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SUMMARY

(@ E 2 o B

I. Title

Metabolomic analysis of Antarctic microorganisms based on LC-MS

II. Purpose and Necessity of R&D
Chemotaxonomic screening and database of the metabolomics derived
from Antarctic microorganisms leads to effective selection of the

strains and approach to the isolation for application of the metabolites.

III. Contents and Extent of R&D
Antartic derived metabolomics analysis method was established with

LC-MS and the extracts were dereplicated to develop the database.

IV. R&D Results
Cultivation, extraction and sample preparation of the Antarctic
microorganisms was acquired and LC-MS analysis was established for

the extracts of SF7013 and SF7024 to create the database library.

V. Application Plans of R&D Results
LC-MS based analysis of the Antarctic microorganisms provide the

platform for isolation of the active compounds.
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719 3 SF7013(21)% SF7024(2) 4=

A vAE FEE9 LC-MS +4x1
g =o] (0.2 M-J membrane filter®2 JH %
LC-MS (Waters UPLC/Ion trap (IT) MS and quadtruple time of flight

e

Ao
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A& F==2 MeOHOl
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(Q-Tof) MS system)ZE ©]8€3}2] metabolite’} &3] 2% 1 MS7} detect

4 5 gt AHY B4 242 Y,
UPLC ol54 ZHAo2 005 %2 Formic acid’t € %3 ACNE AM&3ho]
ACN 20-100 %= gradient5o] 73 #A2AS gysla, 443 MS o]
§]. zA1% pj- a 6]—
LC/MS 24
UPLC Q-Tof
» UPLC system: Waters ACQUITY UPLC™ - Capillary (V) 2800.0
* Column ACQUITY UPLC BEH C18 « Sample Cone (V) 280
. (2.1 x 100mm, 1.7um) « Extraction Cone (V) 08
« Mobile phase A: 0.05 % FA in Water « Desolvation Temp (°C) 300.0
B: Acetonitile « Source Temp (°C) 100.0
« Flow rate: 300ul/min
» Injection volume: 2yl « TCF Flight Tube (V) 5630.0
* Column temperature: 35°C « Reflectron (V) 1730.0
« Gradient condition: « Pusher 8604
= Puller 650.0
2 Flow
(ul/min) « End Mass 1500.0
Initial 300 800 200 « Start Time (min) 0.0
7.00 300 00 1000 6 + End Time (min) 5.0
= Scan Time (sec) 048
850 300 0.0 1000 6 + InterScan Time (sec) 01
8.60 300 80.0 20.0 6
10.00 300 80.0 20.0 6
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UPLC analysis of SF7013 MeOH extract Acquity UPLC BEH C18 Column
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MS analysis of SF7013 MeOH extract
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UPLC analysis of SF7024 MeOH extract
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MS analysis of SF7024 MeOH extract
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(1)

SF7013 F=&°] Ak &4 % DB 7=

SF7013 FE=°] tiAHAl Aol A vebd 4709 54 A4 <1 peakel sl MS 3
UV spectrume #413}e] Reaxys, SciFinder®} 72 F& #HA databaseZ ©]
43  de-replications A3t HR/MS #4122 molecular formulaE o5
.

SF7013 F=%9 4719 peak® MS¢ HR/MS 41 A3, Peak (1) A3
A S A ek, peak (2)v A 434, CuHyOoE, peak (3)+ 307,
Ci7H13N3Os2, peak (4)= 291, Ci7HsN;O.2 41 4.
TR ALy Unableto find Molecularwelght i 7\7
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SF7013(+] 4918 AT 343 AV 1 NL 24283 MW = 434 Ll
T. NS + CESI Full ms [150.00-1500.00]
100 43516 [M“Hl* i
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2
a0 004
g 03
5 0c2
g &g \ 354
E
3 0] \/\ 303
2w 8100 [2M#Na]* 0w S
= + T
P 2000 24000 26000 29000 A0 2000 1000 38000 8000 40080
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. S as7.3 [l ]| m
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2 47421 w0564
17082 )
38784 86079 =
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200 300 400 =00 600 700 200 800 1000 1106 1200 1300 1400 1500
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SFT013(1 #4915 RT: 312 AV 1 NL B74E2
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E
<
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<
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High Resolution MS
Positive lon mode
(<50 ppm)
Single Mass Analysis =
Tolerance = 50.0PPM / DBE min=.15, max =500
Selected filters None
Manaisotopic Mass, Even Electron lans
80 formutafe] evaluated with 7 results within limits (up to 50 best isotopic matches for cach mass] -
Piass Calc Mass | mDa | PPM | DBE | Pormuls L | e w o [ ]
4350671 4%.1855 16 37 95 CRHI O s26 jee 22 8
T IETETUT I T
75 12 185 coMmol  ams 8 23 A
18 (179 25 CIHRO 2668,9 ks 2 1
187 35 135 €26 HE7 06 wmE 2 27 6
165 e 55 ClEHTMZ g8 18 2 12
(95 4G 45 CleHM O 00 19 81 U
HRME
1610051 1822 214 Cm {18
4351671 [M+H]"
Chemical Formula: CzzH260¢
L3
Molecular Weight: 434.44
ja57 1533
3011447 hse 1556 . 991 3231
a )
5 TET.0448 335 1 537 | ZITPAT { 4261798 5601606 g71.23n  Jo64T1 81,2870 Ba”3"ﬂ-“”m,ess.ze::?g‘35“ 10853837 11453008 MO8 579507
150 200 250 300 30 400 450 500 550 600 650 700 750 800 850 900 | 950 1000 1050 1100 1150 1300 1250
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SFT013(+14872 RT 3.32 AV 1
T: TS + CESI Full ms [150.00-1500.00]
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1100

U T
1200 1300 1400
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135231

1500
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107714
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1200 1300 1400 1500

3.251 Exracted
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0.10-
0.0¢-
0.06
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2778 3271

0.02-
0.00

389 3|

220.00240.00260.00280.00300.00320.00340.00360.00380.0040

nm

Single Mass Analysis

Tolerance = 500PPM / DBE min=-15,

Sel

d filters. Nong
Monoisotopic Mass, Even Electron lons

max =500

310 formulafe] evaluated with 10 results within limits [up 1 50 best isotapic matches for cach mass)

- 3081054 [M+H]* H CH;
0. N
=N -
N Y, |
I =
" Chemical Formula: Cy7H,3Nz0O;  Chemical Formula: Cy7Hy3NaOg Chemical Formula: Gq7Hq3N;05
Molecular Weight; 307.30 Molecular Weight: 307.30 Molecular Weight: 307.30
2 3 4
109 1025
1850656 .05 . Lazr‘uus 435 igs 4806303 6152393 837 190 654 1969 7370047 210240 g7 106 B79130% g 5530 gog 1gay JOT4ITTIOTONTI 11852720 1355312
00 250 30 30 400 450 600 698 600 650 700 750 800 850 990 850 1000 1050 1100 1150 1300 1250 1300 1350
For Helo, oress Fl
o H X _TL]— l ] = §J_ 5l
19 11 Peak (3)¢] UV, MS &4 23 9 43 33+=




3598 Bctracted

018/221.3
SF;ME‘M 41073 RT: 3866 AV: 1 NL S75E3 0.164
< TS = cES! Full ms [150.00-1500.00] MW =291
1004 [MHH]221E Pos (+) 014
90- \‘ 0.12-
= 0.10
@ 70 =
g < o8
g ot
35 0.08
5 2M+H]
£ I T2 0049
& 30 0,02
389 9
2 000
103 20641
121769 130897  yuxigg 220.00240.00260.00280.00300.00320.00340.00360.00380.00400.00
0 nm
200 300 400 00 800 700 800 %00 000 1100 1200 1300 1400 1500
miz
SF7013(1 #1068 RT: 385 AV 1 NL: S25E2
T: TS - cES! Full ms{150.00-1500.000
105238
100: Neg (_)
o0
5
o s21.74
g 70
g
5 80
g
5
g s
z @
30 81857
nssau 121727 q3ze
20 Erokd 630.52 71455 128530
e PR Y A I |HH\ | P g
Tl ol Hmwi YR R A e O
200 200 0 st 600 70 S0 00 1000 1100 100 1300 1400 sbo
miz
High Resolution MS
Positive lon mode
(<50 ppm)
Slnma Mass Anarysqs .
Tolerance =500 PPM [ DEE min=-15 max =500
ed filters: None
Mnnulsuhp\n Mass, Even Election lons
261 tormula(c) evaluated with 10 results within limits (up ta 5 best isolople matches far cach mass) &
1T
% Chemical Formula: Cy7H3Nz0z
Molecular Weight: 261.30
23 0991
1570703 usgazs [HM4098S L,n\:ag HIATE sguasia 4993769 SI0470 605 2052 gas 2063 5027 105 1052 aiapae 1954710192249 "
200 260 300 350 400 450 500 550 600 650 700 50 800 850 an0 450 1000 1050 1100 i
For Help, press F1

1%l 12 Peak (4)¢] UV, MS 4] A3 ¥ o s3&

o AlF BRI UV S Aspergilluss: 172 £d& AT 23, peak (2)
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L T sty=2 o553, peak(d) GA] 22 AL circumdatin F2 o554

10



De-replication Results of SF7013 MeOH extract

Molecularfo Molecular

rmula Weight Sticaxe

— HEe 2AE 2| 2

2 Aspertetranone A Ci7H13N304 434.44

3 Circumdatin G Ci7H13N304 307.3

Circumdatin C

Circumdatin L

4

(S)-(-)-Citcumdatin F C47H;3NsO5 291.31

¥ 1 SF7013 %% W9 peak 174 de-replication 2 3}

B SF7024 F&%=9 diAbA £4 4 DB +=

SF7024 F=2°] tiAtA]l E4clA et 8719 54 A <21 peakol thal] o]l
gl MS % UV spectrum= #4384 Reaxys, SciFinder®} #< &3 A
database& ©]-& 3%t de-replications Al &3kl HR/MS #41 S 2 molecular
formulag o =3t

SF7024 FZ=9 8719 peak® MS¢F HR/MS 4 A, peak (1) &4t
223, molecular formula Ci;ogHoNOsZ, peak (2)& 288, CisHi2Os=, peak (3)
272, Ci5H12O5%, peak (4)+= 343, peak (5)= 529= &<l¥. Peak (6)2 + A}
574, molecular formula C3HoOn =, peak (7)3 peak (8)2 2 wATZZE
556, CgiHO10%2 2 E. 1 5 peak (3), (6), (7), (8)2 frAkgt UV gdo=

22 AL sgder g,

rlo o

o
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1.580 Extracted

(1) 0.30-
MW 223 act
SFT024i+) #4831 RT: 164 AV: 1 NL 304E3 Pos (¥)
T: [TMS + cESI Full ms [150.00-1500.00] 020]
458.80
10045
[2M+H]*
8¢ 0.15-
2 342
804
0.10 -
a 709 “’\/’
g
5
E 804 22 D:/ 0.05]
2 s03 A
\\i
é PrE 0.00]
E 30 220.00 240.00 260.06 280.00 300.00 320.00 340.00 360.00 380.00 400.00
nm
204
82713 o
109 3875 97212
“ oraE: 124228 q3s53p 142037
s
200 300 400 500 800 700 800 800 1000 1100 1200 1300 1400 1500
miz
SF7024i-) #480 RT: 184 AV: 1 NL 46BE2
T: TWS -cE S| Fullms [150.00-1500.001 Ne ( )
2221 -
100 [M-H] g
90
LLE
70
8 287.92 [M+HCOO]
5 60
g
£ 50 528.48
5 o 142318
& %] 77384 893,63 1
#6696 59913 i 147488
e 41522 I, o573 | T2 |ac g
PRE (ERY 31000 mazal ‘ Hsszsg ‘ i “ |_,
E I T il 1 T N 1 I
200 300 400 500 800 700 200 S00 1000 1100 1200 1300 1400 1500
méz
(1) High Resolution MS
Positive lon mode
(<50 ppm)
Single Mass Analysis ~
Tolerance = 50.0 PPM / DBE: min=-15,max=500
Selected fiters: None
Monoisotepic Mass, Even Electron lons
180 formulafe] evaluated with 10 results within limits (up to 50 best isotopic matches for each mass) &
Mass. CaleMass | mba | PpM_| DBE | Formmds [em [fe Tu lw [lof | &
2405 4055 06 27 65 CIOMONO: 16 W 0 1 5 |
24052 3 9.1 [3 [ 7 3
2408572 Cimstso Lz B 6 5 1
24,0671 GHONM M? 3 10 3 4
224.0644 C5 M5 W3 OZ 173 5 ] ) 2
240519 GHoN 07 21 5 10 3 7
2240631 C4 HIO NS 06 %2 4 10 5 &
224.0480 C12 He N3 02 30.1 1z 6 3 H
24,0506 crMIo ¥4 2 213 1 9
60475
% Chemical Formula: C1oHgNO5
Molecular Weight: 223.18
| [arosio  s611m e
; 115 5 733076
1egaf 20003 g | | L : [T 3g1 groz4teodes $I90T1S | SOVOZZ  5epmny 38292 geq 8190628 #78.0598 7080978 J2HI7BE 150.1554 snase
180 200 1:70 240 280 280 300 320 . 340 380 ‘ 380 400 420 “‘U 460 480 500 530 540 560 580 600 B20 @40 BBO 680 700 720 740 760 780 800 i 820 840 ]
For Help oress FI

1%l 13 Peak (1) UV, MS #4] A3 ¥ o s3&
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3.552 Extracted
(2) 0458736
0.40]
SFR024+1 #1054 RT 3.60 AV 1 NL: 843E3 i
T. TS + I Full ms [150.00-1500.00] o
e 1 MW 288 Pos (+)
1005 [M"‘Hr 6.30:
803 025
OE 2 265.7
.20
704
g 0154
g a0
R 610
£ 0.05]
£
= 3 0 T T T T T T T T
5 S 20,00 240,00 266,00 250,00 300. '«‘}': 320.00 340.00 360.00 380.00 400.00
33583 us
103 21748 45149 575.01
34830 796,48 88255 1079.54 £
S HTEE o VIR S O - Bl et S
200 300 00 st0 el0 700 800 200 100 1200 100 1400 1500
miz
SF7024(- #1056 RT: 361 AV 1 NL: 16%3
€51 Full ms [150.00-1500.00]
287.13
i [M-H] Neg ()
804
5 709
£ 350.45
£ &g
2
£
2 s
EE
& =] sr223 #15.00
209
" e, s o 101863 8950 o 141550 18707
21600 30314 856.33 82394 l
PE Ml i iR IV T N st P Ll \IIJ|‘|I|“|I ‘INI..\I‘II-.“\M.H‘M‘ Iyl h\‘.\.\. Wk
200 300 400 s00 e 700 200 500 1000 1100 1200 1300 1400 1500
miz
(2) High Resolution MS
Negative lon mode
(<50 ppm)
Single Mass Analysis =
Tolerance =500PPM / DBE min=-15, max=500
Selected filters. None
Monolsotopic Mass, Even Electron lans
i ass] 2
nwnlol | =
i 3 —
7+ 2
787.0529 A a1 115 CI1 H7 N6 04 5155.0 " 7 6 4
7055 40 133 65 clOHnkecs S50 . 0 oz 8
w47 58 Wz 185 CZHO s @ 7 1
27,0691 .6 00 LS COHIN O3 w6 7 6 3
2870457 Mi IS5 CITHING WS 17 7 2 3
2870654 3 4 WS CUHINRGS ESL7 18 1 2§
2810450 5 435 165 CISHINGO 4185 13 3 & 1 P
20-100%_Tmin_HRMS
0. OH
O OH
2W20M35 HiC OH OH
% ; .
Chemical Formula: Cy5H120¢
b7 700 Molecular Weight: 288.25
597 1024 6280322
271.0208| |2e80203 3797361 541.0822 3 629.0420 —
201502 saseera || l 7s91877g121010 9011203 3 10831015 T10013TT a0y ggg 1248002 130 50, 13914774 ;
T r T } e i
150 200 250 300 350 400 450 | 500 S50 600 651 700 | 75 | 8OO &80 400 | 850 | 1000 1050 1100 1150 | 1200 1250 1300 1350  14b0 1450 1500
For Help, press F1 Z

1% 14 Peak (2)¢] UV, MS 4] 23 ¥ oF 3=
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4.098 Extracted

2766
0.50-
SF7024(+131218 RT- 416 AV 1 NL 107E4
T TS = CES| Full ms [150.00-1500.00) MW 272
1004 2y Pos (+) 0.40:
[M+HF|
504
2245
80 -, 030
=
g 703
£
2 80 0.20-
3 03
g
& 404 0.10-
£ 0] . 3259
] sss74 [2M#Na] .
. T poves P e e v u v
103 o7 40 = 220.00240.00260.00280.00300. 00320.00340.00360.00330. 00400.00
28 3‘[‘?” 4214 sz 7208 Ly 52050 P57 107490 yiasTe  romzes 142591 e
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(3) High Resolution MS
Negative lon mode
<50 ppm
Single Mass Analysis -
Tolerance =300 PPM / DBE: min=-15 max =500
Selected filters, None
Monoisotopic Mass, Even Electron lons
249 formulafe] evaluzted with 7 results within limits (up to 50 best isotopic matches for each mass) -
!
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03 11 105 CISHIL OB 16 15 i1 s ]
AT AL 155 CIEH MO 129 16 7y el
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Unable to find any known
compound with the similar MW and
UV spectrum.
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Unable to find any known
compound with the similar MW and
UV spectrum.
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High Resolution MS
(6) Negative lon mode
<50 ppm
Single Mass Analysis -
Tolerance = 500 PPM / DBE: min
Selectad filters: None
Monisotopic Mass, Even Electron lons
122 formulafe] evaluated with 14 results within limits (up to 50 best isotopic matches for each mass) -
Masz Cole Moss  mbo [P | 06E [ Formua Teer [cTrd o [d H-C S
5731401 5731397 040, 195 Calwson 3 E TR S | I | 3 \O OH 0
STIIMI -4 50 235 CH RSO W05 35 & 6
§73.1338 83 .5 €38 H21 06 158 38 21 & B
573.1608 X M5 CZHB O 18z @ @ 13 I
5731244 3 G 155 €27 HIS 014 74 ar = 14
573.1186 25 IS M5 CMHA» 196 g o 9
S 55 96 105 CMHmOl 2z 2 3 16
573.1491 4.0 15.7 325 C42 H21 O3 BE 42 21 El H C
5712 4 78 385 CHHZOL S17 M 17 4 3~ a
e R LRl T (€] CH;
n_HRUS
1321 (4.034) Cm 311 [M-H) HO
- 5134401 CHs
OH
%
CH 3
s 3
574452 H
583111 4
Chemical Formula: C33H25010
530 2268 e 584 106 Molecular Weight: 572.56
5312330 s411215 S462703  ss500pp 4591734 5643047 5711632 5161375 | [ | 3751083 o5y 3385 se7asee E
oL | Iii B il Nl 7 [[lf o, 4 s081336 6132216 FIROITR go0 1530910999 gy 42 Get 1604 g
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For (7) and (8) High Resolution MS
Negative lon mode
<50 ppm

Single Mass Analysis -~
Tol PPM [ DBE min=-15, max=500

[ PP | DBE | Formua [WFr [ c [ H [ o] -~
7 13 5 CHWIOn 216 31 23 10
TS T8 B 33
1s 1|01 2 Z 1S
ms 744 W 18§
;s Ca2 1z 4 18 oz
75 ML @ w1
200 25 sz 17 3 oA
3 245 S HD O 00 ¥ Zm 7
.1z & i &

5.1 14 7
V"-'J ( o 0 (4 2663 Cm (338342, 1-TOF MSES
100 5551208 [M-H] 1.49e4
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185 1031 m:aw“ 333:53‘.550;'453 l 22 L f:’n 8451181 7901107 7750884 8350043 "mm‘””16";”;.;5”/”35‘75)|2ssz\2s'\_327:737
W0 A a0 am T am0 a0 s sk wbn w700 | 7%0 e om0 om0 go 1000 10s0 1000 ts0 1200 1350 1300 190 100 1450 1e00
For (7) and (8)
Molecular f
No. L ET T Mw References
ormula
i Asperpyrones A
2 Asperpyrone D Fang et al., Molecules, 2016, 21, 941.
3 Asperpyrone E

Gorst-Allman et al., J. Chem. Soc., Perkin Trans. 1
(1972-1999), 1980, p. 2474 — 2479.

K. Akiyama et al., J. Nat. Prod, 2003, 66,136 — 139.

4 6'-O-demethylnigerone

556.526 Ca;H24010

5 Asperpyrone A
6 Rubasperone A Huang et al., Planta Med., 2010 , 76, 1888 — 1891
7 Rubasperone D Huang et al., Helv. Chim. Acta, 2011 ,94, 1732 —

L[]
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-

g AR UV e S Aspergillus®: 91572 =85 A 23 peak (1)

rr

pyranonigrin A%, peak (2) monodictyphenone® peak (3)
rubrofusarin@ | &% 131, peak (4)9} peak B5)= 71 =AM ExF=k3t UV
WS sl 3HetE 2R Bl S. 18] 2 peak (6)2 aurasperone FZ o
=3l peak (7)3 peak (8)2 #2 ATxE 7F 7/H9 fFAMSE &3t=E

Shtera o=,

ofN
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De-replication Results of SF7013 MeOH extract

Molecular Molecular

No. Name formula Weight Structure
HO
E (o] 2 -CHs3
1 Pyranonigrin A CiogHgNOs  223.185 HNW
© o
%% on
2 Monodictyphenone C,;H,,O05 288.257 O O
Halt OH OH
Oy
3 Rubrofusarin CisH1205  272.257
O OH OH
4 - 343 SAEt UV I EH S PSSt ot = A R
5 - 529

6 AurasperoneF  C;H.0;,  574.541

Asperpyrones A
Asperpyrone D
Asperpyrone E
Asperpyrone A

788 556.526 CyyHp4O10

6'-O-

demethylnigerone 996.526  C31H24010

7&8

Rubasperone A

Rubasperone D 566526 GyHaOip

X 2 SF7024 %% W9 peak 178 de-replication 2 3}
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