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Combination of metals and enzymes as effective antifungal agents is currently being conducted due to the growing
antifungal resistance problem. Metals are attracting special attention due to the wide variety of ligands that can be
used for them, including chemically synthesized and naturally obtained variants as a result of the so-called “green
synthesis”. The main mechanism of the antifungal action of metals is the triggering of the generation and
accumulation of reactive oxygen species (ROS). Further action of ROS on various biomolecules is nonspecific.
Various hydrolytic enzymes exhibit antifungal properties by affecting the structural elements of fungal cells (cell
walls, membranes), fungal quorum sensing molecules, fungal own protective agents (mycotoxins and antibiotics),
and proteins responsible for the adhesion and formation of stable, highly concentrated populations in the form of

biofilms.

green synthesis MOFs amyloid proteins prionase mycotoxins growth inhibition

| 1. Introduction

The accumulation of information about the role that microscopic fungi can play in the development of a number of
negative processes affecting human health WIZIE! has led to increasing interest in antifungals that can control and
reduce the growth, as well as the metabolic activity, of these biological objects, especially those associated with
pathogens . The seriousness of these tasks is increasing due to the fact that in some cases, fungal cells may

develop resistance to the chemical formulations used against them BRIEIZ,

A number of current scientific studies are related to the development of effective antifungals . Among the new
trends in the development of effective antifungals, the prospects of a possible combination of various chemical
compounds @ with different mechanisms of action on fungal cells are being considered. This approach can enable
researchers to overcome the development of adaptive processes in fungi and, possibly, reduce the doses of the
substances used, increasing the effectiveness of their action in such combinations. When implementing such a
combined approach to suppressing the growth and metabolic activity of fungi, the main question arises about what
is better to combine with what, and what may be unpromising. One of the possible answers to this question is
based on the use of metal nanomaterials such as metal-nanoparticles, metal-organic frameworks, etc., to which no
resistance is formed by most microorganisms since the mechanism of suppression of biological processes is
primarily associated with the generation of reactive oxygen species (ROS) in the cells. Metals such as Ag, Cu, Fe,

Zn, Se, Ni, Au, Zr, Ce, Ti, and Pd have been studied in regard to compounds possessing antifungal activity RI1911]
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(12 At the same time, current scientific research on the antifungal properties of metals is mainly focused on the
study of Ag and Au nanoparticles (NPs) LILL12]131[14]115] since the antimicrobial effectiveness of their action has

been known for a long time.

Among the various organic synthetic ligands for the metals used in research in this direction, the so-called “green
synthesized” metal-containing NPs should be noted. These “green synthesized” metal-containing NPs are formed
inside the cells of microorganisms (bacteria, fungus, yeast) in vivo or using plant extracts, polysaccharides of
phototrophic microorganisms, and extracellular enzymes of mycelial fungi [2UI4I1SIA6I17] “Green synthesis” is an
environmentally friendly synthesis technique that avoids the formation of undesired by-products and costs less.
Moreover, it was found that “green synthesis” makes it possible to obtain NPs with identical antifungal properties

compared to similar chemically synthesized metal-containing compounds that are, in some cases, superior to them
un,

It is known that the combination of metal NPs with known chemical fungicides makes it possible to reduce the
minimum inhibitory concentration (MIC) of the latter by more than eight times 7. However, despite this
researchers decided to consider the possibility of combining metal-containing compounds with biological molecules
having catalytic properties, in particular, with various enzymes exhibiting antifungal activity instead of chemically
synthesized fungicides. It has been previously shown that the efficiency of the use of metal NPs can be increased
by combining them with cyclic peptides that exhibit antifungal properties X8, Unlike peptides that exhibit
antimicrobial activity, the enzymes have catalytic activity 22!, which allows them not just to trigger destructive
processes against fungi but to repeatedly participate in these acts of biocatalysis, deepening antifungal processes.
In addition, a wide substrate range of action of the enzymes themselves allows researchers to consider the
possibility of not only their destructive activity against fungal cells but also against the most important fungal
molecules involved in the formation of their quorum sensing (QS) and adhesion 22 and molecules that ensure their

own safety (antibiotics 21 and mycotoxins [22]).

2. Antifungal Agents Based on Metal Nanoparticles, Metal-
Organic Frameworks and Their Composites

Multiple antifungal agents have been developed to date on the basis of metal nanoparticles (NPs) and/or metal—
organic frameworks (MOFs) ( [11[12][23][24][25](26][27][28][29][30)[31][32][33][34][35I[S6I[S7] | Figure 1).
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Fe,0, NPs Uio-66

Figure 1. Some representative metal NPs and MOFs with antifungal activities. Crystal structures of Ag (1741252),
ZnO (13950), Fe30,4 (1612598), HKUST-1 (2091261), MIL-53-Fe (2088536), and UiO-66 (2054314) were obtained
from CCDC, then expanded in Mercury (v.4.2.0, CCDC, Cambridge, UK) and visualized in PyMOL (v.1.7.6,
Schrodinger Inc., New York, NY, USA). Water-accessible molecular surface is indicated by light grey while atoms

are colored by element: Ag—grey, Zn—slate, O—red, Fe—orange, C—deep blue, H-white, Zr-cyan.

Table 1. Antifungals based on metal nanoparticles (NPs), metal-organic frameworks (MOFs), and their composites

*

Antifungal Agent Target of - . Efficiency of Antifungal
[Reference] Action AU B L Action
Candida
albicans,
ZrO,-Ag,0 (14-42 nm) C. o e
23] e The growth rate inhibition 89-97% inhibition
C. glabrata,
C. tropicalis
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Antifungal Agent Target of
[Reference] Action
&Sg/ZnO nano-hybrids C. albicans
Alternaria
alternata,
Fusarium
CuO@C (36-123 nm) oxysporum,
[25] Penicillium
digitatum,
Rhizopus
oryzae
C. albicans,
ZnO NPs 28] Aspergillus
niger
Erythricium

ZnO NPs (20-45 nm)
[27] salmonicolor

ZnO-TiO, NPs (8-33

nm) 28] A. flavus

22qu NPs (40-50 nm) C. albicans
Trichothecium
roseum,
Cladosporium

Fe>03 NPs (10-30 nm) herbarum,

20 P
chrysogenum,
A. alternata,
A. niger

Fez04 NPs (70 nm) B C. albicans

Cu-BTC (10-20pm) B2 C. afbicans,
A. niger,

Antifungal Activity

Inhibition of biofilm formation

Inhibition of the hydrolytic

activity of fungal enzymes

used by them for their own
metabolism

Inhibition of growth

Notable thinning of the
hyphae and cell walls,
liquefaction of the
cytoplasmic content with
decrease in presence of a
number of vacuoles

High level of ROS production
and oxidative stress
induction. Treated objects
have a lower count of spores
and damaged tubular
filaments and noticeably
thinner hyphae compared to
the untreated fungi

High level of ROS production

Inhibition of spore
germination

Inhibition of cell growth and
biofilm formation

ROS producing, the damage
of the cell membrane

Efficiency of Antifungal
Action

91% inhibition

Inhibition (100 pg/mL) of
cellulases and amylases
secreted by fungi: 38% and
42% for A. alternata, 39% and
45% for F. oxysporum, 24%
and 67% for P. digitatum, and
20% and 24%for R. oryzae,
respectively

Large enough zone of growth
absence (8-9 mm)

Significant inhibition (9-12
mmol/L) of cell growth

Fungicidal inhibition (150
pg/mL) zone is 100 %

MIC = 32-64 pg/mL
MFC = 128-512 mg/mL

MIC = 0.063-0.016 mg/mL

MIC = 100 ppm
MFC = 200 ppm

Inhibition of C. albicans
colonies is 96% by 300 ppm
and up to 100% by 500 ppm.
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Antifungal Agent Target of . L Efficiency of Antifungal
[Referegce] J Act?on AL EUGEE L7 Action J
A. oryzae, Inhibition growth of F
F. oxysporum oxysporum and A. oryzae is
30% with 500 ppm. No
significant effect on the A. niger
growth.
HKUST-1 or HKUST-1 A. niger, F S 100% growth inhibition of £
NPs (doped with NPs of solani, Appearance of Cu*? inhibiting  solani by 750-1000 ppm and P.
Cu(l)) (49-51 nm) [23 P. of cell growth chrysogenum by 1000 ppm; for
chrysogenum A. niger—no inhibition

50-70% death of C. albicans

[Cu,(Glt),(LIGAND)] C. albicans, The apoptosis-like fungal cell  and 50-80% germination
(H,0) B4 A. niger spores  death, ROS production inhibition of A. niger at 2 mg/mL
of the MOFs

MIC = 40 pg/mL for the MIL-
53(Fe);

MIC = 15 pg/mL for the
Ag@MIL-53(Fe)

MIL-53(Fe) and
Ag@MIL-53(Fe) A. flavus Inhibition of cell growth
composite 22!

A. flavus,

A. niger,
MOF on the basis of Ce Aspergillus Enzyme-like activity: Inhibition efficiency of 93.3—
and 4,4',4"- terreus, catalase, superoxide 99.3% based on the colony-
nitrilotribenzoic acid (1] C. albicans, dismutase, and peroxidase forming unit method

Rhodotorula

glutinis
Tfoz co-doped Wlt.h Peromd_ase-llke activity, _ 100% inhibition of fungal
nitrogen and fluorine F. oxysporum production of ROS under light rowth .
(200-300 nm) 12 irradiation 9 E.;

m to
Fes04@Mo0S3-Ag . . . L 80% damage of cell
(~428.9 nm) [36] C. albicans Peroxidase-like activity membranes
CozZnO/MoS; Peroxidase-like activity under B krabarti,
L [37] A. flavus S . MIC = 1.8 mg/mL

nanocomposite light irradiation report

and systematic review of literature. Mycopathologia 2021, 186, 289-298.

3. Raut, A.; Huy, N.T. Rising incidence of mucormycosis in patients with COVID-19: Another

challenge for India amidst the second wave? Lancet Respir. Med. 2021, 9, e77.

* BTC—1,3,5-benzenetricarboxylate; Glt—glutarate; HKUST-1—type of MOFs composed of [Cu3(BTC)2(H20)s3]n;

4 _World Health Organization. WHO Fungal Priority Pathogens List to Guide Researc
MFC—man'num ung%?‘&a?concentrﬂlons; M(T;C—mllnimgm ?‘n i%ﬁory concentratlljon; MIL—SS?Fe —type of MOFs

conmose BITEn BN LA Bas Saealinasd _até’)‘ﬁ iR 25920 L%.aER(E‘;g%%QﬁX Aokt ANy
48 Avallablcﬁllg)nllne: https://www.who.int/publications/i/item/9789240060241 (accessed on 29 May

or 1,3-bis(4-pyri propane.
2023).

F?O'Eﬁﬂ‘ni‘é‘gaas}r . Kﬁ\fﬁuﬂ% MP'ﬁQ@ﬁ@““O” of antifungal drug resistance. Annu.

Rev. Microbiol. 2017, 71, 753-775.
3.1. Antifungal Enzymes Using Cell Structural Components of Fungi as Substrates
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them (mycotoxins, antibiotics) 2%, peptides and proteins involved in the formation of stable forms such as biofilms

GdMéEIR_s iR FHRIsiASEEglist- Bver List of HEALTH-Threatening Fungi; World Health Organization:
Geneva, Switzerland, 2022; Available online: https://www.who.int/news/item/25-10-2022-who-

releases-first-ever-list-of-health-threatening-fungi (accesspgefeindByvdBed in

9. cruz-LunRolysacehavydesof . vAntibioties, A . ﬁ?émat‘ﬁ!‘ %Biﬂm&ﬁrticles as
novel antifungac@sbmealBsustainable agricujture: Cu%ﬁ!ﬁ%&%ﬁaqa&%lag%ﬁons. J.

Fungi 2021, 7, 1033. amyloids)

10. Dananjaya, S.H.S.; Th T.; Wijerathna, .S.M.; Lee, J,; Edussﬂm; Choi, D.; Kumar,

£ qun-Based MOFzyme with multi-

ii;ﬂ]gal recoloaizatio?h\hglaalter. Chem. B

11. Abdelhamid, H.N.; Mahmoud Ye2A

enzyme-like activity for the isrutio
2020, 8, M‘l%%.‘“sé
12. Mukherjee, K.; Acharya, K.; Biswas#A, ; .R. TIO2¢/ articles co-doped with nitrogen and
fluorine as visible-light-activate G fNano Mater. 2020, 3, 2016-2025.
. b TP, i, ; . Py

né |ng)

antifungal activity nucleic acids

13. Wen, H.; Shi, H.; Jiang, N.; Qiu, J.T #Ethanisms of silver nanoparticles

on mycotoxin producing ri e smut fungus. Iscience 202%05763.
14. Malik, M.A.;leia\ttlerjee M.G. Kamli, M.R.; Alzahrani, K.A.; Danish, E.Y.; Nabi, A. Polyphenol-
_'Molecules of uotum Membrane . :
capped biogenic syn EeSIS.l(.?lf oble metallic silver nanoparticlés %?g}-hlgngal activity against
Candida auris. J. Fungl%azs& 639. P

15 garieiMmailyReMehkasntin el B- Redpede NwORERiFAEEN M Silve SRR o priicle Rigrwthakie
(PO IO PBtRagpaisxiHag anshassaysne iheiattinierebiriir_d s tiungALRENAR HESe on different
tardaertelibdiatbel. 2022, 190, 107749.

18. Jamdagni, P.; Khatri, P.; !?anai J.S. GLeen syn}]hesis of zinc oxide nanopatrticles usilng flower

nzymes are interesting as antifungal agents cause ftr. are proteins present in_vari natural.s S ants,
xtract of yctant%es arhor- I‘IStIg and thelr antn‘e ngal I%lctlwty.pj. T&ng SaugLBnlv. ém. %ri% %
mici%oég%n)%ms, animal tissues), which are designed to protect living objects from the effects of fungi. The

recombinant forms of necessary enzymes can be produced in various host cells.
17. Jamdagni, P.; Rana, J.S.; Khatri, P.; Nehra, K. Comparative account of antifungal activity of green

Theandatsenutatiyysyet eabibiid oz meaidtyeoh antipaght kesivities im Bicesid mhat th e et vfteraivienadigiielsses
actilmg.ab. pdysecChareles. 2698t 9) the&uR0Bire of the fungal cell wall or involved in the formation of biofilms. The
greatest effect was observed in the case of chitinases [£1142]143][44]45][46][47][48][49][501[51][52] among which there were
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suppitess thargppattiofesrsy nthesizecbbysilackssigRAEECandida albicans in vitro and in vivo. Appl.

Microbiol. Biotechnol. 2021, 105, 3759-3770.

As a number of studies have shown B3I54I55] sych a combination of chitinases with different substrate ranges can
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28ydhaddete ThA Jirnasaiiuey rs loé fundyat pusanehasestsin ghArdessiked wntheqaeseh comfmanoatidytoside
resaineenof fdiffgie Mienadiiel. 4R sofR1 BoeXl Qpbteiéspond to the preferences of those substrate specificities
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neesdﬁptgr a?‘Tr]iﬁ)e/. 3ve|\r)| c\)/thqo?t%Tg, tﬁfg,péﬂ%ef_'%ﬁé%th's regard, it becomes necessary to resort to obtaining
their recombinant forms, where the most commonly used cells for this purpose are E. coli BL21 (DE3) 431[441[50](60]

221 Lyagin, |.; Efremenko, E. Enzymes for detoxification of various mycotoxins: Origins and
mechanisms of catalytic action. Molecules 2019, 24, 2362.

25 SnTRSTATE R PR et 3 e P e i 0oy EDgR Ao v B AR Y=
e BYER ElHiE Ao L SR EaRhla b 75 08 o) olucan aminar-
ipentaohydrolase, B-(1-3)-glucanase, protease, and mannanase), DNA can be extracted from yeast cells B2, The

241iBR8: tNidcoRpieh iMu B8 iRBIyanR Wrm¥esnBpnakipRsh; Subsedd@ifuPide ESHRG08S SR WREA Wit
the d6ibeid¥ 6f ¥NR2/Zn0O nanohybrid against Candida albicans. ACS Biomater. Sci. Eng. 2020, 6,

6069-6075.
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ework-deri ganome 37, e
leads to the fact that not only is the growth of fungal cells stopped, but membrane destruction (permeabilization
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“lfahghs Etythrieis s ARt SRoRL P AR Sefiofs 17e Fhasgscompinations of enzymes and metals that

can significantly increase the effectiveness of the antifungal action of hydrolases. Among the metal ions, which in
28 kheshhNibly SRRl Ml IOSTOURRAD st AHIY SRS REANR; LIR%and SR Ti9%2
@M% rg&%l[)%ss?n% eg po%rtgiz!lll%soﬂgﬁ/ l’t'f?’e‘i!D Sgéiﬁ\'/e? !a%b:?@'ngth th aﬁﬁ%&m%@ﬁb&g“a%%grn some cases, they
deadMviire, AppRitetAimtijtinryE sftssiney, Og Batahilidvadyitptokinayrdesntiuthgasanedimseotiiosysitie siewmds
obtainedakideonenrypatiiclesatisirgdérttadtagiaPry Sonds ifaeotar frunte @y de € heasericettf Reval202d)cats  the
expR@ieB8y of searching for possible combinations of metals and enzymes in the development of new antifungal

formulations. . . .
30. Parveen, S.; Wani, A.H.; Shah, M.A.; Devi, H.S.; Bhat, M.Y.; Koka, J.A. Preparation,

oxBAARRILZR N AN AR THOAR! ALY, OTHANRY e QRRRRAUEE 3 R R0 PR Bmong
enz%ﬁ?egzugs%'d as potential antifungal agents 88167, These enzymes catalyze the oxidation of fungal molecules by

reducing hydrogen peroxide (H,O,). The limitations in the use of these enzymes as antifungal agents are
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Antifungal activity of water-Stable Copper-containing metal-Organic frameworks. R. Soc. Open Sci.

Sp&%i?aténMP@ﬁéuld be paid to the fact that yeast and mycelial fungi are able to form amyloids, which are
RrRarhed il consishRosRimanam et RiaRker I IRR/AFEAPIHIRNGNY. Elakiized By, B erRpIBCHARI8Y #ES
Fore¥aTiniyiE10RCaHER CHNLARRPRINO AT ALiSe y e hiy ERCRRSAMEIRT LBIaM P IsE RKillingh form amyloid
ﬁbr%FE}%b@"éfﬂﬁW\.”ﬁ@WBf‘@ﬂ%?n%di@,I@?}N@EWBL Bg-Agecific functions of hydrophobins synthesized by fungi

can enhance their pathogenicity. Thus, A. fumigatus can cause invasive aspergillosis in patients with weakened
STV GRLANR M-t il MU, it P o B Stoim P i B, S s iKMo o f Sy i BIAN S Hlobin

mplE BTeF tgr%a%uégﬂ]gr)ig&tgsnt%uﬂgg lp%/erilédpa?i%tsi}éa@n'&g%ﬁﬂg' r%gsztl\’/v%ﬂ'-d%géi%?clloe(sxsa'mples of amyloid
3T otatlia jrAyEas Olatleds EFhK CBdkoyaied1 oM dinnelay¥ie.; \Dlgturij I8 @bsgniecvighdas € . selfcalzgragates

intoSimediniy ki dike Adereaat © . GoByetreditiorhadetetiessiorcandtansfifgal activity of Fe(lll)metal—

organic framework and its nano-composite. Chem. Afr. 2020, 3, 119-126.
It is known that the yeast cells of C. albicans, often used in studies of antifungals, also contain proteins with

38wk i larStic Y ARGs Zrie PPN sk As R R8s REEOYR AP P QAR S i R 0d MRS o0
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39f. hydreph@ienghaonwiandghat; ramode. tgheall AdheaioR . oMangbianisianAvioNicholahiflicGheiacss, and
impGudlteitaidityinouridiefimn SEiclds MeS D et et Iseeb cBhipOBiescasanb Rdag@arteims, as well as
adImmri@maaggmtigmosmgpmm@pngatme 202 | albidd@l bipBin@s due to the presence of an amyloid-

forming sequence in their structures [ZAZ6IL7[78], _ _ _
38. Gow, N.A.R.; Latge, J.P.; Munro, C.A. The fungal cell wall: Structure, biosynthesis, and function.

To a)ll,CECL)Jte)zl?clJ' tﬁgi?%trr)ilgyo%7be5 ‘tr]aggr%%%d from “mother” cells to “daughter” cells, yeast prions are classified as
3ofeiitvsacioer caanBla geREShtwuhdR, Ax]Rbisg, 8ninteFdiionnofSCaedidaigpedtedosibranensigma, and
ChMtgrm’gng@QO;grz(p_‘e‘ﬂg5g:ojmspondently 29 The presence of similar conditions for the formation of yeast
prions and common molecular properties with pSathogenic human amyloids has now led to the creation of models of
40. Lyagin, I.; Stepanov, N.; Maslova, O.; Senko, O.; Aslanli, A.; Efremenko, E. Not a mistake but a
neurodegenerative diseases based on yeast prions. The methods of their recqulatlon are being IEV%_SOUS%ted in order

feature: Promiscuous activity of enzymes meeting mycotoxins. Catalysts 2022,712, 1| _ _
to develop new effective therapeutic agentS and approaches 1o the treatment of diseases associated with prion
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43. Zhang, W.; Ma, J.; Yan, Q.; Jiang, Z.; Yang, S. Biochemical characterization of a novel acidic
DisEtMEmas® aviiia sprittumgahagibativfeome siambasdiisysytanexeilags 4aybidnireleBili MRLI@MOhoted
tha?62 fiar 18ete Hp@ 31 3fich studies. The ability of several proteolytic enzymes, such as subtilisin, keratinases,
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invg)é%d in the fragmentation of large fungal amyloid fibrils. It is believed that the direct binding of Hsp104 to
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ill loli iens FX2 inst th harv le ring r h n, Ph hol
enz %%S ug,rea rmo(\?vnqltjc()a glc ?hast can ggg‘ra et tpr(lao Ogrtotgirnse%tn%pgn?y[oi gg&%tlat% ewnl'w:) utr%gﬁt d%g,%ég,

inclug%é’sﬁ%gﬁs%ﬂﬁl?g gé‘rrlndé' proteases TK-SP from hyperthermophilic archaeon T. kodakarensis Bl nattokinase
AorhBatilIM asngtifd. nbte, 82, LupfitlisBas)Xand pastgase; éam BX /doxpr 8438 tanchdbarackeritatioB. alatilis
anchByehaniti#HER withilantifikagadbeativity SKADGA rcaneBa Gtinoriftyoet 58 cattyare thTiX fyan gingeosiges sp.
B8] Hing i Horotton RepisiPelfiforaQh8 ekédmébhilel archaea Aeropyrum pernix B2, and serine protease from

lichens [20] _ o _ : e . o
48. Brzezinska, M.S.; Jankiewicz, U.; Kalwasinska, A.; Swiatczak, J.; Zero, K. Characterization of
chitinase from Streptomyces luridiscabiej U05 and its antagonist potential against f lant
Multip|e metalroenz mesphaveybeen re orteg to have annlmportant rglenln the degra a% no Aéjfﬁ%?including
pathogens. J. h}lto athol, 201 ,d1_67,4 4-412. ) :
two metaltactivated keratinases, Kerl and Ker2, from an actinomycete Amycolatopsis sp. MBRL 40; NEP—a zinc-
4&:deadBnt YaregrlBarbtédtzaraatiedzagonvafieushitimasactivem palinietdhriausp. BAO-280thas amantipendgaht
meditipiptaasea hiadatalystdeayw adutmgnchitobicde)R]. TBasioildi coobiealve2 B8 10xB pe4BrsBb Broteins has
fi ' - ini ! Il [96] At th i he iofl f -
R, 2 G001, RIS et e VT iR, YUrg of redox
[ Is,.such . (affecti is of jmer's di ) lj hich
A MR tior B ehab chfiilAte i B RAINSESEESS $p./ECEMHT svaldaton ot R aRtingal ™
' [ hesis of i ion. The infl f th I
Co BN RL Tl o RALRI S65,8e 4P gisggeg e discussion. The influence of the same metals
on the activity of these enzymes has not yet been investigated but is of great scientific and practical interest.
51. Moon, C.; Seo, D.J.; Song, Y.S.; Hong, S.H.; Choi, S.H.; Jung, W.J. Antifungal activity and

Degptitetins falcNtaatetybrehitoslit)osaetthativdectegradatiomuittidititasagdeivegd fodbmpriderpaitains, new
protaalytie seensnes Nvhtinulicyole MatdwegreDhidd 1sk3di2d 8#i224rionase activity of which still needs to be
53 EeAYCY 3. Shi, D MAd HH 11 200 B E ) P LS e S e PR S U expresdion ™
devaehotjj) rgﬁgtrg{: eervlvzg%tgrulngfa g’h A B}ngg{f%ﬁﬁm%ggt'(&%ﬁ{ﬂg‘j%?g%a?ﬁsﬁgagtfma harzianum GIM 3.442
its applicgtion,in colloidal ¢chitin conversign. Jnt..J. Biol. Magr 19, 134 =121.
S.f.r]c:iﬁzy e'sal-lyd'rofyzu'm I\ﬁy'&o oxi’ns,'?\n“blotlc's, and wh%qecu es &6%!\%25]) of
SBunignaz, G.; Cadirci, B. Comparison of in vitro antifungal activity methods using Aeromonas sp.

BHCO2 chitinase, whose physicochemical properties were determined as antifungal agent

To ggwdiaaqigpiﬂ@twm@f information has been accumulated about QS in the cells of various fungi and

molecules that are produced by the fungi themselves in response to an increase in their concentration per unit
Sty g, QEmRUREVRA Bt S IIKOY L GHeOFIRQY R B RAANKRY & AMonMAY Sta¥e Yot stable

inter SR 08Y o it SRAAS BRAURY Ao S Pr ReRond S IRIRRRYE: bepudtbAl, ShaaHoh Sh A 3R Ges

in tHéOéje%%ethé‘HQeﬁ’J%é‘#MﬁMCﬂﬁ% %%”lt‘f/v %|11 W&Olgggl %%%%9 %nggtraﬂ)?zg rt%%%%k%@sis of fungal

Qs isog I(?v(/rs‘i t%zgzgé gt?ribm%e?d_Zozt%‘e so-called Quorum Quenching enzymes (QQE). Gluconolactonase- [202])
58)dS hetapkitdindicontaithe rikgaopBisphenier iyl oBseltiHigirdevs, BRIBRY adtiased. [EHEAY dfave been

idefgifind sl suct Brtiyass entitaminrfiorvob@&andida albicans biofilm. Vet. World 2020, 13, 1030-

1036.
Discussing the potential of these enzymes as candidates for inclusion in combined antifungals with metal-

St d-coriS0eNe LAY Kred B for HHO:SbHYENG: Sosdiaites Mavb drbad) 62N UNIRL RS Yoo
of a serine protease and the enzyme production of characteristics of Bacillus licheniformis TG116.
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prodad provticioli alhiRORPNPEALLBBAL appeared to be the most effective option for such a combination. However,

5%, BEng S aZRBARG, WTPEWRYS, 5D ARG b, RN iSESiHl sty of o "
effectiveness a.%zi\inst fun{qal cells has y]gt to blec’:%nflcrim,ed L L . .
recombinant aspartic protease’trom Trichoderma harzianum against pathogenic fungi. Enzyme

Microb. Technol. 2018, 112, 35-42, . .
Interesting use cases for combining with metal-containing compounds are enzymes that carry out the destruction of

58y Edlyn shwvithEore sy duagifn tkér @rRGiAte. Rajae Sanguldreh mshogddrhe\hMed e nals ais rekeaiséloRCSM
hydsigtisticanopinthzatopryfoecapao dactjonwof tobitdaseaiod étaatigke mdpghocanaseinlehimo|ykhoulin,
dedRpdnacil| us e xR ity iag ahtifiengaha etivityed pphnRig chanmaBéotechmakeRihstS 122! 3be 15E)-
59" Byeleye, A. Nl M B AT aae? Lvaraity, fonatens anadrends eengihering for Sartabi@ion

e SRR WSE P P 31K aggigcous aeties ofhese enzymes

600t imaingy, td/grialyzey pddsibla. vidamt&of daxygnes. thangn beBiockidenidad<handctarz dtiooredtiag combined
varhifitinaitbnakchitirasd/ligsozyonbrédynnStesptoynycpsysarepsamniics sitapte foh it -aceglehiokizdee the
hydootydisctib anBinteshswithesite? AB0fuhli AdBg1etBE. secondary metabolites in their QS state. Here, the

el 5PeedRany S B e FREC AR, ‘ﬁ‘?"&“l%ﬁ?negvfzi{ﬁé%”gxdﬁ’reeé%%Hdb‘?stﬁébc%fﬁﬂ%'sae”‘é%'c?%%é%*'étyame to natural
and(ﬁ?mﬁy&gﬁ'g Fom 'g?rse%?gr%%%aslossg%ggonii (Millard & Burr) Waksman KJ40 and its antifungal

. effect. Forests 2018, 9, 699. . :
It is interesting to note that JQE ?ncludlng Hisg-OPH are close “relatives” for metallo-p-lactamases 112, Moreover,

68 e Salanan | \Afalpdynanzaled ibenyden avsphotrest@recof thé safanahkg)PH) MoussaeudidgBeixdicate
thaExploreng threymeshei stasiykactiomef dugneancsenretary SfasechaintRNdsa tagdinptdfanckidafor
indialichssbdtharshisinéepaas2Cdty me8 384t een mentioned here more than once in connection with their

o5 LT AL RHE D MO el Bl e B i, K RRERE DB A B B By 2
Oy h Pt TR SR G o PR R s A of Ao B Rl Rn0As e R NS el Sates e
conj(.eri\t/ltc)ﬁ ag%ﬁrﬁgir&%t’o l%\f)eBt.hem a number of catalytic activities, as discussed above, did not reveal any.

64 shanid YoeMateS. heeotiaandaiy. oMosetioBed Lardwigs sReo@ainndiftbee B tickisition . ramais) rpaiitidatiprzafi),
Mn (8| eipid See (| BiRedno gienasdr antdvaesixasifddelaabechaonbehiiosiavelyarapariitte sagaimstvhen creating
corfibingditlbs otiehi ah¢ralyrmcsoidig| dnofilous darsjetie ghbathald dfilgi reaisitent nhieseongaissinsaddaiar, the
conBtnaimy .of 620 ehOPndd Od®BOmetal-containing compounds that are not embedded in the active site of

62 ARRS! RIS OR At nmieoa POl A B AN Sitin-nyd S SRS RGN Brgmising.

Myrothecium verrucaria affects growth and development of Helicoverpa armigera and plant fungal

4.CembinationvefAntifungalsEnzymes and Metal-

.Igi VQQR%EL%IE%U& L.M.; Martins, T.F.; de Freitas, J.A.; Vasconcelos, I.M.; de Freitas, D.Q.;
it iSREAACr B Bra RMPEQMAY Sa tfbEs B efi¥RiCe ah hALERERIERSE RMHTRSHI B GRARR it
mefQPLIRRES AT LQN L06 M8l Sakilibn Anddisnlays an kel Actlyify Rgainst HRJSRMId Y Ranase,
N-a%@ﬁ@ﬁl%%@i%ﬁa?s%q &hﬁﬂé@?‘aﬂéy&?&’ rb%}egaqum@,g '3&: %'Qéﬁ%ﬂﬁhléﬂ?ré’ cAa%’ &Qgségg'secondary

entieKiAn, ], sndfasnesifia irveitessragiebio ki frdhe tise difrag oAMHE SriiR pARHRD bABHS  gthese
conprnaignaiseidgly wrESHBEL S Etton resistance against Verticillium dahliae. Plant Soil 2020,
454, 395-4009.
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6& rBdraynGdsikeddenkraneiscarBdR grvalseecks; ForDbezooduRioriiéeAzyho, fotmBlatipSs FLLCESERI120
B-1R-pMbamde(sikKamat), tA. &l lpstenl elteninimg stsudgiual sednigesett)riarg pedfralsagyniddygabeadi g osgadhyeas
corhyatrapbabitinarei(g)ns thatidorotdaseisp A&l oy lpithe inHesgenty Med. ddioh ROE S04 30ly 3Bdi-3§0dlium

Y VI S5t O P GRS Mt RS0} Bl RUIRT0 ST MR BO AYeS": Beau, R.; Bayry, J.;
Intecr:é)s%ﬁgle,’ tjféru; IOnk o RLpE e Lo At O Ty oRR RIS I AS RS R THigaty s, 3 109l
andzis:w{ely’ to be a result of their aggregation 220, At the same time, the negative net charge of “uncapped” Ag

70PYalgaestior Ithe_aibdtititisie phemeiieto foEspAillé, dddddavissartsAd; dsoa ¥allRtiant, This.kan contribute to
the Admnesad daxidity Kiveanh Auktcappedtatealtpivhedat minAsgembhasinch slisassehibbs G2Aspengibigly, “un-
capsnigaiiPs anidiee ffectiedésin GetysSelitin2 Gyt tdh@@A nly decrease the number of sclerotia by twofold as

ﬁ?"&%&?ﬁ’,t&?ﬂ?ﬁ?ﬁé"ﬁ‘?ﬂ%‘? W B?J éS”K/Fﬁ?fé‘H Q.; Meisl, G.; Knowles, T.P.J.; Kwan, A.H.; Sunde,
s,im".{'ar‘?loe %"’F%?ﬁéﬂ% L WmGab%bﬁ QP’%W% o*%i%b._'s”kﬁé‘av‘r‘? '{E;IES_rr“eéﬂ%Jéﬁ%?'%ﬁg%i%%%ﬁ&?ﬁgg&ﬂ‘%é‘ﬁé‘%trﬁQ b
of g%rSQ' zgtl)oucl;%?ignp gée%% : A?é%?gsruﬁ,cﬁ{e rtl)}{)ec erpn?c%l %Q}%&éﬁslgh §etlﬁ)é celil'w’al 'c%anges' dramatically; for

TékoSadl 1% rGeteghettinGepRengents &iSolti:ddyP ettsii MypRechaolysRcRekrsind [okeirshift by 1.5-2
timeg(iegaton ispa ppisaivet /Nebhanismdolersikecosipayole (estealiaftenstesdiktlatgCattBiaicrease
nura€ddsly dndl He2eh8.the second prevalent subclass (after polysaccharides). The last ones have been shown to

PLOBSRR SRR YRR A ORI RSB L AR 40 SR B3 gl

cellular canases and chifinases [L23] reo ess thick rind can be formed from such

acti\c%r]:ogextr[a\ C?JIF éﬂ . Mci ver ERF leakl H J
.F.Single-molecule imaging an [ﬁj]nctlé)nall_ar_lay&s of Als a e?ln_s and mﬁnnar}s ur:n% "
e SIS BRI TRSEis. ACKREACSBY 578 AECflgel and antiungal penetralion. Thus
polyphenol-degrading activity may be useful in addition to antifungal formulation. Another rational functionality in

4R oM PReRI 0 St et oY akk Krloxfa iRty ie0s Md prddi@aHy, shhcP WERDGIso

affebE-sdibea BdNe SpatsRohMofmamyloid core sequence in the major Candida albicans adhesin
Als1p mediates cell-cell adhesion. mBio 2019, 10, 10-128.

- . - ay. B - - . - [M] - -
7RungLigd el 2 hingse-Raned or R ies, AR TSRS HURY CanididaeSILias'S B8 e i nioies
effective thap the same fgormulation with..a live iocongol agent rg\étregtfing/c?s cellulosa%). This m be a

regions tunction In cellularaggregation and zinc bindifg, and contribute to zinc acquisition. Sci.

conﬁ%qpqefﬁi.?]‘ (}Iffﬁlélb%.profﬂes of protective gene modulation in the plant by these formulations.

78s Waxnaeod;rineB dis raapid]edm eGitist a, b reGastivehcMe GanpoundNtgrB tieghonQivindrixBetors-and the
makiontaimeuM @99 Daltelebsed’ Bnferrs duikgickhdr &2\ TheRbitifupinptedntidoyrdime aialy sistirnGeatudidased
threadfoidadsringnigs emsighdsianto wiptial Zunre aaifieatonsadimd. Riviveate ntietofetend attep adhestbna
forranidtiviofitnprinven atiamédt asoDNE AhdiHer,ep239dhesion to the surface during biofilm formation and

%‘?é%’ao?g}fp\t}ﬁl fﬁgﬁsf |”§at'Waﬁ eeirr,“i_ik.)/gf.e;dI\/Iartin-Yken, H.; Dague, E.; Legrand, M.; Lee, K.; Chauvel,

M,; Firon, A,; Rgssi%lol, T.; et al. Tfa(rj%?ted changes of the cell wall proteome influence Candida
Melittin is kndwnto disturb membranes o erent (micro)organisms, activate' several transmembrane receptors,
albicans ablg% to form smc%I]e- and multi-strain biofilms. PLos Pathog. 2014, 10, _e100454[2‘ 125
depolarize membranes, etc.”Some of these effects are also” manifested In° the composité formulation 125,
TQoiMovrenadRafizyik Heddly Eansie@roatrBiViads; dbdttiavre ;diergsestibe. aBtiaiestid geatyarostes the
anti@undélisy diliby ; &6 oyelitdn, SespEiafigrto@ardh e RismadifiefimnsoiéthsTRg aBeayid RuiabbobfdCarfmitaand
mekitt cansBrebe detisee darstel lavalhimte dgriey.tidt crolbio liogyva 0085t de &jri2€0vidR0 to the fungal cell surface

itself and affect biofilm formation and yeast-to-hyphal transition in combination with conventional drugs 227, Thus,
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