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AB rRACT 

A盯讧：To study the biochemical—pharmacological 

pmperlies of the recombinant human butvrvl— 

cholinestemse(drBChE)and thereby to size up 

the potential possibilib~ of using it as a 

detoxifying agent in succinvlcholine intoxication． 

Ⅳ匝TH0DS：CHO—dhfr—cells were transfected 

th plasmids by electmperation． BChE activity 

was determined colorimetrically by 5．5 一dithio— 

bis一(2一nitmbenzoic acid) ( ) method． 

Antigenicity was estimated by enzyme—linked 

immmmsorbent assay and Westem blot． RES— 

U1 ： The m~ximal expression amounted to 

25_83 ng·h ／l06 cells
．  111e rhBChE was 

ta#y similar to the native human Bc}1F 

(nhBCl )in terms of its cata1)~ic pmpertv． 

substmte ai~nity，inhibitor sensitivitv．reactiva． 

tion．stability．and iininunoroaetivitv th anti． 

rlhRC}1F antibodies． Mice challenged th 1．5 

lethal dose of succinvlcholine preincubated th 

rhBC} survived without any symptoms of 

intoxication． C0NCLUSl0N ： Th e lBChE 

and rl}出ChE exhibit similar bi0chemical一 
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pharmacological features． It is of po tential value 

in practical use． 

IN’I RoDUCI10 

Many organophosphate (OP)compounds 

have been developed as farm pesticides and 

chemical warfare agents for their strong toxicity． 

A new approach of protection against OP 

l’ntoxJ’cata’on i’s to pretreat potential subjects with 
cholinesterase preparations【 · J which mpidly 

“

neutralize” and thereof remove OP flmm the 

cireIlJation before they reach the tar'gets． 

Preinjection of butyrylch0Jineslemse (BChE) 
prevents animals from intoxication of multiple 

lethal doses of soman without any symptoms． 

BChE is naturally present in human blood in a 

s0lubk foFIT1 with a half-life of approxima tely l 

wk ，so a single iniection will have a long-term 

effect． In Europe ．human BcI has also been 

an appmved drug used in human for reversion 

prolonged apnea caused by muscle relaxant 

sueeinylcholine in sIlrge ． BChE ,nay be 

also useful in therapy of intoxication of cocaine 

and heroin． BChE extracted from outdated 

plasma is limited in resources，and is fraught 
wjth danger of infection of diseases such as 

hepatitis and AIDS． It therefore ma y be more 

desirable to use the recomb inant human bub~'l— 

cholinesterase(rhBChE)irrstead． Howevel"it 

has not yet been proved to be identical to the 

native human BC} (rl}出ChE)in biochemical— 

pharmacological properties． e aim of this 

paper was to study the biochemical—-pharmaco-- 

logical properties of the~BChE and thereby to 

size up the potential possibility of using it as a 
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detoxi~,ing a -I1I in succi13yleholine intoxication 

MlATERIAI．S AND M匝TH0DS 

Plamfid Expression plasmid pRcCMV— 

BCHE carried full—length BChE and its signal 

peptide gene f 1_8 kb)． n1e expression vector 

pRcCMV was approximately 5．5 kb in length 

containing 655 bp of c}lomegalovirus(CMV) 

promoter， neomycin and ampicilin resistant 

genes· 

Reagents Hlanan seI'UlT1 BChE (9 kU· 

g ， Boehringer Mmmheim， Germany)； 

polyclotM antibody agai~rst human seFum BChE 

(Dako，I)emnark)：senltrl-free medium (SFM) 

and Dn]]3~cco‘s modified Eade medium(DMEM． 

Gibco， USA)； methotrexate (MTx )， 

hypoxanthine． and th~rine (Sigma， USA)； 

physostigmthe(Welleome，LK)． 5，5 一dithio— 

bis一(2-nitrobet~zoic acid)([yINB)and reactiva— 

tor 1-(2-hydroxyimino methyl一1-pyridinioj一3一(4一 

carbamoyl一1一p、ridinio)一2-oxapropane dichloride 

(HI一6 j we synthesized by Department of 

Chemical Svnthesis in o13r Instlmte． 

Identification of expression plamfid 

pRcCMV-BCHE Kxpression plasmid pReCM~一 

BCHE WaS digested at 37 cC for 1 h wi山 

l'eSt13ction endonueleases Sac I，Pst I +Bgl 

【I，Apa I．EcoR I，BamH I，and Hind Ill 

+Apa I．and analysed by 1％ agarosc gel 

electrophoresis 

CeII culture CH0 cells containing z~1"o 

coPY of the dihvdrofolate reduetase(dtffr)gene 

were cullured iⅡthe grm~lh medium DMEM plus 

glysi13e， L-proline， hypexanthine， thymine， 

antibiotics，an(1 10％ letal calf senltrl( S)． 

Having been transfected with plasmid carrying 

DHFR gene．CH0 (telIs rNeI~ Caltared in the 

selective medium (growth medium lacking of 

h~33oxanthine and thymine)． 

Transformation and selection of CH0 

cells Half confluent CH0 cells(8 x 10b)were 

mixed u6th plasmids pReCMV—BCHE and pSV2一 

dhfr(10：1)． 111e plasmids were introducedjnto 

CHO cells by electmperation t capacitance 760 

t F．vohage 240 V，discharge time 10130 ms)． 

Cells that had taken up f0f℃j盯l DNA were 

selected bv grou4ng them jn selective medium ． 

Colonies appeared jn 2—3 wk after tran sfectian ． 

Single calo es were isdated and grew in 96一welJ 

plate． When the cells were confluent． the 

culture medla were replaced with SFM and the 

rhBChE activity was assaved ilq 24 h． T}1e 

positive clones were treated th MTX 0．05—3 

,
umol’L for elevating expression level of 

r}lRChE． 

Secreted and intracellular rttBchE To 

find the relative amounts of active IhBChE jn出e 

culture medium  and jn the cel1． actM tv was 

lested in bo出 eompattments． Secreted aetMtv 

was determined by adding出e cultured medium 

directly to the assay mixture． 1ntmceHular 

BChE acti~ itv was detennined after lysing cells by 

freeze-thawing． n1e sohlble foI"ii1 of BChE was 

extracted with low salt buffer by freezing the 

pellet in the presence of 100 mL of phosphate 

buffer 0．1 mol·L (pH 7．0)，flnuowed bv 

thaMng of the lysed cell， centrifuging and 

collecting the supe rnatant． n1e remaining pellet 

was extracted th high salt buffer byfreezing山e 

pellet in山e presenee of 100 mL of NaCl 1 no1． 

L-。，egtazie acid 1 iIliIlo1·L～ ．Tris·Cl 10 

IIllTIO1·L (pH 7．6)， 1％ ton X一1o0． 

followed by thaMng，centrifuging，and collecting 

the supe matant． Each su~ rnatant WaS used jn 

the activity assay． 

BchE activity assay BChE actMtv and／ 

or jts residual activitv after jntfibition and 

reactivation were ltleaS13red by the 刚 B 

methed _3J． Final substmte concentration was 

buty@thiocholine i0dide 20 iIliIlo1．L～． 
Recognition by anti-llllBchE antibody 

The IhBChE was tested for immtmoreaetMt、f th 

antibodv against human senltrl BChE by sandwich 

EUSA and Westem blot J． 
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Detoxifieation  of succinylcholine by 

rhB0IE／n v／tro Twen~-Kunming Mce(3， 

18—22 g1 obtained from Animal Centre ofthe 

Academy of Mihtary Medical Sciences(Grade 

lI，Certificate No 01—3023)were equally divided 

into 2 grouDs． Concentrated cultare medium (1 

mL)containing rhBchE 25 U was inked t}l 1 

mL succinvlcholine solution(3 g·L )． Mter 

incubation at 37℃ for 30 min．each mou~3 in 

the test group w&s injected ip the mixed solution 

lO rnL。kg (corresponding to suecinylcholine 15 

mg· _。，ca 1．5 lethal dose)． In the eontrol 

group， drBChE solution was replaced by 

concentrated cullLlre medium of untransfected 

CH0．dhfr—ceHs． 111e survival and dead mice 

were examined after injection in the following 
24 h． The experiment W'dS repeated 3 times． 

RESUI TS 

Identification of expression plasmid 

pRcCMV-B(】Ⅲ I1】e number and size of 

itstriorion fragments were exacdv the sa／ile as that 

of expected after digestion th restn ction 

endonucleases( g 1) BchE gene(1．8 k6) 

was cut off by digestion with Hind llI+Apa I 

tFig1，lane 8)． 

Expression of r|IBChE and gene 

amplification nnv-four CH0．dhfr colonies 

th BChE activity were detected by B and 

sand ch EUSA． After amplifying the BCHE 

gene copies in CHO eeUs for 4 Ilionths．the 

dlBChE activity in 5 representative colonies 

raised up to various extents ( Ib 1)． 111e 

highest expression level of dlBChE carlqe up t0 

25-83 ng h perl ceUs(Tab 1．D6)． 

Recognition of rhB0lE by antibodies 

M1 colonies expressing BChE activity showed 

positive reaction in EHSA． Western blot 

showed that there was only a single band of the 

SFM 0fD6 ceils whel~aS no bandwasf0undwith 

SFM 0f the non—hans cted CHO．dhfr—ceUs(Fig 

2)． However．themolecularweight of rhBC} 

21 kb 

51 kb 

4 2 kb 

0 56 kb 

1 2 3 4 5 6 7 8 

F 1． Agarose gd dectrophoresis of restriction 

fragments of recombinant plasmid pRc~VIV- 

BC舶E． 1)耶 A markers【 A／Ec0lR I+ 

IlindⅢ，21 kb．5．1 kb，4．2 kb，2．0 kb。1．58 

kb．1．33 kb，0．98 kb。0．83 kb．0．56 kb)． 2) 

Plasmid pRcCMV-BC舶E． 3)PIasmid pRcCMV- 

BCHE digestedwitII Sac I【4．5 kb，1．9 kb．0．8 

kb)． 4)Hasmid pRcCMV-BLⅧ digested with 

Pst I andB Ⅱ c3．0 kb．1．8 kb，1．4 kb，0．9 

kb)． 5)Plasmld pRcCMV-BLⅧ digested witII 

Apa I c7．3 kb)． 6)Plammid pRcCMV-Ba}m 

digested with EcoR I【4．7 kb，2．5 kb)． 7) 

p-asmid pRcCMV．BCHE djgestedwith BamH I 

c4．9 kb。2．0 kb．0．3 kb)． 8】PIasmid 

pRcCMV-BCHE dtges~d with HindⅢ and Aim 

I{5．5 kb，1．8 kb)． T1le 1．8 kb DNA band 

was the Ba -E gene． 

Tab1． rhBChE expecssionleve~subiectedtoMTX 
selection． 

Cdl dd~OtE expressionlevels uiid~r pre~ttre 

colony ／ng·h per 106 cells 

№ 篇 溜 
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94 kI)Il 

67 kI)a 

-13 kI) 

j(1 kI) 

rig 2．Western blot of BChE． 1)Concentrated 

SFM from CHO．dhfr～cells． 2】Concentrated 

SFM from cells secreting recombinant BChE in 60 

ng．3)Standard native BChE in 200 ng． 

4)protein molecular weight markers in 500 ng． 

(approximately 81 kDa)was 4 kDa less than that 

ofthe nhBChE．(85 kDa)． 

Secretion of rhBCl1E A 93％ of the 

rhBC} activity was secreted irite the culrum 

medium．4 ％ in soluble fomlS extractable with 

l03A~salt blfl'fer．and 3％ iI1 membrane bound 

fnrills extractat}le w high salt buffer(T出 2)． 

Tab 2． Dlstrilmtion of rhBChE activity． n =3 

experimentsin duplicate． ± 

used as the substrate．similar to山at of nhBChE 

(1．14 n删 1．L )(Fig 3)． 

’i 400 

． 莹 3帅 

『 l l 

／／ 

．∥ ． ．m 
一 0．7 — 0．5 —0．3 —0．1 0．0 0．1 0．2 0 3 

I／Butyrylcholine(mmol·L ) 

Fig 3． Linwcaver-Burk rec．plocal pJot of 

nhBChE (O )and rhBChE (● )． =3 

experiments in duplicate． 

Inhibitor sensitivity of rhBChE ．&bout 

85％ activities of rhChE and nhBChE were 

inhibited by physostigmlne 10,and·L一 (pI5o= 

7．2，p =4．4)(Fig 4)． 

1 

Fig 4．Physostigmine inhibilion Oil nhBChE(0】 

and rhBChE (● )． =3 experiments in 

du plicale． ± ． 

Reactivation of inhibited BChE by HI-6 

Km value The Lineweaver—Burk reciprocal The earbamylated and phosphonylated BChE 

plot showed that the K， value of rhBChE l{ reactivated spontaneously or by HI一6 along W 

1．72 r~nol·I ～ when bu~ rlthioeholine was the time． The reactivation ／'ales of inhibited 

＼扫Î一苫* 嗣u曲Jo目々 暮 叫 ⅡI 
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rhBChE and nhBChE were comparable wi山 each 

other in spontaneous and HI一6 reacti~一ation 

( rah 3)． 

Tab 3． Reactivition of physostigmine- and surin· 

inhibited BChE by HI_6． n = 3 experiments in 

du#kate． x± ． E：normalBChE activity． 

El：inhibited·BChE acavity． EIR：inhibited BChE 

actM
．

ty reactivated byHI-6． 

P]ly~stigmine-inkibited BChE 

nhBa1E 

2 3 o3±0．10 

5 3．03±0 10 

9 3．03±0．10 

I3 3．03±0 10 

24 3．03±0 l 

B0正 

2 3．60±0 13 

5 3．60±0 13 

9 3．60±0 13 

n 3．60±0 13 

24 3 60±0 l3 

Satin inhibited BCbE 

nhBChE 

1 

4 

7 

l0 

24 

BC} 

1 

4 

7 

l0 

24 

97± 

97± 

97± 

97± 

97± 

±0 

±0 

±0 

±0 

±0 

27 0 17±0．03 

27 0 13±0 

27 0 17±0．10 

27 0 57±0．13 

27 0 40±O．27 

07± 

40± 

70± 

23± 

90± 

1O 

27 

10 

17 

27 

Stability of rhB( E Ihe rhBChF Iost 

7 ％ actM ty j 
．

after ncubation at 37 for 24 h 

mid 9％ activity at 4℃ jn 6 monfhs． The 

stability was similar to that of nhBChE(5％ and 

1O％ j． 

Inhibition of BChE by polyclonal anti． 

bodies Equal aliquots(50 )0f rhBChE and 

1：5o()o nhBChE weIe reacted with diluted 

polyelonal antibodv against human serllnl BChF at 

4℃ fbr 24 h． The enzvne actMties decreased 

、 山 the increac-----------------a~of山e rabbit anti．human BChE 

IgG(Tab 4)． 

Tab 4． BChE acfivi姆 inhibited by polyclonal 

antib~ly． n=3 experimentsin duplicate． ±s． 

nhBChE and rhBChE ilol'ma[activities：bu~,Tyl- 

thiocholine 3． ± 0．53 and 4．93±0．29 lllnoI． 

rain～ ．respectively． 

／n v／tro detoxifieation of succinylcholine 

by rhBChE In the test group mice survived 

山out RllV neuromuscular symptoms，none of the 

30mice diedin 24 h，whel~as all ofthe 30mice 

in the control group rapidly eab ibked convtdsion 

and suffocation．and died in 2—5 min． 

DIsCUSSl("i 

FuI】一length l1BChE cDNA was successfully 

cloned in 1987$7， 
． It has been expressed in E 

coli， Xenopus ooeb~es， and CHO exqpression 

systems． The r}lBChE from E cell expression 

system existed in inclusion bedv without erlz邢 e 

activity． After renaturation by mffolding and 

refolding，the total actMtv of rhBChE was 0．13 

U per 100 mL culture medium．．equaled to 0．7 

active ellzyiile per 100 mL culture medium 9I
．  

Th e maximal yield of rhBChE from Xe~pus 

oocfles expression system WaS 58 Pg per ooc~e． 

This system only produced membrane bound 

r}lBChE whose subunits were assembled jnto 

dimers、 ⋯． In CH0 expression system．Lock— 

ridge has百ven the m~ximal expression level of 

125 ‘L (personal communicationj． In the 

present study，two CHO positive colonies which 

丑盐 弛驼 ∞ 砼 以 
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were CO—transt~eted th human BC} gene and 

DHFR gene and followed by gene amplification in 

exposure to MTX for 4 inonlhS secreted active 

hunlan BChE． The maximal expression level 

eanle up to 25．83 ng‘h per l06 cells(266 
·L )． h was the highest level reported so far． 

1All c0lonies expressing BChF actMty 

showed positi',e reaction in EUsA． h suggests 

lhat the actM ty in DTNB assay COllieS from BChE 

other lhan other esterases lhat might be present． 

Secretion experiment of rhBChE indicated that the 

28--amino acid--signal peptide WaS s,fffieient for 

direct secretian of rhBC} into the culture 

I11edium． 

We conclude that the IhBChE produced bv 

CH0 expression system is hi ly similar to 

IthBChE in terms of catalytic aativitv．substmte 

affinitv， ilthibitor sensitivity， reactivation， 

stability，and recognition by anti-hun'l&n BChE 

an tibodies． However the molecular weight of 

rhBChE is a bit less lhan that ofthe nhBChF．it 

might be due to the different modification of 

carbohydrate structure in CH0 cells and human 

eells． Kaetzel obtained be rine luteinizing 

he1Tnene lh a higher mole(?l1【ar weight and 

attributed it to lhe modification of carbohydrate 

structure by CH0 cellL“J． _A】山ough the alterna- 

tion of carbohydmte structure of dlBChE does not 

influence the property of the en~'ne and 

manifested remarkable detoxification effects ell 

suceinylcholine vitro，the thBC} should be 

used carefully i13．repeated in ections． 
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关键词 丁酰胆碱酯酶；基因表达；重组蛋白； 

琥珀酰胆碱；药物代谢解毒；CHO细胞； 

酶联免疫吸附试验；蛋白质印迹；毒扁豆碱 
， ¨ ． 

目的：研究重组人丁酰胆碱酯酶(rhBC}1E)的生化 

药理学性质，探讨其做为琥珀酰胆碱中毒解毒剂 

的可行性．方法：中国仓鼠卵巢细胞用电击法转 

染质粒，DTNB法测定 BChE活性，酶联免疫吸附 

试验和蛋白质印迹检测抗原 性． 结果 ：rhBChE最 

高表达水平为每 l06细胞 25．83 ng·h一． rhBChE 

的底物亲和力、对抑制剂的敏感性、被抑制后的 

可重活化性、稳定性及与抗体的反应性等性质与 

天然 BChE(『lI1BC-】E)极为相似． 1．5个致死量的琥 

珀酰胆碱经 rhBChE体外解毒后，注射小鼠未出现 

任何中毒症状．结论：~BChE和 nhBChE的生化 

药理学性质极为相似，rhIjChE具有潜在实用价值． 

(责任编辑 杨雪芳) 

为何许多药厂在竞相生产“Cattiest'’? 

为何美国最看好的生物工程制药公司之一：Get．wine(http：／／ ．gen~Tme．。0m)的利润不断上扬? 

美国宇航局(NAsA)生命中心通过因特网：h却：／／microgravity．wsfc nasa gov和 www．syntheeon．~onl正式公布：一项拯救生命 

的、培养组织和器官来替代实验动物和人的技术 
— — 细胞组织在微重力环境下进行的三维的高分化度培养技术 已进入临床和生产 

新药“car【 cel(软骨细胞)”．用来生成软骨． 患者自身正常的极少软骨细胞可培养出大量的高分化的软骨细胞，这是 

普通培养装置所做不到的．Genz3．~e用的就是三维的高分化度的旋转式细胞培养系统(Rotary ceu Cuhure System即 RCCS) 

Carried拯救了无数的患者．给公司带来了极大的利润． 

● 重大意义肿瘤：有效杀灭肿瘤：对肿瘤组织活体取样，与其自身的白细胞或淋巴细胞在RCCS中混台培养，刺激或训 

练识别和攻击肿瘤组织，再把经训练后有杀伤力的细胞直接注入病人的肿瘤中，这些经感化的淋巴细胞彻底杀灭了肿 

瘤 肿瘸模型：人体肿瘤组织的培养有利于为铡试化疗药在病人自身的经培养和分化的肿瘤上的疗效 ，决定其成分的有 

效性，避免盲目使用． 前这些试验是在鼠的组织模型上进行的，但由于物种差异，人的许多肿瘤在鼠中的生长并不 

好． 而在RCCS中，昕有的肿瘤组织都能得到很好的生长，且避免了原先鼠蛋白的干扰．软骨再生：经培养的软骨密度 

高可用在损伤和关节炎的治疗中 AII~／ItlIV、肾病和心脏病模型：RCCS可培养正常人的器官、腺体和淋巴结 如用 

}Ⅱv来感染这些类器官．跟踪HIX,~的生长．把 }Ⅱv药物用在被 }Ⅱv感染的 RCCS培养的组织模型上，研究其对抗 }ⅡV的 

效果及其对抗方式．壁茧生 ：RCCS培养的肝和正常人的肝没有什么区别，使产生肝炎疫苗的霜霉生长在人的肝脏成 

为现实 在美国已广泛用于生产．激素、酶和其它只有由人体组织产生的蛋白以及基因工程：培养出分化的人体组织． 

其被刺激后能分泌治疗用的蛋白． 经培养的神经组织产生的神经生长激素能修复脊椎损伤． 骨髓再生：RCCS中骨髓生 

长情况极佳，且可连续进行增生和低温冷冻保藏，以建骨髓库．糖尿病：胰岛素培养后能插入病人体内继续生长，无数 

患者有望免去长期注射胰岛素 组织移植：RCCS培养的肝和正常人的肝在整体上无区别，使局部的肝脏组织移植成为 

可能 皮肤移植： 前培养的皮肤在肌理、灵巧度和肤色上．与真皮都有很大的差距 现在培养的皮肤具有授高分化 

度，其外观和感觉可 乱真 ● 与类似产品根本区别 RCCS具有一般的培养装置无可比拟的三大特点：(1)高分盟度． 

分化(如胰岛产生脯岛素等)的人体组织能在实验室中生长．模仿器官和肿瘤．(2)模拟徽重力 因重力将分裂原本应在 
一 起的细胞组织成分，而 RCCS中无重力 (31完善的三维细胞培养 而一般的生物反应器因保持细胞的悬浮而导致剪 

切力的产生 这剪切力破坏了细胞间和细胞与基质问的稳定性，使组织和细胞集中于自身的修复．大大影响其生长和其 

它的正常生理功能． 还有发孝罐主要培养大量细菌，不适于大量培养哺乳动物细胞组织，因很难把大量的细胞移植其 

中，即使行，所得的细胞数也有限且很难生成组织 而RCCS能行且可用于大规模生产，因其细胞成活率平均为 卯％且 

分化度极高 ● 系统介绍 Rccs中无气泡和破坏应力使生成的三维组织具有与父系相同的结构和功能 其培养的组织 

密度为 10 至 1 o】 个细胞／rrIl；细胞密度为 1o8 至今她能培养所有的细胞或组织．200O多台RCCS在用，包括在中国 

美国 —S~3qrlqECON公司 httpJ／w~,．syothecon Con 
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