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The development of the technologies for the production, application, and
evaluation of small molecules from marine organisms (2nd year)
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AL A /e ATEF

O AegA dd= a7 Md A%

- NCI(¥]=, National Cancer Institute)®] <73
AE A =2 2 AFolA 4 HAEL 01%7 @l
7HA el &eld. 53] s T ddEEe AE

]

[}
2%l FHksle], A=Y AFHE, ©
2)

(¥

Microorganisms | L Absolute number screened in italics

Marine Plants | 1,872
BB 6,540

HIR A —
Terrestrial Plants - 18,293

Terrestrial animals 434

O 2. AEdE AExsAE 24 = S (NQ)
Journal of Biotechnology, 1999, 70, 15

= ATAE 27dACNMEY S AL/dP FH Jbs %9 AV}

A 3}
NEE =, ik AAZe] Af ol 23] sfte] HHEH= F9r REE A
AE NF S 7HE3HA ske 7Rk ZlEo] g9E AS Y AAEY A
7bs/dol 71 Ao E A4E (LH 3)
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Discovery of potential dreug
candidate structureds) by
screening NI compoundfexiract
libraries,

| Choice of "lead” and a “back-up”.

Phase 1 Trials in patients {for a
cancer drug, must be patients with
cancer

| e— pharmacelogy: formulation:

| Prectinical production of
“agenls” (cGLPGMP)

— toxdcology (INDA-linked )

T

These arvas are where supply can
hecome eritical

aH

e

IT passes the previous stage then an
Investigational New Dirug Application
(INDA) submitted to FDA (or
equivalent Gov’t body)

INDA Approval or modification

Stage where licencing is often done,

l

Phase 11 Trials in patienis. For a
cancer drug then must be patients
with cancer amd may be open,
theugh can be o comparison with
current "hest practice',

be given after Phase 11 or even

Im a few rare cases, approval can
during the trial.

and resubmitial; on approval,
clinieal trials can commence

Phase T Trialks in patients. For a cancer
ilrug must be patlents with cancer and
oflen open or crossover,

. N .
<

v

l

New Drug Application (NI from data
Trom all irials, with adverse evenis noted
and a risk [ bepelit analysis performed,

Submitted to Government regulalory
body. Can be accepted, refected or more
trinls requested,

2ol ABAAY AT A HE

Pharmacology & Therapy 2015, 162, 1

C el AR 22Bol} AABZRE ookEe] AW o= ¢, 54
AR AL ot AxH, VARE 2229 B J5A AE, FHE
59 tals A7sl Bael WAHel ATog AuHT L. AR AL
2HE oY 7)%e AXEAT B4 RS ALHoz wIFa Ao Bad
yay

O YAES EX7 A A7 %
- AEFS AAoA AFozw &
AHAA NN SHRANE AT I
oEdFol 3 HA4 HAEY R s AdxFHA

Ast7] wWiEol =4sdd=E A, £HE I

-

A&7bed A 884, AEsty FAdl

AT71#E iy NRC

(National Research Council)Z AFAIZE A& dHA AA o, o2 =

4 HAES Hasta

-S4l B

shsty 9 T A o

I M= LA

=2 g v 9l

T

A=
mpH) Y g5 E43 gRE ve, dEo] Adxsta e,
of ZIRkgE ojekia) i A7F JFHL E.
AM PAZEF dHFHES Tl Au=FA ALY HAHA )
o, FAo] 7 gk @ REole AY wiHlAg S4 AL
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www.whoi.edu/redtide/regions/world-distribution

a9 4. 20153714 715E vlu] A9 E(PSP) HA § Y
Woods Hole Oceanographic Institution Website

HFB == FAF7H o], EF FA9 o84 F E} 54 Bt A
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gx 2 {4
N o O 618 4 3 =
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7Ivk AAE AR AR (A4 324
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A1 A AYEE ddE E=

O Theonella swinhoei (163PIL-102, 153PIL-101)ZF-& AL 54 HAE b=
- 163PIL-102= 2016} 349 A RHEA Q2.7 Kgl=Z AFEAS™ Theonella
swinhoeiZ &4 (ZFEH EF7)

- 163PIL-1029] WS FEE9 69 UAEF (A549-¥], ACHN-AF, MCF7-+¢
A375SM-Z A% HCTI116-th7, Hela-AH&)oll ek Al E AMEES 243 A1 H ) ﬂléﬁ
g = Aﬂii/‘* Hol= Aoz Uehd (& 4)

3 4. 163PIL-102 F=E9] JAEZAE A &4 (IC50, ug/mL)

A549 ACHN MCEF7 A375SM HCT116 HeLa
ICso 6.12 16.08 22.28 12.09 10.34 14.25

153PIL-1019] ZA-F 4719 SAZFS izt &4 BF FFol
(Hep3B)©ll tig+ A (apoptosis$} DNA damage, cell cycle arrest)= 7+
=1g (24 6)

0 05 1 2 5 10 (ug/ml)

)
1 i > o
70 - - | pATM S sk ;
2 - =] :
E.wu o 604
S 80 - e | yH2AX 3 e
= b £ 404
o
Tl we= wuw w= | cleaved-PARP % 204
£ 40 R a - - - .
a3 N . \ >
E 20 i ToH g-._;& W% “ . ww = | cleaved-caspasel %& é& é(é\ &‘é
= N & o ‘_E\}
S 0 -y - emge | Bax B S o )
v e r &\ oW Y &Y & & [ subGl
. & & &
Drug concentration (ug/mi) - N N G1
AT — 2h s
B3 G2/m

a9 6. 153PIL-101 s FEE9] IFAME (Hep3B) X A &4

_13_



3124E o, 163PIL-102, 153PIL-101 &+

- AQE AR G =4 2 %
42 grse Ao P Aoz B

= e
A WA HF2E Folsku ALEH
4 o

swinhoei® &7 (FH &)
- W (163PIL-102, 1.8 kg, wet wt)S FAHAEF §F FI/E3A2 M, n-BuOH/water,
el
=

n-hexane/15%agM .2 =212 £33 n-hexanes = 53 T silica® &8 (2™ 7)

163PIL-102
Theonella swinhoei (1.8 kg wet wt.)

extract

MeOH 1036 g DCM
solvent partition
n-BuOH Water
solvent partition 5544
15% agM n-Hexane flash column
95¢g chromatography(silica)
N-1 N-2 N-3 N-4 N-5 N-6
Hx Hx:EA (15:1) HxEA (10:1) HxEA (4:1) HxEA (3:1) EA
324g 273 mg 786 mg 372 mg

e A

Compounds T1-T14

1% 7. T. swinhoei$} ©o]ZHE vHZFA HAE 27 744

- Z47+e] EE(N-1~N-6)9] 1H NMRE <213t Z 3} N-1, N2oll= A4k A€ gl5tEo] &
ANES AT F AAE. N3-N-6= 2] 7}A steroid AE 3FEQ] TFEZ o F= o

HPLCE °]&3t £ ¥ (2H )
- N-3 (3.2 g)Z5-F HPLCE %3l theonellasterol A (T10, 1 g), 8B-hydroxythenellasterol (T2,
8.9 mg), theonellasterol-5,8-oxide (T1, 3.5 mg)E =g

N-4 (273 mg)E HPLCE #&|3}a 28-homoswinhoeisterol (T8, 31.4 mg), 8a

_14_



-hydroxy-14,15-b- epoxy-theonellasterol (T5, 1.2 mg)= &

- N-5 (786 mg)E HPLCZ 23} swinhoesterol C (T9, 1.7 mg), theonellasterol K (T13, 30
mg), 8a-hydroxytheonellasterol (T4, 1.2 mg), swinhosterol A (T14, 12 mg), 8(3-hydroxy-7-
formyl-B-northeonellasterol (T7, 1.6 mg), 150B-hydroxytheonellasterol(T3, 3.5 mg), 7a
-hydroxytheonellasterol (T6, 3.1 mg), theonellasterol G (T12, 5.9 mg)S V=

= T u

- N-6 (372 mg)E HPLCZ 2|3} thonellasterol E (T11, 5.0 mg)= A+

= T u

Theonellasterol G (T12)

Theonellasterol K (T13) Swinhosterol A (T14)

19 8. T. swinhoeiZFE £ H steroid AlE 3=

- 14 steroid Al€ 3&=2] &<HFE7E mouse macrophage cell line?! RAW264. 74| & ©]
&3t g2l (LPSE 9% 2 ¥, FFE A, IL6 = W3 574); theonellasterol



A(T10), G(T12), K(T13)elA &Ado] yephd. o] Al 717 JFES 1, 5, 10 ugd] ¥=2 F
A3l FAFEHE AFQ (1™ 9)

S IC50 S AAYE A3 T10, T12, T13 & 242 20 uM, 9 uM, 35 uME . =& 3¢
ANA 71E o]de] 48 YA = XA T109] B¢ 1 g #8HAen2 & 32
BAARA AFE B 249 FUHE VU U

c 300+ = 700~ c 700+
8 8 8
= 250 600 T 600+
- E )| E i
E:— 200 §:5ﬂﬂ 8:500
£2 10l £E 400 £ 400
% 2 w & 300 © 2 300
= 1004 = 2004 = 200 ]
-] 1] 1]
2 50+ g 1004 £ 1004
= =] =]
= 04 = 0- = o4
o oS &89 O S 0D 0P OO )
o‘% '\\’3 ;,{’,Q "qi °3 b"% ::;Q Q“E? ‘:k Q"Q‘ @F’
,\oc-" ‘35) Nﬁo o> q?o & Q,»:F& _@o
T10 T12 T13

e

18 9. T. swinhoeiZF¥ & H steroid AlE 33EQ Jd= g3}

- T. swinhoeiZF-EH 5% 15%-aqueous methanol 52 S A5 (Hep3B) A2 f = &4
S 1, ODS resing 83l 78 3. 6719 F8S FX4% 23 10% agMF} methanol
YA A3t AxE A 82l 7 Hﬁoi—rﬂ peptide A€ 2] theonegramide (T15)%}
polyketide Zl €] swinholide A (T16)< st T4 (28 10)

. T15 3+3E (theonegramide)= 3.0, 6.0 uM®] FEA ¥ 7bA QA L3 (A375SM (341
=), MCF-7 (7)ol dsl, 0.6 uM FX=o) A Hep3B (7tY) AMEFol thal] 50% AFE &S
UERE (IC50 = 3.0, 6.0, 0.6 uM (A375SM, MCE-7. Hep3B), 2 11)

- T16 3}3H= (swinholide A) 2 0.2 uM F XA Hep3B Aol W3l 50% AE &S YE
W (IC50 = 0.2 uM, 21 12)
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153PIL-101
Theonella swinhoei

exiract
MeOH DCM
solvent partition
n-BuOH Water
n-Hexane 15% aq.MeOH

70%agM 50%ag 30%agM 10% agM Methanol Acetone

Theonegramide (T15)
Swinholide A (T16)

Activity of the fractions against Hep3B cells

=120
2
gmnn—-_‘-—-—-*—-—r—-*—-—l —_— A, et A\ O e P
Q
5 80
b
= g0
2
Z
i
=
3
L5 || T =
R A ) SR T O BT T LI L R S CH R R

70%aqh fr. 50%agh fr 30%aqid fr. 10% agM fr. Methanol fr. Acetone fr.

1% 10. T. swinhoeiZH-E A EEA HAAE 537 3}A

0
H o {OH
Ho—? YA I
wy  ©oo HN\)J\Hj\fO

HO £ 3H

0 HO—A FiN OH

0 OH ‘{

Br («ﬁ) 0% “NH
HaNOG G n o o)

CII-!OI

y

H,NOC HO

T15 Theonegramide

= 24h

1204

100+

80+

&
L

20 & A37ISM
-m- MCF-7

S N -] N r.? (55

Cell Viability (% of control)
@
i

(=]

Ll
v

11. Theonegramide (T15)8] FZ<9} AL APEE SA 23
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OMe

Hep3B

-+ Z4h

Cell Viability (% of control)

o .
s
7
s

]

2

GMe  T16 swinholide A o

19 12. Swinholide A (T16)9] T2 M AMEE 54 23

O Bohadschia vitiensis25-E] TRPA 7]s A HAAE =

TRP (Transient receptor potential) 2|2 T= A EZ= o] =3}
# o) AE U/s] o5 AR R L&, B, S 9, Aok 53} pd
Zy Az o] Age o

TRP &S] TRPA (TRP ankyriny A8AE P43 A2 221 j7elh 47 opa e
BAsE GF ML BAH] E2 FHS AT o)L o5L s Ao &

A3

AA7EA ¥ TRPASH B ® W shs F4es WHAYZ (cold hypersensitivity) X}:L
A 3ROy %A &Aoo g Q3 B 4, ¢!

(migraine) ©|Y WAF (visceral pain) %t ofyzg} &
278 S S0l LEH

3] TRPA AAELS T4 41745 (diabetic neuropathy), &9t g8t o =z Q1gh 4l
B 3% (chemotherapy-induced painful neuropathy), &% FHF 535 X 5A 249 7fdo] #
(L¥ 13)

o =3 2
ppo] A Z | AJo} = oH°J¥i4%%% FE=E 3935—011 tﬁfﬂ TRPA 91%11 asol g
q (L™ 14), °] T M =L T g
g/ gA et 72 gt s 7H g A ﬁ}fﬂ 4 TRPA °4xﬂ EO% 32l
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- ~

PERIPHERALTISSUE >,

l 1
i * I
: Reactive compounds W TRPA1 : I I
N (methylglyoxal, 4-HNE) ol | I
] '| I
I — )
| TRPA1 activation [ | I
1 ! I
l = — 1 1
X | nociceptive transmission I
i Early phase: (] v |
: pain/hypersensitivity : ! Convergence of amplified ]
| h 4 - i 1 nociceptive signals I
| Prolonged Ca®* inflow 1 \ 4 |
1 => nerve fiber and function loss DRG ' -

I Allodynia I
: 'y ,
1 Ll I
1
~ I

19 13. TRPA &0 2 3 I AFHSs o4 71

(Koivisto, A et al. Pharmaceuticals, 2018, 11, 117)

120 4
1004 e
-
&
@
E  &n-
a2 .
a2
= B0
o 50 . °
=
™
=}
= 404 . .
2 .
= &
[S
= .
& LW
.
.

T T 1
40 60 20 100 120

% Inhibition-1st measurement

O 14, U SIFAE 393F FEE2 TRPA JA &4 =4 23}

& ol 4F2 mitochondrial COI FAA} @7 dS &3 24 54 23 A&

S 2% 385 = Bohadschia vitiensis 9] &elE (ZH 195)

S lem’A72 A2 F 572 7112313 ©] S methanol¥} dichloromethane .2 F&/53

=& S n-butanol/water, 15% aqueous methanol/n-hexane©. 2 =28 o7 & F3I
)=
i

% aqueous methanol S oA =58 EZES methanolZ} £ &3 &2 F& ¥

o
4
o

—_
V)]
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6 % (70% agM. 50% aqM, 30% agM. 10% agM. methanol, acetone)®l t]3}<]
AA &S gt A3 10% agMZ methanol &8 ol A Z+z; 1C50 0.43, 0.62 ug/mL
.

—mf Bohadschia koellikeri (J XBSSBSM)
W £

Bohadschia subrubra (JX683889)

40 ————— Bohadschia tenuissima (GQ920760)

151KO-610 (MNS61348)
pic]

100 | Bohadschia vitiensis (JN543448)

Bohadschia cousteaui(JN543451)

@ Bohadschia argus (AY574878)
» | .

Bohadschia atra (JN543444)

44

,ﬁm%m F

Bohadschia paradoxa(JX683897)

o,

Bohadschia marmorata (AY574882)
[ Holethuria arenicola (JN207610)
1w Holothuria atra (EU848266)

A
0.020

a9 15. B. witiensis A3 #2154 Ay}

151KO-610
Bohadschia vitiensis (600 g wet wt.)

exiract |
MeOH 85 g DCM
solvent partition

n-BuOH Water
solvent partition 39¢

Hexane 15% aq.MeOH flash column
34q chromatograpy (0ODS)

70%aqht 50%aqh 30%aght 10% agM  Methanol
13g 627 4 mg
SEC column chromatography (LH20) ¢ ¢

aceione
HPLC (ODS)

Compounds B1 -B6

13 16. B. vitiensisZ5E TRPA A &4 HAE 27 HHF

-

-5 84 E3d U3} SEC (size-exclusion column chromatography), HPLC 52 =3J3lo 6
=9 ﬂ-,} (B1 - B6)= #2], NMR, HRMS #4218 53| triterpene glycoside (saponin)® &
S (2¥™ 17)
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0

bigt G OH B1
HO" “OH
Ome R* " YOH B2
HO Q o B3
HO™ “OH B4
Ho/\[‘:j"o BS
HO" OH BE
OMe

1% 17. B.vitiensis Z5-F

24
R'= m/\/‘\]/ R? = OH, R¥=H, R* =H
Rl = %/\/\I/ R2 = OH, R3 =H, R4 = OH

R2=0H, R3=H, R4 =H
R2, R3=0, R4 =H
R2=H R3=H,R4=H

R!= /[’)< 2 3oy pé=
e NG R<=0H, R*=H, R =0OH

219 saponin AlE 3}TE

- A9 FEAZ F1E B4 FFES A9, 1H, 13C NMR¥ 7] 2D NMR (HSQC, HMBC,

COSY)S #43t aglycone &9 +2E& &4

3t o™, NMR¥ 3$H74 MALDI-TOF

MSMSE &Felste] oA 7} Jo] wiA] «X5 &g (2™ 18, 19)

hexasaccharide—0

| i
__.__J,II .UIAMLL M(H

S VI

N VI ha_oLh

Th

j e
= . , il

719 18. B. vitiensis 2] 415 saponin 3}3& (B4)S] 2D NMR #4 2}
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19 19. B. vitiensis 2] 415F saponin 3= (B4)9] MALDI-TOF MS/MS #4] A3}

229 313E 639 tigk TRPA A &4 &<l AF 1C50 0.6 - 2.3 uMe] =2 &Aool
gl (F 5), 400 mg oo 2 T 229 B5 g5 A9 TE RdoAo BZ ¢
A FAHE FoF

¥ 5. B. vitiensis 2] 335 (B1-B6)2] TRPA <A &4 (IC50, uM)

Cpd B1 B2 B3 B4 BS5 B6 A-967079

ICso 0.60 1.07 1.26 2.26 1.36 1.33 0.80

3%)9] WEHAE HolHE5E 2HE A7IME G 6)A A

| #1380 polyketide®} non-ribosomal peptide (NRP) A &4 & &
sequence %Y

- Polyketide synthase (PKS)9} ##H3| = PF00109, PF02801 (keto-synthase), PF00698
(acyltransferase)2} PF08659 (ketoreductase), NRP synthase (NRPS)o| t3d|A = PF00501
(AMP-binding module)®} PF00668 (condensation module) 5 2] Pfam profile patten= A3}
hmmscan®©. 2 sequence B2 ZI3) (¥ 6, 7); PKS, NRPS gene sequencesS H. -3+ contig
1947471 &1 ¢

- PKS % NRPS gene clusterS 2t7] 9|3l antiSMASH &89 &4 Z3) 7}7]¢] HMMER
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search hito] X &= 105752 PKS2} 67H2] NRPS gene (cluster)”} 2215

- O]9 PKS gene cluster= 7]X.3l PKSE I+
cluster52 27] ©]3l9] moduleEE2 TFAAFHO Jom (¥ 22), €F gene sequences>

micromonolactam A @A # A#o] Y& AHOE o FH.
- o] S% NRPS gene cluster A &# 3] sequence= = -2 similaritys H . o 729

1l o
N~ O

gene (cluster)E< 27 ©]3}le] moduleE & 74 (I ¥ 23)

Az (1A= A

3£ 6. 3™ WEIAIE de novo assembly

similarityS 2. tFE9] gene

No. of contigs

Total size (bp)

GC ratio

Size of max. contig

N50

N90

194CH-01

38,294

89,532,356

56.86

169,778

2,610

1,138

194CH-03

116,900

230,614,909

45.00

311,960

2,025

1,137

194CH-07

85,623

346,460,911

63.08

3,575,507

9,518

1,367

194CH-09

140,613

357,303,635

55.65

755,827

2,783

1,215

evel_1 evel 2 evel 3

| ContiglD _GenomeBiniD COG_ID CogCode 194CH{ 194CH3 194CHT 194CH9

‘NODEJ MGC_C17 COG3321 Q (0.0000  0.0000 71434 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
|NODE_1 MGC_C17 COG3321 Q = - = 3 = = -
iNODE_S MGC_B4 COG3321 (e} 00000 00000 53871 0.0000 Fafty Acids, Lipids, and Isoprencids Fatty acids Fatty_Acid_Biosynthesis_F
NODE_8 MGC_B80 COG3321 Q@ 0.0000 Q0000 71544  0.0000 Fatty Acids. Lipids, and Isoprenoids Fatty acids Fafty_Acid_Biosynthesis_F
‘NODEJ MGC_B60 COG3321 Q 0.0290 00000 71715 0.0000
INODE_23  MGC_B11%  COG332 Q 00200 00000 59272 0.0000 Fatty Acids, Lipids, and Isoprencids Fatty acids Fatty_Acid_Biosynthesis_F
|NODE_ 29 MGC_B79 COG3321 Q 0.0000 00000 277994 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatly acids Fatty_Acid_Biosynthesis_F
|[NODE_34 MGC_B114 COG3321 Q 0.0000 00000 70781 0.0000 Cell Wall and Capsule Capsular and extracellular polysacchride Capsular_heptose_biosynt
‘NODEJZ MGC_B141  COG3321 Q (0.0000 0.0000 76887 0.0000 Fatty Acids. Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
INODE_48 MGC_B142  C0G3321 Q 00207 0.0000 176789 (.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
iNODE_BS MGC_B140 COG3321 (e} 00213 00000 54987 0.0000 Fafty Acids, Lipids, and Isoprencids Fatty acids Fatty_Acid_Biosynthesis_F
|NODE_86 MGC_B114  COG3321 Q@ 0.0000 00000 65337 0.0000 Fatty Acids. Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
‘NODEJS—’& MGC_B142 COG331 Q 0.0000 00000 14.8113 0.0000 Fafty Acids, Lipids, and Isoprenoids Fatty acids Fatty Acid_Biosynthesis_F
|NODE_151 MGC_B84 COG3321 Q 00200 00000 66780 0.0000 Fatty Acids, Lipids, and Isoprencids Fatty acids Fatty_Acid_Biosynthesis_F
|NODE_155 MGC_C172  COG33 Q 0.0000 00000 43276 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatly acids Fatty_Acid_Biosynthesis_F
|NODE_170 MGC_B42 COG3321 Q 00201 00000 93570 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fafty Acid_Biosynthesis_F
‘NODEJQZ MGC_B147  COG3321 Q (.0000  0.0000 91618 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
|NODE_253 MGC_B119 COG3321 Q 0.0234 00000 6.08756 0.0000 Cell Wall and Capsule Capsular and extracellular polysacchric Capsular_heptose_biosyn
|NODE_269 MGC_B155 COG332 Q 00000 00000 34419 00000 Cell Wall and Capsule Capsular and extracellular polysacchride Capsular_heptose_biosynt
|NODE_296 MGC_B152  COG3321 Q@ 0.0000 00000 68108 0.0000 Fatty Acids. Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
‘NODE;’SDI! MGC_BS57 C0G3321 Q 0.0217  0.0000 3.6920 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty Acid_Biosynthesis_
|NODE_307 MGC_B138 COG33H Q 00000 00000 68230 00000 Cell Wall and Capsule Capsular and extracellular polysacchride Capsular_heptose_biosynt
|NODE_347 MGC_B80 COG3321 Q 0.0264 0.0000 3.5736 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_
|NODE 435 MGC_B133 COG3321 Q 0.0000 00000 102453 0.0000 Cell Wall and Capsule Capsular and extracellular polysacchride Capsular_heptose_biosynt
‘NODE_—H? MGC_B122  COG3321 Q (0.0000  0.0000 34518 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
INODE_445 MGC_B155  (C0(G3321 Q 00000 00000 34920 00000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
iNODE_453 MGC_B133 COG3321 (e} 00000 00000 61541 0.0000 Fafty Acids, Lipids, and Isoprencids Fatty acids Fatty_Acid_Biosynthesis_F
|NODE_453 MGC_B133  COG3321 Q@ 0.0000 00000 53122 0.0000 Fatty Acids. Lipids, and Isoprenoids Fatty acids Fatty_Acid_Biosynthesis_F
‘NODEJQQ MGC_C172 COG3321 (6] 0.0000 00000 45577 0.0000 Fatty Acids, Lipids, and Isoprenoids Fatty acids Fatty Acid_Biosynthesis_F
|NODE_530 MGC_B11 COG3321 (e} 00000 00000 63259 0.0000 Fatty Acids, Lipids, and Isoprencids Fatty acids Fatty_Acid_Biosynthesis_F
19 20. HMMER search 23 (¥%) - PKS
A B il £ of Bl FE | & | Hi | I Il M il (] I
CDS_ID ContiglD GenomeBinID COG ID 194CH1 194CH3  194CH7  194CHS Functions AntiSMASH
| 8PNG_0067797 NODE_360 MGC_B42 COG1020 01491 00000 133606  0.0000 Detected
iSF'NG,OD‘/Q#E(NODE,EM MGC_B83 COG1020 00000 (00000 29121 00000 Enterobactin synthetase component F, serine activating enzyme (EC 27.7 Detected
|SPNG_0311042NODE_19035 COG1020 00367 28084 00000  0.0000 Detected
|SPNG_0397717NODE_37970 MGC_A168 COG1020 00000 00000 20102 00000 Long-chainfatty-acid—CoA ligase (EC 6.2.1.3) Not defected
|SPNG_0528794NODE_77909 COG1020 00000 21276 00000 00000 Not detected
iSF'NGJJS?ZQTE NODE_94738 COG1020 02366 00000 00000 15045 Not defected
|SPNG_058482ENODE_99613 COG1020 00000 00000 00000 05303 Detected
|SPNG_(839712NODE_12388¢ COG1020 00000 22761 00000  0.0000 Detected
| SPNG_0722007 NODE_163934 COG1020 00000 14654 00000 00000 Detected
| SPNG_0832862 NODE_225677 COG1020 00000 0.0000  0.0000 06307 Not defected

13 21. HMMER search 23} - NRPS
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Help Contact

ect genomic region
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221 | 231 241 254 2611 | (izzA)) (284 ) 251 30.1 34

NODE 65 - Region 1 - TIPKS

ocation: 173,275 - 222,748 nt. (total: 49,474 i) ‘Show pHMM detection rufes used T h—— SPNG_0026039

Locus tag: None
Protein [D: N

026039

Location: 1 -202.748, (tatal 9474 nt)

biosynthetic {rule-bas
biosynthetic |
hmsyntheh {re-ba
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isters) TIPKS: PKS_KS

ased-clusters) PP-binding

.egend: i protein transacylase (Score 2244 E-value: 2 5e-5:

ite details
NGB BlastP on this gene
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MEIG Hits
view E
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[ core biosynthetic genes | [l additional biosynthetic genes . [l ransport-related genes | | [l requiatory genes | | [ resistance genes | | [other genes . [l TTA codons
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NRPS/PKS products Y NRPS/PKS monomers:
Detailed domain annotation

Predicted core structure(s)
Selected features enly For candi

1, location 173274 - 222748: &
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Link o NORINE database query form &
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NODE_504 - Region 1 - NRPS
Location: 26,283 - 72,773 nt. (total 46.491 nt) Show pHMM detection fules used

Downioad region GenBank file SPNG_0073450
srs Locus tag None
— Protein ID: None

Gene: SPNG_0079450
Location: 48 787 - 52773 (total: 3987 nt)

biosynth based-clusters) NRPS: Condensation
biosynthetic d-clusters) NRPS A»\AP—bmdw
biosynit

biosynthetic-
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Active she details: &

Legend:
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MIBIG Hits
W resetview | Q zoomto

I core biosynthetic genes | | [ additional biosynthetic genes | | [ transport el

7 AAsequence: Copy 1o cipboard

o Nucleotid: e Copy to clipboard
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Predicted core structure(s)

Selected features only For candidate

NRPS/PKS domains YKnownClusterBlast¥ SubClusterBiast
Detailed domain annotation
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SPNG_0079433 |— ——
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anti )
If you have found antiSMASH useful, please cite us

a9 23, 3|H HEIAI RS ZRE o % NRPS gene cluster (€%)

- IE PKS, NRPS gene (cluster)5©] 194CH-0791A EQlF oz ol FASE HA
2433 #A gene cluster T/ AS ATFE Y

O ¥ B2 54 (194CH-07 A &2 53 A}

-

¢

A 194CH-079] ¥A 54 3, s 54 ¢

S 7T E o|FoAY, HY] Y 5L A4 A9

7H B2 4 28
(

- B g ddew
A 3]

=
m
0%
>
i

‘N' o

L

shg] AAAEER, Aol HAhol A= Faciospongia sp.
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(Demospongiae - Dictyo- ceratida - Thorectidae)@ Q1% Q0™ 185 rRNA 249 (1422 bps,
complete deletion)ol| 4] = Dactylospongia elegans (Thorectidae)®} fFAFSE So.2 AF (12}
U= A

- Sponge Barcoding Project (spongebarcoding.org)®] Aol w2} 28S rDNA C-region¥} COI
mtDNA extension regions 83 EAl5HS F7IHoZ 43
* Sponge Barcoding Project(SBP); X& sHTY A S sl 2010 A=
34,0007 2] FEA LR A|HEAE ulg S Z 285 rRNASF COI sequence target barcode
primer 37}

- YE RAFo Y W A5 E 335t proteinase K7} H7FE lysis buffero] A,
NucleoSpin® Tissue kit®] animal tissueE 98+ FZF protocoldll W} 32 =5 X138

- =% DNAT 1.6kb~8kb2] sizeE X J; DNA degradation #3]-& W Ho| HAs}# &3 Y
5 X33}l degradationo] WA Ao g HATEH (Y 24)

"

10khb
Bkb

b
E

1.6kb

-

a.skh

29 24. 194CH-07 A 59} o228 E F&9 gDNA

dgLCO1490, dgHCO2198 primer set2 ©]-83}% COI %A} sequence

AN &2 purification ¥ sanger sequencingd}®] 660bp Zo]e] AldAZ &

NCBI BLAST Z3} Demospongiae sp. straing (GW3268, 3273, 5790, 5935, 5954)¢] COI gene
o] 77%%2] covereageS H |1} E-value 0.00 &2 100%9] similarityE B 7 FASH $ 2

= e, Aao = Hye = = Dactylospongia elegans

(Porifera-Demospongiae-Keratosa- Dictyoceratida-Thorectidae-Thorectinae-Dactylospongia) 2}

98.62% % 7} §AF ( 7)

- 288 rRNA AlE 2~ ARE 7] 93] Sponge Barcoding Projectol] 4] A& 3}= 28S rRNA
target primer setQl 28S-C2-fwd, 28S-D2-rev primer setS AME S-S A =3 o} A

- Z9FE29] 28S rRNA sequences ©]-83}4] multiple alignmentE X33} S wf forward
primer 2 %H-2]12] nucleotide 1base’} 7] primerX €3} zolye= AL

23t primers A Z A2 (28 25)
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X 7. 194CH-07 213 (COIL, similarity 98% ©]%h

Description Query E Per. Accession
cover | value Ident
Demospongiae sp. GW5954 COI 77% 0.0 100% | KU060741.1
Demospongiae sp. GW5935 COI 77% 0.0 100% | KU060735.1
Demospongiae sp. GW5790 COI 77% 0.0 100% | KU060716.1
Demospongiae sp. GW3273 COI 77% 0.0 100% | KU060605.1
Demospongiae sp. GW3268 COI 77% 0.0 100% | KU060603.1
Cf. Hippospongia sp. G313261 COI 87% 0.0 | 99.83% | JQ082792.1
Demospongiae sp. GW5791 COI 77% 0.0 99.81% | KU060717.1
Thorectinae sp. GW26644 COI 75% 0.0 | 99.80% | LR699430.1
Dactylospongia sp. DAS.1 COI 100% 0.0 99.70% | KX894492.1
Dactylospongia sp. DAS.2 COI 96% 0.0 99.69% | KX894493.1
Demospongiae sp. GW3534 COI 77% 0.0 | 98.83% | KU060695.1
Dactylospongia elegans strain SCS1 COI 87% 0.0 98.62% | KY979509.1
Dactylospongia elegans isolate G313054 COI 87% 0.0 98.62% | JQ082802.1
Dactylospongia sp. QM G311348 COI 75% 0.0 | 98.59% | LR699408.1
CC GAGAH TTTC
1 1= =11
-BG----BAAA--—-GBTE——————AAAAdTR--——CTTT-——-GAAA----ABAG-——~—- AGTCAARAI
-66----GAAA-——-GATG-————- AAAARCA———CTTT-——-GARA——RBAG—————= AGTCAAR
-GG----GAAA--—-GBT G-~ AARAGTR----CTTT----GAAA----AGAG--~~--AGTCARRI
-BG----GAAA-———-GATG-———-~ aRARgcR----CT1TT----GAAA--——-AGAG----~—- AGTCAAAI
-G6-———GARA———GATG—————--ARARGCA-—--CTTT——-——-GAARA-———ABAG-—-———- AGTCARRA
-G6--——GAAR-———GATE————— ARARECH-——CTTT-——GARA-———ABAB-———--AGTCAAR
-GG----GAAA-——-GATG------AaaAgch----CTTT----GAAA----ABAG---—--AGTCARRAI
-B6----GAAR-———GATE-—————- AAAAGACH---—-CTTT----GARA---—-ABAB--—---- AGTCAARI
-G6--——BGAAR-———GATG———— AARAQCA-——CTTT———GARAR——AGARG————— AGTCAAR
-BG----GAAR--—-GATG-———-— ARARGCh----CTT1T--—-GAAA-———-ABAG--———-AGTTARRA
-GG----GARA--—-GETE————-~ ARARGIR----CTTT----GAAA---—ABAG—-———- AGTCAAR)

(%) Forward

- AA/A 2 primer setol] %A%+ PCR condition

A ¥ sanger sequencing S} 318bp ZHo]e] Al

FRAE

Primer set

285-C2-fwd (GAA AAG YAC TTT GRA RAG AGA GT),

285 | 585 p2-rev (TCC GTG TTT CAA GAC GGG)

1% 25. 194CH-07 28S tRNA sequencing= 9|3+ primer A2 7

R (Fgura)T A5

[ AR
T

primer A€ T

(3h AZ Y(C or T)Z u}o] | 2}E primer

|23

=

b
oo 9H

o]

=2 o
= ©

8 o] ZEo| 4
=)

-

iz
=
2

nucleotide (BZHE|F 2] 8F2)

ZZ 5 28S rRNA

- BLAST Z3} Demospongiae sp. strains®] 28S rRNA gene= 3 99.69%2] similarityS X o 7}

AR

=
€}

TOE UEYH HHow Hud

M FAG (E Y
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¥ 8. 194CH-07 &A= (28S rRNA, similarity 98% ©]7})

3

Description Query E Per. Accession
cover | value Ident

Demospongiae sp. GW5954 28S rRNA 100% | 3e-162 | 99.69% | KU060520.1
Demospongiae sp. GW5935 28S rRNA 100% | 3e-162 | 99.69% | KU060514.1
Demospongiae sp. GW5884 28S rRNA 100% | 3e-162 | 99.69% | KU060502.1
Demospongiae sp. GW5791 28S rRNA 100% | 3e-162 | 99.69% | KU060486.1
Demospongiae sp. GW5790 28S rRNA 100% | 3e-162 | 99.69% | KU060485.1
Demospongiae sp. GW3547 28S rRNA 100% | 3e-162 | 99.69% | KU060474.1
Demospongiae sp. GW3540 28S rRNA 100% | 3e-162 | 99.69% | KU060470.1
Demospongiae sp. GW3534 28S rRNA 100% | 3e-162 | 99.69% | KU060466.1
Demospongiae sp. GW5798 28S rRNA 94% | 3e-153 | 99.67% | KU060488.1
Demospongiae sp. GW3268 28S rRNA 100% | 6e-160 | 99.06% | KU060393.1
Dactylospongia elegans strain T3 28S rRNA 100% | 1le-156 | 98.11% | MK554863.1
- A1E %A A7} 194CH-07°] COI, 288 rRNA 79+ A &4 2T A Dactylospongia 4] 4]

iF  (Demospongiae sp., Thorectinae sp.)¥ Z& IFOZ FIROW olF T

Dactylospongia &0l &3t= vl & U AS & F As (L 26)

g2 | Dactylospongia sp. DAS 2 KX894493
Dactylospongia sp. DAS_1 KX894492
5711194CH-007_

et Hippospongia sp. G313261 JQ082792
B Demospongiae sp. GVW3534 KU0G0695

%2 | Demospongiae sp. GW5791 KUOGOT1T
Demaspaongiae sp. GW5954 KU060741
Thorectinae sp. GW26644 LR633430

Smenospongia aurea ZMA POR13807 LR6539422

Hippospongia lachne EU237484

100 | Psammocinia halmiformis JQ082837
L ircinia dendroides KX866759
Coscinoderma sporadense KX866774

Sarcotragus spinosulus 457 MK350316

_27_

Dactylospongia elegans G313054 JQ062502

&5
= Dactylospongia sp. QM G311348 LR693408



24 Demospongiae sp. GVW3268 KUDG0393
<3| Demospongiae sp. GWAT98 KU0G0488
g

2 Demospongiae sp. GW5954 KU0G0520

Demospongiae sp. GW5935 Saudi Arabia: Red Sea Farasan Islands KU0G0514
Dactylospongia elegans T3 MK554863
- 194CH-007_

-5, Dactylospongia elegans SCS1 KY970158
100 F Dactylospongia metachromia SDCC RF047 LRE99476
92| Dactylospongia elegans NCI066 KCB69554

Hyattella intestinalis NCI079 KCB69547

Fasciospongia cf. cycni NCI030 KCB69586

Coscinoderma matthewsi NCI124 KCB63557

Coscinoderma lanuga POR17975 LS974452
— Cacospongia mycofijiensis IE_140609_001 LC136934
00— Cacospongia mycofijiensis NCI163 KC869601

Fasciospongia chondrodes NCI150 KCB69610

138 26. 194CH-07 AEEA A3

=

COI 7%} phylogenetic analysis (%d)/ 28S rRNAZ|RHF phylogenetic analysis (3})

O
o
=
@)
T
S
Q
:‘.’L_'.
e
o

B24S 98] 194CH-07°] &
=

fata 2) FLAFEE 3259 A4S 59D
A3 53 SAo] B2 89 &0 =A YEser, o]24Y 39= 105 (D1-D8)°]
e E (Z¥ 27)
194CH-007
Dactylospongiasp. (75.0 g dry wt.)
extract
MeOH .5 g DCM
solvent partition
n-BuOH Water
solvent partition 78¢g 115¢g
Hexane 15% aq.MeOH flash column
1.8g 529¢g chromatograpy (ODS)
50%aqM 30%agM 10%aqM MeOH Acetone  Ethyl acetate
335 mg 81.7 mg 182.5 mg 358.8 mg 209¢g 498.9 mg

MPLC (rp/np)
HPLC (ODS)
Compounds D1 - D10

% 27. 194CH-0725 8 HAE &7 7434

= 84

- IH NMR, 13C NMR¥} HRMSE &3 £d FgE9 54 ZAx

i

2% DI-DS

flo
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smenospongine,

smenospogidine,

ilimaquinoe,

smenospongiarine,

5-epi-ilimaquinone,

langcoquinone  C,

smenospongorine®. 2 A F o,

meroterpenoid 2 <l’4E (28 28, 29)

- U] X 31 meroterpenoid®l] ti3jA= T
2 d4E

Z84A 438 F ol ilimaquinoned Y =749

nakijiquinone L,
2% wEI
=40

illimaquinone

5-epi-illimaquinone

langc

oquinone C smenospongine

smenospongidine

19 28. 194CH-07=2% ¢

smen

ospongiarine smenospongorine

2 ¥ 71A meroterpenoid 8F

JLLN‘LPL/\JW‘W*U

j LJA\

I i

|

JL, _JJJ_J UU@MW

I |u - ‘J‘A_L,.ﬂ\ﬂ-'ll-. ML‘\‘-‘ AI"',A.JV‘LJ.,'-LJ(_
I D R Py W ) (N
IMI,H' Al li'-.,

L A_J__m_m_,_wum_;

nakijiquinone L

T
7.0

T
BE.5

T T T
6.0 55 5.0

f1

T T T T T T T T
4.5 4.0 3.5 30 25 2.0 1.5 1.0
{ppm)

T
0.5

0.0

19 29. 194CH-072 %8 #2]¥ 7]A meroterpenoid®] 1H NMR
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- Ilimaquinone 3}3E2-2 HIVY RNaseE JA|st= dufo ]f'ﬂ* g4, Gl phase arrest 2
CHOP/GADDI53 nuclear translocatione 53t &4&4d 55 Uelll= o] Ri¥. (Loya,
S. et al. Antimicrob. Agents Chemother. 1990, 34, 2009; De Clercq , E Med. Res. Rev. 2000,
20, 323; Takizawa, P. A. et al. Cell 1993, 73, 1079; Lu, P.-H. et al. Eur. J.Pharmacol. 2007,
556, 45); A= B8] o AFAE 4 TV e AR A

- F2 AT AmoA A E = meroterpenoid AT A FAE 30 - 50 kbp Zo] Wil
polyketide %<9 A3/ A HE PKS gened} terpenoid F-22] AT FHE terpene
synthase genes 7 3frstar glow, 1 9 AFA| F47 F7HH) 72 W et

=

prenyltransferase, oxidoreductase, P450 & gene 55 X3

- PKS-TPS(terpene synthase) hybrid HE] S FHA 7 W=& HRZ 194CH-079 W EHAl= =
55 BA/AFEVIR 2A

O 194CH-07 W E}A &= 2 2 H-E] meroterpenoid A& FHAE W=

- MeroterpenoidZ]l 3FES T2 i (fungi) HlFAANA EHH= FAF7F ZoH, o
genomeo] g EA o2 AA FHATo] EEFH AT AHEo] vy Hiso
(ascofuranone, ascochlorin, anditomin, arthripenoid, berkeleyacetals, andrastin A, terretonin,
eupenifeldin, paxilline, pyripyropene, terpentecin -s)

- Fungal meroterpenoid A&/ A A2 30 - 50 kbp Z ]9 sequence U]l polyketide F-&
o] A3} #HE PKS gene} terpenoid F-3-2] biosynthesis®} & terpene cylcase gene
2 W Fesm Qem, 1 9 AT AR FHHQ Tx wge Bew
prenyltransferase, oxidoreductase, P450 #d FHAES sl U& (L™ 30)

<€ 32 kb >
)
& o
o~ P &
e o
N 2\ & V-3
°°’i\°°é e)\}c.'t'bc” & h()‘e' o
RN & O
& o S A 20
\@S‘ Q‘e & N @ o Qo
272506 291 179 02 .90 W290 ? 50
R A B [ gene-1 gene-2 D E gene-3F G

1% 30. Fungal meroterpenoid A 34 A 72 (4) ;
Ascofuranone® B A AT =
(Araki, Y. et al. Proc. Natl. Acad. Sci. 2019, 116, 8269)

- PKS-TPS(terpene synthase) hybrid e} 2] gene cluster WS 53X E 194CH-079] HWEM =
A5E /458712 254

- Ilimaquinone A4 A2+ ZA H GAZ FATHY IS Aoz odAH; (1) polyketide

_30_



synthesis; quinone Z - Q1 benzoic acid A ¥/d, (2) polyprenylation; polyketide$} terpenoid

A4, (3) linear terpene cyclization (terpene cyclase), (4) functional group modification

(accessory enzymes). (1)2] #A o]3 (2)-(4) o] o3t A ZE TS Y=
FH2} 75 B4 o]l: s AE2L YEH F Y (ZL¥ 31)

2T = AT

Polyketide synthase(s)
HO o)
OH = MeJ\ONa
(o}
l Prenyl transferase
OMe OMe ?Me
\“/"Q:‘:W HO “‘//_J:‘\:: O_\\' J\‘Q\ O, .- '\\:_:
HfOH ) )@ 1
P ; P ) - 7Y o
o - | & o~ & _~OH
‘ | % RN iy Rt o T
= R I | J ‘Ak\_ H‘ Pl L}.\ ! S
\ \}‘\ S \.;\ e ?\ g

1% 31. Ilimaquinone?] A3A H=E o=

- 194CH-07 &l " EA = dlo] Bl antiSMASH &£41; 7771 2] nodeol| Al PKS, 8671 2] node°ll
2] TPS (terpene synthase), 3471 2] node®] ] NRPS (non-ribosomal peptide synthase) ¥
Aol &lE. (29 32, 33)
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SMASH version 5.1.1

o1 51 (ERD CZ2ERD G20 CZD o+ 2D

. D D @@Cnan D« CRDED +* GG CHCD
@D - - D TD CH AN D @ D ;
i 2001 D ED 2101 €
PTTIRD (28561 2957 1
20881 (30861 31571

(RN 41521 41807 |[ErecRl 42581

as4 1 (EXXP (400 i
@D = EDED: -
m PEICR (23601 23741 2432 1 m 24811
o1 (EEED @rret evio2 EIERED iser e

polyketide synthase - terpene synthase - non-ribosomal peptide synthase

1% 32. 194CH-07 WEMH=2] antiSMASH A3} 7] 2

Most similar known

Genome bin ID Node Region Type From To Similarity
1 cluster
248 MGC_C172 NODE_155 Region 3116.2 T3PKS 104,458 145,561
243|MGC_C172 NODE_218 Region 3125.1 terpene 57,848 79,794
250|MGC_C172 NODE_4599 Region 3133.1 TIPKS 1 27,744
251/ MGC_C226 NODE_1181 Region 3166.1 TI1PKS 3,636 44,989
252/ MGC_C226 NODE_2667 Region 3175.1 terpene 10,363 23,665
253 MGC_C226 NODE_3150 Region 3188.1  bacteriocin 11,502 20,939
254|MGC_C226 NODE_5159 Region 3220.1  betalactone 18 14,306
255|MGC_C226 NODE_10136 Region 3289.1 bacteriocin 57 8,574
256|MGC_C246 NODE_2725 Region 3407.1  NRPS-like 1 23,343
257|MGC_C246 NODE_1464% Region 3473.1 terpene 1 6,748 hopene; Terpene 15%
258 MGC_C246 NODE_15797 Region 3479.1 terpene 1 6,458
253|MGC_B141 NODE_42 Region 1.1 TI1PKS 249,940 299,536
260|MGC_B141 NODE_g4 Region 3.1 terpene 123,632 167,941
261 MGC_B141 NODE_64 Region 3.2 bacteriocin 215,678 226,547
26-2_ MGC_Bl142 NODE_10 Region 40.1 bacteriocin 277,579 287,830
263 MGC_B142 NODE_41 Region 41.1 terpene 23,328 45,423
264/ MGC_B142 NODE_48 Region 42.1 TIPKS 154,707 204,798
" , VEPE [ AEPE / TG-1;

MGC_Bl42 NODE_48 Region 42.2 MNRPS-like 232,535 276,956 2 A0%
265 Other:Mucleoside
266 MGC_C17 NODE_1 Region 1248.1 TI1PKS 32,152 79,012
267 MGC_C17 NODE_1 Region 1248.2  terpene 329,313 351,234
268 MGC_C17 NODE_1 Region 1248.3 bacteriocin | 1,844,068 1,852,532

; meridamycin; NRP +

MGC_C17 NODE_1 Region 1248.4 TI1PKS 2,426,177 2,472,656 _ 5%
269 Polyketide
270|MGC_C17 NODE_1 Region 1248.5 bacteriocin 3,095,222 3,105,917
271 MGC_C17 NODE_84 Region 12439.1  NRPS-like 185,850 225,560
272|MGC_C172 NODE_75 Region 3114.1  terpene 173,214 194,131
2?.3 MGC_C6 NODE_6645 Region 804.1 bacteriocin 1 7,019
274/ MGC_C63 NODE_102 Region 2161.1 terpene 66,499 87,566
275 MGC_Ca9 NODE_808 Region 2179.1 | TI1PKS 1 33,134

13 33. 194CH-07 WEtHAlw F AAE ATAH 344 55 (98

- MGC B139 binol| A 7}4 22 A F2AF (NRPS, TPS, type 1 PKS, type 3 PKS)So] &



AGAET, 53] 84 kbp ¢ =Z7|E type 1 PKSet TPSE A 73 FHAATE
(SPNG_0062717, ctg. 4315 1 -2)°] &<lg (L 34)

c00017_MGC_B13.. (original name was; MGC_B139_NODE_307)

1 | f——————————1
Region ~ Type From To Most similar known cluster Similarity
Region 171 | TiPKSE 21497 68549

terpene @ 83570 105,659

cOi017T_MGC_B1d. - Region 1= TIFKS

Location: 21457 - 63549 it (I0k 47 (%53 1) St MM Sbcson i i Cpemnad regan Genlian: te

Fired

——

DA aNNEEheEEE ERE D SRS ) D @ e e aEma e

Legend:

cOD0T_MGC B13.. - Region 2 - Wrpsns
ocahon B3 570 . 108 658 ml (ol 22,050 ol Show pHil debeciion milss vsed Cirwrinad negean Genfand e

oy

Legend:

Stmilar gene chesters

A ity + || Downiaad graphis

Query sacs
T S— W S— S— — g S— Y " C———— —

NE_LPKBOTOO00G Burkhobdera cepacia & HEMAIHIWGS MEHE wh of genes ahow smilarity

<_K_l I_'N—AWI_'I}-%_I _':I_}_X_'?I_T-‘-l_}

LOTUOT0O0019_cS: Burkholderis copacis strain IRT1-BP2IT INTL-PZY wiho parses show similarity), ter
{_JC_I I_:(—.El_:l}-f_ C'i_ﬁ_ﬁ_)(_}l_}_)ﬂ =

% 34, 194CH-07 W €Al S H2 PKS-TPS hybrid o= A1

- PKS®] 7} 2 Eo] & H=EF0o] la, PKS @ TPS FHof ilimaquinone A &40 F Q3 o}
&3t F7F FHAE (methyltransferase, oxidoreductase 5) TS AT FHAE0] =43}
o] ilimquinone A4 FAATY FHI TRE AU (Y 35) 7|E FAATLEF
FEAel A Fot olFLAS B3 7T &Rlol Do AdE o|FUd i FHAR

K

¢
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Full.sequencé

best 1 domain

target name -llquery name ~ accession ~ | Functio - BLASTp |~ E-value = score - bias |« E-value |~ score -~ bias - ¢
8139 NODE 307 orfooosi MazE_antitexin PFR4014.18 g.0000011 29.3 8.1 @.eeeeels 28.7 a.1
[ == 2 PrlF_antitoxin PF15937.5 7.1E-88 33.6 8 7.7E-88 33.5 a8
Acyl_transf_1 PFO@E98.21 AT 1.3E-63  216.3 8 2.5E-63 215.4 2
adh_shert PFBA166.25 @.00000837 38.7 8 B.8688867 26.6 2]
ADH_zinc_N PFBB167.26 DH 7.8E-19 68.8 8.1 5.9E-18 66 a.2
ADH_zinc_N_2 PF13682.6 5.4E-17 64 8 2.3E-16 61.9 8
B139 NODE_3@7 orfooes4 KAsynt_C_assoc PF16197.5 1.5E-14 55.3 4} 3.3E-14 54.2 8
ketoacyl-synt PFBO169.26 KS 4E-51  174.9 8 8.2E-51 173.9 a8
Ketoacyl-synt_C PFP2881.22 2.6E-27 96.1 8.5 6E-27 94.9 8.5
KR PFBB659.10 KR 1.9E-58 172.2 8 5.6E-58 178.6 8
PS-DH PF14765.6 DH ACP 3.7E-37 129.1 8 2.6E-36 126.3 2
| PFG2316.19 6.06000008 38 8 0.6680029 28.2 8
B139_NODE_387_orfeeess PF13282.6 3.9E-23 83 ¥ 7.6E-23 82.1 8.2
PFB4G55.21 1E-16 62.6 8 2.6E-16 61.3 8
PFB2316.19 a.00000819 32 8 0.e6e8021 28.7 ]
-/B139_NODE_3087_orf00058 PF13282.6 1.2E-23 84.6 8.4 2.3E-23 83.7 8.4
PFB4BS55.21 SE-16 60.4 a 1.2E-15 59.2 ]
1|B139_NODE_387_orf0ee6l L PF13469.6 epimerase/dehydrata 2.9E-36 126.8 8.9 7.7E-36  125.4 8.9
'|B139_NODE_387_orf0eee2 STAS PFP17468.21 sulfate transporter 8.1E-09 36 a 1.3E-88 35.4 ]
MFS_1 PFB7698.16 2.1E-58 172.5 45.7 2.1E-58) 172.5 45.7
B139_NODE_3@7_orfeeess Sugar_tr PFBB@ag3._24 2E-89 37.7 18.5 2E-89 37.7 18.5
TRI12 PFB6669.13 8.2E-16 58.4 28.4 1.1E-15 58 28.4
8139 NODE 307 orf@eeE7 CCP_MauG PFB3156.14 4.5E-48  138.6 8 6.8E-36 125 a
. Sillis Cytochrom_C PFeBe34.21 8.00000839 32 8.5 6.680e8 21.4 8.1
8139 NODE 307 orf@e0Es dCache_2 PFB8269.11 6.2E-12 46.2 @ 0.epoeeal 27.1 a
i = T = sCache_2 PF17200.4 4.8E-18 40.4 8 B8.e00012 26.1 8
B139_NODE_307_orf@ea870 OMP_b-brl PF13585.6 3.2E-10 41.3 8.1 8.6E-80 36.6 a.1
1|B139_NODE_387_orfeee7l Peptidase_U32 PFB1136.19 8.0000013 28.6 8 B8.6600823 27.8 a8
'|B139_NODE_387_orf0ee73 Peptidase_M23  PF@1551.22 3.8E-24 85.6 8.1 5.8E-24 a5 8.1
B139_NODE_387_orfeee75 RadC PFE4BE2.15 2.4E-42 144.6 8 3.4E-42 144.1 8
B139_NODE_307_orf@ee77 FAA_hydrolase PFB1557.18 1.2E-67 228.7 8 1.4E-67 228.4 ]
1/B139_NODE_387_orf8ee78 YCII PFB3795.14 7.7E-88 33:5 8 B.88668869 33.3 8

=

O 194CH-07 W EHA =2

- PKS, NRPSe| H|gte] Z7]7} #fo} W& o] 4 terpenoid A/ &

13 35. 194CH-07 WEHAlE 52 MGC B139 (node 307) 22 7% o= (%)

ZHH terpenoid A FHA &=

FAE

sk

il

sty g A5
86702 TPS &-fr nodeol| A = 9671 9] terpene synthase 31
oF 2l terpene cyclase®} 7] multiple alignment 2] 2 Al 54

- (2)

phytoene/squalene synthase family, (4) squalene-hopene cyclase-°.2 /&

FAHoE 59

dol] thste] 7]5

H 4 /‘1/\]

LY

are Hhe 2
A7 VA &

€)
< 9l (19 36)

squalene  synthase family, farnesyl-diphosphate farnesyltransferase,

47§l TPS XA 1F % linear terpene metabolism¥} (1)-(3) &= A<, terpenoid
(cyclic terpene)®] A FHE cyclase THOSZE A SFHe AA= 23%

@
T
=

(squalene-hopene cyclase) & &2 7]X 11 terpene cyclaseS} A3 75 S 718 HAOZE oA

[

1952 HMMER searchol]| A =
o™, o] polyprenyl synthase, methyltransferase, epimerase, P4503} &
A=

tod &

2e 7ls0] FE
A
SHA Bfekar e Ao ZE 91 (3£ 9) - entry 9, 10, 12, 22+ conti
A3 A BAY TS

Terpene cyclase olZ 72 23F &

E

)
(¢}
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)
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2
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0 :{o
ol

o)l o
4 A3
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Farnesyl-diphosphate
farnesyltransferase

!
| .;’ ;}_‘f‘ i phytoene/squalene

o\ A L S S, S 2, synthase family
LAY "liil\ 1 i 1207 ’
LA llﬁl‘ !fh;jr ; _‘:}r.«’,}.’ 2 - > P

e

family A
o - o L
SRS

= "“\.._ = S, % 2 S | ! _:
e e i S 4
gy N
T

R LI R L s -
squalene swrlha se-..‘:'\;::"-\:‘;ﬁ%'}%;]'r. kﬁ\ %’f 1;’ ;fj ;%%—-;:-”# e

Ve
ﬁ:f‘" ,ﬁ/;‘f/‘g’:‘,ﬂ squalene-hopene cyclase

"-:':“'-‘::"'q“lh;h‘? ‘/J —

s

/
/ ,{?léﬂﬂ HET WEH2| o 72
I ¥

Terpene cyclase

~i = = g

% 36. 194CH-07 WEMAlE & TPS <& FXA wjd +4 2=

3 9. 194CH-07 W E}Al= 2l terpene cyclase — HMMER search 23}

Genome bin | Node | Region | size (bp) Additional biosynthetic gene etc.
1 | MGC B020 1005 | 5574.1 1,743
2 | MGC B022 | 18372 | 5866.1 1,962 | polyprenyl synthetase
3 | MGC _B057 1256 30.1 1,887 | polyprenyl synthatase
4 | MGC_B075 797 820.1 1,998
5 | MGC B079 18 875.1 3,462 methyltransferase, epimerase, P450
6 | MGC_B084 261 1625.1 2,004 | dehydrogenase
7 | MGC B084 290 1627.1 3,378 | methyltransferase, epimerase, P450
8 | MGC B087 | 13904 | 2042.1 3,357 | P450 on edge
9 | MGC Bl114 210 2925.1 1,974 | dehydrogenase
10 | MGC B124 | 73929 | 3444.1 1,128 | epimerase on edge
11 | MGC B133 480 4151.1 3,435 methyltransferase, epimerase, P450
12 | MGC B133 370 4140.1 1,995 | phytoene synthase
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13 | MGC B139 149 4305.1 1,917 | polyprenyl synthatase

14 | MGC B140 38 4348.1 1,974 | phytoene synthase, dehydrogenase

15 | MGC Bl141 64 3.1 3,390 methyltransferase, epimerase, P450

16 | MGC B147 762 91.1 2,025 dehydrogenase

17 | MGC _C103 840 2307.1 1977 polyprenyl synthatase

18 | MGC _C172 218 3125.1 1,947 | epimerase

19 | MGC C246 | 14649 | 3473.1 2,058 epimerase, polyprenyl synthatase on edge

- Squalene-hopene cyclase (SHC)Z dSH & FAAE tiste] Al5Sd £4& A4

=
579 ago=w stol (¥ 37); °]& % PCR primer 492 G/C 35

H = o
TTI‘%E

o2 12709 F24 BA A4F (F 10)

HP E30RIGEIEphanyea C oo o A 33| 5
WE D1090308R S replome e
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1% 37. Squalene-hopene cyclase - AALE2] AlE4 24 A3

- Group 1, 29] A% QW-motif7} conserve =] 03; SHC activityS Y HOZ 9

- Group 3+

UE motif7} BEYXA]; ©-E

substrates AF8-T 75 o] S

- Group 4, 5= motif7} conserve %] AR &2 SHC activity’7} 1S AL Z 4
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¥ 10. F&/3HS 7 terpene cyclase At
Node Region 1(()((::(1)1rslti§)g size (bp) > é(ér;::r 3" é(();}:r
1 1005 5574.1 5574.31 1743 20 50
2 1256 30.1 30.33 1887 65 65
3 797 820.1 820.43 1998 60 75
4 261 1625.1 1625.106 2004 75 65
5 13904 2042.1 2042.2 3357 60 60
6 480 4151.1 4151.44 3435 70 50
7 370 4140.1 4140.87 1995 65 65
8 149 4305.1 4305.53 1917 55 65
9 38 4348.1 4348.121 1974 70 75
10 64 3.1 3.110 3342 60 50
11 64 3.1 3.128 2082 60 65
12 218 3125.1 3125.56 1947 70 70
O 194CH-07 "W EtAI &= -2 terpene cyclase fAA 233 Tijd &g 7|5 F4

ok

b

- Terpene cyclaseZ 7|5 dSFHe 53, 24

Insert

Vector
Ndel Xhol -High GC content(%)
3. 2nd PCR: nPfu-Forte polymerase(27 cyc)

-Low GC content(%)

1. 1st PCR: HelixAmp Taq-Plus polymerase(20 cyc.)
2. 2nd PCR: PrimeSTAR@ HS DNA polymerase(27 cyc)

Ndel Xhol

| 5310 bp I

Ndel/Xhol double digestion vector

One-step SLIC or NEBulider

SDS-PAGE Electrophoresis

Protein Assay

Enzyme activity test

IPTG Over-expression
E.coli
BL21 Rosetta

E.coli DH5a :

Transformation

CBE g FRA FE GFE PR 24 A4 F
polymerase (12}), PrimeSTAR HS DNA polymerase ‘5

39)
- ctg 5574 31 @A =249
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- pET-24a(+) (#E]), E. coli DH5a (E2E)E A}&3le] F2Y
- & 7FA] AlTE A (Ndel, Xhol)S ©]-&3}o] double digestiondt DNAES pET-24a(+)ol A ¢

- E. coli DH5a ¥4 A&, w|F & FE3t SF A7 (~ 2 kb) &2 (LE 40)

M ABCDETFGH I JM

M(Marker): 1kb DNA ladder
: ctg30_33 (1887 bp)

: ctg2042_2 (3357 bp)

: ctg4151_44 (3435 bp)
: ctg4140_87 (3342 bp)

: ctg3_110 (2082 bp)

: ctg3_128 (1947 bp)

: ctg3125_56 (2004 bp)
: ctg1625_106 (1974 bp)
B | I: ctg4348_121 (1998 bp)
e J: ctg820_43 (1998 bp)

IOTMTMOUOW>

1% 39. Terpene cyclase 9= %A PCR A3}

M #101 #102 #103 #104 #105 #106 #107 #108 #109 #110

M(Marker): 1kb DNA Ladder

#101: #101 colony PCR product
#102: #102 colony PCR product
#103: #103 colony PCR product
#104: #104 colony PCR product
#105: #105 colony PCR product
#106: #106 colony PCR product
#107: #107 colony PCR product
#108: #108 colony PCR product
#109: #109 colony PCR product
#110: #110 colony PCR product

* Polymerase: nTag
+ # of cycle: 30 cyc.

* Primer:
2.0 kb L A 1 1 X X X ¥ | :

F: T7 promoter
« R: T7 terminator

*Target band size: 1969 bp

19 40. ctg5574 31 29 PCR &<l 23

- ctg5574 31 @A wrE; 392 A /A £ (2™ 41)

194 - induction; IPTGE 9]
operon)

- 2T - solublity test; G A FHHHo] 7HEgk AS SRS AEFE] A, AL S

¢l inclusion body formo 2 7}F=3A] &2 o]& 7153 soluble form& 2 7}=A] &<Qlst=

34, tIFE inclusion bodyZ FAHEHS 213 3 2% IPTG % ZA3} soluble form

o wud 4y
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fr
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Jot

Q1 (IPTG lac

- 394l - purification; imidazole gradient®] elution buffer 83} & A4
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S AF3E7] 13 in vitro assay WHS AA/F Y (2E 42)

% 1, 29] 7% HPLC-PDA, 3-5 WF3-& UPLC-HRMSE 53] A5 EA; ctg 5574 31
Gl A S A1 S W, 1, 2, 5 v WP E XA o, 3, 49| substrateo]] tHajA =
cyclization®] ©}d mono-dephosphorylation®] dojt o] &Ql¥ (1Y 43, 44)

- ctg30 33 BHALT FAE Wyo g wE/gA 98, 7

o
o
o|\
™
Og‘::‘
ofy

(38)-2,3-oxidosqualene lanosterol

OPP
2
3 | —_— Sesquilerpenoids
5 x
4 - = Diterpenoids
geranylgeranyl pyrophosphate
HC Me
OH
5 =~ OH O —_— Meroterpenes
{limaguinone deriviatives?)
3
grifolic acid

ofr

1% 42. Terpene cyclase 7] &S 3} in vitro assay HH-g-



— @ TICfrom3.4_200922_Test2 TOFMS_wiff2 (sample 2) - Tes2_FPP_3-S_M_TOFMS, -TOF MS (50- 1000)
@ TIC from 3.4_200922_Tast2 TOFMS wiff2 (sample 3) - Test2 FPP_3-25 ES_M_TOFMS, -TOF MS (50 - 1000)
@ TIC from 3 4_200922_Test? TOFMS wifi2 (sample 4) - Test2_FPP_3-30ES_M
@ TIC from 3 4_200977_Tast? TOFEMS wif2 (sample 5) - Test?_FPP_2.35 ES_M

3666 1
3466 |
325
30eh {
28e5 4
26et
24e6 |
2266
20e6
1866

Intensay, cps

1666 1

405 JTI0

control

7 2540
_TOFMS, <TOF MS (50-1000)  30eC
_TOFMS, -TOF MS (50-1000)  35aC
]
3s°c |
| 30°C

25 °C

4532
control |

20e5 A
Standard_FPP_Test2_MeOH extracted TOFMS_XIC
00e0 - : - 5 - 2 3 ; : 5 : , % 4 4 3 , ;
a0 32 24 35 3B 40 42 44 45 48 50 52 54 56 53 60 62
Time, min
Spectrum from 3.4_200922_Test2 TOFMS wifi2 (sample 21 - Test2 FPP_3-5_M_TOFMS, -TOF MS (50 - 1000) from 4 208 to 5512 min p——
10000 { | €1.9885 2'9'?55' P
0 .l ] j el .I > . 3 . ’ .
100 200 300 400 500 600 700 500 300
Mass/Charge. Da
Spoctrum from 3.4_200022_Toat2 TOFMS.wiff2 (omple 3 - Tpt2_FPP_ 3PS ES_M_TOFMS, -TOF MS (50 - 1000) from 4.2453 5.470 min 25 °C
[
10000 1 | £1.9884 2137755 201.1%s
5000 129 9845 l 1811230
i .]. I L l r 1 L L . y r . ’ .
100 200 200 400 500 00 700 £00 200
MazziCharge Da
Spectrum from 3.4_200922_Test2 TOFMS wiff2 (sgmple 4! - Tebt2_FPP_3-B0ES_M_TOFMS, -TOF MS (5C - 1000) from 42620 5.433 min 5 &
10000 | e1.9884 2187754
£000 149.9946 l 02410 3811260
i ‘. I L l ol ol | . . v . . .
100 200 300 400 500 600 700 800 200
Mass/Charge Da
Spectrum from 3.4_200922_Test2 TOFMS.witi2 (sgmple 5 - TRb2_FPP_3-B5ES_M_TOFMS, -TOF MS (5C - 1000) from 4.291 10 5.405 min -
10000 { |e1988e 2197734
02 14oe
14555346
e | R | | .9 ?94 1 3 el 3&1'112"2 E«OG..}IZS
100 200 300 400 500 600 700 £00 500
Mass/Charge Da
1% 43. Faranesyl pyrophosphate®] ctg 5574 31 &8 ¥h-§ Ay F2] (UPLC-HRMS)
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— @ TiCirom 3.4_200922_TestZ TOFMS wifiZ (sample 6) - Test2_FPP_3-5_S0ACN_TOFNS, -TOF MS (50 - 1000)
@ TIC from 3.4_200922_Tast2 TOFMS wifi2 (sample 7) - Test2_FPP_3-25 ES_S0ACN_TOFMS.-TOF MS (50 - 1000)
@ TIC from 34_200922_Test2 TOFMS wifi2 (sample 8) - TestZ_FPF_3-30 ES_S0ACN_TOFMS, -TOF MS (50 - 1000)
@ TIC from 3 4_200927_Test2 TOFMS witi? (sample 8) - Test2_FPP_3-35 ES_S0ACK_TOFMS -TOF MS (50 - 1000)
22e6 £45%
21e6 1 30 °C 3
20e5 | ] ]
35 °C )
19¢5 - 8l
4339 it
Rl 4371 il
17e5 i
16e6 | control
156
1406, 3008
L]
13e6 | Lo
g i) | P i
2 11es5] _! 'H ) L
z ' | e ikt
L JERTS bl LAY
90s5 ';|i_.:'|.|l|'-l A Jr.'
B0eS ".;.-‘ il "I
1
7.0e5 -
6025 1
505 Y
£0e5 JIOT
3065 4
20e5
10e5
00e0 . : Y—
28 30 12 34 35 138 4D 42 44 46 4B 50 52 54 56 58 60 62 64
Time, min
Spectrum from 3.4_200922_Test2 TOFMS wiff2 (sample 11) - Test? GGPP 45 M TOFMS, -TOF MS (50 - 1000) from 5.335 10 7.084 min control
2191759
20000 619385 1499948 | |255.233-3 405287 ] 449 1865
[ 337.9072
wows |, ) KPR isemef] | | , : :
100 200 300 &0 500 600 700 £00 800
Mess/Charge Da
Spoctrum from 3.4_200522_Teat2 TOFMS wiff2 [aampla 12) ] Test2_ GGPYP_4-26 ES_M_TOFMS. -TOF MS (50 - 1000) from 5.233 to 7.181 min 25 OC
20000 219.1759
519685 1900 | 2652034 o it
10000 4 320909 2120056 | || 2832643 370£441
| st i P ol N 0 321 | | _ _
100 00 00 4o 500 600 700 200 300
Mpss/Charge Da
Spectrum from 3.4_200922_Test2 TOFMS wiff2 (sample 13) 4 Test2 GGFFP_4-30 ES_M_TOFMS. -TOF MS (50 - 1000) from 5270 to 7.763 min 30 °C
h0S 2871
1169 hos 2895 | s272m8
L[ _l 448, IIJS;S lm%??z 729 4288
300 do 500 600 700 800 300
Mass/Charge Da
(sample 14) { Test2_GGPF_4-35 ES_M_TOFMS. -TOF MS (50 - 1000) from 5.307 to 7.112 min e A
337.9072 | 36 °C
5 J 05 2873
7 ) 877
|_|.| Jll d i grL._L_._;Hs Soni i) . ot . . oL .
100 200 300 E 500 E00 700 200 900
Mass/Charge Da
Z1% 44. Geranylgeranyl pyrophosphate®] ctg 5574 31 &8 ®H-§ A3y} £ (UPLC-HRMS)
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Isoprenoid pyrophosphate] 4] 3}u1}9]  phosphate group%t A AFE HFSS A
peptidoglycan cell wall $d3 #do] glo] A A bacitracinol] s+ WA FHS =43
= Aol &HA 5. AF7HA bacA, uppP 5o FHA JoH, AE Els
o7 B3 EY WEA TS ZHE bacA FAA7F ER1E o7F Bl FHo] S (Chalker, A.
F. et al. Microbiology, 2000, 146, 1547; Manat, G. et al. Microbial Drug Res1stance, 2014, 20,
199)

lilE oL
X

mlo

of

:?L_'.

A TR Y H 93 terpene cyclase X AF (3£ 10)9] Wi T&A 7w HAS AT
Y=

HEHA = dloly F71 g1

194CH-07< A& & siHEY 25 AFE A7 &8s 18T vhst wE A= o

oJlHE ¢+ H U 7 & A } A2k —rﬁﬂr’é % DNA degradation?] Ao g Hct

194CH-02, 05, 06, 08 A& (SSD, 20% glycerol 7 B, -80C)ol tha) DNA 3 A3,
NucleoSpin® Tissue kit®] microbial DNAi% protocol AF-&-; 194CH-02, 05, 089 4] 10kb®]
size?] DNA bandE &9 (¥ 45, 46, ¥ 11)

[lumina MiseqS ©]-&3t] G71AE si=; 370 A2 25E 2z 189wk 1299k 159 wl7)
9] reads &5, AEA reads A A T 247 3.96, 2.26, 2.84 Gbpsd] M ES TR} (X 12) -
81 % readse] assembleS F3l 83138, 132165, 122214704 9] contigE: V2™ contigoll
23E FAAS= 27 354, 242, 304 Mbps

194CH-06 194CH-08
a9 45 vietAE F7F &R id (FH3 DNA Z7RES AR ($) AR
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20% Glycerol

a9 46. W W EFAE DNA F= 23

¥ 11. 3" WEA s DNA 5 23

20% glycerol SDS
Sample

DNA conc. |\ 0080 | A260/230 | PVA 00 | A260/280 | A260/230
(ng/ul) (ng/ul)
194CH-02 54.8 1.89 1.26 593 2.12 1.62
194CH-05 311.1 1.97 1.93 125.2 2.04 1.98
194CH-06 76.8 1.91 | 44 42.1 2.03 1.15
194CH-08 720.7 2.08 2.08 200.9 2.12 2.04
12, 3" AlEd Uik F7F WEHAlw B4 A 57
194CH-002 194CH-005 194CH-008

Total Reads

18,020,024 (100%)

11,711,653 (100%)

15,360,387 (100%)

Low quality

3,733,457 (20.7%)

3,665,499 (31.3%)

4,638,630 (30.2%)

Short reads 228,570 (1.3%) 158,206 (1.4%) 269,120 (1.8%)
Coliphage 7 0 0
Available reads 14,057,990 (78%) 7,887,948 (67.3%) 10,453,120 (68%)
Average length 281.9 286.5 271.4
Available size 3,963 Mbps 2,260 Mbps 2,837 Mbps
Assembled contigs 83,138 132,165 122,214

Assembled size

353,593,356 bp

242,172,722 bp

304,014,970 bp
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AHRZHE RNA FAAS F2310S wll 194CH-005 Al 59| 3¢l s
FES AR e Aoz ey JAE Ad B4 fAxke] F71 FRo)
o= (2 47)

- - 1
Proteobacteria_unclassfied Fraction(3%) - o @ 20 . 40 . &0
e st 4
Porifera * Thaumarchasots = Acidobacteria
Achinobacteris = AncKé = Bactercidetes
Chigrofex Cyanobacteria *  Gemmatmonadetes
& MNitrospiroe PAUC3ar Ponbacteria

Protecbacienia

« § & & & B @

184CH=008

184CH-005

a8 47. 3iE WEHAS 3 RNA §82 719 224 24 A3
A3 A nHA 54 24 UHE gy
O wpuld w7549 HPLC 24% A4
- vl A 9 {5429 post-column oxidation HPLC-FLD 2ol 13dx} AF1E 53 &HH
AL 97 =ao gk A=, FAAEA ] Thsstd, 44 549 38 FxZQ FAMY W

ol sl AZE ol ° AAME EAZAC gk AF7F B8, GTX59 deGTX2,
deNEO®} NEO =49 A5 FH &4 34 T (L9 48)

- GTX59} deGTX29] #E & Y3l 29 08 £55 -3 AT 549 4 18 (14
49)
- 25 T} 30 Coll = &

1<)
35 ColA e AA AN ZAEJAT 10~15% Atolo] &&5H = GTX 5459 &

AU
)
o
i
2
)
)

o
s/
lo
i)
N,
ri
i)
offt
e
ot
M
1%
iR
i)
il
e
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FEdoen Eel7bsAe] BEH

40 CollA 3= %3011*% GTX59F deGTX27} &2]7} o] Fo] AL HA| &4 A]7to] 2
B A webgol STX 5 B 59 Febdt 9% 74 &S
*HaN *‘HEN *HQN YHaN
2
" o S NH 0 =N
HO HN - : HO HN, . HO, i HO :
HO< - ““oJ'LN'S'Dj HO " SoH HO AN, .-MOJ‘\NM Hoa™. S SoH
H ‘0380 A
N_ _NH N_ _NH .M NN
T o o
NH,* NH, NH,* NH,*
GTXs dcGTX2 NEO deNEO
GTX5 & dcGTX2
[ FLD1A, Ex=330 Em=385 (SAYV131030-A :a:int!aa-E-NZO19-15-"*0-&8'31 1-0101.0)
3 &
F 1
2253 49
24 gle
£ & 2
1.75 - = dcNEO & NEO b
153 = &
1255 ~ "
13 3 g
a.:u:wi 2 ~ § g
0.25 3 ; . oy _— =
T T T T T v T T T T T T T T T v T T
5 10 25 iy

1Y 48. HPLC oA whu]A

PO T A, B A0 Em=100 (T oo SO0 R i3S fown SO0 05 -5 R T S ST modure_ 100 L}

Loy

18- i
18 !
1.4 |
1.2

o

et
— ]
— 7]

I'Z:- 18576

L1
i

o4

Temp:

Not control
(22-25 °Q)

4 10 4
S, v o |1 RO, ¥ 558 M) SUCR O S 17 A0S e S

Fa
i
!

L AR
FLOT A Ew FTT g1 G000 0 (1)

Ly
B
18-
16
14
EE

= 18127

on

Sren

8573
r =152

oad

0

T T T T
T o e | T IO TS Bt A0 - T Y7 BRI QI“-IP?J.'_-"IIJ Tt _ T 'JZ[:'IJ
LU
1.8
1,8
14+
12

0.8
0.6
o44—

35 °C

16

144

12

o

o6

0.4

40 °C
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- WA ZEFO ZFE SA4EY A < &2 A8 <) HPLC-PCOX-FLD W
Heol LOD(H A, LOQ(E ZFeHANE A4S 347 b2 ﬂl AzfFe 7IFo] =
= MEH27E Q7] diEel 45 sl 20 AFE vAlRFo & Fo] 71 o] ¥

- AR g8 TEE EFEE0] AFR FHASH regression £S5 ©]83}4 LOD, LOQE
AAFE LODE 3 x Sa/moZE AoEH™, LOQE 10 x SamS. 2 AHoF (SD: ¥FHA}, m:
HAZADANA 71&7]) ( 13)

3% 13, el 3§ 549 LODS LOQ

gradient LOD LOQ
(m) (ng) (ng)
2.11 4.22 6.33

ng
GTXS aren 160 730 410 0.16794 0.4616 1.09 3.64

ng 2.07 4.14 6.20
area 0.89 1.60 2.30
ng 1.36 2.72 4.08
area 6.30 11.7 159
ng 0.40 0.80 1.20
dcGTX3 aren 4.40 270 31 0.04466 13.548 0.01 0.03
ng 0.25 0.74 1.48
GTX6 aron 0.10 037 0.60 0.04022 0.4939 0.24 0.81
ng 0.26 0.77 1.54
area 0.26 0.79 1.40
ng 0.09 0.27 0.54
area 0.24 0.59 1.00
ng 0.03 0.08 0.17
GTX4 aron 0.09 0.20 0.46 0.0146 0.7785 0.06 0.18
ng 0.10 0.31 0.62

deSTX aron 021 0.67 0.13 0.02507 1.97228 0.04 0.13
ng 0.12 0.37 0.74
area 0.04 0.12 2.10
ng 0.09 0.17 0.26
area 8.60 16.5 24.8
ng 0.06 0.12 0.17

GTX2 aron 5 20 11 165 0.18237 2.8546 0.19 0.64
ng 2.15 4.30 6.45

Cl aron 3.60 750 116 0.15327 1.8137 0.25 0.85
ng 0.64 1.28 1.92

area 2.20 4.90 7.80

STD n=1 n=2 n=3 RSD

dcNEO

0.06189 0.1838 1.01 3.37

deGTX2

0.07235 3.2071 0.07 0.23

NEO 0.0517 0.5999 0.26 0.86

GTX1 0.0621 0.893 0.21 0.70

STX

0.03635 2.4943 0.04 0.15

GTX3

0.18185 2.9702 0.18 0.61

C2 0.25934 5.35948 0.15 0.48

- AArE gl 2™ GTX5(1.09 ng), deNEO(1.01 ng)7} 713 H& LOD#ES Hyon Wzt
T7F M e 4 = S, deGTX3(0.01 ng), deSTX (0.04 ng), STX (0.04 ng)= Ath 3
(e}

o e LODE BYowW WPEs g e % 5 e
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- AV NRC 2 2R SSS AN vhilg A FEAY $4 EEAEE TUT FE YA
W EFARS HAYe B 24 Fo o FAA AYEE A REAE A=
e 27 A9k Bt B A % A el SASAY HA

TEAQN B A 2718 19T o, vl e El—:.'—/\‘ﬂ saxitoxin?} A=
3PS o Ax7F e Ao dFE. B3 vl dFEL0 553 AgdA
+ A A F5S Tl HrsiL 7 ]%—Zﬂ’ JokA] S oJoF 3R E

upHl A Wl F54 T deSTXole] A$ STX, GTX, C toxin®] TFA FHAZ AHEE = 2
C BAEA AR AL A O 3 vhel g AFEAE WEE F JOER deSTXol o
el e A7t $aK02 B (19 50)

Oxidation of B & carbamoylation of A c
-8TX NHHCI /
HN J'LN Oxidation of B & C
Oxidation of B & C & carbamoylation of A z - dcGTX series
- C toxins A —— HO oK
MNH
Oxidation of B & C & esterifications HN“Z{ \
-LWTXs NHHCI
- GC toxins s B
_ cs 1o Oxidation of B

Reduction - deSTX
-doSTX, doGTX series

28 50. 7HA deSTXolZ2HE miulA =4 A A=k

- FEFN ] Looper <ol o3 e 4% (J. Am. Chem. Soc. 2011, 133, 20172.; Org.
Lett. 2019, 21, 7999.)& 7|Wro g2 dAHA = AHA
- A WA BAEARE deSTXolS A8 F deSTXol2> o8] wpnlA 3 F7
A= AHEE 7 A7) Wi, = Y S T3 A AH=HA
AE AxT & U= 713 E ATE & U=

- AAAAEZ = AA linear F4, cyclization, deprotection 4| 7] <] phaseZ LA

95 98] A 5 phase] vlX|et 3}9HE<Ql S4, S5+ g scale WHe= B3l HA 1 g

o]’F9] <Fo] Tl FAHS Fa FEHI}F Hojof F

- Phase 18] §AAAZ = F 4949 FAHSE A F3AHAL deSTXolo] Q3+

e SAE FAE. Phase 1= F 4719 FAGAZ FAHAAY 18]35} vHES

S A5t =8 FHAIQ] S59 F44S A€ 3 Phase 1o A= deprotection

3 HFAOE deSTXS FAS AYT (2¥ 51)
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M Phase I; Linear synthesis NBoc

Eé
02 _PMB HO., -PMB BacHN,”\N,PMB
ELLW - R ;
iiiDF’%O/\l)\ \\/\ = TB{JPSOW/\ R TBDPSOW
N oTs BocHN __NH OTs
Bm, “H Boc”™ "H ‘Tr
s1 53 NBoc

. 54

1:' i M Phase II: cyclization

M Phase lil: deprotection v
@ _OH PMB _OTBDPS
ilzNiT«NH : BGCN}JN :
NH - NH
HN N-Y@ “2TFA = Boc-N-_/ N &
NH2 ) MBoc
HO" HO™
dcSTXol S5

18 51. deSTXol9] A Ak

- deSTXol 43S 98+ Phase I &4 (L& 52)
- S1, 2& R WHo g FAHEAOH g scale FA0] 7heE. S3v FFE7IZ A
nitrone®]] alkyne H7IRFS-S T3l 82%9 FSEE FHARH LT g scale HHEANXNE &

< F5E° A4

g

- Zn/CuE ©] 83 A x4 A S32] N-O bond cleavageE F3l S67F Ao, o]
2FZ 7104 Boc©] deprotection % o] 2xtoldl S7S A%
- S7% isothiourea®} HF-3-3}<] Phase 19] E}Zl3}3HE <] guanidine S-4E 71%%] 52 &
43t S4v Z R flo]l A 10 g BEE FAHE F Jo2 2, AYH Phase | FAHE=E
= deSTXol AsHAO Wi A3t =02 Hrld
- deSTXol &= #13F Phase II &4 (ZLE 53)
- S45 ©] 83} Ag-mediated 1183} ¥ S A 5€%Q] BHS ¥
94% F5E&Z FAAT F AT, °]F S8 iodocyclization 7oA 62

Aoz FAFom 98 85%9] &= AL

oX
"o of
> 3R
oL o
o
wn
I

- 892 Ag@slol] N-12] Boc1E-©| intramolecular SN2 H¥H§-& ¥ O A cyclic carbamte
Asta C-12 YA ERHoz AAUAE =Y S10S

6% FE o gl R/ WRel oz A OB Ag 92 AHEE WL
RO}, CF3CO2Age] 7HE EHAQ do = &2y
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ABSTRACT: Transient receptor potential ankyrin 1 (TRPAL) is a cation channel that plays a critical role in the occurrence and
transmission of pain. By screening 393 marine extracts for their istic mmry aplnst TRPAL, it was found that
the extract of the edible sea cucumber Bohadschia vitiensis had a potency. of the extract
resulted in the isolation of six triterpene glycosides, including a novel analog. All six isolated compounds exhibited high inhibitory
potency against TRPAL (ICy, values ranging from 0.60 to 3.26 uM), which is comparable to that of a previously developed synthetic
antagonist (A-967079). The discovery of TRPAI antagenists, originated from this edible sea cucumber, opens the door for the
elaboration of the valuable triterpene scaffold for the development of novel safe analgesics.

KEYWORDS: transient receptor potential ankyrin 1, sea cucumber, Bohadschia vitiensis, triterpene glycoside, pain

H INTRODUCTION efficient TRPAI antagonists, either by using xanthine as the
chemical scaffold"” or by focusing on the development of novel
structures, with the arylsulfonamide-acetamide conjugate,”"
alkenone oxime,' ™" indazole,'* and piperidine carboxamide™
scaffolds being successful examples.

Efforts also have been made to discover TRPAI modulators
from living organisms, Since the early stages of research in the

Transient receptor potential (TRP) channels are a group of
nonselective cation channels that respond to a wide variety of
mechanical, thermal, and chemical stimali. In mammals, the
TRP family, comprising 28 isoforms in 6 different subfamilies,
mediates 2 multitade of physiological and pathophysiological
processes, including pain'~ Among them, TRP ankyrn 1
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field, it has been known that the pungent taste of mustard,
cinnamon, and garlic derive from the activation of TRPAI by
allyl ssothiocyanate (AITC)," cinnamadehyde,” and allicin,
respectively. Some terpenoids found in various edible plants

ARSI S TR

(TRPAI) is a nonselective calcium channel, predominantly
expressed in primary afferent sensory neurons, that mediates
somatosensory processes and nociceptive transmissions. In the
peripheral terminals of these neurons, TRPA1 is invalved in
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Centrodinium punctatum (Dinophyceae) produces significant levels of saxitoxin and
related analogs (Harmful Algae, 2020, in press)
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