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PREFACE

I am pleased and honored to write a few words regarding this book. Since tHe
discovery of reverse transcriptase in 1970, retroviruses have played a fundamental role
in modern molecular biology and medicine. TFirst, basic principles of molecular biclogy,
have been illuminated by study of these viruses. These include identification of mRNA
splicing, proteolytic processing of proteins, and enzymes involved in integration of viral
DNA. In addition, retroviruses have played important roles in the development of
biotechnology. Retroviral reverse transcriptase ‘is the enzyme used in molecular cloning
of mRNAs, and retrovirus based vectors are the most commonly used tools for stably,
introducing genes into cells for gene therapy.

With regard to disease, research in retroviruses .has also been extremely important,
First, study of retroviruses led to the discovery of oncogenes. Subsequently, it was
shown that activation of oellular proto—oncogenes (the progenitors of retroviral onco-
genes) is a eommon occurrence in cancers of all types. The realization that cancer
cells undergo genetic changes as they progress (activation of proto-oncogenes and loss
of tumor suppressor genes) has been one of the important discoveries in meolecular
medicine during the past decade. Secondly, two retroviruses are associated with disease
in humans: HTLV-I and HIV. HTLV-] infection can lead to adult T-cell lympioma
(ATL), while HIV is tHe causative agent of acquired immunodeficiency synirame
(AIDS). Given the importance of cancer and AIDS, it is clear that research in retro-
viruses will continue weli into the twenty-first century.

This book comprehensively covers all the important aspects of retroviral molecular
biology and pathogenesis. Faculty at the Shanghai Medical University have carried out
excellent research on a novel mouse retrovirus system (TSZ) derived in China over the
past thirty years. I have hal the pleasure of collaborating with these people, princi-
paHdy Prof. Zhehg Bao-fen, over the past ten years. It has been rewarding to watch
and participate in advanced molecular biology and cloning experiments on SRS MulV,
earried out at the Shanghai Medical University. The laboratory excercises included in
this book reflect the experience of the primary author in directing molecular research
on retrovir;,ses, and the)'r should be possible at many universities and colleges through-
gut China, Thus this book provides an excellent theoretical and practical introduction
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to the very important field of reirovirus research.

Hung Fan
Professor of Virology and Molecular Biology
Director of Cancer Research Institute
University of California, Irvine, U, S. A.
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g% RNA pih s

g8 B it

MEEEENSTERETHE EARED WMEARTZENERBYREHEM,
FEEEMAP B, IMERAAEFTERMBMNAERBYTREWARTE, EEK, MEDRESY
RS T YRR R R, 52T R B R MR AENHE T Fe AR R RN S E
MREENEZEFYE(BEEREI.EZEUELSYR), 9% R84, XEHEE
BATHamERA, HEEER(FEER)ETRBRERGEER), 3 BMRERE, HhRE
BR-BAFEMFENBREYR, BRI IUAR BOEERTIUHATEER XL,

YR TR v DNA E# 45 RNASREN K, DNAWREER 6 28, WTRMA
# (hepatitis virus) @R 40(simian viruses 40, SV40), £ &% # (polyomavirus), §,
SRR B (papillomavirus), JffR 3 (adenovirus) JEBHRFE (herpesvirus), RNA J5 3z
A 9 2%, Bl/» RNA 5 2 (picornavirus) , % fips 5 (togavirus) | IE ¥R & (orthomyxovirus),
Bk B (paramyxovirus), #IRFE (chabdovirus), TRHK #(coronavirus), B hi i ¥
(arenavirus), b B 835 B2 (reovirus) Fil 30 55 55 95 B (retroviruses),

SRR R U FR Y RNA RS 8 (RNA tumor virus), B E ( leukovirus)ik
3¢/ RNA 53 (oncorna virus) , i RIS LM 47 BT RNA #y DNA L8,
BY 30555 R, O N W SRR

—. HEREENRN |

1908 4¢, Ellermann 1 Bang %5 3 L% &) %% T4 JL v 0o A B9 78, R T AR
41 Ji1 4% 1 1 9% (myeloblastic  leukemia ) I % 41 40 4 £ 5E (erythroleukemia), 3T 9 &
BORR SR BEERY, 1911 48, Peyton Rous Bf55H R ¥EXS WA, & I1X R 9 To 40 M 98X
RS RNE, xR, S A AS YRS LME, Hik, Rous BAERM TR
WA E, T 1933 42405 & ¥ B /8% # (avian lymphomatosis virus), 1936 4,
Bittner R HABBANE T, FANHE HETH RNA Jlm#E, 19514, Gross f;
AKR B R/PRE XEAMFHANTARBKESS CGHEXRAL R, B XK TWEY
153800 B AR 5 B R 300 3 T 51 /D BB L, X DU BRR B B M RR T
RH#EER, ‘

Temin J* 1964 FREBR PR DEEIH X ARB RN K, WR W KDX DNA &
AP B, N A REI S RNAFRMEH? XU RNARENEREA BT DNA K&
BRACHE . Bk, Temin 42 1 T DR R B, I SRR RNEE, FEIER DNA B
Bt 3R DNA MER RN B T HMRER -, 00, 1 DNA # %R RNA, ZRAH
AR BAHEDHMHTHILRENRE. X—2RYSNRECTREZMER, B
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HANMPERERLENEFE, POoBWAY, BEE -FRHEES RN DNA K
BB RE), BAH TN mRNA, B\ mRNA 884 048 5 0% & 5T, HW PR 3k DNA
—~RNA—-EH K, %8¢, AIZHO0EKEE, WA EMR RNA 5% 5 DNA R TH#
. —MRE RNA SRR S, BN B S0 %M, HR%d DNA SRH B, XY
AR ESRAZERREEZ —, B, 78 1970 45 LLRT, B 25 {0 O0R — Fi B %,

BUE, A AR TN DNA &L M2 Y 4 2B C LR ¥ 2 D, WD i (o ode gz 7
DA 5- B BUR T 8590 5 R T DNA &R 5 # 3%, L AEBH - ¥4 o # W
FH,MATHRI A RNA 3 MR, X300 05 R # A A E-E TR DNAK
ARAE,

1970 47, Baltimore ] Temin F§ 4528 8 7] Bt 2 B0, 76 ¥ 54 532575 28 MUBr (Rous B 98 ) sh 75
TEH—FHAELL RNA G4 IR DNA (8§, % RNA 3351 DNAZRE,iE5 T RS
BTG R W R B R N R B — IR, O 0 5 R A B PSR AE T A Yy b2 B , Y
HIBTE RNA 43 T iy {5 B LIS 4 DNA B3 F, Jbbh, BE R MEER DX HHRER
Bio BP IS T 242077 ¥R T 440 0 B L 40 B o 10 B AL P DNA LB JRR 3 40 0 o LR B
DNA # B §uti,

RN ERAUE RNA R REOE IS T RS T H0osm, 3tEXTIE 5
BAE(S BT LK RNA 43453 DNA 4 FRIBRBRET S8 MEER,

=t 2 30t B TS

P 0 SRR B LR B A5 2, R Y e M B B, R A — R S RN (8 1-1) 38
B4 RNA £ 60~T70s j " B4k E &Y, MRAMRAE R4S, 5 8% B b, 3 g
ERBERE. BRARTENENE, TEKIBEREHHIBEARAR. LAGES
ISR PR RERARE S RBENELWERE, I sas HBELGHZEHER, Pol
WBYUHRE, eov REORES, FERERRENX 3 M EE % 5/-gag-pol-env-3/
WIFHFl. ZESY M P.PPflep REBAR. BEEMBEL, BT S FRIRER, K
Bitk ZRE S (polyprotein) f Pr 327R, S AkMIR B YT R I3 £ 5K, 130 PP 125053
FRRAIB LS gag By, 4-FRY 12X10%, JL5b, HEMRIRRE RS K
(oncogene) , 7244 Py B 51 A2 iR , 70 (R AP BE S B G B 54k

¥ 1-1 HHRGEBTMNSE

¥ KIHH LB RNA(60~708), mHRTEREARS &M (m'GSPPPYNmpNp), 3%
(ROREFRIL, MM BEEFIRNA SEHARERMNESY

EHR H60%,828 AN BLEHELN,pol HYHERE, env H BB

iEE #135%, REMMB M

i 4%, H5euv BEHES

MELZER BREREEN 1.16~1.18g/ml, EiLA s H 1.16~1.21g/ml, 383 mM , 2EH A
&I (56°C , 30min )M, 3 B SME R X SR B

pi ot 2 ) RRFERRE (AR 80~1200m), TEMEE R (HEZ snm), AEEHEBELELSY

MBELEN T EEREREHL)

TR BT RNA KEUR DNA KL BB, SR B,
{1 5512 Bk DNA hEIREG AR, o I B4R 8 ATERR, ( BB 4T 503 4 45 31
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OB A TH R (U T AT Y TR 4K DNA th, LIS M B8 0 7 SR (R T
). PAHTRT RNA KA KL A RATH LIS 1-1 %7,

8ag pol env

Cap M]upem = e R .Y
- B3g pol " env
ar~ LW i

B 11 —IEEREERE( L) MM SRR ECT)

A RERREE LML, B 60% ~T0%EEE. 30% ~40% 5K, 2%~
A% MRMY 1%RNA, HiFRBBEMOEEE ARE, RETRNEEKEHE ET
PR,

TRE 5 R B IO TS B BN A A T 02, AR, B A A BRI
B, EATFATLRESHFRELEASWIRRET Y. BB RR RN KT
BRI,

(—) RBEHTAHELANLIEEIKE ORISR S £

W F R BB (retroviridae M FE i A& RNA 3£ H 4171 RNA 48 DNA £ R #5
ST W R RE, ARIE D R R EOR SRR VLIRS IR SR 4 3 AR,

1. MRRBEA. GFEFHRERREE SRR TR MIIAK T Al
B R 1 2A [ B (HTLV- [ F1HTLV- T ) A4 2151 AR A Tk e 43 & s 5% 5 41
L L o

2. 1@F5 8 (lentivirus) WAl 1218 1k B , B I0 A28 % 5 BRI 38 1 B fi 2 B (HIV-
1FIHIV-2)ZE AT B2 30175 (AIDS) s Visna 35 2 T 5| A2 45 3 1 4 43 08 TR e 0 A
8, T 4% Yo v Y ML BE(ETAV ) 7 51 48 1 3 10 48 )i

3. W IRREE(foamy virus) R}, 78 A ST o 51 B35 1 VPR A ML BUBCRY , (6L 0%
FEIE A5 AR AR 3h W B

(2) RBERZAEOVESL

W BFBEN LT BIEI, RSN, SERE U R R R K
TFRIMEZASEHER, EWUKSHHHEZIRE—RBRBLEW, HBY 100nm, FE i (core)
S8 (nucleoid), ShAER, SR MR B PR AT RY . BIBENKIBESEH
AR EEAR RO E, BRRETAN SR RREXLTAR4%, WA B, CHID
LR

1. AREUR, ARBUR RRSRPITBR, BRI P St T A R
Wk B 4 60~90nm , A i TR FH AL, SMNEWFE, BRI OB X4 P R4
FRHFRHBR, MAERE LT C R DASR 7= 4 40 i » 4000 A A BUB0R A B &U/N
BT RR B (MMTV) AT,

9. BEIGE. BEBRMMBRERMMTIV, XHEREHNBENHAY 1% T,
— 4 BB e B SRS SURE U N BB L, AR Tonm, MREE A KT RY; 8
IR RIS R b T BUR 2, R O M T AL BB , B4 125 ~130nm,

3. CRPFE. EAPAEMNASENEFRER CH XT3 T L E A
BTG AR, —MNAEE R MIR PR B, FABUR B 4 R A M R 2 i

. 3 []



&

(vacuoles) ,7¢ IRt , B S EV: OR B W R B T RUEH AT IR L. BRWR
B SEETRYIBELEREREREXEEOE. MERRRE, HLRKY, Al
F AU L, MR E LRGSR, BERIARSER, Hi 80~100nm, 2Rk
MR TEENBELOCRRBCRBR R OEEMNBTHE B L (RARCEE
B), ABEILEIEBAETRY ., CRUBUR Ay EAMER R P AR AR LA I 5

BB rp A s U s 3 AR » S0 P R 40 RLBR 1Y R ' Y
4. DEFR, DRBR AR Mason-Pfizer FiRB(MPMV ) LT BMEAMB WA,
PR B REYLERREANVBREHFREN, HAEATBRCREME, #HHaEHND 5

B, DRUERE G P R RSN R, 4B BB B3R R, H R 60~95nm, 25 I 1 1T AR
Kb, 2 e R 2 D KUY o 40 B P B AR B D BBORE, H 4R 100~1200m, 7 fhCoVESE (2 T BUE
By2E%, 34 1 B B MMTV 45 # £ I 5T RY7,

BHERRBHEERAE 1-2~5,

W12 FHIZIRSOBIERLERS
(B]E Gallo RC, Jay G. The human retroviruses. 1991, 22~24)

¥ ERE—-NNEBRANES TRMRERER, ANRHNALSE, B~EXB MMTV)
F~I}C ﬁﬁﬂ(MuLV),J~M?9Dﬂmm(1;1;MV) 2 BRI .
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m 1-3 HTLV- BLV Jmﬁ
(B’IEGallo RC, Jay' G. The human retroviruses. 1991, 22~24)

B A~C )‘9 LFElmﬁﬁ#(BLV) D~F % HTLV-1;G~I% HTLV-1I

'@ 1-& uﬁ*@fﬂ Gallo RC Jay G The human retroviruses. 1991 22~24)
#, A~C 3 HIV-1, D~F 3 HIV-2; G~IA4RERERS
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; Y A g e TR

B 1-5 HEERBHARRBTREE R OINBAED

(3|83 Gallo RC, Jay G. The human retroviruses. 1991, 22~24)
I A~OHERESREGER)ZE D~FhiaRE(RKIAE

Ry

(2) REFHIAEEHFBADHATHE R RERAISA

B EHFR RT3 R (germline) v 4% 3% R BB W4 R HIE
SMRHE SRR R, BHERRBNRELRENAENBREETEETERAR, MRt
BAMMREFETEESM DNA f IR R R R ERAESRIY P HB, I
LIBEEE TR —REBET—. RRERE— BRSNS, ENERBEPBRIEH,
FHIEMERREE, HERARD 3 AEEEE>Y, B gag, pol flenv, FFEEREDMIT
Y EEAKLDYDSE, BREACNSIRENHX, MRERERBREER
HREETRYESY R HUKPHERET NGB, MRBRPERELEF DM, 0
SAEHR I T RN N RN B, B IS B W B AR AL,

(W) REEHZHEGRLELAS A

BESHFFRBENBERE TSR EE. S BN EE RS, A%
REZRBREERIRBEARPEH, /D RFEFRSE /D R b &5, e
mk v sh inok RER H B4 Bk R IR P EH],, E R S A s W P B H RRERE H, X
HHAREKESEIRBEREE X, KEBUIMNEHRBERAEERNS. RRMRERRIRS
EERRBEEPRIRALEREH, ﬁﬁ%ﬁﬁﬁiﬁ%%ﬂwr‘%gfﬁlo RKEBAHE R
REERE R NSHEER BRI R ERAMS AR EHEERSME, X
B ERAmENREER RN R A, AR EANESK,

() REEHFTAZFHE LTS L

REPEFRRNERT RS KPERNEEERNA IR, BREERD
FAETF-BEL B SR ERBAR AN —FEERRR —EE, BERR
A (oS B — B, TE N H Al 1553, B KPR B A R N ERERR TR, R E e
B, BHEKBXFEREREMBEEERFATR, ENESTAPREERBL, 2R
REEY . AR REFRER TR, XELERERD, RETRLYE
HERR. BHENR, HEHE RNARKA,ENTRAM, 48K DNA, a4

: , e G .



Mk L, b, e Rt AR FAR R A RO B AR . etk feds, WEER
# U DNA WiR MR TR — BB H RN REBE TR, FREERE RS, KX
R — RO o B, T 33 15 1 A% S FT E a BAA» T 2 504K,

KPR, FeRERR AR RRREE AR E B IRRREALY) Y 8 (8
1-6)s ZEBEED,X 3 HOARNARRLE, HERAH  MASBAILKEF AR, S
R R IR, TR 4 Ak, X — 2 B AR B B 7™ A St ISR EESU R
538, WFE IR R & 2 P 51 AR AR T ILIE , JF PRIS IR BT R R 5 32, BAERE R, BT

R RAE B MR . XF S T AW R, 2K PR — SRR R EIKE.

JEmt,

M%ﬁﬁﬁ RNA
HXEHA A F1B T4H
ﬁﬁﬁﬁlﬂlﬁ
¥Remﬁ
EY
ﬁiﬁm ; WAL ? &
MIHHE RNA BEmT oA |©) §
DNA
LAEAMB FH l E Wi
@) @)
SR 1 W R
W32 TR 5
2B i TCE L

B 1-6 HEMHRBHOEETR

AN S MUK B (FeL V) R AR PR A R L R AR 5 R, HEBTRA, K
BB TR AR ER A AL, %iﬁ@#&%’&tﬂﬂiﬁlﬂl%?ﬁﬂ%@ﬁﬁ%ﬁiﬁ?‘ﬁﬁéﬁﬁwﬁﬁ
AR 52,

FREBL M ABH TR MMTV £ CH /N 5 R ILIRE. !WP BN BB thE R
FANR, MERRAETRE, FAERY AN, XS XNEE, TR BRI
MMTV AR EFEIFFEHEILRMER.

() REFHKRAEZEANSBERF ISR

RIEREFREERABERST, BHFHRETSNR 744, KRR EREBR ST
W

1. NEHE Y B & PR #E (mammalian type B oncovirus)4y

RAMRE, MMTYV,



. BRESBERTITRY, ROBEREL, RALGE—, FEESRR
R, EARFEREE(MA) 210X 10%P21;4 5% (CA) ~27 X 10%; B&K % (NC) ~ 14
X10%; ZEAHM(PR)~13X10%; env RERMBH P MIBES, NEEEEAGU)~2X
1032 B 19 (TM) ~ 36 X 102,

FEEH.: ~10kb, gag-pro-pol Fij env jy 3/ ¥ — WL E orf (THEE MRS ). 5149
tRNALS-3 5k $4 8 & B3] (LTR) ~1 300bp(U,1 200, R15, U,120),

D%y BTIASMRE T REER (BTN AR E RS, SRS T KM,
HXHAEER 7 SEASERNR LAY PRI, FOESEEERA.

2. R B MARHR #EAH % B (ML V-related virus) (W¥L304 C B3 4% R 2 41)

ﬁﬂﬁ%: MulV,

WNE: CHREAHBTREW R, b IABER L, 38 R0 e 400 I Py 35 0 2k
R, E[’:‘j}f&‘tﬁgﬁﬁazm><103;P12;2}{%z30x103;7}2‘&%2:10)(IOS;EE%:&MX
10 REBEH~TOX 10 FEBEH~15%X 1038,

HEEH, ~8. kb RAMAMMERE. 39 tRNAP( B BN K B R RNASY)
LTR ~ 600bp(U,500, R60, U,75),

St TEBREAK VBN FE WA Y P RN RS, FRAE
ALRERRE, SBESRANFELMEEFRRE. HERELENENTELHYH, 5%
FER, AENE. REMHERR MR RRE RS L, EaBRFE BRI
YRR A ERER R,

AIBX Iy 3 WIR, ERREFL30 4y C JA5 28 , 2L AR A8 LA I 28 \MuLV FeL V., 5 Y %05
ﬁ,ﬁ%ﬁemﬁfﬁﬁ\%ﬁcﬁﬁﬁ‘%cﬂfﬁ%‘%ﬁmﬁﬁﬁ;WRW&%&&R*@M&:‘E:
HB S FA PR AU RS R4 C R, 2R RG Il ss e,

3. D E R WE (type D retrovirus)zg

BRI L, MPMV,

% DEBAGABENRETRY S, FBR), HEHRYPERE B~10% 103
P18, R~ 2T X 10°; BR 75~ 14 X 10%; 2 1 M oh 5015 TR 9 ~ T0 X 10°, 22 78 13 ~ 22 x
10°%,

ERNH: ~8.0kb, FEMMME H, 3] 4 tRNALys-12_ LTR=350bp (U;240, R15
U.95),

S, B8 RS ASE ¥y SR 0k 7K T4 538 0 g U i e, SMRIEIR R 5 S G R
FRe RATHERRRA . HMRA G RIELIEFRE, Langur %5 (Po-1-Lu),

4. B CH 4575 (avian type C retrovirus) £

WL, ALV

R CRER, ERRPEREH~19X10%; P10; K& ~27x10°%; BRFE~12X
103;§amz15x103;—;§m#§§;az85x10=;§&E5z37x103,,

ERNM, ~7.2kb, EEAMBMEE. 314 tRNA™ LTR ~350bp(U,250, R20,U,80),

o i 1Y !E"FX%H-1§2*Fﬁﬁfﬁﬁiﬁﬂmﬂlﬁﬁﬁﬂﬁﬁﬁﬁo EHIXKE YR
FIRTF LRSS Y, 5%@%%&;@&%%@@5@@%@&%%, CHBHELE
WEERR. KRB H &N RRER &SRR,
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