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Identification of biosynthetic gene clusters of bioactive natural products and
their producing bacteria based on sponges life cycle
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Marine sponges have been recognized as critical marine biochemical resources

because some sponge-derived natural products are used as research reagents and chemotherapeutic
agents. However, the lack of a sufficient supply of bioactive compounds for clinical development has
been a problem. In this study, we focus on the sponge life cycle to identify biosynthetic gene
clusters of bioactive natural products and their producers. As a result, we found the biosynthetic
gene cluster of mycalolides, inhibitors of actin depolymerization, and its producing bacteria. We
also revealed that the Mycale sponge inherits symbiotic bacteria producing mycalolides from parents
to offspring via microbial transmission.



Piel Theonella swinhoei

Entotheonella

Discodermia calyx
Entotheonella

Mycale sp.
3-1. Mycale sp.
3-2. Mycale sp.

30

Mycale sp.

Illumina Hiseq

antiSMASH

Oxford Nanopore Minion



3-3. Mycale sp.

16SrRNA  V3-V4 PCR
[lluminaMiseq
100
3-4. Mycale sp.
31 EtOH LC-MS
LC-MS
Mycale sp.
mycalolide
NRPS PKS
110 kb mycalolide
GC
Verrucomicrobia
A 16SrRNA mycalolide
blast
Minion DNA Illumina Hiseq
mycalolide A 16SrRNA
A mycaolide A blast
Coraliomargalita akajimensis 86%
—{mycA { mycB _{ mycC {  mycD { mycE
MycA FT MT Ay, KS DH ks kr M1 @ NRPS

PKS
mycB KS KS DH KR MT ER KsS

mycC KR .MT MT KS KR MT KS

myeD KR .MT KS DH KR . HC HC Acer ox. .

mycE HMC HCAw Ox @ HeHCAw ox@ KSRMr @ MT ks KSDH KR ks KR Ks IE

mycalolide



DNA
DNA

16SrRNA

Hyphomicrobium HEMA Others
H 35% 13% 13% | 8.5% |7.8%

Ca. Endobugula L‘Jewmellfa Metl'hy\onatrum
B 27% 12% 21% 1.2%| 1.2%
i 36% 19% 10%
3.5% 2.9%

Mycale sp.

mycalolide A 16SrRNA

mycalolide
DNA [lluminaHiseq
mycalolide

mycalolide



15 13 2 1

Hitora Y, Takada K, Ise Y, Woo S.P, Inoue S, Mori N, Takikawa H, Nakamukai S, Okada S, 28

Matsunaga S

Metachromins X and Y from a marine sponge Spongia sp. and their effects on cell cycle 2020

progression.

Bioorg. Med. Chem. 115233
DOl

10.1016/j .bmc.2019.115233

Suo R, Watanabe, R, Takada, K, Suzuki T, Oikawa H, Itoi S, Sugita H, Matsunaga S 67

Heptavalinamide A, an Extensively N-Methylated Linear Nonapeptide from a Cyanobacterium 2019

Symploca sp. and Development of a Highly Sensitive Analysis of N,N-Dimethylvaline by LCMS

Org. Lett. 476-480
DOl

10.1021/acs.orglett.9b04420

Tian T, Takada K, Ise. Y, Ohtsuka S, Okada S, Matsunaga S 76

Microsclerodermins N and O, cytotoxic cyclic peptides containing a p-ethoxyphenyl moiety from a 2020

deep-sea marine sponge Pachastrella sp.

Tetrahedron 130997
DOl

10.1016/j . tet.2020.130997

Suo R., Takada K.*, Kohtsuka H., Ise Y., Okada S., Matsunaga S.* 81

Miuramides A and B, Trisoxazole Macrolides from a Mycale sp. Marine Sponge That Induce a 2018

Protrusion Phenotype in Cultured Mammalian Cells.

J. Nat. Prod. 1108-1112
DOl

10.1021/acs. jnatprod.8b00101




Suo, R., Takada K.*, Irie, R., Watanabe, R., Suzuki, T, Ise, Y., Ohtsuka, S., Okada, S., 81

Matsunaga, S.*

Poecillastrin H, a Chondropsin-type Macrolide with a Conjugated Pentaene Moiety, from a 2018

Characella sp. Marine Sponge.

J. Nat. Prod. 1295-1299
DOl

10.1021/acs. jnatprod.8b00180

Nakamukai, S., Takada, K.*, Furihata, K., Ise, Y., Okada, S., Morii, Y., Yamawaki N., Takatani, 59

T., Arakawa, 0., Gustafson, K.R., Matsunaga, S.*

Stellatolide H, a cytotoxic peptide lactone from a deep-sea sponge Discodermia sp. 2018

Tetrahedron Lett. 2532-2536
DOl

10.1016/j . tetlet.2018.05.033

Fukuhara, K., Takada, K.*, Watanabe, R., Suzuki, T., Okada, S., Matsunaga, S.* 81

Colony-wise Analysis of a Theonella swinhoei Marine Sponge with a Yellow Interior Permitted the 2018

Isolation of Theonellamide 1.

J. Nat. Prod. 2595-2599
DOl

10.1021/acs. jnatprod.8b00591

Sun Y., Carandang R. R., Harada Y., Okada S., Yoshitake K., Asakawa S., Nogi Y., Matsunaga S., 16

Takada K.

Lactomycins A-C, Dephosphorylated Phoslactomycin Derivatives that Inhibit Cathepsin B, from the 2018

Marine-derived Streptomyces sp. ACT232

Marine Drugs 70

DOl
10.3390/md16020070




Irie R., Hitora Y., Ise Y., Okada S., Takada K., Matsunaga S.

74

Poecillastrin E, F, and G, cytotoxic chondropsin-type macrolides from a marine sponge 2018

Poecillastra sp.

Tetrahedron 1430-1434
DOl

10.1016/j .tet.2018.01.037

Irie R., Takada K., Ise Y., Ohtsuka S., Okada S., Gustafson K., Matsunaga S. 19

Structure Revision of Poecillastrin C and the Absolute Configuration of the 3 -Hydroxyaspartic 2017

Acid Residue.

Organic Letters 5395-5397
DOl

10.1021/acs.orglett.7b02835

Takada K., Irie R., Suo R., Matsunaga S. 80

Resolution of the Confusion in the Assignments of Configuration for the Ciliatamides, Acylated 2017

Dipeptides from Marine Sponges.

Journal of Natural Products 2845-2849
DOl

10.1021/acs. jnatprod.7b00684

Hitora Y, Takada K, Ise Y, Okada S, Matsunaga S. 79

Dragmacidins G and H, Bisindole Alkaloids Tethered by a Guanidino Ethylthiopyrazine Moiety, 2016

from a Lipastrotethya sp. Marine Sponge

Journal of Natural Products 2973-2976

DOl
10.1021/acs. jnatprod.6b00710




Ueoka R, Hitora Y, Ito A, Yoshida M, Okada S, Takada K, Matsunaga S. 79

Curacin E from the Brittle Star Ophiocoma scolopendrina 2016

Journal of Natural Products 2754-2757
DOl

10.1021/acs. jnatprod.6b00701

Takada K, Imae Y, Ise Y, Ohtsuka S, Ito A, Okada S, Yoshida M, Matsunaga S. 79

Yakushinamides, polyoxygenated fatty acid amides that inhibit HDACs and SIRTs, from a Marine 2016

Sponge Theonella swinhoei

Journal of Natural Products 2384-2390
DOl

10.1021/acs. jnatprod.6b00588

Ninomiya A, Katsuyama Y, Kuranaga T, Miyazaki M, Nogi Y, Okada S, Wakimoto T, Ohnishi Y, 17

Matsunaga S, Takada K

Biosynthetic Gene Cluster for Surugamide A Encompasses an Unrelated Decapeptide, Surugamide F. 2016

ChemBiochem 1709-1712
DOl

10.1002/cbic.201600350

2018




2019

Kentaro Takada

Biologically active secondary metabolites from marine-derived actinomycetes

The JSFS 85th Anniversary-Commemorative International Symposium

2017

Kentaro Takada

Structures and a Function of Surugamides lIsolated from Streptomycete

1st China-Japan Joint Symposium on Natural Product Biosynthesis

2017

Kentaro Takada

Structures and a function of cyclic peptides isolated from Streptomycete

15th MaNaPro

2016




(Matsunaga Shigeki)

(60183951)

(12601)




