
2≯ 一 I 

第 8卷第 4期 

1991年]2月 

中 国 病 毒 学 
VIROLOGICA SIN ICA 

V0I．6 No．4 

Dec
． 】991 

人巨细胞病毒形态转化区的鉴定 

ca 。 e M。rpholog Tran。 。 m‘ng > 
Regions of Human Cytomegalovirus 

√ 
Leonard J Rosenthai Shang Shi—zhang Anita Inamdar 

(Deportm ent of Microbiology，Georgetown University Medical CenLer~ 

W ashington， D．C．2000~， USA ) 

关键 词 

接酸酶分析 

E塑望塞搴 ．夔垡亟竺 ! 型坌堑 Southern印迹 S1 
启 动子插性 氯霉素 乙烯转 移酶测定 NIH 3T3 细胞 

Key words· HumaⅡ Cytomeg。loviruses Transformarion Activity DNA 

Sequence A nalysis SQ~the rn Blot H ybrldlzatioa St N uclease Analysis 

NIH 3T3 Cells Prollaoter A ctiv]ty Chloram phenl~ol AeetyltraR sferase Assay 

DNA of human tomeg0Iovirus (HCMV ) contains three transforming 

fragments， which have been mapped iit the Iong unique region of the viral 

genome(see Fig．1)． A minimal region of 558 base pairs(bp) (pCM4127) 

was loealiz d in the XbaI—Hin dIII fragment of HCM V strain AD169 r m P 

unit 0．123一 O．14 0)alld designated morphological transforming region I(mtrI)。 

M tr I l~,as reporte d to cause one—step foea1 transform ation of prim ary W istar 

rat em bryo cells and IH 3T3 m ou se cellsI”． This sequeace was noneoding 

and containe d a stem —loop stru etu re analogous to an insertion—like elem ent r“
．  

Another tran sform ing region was m apped in the 20一kilobase (kb) Xba I 

fragment E(Xba I—E)of HCMV ToⅦ e DNA(map unit 0．680— 0．770)。The Xba I 

— E fragment im mortali 2e d diploid Svrian ham ster em bryo eells and induced 

neoplastic transform ation of established rodent cell lines【 
． Subsequently， 

within Xba I—E， a 3kb Xba I—BamHI EM segment and a 7
．
6 kb XhaI—Bam HI 

EJ segment we re each ind epen dcntly capable of inducing turn origenie trans— 

form ation of established rodent eellsI 
．
Cell lines transformed individually 

by EJ or EM and their rum or derivatives retained EM but not EJ sequences[81
．  

Sim ilafly． 0Ⅱly EM sequences were retained in the transform ed and tum or— 

derived cells indueed by eotransfectlon of cloned EJ and EM sequences C 
． 
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These data suggested that EM sequences were required both to initiate and 

to m aintain the transform ed phenotype
． In contrast， EJ sequences were reqv— 

iced only for the initiation of transform ation． perhaps by a hit—and-ruD 

m e chani sm analogous to the Bgll[一N f ragm ent of herpe s sire plex viru s 2【 ] or 

to pCM4127 of HCM V AD169~”． 

Thus far． transform ing domains am ong the herpesvlruses ve been local— 

ize d to sm all non—coding DNA fragm ents'- ’‘’ ’ ． To date， no transform ing 

pol ypeptlde ha s been identified in HCM V —induced transform ation．As a re sult， 

viral DN A elem ent have been P repo sed to be respon sible for transform ation 

through n~odulatlon of cellular genes by tranecriptional aetivatien『】”， genetic 

recom bination and rearrangem ent： ’】 or DN A am Plifieation【”】
．
In this review ． 

we propose that mtrlI of HCM V Towne may code for a transforming polypep— 

tide． Our identification of the presence of the 79aa ORF in transforming 

strains Towne and AD169 alld its absence in transform ation—defective Tanaka 

strain iraplies its pos ssiblc role in HCM V tran sformation
．
O Lit analysis of H CM V 

lytically infected cells has identified two m trll—specific early RNA transcripts， 

one of which is large enough to code for the 79 aa ORF
． 

Furtherm ore， the 

cloning of m trlI up stream of a prom oter—less reporter gene has enabled us to 

dem onstrate the promoter activity of m trlI
． 

Localization of Transform ing A ctivity w ithin 

the H CM V EM Fragm ent 

Culture conditions for NIH 3T3 mOU se ce11 s． DNA tran sfectlon．transfer— 

m atlon assays of f~eus—form ation．and ancharage—independenee were perform ed 

a s previously des cribedl 
．
To define the transform ing region of Towne EM ， 

recom binant subc]one S of EM we re generated and assayed for transform ing 

activity in NIH 3T3 cells． The EM clone in pACYCIg4 as well a8 the PstI 

and XhoI subclones were used in transform ation a ssays
．Results show n in Table 

1 dem onstrated that only the 1．5一kb PstI～XhoI subfragment of EM 8hewed 

tran sforming activity． No activity wa s detected with the XbaI-Pstl or XhoI— 

Barn HI subfragm ents of EM
． 

To delineata further the transforming region within the 1．S kb PstI-XhoI 

subfragment， a 980一bp subclone extending from the BanlI to the XhoI site 

was cOnStructed． The BanlI site is located 610 bp to the right of the PstI 

sire． W hen tested for transforming ctivity， the BanlI—XhoI clone induced 

foci at a transforming fficiency id critical to that of EM (Table I)． The 

restriction enzym e BglII cuts once within the BanII—XhoI f ragment
．

W hen a 

clqne extending from the Bg]II site to the BamHI site was tested，a signifi— 
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T able 1
． T r·n 5 F⋯ ation AetivllY of Te Ⅱe EM ●Ⅱd Sabf r。S⋯ t8 in 

NfH 0T 3 eelI a 

寝 1 To ne株 EM 噬段和 亚 区段对 NIH3T3组 瞧的转 化话 性 

(Dg,／dlsb) 

F o~i／n o． 
of di目he日 

DNA来源 眼制性核酸 内四酶 oN s／上寺养皿 转化灶数／培养皿数 

Towne 3 kb—EM x I—BamHI 1 5
． 0 弘 ／S 

T DⅢ 慷 EM 段 3000碱基对 Ⅵ ” 2I／6 

Towne 1．5 kh—EM PsiI Xh 1 、 3 ，8 

TowⅡe砖 EM 殷 1500碱基对 Ⅵ 25／5 

T⋯ e 980 hp B dnIf—Xh0I 、 s ／5 

TowDt}末980碱基对 

To⋯ 1．54 kb Bgl|I—BamHl 、 13／j 

Towne椿 1 540碱基对 

T⋯ e 1．0 kb—EM xh0I—日自mHI 4／e 

To ne株 EM 段 1 00S碱基对 Ⅵ ” I／S 

Tewnc 0 5 kh EM XbaI．Pstl 、 o／s 

Tii 转 EM 段 5 D0碱基对 、 0，6 

Sa1m⋯ t 9ltE -一 20 0 O／S 

鲑 鱼皋 丸 一一  ̈ 0，B 

F r q⋯ cy(10一‘， 

转化率，10一Ii 

L_l3 

1．1 

1．00 

1．13 

0．55 

O．t3 

O．03 

> 0．O3 

> D．03 

0．03 

) 0．O3 

Dit B tak㈣ fro Ell Beik el ：s】日nd 

费科来 自El—Beik等fl】相R az zaqae等[1】 

cant reductlo~ in focus form ation Yfas detected
．
These data suggested that the 

BanII—XhoI region was responsible for transformation
．

Sim ilar studies and 

results were also obtained by transfecting Rat一2 cells with the EM subelone s 

(data not 8hown， 3， 4)．Focal—derived 1ine s obtained following transfeetion 

with EM or the BanlI—X hoI subfragm ent were tom orlgenic in im m unocom petent 

syngeneic rats I． 

Retentioil of EM in Rat Tum or Lines 

W hen 2× 1O cells of EM indueed foeal n nes were subeutaneouslv iixocu— 

Iated into 5一week—old imnlunocompeteixt Fisher rats。 palpable tumors dcvel— 

oped at the site of inoeulatlon
．

Tumors Were excised， trypsinized， and 

cell lines were established in eultnre
． 

Cell line RBM 2TI derived from an 

EM —induced turn or was exalllined for the presence of HCMV DNA seque一 

Ⅱces by Southern blot hybridization(Fig．2)． G enamic DNA from RBM 

2T1 was first restricted with XbaI—BarnHI． the terminaI restriction sites of 

the EM fragment， and another sample of the Sallae digest WStS farther restri— 

cted with XhoI and PstI to liberate the three subfragments af EM
．
A8 a cnn— 

trol， genomic DNA from noix—transform ed Rat一2 ceils WaS similarly digested 
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and used
．

One genome equivalent of EM DNA as well as the 1
．5， 1．0 and 

0．5 kb subfragm ents of EM were used as mar[ers． Hybridization using P— 

labeled EM DNA was carried out under stringent eonditions． Inten se hybri— 

dization r e，presenting ultiple copies wa s d eteeted in RBM 2T1 at a position 

comigrating with the 3．0 kb EM marker． A nunlbet of additional band s wa s 

also observed
．

Bands higher than 3 kh Tn y represent integrated EM lacking 

either the Xhal or Bamil l site． whereas band s 10wer than 3 kb m ay represent 

extensive]Y deleted EM sequenccs． In the 1age with 4-cut DN A ， multiple 

copies of virus—specific sequence s ~olliigrating at positions corre sponding to 

the 1．5， 1．O and O．5 kb EM snbfrs gment markers were detected．Normal Rat～ 

2 DNA exhibited faint m ultiple bands hyhridIzlng to the EM probe，however， 

this Waft later shown to be d ue to cell—related seque~ce hornology in the 1．0一 

kb X hot～Bsm HI subfragm ent of EM [ 
． 

D N A Sequence A nalysis of the m trll and ExpresSioil 

in Lytically I11feeted Cells 

The coinplete nuc]eotide sequence of the BanlI—XhoI fragment has been 

reported elsewhere： 
．

A nalysis of the m trlI sequence sevealed several unique 

features which are shown schematically in Fig． 3． These include three sma1I 

ORFs of 79， 83， 8nd 34 alpinn acid resi3Hes located at Inp 294 to 530， 612 

to 8gO， and 622 t o 72 3
．
The 79一residue ORF contains the initiation sequence 

CGGTGATGC and the 34一re sidue ORF contain s the i'nitiation sequence GCG— 

TCATGG
．

These initation motif s havc 55 or 78 identity r spectively 

with the Kozak consensus tran slational initiatiort sequence of CCA／CCCATGG．A 

poly adenylation signal， &&TAAA，is located approximately 500 bp do'nnstream 

of the first termination cod oil TGA at∞p 530，within the Xhol--BamHl fragment． 

M oreover， sequences at the 5 te rminus of the ORFs contain several transeri— 

ptlonal regulatory s~quences． For example， CAAT sequences have been iden— 

tified at m ps 96， 153， 160， 201 8nd 215。 In addition，three P otential bind— 

ing sites for transcription factor SpI are located at m ps 75— 82，264— 269，8nd 

276～281． In addition，six copies of the heptanucleotide sequence CCTGA／ 

GTG are present in the up stream region at mps 62， 65， 68， 71， 290， 8nd 

302． These repeats have approximately 75 identity with the SVd0 enhan— 

cer core consensus sequence． No con sen sus splice donor or acceptor signal s 

a re present in the sequence． 

There are seeera] ORFs in the opposite DN A strand
．

However，the tran— 

slational initiation sequence of cach of thefie peptides is weaker than those 

iscussed above． In addition，the re a e n0 potential regulatory signals thal 
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wou]d serve as a transcripti0na】 prom oter elem ent． 

To determine if mtrll transcript s were expressed in HCM V ]ytically in— 

fected cells， the SI nuelease analysis was carried out as previousl Y descri— 

bed C“．W hen the BanII—Xhol probe， representing the entire 980 bp DNA frag— 

ment， was used， the SI nut]ease analy’sis revealed several di stinet early RNA 

species． The transcripts P1 and P2 were of particular interest because the 

length of the p rotected DNA fragments would position the 5 end of the RNA 

upstream of the putative ORFs． The P1 transcript was determined to be ap— 

proxim ately 720 nucleotides in length and， depending upon the exact position 

of the 5 end，may contain the coding sequences for the 79，83一and 34一residue 

polypeptides． The m~jor RNA transcript，P2， was determined to be 410 

nucleotldes in length． Identically sized protected DN A fragments were detec- 

ted with botb BanII—XhoI and BglII—XhoI probes， dem onstrating the validity 

of the Sl m apping techniqu e． This would position the 5 end of the RNA at 

approximately 570± 10， 3O一 4O nucleotides upstream of th e AUG initiation 

codons for the 83一and 34一residue polypeptides， respectively． These results 

indicated that at least tWO early RNA transcripts were m apped tO m trII and 

were expressed in lyri cally infected cells． 

Com parison of Transforrning A ctivity of Tow ne m trI1 

w ith the Colinear Fragm ents in H CM V Strains 

A D 160 and Tanaka 

A com parison of transform ing activity of m trII from H CM V 日l rains Towne 

and Tanaka as well as the colinear 2．2 kb X baI—Bam HI fragment from strain 

AD169 was carried out on imm ortalized NIH 3T3 cells(Table 2)．The results 

showed that corn pared to Towne， the colinear regioll in AD 169 had the sire liar 

transform ing activity
．

The hum bers of large foei， p reyiously shown to cor— 

relate with turn origenic potential， as well as the colon efficiency in 0
． 3 

agar were sim ilar for the Townc m trlI and the AD 169 2
．
2 kb fragment． Bv 

contrast， Tanaka mtrII showed 25 of the overall transform ing acti vity and 

only 4．3 to 5．5 of the aetivi y for large—focus form ation
．
Evidence of tbe 

importance 0f the uuique BgifI restriction site within Towne m trfI is show n
． 

The restriction enzym e BglII cuts one 2 within Towne m trlI speeifieally at 

uucleotide 36 within the 79aa ORF
． Dishes transfeeted with BglII—digested 

Towne mtrII showed a 56 reduction in tra asform ing potential compared to 

intact Towne m trlI． 

To ascertain what may be responsib】e for the differences in transform lag 

potential， sequencing of the Tanaka m trI1 was carried out and com p ared to 

the published scquenee s of Towne m t rI1 and the colin ar region in strain 
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T able 2
．

T r~n sform tag potential cf HCM Y mt~I1 established Nlit 3T 3 cells 

袭 2． HCMV mtrⅡ 区对 已t立的 N1H ST 3绷瞳的转化性雌 

t：由2个分开的宴验所获的每100mm直径培养皿内转化灶的平均数值。按过击所述方法[1】， 应用15pg量 

每一种HCMV的DNA与5Bg量蛙鱼睾丸DNA(载体 )联台转染NIHgT 3细胞。48小时后．细胞 用 胰 酶 

消化．并以 1比 3比制作分离传代接种。 5至 6周 后，记录形态学转化细胞灶数。 转 化 灶 的 直 径． 

。L。；示大于2．5m } 。M 为1．5至2．5m ； ‘S 为大于1．0mm。 

h：细胞接种于 0．3嘶琼脂培养基中．细胞的接静数为 1 0~／60mm直径培养皿。 3至 4周后，记录形成的克 

隆数。克睡效率舰定为 (克隆数 ×100)／(接种的细胞数 ) -所示资抖为 垒 部被剜转化细胞系 

克隆效率的变动范围。 克隆直径大小： Mic ro(小 ) 为 0．1 0．25mm； M e e ro(太 ) 为大于 

o．5ram口NT：来到定。资料来自J aha n等[‘]。 

ADI69 c“． A comparison of the three sequeuees revealed that the only m alo r 

change in strain Tanaka eompared to the other tWO strains was a single—hase 

deletion at position 360 which led to a frame—shift and the truncation of the 

79 aa ORF
．
The upstream regulatory regions in all three strains were simila r

． 

ASSeSSII}~nt of Prom oter A ctivity of TOW nO m trII 

The 1oramphenico1 acatyItraⅡ5ferase(CAF)in oivo transient expression 

system wa s used to assess whether mtrII had prom oter activity
． The 980 bp 

fragment(mtrII)was cloned in front of the C T gene in both the positi v e 

and the negative orientations with ref erenee to the ORF． The data are shown 

in Fig．4． W hen cloned in the sense or positive orientation in front of th e 

CAT gene， Towns mtrII exhibitsd promoter activity that is alm ost 40一fold 

higher than the promoter—less CAT plasm id， pA10CATsM
．

In the negative 

orientation Towns mtrlI exhibite d negigible activity and was similar to the CAT 

plasm id． The d ata sup port our sequence anal ysis of this fragm ent， which 

indieated the presence of transe riptional control elem ents in the positi ve hut 
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not in the negatire orientation⋯
．

Furtherm ore， our dem onstration of early 

RNA species m apping within m trll suggests that Towne m trII functions as a 

prom oter and may encode 。 transform ing po]ypeptide involved in H CM V trans— 

form ation． 

Sum m ary and Conclusions 

Transform ing domains of herpesviruses have been m apped to sm all DN A 

fragm ents~ ’。’ ’ ． Sequence analysis have revealed the se transform ing dom ains 

to be noncoding，which would suggest no role for virally encoded polypeptides 

in transform ation． H owe ver， we have reported E‘ the Iocalizatlon and DNA 

sequence analysis of HCM V Towne m trII． In contrast to other herpesvirus 

transform ing dom ains， m trll was rotained in transform ed and tum or—derived 

ceil lines and was found to contain ORFs of 79， 83， and 34--． Furthermore， 

S1 analysis identified RNA transc ripts in cells lytically infected with HCM V 

which were large enough to code for the ORFs
． 

The significance of these ORFs was m ade hy com paring transfor·ning activl- 

tie8 of mtrll colinear regions in strains AD169 and Tanaka． In contrast to 

Towne m trIl and AD 169 colinear transform ing fragments， the Tanaka m trII 

had substantially reduced transform ing activity and produced significantly 

reduced num hers of focaI lines． Nucleotide sequence corn parisons of the ORFs 

in strains Towne， AD169， and Tanaka are consistent with the hypothesis that 

the 79 aa ORF may play - role in transformation． 

The current identification of prom oter activity within m trll supports the 

vivo studies which mapped the P1 RNA transcript upstream of the 79，83， 

and 34 aa ORFs and the P2 transcript upstream of the 83 and 34 aa ORFs． 

The demonstration of m trII promoter activity together with the presence of the 

79 aa ORF in the transforming Towne and AD169 strains and its absence in 

the transformation—defective Tanaka strain further suggests the role of the 79 

aa ORF in transform ation． Further studies with expression vector constructs 

containing the 79 aa ORF will be required to directly dem onstrate the role of 

the m ar1I 79 aa ORF in HCM V transformation． 
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】o。●t d 4；0 ⋯ 】eotide日 d⋯ 8t r 。f the BanfI 目jt e 

F g． 2 S0u￡h⋯ hvh T dlz4tion 0f XhHf—B4ⅡIHI EM -t⋯ 日formed R●I·2 tu帅 一de ri ed 
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