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Abstract. Many antimicrobial coatings deliver a peak release of antimicrobial agent at an early
age, after which they lost antimicrobial activity over time. In the present study a novel geopolymer
paints with long term antimicrobial activity were developed based on natural zeolite modified with
silver and copper ions. The obtained geopolymer paints were applied by brushing on concrete,
ceramic, gypsum paperboard and steel. The coating was characterized by excellent adhesive
strength and hiding properties. The long-term antimicrobial effect was evaluated by accelerated
aging in carbonation chamber. Microstructural changes were analyzed by powder X-ray diffraction
and Fourier transformed infrared spectroscopy. Cytotoxicity, antibacterial, antifungal and
virucidal properties were investigated on raw and carbonated geopolymer paints. Geopolymer
paints based on modified natural zeolite seems promising antimicrobial coating material that can
be implemented in the global fight against the spread of diseases and pathogens.

Pe3ome. MHOTr0O aHTUMHMKPOOHU MOKPUTHUS OCUTYpSIBAT OCBOOOX/1aBaHE HA AHTUMUKPOOEH areHT
B paHEH eTal, CleJ] KOETO C TeUYeHHEe Ha BpPEMeTo TyOsST aKTHMBHOCTTa CH. B HacTosmoro
u3cieBaHe ca pa3paboTeHN HOBU Ie€ONOJIMMEPHH OOU C IBJITOTpaifHa aHTUMUKPOOHA aKTUBHOCT
Ha 0a3aTra Ha €CTECTBEH 3€0JIUT, MOAM(UIUpPAaH CbC CpeOBpHU U MeaHM HoHM. [lomyueHure
reonoJIMMEpPHH OOM ca HAaHECEHH Ype3 YeTKa BbpXY OETOH, KepaMUKa, THUIICOB KAPTOH M CTOMAHa.
IToxputurero ce xapakTepusupa ¢ OTINYHA aIXE€3UOHHA 3[paBUHA U IIOKPUBHOCT. I BIITOCPOYHUSAT
aHTUMUKpOOeH edekT Oelle OLIEHEH Ype3 YCKOPEHO cTapeeHe B KapOOHW3allMOHHA Kamepa.
MUuKpOCTpyKTYpHUTE MPOMEHHU OsiXa aHAIM3MpPaHU 4Ype3 IpaxoBa PEHTreHOBa AUPPAKIUS U
uHppauepBeHa  cnektpockonuss ¢ @Dypue  TpaHchopmauusa.  LluToToKCcHMYHOCTTAa,
aHTHOAKTepUaIHNUTE, NPOTUBOIBOHUTE M AHTUBHUPYCHUTE CBOMCTBa OsfXa H3CIENABAHU BBPXY
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HeoOpaboTeHH U KapOOHU3UPaHU TeoNoIUMepHU 60ou. ['eononumepHuTe TOKpUTHUS, Oa3upaHu Ha
MoauduIMpaH TPUPOJEH 3€0JHT, ce ouyepTaBaT Karo olellaBall aHTUMUKPOOEH MarepHual ¢
MOTEHIIMaJ] 3a MPUWIOKEHHE B IiobanmHaTa Oopba cpelly pa3lpoCTpaHEHHETO Ha OOJeCTH U
MaTOTeHH.

2. Abrashev, R.; Krumova, E.; Petrova, P.; Eneva, R.; Dishliyska, V.; Gocheva, Y.; Engibarov, S.;
Miteva-Staleva, J.; Spasova, B.; Kolyovska, V.; Angelova, M. Glucose catabolite repression
participates in the regulation of sialidase biosynthesis by Antarctic strain Penicillium griseofulvum
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Abstract. Sialidases (neuraminidases) catalyze the removal of terminal sialic acid residues from
glycoproteins. Novel enzymes from non-clinical isolates are of increasing interest regarding their
application in the food and pharmaceutical industry. The present study aimed to evaluate the
participation of carbon catabolite repression (CCR) in the regulation of cold-active sialidase
biosynthesis by the psychrotolerant fungal strain Penicillium griseofulvum P29, isolated from
Antarctica. The presence of glucose inhibited sialidase activity in growing and non-growing fungal
mycelia in a dose- and time-dependent manner. The same response was demonstrated with maltose
and sucrose. The replacement of glucose with glucose-6-phosphate also exerted CCR. The addition
of cAMP resulted in the partial de-repression of sialidase synthesis. The CCR in the
psychrotolerant strain P. griseofulvum P29 did not depend on temperature. Sialidase might be
subject to glucose repression by both at 10 and 25 °C. The fluorescent assay using 4MU-Neu5Ac
for enzyme activity determination under increasing glucose concentrations evidenced that CCR
may have a regulatory role in sialidase production. The real-time RT-PCR experiments revealed
that the sialidase gene was subject to glucose repression. To our knowledge, this is the first report
that has studied the effect of CCR on cold-active sialidase, produced by an Antarctic strain.

Pesrome. Cruanuaasure (HeBpoaMUHUAAa3M) KaTaIM3UpaT OTCTPAHABAHETO HA KpalHUTE OCTATBIH
Ha CHAJOBa KHCEIMHA OT TJIMKONpOTeHHHUTe. HOBUTE €H3WMH, H30JMpaHH OT HEKIUHHUYHH
W3TOYHUIIM, TIPEICTABISABAT BCE IO-TOJISIM MHTEPEC 1O OTHOIICHHWE Ha TMPHIIOKEHHETO UM B
XpaHHUTEIHATa U (apMaleBTUYHATA MPOMHIIUICHOCT. L{enTa Ha HacTOSAMIOTO M3CIIEABAHE € /1a ce
OLIEHW Y4aCTHETO Ha BBIVIEPOJHATA KaTaOOIMTHA pPerpecHs B peryjanusTa Ha OMOCHHTe3aTa Ha
TeMITEpaTypHO-4yBCTBUTEIHA CHalliIa3a OT rcuxoroiepantHus mam Penicillium griseofulvum
P29, uzonmupan ot Antapktuna. Hanuunero Ha ritoko3a HHXUOHMpa cHalva3HaTa aKTUBHOCT B
pacTAIIM U HepacTAIIM MHUIIETH IO JI0303aBHCHUM U BpeMme3aBucuM HauuH. [lono0eH penpecuBeH
eexT Oe ycTaHOBEH M NpHu J00aBsHE HAa MajTO3a M 3axapo3a. 3aMEeCTBAHETO Ha TJOK03a C
TIII0K030-6-ocdar chino nHaAyIMpa karadonuTHa penpecus. JJobaBsrero Ha TAM® noBene 10
YacTUYHO TMOTHCKaHE Ha CHHTe3a Ha cuanuaasa. KaraGomuTHarta pemnpecus —IpH
ncuxortonepanTHus mam P. griseofulvum P29 He moka3za 3aBHCHMOCT OT TemIliepaTypaTa.
Cuanupnaszara Oerle MojajoXKeHa Ha IIOKo3Ha penpecus kakro npu 10 °C, taka u mpu 25 °C.
®dnyopecuentHusaT aHanmuz ¢ 4MU-NeuSAc 3a ompezensHe Ha €H3MMHATa aKTHUBHOCT MpU
HapacTBallld KOHLEHTpAIMM Ha TJI0KO03a, JI0Ka3a, 4e KaTaboJMTHATa perpecus MOXKe J1a uma
peryiaaTopHa poJis B IPOU3BOACTBOTO Ha cuanuaasa. Ekcriepumenture ¢ RT-PCR B peanHo Bpeme
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TOBa € IIbPBUAT OOKJIAA, B KOHTO ce Hn3CcjacaBa e(l)eKT”bT Ha KaraboyMTHATa perpeCusa BBPXY
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Abstract. In recent years, there has been increasing interest in the study of extremophilic
microorganisms, which include halophiles and halotolerants. These microorganisms, able to
survive and thrive optimally in a wide range of environmental extremes, are polyextremophiles.
In this context, one of the main reasons for studying them is to understand their adaptative
mechanisms to stress caused by extreme living conditions. In this paper, a fungal strain Penicillium
chrysogenum P13, isolated from saline soils around Pomorie Lake, Bulgaria, was used. The effect
of elevated concentrations of sodium chloride on the growth and morphology as well as on the
physiology of the model strain was investigated. P. chrysogenum P13 demonstrated high tolerance
to NaCl, showing remarkable growth in liquid and agar media. In order to establish the relationship
between salt- and oxidative stress, changes in the cell biomarkers of oxidative stress, such as
oxidatively damaged proteins, lipid peroxidation, and levels of reserve carbohydrates of the
studied strain were evaluated. The involvement of antioxidant enzyme defense in the adaptive
strategy of the halotolerant strain against elevated NaCl concentrations was investigated.

Pe3tome. [Ipe3 mocrnenHuTe roAWHU ce HAOJIOIaBa HApacTBAlll HHTEPEC KbM H3CIIEIBAHETO HA
eKCTPeMO(DUITHA MUKPOOPTaHU3MH, BKITIOYMTETHO XATO(DHUIHNA U XaJ0TONEpaHTHH BUI0Be. Te3n
MHKPOOPTaHHW3MH, CIIOCOOHH J1a OILIENSIBAT M Ja CE€ pa3BUBAT ONTHMAIHO B IMUPOK THANA30H OT
eKCTPEeMHH YCIIOBHs Ha OKOJIHATa Cpeia, Ce OMpEAeNiT KaTo mojuekcTtpeMobunn. B To3u
KOHTEKCT €IHa OT OCHOBHHMTE TMPHUYMHM 3a M3y4aBaHETO MM € Ja ce pa3bepaT aJanTHBHHUTE
MEXaHHU3MH KbM CTPEC, IPUYMHEH OT €KCTPEMHHM YCIOBHS Ha JKUBOT. B HACTOSIIOTO MpOyYBaHe
Oerre BkmoueH mmambT Penicillium chrysogenum P13, usonupan OT 3acojieHH TOYBH OKOJIO
ITomopuiicko e3epo, bbarapus. M3cnenBan e epeKThT Ha MOBUIICHUTE KOHIICHTPAIIMY Ha HATPHUEB
XJIOPHJ] BHPXY pactexa, Mophoorusta v GHU3HOJIOTHYHUTE XapaKTEPHUCTUKH Ha MOJICITHUS [IaM.
P. chrysogenum P13 nemoncTpupa BucOKa TosepaHTHOCT KbM NaCl, kaTo 3ama3u MHTEH3UBEH
pacTex B TeuHa M TBBHpJa arapoBa cpeaa. C Iel Ja ce yCTAaHOBH BPB3KaTa MEXKIY COJEBUSA U
OKCH/IaTHBHHUS CTpeC, OsXa aHaJIM3UPaHd NMPOMEHHWTE B OMOMAapKEpPHTE Ha OKCHIATHBEH CTPEC
(oxcHIATUBHO YBpEIEHH MPOTEMHU, JTUIHIHA IEPOKCHUIALINS U HUBA HA PE3E€PBHU BHITIEXUIPATH).
HW3cnenBano Gellle y9acTHETO HAa aHTHOKCHIAHTHATA €EH3MMHA 3allliTa B aJalTHBHATA CTPATETUs
Ha XaJOTOJEPAHTHHS 1AM CPEIy MOBUIIIEHUTE KOoHIeHTpaliu Ha NaCl.
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Abstract. Catalase (CAT) is an enzyme involved in the first line of cellular antioxidant defense.
It plays a key role in the protection of a wide range of Antarctic organisms against cold stress.
Extracellular catalase is very rare and data on it are extremely scarce. The aim of the present study
was to select an efficient producer of extracellular catalase from amongst Antarctic filamentous
fungi. Sixty-two Antarctic filamentous fungal strains were investigated for their potential ability
to synthesize intracellular and extracellular CAT. The Antarctic strain Penicillium rubens 11111-2
was selected as the best producer of extracellular catalase. New information on the involvement
of the extracellular antioxidant enzymes superoxide dismutase and CAT in the response of
filamentous fungi against low-temperature stress was obtained. An efficient scheme for the
purification of CAT from culture fluid was developed. An enzyme preparation with high specific
activity (513 U/mg protein) was obtained with a yield of 19.97% and a purification rate of 98.4-
fold. The purified enzyme exhibited maximal enzymatic activity in the temperature range of 5-40
°C and temperature stability between 0 and 30 °C, therefore being characterized as temperature
sensitive. To our knowledge, this is the first purified extracellular cold active catalase preparation
from Antarctic filamentous fungi.

Pesrome. Karanazara (KAT) e en3um, ywacTBami B IIbpBaTa JHMHHS Ha KJIeTbyHaTa
aHTHOKCHUIaHTHA 3a1uTa. Mrpae KirouoBa posisi B 3allIUTaTa Ha IUPOK CIIEKThP OT AaHTAPKTUYECKH
OpraHu3MH Cpelly HHUCKOTeMIlepaTypeH cTpec. M3BpHKIEThUHATa KaTajlaza ce cpella MHOIo
PAZKO, a HAITMYHUTE JJAaHHU 32 Hesl ca KpaiiHO ockbAHU. LlenTa Ha HAacTOAIOTO U3cieaBaHe Oere
Ja ce celeKkTupa e(eKTUBEH MPOJYLEHT Ha M3BBHKIEThYHA Karana3a Cpell aHTapKTHUECKUTE
¢unamento3nu reou. Illectaecer M ABa ImamMa aHTAPKTHUYECKH (QHIAMEHTO3HU TI'bOU Osxa
U3CJIeIBaHM 3a MOTEHIMATHATAa UM CIIOCOOHOCT /1a CHHTE3UpaT BhTPEKJIEThYHA  U3BBHKICThYHA
katanaza. AntapkrudeckusaT imam Penicillium rubens 11111-2 Geme u3bpan kato Haii-100Bp
IPOAYLIEHT Ha M3BBHKJIEThUHA KaTanaza. [lonydyeHna Geme HOoBa mHpopMalMs 3a y4acTHETO Ha
M3BBHKJIETHYHUTE AaHTUOKCHIAHTHU €H3UMHU cynepokcuancmyraza 1 KAT B Ki1eThUHUS OTTOBOP
Ha (uramMeHTo3HHUTE I'bOU cpelly HUCKoTeMmImepaTypeH crpec. Paspaborena e edekTuBHaA cxema
3a npeuuctBane Ha KAT ot kynTtypanHa TeyHocT. [lomydeH e eH3uMeH mIpemnapaTr ¢ BHCOKa
cnenuduunHa aktuBHOCT (513 U/mg npoteun) ¢ nodus ot 19,97% u crenen Ha npeuncrBane 98,4
IbTH. [IpeuncTeHuaT eH3UM MPOsBSIBA MAaKCUMAalTHA KaTaJTUTHYHA aKTUBHOCT B TEMIIEPATypPHHS
muana3zon 5-40 °C u temneparypHa crabmiHoct Mmexay 0 m 30 °C, mopaam Koeto ce
XapaKkTepu3npa KaTo TeMIIepaTypHO-IyBCTBHTENICH. JJOKOIKOTO HU € M3BECTHO, TOBA € ITBPBUST
MIPEYNCTEH N3BBHKIIETHYEH TEMIIEPATYPHO-UYyBCTBUTEIICH KaTalla3eH MperapaT OT aHTaPKTHYECKH
¢buaMeHTo3HU r'eou.
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Abstract. Fusarium solani (F. solani) and Alternaria solani (A. solani) are among the most
destructive pathogenic fungi affecting potatoes, causing significant crop losses in both field and
post-harvest conditions. Current control relies heavily on synthetic fungicides which pose serious
environmental and health risks. Therefore, there is a growing need to find efficient and
environmentally friendly alternatives to combat fungal infections in potatoes. This study offers
chitosan (CS) and zinc oxide (ZnO) nanoparticles (NPs) as potential fungicides against A. solani
and F. solani. We evaluated their antifungal properties and elucidated the mechanism underlining
their activity. Our results revealed that both CS and ZnO NPs exhibited pronounced antifungal
activity against the two pathogenic strains by effectively inhibiting the mycelium growth.
Furthermore, we discovered that the activity of the NPs involved the induction of oxidative stress
in fungal cells and changes in the molecular organization of their membranes.

Pesrome. Fusarium solani (F. solani) u Alternaria solani (A. solani) ca cpen Hali-pa3pyIIuTEIHUTE
MaTOT€HHU T'bOM, 3acsraiiy KapTopure, KaTo MPUYUHIBAT 3HAYUTETIHH 3aTyOU Ha PEKOJITa KaKTO
Ha TIOJIETO, Taka M ciex npubupane. Hacrosmmre MeToam 3a KOHTPOJI €€ OCHOBABAT B roJsiMa
CTETeH Ha CHHTETUYHU (DYHTHUIUIN, KOUTO MPEJICTABISBAT CEPUO3CH PUCK 32 OKOJHATA cpela U
YOBEIIKOTO 31paBe. ToBa o00yciaBs HEOOXOAMMOCTTa OT HaMHpaHe Ha e(QHUKacHH W
€KO0JIOTOChOOpa3HU alTepHATHBU 3a Oopba ¢ reOHMTE MHpeEKInU no kapropure. B HacTosmoTo
u3cieBaHe ce Mpejsiara U3Moia3BaHeTo Ha HaHovacTuly oT xuTto3aH (CS) u uuHkoB okcus (Zn0O)
Karo noteHIranHu GyHrumuau cpemry A. solani u F. solani. Ouenenu ca TeXHUTE TPOTHBOTBOHH
CBOWCTBA M € M3SCHEH MEXaHM3MBT, KOWTO € B OCHOBAaTa Ha TSAXHATa aKTHBHOCT. llomydeHute
pe3yaTaTtd ToKa3axa, 4e KaKTO XHTO3aH, Taka W ZnO HaHOYACTHIIM NpOSBSBAT H3pazeHa
MPOTHBOI'bOHA aKTUBHOCT CPEIIy /IBAaTa MMATOTEHHHM IIaMa, KaTo e()eKTUBHO MOTHCKAT PAacTexa Ha
mutena. JlonbIHUTETHO Oelle YCTaHOBEHO, Y€ aKTUBHOCTTA HAa HAHOYACTHIIUTE € CBBP3aHa C
MHAYKIUS HAa OKCUJATUBEH CTPEC B I'bOHUTE KJIETKU U MPOMEHH B MOJIEKYJIsIpHATa OpraHu3alus
Ha KJIETPYHUTE UM MEMOpaHHU.

6. Miteva-Staleva, J.; Eneva, R.; Hubenov, V. Fungi and their potential for biofuels production
(review). Bulgar. J. Agric. Sci. 2022, 28, 265-270.1F 0.5 JR (Scopus):0.25 Q3

Abstract. World production of wheat, rice, sugar cane, vegetables and corn has reached
approximately 62 billion tons per year. Over 3,48 billion tons per year agricultural wastes are
accumulated. Improper disposal of agricultural waste is one of the causes of environmental
pollution. Biodegradation of plant residues for biofuel production has become a modern alternative
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for the treatment of agricultural waste. Fungi producing lignocellulolytic enzymes include species
of Ascomycetes, Basidiomycetes, and several anaerobic species that break down cellulose in the
gastrointestinal tract of ruminants and some halophilic fungi. Anaerobic gut fungi have attracted
huge interest as the most active cellulose degraders in nature. Some industrial production processes
are carried out in the presence of high concentrations of NaCl. In such conditions, halophilic fungi
with cellulase activity are already reported to be used in direct production of ethanol and butanol.
© 2022, Agricultural Academy, Bulgaria. All rights reserved.

Pe3rome. CBETOBHOTO NPOM3BOJCTBO Ha IMIIEHUIA, OpPU3, 3aXapHa TPBCTUKA, 3€JICHUYLU U
LapeBula AOCTUra npubausuTenHo 62 Muiuapia ToHa ToauuiHO. B pesynrtar Ha ToBa ce
HaTpynBaT Hajx 3,48 Muiamapia TOHa 3€MEIENCKM OTHaablu roaumHo. HenpaBuiHoTo
00e3BperKaaHe Ha PACTUTEIHUTE OTIAABIM € €1HA OT IPUUYMHHUTE 32 3aMbPCSIBAHETO HA OKOJIHATA
cpena. buonerpajanuara Ha pacturenHa Ouomaca ¢ ILed IPOM3BOACTBO Ha OHOropusa ce
IIpEBbpHA B ChbBPEMEHHA aJITEPHATHBA 3a TPETHPAHE HA CEJICKOCTOMAHCKU OoTHaxbuu. ['bOure,
MpOAyLUMpallld JIMTHOLENYJIO3HW €H3MMHM, BKJIIOYBAT NpejacTaBuTesd Ha Ascomycetes,
Basidiomycetes, kakTo 1 HIKOJIKO aHAepOOHHU BH/IA, KOUTO pa3rpakaaT LEeNTy03aTa B CTOMAIIHO-
YpEeBHUS TPAKT HA MPESKUBHU KUBOTHHU, KAKTO U HAKOH XaIO(QHIHHU r'bOU. AHaepoOHHUTE I'bOH OT
XPaHOCMMJIATEIHUA TPaKT IPEIU3BUKBAT TOJSIM HMHTEpPEC KaTO Hal-aKTHBHO pa3rpakIaliu
Lenyno3a B Ipupoaara. Hsxkoum HHIycTpuanHM HPOM3BOACTBEHM MPOLECH NPOTHYAT B
MPUCHCTBUETO HA BUCOKU KoHUeHTpauuu Ha NaCl. Ilpu takuBa yciaoBus Beue ce cboOIlaBa 3a
npujiaraHe Ha Xajto(QWIHU 'O C IeTyTa3Ha aKTUBHOCT 3a TUPEKTHO NMPOU3BOACTBO HA €TaHOI U
OyTaHoI.
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Abstract. Chitosan-based nanocomposites (CS NCs) are gaining considerable attention as
multifaceted antifungal agents. This study investigated the antifungal activity of NCs against two
phytopathogenic strains: Fusarium solani (F. solani) and Alternaria solani (A. solani). Moreover,
it sheds light on their underlying mechanisms of action. The NCs, CS-ZnO, CS-CuO, and CS-
Si0O2, were characterized using advanced methods. Dynamic and electrophoretic light scattering
techniques revealed their size range (60—170 nm) and cationic nature, as indicated by the positive
zeta potential values (from +16 to +22 mV). Transmission electron microscopy revealed the
morphology of the NCs as agglomerates formed between the chitosan and oxide components. X-
ray diffraction patterns confirmed crystalline structures with specific peaks indicating their



constituents. Antifungal assessments using the agar diffusion technique demonstrated significant
inhibitory effects of the NCs on both fungal strains (1.5 to 4-fold), surpassing the performance of
the positive control, nystatin. Notably, the NCs exhibited superior antifungal potency, with CS-
ZnO NCs being the most effective. A. solani was the most sensitive strain to the studied agents.
Furthermore, the tested NCs induced oxidative stress in fungal cells, which elevated stress
biomarker levels, such as superoxide dismutase (SOD) activity and protein carbonyl content
(PCC), 2.5 and 6-fold for the most active CS-CuO in F. solani respectively. Additionally, they
triggered membrane lipid peroxidation up to 3-fold higher compared to control, a process that
potentially compromises membrane integrity. Laurdan fluorescence spectroscopy highlighted
alterations in the molecular organization of fungal cell membranes induced by the NCs. CS-CuO
NCs induced a membrane rigidifying effect, while CS-SiO2 and CS-ZnO could rigidify
membranes in A. solani and fluidize them in F. solani. In summary, this study provides an in-depth
understanding of the interactions of CS-based NCs with two fungal strains, showing their
antifungal activity and offering insights into their mechanisms of action. These findings emphasize
the potential of these NCs as effective and versatile antifungal agents.

Pesrome. Hanoxomnosutute Ha OCHOBAaTa Ha XMTO3aH NPUBIMYAT HAy4eH HHTEPEC KaTo
MHOTO(YHKIIMOHAJIHU aHTU(YHTaIHM CpeAcTBa. B  HAcTOANIOTO W3ClEeABaHE € OleHEHa
MIPOTHBOI'bOHATA aKTMBHOCT Ha HAHOKOMITO3UTHTE CPEIly JBa UTOMaToreHHu Iama: Fusarium
solani (F. solani) u Alternaria solani (A. solani), kaTo ca U3ssCHEHH OCHOBHHUTE MEXaHHU3MH Ha
TAXHOTO JeiicTBre. Upes chBpeMEeHHH aHATMTUYHHA METO/IU Ca U3CIIeIBaHN HaHOKoMo3uTuTe CS-
ZnO, CS-CuO u CS-Si02. TexHHKHTE 32 AWHAMHYHO H €IEKTPO(POPETHYHO pa3ceiiBaHe Ha
CBETIIMHATA pa3KpHxa TEeXHUs pa3mep B auanazona 60-170 nm u KaTHOHHATAa UM TPUPOA, KATO
MoKazaxa ITOJIOKUTETHUTE CTOMHOCTH Ha 3eTa-moTteHnuana (ot +16 go +22 mV).
TpancMucuoHHaTa eIeKTPOHHA MUKPOCKOMHSI pa3kpy MOp(hOIOTHsITa HA HAHOKOMITO3UTUTE KaTO
arjaomepaTH, oOpa3yBaHM MEXAYy KOMIIOHEHTUTE XHMTO3aH M MeETajleH OKcHJ. PeHTreHoBaTa
nudpakius MOTBBPAN KpUCTaTHATa CTPYKTypa HA HAHOKOMITO3UTUTE Upe3 XapaKTepHU IMHKOBE,
CbOTBETCTBAIlM HA CHCTaBHUTE KOMIIOHEHTH. OIleHKaTa Ha NPOTUBOI'BOHHUTE CBOICTBa C
MOMOIITa Ha arap-AuQy3rMoHHATa TEXHHMKA I[IOKa3a 3HA4YWTeNeH WHXuOupam edekT Ha
HAaHOKOMITIO3UTUTE BBHPXYy nABata mama (1,5 mo 4 mbpTH), HAAXBHPIAUKH €PEeKTUBHOCTTAa Ha
MIOJIOKUTETHATa KOHTPOJIa - HUCTATHH. 3a0esIeXKUTENHO €, Y€ HAaHOKOMIIO3UTHUTE MOKa3zaxa Io-
n06pa npoTuBorsOHa akTuBHOCT, Kato CS-ZnO NCs 6sixa Haii-edextuau. A. solani ce okasza
HaW-4yBCTBUTEHUAT II[aM KbM M3CIIEJIBAHUTE areHTH. TeCTBaHUTE HAHOKOMIIO3UTH MHIYIIMpaxa
OKCHJAaTHBEH CTpec B I'bOHHUTE KJIETKH, KOETO MOBUILIM HHBaTa Ha CTpec OMOMapKepuTe, KaTo
HampuMep aKTHUBHOCTTa Ha cynepokcugaucmyrasata (COJl) u cbabp:kaHueTO Ha KapOOHUIITHHU
Ipynd B MPOTEMHHUTE, CHOTBETHO 2,5 u 6 mbTu 3a Haii-aktuBHUS CS-CuO mpu F. solani.
VY cTaHOBEHO € ChII0 MHAYLUpPaHE Ha 3 IbTU M0-BUCOKA JIUIUIHA TEPOKCH AU HA MEMOpaHHTe
B CpaBHEHHUE C KOHTpoOJIaTa - MPOoLEeC, KOUTO MOTEHIMATHO HapylllaBa IIeJI0CTTa Ha MeMOpaHUTe.
Jlaypnan ¢uyopeciieHTHaTa CIeKTPOCKOIHS o {4epTa MPOMEHUTE B MOJIEKYJIHATa OpraHu3alusl
Ha KJIeThYHATe MeMOpann Ha Tp0uTe. CS-CuO NCs npeiM3BUKBAT BTBBP/IIBAHE HA MEMOpaHUTE,
nokato CS-SiO2 u CS-ZnO mposiBsiBaT pa3iinyHa IMHAMHKA: BTBBpIsABaHe mpu A. solani u
BreunsBane mpu F. solani. B 3akimtoueHune, ToBa U3ciieiBaHe MPeI0CTaBs 331bI00YEHO pa3doupane



3a B3aUMOJICHCTBHATA MEX/ly HAHOKOMITO3UTH Ha 0a3aTa Ha XUTO3aH U /1Ba (GPUTONATOTCHHU I'bOHU
Iama, KaTo JI0Ka3Ba TAXHaTa e(eKTHBHA MPOTHBOTbOHA AKTUBHOCT U Pa3KpHBa MEXaHU3MHTE Ha
TAXHOTO JelcTBHe. PesynraruTe mojuepraBaT NOTEHIMANa HA TE3W HAHOKOMIIO3UTH KaTo
e(peKTUBHH U MHOTOOOECIIaBAIlY IPOTUBOT'BOHU CPEICTBA.

8. Stoyancheva, G.; Dishliyska, V.; Miteva-Staleva, J.; Kostadinova, N.; Abrashev, R.; Angelova,
M.; Krumova, E. Sequencing and gene expression analysis of catalase genes in Antarctic fungal
strain Penicillium griseofulvum P29. Polar Biol. 2022. https://doi.org/10.1007/s00300-021-03001-
4., JCR-IF (Web of Science):2.31 QI, He ornaBsiBa panrimcrata (Scopus)

Abstract. Catalases are key antioxidant enzymes in aerobic organisms, including fungi that
mitigate oxidative stress by detoxification of cellular hydrogen peroxide. Filamentous fungi
possess an increasing number of catalases that have been object of growing interest. Despite the
many studies on catalase enzymes, data on cold-active catalases are extremely scarce. The
Antarctic strain Penicillium griseofulvum is a producer of a cold-active catalase. The growth at
temperature below optimum lead to enhanced enzyme synthesis as a response to low-temperature
induced oxidative stress. The aim of the present study was to detect and sequence the catalase
genes present in the P. griseofulvum P29 and to determine whether these genes are associated with
cell survival at low temperatures. In addition, the expression level of each of them under cold stress
was investigated. Using PCR and sequencing the presence of five catalase genes was evaluated.
The expression levels of these fungal catalases were quantified with reverse-transcription
Quantitative Real-Time PCR (RT-PCR). The results demonstrated that four of the genes were
induced by low temperature as a response to oxidative stress. The most pronounced increase in the
expression of the gene catl, encoding catalase-peroxidase enzyme was measured. The present
evidence suggested that these four genes and mainly catl are involved

Pe3rome. Karamasure ca KIIOYOBM aHTHOKCHJIAHTHH €H3UMH B aepoOHUTE OpraHH3MH,
BKJIFOUMTEIHO I'bOMTE, KOUTO UIPASIT CHIIECTBEHA POJIS B HEYTPATM3UPAHETO HA OKCUIATUBHHUS
CTpec 4pe3 JCTOKCHKAIUS Ha KJICThUHHS BOJIOPOACH TNepokcua. DuiaMeHTO3HHUTE I'bOH
MPUTEKABAT TOJIIM OpOM KaTaja3u, KOMTO ca OOCKT Ha HapacTBalll Hay4deH UHTepec. Brmpeku
MHOTOOPOMHUTE W3CIEABAHUS BBPXY KaTaJa3HUTE CH3UMH, JAHHHUTE 33 TEMIIEPaTypHO-
YYBCTBUTEIHHUTE KaTaja3d ca W3KIFOYUTEIIHO OCKBAHU. AHTapkTHueckusaT tmam Penicillium
griseofulvum Gemre ompenerneH KaTo MPOAYLEHT Ha TEMIIEPATYpPHO-YYBCTBHUTEIIHA KaTajasa.
KynTuBupaHeTo mpu TemIiiepaTypa, MO-HUCKa OT ONTHUMAalHaTa, JOBEJC JO 3aCHJICH CHHTE3 Ha
CH3MMa KaTo OTrOBOP Ha WMHIYIUpPAHHs OT HUCKA TeMmIleparypa OoKcumaTuBeH crpec. llenra Ha
HACTOSIIOTO U3CIIe/BaHe Oelle 1a ce OTKPHUSAT U CEKBEHUPAT FEeHUTE, KOAMPAIIIN eH3UMa KaTasasa,
B P. griseofulvum P29, u na ce ompenenu TsXHATa POJis B OIEISBAHETO HA KJICTKUTE MPH HUCKU
temnepaTypu. OCBeH TOBa Oellle aHaTM3MPaHO HUBOTO Ha EKCIIPECHUS Ha BCEKH OT TE3U T€HH MPU
HUcKoTeMneparypes crpec. C momorira Ha PCR u cekBenupane Oerie moTBbpACHO HATMYUETO HA
meT KarajnazHu reHa. HuBata Ha ekcrpecust Osixa KOJHYECTBEHO OIPEIETICHH C oOparHa

8


https://doi.org/10.1007/s00300-021-03001-4
https://doi.org/10.1007/s00300-021-03001-4

Tpanckpurnus Ha koiaudectBeH PCR B peamno Bpeme (RT-PCR). Pesynaratute mokasaxa, ye
YeTUpHU OT TeHUTE CE€ UHIYLUpaT IPU HUCKA TEMIEpaTypa KaTo OTTOBOpP HAa OKCHJIATUBEH CTpEC.
Haii-cunno Geme u3pa3ena ekcrpecusita Ha reHa catl, koaupail eH3uma Kartanasa-nepoKkcuaasa.
Hacrosmure naHHM Mokas3BaT, 4e Te3W UYETUPU T'eHa U IJIaBHO catl ywyacTBaT akTHBHO B
aJanTUBHUS OTTOBOP Ha KJIETKAaTa KbM CTYAOB CTpPEC

9. Krumova, E.; Abrashev, R.; Miteva-Staleva, J.; Pashova, S.; Angelova, M. Regulation of
superoxide dismutase synthesis in Humicola lutea cells under Cu?* stress conditions. Compt. Rend.
Acad. Bulg. Sci. 2013, 66, 525-532., JCR-IF (Web of Science):0.3 Q2 (Scopus)

Abstract. The superoxide dismutase (SOD) is the first enzyme to respond against oxygen radicals
and to offer the greatest response to oxidative stress. The great interest in SODs is a result of their
important physiological role and therapeutic potential. The fungal strain Humicola lutea 103 has
been selected as an effective producer of Cu/Zn-SOD exhibiting protective effect against influenza
virus infection and myeloid Graffi tumour. The present paper studies the role of control
mechanisms induction and catabolite repression on SOD synthesis under copper stress conditions.
Cu ions cause rapid and profound induction of enzyme activity by dose- and time-dependent
manner. The deinduction experiments also demonstrate the induction model of SOD synthesis.
The results suggest that SOD synthesis in the fungal strain H. lutea 103 treated with Cu ions is a
subject to catabolite repression.

Pe3iome. Cymnepoxcun aucmyrtazata (COJl) e mbpBUAT €H3UM, KOWTO pearwpa Cpenry
KHCIIOPOJIHUATE PATUKAIHA U OCUTYPSIBA HA-TOJIsIMa KJIEThYHA 3allliTa CPENTy OKCHIATUBEH CTPEC.
[MoBumiennsar Hayden wuHTepec kKbM COJl eH3uMHTE Ce IBDKM HAa TAXHATa CHIICCTBCHA
(bu3noIOruYHa POJIs ¥ TIOTSHIIHA 3a TepaneBTryHa yrnorpeba. I1lam Humicola lutea 103 e u3bpan
karo edekTuBeH mpoayileHT Ha eHsuma Cu/Zn-COJl, mposiBsiBail 3amiMTeH e(PEeKT Cperry
uH(pEKIMsl ¢ TPUIIEH BHpPYC W MuenougeH Tymop oT Ttunm ['padu. Hacrosioro wnscnensane
pasriiexaa possiTa Ha MHIYKIIMOHHUTE KOHTPOJTHU MEXaHW3MHU M KaTa0OJUTHATA PEIIPECHS BBPXY
cunteza Ha COJ] npu ycnoBust Ha Cu?' cTpec. YCTaHOBEHO €, Y€ MEIHUTE WOHU MPETU3BUKBAT
Obp3a MHAYKIMS Ha EH3MMHATa aKTUBHOCT I10 J1030- ¥ BpeMe3aBUCUM HaurH. ExciepuMeHTHTE 32
JEVMHAYKIUS CHINO TOJKPENAT MOJela Ha WHAYKIIMOHHO perynupane Ha cuHTe3a Ha CO/l.
Pesynrarure nmokassar, ye cuate3bT Ha COJ] B mam H. lutea 103, tpetupan ¢ Cu?*, e 00ekT Ha
KaTaboJUTHA penpecus.

10. Yovchevska, L.; Gocheva, Y.; Stoyancheva, G.; Miteva-Staleva, J.; Dishliyska, V.; Abrashev,
R.; Stamenova, T.; Angelova, M.; Krumova, E. Halophilic fungi—features and potential



applications. Microorganisms 2025, 13, 175. https://doi.org/10.3390/microorganisms13010175..,
SJR (Scopus):0.94, JCR-IF (Web of Science):4.1 Q2 (Scopus)

Abstract. Extremophiles are of significant scientific interest due to their unique adaptation to
harsh environmental conditions and their potential for diverse biotechnological applications.
Among these extremophiles, filamentous fungi adapted to high-salt environments represent a new
and valuable source of enzymes, biomolecules, and biomaterials. While most studies on halophiles
have focused on bacteria, reports on filamentous fungi remain limited. This review compiles
information about salt-adapted fungi and details their distribution, adaptation mechanisms, and
potential applications in various societal areas. Understanding the adaptive mechanisms of
halophilic fungi not only sheds light on the biology of extremophilic fungi but also leads to
promising biotechnological applications, including the development of salt-tolerant enzymes and
strategies for bioremediation of saline habitats. To fully realize this potential, a comprehensive
understanding of their ecology, diversity and physiology is crucial. In addition, understanding their
survival mechanisms in saline environments is important for the development of astrobiology. The
significant potential of applications of halophilic fungi is highlighted.

Pe3ome. Excrpemoduiute npencraBisBaT 0OEKT Ha 3HAUMUTENIEH HAaydeH WHTEpec, MOpaau
YHUKaJHHUTE CU MEXaHU3MU Ha aJjalTalusl KbM CypOBUTE YCJIOBUS Ha OKOJIHATA Cpeia U LIMPOKHS
CH IOTEHIHMall 3a pa3HOoOoOpa3HU OMOTEXHOJIOTMYHU HpuiioxkeHus. Cpea excTpeMo(UIHUTE
MHUKPOOPTraHu3Mu (DUIIAMEHTO3HUTE T'bOM, aJanTUpaHu KbM Cpela C BHCOKO ChIbpKaHWE Ha
NaCl, ce ouepraBar KaTO HOB W I[CHEH M3TOYHUK HAa €H3UMH, OMOMOJICKYJIM U OMOMAaTEPHAIIH.
Brorpeku ye no-rossMara 4act OT U3CIIEBAHUATA BbPXY XaJOPUIHNA OpraHU3MU ca POKYCHUpaHU
BbpXy OakTepuu, JaHHUTE 3a (UIAMEHTO3HHM I'bOM ocTaBar orpaHuydeHu. Hacrosummsar o63op
o0oOmaBa HanuyHata uHGopManus 3a XajdopuiaHuTe TIbOU, KATO pA3TIeKIa TIXHOTO
pasnpocTpaHeHHe, MEXaHW3MHU Ha aJanTalus W TOTEHUHMATHU NPUIOKEHUS B pa3IU4HU
oOuiecTBeHu obOsiactu. Pa3zbupanero Ha MOJEKYJIHUTE U (PU3HOJIOTHYHU MEXaHU3MH, CTOSAIIU B
OCHOBaTa Ha aJanTaluaTra KbM XWUIIEPCOJIEHHU YCIOBHS, HE CamMO pa3KpuBa HOBHM acleKTH OT
OouosorusiTa Ha eKCTpeMO(QUIHUTE TI'bOM, HO U OTBaps BB3MOXKHOCTH 3a IEPCHEKTUBHU
OMOTEXHOJIOTMYHU MPUJIOKEHUS, BKIIIOUUTEIHO pa3padOTBaHE Ha COJICYCTOMYMBH €H3UMHU U
CTpaTeruu 3a OuopeMenuanus Ha 3acosieHu mectooduTtanus. OcBeH ToBa PaskpuBaHeTo Ha
MEXaHU3MHUTE UM 3a OLEJISIBAHE B COJIEHHM CPEJH € BaXKHO 3a Pa3BUTUETO Ha acTpOOMOJIOTHSTA.
[Tomuepran € 3HAUUTETHUAT MOTEHIMA HA MPUIIOKEHUITA HAa XaTIOPHIHUTE I'bOU.

11. Dolashki, A.; Abrashev, R.; Kaynarov, D.; Krumova, E.; Velkova, L.; Eneva, R.; Engibarov,
S.; Gocheva, Y.; Miteva-Staleva, J.; Dishliyska, V.; Spasova, B.; Angelova, M.; Dolashka, P.
Structural and functional characterization of cold-active sialidase isolated from Antarctic fungus
Penicillium griseofulvum P29. Biochem. Biophys. Rep. 2024.
https://doi.org/10.1016/j.bbrep.2023.101610., SJR (Scopus):0.55, JCR-IF (Web of Science):4.1
Q2 (Scopus
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Abstract. The fungal strain, Penicillium griseofulvum P29, isolated from a soil sample taken from
Terra Nova Bay, Antarctica, was found to be a good producer of sialidase (P29). The present study
was focused on the purification and structural characterization of the enzyme. P29 enzyme was
purified using a Q-Sepharose column and fast performance liquid chromatography separation on
a Mono Q column. The determined molecular mass of the purified enzyme of 40 kDa by SDS-
PAGE and 39924.40 Da by matrix desorption/ionization mass spectrometry (MALDI-TOF/MS)
analysis correlated well with the calculated mass (39903.75 kDa) from the amino acid sequence
of the enzyme. P29 sialidase shows a temperature optimum of 37 °C and low-temperature stability,
confirming its cold-active nature. The enzyme is more active towards a(2 — 3) sialyl linkages than
those containing a(2 — 6) linkages. Based on the determined amino acid sequence and 3D
structural modeling, a 3D model of P29 sialidase was presented, and the properties of the enzyme
were explained. The conformational stability of the enzyme was followed by fluorescence
spectroscopy, and the new enzyme was found to be conformationally stable in the neutral pH range
of pH 6 to pH 9. In addition, the enzyme was more stable in an alkaline environment than in an
acidic environment. The purified cold-active enzyme is the only sialidase produced and
characterized from Antarctic fungi to date.

Pesrome. I'nOHmsT miam Penicillium griseofulvum P29, uszomupan ot mouseHa npoba, crOpaHa oT
3anuBa Terra Nova Bay, Anrapkruia, 6emie uaeHTUGHUIMPAH KaTO €(PEeKTUBEH MPOIYLEHT Ha
cuamuaasza. Hacrtosmoro uscnensane € (oxkycupaHO BbpPXY IMPEYMCTBAHETO M CTPYKTYpHarTa
XapaKkTepucTHKa Ha eH3uMa. Upe3 annoHoOMeHHa xpoMaTorpadus Ha Q-Sepharose u mocneapaia
BucokoegekTuBHa TeyHa xpomatorpadus (FPLC) Bbpxy kosnona Mono Q ensumbT P29 Gemre
npeurcreH. OnpezeneHara MolieKyliHa Maca Ha nipeuncteHus ensum e 40 kDa cniopen SDS-PAGE
u 39 924,40 Da cnopen MALDI-TOF maccnekTpoMeTpHueH aHallu3, KaTo Te3W CTOMHOCTH
Kopenupat jg00pe ¢ TeopernyHata wmosiekyaHa wmaca (39 903,75 Da) wusumciena ot
aMMHOKHMCEJIMHHATa I[OocJeloBaTeIHOCT Ha eH3uma. Cuamupazatra P29  nemoHcTpupa
TeMreparypeH onTumMyM oT 37 °C M cTaOMJIHOCT NMPH HUCKU TEMIEpaTypH, KOETO MOTBBPAU
HeifHaTa TeMIepaTypHO YyBCTBHTEIHA NMpHpoJaa EH3UMBT IMOKa3a MO-BUCOKA aKTHBHOCT KBbM
o(2—3)-CcBBp3aHU CHAJIOBH OCTAThIIM B CpaBHeHUE ¢ o2—6)-cBbp3anute. Bb3 ocHOBa Ha
orpeieieHaTa aMHHOKHCEIIMHHA TMOCIeoBaTeTHOCT W 3D  CTPYKTYpHOTO MOJeNupaHe e
npencraBeH 3D monen Ha cuanunaza P29 u ca obsicHenu cBoiicTBara Ha eH3uma. [Ipuiioxena e
(bayopeciieHTHa CIEKTPOCKONHUS 3a TpOCieasiBaHe Ha KOH(POpPMAalMOHHATa CTAaOWIIHOCT Ha
€H3UMa, KaTo Oelle YCTAaHOBEHO, Y€ HOBUAT €H3UM € KOH()OPMAIMOHHO CTaOUJICH B HEYTPAIHUS
pH nuanazon ot pH 6 1o pH 9. OcBeH ToBa €H3UMBT € M0-CTa0UJIEH B aJIKaJIHA CPeia, OTKOJIKOTO
B Krcena cpesia. [IpeuncTeHusT TeMIepaTypHO-4yBCTBUTEIICH EH3UM € €IMHCTBEHATA CHAJIH1a3a,
NpoAyLMpaHa OT AaHTAPKTUYECKU T'bOU U XapaKTepU3HpaHa J0 MOMEHTA.

12. Krumova, E.; Andreyinski, N.; Abrashev, R.; Stoyancheva, G.; Kostadinova, N.; Miteva-
Staleva, J.; Dishliyska, V.; Spasova, B.; Angelova, M. Comparison of the oxidative stress
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response of two Aspergillus fumigatus strains isolated from polluted soils against combined heavy
metal toxicity. Geomicrobiol. J. 2021. https://doi.org/10.1080/01490451.2021.1897712., SIR
(Scopus):0.57, JCR-IF (Web of Science):2.308 Q2 (Scopus)

Abstract. Heavy metal polluted soils are major sources of fungi exhibiting high tolerance toward
metal toxicity. These fungi use various defense mechanisms to survive under extreme conditions.
But, a little is known about the role of antioxidant response in the fungal tolerance to varied
concentrations of mixture of metal ions. The aim of present study was to compare the cell response
of two Aspergillus fumigatus strains, isolated from heavily polluted soils, against multi-metal (Cd,
Cu, Ni, and Zn ions) treatment. Both strains demonstrated high tolerance to increasing
concentrations of multi-metal systems. The data confirmed a relationship between oxidative stress
and heavy metal toxicity. The treatment with multi-metal mixture declined fungal growth, glucose
uptake and extracellular protein synthesis in a dose-dependent manner. Combination of heavy
metal ions in diverse concentrations induced an increase in the levels of carbonylated-damaged
proteins and changes in glycogen and trehalose content. Our results showed a distinct profile of
antioxidant enzymes. While the SOD activity was stimulated by metal containing solutions, CAT
activity tended to decrease. Comparison between both strains revealed that A. fumigatus G showed
higher tolerance than A. fumigatus 3-2 with increasing concentrations of multi-metal systems due
to more active antioxidant defence.

Pe3ome. 3aMbpceHUTE C TEKKUM METalIM MOYBU Ca OCHOBEH M3TOYHUK HA I'bOM, MPOSBSABAIIU
BHCOKA TOJIEPAHTHOCT KbM TOKCHMYHOCTTA HA TEXKKH MeTald. ['bOuTEe M3Moi3BaT pazHooOpa3HU
3alMTHY MEXaHU3MH, 3a J1a OLENesT IMPU €KCTPEMHH ycloBUsA. Masko ce 3Hae 3a poisira Ha
AHTUOKCHUJIAHTHHUS OTIOBOp B QJalTalMsTa Ha I'bOUTE KbM pa3jIMYHM KOHLEHTPALMH METaIHU
fioHu. llenTta Ha HACTOAIIOTO U3CieBaHe Oellle Jja ce CPaBHU KIETHYHUAT OTTOBOP Ha JIBa IIaMa
Aspergillus fumigatus, nuzoaupanu OT CHIHO 3aMBPCEHHU C METAJIU [TOYBH, IPH TPETUPAHE C TEKKU
Metamu (Cd, Cu, Ni u Zn). U pgBara mama JeMOHCTpHpaxa BHCOKa TOJIEPAHTHOCT KbM
HapacTBALUTE KOHIIEHTPAIM HA MHOITOKOMIIOHEHTHUTE METAJIHU cucTeMu. [loyuennre nanuu
MOTBbPAMXa CHIIECTBYBAHETO HA BpPbB3KAa MEXKIY OKCHJIATUBHUS CTPEC U TOKCHMYHOCTTAa Ha
TEeXKUTE MeTanu. TpeTupaHeTro ¢ METalHM MOHU JOBEAE 10 peaylupaHe Ha I'bOHHUS pacTex,
MOHM)KM YCBOSIBAHETO Ha IJIIOKO3a M CHUHTE3a Ha M3BBHKJIETHYHHU MPOTEHHU IO J10303aBUCUM
HaynH. KoMOMHanuATa OT TEXKKU METaJIu B Pa3jiMuHU KOHIEHTPALMH MpEAU3BUKA MOBHUILIABAHE
Ha HUBaTa Ha KapOOHMUJIMPAHU IPOTEUHH U MPOMEHHU B ChABPKAHUETO HA TIIMKOTEH U Tpexasosa.
HabmtonaBanu 6s1xa pa3iuku B poduiia Ha aHTHOKCHIAHTHUTE €H3UMHU- akTUBHOCTTa Ha COJ]
Oelre CTUMYy/NIHMpaHa OT Pa3TBOPH, ChIbpPKAIIM MeTanH, JokaTo akThuBHOCTTa Ha KAT mokasa
TEHJICHIIUS KbM HaMalsiBaHe. CPaBHUTEITHUAT aHAIM3 MEXTy /IBaTa IliaMa rmokasa, ue A. fumigatus
G mpuTexaBa Mmo-BHCOKa ToJiepanTHOCT oT A. fumigatus 3-2y koeTo ce 00yciaBs OT Mo-aKTHBHATA
AHTMOKCHJIaHTHA 3aINTA.
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13. Miteva-Staleva, J.; Stefanova, T.; Krumova, E.; Angelova, M. Growth-phase-related changes
in reactive oxygen species generation as a cold stress response in Antarctic Penicillium strains.
Biotechnol. Biotechnol. Equip. 2011, 25, 4., ISI IF:0.43 Q3 (Web of Science

Abstract. The Free Radical/Oxidative Stress Theory of Aging postulated that the accumulation of
damage caused by reactive oxygen species (ROS) was the underlying mechanism by which
organisms age. Our previous studies reported that the growth at low temperature caused oxidative
stress events in Antarctic strains, including enhanced ROS generation. However, there is no data
about age-related differences in cold stress-induced ROS accumulation in microorganisms living
permanently in cold environments. The aim of the present paper was to evaluate the growth-phase-
related changes in ROS level in two Antarctic strains belonging to different thermal classes,
psychrotolerant (Penicillium olsonii p14) and mesophilic (Penicillium waksmanii m12) and the
role of cold adaptation in this process. Intact cells and mitochondrial fractions from the middle
exponential phase or stationary phase at optimal temperature were exposure to temperature of 6°C
and 15°C, respectively. The results demonstrated that the temperature downshift led to a significant
induction in the superoxide and H202 level in a dose- and growth-phase-dependent manner.
Additionally, cold-stress response is not dependent on cold-adaptation of the model strains.

Pe3ome. Teopusita 3a CBOOOHUTE paJMKaIN U OKCUIATUBHUS CTPEC MPHU CTapeecHe MOCTYIIUpa,
4ye HATPYNBAHETO HA YBPEXKIAHWS, NPUYHMHEHU OT cBoOomHM pamukamu (CP), ¢ ocHOBHUST
MEXaHU3bM, 4Ype3 KOHUTO opraHu3MurTe crapesat. [IpenxomHu H3ClelBaHUS Ha HaIIMS CKHII
Mokazaxa, 4Ye pacTeXbT NpPHU HHUCKH TEMIEpaTypH MpPEIU3BUKBA OKCHIATHBEH CTpPEC B
aHTApKTUYECKHU I11aMOBE, BKJIIOUUTEIHO 3acuiieHo reHepupane Ha CP. B nureparypara numcsar
JAHHW OTHOCHO BB3PacTOBO-OOYCIOBEHHUTE pa3NuKu B HaTpynBaHe Ha CP, uMHIynupaHo OT
HUCKOTEMIIEPATYPEH CTPEC MPU MHUKPOOPTraHW3MH, OOWUTABAIld MEPMAHEHTHO CTYICHHU CPEIH.
Ienta Ha HACTOAIIOTO M3cie/IBaHe Oellle Jja ce OLEHAT MpoMeHuTe B HUBaTta Ha CP B paszinuuHu
da3u Ha pacTeXX TPU JIBa AHTAPKTUYECKU IlamMa, MPHUHAIISKANIM KbM Pa3jIMYHU TEPMaTHU
Ki1acoBe - ncuxoronepanteH (Penicillium olsonii p14) u mesodunen (Penicillium waksmanii
ml2), KakTo W poisATa Ha TEMIepaTypHaTa aJanTalus B TO3HM TNpouec. VIHTaKTHU KIETKH M
MUTOXOHAPHATHN (PaKIUK OT CpelHaTa eKCIOHEHIHaTHa (as3a M cTanumoHapHaTta ¢aza IMpH
ONTUMAaJIHA TeMIepaTrypa 0sxa U3JI0KEHU Ha TeMrepatypu choTBeTHO 6°C u 15°C. Pesynrarure
MoKa3axa, 4e TIOHM)KaBaHETO Ha TEeMIlepaTypara BOIY 10 3HAUMTENHA WHAYKIUS B HUBOTO Ha
CYNEpPOKCHUJIEH aHUOH U BOJIOPOJICH MEPOKCH, KaTo edekTa Oerre 1030- U (pa3o 3aBUCUM CIPSIMO
pacrexxnara ¢a3za. JlombIHATETHO Oele YCTaHOBEHO, Y€ OTTOBOPHT HAa HUCKOTEMITEPATYPEH CTPEC
HE € IPSKO 3aBUCUM OT CTENEHTAa Ha TeMIIepaTypHa aJanTalus Ha MOJCIHUTE [IIaMOBeE.

14. Dishliyska, V.; Stoyancheva, G.; Abrashev, R.; Miteva-Staleva, J.; Spasova, B.; Angelova,
M.; Krumova, E. Catalase from the Antarctic fungus Aspergillus fumigatus I-9—biosynthesis and
gene characterization. Indian J. Microbiol. 2023, 1-8. JCR-IF (Web of Science):3 Q3 (Scopus)
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Abstract. Extremely cold habitats are a serious challenge for the existing there organisms.
Inhabitants of these conditions are mostly microorganisms and lower mycetae. The mechanisms
of microbial adaptation to extreme conditions are still unclear. Low temperatures cause significant
physiological and biochemical changes in cells. Recently, there has been increasing interest in the
relationship between low-temperature exposure and oxidative stress events, as well as the
importance of antioxidant enzymes for survival in such conditions. The catalase is involved in the
first line of the cells' antioxidant defense. Published information supports the concept of a key role
for catalase in antioxidant defense against cold stress in a wide range of organisms isolated from
the Antarctic. Data on representatives of micCPcopic fungi, however, are rarely found. There is
scarce information on the characterization of catalase synthesized by adapted to cold stress
organisms. Overall, this study aimed to observe the role of catalase in the survival strategy of
filamentous fungi in extremely cold habitats and to identify the gene encoded catalase enzyme.
Our results clearly showed that catalase is the main part of antioxidant enzyme defense in fungal
cells against oxidative stress caused by low temperature exposure.

Pe3ome.  VIBKIIIOUMTENIHO ~ CTYACHUTE  MECTOOOMTAHUS  TPEACTABISBAT  CEPHO3HO
NpEeIN3BUKATEICTBO 3a oOuTaBamure TU opraHu3Mud. OCHOBHU MPEJCTABUTENM ca
MUKPOOPTraHU3MUTE W HHUCIIUTE T'bOM. BBOpeku 3HAYMTENHHS HANpEIbK, MEXaHU3MHUTE Ha
MUKpOOHA ajanTanus KbM €KCTPEMHH YCJOBHS BCE OIIE HE ca HAIbJIHO H3sicCHeHW. Huckure
TEMIIEPATypH MPEAU3BUKBAT 3HAUYUTEIHA (DU3MOJIOTUYHNA U OMOXVMMHYHU TIPOMEHH B KJIICTKHUTE.
[Ipe3 nmocneqHuTe TOOUMHM ce HAa0II0JaBa HAPACTBAI HHTEPEC KbM BPB3KaTa MEXIy U3JIaraHeTo
Ha HUCKU TeMIIepaTypHu U UHAYLIMPAHUS OKCUJIATUBEH CTPEC, KAKTO POJISITA HA AaHTUOKCHIAHTHUTE
€H3MMHU 3a IPEKUBIAEMOCTTa Ha Ir'bOUTE B TakuBa ycioBus. Karanazara e Ki1t04oB KOMIIOHEHT OT
IbpBa JIMHUA HAa AHTHOKCHUIAHTHA 3amiuTa B KieTkute. [lyOnuKyBaHUTE MaHHU MOJKPEMST
KOHIEMIUATa 3a KIIOYoBaTa poJisi Ha KaTala3ara B AaHTUOKCHUIAHTHATa 3allluTa Cpemry
HUCKOTEMIIEpaTypeH CTpeC MPU LIUPOK CIEKTHhP OT OPraHU3MH, U30JHUPAHH OT AHTapKTUAA.
CrIieBpeMeHHO, HaTMYHaTa HHGOpMAIUs OTHOCHO KaTalla3a, CHHTE3HpaHa OT MCUXPOPUITHU HITH
MICUXPOTOJIEPAHTHU IIaMOBE, € KpalHO OCKbJHA. HacTosmoro u3cienBaHe umaiie 3a Lea Aa
W3SICHU POJIsiTa Ha €H3MMa KaTalla3a B CTpaTerusTa 3a MPEeKUBSIeMOCT Ha (PUIIaMEHTO3HUTE T'HOU B
M3KJTIOUUTETHO CTYJE€HU MECTOOOMTaHWs W Ja ce HACHTU(UIMpA TEeHBT, KOIUpAIl EH3UMA.
[Tonydyenure pe3ynraTté yOEOUTENHO IOKa3BaT, ue Karaja3aTa € OCHOBEH KOMIIOHEHT Ha
AHTHOKCHJIaHTHATa €H3MMHA 3alI1Ta B TBOHUTE KJIETKH CPelly OKCUIATHBEH CTPEC, IPUYUHEH OT
M3JlaraHe Ha HUCKHU TeMIepaTypH.

15. Mutafova, B.; Krumova, E.; Stoyancheva, G.; Kostadinova, N.; Miteva-Staleva, J.;
Dishliyska, V.; Nikolova, M.; Angelova, M.; Berkov, S. Microbial transformation of lycorine by
Talaromyces pinophilus isolated from the rhizosphere of Leucojum aestivum L. Proc. Bulg. Acad.
Sci. 2023, 76, 698-706.. JCR-IF (Web of Science):0.329 Q3 (Scopus)
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Abstract. In the present study we report on the isolation of 12 strains of filamentous fungi from
the rhizosphere of Leucojum aestivum L. (Amaryllidaceae). They were screened for ability to
transform the Amaryllidaceae alkaloid lycorine. Gas chromatography-mass spectrometry was
applied to analyze the samples. The Talaromyces pinophilus S120 strain was found to transform
19% of lycorine into its 2-oxo-derivative. To the best of our knowledge, this is the first report on
transformation of lycorine by a filamentous fungus.

Pe3iome. B HacTosmoro u3censane ce cho0111aBa 3a n3oiaupane Ha 12 mama GpuiiaMeHTO3HU I'bOou
ot pmsochepara Ha Leucojum aestivum L. (Amaryllidaceae). M3onupanure 1mamoBe Osixa
MOJUTOKEHN Ha CKPUHUHT 32 CIIOCOOHOCTTa UM Ja TpaHC(hOpMHUpAT ajKaloWIa JTUKOPUH OT
Amaryllidaceae. 3a ananu3 Ha npoOuTe Oelie MPUIIOKEHA ra3oBa XpoMaTorpadus-cBbp3aHa ¢
MaccCIeKTpoMeTpus. YcTaHoBeHO Orire, ue mambT Talaromyces pinophilus S120 tpaucdopmupa
19 % OT NMKOpPHHA B HETOBUS 2-OKCO- NMPOU3BOJICH JiepuBaT. JIOKOJIKOTO HU € U3BECTHO, TOBA €
I'BPBUSAT JIOKJIAL 32 TpaHchopManys Ha JTUKOPUH OT (puilaMeHTO3Ha I'b0a.

16. Krumova, E.; Abrashev, R.; Dishliyska, V.; Stoyancheva, G.; Kostadinova, N.; Miteva-
Staleva, J.; Spasova, B.; Angelova, M. Cold-active catalase from the psychrotolerant fungus
Penicillium griseofulvum. J. Basic Microbiol. 2021, 61, 782—-794., JCR-IF (Web of Science):2.281
Q3 (Scopus)

Abstract. Cold-active catalase (CAT) elicits great interest because of its vast pCPpective at the
medical, commercial, and biotechnological levels. The study paper reports the production of cold-
active CAT by the strain Penicillium griseofulvum P29 isolated from Antarctic soil. Improved
enzyme production was achieved by optimization of medium and culture conditions. Maximum
CAT was demonstrated under low glucose content (2%), 10% inoculum size, temperature 20°C,
and dissolved oxygen concentration (DO) 40%. An effective laboratory technology based on
changing the oxidative stress level through an increase of DO in the bioreactor was developed.
The used strategy resulted in a 1.7- and 1.4-fold enhanced total enzyme activity and maximum
enzyme productivity. The enzyme was purified and characterized. P. griseofulvum P29 CAT was
most active at approximately 20°C and pH 6.0. Its thermostability was in the range between 5°C
and 40°C.

Pe3ome. TemmneparypHo-uyBcTBUTENHUAT eH3UM KaTanaza (KAT) mpenusBukBa 3HauuTENCH
MHTEpEC TOpaad CBOSl IIMPOK MOTEHLIMAN 3a MPUJIOXKEHWE B MEAWIMHATA, WHAYCTPHUATA H
o6uotexHojoruute. Hacrosmoro wuscieaBaHe pasriexiga MNPOAYKIHATa Ha TeMIEepaTypHO-
gyyBctButenHa KAT or mawma Penicillium griseofulvum P29, uzonupan ot aHTapKTHYECKH OYBH.
OnTuMuzanusaTa Ha XpaHUTEIHATa Cpe/ia U YCIOBUATA HAa KYJITUBUPaHE TOBUIIIMXA CUHTE3aTa Ha
eH3uMa. MakcumaliHaTa KaTaja3Ha aKTHBHOCT Oellle OT4YeTeHa NpPU HHUCKO ChAbp)KaHHE Ha
rimoko3a (2%), 10% pasmep Ha MHOKyayMa, Temieparypa 20°C n KOHLEHTpAIHs Ha pa3TBOPEH
kuciaopoa (PK) 40%. Pa3paborena Oemie epexTuBHa 1abopaTopHa TEXHOJIOTHS, OCHOBABAIlA Ce
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Ha TIpOMsSHA Ha HHUBOTO Ha OKCHJATUBEH CTpec upe3 yBennvyaBaHe Ha PK B Ouopeakropa.
W3non3Banata cTpaTterus qoBeje A0 1,7-KpaTHO TOBHIIABaHE Ha 00mIaTa CH3MMHA aKTHUBHOCT U
1,4-xpaTHO NOBHIIICHHWE HA MAKCUMAaJTHATA CH3MMHA MTPOAYKTUBHOCT. EH3UMBT Oellie mpedrcTeH
u xapaktepusupan. KAT ot P. griseofulvum P29 nemoncTpupa MakcumaliHa aKTHBHOCT IIPH

npuom3utenHo 20 °C u pH 6,0. TepmocTabuiiHOCTTa My ce odepTa B Auana3zoHa Mexay 5S°C u
40°C.

17. Dimitrova, L.; Philipov, S.; Zaharieva, M. M.; Miteva-Staleva, J.; Popova, M.; Tserovska, L.;
Krumova, E.; Zhelezova, G.; Bankova, V.; Najdenski, H. In vivo assessment of acute and subacute
toxicity of ethyl acetate extract from aerial parts of Geum urbanum L. Biotechnol. Biotechnol.
Equip. 2020, 35, 61-73. https://doi.org/10.1080/13102818.2020.1848461.. SJR (Scopus):0.38,
JCR-IF (Web of Science):1.632 Q3 (Scopus)

Abstract. Geum urbanum L. is a medicinal plant used from ancient time against gastro-intestinal
disorders, bleeding and inflammation of mucous membranes, gums (gingivitis), etc. In our
previous works, we demonstrated the antibacterial and antioxidant properties of ethyl acetate
(EtOAC) extracts in vitro. The aim of this study was to evaluate the possibility of the EtOAc
fraction from aerial parts to provoke acute and subacute toxicity by its internal daily administration
(per os) in healthy H- albino male and female mice. We used three concentrations of treatment
according to their biological activity potential of application — 20, 70 and 210 mg/kg. All animals
were observed and recorded periodically for clinical signs, mortality and changes in their behavior
(incl. hypo-activity, aggression, etc.). The body weight was measured at every 5 days up to the end
of the experiment (a total 28 days). We studied the biochemical parameters (superoxide anion
radical, hydrogen peroxide, superoxide dismutase, lipid peroxidation and damaged proteins in
blood plasma and brain) and complete hematological parameters, and the histopathological
findings in mouse spleens and Payer’s patches. The investigated extract did not show any signs of
significant acute and subacute toxicity at the highest applied test-concentration, and therefore, we
encouraged its possible application as food additive for various infectious diseases.

Pe3ome. Geum urbanum L. e teqyeGHO pacTeHHe, H3MOA3BAHO OT APEBHOCTTA CPEILY CTOMAIITHO-
YpEeBHU PaA3CTPOICTBA, KbPBEHE M BB3MAJCHHE Ha JIUTAaBUIUTE, BEHIUTEe (TMHTHBHUT) U Jp. B
NPEeAXOJHM HAIlM  HW3CJIEABAHUS  JIEMOHCTpUpaxme 1IN Vitr0  aHTHOakTepHalHUTE U
AHTUOKCHUJIAaHTHUTE CBOMCTBA Ha eKCTpakTH oT eTuioB areraT (EtOAc) ot pacrenuero. Llenra Ha
HACTOSILIOTO MpOoyYBaHe Oelle aa ce oleHn Bb3MoxkHocTTa EtOAC (pakiusTa oT HaA3eMHH YacTH
Jla Mpean3BUKa OCTpa M MOJOCTPAa TOKCUYHOCT YpE3 BHTPELIHOTO M JHEBHO NPWIOKEHHUE NPU
3paBU MBXKKA M KEeHCKM MHIIKM H-anOunocu. bsixa M3mon3BaHM Tpu KOHLEHTpAIMM Ha
TpeTUpaHe B ChOTBETCTBHE C MOTEHIIMAIA UM 3a OMOJIOTMYHA aKTUBHOCT Ha npuioxenue - 20, 70
u 210 mg/kg. Beuuku KUBOTHM Osixa HaOMIONAaBaHU W MEPUOJUYHO 3alMCBAHM 3a KIMHUYHH
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MPHU3HALM, CMBPTHOCT M TIOBEACHYECKH IPOMEHHU (BKJ. XHUIOAKTUBHOCT, arpecust W 1p.).
TenecHoTo Terio Oerre MpocesIBaHO HA BCEKH 5 JTHH J0 Kpas Ha €KCIIEPUMEHTAHUS MTEPHO/T
(ob6mo 28 nHM). AHaMM3UpaHW OsXxa OMOXMMHYHHUTE NapaMmeTpu (CYNMEpPOKCHUICH aHHOHEH
panukai, BOJOPOJCH MEPOKCHI, CYNEPOKCH] ITUCMYTa3a, JIMIUIAHA TTEPOKCUIANNS U YBPEICHH
NPOTCHMHU B KpBBHATA IUIa3Ma M MO3bKAa) W ITHJIHHTE XEMATOJIOTWYHH TapaMeTpH, KaKTO H
XHMCTOIATOJIOTHYHUTE HAXOJKM B clie3kara Ha MUIIKuTe W 1wiaku Ha [leitbp. Ilomydenute
pe3yNTaTh MmoKa3axa, ue U3CIeABAHMUAT CKCTPAKT HE MPOSBSABA MPU3HAIM HA 3HAYUTEIHA OCTpa U
MOJIOCTPa TOKCUYHOCT TPU HAaW-BHCOKATa MPHJIOKEHA TECTOBAa KOHIIGHTPAIHS, IMOPaad KOETO
HAaChpYaBaMe€ BBH3MOXKHOTO MY NPHIOKEHHE KaTO XpaHWTENHAa JJ00aBKa MPH Pa3ITUIHU
MH(}EKIMO3HU 3a00JIBaHUS.

18. Berkov, S.; Krumova, E.; Stoyancheva, G.; Miteva-Staleva, J.; Dishliyska, V.; Kostadinova,
N.; Georgieva, L.; Sidjimova, B.; Nikolova, M.; Angelova, M.; Mutafova, B. Amaryllidaceae
alkaloids inhibit the growth of endophytic fungi. Acta Microbiol. Bulg. 2023, 39, 51-58. . SJR
(Scopus):0.13 Q4 (Scopus)

Abstract. The chemoecological role of the Amaryllidaceae alkaloids, accumulated in plants from
the Amaryllidoideae subfamily (Amaryllidaceae), is poorly studied. These alkaloids are known for
their potent pharmacological activities, including anti-acetylcholinesterase (AChE), anti-tumoral,
anti-microbial, anti-viral and cytotoxic. In the present work, the ability of some Amaryllidaceae
alklaloids to inhibit the growth of endophytic fungi was studied. A total of 115 endophytic fungal
strains were isolated from Leucojum aestivum L. growing in geographycally distinct locations.
Sixty-five stains, able to grow in laboratory conditions, were identified and classified into 31
species belonging to 11 phylogenetically diverse genera. The fungal species of genera Fusarium,
Trichoderma and Talaromyces were predominant. The endophyte species and genera patterns were
found to be different among the L. aestivum L. populations and plant organs. Galanthamine, epi -
norgalanthamine and lycorine, as well as alkaloid fractions and extracts consisting of
homolycorine-, haemanthamine-, tazettine- and Sceletium -type alkaloids as main components
exhibited different growth inhibitory effects depending on fungal strain. An extract from Narcissus
cv. Hawera, consisting of Sceletium -type alkaloids, showed the most effective and broad-
spectrum inhibitory activity against the tested endophytic strains. The results indicate that the
Amaryllidaceae alkaloids may play a role in the plant-endophyte interactions.

Pe3rome. XemoekonornyHara posis Ha ankajgouaute oT Amaryllidaceae, akyMmynupaHu B pacTeHUS
ot nmoxacemeiictBo Amaryllidoideae (Amaryllidaceae), ocraBa cimabo npoydena. Te3u ankamonau
ca W3BECTHH C MOINHUTE CH (apMaKoJIOrMYHM  CBOICTBA, BKJIIOYUTEITHO AHTH-
anerunxoiuHectepaziu (AChE), anTuTyMOopHHU, aHTUMUKPOOHU, aHTUBUPYCHH U ITUTOTOKCHYHHU.
B HacTosAmoOTO WM3crenBaHE € aHaJIM3MpaHa CIIOCOOHOCTTa HAa HSIKOM alKaJIOMJIU OT CEM.
Amaryllidaceae na naxubupar pacrexa Ha ennodutaHu reou. O6mo 115 mama eHgopUTHN THOU
Osixa wm3oimpanu ot Leucojum aestivum L., cwOupanu ot paszinmyHu reorpadcku paioHH.
Hlectnecer u meT m@ama, CIOCOOHM Ja c€ KYyATHBHpAaT B JaOOpaTOpHU YCIIOBHS, Osxa
uAeHTUGUIMpaHu U Kiacupuiupann B 31 Buaa, mpuHamnexamm KpM 11 ¢unorenHeTnyHo
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pa3HooOpa3Hu poja. YCTaHOBEHO Oellie, Ye BHIOBETE M POJOBETE €HAOPHUTH Ce pa3jinvyaBaT B
MOMYJTAIMKTE U PaCTUTEIHUTE opranu Ha L. aestivum L. ['anaHTaMUHBT, eMU-HOPrajJaHTAMUHBT
U JIMKOPUHBT, KaKTO M aJKATOUIHUTE (PAKIUK M SKCTPAKTH, CHCTOAIINA CE OT AJKAIOHUIH OT
XOMOJIMKOPUHOB, XCMaHTAMHUHOB, Ta3€THHOB M CKEJICTHEB THII KaTO OCHOBHM KOMITOHEHTH,
NpOsIBSIBAXa Pa3IMYHU HHXHOMPAIIK pacTexka epeKTH B 3aBUCMOCT OT I'bOHUS maM. EKCTpakThT
ot Narcissus cv. Hawera, chcrosi ce OT ajikaaouau oT Tuna Sceletium, rmokasa Hai-e(eKTHBHA
U IIUPOKOCIIEKThPHA WHXMOUTOPHA AaKTHBHOCT CpEIly TECTBAaHWUTE EHIAO(UTHH IIaMOBeE.
[Tonyyenure pesynTaTu mokasaxa, ue ajakanouaute ot Amaryllidaceae morar na urpast posist BbB
B3aUMOJICHCTBUATA MEXK/Y pACTCHHATA U CHIODUTHTE.

19. Nikolov, A.; Dobreva, L.; Danova, S.; Miteva-Staleva, J.; Krumova, E.; Rashev, V.
Vilhelmova-llieva, N. Natural and modified zeolite clinoptilolite with antimicrobial properties: a
review. Acta Microbiol. Bulg. 2023, 39, 147-161. SJR (Scopus):0.132 Q4 (Scopus)

Abstract. The present review summarizes research on the antimicrobial properties of modified
natural zeolite clinoptilolite. The modification of the clinoptilolite is based on its ion exchange
features with silver, copper, zinc, or other ions in order to obtain antimicrobial properties. The
review includes recent data on pretreatment and preconditioning to increase the effectiveness of
ion exchange procedures and obtain a functionalized zeolite. The review covers antibacterial,
antifungal, antiviral properties on natural zeolite clinoptilolite.

Pe3iome. Hacrosmusar 0630p 060011aBa HaydHH JaHHU OTHOCHO aHTUMHMKPOOHHUTE CBOMCTBA HA
MOI[I/I(bI/IHI/IpaH MMpUpoOACH 3COJIUT KIIMHOITHUIIOIHUT. MOI[I/I(i)I/IKaIII/ISITa Ha KIIMHOIITHUJIOJIHUTA CC€
OCHOBaBa Ha HOHOOOMEHHUTE MY CBOMICTBa ChC CpeOBbpPHU, MEHU, LIMHKOBU WJIM JPYTrd HOHHU C
el TOCTHTraHe Ha aHTUMHUKpOoOHa akTHUBHOCT. OO30pbT BKIOYBA TMOCIHEAHH JaHHH 3a
npenBapuTenHaTta 00paboTKa M MPeABAPUTETHOTO KOHAWIMOHHMpAHE C IeJ TMOBHINABaHE Ha
e(deKTUBHOCTTa Ha MPOLEAYpPUTEe 32 HOHOOOMEH M Toiy4daBaHe Ha (PYHKIIMOHATIEH 3€0JHTEH
Matepuan. OOxBaHAaTH ca aHTHOAKTEpPHANHU, MPOTHBOTHOHM W AHTHUBUPYCHH CBOIMCTBa Ha
MPUPOJIHUS 3€0JUT KIMHONTHIONUT Clie]] MOTU(UKAIIMS, KOETO MOAUYepTaBa HETOBHSI TTOTEHIIHUAT
KaTo MHUPOKOCTIEKTHPEH aHTUMUKPOOEH areHT 3a MPUJIOKEHHS B MEIUIIMHATA, OMOTEXHOJIOTHHUTE
Y eKOJIOTHYHATa 3aIlHTa.

20. Abrashev, R.; Krumova, E.; Kostadinova, N.; Miteva-Staleva, J.; Spasova, B.; Angelova, M.
Improvement of superoxide dismutase production by heat shock treatment of Aspergillus niger 26.
Comptes Rendus de ’Acad. Bulg. Sci. 2015, 68, 1379-1386.1SI 1F:0.284 Q4 (Scopus)

Abstract. The fungal strain Aspergillus niger 26 is an effective producer of the superoxide
dismutase (SOD), mainly Cu/Zn-SOD. An improved laboratory technology in 3 L bioreactors was
developed. An effective fermentative strategy for SOD synthesis was offered on the basis of the
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relationship between heat shock treatment and antioxidant enzyme defense. Transient temperature
shock applied for 6 h in the exponential growth phase and subsequent recovery of the optimum
temperature resulted in above 2-fold increase in specific SOD activity. Comparison of the kinetic
relations (substrate consumption and product formation parameters) for both cultivation methods
proved the higher efficiency of this with temperature treatment. The novel fermentative strategy
led to a significant optimization of the process and simultaneous enhancement of the total SOD
activity, yield coefficient and SOD productivity (1.6-, 1.7- and 1.3-fold, respectively) in
comparison to the control. The produced Cu/Zn-SOD retained its temperature optimum enabling
its medical and pharmaceutical application. Key words: fungi, SOD production, heat shock,
fermentative strategy

Pe3tome. IllambT Aspergillus niger 26 e edextrBen mpoayiieHT Ha cynepokcua qucmyrasa (COJI),
rmaBao ot tuma Cu/Zn-COJI. PaspaboreHa ¢ momoOpeHa abopaTOpHa TEXHOJIOTUS 3a
KyITUBUpaHe B 3-1uTpoBU Onopeakropu. [Ipemioxkena e epexruBHa hepMEHTAIIMOHHA CTPATETHS
3a cuHte3a Ha COJI, GasupaHa Ha Bpb3KaTa MEXIy TepMHUYHATa WIOKOBa 0O0paboTKa u
AHTUOKCU/IAaHTHATA C€H3MMHA 3amuTa. [Ipuimaranero Ha 6 4YacoB TeMIepaTypeH IIOK B
eKCIIOHEHIMa HaTa ¢aza Ha pPACTeX, M IOCIEABANI0 BBH3CTAHOBABAHE HA ONTHMAJIHATA
TeMIlepaTypa JOBeAE 10 Haja 2-KpaTHO moBumiaBane Ha crnenuduanata COJ] akTuBHOCT.
CpaBHEHHETO Ha KHHETHYHHTE napamerpu (YCBOsIBAaHE Ha TIIFOK03a M 00pa3yBaHe Ha MPOIYKT) 3a
JIBaTa METOJA Ha KYJITHBUpPAHE JI0OKa3a MO-BUCOKAaTa €PEeKTHBHOCT Ha Mpolleca ¢ Mpuiiarane Ha
TeMieparypHa oOpaborka. HoBara ¢QepMeHTanMoHHa CTparerus JI0BeAE€ [0 3HAUYUTEIHA
ONTHUMU3AIMS HA TMpoleca W €IHOBPEMEHHO moBumiaBaHe Ha obOmara COJl akTHBHOCT,
koe(puuueHTa Ha 106uB U npousBoautenHocrra Ha CO/J] (cvorBeTHO 1,6-, 1,7- u 1,3-kpaTHO) B
cpaBHeHue ¢ KoHTponata. [Tonyuenust enzum Cu/Zn-COJ] 3ama3u TeMrepaTypHHs CH ONTHMYM,
KOETO TT03BOJISIBA HETOBOTO MEAMIIMHCKO U (hapMaIleBTUYHO TPUIIOKEHHE.

21. Miteva-Staleva, J.; Krumova, E.; Spasova, B.; Angelova, M. Age-related changes in protease
activity as cold stress response by Penicillium strains from different temperature classes. Pol.
Polar Res. 2024, 45, 67-79. https://doi.org/10.24425/ppr.2023.148181., JCR-IF (Web of
Science):1.3 Q3 (Scopus)

Abstract. Proteases play a key role in cell defense mechanisms to cold-induced oxidative stress.
Data on the relationship between cold stress, growth phase, and temperature preferences of the
fungal strains isolated from different habitats are very scarce. Here, we report changes in the intra-
and extracellular protease activity of three fungal Penicillium strains (two Antarctic and one
temperate) under transient temperature downshift during exponential- and stationary growth
phases. The results indicated enhanced enzyme levels in both growth phases depending on the
degree of stress and strain thermal class. In order to explain the obtained data, we compared them
with our previous results on the protein carbonyl content, accumulation of oxidative-stress
biomarkers, and antioxidant enzyme defense in the same three fungal strains. The cell response

19



was affected by the temperature preference of the strain, but not by the climatic distance between
the locations of isolation.

Pestome. Ilporeasute Wrpast KIHOYOBa POl B MEXaHMU3MUTE 3a 3allTa Ha KICTKATE OT
OKCHJIATUBEH CTPEC, HMHAYLUPAaH OT HHCKH TeMmIeparypd. JlaHHWTE 3a BpbB3KAaTa MEKIY
HHCKOTEMITEpaTypeH cTpec, (a3a Ha pacTeX M TeMIepaTypHa MPHUHAUICKHOCT Ha T'hOHHTE
[IaMOBE, M30JIMPAHW OT PA3JIMYHH MECTOOOWTAaHHUs, Ca MHOIO OCKBJHH. B HacTOSIIOTO
W3CIICIBAHE Ca MPeCTaBeHH IIPOMEHUTE B MHTPA- U EKCTpalleyllapHaTa poTeasHa akTHBHOCT Ha
Tpu mama Penicillium (gBa uzonupanu or AHTapKTH/IA U €AMH OT IIOYBH C YMEPCHHS KIIMMAT) TIPU
MPEXOJIHO MOHIKEHHE Ha TEMIIEpaTypara 1o BpeMe Ha eKCIIOHEHIIMAIHaA U CTallnoHapHa (a3a Ha
pactex. Pesynrature Mmokasaxa IOBHMIIEHH HMBAa Ha CH3UMHTE W B JBeTe (pasd Ha pacTek B
3aBUCHMOCT OT CTEIIEHTA Ha CTPEC M TeMIIepaTypHaTa MPUHAICKHOCT Ha I1ama. 3a j1a ce 00sSCHST
HaOJII0IaBaHUTE TPOMEHH, PE3YITATHTE Ca CPABHEHHU C MPEAXOIHH JAHHHU 32 ChIbP)KAHUETO Ha
KapOOHWIIHK TPYIH B MPOTEMHHUTE, HATPYIIBAHETO Ha OMOMAapKepd Ha OKCHIATHBEH CTPEC U
AHTHOKCH/IaHTHATA €H3MMHA 3alllUTa B ChIIUTE TPH Iama. KieTbuHusAT 0TroBop Oele MOBIHsH
OT TEMIIEpATYPHHUTE IPEAMTOYNTAHNS HA TPUTE [I[aMa, HO HE U OT KIIMMATHYHATa Pa3iInKa MEXIy
MecTara Ha W30JIMpaHe.

22. Miteva-Staleva, J.; Kostadinova, N.; Hubenov, V. Aging in ligninolytic fungi in space
conditions. J. Sci. Appl. Res. 2019, 17, 30-35.MexayHapoaHO aKaIeMHYHO H3IATEICTBO
(EBSCO)

Abstract. Aging is considered in the context of various abiotic stresses, such as water deficit, high
temperature, salinity, cold, heavy metals, mechanical wounding, UV radiation, etc. It is well
known that the extreme level of these factors can be reflected in sharply increased production of
reactive oxygen species. Reactive oxygen species interact with cellular biomolecules, such as
lipids, proteins and DNA and can play an important role in cell injury. At the same time, fungi are
an appropriate model system in different research areas, including aging. Testing of ligninolytic
fungi in space conditions is forthcoming. However, it is unknown how the conditions of
microgravity would affect fungal cell aging and enzyme production. Determination of the long-
term physiological responses and adaptation to the space environment is of great importance for
fungal enzyme production as well.

Pe3ome. CrapeeHeTo ce pasriiex/ia B KOHTEKCTa Ha pa3jiMyHU aOMOTHYHU CTPECOBU (hakTopw,
KaTo HEJOCTUI Ha BOJA, BHCOKAa TEMIIepaTypa, COJIEHOCT, CTYIH, TEXKH METald, MEXaHUYHU
HapaHsBaHUsI, yITPaBUOJIETOBA paguaus u ap. JJodpe u3BeCTHO €, ye eKCTPEMHUTE HHBA Ha TE3U
(bakTOpu BOJAT 70 PSI3KO MOBHIIABAHE MPOAYKIUATA Ha cBoOOmHH okcu paaukanu (COP). COP
B3aMMOJICICTBAT C KJIIETHhYHU MaKpOOMOJIEKYH, KaTo nunuau, nporennu 1 HK u urpasr Baxna
pOJIsl B YBPEXK/IAHETO Ha KIETKUTE. B ChIIOTO BpeMe I'bOMTE ca MOAXO/AIA MOJIEIHA CUCTEMA B
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pa3aMYHM O0JAaCTH HAa HAyYHUTE H3CICABaHMS, BKIIOYHATEIHO cTapeeHero. Ilpencrou
MIPOBEXKIAHETO HA EKCIICPUMEHTH C JINTHUHOJIMTHYHU I'bOM B KOCMUYECKH yclioBHUs. Bee orre He
€ M3BECTHO KaK MUKPOTpaBUTALIMATA BIIUAC HA CTApPEEHETO HA 'bOHUTE KJICTKU M HA CH3UMHATa
MPOYKIMS. YCTAaHOBSABAHETO Ha JIBJITOCPOYHUTE (PU3UOJIOTHMYHU PEAKIUU U aJaNlTalusiTa KbM
KOCMHYEcKaTa cpela € OT TroJIIMO 3HAYeHHE W 3a IMPOM3BOJCTBOTO HAa TI'bOHU CH3UMH B
KOCMHMYECKATa OMOTEXHOIOTHA.

23. Miteva-Staleva, J.; Krumova, E.; Stoyancheva, G.; Kostadinova, N.; Grozdanov, P.;
Spassova, B.; Angelova, M. Isolation, identification and proteolytic activity of filamentous fungi
from Alaska. Acta Microbiol. Bulg. 2022, 38, 26-30.. SJR (Scopus):0.115 Q4

Abstract. From two soil samples taken in the Denali National Park and Preserve, Alaska, 28
filamentous fungi were isolated on selective media. A total of 28 fungal isolates were identified.
The most widespread fungal species belonged to the genera Aspergillus, Mucor, Tolypocladium,
Daldinia, and Pseudogymnoascus. A phylogenetic tree was constructed with the neighbour-joining
method using the Kimura two-parameter model included in the MEGA 4 software. The linear
growth of the fungal isolates was measured after 10 days of conidiospore cultivation on agar plates
at temperatures of 4, 10, and 25°C. The majority of the fungal strains identified in this study were
mesophiles. All isolated strains were screened for proteolytic activity. Among them, seven strains
showed high protease activity. These findings expand our knowledge about fungal biodiversity in
harsh cold environments as well as the enzyme production by extremophilic fungi. Keywords:
fungal biodiversity; Alaska; phylogenetic tree; proteolytic activity

Pe3tome. OT mouBenu mnpodbu, crOpanu B Hammonanen mapk u pesepsar [lenamu, Anscka ca
u3onupanu 28 mama (UIAMEHTO3HH T'hbOM, KOUTO ca HIASHTUDUIMPAHU MO MOJEKYISIpPHO-
OuosnormdyeH MeroA. Bcuuku m3onatu Osxa uAeHTU(UIIMpaHH, KAaTO Hail-pa3pocTpaHEHHUTE
BUIOBE Oelrie ompesiesieHo aa mpuHamiexar kpM pomosete Aspergillus, Mucor, Tolypocladium,
Daldinia u Pseudogymnoascus. Ha 6a3ata Ha ,,neighbour-joining method* u upe3 u3noa3BaHeTO
Ha MEGA 4 codtyep Oemie KOHCTpyMpaHO (UIOI€HETUYHO AbpBO. JIMHEMHUAT pacTex Ha
eAMHUYIHUTE KOJIOHUU Oerie u3mepeH cies 10 qHeBHa MHKyOalus BpXY TBBpJIa arapoBa cpesa
npu temmeparypu ot 4, 10 u 25°C. Ilo-ronsiMata 4YacT OT HMIACHTHUQHUIMpPAHUTE Ir'bOU Osixa
orpenesieHl karo Mme3oduiau. bemre aHanmm3mpaHa TPOTEONMTHYHATA AKTHBHOCT HAa BCHUYKH
M30JIMPaHU [IAMOBE, KaTo MpH 7 OT TAX Oelle ycTaHOBEHAa 3HAYMMa €H3WMHA aKTHBHOCT.
[lomyyenure pe3ydaTaTd  JONPHHACAT 3a  paslIMpsBaHE Ha TO3HAHUATA  OTHOCHO
OMOpa3HOOOpa3ueT0 Ha THOUTE B CTYACHUTE MECTOOOHWTAaHHS, KAaKTO M TIOTEHIMaja Ha
eKcTpeMOo(UITHUTE I'HOU KaTO €H3UMHH MPOTYIICHTH.
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24. Gocheva, Y.; Stoyancheva, G.; Miteva-Staleva, J.; Abrashev, R.; Dishliyska, V.; Yovchevska,
L.; Angelova, M.; Krumova, E. Fungal phytases as useful tools in agricultural practices. Agronomy
2024, 14, 3029. https://doi.org/10.3390/agronomy14123029.JCR-IF (Web of Science):3.3 Ql, He
OrjiaBsiBa paHIJMCTaTa

Abstract. In order to meet the ever-growing needs of society, modern agriculture must develop
sustainable farming and livestock production. Crops need phosphorus, a macronutrient found in
soils, but they are only able to utilize small quantities of it. Chemical phosphate fertilizers are
ineffective and environmentally harmful. The use of microorganisms (bacteria, yeast, filamentous
fungi, and microalgae) that synthesize phytases is a promising and environmentally friendly
alternative to chemical fertilizers. Phytases are also needed as feed additives in animal husbandry
to overcome phosphorus deficiency for animal growth and development. Phytases are
phosphatases that catalyze the release of phosphorus from phytate by stepwise hydrolysis. The
broad substrate specificity, optimal pH range, higher thermal stability, and specific efficiency of
fungal phytases make them interesting enzymes for agricultural applications. They improve and
stimulate the growth and development of plants and animals by releasing inorganic phosphorus
and producing siderophores, organic acids, hydrogen cyanide, ammonia, and phytohormones.
Phytases are crucial for enhancing phosphorus use in farming and decreasing phosphorus waste’s
environmental effects. This paper addresses key challenges in modern farming, such as the
inefficient utilization of phosphorus from soil and the environmental harm caused by chemical
fertilizers, and provides a comprehensive overview of recent advances in the research of fungal
phytases. Available scientific data have been synthesized to highlight the potential of phytase use
in agriculture. This review outlines key areas for future research, including the development of
phytase variants with improved functionality. The potential integration of fungal phytases into
sustainable agricultural practices is underlined, in contrast to previously published work focused
primarily on their biochemical properties. The review offers new insight into the possible
applications of micromycete phytases as a critical factor for sustainable agriculture in the future.

Pesrome. C 1111 1a OTTOBOPH Ha IMOCTOSIHHO HAPACTBAIIUTE HYK/IU Ha 00I1IECTBOTO, ChbBPEMEHHOTO
3eMeJIeNie € U3MPaBEeHo Mpel He0OOX0IMMOCTTA 1a pa3BUBa YCTOMYMBY MPAKTUKHU B 3€MEAEITUETO
1 )KUBOTHOBBJCTBOTO. P0ochHOpPHT € )KU3HEHOBAKEH MAKPOEJIEMEHT 3a pacTe)ka Ha pACTEHUsATA, HO
HATMYHUAT B 1MouBata Gocdop € B OrpaHUUYCHH KOJIMYECTBA M B TPYIAHOAOCTHITHA 32 YCBOSBAHE
dbopma. Xummueckute pocharan TopoBe ca HeeEeKTHBHU M HAHACIT MIETH HA OKOJHATa Cpea.
W3non3Banero Ha MuUKpoopraHusMu (OakTtepuu, JOpoXKAW, (QUIAMEHTO3HH TIbOUM U
MHUKpPOBOJIOPACIIH), KOUTO CUHTE3UpaT PpuTasy, € odenanala 1 eKoJIOrMuyHO YUCcTa ajJTepHaTUBA
Ha XUMHYECKHTEe TopoBe. DuTazuTe ca HEOOXOAUMH U KaTto ¢ypakHu J100aBKH B
KUBOTHOBBACTBOTO, 32 Jla C€ MPeoaosiee HeqoCTUrbT Ha (ocop 3a pacTeka U pa3BUTHUETO Ha
xuBoTHUTE. DuTazute ca (ocdarazu, KOUTO KaTtaau3upar ocBoOOXkmaBaHeTo Ha (ochop or
¢utaT ype3 moeramHa xuaponusa. lllupokara cyOcTpaTHa crenuUYHOCT, onTUMATHUAT pH
JMana3oH, MO-BUCOKaTa TeMIepaTypHa CTaOMITHOCT U crienruduyHaTa epeKTUBHOCT HA THOHHUTE
(uTa3M TH MPaBsAT HHTEPECHU CH3UMH 3a MPUIIOKEHHE B CEJICKOTO CTONaHCTBO. Te mogodpsBar u
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CTHUMYJIUPAT pPacTeka M Pa3BUTHETO HAa PACTCHHTa W JKUBOTHUTE 4Ype3 OCBOOOXIaBaHE Ha
Heopranu4deH (Gochop U MPOU3BOJACTBO HA CHAECPOPOPH, OPTaHUYHU KUCEITHMHH, IIHAHOBOJOPOI,
aMOHSK ¥ puTOoXOopMOHH. DUTa3MUTE Ca OT pemaBallo 3HaYeHUE 3a MOA00psABaHE Ha U3IIOJI3BAHETO
Ha (ocop B CEICKOTO CTONMAHCTBO M HAMAJISIBAHE HA BB3IIEHCTBHETO HAa (PoCaTHUTE OTHAIBIH
BBPXY OKONHaTra cpena. Hacrosmusr o030p pasriexia KIYOBH IPEAU3BHKATEICTBA B
CBHBPEMEHHOTO CEJICKO CTOITAHCTBO, KaTO HEe(EKTUBHOTO YCBOsSIBaHE Ha (ochop OT mouyBaTa u
BpeJiaTa 3a OKOJIHATa CpeJia, MPUYUHEHA OT XUMUYECKHTE TOPOBE, KaTo MPEI0CTaBs n3uepraTeseH
IperJie]] Ha MOCIeTHUTE MOCTHKEHUS B U3CTIeIBaHUATA HAa ThOHNUTE PuTa3u. Hannyaure HaydHu
JIAHHU Cca CHHTE3UPaHH, 3a /1a Ce Io14epTae MOTCHIUATHT Ha U3I0JI3BaHETO Ha (pUTa3u B CEIICKOTO
CTONAHCTBO. B To3m 0030p ca ouepTaHW KIIOUOBH OOJACTH 3a OBJCIIM HW3CICIBAHMUS,
BKJIFOUMTETHO pPa3pa0OTBaHETO Ha BapWaHTH Ha ¢UTa3d C MOJ0O0peHa (YHKIIMOHAIHOCT.
[lomuepraBa ce moOTeHUMaNHAaTa WHTErpauuss Ha TIbOHUTE (UTA3W B  yCTONYMBUTE
CEJICKOCTOIIAHCKU TPAKTUKHU, 32 pa3jiivKa OT MPEIUIIHHU IyOIuKanud, GOKyCHpaHH IMPEITUMHO
BBPXY TEeXHUTe OMOXMMHYHH cBoOiicTBa. [Ipemmara ce HOBa mMepcreKTHBa 3a BB3MOKHUTE
MPUIIOKEHUS Ha (PUTA3UTE OT MUKPOMHIIETH KaTO KPUTUYCH (PAKTOP 32 YCTOWYMBO 3€ME/IEIHE B
ObJeLIe.

25. Krumova, E.; Abrashev, R.; Kostadinova, N.; Miteva-Staleva, J.; Spasova, B.; Angelova, M.
Growth phase-dependent antioxidant enzyme defense of Humicola lutea against copper stress.
Acta Microbiol. Bulg. 2017, 33, 3-9.

Abstract. Copper is an essential element for the growth and development of the full range of living
organisms, including filamentous fungi. At the same time, it is toxic for organisms when present
in excess. The present study was conducted to assess the role of the antioxidant enzymes
superoxide dismutase (SOD) and catalase (CAT) on the tolerance strategy of the fungal strain
Humicola lutea 103 at different growth phases under enhanced Cu ions concentrations. We
examined the changes in the growth, intracellular protein content and levels of antioxidant enzyme
defense. The results revealed that the presence of Cu ions affected the duration of growth phases
in a dose-dependent manner. The effect of Cu treatment (150 pug/ml Cu ions) depends on the age
of the treated culture. The spores and cells from the stationary growth phase demonstrated higher
resistance compared to the corresponding control due to the enhancement of SOD and CAT
activity. The increased total SOD activity was largely due to the Cu/Zn-SOD isoform. The non-
growing cells taken from cultures of different growth phases demonstrated also up-regulation of
both antioxidant enzymes in response to oxidative stress imposed by the ROS- generating heavy
metal. During the stationary-phase, H. lutea cells demonstrated higher resistance to Cu-induced
oxidative stress compared with the exponential phase cells.

Pe3rome. Menra € oCHOBEH MHUKPOCJICMCHT 34 PACTCKa U pa3BUTHCTO HAa BCUYKU KUBU OPTaHU3MU,
BKIIFOUHUTCIIHO (I)I/IJIaMCHTO3HI/ITC reou. B CbIIOTO BPpEMC 063.‘-16, T € TOKCUYHA 3a OPraHu3MHUTC,
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Korato € B u3nuirbk. Hactosmoro uscnenBane Oeile MpoBEACHO, 3a Jla Ce OIEHH POJIsiTa Ha
AHTUOKCHUJIAaHTHUTE eH3UMU cyriepokcu nucmyTasa (COJl) u karanasza (KAT) Bppxy cTparerusra
3a ToJIepaHTHOCT Ha rbOHMs mamM Humicola lutea 103 B pa3nuunu da3u Ha pacTex MPU MOBUIICHA
KOHIIEHTpaluu Ha MenHu Houu. [IpoydyeHu Osixa mMpOMEHUTE B pacTeka, ChIbpPKAHUETO Ha
BBTPEKJIETPYHH NPOTEMHH W HHUBAaTa Ha AHTHOKCHJIAHTHATa €H3WMHa 3amurta. Pesynrarure
MOoKa3axa, 4ye HaJIMYMeTO Ha MEJHU HOHH BIIUsiE BbPXY NPOIBIKUTEITHOCTTA HA (pa3uTe Ha PacTex
10 10303aBUCHM HauuH. EQexTsT oT Tpetupanero ¢ Mmeauu iionu (150 pg/ml Cu iionn) 3aBucu ot
BB3pacTTa Ha TpeTupaHara Kyinrypa. CHOpHUTE U KIETKUTE OT CTallMOHAapHATa (haza Ha PacTEex
II0Ka3axa I10-BUCOKAa PE3UCTEHTHOCT B CPAaBHEHUE C KOHTPOJIHATA Ipyla MOpaju MOBUIIEHATA
aktuBHOCT Ha COJ] u KAT. 3aBumenara o6ma COJ] akTHBHOCT ce JbJDKEIe IO TOJISIMa CTETIeH
Ha n3oenzuma Cu/Zn-CO/l. HepacTsimuTe KI€TKH, B3ETH OT KYJITYpH B pa3IndHu a3y Ha pacTex,
JEMOHCTpHpaxa ChI0 TaKa IMOBUIIEHA PEryJjalus Ha JBaTa aHTUOKCUJAAHTHU €H3MMa B OTTOBOP
Ha OKCHUJIAaTUBHHSI CTpEC, HAJIO)KEH OT Texkus wmetan, renepupamr COP. Ilo Bpeme Ha
crairoHapHara ¢asa, kierkure Ha H. lutea nemoHcTprpaxa mo-Brcoka pe3ucteHTHOCT KbM Cu-
WHIYLIUPaHUs OKCUJATHUBEH CTPEC B CPaBHEHHE C KJIIETKUTE B EKCIIOHEHIIMAaIHaTa (asa.
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