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Development of novel methods for target identification of natural products and
chemical epigenetics
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We have developed a unique platform to systematically identify target
molecules of bioactive compounds by utilizing novel technologies such as molecular barcode
sequencing and bimolecular luminescence complementation. Specifically, an integrated method to
detect chemical genomic interaction using barcoded gene disruptant libraries of both budding and
fission yeasts, a barcoded, pooled shRNA viral library, and a split luciferase-based mammalian
three-hybrid system was established. By using this method as well as a conventional physical
interaction screening using compound-conjugated beads, we could identify target molecules and the
mechanisms of action of several target-unknown metabolites from microbes and marine organisms.



B X C—19, F—19—1, Z2—19 (U@

1. HWFFERRME 4 FI D 5

HARR OS24, BT, E O " RAERE L S8, B & EBEMEZ 4 2
TALEME BT D, TN AN Z B AP SE & ABEEE NHEHICL -5 LTE R, 20
TV FHREAE OREBA > & IR0 22 AIEAE ) 8 R E SN T & 7=, BAED KGRI IR L 2> TV B [E
L DR T D% NRIROIE ST L LTRESNTZbDTH D, =9 L EHEEE
BEMOER S FRIED 7 vt Ak, HHGELRE & OB S —i%ic L@ EEns
DN, BRI A LS & BB F OB S THES 1T E ), & SRR EE(LT 7 4 =
T4 — BRI X DAY OREEIL. EAS T L OFEE ORISR EMED 72 D12 Il
TBHZELEN, WD THRATADIRNGT ) DT A R IS ) 7 AW OMESL B E F
NV,

2. WO HK

ABFFETIE, B LWMES Y ERM A ERRE B 2B L. &5 LG WOIER D+ 2l
W, ARACRET 2R EWET D LA H - DOHMNE T 5, T EEEEITRIREI O KRY DI
M 2T 2 L FIRFIC, T8 P =27 ¢ 7 AR R FOREIZIE D, 72, AREEED
BED b &I, REBRRES T2 IREIEREIS 2 FE L, B LWIGREIR 252 2 L &
BE_OANET D,

3. DIk

UTOFEEZHNTHREZZITT 5, (1) ZEOBIKZ R, (LAY OTENE & 251
D BEfR % RN IRAT RIBE 2R R S IV ) 2 7 AFREEMN T 5, (2) BEAWEZ
W2 I ANGT ) 2T AFEEEN T AT, 451 /N—23— R & pooled shRNA 7 A LR T A
77 V=% WAL EWRER -, B RBOEEIE T DOFEEA 7V —= 0 T R eSS 5, 3)
DRI EEE AW EERREREZRE L, ¥ R ERMEEERH D WV H 7 E
—KSy 1A EAER 2 dN CTRET 2 HFIEE LT 5,

4. MR

(1) HEEERHCRB W TEAIBRSZ MRS Tk 2 Al L, SEE - Eks (790 —0%
B RRIRFARATIC & 0 (ERBRE 2 HEE T D REMESL L2, AW THEIFERMELEM T4 7 F
1) —NPDepo D 10, 000 FE{LA9) % &0 13, 000 T AW DIEFRRIE 2T L. %< D{LEW
DOIERREORIEICKES L (K1),

e Je— Biological Processes
BIEF

Cytokinesis "
Cell Polarity & Morphogenesis tRNA Wobble Modification

MVB Sorting & % v ies « Peroxisome

pH-dependent Slgnahng/ N \ I,’:*\ // sspiration,
R ‘winte ) Phosporylat

Glycosylation & Protein _Z i o CEERON g & Mitochondral "

Folding/Targeting 2 f

Cell Wall Biogenesis b4 ' s

Vesicle }—

Traffic P ; Aetabolism &
| . atty Acid
iosynthesis
R\b0§ovrne 3 tosis &
Biogenesis \ 1) . “1. ot / Chromosome
\ P 3 3¢ Segregation
rRNA & ncRNA / DNA Replication
Besgsrdh \ / . 7 &Repair
Processing N/ \ \¢ >pa
/ S ( ~ Nuclear-cytoplasmic
mRNA Processing \ ~ Transport

_Transcription &
Chromatin Organization -~

R 1. SRR S LS ) 20 AT KA
(LERES R b T — 2 T L o> CREZHMEIER (k) L ERRSS 75 U —{k
SOV A KU T 7,

Q) =NV F Ty I AN—a— Ro—F o AEE#EA L, 9173 —2— KX pooled shRNA 7
ANATAT TV —%HOTACEWIER 1. BRBOEEE T OREARA 7V —= 7 R &S
L7z, THEHWTHEERARY Aurilide B OMAEMNERET 28 OT A7 I ME&EEZF>
Prethioviridamide (X 2) OIER)S+F & ERBEFEZ B 50MZ LT,

(3) Zo X EMMAEROERBIRLE LTEMELY 72T —FDAT Y v F AT A
(NanoBiT) (2X 2 "0 F3EMSIEEMN LTz, & NELR T MO Y R BEFRET DT
B, K112,000 DAYV —=2FHcDNA 74 77 U —%2E5 L, fMIN TOEMSRESTEME
ORRHIZERE) LT,



shRNA library screening
Binding proteinscreening

Chemical genomic approaches
Transcriptome analysis

~ =
4 3 )

)"Iaiin%n\rink!ﬂfinkg"%k U Mitochondria
| | T
o M- F1Fo-ATP
Prethioviridamide —l ¢ynmase &
ReSPONSe  Cell death

Integrated

un
- )

2. Prethioviridamide OfEF#EF
Prethioviridamide 17 5 / U A /L A AiEfsF E1A 2 R 83 2 MR 72 Miia 5t &
HET 5, shRNA A7 V—= U TN KD ESMEBIR T O, N7 A7 )7 h—Lfig
Hr. ALBEME— XL DFEE X X7 BT OSSR, AMEIXI h=2> KU 7 O F1Fo-
ATP synthase ([CEFEFEG L, HAA L RAISEZRSFR L CHIELZS ISR eN
brolz, EHICEIABEFORBUZLD . W ODDHAE A N L A RERREE OBIE T8
BNEHEEND Z L2k, ZOEMEEERIND Z ENPA LN T,

(4) =T =xT 4 7 AHINZED D 7 X BERIFRREMOERN 2 2 B8R R L. Thbo
== RERIBEFE 2 B NS LTz,

ik, AR Z RS 5 L W< O DBIRERE K OB 22L& Y- EER0 AL AR £
hrapisEd 2 2 LIV LB OIERY S F 2 k. MAEREIIZIRE 3 2 R OMEICRE LIz, &
HIZ. T DFEZ AWT, BIRRWEERN N SN TV IZ b0 b b7, &< ZOEMS 1
A TH 720 ODILE ORI 28 Uiz, 5%IZS DI ZofdizmEl L. B
HAEPESRERIARSL LB OVERBEFITIEIZ IS L T EHETH 5,



114 113 34 44

Takase, S., Kurokawa, R., Kondoh, Y., Honda, K., Suzuki, T., Kawahara, T., lkeda, .H, Dohmae, 14(8)
N., Osada, H., Shin-Ya, K., Kushiro, T., Yoshida, M., Matsumoto, K.
Mechanism of action of prethioviridamide, an anticancer ribosomally synthesized and post- 2019
translationally modified peptide with a polythioamide structure.
ACS Chem. Biol. 1819-1828
DOl
10.1021/acschembio.9b00410.
Simpkins, S.W., Deshpande, R., Nelson, J., Li, S.C., Piotrowski, J.S., Ward, H.N., Yashiroda, 14 2
Y., Osada, H., Yoshida, M., Boone, C., Myers, C.L. 14(2), (2019) doi:
Using BEAN-counter to quantify genetic interactions from multiplexed barcode sequencing 2019
experiments.
Nat. Protoc. 415-440
DOl
10.1038/s41596-018-0099-1.
Yoshida, M. 83(1)
Recent advances in target identification of bioactive natural products. 2019
Biosci. Biotechnol. Biochem. 1-9
DOl
10.1080/09168451.2018.1533804.
Simpkins, S.W., Nelson, J., Deshpande, R., Li, S.C., Piotrowski, J.S., Wilson, E.H., Gebre, 14(10)
A.A., Safizadeh, H., Okamoto, R., Yoshimura, M., Costanzo, M., Yashiroda, Y., Ohya, Y., Osada,
H., Yoshida, M., Boone, C., Myers, C.L.
Predicting bioprocess targets of chemical compounds through integration of chemical-genetic and 2018
genetic interactions.
PLoS Comput. Biol. 1006532

DOl
10.1371/journal .pchi .1006532.




Kudo, N., Ito, A., Arata, M., Nakata, A., Yoshida, M.

373(1748)

Identification of a novel small molecule that inhibits deacetylase but not defatty-acylase
reaction catalysed by SIRT2.

2018

Philos. Trans. R Soc. Lond. B Biol. Sci.

pii: 20170070

DOl
10.1098/rstb.2017.0070.

Nelson, J., Simpkins, S.W., Safizadeh, H., Li, S.C., Piotrowski, J.S., Hirano, H., Yashiroda, 34(7)

Y., Osada, H., Yoshida, M., Boone, C., Myers, C.L.

MOSAIC: a chemical-genetic interaction data repository and web resource for exploring chemical 2018

modes of action.

Bioinformatics 1251-1252
DOl

10.1093/bioinformatics/btx732.

Piotrowski JS, Li SC, Deshpande R, Simpkins SW, Nelson J, Yashiroda Y, Barber JM, Safizadeh H, 13

Wilson E, Okada H, Gebre AA, Kubo K, Torres N, Leblanc MB, Andrusiak K, Okamoto R, Yoshimura M,

et al.

Functional annotation of chemical libraries across diverse biological processes 2017

Nat. Chem. Biol. 982-993
DOl

10.1038/nchembio.2436

Takase S, Kurokawa R, Arai D, Kanemoto Kanto K, Okino T, Nakao Y, Kushiro T, Yoshida M, 7

Matsumoto K

A quantitative shRNA screen identifies ATP1Al as a gene that regulates cytotoxicity by aurilide 2017

B

Sci. Rep. 2002
DOl

10.1038/s41598-017-02016-4




Yoshimoto R, Kaida D, Furuno M, Burroughs AM, Noma S, Suzuki H, Kawamura Y, Hayashizaki Y, 23

Mayeda A, Yoshida M

Global analysis of pre-mRNA subcellular localization following splicing inhibition by 2017

spliceostatin A

RNA 47-57
DOl

10.1261/rna.058065.116

Takemoto Y, Ito A, Niwa H, Okamura M, Fujiwara T, Hirano T, Handa N, Umehara T, Sonoda T, Ogawa 59

K, Tarig M, Nishino N, Dan S, Kagechika H, Yamori T, Yokoyama S, Yoshida M.

Identification of cyproheptadine as an inhibitor of SET domain containing lysine 2016

methyltransferase 7/9 (Set7/9) that regulates estrogen-dependent transcription.

J. Med. Chem. 3650-3660
DOl

10.1021/acs. jmedchem.5b01732.

Espiritu RA, Cornelio K, Kinoshita M, Matsumori N, Murata M, Nishimura S, Kakeya H, Yoshida M, 1858

Matsunaga S.

Marine sponge cyclic peptide theonellamide A disrupts lipid bilayer integrity without forming 2016

distinct membrane pores.

Biochem. Biophys. Acta 1373-1379
DOl

10.1016/j .bbamem.2016.03.019.

Fukuda I, Hirohama M, Ito A, Tarig M, lgarashi Y, Saitoh H. Yoshida M. 69

Inhibition of protein SUMOylation by natural quinones. 2016

J. Antibiot. 776-779
DOl

10.1038/ja.2016.23.




Ito, A., Shimazu, T., Maeda, S., Shah, A. A., Tsunoda, T., lemura, S.-1., Natsume, T., Suzuki, 8

T., Motohashi, H., Yamamoto, M., and Yoshida, M.

The subcellular localization and activity of cortactin is regulated by acetylation and 2015

interaction with Keapl

Sci. Signal. ral20
DOl

10.1126/scisignal .aad0667

Kobayashi, H., Nishimura, H., Matsumoto, K., and Yoshida, M. 467

Identification of the determinants of 2-deoxyglucose sensitivity in cancer cells by shRNA 2015

library screening

Biochem. Biophys. Res. Commun. 121-127
DOl

10.1016/j .bbrc.2015.09.106

Seto, E. and Yoshida, M. 6

Erasers of histone acetylation: the histone deacetylase enzymes 2015

Cold Spring Harb. Perspect. Biol. a018713
DOl

10.1101/cshperspect.a018713

Feldman, J. L., Dittenhafer-Reed, K. E., Kudo, N., Thelen, J. N., Ito, A., Yoshida, M., and 54

Denu, J. M.

Kinetic and structural basis for acyl-group selectivity and NAD(+) dependence in sirtuin- 2015

catalyzed deacylation

Biochemistry 3037-3050
DOl

10.1021/acs-biochem.5b00150




Arita, Y., Nishimura, S., Ishitsuka, R., Kishimoto, T., lkenouchi, J., Ishii, K., Umeda, M., 22

Matsunaga, S., Kobayashi, T., and Yoshida, M

Targeting cholesterol in a liquid-disordered environment by theonellamides modulates cell 2015

membrane order and cell shape

Chem. Biol. 604-610
DOl

10.1016/j .chembiol .2015.04.011

Vo, T.V., Das, J., Meyer, M.J., Cordero, N.A., Akturk, N., Wei, X., Fair, B.J., Degatano, A.G., 164

Fragoza, R., Liu, L.G., Matsuyama, A., Trickey, M., Horibata, S., Grimson, A., Yamano, H.,

Yoshida, M., Roth, F.P., Pleiss, J.A., Xia, Y., and Yu, H.

A proteome-wide fission yeast interactome reveals network evolution principles from yeasts to 2016

human

Cell 310-323
DOl

10.1016/j .cell.2015.11.037

Nakaoka, S., Sasaki, K., Ito, A., Nakao, Y., and Yoshida, M. 1

A genetically encoded FRET probe to detect intranucleosomal histone H3K9 or H3K14 acetylation 2016

using BRD4, a BET family member

ACS Chem. Biol. 729-733
DOl

10.1021/cb501046t

Nishimura, S. et al. 21

Balance between exocytosis and endocytosis determines the efficacy of sterol-targeting 2014

antibiotics

Chemistry & Biology 1690-1699

DOl
10.1016/j .chembiol .2014.10.014




131 59 50

Minoru Yoshida

Opening new drug discovery frontiers through natural products chemical genetics

8th annual conference of International Chemical Biology Society (1CBS-2019)

2019

Minoru Yoshida

Mechanism of action of anticancer splicing modulators? Translational buffering linking splicing and cancer

2019 Cold Spring Harbor Asia Conference on Chemical Biology and Drug Discovery

2019

Minoru Yoshida

Fatty acyl metabolites as intrinsic inhibitors of SIRT2 deacetylase

FASEB Conference on The Reversible Protein Acetylation in Health and Disease

2019

Minoru Yoshida

Power of chemical genetics to uncover eukaryotic gene expression and metabolism

A3 Lecture JSPS A3

2018




170 189

2018

L1 6

2017

Minoru Yoshida

Power of natural products to uncover molecular mechanism of biological systems

109th WPI-I11S Seminar

2017

Minoru Yoshida

A role of SIRT2 in cellular response to environmental signals

RICT2016 52nd International conference on medicinal chemistry, Interfacing Chemical Biology and Drug Discovery

2016




89

2016

Minoru Yoshida

Chemical genomics for target identification of antifungal theonellamides

International Conference on Antimicrobial Agents and Chemotherapy

2015

10

2015

87

2014




7
PCT/JP2018/047937 2018
2015-177459 2015
2015-203032 2015
2016-004523 2016
WO 2018/003962 Al 2017
2014-144756 2014
2016-007190 2016




http://http://www2.riken.jp/SPD/CG/index.html

http://www.chem.waseda.ac.jp/nakao/

(Shinya Kazuo)

(20251481) (82626)

(Nakao Yoichi)

(60282696) (32689)




