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Expression of cannabinoid and opioid receptors in nervous as well
as immune systems of Macaca mulatta and Tupaia belangeri
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Abstract: To make Macaca mulatta and Tupaia belangeri as experimental animals for studying functions of opioid
and cannabinoid receptors in drug addiction, we examined expression of the opioid and cannabinoid receptors in nervous
and immune system of the two animals. We dissected normal adult M. mulatta and T. belangeri, collected tissues of
cortex, cerebellum, brain stem, hippocampus, spinal cord, and spleen, and then applied the semi-quantitative PCR and
real-time quantitative PCR methods to investigate the mRNA expression levels of the opioid and cannabinoid receptors in
these tissues. In M. mulatta, the cannabinoid receptor 1 (CNR1) mRNA was expressed in the all tissues; in contrast, the
cannabinoid receptor 2 (CNR2) mRNA was only present in the spleen. The mu opioid receptor (MOPR) was detected in
all tissues, and the kappa opioid receptor (KOPR) was found in the cortex, cerebellum, brain stem, and spinal cord, but
not in hippocampus and spleen. However, the delta opioid receptor (DOPR) was restrictively expressed in the
hippocampus. In 7. belangeri, CNR1 and CNR2 were expressed in the five regions of the brain. CNR2, but no CNR1,
was also detected in the spleen. MOPR was expressed in all examined tissues, and its expression levels in the brain were
higher than that in the spleen. DOPR and KOPR were not found in all tissues. Taken together, the expression profiles of
cannabinoid receptors in human being, M. mulatta, T. belangeri, and rat were similar, and the expression patterns of the
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opioid receptors in M. mulatta were more close to human beings. The opioid and cannabinoid receptors were expressed in
the tissues of nervous and immune systems of M. mulatta and T. belangeri, and both animals could be used for studying
drug addiction. Macaca mulatta is still the best experimental animal for drug addiction research because it shows very

similar expression profiles of these receptors to human beings.

Key words: Macaca mulatta; Tupaia belangeri; Cannabinoid receptor; Opioid receptor; mRNA expression;

Nervous system; Immune system
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WL R IR MR, AR R G ai iy RS
BN (Sofroniew et al, 1981; Jiao et al, 2010),
CA W RN SEB S PN ] T P2 R G T B HiIE
(Fuchs, 2005; Pawlik et al, 1999; Podlisny et al,
1991). SRTM, £E7> T 7K1 RGEWEFT R i BRI 5 )
RIRZR S B 7 S ARAE BRI AR B ) 205, iR
AR .

2 5 U (drug addiction) 5 &M X, G H &
527 SR ISR S5 K, an KRR B BT IX (PFC). 1
y(HIP) 0N 55 X (VTA) fRFEAZ(NAC) % D)
K(Volkow et al, 2002; Bruijnzeel, 2009; Peters et al,
2009). AN, TSRS R, B R BUR
B> 5 R GE AT 5 AR (B 32 Ak KRR
B AK) 45 4 (Maldonado, 2010; Lopez-Moreno et al,
2010; Robledo, 2010), IS phze o Xear Pk, &
A FHMA AT INESR, SRR IS DI fE,
I SRR, B IO EARH . LR R
RXAAAES LT MR RS TEEN A O
(Lopez -Moreno et al, 2010; Robledo, 2010). £4-E
LRIMWKREZEA TR, KREZE 1
(CNRIFIKRRZE 24K 2 (CNR2). BEFH BR324
#WoA-CIKESIER G EEMIRZA, AR CNR1 M
CNR2 ZHEMRITHIH 44%IMIRIEPE, 700 X 2
% 175 Rl YEPE A ) 68 % (Jean et al, 2010). CNR1 I
Lo Tmargmarc b, KREEMAGSH
ARG WAL, CNR2 EESATRIERS
RN M, 2 ol R G R R R AR,
AN T AR AT Rk, 2 S 9 SN R
“i(Jean et al, 2010; Martykanova, 2010). [}y 52 A& 4
B P S AR T 2 S BEAL, 255 B R 2Rk
TR o Bi] 32 AR =28 mu(p) 244 delta (5)
ZARR kappa (1)K . =B i 24K SR A,

BRI A 93 A A o SRS = Fh 2 AR TE N AR
AN, 46 & REARIA HR e, H=28%2 1k
Boh G BB, FE AT oA,
WML Dfe. IR R AR A T
ARG (Bidlack et al, 2006; Sharp, 2006), £ 5
OGS R atd O A L I A1 b T I R e
R EEAE P R

BFF 0 KPR 25 52 AR IR 52 A4 0 5 0 RS it fi
DX R I () 3 AT I 0L, A P9 I Dk B i R 3l
YIRERY, BESURE S R B S RO S R
GEORE LI AT I LA, RATSEbrE o ARSEE L
BRAEFIR i A S I 5, SR FH 0 ¥ 5% PCR(RT-PCR)
(97325, RS KRR 22 52 AR FH B v SZARTE S A T X &%
JULE 0 2R (R s, Ay ko FARY AR Ry b 2/ 9 R
BRI T B PR S A A

1 #MR57%

11 5

R 0L, Bio-Rad Mycycler PCR 1, ABI
stepone plus SEIfE 8 PCR X, P25 Highpure
RNAse-free &t RNA #EHGAF &, pormega J 5 5%R
7%, RNase free PCR 4, sigma jumpstart taq 4,
SYBR green I , DNTP.
1.2 SR

2 HOEH BUERIE, Rl 11 M 3.5 %,
WA 41.5 kg F1 35 kgo 1R IR AE M 5
H, AT 120~160 go SLIG BN SEI0 1 A LS 1 AFAT
2. SEBG B B R B B ISP T e
LR FESCXK (1) 2008-0001], Fr A sh#t
T IR B 1 3 R B AR AT A 55
1.3 SREHZE
1.3.1 fift I Huks

TEFNPBEEC R, D IRES 3% R EHZ 8 (1.2
mL/kg), FRIEJGALAE . HCH AL 2R, 43 ) A UK
Bt AN . ik, ERE. AT SR
B Frfa#rtr2i3E N 1.5 mL RNase-free 18 T,
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FHAAE T WA I H LI, TN TR I
o PR, TUKZT 50 mg gL, HEARZERIE F. N
WA SIWA R AT OB 5, N 1 mL AR
(EZE i RNA 2 BGRF &), LR IARE S, 7857
TF R J K 20 SR B2\ RNase-free 1.5 mL % 1, &
B 5 mino DU BRI 4 AR Gl W] P R AT 4
1 AR RNA BET RNA & 52 K HL KRS I i
o O 2~3 pg RNA Wi/ cDNA. 50 pL 04k
ZALHE: 5 uL 100 pmol/L [ 6 BRFEEREHLS M. 2 uL
5 W (promega A 7). 2.5 pLDNTP mixture(10
mmol/L, F¥#42T). 0.7 pLRNA EgHIHI5 (takara
~vAl)s JC RNA 7K (RNase-free Hy0) 4.8 uL. 37°C

4R 1 h LB, ff RNA ¥, 35/ cDNA i
PCR FEH
1.3.3  gl¥sct-Phik

F T R 5 R AL 33 A 5 1, AT GeneBank
W ICIR RIS & FHIE A () cDNA 5410 Atk 8t
FENS Bt KB /D EURIR 52 /8 mRNA 74148
AR ST O, A E S IR R, VR T 51k A
N SZARATY 8 B ir G 51 40iE i PCR
RO, JEPEY BERCR E RS 1R 5 R A I %
LA N B2 AR mRNA 2K o P FP R RR 22 52 4411
SRR S AR I 5 Py vk i R S OR R R 2 Ak
WH BB RE—Ff . %524k PCRIEH 5 149)7 51
W& 1.

F1 KBGHATAMSIYEFS
Tab.1 The primers used in the study

5244 Receptors 1E[1J7%1 Forward primer JZ 17731 Reversed primer 74K Products length (bp)

CNR1 S'AGTATGCTCTGCCTGCTGAA3' 5S'GAGTCCCCCATGCTGTTATC3' 140
CNR2 5'CCCGTGGGAGGGCACTGGT3' 5'GGCACCTGCCTGTCCTGGT3' 259
MOPR S'TCTTCGGAAACTTCCTGGTCA3' S'TGCAGAGGGTGAATATGCTGG3' 230
DOPR 5'GCCACCAGCACGCTGCCT3' S'GTTGATCAGCTTGGCCTTGG3' 217
KOPR 5'CCTGGCTTTGGCAGATGCTT3' 5'CATGTTGTAGTAATCAATGGAA3' 127
B-actin 5'GCCCTGAGGCTCTCTTCCA3' 5S'CGGATGTCCACGTCACACTT3' 100

CNR1: KKRZE S/ 1 (cannabinoid receptor 1); CNR2: KJFKZE 32 £ 2 (cannabinoid receptor 2); MOPR: pid[if | 524K (mu opioid receptor); DOPR: &% fi]
Jr %24k (delta opioid receptor); KOPR: «%4[i] %244 (kappa opioid receptor).

1.3.4 °FEH&E PCR

25 pL ¥ PCR Jo VAR 58 HLAUHE: 19.6 pL XK
2.5 uL ZZ¢ . 0.5 uL DNTP mixture(10 mmol/L I
W) ERUES1474% 0.5 uL. 0.4 uL jumpstart taq
M (sigma A7) 1 uL WU cDNA VERAR . [F]
I, 8 BH P HE R P T o 5 52 A4 38 4 11 -
95°C TiAAZYE 1min; 95°CAZYE 30 s, 60°CiE K 30 s,
70°C 10's, 3t 20 MEFH; 95 CANE 155, 55°C IBK
30 s, 70°C ZEMH 10 s, ARHREAS RS2 AR B IR AN
[ (- B PR B (18 £2); 70°C 5 #EMH 5 min. B-actin
WY SEEAE A : 95 CTFVEYE 1 min; 95°CAZ T 30
s, 60°CiEk 305, 70°C 10's, 320 MEHK; 70°CJFIE
fiff 5 min. PCR 43458 iS5 U9 5~8 pL, fE5H
AL CHE(EB) I 2% B kiR, 120 AR HL & HLvk 30
min, #HERE G OCRI o
1.3.5 S PCR

S E B PCR T FIBCARORIS |4 5 2 & & PCR
AHIF] o SEB5E 5 PCR RNVAKR R K 19.1 pL BZE/K

2.5 uL 2y 0.5 uLDNTP mixture (10 mmol/L -
T B RIFSI4% 0.5 uL. 0.4 pL jumpstart taq
P (sigma A #]). 0.5 pL 10xSYBR green [ . 1 pL
LT IR cDNA VEREAR o [RIE, 1528 TP X L DAt
5E PCR I FEH FIA IR SE N o BEFN T |45 N FE Al R
8= R AAct AX e &%, BA B-actin 7E4
WZ, KIEH RERERRE, RIS H R EA [ 41
2 H] FRAH R R IA &

2 4 R

2.1 Total RNA B 5 REWKN

I3 AR EERAE « ARF XK H B T, /N
i~ W FBEREA, BhEEI RNA M HRE, %
RfL 200 ng HEATHINERE VK . FEVKJS, FIREE L
1, 185 KZBi{Ak RNA Fll 28S #Hifk RNA 4HiAH
PR, B AR, P 2 M R 12,15
RNA it 5l -
2.2 FRRBLAKFREZIRSMHFZK mRNA BFRIE
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BRMEAR Y, KIBRZE 3244 1 (CNRI)TE AL A 4
DX B IA, TR RR 2832 44 2 (CNR2) R AEAE A
ARIL(E 2b,c)e BTS2 4K, w32 AAAE %Ak DR
MR IL (B 2d); k ZARTE R, /N T A
Kk, MG S 5P ARIERE 2(0; 5 « Z4&

28 S

188

Bl 1 K37 RNA )i
Fig. 1 Quality control of the total RNA extracted
K 2% BIEHIE total RNA WK, mUREFLIT BRE SRR 1:
R 2 /N 3: T 4: 95 50 ¥R 6: BT; 7: BIE; 8 marker(D2000).
The total RNA were separated by gel electrophoresis in 2% agarose. 1:

cortex; 2: cerebellum; 3: brain stem; 4: hippocampus; 5: spinal cord; 6:
spleen; 7: spleen; 8: marker (D2000).

AN, SEZAMAEWG Rk, TLR S A ARAT I B K IA
(Kl 2e). SEWTERE PCR 45552 & PCR 45—
H (K 2g).
2.3 WAL KFREZIRSM FZK mRNA BFRIE
[F)FE LU FH 5 |0 3 W R 20 2R U5 ) cDNA,
PRl KRR 25 R B BiT 2 4R 5 [ 3 =), B
K SRl 4 cDNA 7 88453 2 (1) 2= Wy Ko s —
B N THE—PHE 30 PCR W52 H IR,
XF PCR =Wy ATl e, P4 Ranse 2. Wiy 45 3%
5 GenBank ¥k AHEIT BLAST(Basic Local
Alignment Search Tool) FEXf, CNR1 BLAST LEXT,
PRI A 47 X 4k 89 nt ] BLAST T H8H T 741
XF, RIUFHTEEIEEI 88%M, 17515/
KEFHIAAERIE 98%, JFRTE LS 91%HH,
55 NHGEI P AR IR 2 95% . 5 SLAb Rl
KIRZESZAE 1 P AL A, SARAR LR 2
92%(SEA% 5 BUR), R BE R ILBR KR % 224k 1
(AL R HE x|, CNR2 BLAST Ebst, SeBU
AMEX I 236 nt LUx), Fudiia A E] 97%0F, 5 A
AL IA 2] 96%, T HIVEHIA A 97%HH, S5k
WEBIALBE IR 2] T 93%, JRMITEHIA E] 94%, 5/
BRI AL i 5] 82%,  [) IRy oA 5 AT HiAth ik DA L o
I; MOPR BLAST LUXJ 455, e B 3 nf {5 X 5k
175 nt, | BLAST T HBEATFHIELR, Fkia bk

2 99%I, 5 N FUBRAE 3 FAHACURE 43 731 25 94%
F193%, 115 KRR AN SR AHRLEE 73 A 2] 91% A1
88%, [FI I N A i I L ABAT AT JE R L X | IR 3R

a123;2567i

60r o KBEZZIAT (CNRI)
ol o KK (K2 (CNR2)

m WHIBT |52 (& (MOPR) I
a0l w 37U J- 32 {4 (DOPR)

w TR Z A (KOPR)

w
(=1
T

AX ik it Relative expression (g)
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B2 B KRR 2 R J 32 A& mRNA AU AR 2 15 150
Fig. 2 Relative expression of cannabinoid and opioid
receptors mRNA in the tissues of Macaca mulatta
1 B2 2 /s 30 T 4: WES; 5. BE; 60 ;7. I‘H'TiXﬂ‘ﬁﬁ(ﬂ(),
8: marker (D20000). a: B-actin (100 bp), WZHKIL; b: KREEZK 1
(CNRI, 140 bp); c: KMKZFERZM 2 (CNR2, 259 bp); d: wHBT A 3214k
(MOPR, 230 bp); e: %Il /1 %24k (DOPR, 217 bp); f: 1« B}y 244K %
(KOPR, 127 bp;  g: S 2 # PCR 45 ML . SR AACHHIXT & T 71k,
Ji i CNR1.MOPR.DOPR AL BE A 1, /Mt CNR2.KOPR
ZARFIERBOEN 1. BB BR&SZAALERRE 6 P LR P I oA i DA

FEROESEe

1: cortex; 2: cerebellum; 3: brain stem; 4: hippocampus; 5: spinal cord; 6:
spleen; 7: negative control (H,O); 8: DNA marker (D2000). a: B-actin (100
bp); b:CNRI (140 bp); c: CNR2 (259 bp); d: MOPR (230 bp); e:DOPR (217
bp) ; f: KOPR (127 bp); g: The results of the real-time quantitative PCR
analysis, The expression of CNR1, MOPR, DOPR in spleen was set to 1 and
the expression of CNR2 and KOPR in cerebellum was set as 1 as well, The
picture showed the relative expressions of each receptor in the six tissues of

Macaca mulatta.



134

FRIRAREE: IR B S R RIPh e R G Sote RGN h R ST R 2 AR 3%

35

F2 WRI=EKZK PCR =Y FLE
Tab.2 The PCR products sequencing results of three receptors of Tupaia belangeri

PCR /=il |5

45 PCR products sequencing results (5—>3")

GCCCCTTACCGATCTCTATACTCTGAGGAGCAGGACCTGAGACATGC

KIFRFEZ /K 1 (CNR1)

TTTCCGGAGCATGTTCCCCTCGTGTGAAGGCACTGCGCAACCTCTGG

ATAACAGCATGGGGGACTCA

GTTCAGCTACTGACAAGCGTGACTATGACCTTCACAAGCCTCTGTAGGT
AGGCTCCTGCTGAACGCCATTGACCGATACCTCTGCCTGCGCTATCCAC

KIFRFE 21K 2 (CNR2)

CTTCCTACAAAGCTCTGCTCACCCGTGGAAGGGCACTGGTCACCCTGG

GCATCATGTGGGTCCTCTCAGCACTAGTGTCCTACCTGCCCTCATGGGA
TAGACTTGCTGTCCCAGGCCCTGCTCTGAGCTTTTCCCACTGATCCACAA

CGCGTTAACGTATCGATGGAGATCACGATCTTGCAAGGATGGTTCCAAA
CGGCCACGTTCCCATTAGGTAATTGACACTCTGGAAGGGCAGGGTACTT

w BT 524k (MOPR)

GTTGCTAAAGCGTCTGCCAGGGCAAGGTTGAAAATGTAGATGTTGGTGG

CAGTCTTCATTTTGGTGTATCTGACAATCACGTACATGACCAGGAAGTTT

CCGAAGAA

R 3 KBZ4K mRNA ELR S RiRDH2

ZRGMEERFTERARIEENR

Tab.3 Expression profiles of the receptors at mRNA level in the nervous and immune systems of

Macaca mulatta and Tupaia belangeri

PRI 2 Species and tissues

KK Z 244 Cannabinoid receptors

Bl Fi 324 Opioid receptors

CNRI1 CNR2 MOPR DOPR KOPR
Wk Macaca mulatta
J% )5 Cortex -+ _ I _ 4
/M Cerebellum T+ _ . - )
[ T~ Brain stem T+ _ o B .
W5 Hip ++ - + ++ -
i Spinal cord + - o+ - +
LI Spleen + —+ i _ _
W& Tupaia belangeri
J% Jit Cortex + ++ ++ - _
/Mg Cerebellum + + S _ B
fidi+ Brain stem + T i _ _
¥ Hip + n + _ _
i Spinal cord +++ + n _ _
JELIE Spleen - + + _ B

+: mRNA ik (Positive mRNA expression); —:

SRS P R A B R R D[] R DR R 4 2
LA FIFR L 3 (a,b,e) e PRIEE, DN TEHIS 1909 19 45
Ff PCR P KU TR H R HE D A9 4 o T it
PCR f U 44 By 41 20k = 2R 2 A 3Rk, B

KIKRZESZAR 1 (CNRVBRAEAT AL, Hoa X #R 2R 1A,

KIFRZR A& 2 (CNR2)FESAM NS, A5 A7 3%
15 (K 4b,e); MR sz, AR I 21 wse A4 10 7 &
ANRFI R, FEax R0 sz AA TG A I 31
(Kl 4d, e, f,). SZHFE & PCR 45 H 5252 & PCR 45
FIHA (A 4g).

3 W it
NIRRT, W3 e, 2™ I

mRNA AFEIE (Negative mRNA expression).

A AR B T R 2 AR, Ik

R AR S ] 2 AR o R i R T B E A
R E SR, WL e B DI RE . W TR 2R

20 TN o s Z G AL 2 B i OB AT DG 52 AR IR R K
GyAT, O0F [ W RE 1) 2R R AR A B e e BL
P SRR X o 1055 5% PCR(RT-PCR)Z /5T mRNA
FIE I 7%, R Ry e AR . AR
JN 2 5 B A SE B RT-PCR J5i%, WF9URRE S B
W2 RE R RA AL P KRR Z AR50 A
AR ZRIRNE Dl RME 75 %5 B S e 40, 7 it
SE PRGN, BEMA Y . AT AT
FHMREA R}y o e R . FRATTI A SRR W] Bk
WeAR N KR 3244 1 (CNR1) mRNA 755X F1
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a
Sequences producing significant alignments:
Accession Description Hax Total Query 4 E Hax Links
score score coverage wvalue ident
AY522555.1 Mus musculus striatal cannabinoid receptor type 1 protein (Cnrl) ger 14 141 88% 5e-31 98%
AY522554.1 Mus musculus striatal cannabinoid receptor type 1 protein (Cnrl) mR 141 141 88% 5e-31 98%

-
-

88% Se-31 98%
141 88% 5e-31 98%

NM _007726.3 Mus musculus cannabinoid receptor 1 (brain} (Cnrl), mRNA
BC078 Mus musculus cannabinoid receptor 1 (brain), mRNA (cDNA clone MG

BCO756 Mus musculus cannabinoid receptor 1 (brain), mRNA (cDNA clone IM{ 141 141 88% 5e-31 98%
BCO70447.1 Mus musculus cannabinoid receptor 1 (brain), mRNA (cDNA clone MG 141 141 88% Se-31 98%
AK139417.1 Mus musculus 10 days neonate cortex cDNA, RIKEN full-length enrick 141 141 88% Se-31 98%
U17985.1 Mus musculus brain-type cannabinoid receptor mRNA, complete cds 141 141 88% 5e-31 98%
¥18374.1 Mus musculus gene encoding cannabinoid CB1 receptor 141 141 88% Se-31 98%
BX005292.13 Mouse DNA sequence from clone RP24-407G18 on chromosome 4 Cor 141 141 88% Se-31 98%
AF153345.1 Mus musculus CB1 cannabinoid receptor (Cnrl) mRNA, complete cds 141 141 88% 5e-31 98%
NM 012784.4 Rattus norvegicus cannabinoid receptor 1 (brain) (Cnrl), mRNA =emi 141 141 88% Se-31 98%
U40395.1 Rattus norvegicus neuronal cannabinoid receptor {CB1) mRNA, compl 88% 98%
U40709.1 Mus musculus neuronal cannabinoid receptor (CB1) mRNA, complete 14 141 88% 5e-31 98%
U22948.1 Mus musculus CB1 cannabinoid receptor gene, complete cds 141 141 88% 5e-31 98%

i
r.
o
®

91% 9e-29 96%
91% 9e-29 96%
91% 9e-29 96%
91% 9e-29 96%
91% 9e-29 96%
91% 9e-29 96%
91% 9e-29 96%
91% 4e-27 95%
91% 4e-27 95%
91% 4e-27 95%
178 aten 4277 asen

%M 002746806.1 PREDICTED: Callithrix jacchus cannabinoid receptor 1 (brain), transci
XM 002746805.1 PREDICTED: Callithrix jacchus cannabineid receptor 1 (brain), transc
XM 002746804.1 PREDICTED: Callithrix jacchus cannabinoid receptor 1 (brain), transci
%M 002746303.1 PREDICTED: Callithrix jacchus cannabinoid receptor 1 (brain), transci
%M 002714573.1 PREDICTED: Oryctolagus cuniculus cannabineid receptor 1-like, trans
XM 002714572.1 PREDICTED: Oryctolagus cuniculus cannabinoid receptor 1-like, trans
DO355990.2 Cavia porcellus cannabinoid 1 receptor mRNA, partial cds

%M 002817137.1 PREDICTED: Pongo abelii cannabinoid receptor 1-like, transcript variz
XM 00281713 PREDICTED: Pongo abelii cannabinoid receptor 1-like, transcript variz
%M 002817135.1 PREDICTED: Pongo abelii cannabinoid receptor 1-like, transcript variz

WM NN2A17124 1 NDERTATEN: Nannn ~hali canmahineid racanbar 1kl frameorink woaris
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Sequences producing significant

z
3
A
£

Accession Description score Score ct?vl::;r;! - ident Links
M 001105018.2 PREDICTED: Macaca mulatta cannabineid receptor 2 (macrophage) 270 270 91% 2e-69 95% EIl'ZI
AC1892160.5 Pan troglodytes BAC clone CH251-488P14 from chromosome 1, comp 2 254 593% 2e-64 93%

%M 001166334.1 PREDICTED: Pan troglodytes cannabinoid receptor 2 (macrophage), 1 254 254 93% 2e-64 93% Eﬂ
XM 513201.2 PREDICTED: Pan troglodytes cannabinoid receptor 2 {macrophage), 254 254 93% 2e-64 93% [G M|
M 002811234.1 PREDICTED: Pongo abelii cannabineid recepter 2 (macrophage) (CNR 252 252 91% Ge-64 94% Eﬂ
AB463463.1 Synthetic construct DMA, clone: pF1KB7157, Homo sapiens CNR2 gel 248 248 93% Be-63 93%

NM _001841.2 Homo sapiens cannabinoid receptor 2 {macrophage) (CNR2), mRNA 248 248 93% 8e-63 93% m
AL59060%.15 Human DNA sequence from clone RP11-4M23 on chromosome 1 Cont 248 248 93% ge-63 93% E
AY242132.1 Homo sapiens cannabinoid receptor 2 (CNR2) gene, complete cds 248 248 93% Be-63 93% m

- Homo sapiens partial mRNA for cannabinoid receptor 2 (CNR2 gene) 248 248 93% 8e-63 93% [UE G
AJ430064.1 Homo sapiens CNR2 gene for peripheral cannabinoid receptor CB2 248 248 93% ge-63 93% EEI
AJ430063.1 Homo sapiens mRNA for peripheral cannabinoid receptor CB2 (CNR2 g 248 248 93% 8e-63 93% U E G|
X74328.1 H.sapiens mRNA for CB2 {peripheral) cannabinoid receptor 243 248 93% 8e-63 93% Em
EUS17121.1 Homo sapiens testis-dominant CNR2 isoform CB2 (CNR2) mRNA, comp 243 243 93% 4e-61 92% EE
CU686589.1 Synthetic construct Homo sapiens gateway clone IMAGE: 100022674 243 243 593% 4e-61 92%

BC074767.2 Homo sapiens cannabinoid receptor 2 (macrophage), mRNA (cDMNA ch 243 243 93% 4e-61 92% m
BC065722.1 Homo sapiens cannabinoid receptor 2 (macrophage), mRNA (cDNA cl 243 243 93% 4e-61 92% [UE G
AM Homo sapiens partial mRNA for cannabinoid receptor 2 (CNR2 gene), 243 243 93% 4e-61 92% [UE G
BCD95545.1 Homo sapiens cannabinoid receptor 2 (macrophage), mRNA (cDMA ch 237 237 93% 2e-59 91% Em
AM156856.1 Homo sapiens partial mRNA for cannabinoid receptor 2 (CNR2Z gene), 237 237 93% 2e-58 91% |UE G
C
Sequences producing significant ali

Accession Description g%e ;r::f; mv‘:a - %l Links
XM _002817504.1 PREDICTED: Pongo abeli mu-type opicid receptor-like, transcript var 267 267 59% 94%

ra
&
<
r
@
g

99% 2e-68 94%
99% 2e-68 94%
98% Je-67 94%
98% 3e-67 94%

XM 002817503.1 PREDICTED: Pongo abelii mu-type opioid receptor-like, transcript var
XM 002817502.1 PREDICTED: Pongo abelii mu-type opioid receptor-like, transcript var
XM 003121140.1 PREDICTED: Sus scrofa mu-type opioid receptor-like (LOC100514882
L386 Sus scrofa mu opioid receptor mRNA, complete cds

=
lcn
I~
=
&
=

=
=
l£3
r
@
4

na
&
]
IS
@
[

AB590577.1 Synthetic construct DNA, clone: pFN21AB6696, Homo sapiens OPRM 261 261 99% Se-67 93%
NG 021208.1 Homo sapiens opioid receptor, mu 1 {OPRM1}, RefSeqGene on chrom: 261 261 99% Se-67 93%
GQ258059.1 Homeo sapiens opioid receptor mu 1 transcript variant hMOR- 1L (OPF 261 261 59% Se-67 93%

ra
ch
ra
@
k4

99% Se-67 93%
99% Se-67 93%
99% Se-67 93%
99% Se-67 93%
99% Se-67 93%
261 99% 93%
261 99% Se-67 93%
261 99% Se-67 93%

NM
NM 001145282,
NM 001145286
NM 001145287
NM
NM 001145281.
NM 001145280.
NM 001145279

Homo sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOFR
Homo sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOR
Home sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOFR
Homo sapiens opioid receptor, mu 1 (OPRM1), transcript variant MOR
Homo sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOR
Home sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOF
Homo sapiens opioid receptor, mu 1 (OPRM1), transcript variant MOR
Homo sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOFR

=
I
=
@
2

na
&
n
@
2

I~
i
o)
@
2

=
=
I
=
@
2

ra
=]

=
e

e oo R N N el N

ReEG-EgEEAREEEs  seeee

M Home sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOFR 261 261 59% Se-67 93%
NM Homo sapiens opioid receptor, mu 1 (OPRM1), transcript variant MOR 261 261 99% Se-67 93%
M 001145285.1 Homo sapiens opioid receptor, mu 1 {OPRM1), transcript variant MOFR 261 261 99% Se-67 93%
Human DNA sequence from clone RP3-366F13 on chromosome 6, con 261 261 99% Se-67 93%

EU340243.1 Homo sapiens mu opioid receptor splice variant hMOR-1G2 {(QPRM1) 1 261 261 99% Se-67 93%
EU340242.1 Homo sapiens mu opioid receptor splice variant hMOR-1G1 {OPRM1) 1 261 261 99% Se-67 93%
EU340241.1 Homo sapiens mu opioid receptor splice variant hMOR-1i {OPRM1) mR 261 261 59% Se-67 93%
AK313901.1 Homo sapiens cDNA, FLJ94538, highly similar to Homo sapiens opioid 261 261 99% Se-67 93%
261 261 99% Se-67 93%

EF666050.1 Homo sapiens mu opioid receptor splice variant hMOR- 1K1 {(OPRM1) r

)

513 BERIRRR RS2 R 1. KIBRES2 AR 2 Sp BB 1y 52 4k PCR 741 543 2119741, 5 GeneBank
HIITAT AT PRI )4 B e sk Al BLAST BEAT FP 41 FUXT IR &5 21
Fig.3 Comparison of the CNR1, CNR2 and MOPR sequences obtained from the tissues of Tupaia belangeri with the GeneBank
transcription database using the BLAST (Basic Local Alignment Search Tool)
a: CNR1 BLAST L4 b: CNR2 BLAST LEAH45 5 ¢: MOPR BLAST LU S (T AR F K AT R, 2D 3893 0k Lt 45 oK B 7R)
a: the comparative results of CNR1; b: the comparative results of CNR2; c: the comparative results of MOPR.
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o KR ZIKT (CNR1)
20} » KR %3 152 (CNR2)
: = WU} 2 (MOPR)
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Fig. 4 Relative expression of the cannbinoid receptors and opioid
receptors mRNA in the tissues of Tupaia belangeri

T BB 20 /NN 30 BT 40 i35S 5. M 60 JWUNE; 7: BHAEX IR (R
[K141 DNA 57k cDNA); 8: FIPEXT R (K); 9: marker(D20000). a: A
2 B-actin (100 bp); b: KEEFEEZM I(NCRI1, 140 bp); c: KIKZEZ A
2(NCR2, 259 bp); d: wiIbi 4 52 A(MOPR, 230 bp); e: & MU A 324k
(DOPR, 217 bp); f: k FLFT F 52 /&KX (KOPR, 127 bp); g: L i & PCR
gil. R AAC XS E BT, FMAET CNR2 A1 MOPR &k H B
SEA 1, KNI CNR1 RSB BOE N 1. BRI SR AR MR 6 Fh]
ZUP T AT BUAIATN s f

mRNA in the tissues of Tupaia belangeri tissues. 1: cortex; 2: cerebellum; 3:
brain stem; 4: hippocampus; 5: spinal cord; 6: spleen; 7: positive control
(treeshrew genomic DNA or macaca cDNA); 8: negative control(H,0); 9:
marker(D2000). a: B-actin(100 bp); b: CNR1(140 bp); c: CNR2 (259 bp); d:
MOPR(230bp); e: DOPR (217bp); f: KOPR (127 bp); g: The results of the
quantitative real-time PCR analysis. The expressions of CNR2 and MOPR
in spleen were set to 1 and the expression of CNR1 was set to 1 as well. The
picture showed the relative expression levels of each receptor in the six
tissues of 7. belangeri.

JRE AT 0L, T RBR 324K 2 (CNR2) mRNA X
AN 2UAE S0 MR IR AR B VAR Y KRR 3R 52 44
1 BRAERAESD, 768X B RIE, X5 H

A AR, RRRE A 2 EMES A AR h G
KL, SEEARLLZEREBK . Bl 528 mRNA 7ER
A P PR T o, RS IR mu 226
ZAR(MOPR)MRNA ik, S Al 4 P Fh ] 52 44
TERAH P RA RN BIFRIE . FHEC TR, BRfpe i
BT 52 A4 SRR G DU B R, BB 32 Ak
(MOPR) 5 44 il a5 185 L —FF, 7EIX LA
ik, MR F 32 44(DOPR) K AE#F T £k, w2
YA(KOPR) mRNA 7ER 5. /M. i RIS fiab &
KR T RIKAN, [F— LA R AR Rk gl
ARAAN], WORBRZE A | TR i X rh Rk 1,
e TR RS N wB 52 A& (MOPR)MRNA 7R
WA B fe oy, HOCEIT S DMk %
T, RISHACHE AL . [F— 241 mRNA 7EAN
(R R IE R AAT X, W KRR 3 244 2 7Em
WY 6 RALUh Gk, (HAEEIAZ Y P H
AP E IR R . AT < BYBT 52 /R (KOPR)mRNA
TERRMEII B /N i BBEE RIA, (HE7E
WY R P 3K DU D28 B 2 A R Bk . X L
45 RV 5 R ARk Ty ORI 241, X nT g ER
VIR EAE RS, AL R 255 6.
TR M S, DDz (8] (R — 2 AR R IA 1
Bite NIIKBRERZMK 1 fERAE) 2 RIE, FHAE
TofmaT g sc b, AT IO A T 7R
20, FREAKRRSZAE 1 096, S5 Btk ik,
Bl RGN RMARKIMA 0. NRKEZ & 2
FES T RERGUL. W4T, S5 0%
T PN SN A B B R IEEIRETR, kA
BRETAED, FEAEAE TR b i B
TR (RAE S V), F a2 (Onaivi et al, 2006;
Emmanuel, 2006). =B 5244875 N i 5 45 86 A4l
HRIK, 5% RGN IR 53 Fii (Perry et
al, 2004; Sharp, 2006). K KIREZ A 1 FEI A0
T DRI R IR A 22 O S i b, FRATT S0 R IR
A BRI RIR R 2R 1 R, KRRk 2
VE R i RGEIRF A ORR S 2680, T2 4717
TR AR SR AN M 2, BLERI STt R B 3 R
()RR 22 24 2 53 A 7E BRUIRIAR 22 i DX O 5z o
IDFRRAR . Wy FERA% X BN oy 1 P AR 2 . e
W), 25 7 Fub B s B R . =R B S2 AR IR 7
B A P RIS AR 5 AR o, IE R AR OL T A
ET WX A8 e gl i (Bagnoli et al, 2003;
Wau et al, 2009), HLAA&NBCRAE N RIS KA
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[ 32 %

AR, PR S ARSI 1E N (Sharp, 2006).

RATE K, BRI P TGI8 A2 KR EE 52 AAE & i
S ARFAEBEA ) 5 N R . BRI KRR SZ
FRIEBA G NIEAMIFE, =2 (u. «. SFTH
AR, HRNE] p RS2 AR Rk, AP 52
AT LA B AR A M 2 A H mRNA K&, X5
NAHZERE K o 3X 0] R A W R FRT ] By 52 A 1) 38
R KA, AR, R |-,
KIREZAE BT N IR, 2 5EARMHENED)
BN St At RUEACT2), 1R S2 k] g
H5EHRKEPINFTIRE (3% 22 i,
HATE )RR Y] SHEAI L, BRI
FRAR G AR 5 N, X R T RR
M R AL MO B 5y, S AR SRR AR N T AR AL
AR B 5 R A PR DR BR 38 52 A 2 AN T TR
KEANAE, NXAEKBREZE 2 13RS, X
INBATTRIRZR 324k 2 e EA I 7 b s ) 1 A Sk Y8
A REAE g RN, B A FR Wk e B ik
ETMAERER, EEMEREN KRR, ML
o (P R R HEAE R

ASEG i T A G el R g I i ik
PERMA L, PrABEH SRR § B FIk
AP |y SZARALE R R o N2 Rk . R T
ST AR AL B, KR DR Z R
B cDNA, HZ A AN BEHE R AL B A 5 252 44
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