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Isolation of actinomycetes from deep-sea water and production of anticancer substance
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Abstract

Various actinomycete strains were isolated from deep-sea water (DSW) and surface seawater (SSW) in Izu-Akazawa
in Shizuoka Prefecture and Kume-Jima in Okinawa Prefecture, and anticancer activities of culture supernatant of these strains
were tested. Out of 252 isolates, 16 positive strains were obtained. Among them, one strain named as strain AKA32, isolated
from Izu-Akazawa DSW had constant high anticancer activity and was selected for further studies. Taxonomical
characterization of strain AKA 32 and 3 type strains (Nonomurea asiatica, N. indica, and N. muscoviences) was performed.
The strain showed close resemblance with N. indica by 16S rDNA analysis (98.5%, 1,435bp). However, all the type strains
had no anticancer activity. When the strain was cultivated in a liquid medium at 30°C for 7 days with shaking, the anticancer
substances were produced in the culture broth. The active substances were purified from the broth and three active
compounds were isolated by extraction using z#-butanol, followed by silica gel column and ODS column chromatographies,
and high-performance liquid chromatography. The chemical structure of a novel compound which we named as
“akazamicin” was very similar to that of “madurahydroxylactone” whereas the other two compounds were identical with N-
formylanthranilic-acid and actinofuranone C, respectively by mass and NMR analysis. The cytotoxicity of akazamicin
against B-16 cells was much higher than those of other two compounds.

Key words : deep-sea water, actinomycete, cancer cell, anticancer substance

1. #

A E SR O ESCHHER 78 & OABEHEMEI I AR AIEOM EIC K& CEBRL TE 72 2 LI3Emo 5
ThD. MAEMOFTHIHE &V D 7T AEEE T TRICHELo 8N OBt S N A A TH Y, FFEFAE
WYESCEE R E AR L OWBIRIRIEOAER & L TH DI TE 2, (R 2L O E 1R - R oA )
BOBEHENETH 1208, IHAFEFHITEE O RBEENE LB LTE 2 &b, B2l O RRR
L LT, MBEEBREEMENCIER SN L IR TE -, UL, THE TEAEMOSEERI TR EREK (SSW) ,
IR OWRIEHEREY)-OURE A IR ENIZ L A ETH Y, KIE 200m % #8 % 5 REOHHERE K (DSW) 1XZ DOXI45
MHIETN Tz, ZOEBE LT, DSW 1% SSW & g U TR MmO TH7RenZ LB 2 6hd (5H
2012). % ZT, HEEFHTFEEZ VT HAZ RO DSW 5 LN SSW OMEMREHERSE O 217 - 7255 5,
DSW [Z1F SSW TS H A7V Vil B OSEREEREE MR L, B 728 AR RIR & LTI R o 2 &
VM| L7= (Terahara et al. 2016) . DSW OFSEMNIIRIE, m/KE, (KAHEMIRE OMIRERE I CHEIG L TWD Z &
D5, OB TIXR SR WERAAMAMNER L TS Z LIZHLATH Y (RHH,2003) , 20X 572K
IR R E AT, FHAEREEME 2 EE L CWDAEEERE Z 6D, £ 2 CTAZETIE, 20
HREIZE H L, DSW IO OBEEITO, 306N 78 RN AET 2P E OFIEIRETIRD Z L2 B E Lz,
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2. RBBIOHE

2-1. DSW 7> 5 DFSHREE D48 & HEROEIR

%14 FEYEET RV — R Y D A 2017 (2017 4F9 A 21 B) IZRBWTHA L BAREHIO DSW 38 L OV SSW
OIS EMBHEMERTTER LV, B2 EORATEHEOZ ) > TP ERREB L OUACKEBIZER L, LLTFTOHIEIC
LAY D BEEAT ST,

FEARRIL, B 112787 DSW OREY) O AV DB LDy R 7 ¢ 02— (FLEK 0.5um) & A
FL (0154F10 H30 H,12 A28 H) , 7 4 VX —DJEHZ EEANZ 3 enljiCE) Y Bio 72, 7235, SSW X DSW
BUKBHEOE K 2L ZE4E LT,

—JIAKEL, EERFAKETT 74 N b DWERE 28 EEEE CREICHERA%Z O DSW (2015 46 H 25
H, 8 H30 H, 201641 H 14 A, 5H 16 A) ZW/AEMOSEE -, 20 DSW K2 b & e
\ZHEE SN TN D 8 ODHIZERIE T ¢ L4 — (FLE20.1um, HA/KIEELEE TC-12], Mt H78) 2 VT
3,000 {5 CIEEEEME L7, 2 OEMEMZ S BITILEL02um DX 7 LIRT 7 4 V2 — TIEIBIER L. F&BNcH 5 5
%0 DSW IEMiREIR 21572, 728, SSWIXVT 74 METhHERE(2L) L -

G PFEARRAN Y AR T 4V H —, SSW 7L LUK DSW IBMRRRENTE, SSW Vo7 v &2h
IR DSW Tl HAR L7=%, £ OFAHUK 0.1ml % BB O3 BEZ LA ST % ISP-No4 Bi#tids K OVHV
FREEHIZBEE LoD, 27°CICHBWT 4 BREERS L, 8§58%81%, £ U aa=—oHn b AR CHitE &
ffrsnican=—Z2E L, oBkE L TRELT.

18cm

80cm

Fig. 1. Filtration equipment of DSW in Izu-Akazawa

A: The water tanks of the filtration equipment containing bag filters used for the isolation of DSW microorganisms
B: Inside of the tanks where 5 bag filters are installed

C: The bag filer (Nagoya Filter Co. Japan. Type CB x 400M: 180¢ x 800mm)

2-2. SyBERBERERE DGR TEMERTAT

T DA BER A RIS, WOEE LT BIEICOWT, Ble v WA AT ) —<Hiln (FYLEFIRET S A 4
Uy =2 Z—50AF, LIT : Bl6 i) &Mz MTT #7eik (L S,2007) (25K 0 B9 2 FE
ZRHHE L7z, DN AERRICOWT, S5t MJEHRMESEI BMEEFERT A A ) Y — A —
KOV AF, LUF :NBlMI) & HAWCEFEMIICKHT 2 8E bRz, AT, Bk 25 X
D HIEANEIZRT T 2 B RRIICE O 2 L A PUEENE. F OPUEIEEE R TWE 2 PR E & RS, AT
FECBUNT, BT E W HUEIEME 2R L7RRIC OV T, 16S IRNA G TENTIC L 2O RIEAIT 7. EHICFD
BERRH D O B LA % Bl - R L TP 2T L=, 72, 2 b ObEMIZ- oW T B16 flifld, Caco-2
AR LR ANA AU Y — A2 —5 0 AT, b MEEEBESR) 350 Hep-G2 Milld FRALEWFEHT S
AFY V=R H =20 AT, FiEENR) 2R CHoEEEE <.

3. BEBIUEE
3-1. FEFRRIB L OUKE DSW 35 L 8 SSW DA A EEFIE R L CHEE:
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PFEARR DSW L0 131 BRB L OVSSW L0 378k, £72/CKE DSW L0 67 kB L ONSSW L0 17 ko4&t
252 BED KR IE 2157, 25T _RTOABEERRIZ OV T B16 Ml T 2 A TR R, R 1LITRT LI
PFEARR DSW 225 7THRIB L ONSSW 715 1 #E, E72AKE DSW 725 4 BEEB L ONSSW 226 4 RO &5 16 Ry
PP LI, O OFEERIZOUNT, 168 IRNA R FRENTIC L U [FIE 21T o 7255, Streptomyces J&D ik
EOR b &Moo, AWFFETIE, FEARIREED AKA32 Bk & s L7RR2 i b LB ICHURTRE RS A b - 2 &
DG, FFHGEEREZ A LT 5 & & bICHME & BT D B - LU, (LiE R T T o L L b
(CPURETE M A S L 7=

Table 1. Characteristics of 16 positive strains from DSW and SSW in Izu-Akazawa and Kumejima

Strain Origin Species Identification % (bp)  Cytotoxicity (B16)
AKA3ZZ AK” DSW Nonomuraea indica 98.5 (1,435) +**
AKA39 AK DSW Streptomyces bingchenggensis 99,6 (1,476) +
AKA43 AK DSW Actil dura geliboluensi: 99.4 (1,280) ++
AKAL103a AK DSW Streprony ngjiang 98.3 (1,078) +
AKAL08 AK DSW Streptomyces sanglier 97,1 (1,046) +
AKAILY AK DSW Micromonospora chalcea 99.3 (1,052) +
AKA128 AK DSW Streptomyces pulveraceus 99,7 (1,162) +
AKA223 AK SSW No growth after cultivation ++
KSs1 KU Ssw Streptomyces turgidiscabics 99.9 (1,265) +
Ks2 KU Ssw Mycobacterium poriferae 97.7(1,498) ++
KS4 KU SSW Mo growth after cultivation +
KS30 KU S8wW No growth after cultivation +
KD2 KU DSW No growth after cultivation +
KDS KU DSW Streptomyces globosus 98,5 (1,262) +
KD7 KU DSW Actinebacteria bacterium 98.7 (1,263) +
KD38 KU DSW Streptomyces antibioticus 99.8 (1,284) ++

"AK: Izu-Akazawa; KU: Kumejima, ** +: Moderate activity; ++: High activity

3-2. AKA32 BROD[FFE

ARRIZ DN, FIEIZ LY 16S IDNA OYEEFS A fidT U 7RSSR, ARRIIHERE Nonomuraea indica DRQ-2 &
98.5% (1,435bp) OOFAIENEA 77 L 7=(Saitou and Nei, 1987). =D N. indica DRQ-2 I% Z3VE THUL DA PRGNS D4y
BERED 5 203, FUBWE DEFEMHEIZOW T BN TE 6T, MRS b O BG4 & Th 5 (Syed et al.,
2015) . WICAERDITRRFE (BEHERER) 3 HRE AF L, AR L OFF#MERES LR - A FaMRo g 417
o7z (£2). TORK, T SHROIBEEFEKIZITTRENEDS 2RO bR o T. E-AEHICHKT 5
AKA32 £ & EEHERIE & D& BRRE O ik CiE, AKA32 ££, N.asiatica A299 #£35 1. O N.indica DRQ-2 753 10-45°C
M CAEEN RO, N.muscovyenesis FMNO3 #:1% 15-40°CIEI COAEF 7R Lz, [F U< A F pH #iFHRER T
# AKA32 1, N.asiatica A299 #£33 X OV N. indica DRQ-2 1% pH 6-9 ] CAB %7~ L7Z/X M, N.muscovyenesis
FMNO3 #:13 pH 7 DA THE %71~ L7z, NaCl it Tl AKA32 £, N.asiatica A299 £33 Z Y N. indica DRQ-2 £ 1 >
TH NaCl 3% & TAHEE 2R LD, Nmuscovyenesis FMNO3 ££13 NaCl 1% ECLMAEF Led o7, Li4EHR
IR, 8 pH #iPHIs KOV NaCl it 42> 5, AKA32 #E, N.asiatica A299 £33 J O N. indica DRQ-2 #RIZ A MZFELL L
To AR AALTFRIEIR A B LT D LB 2 BT, 72D O Nmuscovyenesis FMNO3 FRIIMEIR SR 22 > T o &
HIWT S AL72. WITIRFEIROFI FIFRER CTld AKA32 K35 K U Nasiatica A299 #R1% 8 FEFEA T O IRFEIRA & Tek5HIT
B %R LT, N, indica DRQ-2 £k35 X O N.muscovyenesis FMNO3 #£13 L-arabinose 35 & U8 D-fructose TEB S A
Lo T- (FF3) . F72,7 2 ORI HFER CTlL AKA32 #6723 L-methionine, D-alanine 33 X (Y L-isoleucine %
< 7RI T I /ipaRIH Lz Z &% L, Nasiatica A299 #£1% L-methionine, D-alanine, L-isoleucine, valine 33
O\ L-tyrosine # < S FEED T X /%, F72 N. indica DRQ-2 i3 L-methionine, L-isoleucine 33 X O} valine %[ <
TREEOT X VW%, X BT Nmuscovyenesis FMNO3 FRIZWT DT X VB FIHT L Z LRk o7 (R
4) . BLED X DI, AKAR2BKIZZN G 3 SOEHERIL & REIROFAINERS LU 2/ BOFMAMELF2 > T
DT 0 n, HFEOHHERE O FREMED R S, 4% S b2 2PERFERZ FEi+ 2 BN H H & bz,
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Table 2. Differences of physiological properties of strain AKA 32 and 3 type strains

Characteristics SwainAKA32 . asiaticaA299T N indica DRQIT V- iescomyansis
Antitumor activity +* + - -
]nhi!rition act]wty against 11.6%% _ ~ -
Bacillus subtilis PCIZ19

pH range of growth 6-9 6-9 6-9 7
Growth temperature (*C) 10-45 10-45 10-45 15-38
MNaCl tolerance (%6, wiv) 3 3 3 1

*+: Positive, -: Negative
**Diameter of inhibition zone (mm)

Table 3. Utilization of carbohydrates by strain AKA32 and 3 type strains on various media

Carbon Strain AKA32 N. asiatica A2997 N. indicaDRQ2T N, muscovyensis FMNO3T
D-Glucose +* + + +
None - - - -
L-Arabinose + * - -
D-Fructose + * - -
Sucrose * + . *
Raffinose + * + +
Xylose + + + +
Inositol + " + +
D-Manmnitol + + + +

*+: Positive, -: Negative

Table 4. Utilization of amino acid by strain AKA32 and 3 type strains on various media

Amino acid Strain AKA32 N. asiatica A2997 N. indicaDRQ2T  N. muscovyensis FMN03T

L-Alanine + + + -
L-Proline + * + -
Histidine + + + -
Glycine + + + -
Valine + - = -
L-Tyrosine + - + -
L-Methionine - - - -

a-Isolencine

L-Phenylalanine
D-Alanine - - + -

*+: Positive,-: Negative
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3-3. BEORERRH D OYUERYE O R - KR (Yang ef al., 2019).

KE % 5 5T V22 JRIREFH (soluble starch 1%, glucose 0.5%, Bacto-yeast extract 0.2%, Bacto-tryptone 0.5%,
K,HPO, 0.1%, MgSO, + TH,0 0.005%, CaCOs 0.3%) 100ml tC 6 HITEE L7- (30°C) . G, ©0a s
A16M (glucose 2%, Pharmamedia 1%) WIAEGHI 2L (CHEFE L= 0, 7 HMIEHERE: (30°C) £54% L7-. H5#%#%, n-
TH =V 2L F ZAUCEZFEIRIN L0, | REREESEE L, Z@Icnfil L7z, B o alE AR L,
TR —F —CIEMEE Lz, ZOMEYME 7 narihb A% 7 —L (1) I[SBRSE-0b, U 7L
#1725 (10ecmx 50cm) ZHWT, Zuuaki e A ) — LV TEBREEIEH L2, 557Gy & Sl o
n~ b7 7 4 —HPLOWERM L, HHWEZHR L= 0 HNWEZ STy % T/ 3R L— 2 — Tk,
ODS HIEA 7 2 (Semx 40ecm) 2 HUNT, 0.1%FFRKEHE & A 2 ) —/V CEIEERH L7, % ODS By H7r 5
HPLC SATIC & » CHPWE 28 L%, =K L— & — CIRME%E L. SO -isiiw s S 512 0DS 17
2 (1.D.x250 mm, COSMOSIL 5Ci5-AR-1I Packed, Nacalai Tesque) % %535 L7- HPLCIZ LV, H—DfbAEWIT/2 5
FTRBR LIz BRSNS LEWIE'H B L OV BCNMR  (Bruker AVANCE 500 spectrometer, Bruker Biospin K. K.,
Yokohama, Japan) % AN TILEEREE 2T LTz, ZOREE, | >OFHMWE (akazamicin &) K OR2 DDEE
F¥'E  N-formylanthranilic-acid (Jiaolin ef al., 2016) , actinofuranone C (Um, et al., 2013) NZIEE BTz,

3-4. Akazamicin DFEE:

212 akazamicin DAL FHEE % 7 L 72 (Yang et al., 2019). A#)'E 1% madurahydroxylactone (Kim et al., 2017) & J8
LU M5 % LT /o, akazamicin 1350 F 5 491.1  (CoeHaoNOo) DIREIIKTH Y, A ¥ —/VEEH T,
243,292,319,35 LY 476nm (ZARARIRIN 2~ L7z,

CO,H

OH

Fig. 2. Chemical structure of novel compound named as “akazamicin”

3-5. FREFEMIII R B St

F 52D 3 OOWE ORI KT D aEE 2R Lz, ZORNLHALNRE I, ZRHD 35
DOALEW BRI U CRERA 238t 278 L, F5IC akazamicin 13X B16 A 7/ —<#lIRIZ 5B IR %
RNLT-.

Table 5. Cytotoxicity of three compounds against various tumor cell types

Tumor cell type Akazamicin N-Formylanthlanillic-acid Actinofuranone C
B16 1.69 25.00 69.50
HepG2 75.25 84.24 37.88

Caco-2 185.00 80.61 12.75
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WL TIEF AR DSW R OHUEME A FE AR E ORI OV T B2 Lc b D TH 503, AKEH
D DSW 5 bW SOFLEBRFE SN TWVD 720, 5% 25 ORI OWT HEEMIc R 2]~ &
BZTWD. ZDOLHIZ, DSW b OFRABAEMIERRIFZIL L 50T IEN D TH Y, SkisxHH
PEDOEWEBIEEE D3 e 2 & BB S, REPERINHSND Z L&A L.
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