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Abstract

The bacterial community structures of deep-sea water (DSW) and surface seawter (SSW) collected from seven DSW
pumping stations in Japan were investigated by molecular biological techniques using a 454 FLX sequencer. The result of
pyrosequencing analysis showed that the bacterial diversity of DSW was considerably higher than that of SSW as we studied
before.

Various actinomycete strains were isolated from deep-sea water in Izu-Akazawa in Shizuoka Prefecture and Kume-Jima in
Okinawa Prefecture and three types of new active compounds were isolated. A new enteromycin-class antibiotic, named as
“akazaoximes 1,4, 17, 18” were isolated from cultured extract of an actinomycete of the genus Micromonospora sp. strain
AKA109, which was isolated from Izu-Akazawa deep-sea water. Akazaoxime 1 showed weak to moderate antimicrobial
activities against Gram-positive bacterium such as Kocuria rhizophila and those of synthetic analogues against a plant pathogen
Glomerella cingulate (MIC of 50 pg/ml) and a human pathogen Trichophyton rubrum (MIC of 25-50 ug/ml). Three new
tetronate-class polyketides, named as “nomimicins B, C, and D’ along with nomimicin A were isolated from the culture extract
of Actinomadura sp AKA43, which was isolated from Izu-Akazawa deep-sea water. Nomimicin B, C, and D showed
antimicrobial activity against Gram-positive bacteria such as Kocuria rhizophila and Bacillus subtilis, with values in the range
of 6.5t0 12.5 pg/ml. Nomimicin B and C also displayed cytotoxicity against P388 murine leukemia cells with ICs values of
33 and 89 uM, respectively. Seven cytotoxic angucyclinones named as “kumemicinones A-G were isolated from fermentation
products of an actinomycete of the genus Actinomadura sp. strain KD439, which was isolated from Kume-Jima deep-sea water.
All kumemicinones exhibited cytotoxicity against P388 murine leukemia cells with ICso values ranging from 1.8 to 53 uM.
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HINZE B TH Y, 2 E T ERRE I DWW TE D720 e B CE = BUEE Tl sty
DHVEMED 5 B, LT E RR CTh 0 & DL 1203 Streptomyces J&H12K T & % (Procopio et al., 2012).

L2s LA Tk ERGRE 5> & O FZAEBRIE M O S 138U MBI & 0 B 72 7 Sy BEIR OPRER O BEE -
B T DBRFE N MBL L 725 T & TWD MEBREE ) b O R R I SRR D i b 2 < VWS TR,
WK & O BEBN IR D 720, S BT DSW IR IEHERE-SOMEE M) & 13 R = S AR DR R Ch H 2
N, R E OIEEDN I SN 5. Paolo et al. (2014) 12 X % &, MEPEHRABYEMEWE A3 1, 241 OAPE
FHOHRT, AT 164 OFFRABIEIEWE O/ERESR & U CTHRE S5, IEM OSBRI 2D
HEREIHR ST H D DITHE L, /K, FFIZ DSW HSROF A BRI E OB IBD TH 20, 2D L 5 s,
AMFFETIL DSW 2 7= 72 IR ZRETIR L LT e B 2, DSWIZIERFEIETE (B4 &ie) DOFEIGD SSW L v @
Z L6 (Yang et al. 2019) , £V &< OFHIBAEDDPFET D AREMED SV 2 & DR S, Fi, kS
EAZFAARTJE L)L T ORI BREEMNTHE R T, FHrERIRE KOUCKE O DSW HIZHFEZ & e RFEERE K H %
SHELTWD ZENRHLNE 7272 (4 Hfh, 2018).

ZOE DR s, FEARRE LOUCKE DSW 2> & SR, BERE, b 72 & 208 L, SSW HskD & 0 & —fE
WCIRAEMTA T TV =% RE L CEX . S ENXZ DT A 7T U =D b R 2R IR L, AR CrsE L, B
CHIVE % BEARIR D O HABE - BT L, 2 O L Pis e CORMEIREFIND Z LA HINE L.
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Fig. 1. Geographical location of DSW pumping stations in Japan

Table 1. Depth and sampling date of DSW pumping stations in Japan

Pumping station Depth (m) Sampling dates
Kumejima (KLT) 6512 25y 2013, 30 Aug 2013, 29 Non 2013, 27/ Feb /2014
Koshikijima (K0} 325 24 M=y 2013, 3 Aug 2013, 200 Nov 2013, 27/Feb 2014

Muroto (ML) 374 15May/ 2013, 3 Aug 3013, 28 Noe 2013, 28Feb 2014

T Abcazawea (AK) 200 15/May/2013, 20/ Aug /2013, 28N /2013, 27/Feb. /2014

Toyama (TO) 333 28 May/2013, 20/ Aug /2013, 28Nov 2013, 27/Feb /2014

Twamai (TW) 00 TMMay/2013, 23/ Aug /2013, 20/Nov 2013, 28/Feb /2014
356

Rausu (RA) TMay/2013, 23/ Aug /2013, 20 Nov. 2013, 28/Feh /2014
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Fig 1 [ZAMFIECATF L7 HARSHL 7 77 Fr(ALIEE R 1 ACHEECE PN, & (LR 1R VR O BRI, e n B 3
b VRIS, TR R AR I8 DV /K UK ER i DAL A7~ L2, 240D Ok £V Table 1 1ZR"3 K 91T 2013 45
H8 H,11 AB X214 42 A DOEFH4 [RNZH7Z YD DSW B L ONSSW 2 AT L7z Fig. 2 1350 FBRFHITEC
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Fig. 2. The bacterial composition of all DSW and SSW collected from 7 DSW pumping stations in Japan (May, 2013
to Feb 2014)

—1. FEFHIR DS BEBRE L 5 DFHRY/ o RINEWE akazaoxime B (Igarashi et al. 2021)
A AFRIRE O G AR DSW B2k (KT 800m) O HGHR R AKAL09 A% 12 0 HTHIHT A B A oo il S AL 7o, ARARPE RS

1% 16S rDNA DG FFEHIENT /NS, Z OFEUERRC & D Micromonospora fifamycnida AM1-5"Kk & 99. 4% ORI

(1, 402 TR EA#AT) 72330 ,DDB] »F — & ~X— 2 (DNA Data Bank Japan) (2 LCA76779 &\ 9 HE S TEEEL
7-. AKA109 ¥k % A16 B3I CTHEE L7- Db, B8R 1-butanol ZINX CHERME 2 BRI L=, > U h
TNEBIO0DS OF T L7 v~ B XOWHHOEERIK 7 o~ 77 7 ¢ —THR L. AME (akazaoxime &
i) BIOMEFEARIC L 0 EON - AWEOFEL 17, 18, 19 13V F b AREE OKHE, Trichophyton
rubrum 3 X ORI ORISR (Glomrella cingulate) \Zxt L, BREVREUETIEMZ R LIZZ &0, #iic/s
PO ERE LTOEMEBP RSN D. X4 12X /7 o ZbAY, akazaoxime & A REFFLEA 17, 18, 19 Db 74
&EER LT

OH OH OH
COOH COOH X COOH

HO\N¢\H/NH : HzN/\n/NH : HON)\H/NH -

(0] (0] (0]
akazaoxime 17 18: X = Me
19: X = Bn

Fig. 3. Chemical structures of akazaoxime and compounds 17, 18, 19
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3—2. IR DN HERRE D S OFRIEWE nomimicin # (Zang et al. 2021)

(P ELARU DSW HIRHGHR B AKAA3 Bk S HTHT b o U b B3 oyl S 4u7-. ARAEPER IS 16S rDNA O ALHC 5|
AT (1, 397 FEEAENT) D, Z DIEHERR Cd D Actinomadura gelboluensis A8036" DEIFI & 52412 —F L, DDBJ
DT —H _R— |2 10498623 &\ ) Fi5 TREE S IT=. A Actinomadura sp. AKA43 KR4 A16 B538iR CHEE L7
DB, FEEHKIZ 1-butanol ZMZ THMWE ZAREICHIE L721%, U WA EBX O DS DA T L7 m~ ML
WO EIRIRIE 7 v~ N 77 7 ¢ —CRER L7, ZOfER, BEF LAY nomimicin A IZINZ T, FizlT@dbs
¥ nomimicin B, C, D M5O N7-. 2D 5 H, nomimicin B, C, DIV 1vd 7T LABMEHIE Kocuria
rhizophila, Bacillus subtilis!|ZMIC6.5-12.5mg/ml OfE CHEFEFHZE S B 547=. £7-, nomimicin B, C I ICs
MZENZEI, 33, 89ImM DIREE T~ 7 A P388 M MM 3~ 2 HFHINHI 23380 Bz, ZH BT b e Rk
A% nomimicin A, B, C, D DfbLFA%EH[X. 512~ L7z,

WwOH

‘1, y

nomimicin A: Ry =Ry,=H nomimicin D
nomimicin B: R; = R, = OH
nomimicin C: R{=0OH, R, =H

Fig. 4. Chemical structures of nomimicins A to D

3—3. AXREDSWHERBEMNSOIRT T4/ oR{EEY kumemicinone # (Zang et al. 2022)

DK DSW S HGER I KDA39 N DT T v 74 7 U R LB 0N 3Bl S iui=. ARAPER IS 16S rDNA O
JCROBRRAT (1, 277 BEIEMRNT) D, Z OREUERRTdH D Actinomadura miaoliensis BCAAT-5T ¥k & 99. 9% DFHE]
PEMN R BT ARE % DDB] DT — & /30 7 (2 10648321 &) FeB TR Gk L7, AR Actinomadura sp. KD439 £k
% A6 B5 ChEE L7200 b, B5IRIC 1-butanol Z N2 CTHMWE 2 AFE [T L7214, U B 7L L)
ODS DA T L7 v~ FBXOWHOEFREERZ o~ 7T 7 4 —CER L. ZORE, 7T >OWENSEHN, Th
Zh% kumemicinone A, B, C, D, E, F, G & Liz. 2N HOWEIZ, 1. 8-53mM DEE T~ 7 A P388 IR
AR KT D HIFRTREMED RS DIz, ZNHHT 7Y A 7V ) VR LAY kumemicinone A, B, C, D, E, F,
G DAL PG A X, 61 ZR LTz,

OH O

kumemicinone A: 3R 1 OH
kumemicinone B:3S —==OH

HO,,

kumemicinone E kumemicinone F kumemicinone G

Fig. 5. Chemical structures of kumemicinones A-G
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