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GSTULIGE ARYSUE 5 T i 4 il 5
WILsh 8 1 08 AH H 18 H

FoR 12, FEES, M35, R, AHED

[#E] BH Eid GST Uik AR (GST pull-down) YEIFRIHLS JE HEE 45 (aldolase ) 5 NL3h & 1 (actin) 9 AH .1
Ho HAiE PCRY 5 IE H cDNA 1 aldolase il actin ZEK, 43510 5o % 28 )5l A% Rk ik pGEX-4T-1 Fll pET30a, #1k
2 R5RA T BL21(DE3), 1 mmol/L 5P £E-B-D-iifCEFUMH (IPTG) i 3Rk, sRMENT R RIE W), R HEER
BN Z S SD KR 15 H, B IR Actin-Hiss 25 1R 200 ng/ ., 5 2 YGR G ik 100 pg/ 2, s
AR, BWEN 7d, RRBAEE S d USRI, H14 Actin-Hiss PLIL4E . LAk GST-Aldolase & FE MIRE B A S
Actin-Hiss 2 FUR AT GST ULRFSRES, SLIR/ =417+ e 5L R AR A0 - 28 PR M B e i FL Tk (SDS-PAGE ) Il ZE 14 Jo T3l
(Western blotting) 7347, %8R 315 T 5IE L aldolase i actin gL (R 541, FIEE T HHI AR Feik Bl , sk IFalifk T
GST-Aldolase Fl Actin-Hiss Z&[1, Actin-Hise & 1925 SD KERUSIRB BT MG, Shuisrmaifbitsift, 3545 Actin-His
L vipehiihk, SDS-PAGE il Western blotting 455 s, GST YLRESZI6 =4 vh 78 11 458 AT 9% Aldolase-Hiss 22 ST 4
A Actin-Hiss Z BTSN, G 5K R 4R S5 Bh & e HAER

[X#iA)] WhSBdy B aEa; GST JUREEIAR; BAMEIEN

sy 25 . R3825 SCHERARIEES . A

Protein Interaction between Aldolase and Actin of
Toxoplasma gondii by GST Pull-down
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[ Abstract] Objective  To identify the protein-protein interaction between aldolase and actin of Toxoplasma
gondii by GST pull-down. Methods The aldolase and actin genes were obtained from cDNA library by PCR amplifi-
cation, and subcloned respectively into pGEX-4T-1 and pET30a. The fusion protein GST-Aldolase and Actin-Hiss were
expressed in E. coli upon induction by 1 mmol/L IPTG and then purified with affinity chromatography. Fifteen rats were im-
munized intradermally with 200 g Actin-Hiss protein per rat at first time to produce the polyclonal antibodies. Then 100
g Actin-Hiss protein per rat on the 2nd-4th immunizations. Rats were immunized for 4 times with 7 days interval. The
serum of rats was collected from heart at the fifth day after the final immunization. Glutathione sepharose beads were in-
cubated with GST-Aldolase protein, then incubated with Actin-Hiss, and bound proteins were eluted using sample buffer.
Eluants were resolved by SDS-PAGE and Western blotting. Results  The aldolase and actin genes were obtained, and
the recombinant plasmid aldolase/pGEX-4T-1, actin/pET30a were successfully constructed. Protein GST-Aldolase and
Actin-His; were expressed and purified in vitro. Serum samples were prepared from rats immunized with protein Actin-
His;, and polyclonal antibody was purified with affinity chromatography. SDS-PAGE and Western blotting analysis of prod-
ucts from GST pull-down experiment showed that the protein bands on NC membrane were specifically recognized by
anti-Aldolase-His; and anti-Actin-Hisg antibody.  Conclusion Aldolase interacts with Actin of Toxoplasma gondii.
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Wil 3t 5 JE He (Toxoplasma gondii) & —Fh & P 4i g
WA, LI A A, SR
1) 55 T8 AU 76 At B BN 2 0AT, A NSRRI
FEWOl & RIE R T AR IR W MR E A
(microneme protein, MIC) 2 HUAA TH S 6 i 2 a2k
forh, TE IR R RG] R TE 3 4i i
FIVEREZ2, X MIC6 AHE1E R & 1A I s 0 98 (WIFY
SRR KR ) K P A AN L 30 A 1 2L W] B A
YEREA Y, $RMEFE—EXR, Jewett 554
WIBFFE R, =08 B B G rT 5 L8l 8 A AR
I, AW A GST Uik AR (GST pull-down ) ¥
TFEEAR A AULSh 8 (A EAE T, 388 MIC6 AT
BB JE AL AR ML 35 St

M EFE

1 #

11 3Bk, @EA Ak, @l Eihshh SE
HRH Bk, KIH#%RAH IM109, BL21(DE3) FlJFA% R
IRERAR pGEX-AT-1 th v 1l B& 2 [ A AR US4 3 == 4%
fRA%FR, pET30a AL [ %= Novagen 2], SD K
15 H, SPF &, HEME, (KHZ 3009, HiHrliR
FEE SRt

12 EZ3X A DNA #HHH & A &K Fer-
mentas 2~ 7, PCR p=#y4lifb i & A 72 = Qiagen
o), BRI YIS BamH 1 . EcoR T 1 Xho T 14 [
% [E NEB A W], GST @il & H 2 f 4 b+ (GSTrap
FF). $itkrfalifbAt (HiTrap Protein G HP)F1 GST
pull-down B ig #5 £k (Glutathione sepharose™ 4B) ll
[ 24 [E Amersham Biosciences 2\ &, His #5284k 11146
{1k A5 (Ni-IDA His-Bind ® Resin) 4 17 E Novagen
ONHE), AR RTINS A FIE A 92 Sigma 2
A, MR AE R I (NC) W F 5618 PALL A F], i
EJ 6 384 3 4k %% & ¥ (enhanced chemiluminescent
method of Western blotting, ECM)i5] & (K E 1gG)
W [ 3% & Promega A F), HAR T A KBS (HRP) ARICHY
RPTRER 196G, B 52 AN 2 A H st
A, X BOBGEE W H 2 E Kodak 22 7], Aldolase-His,
Zri IR A E A HIRAE

2 FHik
2.1 GST-Aldolase & & #4 %4 &-

2.1.1 Aldolase/pGEX-4T-1 & 41 Ji 4r oy #y 22 Fn 5 =&
A5 I RH #4% aldolase mRNA %1 (AY150663)
WAt It & s — X 5 W5l % . ALDPL (5 -
TAGAATTCATGTCGGGATACGGTCTTC-3" ) I ALDP2
(5'-TTCTCGAGTTAGTACACGTAGCGTTTC-3") ( F %I
23530 EcoR T 11 Xho T BVIN5) . LASTEHL cD-
NAZE —5E it , PCR &34 H LR, PRI 1)
il WU 47) pGEX-4T-1 DNA 15 aldolase DNA, #fifkfif
DIy, RSN S TEE, ERm YR IEA
CaCl, il & nY IM109 Bz A, et bl
PCR % HPHME FaRE R, REAY TR (Ki%E) AR
oS EINY R FHAES AR clustal W (http: //www.ebi.
ac.uk/clustalw) X aldolase & [R5 4% 5 5 4R 38 ¢ 51) 3
1T AT

2.1.2 GST-Aldolase % & # & sk fndhft, A4 EH 4 Toks
aldolase/pGEX-AT-1 #AL AFikHfia 374 BL21(DE3)H,
1 mmol/L 5NZE-B-DHRACEZUMET (IPTG) 37 CisT3R
KHMER, 7EHTL 2,3, 4,5, 6 FI7ThJE5
SR, e S AR R -2 P M I e ¥ Ak P Uk (SDS-
PAGE), sl s nlaE, N GSTrap FF 4lifk
GEN, RERETINE T,

2.2 Actin-Hiss & & & 3 % % &3k o 4] &

221 Actin/pET30a = 4 Aty #E fn 5 2 R4
actin FYFHSRE T —XTRERAG 19 ActPl (5-GAGGATC-
CATGGCGGATGAAGAAGTG-3") (BamH T LI 5 )
Fl ActP2 (5'-GTCTCGAGTTAGAAGCACTTGCG GTG-
3')(Xho I FEYINIA), 45 26 Mo, LIS IEH cD-
NAZS—5E MEEHR , PCR ¥1 actin ZE[H . HREEHZ
WY valE % pET30a #ifAk, H44E actin/pET30a 4
JEkL, EEA TR PR rE R R e S s 2.1,
2.2.2 Actin-His, & & #y %k ik Ao 4 b H 4 R
actin/pET30a #% k. A ik H 15 F @ BL21 (DE3) H7,
1 mmol/L IPTG 26 CEFFRIAHMEH, 1, 2,
3. 4. 5, 6l 7h 55 lHUE#ETT SDS-PAGE, 73 #r
Actin-His, T, F Ni-IDA His-Band g%
MaifbE N, ERETIH T,

2.2.3  Actin-His, & & 470 1 7 89 ) & R 2 £ 7 Bk
By dif, 15 H SD R ERAPERTHY ORI, RAEFE
WZ SIS R, H IR RPE Actin-Hiss 24 1 &
9200 po/ 2, HEEEKTEEERIRA, 52 Kk
P RERE R 100 wg/ K, 58 R COR 58 2 IR
A, BRKEIRE 7d, AR 4, RGNS 5d
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WO I, A5 Actin-Hiss $LILIE . Actin-His Ll
54 BL21 24fF W W M, & 0.45 um LSS, H
HiTrap Protein G HP ZiifbHiihk, FHHlEF Mty
FeA5 Actin-His, 2 5E A,
2.3 GST pull-down %= %5 /= # 49 SDS-PAGE #= West
ern blotting 247 437X 100 wl Glutathione sepharose
4B T-2320.5 ml Ep &+, 4 °C, 1180xg &.L» 4min,
s v, PBS E k., PBS ¥k 3 ¥k, 4rHlfinA 50 pg
GST-Aldolase #[1 (#REHH M) FIGST I (xR
M), 4°CEEEELES 1h, 4 °C, 1180xg E.0r4min,
F i, PBS HiEk, I PBS Pk 3k, 43liiA 300 i
ActinHiss FE[ 1, 4°CEIEIEH45512 h, 4°C, 1180xg
B0 4min, 717, PBS PR 3 K., 4xSDS #E i fin
FE 5% phifk H1 B sepharose, 100 °C /il #45 min, #H47
SDS-PAGE il Western blotting 434, Western blotting
Frless, ¥ HE A A2 NC B, 53HlLk SD KR
15 Aldolase-Hiss 2 SaREHiLIA R Actin-Hiss 2 FefE4iiA
F—Ht, RPTKER HRP-19G H —Hiil & NC B, TB-
ST Ve, SR BNl s sim ik~ L A I 43 o

& B
1 GST-Aldolase E AR FRERIES 4L
1.1 57 % aldolase & W #94kshF 3% LIS JE HcD-
NA 55— 5t PCR 914 aldolase E[H, 1.0%5/lgkE
BERCHVIOEE, 11000 bp ML A 1 444, 5 HAGH
[l (aldolase F IS EE A 1092 bp) K/ MEAT (] 1)

bp M 1 2 3

2000

1000
750

500

250

M: DNA FR#); 1~3. BE4RAGHE PCR =4,
M: DNA marker; 1-3. PCR products of aldolase gene.
1 Aldolase PCR # 174
Fig.1 PCR products of aldolase gene

1.2 ¥4 K4 aldolase/pGEX-4T-1 # R B4y F= PCR
%52 EcoR I Ml Xho I XY P EELL TR, 1.0%
BN HHEEIS UKo UEE DI *4), 7E 1000 bp F1 5000 bp
B3 ] D 2% (181 2) LA i BH 1 2 20 5k A B AR
PCR "1 aldolase 3K, 1.0%%5 fIEH 5 e i Tk W2
£ 1000 bp BT Al W44 (& 3).,

1.3 GST-Aldolase @& &% & ¢ & ik = 4 4L SDS-

ML11 23 4 M2

15000

2000 5000

1000 1000
750
500
100

M1, M2: DNABRZEY; 1. B4 EE R BEE Y17~ %) ; 2~3: Aldolase/
PGEXAT-1 FA1vk DNA SUEEYI™#); 4. pGEXAT-1 iki DNA XY™
W,
M1, M2: DNA marker; 1. The restriction product of aldolase DNA;
2-3. The restriction product of recombinant plasmid aldolase/pGEX-
4T-1 DNA; 4: The restriction product of pGEX-4T-1 DNA.
2 E4AFHI aldolase/pGEX-4T-1 HIMEETI L E
Fig. 2 Identification of recombinant plasmid aldolase/pGEX-4T-1
by restriction analysis

bp M 1 2 3
2000

1000
750
500

250

M1. DNA #ri&#; 1~2. DA aldolase/pGEX-4T-1 T 41 ki DNA
Haiy PCR 444, 3. EEARRGAEN
M1: DNA marker; 1-2: PCR product of recombinant plasmid aldolase/
pGEX-4T-1; 3: PCR product of aldolase gene.
3 EAFHI aldolase/pGEX-AT-1 ) PCR £ &
Fig. 3 Identification of recombinant plasmid aldolase/pGEX-4T-1
by PCR analysis

PAGE 45538, £ M, 45000~66 200 A —H @& M
4 (GST-Aldolase i1 M, >l 65000), HAHE
FI7E 4~5 h I Fak s ih FIE(E (& 4) .

B Al AYE TR B GST-Aldolase 2K [0 Al A1
ik, %4 GSTrap FF 4tk #ETAMSi S5, AWK
“A6.45 mg/ml

2 Actin-His, EA R HE & RERERH &

21 AWk actin AR ek 3 LIS IE A cDNA
S—BE AN, PCR 471 actin JL[H P8 448 1.0%
BN HREERS HL YK, 7E 1000 bp MHEA 1 4447, S5 HMY
K (actin cDNA KN 1131 bp) K/MHESF (K 5).,

2.2 Actin/pET30a & 48 it 45 69 B In% 2 BamH |
A1 Xho T Xt 171 477 i BH 14 B 41 5 %7 actin/pET30a,
1.0% B HE WHBE K H VKON Z2 i U1 7~ 4, #E 1 000 bp #11
5000 bp FHE A WLZ&H (1 6), MIFL5R-S5HGE)F1
2% Clustal W XJ L, FEF 5 1E

2.3 Actin-His; %& & # % A & 44 SDS-PAGE 43 #t
53R, Actin-His, 81 17 3—4 h i) ik & R i5 3|
WE{E  (Actin #5111 M, Jy 41 900, - I 6 NEHERR)
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MM 1 2

116 000

3 4 5 6 7
66 2005,
45 000
35000
25000
o 1 T ET T
=] il

14 400
M: HEABAREY; 1~4: IPTG 435lifT 7, 5, 3l 1 h HAFH al-
dolase/pGEX-4T-1/BL21 ik =¥y ; 5: 4] J5i kL aldolase/pGEX-4T-1/
BL21 i5SHT; 6: IPTGiAES 4 ikl pGEX-AT-1/BL21 7 h (A4,
7. IPTG i%5 BL21 251 7 h AZA=4
M. Protein marker; 1-4. Aldolase/pGEX-4T-1/BL21 induced by IPTG
for 7, 5, 3, and 1h, respectively; 5. Aldolase/pGEX-4T-1/BL21 unin-
duced; 6. pGEX-4T-1/BL21 induced by IPTG for 7h; 7. BL21 induced
by IPTG for 7h.
Bl 4 GST-Aldolase &HRiLEHRKML
Fig.4 The optimum condition for the expression of GST-Aldolase
fusion protein

bp M 1 2 3

2000

1000
750
500

250

M. DNA#RES); 1~3. WshE SR PCR ¥ 344
M: DNA marker; 1-3: PCR products of actin gene.
5 Actin £ PCR ¥ 1&7=4)

Fig.5 PCR products of actin gene

M1 1 2 3 4 M2

. bp
15000
5000

1000

M1, M2; DNA Fri#; 1. JIZh#E T DNA U =9); 2~3. Actin/
PET30a T 41 ik DNA MBI =4 ; 4. pET30a Fiki DNA WEHI =4,
M1, M2. DNA marker; 1. The restriction product of actin DNA; 2-
3. The restriction product of recombinant plasmid actin/pET30a
DNA; 4. The restriction product of pET30a DNA.
6 Actin/pET30a EAFRMWNETLEE
Fig.6 Identification of recombinant plasmid actin/pET30a by
restriction analysis

(E7), BEAKREES 4 hiF, A% R Actin-
Hiss £ 11 =2 DI iR e XA . glifb s i vk
70.35 mg/ml

2.4 Actin-His, & & ¥ fn i 69 5 & A % AR shAL
WedE SD KRR G% fm iy, FH HiTrap Protein G HP
afifbhiik, SDS-PAGE 4r#r, Z5HREIN, sifb/smbt
PRSP — 5T (AR GREE ) (1] 8)

M M 1 2 3 4 5 6 7

116 000
66 200 -

45000
35000
25000 ==

18 400w

14 400 ==~ ! .
M. EARREY; 1~4. IPTG 4 5IES 7. 5, 3 Al 1 h HAL Tk
actin/pET30a/BL21 FiAT=¥); 5. HE4LJHR actin/pET30a/BL21 K i
S5 6. IPTG 55 pET30a/BL21 25 Fki 7 h Bk W), 7. IPTG i
S BL21 25T 7 h AUk,
M: Protein marker; 1-4: Actin/pET30a/BL21 induced by IPTG for 7,
5, 3, and 1 h, respectively; 5. Actin/pET30a/BL21 uninduced; 6.

pET30a/BL21 induced by IPTG for 7 h; 7. BL21 induced by IPTG
for 7 h.

7 Actin-His; EBRIEEHHRK
Fig.7 The optimum condition for the expression of Actin-His,
protein

M, M 1
116 000 | #=%
66 200 #==

45000 r
35000

25 (QQ —

18 400 -

M. AR EY; 1. gifbid Actin-His, £ seBEbiik,
M. Protein marker; 1. The purified Actin-His; polyclonal antibody.
B 8 XRiEM Actin-His; Z = EH AR 4L
Fig. 8 SDS-PAGE analysis of the purified Actin-His; polyclonal
antibody

3 GST P& SKIE =¥ SDS-PAGE #l Western
blotting 447

GST ULFESLIRL KM, GST-Aldolase & AT
R 7= ) v B 2 AT LA Alldolase-Hisy 22 5 B 470 A A1
Actin-Hiss 2 st EHTARIUN, 10T RS F GST AYUTRE
FEY R LU REBER S (E9) .

5] i

AR (MIC) i 58 B BRI =Kot
WERAZ—, SIERHNEZN MIC EH& A &M S EZ
YA AR LA RS B DD RS, AF R AR o A v Rk 4R
A, FERHE EARMRIER, BRI PR EERTE -, i
LB FAAFER R, ABFFEFIA GST TR,
PLHF GST #2514 Aldolase s EH , SHlshEA
ATV, SCE A5 Uk SClE 4 i 5 L3 8 e AR



rhE B A R 5 F A HUR A 2011 4F 10 A 55 29 B45 54

Chin J Parasitol Parasit Dis Oct. 2011, Vol. 29, No.5 . 367 -

M M 1 2 3 4 5
116 000 ==
66200 = g
45000 = = 5
35000 == :
——
25000 = -
SDS-PAGE
M 1 2 3 4 5

B
Western blotting analysis

M. FEEFREY; 1. Actin-Hiss & 1 (*); 2. LA GST-Aldolase &

EFERY GST DU, 3. GST-Aldolase 2 1 (**); 4. LA GST N

FFEE I GST UL, 5: GST 21 (***),

M: Protein marker; 1. Actin-His, protein (*); 2. The products of

GST-Aldolase protein pull-down experiment; 3. GST-Aldolase protein

(**); 4. The products of GST protein pull-down experiment; 5: GST

control protein(***).

9 GST ML =4I SDS-PAGE F1 Western blotting 4347
Fig.9 SDS-PAGE and Western blotting analysis of products

from GST pull-down experiment

HAEH,

AF 5% R B — S SR L 20 28 1 ) an 4 A 5t 2%
(cytochalasin) A1 latrunculin £ ] #ill i 5 JE B )iz s Fil
A=, WHLsh & H R AR5 S5 (jasplakinolide,
JAS) Al Mg HUARRYZE 3, SRl AfE IR AR T
rh R EAERES, BRETAH L& A AL Bk E A
RN B R, HEsh ks s E s A fzrE 3
A,

AR ERERE % (glycolysis)idFerh ik 1, 6 —
PR RN At OB TR — 5 A T RN — R H YRR, I
A, BHARTOREAR, SAREYEE, 5T K
— SO WE R (Y e S A B 2 R AR A EAE R, B0
T, BEE . MR SAYER AR, HEE I G
IR ] BEATTE T4 B 2R e WL S ) AN i
h, EEARREE THOKEE, W S S A NIZE A
B A TAEAE T4 BT 45 LIR.£F 4 (myofibril )
N 147 4 (stress fiber ) F1 F- L8 2K [ 40 45 4 28]
Jewett S¢RIABFSE IR SE =5 I8 A A 4T 5 WLsh

FAFFEAHEAR L, BRSNS 5 T BRI,
1M Hid 25 BRI AR . 245 R85 MIC6 [ ZEE
LWFFE S L B ARALI 8352 T 2EAk,
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