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Fluorescence-based Assay System for Endocannabinoid Degradation
Enzyme, Fatty Acid Amide Hydrolase
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Endogenous cannabinoids (endocannabinoids) display various pharmacological effects including pain control,
anti-inflammation, and neuroprotection. The synthesis and release of endocannabinoids are regulated under both
physiological and pathological conditions. The main degrading enzyme of endocannabinoid is fatty acid amide hydrolase
(FAAH). Therefore we have developed the fluorescence-based assay system for FAAH. We established stable CosM6
cell lines expressing human FAAH. We also synthesized 2-oxo-2H-chromen-7-y1 decanoate (DAEC) as a fluorogenic
substrate for FAAH. When crude membrane extracts stably expressing FAAH was incubated with DAEC at 25C,
FAAH reacted specifically to DAEC and catalyzes the hydrolysis of DAEC into decanoic acid and highly fluorescent
coumarin. Furthermore, the serin hydrolase inhibitor, phenylmethanesulfonylfluoride, inhibited the coumarin release to
the reaction buffer in concentration dependent manner. This assay system is suitable for high-throughput screening since
this system has simple experimental procedure and measurement method.
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(Matsuda et al., 1990; Munro et al., 1993). °]&& 25 G ¢
WA ARG A (G-protein coupled receptor)?] LFojm
Gi/Go2] heterotrimeric G T2 7} AAF] o} Qit}

A ddHoR Fhdb|wol= ZHE-OF (agonist)yS o
o] gleka, BEA0l, ALA, HAE Ao T A
= oFEE ARl AR gled, ARE il
olr. Apg-oko] oFEEOE= AZhet RAE (255 H I,
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ERY 7] wjZof ool AZL itk wEkA A Tole v
Lol = 2hgoke] SRR RbE AdF oz A
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TR ol =e) FEE 2388 4 = 545 dFd)
of 1 @4 BAE 2dFoRA 1 Y a9E
HEele Aojrk 11 FollA A7t Edel s
AE Fio] URIATIH o =g A EEE fk
& 5 o ga0 wEa 1 540 BAA)E A
olH, o] A|w=r} Fhpr| o] =-7|Rk 3] A2



& ez FAET 9ok AR, WA T ko]
E Bla4e 848 JASE 9, Jhmej=g
Bty 95 adE FAA|AA Fhue|mol= of
EBFA] Hoje F&go] BAHR ool HZ 4F
A} (Cravatt et al., 2004; Jayamanne et al., 2006; Labar and
Michaux, 2007). FAAH ZAAHAE tdoz Fafg A
o 9J3lH, FAAH AHAFAE A4 H#] HzA
ol Aol yieldhu] ol =e] waEke] 1000% FE 2
23l A E 150% 7FF 7k e, 55
of i3] wi-¢- £73 JFeIS BT (Labar and Michaux,
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2007; Zhang et al., 2007; Timmons et al., 2008).
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Decanoic acidS methylene chlorideo] €3 A1A oxalyl
chloride® 718 ¥ vl dimethyl formamide® A&
ato] AAT|AH Z271oA SAIZE Eet Aol wEAIR
v} F71H 02 T-hydroxycoumarin®} triethylamineE 37}
sto] 0C ZAA 12412 BEAIHG. AAE IAAE
2 N-hexane 0.2 FA|3to] ofAA H L} ¥H&-E-S Silica

columns 53] 83} thin layer chromatographyS 53l
I3 &, A FEIAAE o] & B4 S Arlsto et
& A g3E I35 FAE-S dimethyl sulfoxide
(OMSO)2 &3l & th& Aol ARS8l

MIZES gl 2 transfection

Dublicco’s modified Eagle's medium (DMEM; Hyclone,
South Logan, UT)*ll 10% -F-EfoF& M3} 1% penicillin, 100
pg/ml streptomycing 3 7}8ke] 293T 2 CosM6 AEE
37T, 5% CO, Z7A wigst o, 2~3el] ¥
HBSS (Hyclone)= Rl T 0.25% trypsin-EDTA &4
Hycloneys AFg3le] AEE Hlog7]2] njgto 2 RE
EAA A vl FSATE (Ghil et al,, 2006). 293T A|¥E 2
transfection 100 mm W87 & 1.5 X% 10° AE5E
58§, 18~2421%F F9F Bi¥E ¥ calcium-phosphate
HE ARS8t AAIEIGIT) (Ghil et al., 2006). ©] W9
rs] Anetd, Ao HAWEHE 62 plél 2 M
CaCL% 7 E33le] 53<] 2X HBS (50 mM Hepes
pH 7.1, 280 mM NaCl, 1.5 mM Na,HPO,)Z Eg3}3th. o]
DNA £F8-9& 3087 2o B &, Ax vjg
o) H7zlsto] SR2AF T CosM6 A E 9 transfections
100 mm ¥jF&7] 3 1.5 x 10512 AEE 18~244]7F
Hj kgl 3 Polyethylenimine (PEI, Sigma-Aldrich, Saint Louis,
MO)E o]&3le] Axo] AdA¥EE A4ASIATH (Ghil et
al, 2006). F3] o] WHS AT, A Gy
HE DMEM#} £33t 800 w7t = A ¢ ¥, 20 pg PEI
E F7H o] §9& 3087 d2olA dxE 3 Al
3 gl 3 9 "ojra] WhEAl7| A 4047 F
o ¢lakd k==l (10 mM Na,HPO,, 2 mM KH,PO,, 137
mM NaCl, 2.7 mM KCD2.E 23] A8 &, ¥ E 3
ste] the Agell ARE-3IT

FAAH WaiHlE] 3 wsisiol
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AFe] 283 FAAH HHHE (pcDNA3.1/myc-His-
FAAH)+= The Scripps Research Institute®] Cravatt 2PAFZ 5
g 3o 2ol AL&31 ) (Cravatt et al, 1996). ©] HEZE
293T M| transfectiondtil 40413 ¥, AEE 735t
PBTX £ (1% Triton X-1003} ©rd EajE4 <))
7F ZUFE QA gyl (A1 wheA & AESE
AE o] gl Hr|PeE +HsIT Ar|gsE
@28 poly-vinyl difluoride membrane®ll $71 His-&A
(Santa Cruz Biotechnology, Santa Cruz, CAYS A}-&3}9]
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Fig. 1. Mechanism shematic of FAAH reaction which catalyzes
the hydrolysis of DAEC into decanoicacid and coumarin. Amount
of fluorescent that release of coumarin by hydrolysis was monitored
dependent time with excitation at 355 nm and emission at 460 nm.
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F8FL 10 pg®] FAAH HHAEE transfectiond}] 404]
7k F5E 1.2 mgmle] Geneticin (GIBCO, Carlsbad, CAYS
Aeletgith 2 Fo NEE FAG] His-3HHE A8
319 Western blot 418 $=a5to] FAAH <FA4 g
kv
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FAAHT T2 AxXde] Bdai= EAS Holr] o
of MEFEZMOZ crude membranes ThF} o] =&
ato] ARSI FAAH P42 AN EFE 78}

78}

AN Z -8 (50 mM HEPES pH 74, 1 mM EDTA, 231

T aEA JAA Hrhow BREAA 15529 7HH0z

ZEMEA1E 53] EEigich EAS AxE

AR (12,000 pm, 203, 4T)st L ARG Fg-8.0

(50 mM HEPES pH 7.4, 1 mM EDTA) .2 H-§A1A A&
AR 70T Baslgivt.

M|Z3=5%3} DAEC 7|Ele] 8IS

Hk-3-8-9 (50 mM HEPES pH 7.4, 1 mM EDTA, 0.1%
NP40) AEFEN 1 g} 2] the 9] DAEC
7NEdE J7rs &9 F Rt 21 wrt HA 24
Slil 384 black plated ©]-&38le) FFFE EHA7)
(VICTOR™X?2, Perkinelmer, Waltham, MA)S ©]8-3}]

25CAA 100% &<t s o= YFARE FA 3
St Aatghol Wik B4 Microsoft Excel =2 1303}
GraphPad prism (version 5.01)& ©]-&3}ith

EYYmIML] Xz

Bhgofol] A2F29 1 pgiat 247] th& Fx 2| PMSF
(phenylmethanesulfonylfiuoride, USB, Cleveland, OH)E 25T
oA 1A1ZE Bt HAE gk ¥, 300 pMe} DAEC 7]A &
A7kt YR Y2 F3AESE FAHIT

2 =

FAAH®] g4 A 2"S F58b] Qs E ATt
A= FAAH® 84712 ZA decanoic acid®t coumarin®
ester A§to 2 A% DAEC 714S AF38I5T (Fig 1)

FAAHS] SHlE]7} MEZloA] AdetA guids 2
A = A=AE ER137] 8l 293T Aol dad
HE gdrd oz WHAA Westen blot 48 E3] &

(Fig. 2A). CosM6 Aol FAAH P4 SEHELFE A
Zshr] g8 EANE S TAAZ T, Geneticing T
3kl FAAHE 288l A ETHE A3k 3 Westem blot
A& 53 FAAHS Id o §-& FRlsigict. o Ay
CosM6 HlXel| FAAH7} Ao 2 IdFES 31519
o} (Fig. 2B). FAAHE A ¥ 7o 2 @ == dhgolz
= Ao| ojn) 4EA glorE (Ueda et al., 2000; Bracey
et al, 2002), & AT A = FAAH SPA A A Lo
crude membrane TS FE3I] Aol ©]83%Th
AFEFZH 1 ug¥ 300 M} DAEC 7]3& WHeAIT &
BESAIZH] W YPAEE FRAE SAVE S
23, FAAH P84 SHAEF F5E (CosM6-FAAH)
& o] 831F-E ATt vET AE (CosMO)Y] FEHEL
o] &S o} nu} wkEAZH-2EAQ] FF 47| (RFU)
o] Frtekde] FHsHA EYS RIS (Fig 20).
ojnf WhHg-olel M¥EFEHES AQe 71N A7 AS-
(Buffer) 7]49] £z Ao dojubA] oS &A% &
AATLE WHSAIZE 40804 DAEC 7|2 o] ti3t FAAHY]
848 g2z vepd A3, FAAH P43 &
F&do] &8 W FAAHS Aol T AlXF
A D AEEZHdo] gl x40 vls) €53 A
vehde gelaigint (Fig 2D). oldd 549 4%
coumarin®] ThFdk T zZANA vehd FuAglo®
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7183 MSAIRE S, FAAH 840) Ea455-0&3
o2 F71ee E]lalgit) (Fig. 2B). o3 A7 53
DAECE FAAHY 84§ ARH oz 4T & &= F
gk F4714Ag gRlsisich

DAEC 7]Z20] FAAHY| 93] 235 5932l
A& g317] 93, FAAH St A RdM IR 32
1 pgs Z7] o8 5X9 DAEC 7|23} ¥hgx|7) &
Michaelis-Menten #7442 AFE3le] Km ¥ Vmax X
£ A& 2 29 Km 2 Vmax 31 22 540
pM#} 37.6 nmol/mg protein/min®] At} (Fig. 3A). 3
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Fig. 2. Crude membrane fraction assay. (A) 293T cells
were transiently transfected with pcDNA3.1/myc-His-
FAAH. (B) CosM6 cells were stably transfected with
FAAH expression plasmid and selected with Geneticin.
And then subjected into Western blot assay using antibodies
against His. (C) Crude membrane fractions isolated from
CosM6 cells and FAAH stable cell line were added into
reaction buffer containing in 300 pM of DAEC. The
reactions was cartied out at 25°C for 100 min. (D) At 40
min of reaction time, the relative activity of each reaction
condition were represented. (E)} Effect of increasing crude
membrane protein concentration on DAEC hydrolysis.
relative activities of FAAH on DAEC hydrolysis was
monitored by increasing the crude membrane protein
concentrations (ranging from 0 to 1 pg).

(Fig. 3B).

£ Aol A= FAAHS DAECY] 5ol3 yhg oF
ZA18}7) 918 serin hydrolase 2 AA|Q] PMSFE &5
F7HA719 wkgolo] Hrksle] FAAHS 848 ZARIS
t}. 2 Ay PMSFY Hsxrl S71ge] Wl FAAH
o] &/ WE DAECY 7Hrwsl #AdA AAHE
coumarin®] HBZ =7t Aa AATE FAEGith ol
FAAH®} DAEC 7]3o] HolH o=z whgdhs eI
AT (Fig. 4).
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Fig. 3. Kinetics of DAEC hydrolysis by FAAH. (A) FAAH
activity was assayed at various DAEC concentrations. FAAH
crude membranes (1 pg) were incubated with increasing DAEC
concentrations for 40 min in a total volume 21 pl in a 384-well
black plate. The data were ananlyzed using GraphPad Prism based
on the Micahelis-Menten equation. (B) Lineweaver-Burk plot of
DAEC hydrolysis by FAAH crude membranes.
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*H]-anandamide©] 1 0.9, &4
& AHEES chromatography W Fi=
scintillation counterZ: ©]-§3to] ZA3IHTH (Deutsch and
Chin, 1993; Omeir et al., 1995; Maccarrone et al., 1999; Wilson
et al, 2003; Boldrup et al., 2004). 22|} o] WA A&u}
Hol Hasta A EAAAE Aol doe 9
| Qo] &AL ANE FRslrlol= LA Fgsl) w3
R 7] A Q) decanoyl-para nitroanilide® AH&-3t] FF=
£ FAse W E /EEA oY (Patricelli and Cravatt,
2001) FA- 71%17H AN7F57) on] o] FA] Ajxag
OFE= Ao o w= :gpgg_o_ /\_:ia]\/h‘s_i} o gloke oA
= 7RI ok Holl F A fast 7 A V14
o]-§3to] FAAHO A& AT 4§ gl AlawElo] A
W oL} (De Bank et al, 2005), ©] 9A] A&updo) A
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Fig. 4. Inhibition of PMSF which is serine hydrolase inthibitor.
The crude membrane fraction from stably expressed human FAAH
(1 ug) was pre-incubated with ranged from 1 pM to 100 mM
PMSF at 25C for 1 hr. Then 300 uM DAEC substrate were added
into loaded reaction samples and the release of fluorescence was
monitored at 200 min.

o2 EAEla 5 7R @A) AR 9% Hdd
s 7}*"40} AHE L glo] AEAHAE
Faslrlolle F2dsteh A 347142 arachidonyl
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(Ramarao et al,, 2005) 712el gt vl wto} ARGl
Aoty ol g FAHE FEIIA £ AFelA =
7149 =g lr’icé T UEF 7|49 BAFE UF
Roem, w3 H W FAAHS] §4Jo] amidase 7%
2o esterased] 7]%50] US-E FiLEke] decanoic acid$h
coumarin® TS ester 250 HEE 7148 A &St
o} 2 AFEel sl A2k 337)4E] DAECE FAAH
o} ¥h38hx] o g WebA| ggkon, whg-ooj
FAAH-RPE 2 A EFe F2ES TAZHS o
DAEC 347]do] Ea=o] F373xe] A7 |7t S/
& #AEAY (Fig. 2D 2E). Wb DAEC 347143}
FAAHT Soldo® nh33hs ¢ 4 ISith

dAA 42zl FAAHS RBAW 7182 A ga
2070¢] oftr1EARS Aotk ofebT|EARE 479
cis-o] FAEE AL AL, 25 whe Rk 3o
o A3 FH2 SAY b5l Atk oo Ak
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71A 2 AH8-3E3iTE FAARS] A F-gle 53 o
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