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ZREMATHRABC2 ZERNREERESEFYWHREIE

FHEAL EEWA' XA OE B A A BEHED
(. ZHeR R SR % B . A8 230036
2. AR K RSB M. AR 230036)

W E ARREKREIETF R (Cryprosporidium andersoni ) ATP % A & 4535 % & % B (CaABC2) - & ¥y Ji 09 %%
E R AR K IETTF kA B AR H AR, & A R CaABC2 A B 4 7% 31 4, i 47 PCR ¥ 3¢, 3£ /% CaABC2 A&
B, ¥akeyEafis CaABC2 A B 5 A &k ¥ pEGFP-Cl R BRAE B . METHAZ R E B K
pEGFP-C1-CaABC2; B & A Ji§ fi 4k 45 % 3% ¥ % 40 i 4 pEGFP-C1-CaABC2 # A /s & W L & @1 B (Intestinal
epithelial cells,IEC) , 42 ®] R [ 28 TEC #m o st ¥ I2 B B 38 RA BB H AR A A A BB s Eaa R, 41
AU 48R 778 bp 49 CaABC2 AW, 5 547 5 F 8 7 B R — 8 T4 A R A H Ak pEGFP-C1-CaABC2 %% %
DRIEC e MR B LG BAFREFMIECAZER AN EAmE AR T . #2a TRAREG
009 BN B BR R E 4 %) 4 15,9940, 12,11, 80 4=0. 35 F» 12. 43 0. 16 mmol/L; i& & B 5 BrH KK B 5 5 A
15.2440.44,10.48740. 35 #= 11.04=£0. 75 mmol/L; £ tm fashi b , 45 e 40 34 FB 40 Fo 5 & 469 % 2 B B 3R JE & 71
10.6740.17 ,14. 8240. 06 f= 15. 8440. 17 mmol/L; if & & & . H Ak # 4 #) % 10.20+0. 79,14, 60£0. 45 F=
15.60+2.50 mmol/L, $# M &R EHK ERAESKEKRKENBFXTZE O AFft BA(P<0.05), @ £ 90
SR P HEAEEEE ERASKERGREYNEZF N TEEAFFRBA(P<T0.05), £@MI AR R T,
TOMEBAEIEER ZRASRE ARG R EZ Y RN EFEEZF(P>0.05) ;8 0 FRART UL
8] 44 ] 2] 4 Ao aobh B R B R E R R %t 2 £ F (P>0.05), CaABC2 A B B A ¥ 8 4535 ¥ 2 B] B |38 R A 5k
HAR K ABA ARG R AP HEEEE AR R AN,

ERIE FRBATRATP 446 6&X#iE50 2; L kk; §iitia
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Cloning expression and nutrient transportation of
Cryptosporidium andersoni ATP-binding cassette 2 gene

WANG Juhua', WANG Jiaming', LIU Dandan', WANG Pan', ZHOU Jie', XUE Xiuheng®"
(1. College of Animal Science and Technology, Anhui Agriculture University, Hefei 230036, China;
2. College of Tea & Food Technology, Anhui Agriculture University, Hefei 230036, China)

Abstract To study the transportation function of Cryptosporidium andersoni ATP-binding cassette (CaABC) 2 gene,
C. andersoni genome was used as PCR template, the primers for Ca ABC2 gene were designed according to information
obtained from GenBank. The amplification of CaABC2 gene was conducted by PCR. The recombinant plasmid CaABC2
and linear pEGFP-C1 vector were prepared by double enzyme digestion and linked by T4 DNA ligase. The pEGFP-C1-
CaABC2 recombinant plasmid was obtained, was then transfected and expressed in mouse IEC by liposome
transfection. The concentration of nutrient (total cholesterol, reduced glutathione, glucose and alkaline phosphatase) in
intracellular and extracellular fluids was analyzed. The results showed that: CaABC2 gene of 778 bp was obtained. The
recombinant plasmid pEGFP-C1-CaABC2 was successfully transfected mouse IEC. Green fluorescence was observed in

the control group and the transfect group. The concentrations of total cholesterol in the transfected group, the control
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group and the blank group were respectively 15.99+0.12,11.80+0.35 and 12.43 = 0. 16 mmol/L. The concentrations
of reduced glutathione were respectively 15.24 £0.44,10.48 £0.35 and 11.04 = 0.75 mmol/L in intracellular fluid.

The concentrations of total cholesterol in the transfected group, the control group and the blank group were respectively

10.67%0.17,14.82 0. 06 and 15.84 £ 0. 17 mmol/L; The concentrations of reduced glutathione were respectively
10.20+0.79,14.60 +0.45 and 15.60*2.50 mmol/L in extracellular fluid. The concentrations of total cholesterol and

reduced glutathione in the transfected group were significantly higher than those in the control group and the blank group

in intracellular fluid (P <C0. 05). However, the concentrations of total cholesterol and reduced glutathione in the

transfected group were significantly less than those in the control group and the blank group in extracellular fluid (P<C

0.05). No significant differences in the concentrations of total cholesterol and reduced glutathione were observed

between the control group and the blank group (P>>0.05). The concentrations of glucose and alkaline phosphatase

displayed no significant differences among the transfected group, control group and the blank group (P>0.05). In

conclusion, CaABC2 assisted the transportations of total cholesterol, reduced glutathione, glucose and alkaline

phosphatase and its transporting effect on total cholesterol was most obvious.

Keywords  Cryptosporidium andersoni ; ATP-binding cassette 2 gene; cloning expression; nutrient transportation

Kt 7 Hf (Cryptosporidiosis) J& iy & 1 H
(Cryptosporidium) 2 A48 F fi5 51 69 A 2 3 5%
RMEAG YR . MBI F R A AR RS EEH A b
B A0 LI 25 520 b B A0 8 3R B 1Y e s kT
BB ARSI KBTS B EFRAR JKET
B K & FIREY ., Wi, 5 ATP 545 &
(ATP-binding cassette, ABC) #%iz 5 F ) #0 15 FA
R ) i i At 50 L B R R IR T R T U Y 2y
Y TEmIR E EAREENE L, &4 N1k AfTE
Z RIS IR YT AT BRI 25 AR R R
PR . SR R WA AR M IE
B 76 A R Y (T A AR R AR L RE AR 5 HUR 5 9
WA FA R EE AR - ABC #532 H A X E =Y
JT AT i 3 A Y 5 o TR AT i1 5 5 245 ) A 4
SENY T RE B 25 305 VR B A0 B P9 5 o 0 0 B AR
BT 72 A 2 1] e 24 1 0 R PR SO 2 5 T AN 2h
Wy Xy xfe LA RS By i B A6 1 B

PG Rad F B (C. andersoni) 1E J Fafl + B
—AEE R, FERGORF A KB B A 3 B
PR JRAE 55, 405 A 7= 4 B RO A R ™ S
FHo BASENI XL R T H ABC(CaABC) ¥
i N E R Y B s s i > AR5 A
BAR B SE Ca ABC 25 AL IR 1.3 %45 9% 9 Jo 1 % 8
PERS™ AR ABC 25 1 A7 A8 O S v L PT BE A7
TEZ A URSF PR D BE DX, 15 1 4% 15 A [a) 1) 8 37 9 e
AW ST UL 2 TG RR AL 7 B WF 5 X 4 37 1 Ca ABC
HE N, %N B E b 40 i (Intestinal
epithelial cells, IECs) J5 . 555 HXT B R Y Bz 5
B A B8 R W A0 ) CaABC 1

W) Jo e 3 T S M 2 ) 4 R 2 TR R AL T AR 3R
W W A0 25 W) SN HEVE S D3R 9T 2 FR R A 1 AU 4 I
BB .

1 #R5FHE

1.1 ERFEHEFKIRE

2B 7 f IR cDNAL R T 228kl
RSP 2 Be 2 A S %

1.2 /R IEC 555 ik 89 B %l

DMEM-F12 ¥ 55 W % Jn: 1020 i 4F i i
(FBS) +2 mmolL/L BF& B (Gln) +10 ng/mL 3£
Fz A K W7 (EGF) 4100 TU/mL 8 % +100 pg/mL
W R 5 pg/mL L R (NS),

1.3 CaABC2 EFEREE

4 Genbank H1 315 1 Ca ABC2 H: K ¥ 31 , F)
JH Premier Primer 5. 0 AR BT 54519 .

B ¥, 5 -CCCTCGAGATGGGTGCTT-
CTTCCCTTCA-3'

T8l ®. 5-GCTCTAGATGATCCACAG-
CCTGGTTCTC-3'

PCR & W & 7:94 C 5 min; 94 C 30 s,
52.5 C 35,72 °C 45 s,3L 35 MEH; 72 CHERK
10 min, RWMEEHG, FIRA 1% B4k 25 1 Bk
W GEE e T o DK AR WL 2 A BRE S 028 FL I e
A BRI
1.4 EZAEERA pMDI19-T Simple-CaABC2 B33

I L 7 & Il i IF 4l ik PCR 7= ) 5. 5
pMD19-T o F 48 K 1% 4%, % 1k DHS o 2% 32 25 41 Jifg
JE R T S ATNEERN LBRIKEHRESD, T
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37 C Hy ¥R 8 ho g PCR %5 Jy B M 9 4 K
Jo AT RV 00 4 i R IO e LE R 1 e K
B % 4 M 4 o B BT ORL pMD19-T Simple-
CaABC2,
1.5 E#ZRIEFAHE pEGFP-C1-CaABC2 HH &
4] L pE ok pMD19-T Simple-CaABC2 5 &
AR BAK pEGEP-C1 24 1 BR 1 1 N VIl Xbal F
Xhol AT XREGY] , LT & W B i ZL 8, T4 3% 4
fitf 16 CRN 6 h J& . AL A , 643 PCR %
RIS 7 M VT I S e = N 7 i s Q2N 1 A=A N
pEGFP-C1-Ca ABC2 e 815 M .
1.6 pEGFP-C1-CaABC2 # /NG IEC 48
B YL 24 h VR TEC AR A0 4T 100 B e
FLBE 24 FLAR A ML BE Ry 2X10° A /mL, 859 2
240 i Al 15 5 % L3k 80 %6 ~ 9024 J& , BA 400 pg/mL
JES T A Bt e 1) SO A R B AT R . SRyl 3 4
25 VA R e Y TR0 TEC 20 ) 5 X JR 21 (B e =3

ok pEGFP-C1 {5 TEC 40 J0) + 5 e 40 (2 F 1) 1
#1 fFop pEGFP-C1-Ca ABC2 1y TEC 20 ) . 56 ye 4
RS IR Wang 2500 g )5 g, 65 U 401 0 25 R ) Acb

JE. BT 37 CL.5% CO, 31 24 h |7, 9%
OB TSR i S B pEGFP 2 6 ik, 41 |
ISR YL L
1.7 pEGFP-C1-CaABC2 # i IEC
FURKENTL

TEC 4fi il 28 it A [ b B 5 55 5% 24 h, 43 SillicdE
3 120 B 15 37 WAE R A0 LA s 40 L PBS b gk
J& TR S Ak . 3 AR TEC 40 B 85 35 W 2 1k 1k
300 g B5.0> 5 min J5 7 [ . P HH B8 2K 5 A0 .
TR P IR B R o) R VR S Al P s

ERABANE

TR0 5 4 DA 0 45 2H 200 M PN YRR A0 Y v I
A TR A I TR 4 R R R 1 VR AR A
1.8 Zitotr

45 9L SPSS 16. 0 B F 47 22 5 W 3 1 0 17
W BE R UM AR E 2 (o 5) , WG 2 500 L #5 %
H e K5 kg 5 K- P<<0. 05,

2 HRESH

2.1 CaABC2 PCR ' #85 R & E

L2 [ e At HU L R 4 S AR, PCR 9 38 0 33
HIR W s PR Tk B 1% S UL SR B B R W KN R
778 bp, HHUN K B —F(E D,

bp M1 1

2 000
1 000

750 778
500

250
100

M1.DNA i 24731, CaABC2PCR =4 .
M1,DNA marker;1,CaABC2 product.

1 REEMFHE PCR i E=Y
Fig. 1 Cryptosporidium andersoni PCR product

2.2 CaABC2 PCR =il FF 43 #7

PCR = #y ¥ &5 R KW A1 v B R/
778 bp ., B BRI N UIBE A7 A5 AR 1 T2k R
22 bp. A EE 7 BP9 28 756 bp. A 2 i .

HFEIAE 5 Xho T FHE ;7 (Restriction enzyme sites of Xho | and initiator)
CCCTCOGAGATGOGGTGCTTCTTCCCTTCAGGAATCCTTTCTGGTAGGAATGGACAAGATAAGTCTGA
ATCGCATGAAACTGAATACCATCCTGCAACTTCCGCTOGTTCCTGTCCGAACTCTCCGTCATCATCGGCC
TGGCATTGCTCGTAGGTTTCGGGOGGTGGCGACGTGAAACTGCTGGTGGGTGTCTTTGCCGTTGCCGCC
TTCCGACTATTGCCTGCCTTGOCGCGGCATCCTTTCAGGATGGACACAAATACAGAACGTGTCTTTCTGC
CTGGATACTATCGAGCAAGGATTGGAAGAGGAGCACCACGAAGAGAACGCTCCGGAAGGAGAGGAC
GTCACTTTCTGCCGGGCAATAACGATAGAGAATCTGACGTATGCCTACCCGGACAGCGGAAACGTTCT
GGAACATTTCGATTGCAGGATAGCCAAAGGCGAATATGTAGGTTTCCGCGGATACAGTGGOGGCGGGCA
AATCCACGCTCTTCAATCTGCTGATAGGTTTTCTGGTACCGGGTTCGGGAGAAATACGGATTGACGATA
CACCGCTOGACTGCOGAAAAACCGCACCTCATOGOGATCCGCCACATAGOGATATGTACCGCAAGAAGTCTAT
ATCTTCAACGGTACCTTGGCAGAAAACATCGCCCTGGGAAACAAAGAGGTGGACAGAAGCAGGATAG
CGCATATCCTCCAACAAGTGAGCCTGOGAAAATTGOGGCCAAGGAACTTCCUCGAAGGOGATAGATACGGTT

CTGGGAGAACCAGGCTGTGGAAGTTCTAGAGC

P21 FEFYIGE £ Xba | (Terminator and restriction enzyme sites of Xba [ |
B2 PCRyBFYMNFER
Fig. 2 The sequencing result of PCR amplification product
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H 1 5 R A R 13 51 B3R i 252 N SE TR L
PR R R Y S MG/ B B ABC HE H
(CpABC) @ 2t BLAST #E47 5 81 L XF 43 Fr vl %0, 4
FmIT A N dig Walker A BARY 9 > EERR A C i
Walker B ) 10 & EfR 5 CpABC SEH[E ., HAF
E—Bti 9 MEFEERA W ABC & AR IERA
AT RS G0 o5 . B ARk PCR T 1 i 4% 17
iR 7= ) h % IR a1 i ABC RSP AI T BEIX
fir 4 h CaABC2 #:[H ,

2.3 pEGFP-C1-CaABC2 EHF iRy PCR ¥ &

WA Y 4 A R 8 B T BRI P 0
Xba THN Xho T #EAT XU Y) RNL e - F 126 B A b 5
JiEFL VK AR B/ ING 9 20k 778 bp AT 4.7 kb
M) 2 25 i N BRI CaABC2 454, 5 &
Nk e pEGFP-CL B kL 454 . ¥ 5 1 9] K/ — 2,
ULIEL 3, 45 G P 45 B 3E AT 43 B, Ik 55 1 4 LA
F35 ok pEGFP-C1-CaABC2 ¥ # j%.11 .

2.4 pEGFP-C1-CaABC2 T H R /MR IEC

4 R 2 /R pEGFP-C1-Ca ABC2 % 4L /N B,
TEC 4 24 h J5 . WAL B4 A KRS R 47, #E 9K
PRI € U -3 Pl = L U S s S

Ii]] MI 1

5000

3000 4700
2000
I 500
I D00 778
750
500
250

100

M1, DNA 45 595 1. CaABC2 3t [F vy 3k 445 f1 2 ¥ pEGFP-C1
M1,DNA marker;1,CaABC2 gene and pEGFP-C1 plasmid PCR
products.

3 SHAEZKER pEGFP-C1-CaABC2 ) PCR £ &
Fig. 3 Electrophoresis of pEGFP-C1-Ca ABC2

(E 4Ca)) s X BRCZH R 5% e 4 3 B & 8 2¢Ok
(Bl 4(b), (), AT SRR 5 O 2 i BT okE Y 44
S EGFP 3R Gk fir & i, 5 40 Btk % 38 #K
pEGFP-C1-Ca ABC2 Ji§ 34 Yx TEC 411,

(a) 25 F1£H Blank group; (b) %} FB2H Control gruop; (¢) $#4L2H Transfect gruop; $1/2=100 pm Bar=100 pm.

B 4 EGFP#EAR[E IEC ARRiE
Fig. 4 Detection of EGFP expression in different IEC groups

2.5 CaABC2 /N 1IEC W B BRI

FH 2 1 AT AL, 75 200 B P9 b A e 2R RN
25 1 2L P IR ] P B 431 A 15, 99420, 12,11, 80
0.35 1 12. 4340. 16 mmol/L; i J5 7 23 B H ik ik
A9k 15, 24 40, 44,10, 4840, 35 F1 11. 04 +
0.75 mmol/L, #&Ye2H i 0 [F B 8 J5 R 45 b H ik
WP B W 3R T 23 1 4 RN R R 4 (P<C0. 05) . T 7E
25 I 50 A 22 ) R D S 2 22 % (P>>0. 05) 5
SR YUZH X RRZH RN 25 1 4 22 () 0 A 2 W RN R

By e B AT et 24 22 57 (P>>0.05) , I FE YL 4
AR e G CaABC2 FE 5 , XF 4 IH [ Pt L 38 Jit 2 45
o H K EL At 3 ) 7 52 T g T X A 4 W R e
1% il 1) 2 38 SO AR B B

TEAN AN B e ] X BB NS 4 A0 B il
[H Bk B 43 5 ok 10. 67 10, 67, 14. 82+£0. 06 Al
15. 84£0. 17 mmol/L ;3 J5 1 4% e H Rk B2 43 531 oy
10.20£0. 79.14. 6040. 45 #1 15. 60=£2. 50 mmol/L,
B TP A I L AR TR A IO R I v B Y S
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T35 AL IR 4 (P<C0. 05) . 1 25 [ 41 5 4 iR 4
Z AR WL B B 25 R (P=>0. 05) s 5k Yu 2l % IR 4
S 1 2 22 [a) A 4 250 Rl P Tl I o oA DL &5
P2 R (P>0. 05), £ 8] CaABC2 3 [ %F 2 I8 [

W 3 SRR A DR H R R A 8 1) e D) RE L TN A
Pl R A B R I ) 2 R AN B L BB Ca ABC2
B DR B 02 445 200 Jf A1 Y v R I AR A e T IR
B Bl e o B 40 A

1 WEAANRIMEPFSEERE. EREARER. FHENEESRERENTL (xLs)
Table 1 Changes of the content of total cholesterol, reduced glutathione, glucose and
alkaline phosphatase in intracellular and extracellular fluid (x £s) mmol/L
25 3 ST T I JE A2 e H R ] 4 B R T
Group Total cholesterol  Reduced glutathione Glucose Alkaline hosphatase

0 N W Intracellular fluid

25 4 Blank group 12.43+0.16 a 11.04+0.75 a 122.5540.73 a 28.7140.30 a

Xf #E2H Control group 11.80£0.35 a 10.48+0.35 a 124.75+0.18 a 29.1740.67 a

¥ Y2l Transfect group 15.99+0.12 b 15.24+0.44 b 130.48+0.97 a 42.7840.09 a
0 L 4 Extracellular fluid

25 940 Blank group 15.8440.17 a 15.60+£2.50 a 133.794+0.43 a 34.4140.77 a

Xt g 20 Control group 14.8240.06 a 14.6040.45 a 131.08+1.25 a 32.884+1.05 a

L2 Transfect group 10.67+0.17 b 10.20£0.79 b 122.86+0.71 a 28.1840.79 a

LE < [7]— 51 20 0 P 800 200 B A0 23 30 PO AN [ 2 3 7 22 57 B 35 (P<C0. 05) , A IR RR 22 5 R 1B 35 (P>0.

05),

Note: Values of intracellular and extracellular {luid are respectively compared within same column. Different superscript letters

represent significant differences (P<0. 05),while with same letters represent no significant differences (P>>0. 05).

L. 252 MY B 5 F B A s, ABC #

iz
A

3 3 g
3.1 CaABC2 EERIEE

ABC iz AT 2 A TR M AEMIEN . XF
ZRAY R ABC # 1 Y) g 45 #4 (% #F 52 3iF 58 ABC
BEAEZE TR GHNA 1 4K 2 200 aa BLLF
H B AT 3 AR (Motif) L 43 1] 5 Walker A #5
& (P-loop) ., Walker B #% {& #1 Walker C % {4,
Walker C B4R THT 2 MR [E] , Walker A 1 B
BAR R BT A5 1) ABC 25 (1 i 364, i Walker C 5244
Pk R (181t K NN N 1 S D B ol 5 B i e S
AR BB B8 B N A G i e R
FEBN A3 AT I« IR 388 1) 35 A B ABC 7R 1 iy LAl
ZEH . MR Walker A-“GSGKST” il Walker B-
“VLLMDE”, [flB 345 1 A~ ABC 25 [ R AE M 45 1A
“LSGGMQQRVG”, [ i, i & A #F 52 PCR iy
P4 B ) o R R T B ABC R A 7E AT IR
SEG N O SE B B IR 4 CaABC2 BRI,
3.2 CaABC2 EEMEIZINAE

Faftl 7l ABC EHMEK L. BT
ABC %532 35 (M &5 T R W) 2K 5 40 i 1 4
B IEAT 6, WFSRIE 92 ABC #4535 % AR 4E T Bad
T R S T 3 b R A0 1 4 2 AT A

EAENRE BAmERTFN ATP EFRE A
B AT RS (R RS 435 58 0O 3k S8 1) o 1Y) 15 R i
. WU/N AT RO BT UESE L K B S S R
kb2 i ABC 8 1 & CpABCL, CpABC2 5
CpABC3-"™ . CpABCL f£7E F 7 A4 U 5 i 3 40 iy
M35 T R 2RI b R B s R is
A5 e H K R A B LR LB AL AR S S IR . B
SRR AR 5 CpABC2 2 Rl #4600
viig 1) £ 1 0T 2 5 B A B BT Sk B e b
WA CpABC3 12 S AL il s B g6 i i
T B A w0 E 32N 9 E b R A0k
B R IR O, RO S R kA
SR Ca ABC XJ R 53 57 ) o 14 5% iz Ty BE 3 A~ 1
FE A IE AT ST IE 5L Ca ABCL J K H A P Bl
o K \Ca® fil Mg*" & W PEH, Hh§%i8 Ca®
BOR W WL g DI g KL T CpABC3 M1 A&
U O T 058 CaABC 1 ¥ i2 T BE . A1
FEFL e T CaABC2 3 A, I 4 # 5 41 % 1k i kL
pEGFP-C1-Ca ABC2 . 56 L /N i 1EC J5 4T 35 . %
I CaABC2 H R 500 [ B 3 Ji 78 25 bk T K i
AR RO Bl IR G LA B s MR M H b e 32 R [
SRR, 5L T CpABCL HE LK 1
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et . MZL AWK ABC 08 B A A T A Y
5 T JIRDR 235 ) LA K 20 M L o T B ) e i R K i
ATP B3 i RE 1 5% 12 40 i 3 &b B9 4% B Jo . 2 A4
IO BT 5 1) 45 ol S W T 5 A AR A DL R S
SIS ARZTEY PN ] B UR

4 &

CaABC2 K HA % iz 5 0 [E B L 8 J7 80 45 Bk
Hﬂi(%?%%}ﬁﬁwﬁﬁﬁo WF 58 CaABC & 559y Jit 5%
iz, AT DAk IR 5 B0 5 O A BT A R B A
A R A T AR .
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