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Elucidation of the selective cytotoxicity of tomuruline, a novel
thiazole-containing polyketide, under nutrient-starvation conditions

Ohno, Osamu
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The biological activity of the novel thiazole-containing polyketide
tomuruline was elucidated to be the selective cytotoxicity toward cancer cells under
glucose-restricted conditions. In addition, it was proved that tomuruline exerted cytotoxicity based

on its selective inhibitory activity against the mitochondrial complex I activity. Next, we
searched for compounds that showed the selective cytotoxicity toward cancer cells under
nutrient-starvation conditions, and isolated kalkipyrone from marine cyanobacterium collected in
Okinawa. Kalkipyrone was found to show the same biological activity with that of tomuruline.
Meanwhile, we 1solated new inhibitors of kynurenine-production and ER stress using the screening
systems related to the nutrient starvation in cancers.



B X C—19, F—19—1. Z2—19,

1. WFZEBIA Y DY =

WEEEAE Y Bk O E IR EW IS TR B e
MIEIZE S HEHARKREEL R SL DR,
FEEH B, IR A S CEAE L 7oigiE v
T IR T VT NLEHBRTFT VS —VERKR
V7R, by (K1) ZHEELZ,

k 2V Y VTR DS A H SR D B AR T
L. K8 EE R Clripa st 2 m &
— 7. REHUFRIZH D TV E B R R A
BRI EZHE L, 512, hav
UE, I S a— A RS REER B X
T 2T AR a—2 (2DG) A IEE
RE SR EIEE 2 R L-, 20X 91T,
N 2V U AR AR SR IR Y 70 Ml e BE R
METHDHZ L ERTRERNE LN, K&
FLERSR IR A 22 MR SE B S B 1. BT A Al
RO D REOMIREZZEN L LB A
& LToIARREIND, —TF, DA
AL O e HLERIR B I3 1T B I B A 120
TR E G S L . FORFOMILHT- 724
HIFEOMANICEE TH D, £ T, A
TIE F 2L U O AR5 5 S AL
Ak 8RR 70 A i ST 5 EAEAE ORI &2 B S L
7ol bic, REHMICEET SV 7B
BEDORNT IS OHEAN OWR A B LTz,

2. Mo

AFRE CIE, IR A S CHEE L i
TN TUTXOHEBELT hAaLY v
2N 70 5 2% HLARCR RE CHBIRAYIZ 28 AU
WA A KB 5 O E N L. TER B
OB B LT, £, FizichsAf
DS YRR BRI IS 2 5584 5
WE R SR VI BERR L, IE
PV 2 BT D & L bic, T OEREMED
fEHZHfE L=, S BI2, DAMBOREL
RIS 5 v 7 ARZE DL ERIRE O
IO AT N —= TREEEL, £
NENORT Y —= T RIZBT HIEEY
BHo®S 2 HE LT,

3. WOk

WEES T ) N7 T U T HEOHFHRILED
N2V U 2 AR TS A AR SR RV A i 5
EIEMECBE L, B FROMEICET L,
Q) FAY T KD AMBEIT )T D AR
LA R B0 M SE 575 B D i AT
(2) Bz 7 e A HLAR SR IR ORI B SE 35 B A1 O 132
TR OME B HE D figt bt
(3) M AN D A= HLERBSE > 7 F MRED
FLERIRBEDOIZDDH AT ) —=2 7
R OREEE K ONEVEE O
LROBFIEEBL., b Y RO
S 2% ALAR SR R SE A 0D 52 28 ALAR S PR AY 7
W SEFHETE M O S B & fiftT L 7o, E 7.
R R B AR S 7 U E A ) &
L7- RN 2R U, T OREREfRT 2 3 72,
BARMZ2 FEE LTI, (DICOWTIE,
FLAR S 1T B U 7 B SR CRE B L2
JHIREIZ )T 2 R AV Y 2 O SE g

CK—19 (dtm)

Ha . hUART s e ERERC T A
0 — A7 OVERKIKENEE AWM L7-, £
7o VDL VEBELZI ha v R T %
FWTC, FRREHE AR 1-IV OIEMEIC 5 2 5 45
LB OB LZ TN LTz, IIZ2OWTIX,
t b E SN AHINRE Hela HIMG A4 S5 2 ks
FOMREECTRER L, WAk A7 Y
—= TH TV ERIN LT B o A a5k
 MTT IECTERE L., @EEERFMERD
AR DD 2555 T D A R LT,
2R L2 U DWW TIE, ke
XK HEH T L v NI T 74—, HPLC %
AWTIEEWE B L=, F72, BEEEL-
{EEZDONT(L) & RIEROFHmIZ L v . 1EA
RS 2T LT ()IT OV TIL, SeaEplakic
BETHBEE L THRAY TS T I
AE L /NE R L R ERRE LAY
—= VT REBEL, EEERM LT
X0 Q) & RIED 1L CIEEWE O W%
RAT,

PP
. SN ™ N/
(e} o
MeO NWMN
H 5 /

X1 ranv)r

4. WFFERRE

(1) bAY AT X DR AMBIC R D Sk
ILERIERIR 0 A0 5E 75 B EAE O fR AT

TR A E S CRE LTy T N
7 U7 Symploca sp. k¥ B L 7B TF 7
—VEHRYZF RIEEM LY 2o
VT, HelLa, HT1080. A431 ZED 23 AFMMANIC
Kf U TR R PHL S S 11 Rp L2 3 RS 7 e 5
HEEE AR TR L, £ b A
IV VINRFERILERITH S 2DG JFH SR
THRAMED ATP LA EERFEEA T &
ZAH LT, Sbic, vVl RI b=
NIV IRVt i 1] Al L/ BN VAV ) B/ N
k=3 U 7 IERSE G | 2% U EENE
Bt ZElERHLE (X2, —FH. ha
VoAEs by KU TREREEEAE L I IV
DOIEMIFAE L 2o 72, LLEORER LV .,
ML) R hay R TR EEE S |
WXt AR RLERITH D Z & 2 fiFH
L. SEAMSE L LT/ o— gkt
B R 22 AR SE RS Al L L Coier AT
HTEERAMTIENTE,

(2) = 7o R 2 BRI A MK SE 3% B A1 D PR
SRR OME FI S O iR

M2V L RIRRIC, REAAGERRA IS
AR IR Y % 55 T 5 3 A 2 RIR KV
WR LTy AT Y == T RELT, DA
fa OFEFEMILE EE ORI L, S iLakR



02 | 0 pM tomuruline

015 |

01 F

é’ _i, + 0.1 uM tomuruline

0.05

Reduction in absorbance (340 nm)

"’_’-—?&-:-&‘ 6-9-0 1M i

04 :g_q)._o--qs--{)- —{)-Q- 1M tomuruline
0 30 60 90 120 150 180

Time (sec)

K2 F2AYATKDTU VLB b FY TR
WS | DBLEE M,

RE LTl 2 o i 725 S S 33 BRI L 0 e B %
BT DA DO PRI R A Uiz, SRR
R T B R L7, P R
SHER CERE LT 7 2 "7 5 ) TRt
EMEAE R U, TR 2R L B
U R, I ar (X3) 2 BEE L7~
TR OATICE Y, IrFd a0t b A
LY L RIS O D IR LT
HI R 728 JE SR 12 3 W TIRIRBYIC I 3E % 36
L, AMBENRT R = A THDHZ L &
RHLE (X 4), &6, Zrdee ik
2DG PFAGMRINE 72 7 R h— o A FFEE
PEERTZEERELE, £/, v bz
YR TERAWEFHMEICEY, Arkre s
HI by RU TREREEESA | ISk 56
EE ARSI EERH L, AERKY,
HILFE T LT S a— A LR SRR
WA O T R b — AFEICE 59 5
VT FNREEEEALT A EATH D L
R U7, Fo, TERBHT., R
TS CHRE LT T 2 N7 F U 7HIEY
W H[RBEOIEER R U, IETEWE 2 kL

Too 2O DB OV THEERRIT Z 1 6 |

HoEZH LT L,

(3) M AMMAL DR AR HERBSE > 7 ARED
IERRBOTZDDOF - A7 ) —= T
ORGSR ONIEVEME O

ML D X 5T AM DR Re
gl LT < AN RET 72012, DA
Mg ) 7a s o I JHEEIZER Lz
T A7 V—=V T REBER LT, 20—
E LT, DAMBROREBHEE RN L L
TINASRIEFRIEST2 N D DNAHIIIZE T 5
XX L=V EARERORBREBE LT,
A431 HfIZBWTA v 2 —T7 v vy il
WCEVFEINSIFX L= DOEAZILE
THEMERE L, A7) —=2T%HE
i L. iEMEA R LRI A e TR L
Ty 7T 77T T HIEEYE
KNP-1 Z Hifft L7z, AL DN THFE A
Y N VIRNTIZ K DAEERAT 2D | FS

TFMMeEWTHL LR LTL, SHIT,

KNP-1 DRSO AT IZHR /A AEE
Mm¥X L= U EARICED DR A v F—
NT 23 UA XU —E 1 ORBLE

OH

3. HFEnm

Low High
Kalkipyrone  Kalkipyrone
Size (bp) M 0 0.1 1 0 01 1 (uM)

4, )Xl KD Hela MIIIZ%RS 5 il
P B St 3R g 22 7 AR b — 3 AFREIEME . Low:
RS BE SR, High: Efipmss B Sk,

EFHELERM L, EOR5MHTICED .,
KNP-1 1A v X —T7 =y DY 7 F)VniE
DTIZEB T STATL OFBANET S =
xRN UTe, Fio, KRB L B BR
D0 FERIF 7 EDORBORIEIZHEEGT 5
MEEA P LA ERET HEAOER LR
IrTee /A NV AGHEEAITH D 2 79
X ERV, AMEEWH HeLa MilaiZikE
T OIS L ET 2 E 2 EEAEM XD
BRI, AV Y —= T ORER. bR s
S CEAE Lo i ICTEE R RO &
ni=i=o. ikipfEs obS 17 r7 <k
75 7 4 —. HPLC |2 X B84 X v IGMEWY
EEEEE L, SONIGEYE L. A
7 MVIRFTIC L O REEE Sz L, IBHS
HEARTHDL Z R LT,

UEDX I, RFETIE b oY 2k
% 73 AR R 9 2 2R 2 HLARER SR RO LI 42
FEBEAMAT LA TER L L BT,
B I R BRI A K O, DR
HLERRE I o 7 T U R E A 2 59 5 2
& ZER LT,

5. FreRFiHLE

CMERSRR S0 (BE 12 4F)

(1) Hisashi Kato-Noguchi, Fukiko Kimura,
Osamu _ Ohno, Kiyotake  Suenaga,
Involvement of allelopathy in inhibition of
understory growth in red pine forests
Journal of Plant Physiology, 218, 66-73,
2017. DOI: 10.1016/j.jplph.2017.07.006 (Z£
wA )

(2) Ying Huang, Osamu Ohno, Kiyotake
Suenaga, Kenji Miyamoto, Apoptosis-
inducing activity and antiproliferative effect


https://doi.org/10.1016/j.jplph.2017.07.006

®)

(4)

®)

of Paeoniflorigenone from moutan cortex,
Bioscience, Biotechnology, and
Biochemistry, 20, 1-8, 2017. DOI:
10.1080/09168451.2017.1300517 (4% Hi
D)

Tomoyuki Koyama, Yoshinori Kawazoe,
Arihiro Iwasaki, Osamu Ohno, Kiyotake
Suenaga, Daisuke Uemura, Anti-obesity
activities of the yoshinone A and the related
marine vy-pyrone compounds, Journal of

Antibiotics, 69, 348-351, 2016. DOI:
10.1038/ja.2016.19 (&H#HA V)
Shinichiro Okamoto, Arihiro lwasaki,

Osamu Ohno, Kiyotake Suenaga, Isolation
and Structure of Kurahyne B and Total
Synthesis of the Kurahynes, Journal of
Natural Products, 78, 2719-2725, 2015.
DOI: 10.1021/acs.jnatprod.5000662 (# #i
a9)

Arihiro  lwasaki, Osamu Ohno, Shun
Katsuyama, Maho Morita, Yukiko Sasazawa,
Shingo Dan, Siro Simizu, Takao Yamori,
Kiyotake Suenaga, Identification of a
Molecular  Target of Kurahyne, an
Apoptosis-inducing  Lipopeptide  from
Marine  Cyanobacterial ~ Assemblages,
Bioorganic & Medicinal Chemistry Letters,
25, 5295-5298, 2015. DOI:
10.1016/j.bmcl.2015.09.044 (EFHAH V)

(Fa¥ER) (26 1)

M)

)

®3)

(4)

©)

REME., OHEEIIEL, mWER. nE
Al KREHE . WEAEDD S OREL
FRISR IR 72 MM SERE B D RR. R
KEFR% 98 FFFEL, 2018 4 3
21 H. AARRZFBEE TG v o8
2 (THER - fifs)

REE, REWE, OHERAE, SRA
P ARAKER., REOTE] WBET T/
N7 T )T R R LR ISR A e A
FER S E O HiE & B REfRAT. o 64 (1]
hev v rRY A, 200THT7 A 11
H. ABIER - SefmpbiE e - wh
)
REME, WL, SRAIE, KK
B, REHE. KREE. ko
T K B SR LA RN e il e SE 5 8
PR O A AL 97T BRRES,
2017 £ 3 H 17 B, BEERE KA & X
¥ XA (SRR - BT

REFE., GHERHZE, SR ARE, R,
IREPAIT ] MEEEM R Y 7 F RMEd
W X % SR AR HLARGER PR 72 10 i SE 7 A5
PR OMENT. A AL 96 BFHER
2016 £ 3 A 26 H. [RIEALRF AL
¥ oA AR - RUHIA )

Osamu Ohno, Kyouhei Same, Chihiro
Kudo, Shinpei Sumimoto, Toshiaki Teruya,
Etsu Tashiro, Siro Simizu, Masaya Imoto,
Kiyotake Suenaga, Isolation of tomuruline,

(6)

()

a novel thiazole containing polyketide with
selective cytotoxicity under
glucose-restricted conditions, Pacifichem
2015 conference, 2015. 12. 18. Hilton
Hawaiian Village (Hawaii, USA)

Osamu_Ohno, Ami Ito, Shuntaro Obata,
Arihiro Iwasaki, Kiyotake Suenaga, Kenji
Matsuno, Isolation and Functional Analysis

of Novel Compounds with Selective
Cytotoxicity under  Glucose-restricted
Conditions, The 14th International

Symposium on Advanced Technology,
2015. 11. 1. Hachioji Campus, Kogakuin
University (Hachioji, Japan)

KREpE, ARG, THAKEER, HAER,
KAKBEX, HHRTTY—LEAR)r
F R RV Y T & B S s fLAGERIR A
72 A SE R B O fRAT. 5 19 B H R
Doy FIRRIR R F 2 TR 2 . 2015
F6H 11 A, IR ZERT L (B
[ NI )

() GFo )

(PE 3£ P4 PEME)

Ok YL G 14)

LW BRIRTTF MEEW., X L=V EE
FHZEH K ONE AL

O - AREPRFE], REHE
R« SFRIE N TEEBE R

THEE ¢ BREF

%% : KGP-00201
HEEAEH A : 201749 A 12 H
EWNS 05 - EN

O) /e NG ELD)

6. HFZERHGE

(1) WFge s

XE & (OHNO, Osamu)

TR R « et T30 - HE#E%

Wt

T B 20436992

(2) W72y
BALAP

(3) I
ML

(4) W 7EtH 7178

PN

N 5t

2 (SUENAGA, Kiyotake)
BF5 (MATSUNO, Kenji)


https://doi.org/10.1080/09168451.2017.1300517

