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Indoleamine 2,3-Dioxygenase
PURIFICATION AND SOME PROPERTIES*

(Received for publication, January 24, 1978)

Takao Shimizu, Sumitsugu Nomiyama,} Fusao Hirata, and Osamu Hayaishi
From the Department of Medical Chemistry, Kyoto University Faculty of Medicine, Kyoto 606, Japan
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Dual activities, Ca requirement, membrane
translocation (800 x g ppt)
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Arachidonic acid 5-HPETE LTA4

Proc. Natl. Acad. Sci. USA
Vol. 81, pp. 689-693, February 1984

Biochemistry

Enzyme with dual lipoxygenase activities catalyzes leukotriene A,

synthesis from arachidonic acid
(potato lipoxygenase/bishomo-y-linolenic acid/8-lipoxygenase/D-hydrogen/S-hydroperoxyicosatetraenoic acid)

TAKAO SHIMIZU*, OLOF RADMARK, AND BENGT SAMUELSSON'

Department of Physiological Chemistry, Karolinska Institutet, S-104 01 Stockholm, Sweden



Purification of a mammalian 5-lipoxygenase
from rat basophilic leukemia cells

Andrew M. Goetze, Liz Fayer, Jennifer Bouska, DirkBornemeier and George W. Carter

Immunosciences Research, D-47K, Abbott Laboratories, North Chicago, |IL 60064, U.S.A.

Abstract

5-Lipoxygenase (5-lipox) has been purified to homogeneity from the 20,000 xg
supernatant of sonicated rat basophilic leukemia (RBL-1) cells using a 4-step procedure.
Purification was achieved primarily through the use of anion-exchange HPLC on two
different media. Using the supernatant from 1 X 10 9 cells, approximately 33 ug of the
enzyme can be routinely isolated with an estimated net yield of 5—10%. Purified 5-lipox
consists of a single Mr 73,000 band on SDS gels (reduced or unreduced). When the
purified enzyme was incubated with radiolabeled arachidonic acid and products analyzed
by both straight phase and reversed phase HPLC, 5-hydroperoxyeicosate-traenoic acid
(S-HPETE) was the only enzymatic product detected.

Prostaglandins 29 689—-701. 1985



A proposed mechanism for LTA4 formation
by 5-lipoxygenase

+ 02
l Proc. Nail. Acad, Sci. USA
a Vol. 83, pp. 4175-4179, June 1986
0 H H H Biochemistry
‘—;— &—’_\'_) % ~ “~COOH . . . .
\.(') Characterization of leukotriene A; synthase from murine mast
0 cells: Evidence for its identity to arachidonate 5-lipoxygenase
H
TakAO SHiMIZU*, TAkAsHI Izumi*T, Yousuke SEyama®*, Kenst TApokoro?, OLorF RADMARKS,
AND BENGT SAMUELSSONS
*Department of Physiological Chemustry and Nutntion and :Department of Medicine and Physical Therapy, Faculty of Medicine, University of Tokyo,
Bunkyo-ku, Hongo, Tokyo 113, Japan; §Department of Physiological Chemistry, Karolinska Institutet, S-104 01 Stockholm, Sweden; and
H H *Third Department of Internal Medicine, Faculty of Medicine, University of Tokyo, Bunkyo-ku, Hongo, Tokyo 113, Japan

R

F1G. 5. Proposed reaction mechanism for the formation of LTA,
from arachidonic acid by successive elimination of D-hydrogens at
C-7 and C-10. R is —CH,—~CH=CH—(CH,)—CH..
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Receptors

PAF receptor, Nature 1991, Neuron, 1992
LTB4 receptors (BLT1, 2), Nature 1997,
J. Exp. Med., 2000, J. Exp. Med, 2005;

Nature CB, 2018 N
Z. Honda, I. Miki
Non-edg LPA4 and LPA6, JBC,2003, JBC,2009 (Firenze, 1991)

JCl Insight, 2018; Human Mol. Genetics, 2022

S. Ishii, K. Yanagida, K. Noguchi _
Snowmass, 2005 T. Yokomizo group
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Expression cloning of PAF receptor
the 15t example of lipid GPCRs cloning

Cloning by functional expression Cloning Strategy of PAF Receptor cDNA
of platelet-activating factor '
receptor from guinea-pig lung "y s

Zen-ichiro Honda*{, Motonao Nakamura?*, Ichiro Miki*, A Fractionation of fe
Michiko Minami*, Tsuyoshi Watanabe*, R R r A
Yousuke Seyama*, Haruo Okadoi, Hiroyuki Toh§, e ol . .
Kohiji Ito||, Terumasa Miyamoto|| & Takao Shimizu™ _ bl Fragction‘r?umbz a0

300 nA

* Department of Physiological Chemistry and Nutrition,

$ Department of Neurobiology, Institute of Brain Research, and .
|| Department of Internal Medicine and Physical Therapy, - " Construction of cDNA 7
Faculty of Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, R CAR Sl T CONA >
Tokyo 113, Japan ‘

§ Protein Engireering Research Institute, 6-2-3 Furuedai, Suita, ' l

Osaka 565, Japan

, In vitro Transcription r" - l/ //,/l; 7
PLATELET-activating factor (PAF), a unique phospholipid BoER S5 BN npvmerase CAPW

mediator, possesses potent proinflammatory, smooth-muscle con- \ , ANA
tractile and hypotensive activities, and appears to be crucial in the ' l

pathogenesis of bronchial asthma and in the lethality of endotoxin
and anaphylactic shock'™. Despite this, little is known of the

molecular properties of the PAF receptor and related signal trans- i sELAE, 6 CUETteE SEEh
duction systems. Although several lines of evidence suggest that ‘ol Draanbonipey dud

= o easurement of PAF-dependent
activation of the PAF receptor stimulates phospholipase C and C1= Current

subsequent inositol trisphosphate formation through G pro-
tein(s)"*, the PAF receptor and calcium channel are reported to
show a close relation™®, As a first approach to cloning lipid autacoid

t On leave from Department of Internal Medicine and Physical Therapy, Faculty of Medicine, University Sib Selection to yield .
eyl oy fe e RO PSS UM IS S 7////////// ALY, R
1 To whom correspondence should be addressed : )

PAF Receptor cDNA

NATURE - VOL 349 - 24 JANUARY 1991



Induction of BLT in HL-60 cells
— Subtractive PCR by T. Yokomizo

[3H] LTB, binding

[3H] LTB, binding (cpm)

° non-treated

RA 1uM

(Days of culture)

Northern Blot

(kb)

HL-60

U-937

(Days of RA induction)
0

1

2

Nature, 1997; J. Exp. Med. 2000




Shimizu, T. Annu.
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Phenotypes of cPLA,a (-/-) mice

Reduced symptom of bronchial asthma (Nature,1997).
Decreased mortality & symptoms of ARDS (Nature Immunol, 2001).
Milder symptoms in bleomycin-induced fibrosis (Nature Med, 2002)

Reduced mortality due to thromboembolism (J. Exp. Med, 2002,
Blood 2009)

Marked reduction of collagen-induced arthritis (J. Exp. Med, 2003).
Milder symptoms in inflammatory bone resorption (J. Exp. Med, 2003)

Milder symptoms in allergic encephalomyelitis (J. Exp. Med 2005, PNAS,
2010)

Prevention from atherosclerosis (Amer. J. Physiol. 2012)
Impairment of synaptic plasticity (PNAS, 2010)

Most of phenotypes are explained by the deficiency of downstream lipid
mediators



* Phospholipase A2 meeting
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Failure of cPLA2a inhibitor for clinical use

* Collaboration with A-company for 12 years

* Screening out a potent and selective inhibitor
(20 mg per day, po, good PK and PD)

 Target, rheumatoid arthritis, bronchial asthma,
osteoporosis (all from animal data)

e Stop development in 2014, because of adverse
effects at high doses during phase lll clinical trial
in US

17



Turning point in 2003

a year of whole human genome was sequenced,
and 10 years before my formal retirement

* How arachidonate is located at sn-2 position,
and how membrane diversity is made? ﬁ\

* Need development of comprehensive

lipidomics techniques

(Ono Pharmaceutical and Shimadzu supported
establishment of a metabolome laboratory at U-Tokyo.)
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Reunion after March 11 Great East Ja‘pangart_hqu‘éke (2011.4.7) . .
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Amphipathic properties of
glycerophospholipids useful for lipid bilayer

Inner aqueous

Y S

Micelle Liposome ed
Essential for cell structure in aqueous environments

25



Fatty acyl diversity and asymmetry of
glycerophospholipids

" Fatty
acid

) Fatty
acid

sn-1, saturated,
monoene

— sn-2, polyunsaturated

—Oﬂf}n~<—'0

Polar

e How? Biochemical mechanisms

* So what? Biological consequence

26



(Diacylglycerol acyltransferase 2)

MBOAT famlly - Go:grcupi::-:-r DGAT2 famlly
(membrane DGAT2
bound O- ' DGAT2 Like3
o m. DGAT2 Like4

acyltransferase
@ DGAT2 Like6

ACAT2 \

ACAT1

MGAT1

DGAT1

LPGAT1

AGPATS

LCLAT1 I

1@

AGPAT family

— XHxxxxD

Tafa
GPAT2 =

Acyltransferase Family

XXEGXXHxxxxPxx
Motif 3  Motif 4

GxxFxxF
Motif 1 Motif 2

{KKxx )

ER Motif
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Update of nomenclature proposal

MBOAT
family

LPLAT13 (MBOAT?2)

LPLAT11 (MBOAT7?)

for LPL acyltransferases

G PATG PAM/GPAT1

GPAT2
GPAT3

HHATL
HHAT

PORCN

AGPAT
family

GPAT4

EOAT4 LPLAT1 (AGPAT1)

LPLAT14 (MBOAT1)

LPLAT2 (AGPAT2)

LPLATS (LPCAT1)

LPLAT9 (LPCAT2)

LPLAT12 (LPCAT3) LPLAT9b (LPCAT2b)

SOAT2 LPLAT10 (LPCAT4)

SOAT1 LPLAT3 (AGPAT3)

LPLAT4 (AGPAT4)

il LPLAT6 (LCLAT1)
LpLaT7 LPLATS (AGPATS)

(LPGAT1)

DGAT1

0.1

Valentine W), , Aoki, J.., and Shindou, H JBC, 2021
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Conversations with Lipid Leaders: Dr. Bruno Antonny

Posted on September 02, 2021

What do you consider the greatest breakthrough in lipid research in recent years?

The discovery of lipid remodeling enzymes, notably by the Shimizu lab in Japan because it opens an
avenue for understanding how and why cells in real tissues control so well the acyl chain profiles their
organelles. Classical cell lines used by cell biologists are very rudimentary in this respect.

29



Scientific activity

Citations per year

LPCAT1

LPCAT2-4
PAFR BLT1 LPA4 l 3100

cPLA2 l
2325
1NNl III|||

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

h-index, 119. from Google Scholar
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