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Bovine leukemia virus (BLV) is a causative agent for lymphoma disease in cattle including cows worldwide. BLV
shares similar virion structure and characteristics with other retroviruses. The pol gene of the BLV genome produced
reverse transcriptase (RT) and integrase (IN) for important roles for BLV genome integration into host cell chromosomes
that is known to be coded in the 3' side of the BLV pol gene (one third portion). In this study, we have sequenced 978
bp in the 3' side of the BLV pol gene from BLV 10C3 in order to determine the BLV IN region of it. And we compared
it to the nucleotide sequences of an Australian BLV isolate. As a result, nucleotide sequences of the IN region of the
Korean-type BLV pol gene were mutated at a rate of 3.7%. We can confirm that the typical mutations are such as Arg
(AGG) — Lys (AAG), Thr (ACG) — Met (ATG), lle (ATT) — Val (GTT), Asn (ACC) — His (CAC), Phe (TTT) —
Leu (TTG) and Asn (ACC) — Asp (GAC). From the analysis of the sequencing data, we were able to determine the
zinc-finger-like "HHCC” motif in the amino terminus of BLV IN, that was H-X;-H-X,5-C-X,-C. It was also found the
DD35E motif in the IN catalytic domain as D-Xss-D-Xs5-E. It fits very well to the consensus sequences of retroviral IN

as well as HHCC motif.
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93 A ¥4 DNAC vpoleas ddshe ddas 7158
Zty QB T, S55A4E] DNAY E3E vlojgix
AZE FAANA @n S48 39S JYehi=d vis
DNAZ} £5 M3 RNA F3a4 0ol oA vpoleix
RNA®} mRNAE ZAt=o] FA8HA €ot. 39 vpolg|s
9] DNAE 5'TG$ 3'CA s 7KAe 222 Bol %
22l B 717e] &g YERET?,

upolg| {AATE SFA X FFETL U provirus
DNATE AMXEG %S 71AA @3 BAEE 2=y
SR vlolelx JAE AAEHA |k ol# X pol gened]
AL vpolg 2 EAo] oA S 98E ] Wi
o} B2 retrovirusY pol gene B7|AF0] BN ATH]
. 53] pol gene o} HEAQ EHE GUINEE ZH1
Aom o] Ko RTeF IN9 op|icil MG Hiolg2 &
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1. PBMC £2| % DNA extraction

£ A7E 93t BLvell #dE ez #44E 127189
oA HAE A3 A7 peripheral blood mononuclear
cells PBMO)E E3159 k. BLVE 83} Oncomavirinae’=
SFH X provius FERIE EAEL7] wliFe} BLVY HEH
FE ERIse A HA IyoE A AN A
PBMCE 22]3l3it}. WA, sodium heparin FEol &3] 10
ml®] fresh blooddll F%<] 1X HBSSE WY 50 ml Y2
golA & HL F, o]F 7 mlE 3 ml] Histopaque-1077
(Sigma) §9°] & 15 ml YA E T F2HE IS o]
3l A=A FF3RTh ol ¥ AR (2,500
pm/20 min)3t FH F7H| U= PBMC 2 2 ml 2o
31X HBSSE F ¥ A&% ¥ thA] f4Ee 3t PBMC
£ FAAHh

2. PBMC chromosomal DNA £&

Phenol/chloroform & W98 o] g3le] #2|3F PBMC
o4 genomic DNAE FZ3}13ith WA, PBMC7L £0] &
15 ml ¥4E-2] &) DNA lysis buffer (20 mM Tris-HCl, pH
7.6; 10 mM EDTA; 100 mM NaCl; 0.5% SDS; 200 pg/ml pro-

teinase K)& 718l A-2olA] @A widsiith thad, Al
71 43¢ FEo] phenolichloroform (50:50) £-4-& T30
2 ol & H& F 2,500 pmol M 3083 ¥ A8}
o AAAL A 15 ml FHO| B o] PN oA
phenol/chloroform©. 2 2] 8}3L chloroform (100%)% 2§
A& wheo] AAEE 3%tk €7 A4H AL RNase (10
mg/m)E M3 HFH o2 Hoj7 PBMC genomic DNA
9] £ Z spectrophotometer=. 21313 ch, Z242he] genomic
DNAE TE: buffer (10 mM Tris-HCL, 1 mM EDTA, pH 8.3)°]
500 pg/mle] FE=Z FH|S) 20T A3l ARSI

3. Polymerase chain reaction

PCR 9H&-o AMS-E primerE2 ¢ad dEE 2 A7y
BLV pol gene E¥F J99] GrIAE2 @4 dH9 pi-
mers (Table )Z4] 100 pmol/ul T2 ARE3ITH A185
PCR Wh$-8-99] A E-2 10X Tug DNA polymerase buffer,
40 mM dNTP, oligonucleotide primers (200 pmol’é] ), 2 unit Tag
DNA polymerase, 25 mM MgCl, di,0 % DNA 245 ¥3
st} MA) ¥HSANE 50 WE THE ¥ mineral oil (Sigma)S
3l PBMC genomic DNAE Ad E4d wal 7 %S
1.0~4.0 pgfreaction®. 2 ZAs}te] Fu|® pCR HhS-&-Ha} &
Z3}3le] thermal cycler (Perkin-Elmer Model 480)2 HF3-A]H
o} Wb cycle2 RS HHIE ¢35 95ColA 723} dena-
turationA]Z] F 95°CollA] 30%, S5CelA 30%, 72CAA 1+
o2 BT 458 HHEEgl o0, PCR DNAS] 94S 571 9
&} 72°CelA 1023 ¥H3-& A1) Denaturation 7782
Tag DNA polymeraseE A|€]¥k Ym|x] PCR ¥H-g-4& ¥
3R =d 580 FH3 § PCR-wbeE: oo Autel
WZ}A)A renaturations WA & Tag DNA polymeraseE 2
wnitS F7}5kd 387} pre-denaturation s 4 3J3IHTh wHgo]
Y PCR producti= 50 Wl F 10 W& AHE3] 6X loading
buffer® CI%F T3 2% Sigma (3:1) agarose geloll A A7]9 %
3t} PCR product®] 2718 #1337 A7 FEL 100 ml
agarose gel®l| ethidium bromide (10 mg/ml) 5 plE G2
UV transilluminatoro| 4] MEF ER1% & Fet2ol= &
(667)2.2 A& A3t}

4. DNA purification

DNAE AAsh= 48<S QIAEX I 4 #2Z kit (Qiagen)S
o] &35l m AwrHQl HAHL kite] AHAM ] wE} A5
o} Agarose A AolA Aol DNA HEE AF-R g 9
g3 27t Yo Atk o] DNA WE=9] FAS S5}
250 mg W] BHelA A FAI9 3ui7} = QIAEX IE ¥
gtk od7)el QIAEX I suspensionZ 10 pl 7}3lz 50°C
heat blockollA] 2083t viEAIZT) olw) 28 7HA O & vortex
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g A9 o8 dadEesle] (12,000 rpm/3 min) bead
¢ A3 DNAE HAA7|3, Aot HAE 500
QIAEX & go] Y941Ee]31a pelletoll 500 pl PE buffers ¥
o] washing& WHEsle Fed3lqith HFAH R dojx A
B2 F7] Axdle dA%] dH,08 2ol A2ollA vjeA]
A elutiond}$3ch.

5. DNA sequencing

Automatic sequencer®] A]—%—‘% $3t labelling reaction ther-
mal cycle HH&-& o]-838}9t}. WA reaction pre-mix® tem-
plate DNA, dH,0, Big dye, buffer, primer (PCR ¥H8-3} $43}
primer, 4 pmol/p)E %¥©] denaturation: 94'C/10%, annealing

S 50C/5%, extensiond 60THEOZ 253 WHESEIG ov]
pre-denaturations 96 C/30Z0lA F7}E A8t o] W
<2 unincorporated® dye-dANTP/dINTPE- A|A3H= WO
2 sequencing ladder DNAYE R0} 7|5l ARE3s)
WA, Sephadex G-50 (DNA grade)2 dH,09A Xt
3ol 3A1ZE £ F 15,000 pmoll A 38:3F AR EISIch
Sample2 columng AHE3] DNATF SephadexE EIA|A
collection tube®ll E$IT}. Sequencing fragment:= Speed Vac2
2 7x3d dH,02 5533 th 3]4¥ template DNA®]
Blo] A AWEAAQ formamideE H7FHAL 95CAA
283t denaturation A1, F714E e =TS A5 DNA
sequencer (Perkin-Elmer ABI Prism 3700 DNA analyzer)E ©]

Table 1. List of PCR primers used in this study

Primers Sequences Length
WBLV01 5'- CCCGAGCCACATTGGATTAGAAC -3' 23 mer
WBLV02 5'- CTGAAACCCTAGGTCCCGGAGG -3' 22 mer
WBLV03 5'- CCCAGTCTCTTCTGGTGTCCTATATGG -3' 27 mer
WBLV(04 5'- CTGAACTCGAGGGTCCTCAGATG -3' 23 mer
WBLV05 5'- CTTCTCCTGCTGGGATGCCAATA -3' 23 mer
WBLV06 5'- GATTGCTGGATGTCGGAGGAGGC -3' 23 mer
WBLV07 5'- AGCTTGGCTTCAACCTGACCC -3 21 mer
WBLV08 5'- GAAGGTGGGGTTCGTCTAAGTGAT -3' 24 mer
WBLV09 5'- CCCTACAACCCCACAAGTTCGG -3 22 mer
WBLV10 5'- AGCATCTCCAAGTCTGGATGGGC -3' 23 mer
WBLV11 5'- ACCCCCTTGACTGACAACC -3' 19 mer
WBLV12 5'- CATGACCAACAACGATTGC -3 19 mer
WBLV14S 5'- TTACCCATCTGATGATCGG -3' 19 mer

| BLV pol 2,559 bp .

RT IN
— —
WBLV07 WBLV09
— <
WBLV08 WBLV14S
m Positive Strand
I____l Negative Strand ) 698 bp
435 bp -

Fig. 1. Map of the BLV pol gene and the site of PCR for sequencing of Korean- type BLV integrase region. The diagram was made on
a basis of the complete BLV nucleotide sequences reported by Sagata et al. (15).
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WBLV] |WBLV| |WBLV] |WBLVI |WBLV
01~02| |03~04| [11~12] |07~08] |09~10
M123123123123123

Fig. 2. Preliminary PCR results with various primers for
Korean-type BLV pol gene detection. The used primers were
WBLV 01~02, WBLV 03~04, WBLV 07~08, WBLV (9~10,
WBLV 11~12. Lane M represents DNA size marker (0X174
Haelll digested). Lane 1 represents the PCR product using BLV
10C3 DNA sample. Lane 2 represents the PCR product using
BLYV 10C5 DNA sample. Lane 3 represents the PCR product using
FLK-BLV DNA as a positive control.
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1. 88 BLVY po/gene HES 9T PCR £[H 3}

Primer®] 9714122 BLV pol gene Ax% % (2,559 bp, Fig.

DE 422 DNA 4 Z2 739l OMIGA 20 (Oxford
Molecular, UK)S ©]83led AA3I3c). o|25E] oI pri-
mersE2 Table 19 Wehd vie} 2} BLVZE 7299€ PBMC
°} DNAE PCRE o A48 717+ primersd PR W=
o] A7) WBLV 01~02 (= 7] 618 bp), WBLV 03~04
(716 bp), WBLV 05~06 (555 bp), WBLV 07~08 (698 bp),
WBLV 09~10 (529 bp) 5°]™, ©] % WBLV 05~06> WBLV
11~12 (607 bp)= A3 3 Ado] AWHE F pri-
mer WBLV 10& WBLV 14S2 th3l)5}% =) primer WBLV
099} Z3stod ARE Y Al BHEo{X|= PCR DNA =9 3
71 435bp7t H AT} Fig. 1).

B AFola ARRE 8 BLve #EE 4 PBMC
sample 10C32) BLV provirus ()3} BLV 10C3)24], IN 94
& XE3H= BLV pol gene ©] PBMC2 chromosomal DNA
of Exjgtt}, wetr =8 BLV pol gened] AR E= A
718 primer setS AME-3F PCRE 8Heldh <= ATt (Fig. 2).

3P Y BLV pol gened) 3 PGl EAstH A pol
gened 379 19) AVIE HH3E IN F3AS PCRE 4
Z3I30T (Fig. 3). ©1& $3) AM8-$ PCR primers® WBLY

| wewor~08 | [ wewos~io |
2 34561234586

M 1

Fig. 3. PCR results for Korean-type BLV integrase gene by
applying primers WBLV 07~08 and WBLV 09~10. The band
size of the target DNA"were 698 bp and 529 bp, respectively (A).
Reamplification results of the PCR DNA showed a single DNA
band (B). Lane descriptions: M represents DNA size marker (OX-
174 Haelll digested). Lanes 1~6 represent BLV 10C2, BLV 10C3,
BLV 10CS, BLV 106C6, BLV 10C7 and BLV 10C8, respectively.

07~083 WBLV 09~102.8, o]&o] th5o] U= DNA W=
o] A71E 747} 698 bp ¥ 529 bpel® BLV pol gene o
IN 99& S8 A3 3ich Fig 3A% 98] 7HX] PBMC
chromosomal DNA (10C2, 10C3, 10C5, 10C6, 10C7, 10C8)E
o]-&3ld olE primersE A 1 YojAE PCR ZFo)
o} 74 AoiA 27719 DNA GHE s QIAEX 1T &
FZ kit (QiagemE AME-8lo] DNAS AAE & ohA] 4
primers& A3} PCRE & A3l Fig 3BOIA BE AR

BLV IN $-##ke] @47149e 238l 9= 27199 S3ig

-58 -



5 - | CATCCAGCAA TCTTTGTTGG TCATGTCCGG AGCCACTCTT
CAGCATCCCA CCCTATTGCT TCCCTGAACA ATTATGTAGA
TCAACTGCTT CCCTTAGAAA CTCCAGAGCA AﬁEEEXﬁ@E?ﬁ
CTCACCCACT GCAACCCTCG GGCCTTGTCT CGATGGCCGA
ACCCACGTAT CTCTGCCTGG GACCCCCGTT CCCCCGCTAC
GCTGTGTGAA ACCTGTCAAA AGCTCAATCC AACTGGAGGA
GGAAAGATGC GAACTATTCA AAGAGGGTGG GCCCCGAATC
ATATTTGGCA GGCCGATATA ACCCATTATA AATACAAACA
GTTCACCTAC GCTCTGCATG TGTTTGTAGA TACTTACTCT
GGAGCTACTC ATGCCTCGGC GAAGCGTGGG CTCACCACTC
AAATGACCAT TGAGGGCCTT CTTGAGGCCA TAGTGCATTT
GGGACGTCCA AAAAAGCTAA ACACTGACCA AGGTGCAAAC
TACACCTCCA AAACCTTTGT CAGGTTTTGC CAGCAGTTCG
GAGTTTCCCT TTCTCATCAT GTTCCCTACC ACCCCACAAG
TTCGGGGTTA GTAGAACGGA CAAATGGACT GCTCAAACTT
CTTCTATCTA AATATCACCT AGACGAACCC CACCTTCCCA
TGACTCAGGC CCTTTCTCGA GCCCTTTGGA CTCACAATCA
GATTAACCTC CTACCAAATC TAAAGACCAG ATGGGAGTTA
CACCATTCAC CCCCACTTGC TGTCATTTCA GAGGGCGGAG
AAACACCCAA GGGCTCTGAT AAACTGTTGT TGTACAAGCT
TCCCGGGCAA AACAATCGTC GGTGGCTAGG ACCACTCCCG
GCCCTAGTCG AAGCCTCGGG AGGCCCTCTC CTGGCTACTG
ACCCCCCCGT GTGGGTTCCC TGGCGTTTGC TGAAGGCCTT
CAAGTGCCTA AAAAACGACG GTCCCGAAGA CGCCCCGAAC
CGATCATCAG ATGGGTAA -3

Fig. 4. DNA sequences of BLV 10C3 integrase region (3' side of the BLV pol gene). The first codon for BLV integrase should be

located in the region of the boxed area.
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BLVS] IN2 Gag-Pol polyprotein (pr145)2. 258 retroviral
protease®] Z7FEERE- 02 HutEo] 117] wjEof A
ZHoZ o]9] DNA D7) EL pol gened] 3' FHo &3
9, wpeba 2= BLV 10C3 pol gene] 3' B H9) 4714
& ZATA IN F17) Adste 729 d7IMEE 4
Aatglth. &, primer WBLV 07~08< ©]-8-319] 698 bp 7]
9] DNAZ €€ F U129 primer WBLV (9~10& ©]-83}
& 529 bp 7|2} DNAE €& 5 IStk ©1E DNAE &

7} sequencing 31 2™ IN AT FAE = 978 bpe
A7INEES AT F YT o] W F=F BLV 10C3 IN9
C-terminal F-#2] 97]44-& TAA (=UAA)EHE stop codon
& AT RN HYs 2T ¢ e, 5 BLV
IN9| N-terminal®] A2} 222 H&3] AA3]7} o2t
sivksld BLV IN2| AL BLV BAA] pol §H217} poly-
protein FEHIZ HAE F wEojx]7] o, gRtxo=z
WA FYehs FAAY Al%to] ATG (start codon)E A%}
2] 7] wjEoltk 1 A= Fig. 400 A= e vkt
Edaa
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R, Fig. 4] AA|E DNA ¥7|M 49 588 (& N &
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AsnProThr6lyGlyGlyLysMetArg ThrlleG1lnArge61lyT Trp
AACCCAACTGG6GAGGCGGAAAGATGCG6G6ACTATTCAGAGAGGGTGG
LysG6GlnPheThrTyrAlalLeuHisValPheValAspT ThrTyrSer
GlyAlaThrHisAlaSerAlalLysArg6lyLeuThr ThrG6G1nThr
GG6AGCTACTCATGCCTCAGCAAAGCGAGGGCTC CACCACTCAAACG
ThrIleGluGlyLeuLeu6GlnAlalleValHisLeuGlyArgPTro
ACCATTGAGGGCCTTCTTGAGGCCATAGTGCATCTAGGTCGTCCA
LysLysLeuAsnThrlAspgp6GlnGlyAlaAsnTyrThrSerLysThr
AAAAAGCTAAACAC(G6GACCAAGGTGCTAACTACACCTC CCAAAACTC

AAACAGTTCACCTACGCTTTGCACGTGTTTGT

AlaProAsnGlulIleTrpG61lnAl
GCCCCAAATCATATCTGGEGCAGGC

AA
NS
NS
AA
NS
NS
AA
AA
NS
AA
NS
NS
AA
AA
NS
NS
AA
AA

NS

AUS
BLV
BLV
10C3
AUS
BLV
BLV
10C3
AUS
BLV
BLV
10C3
AUS
BLY
BLV
10C3
AUS
BLV
BLV
10C3
AUS
BLV
BLV

10C3



PheValArgPheCys61n6lnPhe6G6lylleSerLeuSerHisHIis

AA
NS
NS

AA

AUS
BLV
BLV
10C3

TTTGTCAGGTTITTTGCCAGCAGTTCG6GAATTTCCCTTTCTCATCAT

Val

w0
Saa8
=@amS

6lyLeuleulysLeulLeuleuSerlLysTyrHisLeuldAspGIluPTro
G6ACTGCTCAAACTTCTTTTGTCTAAATATCACTTAGACGAACCTC

AA

NS

AUS
BLV
BLV

10C3

AA

HisLeuProMetThr6G6lnAlalLeuSerArgAlaLeuTrpThrHis
CACCTTCCCATGACTCAGGCCCTTTCTCGAGCCCTCTGGACTC CATC

AA
NS
NS

AA

AUS
BLV
BLV
10C3

AsnGlnlIleAsnleuleuProAsnlLeulysThrArgTrpG1lulLeu
AATCAGATTAACCTC CCTACCAAATCTAAAGACCAGATGGGAGCTA

AA

NS
NS

AUS
BLYV
BLV
10C3

AA

HisHisSerProProLeuldlaVallleSer6lubGlyGlyGluThr
CACCATTCACCCCCACTTGCTGTCATTTCAGAGGGCGGAGAAACA

AA

NS

AUS
BLV
BLV

10C3

ProlLysGBGlySerAspLysLeuPheLeuTyrLysLeuProt61ly61n
CCCAAGGGCTCTGATAAACTC CT T TTTGTACAAGCTCCCCGGGTCAARA

AA

NS

AUS
BLV
BLV

10C3

AsnAsnArgArgTlTrpLeutGlyProlLeuProAlalLeuValGluAla

AA
NS
NS

AA

AUS

BLV

BLV
10C3

AACAATCGE6TCG6GTGEGCTAGGACCACTCCCGG6CCCTAGBGTCGAAGCC

Ser6ly6GlyAlaLeuleudlaThrAsnProProValTrpValPro

AA
NS
NS

AA

AUS

BLV

BLV
10C3

TC66G6GA6G66CCCTCTCCTGEG6CTACCAACCCCCCCGEGTGBTBBEGETTCCC

Asp

TrpArglLeulLeulLysAlaPhelLysCysLeulLysAsnAspGlyPro
T66CG6TTTG6CTGAAGGCCTTCAAATGCCTAAAGAACGACGGTCCTC

AA

NS
NS

AUS
BLV
BLV

AR

10C3

GluAspAlaHisAsnArgSerSerAspGIly=z=xs=*

AA
NS
NS

AUS
BLV
BLV

GAAGACGCCCCGAACCGATCATCAGATGGGTAARA

AA

10C3

Fig. 5. Comparison of BLV integrase DNA sequences between Korean-type BLV (denoted as BLV 10C3) and Australian BLV

(denoted as AUS BLYV). The first 4 boxes (double lines) is the location of "HHCC" motif in the BLV integrase amino terminus. The next

4 boxes (single lines) is the location of DD35SE motif found in the region of carboxyl terminus of BLV integrase. Among them, a thin
lined box represents putative D in DD35E motif. The integrase sequences of the Australian BLV was according to Coulston et al. (3)

published as an Australian BLV isolate.
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A2 4 dekn A

gtk E3) o] H9]ol retroviral pro-
tease®] 714 A ofvjx

APl 2424 ofr) A} (Phe, Tyr,
Tip)® ZSEH (Gln) 52 B714 o}t (His, Lys, Arg)
So] Bo| REaAE A& e Lohe +1 bpol A +114
bp Abldld IN f3ate] @714e] A2 olek AR
.

3. =8 BLV integrase REX HIIME =3F

BLV integrase {RXA E7(MEQ H|m

@58 BLV IN 2ol @714 d 543 o] ofm|x4t
AMEE golrr] $std Z2Ad B7144 5 978 bp)el 3l
FEE DNA 9714 E 2 o]9] opr|iit Y-S 559 BLV
pol gene (Coulston et al., 1990)3% H|3}H T} (Fig. 5). 2 23
=3 BLV IN f-AAAE HEQHE T3 5 367)
9] 4717} X350}, 36 - 978 X 100=3.7% SIH] &L 1B
oJZ9ich =, 323 BLV 10039 IN f-1Ae} 3% BLV
IN 822 G7INEL 96.3%9 E2 AL BAFA
o} olgfgt X v 52 o) Ryd o Fo 5
BLV9| pol gene Sl &<l 201%~4.02% (BT 2.9%)<}
o9 23S BAFh

53 2 e HEdHel: AR oz 67)9] ojuliebe
XAAZ7] 7o =3 BLV 10039 INS 553 BLV
INZ B3] & o F 67]9] ofv| At A Ho] debA QUiTh
%, 5% BLV INoIA| 2HEE Arg (AGG) — Lys (AAG),
Thr (ACG) — Met (ATG), Tle (ATT) — Val (GTT), Asn (ACC) —
His (CAC), Phe (TTT) — Leu (TTG) 2 Asn (ACC) — Asp (GAC)
2 73 BLV IN FaAAE vpo] JIRSS ER1g ¢
AT o]E9 WIE F v ZAE| BYE Ag —Lyse @
7174 AA7Y G714 AAR T12]1 lle — Val2 9] ®ishe 22
HSA AW AAZ 9] Wisglo]7] wiFe] FHE= 29
2 ¥3E FA= FUch AT The — Mets= =74 AA7L
H) 5/ ALE AAR ] Wslol™, Asn— Hisv 54 AA7}
G714 AAZ, Asn— Asp2 T4 AA7L A AAR WiEE
A2 Phe — Leud] 7% WaFH AA7}F HISA A= AA
2 A @ Aot} F o]l AdE =3 BLVIL £
% BLVS} 2+ BLVOIA R W] A%2 fejuete
A9 BLVE AZE 3102 AlgEAth

4. =8 BLV integrase® HHCC motife} DD35ES)
a3

23 QUIMEE oA AER HEAA B3kE o),
=3 BLV INIIME EE retroviral INOIA REES] Qe
ERR opu)iAbE]]l olvm TR zinc-finger-like
"HHCC" motif’} A=A Fig. 5, ©1% box). ol& EE
retroviruses®} transposon = YA E transposable elements©l]

733lAl BEFS] U= motif 2 IN9| Ao TrAel 94
olt}t), ut o] motifel] EAWe]7} dojupd Fr)Ho|
BrPssta] dlelel29] in vivo BA7F dojux] et
oo ZAtd 323 BLV INS| HHCC motifoll A& 3] 2]
3} S|2E e Alojol] 37]9] ofu|:=Ato] EAst A|AE|
A3 AJZ=EIRIQL Alololl= 2709] ofr|isto] EAEkAL QUKL
ok 28aL S 2E W A2HQY Ags 25749 obw At
o2 "Holx gt} o|AL 5FY BLVY INMAME vl
7HA e, o]2A 98] BLV IN®| HHCC motif’} H-X-
H-Xp5-C-Xp-CHE 31T ¢ Ak giHr o2 s 2g|a
A&E91Y] AglE 23~32 AAY A2 2 A ded 3
I3 BLV ¥ 333 BLVIAE 25AAY S ¢ 7+ UUTh

W3 INF transposases?] EHZ motife] "DD3SE"7} 27
At} Fig. 59 FAE solid boxE). IN Ev] 45999
A olm At (DDE)EL ¢ibdo] ¥ES-& Fvujgle=
Rez 4Ex dedY, =3 BLVE INoIA 2l DD3SE
domaine D-Xs6-D-X35-E2 HERT) 8H2]39F BLV 7% Asp
7} D29] RN 39WAl AA HA] E EAE) wi
BLV integrase2] DD35E domaine D-X-D-X35-EQ %= L
tha AFREF AT SRR Uyl IN9| DD3SE domain®]
TAL D-X(39-58)-D-Xa5-EO)| 1419w £o)) ool T3t FAl=
F5 AgGHAAAk & Aot} o] & FFE BW oW
ZANE =% BLV IN®| 971492 5538 BLV IN 99714
E7 96.3%<] homologyE Ho|HA o= HEQ Apo|&E 1t
e gdeu ING &4 A BEeAE
(HHCC motif ¥ DD35E)y2 7 7449} BLV (353 2 &5
B) ZFA 2 2EHY S-S & 5 Uk

AR 2
E dFE 200085 At HjA}F AF7|FoR o] F
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