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Biochemical Characterization of Human Foamy Virus Integrase

Seung Yi Kang, Soo A Oh, Hak Sung Lee, Sung Tai Han, Jin-Wook Seo and Cha-Gyun Shin*
Department of Biotechnology, Chung-Ang University, Ansung, Kyungki 456-756, Korea

Abstract — A bacterial expression vector for the human foamy virus (HFV) integrase was constructed and expressed in
Escherichia coli. By two-step purification using a nickel-chelated column and a SP-sepharose chromatography, the HFV inte-
grase protein of 43 kDa was purified to near homogeneity, and used to investigate biochemical characteristics of the enzy-
matic activities, such as endonucleolytic and disintegration activities. Oligonucleotide substrates were specifically and
efficiently cleaved by the purified HFV integrase in the presence of Mn *2 but not in the presence of Mg 2, indicating that
the HFV integrase is not able to use Mg *2 as a cofactor. Endonucleolytic reaction was almost completed in 60 min at 37 °C.
In addition, the maximum enzymatic activities were observed at 5 mM Mn *2 in the buffer of which pH was from 7.0 to 9.0.
The endonucleolytic activities were dose-dependently blocked in the addition of baicalein or chicolic acid which is a well-

known inhibitor of human immunodeficiency virus integrase.
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whollx] 2709] BARE AATELY o]a gL nlolH A Fof WpE

| ¥bgo 2, AR S vielz] A~ DNAC Mo g gg3ic,
3t integraset= ST A X2 DNAE A@ao® Aot &
AFS] FaxpE ddue 29 7MY ujEe|dolrt. th
L3014 integrasel= 2719] ato] AkE njolzi~ DNAS]
3k ojn) Bu} & HF AL DNAS) 5-ggte) T34
FHoxg AAAH. AAHA] &2 o]~ DNAS] 5-eke
MES] FAA Braasoel oste] @718E o]F4] X35 270
o] ato] AAF &, FAx B el 2ty o]u] B
AL AR 3-2ede] AAE] vlolgiA Fzk S8
o] YAIFT}

glEZnpo]#j A2 integraser in vitroolM 371A|2] AESHH
g/Jo] Qlrt. o2k E4d2 Hloje]A DNAS &2 44714
e 2= £ nIALS o] o] HHY 4 Ukl A,
endonucleolytic B4 2 £ Hlo]#&|A~ DNA £2] 474 de 2=
2 duplex oligonucleotide® 7|22 A8l DNAS) 3-dheh
o] 2719 #Aakg AASI} E4, strand transfer 4 C 2. inte-
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9} 22 Y&EH< A E duplex oligonucleotide®] integrase=
H71shd YA 0 F branch-S Zojdct. olgist &2
Wrlz o2 B S| nARS o] fsle] AYHor £4%
F ok

Q17 u|ulo] 8] A9 integrases H ol dfulo)#] A, Rous
sarcoma Hpo|#A 32 integrase”} @ol A-+E Ze u|s}od,
A2) Axlo] 9JA] 9btth. Pahiz} Flugelo] Blelg]ololr] w3t
QIZFEmulo) A integrase’} EAEAC] S HERE HIL
& olF, o] WA AF7F BHuER] @ Qe 3 Pahl
1} Flugele] A3l ARG G4-% NTA Z#HI Mono S HH
< o] g3t FAZH, FA 2 57} Wol, B]E0]A 2 nuclease
2] B4 wo) gFste] axel ulst st 5498 st
2] Bslar Qo B o= QzbEnulo)2 A integrase®]
Azletd 5248 A7) $181], integrase®] R3S HHY
Elol] E2d8}3, titollr] 2alslo] NTA Zgw} SP-sepharose
Ao g AA5l, v)E0]29l nuclease?] E4do] A AAE
FAE o]83]0], integrase AAEAIC) B EAS ARSI

gy

Alef 9 M=

g dlE A2 2 71AE ARMEE oligonucleotideE-2 Takara
(Korea)oll 4] #|2+5}5 e}, Pfu polymeraset Promega(Madison,
WI, USAxiM 78t #idtaA 2 T4 DNA polynucleotide,
T4 DNA ligase= New England Biolabs(Beverly, MA, USA)°]|
A Pt [y-2PIATP= Amershamelld] $21t}. Integrase
bz A9 BE AleFE2S Sigma(St. Louis, MO, USA)°]
I e =

e M=

Evulo]#iA integrase®] WEHE = PCREPHCZ A28k
o}, F32F FES sle] 53 Zof] FN(5-CAGGGTCCATAT-
GAAAGGATATCCCAAACAATATAC-3)3} 32 dt & FC(5-
GTATAATTGGATCCTTCTGCTGTTCAGTCACAG-3Y& 77|
primerZ AREsla, Eujulo)zjA cDNAQPHSRV)E template®
AMESIITE) 22 frixke] EdweE Haskslr) flsl,
pfu polymerase® o] &3te] #F-Az FEZ7|My Genie 96,
Bioneer)® FE316 T =Z ¢ DNAE Ndeld} BamHIC 2 #
2jatat, wlzl #6)8 pETI15b HaA#EH el Eate] Alzsiich
Az I e (pETHFIN)S] g ekst 47|1419S DNA sequen-
cing® 2 &It

ChiEo| FX|
Integrase A 2] A A= pETHFINS &3k g

[BL21(DE3)] @5 | &3I3itt. HaHE & iehe 475
100 pg/ml2] ampicilling Z3-5}t= Luria-Bertani v} =] ol A] ]
& 3] 3 %7} 600 nmell A 0.70] & dl, isopropyl-B-D-
thiogalactoside(IPTG)E #% F=7F 1 mMe] HEE H7ksky
Az Bt o uieksislt). AdEelEle] gAlE 2oy, 8
o S1[50 mM Tris-HCI(pH 7.6), 20mM B-MeOH, 0.1 mM
EDTA, 10% glycerol, 1 mM PMSE 10 mM imidazole]ol] &
gt & lysozymeS 1 mg/mis A H7Fsch AEolA 303 B
5t ¥, 5] NaCl} CHAPSE Z4zt rislol ¥ 557t
1M#} 10 mMo| HAIskI k. detlS 2537 144 71(XL2020,
Misonix, USA)S |48 dAE staisty, d2e F42 &
AL 4°CollA 40,000% g2 2083 BR8] integrase T
AL ke A g R stk e vlg] £
3 Ni-NTA column(Qiagen, USAYE $3}A17]11, 95898 S10
[50 mM Tris-HCI(pH 7.6), 20 mM B-MeOH, 0.1 mM EDTA,
10% glycerol, 1mM PMSE 10 mM imidazole, 1M NaCl, 10
mM CHAPS]Z 3-23] A5t &, &5-89% S109) imidazole®]
EEE Z7MA719A integrase T A Q) F2& F-E35130)
NTA ZHolA A5t integrase’= SP-sepharose Z&-< ©}-&3}
of F71AQ] AAIBIATE. Integrase® TF3H FE2UE 45§
ol $25-100[50 mM Tris-HCI(pH 7.6), 20mM B-MeOH, 0.1
mM EDTA, 10% glycerol, 1 mM PMSE 100 m NaCl, 10 mM
CHAPSIIA 52498}, nje] $8]9 SP-sepharose ZHES 53
Ak gl $25-1000 2 F73] Al F, $25-10000 NaCl
9] FEE Fo7HIM FE& REsISIT) BlECl3 nuclease’t
AALY XEortol2 A integrase 600 mM NaCl TH A &
=t} E#1% integraset= SDS-PAGE®}: Bradford assay®= ¥

et

71E NE W gl £

Endonucleolytic ¥+§- 7122 rjol#i DNAS] 2] 4714
75Ut 20 base-pair] o571 T WAFs O R B
Aalo] 7145 ARBIITE® 100 pmole) 2273 FV2(Us-
LTR, +strand; 5-ATACAAAATTCCATGACAAT-3)E 50 uCi
9] y2P-ATP(3000 Ci/mmol, 1 Ci=37 GBq, Amersham)Z 3}
ol 40 WS4 [70mM Tris-HCI(pH 7.6), 10 mM
MgCl,, 5mM DTTIelA 10 unit®] T4 PNKZ 37°CollA] 155
7+ A2lslsz, 0.5M EDTAS 5M NaCl 1 we F71shat, 120
pmol®] &2] 1734 FV1(U5-LTR, +strand; 5-ATTGTCATGG-
AATTTTGTAT-3)S 2& %, 383 100°ColA 7Hdstar dd
8] A18)1, HH8-4S Biospin-65 5|7, WHSHA] 9k& yPP-
ATPE AASIATE®

Disintegration /32| 3o AMSE= 71 AZRE V-2
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S T3 2o] AFekgitt 15merd] &2 LA
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FT1(5-GAGCAACGCAAGCTT-3)& $lollrst ¢ wio= v
AbeE EASEI, 33merd! FT2(5-GTAGTCGACCTGCA-
GCCCAAGCTTGCGTTGCTC-3)%}+ 36mers! FV3(5'-ATACA-
AAATTCCATGACAGGGCTGCAGGTCGACTAC-3"), 20mer!
FV1E dolA ARAR1 Afto] dojuA ste] A=sledct.

Endonucleolytic 842 712422 20mM HEPES[pH 7.5],
5mM MnCl,, 10mM DTT, 0.05% NP402 §H-i-ah= dhg-gH
10 well, FFFEaA WAk s 2244 714 10nM, &4 300

& Y3l 37°CellA 60%7F HESAIH . BES -, 58 A

oN(95% formamide, 20mM EDTA, 0.05% bromophenol
blue, 0.05% xylene cyanol FF)Y& d7}3}o] AR|A]7] 31 90°Col]
A 387F 7198 & 15% acrylamide gelell A H#493194c}. 20mer
o] &2]udAt 7)2o] 18mer? HSHH W] AP L= AR
3t A719%F & phosphoimage analyzer(GS-525, Bio-Rad)ef]
A} ekttt Disintegration -5~ ARE-3E 7|30 WALE0]
EAE V-2 71490 Rg Algsty, A jEsxE
endonucleolytic ¥F5-2] 2713} T3} Disintegration /g
O AR BA1E ST AT 15mer7} 33mers A 8HE| 1=
A& 2ABIITE
A 9 D&
wHEHlE|o] XAl X E0[HIO|MA integrase M|

15212121 nuclease®’do] #|A% AzREv]ulo]2]2 integrase
 WelelolollA] Fst kS 471 Hsled, oF 1.2kbe] integrase
FHxEE pET15b 2iElol] 293100t o}a) ks ¢

TREnulojE] s integrase RdAke] AlEk) o] A QA &

o

A
BamH |
/—'_“f\ AmpR
HFY IN '\\
(1.2kb)
Ndel pETHF IN
(6859bp) ori
lac | /
\\\ )//
S
Msc |

oo2 Pahie} Flugelo) E29% 7419 4128 Bxg P 7}
7] Ndel AM|$HaA Hh9)9l BamHI #gtas duR9lg 2t
= 219 St ZepE A gSle] FASET7]E SEE
12kbe] WA-E LHHE | =S th(Fig. 1A). Integrase
AZLE FE3 uol= pfu polymeraseZ AME3lo] FE P o)A
2] E<dHo o] S #4351l om, DNA sequencings: 53}
o] EUE-olA integrase AR} AEE F7IMLRE QU
A& RIS Integrase WA 2] FAlE HAHE N &
23 A2F whA o] N-gehe] EA1$ histidine tagE ©]§
sto] Nit2-Z#|o|E H#H 7 SP-sepharose A E 5331t}
(Fig. 1B). Histidine tagg o]&5t Az3 Tz 2] AAl= 6~10
7He) histidineo] WHEH whilE RRo] Nit2Zo)E x|x|Ho|
Meidoz Ak 42S o] g8 Aow, vl mati=
oIS o] g3t ¢ ) AARE 1o PhAS PAT
& A 7HEll, WeldAnto]# 29 integraseE ISR, o
2 Az A=) FAjolM ofF Wo] ARgH 1 Tk 7
#u}, QzbEnElo]s A9 integraset= Nit?ZHolE AL o]
&3k & 9] AAZE B|50)F nucleaseE Ks8| AA &
Z It} Flugel 155 Nit2ZdolE Agow 13} 44 &, &
7802 Mono S A#& ©]43 HPLC FAIE Falo] Zujn}
olel2: integrase® ARFBIATEISO T2, 28] A= 20
Al2) ARIE B8k B ool H5o)Hel nuclease B4o]
wHolglof, rjulo]# A integrased} QA Asketd 5/43E
APl v Esint. BATelE Nit2gddel= 49 3
Al ol SP-sepharose °]&1w % AHE ol-&slo] F712191 G4
2 B3l0] olfd EAIRES SR39T). Fig. 1B wao]
A FAE B F= Aoz, 29 el PTGl g3t} A

Fig. 1 - Construction of an HF V-integrase expression vector and purification of the protein. A. Schematic diagram of the pETHFIN construc ted
to express HFV integrase. The cDNA (1.2 kb) of HFV integrase was introduced into the Ndel/BamHI site of the pET15b. B. SDS-
PAGE analysis of purified HFV integrase. Purified integrase was separated by a 12.5% SDS-PAGE and visualized by Coomassie blue
stain. Lane 1; protein molecular size markers (32.5, 47.5, 83.0, and 175.0 kDa from the bottom of the gel), lane 2; soluble extracts
from the IPTG-induced BL21(DE3) lysate, lane 3; HFV integrase purified by Ni *2-chelated column, lane 4; HFV integrase purified

by SP-sepharose.
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Fo7 FEEE 2e B 5 vk 39 ERlolME Nitiggo)
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A, 38 2Rl HodFR 37l2] o3 v Wiz} AAH
25 & & 9k IPTGOl 2131 integrase?] AAte} H5% of
A 2269} wljokolelA) oF 5mge) QIZFEr|ulol#A integrase
F g F AN oA A= AiE o gafido] W Tt
AZAfulol2 A integtraseo]] BIBle] oF 3uj o} o] AYAtE]
Ah® R 4 2ol YA o] galo] QIZF 3n)

Hjo]2l2 integrased] AEEH S-S 2ARIGIT
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Z0[HIO|2|A integrase BAEAS] MSI8IY =7

YEZ ]2 A9 integraseES EAEAC] WHHS f8l =
aA2M Mn*P|u Mg*?g ¥HRel Few #Hth%0 gey,
giEEo] glEgulo]z]A integraser FE Mnt%E ZFAZ A}
£38l1 Qu, Mg**e ZEAE AMEERE 29 5480l Ua
He AL B 4 olon, B3 HA B ot XEAE A
k= A9, AAE 54 dud el EAlshs vj5e]4
nuclease®] &35 25310 SolAQl A4 A 282 Wl
oA mheba, B o FA g 917k Eujutole A
integrase®] ZdAol tiet MeAdat 48 U] Bast £
a4 HAFEE WA 2ARIAHFig. 2). Mn*?} MgtPol&
2] FEE Z7] 1, 5, 10mME %71*7|™ endonucleolytic 2
A (Fig. 2A)7} disintegration 84 (Fig. 2By&- FABIAS o,
vjujo]2A9) integrase?] F AL ZF Mn*? 0]2& HrjH

B

A Mn++ Mg++

B

o Z2FEAR AMSITSE BojFEr) whddl Mgt o]22 2
FA 24 endonucleolytic B4 3o #& zHgdt 4= glow,
disintegration &/32] el v~ njekslA] 243l AUSS
oj&t}, e, thE glEZulolgl A integrased) B4 Aol
A ¥R A3 2o disintegration A AR 0 7)A =
olAdo] Woix)= A& 1 u, ArEr|upol A Mghie
As 2a 42 AT F vy F9ch 40U Hadt
A4 Mn*2e] 5t 7 9hS-9) 13 Frgl H|Bo| 24l Hhe-9]
oA AEE 7¥E W ok 5mME FALE QT B3 o)59]
52 Auol 2lojA 17mer olste] gejadiito] A2 BEHA|
oo}, AR S0] A&t Nit“2eo]E #3} SP-sepharose
AFe] 2 A9 AAP} Flugel 180] AR Nit2go|E 4
#7} Mono S& ARE-SH HPLCS 22tA2] A Hct Exl 1 b
Eoldl nuclease®] 29& T 0E AAY 4 T (Fig. 2).
HR2-A)7ke]) WhE endonucleolyic E4KM22] Z& AL & 20
mM HEPES(pH 7.5) & &loA 5mM Mn*? ZAstel 10
nM 7147} 300 nM S22 ZASIGE o, 5, 30, 60, 90, 120
Holl z}7] A 7142 16.0, 584, 75.6, 79,8, 79.4%7} 18mer
7 Hghso], vhg 27] 302l oF 60% HE WA=, ¥k 60
2ol A2 whgo] FAHN USE ¢ 4 AUthFg. 3). §
ZolA integrase= thH-% monomer® EA|&h, 3] YFE
o] ol&AL} AR 52 BEAE EAgic), 7)do) 2hg-sto]
FABAE Uehlis 2L o3 AR deld o ub
ohA], integrase®] HAWRES THE 540 ¥ @E V)
Zl2] ofol n)sle] HFe] EAE ARSI, g9 o S
sl gAlEe] 7)ol WA Agtste] oAt Al o

Mn-++ Mg++

— ] ] — ] ]

1 2 3 4 5 6 7

I <+ 33mer

< 15 mer

R e —

Fig. 2 — Enzymatic activities of HFV integrase in the presence of divalent cations as cofactors. A. Endonucleolytic activities of HFV int egrase.
The radiolabeled substrates of 10 nM were incubated 37°C for 60 min with purified integrase of 300 nM in the presence of Mn*? or
Mg*? of the concentration indicated above. Conversion of the 20mer oligonucleotide to the 18mer was analyzed in a 15%
polyacrylamide gel. Lane 1; no divalent cation, lanes 2, 3, and 4; 1, 5, and 10 mM Mn*? as final concentrations, respectively, lanes
5, 6, and 7; 1, 5, and 10 mM Mg*? as final concentrations, respectively. B. Disintegration activities of HFV integrase. Conversion of
the 15mer oligonucleotide in a Y-shaped disintegration substrate to the 33mer was analyzed. The reaction conditions in each lane are

same as described above.
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Fig. 3 — Endonucleolytic reaction of HFV-integrase in the various
reaction times. The radiolabeled substrates of 10 nM were
incubated at 37°C with purified integrase of 300 nM in the
presence of 5mM Mn*? for various reaction times.
Conversion of the 20mer oligonucleotide to the 18mer was
analyzed by quantitating the radioactivity of the bands in a
dried gel using a phosphoimage analyzer. Each point
represents the mean=S.EM. (n=4).

«— 20 mer

) 4— 18 mer

Fig. 4 — Effect of reaction pH on endonucleolytic activities of HFV-
integrase. The reactions containing 10 nM substrates
and 300nM integrase were performed in the buffers
described below. Lane 1; 20 mM HEPES (pH 7.5) without
addition of integrase, lanes 2, 3, 4, 5, 6, 7, and 8; MES (pH
6.0), MOPS (pH 6.5), MOPS (pH 7.0), HEPES (pH 7.5),
Tris (pH 8.0), TAPS (pH 8.5), and CHES (pH 9.0),
respectively.

Sfae} 71 A5e] JERe) Pds] AAEE AL olAehs 2
ar,
Fig. 4014 #hg-8o19] pH Wlo] w& EUIH}OM.’E

mtegrase®] H42I& ARSI Endonucleolytic 2732 p
6.0 °F 24.2%, pH 6.5°14 62.0%, pH 7.0~9.0°14 75~
85%2A, ¥Enjulo]#] 2 integraset= pH 7.0 U]“M]H a4
%}Aoﬂo] pH 7.0 o]}#oﬂ/\i y_r,]- /\H-,H;ﬁ__tr_ kas} 74 1‘6:]731:]—
o8l A= murine leukemia H}o]2) A integrase’} pH 6.5%
FHoE A &S Kol A vluHAR AR E
Hupeleirt pH 7.58 422 FHulo] #48 Holy A7
A Q)X E] T Qpe}. 1929

gl E Zvlo]g] A9 integrases Hjola] A9 HFAL

Sfstod wk
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Fig. 5 — Inhibition of endonucleolytic activities of HF V-integrase by
baicalein and chicolic acid. The reactions containing 10 nM
substrates and 300 nM integrase were performed for
60 min in the presence of baicalein or chicolic acid. Lane 1;
no integrase and no inhibitor, lane 2; no inhibitor, lanes 3,
4, 5 and 6; 0.1, 1, 10, and 100 pM baicalein as final
concentrations, respectively, lanes 7, 8, 9, and 10; 0.01, 0.1,
1, and 10puM chicolic acid as final concentrations,
respectively.

EA Fesgh ghotk kA, ojahd] S AE F Qe
ORE-E uloliAg] FAlE AAsle] Hleo|eAl] 2§ AR wt
AE AT = ik o]J o] frollA] Q1ZF WA Pulole Al
integrase®] &3E A & U= =2 o] wig- st
}. Chicolic acid®} baicaleinZ 17t HAFulo]2] A integrase
o] S aopHoF A3 5 Qi HEEA], IC7)T 21 01,
1.2y M2 A AQJUTED Bdtola FA3 QI7kEn|ulolg A
integrase®f| chicolic acid®} baicalein® Z}7] 038}, endonu-
cleolytic EAjo] A= AEE FAISle] BOHE ), o|0ke S
9] ICs7} 2F 0.13, 0.25 pME. VtERY, XErfuje]2]~9] integrase
L 7k HAYPE)H A integrase?] 8A8AE AA|FH= oF
E50 st ALsE FEA dAlEE AR Argdnt
(Fig. 5).
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