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Abstract: Carboxylesterase 1 (CEl) is an important serine hydrolase in mammals, which involved in the
hydrolysis of a variety of compounds (endogenous substrates like cholesterol and xenobiotic compounds like
ester-contain drugs and pesticides). This study aimed to design and develop the fluorescent probe substrates
for human carboxylesterase 1 (hCE1), on the basis of the structural features of hCEI preferred substrates. Four
carboxylic esters deriving from BODIPY-8-carboxylic acid were designed and synthesized. After then, reaction
phenotyping assays and chemical inhibition assays were used to evaluate the selectivity of these four ester
derivatives towards hCEl. Our results clearly demonstrated that the substrate specificity of these ester
substrates towards hCE1 would be improved with the decrease of the alcohol group on BODIPY-8-carboxylesters,
while BODIPY-8-carboxylesters with small alcohol groups including methyl (BCM) and ethyl (BCE) esters
could serve as the ideal probe substrates for hCE1. Given that BCM exhibit rapid hydrolytic rate in hCE1, we
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further investigate the enzymatic kinetics of this fluorescent probe substrate in both human liver microsomes

(HLM) and recombinant hCEl, as well as to explore its potential application in high-throughput screening of

hCE1 inhibitors by using HLM as enzyme source. The results showed that the kinetic behaviors and the affinity

of BCM in HLM is much closed to those in recombinant hCE1, implying that hCE1 played the key roles in
BCM hydrolysis in HLM. Furthermore, the inhibition study demonstrated that BCM could be used for rapid
screening and characterization of hCE1 inhibitors, by using HLM to replace recombinant hCE1 as enzyme source.
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Scheme 1 The synthetic scheme of BODIPY-8-carboxylesters
derivatives. BODIPY: Boron-dipyrromethene
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Figure 1 Reaction phenotyping assays of four BODIPY-base
fluorescent substrates (BCM: BODIPY-8-carboxylic acid methyl
ester; BCE: BODIPY-8-carboxylic acid ethyl ester; BCB:
BODIPY-8-carboxylic acid phenyl ester; BCP: BODIPY-8-
carboxylic acid biphenyl ester) were incubated with different
human serine hydrolase (AChE, BChE, PON1, PON2, hCEl,
hCE2) for 60 min. AChE: Acetyl cholinesterase; BChE:
Butyryl PONI1: Paraoxonase-1; PON2:
Paraoxonase-2; hCE1: Human carboxylesterase 1; hCE2: Human
carboxylesterase 2
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Figure 2 Chemical inhibition assays of four BODIPY-base
fluorescent substrates.  Five selective inhibitors of various
esterases (BNPP, LPA, GA, CUA and EDTA) were used. BNPP:
bis-p-Nitrophenyl phosphate; CUA: 3 f-O-(p-Carboxypropionyl)-
urs-12-en-28-oic acid; LPA: Loperamide; GA: Galanthamine
base; EDTA: Ethylenediaminetetraacetic acid
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Figure 3 The changes in emission spectrum of BCM (A) and

BCE (B) following incubation in human liver microsomes (HLM)
for 30 min, and the calibration curves for hCE1 determination by

BCM-based assay (C) and BCE-based assay (D)
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Figure 4 Enzymatic kinetic plots of BCM in both recombinant
hCEI1 (A) and HLM (B). The corresponding Eadie-Hofstee plot
was shown as an insert

Table 1 The kinetic parameters of BCM hydrolysis in both
recombinant hCE1 and HLM

Enzyme Vinax/ Ko/ CLin/
source nmol-min~'-mg ™! pmol-L™! mL-min ''mg™"
hCE1 109.3 2.46 44.43
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Figure 5 Rapid screening of hCE1 inhibitors in both HLM and
recombinant hCEl using BCM as the probe substrate; O
Dose-inhibition curves of BNPP on BCM hydrolysis in HLM and
hCE1; @ Dose-inhibition curves of CUA on BCM hydrolysis in
HLM and hCE1

Table 2 The ICso values of BNPP and CUA against BCM
hydrolysis in different enzyme sources

Inhibitor Enzyme source IC50/nmol~L"
BNPP HLM 109 +3
hCE1 74 +3
CUA HLM 189 +8
hCEl 75+7
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5 1) 5T BBk FH B AR A e, % AR L A A R
FEvm, BRI, EAT @ EAN S, K&
52 [ P AMIF 7E 3 [ 293 o SR T, hCE 1 H5 53 1 58 e PR T
BT R A WIS 25, A 3 0F 15 38 iF 7t 41 40l
T —Fh2E I M REZ ¥ hCE1 %8 Y6 HR A, H 3 R 5k
KART 500 nm, 5 ZAEWEFT T2 WK, &
VERER JEEED B hCE 28 6IREN I T 5 24 L Wkt
A R T T R 2R

AW 5454 hCE T IRV S5 MR IE (D S i
A T 5 A /)N R T R 5 KR W R AR K R R R, LA
BODIPY-8 IR NEHZ, &it& KT 4 FiRmRERRTE

Yo H T X SRR RAT A Y E H A BODIPY-8 R IRIX F
FREESE, NI AT {E A hCEL MR R . i A
FABUESE T 1R 4 FhESRAT AR Y35 nT 4k hCEL A K
A KR SO o BE O R B A, ARAIE FUAH K 4 SRR
hCE1 T[{#{t. BODIPY JRERME KA Kff S b, HAE
BODIPY RIREE/KMGHITIERNE T KE TREE
Ak, BT I RN HT S OGS 5 AR X hCEL 1
1T . MhAh, AR B SLU0 ANk 2% 30 i) SEAG I 52 T
BCM Al BCE X} hCE1 7~ R 4F ()45 5 vk, (HEEAE
BODIPY- 2 2 Fig 17 A= 7 B 3 350 43 A4 B 1R 38 347 38 K
hCE2 F 462 5 WK & W (17K fig . X ik, BCB 1 BCP
X hCEL IR 7 1t 0 35 BRI, 0 LR BRI 1) 2
FREEAT A4 BCP, H 3 ZAXUIAEZ hCE2. R4S R
5 9% SC BRI T P R IR i il PO JER A i L — ). B
%k BCB 1 BCP %f hCEl K%t #sRer, (HiF
BCM HIPRIEE/ N AT H T 5 8% hCE1 KiE, SEH
R NEE B = T BCE /K fRE % . MR KA,
BCM #£ hCE1 1l HLM H1 (17K fif i % 35 5 T BCE )
KRR (5 2 A5A), $eRTERBREE AR [F 1) 2%
£ %y 7 R BN BODIPY-8- ¥4 R i o 5 T 4%
hCE1 /Kfi#. Fikg KW BCM 7E hCEL 3 P 1 € &
S R H B v ) R U

Bl 155 BCM 5 hCEL A 1R =B A,
H BCM 7 HLM T 5h 715847 A R S80S HAE A
hCE1 BN 15 AT W RS HN L. 456K 2 2
71N 1) TG T AR S A A0 o ) ) ok S AR S5 SR, T AR
BCM 1t HLM H FJ/K il 56 4% & hCE1 fiEfb ). Fik2h
RAERTT L BCM 1R e e R R, 72T 2H 204
KR 2T E hCEL @477 o Bk, #F—27E HLM
JETIHFJE 7 hCEL #7019 BOERAE W 7T o W F I
Wi R EREEIH 7 (BNPP A1 CUA) 7£ HLM 1%t BCM
KRR B S AR &S T2, B
P HAM I B 1Cs (AR el . 1285 iR, Kk
A 396 FH 2H 23 B840 PR ) £ 0 T i hCE T 41 7] 14 s 2 0
L5V . B HEF] hCEL ] 771 AT B AR i o i 25 JE [
i 0 I 1 TR T P 7K P I e 3 o R I B ) UK,
T i 2802 4 ) hCE 1 H 1 7745 B2 25 B JRE IR FR s 2
B ORAR S . MhAh, AR Z R AT REAZTE hCE]
PO, 5SS AR R R B 36 VD HH S hCEL
U BT PR 2P L IR, A6 AT gead i ] hCEL &
PESUE FR 25 (1 25 K30 77 24T Dtk i s e FLIR TT 3L
B I, ARSREE D) hCEL 53 M5 G IR ETH R I
J& hCE1 #H 2% (1 25— 2 K ELAE R PRI VF A 12 Tl 4t 90

2E EPTIR, AREFRIEET hCEL fm i 4 B 5N
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FNPE B A R HE K i S SEX —#AiE, BA BODIPY-8
BRI, WA T 4 FORRERTAED . HSBIA
A0 N U R 075 108 B A 2 A ) S8 A B T WM hCET
SEVER G ERE R BCM A1 BCE, {H hCE1 %f BCM A
AHE SR EER, d— BRI BCM B R 1T
() e I R BYORE ARG B 7 AT N, W T B R
KRR H hCEL BE PRI, LA & hCEL 57 i
A E L 51PN . BAh, BT R IR hCEL %
JCIRET A BCM . S H DG 1 ey 18 2 A 0 7 92534 v] H
T hCE1 MIRMED ST W RBL. IR 2 EE 2 K&
B ER A
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