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Tom tat

Vi nam bién dugc xem nhu 13 mot ngudn cung cip doi dao cac hop chat thir cap, dic biét la
cac chung vi nim ndi sinh, véi nhidu wu diém nhu it doc, san sinh cac hop chat thi cap thiét
yéu cho sy sinh ton cua vat chu... Ké tur penicillin duoc pht hién boi Alexander Fleming
vao ndm 1928 tao ra budc dot pha trong diéu tri cac bénh nhidm khuan, vi nAm da tré thanh
ngu0n cung Cap thudc quan trong cho y hoc. Trong vong 2 thép ky qua, huéng nghién ctru
vé vi nim bién phuc vu nghién ctu phat trién thudc dang rat duoc quan tam trén thé gidi.
Tuy nhién, & Viét Nam cho dén nay huéng nghién ciru nay con kha méi me va giau tiém
nang. Trong khuén kho hop tac vé khoa hoc giira Vién Hoa sinh bién va cac don vi nghién
clru trong va ngoai nuwdc, mot s6 nghién cau vé vi nam bién da phat hién duoc nhiéu hop
chat thir cap méi va co hoat tinh sinh hoc nhu khang viém, khang khuan, khang enzyme, gay
doc té bao ung thu. Trong bai bao cao chuyén dé& ndy ndy, chung t6i diém lai cac két qua
nghién ctiu vé& hoa hoc va hoat tinh sinh hoc cua cac hop chat trao ddi thir cdp tir vi nam
bién da duoc thuc hién ¢ Vién Hoa sinh bién, véi sy phdi hop cua cac don vi nghién ctu
trong va ngoai nudc trong giai doan 2015-2020.

Tir khéa: Vi nim bién, Aspergillus, Penicillium, Paraconiothyrium, Ascomycota,
Xenomyrothecium, hop chat thir cap.

I. PAT VAN DE

Vi ndm bién dugc tim thiy ¢ tat ca cac noi sdng ¢ bién nhu tram tich, cat, thuc vat
blen & cac dong vat bién, trong tao bién, thuc vat ngap man va dong vat khong Xuong
séng bién nhu hai mién, hai sam, hai tiéu, san ho... 1a ngudn cung c4p quan trong vi nim
noi sinh ¢é kha ning san sinh cac hop chat thir cap da dang vé cau tric va hoat tinh sinh
hoc (Blunt et al., 2011; Bugni & Ireland, 2004; Paz et al., 2010; Rateb & Ebel 2011). Cac
I6p chat cha yéu san sinh boi vi nAm bién bao gém polyketide, alkaloid, terpene, peptide
va céac hop chat sinh téng hop hdn hop, trong d6 da co nhiéu hop chat mai, ¢6 cau trac da
dang va c6 hoat tinh sinh hoc c6 gié tri da duoc phat hién. O Viét Nam, huéng nghién ciu
vé hoa hoc va hoat tinh sinh hoc cua vi nAm bién van con kha méi mé va giau tiém nang.
Theo tra ciru, cho dén nay, mai chi c6 khoang trén 20 cong bé quéc té I1S1 vé nghién cau
vi nim bién c6 dia chi ¢ Viét Nam. Cac cong bd chu yéu tap trung ¢ cac don vi nghién
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ctiru thudc Vién Han 1am Khoa hoc va Cong nghé Viét Nam nhu Vién Héa sinh bién, Vién
Nghién ctiru hé gen, Vién Hoéa hoc Cac hop chit thién nhién va Vién Nghién ctu cong
nghé va ung dung Nha Trang. Trong bdo céo khoa hoc nay, ching tdi diém lai mot sb
nghién ciru héa hoc va hoat tinh sinh hoc cua cac hop chat phan 1ap tir vi nAm bién duoc
thuc hién & Vién Hoa sinh bién trong giai doan 2015-2020, véi sy phdi hop véi cac don vi
nghién ciru trong va ngoai nudc nhu Vién Nghién ciu hé gen, Vién Hoa hoc Cac hop chat
thién nhién va Pai hoc Wonkwang, Han Quéc. Bén canh céc vi nam c6 su da dang cao vé
chung loai nhu Penicillium va Aspergillus, két qua nghién ciu cia mot sé ching vi nim
bién con it dwoc nghién ctu nhu Paraconyothirium sp., Ascomycota sp.,
Xenomyrothecium sp. ciing duoc tong hop va thao luan.

I1. KET QUA NGHIEN CUU HOA HQC VA HOAT TiNH SINH HQC CAC CHUNG VI
NAM BIEN

2.1. Vi nam Paraconyothirium sp.

Vi nam thugc giéng Paraconyothirium lan dau duoc phan lap va xac dinh vao nim
2004. Cho dén nay, méi chi mot sé it loai Paraconyothirium duoc xac dinh. Cac nghién
ctu truée diy da phan 1ap dwoc cac hop chét sesquiterpenoid, diterpenoid, isoprenoid
decalin, furanone, polyketide va dihydrocoumarin tr mét sé chung vi nidm
Paraconyothirium sp., trong d6 mot s6 hop chét thé hién hoat tinh gay doc té bao ung thu.
Trong chuong trinh nghién ctiu sang loc cac ching vi nam bién c6 hoat tinh khang viém,
chang Paraconiothyrium sp. VK-13 phan Iap tir hai sam Holothuria edulis ¢ Viét Nam thé
hién hoat tinh. Tién hanh nghién cau thanh phan héa hoc caa ching vi nim nay da phan
lap va xac dinh cau trdc hoa hoc cia 9 hop chét trao doi thir cap, bao gém 5 hop chat méi:
modiolide D-G (1-4) va 1-(2,5-dihydroxyphenyl)-3-methoxy-butan-1-one (5), mot hop
chat lan dau tién phan lap tir thién nhién la 1-(2,5-dihydroxyphenyl)-3-hydroxybutan-1-
one (6), va 3 hop chat di biét: modiolide A (7), modiolide B (8), va 1-(2,5-
dihydroxyphenyl)-2-buten-1-one (9). Cau hinh tuyét ddi cia cac hop chat 1-4 duoc xac
dinh bang phuong phap Mosher. Trong s6 cac hop chat phan lap dugc, hop chat 5 va 9 tc
ché manh sy san sinh NO, véi gia tri ICs lan luot 1a 12,5 va 3,9 um; trong khi hop chat 3
va 6 thé hién kha ning tc ché & muac trung binh, véi ICs lan luot 1a 73,9 va 47,3 um.
Phan tich so sanh giira cau tric va hoat tinh cac hop chit cho thdy cac hop chét dang
khung phenyl-1-butanone déu thé hién hoat tinh, dac biét 1a hop chat 9, véi mot ndi doi
thé 2 14n & vi tri C-2’ ¢6 hoat tinh tc ché manh san sinh NO. Hop chét 6, véi nhém OH &
vi tri C-3’ thé hién hoat tinh kha tét, trong khi hop chét 5, voi nhém methoxy & vi tri C-3'
c6 hoat tinh yéu hon dang ké. Ca 2 hop chat 5 va 9 tiép tuc cho thay hoat tinh tGc ché su
san sinh qué mtc PGE,, Véi ICsp lan luot 14 9,5 va 6,9 um. Hoat tinh ¢ ché san sinh NO
va PGE; cua 2 hop chat 5 va 9 duoc xac dinh thong qua diéu hoa giam sy biéu hién cua
cac protein iNOS va COX-2 twong tng. Ca hai hop chat nay thé hién kha ning @c ché su
biéu hién cua cac gene cytokine & cip do phién ma thong qua kim hdm su biéu hién cua
TNF-a, IL-1pB, IL-6, va IL-12 mRNA ¢ té bao RAW264.7 kich thich bai LPS, voi gia tri
ICs tir 2,4-13,5 pm (Quang et al., 2018).
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2.2. Vi nam Ascomycota sp.

Cac chung vi nam Ascomycota c6 ngudn gbc tir bién dugc xem la ngudn cung cap
nhiéu hop chat trao ddi thr cip nhu citromycetin, polyketide va dichloroisocoumarin,
trong d6 mot s6 hop chat thé hién cac hoat tinh chdng oxy hda, khang khuan, khang alpha-
glucosidase va khang viém tiém ning. Theo mot nghién ciru mai duoc thyc hién, tir chung
vi nam bién Ascomycota sp. VK12 phan Iap tir hai mién thu thap ¢ viing bién Quang Nam,
6 hop chét phenolic di dugc phan lap va xac dinh, trong d6 c6 mot hop chat mai la (3R)-
(3',5'-dihydroxyphenyl)butan-2-one (10) va 5 hop chat da biét: AGI-7 (11), sescandelin
(12), sescandelin-B (13), 4-hydroxybenzaldehyde (14) va hydroxysydonic acid (15). Cau
hinh tuyét d6i ciia hop chat méi (10) duge xéac dinh béng phuong phép tinh toan phd ECD,
tinh toan géc quay cuc va tinh toan pho NMR ly thuyet Nghién ctru tac dung cua cac hop
chat d6i véi cac té bao ung thu thir nghiém cho thay hop chat 10 va 11 thé hién doc tinh té
bao ddi voi tit ca 3 dong té bao ung thu biéu md HepG2, MCF-7 va SK-Mel2, voi gia tri
ICso nam trong khoang tir 48,6 - 96,5 um. Bén canh d6, danh gia hoat tinh khang viém in
vitro cho thay cac hop chat 10, 11, 13-15 tic ché sy san sinh NO & dong té bao BV2 duoc
kich thich bang LPS, véi gid tri ICs trong pham vi tir 24,2 - 76,5 um. Panh gia tiép vé tac
dung ddi véi sy san sinh cia PGE; cho thay hop chat 11 tc ché san sinh qua mac PGE;,
VGi gia tri ICs 12 25,3 um. Ngoai ra, danh gia siu hon bang phuwong phép phan tich
Western blot hop chét 2 thé hién hoat tinh @c ché su biéu hién cua iINOS va COX-2, 1a 2
enzyme dong vai tro xuc tac cho su san sinh cia NO va PGE2 trong dap ung mién dich &
muc c¢6 ¥ nghia, phu thudc vao nong do. Cac két qua nay cho thay tac dong tc ché cua
hop chat 11 di véi sy san sinh qua mic NO va PGE; ¢ mdi quan hé chat ché véi hoat
dong trc ché biéu hién protein iNOS va COX-2 twong tng (Quang et al., 2020b).
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2.3. Vi nam Xenomyrothecium sp.

Vi ndm Xenomyrothecium (thudc ho Stachybotriaceae) 1a mot gidng vi ndm don loai,
¢6 ngudn gbc tir Myrothecium - 12 gidng vi nam c6 thanh phan loai da dang, phan bé rong
rdi, duoc biét dén 1a c6 kha ning san sinh nhiéu dang cac hop chit trao d6i thir cip khac
nhau nhu cyclopentenone, macrocyclic trichothecene, meroterpenoid va isocoumarinoid.
Tuy nhién, cho dén nay, thanh phan héa hoc caa vi nim Xenomyrothecium van con chua
duoc biét dén. Trong nghién ciu thanh phan héa hoc caa chang vi nAm Xenomyrothecium
sp. IMBC-FP2.11 phan lap tir hai mién, 7 hop chit trao doi thir cip, bao gom: (3R,4R)-4-
hydroxymellein ~ (16), (3R,4S)-4-hydroxymellein ~ (17), trans-3,4-dihydro-3,4,8-
trihydroxynaphtalen-1(2H)-one (18), (3S)-6-hydroxy-8-methoxy-3,5-dimethyl-isochroman
(19), 8-hydroxy-6-methyl-9-ox0-9H-xanthene-1-carboxylate (20), TMC-256A1 (21) va -
hydroxyemodin (22) da duoc phan Iap va xac dinh (Quang et al., 2020a). Nghién ctru nay
cho thay isocoumarin va anthraquinone la cac thanh phan hoa hoc chinh cua vi nam bién
Xenomyrothecium. Pang chi ¥, ddy ciing 1a nghién ctru dau tién vé thanh phan hoéa hoc
ctia vi nam Xenomyrothecium duoc thuc hién trén thé gisi cho dén nay.

2.4. Vi nam Penicillium sp.

Penicillium la glong vi ndm co s6 luong loai da dang (khoang hon 300 loai), phan b
o khap moi noi trén thé gidi. Vi nam Penicillium la nguon cung cap doi dao céc hop chat
the cap c6 su da dang cao Vé cau tric, bao gom cac hop chat ergot alkaloid,
diketopiperazine, benzodiazepine, quinoline, quinazoline va polyketide... trong d6 c6
nhiéu hop chat thé hién hoat tinh sinh hoc c6 gié tri nhu gay doc té bao ung thu, khang
khuan, khang nam, khang viém... Theo mot nghién ciru chung vi nim Penicillium sp. SF-
5629 duoc thuc hién vao nam 2017, 8 hop chit trao doi thir cap, bao gdm (3R,4S)-6,8-
dihydroxy-3,4,7-trimethylisocoumarin (23), (3S,4S)-sclerotinin A (24), penicitrinone A
(25), citrinin H1 (26), emodin (27), o-hydroxyemodin (22), 8-hydroxy-6-methyl-9-oxo-
9H-xanthene-1-carboxylate (28) va 3,8-dihydroxy-6-methyl-9-oxo0-9H-xanthene-1-
carboxylate (29) da duoc phan lap va xac dinh. Panh gia kha nang khang viém in vitro cia
cac hop chit nay cho thay hop chét citrinin H1 (26) tc ché sy san sinh NO va PGE; théng
qua diéu hoa giam su biéu hién cua INOS va COX-2 ¢ té bao BV2 kich thich bai LPS.
Nghién ciru co ché hoat dong cap phan tir cho thay hop chat nay tc ché su phosphoryl hoa
cua IkB-a, ngin can su di chuyén vao nhan cua NF-kB va diéu hoa giam sy kich hoat cua
p38 MAPK (Ngan et al., 2017). Nghién ctu thanh phan héa hoc caa chung vi nam bién
Penicillium sp. SF-5497 da phan lap va xac dinh ciu tric héa hoc cua 2 hop chat
meroterpenoid méi 1a furanoaustinol (30) va 7-acetoxydehydroaustinol (31) va 8 hop chat
d3 biét bao gébm: austinol (32), austin (33), austinolide (34), 7-hydroxydehydroaustin (35),
7-acetoxydehydroaustin (36), dehydroaustin (37), 11-hydroxyisoaustinone (38) va 11-
acetoxyisoaustinone (39). Pang cha ¥ 1a cdu trac dic biét cua hop chat 30, véi mot hé
vong hexacyclic bat thuong chua c6 tién & caa nhém cac hop chat austin. Nghién cau
hoat tinh sinh hoc cua cac hop chit cho thiy hop chat 30 uc ché hoat dong cua enzyme
PTP1B (ICs = 77,2 um), hop chat 31, 32, 33, 38, va 39 tic ché san sinh NO ¢ té bao BV2
kich thich boi LPS, véi ICs lan luot 1a 61,0; 30,1; 58,3; 37,6 va 40,2 um (Park et al.,
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2018). Tiép tuc nghién ciru cac hop chat meroterpenoid tir ching vi nAm bién nay cho két
qua phan lap va xac dinh ciu tric héa hoc cua 5 hop chit, bao gdbm 2 hop chat maéi la
preaustinoid A6 (40) va preaustinoid A7 (41) cing véi 3 hop chat da biét 1a berkeleyone C
(42), preaustinoid A2 (43) va preaustinoid A3 (44). Trong sé cac hop chét phan lap duoc,
hop chat 40 va 42 thé hién hoat tinh wc ché hoat dong enzyme PTP1B & muc phu thudc
nong do, véi ICso lan lugt 12 17,6 va 58,4 um. Nghién ctiru dong hoc enzyme cho thay hop
chat 40 &c ché hoat dong PTP1B theo co ché khong canh tranh, véi gia tri Kila 17,0 um
(Park et al., 2019). Theo nghién ciru méi duoc thuc hién & ching vi nAm Penicillium sp.
phan 14ap tir tram tich & dao C6 T6, 10 hop chét da duoc phan 14p tir cao chiét EtOAc sinh
khdi chung vi nam nay (Le et al., 2019). Trong d6 hop chat 2-[(5-methyl-1,4-dioxan-2-
yl)methoxy]ethanol (44) thé hién hoat tinh khang khuan Enterococcus faecalis manh, véi
gid tri MIC = 32 pg/mL, 2-[(2R-hydroxypropanoyl)amino]benzamide (46) va 4-
hydroxybenzandehyde (47) tic ché chon loc vi khuan E. coli véi MIC = 16 va 8 ug/mL, va
hop chit 2°,3’-dihydrosorbicillin (48) uc ché 66,3 % hoat dong enzyme a-glucosidase &
nong d6 2,0 mm .
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2.5. Vi nam Aspergillus sp.

Tuong ty nhu Penicillium, Aspergillus 12 giéng vi nim c6 sy da dang cao vé thanh
phan loai (hon 180 loai) va pham vi phan bé rong, 12 ngudn cung cap ddi dao cac hop chat
thir cap c6 su da dang cao vé cau tric, bao gom polyketide, terpenoid, peptide, alkaloid va
cac hop chat chira nitrogen khac, cac dan xuét shikimate va lipid, vai nhiéu hoat tinh sinh
hoc c6 gia tri. Mot s6 nghién ctru héa hoc va hoat tinh sinh hoc cua céc chung vi nam bién
Aspergillus sp. di cho cac két qua thd vi. Theo mét nghién ciu thanh phan cac hop chat
thir cAp cua chung vi nim bién Aspergillus sp. IMBC-FP2.05 phan lap tir hai mién thu
thap & vung bién Quang Nam, 5 hop chat da duoc phan lap va xac dinh, bao gom: JBIR-
74 (49), homogentisic acid (50), methyl (2,5-dihydroxyphenyl)acetate (51), 3-chloro-2,5-
dihydroxybenzyl alcohol (52) va p-hydroxybenzaldehyde (14). Banh gia hoat tinh khang
viém in vitro cua cac hop chat nay thdng qua uc ché sy san sinh NO ¢ dong té bao
RAW264.7 kich thich bang LPS cho thay céc hop chat 2,5-dihydroxyphenylacetic acid 1a
homogentisic acid (50) va methyl (2,5-dihydroxyphenyl)acetate (51) thé hién hoat tinh tc
ché san sinh NO cao nhét, véi gia tri ICsp lan luot 12 28,2 va 14,2 um. Hop chét chloro-
benzyl alcohol (52) thé hién hoat tinh tc ché NO (ICso = 41,8 um) & miic twong duong voi
chit dbi chung duong 1a N®-Monomethyl-L-arginine (L-NMMA) (ICso = 44,5 pm). Ngoai
ra, 2 hop chat 49 va 14 ic ché NO & mirc trung binh, véi gia tri ICsq lan luot 1a 79.7 va
62.4 uM (Quang et al. 2020c). Tir cao chiét EtOAc cua 2 ching vi nim bién Aspergillus
sp. SF-5974 va SF-5976, 13 hop chit trao doi thir cap da phan 1ap va xac dinh, bao gébm 1
hop chét dihydroisocoumarin mai 1a cladosporin 8-O-a-ribofuranoside (53) va 12 hop chat
da biét bao gébm: cladosporin (54), asperentin 6-O-methyl ether (55), cladosporin 8-O-
methyl ether (56), 4’-hydroxyasperentin (57), 5'-hydroxyasperentin (58), neoechinulin A
(59), preechinulin (60), tardioxopiperazine A (61), tardioxopiperazine B (62), flavoglaucin
(63), isodihydroauroglaucin (64) va questinol (65). Cau hinh tuyét d6i caa hop chét 58
duoc xac dinh baoi phuorng phap nhiéu xa tia X sir dung Cu Ko radiation. Trong sb cac hop
chat phan lap duoc, cu tric cia hop chat moéi (53), voi phan duong o-ribofuranose trong
phan tir 1a kha hiém gap khi chi cO mot sb6 rat it din xuat dihydroisocoumarin
ribofuranoside dugc phan Iap tir vi nAm bién. Céc hop chat 53-58 déu ac ché su san sinh
NO va PGE, thdng qua giam biéu hién cia iNOS va COX-2 & té bao BV?2 kich thich bai
LPS. Nghién ciru vé tac dung trén con duong truyén tin hiéu cho thiy hoat tinh khang
viém cua hop chit 53 dwoc thé hién qua uc ché su phosphoryl héa cua IkB-a, kim ham sy
di chuyén vao nhan cia NF-kB va lam giam sy kich thich caa MAPK (Kim et al., 2015).
Ngoai ra, theo nghién ciu phdi hop giita Vién Hda sinh bién va Vién Hoa hoc Cac hop
chat thién nhién, 3 hop chat dibenzospiroketals moi la aspermicrone A-C (66-68) di dugc
phan 1ap va tir cao chiét EtOAc cua chung vi nAm Aspergillus micronesiensis phan 1ap tir
rong do Kappaphycus alvarezii. Trong d6, hop chat aspermicrone B thé hién hoat tinh gay
doc té bao chon loc ¢ dong té bao HepG2 (ICso = 9,9 um), 2 hop chét aspermicrone B (67)
va C (68) thé hién hoat tinh khang Staphylococcus aureus, véi MIC = 123,2 um (Luyen et
al., 2019a). Ciing tir chung vi nam nay, mot s6 hop chat dang polyoxygenated polyketide
da dugc phan lap, trong d6 hop chat epicoccolide A (69), epicoccolide B (70) va NC3B
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(71) thé hién kha ning ¢ ché cac dong té bao ung thu HepG2, LU-1 va Vero, véi ICsp tir
3,97-4,71 pg/mL (Luyen et al., 2019Db).
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I11. KET LUAN

Trong giai doan tir 2015 dén nay, cac nghién cau vé thanh phan héa hoc va hoat tinh
sinh hoc cia cac chung vi ndm bién dugc thyc hign voi sy phdi hop va hop tac gitra Vién
Hoa sinh bién va cac don vi nghién ctru trong va ngoai nudc, da phan lap va xac dinh cau
tric hoa hoc cua khoang 70 hop chat trao d6i thir cp tir vi nAm blen trong d6 co6 14 hop
chat mai, véi mot hop chét c6 phan Cau trdc bat thuong chua co tién 1& (30) va mot hop
chat cd phan cau tric hiém gap o vi nam bién (53). Nghlen ctru danh gia hoat tinh sinh hoc
cho thay cé nhiéu hop chat thé hién hoat tinh tc ché san sinh NO va PGE, trong d6 hoat
tinh khang viém cua 7 hop chit (5, 9, 11, 26, va 53) dugc ching minh & cap d6 phan tir
trén mot sb dich sinh hoc nhu iNOS, COX2 va tic ché con dudng truyén tin hiéu NF-xB
va MAPK & dong té bao BV2 va/hoic RAW?264.7 kich thich boi LPS. Bén canh d6, mot
s6 hop chat thé hién hoat tinh sinh hoc tiém nang nhu: Gc ché enzyme PTP1B - enzyme
dong vai trd quan trong trong bénh tiéu dudng typ2, hoat tinh khang mot s6 loai vi khuan
nhu Enterococcus faecalis, E. coli, S. aureus va gay doc mot s6 dong té bao ung thu. Cac
két qua nghién ctu ndy chinh 1a co sé khoa hoc cho cac nghién ctu phét trién thudc tiép
theo. Hién nay, huéng nghién ctru trén cac déi twong vi nam noi sinh & dong thuc vat bién,
thuc V4t ngap man va cac vi nam phan 1ap tir trim tich, nudc bién van dang tiép tuc duoc
trién khai sau va rong hon tai Vién Héa sinh bién, htra hen s& phét hién thém nhiéu hop
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chat mai, cd hoat tinh sinh hoc c6 tac dung dan duong, dinh huéng cho cac nghién ciu
g dung tiép theo. Pdng thoi, cac két qua nghién ctru thu dugc trén dbi twong giau tiém
nang nay s& gilp tang cuong sb lugng va chat luong cac cong bd qudc té, qua dé gop phan
nang cao vi thé cua nghién ctu duoc liéu bién Viét Nam.
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Summary

Marine fungi have been considered as a rich source of bioactive secondary metabolites.
Since penicillin was discovered by Alexander Fleming in 1928, many bioactive secondary
compounds derived from fungi have been developed for the treatment of various diseases.
Over the past two decades, studies on marine fungi for drug research and development have
been the enormous interest in the world. However, this research field is still relatively new
and of great potential in Vietnam so far. Within the framework of the cooperations in
scientific research between the Institute of Marine Biochemistry and several national and
foreign research institutes and universities, a number of studies on marine-derived fungi
have been conducted, which led to the discovery of many new and bioactive secondary
compounds, including anti-inflammatory, anti-bacterial, anti-enzymes, and cytotoxic agents.
In the present review, we survey results of the studies on marine-derived fungi which were
performed under collaboration between the Institute of Marine Biochemistry and the
partners during the period 2015-2020.

Keywords: Marine-derived fungus, Aspergillus, Penicillium, Paraconiothyrium,
Ascomycota, Xenomyrothecium, secondary metabolite.
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