
NBI ID：I&SN 0253 9756 Acta Pharmaedogiea Siniea 中 国药理 学报 

M onoclonal antibodies specific for ohmefentanyl 
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ABSTRACT Ohmefentanyl(ohm，N r1一( 

hydroxy一13-phenylethy1)一3一methyl一4一piperidy1] 

N-phenylpro pronamide)，designed and syn— 

thesized by our laboratory，is a highly selec— 

tire receptor agonist． After somatic cell 

fusion between splenocytes of BALB c mice， 

immunized by Ohm—BSA conjugate and NS一1 

myeloma cells，2 lines of hybridoma (D，and 

F )secreting monoclonal anti一0hm antibodies 

(M Ab)were obtained． Saturation and corn— 

petition experiments showed that M Ab—D2 and 

M Ab—F‘bound to Ohm—BSA with high affinity 

and high specificity． Using radioligand bind— 

ing ,assay and bioassay，we also found that 

MAb—D2 and MAb—F‘inhibited [。H]Ohm 
binding to rat brain opioid receptors in a dose 

dependent manner and’antagonized the effect 

of Ohm on the contraction of guinea pig ileum 

induced by electric field stimulation． These 

results suggested that M Ab—D2 and M Ab—F4 

were 2 monoclonal antibodies specific for 0hm 

and could be useful as functionaI ant gonists 

0fOhm． 

KEY W ORDS ohmefentanyl；mu receptors 

monoclonaI antibodies 

Ohmefentanyl(Ohm，NIl一(13-hydroxy一 

pt?enylethy1)一3 methyl一4 piperidy1 ]一Ⅳ一 
phenylpro—pronamide)，designed and synthe— 

sized by our laboratory．is a highly selective 

receptor．agonist 33． At present．we wish to 

produce monoclonaI antibodies oriented to 
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Ohm ，as a possible immunogen for the pro— 

duction of anti--Ohm anti--idiotypic antibodies 

which may carry an internal image of Ohm and 

may be useful in the isolation and identifica 

tion of receptor binding protein． 

M ATERIALS AND M ETHoDS 

1 Animals and drngs BALB e旱 mice weighing 

20~s 2 g (Shanghai Institute of Cell Biology，Chinese 

Academy of Sciences) Sprague Dawley rats 0 

weighing 250：s 30 g and guinea pigs weighing 380 

= s 50 g (Shanghai Institute oI Materia Medica，Chi— 

nese Academy of Sciences)， The myeloma cell line 

NS一1 (Ce ll Banks of Shanghai t Chinese Academy of 

Sciences)． 

Ohm ， hydroxyl{entanyl，3-methy fem any[，fen— 

tanyl，[D—Ala ，D—Leu ]enkephalin ／DADI E)，and 

etorphine (Shangha i Institute of Materia M edica)． 

Morphine (Qinhai Pharmaceutical Factory)． Nalox— 

one (Shanghai M edical University)． Dihydroetor 

phine (Chinese Aca& my of M ilitary Medical 

Sciences)． [D—AIa；， Mephe ，Giyo[ ]enkephalin 

(DAGO)，rD—Pen ， Pen ]enkepha}in (DPDPE)， 

and N methyl—N一口一(1-pyrrodidiny1)一1一oxaspiro(4，5) 

dec一8一y1]benzeneacetamide／U一69593)(Sigma Co)． 

H]Ohm (2．02 PBq·mol )(Shanghai Institute of 

Nuclear Research，Chinese Academy of Sc iences)． 

2 Prodnction of m onodonaI anti一0hm antibodies 

(M Ab) 

Irrnnuni~ tion Ohm一6-hemisuccinate was pre 

pared and conjugated to bovine serum albumin(BSA) 

(molar ratiot 47：1)． BALB c mice were injected in— 

trasplenica[1y(2O of Ohm—BSA)and ip (100 Pg of 

Ohm—BSA)aherr~afive[y at 3— 4 wk intervals． Sera 

were tested periodically for anti—Ohm antibodies by ra— 

dioimmunoprecipitation test and enzyme——linked im— 

munosorbent assay (ELISA )． By the end o immu 

nization period，100 g oI the Ohm—BSA WAS injected 
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both ip and Lv． After 3 d the mouse sp]enocytes were 

harvested for eelI fusion． 

Fusion A bout 1× 10 splenocytes were fused 

with 5× 10 myelom a
,

cells in the presence of 0．7 m1 40 

polyethylene glycol 4000， washed in Dulbecco's 

m odified Eagle medium (DM EM )．and resuspended in 

DM EM —fetaI calf serum ． On d 1， 3，6， and 10，a 

fresh medium containing hypoxanthinet am inopterin， 

and thym idine (HAT ) was added． After d 15，the 

culture supernatants were tested for anti．．Ohm anti— 

bodies by ELISA． 

Subclonlng of positive hybridoma Hybridoma 

cell po pulations secreting anti—O hm antibodies were 

subcloned for 4— 5 times to obtsin the m onoc]oiqal cell 

line by limiting the dilution on feeder cell layers in 

microtiter polystyrene plates． 

Amplification in the ascites M onodonal hybrido— 

ma cel1 lines were incubated in Petri dishes and 2× 10 

cells of each line were injected ip into mice previously 

prim ed w ith 0．5 m l of pristane． Ascitic fluid was 

centrifo gated at 110× g to remove cells． 

3 P~rlfieatlon of M Ab The anti—Ohm M Ab 

were purified from aseitic fluids by 2-step precipitation 

using 50 and 33 ％ saturation of (NH．)zSO．， 

respectively or by protein A —— Sepbarose colum n 

chromatography． M Ab assessed by SDS-PAGE 

subgroups 

4 

tion to identify the purity and Ig 

test H -i O hm 

(0．1 ml of 2 nmo卜L )t seriaI dilutions of antiserum 

(O．05 m1)， andTris—HCl buffer(0．35m lof 50mmoI 

· L_。) were mixed and incubated at 4 ℃ for 1 6 b． 

Rabbit anti—mouse IgG antibodies (0．03 mI)and 1 

norms1 rabbit serum (O．03 mI)were added at 4℃ for 

4 b． [3H]Obm—antibody compounds-~ere isolated bv 

centrif gati0n and counted by a liquid seinitillation 

cou~ter (YSJ 8 0， Shanghai Institute of Nuclear 

Researeh)． 

5 EL1SA Ohm BSA (0．1 mI of 50 g·mI ) 

was coated 0n imm unop[ates． After washing and 

blocking w ith PBS containing 10 bo vine serum ，0．1 

m I of anti4)hm M A b at different c0n(_erItrati㈣ were 

added and incuhated 2 h at 37 cC． Aher washing．0．1 

m l of sheep anti—mouse IgG antibodies coupled with 

peroxldase were mixted for 2 b further． Peroxidase 

activity was revealed by 0．04 H：O2-o PD substrate． 

A‘̈ was measured by aN automatic m ieroplate reader 

(BIo—TEK EL311)． 

6 Com petitive ELISA Serial dilutions of opioid 

]igands (0．1 m1)and anti—Ohm M Ab (0．1 m1) were 

mixed before adding to the well—-plates previously coat—- 

ed with 0hm—BSA 50 g·mr ，and then incubated for 

2 h at 37 ℃ ． 0ther conditions xtcere specified for the 

norma1 ELISA ． 

7 Radloligand binding assay Rat brain mem 

branes were prepared‘”． H]Ohm (O．1 m1 of 2 nmol 

· L )，rat brain membranes (0．3 ml，1 mg protein)， 

and increasing concentrations of anti-Ohm M Ab (O．1 

m 【1 were mixed  at 30 ℃ for 45 ra in． Nonspe cific 

binding was measured in the presence of 0．1 ml of 

unlabeled  Ohm 1 ttm ol·L ． Binding was term inated 

by rapid filtration and quantitated using a liquid 

scjntiflation counter． 

8 Bloassay The segTnent of guinea pig ileum 

was prepared 啪 ． The contraction of ileum w as in． 

duced by electric field stimulation (40 V ，1 ms，15 3 

intervals)． Electric field stim ulating contraction 

(ESC )under such conditions could be inhibited by 

Obm ，and the effects of anti-Ohm M Ab on inhibition 

0f O hm were observed． 

RESULTS 

1 Detection of anti—Ohm antisera After 

repeatedly immunizing the BALB c mice with 

Ohm—BSA for rilore than 10 times，the titers 

of anti 0hm antisera lay between 1：1 600 and 

1；3200 at 3o of the ratio of 3̈H]Ohm— 

antibody to[3H]Ohm (Fig 1)． 

Diiution 

F 1． Tlte~ of nllOUS~ tm tl~Dbm Iltntlserum "detected 

by radlo-immunoprecIpRation test． Each point is 

nlean of three Independent experiments． 
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Prein lhated the antisera with l 11 

bovine serun~at 3 7 C for 2 h．the tilers of 

anti()hm nt1sera by EI ISA wa a sayed． 

Fhe titers Lay between l：2000 and l：4000 

while A ．V~rgiS 1．O0．which wa Identica【with 

the t1to,rs detected bv radioimmuno— 

precipitation test (Fig 2)． 

Dilution 

Yig 2． Yiters of m ouse anti—O hm antiserum detected 

by ELISA． n一 4，i± s． ● 

2 Identification of imm unoglobulins 

After cell fusion， 2 lines of hybridomas (D， 

and Ft)secreting monoclonal anti Ohm anti— 

bodies were obtained． 1mm unoprecipitation 

study showed that the purified immunoglohu— 

lins Ig of M Ah—D：and M Ah—F4 were all of the 

IgG class． Further analysis showed that the 

subclasses of M Ab T)?and M Ah—F
．
belonged 

to lgGI． 

Ekctr0phores was" performed using 

SDS J 5 PAGE in the presence of J mer— 

eaptoet hano1． The 2 bands with molecular 

weights of 56 300 and 24 200 were shown to 

be of heavy and light chain．respectively (Fig 

3)， 

3 Binding of M Ab to antigen Anti一 

()hm M Ab binded to Ohm BSA in a saturation 

and dose—dependent manner． The A5．．of 

占 6 ’ 

．。 

曩 旧  

{ 、． 

S6 3 I 2‘-2 I 

Top 

Fig 3 A． SDS—PAGE of m onoelonal anti Ohm anti— 

bodies． 1)M arkers of indicated m olecular nlass． 2) 

MAb—D and 3)MAb—F4 purified by 2 step precipita 

tion using 50 and 33 (NH4) SO4 saturation． B 

Scanning graph of lane 2一 

M Ab—D
．

and M Ah—F Were 1．1± 0．3 nd 1．
．

3 

± 0．7 nm()【一I ‘( 一 5． 士 )．respectivc．ty 

In the same experiments—M At>did not hind t() 

BSA and BSA nor inhibited the binding of 

M AbtoOhm BSA (Fig 4)． 

Mono~lonLl anti-Ohm *ntii~d~／--Ig mol-L一‘ 

Fig 4． Saturation of M Ab binding to Ohm —BSA 

一 5． ± 

4 CrOSS reaetivity The cross teactj tv 

of anti—Ohm M Ab with a number of selected 

opioid agonlsts and antagonists were studied 

using competitive ELISA， Results showed 

that Ohm and its analogs inhibited the binding 

of M Ab to Ohm —BSA in a dose—dependent 

manner． but DAGO ． morphine． etorphine． 

DPDPE． DADI E． and U 69593 showed n0 

l 0 = E上 gj 

l  0o： l lq 2 《 
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effect． Although dihydroetorphine and 

naloxone slightly inhibited the binding of 

M Ab to Ohm—BSA in concentrati0ns 0f> 1 0 

“mo1．L-。．the rates 0f cross reactivity were 

< 1．0 (Tab 1)． 

Tab 1 Cross reactivity of MAb—D2 and MAb-F4 th 

opioid ligands 一 3—6，i± 

Ic ) ) 

F‘ F 

5 Radioligand binding assay Anti—Ohm 

M AL inhibited the specific binding of 

[。H]Ohm to rat brain opioid receptors in a 

dose—dependent~annef． IC 0 valoes of MAb 

D，dnd MAb F were 0．18士 0．09 and 0．45士 

0．10 vmol·L (H一 5， ± s)， respectively 

(Fig 5)． 

Monoclonai tmtl-Ohm tntihed y／--lg tool‘L 

Fj窖 5． Inhibition of [ H]Ohm binding to rat 
brain opioid receptol's by M Abt Each point b re ca ll 

of five independent experiments． 

6 Bioassay Although anti—Ohm M Ab 

did not influence the ESC of guinea pig ileum 

directly，it antagonized the inhibition of Ohm 

on the ESC of guinea pig ileum- M Ab I]and 

M Ab—F．(1 m。卜L 。each)respectively antag 

0nized 81士 9 and 61= 13 (H 4，亍± )of 

Ohm (0．25 nmol·L一。)inhibition on the ESC 

(Fig 6)． 

Ohm MAh-Dl Ohm MAb-F‘ 

Fig 6- M Ab (1 ~tmbi ‘L一‘)an tagonized the effeet of 

Ohm (0．25 nmoi·L ‘)on electric field stimulating 

coalraelion of guinea pig ileum． 

DISCUSsloN 

Because of its size，Ohm may not he im— 

munogenic on itself． It should be coupled to 

a carrier protein before immunization． In oil r 

study． ()hm -6-hemisuceinate was prepared 

and was conjugated to BSA． During immu- 

nization with Ohm—BSA，however，antibodies 

to BSA will also be produced． By sim ple rea 

soning， 2 antigens with different carriers 

should be used． one for immunization， the 

other for screening of hybridomas secreting 

anti—hapten antibodies． Ji and Xu reported 

that using one antigen．they also detected th 

anti-rhapten antibodies in screening of lympho-- 

cyte hybridomas ． According to their 

method modified by us，we also detected anti一 

0hm antibodies in screening of the hyhrido— 

mas by blocking the anti—BSA antibodies with 

l 0 bovine serum by El lSA． 

In preliminary studies，the titers of anti- 

0hm antisera of mice，rat，and rabbit imr／In— 

nized with conventlonaI methods were very 

low (< 】{1O0 )． Opioid agonists feg Ohm ) 

鬟＼co蔓 uI 
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have immunosuppressive e||ect。5,6． Hence， 

we chose intraspienie injection for immuniza 

tion．an effective method for Iow immunocom— 

petent,antigen 7．and finatly a high titer anti— 

Ohm antiserum n BAL1：I c mice"4qa~obtained． 

Saturation and competition experiments 

showed that M Ah—D2 and M Ab—F were 2 high 

affinity and highly specific monoelonal anti— 

bodies against Ohm． The relative potencies 

ot Ohm analogs inhibiting the binding of M Ah 

t0 ohm —BSA Were jn the order of Ohm > 

hydr0xy1fentanyI > 3一methyIfentanyl > 

fentanyl， This closely paralleled that their 

binding capabilities to the opioid receptors ． 

M Ab．imeracted with Ohm ．jnhibited the 

specific binding of[ H]Ohm to rat brain 

opioid receptors and antagonized the effect of 

()hm on guinea pig ilium ， Ohm wan a highly 

selective Iigand ot receptors． Anti Ohm 

the immune system 。． among the anti—Ohm 

anti Id certain anti—Id bearing the internal 

image” of Ohm would he identified． These 

anti ld antibodies have bright prospect in the 

research of opioid receptors such as in the iso— 

lation of receptor binding protein，screening 

ot cI)NA clone encoding receptors．and so 

on ． 
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A摘要 采用细胞融台和单克隆技术．获得抗羟 

甲芬太尼(ohmefentany[．Ohm)单 克隆 抗体 

MAb D=和 MAh—F．． MAh D 和 MAh-F-与 

Ohm—BsA结 台亲和力高、专一性强． MAb— 

D?和 MAb—F，还能抑制 H]Ohm 与大鼠脑匀 

浆膜蛋 白上 的阿 片受 体 的结 台．并能 对抗 

Ohm 抑制电场刺激 I起豚鼠回腑收缩的作用． 

上结果表明 lvlAb—r) 和 MAb F是特异性的 

抗 Ohm单克隆抗体 ．作为 ()hm 的拮抗剂 具有 

广泛用途， 
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