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Determination of binding ability of PaP3’ s terminase large subunit to cos site

SHEN Xiao-dong' , '/HANG Ke-hin®, LI Ming', ZHOU Ying-hing', JIAN Rui', HU Xiao-mei' , CHEN Zhi-jin' , RAO
Xian-cai', HU Fu- ([lld[l "Department of Microbiology , College of Medicine, Chongqging 400038, *Center of Medical Experiments and
Technique, Xingiao Hospital, Third Military Medical University, Chongging 400037, China)

Abstract: Objective To investigale the binding ability of the terminase large subunit of Pseudomonas
aeruginosa bacteriophage PaP3 to the cos site. Methods — The gene tls was amplified from the genome of bacte-
riophage PaP3 by PCR and subcloned into pMD18-T vector. Then the gene tls cut down from the vector was in-
serted into the plasmid pQE31 which could give a 6-His tag at the N-terminal of the expressed protein. The re-
combinant vector pQE-tls was transformed to E. coli. JM109 | after induction with IPTG | the expressed bacteria
were resuspended and sonicated | then after centrifugation, the inclusion body was obtained. The inclusion body
was dissolved with lysis buffer, then the tagged protein was purified by Ni-NTA alfinity chromatography and re-
natured by dialysis. Finally the DNA-binding ability of the fusion protein rTLS was determined by EMSA.
Results The expression plasmid pQE31-tls was successfully constructed, and the target protein yield was up
to 30% of the total bacterial proteins. After purification and renaturation, the fusion protein rTLS can partially
bind the cos fragment. Conclusion  The fusion protein rTLS was successfully expressed, purified and rena-
tured. The rTLS has the specific DNA-binding activity. The present work lays the foundation for the further re-
search of the gene tls.

Key words: terminase large subunit; bacteriophage PaP3; EMSA; protein expression

A 4 ( terminase ) by 15("['1’3_3 DNA g it £ 2 o] fit o 1, HAE W2 DhRE S 2 Y s R DL AL DNA (¥ 59 1] L K
VEAG PR S I — A2 FUBG IR /N 2 Wi Al e RIORIEE 00 dsDNA il | il i 7 P 2 i) TP
MZ -1{9' P UL LR 2 SR IDEAA ( concatermeric DNA) i 41

HETE 05 F KR R4 B o H (30470082 ) m ‘ ENEERICr 1 3
Supported by the N:niiuiul N:unn'u] '\'rac-)m-r Foundation of  China “ l }L Jlﬁl J f[-l JIL‘ L/ Il Jil: |j\i ‘?l [‘L HX )M& L rI{J m .I{\JZ fl )
(30470082) 3 U] 1 A~ A (termini ) Jf 5 2 856, 88 /e ATP {1

ERR AT A (1977 — ) TP T 52 LA B At M fE T A s i L [ 21 P DA 22 45 1) A A G ( precap-
BARE R A0 A E A d i (023 ) 68752239, E-mail ; shenxia- g N g v r ot v S A A Y X
odong77@ }uh()m. (‘nll:‘_ on | ] H“] ) &C Ji@}uﬁj (l- {11 ’{\(‘Jt El{J | I_{ﬁ |'I 0 ﬁ}\ JI I-ll'a +_¥ (I' A [ IJ ‘Ul\

AMLESR B H A (023) 68752240, E-mail ; hoofugquan@ yahoo. com. cn ﬁE I: >|$T J—[L U\] fﬂfﬂ? 'Fz A ﬁ'lJ ‘k 'fé IT' ’ \Vl ‘)1“_' ﬁ_{ “ g ‘{I'L.- IJ‘I f“. ‘}I]::.

14 A - 2006-04-10. f& B B # :2006-07-03



2206 % = =

N 9528 4%

FEVE AT AR T — MRS R Y
WA I ﬁﬂf’lﬂﬁém.&lcﬂﬂ%ﬁ\ ) JI"r& KoC, K4k
FoAa s, R Eakad i b, K iy
fili 4= Al (1 1= B RE - DRSS 5 i R AR RS IIRvIE
I’\lfl{% HRIPEE DA ep e S P B 0 005 KA AT SHy )
P AR PERERE . /N AANIER TSR R A A
VA 2 a2 A, 3258 A7 By A PR {07 52 1 HE A 4 7 1
!
g AP TIL  E EUA Pal3 Oy K A0 1 M 1 L
PRI R4, LA RE DR AL 1 R A0 B 28 58 1, Do
GenBank [ X 5 (55 0y NC_004466) |, i [H 414>
[< 45 503 bp, h—ZEPEXUEE DNA I3 0 {Efr 47 71 4>
i LA 1 onf3 45 B 6 0
(terminase large subunit, TLS) | 552 5 46 55 ) I5PE 4 )L
el B A AR S il ROV PRLAE 93 e i %) b S A6 A
MR 15 # ( sinohizobium melilot) (14 4E 52 A S i A IF
L GP2, 431 344 E 1 2e-93 ; fifi J5 5 P22 il L b
TR A O A i 5 S 7 A 1 AR )
YU orf3 2% A 1 FLAT IR P9 D e O (LR
M HLATER AR A A B RE IR A 6 T A LA,

4& R APLE i v A e Ik PaP3 A iy il QMU PR ofs K

N A TR =) B A6 55 1) DNA R BERY 28 G i 1y,
MIFEAMFSTIZHE 0 T BE LA A DR A PaP3 144y
e B i) B9 kil

1 #ESHE*%

1.1 #4

oo RS R 2R AP W A PaP3 R HLE

I PAG ARSI S [ AT 40 1 M s K AT 1 IM109 Oy A% 55 i
73T 484 pMD-18 T Iy T TaKaRa 25 6] ; % ik 25 (4 pQE3L 4 T5
WA ORI RN B AT 6 A E R bR s, W T

Qiagen 2 vl .

L2 R BREEN DI Hind I BamH 1T, DNA
FEVERRM LA T R K ORNA A LCDNA J 1105 ,’1 s
’!-’%"iﬂ PTG Xegal W [ Promega 2% vl 5 Tris 4 FI8 I 1 1 ify
4 T Ni-NTA agarose W4 [ Qiagen 25 7] 5 TRz /s il 4 LJK 1| 55 A
DNA lhcl"lll%(ut ) A W L TR R ¢ i Y A 6 0 5] 5 0
[ Pierce 237,

1.2 Fik

1201 pQE-tls FE 21 I hr (1) F4 5L (AN ] 050 A7 % 4 02 10 ol
Ui i SE[H (ORF28674315) WAt 5 |4 1 als 4= (SR, L)
) :5'-CGATCCAGATACCCAAGAGCGGTT-3" (8 26 &b g 3] A
1 BamW 1 817 030) 5 FUFG I :5-AACCTTTAGACAATACTC-
CCAAAC"( FRIZR R o] ANy Hind WD 50 M ZS 14 .

VARETR (A PaP3 JEIK 0 04K, JIEF T PCR 4719, A bk #6040

b PCR ™, 5 pMIDLS-T A8 43 15 5 Ak 2 K KT i M09
W TP AE o2 TR, 2 BamH 1 Hind W BB, 4% T
19 Bl A R DAGE 2 B foi] 5 [ £ A6 D)0 Y pOES T 44 4 i
Fle A A K FF o IMT09 4 1 5 als BRI 5t 2 e ik A 1A
POE-tls 1% TR AR AE H I EEDY 1 LAY 6 Al 2l b % 26
AT 5 I 6 o WP TR AL () A0 T 0% 58 11 B A 2L J"JHM\
AT R v P 5
12,2 pQE-tls FUe R AE AT i IM109 i b ik
I S RN K AR PR R pQE-efs/ IMT09 37 °C 1l Jhe
i'f?j B U P HGL 2 L 1 SO L8 o i ACE 1] 100 mi Sy 5
N A PIPE LB R AR 1, 37 SC e R R O
DE600) % 0.5 ~0.6, A PTG 48268 I 0.5 mmaol/LL, 4642 15
755 h J7,5 000 x g B0 10 min G4
(2.3 HimE ik P8 ifigle A W T3k A 01 1) 1
LB AT TS R ol A T RS l' UK 5
o JIPATC T B R A e (A ) S 28 b il (8 mol/ L B %2, 100
mmol/L Nall, PO, 10 mmol/L Tris, pH 8. 0) i #7404 | ‘W\ fri H
ZIE AT NiSNTA ERILAE 5 NENTA SRR 5 AT EE
S IR B AT AV A L SR T R iR 2 it
Jr L pH 6. 3) i OISR I s b R 2 ol it i g )
FopH 40 5) P E Db 101 A0 0 00 o 25 0 ™ 1 1 SDS-
PAGE FLK, DA e il 8 e 07
D24 HOSRAEN P o ROZ A 0 sy H
PR I B B A2 e 20 0.2 mg/ml 02020 1T T A
P ST (P 531 Bk R 7 > 1O (B B4 L 0 HH 5 B 2 i
1 (2 mol/ 1 B 22,30 mmol/ 1L Tris, 10 mmol/ L gt 5025 1[Ik,
I ommol/ LSRR ARG HER  pHE 8. 0) (AT 28 ohide I (0.5 mol/ L
bR LA L £F 4 SC R B ORE B IETE S5, 25 S B 8 b,
B Je TR A R R BT R AR PR Y TS
1.2.5 LR AR SR B 6 0 2 I 570 R 4 2 il
(A A S AT T 245 5L OFF PaP3 JERALA S 91 57-CCCG-
GCCCOTTTCCOGCGTTA3 K TR 781 16 52 TaKaRa 23 4] 750, 7]
I Xt ‘i"nﬁ}i_u’l fI’J% frid ‘ka.T,‘i-" i A 08 BE 2 111 ) 41
FF cos 1B TR LA
e 50 ,,....,lxm el
1.2.6 BEREAE B8 48 M 90 (
say, EMSA) Kol 102 10 cos W BERYZS & 6E /1 DNA 45
i‘?}il.if:lex’s? Jy oSl e Ok 20 e/ wl (19 CTLS 46 1L 10 pmol (1Y
cos B, 2wl 10 x 25 5 2 i, LK e 1 Oy S0 ng/ pd Poly
(dl -+ dC) 50 mmol/L KCLL 10 mmol/ L CaCl, 2. 5% iy fi It
Fh 7 ddH, O 32 Kz A 20l [alisf ARl LAAS DA o TLS 810
B AARRE SRR 11 BSA A g B g (4 6 MRAL. 37 €z )i 30
min 5 MACS wl &A1 005 mol/L EDTA (1) 5 x loading huffer 24
VEL I T B A G E 5 L 5 % A P 28 9 9 P 2 I
Pk, L 400 mA Tk AR PRI A S bk B O 13 I A o
DK R EU R A L D e TR L B Pleree 25 vl b
A ) 5 AL B (TS L el S e, G e e i L A
pUEzS AR L

electrophoretic mobility shift as-



o522 1 H % 22, %

LU0 g {1 M R T A4S PalP3 A i Al R E. i DNA £5-5 A8 1 0l 5 2207

2 HR

.1 PCR 4732 ols A A

PCR 4 Ha =122 0. 8% BRI NG ik 15, (6 1.5 kb b4
| e i B s 5 BLAST B 52 1 ols L AN 1 449 bp)
FOE D)

[89]

M 1

3 kb—

MDNA 5FF 4704 L. ols R4 = 4
E1 s BEH PCR 85 R

2.2 EMAF pQE-tls ¥ %%

fil e Fe ik OB pQEIL-tls 5 TS J3 & 74860 F 0 ols JELH
S i 6 AL R IE ARG ol R N ST 6 Al E
Bt 2 ) CTLS . BB #E N WA Hind Tl F0 BamH | 3
2 TR pQE3 -els PETTALAG ) %8, nT W 1 2R 2Y 1.5 kb (1Y
Blr ST A R 2 Gk 2) M TES, S E s M[f\h'
Bt 55 tls RE[H Y91 5¢ 4 — 3

6 kb—
3 kb—

1.5 kb—

M: DNA 5 F 347 | F 4042 pQE-tls; 2 pQE-tls # Hind Il
BamWH | ®agdy; 3, pQE-tls % BamH | 8517

B2 WEFRK pQE-s MEEILRE

2.3 pQE-tls FL4AF 4548 K IpAF ) IM109 o 6% if -3 &

ik Fo B 4 G 69 HhiAL

BB pQE-tls/IM109 76 0.5 mol/L IPTG iS5 F 5 h fE4
56 % 10" 4b ] UL B A4 8 (1 20k it S AN 0T L B0 R A
AR HE I LR IR I EE NNTA 2 G A H bR
SELE PR T, SDS-PAGE i ik #5 3L i 8 (126 1k 90% L |
(1|3 ki 7)
2.4 BaE&kad DNA 454 H

i E TR R T BT R E 0 AL oTLS

Bi%d 1 vE T EMSA 908G 5 o (8 4) £ & A7 10 mmol/L

CaCl, (28 ppife b, fTLS & (1 nf 1LY cos J.li&*.'.ﬁ. Sk A
FTLS 2 (0% B L, 455 e TLS 2R I5 4 cos 1y B2 Sl I
(Pkiti 2 22 PD, protein-DNA complex) , f 28 HA45 EHAZE f 8]
fTLS « DNA & 5816 5% (AR ETE PAGE BEIKE ol #r #5
WAR A T B S A 11 BSA Y X B £ v DNA HIJERR S (K
i3 2 FD free DNA) X FEAT UL 7B H & PaP 3 A0 fR07 1L
RS PESS f DNA R BERE )

1 2 3 4 5 6 7 8 M

i
g
1

IR ER§

‘ is
13
i

fi
B

r
i
i

. —66,2x 10"

«—43.0%1()

Lo kB 4F 6 IMI09; 2 -4, pQE-tls/IMI09 if TRk e Emik a
FTLS; 5,6 pQE-tls/IM109 B 4 388 kil 7. & fo B A o 5k DL
8. FAo BAFeh Fitsk, M a5 A7

B3 ARimbekll S (TRS EAMTIARFEIGLL

1 2 3

lohdoA TS 69 cos B Ly 2: A ITLS G6) cos L 3. Ao £l
R G BSA B4 cos R R

4 H6-TLS FEHE cos FEMES

3 g

76 dsDNA W (AR & & fiteh Wi IRy 2 3 Y
90 1 2 TR 125 I L 8 e R 2 R RN AR SR TR 2
DNA {E A LR 155, BRI 3540 500 % 4%
it , R ) B DR 23 e A i 14 2 HH ) B Rb ) RS 4
ARG FME . BRI SR AT AR VL 0 & 2 CRp L)
Sl 2R R Z TR HOIR DNA L fE R
A DNA (952 5% 1) o &0 BD VR BRI oG,k
“ A2 IR HE DL SE A DNAY S EER 22 B IR — it
Hy 10 ~ 12 A~ DL SE R 2 o7 R AHELL * . Hop
AN R 2 27 (1] i) 5 s e ik e ) R 0 2 £ 55
g A i e OF 1 AR ¥, X Bt DNA — g N
200 bp - A7 B3, He ) 35 A7 8 2 00 0 184 il A
773N 2 LR VAN N L R VA D B @ B e P e e o S D 8| A



2208 & £ ROk ¥ % 28 %
o A% I 3 U o0 O T IR (0 ke i n R 1i TR T LA R0 T IS A AT (%

Mg R PAA i FE ATV PR gp AL 45 5 85 DD 37 45 cosN
{ii T2 HRIKHE DR DNA [y - 22 ~ +24 bp &b, i% K
Bt T cosNLLG,C) Y cosRL(G,, C)  JfAE 1 bp (i &
KE0 AN Y 12 bp A3y U] 2 0 5748 HY 1) 5048 12 bp
BRI T A S A I O[] R
A LLAN DNA (S5 45 37E AS [ W A 0ACf N e g 14
LA FT PR A SPP T g 5 A 5 () A i 156 A IF. #1037
B R ) T

ACIFFE i ik 5 B e ik ARAN 17 T 2 A Sihi A LA
(TLS, 2l AL =R A6 & AT Ca® " 51 I 28 i i b
s 7HLEA 5 DNA 45507 1, EMSA (L85 h «TLS
« DNA &5 S5, i i AAREE AR 1 BSA 2
JCHE I ST A3 8] T 2o Y M R FRTAA PalP3 A i il
KOS ] 5 S AR5 1) DNA 255 ARfifsgc M,
AN T Mg 82 b TLS 2R 1R s Y
W DI 1k eh F Ca® B 7 0047 16, 74 1228 1 0
Fr%‘.mru»fw%\mfr I)NA 2 0G0 A 1 A g s A

At B B R B — AL T orf3 A e 4
ATl A '“Wf:u\JP LR I'IJUJ
EMSA 45 5 o o TLS & [A‘]M& PalP3 JE[R 21 Ao

P04 a5GiE T, {DH".“..’THI: HFASE 4, BURZ AL
TEB I 264 54 24 40% () DNA Jf 5 2 4545 (15 4
DRAE 2) I ] fl B i = N B sl B N
FOAH AT G X N I B A A i i AP PR gpA
ST T, gpA B B2, H ALK AN cos T cosN
B 1 cosRL (G, C) b, A6 o F e, N0 By
gpNul ‘LZ""J"' MG cos LY R3 JolFES G, 'fi’f += A
£ IHF )i} 5 1 o486, B8 tH cosRL A3 445, R gpA
L5 DNA 456 FIBT L o 35 ) [n]il] apA ﬂ;{MMua.-
BEAT gpNul (5D, U5 22 o 00 1 — 1l 4 S 1 i
DNA 5 &8E )10 #Rai, A 5 whfméf LYk o W T
A PaP3 1) A v it A0S0 A B B HLAT 45 52 45 7 DNA
MIRE 1 o iz R

AT T FT 0 EMSA 05, K H T Pierce 43 1)
Tl R EAZ IR K 0] G, 1A I 2R 8 K 2 2 Y
R E 2 ] 4 5 A A .’T EL. FUH A8 % il
DNA [R5 25 5 HRP OBl o) 0Tk it ) 45 5
il HRP YEH] 2% G806 1 A&, LA £ DNA %%
R A N e 2,520t = I N2 IS [ B e S RS
O3 BT FIRZ 2 24 A 00 0 v | AT 1 4% 0 10 Im) 45 25 6 ) 7y
AT bR IC PR o P o, R A B Ry, G IR T
YAEOBRE L S R A A AR R A A b AG
ME T HE S DNA 9FERE5 5.

I R e IR Y A 2 B % B

fFE A AR R T A i 2 i 7, DA R i 0
,1,-_4\Inl TN A, f&uls 7~J 2‘3{ m‘zm JL "_‘E I'I’r'
FLPIME 8 G 0 e o 0 ) 2R v i A K 2
AT L4 7 — e A o7 ’\'r’l-., ,LT ufi ><|J e | ihﬁi
S TS RGBT Ao o 25 1 W0 0 A e A
dsDNA 20 (fiy (42555 2 A0 A G e b #5 v 1 A i JEE f
STV AR (1 oF A s A B A B 2 £ 3 24 P 1
HJ AP, LA 92 By ) i 55t B
FIAT HCMY S gty (1) 4 1 K 04 4% 8% 4% 1 i , Bogner
S e TR HSV-1 A i I PR ) Tk A5 4
BDCRB 1 BAY38-4766 . A, % A ity il A0 5137 1)
filF ¢ J‘fﬁt)J ﬂLzJJ'm#Hw REPESI (0 Bl T AR
I A T e s R A TR i A

S 3Lk -

[ 1] CATALANO € E.
DNA-packaging machine| | |. Cell Mol Life Sei, 2000, 57(1) .
148.

[2] MALUF N K, YANG Q, CATALANO C E. Self-association properties

Emery ":‘:]

The terminase enzyme from hacteriophage lambda; a

128 -

af the hacteriophage lambda terminase holoenzyme: implications for the
DNA packaging motor| J . ] Mol Biol, 2005, 347(3) . 523 - 542,
3 gkwiat, Gmesth, ASAIC, HL AR (R O A Pal3 S 2
PR AERE L) 8 AR L, 2002, 24(4) : 381 - 384,
FIEA, WIS, B W], T R Pal3 SRR tds %R P D) G
FEPER LS )L AR S Ak, 2006, 31(3) . 196 - 198,
L5 BECKER A, MURIALDO H. Bacteriophage lambda DNA; the begin-
1990, 172(6) : 2819 - 2824,

4

ning of the end[ ] 1. | Bacteriol,

(6] XUSY, FEISS M. Structure of the hacteriophage lamhbda cohesive end
site. Genetie analysis of the site (cosN) at which nicks are introduced
by terminase| )|, | Mol Biol, 1991, 220(2) ., 281 -202.

(7] GUAL A, CAMACHO A G, ALONSO ] C.

Functional analysis of the
of Bacillus subtilis bacteriophage SPPI

35311 35319

lerminase large subunit, G2,
[J]. ) Biol Chem, 2000, 275(45) .

[B ] ARENS 1S, HANG Q, HWANG Y, er al. Mutations that extend the

specificity of the endonuclease activity of lambda terminase| . ) Bace-
teriol, 1999 I81(1): 218 - 224,

[0 GAUSSIER H, ORTEGA M E, MALUF N K, et al. Nucleotides regu-
late the conformational state of the small terminase subunit from bacteri-
ophage lambda: implications for the assembly of a viral genome-packa-
ging motor] ) 1. Biochemistry, 2005, 44(28) ; 9645 — 9656,

[10 ] YANG Q, CATALANO € E. Kinetic characterization of the strand

) activity of DNA packaging enzyme from bac-

1997, 36 (35): 10638 -

separation ( *helicase”

teriophage lambda [ 1], Biochemistry
10645,

(1] EMERY V C,
velopment against human eytomegalovirus [ ] ],
(13). 1853 — 1858,

12| BOGNER F.

HASSAN-WALKER A K.

Foeus on new drugs in de-
Drugs, 2002, 62
Human eytomegalovirus terminase as a largel for antiviral

Rev Med Viral, 2002, 12(2): 115 =127,

(A MREGE)

chemotherapy| 1.



