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TpeboBaHMe K coaepKaHUo MUHU-
0630pa

* B pe3synbratax He meHee TPEX OTAENbHbIX
pe3ynbTatoB, 0GOPMIEHHbIX KaK noapas3aentl.

— OanH oba3aTenbHbIM — rMCTOrpamma aAnnH 6enKos
— [1Ba Apyrux no BbIbopy CTyAEHTa

— Ob6na3aTenbHO 0AMH “cBOMN” - NPMAYMAH CTYAEHTOM,
T.€. OH HEe U3 NPeaOXEHHOro CNUCKa.

— CBOM pe3ynbraT MOMKET bbITb

e noBefléH A0 KoHua. Torga ero MoKHO BKAOYUTb B TPU
MUHUMAbHbIX

* MpuaymaH NPOEKT, HO TEXHUYECKU aBTOP HE CYMEJT UNUN HE
ycrnen ero peannsoBaTb. Toraa CBOM NPOeKTa MOXKET ObiTb
OMNMMCaH CBEPX MUHUMA/bHbIX TPEX N 0POPMAEH KaK
yeTBepTbiM pa3aen. OH byaeT 3a4TEH Kak “cBon”



Hay4HbIN TEKCT

* CTaTbA B HAY4YHOM KypHane

e [lncceprauma

 lnnaom

* KypcoBas paborta

* MunHKN-0630p reHoma baKkTepun
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1. Kaxgoe yTBepXXO4eHWE BO BBEAEHUM OOMKHO NoaTBeEpXKaaTbCH
CCbINKOW;

2. B CNUCKe nnuTepaTypbl HAO0 yKasbiBaTb aBTOpa/aBTOPOB U
cBefeHMNA, AOCTAaTOUHbIE AN HAXOXOEHUS CTaTby; Nyylle BCEro
0PopMNATHL NO Npasunam, NPUHATLEIM B KAKOM-HUBOY AL XXypHarne
(ccbinkm Ha obpasubl odopmneHus boinu). Ccbifikn Ha
aHOHMMHbIe Beb-pecypchl (ToT ke NCBI Genomes) nyuwie
BCTaBNSATb MPSAMO B TEKCT.
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Bbl HE NnoBepuTe: HaY4YHbIN TEKCT
nUweTca ANa YntTaTeneu

* KT0 Yyntatenn mmHmn-ob3opa’?

— lpenopaBaTenn, acCNMPaHTbl U CTYAEHTbI, NPOoBepAtoLLUE
Bawwy pabory.

* OHM CKOpee BCero HMYero He 3HatoT NPO Bally 6aKTeputo Uau
apxeto

* M3 TeKcTa nm xo4etca Y3HATb YTO-TO HOBOE U NHTEPECHOE (OLI,EHFIT)

* JlnAa storo

— MUHU-0630p, A0/1KEH ObITb CBA3HbLIM CMAOLWHbIM TEKCTOM,
KaK pacCcKa3; a He HarpomoXxaeHuem ppas

— [naBHOE — TEKCT A0MKeH ObITb MOHATEH AJ1A MOCTOPOHHErO
YyuTaTens

— Ta6fIVILI,bI U PUCYHKU MOMOTatOT YNTATENO MOHATb TEKCT.



ECTb HeKoTopble CTaHAapThl
HanMCcaHMA HAaY4YHOTO TEeKCTa

CtaHgapTbl nomoratoT
aBTOpPaM HanucaTb HaY4YHbIN TEKCT

YNTATEeNo NOHATb HallMCaHHOe

3TUM Hay4YHbIN TEKCT OT/IMYAETCA OT XYA0XKECTBEHHOTIO

OTanumne yncto dopmanbHoe.

KaK 1 Xya0XeCTBEHHbIN TEKCT Hay4HbIN TEKCT (CTaThA,
KypcoBasa, MUHMN-0630p) bbiBaeT

KPACMBbI 1av BE3OBPA3HbI N



Obsa3zarteneH B MI/IHI/I-O630pe\ CprKTypa H ay‘-l HOIro TeKCTa

MUHU-0630pe

3aronosok (Title) NA KopoTHo 0 48M TeKeT
AsTop (Author) vm ~
T Y =t S N.0. damunuma n appunnayma —y Bac ctyaeHt 1ro

Kypca ®b6b MI'Y umenn M.B./lomoHocoBa

AHHOTaUNA NIu
Pe3tome (Abstract)

MpepenbHO KOPOTKOE ONUCaHMe NpeaMeTa U3yYeHUa u
TOro, YTo CAeNaHo. YnTtate b NPoYMTaB pe3tome A0NKEH
MOHATb MHTEPECEH /1N eMY TEKCT U/IN HET.

Copepxut uHpopmauunio 06 o6beKTe nsyueHums co

Methods)

BeBeageHue
(Introduction) [IA |CCbIIKAMU HA IMTepPaTypPHble UCTOYHUKU. B KOHLEe
BBEAEHMA NULLIETCA YTO UccaeayeTtca B paborte.
KpaTKkoe yKa3aHne UICTOYHUKOB AaHHDbIX,
MaTepunanbl 1 meToAbl MCNO/Ib30BaHHbIX B paboTe; 4OCTaTOYHOE ANA TOro,
(Materials and A
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CTPYKTYypa HAay4YHOro TEKCTa

Pe3ynbraThl (Results)
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Ha3BaHWE M coaepHKaTb OAUH NN HECKOIbKO CBA3AHHbIX
mMmexxay coboi pesynbtaTtoB. MeToabl NoayyYeHns
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JlnTepaTtypa u CCbINKA

OdopmneHune cCbiNKu

1. Ratnanather JT. Structural neuroimaging of the altered brain
stemming from pediatric and adolescent hearing loss-Scientific
and clinical challenges. Wiley Interdiscip Rev Syst Biol Med.
2020 12(2). doi: 10.1002/wsbm.1469.
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2. s

He6bonbwune Bapuauum B opopmaeHUU CCbIJIKU MOTYT
6bI1Tb. TMNEpPCCbINKM HE NPUMEHAIOTCA.

Ha KaXabli1 CTOYHUK A0NXKHA ObITb CCbI/IKa B TEKCTe.

Hanpumep:
“ Apxes ...... obuTaeT B CONEHbIX 03épax AHTapKTMAbI [2].”
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Abstract: Moonlighting proteins combine multiple functions in one polypeptide chain. An increasing
number of moonlighting proteins are being found in diverse fungal taxa that vary in morphology, life
cycle, and ecological niche. In this mini-review we discuss examples of moonlighting proteins in fungi
that illustrate their roles in transcription and DNA metabolism, translation and RNA metabolism,
protein folding, and regulation of protein function, and their interaction with other cell types and

host proteins.

Keywords: moonlighting protein; multifunctional; RNA binding proteins; multiprotein complex;
enzymes; transcription factor
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1. Introduction

In the million years since fungi split from other eukaryotes, they evolved a wide
diversity of taxa with a variety of morphologies and sometimes complex life cycles, adapted
to numerous ecological niches. They also developed diverse mechanisms of nutrient
acquisition, including secreting digestive enzymes, symbiosis, or even parasitism. All these
developments required the evolution of new protein functions. Moonlighting proteins have
arisen throughout the evolutionary tree as a means of enabling a vast increase in protein
functions, as well as a mechanism to coordinate many functions. A moonlighting protein
is a single polypeptide chain with two or more physiologically relevant biochemical or
biophysical functions [1]. Moonlighting proteins can have a second function by interacting
with another protein, DNA, or RNA, or with different ligands or cofactors; by joining a
multiprotein complex; or by being expressed in a different cell type. They can also have
different functions at different times in development or stages of differentiation; in different
locations within the cell, for example, in the cytoplasm or nucleus; or when secreted or
bound to the cell surface.

As shown in the examples below and in Table 1, moonlighting proteins have been
found in a variety of fungal taxa [2]. Not surprisingly, additional functions were often
first found in model organisms that are used in genetic or biochemical studies includ-
ing Saccharomyces cerevisiae (budding yeast), Neurospora crassa (filamentus fungi, mold),
Schizosaccharomyces pombe (fission yeast), and Emericella nidulans (Aspergillus nidulans). A
few examples were identified in Komagataella pastoris (formerly known as Pichia pastoris),
a budding and spore-forming yeast that is widely used as a model organism and also as
an expression system for protein production in research and biotech industries. Other
moonlighting proteins were found in studies of fungi that play roles in health and disease
or are used in industry or food production—Paracoccidioides brasiliensis is a dimorphic fun-
gus that can cause paracoccidioidomycosis, Histoplasma capsulatum causes histoplasmosis,
Cryptococcus neoformans can cause a pneumonia-like disease or meningitis in people with
weakened immune systems, and Sporothrix schenckii causes sporotrichosis, a subcutaneous
mycosis. In addition, several Candida species are a normal part of human gut flora, but
can also act as opportunistic pathogens. Kluyveromyces lactis (formerly Saccharomyces lactis)
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OdopmneHune Tabnumupbl

Table 1. Moonlighting Proteins Mentioned in the Text.

Protein Name One Function Another Function Reference Nu
Interacting with DNA or
affecting DNA metabolism
Emericella nidulans
[-Anil mRENA maturase Homing endonuclease [3.4]
Kluyveromyces lactis
Galactokinase Galactokinase Transcriptional activator [3.6]
Tuber melanosporum
Askl Component of Binds DN A, 7]
DASH complex transcriptional regulator
Phosphoadenosine Thioredoxin Transcription factor [8]
phosphosulfate reductase
Saccharomyces cerevisine
Acetohydroxyacid Acetohydroxyacid Maintains mitochondrial [9]
reductoisomerase reductoisomerase DNA stability
Arg5,6 N-acetyl-gamma Regulator of transcription [10]
phosphate reductase /acetyl
glutamate kinase
Arg82 Kinase Stabilizes transcription factors

ATHTON ~we A WATN AT

CcblNKM Ha
nuTepaTtypy



Odopmnenune
PUCYHKa

Figure 1. Examples of multiple functions of fungal moonlighting proteins. A moonlighting protein
(dark blue) can have a function as an enzyme in the cytoplasm (A). It could have an additional

function as a DNA binding transcription factor in the nucleus (brown circle, B). By binding to RNA 14




2. Examples of Moonlighting Proteins in Fungi
2.1. Affecting Transcription, DNA Metabolism, or DNA Maintenance

A variety of fungal enzymes have been found to have a second function in regulating
transcription or in DNA metabolism (Table 1). Enzymes in carbohydrate, nitrogen, and
sulfur metabolism, as well as kinases and chaperones, have been found to regulate tran-
scription either by binding directly to DNA or by binding to and regulating transcription
factors. 5. cerevisine hexokinase (Hxk2) and a homologue in K. lactis, galactokinase, phospho-
rylate hexoses in glycolysis and other pathways in carbohydrate metabolism. High cellular
glucose concentrations cause Hxk2 to move to the nucleus where it interacts directly with

3. Discussion

The fungal moonlighting proteins described above include a large variety of proteins
and combinations of functions. Some combinations of functions enable cells to sense and
respond to changes in the environment; for example, proteins involved in redox reactions
might sense changes in the redox state of the cell and then switch to a new function.
Proteins involved in carbohydrate or nitrogen metabolism are often important sensors for
the cellular levels of these nutrients. In general, moonlighting proteins can also enable
coordinated regulation or crosstalk between biochemical pathways and cellular processes,
such as energy producing pathways and transcription or translation. In other cases, the
two functions might not be connected but might just be a case of a new function arising
and the cell making use of proteins that are already available.

While we cannot always determine which function was the original function of the
protein family, many moonlighting proteins belong to ancient protein families, notably
enzymes in glycolysis, the citric acid cycle, and protein synthesis, including ribosomal
proteins. Evolution of a new function does not always require large changes in the amino
acid sequence or protein structure [92]. In fact, a binding site for plasminogen can be just a
few amino acid changes in a protein surface loop or C-terminus. Many of these proteins
have orthologues that are moonlighting in other organisms [2]. Interestingly, in some cases
the more ancient, catalytic function is the same and a second function is different, a kind of
“semi-orthologue.”
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4, Conclusions

Moonlighting proteins in fungi have a variety of functions and combinations of func-
tions. In recent years, the use of proteomics methods to identify cell surface localized
proteins or proteins that bind to DNA or RNA has contributed to the identification of
dozens of additional moonlighting, or potentially moonlighting, proteins. The examples
described above are likely to be only the tip of the iceberg, with additional functions of
many more proteins still to be identified. There is still much to learn about the mechanisms
of their functions and their cellular roles, with potential impacts in medicine, agriculture,
and synthetic biology.
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