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KEY W ORI~  fftt~c一0盖ide sylltha~； comple— 
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veel：ol~； restriction mappillg； polymemse chain 

l'~ ClJon 

AIbl：To COllSlrdet 1t／1 inducible nitzie-oxide synthase 

(iNOS) gene transferring vector mediated by 

retrovirus． IⅥ咂TH叻 S： R∞伽曲i咖 t DNA and 

polymerase ehai~ I￡acIi0n (I'CR ) amplification 

teclmiques wefe used． RESULTS：With 2 steps of 

moleeuler cloning， the full·length eDNA encoding 

macl~ hageiNOSwasisolated n∞ plasmidpKSiNOS 

and subeloned into intermediate vector pSP72， 

adjustin~the restriction e~z3tme萄 es in both 5 一and 

3'-flm'lldn~ ends of insert fragment． Tile telroviral 

vectol"pLNC~INOS which contains iNOS eodmg 

0n’ q|幻m Vmls lpZOl~lOter and neomycin 

瑶 st日曲∞ (neor)gene was full／aer constructed． Tile 

~ ticity of in~ on size and orientation of iNOS 

sequencewas verified by restlictionmapp~ and PeR 
analysis with iNOS 旦瓣 s口eci右c primers． 

CONCLUSION：Retmviral瑚江耵置 vector eazrymg 

iNOS 丘al 瑚 t is obtained，whidl provides a material 

to establish a model ofiNOS ge~ae-modified删 s． 

Nitric oxide as ILrl inlracellular messenger 

participates in ~ ssion， VItSCU~ dilation， 

and antimicrobial defense ． Nitric oxide synthase 

(NOS)catalyzestheformation ofNO and L—citnllline 

(L—Ch)from L—arglniae(L—Arg)andO2⋯ ． Three 

prin~paJ isoforms of NOS have been cloned，including 

neuronal (nNOS)， endothelial (eNOS)， and 
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macr~Nage(macNOS)or inducible N0s ( )． 

Expression of iN0S can be induced by cytokines or 

up0p0lysaccharjde(u's)in m Dphages，t~ato— 

cytes，and as缸 r s Excessive NO produced by 

iNOS is responsible for me nonspecific cytotoxicity ． 

Earlyworkinmechanisms of~ioidtolerance and 

dependence focused upon opioid nx D and second 

messeng~  ． NOS inhibitor attenuates “_ or 6一 

opiate tolerance and deper~enceL ． and p~events 

naloxone一 ec itated withgrawal signs in m~rphine— 

dependentmiceL ． Chronic nism描蚰 of L—AI譬 

accelerates development of opioid toleranceL ． NO is 

involved in m~lulafion of opioid analgesia． Thus 

development of sDc iNOS i~ ibitors may be 

beneficial协 treat this condition． Based 0n 讲evi0lls 

work that nNoS was e印re{撂ed in NG108·15 cellL ． 

this study wasto COllStr~t retrovital ve~orwi血 i 

gene to establish a model of iNOS gene·modifying 

nalra】cells． investigating Ⅱ role of 『0 『0S in 

opioklmlenmce and dependence． 

D 坷m es aⅡd dl s Res ∞ endonucle~es 

wetelxlrchased Pmmega Co，New BI百and Biolabs Co， 

aIld Bcel~inger Manl Co． 1"4 DNA lig~e， L DNA 

pd 1 a ， Taq p01 1 a辩， Kler~w 丘agmenI of DNA 

口0l 嘲 se， and dN'IPs wefe 0b【 IIed 丘 B0吐 n日盯 

M卸n1咖 Co DNA~ ~alion kit．GIa蠲~hx DNA isolation 

syslem． w∞ 0ib。0 BRL． DNA molecul~ weigt~t 

nlar 1 ldJ0 (曲 ) DNA ladder and SPP1 DNA／ 

嗽 I， pI flx~n Boe n Mannl~eim Co． All 

0II盯 reagentswe l：ll~uctsflx~n Sigma O17FlOra Chemical Co． 

0ther chemi~ s we 0fAR 

Pl~ ds aⅡd a．咄 Tile pl~ mid pKS iNOS．a gift 

lDr SH Snyeer andDrD SBredt at J0I】nsHopkinsMedical 

Imdtute，c∞biD0dthefIlll一1cr 曲 cDNA encodingiNOS丘0m 

H晒 (Ⅱ )andLPS-slmaulale~R V264．7∞ ro曲a黔  

which was cloned into a衄iqlle Not I site in pB1 

KS lI(+)plasmid~ The rem~viral vector pLNCX was 

蚰删 ly删 dcd b DrSHENYong-~ n atlrlNi~llte offh 0 
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Medical Science， CAMS Pl~mld psP72 and slTatn 

Escherichia cofi D}巧 l supE44△lacUl69( "lacZ△M坫) 

ksd R17 fecal endA1 gyrA96 thi-I relAl J were provided by 

Institute of／Viicrobiology，Chinese Academy of Sciences 

Recombinant DNA nmnipulation S诅n捌 molecular 

biological techniques w∞ ttsed to manir~ and anabTe nudleic 

acidx__ ． PLasmid DNAs we工e 口qx∞丑 bv the k e tysis 

method and ptnSfied b CsCI ultracentrifugafion  DNA Ⅻ  

digested 血 restriction endcalucleases as recommended by the 

manufacturer Restrictkal fragments Ⅵ anaiyzed by 

eleclrophoresis on 0 8 ％ agarose gels and ptnSfied byGla~．sMax 

DNA isolatkal system accccding to the manufacturer's 

instrm,-fi~1． T4DNA figasewas addedtothemLxtureforfigation 

at16 ℃ for overnight． reaction productsweretransformed 

into competent E coti DH 5a cell which was p Ⅵ0 y wep,~aod  

with C棚 2 transfomaing mixturew0s selected 【m LB ag 

pl~es vAth ampiciUin 100 mg ·L。 ． 1he tlmasfomlmXS ~rel'g 

e自1ed by plasmid mdniweparati~：al All recombinant clotles 

weFeflath~ identified by exleaasive resMcti~a~ reing and DNA 

amplification 

PeR amplifim tion 1k  oligonucleotides c∞ P0rIdiⅡg 

tothe s1824-",975 ofimblished DNA sequence ofiNoS 

d∞i印ed and ynlh ac Institute of M icrobiology， 

C}血 Academy of Sciences． A Da of iN0s_soecific DNA 

~mers were 5 DNA ixlraer 【up pfin~r， PI)， 5 

T 

(retm~ r， P2)．5 AT 0 兀啪 AAGTGAAGCG'r- 

TIDGG3，，which added a Sal l sitetothe 5 end and a Hind 

Ⅲ to 3 end R 【mtr~tureincluded 50 pmol·L of 

each rm aer，∞  of the plasmid DNA template， 26O 

fzmol’L～ ， Mga2 l 5 mmol L～ ， Taq yn1erase bilker 

fTris·C1 J0 mmot·L～ ．PH 9．0．Kcl 50 mmol·L～ ． Triton 

X一100 0．1％ )， and 0 5 unit Taq potymerase in 50 total 

volume．whichw&sfinally overlaidwith舶 0 mineral oil hi 

addition． a positive coffwol wi血 template DNA of plasrnid 

pKSiN(~ and a negative conlrolwitho~ template DNA were set 

uDin each exlzrkl~ ． m were deIII~Bii'ed at 94 lc 

for 5 rain，follot~od by~ catiollfor 30 cycles：denammtkal 

at 94 lc for1 rain．&anealingat 62 lc fⅢ l rain．and extension  

al 72lc for】rmn．then omnoletedthe extenMcalat 72lc for 10 

min Amplified rxoduct【10 )was analyzed by 1 2 ％ 

agarc~ gel electrophoresis， followed by ethidium bromide  

s ammg 

RESUIJTS 

Construction and screening of intern~diate 

vector pSPiNOS pLNCXiNOS． the retroviral 

vector for stable expression of iNOS geBe in 

mammalian cells was constructed as fo~ows． 

pKSiNOSwas digestedwith SacⅡ andHind m ，and 

3 overhand of SacⅡ site was removed wi山 TiDNA 

polymemse． A 4165 bD blmat-ended Hind llI 

fragment that contained the M 1-len gth cDNA of 

1T1丑cNoS was isolated．and inserted into Sma I—Hind 

Ⅲ 口0lylinker sites in intermediate plesmid pSP72． 

Forty．one co lonies were screened by a!kaline lysis．0ne 

positive clone obtained was designated P 

(Fig1) 

oSPiNOS was subiectoa LO the digestion by 

restriction endundclenses，Hind lff，Hind lff+Cla I， 

Not I，BamH I +Cla I，EcoR I，EcoR V， 

Hinc Ⅱ， Hinc Ⅱ + Cla I，respectively For 

instance．two fragments of 24O4 bp an d 4186 bD were 

obtained after digestion with I-Iinc Ⅱ +Cla 上．the 

folinerwas plasmid DSP72fragmentan dthelatter．the 

inselt fragment These results showed  that the insert 

size an d orientation of iNOS gene in pSPiNOS were the 

same asthat of deductfrom restrictionmap(Fig 2)． 

using the iNOS-specific primers， a 451 bp 

product amplified  bypCR in pSPiNOSwasco mpletely 

similar to that in positive co ntrol pKSiNOS，indicating 

the existence of oS genein recombinant{Fig 3)． 

Construe廿on and identification of 

recombinant iN0S retroviral vector Tbe 

Ie vim1 plasmid pLNCX was cut wiⅡlH_md m ．and 

thecohesiveen dwasfilled in wi山 klenow fragmentto 

generate a blunt en d． After a second digestion with 

Cla I． a 6607 bp blmat-ended Cla I vector 

fragment．which co ntained  neomycin Dbosphotransfer- 

asc(henr)gene，human cytomegalovirus(CMv) 

immediate early promoter，pBR39．9 orion and Ampr， 

was ligated with 40o0 bp Hinc Ⅱ +CLa 工 cDNA 

fragment from pSPiNOS in orientation．specific 

insertiontomake pLNCXiNOS(Fig 4)． 

Afterthe pla~fids of 5 positive clones 3 ，9 ， 

l4 ． 20 ． 22 were respectively extracted aad 

verified by cleavage with EcoR I or Kpn I，they 

werefoundto beidentical(Fig 5) 

Only a 10607 bD flagment was yielded when 

pLNCXiNOS was cleaved by Cla I． Three bands of 

2206 bp，3,382 bp，and 5019 bp were derived when 

digested wi血HincⅡ+Xba I，two of which(22O6 
bpand 3382 bpj wefeidenticaltothosefrom plasmid 

pLNCX cut by I-Iinc Ⅱ +Xba I，indicating that a 

50l9 bD band contains iNOS insert． 1b check for 

ofien~tion and sequence integrity of the insert， the 

~ecombinant plasmid was digested by BamH I +Cla 

I to generate 3 fragm ents (1466 bp，3356 bD，and 
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4846．Hlne 

4829，Hjnd 

471B0，Not I： 
4643，Hinc Ⅱ 

ItintlⅢ ，l6 

53 

59 

，67 

4 

Cleave with s_ Ⅱ cIe
ave wjtb sma I and tlintl 1I 

Bl岫 ‘ nh T·DN̂ p。lym 。 Is0late a 2425 bp fragment 

Isolate a 4 

4264．Itjnc 

4209．EeolR 

4202+a a 

4195．I 0R 

4187，Kptt 

4175．Not 

1 ： 
I· 

I 
3616，EeoR V 

Fig1．s岫恤 and p归曲 lIes拄ic map 卸bc n ofiN0s牡 i卫toin蛔唧 Ij pl疆mrd 72，姒  

b姐e搴 瞄 ∞ding比giml；蛐 p ed c曲aded)bo瑚 ．Am ；0l，蛐 bo瑚 ．the球plic州 ∞ orig-m， Mcs is 

ml_ldpk clu ing s．怔． A】麒，ws sb口w the di酬 册 0￡血锄 s口i 岫 ， Nl蛳 b盯s indjc呻 e m|de06de p 曲 s． 

5795 bp)，and Cut by FxoR IintoDNAfragnl~ts of 

307 bp，1613 bp，2811 bp，2870 bp，and 3006 bp 

(Fig6)． 

ItWaS suggested山atthe plasmid containediNOS 

g即e in Sense orientation and restriction mappiIlg 
was consistent wi血 the sequence of prediction 

Amplificali~  山 P1P2 pdmm  resulted in 

aplxo~ e 451 bp product(F 7)，iI 鞠 山at 
there was iNOS sequence in letroviral vector 

pLNCXiNOS． 

喇 CUSS10N 

TheNevio~s study showed山at a cDNA sequence 

erlcodiilg murine macNOS from pKSiNOS required to 

beisolated by digestion 血 H【ncⅡ and Sac Ⅱ 9_， 

W[1ile the rem~viral vector pLNCX only has unique 

删 Ill，Hpa I，and Cla I resection sites in 

Ⅻ埘p1e cloning site(MCS) d has 130 compatible 

termini m the iNOS DNA fragment_ll_． Thus。 

it may be difficult to constnl~ recombinant plas~md 
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Fig 2． Restrictiondl analysis ofpla~aidDNA． 1VI：1l【bDNA ladder；1： 2 ttlrtCtltt；2：I~IPTZ／Cla I：3： 

psP72／l噩ndⅡ；4：西孵2／碰ndⅡ +ch I；s： NOs 1mcut：6．9：ps聃N( ，IIm  I；7：ps Innd I+ 

C|a I：8：p鲫  N0s， I：10：p刚 l̂os佃 aⅡ衄 I +Cla I；11：p鲫  Nos／卫础 I；12： N0s／Ilo0R V ： 

13： 啦 № cⅡ：14： N惦 ，l Ⅱ+121a I． 

eontaining iNOS gene． In general，cloning s0~ategies 

should morley the 啪 inus of fragment by DNA- 

r~ ifying enzyme． For example，5 prom~ling endis 

ableto befill。din byldenow fragment and 3 overhead 

is mttmved by DNA figaseL ． However， the 

recombinam frequency for bltmt-ended agation appears 

to be ve low． The c1霹【ol蛐d of non-Iec0瑚bim nt 

clone such as tandem al'tay of DNA inN~iOI1 may be 

much hi ． An exog~noltls DNA ls able to insert into 

plasmid in either genge or antiser~se orientation so that 

ligation directions ofDNAfragmentinpositive d0衄  
have to be identified． In the present study，to select 

suitable enz'jrille site． obtain sticky end and incrE 

recombinant efficiency，we take advantage of plasmid 

~SP72 will1 various res喇ction sites in ⅣICS．yieldi~  

aIl intenne~ate plasmid pSPiNOS． 血 er． cDNA 

seq~ ce from macropt~ge 0S was successf~lly 

subcl~ned to the plasmid 口LNCX via ligati~n of 

c0hesive-eT删 【 A to get a 龙0 In卸t 

pLNCXiNOS． In addition，a 5'-unWar~lation region 

(U丁R)st~cturethatlms G+C enrich d(Ⅱnaintof0皿  

Nairpi~ loop eould affect mRNA IX~：essing， 

loc也 d。l1． stability Or 呦 slation emcie~y． Tb 

express active iN0S at a hi出 level，Ⅱ1e]37 bp 5 一Um  

ofiNOS genewas deleted bythe digestionwithH_山cII 

in pKSiNOS． Hence． 岫  characteristic of 

pLNCXiNOS may contain 54 bp 5 UTR，487 bp 3 - 

UTR slNtuerice． and the longest open-reading frame 

(ORF)that~onsists of 3432 bp，bases l92—3623， 

and eI1【，0des ll44 an'ano acids． 耵】e flanking 

s~luenees G or A(一3)and C(+4)of aI1 in-frame 

棚 transcription inidation o2~lon in this plasmid are 

13011sistent wim a Kozak’s 13ons~nsitlS s芒日ueIl∞ for 柚 

eukaryodc~ scripdon initiation siteL 

The reNieation defective re． viral v㈣ r pLNCX 

belongs to a kind of vector will1 mtemal n【cm0ters 

(V )，which is named for its o 巴r of geaetic 

elements：L，longterminal删 (U喂)；N，n。o 
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魄 3． A~lysis of PcR onlplified hagmemt c1．2 ％ 

agaI惦e)． M：1 kb DNAindkler；1：lll~ttive ematrol； 

2：pKSh'qOS；3：pSP72；4：pSPh~ ． 

—  

3 

l~i4g 4． Cbns of reb v砌 plasmid 

pLNCXiN08． A． Retrov~ vector pLNCX shows协 

cc~adn LTR．CM V promoter。ne0f gon e。ren口 删  

imcknging gig~K1( )and polyadeaylsfion Sig~K1 

【 )．and restriction sitesfor cDNA ．m 蛐 ． B． 

Structure of cDNA sequence in iNOS． FiRe Hnes 

represent the 5'-UTR 【137 bp-191 bp】衄 d 3 ．uTR 

c3624 bp-4110 bp)． Open b％ re b i．NOS 

co．rig t~ ioll； Position of translation  stsrt codon  

(A1lGI midin．fame stopcodon(T6Aj areindicated． 

resistance gene(ne0I)；C，CMV promoter；and X． 

unique cloning site for inSelma cDNAsL ． In this 

1~ )rt。 intemal promoters in recombinant vector 

pLNCXiNOS consist of the m  promoter driving 

expression of selectablemarkerneo gene and the strong 

CMV pron~ter driving transcription of cDNA． 

Besides， the vector also contains polyadenylafion  

signals(poly A)and the extended retroviral p~ckaging 

sigBal(q,- )． It may be used to transfer the iNOS 

gone into man-- an cells and take advan tage of iIs 

strong promoterto expressiNOS at ahighlevel，which 

will provide a tool to study iNOS slydcalre．fuDction 

and regulation． 

Biochemical studies of iNOS have initiaUy relied 

on protein purification from Ⅱ and U)s．stimulated 

macrophages， which may produce low amounts of 

protein ． T0 screen a selective iN06 inhibitor． 

sufficient enzyme isolated from activated maer~ hnges 

has remained prohibitively expensive． Lowenstoin el 

a／ subsequenfly cloned an d transiendy expressed 

ma cNOS in kidney 293 ce lls Recently 

overexpression of fall~tiollal lilacNoS has been 

achiesred in boll1 E col and baculovam -insect cell 

system ，andll1e resultant recombinantiNo6 appearsto 

be pharmacologically indistinguishable丘Ⅲ the furtive 

enzymet 一lb J n le retrovi recombinant with iNOS 

c region has been made． we have presently been 

tmusfecting into neuroblastoma × Ollm NG1Off-15 

cells with pLNCXiNOS．in which a significantlevel of 

NOS activity was measured bv conversion of L．『0H] 

Argto L-l HjCit(dam to be published)． These 

iNoS·expressing cells． which permit the relatively 

inexpensive generation of active iNOS for studying the 

pharmacological and biochemical properties of enzyme 

and screening novel iNOS intfibitors，ma y be  used to 

detemlinewhetherNO effects on opioid tolerance and 

dependence． 
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M  1 2 3 4 5 6 7 M 8 9 10 

幽
，

mapp~ amlysls plasmidpLNCX andpLNCX~OS． M ：1kbDNA ladder；1：pLNCXImcIIt； 
I； ：p

⋯

LNCX／EHncⅡ+xba I．4．pLNCXiNOS tmcut；5
,8．pI~ CXib／OS／Cla ： 

I-r mcⅡ+Ⅺ蛆 I；7：pI a妞如 I；9：pLNCXiNOS／BamIi~Cla I；加~r
：

-

pINaaN0s僵 ⋯ ～⋯  
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Fig 7． A事Ir0se盛eI d戡血D】m叫峭is of PCR products 

卸 ni矗ed h锄 p】a d I)NA with t]~lOS-speeftc prim聊 

{PlP2)． M：1 kb I)NA ladder；1：Netgat]'ve ematrol 

without I)NA ten．1ate： 2： Positive ematrol with 

pl圆iNoS；3：p哑 NOS；4：pI．t'qCX；5：pI．,NCXiNOS 

3’； 6： pI 帕 S 9 ； 7： la1．／qCI~'gOS 14‘； 

8：pIN( NOS 20 ；9：pIN( NOS 22 ． 
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逆转录病毒介导诱导型一氧化氮合酶基因转移 
载体的构建’ 

臧梦维，彭学贤 胡 萍，刘景生。 
J!己 

(中国医学科学院基础医学研究所 中国协和医科大学基础 

医学 院药理室，医学分子 生物学 国家重 点实验 室，北京 

100005；0中国科学院微生物研究所，北京 l衄咖 ，中国) 

关键词 =墨些塑鱼璧；互补DNA；基因表达调 
控；真核细胞；重组DNA；堂挂墓题童；望篮童 
坠 限制性酶切图谱；聚合酶链 反应 

目的：构建逆转录病毒介导的诱导型一氧化氮合 

酶(i~os)基因转移载体． 方法：应用 DNA重组 

和 P( 扩增技术 ． 结果 ：通过二步克隆，从质粒 

pKSiNOS分离编码巨噬细胞 iNOS的全长 eDNA． 

亚克隆于中间载体 psp72，调整插入片段二端酶 

切位点；进而构建含 iNOS基因、巨细胞病毒启动 

子 和 ne0 抗 性 基 因 的 逆 转 录 病 毒 载 体 

pLNCXiNOS． 限制性酶切分析和 P( 鉴定证实+ 

重组体 iNOS插入片段的大小和方向正确 ． 结论： 

获得含 iNOS基 因逆转 录病毒表达载体 ，为建立 

iNOS基因修饰的神经细胞模型，研究 NO／NOS在 

阿片耐受依赖中的作用奠定基础 ． 
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