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[ ZFE] [EMY @ — R ABUEE iR (AT) Cys248 i g #F 47 8 45 5848 R AL Rk W vl SEJ7 0k, 5848 MR 1Y
SER RN D RERF ST R MR LA AR . D073 LLA AT cDNA 730 B, 54t 1 4 & m 3 51 9, 3t 47 & i PCR Y 5
PCR F=#) 3% 3% W ¥ J5 . 70 e 2 238 ki pcDNAS. 1(+)-GFP I, ¥ #d i 41 BB 38 804k pcDNAS. 1(+)-mAT-
GFP; #5548 L BRI AE L S 2L 1 B2 (GMED 20 i 2% 35, WSCHE 4t b 35 55 105 W A7 3R 3 7™ W 1) e Pk L 2
K, (453 Y 2748 B X 200 ¥ IE 52 5 T 01 45 R — 2. HAE GME 40 i 9 15 21 1 R0k . 40 M 15 95 W L T T iy s AR 4k
F e R (52617, 3) mg/L, [45i8] Kl PCR & X AT JEP 47w M8 AR MW S 7 ik AT 8 SE N7 GME
YA Y ] AR A .
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Abstract: [Objective] This study aimed to explore a reliable method for site-mutation and eukaryotic
expression of human antithrombin (AT) Cys248 mutant,and to provide the original material for the struc-
tural and functional research of AT mutant. [Method] AT c¢cDNA sequence was taken as template and a
pair of inverse amplification primers were designed for inverse polymerase chain reaction (PCR). The PCR
products were connected,sequenced and cloned into the expression plasmid of pcDNA3. 1 (+)-GFP for the
construction of recombinant eukaryotic expression vector pcDNA3. 1 (+)-mAT-GFP. Mutated gene was
mediated by the recombinant plasmid and expressed in the goat mammary epithelial (GME) cells,and then
the cell culture medium was collected and performed for qualitative and quantitative detection of the mu-
tant, [Result] AT gene was successfully mutated by inverse PCR method, and it was expressed in GME
cells efficiently. The concentration of the AT mutant was (526 +17.3) mg/L in the cell culture medium.
[Conclusion) Inverse PCR method was reliable for site directed mutation of AT gene,and successfully gai-

ning of AT Cys248 mutants in GME cells medium provided the convenience for its structural and functional
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research in future.
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Py P AR AR R AR 2 fp . — R R
H PCR A, Bl ol it 2 XF5l ¥, 2547 2 K
PCR ¥4 , Bl 9 19 5 9 28722 DNA Jy Be i 475 0
A% Y B () 5 BRI A A B R AR A
Wk BER L H R R BB R K VA
AT, o3 — Mo aln & e 28 s, s FH AR W) 8wl 4
b ) R PR 28 A2 1) B 5 A PR A S8 A 5 1
Tk BA —E N BRAERL L BHREX S YT RE
DAk » LR & kv B o A G ) 0 H 32 3 — o
JERI R . BEAE 53 7 A4 W) 2 TR 09 N W e ik
AR H B PCR LT H R 47 s R A8 2 51
E AT E AR .

L EE I ( Antithrombin, AT) 2 Ifil ¥ H & 2
MIPLEERE I AR . TR 58 ku, B
432 P LIRS . 4 S5 WM BE (96,135,155
0192 ) 0 ., & 3 A Z B (Cys8-Cysl28,
Cys21-Cys95 Fll Cys248-Cys430), AT fE A L%
& mL R 150 mg/L, 2 —FMmAEEAY  BRAA
PUEE LT RE Ah . Bl 2% 5 & B0 H B AT 5 2 9 e a4
A E PR AT X A I AR A AT HAT L [\ i 45 # 2
fifh s BP9 C o B BR 45 40 BB 24007 5 — & 3 A 47T fie
Je 5 L7 AR BV 1 2 W F i AL T o R K
BT AT 437 Cys248 fL SR 4E R H C o PRAR S5 4
o AR AR S LR B Cys248 1F Ry sl 58 AR L
Hodz e PCR Jr ik f AT 1 Cys248 5E s %748
S Arg248, LIMA S AT 9B il 48 A= ol i 5% $2 fik R
¥
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L1 # #

KW A ' DHS o FIAL AR B kL pShuttle-AT,
F 7 BE U 915 27 g A= P TR S0 06 2 IR AT s EL A% R R R
#i pcDNAS3. 1(+)-GFP, Iy { g4 VC & A P 8 AR
A DNA R4 H KOD-plus, 1 H AR 95 Y HR
SR N VDG T4 Z2 R H R . T4 DNA %
126 LL & DNA Marker 28,00 H REFE4-WA RN
A s BB AR BORXF & CDNA B Beati b3 & L 1 |l
R & W A Promega A= ¥ 4 R 23w 5 IR BT & Lipo-
fectamine 2000, %) [ Invitrogen A R AF] ; AT Frif
an ATERBTA AT BrcpEdhiiR . W A Sigma A w5 AT
BRI & (Elisa ) , 2 [ DSL AR =M.
1.2 WF3I R E E (Goat mammary epithelial,

GME) M5B 54

BUNSe E 2R 2, 8T T 59 0, A B —
E T S I i ) MEM (Hyclone, 3¢ [FD ¥ W, 37 °C
FEIR L B A DNA B, 37 ‘CHER b 15 min; %
AR 200 g B0 5 ming MEM % 902 17 40 i Ut
VE, A B O GRAFRI AT » B 2 40 M8 R0 2 K A i
BT FLAE 53 pm JERE L ff GME 4 g B4 76 38 5 1 s
MEM I  Je M 08 B, 3K 75 GME 4iifiis. GME 41 jild 4
JRAREEFR G A B 2.5 X10° mL ' HERR T 12
UM, T 37 C AR AR B PR BT T B SR 40 M 5 AR
i MEM, [f] B &% i 44 B2 %% 1026 19 i 4 1l 78 . 10
ng/mL B bR AR .10 pg/mL (5 8 R DL 10
pg/mL BT (HFRHREHER).
1.3 Cys248 mRTHESIWHYIET

R NCBI Ay AT cDNA 4 fith X 7 51 Jz H
X A B A L 3 1 X R T R ) PCR $ 34 1
Sl B A TAY TRERAE G B, X6 B
Sl AT BRI AL BE . IS E R W

241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256

TAC AAG GCT GéT GGA GAG TCG TGT TCA GCA TCT ATG ATG TAC CAG GAA
o L

KL

FEma k.5 -TCAGCATCTATGATGTAC-
CAG-3"; s 1 31 ¥ H: 5'-TCTCGACTCTCCAT-
CAGCCTT-3"., fER A5 5" wim A TCT 3 4
Bl L 3K 3 Ak 35 2 5 A R (Arg) o DA T 5 A 4t 5

IE 514

o5 248 ALK BEE R (Cys) B9 3 i 3E TGT,
.4 BEARTERREIZFENUE

LL pShuttle-AT 20 Bk iR (20 ng) . R H]
BB DNA A KOD-plus & b R3S i 17
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J i PCR, AR £ N 50 uL:10 X PCR buffer 5
L 10 mmol/L # dNTPs 5 uL, 20 mmol/L A9
Mg, SO, 3 pL.2.5 U/pL 5 KOD-plus 1 pL. 10
mmol/L BYIE I 51845 1 pL. 10 mg/L i) DNA
BifR 1 pL, B+ H, O 33 pl, RN M 94 C
TAE P 2 min; 94 ‘CZE 4 1 min,56 ‘CiE Kk 1 min,72
‘CHEAH 1 min, 25 PMEH ;72 CHE{H 10 min.4 CI4¢
M. RN LA pShuttle 25 Bk #5545 9 % B

PCR J W &5 R J5 X 9738 =y 647 8 g/ LI B
M RE I LUK, VTR R S PCR R Bt (837 bp,555
bp) » F R [R50 & 1 A7 [l e, 1m0 s ™ e A
Dpn | B3 1 h 5. DNA F Bl & 17
[l B 20 p L [>9I T4 DNA % 35 , 16
T DNA F B4 % Kpn 1 Fl Xho |
BB 24k J5 1 3% 377 W v AT Tl DD B0 L 4 Al Ak
Ja WD) =9 (1 392 bp) 5 Kpn 1 Fl Xho | BV G
(125 AR pecDNAS. 1(+)-GFP T T 4% . JF H
HEAE PR AL K I 5 75 T DHS oL BEALPLEL 5 A~
P HEAT B VA B USRI R0 O A A 2
JE R 4% 4 pcDNA3. 1(+)-mAT-GFP,
1.5 BAFREHEHF GME 4k

K% GME 40, £ HAU A B ik 70 % ~80 % i,
HEAT IR AR SL e B, 2 I 1 g 28 M8 8 TE R 1Y
4 F 3k ki pcDNA3. 1 (+)-mAT-GFP #1 5 pL
BRI M AR] 250 mL MEM ¥ g5 Herb, %R
BEE 10 min, RAEH —HE A, FRMHF 20 min,
PEE AT 8 S IR B AR R DNA (IR G W A F
i MEM #5355 (% GME 4 ffirh, 7 37 “C 85 5= 46 b b5
7 4 h, BERIR A #e b & R R 50 10 26 R 4 1 T
) DMEM 57 35 5,7 ~8 d J . Ui 45 40 i 35 3 Wi I
.4 °C .12 000 r/min &> 30 min, 2555 40 I RE F o
WA RN BV, T —70 CRAFE .
1.6 REFYHNEEEEENH

R fif 5l R A7 00 A0 M8 5% B 20 L, 5 10 pL
2X ARG IR AT . A Wk 10 min, 7E 100 g/L RN
Vs e e 5t e b i#E 47 SDS-PAGE, B % IR iy 1% 3] 35 e
JIEFHR 3 K H AR H % 2 R 9 & M (PVDE) JiE |-, 28
B PR T SRIRERAERE R B

FIR Y)Y E BRI R 56 [ DSL A ] Y Elisa
o 07 s LA B Fe 2 R & U6 B kA T

2 g 550

2.1 AT#HBX -DNAWESRRT

LA KL pShuttle-AT Sy B4, 2 1 Xt £F XF

Cys248 fi g 9 Sz 0] PCR 5197, 788 1 T K2 800
1550 bp (Y 2 Z& 45 S M 20 (I 1) L 5 BUDI 45 51 A
15

2000 bp

1000 bp
750 bp

500 bp

250 bp

100 bp

L N AT JEH B e PCR 7™ 9y i v pk A
M. DNA marker; 1. DL pShuttle- AT A4 (1) 47 38 7= 47 5
2. LA pShuttle =5 Fki R AR 194 1 7 4)

Fig. 1 Electrophoresis detection of inverse PCR
amplification products of human AT gene
M. DNA marker; 1. Amplification products whose template
was plasmid of pShuttle-AT;2. Amplification products

whose template was vacant plasmid of pShuttle

4 4 5 A8 B Y R #E AT DNA I F X
JPARAF AT RAZ 7 H A AT AR )7 5 #3547 DNA
JF 05 BRI 25 S (IR 2) R B, 45 Cys248 i f
M) 3 AN BFE TGT B R4 N TCT, 2 & R A IR
(i
2.2 BHFERHME pcDNA3. 1(+)-mAT-GFP 3¢

GME 4 R i) B

FIFH R 5 1A K B 41 3% 3K 4k pcDNAS. 1(+)-
mAT-GFP % %« GME 4fi 1, 48 h 5 T 20 W i 4%
TR AR b, A R IR AR N & A GFP &t
OO IS e gL 48 h R, HORFE
) GME 4 jts (& 3A) AH L, % 4y 8 2 ik i) GME
YR AE 2 Ot B T AT DL UL B £ 5 2¢O (& 3B,
DL B 25 SR, B PR e Y GME 4 i f5 . H iy 2
SR EE S
2.3 REEEAE GME @RI

XoF 2 3% 5 MR PN T 2 AR AR R A T L E R AT
W id Western blot %, IESZ A M Bs =k N & A H
PR 4, A ELISA #kit — 4 X4 R AR K ik 17
FE AT A5 R WoR R RAE GME 40 g 35 52 W h
B 5T B AR B (526 217, 3) mg/L. LA B &5 R
B, B 2235 ki pcDNA3. 1(+) 4 5 58 748 3L [ 78
GME 4 g b 753 1 my /K 3Rk
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Query 721 GAGCTCACTGTTCTGGTGC TGGTTAACACCATTTACTTCAAGGGCCTGTGGAAGTCALLG 780
Shiet 721 GAGCTCACTOTTCTOOTOCTOOTTARCACCATTTACTICAAGGEECTETOOMGTERRAS 780
Query 781 TTCAGCCCTGAGAACACARGGAAGGAACTGTTCTACALGGCTGATGGAGAGTCGTGTTCL 840
Shiet 781 TTCAGCCCTGAGAACACAAGGAAGGAACTOTTCTACAAGCCTEATSEACAGTERTCTTER 840
Query 841 GCATCTATGATGTACCAGGAAGGCAAGTTCCGTTATCGGCGCGTGGCTGAAGGCACCCAG 900
Shiet 841 GCATCTATGATOTACCAGGAAGGCARGTTCCOTTATCEGEELETEOCTCAMGEALEERS 900
Query 901 GTGCTTGAGTTGCCCTTCAAAGGTGATGACATCACCATGGTCCTCATCTTGCCCAAGCCT 960
Shiet 901 GTOCTTGAGTTGCCCTTCARAGTEATCACATCACCATGOTECTEATETTOAEEARGEET 60

Kl 2 AN AT Cys248 i & AZ B K 5 N AT B DNA J5 51 19 AL
Query Ny A AT JEH ¥4, Sbjet g A AT Cys248 v f5 98748 K5 K 5 %)
Fig. 2 DNA sequence BLAST between human AT Cys248 site mutated gene and human AT gene
Query means human AT gene sequence; Sbjct means human AT Cys248 site mutated gene sequence
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AL AL FOR L Je FT B9 GME 40 i 5 B. 5 41 B0k L 4R 1 GME 4 i
Fig. 3 Fluorescence detection of GME cells before and after recombinant plasmid transfection (200X )

A. GME cells before recombinant plasmid transfection; B. GME cells after recombinant plasmid transfection

FHATEY NP REAATERNEMN. 5%
B HEA T R A 28 78 1 R T i M T L i8R 1)
PCR % S A BEAT 3 a0 228 s B3 14 4 M5

K4 AN AT Cys248 €25 1K I #Y Western blot £ il
LAT v dh 5 2. 30 21 BORLER 32 I ) 40 I 15 57 5
3. R K e o 2 JTORL Y 20 M 8 3R W
Fig. 4 Western blot detection of human AT
Cys248 site mutant protein
1. AT standard protein; 2. GME cell culture medium
after recombinant plasmid transfection;3. GME cell

culture medium without recombinant plasmid transfection
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HE DA E 2 A8 R ) i B L R R R T ik
R FTEE F AR S D RE A I B T B e AR ik

P ALHEAT 1% PCR 4715 B K BR B2 b fif Ak 1 ik 5%
B, E TRBEMZE, i FPilBRd B RA
Dpn 1 XM DNA 347 A6, B 5 X5 i Ak 2 7= 9y
HEAT I 110 o R O 47 PCR 9 38 F B % #3 1f , LA
HEBR 7B DNA f7 78 /9 7] Be Mk 3 3 7 W % 4k K
J %4 i DH5a J& % A6 BHPE 2 0T 35 3] 100 % , i
— I HA R T LR AR R . BE AN B R
] PCR A X BE A 470 s 5728, ol 75 08 H 1y
Rl b2 5 B P R i B U0 88, KRR e 17 &R e
JBEAS B N R . B g 4 SR E S, 1) PCR
FOR B — PP dpl AT KL DA o 28 78 A 1Y 55 347
2, B W % 187 ) M RN A i 52 T

B IAIMIE SR R I e 3R G L 3 IR AR I ik B
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Sk oy G . AR R R PCR 2R A
AT JEH g% Cys248 WL TGT 48 K 4t Arg
) TCT J&, i@ 3 # 8 pecDNA3. 1 (+)-mAT-GFP
BAZF IR AR, 75 GME 40 il 4 3545 1 58 748 (4 1
AR IR H BT i R BE SR B (526 £ 17, 3) mg/L. E
B PR RO U A A T AR S L R Gk
(35 A 2, peDNAS. 1(+) & — N3 i B % 2%
KR, A CMV i 3h 7 fl SV40 J3 51, A 1 Al 4y
SHMENERZ B AN @R LRL, K
R H pcDNA3. 1A ER AT 2848 N 1Y B A%
FIB AR, Sy LB A (1 AE GME 40 i N 1 5 4L
FRPRAL T HARELAE . % T A S P AR S A b R
TR I T M AR AL R R AR T R R
Mg AT k(2986 5 H (Green fluorescent protein,
GFP) Bt ., GFP M i fa . 3l % A 5% H i 5
FRFEY A N M, HLRE AR 4l GFP 5 6 (R
5 R 55 X T AL B 1 SR IA G BLIE AT b A R T R
W A e s8R T s BH A 400 i L Rk R .

TE 2878 PR (1 45 A6 70 ) BE B 9 v . 3 8 5 ZE A B
FIEE AR S N SR A IR R LR RS B R T
. WFL B LR L R 0 R AR A — el 43 8 R A0
FEWASMNHEE R T Re R W HE N, (FH
LR BIF 55 45 3 22 B, il 3L 30 4 L B L Bz 400 a2
YLHE A Ak R IR B EAR A A L A g A Y T
IR AR BRRA T AR R R &
A1) CMV 5 g 7] LUBA £ S0 IR L D 7 30 4 5L 240
Ji b HEAT AR S R AR . X R IR R B R D
il 2 WY, GME 4 Jfs 5 A ey &% 3% 3k A1 5 5 5] 1Y) R
F1. TG AR B Y i X 3k A0 M A AE — 2 B
LR AN AT AR DL R AR R R A
KRS/ G BT, EAHE LRSS
1R — L.

25 b ik, AW 58 8 1) PCR 7 35 %) G 15
AT 1) Cys248 FEPA AR AT T 58 o5 58748 IE 5K
TR i) PCR kA B PR 28 728 vp i i) Sk 5 5l i 4
F A 988 B I LA TR IR peDNASL 1 (+)-
mAT-GFP, 7£ GME #i Jifd P4 5280 T 58 745 A 11 185 30 3k
KR — AT AT Cys248 {3 i 58 78 1A 1 45 44 A
TIREmEoE 3858 T Hehh
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