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SUMMARY

[. Title

Metabolomics and molecular networking based discovery of biomaterials derived from
antarctic microorganism

[l. Purpose and Necessity of R&D

The purpose of this study is to activate the antarctic research by constructing the extracts
and library of metabolites from antarctic microorganism and analyzing the characteristics of
specific metabolite structures.

[Il. Contents and Extent of R&D

The following studies were conducted to achieve the objectives of this study and
development.
O Securement of metabolite derived from antarctic microorganisms
- Acquisition of antarctic microorganisms extracts
- Analysis of LC-MS and Molecular networking of antarctic microorganisms
- Isolation of metabolites from antarctic microorganisms and structure elucidation of
isolated metabolites by spectroscopic method

IV. R&D Results

The results of these studies are as follows.
O Securement of metabolite derived from antarctic microorganisms
A. Acquisition of antarctic microorganisms extracts
Extracts were obtained by culturing 91 microbial strains, and 11 strain extracts and 2
lichen extracts received from KOPRI were secured.
B. Analysis of LC-MS and Molecular networking of antarctic microorganisms
LC-MS(lon trap) analysis was performed on the samples of the antarctic
microorganisms extracts. Based on the UV and MS spectrum data, chemical DB
searching and molecular networking analysis were performed to analyze de-replication
and useful metabolites.
C. Isolation of metabolites from antarctic microorganisms and structure elucidation of
isolated metabolites by spectroscopic method
Selected useful antarctic microorganisms were large-cultivated to obtain extracts, and
metabolites were isolated through various separation techniques, and the structures of
the metabolites were elucidated through spectroscopic analysis.

V. Application Plans of R&D Results

The results of the analysis of the metabolite derived from antarctic microorganisms can be
used to predict the metabolites and to search for novel active substances or useful active
materials. It also contributed as a basis for the study of antarctic microbial resources.
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(Molecular networking)
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Strain NO.
T80
92
83
794
795
7296
7io8
704
7306
32
7313
THS5
7ie
7i20
T
Tizz
Tazv
7329
733t
7ida
7338
Tiam
7340
Tids
7350
7355
7387
7358
Ti61
7i63
7166
7i6T
7368
7370
73

o

Zate] 7t &2 LC-MS Z 2399 (profiling)

BHgE Frsux g MS fragmentation 7]HF EAUEYF]

TA7IHE ot AA8E FE= Ul 5ol oiAkAl & 54 &
5 % T ds

Closest relative

Penizillium palonicum GUSS6208

Phoma crystalifora KYS77445

Penatillium seneum

Mutar plumbeus.

Penicillium spathulatum KCAZT100AS3.15328
Cladospanium tenuissmum AF00331
Panacillium coryfophium JO27 2468
Trichoderma gamsii HM176580
Phasosphasia papayae KEZS116T
Sopodonium M. chalcipod KEHB2E KTES6850
Geomyces luteus JF311972

Tolypociadium eflindrosporum ABSTS302
Cladasporium cladasponcides EFST7236
Aspergillus smoenus

Toxicocladosponium irritans JN1 16660
Phasohelotivm epiphylium KTaT6976 H.B. 9911
Tolypoctadium inflatum AB255606 MBRC 31650
Phoma herbarum BLE1S FNES45S

Pluteus leoninus voudhe: KPOO4G42 1
Cladosparium aspendatum LNS3435T
Ophiocordyceps sinensis KT340657
Acremanium sclerotigenum KTE78352
Loghoedenmum pini-excelsae EUS20155
Hyphodiseus ILsURans GLUT27560
Preudogymnoascus verTucoms MFSTE060
Onygenales sp TRIE-6 GU212404
Cladoporium perangustum KPT01068
Cladosposium gossypiicols AF393702
Cladosporium herbanm KXE11004
Aspergillus creber LNGS68T

aspergillus cyjetkavici LNE9860S

ProudogyTmnoascus roseus JF311069

Candicda davisiana CES G408 KVID204L

3

pul

3% 73T
13 7375
= 7376
) 7571
40 7378
't 7380
42 7381
a3 7382
“ 7384
45 7387
48 7388
a7 Tagn
a8 739
9 7382
= 7393
51 7395
52 7396
53 7398
> 7399
55 7400
£ 7401
s7 7405
5 7407
£ T408
@ 7209
& T412
62 7413
&3 Ta14
[ 7415
&5 741G
6 417
&7 T418
3 420
& 7428
70 7423
7 7425
72 430

p=N
[}

=
% 3

)ol %A i

Alternaria alternata KXS26578
Brattanomyoes cUStersanUs:
AvE12

1159 34 nA4E

72E° A4 wF H2E

[« p peaudoc
Thelebolus microsporus MF120208
Cadophom melinil K044567
Benicillium chryzogenum HOOIET4S
Tehpodadiurm sp. OTULSE AN-2010 KUSIE54)
Gesmyces sp. F29 1FA33476

Ponicillium dipodemycola KT151579 JE6
Lachnum pagyraceum ABIGTE4E

Beavveria bassiang KCT33358

Mytotphaerella nawae LC121128

Aspergilhus versicolor ARIITTS

Acremonium hyalinuum NR_131221
Acremontum brachypenium NR_OTTT19
Camarosponda persooniae CBS 716258 JF7 70449
Pericillum chioroleucon KPI16S13

Martierells gamsi DA 128 AMBTES09
Penicillium janthinefium KM268715

Perucillium manmae KPSTITTE

Cladnsporiunm 1p. CMS-20068 EF105367
Leptosphaena sclercticedes IHEF 2251 MF3Z0&TE
Chadosponum halotolerans KFTO1938

Panicillium chermesinum KR261447
Acremonium rutham JCM 23088 NR_OTTI24
Peniephora incarmata xsd08030 EUS1 5600
Cladospornium coralioidat ATCC 18180 AFIBIEDS
< i i NCCPF350006

Leptosphaeria microscopica 3814 FN3862T4
Talsromycss wortmanns KX657279

Aspergilus jerseni UTHSC 10-71 LNBSI703
Aspergilks tbingensis JH01 HOT28255
Tolypociadium pustulstum AF286192

Devriesia psevdoamencans HIS 31 1b GUSTE52T
Abrothalius sececans KE1616

Talaromyced radicus IX162589

32020208 SAATARZEEH FE
11E9 54 WA= F55 fJ=E
MNo. sample name Amount{mg)
1 3-F4 170
2 3-F8 16.0
3 3-F9 16.7
4 3-G7 52
5 3-G8 14.1
6 7-B4 87
7 7-C5 178
8 7-C6 46
9 7-D2 17.3
10 7-D3 17.5
11 7-D11 37
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(1)

g AT sy
() 34 WAz 2% Az

Z 2% =A nAYES Potato dextrose agar iAo 25 T ZFAoAl ok 2047+ wjeks}
i, e A4 "AES MeOHE ol &3ste] FEstal A3 & 53, o8 WA 57T
of Aerl T e o EtOAcE &vf =35 At
(2) LC/MS tjAbA #2427 2 molecular networking &+ %7 &9
FEES MeOHel =59 0.2 ym® membrane filter® HE ¥ LC/MS Waters UPLC/Ion
trap (IT) MSZ ®#A3le] ALA7E 83 weld1 HEE & e HAAH xS &
H3 (¥ 1).
LCQ Fleet (lon Trap)
+ Capillary (V) 350
« Capillary Temp {'C} 2750
» Tune Lens (V) 500
« Spray Voltage (V) 35
B: Acetonitrile » Sheath Gas Flow Rate (arb) 500
. nioe:z:::c \;\T-,:’; I"TL « Aux Gas Flow Rate (arb} 300
« Column temperature: 35°C « Start Mass 500
« Detector: PDA and ELSD « End Mass 20000
« Gradient condition: « Start Time (min) fuly)
Em « End Time (min) 150
Imitiad 300 no 200 ELSD
1200 o0 R 000 . R Prassurs oo 00
empia 00
o 1. A% 9 LC-IT-MS/ELSD ¥4 =7
MS/MS 714 molecular networking 41 913t # 4 2] parameter 271 S EH(TH 2).
Parameters
Pairs_min_cosine 065
Analog_search 0 —
Tolerance.PM_tolerance 20 . “.';’S Parent mass
Tolerance.lon_tolerance 05 [0} Cosine score
Min_matched_peaks 6 Node Coloring
Topk 10 G
e s 2 o &
Maximum_component.size 100  _visualization =
Min_peak_int 00 ::
o : .
Filter_precursor_window 0 -
Filter_library 1
Window_filter [1]
Score_threshold 05
Min_matched_peaks_search 8
Max_shift_mass 100.0
19 2. Molecular networking #2418 9]t 9]
parameter Z71
QA7 2%
2] w A& FEE 3 MS 4 Ay
FAASLLAZHEY F£HI F 72F IF T 3VF UF FEE U EHS AYPsH(d
3). (UM A 35F9 = & AEA &)
gyE LC/MS &4 2oz gier SAZIHS o83k, tAA HE S glste], 9%
& FEES AAHT(TH 4
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(2) MS fragmentation 7]%F A E £ 7] (Molecular networking) #4171 < E3te] AAH
& A "= gEFg 2 ZAsE A @4 dARA 28 2 Fx A F - (targeted
isolation)

o FHA O WA, =& H aHste] F 7E9 & A4 HAAE i gs 3T
=3 Aste 54 28 R x Ad4E I

(71 7420 I TR

- F A&Ysta AAE F233H1™ 5)

Aspergillus tubingensis
(X 2F)

v EZESEEY
v g2 3

+ Code: 7420
« EAlayer: %409 2%

Hr

200

« Reference (DB: Scifinder, Reaxys)

Scifinder Reaxys
Aspergills sp. 12159 3390
Aspergills tubingensis 8892 7

Polyketide pigment?} 80| 22|20,

7420 ext.

PDA (150 x 30 x 180 plates), 25 °C, 21 days
HE4-47-1
(%4.0g9)

| Open column (Dia-ion)

DW to MeOH 100%

HE4-48-1 HE4-48-2 HE4-48-3 HE4-48-4 HE4-48-5 HE4-48-6  HE4-48-7 HE4-48-8 HE4-48-9 HE4-48-10 HE4-48-11
(1053.5 (4922 mg) (1322 mg) (1088 mg) (100.3 mg) (94.6mg) (194.1 mg) (326.5 mg) (251.7mg) (211.7 mg) (256.0mg)

mg)
Open column (LH20) MPLC (NP)
CM=1:1 CM gradient
HE4-49-1 HE4-49-2K HE4-49-3  HE4-49-4  HE4-49-5 HE4-50-1  HE4-50-2  HE4-50-3  HE4-50-4  HE4-50-5
(747 mg) (769 mg) (9.8mg) (22.8mg) (963 mg) (124mg) (64.0mg) (45.8 mg) (mg) (mg)
HPLC prep
| AN B % 10 60% I ASNAYRTISN
L prep HE4-51-1 g
ACN 30 % to 100 % HE4-51-2 HE4.53~3
HE4-52-1 HE4-51-3 oa.
HE4-53-4
HE4-52-2 HE4-51-4
HE4-53-5
HE4-51-5
HE4-53-6
HE4-51-6
HE4-53-7
HE4-51-7
HE4-53-8
HE4-51-8
HE4.5129 HE4-53-9
HE4-53-10
A = == 0] B
a9 6. FA wF 7420 FEE2 22 scheme
Compound
(H E4'49'2Kn 76.9 mg) 'H NMR (500 MHz, DMSO-d)
1Y
OH oM
Funalenone
Chemical Formula: C1H1,05 \ | t ‘
Molecular Weight: 288.2550 - - - S —
HE4-49-2K - Funalenone
e R 50 W 05 T NV 15 e 0 R i - "CRR ]
/7 Purity checking ™\, [position sH 5 Position H 5
' 20-100 %ACN_7 min \ 7 7 1682
i 2 2 1328
' 3 3 1630
4 3a 3a 1054
' 4 4 1649
' 5 6.75 (brs) 5 676 (q, 0.8) 1167
. 6 6 146.8
1 6a 6a 1104
$ 7 7 1659
H 8 639(s) 8 641(5) 999
] 9 9 1701
: 9a 1023
g 9b 1271
I 379(s) 10 379 (s) 596
o4 278 (brs) 1 278(d, 08) 253
11.58 (brs) 7-OH 1165 (brs)
=] 3] =z ul
o == ?’ e S g H



£9 LC-MS/ELSD #41& 733
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00 3000 350

MW 382

EEER LD
LC-MS/ELSD

A5T A #FF 7391 FEEC

24 A3 9 target AA

LB |

7391 ext.
PDA (150 x 30 x 200 plates, 25 °C, 41 days)
739, ext

(%220

pen column

5H1-23-1 SH1-23-2 SH1-23-3 5H1-23-5.
(289.5 mg) (360.8 mg) (381.1mg)
SH132-1 T SHI-92-2665H1-32-367 SH132.4K SH1325 13z | SI341 5313 Suiats smategmian Said smas snds suad
[(34mg) [Ramg [MEmg [ 10 (361 mg (1794 (1926 [ 103mg
(7&:3mg) (235mg) (122mg) (1371 mg) (3043 mg) (1002 mg) [ Iimg! mgl

MELS (NP
HEA gradient

SH1-26-1 SH1-26-2 SH1-26-3 SH1-26-4 SH1-26-5 SH1-26-6 SH1-26-7 SH1-26-8
(1.2mg) (77.7mg) (153mg) (65.1mg) (11.5mg) (28.7mg) (49.9ma) (1202 mg)

1 SH1-35-1K ( 8.7 ma) O5H1-36-3K (1.0 mg)

5H1-35.6K ( 6.1 ma)

8 SH1-35-7K ( 20.6 mg)
5H1-35-8K ( 8 mg)
SH1-35-9K ( 6.3 ma)

00

SH1-27-1€ (18.5 mg) 2 SH1-29-2K (5.0 mg)
SH1-27-3K {1.3mg)  SH1-29-3K (3.3 mg)
SH1-27-5K (1.3 mg) _ SH1-29-4K (3.3 mg)
SH1-27-9K (1.0mg) 3 5H1-29-5K (3.6 mg)

45H1-30-1K (13.6 ma)
15H1-30-3K (3.4 mg)
5 5H1-30-4K (25.8 mg)
6 SH1-30-5K (15.7 mg)

SH1-28-1K (6.1 mg)
SH1-28-2K (2.1 mg)

a8 9. FA #F 7391 FEE9 E scheme

« 9% =4 FxE
8- O-methylnidurufin, compound
2-(2-methylbut-3-en-2-yl)-1H-indole-3-carbaldehyde; compound 4, brevianamide R;

5, 6,

6,7, 9-trihydroxy—-11-methoxy-2-methyl-3,4,5,6-tetrahydro-2H—-anthral2,3-bJoxocine-8,13-d

ione; compound 7, brevianamide Q; compound 8, averufin; compound 9, versicolorin B)

ERIE

compound 2,
3,

(compound 1, 5-methoxysteirgmatocystin;

compound 8- O-methylaverufin, compound

~0 0O OH
=0
Q =
o b
HO Q7 N
Q H
SH1:32:9K SH1329K SH1-30-1K SH1-30-4K SH1-29:5K
S-methoxy ystin brevianamide R B-O-methylaverufin 2-(2-methylbut-3-en-2-yl}-1H-indale-3-carbaldehyde

Chemical Formula: CaaHasNa05
Exact Mass. 379.19

Chemical Formula: C24H4507
Exact Mass: 382.11

Chemical Formula: CyeH,sNO
Exact Mass. 213.12

Chemical Formula: CygH ;407
Exact Mass: 354.07

Chemical Formula: CigHy407
Exact Mass: 354.07

OH O OHH |
o] 0 H [e]
oH OH ol H Q  OH,
=R N = 0
LI RIE L 4 L
0 H HO "o HO O H
SH1-30-5K o 0 0
1.6,7 9-trihydroxy-11-methoxy-2-methyl-3 4,5 6-tetrahydro-2H- SH1-32-4K SH1-35-TK SH1-36-3K

anthra2,3-bJoxocine-8,13-dione
Chemical Formula: CzHy005
Exact Mass: 384.12

a3 10, =4 #F

brevianamide Q
Chemical Formula: CayHzaNaO3
Exact Mass: 365.17

7391 FE=

_12_

averufin
Chemical Formula: CgH107
Exacl Mass: 368.09

o #2 =d =

versicolorin B
Chemical Formula: CygH ;07
Exact Mass: 340.06

2 A



(th 7366 ¥ F=5o 3k hARA] ¥ 2 L2 AF
o FZE9 LC-MS/ELSD #4415 st tAA =
o o<} 22 schemeol| Wl FEEAA 4=

T %

AL

o

AskgH(rd 11).

ol 29 AAE A

%%

ASPef%Qgi ﬂ;ﬁ.bﬂ (7366)

2
2

¥ A\/ MW 354
. /\‘- iy

M

Q@“
Wb 5

starigmatocysiin

L 5

No Matching data

% 11, G g5 54 #F 7366 FEEC
LC-MS/ELSD ¥4 A3 9 target A4
Isolation scheme
7366. ext
(2731.0 mg)

Open column {Dia-ion
DW i MeOH 100%

HS]*!4'7

(19.4 mg)

HS1-14-6
(188.1 mg)

HS1-14-1
31.1 mg)

HS1-14-2

HS1-14-4
(741.4 mg)

H51-14-5
(739.9 mg)

Hs1-29-1  HS1-29-2
(474 mg) (168 mg)

HS1-26-1 HS1-26-2
(12.0 mg) (50.4 mg)

HPLC prep
40-80% ACN

HS1 mg)
2 HS1-31-5K (1.6 mg)
1 HS1-30-3K (1.6 mg)

3 HS1-30-4K (3.4 mg)

HS1-28-8K (1.9 mg)
HS1-27-12K (1.0 mg)

HS1-27-13K (1.0 mg)

FEE9 7 scheme

o 2% TEE sclerotiamide;

compound 3, (+)-vesicolamide B)

23 gkelst  (compound 1, compound 2,

=

HS1-30-4K
(+}-versicolamide B
Chemical Formula: CgHz5N,O,
Exacl Mass: 447 .22

HS1-30-3K
sclerotiamide
Chemical Formula: CogHagN;O5
Exact Mass: 463.21

HS1-31-5K
sclerotiamide
Chemical Formula: CogHaeNaOs
Exact Mass: 463.21

0 13, FA #F 7366 FEEY B Bd px 2 AR

(¥ 7401 #5 F=&ol gt EH/\M] v ® x AT

e FEE LC-MS/ELSD #4418 Hasta tALAS %431y 14)
o o} ¢} 2 schemeol| whf —ir% oA BAEA 2L Ao Hg HAAE A

189314 12).

sclerotiamide;



Penicillium maximae (7401)

52 Earackd

23 254 nm
i

2 j3ad b3

a9 14, i Euok <
LC-MS/ELSD #4

Isolation scheme

7401. ext
(2217.6 mg) + Known compound
Open column (Dia-ien) + New compound

| DW to MeOH 100%

| I | | | | ] | I

Yu1-81-1 YU1-81-2 YU1-81-3 YU1-81-4 YU1-81-5 YU1-81-6 YU1-81-7 YU1-81-8 YU1-81-9
(5.6 mg) (17.4 mg) (248 mg) 744 ma) (80.4mg)  (1049.1mg) (5083 mg) (54.4 mg) (17.0 mq@)
HPLC prep -
&% ACN 50 MalC

MPLC (siica gel
HexcEA gradient

| ] I | | N YU1-85.3 YU1-85-4 VU855 YU1-85-6
YUI-95-1  YUI-95-2K  YU1-95-3 YUT-95-4 YUI-95-5 S50 Ak 54'7 """g; (87.2 mg) (85.3 mg) (20.3 mg) (32.6 ma)
Img (33 mg) 3.0 mg) 158 mg) (671 mg) i
HPLC pren
705 ACN o

3 YU1-87-6K (5.7 mg)
5 YU1-88-5K (26 mg) = YU1-87-8K (18.5 mg)

YU1-96-4 (60 1] YU1-96-11 a7

VULSGS 6 mgl (190 mg) & YU1-88-10K (4.7 mg)4 YU1-87-9K (4.2 mg)

YU1-96-7 (6.0 mg)

YU1-96-10 (1.4 mg}

Cpen column (sca gel)
Hexhcetons gradient

7 YU1-101-5K (75 mg}
= ¥L41-101-6K (40 mg)

9 15, A 7 F 7401 FEE9 7 scheme

75 EHd FxE &A% (compound 1, isochromophilone VI, ; compound 2,
[5-chloro-3-[(1E,3E)-3,5-dimethylhepta—1,3-dienyl]-7-methyl-6,8-dioxo-2H-isoquinolin-7-
vl acetate; compound 3, ochrephilone; compound 4, RP-1551-5;
1-pentyl-8-oxa—3,6-diazabicyclo[3.2.1]Joctane-2,4,7-trione; compound 5, globosumin;
compound 6, 5-chloroisorotiorin; compound 7,
1-pentyl-8-oxa—3,6-diazabicyclo[3.2.1]octane-2,4,7-trione)

YU1-86-2K
YU1-86-1K [5-chlora-34(1E, 3E)-3 5-dimethyhepta-1.3-dienyl}-7- YU1-87-6K YU1-87-8K
isachromophilone VI methyl-6,8-dioxo-2H-isequinelin-7-y1] acetate ochrephilone RP-1551-5
Chemical Formula: C,HcCINO, Chemical Formula; Ca:HpsCINO, Chemical Formula: Co3Hae05 Chemical Formula: Ca5HzCl0s
Exact Mass: 43317 Exact Mass: 389.14 Exact Mass: 382 18 Exact Mass: 448.20

0
]
o
YU1-88-5K YU1-88-10K YU1-101-6K
globosumin 5-chloraisorotiorin 1-pentyl-8-oxa-3 b-diazabicyclo[3 2 1]octane-2 4 7-trione
Chemical Formula: Co;Hz7NOg Chemical Formula: C3Hz:Cl0s Chemical Formula: CygH4N20O4
Exact Mass. 401.18 Exact Mass: 414.12 Exact Mass: 226.10

a9 160 A4 #F 7401 FE= By 22 2 2 AR

_14_



(Rh) 7367 w5 FEEol Wi AR &

« FEE9 LC-MS/ELSD #4115 zlafstar of H]% FA sk (2™ 17,
o ofgfe} &2 schemeol Wl FEEONA GHEE B =429 £ AAE JFHTH 18).

Asperg///us cwetkowcn (7367)

1 ACH X

z 100 % 7 min
| 7367 ext 1 ‘I 3 PDA
|! L {
i b s |
T 254nm
Ll
1

b

3782 g(n&a
L
g 28 MW:365
® o
ana- f\

MW:378

(152.2mg)  (14.0mg)

SE1-62-7 SE1-62-8K  SE1-62-9

A= A=
LC-MS/ELSD 4] A# 9 target 474
7367 ext.
PDA (150 x 30 x 200 plates, 25 °C, days
(2790.6 mg)
| Open column(Sephadex)
CM=1:1
SE1-47-1 SE1-47-2 SE1-47-3 SE1-47-4 SE1-47-5
(465.9 mg) (1375.8 mg) (796.7 mg) {15.7 mg) (1365 mg)
MBLC [sica gel
I | HoneA ratint
SE1-49-4 SE1-49-5
(310.6 mg) (110.7 mg)
2| : 2 ] s [l ]
3 N is: SE1-51-5K  SE1-51-6K SE1-52-3K  SE1-62-4 SE1-62-5K  SE1-62-6K
SE1-53-1K (8.9 mg)

SE1-53-2K (4.3 mg)
6

a

(77.1mg)  (106.6mg) (196.4ma) (42,5 mp)

(49.6mg) (30.2mg)  (55.0mg)
HELC PRER

45 N |
11 SE1-64-5K (2.8 mg)

SE1-52-6K SE1-52-7 SE1-52-8 se1-52.9K lapies s (a0 ol
‘42‘-2 rv-lg} (G.A-m;) (3.6 mg) (13.1 ma) 12menkeneg
¥ 18, TR FF 7367 FEE 9 E7 scheme
12F9 &4 x5 9%t (compound 1, brevianamide Q; compound 2, brevianamide

R, compound 3, 6,8-di-O-methylaverufin;
E, 6,

compound 8, 5-meth

deoxybrevianamide compound

sterigmatocystin;
10, sydonic
6,8—di- O—methylmdurufm)

HN
SE1-51-5K

b ]
N
H 2
brevianamide R

SE1-52-6
brevianamide Q

Chemical Formula: CaoHasN:0s
Exact Mass: 379.19

compound acid, compou

0
0 oL
ST
OH O O
SE1-53-1K
6 8-di-O-methylaverufin

Chemical Formula: C2zH 07
Exact Mass. 396 12

Chemical Formula: CzyHz:N20s
Exact Mass: 365 17

07y
-

o y OH 0 O
C O 2 * ~
0 0 OoH 0
SE162.3K SE1-62-6K

SE1-62-5K

aversin
Chemical Formula;: CaoH:oOr
Exact Mass: 368.09

Chemical Formula: CygH 40~
Exact Mass: 354.07

Chemical Formula: CygH,,04
Exact Mass: 324.06

¥ 19, =x

F 7367 FEE B B

compound 4, brevianamide K; compound 5,
6,8-di—- O-methylaverufin; 7,

oxysterigmatocystin, aversin,

compound

compound 9,

nd 11, brevianamide V; compound 12,
a N K N - [5}
= H 0.
N N \L/ OH O O
SE1-51-6K SE1-52.9K SE1-53-2K

6.8-i-0-methylaverufin
Chemical Formula: C55Ha,0;7
Exact Mass: 398 14

o

o oL
LI
Ly oHo o

SE1-64-11K
6.8-di-0-methylnidurufin
Chemical Formula: CzHaoO
Exact Mass: 41212

brevianamide K
Chemical Formula: C5;HzN2O;
Exact Mass: 347 16

deoxybrevianamide E
Chemical Formula: C;HzaN:02
Exact Mass: 349,18

0
N

- HiN

b ¢}

N

By

SE1-64-5K
brevianamide V
Chemical Formula: CayHzaNaC,
Exact Mass: 34918

T

SE164-10K
sydonic acid
Chemical Formula: CygHz0s4
Exact Mass: 266 15

=2 % m ;Gi

_15_



oh A

20213 FAAFAZHE 19F(strain Code. HS1-1-1 5)9¢
HS1-2-1 5)9 =4 AYHF F==5 ¥

= TFREYGE 3, 4, 5).

=)

E 3020219 SAATAREH FEI 19F] SA4 330

Code Description Identification
HS1-1-1 2018Arc#01-SW-1/2-04 Verticillium sp.
HS1-1-2 2018Arc#04-SW-1/2-07 Simplicillium aogashimaense
HS1-1-3 2018Arc#04-SW-2/2-07 Simplicillium sp.
HS1-1-4 2018Arc#05-SW-1/2-04 Verticillium sp.
HS1-1-5 2018Arc#05-SW-1/2-08 Simplicillium lamellicola
HS1-1-6 2018Arc#05-SW-1/2-10 Simplicillium lamellicola
HS1-1-7 2018Arc#P01-07 Penicillium chrysogenum
HS1-1-8 2018Arc#P01-08 Aspergillus sp.
HS1-1-9 2018Arc#P03-03 Penicillium corylopilum
HS1-1-10 2018Arc#P04-05 Rhizoscyphus ericae
HS1-1-11 2018Arc#P06-06 Cladosporium colombiae
HS1-1-12 2018Arc#P08-01 Aspergillus sp.
HS1-1-13 2018Arc#P19-02 Uncultured fiingus
HS1-1-14 2018Arc#P27-10 Fungal sp.
HS1-1-15 2018Arc#P32-03 Penicillium sp.
HS1-1-16 2018Arc#P34-05 Illosporium carneum
HS1-1-17 2018Arc#P35-09 Cladophialophora minutissima
HS1-1-18 2018Arc#P36-01 Penicillium chrysogenum
HS1-1-19 2018Arc#P36-03 Penicillium chrysogenum

30|, 2% (strain NO.

20 (strain Code. HS1-32-1 %)¢] =% Hlg g o}

¥ 4. 20213 SAATAZEEH

FHE 229 FA Fo AR F2E e

Description Identification Solvent
1 2018Arc#P17 Flavocetraria nivalis MeOH
Code Activity &
HS1-2-1 Anticancer, Antifungal 206 mg
Description Identification Solvent
9 2018Arc#P20 Cladonia borealis MeOH
Code Activity &
HS1-2-2 Anticancer, Antifungal 13 mg
B 5. 20219 SAATFAEZRY 983 2059 54 =HH o}
Code Description Identification
HS1-32-1 27850 Subtercola sp. NBXE_s
HS1-32-2 27924 Psychrobacter alimentarius
HS1-32-3 27979 Pseudomonas sp. CP025263_s
HS1-32-4 28020 Bacillus infantis
HS1-32-5 FWO02-150125-03 | Caballeronia sp. CP014505_s
HS1-32-6 FWO02-150125-06 | Sphingomonas sp. SCIN_s
HS1-32-7 FWO02-150125-09 | Sphingomonas glacialis
HS1-32-8 FWO02-150125-11 | Halpernia frigidisoli
HS1-32-9 FWO02-150125-12 | Mucilaginibacter sp. CP014773_s
HS1-32-10 FWO02-150125-14 | Halpernia frigidisoli
HS1-32-11 FWO02-150125-15 | Mucilaginibacter rigui
HS1-32-12 FWO02-150125-21 | Sphingomonas glacialis

_’Ié_



HS1-32-13 FW02-150125-23 | Rugamonas rubra
HS1-32-14 FWO02-150125-24 | Pseudomonas antarctica
HS1-32-15 FWO02-150125-26 | Halpernia frigidisoli
HS1-32-16 FWO02-150125-27 | Subtercola sp. NBXE_s
HS1-32-17 FW02-150125-31 | Rhodanobacter ginsengisoli
HS1-32-18 FWO02-150125-32 | Sphingomonas glacialis
HS1-32-19 FW02-150125-40 | Halpernia frigidisoli
HS1-32-20 FWO02-150125-42 | Pedobacter paludis

gk A Ty

(1) =4 A=Y FE5&5 Ax

ZF 19%9 ZA mAES Potato dextrose agar HiA|o] 25 T Z7olA <2k 2047
i, W gFE A4 AES MeOHE o] &35to] FEstal o3 & 553 o tA
of Aegr7l & e 4o EtOAcE &vf 35 A g

(2) LC/MS thAkA] ¥4 %7A 2 molecular networking 4] =4
FEES MeOHOl =9 0.2 uyme membrane filter® ZE % LC/MS Waters UPLC/Ion
trap (IT) MSE 43} metabolite’} T&3] wElH1 A2 & Av HAH #4x1
= FHIE(TH 20).

-~
jus)
==

o
O
ol
—_

ol\
=l
RN

o

okt

=

UPLC LCQ Fleet (lon Trap)
» UPLC system: Waters ACQUITY UPLC™ « Capillary (V) 350
« Column: ACQUITY UPLC BEH C18 + Capillary Temp {Q) 2750
(2.1 x 100 mm, 1.7 ym) + Tune Lens (V) 500
« Mobile phase A: 005% FA in Water « Spray Voltage (V) 35
B: Acetonitrile « Sheath Gas Flow Rate (arb) 500
« Flow rate: 300 pl/min + Aux Gas Flow Rate (arb) 300
* injection volume: 2 pi
« Column temperature: 35°C * Start Mass 500
« Detector: PDA and ELSD * End Mass 20000
« Gradient condition « Start Time (min) 00
Eﬂnm " .
Intal aco ELSD
1200 k<] o0 1000 L
« Gas Pressure (psi) 400
s Temp ('C) 500

o™ 20, HA9 LC-IT-MS/ELSD &4 %7

MS/MS 7]¥F molecular networking #2412 9% 49 parameter =12 ¢
21).

o

(1

jalc)

v O3 22 RAEAE 01831 molecular networking 242 HAIE.
Parameters
Pairs_min_cosine 065
Analog_search il

Tolerance PN _tolerance 20 eample
Tolerance lon_tolerance 0s
Min_matched_peaks 6

Topk 10
Cluster_min_size

I gy " e
Maximum_component_size 100 wsuahzat\on. ey . °
Min_peak_int 0.0
Filter_stddev_peak_int 00 dons
Run_mscluster on .
Filter_precursor_window s
Filter_library 1
Window_filter
Score_threshold 05
Min_matched_psaks_search 8
Max_shift_mass 1060.0

a3 21. Molecular networking ¥41S 93+ parameter =7
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vk AT A

(1) SA vABES FEE e hAA &4 22

SAATAERY FHI F 19T *F F 9% dF FE= U A4S I3
A 10F9] dFe & AHA &5

=T 9T FE=CM oA tAHAZE EAEA e Aoz ddste], R 2
Y AAls APYetA Fa

(2) FA Ao F{ FEE digh AA 4 A

SAATARRYYH Y F 2T AR FE=el U 245 A

(7}) HS1-2-1 (2018Arc#P17, Flavocetraria nivalis)
O Fdx=A A7

Flavocetraria nivalis(=Cetraria nivalis) . associate with green algae as photobionts.

7 . Cetratia-Parmeliaceae-Lecanorales-Lecanoromycetes—Ascomycota-Fungi

DB searching 23 : Flavocetraria nivalis®l W3] 40(Scifinder), 0(Reaxys)’l, Cetraria
nvalis®l  W3a] 37(Scifinder), 1(Reaxys)’W, Flavocetraria sp.©l ™3] 61(Scifinder),
O0(Reaxys)7N, Cetraria sp.ol tall 701(Scifinder), 58(Reaxys)7} 2] 3lo] &3}

Lol 24 2 AT dEiAe AYFelA wel WA= usinic acid¢t anthraquinone
Adel 2ol BiEAS.
@ UPLC-MS/ELSD &4 A3}

HS1-2-1 (206 mg) 5
sics

5 | | § 7 48m e ST
s e ool 0] ;@ \
T e i T T TR i = m MW 152

:= ] o

MS detection THA

et
o
s
b
—H
A
ylk
2 ]

§ A

a9 22, HS1-2-1

@ tHAFAl de-replication 2 2}

HS1-2-1 (206 mg) 5 Conclusion

e “hR } .
1 b i

: 3
§ | 2 .
soan] | ae ]
o R o D T TR RN SRR

HO,
MW 182 &
HO
.

MS detection  Wethr galai
]

B I (A i

Ui

/

Mw 376 Usnic acid
FEH

P Usnic acid
MW3T6  SEH

.95 ach
o, .
= 7N 5| Mw344
-

13 23. HS1-2-1 &% W tiAA 9] de-replication 2 3
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@ #%%E molecular networking %41 243}

¥ Molecular Networking (HS1-2-1) M
s

\

Tumentic adE 5_MST

H
Malhy gasate

19 24. HS1-2-1 %% molecular networking ¥4 23}

(W}) HS1-2-2 (2018Arc#P20, Cladonia borealis)

O TdHxRAF A

Cladonia borealis : known as boreal cup lichen.

7 . Cladonia-Cladoniaceae-Lecanorales—Lecanoromycetes—Ascomycota-Fungi

DB searching A%} : Cladonia borealis®) ™3 21(Scifinder), 0(Reaxys)’, Cladonia sp.°l
3l 1,696(Scifinder), 161(Reaxys)7e] && o] &gk

=2 2 ¢)F % DNA sequencing & =%o] T &4,

w3 2 2o Ao daiAs A FolA Zo] ALY E usinic acid®t anthraquinone
AL Edo] BiEAE.

@ UPLC-MS/ELSD #41 ZAx}

HS1-22(13mg) 3

220 00.

W00 1800 100 D

Basepeak (+)
s sa B e |y o s
Basepeak (-]
3 185

1% 25, HS1-2-2 %59 UPLC-MS/ELSD 4] 43

@ thAFAl de-replication 2

_19_



Conclusion
HS1-2-2(13mg) 3

20,00, Pl DA 23

: ﬂ O ' 7\)1\\ [T \
P e, z i ?
TR e e, e e e R Tk el M 4182 RER

254 nm

=™
s E s,
‘ 1 Xl 2| HT. o &
S gy B F T 1 MW 376re. SER
" e i 20
i TR Y b . .
" T5D i f\/'\ '
Fom ool [UUEYTS @ o
b b= ETT .
o 40 L Lt 1000 1200 140 ot
-

W oo | 10z %

Basepeak (+)

1o s 1Edn

Basepeak (-]
e3 1z

a9 26. HS1-2-2 &% W AMA 9] de-replication 2 3}

@ %% molecular networking 4] 27}

¥ Molecular Networking (HS1-2-2) .,
e i; ;

A N
3
2
1y j
562
' N\ 3
o 556
}.@\
3
a laaaaaa
AGGAGIGGRAGAGRAALAGRGG
GG444A4444G4G004%4483445
AAQAG4G44040040040044044040
ARAAGAG

19 27. HS1-2-2 % & molecular networking ¥4 23}

(3) =A el oty A widxd A4
SAATAZTY FEHE F 20F9 FF
2A(R2A), Trypsin Soy Broth(TSB) <A =l <
T, 28 C oA wFatd o (29 28).

2 A, e wjdEzdo] web vrEeolE vkl

A7k LA EA ol e L el JAE ABEHA g

93, Reasoner’s

q 2
A, HA Y 2= AAFS 98] 10

Q2
o
=
[3u
i
1t
o

Tl Sold uA}

A _
Hjxl : R2A . \
HHOEO.A .4 / Hi%| : TSB (Sogg':;;i“g;m / \ W% :R2A
Herec . 10°C /f--—/\ s 4% < x ores . 4Y
- Lq:? ) Wyes . 28C " ﬂ\!,:_a) Weres : 10°C

Pre-culture

Pre-culture

Bl : R2A

Hees: 68 |
He2=: 10°C |

i 3
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B ABee

e 20219 SFAATAEFE 11%F(strain Code. SH1-67-1 5)°¢ A 5 F7} FHH(%
6).
T 6 20219 SAATRZYE FHG 1% FA FF
Code Description Identification
SH1-67-1 2018Arc#P01-04 Aspergillus sp.
SH1-67-2 2018Arc#P27-03 Fungal sp.
SH1-67-3 2018 Arc#P03-06 Paecilomyces hepiali
SH1-67-4 2018Arc#P03-04 Penicillium sp.
SH1-67-5 2018Arc#04-SW-2/2-04 Simplicillium lamellicola
SH1-67-6 2018Arc#05-SW-1/2-05 Simplicillium lamellicola
SH1-67-7 2018Arc#P02-05 Trichoderma sp.
SH1-67-8 2018Arc#01-SW-1/2-03 Uncultured Dikarya
SH1-67-9 2018Arc#04-SW-1/2-06 Uncultured Dikarya
SH1-67-10 2021-#KSJ05-01 Cladosporium bruhnei
SH1-67-11 2021-#KSJ02-01 Thelebolus stercoreus
A AT Aot

o FAATFAZEEH
Al 3% AT

o AE 9% *7_1“
i Je TheAe

(2) MS fragmentatlon 7]k

& =A
isolation)
(7}) SH1-67-5 =+

ol
o olge} 22 schemed| Wit F&

SH1-67-5 ext.
PDA (150 x 30 x 180 plates, 25 °C, 15 days)
SHL67-5. ext

(SRt ] LH20 Open column

() 574 vigEe] 358

el e

of thgk thAkA

FH3 F 11FY +F
= ;(].g]_z] oro.

% (SH1-67-5, SH1-67-8)9] F=E&Ed4A A5 &4 =2
I qIEIHII"I:OI‘jI E4& kst 7147 9l A3
E2 Y E ¢ 7 (Molecular networking)
¥A3std A g4

= =
E

New compound
Known compound
FTETIA S

[

HE2-63-1
(684.5 mg)

M hos oo
£ gradant)

[

HE2-63-2
(1065.1 mg)

HE2-74-2 HE2-T4-3
(2325 mg) (68.0 mg)

HBLE prap
E0-100 % 2280 min

HE2-77-2K (112.9 mg)
HE2-75-1K (11.6 mg)

HE2-75-2K (4.0 mg)
HE2-75:3K (1.9 mg)

HPLE pres.
60-100% 20,80 min

HE2-75-4K = HE2-72-2K (8.8 mg)

g 29, A A

A}
8%

Wt oA 2 R e AT
=l 2= 2 22 wd AAE

T SH1-67-5 &=

T2

SH1-67-5 ext.
PDA (150 x 30 x 180 plates, 25 °C, 15 days)

SH1-57-5. ext
(189 |

AR 28 2 2 AT (targeted

P31 29).

New compound
520 Open colum Known compound

| Bamdes IEHE &

[ I

HE2-63-1 HE2-63-2
(684.5 mg) (1065.1 mg)

MPLE fsica gl
(€M gradent

[ I I I

HE2-64-3 HE2-64-4 HE2-64-5
(1262mg)  (3221mg) (857 mg)

eOH
gtadeot

0% 55,80 min
HE2-72-1K (10.3 mg) (=He2.71:30
HE2-72-2K (150.4 mg)

o] 7 scheme

fusidic acid #23H(2¥ 30).

I

HE2-71-2K (5.8 mg)
HE2-71-3K (24.1 mg)



Compound
(H E2-72- ZK, 150.4 mg) 'H NMR (500 MHz D<)

Tusle acly
Ghemical Formuial Gy HuDy
Exact Mass 5163457

¥ Purity checking

20-100 %_7 min_ACN

g

T30 NMR (125 MH= CDCl

HEA CM=gq MeOH
=14 100% ‘

(1}) SHI-67-8 i ZZ5o|

e FEE9 LC-MS/ELSD w45

o o}#¢} #2 schemeol| Wl FEEA EA
32).

2 8 =49 l";rﬁl AAE Y A (4

5,050 Extracted
20-100 %_Tmin_ACN Lo
35000 PDA 2
4,540 Bitracted
2R2 3394
004
2
< pe2 &
000 =
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