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Abstract Chemerin, derived from tazarotenib-induced gene 2 (TIG2), is an endogenous ligand for the orphan
G protein-coupled receptor chemokine-like receptor 1 (CMKLR1). Chemerin/CMKLRI1 signaling system
plays an important role in multiple tissues and organs, and there are multiple chemerin isoforms in vivo due to
the C-terminal proteolysis by several proteases. This paper predicted and modeled the structure of six isoforms
of chemerin by Alphafold2, and modeled three active isoforms in complex with CMKLRI1, to elucidate the
different binding sites of different isoforms. Additionally, the known small molecule antagonist of CMKLRI1,
2-(a-naphthoyl) ethyltrimethylammonium iodide (a-NETA), was also modeled to dock with CMKLR1, and the
binding sites of a-NETA with CMKLR1 were analyzed. From the protein molecular structure level, our results
provide: (1) The mode of interaction between active chemerin and CMKLR1; (2) The mode of interaction
between a-NETA and CMKLRI1. This study provides theoretical basis and experimental basis for the design of
targeted drugs for CMKLRI.

Keywords chemerin; chemerin chemokine-like receptor 1; 2-(a-naphthoyl) ethyltrimethylammonium iodide;
complex predicted; docking

Funding This work is supported by National Natural Science Foundation of China (82001521), Shenzhen
Science and Technology Program (JCYJ20220818101218040, JCYJ20190812170005666), Shenzhen Key
Laboratory of Metabolic Health Program (ZDSYS20210427152400001)

il

1 35

1997 £, Nagpal 2" ¥ AEHL IS 5 Bz 15
B MAL T B Je 75 T HE ] 2 (tazarotene-induced
gene 2, TIG2), MHr4EH ERSZ AR N4 2 (retinoic
acid receptor responder 2, RARRES2) . 2003
B, PIANMOLUREUA [ B R TE TIG2 A =
Yr#ate & (chemerin) &)L G & H B Z 14
Bt B 7 #E 5248 1 (chemerin chemokine-
like receptor 1, CMKLR1) [ P Y5 P4 it 444

CMKLRI1 7&Z Fi e 4 i 3%1A5, chemerin il
AEH CMKLR1 SEHL 4 E A7 1 5 92 480 il 52
iR, Bksh, 2007 4E, Goralski %5 R
NI B B HE 7 40 P 3R 0 K S chemerin A
CMKLR1, H15 510 % 2 A5 W5 2 5CR A i 4m
M AL, B chemerin +&—Fh#H7 oy R M I 7
K. BEfE 30 FENFESE & chemerin/CMKLR1
BE5 R4S 5RERY. AE. REEL4E
IR, ZRGRESME. . O EE
AR DI, BT CMKLR1. G & AMEBRZ
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CMKLRI 5 chemerin 2 a-NETA & & {445 4 T 53

{4 1(G protein-coupled receptor 1, GPCR1) 'l
LA T CC Z P32 £+ 2 (chemokine CC-motif
receptor-like 2, CCRL2) "'7E 2008 E#; % 5 Hy
chemerin [f] 53 4MH 3244 . chemerin 53 3 452
A AE 256 A0 7 AR e d B 0SB A A IR R
B, HHTCHN chemerin 5 3 N2 ARG 1 HR &
(KD: CMKLRI1, (0.88+0.33) nM: GPCRI,
(0.21£0.02) nM; CCRL2, (2.35+1.23) nM),
{H 4 CMKLR1 5 chemerin 454 5 v LLEE
T G HEH a WAk i (G protein alpha subunit i,
Gai) f1 G HH a W3 o (G protein alpha subunit
o, Goo), Tl GPCR1 Fl CCRL2 ANEIFIEAT G
EEY,

chemerin 7 LY FH J&) 356 348 55 o 0 2 41 23 2%
BREAR R EY 6, &R HE R Z R
P Dy B 10 £ R R HAr R 2 MR A A
fENARZ0HH, RARRES2 BB 163 M4&
FHE PR R W) AT AR 28 1 (pre-pro-chemerin) , ZJ5
N K 20 DM EERRIKIERE T IKBE IR, TE R
143 N IRk 5L 1 A 44 25 1 (pro-chemerin,
chemerin-S163) . FifA&E [ pro-chemerin E4) %
WEIEEUS, H C R it — D 2 Pl g e
A 6 AN, g A I (plasmin) o 2R
5 4 (tryptase) A1 [K -+ — a(factor XIa) li§ 1]
JES BRI chemerin-K 158", %k 4H 41K
11 (cathepsin) K A1 L PAJZ 5% 25 1 1 (elastase)
i 1) ) 75 8 835 P 19 chemerin-S157"%",
cathepsin G F1JE £ 1 (chymase) DL J 2 AR TR
MBS B RE S 7 (serine protease kallikrein7) i
P53 EE M chemerin-F156" DL/ 0%
PEfY) chemerin-A155/F154/G152'"7, 4R,
chemerin XA M 5 CMKLR1 1I45&
PR KRB HATAERE. 2014 4, 2-(a-
ZEHIEL L) & = W AR AL 4% (2- (a-naphthoyl)
ethyltrimethylammonium iodide, o-NETA){E A
CMKLR1 [f/N o FHREFURIE B aaE ™, E 2

0] chemerin F¥# ) CMKLR1 5 B 48 HEH

(B-arrestin) 55 o

#r4% PDB Ml UniProt 4 2 j5 KL, 24
H AR A CHRIE A [ AL chemerin 5
CMKLR1 455 K45 # il S840k, % T H il
Alphafold2 K X EAEWI 7R, A3
FF Alphafold2 X chemerin 6 NN RN R R AT
2E MR IR Alphafold-multimer HE4T X} $%,
WL ANA chemerin YRS [P AR S5 B2, FF
Bxt H BT CMKLR1 408517 o-NETA™
BEAT X HE,  ANGE R B A X AR S2 AR &5 B/
Iy T REBUR I 85 A B AT — e R L TR0 A
fieks, it BT RIS

2 B &

21 BERRBAHEMSESNHITE

K H Alphafold v2.3.1 3% (https://github.com/
deepmind/alphafold) , L FASTA #% i N\ 2 Z 12
P30, RS HEBRE AR E NS R, R
TRE N “multimer” , MSA #XEN “full
dbs” , HARWEMRFFERIN. &5, #%# pLDDT
F1 53 e =i 1) PDB U 3EAT J B Ab B
22 EHSZHEESH

¥R AR S AWt 45 R T\ Ligplus
IR EAE I 5, 45 BARAE S5 A PyMOL
BT AR
2.3 a-NETA 5 CMKLRI1 33570

Y4, SRF AutoDock Vina®, Xt/hrF
FUR R B (AT 2 F 03, A4 AN
ui UniProt F# PDB # "2, /NrTF 4 M
PubChem F# ™. SRJG, FAHM R ANy
TFEEMAT MBI 545 PDBQT 4% 3K, 1471
Xof B2 R IEAT WA 1 B AR GRS 2 M B AT 2 R
X, KRS HRERIE 3, AL SO R
1T 20 WRitE, B ET 10 ANerieg R R . &



54 £ R

HEoOR 2023 4

Ji, Kxtis R EA G S 525 A tRA7 N PDB
HEWSER, JEHAEL T E PLIP #1745 &40 5
AR EAEFH 202, 45 SN PyMOL #E471E K
%%[2410

3 & R

3.1 A[GE] chemerin Y B2 #E

WA FERH, chemerin {EARN FEAFLE
6 NI, ARSI HE X 6 MERFH| N K i
20 NRIERIKIEWAE T INHEAT E B, B R
chemerin IR FEHRRAT 6 ANEEERR C AR iEAT 43

131 136

chemerin-K158 YFPGQFAFSK low activity
131 136

chemerin-S157 YFPGQFAFS highest activity
131 136

chemerin-F156 YFPGQFAF high activity
131

chemerin-A155 inactivity
131

chemerin-F154 YFPGQF inactivity
131

chemerin-G152 YFPG inactivity

(a) L1 chemerin V2 7 51| 455 4iE

chemerin-K158 chemerin-S157

ERR, 536 MRFA, WE 1) . KK
JF5 SN Alphafold2 #EAT A, 25 Rl 1(b) .
R THEAR RN 6 AN ikdstgnT DUE H, BT
RIS REA B MmN ET 6 NE
B C R pHmrEn, H C K7 oA F S
I GZRNIERM ) e T 2R . T ElifHh
PR ZER I E R SZAERN N ZERTIKR,
XF 6 AN ARG R AT R L, Wl 1 (e) i
N, ATLLE SR B E R REEPRTE C RifE
7o [EIFEMEEA merge 45 KK, chemerin HLik
FETAR EAR—HEHIRE, C AR r%E 45 15 4
FEBIIRTE 5

chemerin-6 isform merged
y

(c) A[F] chemerin V.78 £ 44 HE o 45 L

chemerin-F156

Lygss SER«AJ/\-’

chemerin-A155 chemerin-F154

~_
— PHE134
ALA-135

PHE-£36

chemerin-G152

=

¢

GLY-132

(b) chemerin YF %Y Alphafold A% 45 R
&1 A[E chemerin I B 454750 & Lb *F

Fig.1 Chemerin isoform structure predict and alignment
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3.2 &M chemerin &5 CMKLR1 HI3$1E15)
B, B CMKLRI1 ) NCBI J# %34T
Alphafold2 #i48l, 5Bl 2 (a) Fraw, HEE s
N7 AR, U7 N G, AL T 4R AL,
NHNC i, MTHBEEERN. K5, 204 3
MEMEER chemerin-K158. chemerin-S157 PA
J chemerin-F156 5% & CMKLR1 JE%E

ai e, SR mE 2 (0) ARBIGEHR, B
CMKLR1 ) N i 48 S A0 0 7 LA R 195 i 5 4 35K
<€ Neterminal
. " Extracelluar
i \4{; <«— Transmembrane
Cytoplasmic
C-terminal

(a) CMKLRI1 &5 ¥4 7 £

K158-CMKLR1

FEA AR . B)a, XA BAEH 550347 5
P, EEAXARRLE GO BT S, 2R
jJEl’JT AR gt B IR %
W E AR5 SN LigPlus' " 43047 3 4

7% chemerin (chemerin-K158. chemerin-S157.
chemerin-F156) 5 CMKLR1 HFMAH EAEH, 45
Rkl 3~5 Fis

S B B AE A ARCTE PyMOL 458,
chemerin-K158. chemerin-S157. chemerin-F156

S1 57—C‘I_VIKLRI Fl 56-§MKLR1

. %ﬁf
R
a8 ’;% ,
£ A
S y:
’ “‘15\; \/j j;”( -

(b) i chemerin-K158/S157/F156 5 CMKLR1 & & AR 45

& 2 &M chemerin 5 CMKLR1 XHEFGN

Fig. 2 Activity chemerin and CMKLR1 complex predict results

2178(B) Asnl91(B)

R

Serl88(B)
.\\
L R

R R
), Gly132(4)

(l 1283(B)
S {

' g
I PrO131(A) P -
Lys138(A) Phel34(A)

m%% AP RSS

/
Tyrl8(B) ., 9 Aspl6(B) /oA Asp20(B)
/

Leu9l(A) o i Valos(A)

\
.
AN BRY
:
[ K o g )
i ‘

Gln24(A)

K158-CMKLR1

&3 chemerin-K158 5 CMKLR1 #BE/ER 4R~

Fig. 3 Chemerin-K158 and CMKLRI interaction two-dimensional display
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Arg178(B)

Glu283(B) &

Asnl91(B)

]

’-\l
s gym% yqu } o/
Prol25(A) His1 26(4)] Phel36(A) Alal35(A) - 9

¥
Ser137(A)

. Val27(B)

s Yl wenm Juwaww 3.
yisn) P
[ L Tyrl29(A
Prol31(A) oS

GInl33(A) Yo

Asp20(B)

Leul(A)

Arg120(A)

Arg74(A) L,

S157-CMKLR1

& 4

Fig.4 Chemerin-S157 and CMKLRI interaction two-dimensional display

&a

chemerin-S157 5§ CMKLR1 {8 E{EF —# R~

(., %i -

chemerin-F156 5

5
Fig.5 Chemerin-F156 and CMKLRI1 interaction two-dimensional display

TE A B KA AR s A7 B AT 240 i
AR 178 MFERIR S 283 A Z IR,

5 CMKLR1 &5& 2wl 6 (a) ~ (c) Fian. XAH
HAER MR EN, 3 ANANENNER Y 5 2 AR A A
EZANEEN R, AR XA WA E &E#
RbF 224K N ST 16 A7 R&E /R 25 hi 5t

AR 27 PR L & 29 v AR I, EEE

F156-CMKLRI1

CMKLR1 8 EEAZ# R~

AFEER chemerin ff) C AKumfE 5 ¥ iz
R

FRE 3 A AREMKSEETELEESR,

= R &5
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19 B0 45 G AL AT 3 — B EE XS i, RIAE
3 MAFATERA chemerin 554K F ) 16~30 £
AR M T (FE—) MEAEL oMl %
SR B R AL chemerin FIR 4 (f7 B =) JLANE
BRI b, XIAFETER chemerin (1) C K4
HAEZ A LR AT AR S K (Bl 6 (d)

iS4 V95

fT75), chemerin-K158 K& R 5 214 10
GG FEIEZIRMEB IR 6 F1 7 WA RTE I,
chemerin-S157 R IR 5 2 AR 1) 455 F 248
AR B 2 F 6 PIANIRE |, chemerin-F156
R iy BB TR 5 52 A I 25 6 32 AR 2 A 1) 5 R 3k
2. 5 il 6 =AM L. MR CH R WA,

R74

i DI6

R76 |

(c) chemerin-F156 5 CMKLR1 45417 &

H184
~
(b) chemerin-S157 5 CMKLR1 £54 7 i
chemerin-K158 CMKLRI1 ™
129 283 6
131 191 -
132 178 -
283 6
134 302 7
137 189 -
138 188 -
chemerin-S157 CMKLRI1 ™
129 283 6
131 191 -
132 178 -
283 6
133 98 2
135 178 -
137 178 -
191 -
chemerin-F156 CMKLR1 ™
131 191 -
132 178 -
283 6
133 98 2
188 -
135 178 -
136 178 -
224 5
276 6

(d) ¥ chemerin-K158/S157/F156 ) C A ifi 5 CMKLR1 454547 5

6 &M% chemerin 5 CMKLR1 X335

Fig. 6 Activity chemerin and CMKLR1 complex predict results
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chemerin-S157 A1 chemerin-F156 7F M R4,
1M chemerin-K158 W)yE MRS . ABFFE—D Kk
Hl, chemerin-S157 1 chemerin-F156 KA i 133
B G ke 5 524k | 98 o7 & 42 e A7 78 AH AR
HI, 1M chemerin-K158 [ C KRumdF LM E. &
K24k 98 BRI T E5 IR 2 (g e b, wT
PAFEIN, chemerin-K 158 AN&5& 5 ik 2 SHUH:
TR RITH, A2 ERANSES G E
FIREAT B — 25 I S S A VR

M4k, 3 NEME chemerin WAL 5 CMKLR1
W EEERELEHRAFEESME, Bl
SEANMBEMZES, TN RS A TSN 5 K
TR AR RIS, 2 1 98 AR BRIN 45 A 1 L o
3.3 «-NETA 5 CMKLR1 {454 Fi

o-NETA X CMKLR1 [#I1EH F7E 2014
ERAIRGE"Y, 2022 SEARSY E K o-NETA
B {EH chemerin/CMKLR1 #ik 3%+ E N
55 S LAE O FE . AR AR H AT O S s
xR C A X CMKLR1 454 /Ny 1 Rt
T AT R AOL TR A FH A o5 3 AR T B8 11 4 FH A
X, FrLAFEREXT a-NETA /N5 CMKLRI i
ATARELAE PR, MR 45 SR e AT BE 1 A7
PRI, S B A — 5 I IR LA A
%% ., £ PubChem #1T a-NETA 75>,
FARILEEH (CID-1518) o AbFE )5 5 i 1 15 21 (1)
CMKLR1 & [13#47 AutoDock Vina %42, 75
FIIRET 10 MEER MK 7() fiac. WTLEH, E
BSEGMER 3 4 RIEEMIEEF model
mode2. mode8 =47 B #EAT #E— 0 4 M (4N
7(b)), FIHI PLIP #EATHI AR 23072

3 ANEREMIEE A s (W 7). FEAL A
— (model) 5153 2 1A ELAE F A B K AH BAE H
Mon EESIER, HAPBKMHE/EHF:ERAE
TESZIRK 61 M4 ARR . 78 M ZRNRER . 216 i
SRR 316 MRS ERR, n ftSEH
RAELE T8 M ANERR (FEE) M 316 (MERARR (T

17) 3 FEALA — (mode2) tHH 153 2 A BAF A B
KMEAER . SEAEAERA R o BHESER,
Ho g KA EAE A m S B4R CPAT) RATE
18 frMR R, A BAEH KAAE 291 AL H A
f%; A7 s = (mode8) 153 2 ¥ AH AR FA A B
KAEAER, FERALE 77 fi/146 I AR
139 A5t 2R 146 MIER IR 151 ROAEZ R LA
F 155 fims @R L EE 2 fIfeik sz kgt A ok
AL, A AT RS R BRI E AL, B
W52 TS S, SR
TES RS .

4 LSS

AN FE F AR H# A1 chemerin 74K
WAFFERT 6 AN ARLBEAT THEMITRI,  JFx 32 1k
CMKLR1 BEAT S5 R TI o 73 2N B 2544 )
A WEYER chemerin AI%Z /& CMKLR1 BEATH &
ARG XSS RS AT AT XS, IR
M2 AR G55 T 5 i 14 PT R 2 2 AR P i 2 1Y)
S VS QO | S W = 1S AN e 1|
a-NETA 5 CMKLRI1 #4758, 4347 a-NETA
AT REBIAE AL RAESZ AR 4R A 18 ALAH 291 7 b
T, 20 chemerin 545G M — 0 K EMEH
BEHAT, NN EX chemerin
WA chemerin-S157 K 9 Mk 5 321k
CMKLR1 #4748 ERHFFE. 2021 4 3 H,
Beck-Sickinger S % 203 ek 45 #4) E 1M1 5 ) S
%, Xt chemerin-9 5 CMKLRI1 H)45& #5032
TVEARRREARL, JERt T IRIRIK TR 9 R R 254
WER e S A, 2023 41 H, FisT Uk
2 S & 7 I AR T B MO chemerin-9
5 CMKLR1 W SR EAT RN, FXAH N
G AR LR SIOER N G A B A&t
gia .

KWFFREAAAE—EA L, BALEMEL T
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mode affinity dist frf)m best mode

(kcal/mol) rmsd i.b. rmsd u.b.
1 —6.7 0.000 0.000
2 —6.6 44.135 45.790
3 —6.6 44.296 45.995
4 —6.6 0.720 2.543
5 —6.5 2.832 6.107
6 —6.5 4.003 7.619
7 —6.4 1.989 2.639
8 —6.4 20.169 21.623
9 —6.4 3.431 6.142
10 —6.4 20.186 21.722

(a) a-NETA 5 CMKLR1 45411 AutoDock Vina ilil] &5 5

model mode2

Y316

1261

(b) a-NETA 5 CMKLR1 =/ME{EE G E

mode8§
33
3447
L155

(¢) e-NETA 5 CMKLR1 45447 4

7 @-NETA 5 CMKLRI1 &M
Fig. 7 a-NETA and CMKLR1 docking results

SNVEEAT TR, IR AR AT 45 0 AR 1) SRS i
B, HRESLMEHT AL —EMER, L7HELU
FLSE AR A SRR I S IR 25 RO HE. T sk,
FEAWF R SE G, ALEses s " (1 chemerin-9 5
CMKLR1 A5 HBE GRS 1572 PDB 4
AT %, T BUARHE AT A AL ) CMKLR1
ZEFIABE S ESZ CMKLR1 45 My iE4T = 4k Lot
Mo3Hr o

BT AR T, HE T AT T A A XS
CMKLR1 F1 chemerin ZFIHF5%, ¥ chemerin
(1) 2 Fh e B Y AT E SRS K T, A2 S/
7 TP o-NETA A4 Wi ) CMKLR1 454
HrE RGO, NI TS, feft T
W Ny TESEALR 2T, NIRRT BT
PARAT XS CMKLR1 (/N8 250 A 42 44 1
BT 1) o
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