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Mechanism for biosynthesis and degradation of lipid molecules controlling
appetite and lipid metabolism
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N-Acylethanolamines are Iiﬁid mediators showing several bioactivities
including appetite suppression and lipolysis. In the present study, we focused on their degrading
enzymes. Our cell- and animal tissue-level analyses revealed that acid ceramidase, which has been
recognized as a ceramide-hydrolyzing enzyme, is actually involved in the hydrolysis of

N-acylethanolamines. Furthermore, we found that LAMCA, a fluorescent substrate of this enzyme, is
also a substrate of a similar enzyme, N-acylethanolamine acid amidase; which should be considered

when using this substrate.



B X C—19. F—19—1, Z—19 (@)

1. WHZERRAR YKD&

R8BI s =% ) — VT I VDA LTEE 2 FD N-7 V=X ) — VT I 0%, <~ U 7
7 TRRAERSOHIRIE - 80 & W o Ie 2R R AERIER 2 F>—HOIEE S+ CTh 5, 2 THIEN
BRER DA LA VR TH LA LA AN X ) — L7 2 Rid, /Mg LR TASR S nT-%, X
A — AEERIE AL Z AR o IR U, SROMEREMRE N U CRAIEIVER 2 3
B35, MaTAvAA Ny ) —T I RIIEHSOTLE, 7k I EERT T K1 Oy
WM & WS TEHZH L, WRMEOHUBIESE & L CTHET 2 Z E L STV D, LavL
WG, N7V Z ) —)LT 2 DEGRR « SRS IR SR,

FERFE LIZT N E TEWMERICE T D N7 ) — LT I DESR « S fksRED
T2 T > C& oy N-T VX ) —)VT 2 0, 3 KO % A3 2 Kk 7 miBRik vV > i5
B N-TII-TR AT 7 F N i ) —)LT 2N CAERT 5, Ml S TR
FERE 2 R L 7= 12, MIIEPNICERLY SA £ TR iR 2 52 1 CTEDAEMIEMEE I H . T OINKIfiF
B2 i3~ 2 & UCL BGE Y X RAK O EEEE D E < A b TV D, ZHUTINZ T
e BEE L. VY Y —ABEETHD N-TUNTH ) — LT I VT I 4 —B W [E 5% fil
BB L ZAONCLCEIG 7/ u—=o0 T 54757, & 512, KR L 7 2/ BRECHIHSEER
T LT T I — B S ARKSZRIRE N TS 2 TSR E2 S T\,

2. WMHEOHEHM

ARFZED BT, B ETREABMEHET 5 N7y ) — L7 A LT, AR
HERAEEGK - DR EZRET A2 ThHD, AT, BT I RERHETHY Y Y — A
FLL GRS TEZBEE 7 I —BIZEBL, £O N-TI VT X ) —LT IV ofilEtkE
WZOWTHIIEE X ONgEs O LUV CREMAR T 21T o 72, SO BRI I 4 —EBE2 4 —F v
k& UM 24T O BRICAE A B IC > W TSRS 21T o 72 BARRICIR, AREFE oa0k
FE & U THIERERZ DB L7 LAMCA IO W TR EMMNT 2170, Bt 5 I 4 —F & N-
TUNTH )T I UEEMET I X — B BNRIET B AR R T BESR TR O e L 2 HY
KD D FHtA4T o 72,

3. WHEDT ik

(1) MRN TR SET@BEY 7 I 4 =D N-T IV H ) — L7 2 UK REE O T

bt kBl HEK293 ffHIE N-7 v X ) — L7 2 OERRICED A8E TH H AR AR Y X
—V ATV TR T 27— 2 BIOWN-TIIN-TRAT 7 F )N H ) —)LT I U EE
ARARY N—F D ZLZEFRR ST~ (HEK293/PLAAT2/NAPE-PLD #f) . AHGIZ v k O
I IF—FLILLKIE N-TINZH )= AT I VBT I —BE2 IR T2 g EICLD
— PRI IRE R S, 24 BRI DR A [UCl= %  —v T 2 T 18 FRRRIMCHTERR L7,
ML OREEZH L, B a~ 7T 7 4 —TMCIN-T Vv ) —NT 2 &bk B &
L 72, F£7-. HEK293/PLAAT2/NAPE-PLD #H}id & L < [3BFAE8 HEK293 e & A ClRlBR I 5]
ATV, 48 BRI DR 2 L CRERIK 7 v~ N9 7 4 —/ 2 T NEESY
Wrick -T2 ) — VT USRS SISO L,

() WIEWREMEY T I X —E D N-T T & ) — LT I K FRIEE DT
WHEMICIEMEE 7 I 4 —B 2 &89 5 & MaiziR LNCaP fifidic, it 7 I 4 —83H L<
WEN-TINZH )= NVT I VBT I —E, HAVNIZFOWHMEDSIRNAZ Y R T =7 2 a v
HBIZEVEALT ), v I XU B {To0z, 72 RIS D IRE 2t L, &idkik s o<
NS 74— FAEEBSWICEY N-T IV ) — VT I U ESTFRRT LIS LT,

3) g L~V TOmME T I X —B D N-T LIV X ) —)LT I U NNKS RIS DRt
PRV D MY T I XA —PDIEMLE R ETH D EEZ BN TV, BARK IO
PR D KE~TAOM, Bk, gz HWCTHREY R — M 28 L7z, pH 4.5 OREER
T100pM [MCIET X R (NV-[UC1T7 U rA VAT 4T3 ) &30 7. B L <1 100 uM [“CIN-
TN )T I ([(UCl7 oAzl ) —nLT 2 KR) & 48], 37°C ThUG S,
SO DIRE 2 L=tk A Tha[MClo v ) vilgeidg s a~ 757 4 —12kD
SEEL. BT AW TER LT,

(4) FOLFE LAMCA DR EMEAREAT
LAMCA XA RRZICHEE 7 o~ 777 4 —IC X DR L 7=, N Kl FLAG % 7 % ff
MU7-t Mgt T I 4 —F 2t MEEBR HEK293T fjaic —i@ 8 2 9k &%, 1 FLAG



TI74=T 4= ERWTEEICKER- L, FROGIETE N N7y ) —LT I R
7 I 4 —P&t MRIEEK HEK293 Mfaic B S TR L7, Ui %% PAMCA & pH
5.25 OFEFEHRH T 37°C I TG S 7o, ZOREE, EMHEEER & LTY VIREAARA 7 7 FU L=
U (200 pM) b U < 13 FEA A 2 ME SR TEPERA] Nonidet P-40 (0.1%, w/iv) & A7 ¥/, SBItAD
5 90 47, HYEIREE(Ex 360 nm/Em 460 nm) % 5 43 Z S CHIET D T & THIK TG 2 51 L
7=

4. TR

(1) MRN TR SET@BIEY T I 4 =YD N-T IV H ) — L7 2 UK REE O T

HEK293/PLAAT2/NAPE-PLD #llfl Z[“Cl= ¥ / —/L T 2 CTREHER L 72 Tk, N-7 21
TH )= NT I VBT I X =BT RSB I ¥ B2l RE S ChL Mo
[MCIN-T x> Z ) — T I IR IR ORI LTc, HEATICL HDMETTH ., 2
Pt T I A —PREMTIE N-T YL ) — 7 I UMY I X — PR & R, 4
VAANTE ) —AT I RAEDZIX LD ETH/A D N-TIxH ) — LT I OMING
BRI OY 3L T Th o7 (K1), B4R HEK293 Fila T L RO R 2157, 1E-> T,
AR S BT Z e 7 I X —8N N-TI v & ) — LT 2 a0k s Z &M

HoMNERoTz,
300 F
3
N 250 i
nf{ o
N o 2
24 500 |
| 1 L O -
N 150 ‘T .
N E I ) 0 B AC
tlg 100 | = 18:2 20:2 20:3 20:4 22:1 22:6| O NAAA
Ne "
N 50 | [ v ///, T
=
0 ¥ g [ p— r 1

16:0 16:1 18:0 18:1 18:2 20:0 20:1 20:2 20:3 20:4 22:1 22:6

M1 BUEESIFV—E/N-TFIILIF/ —IIL7IVBETIS—CEaERR
I € /cHEK293/PLAAT2/NAPE-PLDHIREDN-7 V)L TS /=)L 7 I VEE
NFEE (FYILNEDRERFHEC=C_EFBBDEEDLETRT) D

N-FYIWIE /=T IVBEET IS —;* P<0.05 ** P<0.01

() WIEMREMEY T I X —B D N-T T & ) — LT I UK FRIEE DT

LNCaP #ICIB W CNIEE DRt 7 I ¥ —8 % ) v o X o35 WIEED N-7 2T
2 )= VT I BT IX—FE ) v s X LR LRI, LA AL ) — LT IR
(A8: )72 EDFEix D N-T IV X ) —)LT 2 OFBAN L ~LE B Uiz (B2), £72, milEE
BRI ) w7 X35 e 512 N-TIULVTZH ) — LT I AL ER Lz, - T WNIENKE
Dt Z I X —PRNHIE L~V T N-T VT X ) —)LT 2 L ONRICE DS = & 2VvHIE L=,

15
——» 08
/\ 30 ***
1l
NEg 10 } / .
T, s O siControl
N . B siAC
™ E ' Y O siNAAA
He 5 119 ‘Wl SIAC/SINAAA
S5 10 | [l A
2 e AR k|
b N Al
2 I ? | ? 4 Il |
0 0 I - i1 F =al = i - o i
16:0 16:1 18:0 18:1 18:2 20:0 20:1 20:2 20:4 22:6

X2 NEMEBEESIF—E/N-TFIIIY/ —ILT7IVBET7IF-—EEEBRNFfcER
LNCaP#ifEDN-7 VIV T H /—ILT7 I VEE

N-ZI)WIH /=T IVHRE (E) £nFlEce (. 7YILEDORRRFHEC=CZE
EEROHEEDETRY) OAERZRT (F19 £ SD, n=3-6) , siControl, X$H&; siAC,
BMEEZ IS —EREREME; siNAAA, N-ZVIILITY /—)IL7 I VBEET I 5 —ERBINH);

* P < 0.05 vs siControl; **, P < 0.01 vs siControl; #, P < 0.05 vs siAC



3) g L~V TOmEME T I X —B D N-T LIV X ) —)VT I U NKS FRIE M DRt
PR D KE~T AOM, B, FEORETY 32— bDt T 2 RIKSREEE LS AR~
TAD 16-32% LIKETHY . VR D OEE T I X —EBIEMH LEEE XKML TWA LD L
Zzoht (B3), FEEC N-T VX ) —)uT 3 UK RIEE & B AR < 7 20D 15-29%
Ko Tz, TORERNG, BT I X =8N N-T U ) — T DMK RRIZES D
D2 EDREFER L~V DM D HRB S, BB W T L YIS E S ET AL ENR D
HEEZ LN,

(4) FOEFE LAMCA DR EMEAREAT

LAMCA DR CHELT 1-7 2 /-4-AF )7 < ) ACHRT HEIEITFREM & & HIIZITER
NI L, HEDOEHEEN BV E R E T2, LAMCA (X, Nonidet P-40 777 FClixdH » X
O N-T IV H ) — VT U7 I 4 —8 L BEIRICEOR L, it T 2 24—z X Bk
SIRIZIFE A LR N7 (B 4), —F, RATZ77FUNal o OFEF T, Btk
FIF—VICLDIEEN N-T I B ) —)VT I T I X —B D 2.7 5@ - 1=, §E- T,
SR ANRAET 2 ERREHC B W Tt 7 2 4 —B %2 LAMCA MK fiEEMEc L v e
TAHBRIZIEHRATZ 7 TN al) VOFETFTTITOSERH BN, N-T X ) —)LT7 I U8R
W7 I X —EBORFICEFEE L CHERZHT IR EORENLETHL LB LN,

150 10 —
B
~ 125 |} k)
= o 8
= s
5 100 | o
® E 6}
= £
# 75 IS
na 5 4
8 50 | E
R £
-E; 25 - % 2 - H
= 53
=y
0 0
WT KO WT KO WT KO WT KO WT KO WT KO AC NAAA AC NAAA
A B FF B, B B FF B Nonidet P-40 PC
IR N-ZIITH /=TI

B4 SELEELAMCADR R IR
M3 YRy YDRIEYY ZOBEREIR— NADOCI20 €53 K T4+ SD (n=3);AC, BiMEE S35 —+
BEUCIZON-F YT Y /=)L 7 I VA EEE NAAA, N-7 ¥ LTS/ — L7 = VERiE
T4 = SD (n = 3); WT, BAE!; KO, ¥7/KY VDRIEY Y R FEH—H;PC,RRATFFYINLAYY



’ 94
GDE4 GDE7 2022
923 927

DOl

10.14952/SEIKAGAKU.2022.940923

Tsuboi Kazuhito Tai Tatsuya Yamashita Ryouhei Ali Hanif Watanabe Takashi Uyama Toru 1866

Okamoto Yoko Kitakaze Keisuke Takenouchi Yasuhiro Go Shinji Rahman Iffat Ara Sonia Houchi

Hitoshi Tanaka Tamotsu Okamoto Yasuo Tokumura Akira Matsuda Junko Ueda Natsuo

Involvement of acid ceramidase in the degradation of bioactive N-acylethanolamines 2021

Biochimica et Biophysica Acta (BBA) - Molecular and Cell Biology of Lipids 158972
DOl

10.1016/j .bbalip.2021.158972

Taniai Tomohiko Shirai Yoshihiro Shimada Yohta Hamura Ryoga Yanagaki Mitsuru Takada 112

Naoki Horiuchi Takashi Haruki Koichiro Furukawa Kenei Uwagawa Tadashi Tsuboi Kazuhito

Okamoto Yasuo Shimada Shu Tanaka Shinji Ohashi Toya Ikegami Toru

Inhibition of acid ceramidase elicits mitochondrial dysfunction and oxidative stress in 2021

pancreatic cancer cells

Cancer Science 4570 4579
DOl

10.1111/cas.15123

Guo Yiman Uyama Toru Rahman S. M. Khaledur Sikder Mohammad Mamun Hussain Zahir Tsuboi 26

Kazuhito Miyake Minoru Ueda Natsuo

Involvement of the y Isoform of cPLA2 in the Biosynthesis of Bioactive N-Acylethanolamines 2021

Molecules 5213
DOl

10.3390/molecules26175213




Kitakaze Keisuke Oyadomari Miho Zhang Jun Hamada Yoshimasa Takenouchi Yasuhiro Tsuboi 54
Kazuhito Inagaki Mai Tachikawa Masanori Fujitani Yoshio Okamoto Yasuo Oyadomari Seiichi
ATF4-mediated transcriptional regulation protects against  -cell loss during endoplasmic 2021
reticulum stress in a mouse model
Molecular Metabolism 101338
DOl
10.1016/j .molmet.2021.101338
Okamoto Yasuo Kitakaze Keisuke Takenouchi Yasuhiro Yamamoto Shinya Ishimaru Hironobu 88
Tsuboi Kazuhito
Sphingosine 1-phosphate receptor type 2 positively regulates interleukin (IL)-4/1L-13-induced 2021
STAT6 phosphorylation
Cellular Signalling 110156
DOl
10.1016/j .cellsig.2021.110156
Kitakaze Keisuke Tsuboi Kazuhito Tsuda Maho Takenouchi Yasuhiro Ishimaru Hironobu Okamoto 62
Yasuo
Development of a selective fluorescence-based enzyme assay for glycerophosphodiesterase family 2021
members GDE4 and GDE7
Journal of Lipid Research 100141
DOl
10.1016/j .j1r.2021.100141
92
N- 2020
666 679

DOl
10.14952/SEIKAGAKU. 2020.920666




Takenouchi Yasuhiro Kitakaze Keisuke Tsuboi Kazuhito Okamoto Yasuo 391

Growth differentiation factor 15 facilitates lung fibrosis by activating macrophages and 2020

fibroblasts

Experimental Cell Research 112010 112010
DOl

10.1016/j .yexcr.2020.112010

55 1 6
, , Hanif Ali, , , , , , s
7
63
2022
p16
63
2022
63

2022




63

2022

GDE4 GDE7

64

2022

141

2022

Kazuhito Tsuboi, Tatsuya Tai, Ryouhei Yamashita, Hanif Ali, Takashi Watanabe, Toru Uyama, Yoko Okamoto, Keisuke Kitakaze,
Yasuhiro Takenouchi, Iffat Ara Sonia Rahman, Hitoshi Houchi, Tamotsu Tanaka, Akira Tokumura, Junko Matsuda, Yasuo Okamoto,
Natsuo Ueda

Acid ceramidase as a third N-acylethanolamine hydrolase in cells and tissues

32nd Annual International Cannabinoid Research Society Symposium on the Cannabinoids

2022




M. Casasampere, J. L. Abad, J. Ung, C. Dufau, K. Tsuboi, A. Delgado, J. Casas, G. Fabrias

A novel fluorogenic probe to monitor the activity of acid ceramidase, fatty acid amide hydrolase and N-acylethanolamine acid
amidase

14th Sphingolipid Club Meeting

2022

373

2022

Takashi Watanabe, Shinji Go, Yuta Ishizuka, Kazuhito Tsuboi, Ayaka Ono, Junko Matsuda

Pathophysiological analysis of Saposin D-deficient Twitcher mice

63
2022
, , Hanif Ali, , , , , s s
7
95

2022




95

2022

, Hanif Ali,

96

2022

pl16

96

2022

KMS 2023

2023




100

2023

Tsuboi K, Tai T, Yamashita R, Ali H, Watanabe T, Uyama T, Okamoto Y, Kitakaze K, Takenouchi Y, Go S, Rahman IAS, Houchi H,
Tanaka T, Okamoto Y, Tokumura A, Matsuda J, and Ueda N

Role of acid ceramidase in the hydrolysis of anti-inflammatory and anorexic N-acylethanolamines

Experimental Biology 2021

2021

Okamoto Y, Kitakaze K, Takenouchi Y, Tsuboi K

The role of sphingosine 1-phosphate type 2 receptor on IL-4/1L-13-stimulated STAT6 phosphorylation in phorboll2-myristatel3-
acetate-treated THP-1 cells

Experimental Biology 2021

2021

Takenouchi Y, Kitakaze K, Tsuboi K, and Okamoto Y

Growth differentiation factor 15 activates macrophages and fibroblasts

Experimental Biology 2021

2021




THP-1

IL -4/1L-13 STAT6

63

2021

Yiman Guo, , S. M. Khaledur Rahman, Mohammad Mamun Sikder, Zahir Hussain,

CPLA2

63

2021

p16

139

2021

35

2021




p16

62

2021

ATF4 B

62

2021

62

2021

, , Rahman S. M. Khaledur, Sikder Mohammad Mamun, Hussain Zahir,

Involvement of y isoform of cPLA2 in the biosynthesis of N-acylethanolamine

94

2021




94

2021

GDE4 GDE7

94

2021

THP-1

IL-4/1L-13

STAT6

S1P2-Rho

94

2021

p16

94

2021




Krabbe

62

2021

26

2021

36

2021

pl16

95

2022




95

2022

GDE4 GDE7

95

2022

THP-1 M® s 11-4/1L-13

S1P/S1P2

95

2022

142

2022




, , , , , , , Iffat Ara Sonia Rahman,

N_
62
2020
, Smriti Sultana Binte Mustafiz, , , , Zahir Hussain,
N- - CPLA2g
62
2020

Growth/differentiation factor 15 (GDF15)

61

2020

B ATF4

61

2020




Growth/differentiation factor 15 (GDF15)

137
2020
, Binte Mustafiz Smriti Sultana, , , , Hussain Zahir,
N- CPLA2g
72
2020
Growth/differentiation factor 15 (GDF15)
93
2020
ATF4 B
93

2020




’ , , , , , , Iffat Ara Sonia Rahman, , ) s

93

2020

Tomohiko Taniail, Yoshihiro Shirai, Yohta Shimada, Ryoga Hamura, Mitsuru Yanagaki, Naoki Takada, Kazuhito Tsuboi, Yasuo
Okamoto, Toya Ohashi, Katsuhiko Yanaga

Inhibition of sphingolipid metabolism has ceramide-induced anti-tumor effect on pancreatic cancer cells

Clinical Congress 2020

2020

THP-1 IL-4/1L-13 STAT6 1- 2

34

2020

p16

34

2020




p16

94

2021

THP-1 IL-4/1L-13 STAT6

94

2021

Transcription factor ATF4 maintains pancreatic B -cell identity during ER stress

94

2021

p16

141

2021




4

Tsuboi K, Ueda N 2022
Humana Press 509
Assay of NAAA activity (pages 261-274), Methods Mol. Biol., Vol. 2576, Endocannabinoid
Signaling: Methods and Protocols 2nd Edition
Guo Y, Uyama T, Rahman SMK, Sikder MM, Hussain Z, Tsuboi K, Miyake M, Ueda N 2022
MDP1 236
Involvement of the y isoform of cPLA2 in the biosynthesis of bioactive N-acylethanolamines
(pages 187-200), A Themed Issue in Honor of Professor Raphael Mechoulam: The Father of
Cannabinoid and Endocannabinoid Research
2021
672
3.3 , 3.3.3 (pages 327-332);
Tsuboi K, Uyama T, Ueda N 2020
472

Royal Society of Chemistry

Inhibition of NAPE-PLD activity by natural compounds and synthetic drugs, and its biological
relevance (pages 301-336), Drug Discovery Series No. 76. New tools to interrogate
endocannabinoid signalling-from natural compounds to synthetic drugs




https://kms-pharmacol .wixsite.com/website
https://m_kawasaki-m.ac.jp/classroom/course.php?id=205

(KITAKAZE Keisuke)

(80840545) (35303)
(TAKENOUCHI Yasuhiro)
(30582233) (35303)

(TANAKA Tamotsu)

Inst. for Adv. Chem. of
Catalonia

Univ. of Virginia

Univ. Toulouse Il11-Paul
Sabatier




