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Hnman -opioid receptor overexpressed in baculovirus system 

and its pharmacological characterizationsI 
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删 ：To overe0tpress human mu—opioid receptor 

(“OR)with chameteristies similar to those of 
mammalian oN’gin． MEI~ODS：Human “OR 

with a tag of 6 co~ cutive histidines at its 

~ boxyl terminus was expressed in recombinant 

baculovims infected Sf9 insact cells． rhen the 

pharmacological characterizations of the product 

were studiedby receptorbinding assay and cAMP 

assay． RESU琊 ： rhe maximal binding 

capacity for the l HJdiprenorphine and 
1 HIohmefemanyl(Ohm)were 9．1±0．7 and 
6．52±0．23 nmol／g protein．respectively． nle 

[ H]diprenorphine or[ SJOhm binding to the 
iL~ceptor expressed in Sf9 cells was strongly 

inhibited by B-selective aganisis 1 D—Max，N— 

methyl-Phe4， 一yl0l J enkephalin (DAG0)， 
Ohm， and morphine， but neither by the 3- 

selective agonist l D—Pe ，D—Pens l enkephalin 
(DPDPE)nor by the K—selective agotfist{ ，洲 一 

(±)-3，4-dichloro-N-methyl- -【2．(1-pyrrol／一 
dinv1)cyclohexyl l}benzacetmnide(U5o488)． 
Naa 100 rtmrol·L- and guanosine triphosphate 

(G IP)50mnol·I『 could reduce“agonistsOhm  
and etorphine aff'mity binding to the expressed 

u0R． DAG0 and Ohm  effectivdy inhibited 

forskolin-stimulated cAMP accumulation． Ihis 

agonist-dependent effect was blocked by opioid 
antagonist nuloxone． 00NCLUS卫ON： Ihe 

overexpression of human“OR wi山 a tag of six 

consecutive histidines at its carboxyl terminus in 

Stt) insect cells retained the characteristics of 

wild—type human uOR． 
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Opioid receptors are members in the family 

of G-protein-coupled receptoEs which negatively 

regulate the activity of adenylyl cyelase． ，I1．1eY 

ale considered to mediate pharmacological 

effects．including analgesia，sedation，euphoria， 

and respiratory depression． Three major 
subtypes of opioid receptors，designated as ，K， 

and 8， have been well characterized by 

pharmacological studiesL。。 ．and the cDNA for 

each has been cloned ． However． opioid 

receptors are not expressed naturally in great 

abundance ． they are relatively labile and 

frequently difficult to solubilize as monomers． 

n availability of their cDNA makes them sood 

candidates for overexpression in heterologous 

cells．which offers possibilities for the purifica- 

tion of membrane receptors for biochemical and 

stmctur~ studies． ，I1．1e baculoviras expression 

system has beell proved to be a convenient and 

powerful me thod of obtaining hi出 levd 

expression of many siS,~I transduction 翼一 
nents． including cell surface receptorsL斗一 ． 

，I1．1e present experimentswere designedto exp ress 

human“OR ii1 baculovirus system，and to verify 

if the recomb inant human gOR displayed 

characteristics similar to those of mammalian 

origin． 

M A唧 IAIS AND Ⅳ吼 HODS 

pBlueseriptⅡ KS(+／一)was purchased 
from Stratagene． Sequenase T7 was 

purchased from Pharmacia． pVL1393 and 

linearized baculovirus were purchased from 

PharMingen S insect ceUs were obtainedfrom 

shar曲aj Institute of Cell Biology． 1 H]Dipre— 
nor0hine(1．44 PBq·me l )purchased from 

Amersham． 1 H l Ohm efentmlyl(Ohm ，1．10 
PBq·me l )and Ohm  were synthesized i／1 ollr 

institute． The 8一selective agonist l D—Pe ，D— 

Pe l enkephalin (DPDPE)and the K—selective 

agonist{trar~一(±)-3，4-dichloro—N—methyl-N一 

[2一(1-pyrrolidiny1)eyelohexy1]j benzacetmnide 
(U50488)were purchased from Sigma． 删 一 
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FH n1e(1iufn and Sf-900 Ⅱ were purcl~sed from 
Gibco BRL． Fetal bovine seruln was purchased 

from sijlqing Institute of Biomaterials， 
H~ gzhou，China． 

Construetlon 0f rectm~inant vector ．41l 

recombinant DNA procedures were conducted 

accordingto standard protocolsL ． The ecdons 

encoding a tag of 6 consecutive}listidin 

added to 3 ．end of human “OR cDNA t bv 

polymerase chain reaction (PCR)with pfii／l~r 
pair 5 一AATACGAC I℃ACTAT D3 and 5 - 

AAAGGI℃GACT姐 T11AT℃AT11AGrrGA GG11GA- 

H ；TGATGGGGCAACGGAGCAGTrI℃TGC一3 ． 

．I11e 1．5 kilobase PC R product containing the 

open reading frame ofgOR cDNA was subcloned 

into pBluescfipt 11 KS(+／一)in the HindⅢ 
and Sal I sites，and the fidelifv of cDNA 
amplification was verified w4th dideoxy DNA 

sequencing ． 111e plasmld vectorcont~,i,~ sOR 

cDNAwas digestedwith Nco l and Sal l，and 
the 1236 bD fragment was 6lkd in wlth K1enow 

and deoxynuc leotides． The fragment was then 

clonedintothe uniqueXba l site ofthetl~．1lsfer 
vector pVL1393 by blunt．ended ligation． ．I11e 

correct subeloning orientation of“OR cDNA was 

idenfified by restriction mapping． 

Cdl culture SiX) cells weIe mutinely 

growninmonolayer at 27℃ inTNM．FH n1ediunl 

supplemented with 10 ％ heat．inactivated fotal 

bovine d,~runl or a def'med no~ l'uln supple- 

me nted mediunl(Sf_900Ⅱ)． 
Infection of S with recombinant Imeu- 

lovirus To obrain recomb inant vimses． sf9 

cells were eotransfected with the pVL1393 

transfer vector 2 vg， containing the encoding 

regions of the “OR cDNA． and the linearized 

baculovihi8 DNA 0．5 g． The technique 

followed the instructions of the manufacturer 

(PharMingen)． Individual recomb inant viral 

clones weIe isolated (“ptaque assay”)，grown， 
andtestedforthe highest level of I HIdiprenor- 

phine binding． 
Reeelaor binding assay The plasma 

me mb rane
⋯

s were prepared as described 

previously J． Briefly．the cells were harvested 

in 8-Hc1 50 mrs1·L- (pH 7．4)and spun at 
1O∞ x g for 10 min． The precipitation was 

resuspended in TE buffer(pH 7．4)，containing 
leupeptin 10 mg·L- ，benzamidine 10 mg·L- ， 

apretimim 10 nag ·L- ， phenylmethylsulfonyl 

fluoride 0．2 mg· ．pepstatln A 10 mg·L- ， 

and spun at 12 0(30 g for10min． 1he pellet 

was homogenized in TIis_HCl 50 nllrtol·L (pH 

7．4)f0r binding assay． For saturation binding 

experiments，memb ranes containing 2o g protein 

weI jncubated th increasing concentration of 

l Hl diprenorphine 0．1— 6．0 nmol· or 

l H lOhm 0．1—6．6 nmo l·L- in a final volume 
of 210 at 27。Cfor 30min． Forcompe tition 

binding experiments． the memb ralles were 

incubated th l HJdiprenorphine 1．8 nnlol‘U 
or l H l Ohm 2．0 nma l· in the presence of 

increasing amoun t of competing ligands． The 

nonspecifie binding was determined by the 

addition of etorphine 1 ／／3nol·L ． 1he cell 

memb vdlles weIe flitered onto Whatman GF／C 

filtern and the boun d radioacfivities measured by 

scintillation． Data from binding assay of 3 

determinatiom were analyzed using ACCUFrr and 

L【GAND programs developedby London Software 
Iuc ． 1he inhibitory binding constant(K )was 

calculnted hv Cheng-Prusoff equation． 

CyclicAM assay Cellswere challenged 

with Ohm or DAGo in the presence of forskolin 

10 mnol·L- and 3-isobu~1．1-methyLxanthine 

(IB似 )500舢 l·L- at 27。Cfor10min． 1he 
reactions were terminated th perchlofic acid 1 

tool·L- and neutralized with K2CO3 1 ma l·L- ． 

The cAMP level of each sample was detennined 

radioimmun oassay as described previous- 

ly J． Data weIe presented as a percentage of 

control(in the presence offorskohn alone)． 

RESIⅡI1S 

Receptorbinding characterization After 

cotronsfection and plaque assay， 10 positive 

clones were tested by ligand binding experiments 

l Ilg the nonselective antagonist l H J diprenor- 
phine． The done exhibiting the highest ligand 

binding eapacity was seIved f f multiplication of 

tlle l o0mbinant vims． 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


22D · BIBLe ：tBSN 0253—9756 Ac诅Pt ，11 gl∞s 衄 中国茼理 学报 1998May．；19(3) 

with a si~,le population of high—af~nity bi~ ．g 

sitesfor eachligand withthe Kd valuesof 1．6± 

0．2 nmol·L～ and 2．1±0．1【Ⅲl0l·I『 ．and the 

曰一 values of9．1±0．7 and 6．52±0．23iqmo1／ 

g protein，respectively(Fig 1)． Therefore，the 
baculov~ms expression system was very"useful for 

large scale production of human uOR． 

nB 1． $atlwal~m analysts of岫蚰Ⅱg of[ Ⅱ1 dipIe呻r_ 
衄 (A】and[ H]曲mef哪忉Ⅱ蜩 {B】to mmalmmm 
prepartd fl,mm S _m 删 s estm ~ g htmum ttOR． 

( ) Seatchalxl plot 0f 蛐 ted ligm出 
stCalrable i雌 tothe自 r蛹 。dttOR． 

To characterize the pharmacological features 

of／zOR in Sf9 cells．we used va~ous ligands to 

displace[ H~diprenorphine or[0H]Ohm bind— 
ing． Ki valueswere obtainedfrom three bindi~ 

experimentsfor eachli舯 d andlistedin rrab1
．  

Both the F-selective agonists (Ohm， 
morphine，DAGO)and antagonist(naloxone) 

displaced [ H]dipmno~hine or [ H]Ohm 
binding to the recept0∞ expressed in Sf9 insect 
cells displaying hi affinities with K； 

valuesin the nanomolar or subnanomo lar range， 

Ij罨舢山 ag曲葛t[ Ⅱ]dipI蜘艉衄 mid[ H]曲meii舶 
(Ohm)岫 i雌 to s insect删 s expressingt,OR． 

whereasthe 8_selective agonist DPDPE andthe 

selective agonist U5O488 showed low attlnities 

t}l Ki values in the miemmolar range． n1ese 

resulls demonstrated that opioid receptors 

expressed in Sf9 cells displayed the 
characteristics of uOR similar to those of 

mammalian 0 n[ r
．  

n1e“0R expressed in SD cell lines could 

be demonstmted to be fimefionally coboled to G 

proteins． Two of the criteria that established 

opioid receptor G-protein coupling ale the 

absolute dependence of opioid receDtot activities 

on Naa and GI as reflected by the ability of 

beth NaCl and G rP to attenuate opioid agonist 

binding affinity 儿J． Bv rIle坦ns of displacement 

studies，we clearly showed an inhibitory effect of 

NaCl 100 mrr~l·L- and G rP 5O land ·L- on 

displacement potencies of agonisis 0hm  and 

etorphine atttOR in SO cells(Fig 2)． 
The ttOR expressed in Sf9 efisting in 

multiple affinity states indicated the coupling 

between receptor and G proteins． 一 

cAM P assay Agonisis DAG0 0．1 ttmol 
’ L- andOhm  0．1~maol·L- inhibited 10tanol· 

L- forskolin—slimulated increase in intracellular 

cAMP production． nle inhibition of cAMP 

accumulation was an tagonized by opioid receptor 

antagonist naloxone ， indicating functionality of 

r
，
eceptor

、
s withrespecttotheir si~ mg properties 

【 l 2)． 

m k Z ．1 Ⅱ ～ 墓 
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OhmefentanylIIgtool·L ‘ 

2． R曙删 哪 of tt 呷虚0id a 幽 0l皿efl即 

(Olm1．A)and etm#~e(B)蠼，血 [ H]dip】期加r卫tIh 

岫碰啤 to S毋eels积 LuLOR byN矗0 andGTP． 

仙 2． Efeet of删 ∞ fecs~ sfinmlsted cAMP 
aC~m dnti0n _Ⅲ 鲫 insect odb ov凹暖 嘲 I加 ． 

Hgan~ cAMP(％ 0f@oIii1~]．) 

DAGO 30±6 

0I血 14 52±0．24 

DAGO + halm|唧 e l12±7 

Ohm+halm|唧 e 104±9 

biology． Since polyhedrin is non-essential for 

viral Ieplication． the promoter of the 

corresponding gene is highly useful for the 

abundant expression of a variety ofbe tll pm．and 

eukaryotic genes 2。
．  nle cDNA of human uoR 

wjtIl a tag of six consecutive histidines at its 
carbexyl terminus had been intreduced in the 

baculovims genome under the control of the 

polyhedrin promoter． 

hl Sf9 insect cells infected with the 

recombinant baculovirus bearingthe uOR cDNA． 

the production of uOR was approximately 100． 

fold higher as compared to endogenous opioid 

Feteptor levels in neuronal cells，where levels 

generally ranged between 50 — 100 pmol／g 

membrane proteinL13j
．
Further，the simplicity 

by which the insect cells can be cultured and 

inf~ted in conjunction with high levels of 
recep~r expression，provides a practical system 

for a variety of pharmacological studies． 

By dis试~ement experiment。regulation of 

opioid agonists Ohm and etorphine agaJtmt 

l HJdiprenorphine binding to Sf9 insect cells 
exp ressing human uOR by NaC1 and G1P．and 

cA朋 assay． we concluded that the 

overexpression of human uoR with a tag of six 

con．secutive histidines at its carbexyl terminus in 

SI9 insect cells retained the characteristics of 

wild-type human uOR． 

In conclusion．ol32"data indicated that the 

baculovirus expression system was applicable for 

functional studies of human uOR． The 

advantages of baculo~ims system include the 

quantitative and qualitative reproducibility of 

expression． n uOR overexpressed in this 

studv．witll a tag of six consecutive histidines at 

its carboxyl terminus，wi11 facilitate the future 

studies on exploration of the relationships between 

phosphorylation and desensitization， reconstitu． 

tion，and structural basis ofligand recognition of 

human uOR． 
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高效表达在杆状病毒系统的人p阿片受体 

及其药理学特征 R甲7，．2 7 

魏 强，周德和 ， 中庆棒 ，王春和，陈 洁， 

李昌麟 ，裴 钢 ，池志强 (中国科学院上海药物 

研究所 ， 上海细胞生物学研究所，上海 200031．中国) 

关键词 阿片受体 ；杆状病毒 ；St9昆虫细胞 

二丙诺啡；放射酲位体测定；环腺苷一磷酸； 

芬太尼；脑啡呔类；吗啡 纳洛酮 镌 

目的：高效表达具有类似哺乳动物特性的人 “阿 

片受体． 方法：人 阿片受体表达在重组杆状病 

毒感染 的 St9昆虫细胞 中，用 受体 结合分 析 和 

e~4NP分析研究表达产物 的药理学特征． 结果： 

[ H]二丙诺啡及[0H]羟甲芬太尼(Ohm)的最大结 

合能力分别是 9．1±0．7。6 52±0．23 nmol／g蛋白． 

选择性激动剂对[ H]二丙诺啡或[ H]Ohm与表 

达受体的结合均有很强的抑制作 用，而 6及 激 

动剂则均无抑制作用 ． 选择性激动剂有效抑制 

forskofin刺激的 cAMP聚集 ，这种作用能被拮抗剂 

纳洛酮阻断 ． 结论：在 St9昆虫细胞中高效表达的 

人 阿片受体保持着野生型人 阿片受体的特征． 
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