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ABSTRACT

In marine ecosystems, macroalgae are the habitaefe@ral microorganisms, fungi being among thenthé
Antarctic benthic coastal ecosystem, macroalgagakey role in organic matter cycling. In thisdtu13 different
macroalgae from Potter Cove and surrounding aress sampled and 48 fungal isolates were obtairwed &ix
species, four Rhodophygallia callitricha, Gigartina skottsbergii, Neuroglossum del esseriae andPalmaria
decipiens, and two Phaeophycea&denocystis utricularis andAscoseira mirabilis. Fungal isolates mostly belonged
to theAscomycota phylum @Antarctomyces, Cadophora, Cladosporium, Penicillium, Phialocephala, and
Pseudogymnoascus) and only ondo the phylumMucoromycota. Two of the isolates could not be identified tmge
level, implying that Antarctica is a source of pabbe novel fungal taxa with enormous bioprospecsing
biotechnological potential. 73% of the fungal iseawere moderate eurypsychrophilic (they grew-25%C),
12.5% were eurypsychrophilic and grew in the whalege, 12.5% of the isolates were narrow eurypsyatiilic,
(growth at 15-25°C), anilucoromycota AUe4 was classified as stenopsychrophilic asatgat 5-15°C. Organic
extracts of seven macroalgae from which no fungavth was obtained (three red algaeorgiella confluens,

Gymnogongr us turquetii, Plocamium cartlagineum, and four brown algaBesmarestia anceps, D. Antarctica, D.
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menziesii, Himantothallus grandifolius) were tested against representative fungi of #reerp isolated in this work.
All extracts presented fungal inhibition, thosenfrB. cartilagineum andG. turquetii showed the best results, and for
most of these macroalgae, this represents thedjpstrtof antifungal activity and constitute a promisirauece of

compounds for future evaluation.

Keywords: filamentous fungi, macroalgae, Antarctica, antifaly psychrophile.
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INTRODUCTION

The macroalgae community plays a key role all adaine planet, this role being more important inpenate and
cold seas (Dayton 1985) including the coastal Atitaecosystem (Wiencke and Amsler 2012) wherepimtrast to
the scarce diversity of terrestrial plants, coastafine environments exhibit a large abundanceffafrdnt species
(Wiencke et al. 2007). As one of the most importaithary producers, they supply food for the Antiarbenthic
organism and contribute significantly to the amoofrparticulate and dissolved organic matter (Qnarand Boraso
de Zaixso 2008; Braeckman et al. 2019). Also, nmelgee provide habitat and structural shelter fonyna
microorganisms, mainly for symbiont, saprobe, aachgitic fungi (Ogaki et al. 2019). In fact, madgae are
considered one of the main marine reservoirs afif(ilRateb and Ebel 2011).

Based on its geophysical and biological featuresyell as the historic and temporal series of abéd abiotic and
biotic data, Potter Cove (25 de Mayo/King Geordernld, Antarctica) is considered a model Antarctiastal marine
ecosystem | for studies related to global warmingj iés effects on the biota. Some such studies foetesed on the
description of macroalgal assemblages and thetilalision in relation to abiotic factors (Quartiebal. 2005). The
diversity of macroalgae in Potter Cove is represefily nearly fifty different species. In the lasenty years, the
melting and the retreat of the bordering Fourcal#i€r have created newly ice-free areas availalbenthic
colonization (Quartino et al. 2013). In this scémamacroalgae are winning new spaces, providing steelters to
fungi as well as more organic matter to the cowmsgstem.

Fungi ascribed to phyl&scomycota, Basidiomycota, Mortierellomycota, Mucoromycota, Chytridiomycota, and
Glomeromycota, are well represented in the Antarctic contin@ndinho et al. 2013) and have been isolated from
several substrates such as soil, marine waternmaddiment, fresh water from lakes and snow. (R644). It has
been proposed that macroalgae and their assoctedbiota interact in such a close way that they loe
considered as a singular entity or holobiont (Egiaal. 2013). Several studies have focused ondhtehal partners
of this holobiont (Spoerner et al. 2012; Wichareéle2015, 2018). However, few reports refer togites members
of these superorganisms (Vallet et al. 2018).

The search for and study of cold-adapted microasgas have increased considerably during the lastcades
because of the potential application of their meliatproducts. In this sense, from a biotechnolapmint of view,
both macroalgae and fungi separately can produmegriad of compounds with diverse chemical structumed

potential beneficial effects on human health. im ltst few years, there have been several repotisedisolation
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and description of secondary metabolites produgetidse two kinds of eukaryotic organisms (Hasaal.e2015;
Stengel and Connan 2015). Interactions betweencalae and fungi are a common event in the madosystems
and involve several biochemical mechanisms attradtr biotechnology (Vallet et al. 2018). It idenesting to note
that despite lacking an immunological cell-mediateshponse, macroalgae can cope with microbes, ynaynlising
chemical compounds to stop or slow down microbiaingh (Kubanek et al. 2003).

Nowadays, the search for novel antifungal compousmdshot topic for biopharmaceutical as well asftiod
processing industry. As some fungi can damage mligae tissues, these organisms are a potentialesofinatural,
as well as novel, compounds showing antifungaleigtiDue to the particular environmental condisomhere these
organisms live as well as the scarce knowledgheif physiology and biochemistry, macroalgae repmea
promising source of novel antifungal compounds.ifigithese ideas into consideration, the aim ofttesent study
was the isolation, identification, and study of grewth of fungi associated with macroalgae obtiftem Potter
Cove, at 25 de Mayo/King George Island. Also, theifangal activity of the macroalgae organic extsavas

evaluated aiming to investigate their ecologicé¢ and also their potential biotechnological use.

MATERIALS AND METHODS

Macroalgae sampling and identification

Different macroalgae were collected from an intittrocky site at Pefién Uno in Potter Peninsuld1429.9"S
58°40'54.5"W) and subtidal sites of Potter Cove® (B2 S, 58° 40'W), 25 de Mayo/King George IslaBduth
Shetlands, Antarctica during the 2015-2019 austradmer expeditions at the Carlini Argentinean Stien
Research Station. Subtidal sampling was made byesdiving at 5, 10, and 20 m depth whereas intrtidllection
was performed during the low tide periods.

For fungal isolation purposes, after the diversemtéd the samples, the macroalgae were transporsshwater to
the laboratory and identified. Three pieces of eshple (approximately 4x4 cm) were washed witeriéd (0.44
pm) seawater to remove all particulate matter, sisclpiphytes and sand particles, and maintainstbiite plastics

containers until processed.

Fungal isolation
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Isolation was carried out using two different mettioculture on solid media and moist chamber (K20@4). For
the solid media isolation scheme, Diluted Marin@dteéMorphology Medium (DMYM, composition in g't yeast
extract 0.03, malt extract 0.03, peptone 0.05,rdsgt0.1, agar 15) was prepared using filteredd(0m) seawater;
pH was adjusted to 4.5 by the addition of HCI 1dtioritize the growth of fungi instead of bac&riln order to
minimize the presence of opportunistic propagulesety attached to the algae surface, A portiorache
macroalgae sample was washed vigorously five timitssterile seawater (one liter in each wash) thed
fractionated in small pieces under aseptic condfitiand placed in both, DMYM agar plates and a nabiamber.
The plates were incubated at 10°C for 7-21 daywundtural lighting conditions. Actively growingrfgi colonies
were taken from the plates or moist chamber andudtured onto fresh PDA (Potato Dextrose Agar)gdas
individual isolates. All pure isolates were cryogge/ed in glycerol 20% and sent to the Argentindatarctic

Institute (Buenos Aires, Argentina) at -20°C anerththey were maintained on PDA medium at 4°C.

Fungal Growth Temperature range

The effect of temperature on the growth of theadtest was observed on PDA agar plates (90 mm).tésbfangal
strains (pre-grown on PDA agar plates) were indedldthree replicates) and incubated at tempefuré5, 25,
and 35°C. Growth was monitored periodically up fmaimum incubation time of 25 days, to avoid nmigsbut on
any slow-growing fungi at a specific temperatureov@h was expressed as the fungal colony diametem, as
reported by Brancato and Golding (1953). For tleevin temperature analysis, a modification of thessification
proposed by Feller and Gerday (2003) was used. lasgify cold-loving organisms into two group®rsithermal
psychrophiles (true or obligated psychrophiles) engithermal psychrophiles (facultative psychroghibf
psychrothrops). To ensure a more thoroughly detbegipnalysis, in this work four categories weredisl)
stenopsycrophilic (minimal growth temperature o€5r lower, optimal near 15°C and maximal at appnately
25°C), 2) moderate eurypsychrophilic (a minimalvgitotemperature of 5°C or lower, maximal below 35°%)
narrow eurypsychrophilic (minimal growth temperatabove 5°C, maximal below 35°C) and 4) eurypsyuhit@
(minimal growth temperature of 5°C or lower, maxirmbove 35°C, with better growth in the 15-25°Cgan
(Deming 2019). This classification aimed to provadtool for a deeper understanding of the diffeggotvth
temperature behavior shown by several of the tastetborganisms that were initially classified as

eurypsychrophile.
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The growth rate was estimated using the methodgsepby Laszlo and Silman (1993) with slight mawifions.
The radial growth rate is a simple method to evalfiangus development on solid media. Althoughntiethod has
the limitation that it only considers the diamédterease and not the vertical growth, it providemad estimate of
growth capacities. Colony diameter was measureddoh plate (3 plates per fungus) at 4, 7, 1118421, and 25
days. For each plate, the average of three measuatswas used to consider the irregular colonyehapear
regression was built for each sample using thetequa(t)= a+ rgr.t, whered is the diameter of the colony in
millimeters,a is the linear regression constamy; is the radial growth rate (mm‘jlandt represents the time in
days. The maximum radial growth rate (MRGR) wasotatd from the regression considering only thequewhere
the highest change was recorded. Results représeaterage of slopes obtained from regressiottyeé

replicates per fungal strain.

Molecular identification of fungi

For obtaining fresh biomass for molecular idenéfion, each fungal isolate was grown on PDB (Pdbsgtrose
Broth) at 15°C and 200 rpm for 7 days. Biomass eaiected by centrifugation (10,000 rpm for 10 mis) and
washed twice with sterile distilled water. The gemoDNA extraction was performed using a commerkial
(FastDNA™ Spin Kit, MP Biomedicals). The ITS regiand the divergent domain at theehd of the LSU rDNA
gene (including the D1-D2 region) was symmetricaltyplified with primers ITS-5 (5
GGAAGTAAAAGTCGTAACAAGG-3) and NL-4 (3GGTCCGTGTTTCAAGACGG-3") according to standard
methods (Schoch et al. 2012). The PCR products pugiied and sequenced by MACROGEN (Korea). Seqegn
were analyzed and edited, when necessary, using Didgon software (Hepperle 2011). DNA sequenceg wer
submitted to GenBank under Accession Numbers listdéble 1. Strains identification was performed by
comparison with the NCBI and UNITE databases99% identity criterion was employed to identifyasos at the
species level. Sequences showing 97-98% identity teatatively identified to the genus level. Segaesrshowing

less than 97% identity were considered unidentifgahoch et al. 2012).

Preparation of organic extracts from selected macralgae
Macroalgae samples were washed first with filtesedwater, then with sterile distilled water, amaffiy freeze-

dried and stored at -20°C until extracts prepanafidiree different solvents, hexane (HX), ethyltate(EA), and
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methanol (ME) were used to extract macroalgae noéteb considering a wide range of polarity. Thgeems of
finely powdered lyophilized macroalgae were mixathvi5 ml of each solvent separately and kept &Clinder
shaking conditions overnight (12 h). This procedues repeated 3 times, and fractions were pooktting 45 ml

of extract from each macroalga for each solvent usgtracts were dried under reduced pressurd)°&,3ising a
rotary evaporator and,Ntream. Extracts were weighed, resuspended irafl galume (between 1 and 2 ml) of the

same solvent used for extraction, and stored atC-2@til analysis (Shobier et al. 2016; ShedeK.€2@19).

Antifungal assay

The antifungal analysis of the macroalgal extraas carried out using the well-cut technique (Badetl. 1985).
Nine fungal isolates belonging to gen®eicillium, Cladosporium, Cadophora, Antarctonyces,
Pseudogymnoascus, andPhialocephala were selected from those obtained in the 2015/2Q&6&al summer
expedition. The selected isolates were cultureBBA at 15°C for 7 days. The fungal colonies wergpsmded in
sterile saline solution up to 0.5 MacFarland seaidkidity standard (10spores mt suspension). Each fungal
suspension (100 pl) was separately inoculated ok plBtes using a Drigalski spatula.5 mm-diametelisweere
punched in each plate and 100 ul of each extrasttesied by duplicate in a concentration of 10 rh@li® mg of
the dried extract resuspended in 1 ml of the uskast). The solvents (HX, EA, ME) and a 10 mg'rethanolic
solution of cycloheximide were used as controltédavere incubated at 15°C for 7 days and theteeadre

expressed as absence or presence of growth ahe bgtio of the inhibition zone.

RESULTS

Identification of macroalgal material

Thirteen macroalgae from different areas and deptiotter Cove were identified to species levahgishe criteria
previously described by Wiencke and Clayton (2608) Hommersand et al. (2009). Seven species wassified
as red algae (Rhodophyt&gallia callitricha (C.Agardh) KitzingGigartina skottsbergii Setchell & N.L.Gardner,
Georgiella confluens (Reinsch) Kylin,Gymnogongrus turquetii Hariot, Neuroglossum delesseriae (Reinsch)
M.J.Wynne,Palmaria decipiens (Reinsch) R.W.RickeandPlocanium cartlagineum (Linnaeus) P.S.Dixorgnd six

were brown algae (Phaeophycea&enocystis utricularis (Bory) SkottsbergAscoseira mirabilis Skottsberg,
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Desmarestia anceps Montagne J.Agardh D. antarctica R.L.Moe & P.C.Silva andimantothallus grandifolius

(A.Gepp & E.S.Gepp) Zinova

Fungal isolates identification

After 7-21 days of incubation, 48 fungal isolatesr&recovered as pure cultures from macroalgaelsar(ifable 1).
In the case oA. utricularis, the liquid inside the globose thalli was extrdotéth a sterile syringe and inoculated on
the isolation media plates using a Drigalski spatilihe isolates recovered from this liquid wereezbds AUi and
those from the direct spread of the macroalgae kaampisolation media or moist chamber as AUe. Wtherorigin

of the samples was analyzed, it was noticed that isolates were obtained frofutricularis (n=25), followed by
G. skottsbergii (n=10),N. delesseriae (n=6), A. mirabilis (n=3), P. decipiens (n=2) and B. callitricha (n=2).
Surprisingly, the other species presented no fuggaith at the end of the isolation scheme. Toicaonthis
observation and discard any non-controlled artifaetv samples of these macroalgRecértlagineum, G. turquetii,

G. confluens, H. grandifolius, D. anceps, D. menziesii andD. antarctica) were tested again in the subsequent austral
summer expeditions of 2016/2017 and 2017/2018ctor@ance with the results from the 2015/2016 cagmpao
fungal isolates were recovered from these macreagacies, suggesting the presence of an antifacgaity on
them.

Most of the fungal isolates (47 out of 48) provedelong to the phylurAscomycota and the remaining one to the
phylumMucoromycota. The former was distributed in only 6 differenthgea:Antar ctomyces, Cadophora,
Cladosporium, Penicillium, Phialocephala, andPseudogymnoascus, (Table 1). The isolates named AUe2, AUe3 and
PD2 were identified a€ladosporium based on morphology. Nevertheless, their moleddéartity was less than
97%. The same situation resulted for isolate G8H2ch was identified aBenicillium sp. using the same
morphology-based criteria. Two isolates (AUe4 amabNcould not be identified to the genus level. Tlasest
relative of isolate AUe4 wadortierella stylospora, which indicates that AUe4 belongs to the phylum
Mucoromycota and was identified aglucoromycota AUe4. In the case of isolate ND5, its closesttietafor both
NCBI and UNITE databases was an uncultured funtpreecthat belongs to thscomycota subphylum
Pezizomycotina. Based on this, ND5 was identified Rezizomycotina ND5. Further molecular characterization and
physiological tests are currently in progress fase two isolates to investigate the potentialgures of a new

fungal species.
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Most of the identifications were based on the UNtiEabase, as it provides more diversity of fulsgiains,
particularly in the case &@ladosporium. Of the 24 isolates belonging to tGkdosporium genus, nine were
identified to species level; tw®. halotolerans, four C. cladosporoides and threeC. sphaerospermum. This genus
was the most abundant in this study and was isblatéour out of six macroalgae that presented &liggowth.

The ITS region proved to be insufficient for themdfication of some genera such/Aspergillus, Fusarium,
Penicillium, and Trichoderma, which have narrow or no barcode gaps in theirnd@ons (Raja et al. 2017). For this
reason, in this work, several isolates showing% @®entity with a species &fenicillium were presumptively
classified a$enicillium sp. This genus was the second most abundantsistiny with 16 isolates. When the
similarity in percentage with the UNITE sequenceswonsidered, six different typesRahicillium were found,
with several isolates showing to be the same (Taple

The twoPhialocephala sp. (AM1 and AM2) were isolated from the same maagaaland proved to be identical. In
the case of isolates GS2.2 and AM4, they were id&nbo but were isolated from different macro&gas in the
cases described above, they did not exhibit a @&ty with Cadophora malorum and then were classified as
Cadophora sp. GS2.2 an@adophora sp. AM4. In the case &ntarctomyces psychrotrophicus BC1 and

Pseudogymnoascus pannorum GS4, they were only isolated once in this work.

Growth temperature characterization

Based on the classification explained above, 7388%hof the isolated fungi proved to be moderate
eurypsychrophilic and only grew between 5 and 2325% (n=6) were eurypsychrophilic and grew inwmle
range of tested temperatures (5 to 35°C), 12,58eisolates (n=6) was classified as narrow eumgip®philic,
meaning that they only presented growth betweeanthb25°C. Only one isolatBjucoromycota AUe4, was
classified as stenopsychrophilic as it grew only and 15°C (Table 2).

Another analysis of this assay referred to theuatan of the temperature (among the tested rangehich the
fungal isolates presented their largest growth.[8viiese fungal isolates are considered cold-loeimgsychrophilic
(either eury- or steno-), 69% (n=33) showed thgdat growth at 25°C and 23% (n=11) at 15°C. In soases, the
largest growth was recorded indistinctly at two pematures (15 and 25°C), which would mean that thgimal
temperature is probably within that range. No isokhowed its largest growth at 35° or 5°C (TableA2 35°C all

eurypsychrophiles showed similar or smaller coldiameters than those observed at 5°C.
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We also evaluated the intrinsic growth ability o€ tftungal isolates at each temperature. For thisgse, we
considered the time needed for the displayed grosrtti expressed the results as the maximum radiadtly rate
(MRGR). Results reinforced the grouping criteriaatédbed above. The stenopsychrophile AUe4 showedhighest
MRGR (12.25+0.14 mm:Y at 5°C while at 15°C it reached a value of 6.6880nm.d". Narrow eurypsychrophiles
showed similar MRGR at 15 and 25°C, which were 8 times lower than those observed for AUe4 at 5°C.
Moderate eurypsychrophiles showed different gropatierns. All of them grew at 5, 15 and 25°C butatB5°C.
Among them, ND5 exhibited an MRGR of 11.13+0.19 iiat 15°C which fell to 7.43+0.13 mmtat 25 °C and
6.81+0.88 mm.d at 5°C. ND2 showed an MRGR pattern with the higkaties at 15 or 25°C indistinctively
(3.73+0.13 and 3.850.17 mni)d Meanwhile, BC1A. psychrotrophicus) presented a similar MRGR at 5, 15 and
25°C (1.94+0.11, 1.87+0.21 and 2.21+0.21 mifj.deing the only isolate displaying such a cortsemavior.
Among eurypsychrophiles, ND3 showed the highest MR@93+0.04 mm.4) at 25°C. All of them displayed bell-
shaped MRGR vs temperature curves, the sharpesj it observed for ND3 and the flattest thosmf@®S3 and
GS23, suggesting that MRGR at 15 and 25°C wasairful these isolates. Fig.1 shows the pattern RI2R versus

temperature for some of the representative isotafteach group.

Antifungal activity of macroalgae extracts

Table 3 shows the results for the antifungal sdirgeof the selected macroalgae organic extractdfamgositive
(cycloheximide 10 mg.r) and negative (hexane, ethyl acetate, and metheowirols against a panel of selected
fungi isolated in this work. These fungal isolatemprised all the genera obtained after the ismiaicheme, and in
one caseRenicillium), three different isolates (according to BLASTuks).

The extracts were obtained from those macroalgaetiecch no fungal growth was observed. The macmalg
included in this group were: three red algaedonfluens, G. turquetii, andP. cartlagineum) and four brown algae
(D. anceps, D. Antarctica, D. menziesii andH. grandifolius). Besides, thé. mirabilis extract was used as a control,
considering that fungal isolates included in thstitgy group were obtained from this macroalgae.

The three extracts (HX, EA and ME) frdPcartlagineum showed the largest inhibition haloes with all testéd
fungal isolates. The HX extract was the one présgrhe best performance in this assay, suggettaighe active

compounds irP. cartilagiueum are probably strongly non-polar and thus they weoee efficiently extracted with



259 HX. Also, the HX extract fron@. turquetii presented large inhibition haloes: 17 + 0.71 mr@.ioladosporoides
260  AUi7 and 10,5 £ 2.47 mm iRenicillium sp. AUe8.

261 By the observed absence of culturable fungi orr theiface, extracts from all the studied algae sitbantifungal
262 activity against some of the selected isolates.dther red alga evaluated wasconfluens, and its extracts

263 presented inhibition growth agairialocephala sp AM1 (all extracts) and. psychrotrophicus BC1 (EA and ME
264 extracts). For both fungi, the EA extract showesllilghest inhibitory activity. Among the Phaeopraee

265 macroalgae, EA and ME extracts fr@nantarctica inhibited the growth oPenicillium sp. GS2Penicillium sp.
266  AUe8, Phialocephala sp. AM1 andA. psychrotrophicus BC1, the ME extracts also showed inhibition halioes.
267  cladosporoides AUi7 andP. pannorum GS4. The EA and ME dd. anceps presented growth inhibition fa2.

268 cladosporoides AUi7 andPhialocephala sp. AM1, and its ME extract f&enicillium sp. PD1Penicillium sp. GS2
269 andPenicillium sp. AUe8D. menziesii EA and ME extracts inhibiteBenicilliumsp. GS2C. cladosporoides AUi7
270  andA.psychrotrophicus BC1. The ME extract also showed inhibition Renicillium sp. PD1Penicillium sp. AUe8
271 andPhialocephala sp. AM1. Finally,P. pannorum GS4 was inhibited by the EA extract. Even theaets fromA.
272 mirabilis, that was used as control of a macroalga whidwallfungal growth, presented some fungal growth
273 inhibition. Its HX extract was active agairi®tialocephala sp. AM1, the EA extract againSt cladosporoides AUi7,
274 A.psychrotrophicus BC1 andPezizomycotina ND5, and the ME attract agairnicillium sp. GS2Penicillium sp.
275 AUe8, Phialocephala sp. AM1 andPezizomycotina ND5.

276 As explained, the extracts Af mirabilis, D. antarctica, D. anceps, D. menziesii, H. grandifolius andG. confluens
277 presented some inhibition, but with a smaller hedaomparison with the extract Bf cartilagenum andG.

278  turquetti. This could be related to the concentration usdtis experiment (10 mg.i). However, in all the extracts
279 (except those frorR. cartlagineum), relationships amontle size of the haloes and the polarity of the exutiwere
280 not observed. This observation could indicate tlesgnce of diverse antifungal compounds in thesgoaklyae
281 species that are extracted efficiently with solgesftdifferent polarity.

282

283 DISCUSSION

284  As the first step for a deeper understanding optloeesses involved in the fungi-algae interactixisting in cold
285 marine waters, we studied the taxonomic assignemethtsome growth properties of the fungi isolatednfr

286 macroalgae living in Potter Cove and surroundireasy Antarctica. In the last decades, several redses
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contributed to the knowledge of Antarctic fungaletisity and most of the fungal genera describeatigwork were
previously reported as inhabitants of some Antantiacroalgae in other areas of the continent (Lejw. 2010;
Godinho et al. 2013; Furbino et al. 2018; Ogakilef019).

Cladosporiumis a genus previously found only in few Antaratiacroalgae hosts. Based on the extensive review
reported by Ogaki et al. (2018)adosporium strains were isolated from mirabilis, G. confluens (Furbino et al.
2018),Pyropia endiviifolia (A.Gepp & E.Gepp) Y.M.ChamberlgiMonostroma hariotii Gain 1911(Furbino et al.
2014) andAcrosiphonia arcta (Dillwyn) Gain 1912 (Godinho et al. 2013). In tireentioned review, the authors
describedCladosporium as the most abundant and ubiquitous genera. Besidesur work represents the first
report ofCladosporium as a member of the fungal community associateld @iskottsbergii, A. utricularis, P.
decipiens, andN. delesseriae. None of the isolates that were identifiedGhadosporium (n = 26) in this work grew at
35°C, and most of them (n=21) were able to gro®°&t Due to this behavior, these 21 isolates wkassified as
moderate eurypsychrophilic, the 5 remaining beliagsified as narrow eurypsychrophili@adosporium has a
worldwide distribution and eurypsychrophiliepresentatives of this genliave been isolated from both, terrestrial
(oligotrophic soil) and marine (benthic mats, margponges and seawater) cold environments of Aitarthe
Tibetan plateau, the deep Pacific Ocean, and tobBcACurrently, 205 species are accepted as bigrig
Cladosporium (Ma et al. 2018).

The second most abundant isolated genus in our waslPenicillium, with 16 representatives, from four different
macroalgaeA. utricularis, B. callitricha, G. skottsbergi andN. delesseriae. Interestingly, some of thieenicillium
isolates were the only tested fungi able to gro®54C. Isolation oPenicillium from different Antarctic
environments has been frequently reported, susitss(Martorell et al. 2019), wood remains (Arextzal. 2006),
marine sediments (Ogaki et al. 2020), and even @keast (Zucconi et al. 2012). Because of its distiion, this
genus is rightfully considered a cosmopolitan @me] it is also one of the most frequently isoldtedh macroalgae.
This wide distribution brought into the discussighetherPenicillium establishes a permanent association with the
host or if its presence on macroalgae is justttable to eventual spore contamination. Fungiriggttg to
Penicillum are considered versatile microorganisms with gagianist role in intertidal zones (Park et al. 2019
Considering this and the thoughtful surface-staation protocols usually applied in this study, evhincluded the

use of ethanol, chlorine, or several washes witilstsea or distilled water, the permanent assioci&enicillum-
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macroalgae seems to be the most probable one (@gaki2019). To our knowledge, this is the fiegiort of
Penicilliumisolates fronB. callitriche, G. skottsbergii, andN. delesseriae.

The genu$seudogymnoascus is worldwide considered polar, being found in Anteea (Ding et al. 2016; Kochkina
et al. 2019; Martorell et al. 2019), the Arctic aakn in the Alps (Hayes et al. 2012). Followingst reports, the
isolate identified aP. pannorum in this work was classified as a moderate euryphilic, with an optimal
growth temperature of 15°C. It was isolated frGuskottsbergii, representing the first report Bf pannorum in
association with this macroalgae.

The genu$hialocephala belongs to the class Leutuomycetes. This genusamasnonly reported as a plant roots
endophyte with widespread distribution in sub-Adtiarecosystems and in soils from continental Acttea
(Newsham et al. 2009; Martorell et al. 2019). Tle isolates ascribed ®hialocephala sp. (AM1 and AM2) were
obtained fromA. mirabilis andboth grew better at 25°C. For this reason, we ifladghese isolates as moderate
eurypsychrophilic. This is the first report forglgenus in association with Antarctic macroalgae.

The presence @@adophora has been reported in several substrates from étidar(Onofri et al. 2004, 2007; Arenz
et al. 2006; Stchigel et al. 2017; Martorell et20119). Its presence on Antarctic macroalgae wasigusly reported
only onP. endiviifolia (Furnino et al. 2014). The isolates in this workre/found orA. mirabilis andG. skottsbergii
and can be considered as new fungal-macroalgaeiassns for Antarctica.

In relation toA. psychrotrophicus, the BC1 isolate is the first report of this fuingB. callitricha. This fungal genus,
Antarctomyces Stchigel & Guarro (Stchigel et al. 200%)considered endemic to Antarctica, and has besated
from different substrates such as soil, Antarctiesg Deschampsia antarctica), freshwater lakes, lichens and other
macroalgae, a&. mirabilis, Ulva intestinalis LinnaeusandP. endiviifolia (Stchigel et al. 2001; Rosa et al. 2009;
Gongalves et al. 2012; Godinho et al. 2013; Furleinal. 2014, 2018; Santiago et al. 2015).

Potter Cove seawater temperature during summeesdmgtween 0 and 2.5°C, reaching -2°C in winteo¢Kret al.
2020). It seems interesting to consider that tefisolates were not able to grow at 5°C (narrowypaychrophiles)
and most of those able to grow at that temperasii@yed their optimum value at higher temperat(tdsand
25°C), which will probably never happen during thehole life cycle in the Antarctic marine enviroent. The
maximal radial growth rate (MRGR) provides a taml $creening fungal growth fitness on solid meDiespite its
limitations (Hendricks et al. 2017), it is a usefubthod to obtain information about growth ratefuimgi, organisms

in which biomass development is difficult to quéntespecially when different genera are involvEde MRGR
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analysis revealed that the stenopsychrophile isdlat this work ucoromycota AUe4) can grow on solid PD agar
at a rate of 12.25+0.14 mm'dwhen incubated at 5°C. This growth rate seemédx tmore than 10 times higher than
the average MRGR of the other isolates (1.18+0.62dM) growing at the same temperature, with the only
exception of the moderate eurypsychrophile ND5 ¢Brision Pezizomycotina) which showed a value of 6.81+0.19
mm.d’. How do they overcome the limiting condition impdsby temperature? From which adaptation or
mechanisms do they take advantage to keep therssaltlege game when competing with other more adfotegi,

at least from the growth rate point of view? Howndry do they seem to avoid environment selecti@sgure
imposed by temperature? Our results showedAhatricularis, an intertidal macroalgae, was colonized
simultaneously by a variety of cultivable fungi, shof them being moderate eurypsychrophiles. Howeve
utricularis also shelter shelters a stenopsychropiacoromycota AUe4), an eurypsychrophile able to grow from 5
to 35 °C Penicillumsp. AUel) and several narrow eurypsychrophiResigilium sp. andCladosporiumsp.).

Further research could shed light on the complgsiptogical mechanisms involved in supporting thisgal

diversity at low temperatures.

Based on the observation that only six of thedkintmacroalgae allowed the isolation of fungi, igsItb evaluate

the possible presence of antifungal activity imtheere carried out. Organic extractdotartilagineum presented
fungal inhibition against all the isolates test€lis species is a broadly distributed red alga ¢batributes to the
structure of algal-dominated coastal benthic edesys of the Western Antarctic Peninsula (Yound.e2@13).
According to Hommersand et al. (2009), Bhecartilagineum present in Antarctica is a distinct species frooseP.
cartilagineum inhabiting other regions of the planet. This rieghdhas already proven to contain monoterpenes with
cytotoxic activity against cervical cancer (Shiliet al. 2019), lung cancer, leukemia and colorcea(Sabry et al.
2017) and insecticide and acaricide activities (Bantin et al. 1991). The production of such adrgtbf

compounds would provide to the fungal isolatescidygacity to overcome several biological challerayes would be
one of the causes of its success as a coastalitentsystem member.

The red alga&. turquetii was previously reported for its high content of oggorine-like amino acids (MAAS)
(Yuan and Athukorala 2011) and the production ofites (haemagglutinins) with a potential biomedigsé (Singh
and Walia 2018). The results obtained in this waltewed that HX extract @. turquetii can significantly inhibit

the growth ofPenicillum sp. AUe8,C. cladosporodes AUi7, A.psychrotrophicus BC1, andPezizomycotina ND5. As
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far as we know, there are no previous reports adatifungal or antimicrobial activities of this mmaelgae. EA and
ME extract also showed a wider inhibition specthwmhwith a smaller inhibition halo.

All the other macroalgae extracts. (nirabilis, D. anceps, D. Antarctica, D. menziesii, G. confluens andH.
grandifolius) presented inhibition zones when tested against sdnie fungal isolates.

The EA extract of. grandifolius showed activity only againghialocephala sp. AM1. An ethyl acetate extract of
H. grandifolius was previously reported as having antifungal &gtagainst clinical isolates @andida albicans, C.
parapsilosis, C. glabrata, C. lipolytica, andC. famata, some of them being fluconazole-resistant micranigms
(Martins et al. 2018). No other bioactivity was fiauon the current bibliography of this macroalgae.

In the case ob. antarctica andG. confluens, Sevak (2012) reported the toxic activity of tHaitty acid against
diatoms, as a defense characteristic in coast@szohAntarctica. Pacheco et al. (2018) reportedesimhibition in
the growth of human breast cancer cells also wittixaof G. confluens fatty acids. Finally, Souza et al. (2010) also
reported the presence of lectins (haemagglutining&) confluens. No antifungal activity has been reported so [far.
menziesii andD. anceps were reported as having some anti-inflammatoriyigtat a cytotoxic level). AlsoD.
menziesii produces plastoquinones, which have been suggesprdsent cytotoxic activity against leukemidscel
andD. anceps presents antibacterial and antifouling activitgiagt diatom (Moles et al. 2014). No reports on the
bioactive compound or inhibitory activities agaifistgi, bacteria or other microorganisms or celtunes could be
found onD. antarctica andA. mirabilis.

The results oP. cartilagineum on all the fungal isolate§. turquetii on Penicillium sp. AU38 ancC.

cladosporoides AUi7 and its methanol extract on some of the otbelates, as well as the results of the rest®f th
macroalgae tested where small inhibition zones wegsent, are quite promising, and except for Hwa
explained foH. grandifolius, represent the first report of the antifungalhattiof these macroalgae.

Extracts from macroalgae from which no fungi depetent was observed proved to inhibit the growtbesferal of
the isolates tested. However, they did not intabithe isolates, despite the absolute absenaengfal growth on the
macroalgae. This observation would suggest theairtcroalgae displayed antifungal mechanisms oecutds
different from those extracted and evaluated is #ork. Another possibility is that the extractimmcedure was not
efficient enough to recover/emulate the antifuragdivity, due to molecules stability, required amtsuor
complementarity of mechanisms. Several reports tefthe need for synergy among mechanisms toiintibgal

growth (Butassi et al 2015, Cui et al 2015).
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This research raises the question of whether ttiecametabolites were produced by the algae itselfy
endophytic organisms living in symbiosis with thgae and being part of the holobiont. This idealteen
previously proposed and evaluated. In a study eratttifungal activity of a polycyclic macrolide (hophorolide)
obtained fronL variegate, Kubanek et al. (2003) found the structural sintiyebetween the antibiotic and some
bacterial metabolites, suggesting that this comdawould have been produced by a symbiont bacteniaéntified)
belonging to the holobiont. Further experiments Malarify this mechanism.

The present study constitutes a limited screerongufitifungal activity evaluation, considering tkfa¢ amount of
each alga used was respectful of the samplingadgolwhich guides scientific activity in Antarcicmanaged in
this case by the Argentinean Antarctic EnvironmieRtatection Program. The result of the antifuragtivity of the
macroalgae extracts from Potter Cove, suggeststimae of the macroalgae from Antarctica are a pimgisource
for the isolation and characterization of compouwwih bioactive potential. Further investigatiordan
experimentation based on these results are beibgriaken in order to fractionize and isolate thegonents of the
more promising macroalgae and to elucidate thegiaation of each component of them in the antifalragtivity.
In a future step, evaluations will be focused arclile activity against pathogenic fungi of clinieadd agronomic

importance.

CONCLUSION

The culturable fungal diversity recovered from noatgae sampled in Potter Cove, Antarctica, probhetithey are
the shelter and source of a vast amount of fungi different growth rates in a wide range of tenaperes. In this
work in particular, the presence of fungal isolatéth no possible identification using the standarolecular tools
contributes to the idea that Antarctica is the sewf several new fungal taxa that, beyond theitridoution to
knowledge on the Antarctic microbial biodiversityyolve a significant bioprospecting and bioteclugital
potential. Moreover, some of the macroalgae evetlim this work showed fungal growth inhibitiorpedilities,
evidencing the presence of interesting defense amesims to survival in the wild environment and akspresenting
a promising source of compounds to be evaluatdioeiiuture. These results open the way to researdh
understand the fungi/macroalgae relation in thisigear marine environment and their contributtorthe organic

matter cycling in the Potter Cove coastal ecosystemodel for studies related to global warmingldwide.
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Fig. 2 Location of the sampling sites, Pefién Uno (1) ittd*dPeninsula (62°14'49.9"S 58°40'54.5"W) and igiabt
sites (2) of Potter Cove (62° 14" S, 58° 40°'W)Rthde Mayo / King George Island, South Shetlanahid$, within
the Antarctic Peninsula in Antarctica.

Fig. 2 Macroalgae used for fungal study, from differergtees and deeps of Potter Coad.Phaeophyceae:

(a) Desmarestia anceps, (b) D. antarctica, (c) D. menziesii, (d) Adenocystis utricularis (~ 5-8

cm), (e) Himantothallus grandifolius (scale: 1.5m, each mark: 10¢r{f) Ascoseira mirabilis (~1.3 m);g-

m Rhodophytas:g) Neuroglossum delesseriae, (h) Palmaria decipiens, (i) Gigartina

skottshergii, (j) Gymnogongrus turquetii, (k) Plocamium cartilagineum, (I) Georgiella confluens and () Ballia

callitricha. (d) and(f) intertidal pictures.

Fig. 3 Maximal radial growth rate (mm=) of representative isolate®)(Pezizomycotina ND5, (@) Mucoromycota
AUe4, (A) A. psychrotrophicus BC1, (@) Penicillium sp. ND3, ¢) C .cladosporoides AUe7, ) Penicillium sp.
ND2, (A) Penicilliumsp. GS3 and] Cladosporium sp. PD2 at each tested temperature (5, 15, 235%t@). Error

bars represent 2xSD.

Fig. 4 Fungal growth inhibition of the macroalgae orgamitracts. PCP. cartlagineum, GT: G. turquetii, GC: G.
confluens, HG: H. grandifolius, DA: D. anceps, DM: D. menziesii, DAnt: D. Antarctica and AM: A. mirabilis. HX:

hexane, EA: Ethyl acetate, ME: methanol. * is thplitate of the same organic extract.



Table 1 Molecular identification of the isolated fungi

- o =
o - o = > e O > o <
Macroalgae ) E e g § o 2 § 'E g Presumtive
Code S Y E L H Closest relative NCBI database ] e o Closes relative Unite database ] 5o ) e . A
host T3 5 ) > -] g2 -] c e identification
Yo c 3 § 8 N © g x a g
o
AUE1 406104 103 98 Penicillium polonicum NRRL 995 98 AF033475 Penicillium Chgsl%ge"”m Thom, o9 ky218674 Penicillium sp. AUel
AUE2 406202 2t 100 Cladosporium ossifragi CBS:842.91 9% EF679381 Cladosporium Link, 1816 97 MNS543925 C"’dOSApL‘J’g ’;”" 3p-
1093 97 . . . . Cladosporium cladosporioides Cladosporium sp.
AUE3 406203 Cladosporium ossifragi CBS:842.91 95 EF679381 (Fresom) G.A. de Vries, 1050 95 KX664412 e
AUE4 406230 008 99 Mortierella stylospora CBS 211.32 88 MH855291 Mortier egfeﬁy /i;?zr abbon- g7 MH866744  Mucoromycota AUed
AUE5S 40108 1004 98 Penicillium camemberti IF2SW-F1 99 KY218668 Penicillium Ci'ggé"be' tithom, o5 ky218668 Penicillium sp. AUe5
AUEG 406196 002 % Penicillium camemberti IF2SW-F1 99 KY218668 Penicillium C‘i’;’g&"be' tithom, o5 ky218668 Penicillium sp. AUe6
AUE7 406220 1091 97 Cladosporium ossifragi CBS:842.91 9% EF679381 Cladosporium sphaerospermum g 391475 Cladosporium sp.
Penz., 1882 AUe7
AUES® 375864 /% 98 Penicillium charlesii CBS 304.48 99 MH867906 Penicillium ‘1’;;;’“” Biourge, 49 Q37599 Penicillium sp. AUe8
1064 97 Cladosporium halotolerans Cladosporium s
AUE 9 406204 Cladosporium ossifragi CBS:842.91 96 EF679381 Zalar, de Hoog & Gunde-Cim., 98 LC414352 /-I\aUe9 P:
2007
1098 9 Cladosporium sphaerospermum Cladosporium
. AUE 10 406221 Cladosporium ossifragi CBS:842.91 95 EF679381 P P P 99 KC311475 sphaerospermum
Adenocystis Penz., 1882 AUG10
utricularis 1094 97 Clod e'
AUE11l 406222 Cladosporium ossifragi CBS:842.91 99 EF679381 Cladosporium Link, 1816 99 MNS543925 a ":ﬁ‘;’ 1"1’" sp-
1028 96 . . . i Cladosporium cladosporioides Cladosporium
AUE 12 406223 Cladosporium ossifragi CBS:842.91 99 EF679381 (Fresen.) G.A. de Vries, 1952 99 KX664412 cladosporoides AUi12
AUE13 406205 1088 95 Cladosporium ossifragi CBS:842.91 98 EF679381 Cladosporium Link, 1816 99 MN543925 C"’dolifj‘;' 1”;’" P
1088 9 Cladosporium sphaerospermum Cladosporium
AUE14 406196 Cladosporium sphaerospermum D_D48 99 KC311475 P P P 99  KC311475 sphaerospermum
Penz., 1882
AUel4
AUI1 406225 1096 96 Cladosporium ossifragi CBS:842.91 99 EF679381 Cladosporium Link, 1816 99  MN543925  Cladosporium sp. AUil
892 99 . . . i Cladosporium cladosporioides Cladosporium
AUI 2 406206 Cladosporium ossifragi CBS:842.91 98 EF679381 (Fresen.) G.A. de Vries, 1952 99 KX664412 cladosporoides AUi2
AUI3 406226 752 99 Cladosporium ossifragi CBS:842.91 95 EF679381 Cladosporium Link, 1816 99  MN543925  Cladosporium sp. AUi3
1054 98 Cladosporium sphaerospermum Cladosporium
AUl 4 406207 Cladosporium ossifragi CBS:842.91 96 EF679381 P P P 99 KC311475 sphaerospermum
Penz., 1882 .
AUi4
882 99 . . . i Cladosporium cladosporioides Cladosporium
AUI5 406208 Cladosporium ossifragi CBS:842.91 98 EF679381 (Fresen.) G.A. de Vries, 1952 99 KX664412 cladosporoides AUI5
AUI6 406209 875 100 Cladosporium ossifragi CBS:842.91 98 EF679381 Cladosporium Link, 1816 99  MN543925  Cladosporium sp. AUi6




896 99 . . . i Cladosporium cladosporioides Cladosporium
AUI'7 406210 Cladosporium ossifragi CBS:842.91 98 EF679381 (Fresen.) G.A. de Vries, 1952 99 KX664412 cladosporoides AUi7
AUIS 406211 S0 9 Cladosporium ossifragi CBS:842.91 95 EF679381 Cladosp on;::] :p '1";‘;’205” ermum 98 KC311475  Cladosporium sp. AUi8
AUI9 406227 1091 96 Cladosporium ossifragi CBS:842.91 99 EF679381 Cladosporium Link, 1816 99  MN543925  Cladosporium sp. AUI9
AUI10 406228 027 9% Cladosporium ossifragi CBS:842.91 99 EF679381 Cladosporium Link, 1816 99 MNS543925 C"’d"j\’:ﬁ'l’gm 3p-
AUI11  4oe212 32 100 Cladosporium ossifragi CBS:842.91 9% EF679381 Cladosporium Link, 1816 99 MNS543925 C"’d"j\’:ﬁ'l’:m 3p-
AM1 406200 70 94 Mycochaetophora gentianae 98  AB434661 Phialocephala W.B. Kendr., 1961 99  AB752275 P h’aloflclqa’a sP-
Ascoseira AM2 406199 109 98 Mycochaetophora gentianae 97 AB434661 Phialocephala W.B. Kendr., 1961 99  AB752273 Phialocephala sp.
mirabilis AM2
875 99 . Cadophora malorum (Kidd &
AM 4 406201 Mycochaetophora gentianae 96 AB434661 Beaumont) W. Gams, 2000 97 MF494620 Cadophora sp. AM4
1062 98 Antarctomyces psychrotrophicus CBS Antarctomyces psychrotrophicus Antarctomyces
Ballia BC1 406185 100573 9 MH874317 Stchigel & Guarro, 2001 9 MH874317 psychrotrophicus BC1
liatrichi — :
calliatrichia BC2 406190 24 98 Penicillium italicum CBS 339.48 99 JF772180 Penicillium C‘;g’gé"bem Thom, o5 ky218668 Penicillium sp. BC2
1052 98 Cladosporium halotolerans Cladosporium
GS1 406188 Cladosporium ossifragi CBS:842.91 99 EF679381 Zalar, de Hoog & Gunde-Cim., 99 LC414352 P
halotolerans GS1
2007
1060 99 Penicillium dipodomyicola
GS2 406213 Penicillium aurantiogriseum NRRL 971 96 AF033476 (Frisvad, Filt. & Wicklow) 96 KY218680 Penicilium sp. GS2
Frisvad, 2000
958 99 i Cadophora malorum (Kidd &
GS2.2 406214 Mycochaetophora gentianae 97 AB434661 Beaumont) W. Gams, 2000 98 MF494620 Cadophora sp. GS2.2b
GS23 406215 1011 98 Penicillium aurantiogriseum NRRL971 97 AF033476 Penicillium rubens Biourge, 1923 98  LT558863 Penicillium sp. GS2.3
1008 99 Penicillium dipodomyicola
o GS3 406216 Penicillium sp. MG-2017a 98 LT898167 (Frisvad, Filt. & Wicklow) 99  KY218680 Penicillium sp. GS3
Gigartina .
" Frisvad, 2000
skottsbergii
1049 98 Pseudogymnoascus pannorum var PseUdogymnoascus pannorum Pseudogymnoascus
GS4 406186 9y P . 98 MH861038 (Link) Minnis & D.L. Lindner, 99  KX664356 9y
asperulatus CBS 124.77 2013 pannorum GS4
GS5 406224 996 100 Penicillium egyptiacum NRRL 2090 98 AF033467 Penicillium rubens Biourge, 1923 99 LT558863 Penicillium sp. GS5
1034 98 Cladosporium halotolerans .
. . . . Cladosporium
GS6 406189 Cladosporium ossifragi CBS:842.91 96 EF679381 Zalar, de Hoog & Gunde-Cim., 99 LC414352
halotolerans GS6
2007
Gs23° 375863 0 % Penicillium chrysogenum CBS306.48 99 JF922035 Penicillium Chgslzge””m Thom, o9 ky218674 Penicillium sp. GS23
Gs2a  aop217 068 98 Penicillium polonicum NRRL 995 98 AF033475 Penicillium echinulatum Raper & oo\ igceacn  pencillium sp. GS24
Thom ex Fassat., 1976
ND1 406193 00 %9 Penicillium polonicum NRRL 995 99 AF033475 Penicillium C‘;’ggé"be’ tithom, o9 ky218668 Penicillium sp. ND1
ND2 406192 09 %8 Penicillium polonicum NRRL 995 98 AF033475 Penicillium C‘;’ggé"be’ tiThom, o9 ky218668 Penicillium sp. ND2
Neuroglossum icilli
dolossorive ND3 0187 1043 % Penicillium polonicum NRRL 995 99 AF033475 Penicillium Ch{’;sl‘;ge””m ThOM, 99 Kv218674 Penicillium sp. ND3
1107 96 . . . . Cladosporium cladosporioides .
ND4 406218 Cladosporium ossifragi CBS:842.91 97 EF679381 (Fresem) G.A. de Vries, 1650 97 KX664412  Cladosporium sp. ND4
ND5 406195 1089 82 Otidea subterranea RH69 185 85 F1404767 Environmental Fungi 99  KC966218.1  Pezizomycotina ND5




946 99 Penicillium camemberti Thom,

ND 6 406229 Penicillium polonicum NRRL 995 99 AF033475 1906 99 KY218668 Penicillium sp. ND6
pD1 40101 0°8 99 Penicillium polonicum NRRL 995 99 AF033475 Penicillium C‘i’;’gé"be' tithom, o9 Kky218668 Penicillium sp. PD1
Pal) i
d:c:,n:,:r:,: 1056 99 Cladosporium halotolerans
P PD2 406219 Cladosporium ossifragi CBS:842.91 95 EF679381 Zalar, de Hoog & Gunde-Cim., 96 LC414352 Cladosporium sp. PD2
2007

APresumptive identification corresponds to the database identification with higher percentage of identity and coverage (data not shown). ®These
isolates were identified using NL1-NL4 primers.



Table 2 Growth temperatures of the fungal isolates

Colony diameter (mm) at different temperatures at 4 and 25 days of incubation

Mat;:'gsa:gae identificacion 5°C 15°C 25°C 35°C classification Higher growth temperature
4,00 25,00 4,00 25,00 4,00 25,00 4,00 25,00
AS{-'OS‘{"’“’ Phialocephala sp. AM1 0.00 9.50 4.00 39.50 10.13 46.67 - - moderate eurypsycrophilic 25°C
mirabili Phialocephala sp. AM2 0.00 11.17 3.67 40.50 10.03 47.00 - - moderate eurypsycrophilic 25°C
Cadophora sp. AM4 0.00 16.00 5.67 38.67 10.07 46.75 - - moderate eurypsycrophilic 25°C
Adenocystis Penicillium sp. AUel 1.00 25.00 6.00 80.00 2233 80.00 4.00 15.00 eurypsycrophilic 25°C
utricularis
C. sphaerospermum AUel0 0.33 0.33 4.33 48.33 6.00 72.00 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUell 1.00 15.67 10.33 87.33 19.67 90.00 - - moderate eurypsycrophilic 25°C
C. cladosporoides AUi12 0.33 12.67 10.00 81.00 11.33 75.67 - - moderate eurypsycrophilic 15°C
Cladosporium sp. AUel3 0.50 5.00 12.67 64.00 13.83 74.33 - - moderate eurypsycrophilic 25°C
C. sphaerospermum AUel4 0.67 2.00 4.33 50.00 7.00 65.50 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUe2 0.00 30.00 11.67 81.33 10.00 89.50 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUe3 0.00 4.00 14.00 65.00 14.33 70.00 - - moderate eurypsycrophilic 25°C
Mucoromycota isolate AUe4 0.00 78.33 0.00 94.00 - - - - stenopsycrophilic 15°C
Penicillium sp. AUe5 0.33 32.00 0.00 77.67 17.00 52.00 - - moderate eurypsycrophilic 15°C
Penicillium sp. AUe6 1.67 29.67 13.00 71.00 15.00 75.00 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUE7 - - 2.33 34.33 9.67 61.00 - - narrow eurypsycrophilic 25°C
Penicillium sp. AUe8 - - 6.40 21.67 10.33 38.00 - - narrow eurypsycrophilic 25°C
Cladosporium sp. AUe9 - - 3.67 31.67 5.00 54.00 - - narrow eurypsycrophilic 25°C
Cladosporium sp. AUi1 0.00 19.00 9.33 81.00 10.00 87.50 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUi10 0.00 19.33 11.67 80.00 7.66 80.00 - - moderate eurypsycrophilic 15-25°C
Cladosporium sp. AUi11 - - 7.33 46.00 8.83 55.67 - - narrow eurypsycrophilic 25°C
C. cladosporoides AUi2 0.33 1.67 5.33 52.00 5.33 72.50 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUI3 - - 7.67 44.33 10.50 63.33 - - narrow eurypsycrophilic 25°C
C. sphaerospermum AUi4 0.00 15.25 11.33 82.00 11.00 89.00 - - moderate eurypsycrophilic 25°C
C. cladosporoides AUi5 0.00 16.00 10.67 85.33 8.00 64.00 - - moderate eurypsycrophilic 15°C
Cladosporium sp. AUi6 0.33 6.67 14.00 83.67 14.17 85.00 - - moderate eurypsycrophilic 15-25°C
C. cladosporoides AUi7 0.00 24.50 8.33 84.33 18.33 88.00 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUi8 0.00 2.00 4.33 56.67 6.33 65.00 - - moderate eurypsycrophilic 25°C
Cladosporium sp. AUI9 0.00 17.67 10.00 86.33 9.00 85.00 - - moderate eurypsycrophilic 15-25°C
Ballia A. psychrotrophicus BC1 3.67 45.67 11.67 33.00 15.33 59.33 - - moderate eurypsycrophilic 25°C
calliatrichia
Penicillium sp. BC2 3.00 17.67 10.67 53.00 17.00 42.33 - - moderate eurypsycrophilic 15°C




Gigartina

C. halotolerans GS1 1.00 3.00 6.67 31.33 13.33 54.00 - - moderate eurypsycrophilic 25°C
skottsbergii
Penicilium sp. GS2 0.33 10.33 10.00 42.00 18.33 68.67 2.00 11.00 eurypsycrophilic 25°C
Cadophora sp. GS2.2b 0.00 9.83 6.00 46.33 10.1 41.25 - - moderate eurypsycrophilic 15°C
Penicillium sp. GS2.3 0.00 7.83 6.67 47.67 7.33 59.00 - - moderate eurypsycrophilic 25°C
Penicillium sp. GS23 3.33 14.67 16.00 57.33 18.33 47.33 9.70 13.00 eurypsycrophilic 15°C
Penicillium sp. GS24 4.67 20.00 23.33 45.00 17.00 64.00 - - moderate eurypsycrophilic 25°C
Penicillium sp. GS3 5.33 18.00 5.33 50.00 20.33 78.67 2.33 10.33 eurypsycrophilic 25°C
P. pannorum GS4 1.00 15.66 5.33 29.67 7.83 22.67 - - moderate eurypsycrophilic 15°C
Penicillium sp. GS5 1.33 10.00 10.67 44.33 18.33 39.33 133 11.00 eurypsycrophilic 15°C
C. halotolerans GS6 117 3.00 6.33 32.67 30.67 65.67 - - moderate eurypsycrophilic 25°C
Neuroglossum delesseriae Penicillium sp. ND1 1.70 28.00 11.33 47.00 15.00 70.67 - - moderate eurypsycrophilic 25°C
Penicillium sp. ND2 2.66 28.00 13.33 59.67 15.67 79.33 - - moderate eurypsycrophilic 25°C
Penicillium sp. ND3 133 7.33 14.67 67.00 28.00 82.00 4.33 8.00 eurypsycrophilic 25°C
Cladosporium sp. ND4 2.66 20.33 5.00 67.00 6.33 24.33 - - moderate eurypsycrophilic 15°C
Pezizomycotina isolate ND5 3.00 94.00 30.67 94.00 26.67 88.00 - - moderate eurypsycrophilic 15°C
Penicillium sp. ND6 2.67 15.33 12.67 50.00 15.67 66.67 - - moderate eurypsycrophilic 25°C
Palmaria Penicillium sp. PD1 1.00 15.67 14.70 71.67 17.00 67.00 - - moderate eurypsycrophilic 15°C
decipiens
Cladosporium sp. PD2 - - 3.00 25.67 8.33 45.33 - - narrow eurypsycrophilic 25°C




Table 3 Fungal growth inhibition of the macroal gae organic extracts

Inhibition zone ratio (mm)

I Penicillium sp. Penicillium Penicillium sp. C. cladosporoides Phialocephal Cadophora sp. A.psychrotrophicus Pezizomycotina P. pannorum
Macroalgae Extract PD1 sp. GS2 AUe8 AUi7 sp. AM1 GS2.2b BC1 isolate ND5 Gsa4
species
hexane - - - - 4+1.06 - - - -
Ascoseira ethyl acetate - - - 3.38+1.24 1.63+0.53 1.5+0.71 1.5+0.35 3.5+1.06 1.13+0.18
mirabilis
methanol - 2.38+0.88 3+0.71 - 2.5+1.06 - - 3.38+1.59 3.38+1.24
hexane - - - - - - - - -
Desmarestia ethyl acetate - 1.38+0.53 2.88+0.18 5.25 +1.06 2.13+0.18 1.5+0.71 1.63+0.18 - 2+0.35
antarctica
methanol 1.38+0.18 2.63+0.18 3.19+1.78 - 1.5+0.35 - 1.5+0.71 - 1.75+1.06
hexane - - - - - - - - -
Desmarestia ethyl acetate - - - 2.5+0.71 6.38 + 0.88 1.13+0.18 - - -
anceps
methanol 6.88 +0.32 25 2.13+0.88 3.63 +0.88 2+0.71 2.63+0.18 - - 2.5
hexane z z z z z - z - -
Desmarestia ethyl acetate - 2+1.41 - 3.44 + 0.66 1.5+0.71 3.63+2.30 3.13+0.53 - 3.13+1.59
menziesii
methanol 4.5+1.59 2+1.41 5+3.07 3.63+0.18 2.25+0.71 2.38+0.88 2.75+0.48 - 2.13+0.53
hexane - - - & 0.75 +0.35 - - - -
Georgiella ethyl acetate - - - 3 6.5 +4.60 1.88+0.88 3.25+1.06 - -
confluens
methanol - 2 - - 1.38+0.53 - 2.75+2.47 - -
hexane - - 10.5+2.47 17+0.71 1 - 7.75 5.06 + 3.85 -
Gymnogongrus ethyl acetate - - 1.88+0.18 6.13+3.01 1 2.75+0.35 - - 6.13+0.18
turquetii
methanol 45+1.70 35+1.41 2.5+1.06 4+0.12 2+1.41 2.38+0.53 - - 2.88+0.18
hexane - - - - - - 2.25+0.35 - -
Himantothallus ethyl acetate - R - - 1.25+0.35 - - - -
grandifolius
methanol - - 4.13+0.18 - - - - 3.88+0.18 -
hexane 11.75+2.47 10.75 + 10.63 + 2.65 11.75 7.25+1.77 8.13+3 10.5+4.60 12.88+3 13.25+1.77
1.06
Plocanium
3 ethyl acetate 4.13+0.18 5.13+0.18 5.38 +0.18 6.13 +0.53 8.38+1.24 4.75+0.71 35+1.41 6.63 +1.59 9.38+1.24
cartlagineum
methanol 5.5+1.06 8.25 1.88+0.18 5.56 + 1.36 4.75 3.63+1.24 5.13+1.60 9.88+1.24 5.75+0.35
Controls
Cycloheximide® 5.5+0.58 8+231 10 11.25+25 13.5+1.29 13.5+0.58 4.75+6.18 19.25+2.63 11.75 +4.27
Hexane - - - - - - 4.5+6.35 - -
Ethyl Acetate 1.25+0.5 - - - 1.25+0.5 1 - - 1




Methanol 1.75+£05 - - - 1 275+1.71 - - 4.25+0.96
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e Several Antarctic macroalgae are habitat for marine and cosmopolitan fungi.
e Some macroalgae present antifungal activities with biotechnological potential.
e Isolated fungi showed a different spectrum of growth temperatures.



