! ! 1.polrok
= > & & T ) e
\(_;a“‘ 7 ‘_e‘?\ \é\)" ,b(\\’b PG MR Komarno/2011, 1.polrok
3 3P <t O S SR
< ; > 2 (&
< (_’Q

Infekcie, ktoré su vyvolané kvasinkami rodu Candida - kandidozy, je mozné rozdelit do
dvoch kategorii a to: (1) superficidlne mukokutanne a (ii) systémové invazivne, ktoré vznikaji
masivnym roz§irenim buniek v krvnom rieciSti a Vv hlavnych organoch (kandidémia).
Systémové kandidozy su Casto fatdlne. K najCastejSim superficidlnym patria aj vulvovaginalne
kandidozy, s ktorymi sa stretne az 75% zien aspon 1x za zivot V mnohych pripadoch prejda
opakujuce sa infekcie do chronického Stadia. K hlavnym faktorom, ktoré mézu mat za
nasledok prepnutie na patogénnu formu patria: zmeny na epiteli ako su pH, zmeny pomeru
glukoza/glykogén, alebo zmeny epitelidlne;j integrity.[2]

Problémy pri liecbe spdsobuje aj fenomén mnohonasobnej rezistencie (MDR- multidrug
resistance), ktory vznikd najméd hyperexpresiou membranovych proteinov, ktoré¢ vylucuju
xenobiotika von z bunky, ale aj d’alsSimi mechanizmami rezistencie.[3]

Mikroorganizmy vytvaraju geneticki variabilitu niekol’kymi odliSnymi spdsobmi:



hromadenim bodovych mutécii, zmenami v genetickom usporiadani a ziskavanim nového
genetického materidlu horizontalnym transferom génov.

Tieto mechanizmy umoziuju rychly vyvin novych variantov s podstatne zmenenymi
vlastnost’ami a to vyuzivanim ,,uz hotového* genetického materidlu inych organizmov.

Typickym prikladom moézu byt aj mechanizmy virulencie ako , phase variation*
(exprimovanie ¢i neexprimovanie jednotlivych génov) alebo ,,antigenic variation” (zmena
mikrobidlnej Struktury).

Aolekuldme mechania
MDR
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Obr.1 Molekularne mechanizmy MDR u fungéalnych patogénov. (Imrichova a Gbelska, 2004)

V klinickej praxi sa na terapiu mykoz pouzivaju lie¢iva patriace do piatich hlavnych skupin:
polyény, azoly, alylaminy, echinokandiny a fluoropyrimidiny. Cielovym miestom prvych
troch skupin su produkty génov zahrnutych v biosyntéze ergosterolu, ktory je hlavnou
zloZkou sterolov vo fungalnej cytoplazmatickej membréne. Inhibitory biosyntézy ergosterolu
narus$aju funkciu ergosterolu v bunkach.

K najprestudovanejSim mechanizmom rezistencie patria: nadexpresia membranovych
transportnych pump typu ABC a MFS, mutacie v cielovom mieste, zmeny V zloZeni lipidov
bunkovej membrany, zvySend expresia cielového miesta a zvySena expresia génov
kédujucich efluxné pumpy.[4]
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Candida albicans, polymorphic yeast has become one of the most widespread source of
infection in immunocompromised patients and those with predisposition (e.g. bone marrow
transplantation, malignancies, long-term treatment with antibiotics, chemotherapeutics,
glucocorticoids or other immunosuppressive agents). Mortality caused by C. albicans and
non-albicans systemic infections varies from 15-35 %.T lymphocytes are crucial mediators of
the cellular antifungal immune response. The early response of naive CD4" T cells to
antigenic stimulation (Candida yeast and/or hyphae) via pattern-recognition receptors (e.g.
Dectin-1, Dectin-2, MR, CR3, DC-SIGN, Galectin-3) is characterized by induced
proliferation. Further Ty differentiation give arise of cells with a significant potential for
cytokine expression. Depending upon the balance of local cytokines, costimulatory molecules,
antigen levels, and genetic factors Tnl, Tn2, TH17 effector and/or memory cells and Tregs’
are generated by immune responses. Functionally-polarized CD4" T cell subsets have been
identified based on their exclusive patterns of various cytokine secretion.

Several carbohydrate moieties e.g. mannans and glucans of outermost cell-wall layer of
Candida have been shown to be important in mutual host-fungal interactions and Candida
virulence. The efficiency of Candida glycan antigens to trigger acquired immunity
particularly induction of Tn cell mediated immune responses is the main consideration in
selecting an appropriate carbohydrate antigen for future vaccine design and development.

The aim of this study was to evaluate the immunobiological efficacy of semisynthetic
mannan-and glucan-derived oligosaccharidic conjugates. Prime-boost vaccination of Balb/c
mice with synthetic-BSA conjugated heptamannoside and nonaglucoside revealed pro-Thl
over TH2 immune responces based on increasing frequency of IFN-y and decreasing
frequency of 1L-4 producing splenocytes throughout the i.p and or s.c immunisation routes.
Acceleration of Thl7 and depression of Tr responces were generated predominantly by
immunisation with nonaglucoside conjugate. Induction of specific Thl, Th2, THl7 and Tr
cytokine release by both conjugated oligosaccharides throughout the prime—boost vaccination
demonstrated on activated mice splenocytes allows to detect immunobiological diversity of
such oligosaccharidic constructs suitable for subcellular Candida vaccine formula.

Material and Methods: immunised Balb/c mice(2nd,3d i.p a/o s.c boost, 6wks after 3d),
isolated splenocytes 2,2 — 2,9x10° cells/mL, immunisation formulas: mannan and glucan-
derived synthetic oligosaccharidic conjugates i.e heptamannoside (M7) and nonaglucoside
(G9) BSA conjugates,



et

R e g 0 0
) o Ho o jj{
L= BN (oA o0
ﬂjﬁ‘f"% Ho 0 momzw w1-BSA
o o o oH
. 7
f

B e
A. B

Figure 1 Schematic representation of the structure M7-BSA (A) and G9-BSA (B) conjugates.

Candida whole cell formula (WC) , Mouse IL-4,Mouse IL-10, Mouse IL-17 and Mouse IFN-
vy ELISpot (e-Bioscience), Axio Imager.Al, KS ELISPOT 4.10 (C.Zeiss), ViaLight Plus Cell
Proliferation and Cytotoxicity BioAssay (Lonza)
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Figure 2 Cytokine production (1) and splenocytes proliferation during the immunization (2).

The novel synthetized glycooligosacccharidic conjugates mimicking the structure of native
Candida mannooligosaccharide and glucooligosaccharide demonstrate immunobiological
efficacy in vivo. These model structures offer oppportunity to follow up relationships between
structure and immunobiological effectivity. Prime-boost vaccination of Balb/c mice with
synthetic-BSA conjugated heptamannoside and nonaglucoside revealed pro-Tnul over Th2
immune responces based on increasing frequency of IFN-y and decreasing frequency of I1L-4
producing splenocytes throughout the i.p and/or s.c immunisation routes. Acceleration of
Tw17 and depression of Tr responces were generated predominantly by immunisation with
nonaglucoside conjugate. Immunomodulation of specific Thl, Th2, TH1l7 and Tr cytokine
release by both conjugated oligosaccharides throughout the vaccination demonstrated on
activated mice splenocytes allows to detect immunobiological diversity of such
oligosaccharidic constructs suitable for Candida vaccine.
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Uvod: Epidemiolégia invazivnych ochorent, ktoré spdsobuje oportinna dimorfna kvasinka

C. albicans sa za posledych tridsat’ rokov rapidne zmenila. Vzostup patogénnych kandid sa
pozoruje prevazne uimunokompromitovanych jedincov, popri C. albicans je
najfrekventovanejsi vyskyt C. glabrata, C. tropicalis a C. parapsilosis. Na Slovensku je napr.
C. albicans najcastejSie izolovanym etiologickym agens pri vulvovaginalnych infekciach
(88,033%, HPL, 2010). Bunkova stena kvasiniek a jej dominantné glykany ako B-D-glukan
a o-manany maju dolezita ulohu pri vzdjomnych interakciach s imunokompetentnymi
bunkami hostiteI'ského organizmu. Popri architektire bunkovej steny sa v ramci virulentnosti
vyraznou mierou podiela dimorfizmus. Zistilo sa, ze preferencia glykdnov na bunkovom
povrchu sa meni s fungadlnym morfotypom, Stadia s Dectin-1 potvrdila, ze B-D-glukan,
zvy€ajne maskovany hrubou vrstvou manoproteinu je pocas pociatocnej tvorby vypuckov
pritomny na bunkovom povrchu v podobe diskrétnej nesuvislej vrstvy [1]. Modelové
synteticky pripravené oligoglykany simulujice nativne oligosacharidové Struktiry bunkovej
steny predstavuju atraktivny model pre sledovanie interakcii na trovni hostitela ako aj
invadujticeho patogénu.

Material a metody: klinické izolaty C. albicans CCY 29-3-32 a CCY 29-3-164 (Zbierka
kvasiniek, Chemicky tstav, SAV) v kvasinkovej aj hyfovej forme rastu, post- vakcinaéné séra
anti-heptamanozid-, anti-hexamonozid- a anti-pentamanozid- BSA konjugaty, anti-mouse
IgA-FITC, IgM-FITC, IgG-FITC, fluorescenény a konfokalny mikroskop (LSM, Carl Zeiss,
Germany).

Vysledky a diskusia: Zastupenie a reaktivita 1g izotypov postvakcinaénych sér sa
charakterizovali celobunkovou ELISA metodou (Obr.1), pouzila sa imobilizované kvasinkova
ahyfova forma rastu oboch kmetiov C. albicans. Specifickost’ post- vakcinaénych sér
(mysacie-anti-manozidové polyvalentné protilatky) a ich schopnost’ rozlisit nativne
oligosacharidové sekvencie v bunkovej stene roznych morfoforiem klinického izolatu

C. albicans sa potvrdila technikou nepriamej imunofluorescencie in situ.
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Obr.1. Vyskyt jednotlivych Ig izotypov post-vakcinaénych sér.

Obr.2 Imunorozpoznavanie C.albicans CCY 29-3-32 a CCY 29-3-164 kvasinkovej a hyfovej formy rastu post-
vakcinaénymi sérami (vakcinacia heptamanozid-, hexamonozid- pentamanozid- BSA konjugatmi) (LSM 63x,
Carl Zeiss, workshop, 2010).

Specifickost’ post- vakcinaénych sér (mysacie-anti-manozidové polyvalentné protilatky) a ich
schopnost’ rozlisit’ nativne oligosacharidové sekvencie v bunkovej stene r6znych morfoforiem
klinického izolatu C. albicans sa potvrdila technikou nepriamej imunofluorescencie in situ.
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Uvod. Patognomicky vyznam komenzalnej saprofytickej kvasinky S. cerevisiae sa pozoruje
hlavne v stvislosti s imunodeficitnymi stavmi (chemoterapia, prolongovana ATB th ,
steroidy, post-transplantacna th ai.), d’alej v pripade gastrointestinalnych choréb (IBD:
M.Crohn a ulcerativna kolitida, celiakia). Specifick4 anti-S. cerevisiae protilatkova odpoved
sa zistila aj v pripadoch atopickej dermatitidy a alergickej bronchopulmonalnej mykozy
u pekarov, mlyndrov a farmarov. Hlavné antigénne induktory Specifickej odpovede
reprezentuje glykoprotein gp200 a manan bunkovej steny.

Ciel’ prace.

Charakterizovat’ frekvenciu vyskytu pozitivity IgG, IgA and IgM ASCA protilaitok u
pacientov s celiakiou, Crohnovym ochorenim a skupinou (hepatitida, gastritida, ¢revna
malabsorbcia, dyspepticky syndrém).Charakterizovat' koreldciu ASCA, AGA a anti—tTG
protilatok.

Stbor pacientov. V praci charakterizujeme hladiny sérovych anti- S.cerevisiae mananovych
protilatok (ASCA) u pacientov s gastroenteropatiami  ako: ¢revna malabsorpcia, celiakia,
dyspepticky syndrém, hepatopatie, gastritida. V subore bolo 104 pacientov od 1 do 57 rokov
(25,27+15,91 ): celiakia (20), M. Crohn (67) a 17 s hepatitidou, gastritidou, ¢revnou
malabsorbciou a dyspeptickym syndréomom

Experimentalne metody.

Humoréalna odpoved’ sa charakterizovala ELISA pre stanovenie IgG, IgM a IgA ASCA
protilatok v sére — nova diagnosticka metoda (antigén - manan bunkovej steny S. cerevisiae
(izolovany CHU SAV, BA).

ELISA pre stanovenie 1gG and IgA AGA (Biogema) a ELISA pre IgG-tTG
(Aesku.diagnostics)

Vysledky. V serodiagnostike sme sa zamerali na stanovenie 1gG a IgA ASCA protilatok,
protilatok proti tkanivovej transglutaminaze IgG (anti-t TGA) a IgA (AGA) a IgG 4 (AGG)
anti-gliadinovych protilatok. Zistila sa vyrazna pozitivita anti-tTGA protilatok-70,2%, AGA
protilatok - 83,7%, AGG protilatok- 91,8% a ASCA-IgA 53,2% a ASCA-1gG 62,16%.
Vzajomna korelacia pozitivity ASCA IgG a AGG sa pozorovala u 59,46% pacientov a ASCA
IgA a AGA u 53,8%. Korelacia pozitivity ASCA IgG a IgG anti-tTGA bola v pripade 36,38%
pacientov. Preukazala sa participacia mananovych antigénov S.cerevisiae Vv indukcii
Specifickej odpovede u gastrointestindlnych ochoreni a taktiez pozitivna koreldcia ASCA IgA
a1gG s AGG a AGA protilatkami. Patognomicky vyznam IgG, IgA a IgM ASCA
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Zaver. Z uvedené¢ho vyplyva, Ze monitorovanie sérovych anti- ASCA protilatok prispeje
k v¢asnej diagnostike gastroenteropatii a naslednému posudeniu u¢innosti terapie.
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Backround

LPSs from Gram-negative microorganisms represent conserved microbial structure-pathogen-
associated molecular pattern and effective biological response modifier, non-specifically
enhancing the host immune system by multiple interactions within innate and adaptive
mechanisms.

Complex structure of LPS comprises 3 regions of immunological interest: lipid A, R-
polysaccharide or core antigen and somatic-O antigen or O-polysaccharide

Lipid A exerts endotoxic activities, thus detoxification of LPS by lipid A elimination
represents the first step in preparation of sub-cellular LPS-derived immunogens as effective
inducers of innate and adaptive immunities.

Study aim

The aim of our experimental study was to evaluate immunogenicity of polysacharidic and
glycolipid derivatives from Vibrio cholerae LPS, candidates for sub-cellular conjugate
vaccine and investigate the influence of different detoxification approaches — acid hydrolyses
and base one on their immunological properties.

Methods

BSA-glucan conjugates were prepared from polysaccharide and glycolipid moieties of
detoxified LPS isolated from Vibrio cholerae O10gawa, EIl Tor.

Female Balb/c mice aged 8-12 weeks were primed and boostered with (1) 4.5ug of an O-SP
(after acid hydrolysis of LPS) in glucan- BSA conjugate (conjugate A) containing 78% of
polysaccharide; (2) 4.5ug of an O-SP (after base hydrolysis of LPS) in glucan- BSA conjugate
(conjugate B) with 88.5 % of polysaccharidic moiety. Conjugates were administrated
subcutaneously once at a 2-week intervals.

ELISA method for quantitative determination of specific sera levels of IgG, IgM and IgA
anti- LPS antibodies was based on V.cholerae O1, Ogawa cell-wall LPS.

Phagocytosis and intracellular respiratory burst of neutrophils were measured simultaneously
by immunocytometry using S. aureus FITC conjugated and hydroethidine.

Results and conclusions
Enhancement of specific anti- LPS Ig production.

Effective stimulation of phagocytic activity and respiratory burst by O-specific
polysaccharidic conjugate via ip booster immunization.
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Introduction

Lipopolysaccharide (LPS), a component of Gram-negative bacterial outer cell walls, is
present in environment (household dust, air pollution, water) assuring that atopic subjects are
likely to be exposed to LPS. LPSs of many Gram-negative bacteria are known to exhibit a
wide spectrum of endotoxic activities. LPSs from Gram-negative microorganisms represent
conserved microbial structure-pathogen-associated molecular pattern and effective biological
response modifier, non-specifically enhancing the host immune system by multiple
interactions within innate and adaptive mechanisms. Complex structure of LPS includes 3
regions of immunological interest: lipid A, R-polysaccharide or core antigen and somatic-O
antigen or O-polysaccharide. As lipid A exerts endotoxic activities, detoxification of LPS by
lipid A elimination represents the first step in preparation of sub-cellular LPS-derived
immunogens as model inducers of innate immunity. The aim of our experimental study was to
evaluate immunogenicity of polysacharidic and glycolipid derivatives from Vibrio cholerae
LPS, candidates for sub-cellular conjugate vaccine and investigate the influence of
detoxification approaches — acid hydrolyses and base one on their immunological properties

The stimulated induction of cytokine secretion (TNF-a, IL-1 o and IL-6) and reactive
oxidative species generation was studied on mouse peritoneal macrophage ex vivo model.

Material & Methods

Polysaccharide and glycolipid moieties derived from detoxified LPS were isolated from
Vibrio cholerae O1 Ogawa, El Tor.Peritoneal mouse (Balb/c) macrophages were prepared by
elicitation via intraperitoneal injection of 5% thioglycolate broth. Peritoneal exudates cells
were collected by lavage. Macrophage stimulation with LPS-derived fractions was performed
at 37 0C in a humidified atmosphere of 5% carbon dioxide in complete RPMI 1640.

The levels of TNF-q, IL-1 a and IL-6 following challenge were determined in the cell culture
supernatants after 3, 6, and 24 h of cultivation, using the flowcytometric fluorescent bead-
based multiplex assay (Bender MedSystems, GmbH., Austria).

Total content of reactive oxygen species in the cell culture supernatants after 3, 6, and 24 h of
cultivation was assayed by reagent kit Free radicals (Sevapharma Ltd. Czech republic) based
on chlorophyllin redox properties.

Results & Discussion

The present investigation on detoxified LPS-derived immunogens has resulted in the effective
acceleration of ROS and TNF- a, IL-1 a and IL-6 cytokine release by mouse peritoneal
macrophages.



Inflammatory triad TNF- o, IL-1 a and IL-6 vs anti-inflammatory role of 1L-6?

The important role of structural arrangement of KDO in immunogenicity of both LPS —

derivatives is supposed.

The results indicate the effective immunoenhancing activity of two Vibrio cholerae O1
Ogawa, El Tor LPS-derived immunomodulators O-specific polysaccharide and glycolipid and
provide supporting evidence for the use of such derivatives in future sub-cellular vaccine

development .
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Time—dependent cytokine pattern induced by glycolipid moiety (A) derived from base hydrolysis

detoxified LPS and O-specific polysaccharide (B) derived from acid hydrolysis detoxified LPS.

Thioglycolate - activated murine peritoneal macrophages were stimulated in the range of 12.5-50 pg.

Spontaneous baseline IL-6 and TNF-a secretion of un-stimulated macrophages was below 22 and 15

pg/mL, respectively



Time and concentration dependent release of ROS

induced by LPS derived saccharidic moieties: O-specific

antigen core attached (A) and glycolipid (B).
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Uvod

Reumatoidnd artritida (RA) je systémové chronické zapalové ochorenie, ktoré byva spojené
so stratou hmotnosti, subfebrilitami, anémiou, ako aj s klinickymi prejavmi postihnutia
r6znych tkaniv a organov, priCom v popredi klinického obrazu dominuju deforma¢né zmeny
na kiboch, ktoré st sprevadzané lokalnymi zapalovymi procesmi kibovych $truktur (v RTG
naleze typické kibové erdzie ). Postihuje muZov aj Zeny ( pomer 1: 3), v kazdom veku,
s vrcholom v rannej dospelosti a u Zien pred menopauzou. Popisuje sa 0,5 — 1,0% postihnutie
populécie. Miera destrukcie kibovej chrupky v degradaénom procese sa posudzuje viacerymi
biomarkermi: najcastejSie APP a RF.

COMP ( Cartilage Oligomeric Matrix Protein) bol 1.krat popisany v r.1992 skupinou
Heneigard a spol. Molekula COMP je tvorena pentamérom s 5 identickymi jednotkami
viazanymi disulfidovou vézbou, molekulova hmotnost’ je 434 kDa. Izolovany bol primarne
z kibovej chrupky, neskor sa nasiel aj v synovialnej membrane.

Sérové hladiny COMPu priamo timerne koreluju s mierou destrukcie kibovej chrupky.
Subor pacientov a metoda

Do stiboru sme zaradili 16 pacientov s prejavmi systémového ochorenia spojivového tkaniva,
87,5% tvorili zeny (vek 61,4 + 2,3 roka), 13,5 % tvorili muzi (vek 46,5 + 4,2 roka).

V sérach pacientov sme stanovili skriningovou ELISA metédou celkové antinuklearne
protilatky (ANA) resp. extrahovatelné ENA (Kallestad) a metodou dot — blot sme tieto
typizovali (Euroimmun), COMP sme kvantifikovali sendvicovym heterogénnym enzymovym
imunostanovenim (AnaMar).

Vysledky a diskusia

Sérologicky kvantifikované autoprotilatky proti zmesi afinitnou chromatografiou
purifikovanych antigénov : histony, Sm, Sm/RNP, SS-A, SS-B a Scl-70 a nativna DNA
(ANA skrining) a zmesi Sm,RNP, SS-A, SS-B,Scl-70 a Jo-1

(ENA skrining) boli pozitivne resp.hrani¢ne pozitivne u vSetkych pacientov v stbore.
Typizaciou ANA sa zistila pozitivita autoprotilatok proti dsDNA (84,2%), histonom (49,7%),

SS-A (58,6%), SS-B (18,3%), Sm (6,25%), Jo-1 (6,25%) a nRNP/Sm u 36,4% zo suboru.

Séroveé hladiny COMP boli pozitivne u 18,75%, pricom podl'a hodnotenia (hodnoty COMP
nad 15 U/I) sa jednalo o aktivnu formu reumatiodne;j artritidy.

Kazuistika

B.A.,1961



OA: 5 mesiacov trvajica artritida v oblasti drobnych kibov ruénych a periartritida v oblasti
pravého ramena.

Laboratorny nadlez: vysoky titer RF (1128 IU/ml), pritomna humoralna aktivita ( FW, CRP),
ANA skrining pozitivny,ENA skrining pozitivny, ANA typizacia: anti SS-A +++,

COMP 19,5 U/l, RTG nélez: zatial’ ndlez cystoidnych prejasneni
Doterajsi diagnosticky zaver : Reumatoidnd Artritida
Zaver

Signifikantny vyznam COMPu sa potvrdil v diagnostike RA,v monitorovani humoralnej
aktivity ochorenia ako aj v prognoze vyvoja RTG nalezu a v monitorovani u¢inne;j terapie.

Percentualne zastupenie pozitivity autoprotilatok
v suvislosti s pozitivitou COMP
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Immunologically active Candida glabrata cell wall mannan.
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Introduction. The yeasts of Candida spp. are opportunistic pathogens, part of the human
commensal flora that causes infections mainly in immunocompromised individuals with a
high morbidity and mortality levels. C. glabrata is one of the most common causes of
candidiasis following C. albicans. C. glabrata infections can be mucosal or systemic and are
frequent in immunocompromised patients or those with diabetes mellitus. C. glabrata is of
special importance because of a recent increase in its frequency and its innately reduced
susceptibility to antifungal agents, specifically the azoles. The immunomodulation of fungal
infections depends on the specific recognition of cell-wall antigens, representing the pathogen
associated molecular patterns by immunocompetent cells. These antigens could be able to
induce proliferation and activation of immune system effector cells. Mannan polysaccharide
is exposed at the most external layer of the cell wall and is involved in several types of
interactions of fungal cells with host immune system. Until yet, the role of mannan on
immune system modulation is not sufficiently described. Investigation of mannan
immunomodulatory functions could be considered as an important part of antifungal
protective immunity research. The model of dendritic cells (DCs) represents a promising
target for immunotherapy interventions and vaccine development. DCs increase an innate or
specific response to fungi by producing inflammatory mediators, they are uniquely
appropriate for decoding the fungus-associated information and next translation into a
qualitatively different T helper responses.

Material & Methods.

Yeast strain C. glabrata CCY 26-20-1 (Culture Collection of Yeast, Institute of Chemistry of
Slovak Academy of Science, Bratislava, Slovakia) was cultured on semi-synthetic 2 %
glucose medium at 28°C for 4 days. Cellular mannan was extracted by autoclaving in 0.2
mol/l NaCl (120°C, 700 kPa) for 10 minutes and purified using precipitation with Fehling’s
reagent. Experimental animals: Mice (CD1 mice, female, 4 - 6 weeks of age) were purchased
from Charles River Breeding Laboratories (Calco, Lecco, Italy). Cell separation:CD11c+ DC
were separated from spleens of CD1 mice using CD11lc (N418) mAbs - conjugated
MicroBeads (Miltenyi Biotec, Germany), followed by magnetic separation according to the
manufacturer’s instructions. Cell stimulation and flow cytometry analysis

For analysis of CD80 and CD86 expression, purified splenic CD11c+ DCs (105/ml) were
stimulated for 24 or 48 h with 10 pg/ml Escherichia coli lipopolysaccharide (LPS), 400 pug/ml
and 800 pg/ml of mannan C. glabrata. After stimulation, cells were harvested and incubated
for 30 min at 4°C with phycoerythrin (PE) labelled monoclonal antibodies to CD80 and CD86
(Antigenix America Inc., USA). After incubation, cells were analyzed using a FACScan flow
cytofluorometer (BD Biosciences, Franklin Lakes, NJ). Control staining of cells with
irrelevant antibodies was used to obtain background fluorescence values. Data are expressed
as mean of fluorescence intensity (MFI) of labelled cells. Results shown as histograms are
from one representative experiment out of three with similar results.
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Conclusions.

Antigen presentation and immune recognition are two critical events in the generation of
effective immune responses to microbial pathogens. The generally accepted model of T-cell
activation requires two signals. The major costimulatory signal appears to be provided by the
B7 molecules B7-1 (CD80) and B7-2 (CD86) on the APC. Cell wall components of fungi
involved in induction of host immune response are predominantly proteins and glycoproteins.
In this study we analyze the interaction of mannan from C. glabrata with dendritic cells and
demonstrate that both stimulates DCs and induces increase of costimulatory molecules CD80
and CD86 expression. We observed, that C. glabrata mannan is able to induce activation of
DCs and to increase the expression of co-stimulatory molecules CD80 and CD86. Stimulation
of mouse spenocytes with mannan induced proliferation in concentration dependent manner.

List of literature available on request.
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Introduction. Yeasts of Candida spp. are a part of the normal microbial flora of mucosal
surfaces and alimentary tract of most healthy subjects. However, this fungus is able to cause
severe mucosal and life-threatening systemic infections in immunocompromised patients. The
host response to the fungal infection depends on the antigenic determinants recognition and
also on effector cells activation. The majority of fungi are detected and destroyed within hours
by innate defence mechanisms. Adaptive immunity is mediated by expression of co-
stimulatory molecules and production of chemokines and cytokines by most cells of the innate
immune system, but most importantly by dendritic cells that are currently believed to be the
conductors of this complex cooperation. Mannan polysaccharide is exposed at the most
external layer of the cell wall and is involved in several types of interactions of fungal cells
with host immune system. Mannan consists of backbone with a-1,6-bonds and mannoside
side chains of varying length, containing a-1,2, a-1,3 and B-1,2 bound types. To identify
relevant protective antigenic structure of Candida cell wall mannan, it is appropriate to
investigated modulation of immune responses induced by different mannans and mannan-
derived mannooligosaccharide structures. For this purpose we analysed immunomodulatory
properties of exactly defined synthetically prepared mannan-derived oligomannoside - protein
conjugate. The model of dendritic cells is a promising tool to study immunomodulatory
interventions throughout the vaccine development. Dendritic cells are able to activate T cells
through expression of co-stimulatory molecules and produce cytokines that will regulate the
adaptive immune response. We find out, that mannan-derived heptamannooligosaccharide —
BSA conjugate is able to induce activation of DCs and increase the expression of co-
stimulatory molecules CD80 and CD86. Dendritic cells are uniquely adept at decoding the
fungus-associated information and translate it in qualitatively different T helper responses.
The need for most fungi is a stable host-parasite interaction that is achieved upon the implicit
agreement that the elicited immune response be strong enough to allow host survival without
pathogen elimination and to establish commensalism/persistency without excessive pro-
inflammatory pathology. Understanding how innate immune responses are activated will
probably result in the construction of better immunomodulatory strategies that are able to
induce protective immunity to fungi.

Material and methods. Oligosaccharide-conjugate preparation

Conjugation of synthetic heptasaccharide ligand was performed by squarate method. At first
step, its reaction with diethyl squarate at pH 7 gave corresponding monosubstituted adduct. Its
subsequent coupling with BSA at pH 9 resulted in the formation of conjugate. According to
MALDI TOF mass spectrometry conjugate contained on the average 4 heptasaccharide
residues per one BSA molecule.



Experimental animals.Mice (CD1 mice, female, 4 - 6 weeks of age) were purchased from
Charles River Breeding Laboratories (Calco, Lecco, Italy).

Cell separation.CD11c+ DC were separated from spleens of CD1 mice using CD11c (N418)
mADbs - conjugated MicroBeads (Miltenyi Biotec, Germany), followed by magnetic separation
according to the manufacturer’s instructions.

Cell stimulation and flow cytometry analysis.For analysis of CD80 and CD86 expression,
purified splenic CD11c+ DCs (105/ml) were stimulated for 24 or 48 h with 10 pg/ml
Escherichia coli lipopolysaccharide (LPS), 50 pg/ml and 100 pg/ml of conjugate. After
stimulation, cells were harvested and incubated for 30 min at 4°C with phycoerythrin (PE)
labelled monoclonal antibodies to CD80 and CD86 (Antigenix America Inc., USA). After
incubation, cells were analyzed using a FACScan flow cytofluorometer (BD Biosciences,
Franklin Lakes, NJ). Control staining of cells with irrelevant antibodies was used to obtain
background fluorescence values. Data are expressed as mean of fluorescence intensity (MFI)
of labelled cells. Results shown as histograms are from one representative experiment out of
three with similar results.

Results and Discussion

Stimulation 24 h Stimulation 48 h
3, CD86 5, CD86

Events

103

103

Expression of CD80 and CD86 upon dendritic cell stimulation

DCs were stimulated for 24 h and 48 h with 10 pg/ml LPS (red line), and 100pug/ml M7-BSA
conjugate (green line). As a negative control DCs cultured without stimulants (gray line) were
used. Control staining of cells with irrelevant antibodies was used to obtain background
fluorescence values (black line).

Two critical events in the generation of effective immune responses to microbial pathogens
represent antigen presentation and immune recognition.Two main signals are required in
generally accepted model of T-cell activation. The first signal is the occupancy of the T-cell
receptor (TCR) by a complex of the antigenic peptide and major histocompatibility complex
(MHC) molecules on the antigen presenting cell surface. The second signal results from
binding costimulatory ligand molecule on the APC surface to a receptor on the T-cell surface.
The major costimulatory signal appears to be provided by the B7 molecules B7-1 (CD80) and
B7-2 (CD86) on the APC. Reported results provide new information about the possible role of



the mannan derived oligosaccharide — protein conjugates in DCs activation and, as a
consequence, antigen presentation process.
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Serodiagnostics of vulvovaginal candidosis in atopic subjects.
Engagement of Candida albicans complement receptor 3-related
protein.
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Introduction. Candida albicans, a dimorphic fungus, is a component of the normal microflora
of skin, mucosa and gastrointestinal tract of the healthy host. Commensalisms can be easily
turned into mucosal candidiasis or deep-seated candidiasis in immunocompromised patients.
In the last few decades the incidence of fungal infections caused by Candida albicans and
other related human opportunistic yeast species has increased dramatically due to the rise in
the number of immunocompromised patients.To become invasive, Candida must follow
three-stage mechanism: (i) adhesion to host constituents and proteinase secretion (ii)
blastospore germination, mycelium or hyphae development and (iii) epithelium invasion. The
characteristics linked to phenotype switching, dimorphism, adhesion, and enzyme secretion
could explain the mechanism by which previously commensal fungus can become an
opportunistic pathogen, switch between saprophytic and pathogenic behaviour. By operating a
dimorphic transition from blastospore to the filamentous stage, C. albicans increases in
adhesive properties and proteinase secretion. Some adhesins binding complement conversion
products C3d and iC3b are only expressed on the hyphae or germ-tube forms of C. albicans.
CR3 is a heterodimeric glycoprotein (gpl65, 95) expressed on the plasma membrane of
neutrophils, monocytes, macrophages and NK- cells. It is a member of the B2 integrin family
that also includes lymphocyte function antigen-1 (LFA-1; CD11a/CD18) and protein 150, 95
(p150,95; CD11c/CD18), each of which consists of unique (but homologous) a (CDI11a, b,
and c) subunits non-covalently associated with a common f (CD18) subunit. Unique to CR3
are two separate binding sites, one is carbohydrate-binding site for glucomannnans and the
second site is for the iC3b fragment of C3. The glucomannan binding site is located within the
C terminus of CD11b, whereas iC3b binding site belongs to the N-terminal I-domain of the
CD11b subunit of CR3.

Vaginal candidosis affects approximately 75 % of all women at least once during their
lifetime and approximately half of them will suffer a second candidal vulvovaginitis event and
approximately 5 % of cases will develop a recurrent candidal vulvovaginitis, showing
frequent and refractory episodes.

Patients.

Seventy-two female allergic subjects (34.6 = 12.2 yrs) with culture documented recurrent
candida vulvovaginitis were enrolled in the study. Primary exclusion criteria were recent or
ongoing ATB or immunosuppressive therapy. Candida spp. isolated from vaginal (92.61%) or
cervical (7.39%) swabs undergo typing and identification (HPL Laboratories, Bratislava,
Slovakia). Skin prick test (SPT), including Candida albicans allergen, (Alyostal®



Stallergenes) was done on the patients” forearm according to the international and national
guidelines.

Material. The sera samples were stored at -70 °C and analysed retrospectively and results had
no influence on therapeutic decisions. Sera samples were collected also from healthy blood
donors (n = 100, National Blood Service, Slovak Republik). The study was approved by the
Local Ethical committees of Oncology Institute of St. Elisabeth and Faculty Hospital of
Comenius University in Bratislava and written informed consent in accordance with the
principles of the Helsinki Declaration of 1975 was obtained from all patients.

The synthetic peptide DINGGGATLPQAL corresponding to the 13 amino-acids (KL Ross
Petersen, ApS, Chemical Research and development Laboratory, Denmark) was designed on
the CR3-RP sequence already published by Bujdakova et al., 2008. Peptide was synthesized
as white powder with high purity (HPLC, >95%).

ELISA assay for CR3-RP IgG, IgA and IgM determination.

Enzyme-linked immunosorbent assay has been developed for the determination of CR3-RP
specific 1gG, IgA and IgM antibodies by modification of ELISA anti-Candida Il based on
Candida albicans cell wall mannan and B-glucan antigens (Biogema, Slovakia). Synthetically
prepared CR3-RP in sodium bicarbonate-sodium carbonate buffer pH 9.6 was applied onto
Immulon 4HBX microplates (Dynex, USA).Sera samples were examined for CR3-RP specific
IgG, IgA and IgM antibodies with peroxidase labelled anti-human IgA, 1gG and IgM
antibodies (KPL, USA.According to the absence of international standards the appropriate
concentrations of different Ig isotypic antibodies were evaluated based on calibration curve
using internal standard i.e. pool of positive sera with established value of 100 arbitrary units
(U). The cut-off values were calculated according to blood donors” IgG/IgM/IgA anti-CR3-
RP sera values (average + 3 s.d.).

Counter immunoelectrosyneresis

The qualitative detection of anti-Candida antibodies and anti-CR3-RP antibodies was
performed via counter immunoelectrosyneresis of patient sera using C. albicans metabolic
and somatic antigens (Bio-Rad Labs., USA) as standard candida antigens and CR3-RP
antigen.

Results
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Distribution of sera levels of anti-CR3RP specific antibodies in blood donors and subjects
with vulvovaginal candidosis.

Conclusions. In vitro quantification of specific anti-Candida albicans antibodies based on
synthetically prepared complement receptor 3-related protein (CR3-RP) mimicking structure
of native complement receptor 3 in cohort of 72 atopic patients with culture documented
humoral response against Candida CR3-RP, mostly significant being IgM and IgA isotypic
antibodies (45% and 30% positive results, respectively). The quantitative evaluation of anti-
CR3RP isotypic antibodies was positively confronted with results of commercial ELISA anti-
Candida albicans antibodies diagnostics based on Candida albicans cell-wall mannan and f-
glucan antigens, the most significant correlation being observed with IgM (r = 0.478) and
IgA (r = 0.376) isotypes. The immunogenicity of CR3RP antigen was evaluated by the mean
of counterimmunoelectrophoresis. Synthetically prepared CR3-RP reflecting the candida cell-
wall derived moiety represents an immunogenic tool not only for Candida serodiagnostics of
but also for follow up of targeted therapy and as anti-candida vaccine candidate.
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Imunomodulac¢né ucinky kandidového glukomananu.
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Uvod. Glykany tvoria hlavné §truktirne komponenty bunkovych stien kvasiniek, ktoré
predstavuju cca 90% bunkovej steny. Glykany predstavuju ucinné imunomodulatory, ich
imunobiologicky potencial je vyrazne podmieneny predovSetkym Struktirou, konforméciou
a vetvenim. Hlavné glykany predstavuja: (i) p-1 ,3-D-glukany a (ii) B-1,6-D-glukany (iii)
chitin a (iv) mannoproteiny. V bunkovej stene Candidy utilis sa nedavno opisal prirodzene sa
vyskytujaci B-glukomanoproteinovy komplex. Glukomanan Candida utilis je funk¢ne i
Strukturalne vel'mi podobny mananom inych Candida a Saccharomyces sp. vzhl'adom na ich
vyrazne rozvetvenu Strukturu, glykozidické vézby, vysoky obsah z manozy; napriek tomu
imunochemické stide poukazuju na minimalnu skrizent reaktivitu. Imunomodula¢né Gcinky
glukomandnu zahriiuji antimutagénne, antiklastogénne, bioprotektivne a aj fotoprotektivne
(supresia UVB indukovanej apopdzy keratinocytov) a anti-radikalové G¢inky.Bola popisana aj
indukcia chemiluminiscencie neutrofilov a oxidativneho vzplanutia,dalej indukcia cytokinov
a chemokinov. Glukomanén G¢inne inhiboval adheziny a blokoval adhéziu baktérii na epitely
GITu. Taktiez je vyznamny modifikator biologickej odpovede (biological responce modifier).

Diagnosticky vyznam anti-glukomananovych protilatok pri kandidovych ochoreniach sa
zatial’ netestoval.

Subor pacientov a metody.

V stbore 25 (322 + 22.8 r), atopickych pacientick s rekurentnou kandidovou
vulvovaginitidou, s pozitivnymi prick testmi na inhala¢né alergény (93%) ana Candidu
albicans (74%) sme stanovili sérové hladiny glukomanan-specifickych Ig izotypov vyvojovou
metddou heterogénneho enzymového imusorbentového stanovenia ELISA  Fyziologicky
rozsah sérovych anti-glukomananovych protilatok sa deklaroval na zéklade hodndt zistenych
u darcov Krvi.

Glukomanan bol izolovany z Candida utilis CCY 29-38-18 (Zbierka kultar kvasiniek, CHU
SAV) extrakciou 2% KOH a naslednou purifikaciou Fehlingovym ¢inidlom z izolovanych
celularnych glykoproteinov.

Vysledky.
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Koncentra¢ny rozsah anti-glukomanénovych protilatok a idistribucia Specifickych Ig izotypov
Vv stibore pacientiek s vulvovaginitidou.

Zavery

Najvyssia pozitivita (33.3%) sa zistila v pripade IgA izotypu, IgG a IlgM izotypy boli
pozitivne len u 8.33 resp 4.17% suboru. Vysledky poukazuji na patognomicky vyznam
predovsetkym antigénSpecifického izotypu IgA v stvislosti s postihnutim sliznic v pripade
candidovej vulvovaginitidy.

Experimentalne vysledky poukazuji na moZnost’ rozSirenia spektra fungalnych antigénov —
imunogénnych glykanov v in vitro diagnostike mykotickych vulvovaginitid. Je realny
predpoklad, Ze kvantifikacia sérologickej antigénspecifickej IgG, IgA a IgM odpovede pri
kandidovej vulvovaginitide roz$iri moznost’ monitorovania Gi¢innosti antimykotickej terapie.
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ABSTRACT

INTRODUCTION: Oxidative stress has been widely considered as a key player in the
injurious effects of hyperglycemia to various tissues, including pancreatic [] cells. Besides
retina, kidney, neurons and vascular tissue, insulin producing [1 cells represent one of the
major targets of diabetic complications caused by a chronically elevated glucose level. As the
hyperglycemia in diabetes becomes chronic, glucose that normally serves for pancreatic [J
cells as fuel and signal takes on the darker role of a toxin. Excessive formation of oxygen
radicals resulting from accelerated glucose metabolism leading to cell dysfunction and
apoptosis is a well-established proposition explaining glucose toxicity in these cells.

METHODS: Intracelllular oxidants generation along with cell viability, activity of
20S/26S proteasome (a proteolytic system involved in defective proteins degradation) and
post-translational protein modifications (carbonylation and glycation) were assessed in INS-
1E [Olcells under high glucose (HG) conditions by using fluorometric and colorimetric
assays, immunostainning analyses and application of fluorescent microscopy.

RESULTS AND DISCUSSION: HG caused a significant boost in intracellular
oxidants generation, an increase of levels of protein carbonyls (PCs) and advanced glycation
end products (AGEs) along with 26S proteasome inhibition. This was also followed by the
alteration in subcellular distribution of both oxidized proteins and proteasome. The glucose
elevation caused a mild rise of PCs in the nuclear part of the cells. Furthermore, HG
augmented the fluorescent intensity of proteasome labelling clearly within nuclear region of
the INS-1E [J cells. In proportion to this observation, available data point to the glycation-
dependent oxidative stress in the nucleus of [ cells leading to deterioration of insulin
secretion function. Moreover, glycolysis suppressors inhibited caspase 3 activation in HG
treated cells along with reducing the levels of oxidative stress.

CONCLUSION: These results highlight the role of enhanced glucose metabolism in
generation of oxidative stress and related toxic effect of hyperglycemia to pancreatic [][cells
in diabetes. On the other hand, proteasomal system appears to be a defence mechanism to
compensate injurious effects of high glucose, whereas lethal effects of HG may be associated
with its failure.

HIGHLIGHTS

mHigh glucose alters distribution of protein carbonyls and proteasome in pancreatic [1[Jcells.
m Inhibitors of glucose metabolism block cell death program activation in HG [ cells.
m Inhibitors of glucose metabolism suppress oxidative stress in HG [J cells.

GRAPHICAL ABSTRACT
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Tunikamycin zniZuje glykozylaciu P-glykoproteinu bez
ovplyvnenia jeho transportnej aktivity v leukemickych bunkach
L1210
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Multidrug rezistencia (MDR) umoziuje bunkam stat’ sa rezistentnymi voci toxickému
vplyvu roznych latok, lisiacich sa od seba ako Strukturou, tak i funkciou. P-glykoprotein (P-
gp) je ATP zavisla transportnd pumpa, ktora ked’ je lokalizovana v plazmatickej membrane
buniek, transportuje latky z intracelularneho do extraceluldrneho prostredia, a tak zabezpecuje
multidrug rezistenciu v neoplastickych bunkach. P-gp je 140 kDa polypeptid, po glykozylacii
je jeho relativna molekularna hmotnost” az okolo 170 kDa.

Nasim experimentalnym modelom su P-gp negativne mysie leukemické bunky L1210
(S), znich sme ziskali P-gp pozitivne bunky bud’ postupnou dlhodobou adapticiou na
cytostatikum vinkristin (R) alebo transfekciou génom pre I'udsky P-gp (T). Expresia P-gp
vV membranach R a T buniek indukuje vyrazné zmeny v zlozeni sacharidov v porovnani
S0 S bunkami (Sulova a kol., 2010).

V tejto praci sme sledovali vplyv tunikamycinu na glykozylaciu, transportna aktivitu
a bunkovu lokalizaciu P-gp v R a T bunkéch. Kultivacia buniek s tunikamycinom (inhibitor
N-glykozylacie) ovplyvnila viabilitu buniek koncentracne zavislym spdsobom, avSak vR a T
bunkach vo vyrazne menSej miere ako v S bunkach. Tunikamycin inhiboval N-glykozylaciu
P-glykoproteinu v R a T bunkéach. Zaujimavé bolo, ze kultivicia buniek s tunikamycinom
neovplyvnila lokalizaciu P-gp Vv plazmatickej membrane buniek (Obr. 1) aani jeho
transportnu aktivitu.

0.0 umol/I 0.1 umol/I

Obr.1- Imunofluorescen¢na vizualizicia P-glykoproteinu (zelend) pomocou protilatky ¢ 219 a sekundarnej
protilatky konjugovanej s FITC VR aT bunkach po kultivacii buniek bez (0) alebo s tunikamycinom (0.1
pmol/l). Jadra buniek s farbené DAPI (modrd).


http://www.ncbi.nlm.nih.gov/pubmed?term=Sere%C5%A1%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22269388

Zistili sme, ze v P-gp pozitivnych L1210 bunkach, nezavisle od sposobu, akym
k expresii P-gp doslo (selekcia s lieGivom alebo transfekcia génom pre P-gp), tunikamycin
indukuje inhibiciu N-glykozylacie P-glykoproteinu bez ovplyvnenia jeho funkcie ako
transportnej ATP-azy v plazmatickej membrane buniek.
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Uvod

Kvasinky rodu Cryptococcus patria medzi vSeobecne rozsirené patogény. Ich najddlezitejSim
virulentnym faktorom je polysacharidova kapsula, ktord ich chrani pred nepriaznivymi
podmienkami prostredia vratane imunitnej odpovede napadnutého organizmu [Pirofski a
Casadevall, 1996]. V tejto stvislosti sa uvazuje aj o podiele povrchovych glykozidaz tychto
kvasiniek na premendch kapsuldrnych polysacharidov atym aj na virulentnosti jednotlivych
kmenov. Patogenita rodu Cryptococcus viedla k ur¢eniu kompletného protedmu hlavného zastupcu
tohto rodu C. neoformans [Loftus a kol. 2005]. Tento pomaha pri identifikacii proteinov, ktoré sa
zuCastiluju na virulentnosti dalSich kmefiov tohto rodu. Problémom zostdva nedostatocna
charakterizdcia resp. absencia biochemickej charakterizacie vacSiny proteinov, ktorych primarne
Struktiry sa z genomu odvodili. Medzi takéto pripady patri aj a-galaktozidaza, ktora bola naopak
dokazana na povrchu C. neoformans na trovni enzymovej aktivity (Macekova a kol., 2006), ale na
proteinovej trovni identifikovana nebola.

Material a metody

Carbohydrate Active Enzymes database, http://www.cazy.org/
www.uniprot.org

http://www.proteinmodelportal.org

Vysledky a diskusia

Identifikacia a-galaktozidazy v ramci protedému C. neoformans bola pomerne komplikovana, ked’ze
napriek zverejnenému kompletnému genému tohto mikroorganizmu, takyto enzym v databazach
uvedeny nebol (Loftus et al. 2005). Napriek tomu Macekova a kol. (2006) popisali pritomnost’
tohto enzymu na povrchu tejto kvasinky na zaklade nameranej aktivity.

a-Galaktozidaza (a-D-galaktozid galaktohydroldza, E.C. 3.2.1.22) patri do triedy hydrolaz a
podtriedy glykozidhydrolaz (GH). a-Galaktozidazy patria do GH rodin 4, 27, 36, 57, 97 a 110, ale
a-galaktozidazy kvasiniek boli zatial’ zaradené len do GH 27 (Saccharomyces cerevisiae). Jedinymi
proteinmi C neoformans, ktoré patria do spomenutych rodin, je Q5K805 a Q551G4 oznacené ako
“putative uncharacterized proteins” C. neoformans (Loftus et al. 2005). Pod tymito databazovymi
Cislami sa skryvaju identické primarne Struktary patriace do GH 36. Podobnost’ v rdmci GH 27 a 36
(obidve rodiny patria do rodu GH-D) bola popisana Comfort a kol. (2007). Tento rod je
charakterizovany tym, Ze v priebehu katalyzy ostava zachovana konfiguracia sacharidu, katalyticky
nukleofil/zasada a donor protonu su reprezentované asparaginom a stav 3D Struktury je (B/o)s



http://www.cazy.org/
http://www.proteinmodelportal.org/
http://www.uniprot.org/uniprot/Q5K805
http://www.uniprot.org/uniprot/Q55IG4

(Carbohydrate Active Enzymes database, http://www.cazy.org/; Cantarel a kol., 2009). GH 27 a
GH 36 rodiny zahfaji enzymy, ktoré maju aj hydrolyticka aj transglykozylacnu aktivitu. Pre
Q5K805 a Q551G4 bola na zaklade ich struktiry predpovedana rafindzosyntazova aktivita, ktorou
sa mozu vyznaCovat aj o-galaktozidazy. Porovnanie so znamou Struktirou o-galaktozidazy
Trichoderma reesei (Q92456) ukazalo skore len okolo 14, ale na druhej strane prave tato Struktira
bola pouzita ako zaklad pre Gispesné modelovanie Q5K805 (http://www.proteinmodelportal.org).

Zvlastnostou je, Ze napriek extrémne nizkemu skore (27-29), sa v rodine GH 36 nachadzaja okrem
Q5K805 a Q55IG4 proteiny, ktoré su oznaCené ako o-galaktozidazy, rafindézosyntazy
a necharakterizované proteiny, ktoré patria inym nebezpecnym, najma plicnym patogénom, akymi
st Paracoccidioides brasiliensis (C1G7A4, C1HD76), Coccidioides posadasii (E9D6H0, C5P454)
Ajjelomyces capsulata (A6RBA6, CONUM4, FOU412, C6H229) a Ajjelomyces dermatitidis

(C5GDIO0).

Na zaver sa da konstatovat’, ze tato skupina enzymov sa vyznacuje extrémne nizkou podobnost'ou
natrovni primarnej Struktury, ale spolocnd katalyticka aktivita je zabezpecend vysokou
podobnost'ou terciarnych Struktur. Na zaklade uvedeného je vysokd pravdepodobnost, Ze prave
protein Q5K805 je zodpovedny za publikovanu aktivitu a-galaktozidazy C. neoformans (Macekova
a kol., 2006).
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Uvod

Vysoka virulentnost patogénnych kmenov Cryptococcus je viazand na ich schopnost
produkovat’ kapsulu a nasledne uvol'novat’ vel'’ké mnozstvo kapsuladrnych polysacharidov do
telovych tekutin [Pirofski a Casadevall, 1996]. RearanZovanie kapsule po€as pucania, resp.
uvolniovanie kapsuldrnych polysacharidov, by mohli byt désledkom jednak fyzikalnych
dejov (Zaragoza et al, 2006) ako aj Ccinnosti enzymov s hydrolytickymi a
transglykozylaénymi aktivitami. Jednym z takychto enzymov je a-galaktozidaza, ktora by sa
mohla zGc¢asthovat’ galaktozového metabolizmu, ktory niektori autori (Moyrand a kol., 2007)
povazuju za jeden z kl'icovych faktorov premeny kapsuly.

Néplnou tejto prace bola charakterizacia a-galaktozidazy z cytozolu (CF) a membran (EMF)
kapsularneho kmena C. laurentii kultivovaného na semisyntetickom médiu s laktozou ako
zdrojom uhlika. Lakt6za indukovala aj produkciu povrchovej a-galaktoziddzy, ale vzhl'adom
na pritomnost’ kapsularnych polysacharidov nebolo mozné tento enzym purifikovat’.

Material a metody

Kapsularny kmen C. laurentii 17-3-29 (Zbierka kvasinieck CHU SAV) rastol v
semisyntetickom médiu s 2% laktézou ako zdrojom uhlika, az pokym nedosiahol
exponencialnu fazu rastu. Po premyti buniek boli z cytozolu apo extrakcii proteinov aj
z membran izolované proteiny podl'a Ankel a kol. [1970] a Yanagisawa a kol. [1990]. a-
Galaktozidaza bola v tychto frakciach charakterizovana na zaklade stanovenia pH optima, pH
stability, teplotného optima, tepelnej stability, kinetickych konStant, izoelektrickych bodov
(IEF-PAGE s detekciou na aktivitu) a transglykozylac¢nej aktivity tohto enzymu (vyhodnotena
TLC).

o-Galaktozidazova aktivita bola stanovena na PNP-a-galaktopyranozid ako substrat. Reakcia
bola zastavena pridavkom 4% Na2COs a mnozstvo uvol'neného PNP sa stanovilo meranim pri
410 nm.

Vysledky a diskusia

Zakladné charakteritiky a-galaktozidazy z CF a EMF ako pH optimum, pH stabilita, teplotné
optimum a tepelnd stabilita su zobrazené na Obr. 1.
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Obr. 1. Charakterizacia a-galaktozidazy z CF (O—O) a EMF (@—@). A — pH optimum, B — pH stabilita, C —
teplotné optimum, D — tepelna stabilita.

Vysledky charakterizacie (Obr. 1) naznacuju pritomnost’ viacerych foriem a-galaktozidazy aj
v CM ajv EMF, ale izoelektricka fokusacia s detekciou na aktivitu ukdzala len jednu formu
pre CF a dve pre EMF, pricom jedna z nich bola identické (Obr. 2).
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Obr. 2. Izoelektricka fokusacia a-galaktozidazy z CF a EMF. Ip — izoelektrické body Standardov, St — Standard
(detekcia Coomassie blue), 1 — precistena CF (detekcia striebrom), 2 — preéistena CF (detekcia na aktivitu), 3 -
precistena EMF (detekcia na aktivitu).



Km enzymu z CF zodpovedala hodnote 1.28 mmol/l, z EMF 1.39 mmol/l. Tieto relativne
vysoké hodnoty voéi semisyntetickému substratu akym je PNP-oa-galaktopyranozid, boli
porovnatel'né s hodnotami publikovanymi inymi autormi (Puchart a kol., 2000).

Transglykozylac¢na aktivita a-galaktozidazy z CF bola vyhodnotend pomocou TLC (Obr. 3).
Reverzna hydrolyza pozorovana nebola.

- ..

- . . PNP-galaktopyranozid
o PNP-galaktobiozid
. ‘ PNP-galaktotriozid
. galaktoza
galaktobidza
galaktotridza

St 1 2
Obr. 3. Tenkovrstvova chromatografia produktov transglykozylacnej reakcie a-galaktozidazy z CF, St —
galaktoza, PNP-galaktopyranozid a PNP ako Standardy, 1 — reakéna zmes zlozena zo sacharidov uvedenych v St
S enzymom v Case nula, 2 — reakéna zmes po 24 hod.
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Uvod

Kvasinky rodu Cryptococcus patria medzi v§eobecne rozsirené patogény. Ich najdolezitejSim
virulentnym faktorom je polysacharidovd kapsula, ktora ich chrani pred nepriaznivymi
podmienkami prostredia vratane imunitnej odpovede napadnutého organizmu [Pirofski a
Casadevall, 1996]. Faktory, ktoré by mohli ovplyviiovat premeny kapsul, s preto predmetom
vyskumu pracovisk na celom svete. Stucast'ou tohto vyskumu je §tadium proteinov, ktoré by
sa mohli tychto premien zucastnovat’.

Predmetom tejto prace bola identifikacia majoritnych membranovych proteinov C. laurentii
hmotnostnou spektrometriou. Vysledky poukézali na kontaminéciu vzorky baktériami.

Material a metody

Kmeti C. laurentii CCY 17-3-29 (Zbierka kvasinieck CHU SAV) rastol na semisyntetickom
médiu s 2% laktozou ako zdrojom uhlika az pokym nedosiahol exponencialnu fazu rastu. Po
premyti buniek a extrakcii proteinov sa membranova frakcia (EMF) izolovala podl'a Ankel
a kol. [1970] a Yanagisawa a kol. [1990].

SDS-PAGE pre vizualizaciu majoritnych proteinov v EMF sa robila podl'a Laemli [1970].
Proteinové pasy vizualizované Coomassie blue, ktoré reprezentovali majoritny intracelularny
proteom C. laurentii, boli spracované podla protokolu Jensen a kol. [1999]. MALDI-
TOF/TOF MS merania po tryptickom Stiepeni proteinov boli robené na Applied Biosystems
4800 Proteomics Analyzer. Surové spektralne udaje sa spracovali Data Explorer 4.6
softvérom. MS udaje sa d’alej spracovali programom Mascot, pomocou ktorého prebehlo
vyhladavanie v databazach na baze identity a podobnosti primarnych §truktar proteinov.

Vysledky a diskusia

Pokus o identifikaciu majoritnych membranovych proteinov kvasiniek C. laurentii rastucich
na médiu s laktdzou ako zdrojom uhlika metédami proteomiky priniesol tieto vysledky:

S vynimkou malatdehydrogenazy, ktora bola aj majoritnym intracelularnym proteinom huby
Aspergillus niger [Lu a kol. 2010] sa membranové proteiny dali identifikovat’ pomerne tazko,
ked’ze ich homoldgia bola vécsia s proteinmi z baktérii (Streptococcus thermophilus) ako
s proteinmi C. neoformans (10 — 52 % homologia; Loftus akol., 2005). Identifikaciu
komplikoval aj fakt, ze vdc¢Sina proteinov C. neoformans nie je identifikovana na urovni ich
funkcie. Okrem Clp proteazy a glyceraldehyd-3-fosfatdehydrogenazy boli identifikované tri
rozne chaperony (Obr. 1, Tab. 1).
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Obr. 1: SDS-PAGE EMF: EMF, surova EMF; St, Standard; Mh, molekulové hmotnosti Standardov; pas,
identifikacia proteinov v Tab. 1

Tab. 1: Identifikacia proteinov v surovej EMF v géli po SDS-PAGE (Obr. 1) pomocou Mascot programu. V
tabul’ke je uvedeny pocet identifikovanych sekvencii s poftom aminokyselin s percentudlnou homoloégiou s
proteinmi z Uniprot databazy charakterizovanymi ich databazovym cislom.

Pocet
Pas Protein Organizmus Uniprot sekvencii ~ Homologia
databazové /AK v [%0]
¢islo sekvenciach

1 chaperén ClpB S. thermophilus ~ Q03J94 28 /9-30 100
(HSP100) C. neoformans  Q5KI12 10

C. gattii E6R4AN2 11
2 chaperon DnaK S. thermophilus  E4SQKS5 15/11-33 100
(HSP70) C. neoformans  Q5K8W5 51

C. gattii E6R5W6 52
3 chaperonin groEL S. thermophilus  E4SR15 23 /11-27 100
(HSP60) C. neoformans S5KLW7 49

C. gattii E6QZE7 50
4 “trigger” faktor* S. thermophilus  Q5M6C2, 12/10-27 100
Q03MQ9 100

C. neoformans - -

C. gattii - -
5 glyceraldehyd-3- S. thermophilus  Q5M2M7 8/11-17 100
fosfatdehydrogenaza C. neoformans  Q9Y8E9 47

C. gattii E6R7Z5 46

6 malatdehydrogendza C. neoformans  Q5KDL9 7/11-33 100

*-najdeny len v baktériach

Zaverom sa da zhrnt, Ze s vynimkou maldtdehydrogendzy v pase 6, ktord je beZnym
majoritnym intracelularnym proteinom [Lu akol. 2010], pasy 1 — 5 pochddzaji skor
z kontaminacie vzorky baktériami Streptococcus, ku ktorej muselo dojst’ v priebehu extrakcie
proteinov z membranovej frakcie. Na tento fakt poukazovala aj identifikacia tzv. ,trigger*

faktoru (Tab. 1, pas 4), ktory je typicky pre prokaryotické mikroorganizmy a v eukaryontoch
sa vObec nenachadza.
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Uvod

Kvasinky rodu Cryptococcus patria medzi vSeobecne rozsirené patogény. Ich najdolezitejSim
virulentnym faktorom je polysacharidova kapsula, ktord ich chréani pred nepriaznivymi
podmienkami prostredia vratane imunitnej odpovede napadnutého organizmu [Pirofski a
Casadevall, 1996].

Predmetom tejto prace bola identifikacia majoritného cytozolového protedomu C. laurentii
s ciel'om zistit’, ¢i sa v lom nachadzaju enzymy, ktoré by mohli byt' zodpovedné za premeny
kapsuly v priebehu kolonizacie hostitela. Ako zdroj uhlika pri kultivacii kvasiniek bola
pouzita laktoza, ktora vyrazne indukovala produkciu o-galaktozidazy, ktora by sa mohla
zcastnovat’ galaktézového metabolizmu spajaného s premenami kapsuly (Moyrand a kol.,
2007).

Material a metody

Kmeti C. laurentii CCY 17-3-29 (Zbierka kvasinick CHU SAV) réastol na semisyntetickom
médiu s 2% laktézou ako zdrojom uhlika az pokym nedosiahol exponencidlnu fazu rastu. Po
premyti buniek sa cytozolova (CF) frakcia izolovala podl'a Ankel a kol. [1970] a Yanagisawa
a kol. [1990].

SDS-PAGE pre vizualizadciu majoritnych proteinov v CF a EMF sa robila podla Laemli
[1970]. Proteinové pasy vizualizované Coomassie blue, ktoré reprezentovali majoritny
cytozolovy proteom C. laurentii, boli spracované podla protokolu Jensen a kol. [1999].
MALDI-TOF/TOF MS merania po tryptickom S$tiepeni proteinov boli robené na Applied
Biosystems 4800 Proteomics Analyzer. Surové spektralne udaje sa spracovali Data Explorer
4.6 softvérom. MS tudaje sa d’alej spracovali programom Mascot, pomocou ktorého prebehlo
vyhl'addvanie v databazach na baze identity a podobnosti primarnych Struktir proteinov.

Vysledky a diskusia

Identifikacia majoritnych intracelularnych proteinov kvasiniek C. laurentii rastacich na médiu
s laktézou ako zdrojom uhlika metddami proteomiky priniesla tieto zaujimavé vysledky:

1. Sedem majoritnych proteinov cytozolu C. laurentii (izocitratdehydrogenaza,
fosfoglyceratkinaza, bifunkéna 6-fosfofrukto-2-kinaza/fruktoza-2,6-bisfosfataza, HSP 60,
fosfoglukomutaza, fosfoglyceratmutdza a dlhoretazcova alkoholoxidaza) sa da pomerne
l'ahko identifikovat’ vd’aka ich podobnosti s proteinmi C. neoformans a C. gatii (Obr. 1, Tab.
1), pricom C. neoformans ma znamy kompletny proteém [Loftus a kol. 2005].
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Obr. 1: SDS-PAGE CF: CF, surova CF; St, Standard; Mh, molekulové hmotnosti Standardov; pas, identifikacia
proteinov v Tab. 1

Tab. 1: Identifikacia proteinov v surovej CF v géli po SDS-PAGE (Obr. 1) pomocou Mascot programu. V
tabul’ke je uvedeny pocet identifikovanych sekvencii s po¢tom aminokyselin so 100 % homolégiou s proteinom
z Uniprot databazy charakterizovanym jeho databazovym Cislom.

Uniprot Pocet sekvencii
Pas Protein Organizmus databazové cislo IAK v
sekvenciach
1 alkoholoxidaza C. gattii Q5Y238, 14 /8 - 24
2 fosfoglyceratmutaza C. neoformans Q5K9Y3 9/8-18
3 fosfoglukomutaza C. neoformans Q5K7B5 8/10-23
4 HSP60 C. gattii, E6QZE7 5/15-19
C. neoformans SKLW7
5 6-fosfofrukto-2-kinaza/  C. neoformans Q5KB65 12 /11-29
fruktdzo-2,6-bisfosfataza
6 fosfoglyceratkinaza C. Q5KEQ0 4/12-15
neoformans, E6RII3
C. gattii
7 izocitratdehydrogenaza C. Q5KP10 71/10-23
neoformans, E6QXT2
C. gattii

2. Glykozidhydrolazy vratane intenzivne indukovanej o-galaktozidazy, ktoré by sa mohli
zucastiovat’ premien polysacharidovej kapsuly ako aj metabolizmu laktézy ako C-zdroja, sa
V cytozole ako majoritné proteiny nenachadzaja (Tabul'ka 1).
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Uvod

Vysokd virulentnost’ patogénnych kmetov Cryptococcus je viazand na ich schopnost
produkovat’ kapsulu a nasledne uvol'novat’ vel'’ké mnozstvo kapsuldrnych polysacharidov do
telovych tekutin [Pirofski a Casadevall, 1996]. Rearanzovanie kapsule po¢as pucania, resp.
uvolfiovanie kapsuldrnych polysacharidov, by mohli byt désledkom jednak fyzikéalnych
dejov (Zaragoza et al., 2006) ako aj Ccinnosti enzymov s hydrolytickymi a
transglykozylaénymi aktivitami.

Néplnou tejto prace bolo Stadium kmenovych rozdielov a vplyvu uhlikového zdroja
kultiva¢ného média na tvorbu glykozidaz kvasinkou C. laurentii.

Material a metody

Kapsularne kmene C. laurentii CCY 17-3-17, 17-3-29 a 17-3-31 a akapsularny kmen 17-3-6
(Zbierka kvasiniek CHU SAV) rastli v semisyntetickom médiu s 2% glukézou ako zdrojom
uhlika, aZ pokym nedosiahli exponencidlnu fazu rastu. Po premyti buniek sa stanovili
povrchové aktivity a- a B-galaktozidazy, a- a B-glukozidazy, a-manozidazy a 3-xylozidazy.

Na zéaklade vysledkov bol pre d’al’Sie experimenty vybrany kmefi CCY 17-3-29. Testovala sa
produkcia povrchovych glykozidaz na 2% glukéze, 4% glukdze, 2% sachardze, 2% celobidze
a 2% laktoze ako C- zdrojoch. Hladiny glukézou a laktézou indukovanych glykozidaz sa
potom stanovili aj v cytozolovej (CF) apo extrakcii proteinov aj v membranovej frakcii
(EMF), ktoré sa z buniek izolovali podl'a Ankel a kol. [1970] a Yanagisawa a kol. [1990].

Produkcia vybranych povrchovych glykoziddz sa sledovala aj na glukuronoxylomandne
(GXM) ako C-zdroji, pricom GXM je povazovany za hlavnu zlozku kapsul. Porovnavali sa
aktivity indukované na povrchu kapsularneho (CCY 17-3-29) a akapsularneho (CCY 17-3-6)
kmena.

Glykozidazové aktivity boli stanovené na prislusné PNP-o/B-glykopyranozidy ako substraty.
Reakcia bola zastavena pridavkom 4% Na>,CO3z a mnozstvo uvol'neného PNP sa stanovilo
meranim pri 410 nm.

Vysledky a diskusia

Porovnanie sledovanych glykoziddzovych aktivit na povrchu troch kapsularnych a jedného
akapsularneho kmena C. laurentii zobrazuje Tab. 1.



Tab. 1: Povrchové glykozidazové aktivity roznych kmetiov kvasiniek Cryptococcus laurentii. Ako zdroj uhlika
V rastovom médiu bola pouzitd 2% glukéza.

Enzym Glykozidazov4 aktivita kmena [pkat.107® buniek]
17-3-6* 17-3-17 17-3-29 17-3-31

a-galaktozidaza 2,2 176,8 2217 200,7
[-galaktozidaza 17,7 29,7 12,6 51,4
a-glukozidaza 11,3 79,7 25,0 19,5
B-glukozidaza 167,8 246,4 227,2 275,0
o-manozidaza 0,3 34,1 42,4 443
B-xylozidaza 58,3 19,0 13,2 10,1
*akapsularny kmen

Ako vyplyva z tabulky, kapsularne kmene vykazovali s vynimkou B-xylozidazy vSeobecne
vyssie aktivity glykozidaz ako akapsularny kmen. Vo vSetkych pripadoch bola zaznamenana
najvyssia aktivita B-glukozidazy, ktoru nasledovala u kapsularnych kmenov a-galaktozidaza
a u akapsularneho uz spomenuta -xyloziddza. Na zéklade najvyssej aktivity a-galaktozidazy
bol pre d’al'Sie experimenty vybrany kmeit CCY 17-3-29.

Porovnanie sledovanych glykozidazovych povrchovych aktivit bunieck CCY 17-3-29 na
r6znych zdrojoch uhlika zobrazuje Tab. 2.

Tab. 2: Vplyv zdroja uhlika na indukciu povrchovych glykozidaz kapsularneho kmetia kvasiniek Cryptococcus
laurentii CCY 17-3-29.

Enzym Glykoziddzova aktivita na réznych zdrojoch uhlika [pkat.10® buniek]
2% 4% glukéza 2% sacharéza 2% celobioza 2% laktoza
glukdza

o-galaktozidaza 221,7 38,5 49,5 593,8 1395,0

[-galaktozidaza 12,7 3,02 0 68,5 38,5

o-glukozidaza 25,0 6,9 23,7 44.8 69,3

B-glukozidaza 227,2 18,9 12,7 638,6 635,3

o-manozidaza 42 .4 6,9 2,5 76,2 55,5

B-xylozidaza 13,2 13,5 0,8 82,2 74,5

V porovnani s 2% gluk6zou posobila 2% sachardza a 4% glukoéza ako represor vsetkych
skiimanych glykozidaz. Vynimkou bola B-xylozidaza v pripade 4% glukdzy. Naopak 2%
celobioza a 2% laktéoza poOsobili ako induktory vo vSetkych pripadoch. Majoritnymi
enzymami boli ako v pripade 2% glukozy B-glukozidaza (nazyvana aj celobiaza), ktoru
Vv pripade indukcie 2% laktézou prekonala aktivita o-galaktozidazy (melibiaza), ¢o sa da
povazovat’ za pomerne prekvapujuci vysledok. Naviac sa zdd, ze naopak [-galaktozidazu
(laktadzu) najviac indukuje celobidza.

Aktivity vybranych glykozidaz sa sledovali aj v cytozole (CF) a membranach (v podobe
extrahovanej membranovej frakcie, EMF) buniek CCY 17-3-29 rastucich na 2% glukoze a
2% laktoze ako zdrojoch uhlika (Tab. 3).



Tab. 3: Glukézou a laktdézou indukované glykozidazové aktivity v cytosolovej (CF) a extrahovanej membranove;j
frakcii (EMF) kvasiniek C. laurentii CCY 17-3-29

Enzym Glykozidazové aktivity [pkat/mg proteinu]
2% glukoza 2% laktoza

CF EMF CF EMF
a-galaktozidaza 19,8 134,8 202,9 135,1
[-galaktozidaza 3,6 11,6 2,75 0,275
a-glukozidaza 2,5 9,9 4,67 2,4
B-glukozidaza 55,6 169,4 33,8 5,8
o-manozidaza 1,9 8,3 2,7 3,1
B-xylozidaza 1,1 99,7 5,2 0,5

Zamenou glukézy za laktozu ako C-zdroja v kultivatnom médiu bola v cytozole najviac
ovplyvnena produkcia a-galaktozidazy, u ktorej bol zaznamenany vySe 10-ndsobny narast.
Das§i vyznamnej$i narast sa zaznamenal u B-xylozidazy. Najvyznamnej$ou zmenou
glykozidaz viazanych na membrany bola represia -glukozidazy (vySe 29-nasobny pokles) a
B-xylozidazy (skoro 120-nasobny pokles). Vo vSeobecnosti bol zaznamenany pokles aktivit
vSetkych EMF glykozidaz s vynimkou a-galaktozidazy.

Ako d’al$i zdroj uhlika v kultivaénom médiu sa pouZil glukuronoxylomanan (GXM), ktory je
majoritnou zlozkou kapsularnych polysacharidov. Jeho hlavny retazec je tvoreny o(1—3)
manopyrandézovymi jednotkami substituovanymi zvyskami xylozy a glukurénovej kyseliny
[Bose a kol., 2003; McFadden a Casadevall, 2001; Doering, 2000; Reiss a kol., 1985].
Porovnavali sa aktivity indukované na povrchu kapsularneho (CCY 17-3-29) a akapsularneho
(CCY 17-3-6) kmena (Obr. 1).
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Obr. 1: Aktivita vybranych glykozidaz na povrchu C. laurentii CCY 17-3-29 (kapsularny kmen) a CCY 17-3-6
(akapsularny kmeri): B - a-galaktoziddza, - a-manozidaza, ™ - B-glukozidaza, - B-xylozidaza.

Aktivity B-glukozidazy, o-manozidazy a p-xyloziddzy boli jednoznacne vyssie
u akapsularneho kmena. Vzhl'adom na Struktiru C-zdroja moZme povazovat takuto indukciu
za oCakavanu. Kapsularny kmen reagoval zvySenou produkciou a-galaktozidazy ako to bolo



aj v pripade indukcie celobidézou a laktozou (Tab. 2). Tato zdanlivo nevysvetlitel'na reakcia
kapsularneho mikroorganizmu vyzaduje dalSie skumanie v suvislosti s metabolizmom
galaktozy, ¢o by mohlo stvisiet' s predpokladanou doélezitou ulohou tohto metabolizmu vo
virulentnom charaktere rodu Cryptococcus, ktora v roku 2007 naznaéil Moyrand a kol. Tato
skupina totiz zistila, Ze velkost” kapsuly ajej zbalenie zdvisia na vzdjomnom poOsobeni
zékladnych polysacharidovych zloziek, GXM a GalXM (galaktoxylomanan). Mutant, ktory
nebol schopny syntetizovat’ GalXM mal vacsiu kapsulu, ako podvodny divy kmen . Z tohto sa
predpokladalo, ze na nepritomnost’ GalXM bunka reaguje nadprodukciou molekul GXM, ¢o
ma za nasledok zvicsenie kapsule. Tento fakt poukazuje na to, ze GalXM hré ddlezitu tlohu v
zachovani Struktary a velkosti kapsuly. Ak by sme teda predpokladali, ze narast o-
galaktoziddzovej aktivity vedie k ubytku GalXM v kapsuliach, prejavilo by sa to zvicSenim
kapstul. Vzhl'adom na potencidlnu transglykozylacnu aktivitu tohto enzymu, by sa mohol
zucastiiovat’ aj na opacnom procese.
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Vplyv zdroja uhlika kultivaéného média na indukciu a-galaktozidazy
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Uvod

Vysokd virulentnost’ patogénnych kmetiov Cryptococcus je viazand na ich schopnost
produkovat’ kapsulu a nasledne uvol'novat’ vel'’ké mnozstvo kapsuladrnych polysacharidov do
telovych tekutin [Pirofski a Casadevall, 1996]. Moyrand a kol. (2007) zistili, Zze velkost’
kapsuly a jej zbalenie zavisia na vzajomnom posobeni zakladnych polysacharidovych zloziek,
GXM (glukuronoxylomandn) a GalXM (galaktoxylomanan). Mutant, ktory nebol schopny
syntetizovat’ GalXM mal vaésiu kapsulu, ako povodny divy kmen . Z tohto sa predpokladalo,
Ze na nepritomnost’ GalXM bunka reaguje nadprodukciou molekul GXM, ¢o ma za nasledok
zvacSenie kapsule. Tento fakt poukazuje na dolezitost metabolizmu galaktézy Vv
zachovani Struktury a velkosti kapsuly. Jednym z enzymov, ktory by mohol prispievat’
k metabolizmu galaktozy, je a-galaktozidaza.

Naplnou tejto prace bolo Stidium vplyvu uhlikového zdroja kultivaéného média na rast
kmena C. laurentii asnim suvisiacu indukciu a-galaktozidazy. Ako vzorovy kmen bol
vybrany kapsuldrny kmen CCY 17-3-29.

Material a metody

Kapsularny kment C. laurentii CCY 17-3-29 (Zbierka kvasinieck CHU SAV) réstol v
semisyntetickom médiu s rdznymi sacharidmi ako zdrojmi uhlika. Sledovali sa rastové krivky
(poc€itanim buniek a meranim prirastku absorbancie pri 660 nm) a sledovala povrchova
aktivita o-galaktozidazy.

Aktivita o/p-galaktozidazy bola stanovena na PNP-o/B-galaktopyranozid ako substrat.
Reakcia bola zastavena pridavkom 4% Na>COs a mnozstvo uvolneného PNP sa stanovilo
meranim pri 410 nm.

Vysledky a diskusia

Vplyv uhlikového zdroja kultivacného média na rast kvasinky C. laurentii CCY 17-3-29 a na
aktivitu jeho povrchovej a-galaktozidazy zobrazuje Tab. 1.

Vysledky uvedené v Tab. 1 potvrdzuju znamu represiu produkcie o-galaktozidazy (Garro et
al., 1996) gluk6zou anevhodnost laktozy ako substratu tohto enzymu. Ako referencnu
aktivitu sme pouzili td, ktora bola produkovand na médiu bez sacharidového zdroja, ktora
reprezentuje produkciu konStitutivneho enzymu. Glukoza, maltéza, celobidza a do menSej
miery sacharo6za sluZzili ako represory, kym vysledky ziskané s galaktdézou boli porovnatelné s
referenénymi. Indukcia enzymu bola pozorovana na laktdze, melibioze a rafindze, t.].
sacharidoch, ktoré vo svojej Strukture obsahuju viazanu galaktozu. Aktivity na melibioze



arafinéze boli nizSie ako na laktdze, ale rast kmena bol zrovnatelny stym nainych
sacharidoch (Obr. 1), kym rast na laktdze jednozna¢ne poukazoval na nevhodnost’ laktozy ako
C-zdroja.

Tabulka 1. Vplyv C-zdroja kultivaéného média na rast C. laurentii CCY 17-3-29 a na aktivitu jeho povrchovej
o-galaktozidazy. Vysledky stanovené po 48 hod kultivacie.

C-zdroj Aktivita Pocet buniek A*
[pmol.st.ml? x 108 ml? [pmol.s.10°8 buniek]
kultivaéného medias  kultiva¢cného média
bunkami]
Bez C-zdroja 2.3+0.1 0.059 + 0.009 48.80
Glukéza 0 1.457 +0.118 0
Galaktoza 33.0+23 0.928 + 0.055 4181
Maltodza 0 0.180£0.011 0
Celobidza 0 0.083+£0.013 0
Sachardza 1.01+0.1 0.220 + 0.040 4.59
Laktoza 93.0+5.6 0.084 + 0.005 1056.82
Melibidza 123.0+9.8 0.830 + 0.089 148.19
Rafinéza 56.0 +4.8 0.430 + 0.065 130.23

* - vypocitané z priemernych hodnot stanovenych pre aktivitu a pocet buniek v ml média

1,2
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Obr. 1. Rastové krivky CCY 17-3-29 na médiach s roznymi sacharidmi; maltéza (A), celobidza (O), sacharoza
(0), laktoza (), laktoza pri 20 °C (#), melibidza (m), rafindza (A ).

Pokus zmenit' podmienky kultivacie (teplotu kultivacie) rastova krivku na laktéze ako C-
zdroji vyrazne neovplyvnilo (Obr. 1). PrediZenie kultivacie na takomto médiu viedlo
k indukcii povrchovej a-galaktozidazy, ktora dosahovala maximum medzi 48—72 hod a mala
hodnoty 1.8-2.3 umol s™' 10°® buniek (Obr. 2). Po 72 hod bol pozorovany pokles aktivity
(okolo 50 % v 144 hod). Ako je vidiet, maximum o-galaktozidazovej aktivity bolo
dosiahnuté v predizenej logaritmickej faze rastu, ktord zodpoveda intenzivnej prestavbe
kryptokokalnej kapsuly (Schutzbach et al., 2007). Sice maly ale kontinualny nérast aktivity 3-
galaktozidazy (Obr. 2) sa pravdepodobne prejavil v pomalom ale vztrvalom raste kmena C.
laurentii.
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Obr.2. Aktivity povrchovej a-galaktozidazy (o) (prava os) a B-galaktozidazy (e) (I'ava os) merané na bunkach
C. laurentii CCY 17-3-29 pocas kultivacie na médiu s 2 % laktézou ako C-zdrojom.
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Identifikacia indukovatelnej a-galaktozidazy kvasiniek
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Uvod

Kvasinky rodu Cryptococcus patria medzi vSeobecne rozsirené patogény. Ich najdolezitejSim
virulentnym faktorom je polysacharidova kapsula, ktord ich chréni pred nepriaznivymi
podmienkami prostredia vratane imunitnej odpovede napadnutého organizmu [Pirofski a
Casadevall, 1996]. Zavaznost kryptokokoz, ktoré mavaju smrtelné nasledky najmi pre
imunodeficientnych pacientov, prispela k uréeniu kompletného protedému hlavného zastupcu
tohto rodu C. neoformans [Loftus a kol. 2005]. Tento pomaha pri identifikacii proteinov,
ktoré sa zicCastiiuju na virulentnosti d’al$ich kmeniov tohto rodu.

Tato praca je zamerand na kvasinku C. laurentii, ktora bola pdvodne povazovana za
zoopatogén, ale stale CastejSie sa objavuju spravy o jej Skodlivosti pre ¢loveka (Johnson a
kol., 1998; Kordis a kol., 1998; Sugita a kol., 2000; Bauters a kol., 2001; Cheng a kol., 2001,
Khawcharoenporn akol., 2006; Shankar akol.,, 2006) ana purifikaciu a identifikaciu
indukovatel'nej a-galaktoziddzy na Strukturdlnej urovni.

Material a metody

Kmeti C. laurentii CCY 17-3-29 (Zbierka kvasinieck CHU SAV) rastol na semisyntetickom
médiu s 2% laktozou ako zdrojom uhlika az pokym nedosiahol exponencialnu fazu rastu. Po
premyti buniek sa cytozolova frakcia (CF) izolovala podl'a Ankel a kol. [1970]. Frakcia bola
precistena kvapalinovou chromatografiou na kolone s napliiou CM-Sephadex C-50.

a-Galaktoziddzova aktivita bola stanovena na PNP-a-galaktopyranozid ako substrat. Reakcia
bola zastavena pridavkom 4% Na2CO3 a mnozstvo uvol'neného PNP sa stanovilo meranim pri
410 nm.

SDS-PAGE pre vizualizaciu majoritnych proteinov v precistenej CF sa robila podl'a Laemli
[1970]. Proteinové pasy boli vizualizované striebrom a d’alej boli spracované podl'a protokolu
Jensen akol. [1999]. Separacia Stepov po tryptickom Stiepeni probiehala pomocou
jednoduchého mikrogradientového zariadenia napojeného na kratku (30 mm) kolonku s
vnutornym priemerom 250 mikrometrov s 5 Casticami Poroshell 300 C18 Extended. Eluent
bol v 0.75 mikrolitrovych objemoch nanasany na MALDI dosticku s o-kyano-4-
hydroxyskoricovou kyselinou ako matricou. Meranie prebehlo na pristroji 4800 MALDI-
TOF/TOF Analyzer (Applied Biosystems). Databazové vyhladavanie v NCBI prebehlo
pomocou programu Mascot v. 2.3.

Vysledky a diskusia



a-Galaktozidaza z CF bola precistena na kolone s napliou CM-Sephadex C-50 (Obr. 1A).
Frakcie 105-130, ktoré boli uvolnené z kolony zmenou pH z 3,8 na 4,4, boli po odsoleni,

lyofilizacii a rozpusteni v malom mnozstve vody nanesené na gél a separované pomocou
SDS-PAGE (Obr. 1B).
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Obr. 1. A — Purifikdcia a-galaktozidazy z CF na koléne CM-Sephadex C-50 (— Augo, bielkoviny, O Aasio/h,
aktivita a-galaktozidazy). B - SDS-PAGE CF precistenej na kolone CM-Sephadex C-50 (frakcie 105-130): CF,
Ciastocne precistena CF; St, Standard; Mh, molekulové hmotnosti Standardov.

Proteomickéd charakterizacia pasov zobrazenych na Obr. 1B priniesla vzhladom na nizku
koncentraciu proteinov (nutnost’ farbenia striebrom) vysledok len pre najvyraznejsi pas s Mh
tesne pod 130 kDa. Protein bol identifikovany na zdklade sekvencie
»YPDVLWEGCASGGGR”, ktorda vykazovala 100% homologiu s  proteinmi
QO0U0J8_PHANO a E4ZKD6 LEPMJ (necharakterizovany protein Phaeosphaeria nodorum
aprotein podobny o-galaktozidaze Leptosphaeria maculans) a 93% homologiu so
sekvenciami a-galaktozidazy alebo pravdepodobnej a-galaktozidazy hub rodu Aspergillus,
napr. AGALC_ASPOR, AGALC_ASPFN, AGALC_ASPNG a AGALC_EMENI
(pravdepodobne o-galaktozidaza C Aspergillus oryzae, pravdepodobne a-galaktozidaza C



Aspergillus flavus, o-galaktozidaza C Aspergillus niger, a-galaktozidaza C Emericella
nidulans, t.j. Aspergillus nidulans). Porovnanie s prislusnou sekvenciou proteinu C.
neoformans Q5K805, ktora patri do GH 36 rodiny a mohla by mat o-galaktozidazova
aktivitu, ukazalo identitu len $tyroch aminokyselin. Tento vysledok naznacuje, ze ak Q5K805
reprezentuje o-galaktozidazu, ide o protein, ktory sa na urovni primarnej Struktiry vyrazne
odlisuje od indukovatel'nej a-galaktozidazy C. laurentii.
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Porovnanie zdroja uhlika kultiva¢ného média na rast kmena
Cryptococcus laurentii a indukciu povrchovej a-galaktozidazy
kapsularnym a akapsularnym kmernom
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Uvod

Vysokd virulentnost’ patogénnych kmetiov Cryptococcus je viazand na ich schopnost
produkovat’ kapsulu a nasledne uvolnovat’ vel'’ké mnozstvo kapsuladrnych polysacharidov do
telovych tekutin [Pirofski a Casadevall, 1996]. Moyrand a kol. (2007) zistili, Zze velkost’
kapsuly a jej zbalenie zavisia na vzajomnom posobeni zakladnych polysacharidovych zloziek,
GXM (glukuronoxylomanan) a GalXM (galaktoxylomanén). Niektoré vysledky naznacuju, Ze
jednym z enzymov, ktoré sa priamo zucastiuju galaktézového metabolizmu ¢im ovplyvituju
reStrukturalizaciu kapsuly, by mohla byt’ a-galaktozidaza.

Néplnou tejto prace bolo Studium vplyvu uhlikového zdroja kultivatného média na rast
kapsularneho (17-3-6) a akapsularneho (17-3-29) kmena C. laurentii asnim suvisiacu
indukciu a-galaktozidazy. Vysledky by mohli nepriamo potvrdit’ Glohu o-galaktozidazy pri
reStrukturalizacii kapsul.

Material a metody

Kapsularny kmen C. laurentii CCY 17-3-29 a akapsularny kmen CCY 17-3-6 (Zbierka
kvasiniek CHU SAV) rastol v semisyntetickom médiu s roznymi sacharidmi ako zdrojmi
uhlika. Sledovali sa rastové krivky (pocitanim buniek a meranim prirastku absorbancie pri
660 nm) a sledovala povrchova aktivita o-galaktozidazy.

Aktivita o-galaktozidazy bola stanovena na PNP-a-galaktopyranozid ako substrat. Reakcia
bola zastavena pridavkom 4% Na2CO3 a mnoZstvo uvol'neného PNP sa stanovilo meranim pri
410 nm.

Vysledky a diskusia

Vplyv C-zdroja kultivaéného media na rast a produkciu a-galaktozidazy dvoch kmenov,
kapsularneho CCY 17-3-29 a akapsularneho CCY 17-3-6, zobrazuje Obr. 1 a Tab. 1.
Vysledky ukazuju dolezité rozdiely medzi tymito dvomi kmenimi. Najdolezitejsi rozdiel bol
pozorovany, ked’ boli kmene kultivované na laktéze ako zdroji uhlika, ked’Ze akapsularny
kmen na rozdiel od kapsuldrneho bol schopny tento C-zdroj utilizovat’ (Obr. 1). EPS oznacuje
extracelularne polysacharidy ziskané z kultivaéného média C. laurentii 17-3-20 podl'a
Barteka a kol. (2001).
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Obr. 1. Rastové krivky C. laurentii: CCY 17-3-6 (akapsular) (A) a CCY 17-3-29 (kapsular) (B). Zdroje uhlika v
kultivaénom médiu: glukéza (o), galaktoza (A), extraceluldrne polysacharidy (A), laktoza (e), bez sacharidu

(©).

Tabulka 1. Aktivity povrchovej o-galaktoziddzy kmenov CCY 17-3-6 (akapsular) a CCY 17-3-29 (kapsular)
rastiicich na médiach s réznymi C-zdrojmi

CCY 17-3-6 CCY 17-3-29
C-zdroj Pocet buniek - Aktivita Pocet buniek - Aktivita
1078 per mL (pmol s 1078 1078 per mL (pmol s 1078
buniek)? buniek)?
Glukoza 1.328 £ 0.199 0.14 1.457+0.118 0
Galaktoza  0.859 + 0.042 7.14 0.928 +0.055 41.81
EPS 0.130 £ 0.021 54.14 0.160 + 0.027 10.72
Laktoza 1.215+0.097 9.21 0.084 +0.005 1056.82
Bez C- 0.080 + 0.096 180.00 0.059 £ 0.009 48.80
zdroja

a) Vypocitané z priemernych hodnot

Tabulka 1 ukazuje aktivity povrchovych a-galaktozidaz dosiahnutych po 42 hod kultivacie
akapsularneho kmena (stacionarna faza rastu akapsularu) a po 48 hod kultivacie kapsularneho
kmena (stale eSte exponencidlna faza rastu pre kapsuldr). Zakladny rozdiel je viditelny v
produkcii a-galaktozidazy, ktora sprevadza kultivaciu na laktézovom médiu. Napriek
dramatickému narastu povrchovej aktivity kapsuldrneho kmena, aktivita akapsularu bola skor
reprimovand (Tab. 1). Vyborny rast akapsuldrneho kmena zas naznafoval produkciu
vysokych hladin aktivit P-galaktozydazy, t.j. rozdielne zloZenie hlavnych povrchovych
glykozidaz kapsularneho a akapsularneho kmena.

Rast obidvoch kmenov na EPS produkovanych kmenom CCY 17-3-20 (pouzivanym kvoli
zlej rozpustnosti v koncentracii 1 %) a reprezentovanych najmda GXM (Bartek et al., 2001)
bol sprevadzany poklesom a-galaktozidazovej aktivity v porovnani s bunkami rasticimi bez
C-zdroja. Bunky vykazovali vysoku viabilitu, ¢im naznacovali ochranny efekt EPS.
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Purifikacia intracelularnej a-galaktozidazy Cryptococcus laurentii

Csilla Mészarosova, Sona Garajova, Nadezda Kolarova, Eva Stratilova a Jan Mucha*

Chemicky ustav SAV, Dubravskd cesta 9, SK-84538 Bratislava; *chemjmuc@savba.sk
Klucove slova
Cryptococcus laurentii, a-galaktozidaza, purifikacia
Uvod

Vysoka virulentnost patogénnych kmenov Cryptococcus je viazana na ich schopnost
produkovat’ kapsulu a nasledne uvol'novat’ vel'ké mnozstvo kapsuldrnych polysacharidov do
telovych tekutin [Pirofski a Casadevall, 1996]. Rearanzovanie kapsule pocas pucania, resp.
uvolniovanie kapsuldrnych polysacharidov, by mohli byt désledkom jednak fyzikalnych
dejov (Zaragoza et al, 2006) ako aj Ccinnosti enzymov s hydrolytickymi a
transglykozylaénymi aktivitami. Jednym z takychto enzymov je a-galaktozidaza, ktora by sa
mohla zGc¢asthovat’ galaktozového metabolizmu, ktory niektori autori (Moyrand a kol., 2007)
povazuju za jeden z kl'icovych faktorov premeny kapsuly.

Naplnou tejto prace bola izolacia a purifikacia a-galaktozidazy z cytozolu (CF) a membran
(EMF) kapsularneho kmena C. laurentii kultivovaného na semisyntetickom médiu s laktozou
ako zdrojom uhlika..

Material a metody

Kapsularny kmen C. laurentii 17-3-29 (Zbierka kvasinieck CHU SAV) rastol v
semisyntetickom médiu s 2% laktéozou ako zdrojom uhlika, az pokym nedosiahol
exponencialnu fazu rastu. Po premyti buniek boli z cytozolu a po extrakcii proteinov aj
Z membran izolované proteiny podla Ankel a kol. [1970] a Yanagisawa a kol. [1990]. a-
Galaktozidaza bola z nich potom purifikovand kvapalinovou chromatografiou (gélova

filtracia, ionovymenna a afinitnd chromatografia). Priebeh purifikacie bol sledovany SDS-
PAGE.

o-Galaktozidazova aktivita bola stanovena na PNP-a-galaktopyranozid ako substrat. Reakcia
bola zastavena pridavkom 4% Na2CO3 a mnozstvo uvol'neného PNP sa stanovilo meranim pri
410 nm.

Vysledky a diskusia

Priebeh purifikacie a-galaktozidazy z CF a EMF C. laurentii zobrazuji Tab. 1 (pre CF) a2
(pre EMF) ako aj Obr. 1 (A pre CF a B pre EMF).



Tabulka 1. Zostatkové aktivity a purifikacné faktory a-galaktozidazy z CF po jednotlivych purifikacnych
krokoch. Zostatkové aktivity su vyjadrené ako percentda povodnej enzymovej aktivity v surovej CF (18 ml).
Purifikacné faktory su zalozené na Specifickych aktivitach.

Purifikacny krok Vytazok Specifickd ~ Zostatkova Purifikaény
Protein Aktivita aktivita aktivita faktor
(mg) (pkat) (pkat/mg) (%) (krat)
Surova CF 303.30 2669.04 8.80 100.00 1.00
CM-Sephadex C-50 20.25 443.48 21.9 16.62 2.49
ConA — Sepharose 4B 1.34 207.00 154.48 7.76 17.56
Superdex 75 0.033 29.34 888.96 1.10 101.02

Tabul’ka 2. Zostatkové aktivity a purifika¢né faktory a-galaktozidazy z EMF po jednotlivych purifikacnych
krokoch. Zostatkové aktivity st vyjadrené ako percentd pévodnej enzymovej aktivity v surovej EMF (8 ml).
Purifika¢né faktory su zalozené na Specifickych aktivitach.

Purifika¢ny krok Vytazok Specifickd ~ Zostatkova Purifikacny
Protein Aktivita aktivita aktivita faktor
(mg) (pkat) (pkat/mg) (%) (krat)
Surova EMF 85.2 384.25 4.51 100.00 1.00
CM-Sephadex C-50 1.01 19.14 18.99 4.98 4.21
ConA - Sepharose 0.15 6.15 40.19 1.60 8.91
Superdex 75 0.01 3.99 475.39 1.04 105.41
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Obr. 1. SDS-PAGE predistenej o-galaktozidazy z A-CF a B-EMF.

Napriek priblizne rovnakému purifikaénému faktoru pre a-galaktozidazu z CF a EMF (Tab.
1, 2), SDS-PAGE ukazalo, ze enzym z CF bol Cistejsi ako z EMF. a-Galaktozidaza bola
identifikovand ako proteinova zona s Mh okolo 130 kDa na zéklade aktivitného stanovenia vo
frakciach kalibrovanej kolony Superdex 75 (Obr. 2).
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Obr. 2. Gélova filtracia na kalibrovanej kolone Superdex 75 precistenej a-galaktozidazy z CF (@) a EMF (O).
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ZvySena expresia P-glykoproteinu v leukemickych bunkach je
spojena so zmenami v glykozylacii proteinov.

Zdena Sulové, Tatiana Bubengikova, Mario Sere§, LENKA GIBALOVA, , ALBERT BREIER

“Ustav molekularnej fyziologie a genetiky, SAV, Vlarska 5. 83334 Bratislava

P-glykoprotein (P-gp) je integralny glykoprotein plazmatickej membrany, ktory plni
funkciu efluxnej pumpy aje ABCBI c¢lenom rodiny ABC transportérov. Jeho expresia
Vv neoplastickych  bunkach vedie krozvoju viacliekovej rezistencie a k zlyhavaniu
chemoterapie. ZvySena expresia tohto proteinu v leukemickych bunkach L1210 je
sprevadzana vyraznymi zmenami v regulacii syntézy glykoproteinov. Pomocou *!P-NMR sme
detekovali pokles hladiny ATP a UDP-cukrov v P-gp pozitivnych bunkach (obr.1.).
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Obrazok 1. P NMR sektra senzitivnych a rezistentnych buniek (S-senzitivne bunky L1210) Rv-
rezistentné bunky kultivované v pritomnosti vinkristinu 0.2 mg/l) PME - fosfomonoester; PL/PC -
fosfoetanolamin/fosfocholin, Pi — anorganicky fosfat, a, B, y- ATP - tri ATP fosfatové skupiny vn o, f a vy
polohe.

Pozorovali sme aj znizeny obsah glykoproteinov interagujucich s lektinom ConA a aj
nizSiu hladinu glykogénu, v porovnani s P-gp negativhymi bunkami L1210. Na zdklade
interakcie s roznymi lektinmi (ConA, LEA) sme zistili, Ze expresia P-gp vedie k remodelacii
povrchovych sacharidov.Expresia P-gp vV membrane vyrazne zniZuje vazbu lektinu ConA
nezavisle od ¢i bola expresia P-gp navodend adaptaciou na vinkristin (R) alebo transfekciou
s Pudskym génom koédujicim P-gp (T). (obr.2)
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Obrazok 2. Detekcia vazby ConA na S,R a T bunky pomocou flurescenénej cytometrie a v konfokalnom
mikroskope.
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Reactive oxygen species, oxidative liver cells injury and protective
effect of pyridoindole derivative stobadin.

Bezek S., Rackova L., Kyselova Z.

Institute of Experimental Pharmacology and Toxicology Slovak Academy of Sciences,
Dubravska cesta 9, 841 04 Bratislava.

Increasing evidence in both experimental and clinical studies suggests that reactive
oxygen generation play amajor role in many pathophysiological conditions including
neurodegenerative diseases, cancer, diabetes, cardiovascular and respiratory diseases but also
in mechanisms of action of environmental toxicants. Oxidative stress caused by reactive
species damages cellular DNA, proteins, and lipids and is widely recognized as one of the
causes of the development of chronic disease. The study of the mechanisms involved in cell
damage mediated by oxidative compounds as well as the evaluation of biomarkers of the
cellular defense system in such conditions could greatly help to prevent appearance and
development of oxidative stress related diseases.

The aim of the present study was to establish a model of oxidative stress in primary
isolated hepatocytes in order to assay the possible protective effect of original pyridoindole
derivative stobadin. The biological system of primary hepatocytes isolated from male Wistar
rats was exposed for 1 h to an increasing concentration of tert-butylhydroperoxide. Tert-
butylhydroperoxide is an organic lipid hydroperoxide analogue, which is commonly used as a
pro-oxidant for evaluating mechanisms involving oxidative stress within cells and tissues.
Lactate dehydrogenase leakage and thiobarbituric acid reactive substances formation were
determined as biomarkers of hepatocytes oxidative stress injury. Double sequential staining
with acridine orange and ethidium bromide allowed discriminate the portions of cells dying
either by necrosis or apoptotic cells and/or living cells. Under severe conditions of oxidative
stress, there was a large excess of reactive oxygen species, thus cells died from necrosis (1.0
mM resp. 2.0 mM of tert-butylhydroperoxide). Meanwhile, under mild conditions (0.5 mM
of tert-butylhydroperoxide) level of reactive oxygen species caused cell death mainly by
apoptosis.

The results showed that pretreatment of hepatocytes with stobadine 5 min prior to
administration of tert-butylhydroperoxide substances significantly decreased lactate
dehydrogenase leakage and thiobarbituric acid reactive substances formation. These
protective effects of stobadine against tert-butylhydroperoxide induced oxidative injury were
concentration-dependent.

In conclusion, stobadin seemed to be a promising agent for further studies relevant to
reactive oxygen species induced functional and structural impairments within cells and
tissues. Primary isolated rat hepatocytes as a biological model used in this study corresponds
with possible pathophysiological consequences of different liver diseases, thus might serve
for prescreening testing of toxic effects for novel substances.
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Charakterizacia fosforylaCnych miest v Irel

DROPPOVA M.},SESTAK S.!, SCHROEDER M.?, MUCHA J.1

Unstitute of Chemistry, Slovak Academy of Sciences, Dubravska cesta 9, Bratislava, Slovakia
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Akumulaciou nespravne foldovanych alebo poSkodenych proteinov v lumene
endoplazmatického retikula dochddza k aktivacii signalnej drahy (UPR), ktorej stcastou je
Irel transmembranovy protein nevyhnutny pre udrzanie rovnovahy endoplazmatického
retikula. Oligomerizécia Irel aktivuje cytoplazmaticki kindzovii a RNazovu doménu
a nasledne dochadza k nekonvenénému mRNA zostrihu HAC1 mRNA. Odstranenie intréna
a ligacia oddelenych exonov vytvori zostrihnuta formu HAC1 mRNA, ktora je prelozena do
Hacl transkripéného faktora. Pretoze nezostrihnutda forma mRNA HACL nie je preloZzena,
pokial’ neddjde k odstraneniu introna, RNazova aktivita Irel pontika mechanizmus ako mozno
prepinat’ UPR signalnu drdhu. V préci sa zaoberdme pripravou série alaninovych mutantov
Irel zodpovednych za vytvorenie aktivneho komplexu s ligandami a stadium ich fenotypu,
teda schopnosti adaptacie na stresové podmienky.

Irel protein ma Struktiru tvoreni tromi doménami. Prvd doména nachédzajica sa
V lumene endoplazmatického retikula mé schopnost’ detegovat’ nespravne foldované proteiny.
Druhd doména nachadzajuca sa v cytoplazme endoplazmatického retikula je prepojena
transmembranovym linkerom. Je to atypickd serin/treonin kindzova doména, ktora sa po
aktivacii autofosforyluje v trans polohe. Tretia doména, ktora tvori C-termindlny koniec je
endoribonukleova doména. Autofosforylaciou sa aktivuje RNazova aktivita Irel, ktora
nasledne iniciuje k odstraneniu 252-nukleotidoveho intronu mRNA kodujucej Hacl, ktory
reguluje transkripciu cielovych génov signalnej drahy UPR. S zndme tri hlavné miesta
zOCastnujuce sa autofosforylacie. Jedna sa o linker doménu, aktiva¢nt slucku a inzerént
slucku v kinazovej doméne. Na zaklade poznatkov inych proteinovych kinaz (Nolen a kol.,
2004) vieme poukézat’ na piat’ moznych fosforylaénych miest v aktivacnej slucke (S837, S840,
S841, T841 a S850), ktoré sa podielaji na formovani aktivnej kinazovej konformacie.
Pomocou cielenej mutagenézy sme pripravili sériu mutantov S837A, S840A, S841A, T844A
a S850A akombinacie mutantov S840A-S841A, S841A-T844A, T844A-S850A aviac-
nasobného mutanta S840A-S841A-T844A-S850A (QA) Irelp zodpovednych za vytvorenie
aktivneho komplexu s ligandami. V praci sa zaoberame $tiidiom ich fenotypu, teda schopnosti
adaptacie na stresové podmienky V pritomnosti 0,4-1,5 pg/ml tunikamycinu (Tm), 1,5-
2,5 mM dithiothreitolu (DTT) a2-3 mM 2-deoxyglukozy (DG). Na zaklade vysledkov
modzeme tvrdit, Ze serinove mutanty S841A a T844S, ako aj dvojity serinovy mutant S840A-
S841A su citlivejSie na stres endoplazmatického retikula. Trans-autofosforylacia
aktivovanych serinovych zvyskov S840 a S841 je nevyhnutna pre signalnu drahu. Ak serin
S840 a S841 nemdze byt fosforylovany, ako v pripade dvojitého mutanta S840A-S841 je
V podstate vyluc¢ena UPR signalizécia. Konformaéné zmeny vyvolané fosforylaciou st casto
stabilizované interakciami medzi novymi susednymi aminokyselinami, preto aminokyseliny
aktivacnej slucky iné ako fosforylované S840, S841 a T844 mdzu zohrdvat' vyznamnu tlohu
pri konforma¢nych zmenach dolezitych pre RNazovu aktivaciu .



Nolen B., Taylor S., Ghosh G.. Regulation of Protein Kinases: Controlling Activity
through Activation Segment Conformation. Mol. Cell, vol. 15 (2004), pp. 661-675
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Cloning, expression and biochemical characterization of three
putative lysosomal a-mannosidases from Drosophila melanogaster

S. Sestak,? D. Rendié,” I. Nemé&ovi¢ova,®® M. Plskova,? I. B. H.Wilson® and J. Mucha?

aDepartment of Glycobiology, Institute of Chemistry, Slovak Academy of Sciences, Dubravska cesta 9, 845 38
Bratislava, Slovakia

®Department fiir Chemie, Universitiit fiir Bodenkultur, Muthgasse 18, A-1190 Wien, Austria

®Department of Cellular Biology, La Jolla Institute for Allergy and Immunology, 9420 Athena Circle, La Jolla,
CA 92037, USA

Mannosidases are ubiquitous in eukaryotic cells; based on primary sequence
homologies, they can be classified into two major classes, the calcium-dependent class |
(glycohydrolase family 47) and class Il (glycohydrolase family 38), involved in glycan
processing and degradation. Defects in the class II lysosomal a-mannosidase, LM (EC
3.2.1.24) cause the lysosomal storage disease, a-mannosidosis. There are six loci encoding
putative class Il mannosidases in Drosophila melanogaster. We have cloned cDNA encoding
three homologues of putatively lysosomal mannosidases (assigned LM408, LM250, and
LM251). When expressed in Pichia pastoris, they were found to encode an enzymes that
could cleave chromogenic p-nitrophenyl-a-D-mannopyranoside with Kpn values in the
millimolar range as well as, in three cases, natural oligomannosidic glycans. The enzyme
characterization have shown broad temperature and pH tolerance with optima in the range of
40-50 °C and pH 5.0-5.6. All three enzymes were inhibited by swainsonine and mannostatin
A with increased ICso and K; in the order LM408<LM407<LM252. Thus, unlike mammals,
the fruitfly possesses multiple lysosomal mannosidases with similar properties.

Lysosomal mannosidase is a acidic exoglycosidase that cleaves nonreducing terminal
al,2-, al,3- and al,6- linked mannose residues of glycoproteins. Together with other
glycosidases and proteases is responsible for protein degradation in lysosoms. An enzyme
deficiency leads to the lysosomal storage disease, a-mannosidosis, characterized by glycan
accumulation. In the case of the fruitfly Drosophila melanogaster, there is only limited data
regarding its mannosidases. As regards class Il mannosidases, the Golgi mannosidase 1l has
been intensively investigated and its 3D-crystal structure solved; however, there is no
published biochemical data as regards the natural substrate specificity of this enzyme and
other seven class 11 mannosidases from the fly. In our work we exploit the Pichia expression
system in order to characterise selected mannosidases from the fruitfly.

Sestak S, Rendi¢ D, Nemdovicova I, Plskova M, Wilson IBH and Mucha J. Cloning,
expression and biochemical characterization of class II a-mannosidases from Drosophila
melanogaster. In preparation.
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Expression, purification and preliminary crystallographic analysis
of Drosophila melanogaster lysosomal a-mannosidase
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The lysosomal a-mannosidases are class 11 mannosidases that belong to glycoside hydrolase
family 38 and play an important role in the degradation of asparagine-linked carbohydrates of
glycoproteins. Based on peptide similarity to human and bovine lysosomal mannosidase
(LM), recombinant a-mannosidase from Drosophila melanogaster (dLM408) was cloned and
heterologously expressed in Pichia pastoris. The recombinant form of dLM408 designed for
structural analysis lacks the transmembrane domain and was crystallized using standard
vapour-diffusion and counter-diffusion techniques. The crystals grew as flat plates and as
tetragonal bipyramids, respectively. The plate-shaped crystals exhibited the symmetry of
space group P21212; and diffracted to a minimum d-spacing of 3.5 A.

Most extracellular proteins contain asparagine-linked (N-linked) oligosaccharides as a result
of post-translational modification which is essential for their proper function.

Mannosidases involved in the biosynthesis and catabolism of N-glycans have been divided
into several broad classes based on sequence comparisons, specificity for substrates and other
characteristics. Lysosomal a-mannosidase (LM; EC 3.2.1.24) is a major exoglycosidase in the
glycoprotein degradation pathway. To date only one protein structure of lysosomal
mannosidase (cloned from B. taurus) has been solved.

Here, we report our recent findings on D. melanogaster lysosomal mannosidase dLM408,
including its characterization, expression, purification, crystallization and preliminary X-ray
diffraction analysis. We have shown that the dLM408 is an approximately 132 kDa enzyme
with characteristics similar to those of other enzymes in the GH38 a-mannosidase family. One
of the crystal forms offered promising structural data, while structural analysis at 3.5 A
resolution and the optimization of the second crystal form are currently underway. The
successful crystallization and determination of the dLM408 structure in its active form will
help in understanding the catalytic processes of a-mannosidase family.

Nemdovi¢ova I, Neméovié¢ M, Sestak S, Plskova M, Wilson IBH and Mucha J. Expression,
purification and preliminary crystallographic analysis of Drosophila melanogaster lysosomal
a-mannosidase. (2012). Acta Cryst. F68, 965-970
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Indukcia a-galaktozidazy kmena Cryptococcus laktézou
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Uvod

Vysoka virulentnost patogénnych kmenov Cryptococcus je viazana na ich schopnost
produkovat’ kapsulu a nasledne uvolnovat’ vel'’ké mnozstvo kapsuladrnych polysacharidov do
telovych tekutin [Pirofski a Casadevall, 1996]. Moyrand a kol. (2007) zistili, Zze velkost’
kapsuly a jej zbalenie zavisia na vzajomnom posobeni zakladnych polysacharidovych zloziek,
GXM (glukuronoxylomandn) a GalXM (galaktoxylomanan). Mutant, ktory nebol schopny
syntetizovat’ GalXM mal vaésiu kapsulu, ako povodny divy kmen . Z tohto sa predpokladalo,
Ze na nepritomnost’ GalXM bunka reaguje nadprodukciou molekul GXM, ¢o ma za nasledok
zvacSenie kapsule. Tento fakt poukazuje na dolezitost metabolizmu galaktézy Vv
zachovani Struktiry a vel'kosti kapsuly.

Jednym z enzymov, ktory by mohol prispievat’ k metabolizmu galaktozy, je a-galaktozidaza.
Experimenty, ktoré boli z dovodu mensej patogenity robené s C. laurentii, poukazali na jedne;
strane na vyraznu indukciu tohto enzymu zdrojom uhlika média, ktory obsahoval viazani
galaktozu, na druhej strane vSak porovnavacie Studie s gendmom C. neoformans poukazali na
fakt, ze tato indukovatelna o-galaktoziddza ma vysSiu podobnost’ s fungalnymi enzymami
ako s potencionalnou a-galaktozidazou [Loftus akol., 2005]. Aby sa aspofi nepriamo
potvrdila funkcia indukovatelnej a-galaktoziddzy pri prestavbe kapsule, musela by byt
produkovana aj silne patogénnymi kmenmi C. neoformans.

Material a metody

Kmene C. laurentii CCY 17-3-29 a C. neoformans CCY 17-1-2 (sérotyp D ako JEC21; Loftus
a kol., 2005) a CCY 17-1-8 (sérotyp A so stanovenou povrchovou aktivitou a-galaktozidazy;
Macekova a kol., 2006) pochadzali zo Zbierky kvasiniek CHU SAV. Kultivacia prebiehala na
semisyntetickom médiu s 2% laktoézou alebo 2% glukézou ako zdrojom uhlika. V priebehu
kultivacie sa sledoval rast mikroorganizmov a produkcia povrchovej o-galaktozidazy.

Rast mikroorganizmov bol vyhodnoteny pocitanim buniek v Burkerovej komdrke pod
mikroskopom.

o-Galaktozidazova aktivita bola stanovena pri 37 °C na PNP-o-galaktopyranozid ako
substrat. Reakéna zmes bola zlozend z 50 pl média s bunkami, 175 pul 0,1 M citrat-fosfatového
tlmivého roztoku pH 4,8 a 50 pl substratu. Reakcia bola zastavena po 30 min pridavkom 4%
Na>CO3 a po odcentrifugovani buniek a extracelularnych polysacharidov (10000 x g; 10 min)
bolo mnoZstvo uvol'neného PNP stanovené meranim absorbancie pri 410 nm.

Vysledky a diskusia



Vysledky experimentu tykajiceho sa rastu kmenov rodu Cryptococcus v médiach s obsahom
glukozy a laktozy ako C-zdroja, st zndzornené na Obr. 1. Ako z nich vyplyva, vSetky tri
kmene rastli na laktozovych médiach niekol'’kondsobne pomalsie, ako na médiach s glukozou.
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Obr. 1: Rast kmetniov C. laurentii CCY 17-3-29 (zelena) a C. neoformans CCY 17-1-2 (modra) a CCY 17-1-8
(¢ervend) na médiu s obsahom 2% glukézy (plné znaky) a 2% laktdzy (prazdne znaky).

Indukcia a-galaktozidazy laktozou sa potvrdila vyluéne u kmena C. laurentii. Kmene C.
neoformans tento enzym produkovali v zanedbatelnom mnozstve (Obr. 2) ajeho tvorba
nebola ovplyvnend pritomnostou laktézy v kultivaénom médiu.
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Obr. 2: Produkcia povrchovej a-galaktozidazy v priebehu rastu kvasiniek C. laurentii CCY 17-3-29 (zelena) a C.
neoformans CCY 17-1-2 (modra) a CCY 17-1-8 (Cervena) na médiu s obsahom 2% glukézy (plné znaky) a 2%
laktozy (prazdne znaky).

Z tychto vysledkov vyplyva, Ze produkcia indukovatelnej o-galaktozidazy nie je pre rod
Cryptococcus univerzalnym javom, a preto nemoze VO vSeobecnosti
ovplyviiovat’ rearanzovanie polysacharidovych kapsul tohto rodu. Okrem toho bola
analogickd indukcia tohto enzymu popisand aj v pripade inych -eukaryotickych
(nekapsularnych) mikroorganizmov ako napr. Trichoderma reesei [Zeilinger et al., 1993],
ktora viak na rozdiel od C. laurentii produkovala aj extracelularnu o-galaktozidazu. Dal’§im



rozdielom bola indukcia a-galaktozidazy T. reesei galaktdzou, kora v pripade C. laurentii
pozorovana nebola.
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Glukoamylazy z variantnych kmenov potravindrskej kvasinky Saccaromycopsis fibuligera su
dobrym objektom pre sledovanie vztahov medzi Struktirou a funkciou. SU to enzymy katalyzujice
odstiepovanie molekul alfa-D-glukdzy z neredukujiceho konca skrobu a maltooligosacharidov.

Subor Styroch relativne dobre charakterizovanych enzymov s vysokym stupfiom homoldgie v
primarnej Struktare (Glu/S. fibuligara HUT7212, Gla/S. fibuligera KZ, GLL/S. fibuligera 64, Glm/S.
fibuligera 1FO 0111) umoznuje doteraz sledovat zmenu ich fyzikadlno-chemickych vlastnosti len na
urovni modelov odvodenych od 3D Struktury glukoamyldzy Glu [1].

Vsetky Styri glukoamyldzy maju na svojom povrchu skupinu piatich aminokyselinovych
zvyskov tvoriacich tzv. "sugar tongs", pomocou ktorej sa adsorbuju na surovy skrob.

Medzi najmarkantnejsie odliSnosti patri Specifickd aktivita, tepelna stabilita, schopnost len
jednej z tychto glukoamylaz (Glm z S.fibuligera IFO 0111) Stiepit surovy Skrob, resp. mimoriadne
dobrd renaturdcia po tepelnej denaturacii v pripade glukoamylazy Gla (produkovanej kmeriom S.
fibuligera KZ) [2,3].

V snahe obist problémy s mikroheterogenitou sp6sobenou nespecifickou glykozylaciou
glukoamyldzy z povodného producenta sme pripravili rekombinantnu glukoamylazu Gla expresiou v
Escherichia coli. Jej izolaciu z inkliznych teliesok a naslednu purifikdciu sme realizovali za podmienok
vylucujucich naviazanie sa molekuly Tris do aktivneho miesta kde p6sobi ako inhibitor.

Doposial bola urcend tercidrna Struktira glukoamylazy Glu s naviazanou molekulou Tris
(rozlidenie 1.7 A a 1.1 A) a akarbézou (rozlisenie 1.6 A), ktoré pdsobia ako jej inhibitory [1,4]. Napriek
tomu, Ze identita glukoamyldz Glu a Gla je vySe 98% (liSia sa iba siedmimi aminokyselinami z
celkového poctu 492), strukturu Gla sa nepodarilo uréit, pretozZe pripravené krystaly boli zdvojcatené.

Napriek pociatoénym neulspechom sme v krystalizacii pokracovali. Krystaly Gla, ktoré
difraktovali s rozli$enim 1.8 A boli pripravené metédou difuzie cez plynnu fazu vo visiacej kvapke s
pouZitim 30% PEG 8K v 100 mM octanovom pufri, pH 5.5, ako pomocného roztoku. Kvapka s
objemom 2yl bola pripravend zmieSanim roztoku proteinu, pripraveného rozpustenim lyofilizovanej
vzorky vo vode do koneénej koncentracie 20 mg/ml, a pomocného roztoku v pomere 1:1. Na rozdiel
od predchddzajucich pokusov, kedy protein krystalizoval v priebehu 4-6 tyZdriov, v pripade Gla
krystaly sa vytvorili az po niekolkych mesiacoch z pomerne hustej zrazeniny. Ziskané krystaly boli
monoklinické, priestorovd grupa P2; s mriezkovymi parametrami a=66.5, b=81.5, c=83.4 A,
8=109.94°. V asymetricke] jednotke sa nachadzaju dve molekuly proteinu. Pre porovnanie, krystaly
Glu boli ortorombické s priestorovou grupou P2:2:2;, mriezkovymi parametrami a=66.5, b=81.5,
c=83.4 A, a=p=y=90°a jednou molekulou proteinu v asymetrickej jednotke [5].



Difrakéné data boli zmerané pomocou synchrotronového Ziarenia na X13 beamline v EMBL,
c/o DESY, Hamburg. Difrakény obrazec je na Obr. 1. Po spracovani sme ziskali subor dat s
kompletnostou 95%, pricom pre data s najvy$sim rozligenim (1.80-1.86 A) bola kompletnost 98%,
multiplicita merani 2.78 a Rmerge 34%. Struktura je v $tadiu rie$enia. Napriek tomu, Ze neocakdvame
vyrazné rozdiely medzi tercidrnou struktdrou glukoamylaz Glu a Gla, predpokladédme, Ze porovnanie
oboch struktdr by mohlo prispiet k vysvetleniu ich odlisnych fyzikalno-chemickych vlastnosti.

Obr. 1. Difrakény obrazec z krystélu glukoamylazy Gla. RozliSenie na okraji obrazca je

na Urovni 1.77 A (difrakcie detegovatelné pocitatom).
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