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bPAGY 3£ HHfi A B FRAE AR pET30a 1, FFHEE A T4 UKL pET30a-bPAGY 5t 5 BL21( DE3) B2 A 40 k5
SRR, Zoad M U SRR FE AT IR AL 1 bPAGY, JH SDS-PAGE il Western Blot J5 546 il i 40 7R
F1 bPAGY [FRIARR . 45 R 8K, PCR § 1815301 128 bp MIfliAk bPAGY FEIR F Bt , ¥ 1Y 5 40 Jii k7 pET30a-bPAGY
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Abstract: To construct the recombinant expression vector pET30a-bPAG9 and express bovine pregnancy associated
glycorprotein-9( bPAG9) in BL21(DE3) cells, the codons of original bPAGY gene were redesigned and optimized by bioin-
formatics techniques. Furthermore, the codon-optimized gene bPAGY was synthesized by PCR and connected with pET30a
vector by double digestion. The pET30a-bPAG9 expression vector was constructed and transfected into BL.21( DE3) cells.
The recombinant protein bPAG9 was obtained by ultrasonic lysis and affinity chromatography. SDS-PAGE and Western blot-
ting were performed to detect the expression of the recombinant protein bPAG9. The results showed that the optimized
bPAGY gene fragment of 1 128 bp was obtained by PCR. After amplification and enzymatic digestion, two fragments of
5 244 bp and 1 125 bp were obtained from pET30a-bPAGY

S B 85 :2019-05-09 expression vector. These results were consistent with ex-
HEE&TH . HFE QARSI 4TH (31860647) pectations. The sequencing results of recombinant vector
YEZE B ST (1978-) , 2o, T Fg EE I, T, BIAFSE 5, E M showed that the base sequence of bPAGY gene in expres-

HAR UL 25T, (E-mail ) shzlex2002@ 163.com sion vector was consistent with the optimized gene, and the

EIEE X KM, (E-mail) xlchangbin@ 163.com amino acid was not mutated. The results Westernblotting
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and SDS-PAGE indicated that the recombinant protein bPAG9 with the relative molecular weight of about 4.0x10* was suc-

cessfully expressed in BL21(DE3) cells. The purity of recombinant protein bPAG9 was over 90% after purification by affin-

ity chromatography.
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ARWFFEARYE bPAGY F R AF B B 1 32 240 i X 2%
B 118 O -, S e 728 S R R )7 4] ) T T X
bPAGY FE R B 5 F AT Ak, il i PCR Jr ik 34
bPAGY &L 75, SR JG FaEE proEM-bPAGY T 2 it
Hi,7E BL21(DE3) RIAATF A % F K35 bPAGY
HE A, AR AT RIS W™ 5 A & B LAt

BRSO

1.1 #R5RF

BL21(DE3) &z 40l . pET30a #kiA& ECL 1k
RGN & AR A YR (R ) A RAH],
Taqg DNA 4 . T4 DNA JE BB B 549 TR
(K% ) AR T, SDS-PAGR 2814 A s Pk g 458 152 7
# AR & Ni-IDA & P aifbil R & /NPT 6x His
PATEREPIAR 2B 1 Mark . DNA mark  Nde TN ] |
Hind 1 N VI f#§, 5 N E-6-D-fi A 2 FL % 17
(IPTG) R BEEE (DTT) 2 F R ok 9 45 D 1
=R A b T e SRR AN £ Y
TR (EDTA) BKME ( Imidazole ) \JRZE (Urea ) 5514
HATAY TR (L) BhA AR, ok
A& DNA B AREE I 1) & F K AR A1k
BHEABR A, BCA FE AN &W A LiFE A
KEYH A RN A, 7338 095 2 %
(TEMED) it i PR 2% B2 < AR 25 R 55 W [ Sigma
NS
1.2 (U HFEEEE

Veriti™ 96 £ £ PCR 1%, 328 ABI 2\ & 7= fr;
Gel Doc XR+EEIK G R4t , 56 [F BIO-RAD A\ &l 7=
i ; Essential V4 B R R 48, 98 UVITEC 2 A
77 i ; Powerpac 300 HL ¥k AY, 35 [E BIO-RAD /A A 7~
i s DYCZ-24EN XUHE 5 HL PR Al db mt S — AU AT 7~
il s DYCP-31BN ZEfg B K P AL ik, db i /X — A )
7t s Thermo311 CO, 5 %46, 38 W T L 24 ®] 7 i
Thermo Scientific™ Varioskan Flash £ KH#= £
DIRe AN, 55 FEIFEBR KA F) 77 il ; AKTA Explorer
100 EHHALENT R4, 2 H GE 2 w7 it ; Micro-
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Pulser FL#%1% , 5 [ Bio-Rad 23 &7 iy ; BSC -150 %Y
R VR IR A, L R A R A B
HBAK 1 R ST, LA R A BR A 77 i
1.3 FHi&
1.3.1 bPAGP 3} B kALY & MG GenBank 2
A1 bPAGY (%5 5% 5 . AF020511.1) 3L B 551, Fl
BT AL AT MaxCodon™ [ 52 24 WIRHE (RS 5T)
HIRAF X bPAGY FERFEATRAL , 76 AR UE 2 3L R
FE AR BAE BT, R A 35 20 60 28 B 1) vt &7
PR | W AR 2% A - s S (P e B B i 1 P2
Wl P B0 (CAT) |, [l A e 51 rp i 2 T
SEK PRERE R A ) G+ C A e BRAR X 8] (30% ~
70%) . FFAE AL F 57 I A 37 S BE T Nde 1,
Hind TG V)47 55 A1 His 4525 1551, R PE L1
bPAGY R, W FH| Primer premier 3K {4 1% 71 18 255
Y. 5| ¥1.5'-GTTTAACTTTAAGAAGGAGATATA-
CATATGATCGTGAAAATCCCGCTGCGCCAAGTCAA-
AACCATGCGTAAAACCCTGTCCGGCAAAA -3' (R &I
£k Nde TREFLINEA5) ;519 18:5'-CTCAGTGGTGGTG-
GTGGTGGTGCTCGAGTGCGGCCGCAAGCTTTCATT-
AATGATGATGATGATGATGAACCGCGCGTGCCAG-
ACCAATA-3'( FXIZ K Hind T FEYIH7 A5 (H4E]
YIRS, RGN A Ry A 2 B
FEHI, PCR ¥ 3 7=4) 28 1.0% 35t g5 1 Fi K G )
J&i , FH DNA B IR0 & el B 9 R B, bPAGY
SERRAL B A PR TR A R L (B ) A R F
e
1.3.2  pET30a-bPAGY FH ARt #3E  Hf pET30a
Ak HINde TFN Hind TILHEFT AUEG Y], pET30a 48 4 il
PIAZ ; pET30a 24K 5.0 wl,10XFD Buffer 5.0 ul,
Nde1 2.5 pl (10 U/pl) ., Hind 11 2.5 ul (10
U/pl) (ddH,0 % 50.0 wl,37 CHEYI 1 h, BEYI™
Y25 B R M P PR ARG I, S T WS 351 8 i
P [ A= 4 A H () DNA R BE % 2 R 7E 50
CHEHE 25 min, HHAR R PAGY DNA 4.0 pl 2t
pET30a #{K 3.5 wl. T4 DNA i 2.5 ul (5
U/pl) .
1.3.3  pET30a-bPAGY F 40 H Ak 5640 T ik 55 % &
WLl ] 42 °C PsEF44k 3] BL21 ( DE3)
FZ AN 37 CHFE 1 h, B 20 pl BRI 2
AR RIRE RN LB FEARR: 354 1,37 C it
WS, PR TR P& 4R B Y LB SRSk rh

37 °C 200 r/minfZ %555 4 h, B 2 wl B H AR
#EAT PCR %€, U514 :5'-TAATACGACTCAC-
TATAGGG-3'; T ¥ 51 ¥. 5'-TGCTAGTTATTGCT-
CAGCGG-3', RMIRR W 1.0 wl, LIFESI9 0.5
pl, FUEG19 0.5 pl, RAEEE 0.5 wl, dNTP 0.5 ul
(10 mmol/L) ,ddH,0 JIIZE 50. 0 wl; W FERE 195 C
A 3 min;95 CAEM: 255,62 CiIR k20 s, 72 C
FEAH 40 s, 25 DGR ;72 °CZEM 1 min, 4 CAIRTE,
¥ PCR P Wi A TSR BEWEEE e rEL TR A

w25 FIT A BH P 1) % Ak H R 2185 6 1Y) LB
B R 12 h S R, R SR 2
TR G IBUTORE , FEX ORI T RURGD) S 5 | il 1 4
BRGAE EA TR 5.0 wl,10xFD Buffer 5.0 pl,
Ndel 2.5 pl (10 U/pl) . Hind 1T 2.5 wul (10
U/pl) ,ddH,0 fINZE 50. 0 wl,37 CHEEYI 1 h, KB
PRI HEA T BB MEE S L VKA, K PCR %558 5 3L
it 1) 24 7 45 30 11 B o B 6 A s AR W B (R )
FRRA TR, 28007 50k A ¥ 51 IE 8 o iR,
PEAT R KA IR, —20 CIRAFE H
1.3.4 FEAHRGHE WEEATRRH 42 CH#H
AL R KA AT BL21(DE3) FakE Rk, A
200 wl LB AR FR3E 37 °C (195 v/mind% 35 1 h, J
80 wl HEIEM T34 50 we/ml HiBE KRR K
LB ~FAf 37 CHE Rt &, W H Pk BT V% 4 il
FEA S0 we/mlBifR RAPE R A LB Ki gk, 37
CHFREFE 3 h, B 0.9 ml BFEK S 0.1 ml 80% JC
HH MRS, -80 CHETE,
135 FAERAHFTFRE PRIAFKRER 20
wl FZFR RS F 50 we/mlIBR IR RARE Z 1Y LB 5537
Ferpr 37 °C 200 v/mindEFEAR . K H R EE 50
pe/mlfBRIR RARE R (1 LB 8537 2 b P KRG 5%, 24
OD 4, H0. 5~0. 8 i, B/ & FE S VR Ry AR5 S0 R
HAHE W ALHE 0. 25 mmol/L IPTG, 43 HIE 15
C 37 CHRUFTIFETEEFE 4 hy IUE 600 pl 155+
W ,4 °C .12 000 r/min & 0> 10 min, 37 _F3E W, A
50 pl PBS HETLIE, iI#AE P, SDS-PAGE Hi Tk 43
Bro
1.3.6 EaZaesit WEY KREFRFSHHE
7, A 41 i 24 f#% 3 Buffer A [ 50 mmol/L Tris
(pH8.0) . 300 mmol/L NaCl, 20 mmol/L BK M 1
mmol/L, DTT 1% TritionX-100,1 wg/ml Leupeptin ],
T e 2L R AR, 4 °C 12 500 +/min B0 15
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min, 70 R EIEROMTONE , BiH WG 0. 45 um J§
JiE . UTHEH Buffer B[ 50 mmol/L Tris ( pHS.0) 150
mmol/L NaCl,2 mmol/L DTT, 1% Triton X-100. 2
mmol/L. EDTA | 5 &, # 5 I % fif i 74, 12 500
t/min 4 °C .0 15 min, f£BEULEE, A Buffer C[ 50
mmol/L Tris (pHS. 0) ,150 mmol/L NaCl .8 mol/L JR
% .20 mmol/LIKME ] 8875 I il %, 12 500 1/min 4
CEL 15 min, FIEWH 0.45 pm JEREEIE. R
Ni-IDA FEXF LA _EPIRh E 35 850 A7 26 A2,
5 Buffer A 5% Buffer C 47 Ni-IDA 4, B & W%
JE A HEIT B B il 25 4 1) L W 4 ) A 4 C
EE 60 min, ] 15 FERE R FR Y Buffer A B Buffer C
MY Ni-IDA K BR L4 H, H 2 WO R A, 2k
LR ARG 9R FH & 50 mmol/L 100 mmol/L 500
mmol/LIKME 1Y) Buffer A BY, Buffer C YEf HEH,
W 1.5 ml/min, 2 BICEE LVEW TSR DRI
47 SDS-PAGE LUK , 75 1h iy 5 i e (0 46 I 46 £ 3%
ROBEES B E AR UEI R ., gife)s B H B
IR BCA 350 & 2 1k

1.3.7 EHE G4 Western blot 5% 4ifb)5HIE
3 H bPAGY 4 SDS-PAGE HLJK &, BU N BEIR, %
T U R Bl F 41 8 1 bPAGY % % PVDF
JEE I, PVDF RS FH Z A AE H iR if 30 s, 2 )5
¥ PVDF JIE BEIR JE4CE T ORI, =R 5
=4 BEOE AU TSR e B %2 B 45 min, X
T PVDF T 5%BAEWHH, Z iR ] 2 h 5, 1%
PBST 33 ~4 ¥, 4K 5 min, fIIAL : 2 000 Fi B¢
Bt His Ar2s /N BRUR sE BEPLIR, M EF 1 h, 1x
PBST ¥k, #Jm F ECL &OGIRPHang

2 HER55T
2.1 bPAGY ERMULER

GenBank A A (5% %5 AF020511.1) 4 bPAGY
FER 4K 1311 bp, 8 A B4 % X ( Coding se-
quence, CDS) K JE M1 140 bp, Xz FEH 47001
Ja AL IE R bPAGY 1) %5 ¥ 36 8 % ( CAT) th
0.73 &= %2] 0. 89,G+C & & L W ARk, RALHT G
I3 48. 82% F1 49. 00% , Ak Hif I A4~ 3 R B 4%
TPRRIEIIEPE R 63. 4% , A ILMIT 9 ¢ 2 —8, ¥k
AR BRI ARGV 55 His AR5 D), V1 2155
WRGT% 751, bPAGY AR ALEE K P51 42 K1 128 bp, &
F g% X 75141 113 bp (Kl 1),

2.2 bPAGY RLERE PCR I8 5LEE

X bPAGY fiifb 3L K £ 4T PCR ¥4, 1.0% 3 i
WEEE I L VIR I 285 SR (P 2) I, PCR 2 38
A YIS BRI B B 3L bPAGY, B K/
291 128 bp, SEE RN EAMAT
2.3 EHFH pET30a-bPAGY HIHIERLE

¥ PCR ¥4 1 AL B i JE X Be e k4L
() pET30a & 1R #E 17 3% #2, I I W 7% 16 K W FF 1
BL21(DE3) &3z A4l i, # s A4+ AL YR A SC M &L 1 9
TR 2 1k 3K pET30a-bPAGY, ¥4 %52 B v
1 T 2 SRR A T OUEEYTT , 45 SR (TR 3) i E 4
L YR S BLERIR ek R e 3 FhEAERS | B
YIJG I pET30a ZRPEZAAR bPAGY K B K /N
FIBAE (5 244 bp FI1 125 bp) AH4F, HJ ) 445
— R E AR, B FER SRS
(1) bPAGY LRI LG 43 Hr , B3 17 9 58 42— 3, 75 &
R 100% , Ho i i (1) R LR 7 515 GenBank ( pro-
tein ID; AAC04682.1) A1 Y584 —2, R bPAGY
AL FE R AR BESE IR, AR & A AT il 2L 58 2E
2.4 DbPAGYI EAZEAMIFERIE

I 1E 7 14 B 41 OB pET30a-bPAGY %% A %)
BL21(DE3) Kt e , 7EAH R A9 IPTG 75 S Wk B
T, B T 15 CC 137 CHESRFE 4 h, IRIMA
IPTG fE X HE, SDS-PAGE £ il 25 5 (&l 4) WK,
15 CH1 37 CIFEFHMT , AT 4> T i #4.0x 10*
A YA B S A B 1 O AR, AR 5 6T R DU ST A
N H SN, RIS SRS A TEARY
IEWT S, PR EA S RIAEE R 15 ¢, DL kg
UL, 0PAGY BETE A% 21576 3 BL21(DE3)
IS FRIR
2.5 bPAGY EHZEAMANL

P 2R IK 5 0 TR R 7 I R, X Y R
17 Ni-IDA #:2E FZMralifb , b5 FFH SDS-PAGE Xt
AL A TR, 455 (K 5) SR, BRA Uk
E¥EA HWEN, RHRBWHKAH G LERD
BA FIHYE bPAGY A M M, WM 5 AR
UUVELZE 2 YO PR IR A e, T480d Ni-IDA 4fifb1s 5
e ARl 4 75 1, SDS-PAGE 73 45 5% (1K 6)
7N, PR T T8 V5 it I 1 B 3 TRCAE AR T 4 7 T 2
4.0x10" b H B = vk B Y B 9 4541, 26 B bPAGY
LB A A AEDLVE B IR AAR vh, Bir BE I 28 53 rh 1
S HEN, H P 500 mmol/ LIK M i) 3 i 145
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PARAEFE RS E Y bPAGY TR, 4 DS-PAGE 4y il Hk BE 4 0. 34 mg/ml,
Mr, alifb )5 B B 1 bPAGY 4l KT 90% ., BCA

AA 1 M K W I VvV L L 6L V A TF S ETCTI V K I
Origina 1 ATGAAGTGGATTGTGCTCCTCGGGCTGGTGGCCTTCT CAGAGTGCATAGTCARAATA
Optimized 1 [BATATE- - sow fiwm scs ws 2 as mmm wis i e w815 w @ siv @ 5 o wms & ATCGTGAAAATC
AA 20 P L R Q VX T M R K T L S G K N M L K N
Origina 58 CCTCTAAGGCAAGTGAAGACCATGAGAAAAACCCTCAGTGGAAAARACATGCTGAAGAAT
Optimized 19  CCGCTGCGCCAAGTCARAACCATGCGTARAACCCTGTCCGGCAAARACATGCTGARARRC
AA 40 F L K E H P Y R L 8§ ¢ I S F R G § N L T
Origina 118  TTCTTGAAGGAGCATCCTTACAGACTGTCCCAGATTTCTTTTCGTGGCTCAAATCTAACT
Optimized 79  TTCCTGARAGAGCACCCGTATCGTCTGAGCCAGATTAGCTTTCGCGGTAGTAACCTGACC
AA 60 I H P L R N I M N L V Y V G N I T I G T
Origina 178  ATTCACCCGCTGAGGAACATCATGAATTTGGTCTACGTGGGTAACATCACCATTGGAACA
Optimized 139 ATTCATCCGCTGCGTAACATCATGAACCTGGTCTACGTCGGCAACATTACCATTGGTACC
AA 80 P P Q E F Q V V F D T G § S D L W V P S
Origina 238 CCCCCTCAGGAATTCCAGGTTGTCTTTGACACAGGCTCATCTGACTTGTGGGTGCCCTCC
Optimized 199  CCGCCGCAAGAATTTCAGGTTGTTTTTGATACCGGCAGCAGCGATCTGTGGGTTCCGTCT
AA 00 F ¢ T M P A C S A P V WP FRQULOQQ S 8§ T
Origina 298  TTTTGTACCATGCCAGCATGCTCTGCACCGGTTTGGTTCAGACAACTTCAGTCTTCCACC
Optimized 259 TTTTGTACCATGCCGGCITGTTCTGCACCGGTTTGGTTTCGTCAACTGCAGAGTAGCACC
AA 120 F QP T N X T FTTIT Y G S G S MK G F
Origina 358 TTCCAGCCTACCAATAAGACCTTCACCATCACCTATGGATCTGGGAGCATGAAGGGATTT
Optimized 319 TTTCAGCCGACCAACAARAACCTTTACCATTACCTACGGCTCTGGTAGCATGAAAGGCTTT
AA 140 L A Y D T V R I 6D L V § T D Q P F G L
Origina 418 CTTGCTTATGACACAGTTCGGATTGGGGACCTTGTAAGTACTGATCAGCCGTTCGGTCTA
Optimized 379  CTGGCGTACGATACCGTCCGTATTGGCGATCTGGTTTCTACCGATCAGCCGTTTGGTCTG
AA 160 s v VvV E Y 6 L E G R N Y D GV L G L N Y
Origina 478 AGCGTGGTGGAATATCGGTTGGAGGGCAGAAAT TATGATGCETGTCTTGEGCTTGAACTAC
Optimized 439  TCTGTTGTAGAATACGGGCTGGAAGGTCGTAATTACGACGGCGTTCTGGGTCTGAACTAC
AA 18 P N I 8§ F S G A I P I F DN L K N © G A
Origina 538 CCCAACATATCCTTCTCTGGAGCCATCCCCATCTTTGACAACCTGAAGAATCAAGGTGCC
Optimized 499  CCGAACATCAGCTTTAGCGGCGCGATTCCGATTTTCGACAACCTGARARAACCAGGGCGCG
AA 200 I $s E P V F A F Y L 8 K N K Q E G § V V
Origina 598 ATTTCTGAGCCTGTTTTTGCCTTCTACTTGAGCAAAAACAAGCAGGAGGGCAGTGTGGTG
Optimized 559 ATTTCTGAACCGGTTTTTGCGTTCTACCTGAGCAAAAACAAACAGGAAGGCTCCGTAGTT
AA 20 M F 6 6 V D H Q Y Y K G E L N W I P L I
Origina 658 ATGTTTGGTGGGGTGGACCACCAGTACTACAAGGGAGAGCTCAACTGGATACCACTGATT
Optimized 619 ATGTTTGGCGGCGTTGAT CACCAGTACTACAAAGGCGAGCTGAACTGGATTCCGCTGATT
AA 20 E A G E W RV HM DI RIS MIEK RTV I A
Origina 718 GAAGCAGGCGAATGGAGAGTACACATGGACCGCATCTCCATGAAAAGAACGGTTATTGCT
Optimized 679 GAAGCTGGCGAGTGGCGCGTTCACATGGATCGCATCAGCATGAAACGCACCGTTATTGCC
AA 200 C S D G ¢C E AL YV HTGT S HEIEG?P G
Origina 778 TGTTCTGATGGCTGTGAGGCCCTTGTGCACACTGGGACATCACATATCGAAGGCCCAGGA
Optimized 739 TGTTCAGACCGTTGCGAAGCACTGGTTCATACCEGTACCAGCCATATTIGARGGTCCGGGT
AA 200 R L V N N I H R L I R T R P F D S K H Y
Origina 838 AGACTGGTGAATAACATACACAGGCTCATCCGCACCAGGCCATTTGATTCCAARGCACTAC
Optimized 799 CGTCTGGTTAACAACATTCATCGCCTGATCCGTACCCGTCCGTTTGATAGCARACACTAC
AA 300 VS ¢ F AT XK Y L P S I TF I I NGTIK
Origina 898 GTTTCATGTTTTGCCACCAAATACCTGCCCTCTATTACTTTCATCATCAACGGCATCAAG
Optimized 859 GTCAGCTGCTTTGCAACCAAATACCTGCCGAGCATCACCTTCATCATCAACGGTATCAAA
AA 3200 Y P M T A R AY I F KD S R GU RUCY S5 A
Origina 958 TACCCAATGACAGCTCGAGCCTACATCTTTAAGGATTCTAGAGGCCGCTGCTATTCCGCT
Optimized 919 TATCCGATGACCGCACGCGCGTATATCTTCAAAGATAGCCECGGTCGTTGCTACAGCGCG
AA 340 F K E N T V R T $ R E T W I L G D A F L
Origina 1018 TTTAAAGAGAACACAGTGAGAACATCTAGAGAGACCTGGATCCTCGGTGATGCCTTCCTG
Optimized 979 TTCAAAGAARACACCGTCCGTACCAGTCGCGAAACCTGGATTCTGGGGGACGCGTTTCTG
AA 320 R R Y F §$ Vv F D R GNUDU RTIGTULA AT RZ AUV
Origina 1078 AGGCGGTATTTCTCAGTCTTTGATCGAGGAAATGACAGGATTGGCCTGGCACGGGCAGTG
Optimized 1039 CGTCGTTATTTTAGCGTGTTCGATCGCGGTAACGATCGTAT TGGTCTGGCACGCGCGGTT
Origina 1138 TAA

Optimized 1099 CATCATCATCATCATCATTAAT GCTT

Original 4 J5i#f bPAGY JE D 5741, Optimized LIS 1Y bPAGY LK P51, T RIZ S Ak 5 5 1R 45 i 2 5 [A] 114 22 S Wl B o2 ., LR ke 26
ZAL BT, JTHE N Nde TRIHind TEELI LR, BHACH His SREERFS 40 W65 M ER A5 5 IR

Bl 1 bPAGY BEEMRUATEZEEF IR L

Fig.1 Alignment of nucleotide sequence between the original bPAGY gene and optimized bPAGY gene
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M:DNA marker; 1 .2:bPAGY HALIEIN

B2 bPAGY fRWEE PCR =¥ ik E

Fig.2  Electropherogram of PCR products from optimized
bPAGY gene

1 000 bp
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Fig.4 Effects of different induction temperature on the expres-
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Fig.5 SDS-PAGE analysis of recombinant protein bPAGY in
the supernatant of the bacterial lysate

1 2 M3 4 5 6 7 8 9 1011 1213

160 000 —
120 000 ’
70 000 —
50 000 —
40 000 w0 w— e e e Sy
33 666 =
20 000 —
10 000 e

M. 8 4 Marker; |- A3 ARV i 2500 S5 LI585 2 ;3 ~ 450
mmol/ L BRMESEBEZH 7335 ~7: 100 mmol/L K W 6 B 41 43 ; 8 ~ 13
500 mmol/L BRMEPEMEZH 53,

B 6 SDS-PAGE S &i&EHEHLHEH bPAGY

Fig.6 SDS-PAGE analysis of the recombinant protein bPAG9

in the inclusion body

FFEIEURZ IK (4 B AL 3K H AR 70 1 B 24 4.0%



128 o9 &b 2 W

2020 4F & 36 % 1M

10*, 5 BUHE A BN EAR —2 W iZE 4 E
JRAEJFAZ IR R GE P s 3R 0K

M 1

160 000 s
120 000 s

70 000 s
50 000

40 000 [———

35000 sm—"

20 000 [—
10 000 (s

M . 25 R T A ; 1. 45405 19 tbPAGY (0.5 pg) .
B 7 EZHEB bPAGY #J Western blot £7F

Fig.7 Western blotting analysis of the recombinant protein

bPAGY9
3 17 i

A PRA R (bPAG) R L AATH
F RT-PCR £ AR M AR Sk L i rp ik o T 2 /0 22
Flt PAG % cDNA e S MR H LAY e ()4 D 43
Fr AR SR, 4] PAG H BLAES.000x 107
AR, 25 3 AL TE 29 5.000x 107 4F Rif 1 B8 904 21
PAG™ | K Z % bPAG 1 bPAG1  bPAG3 . bPAG4 .
bPAG5 .bPAG6 .bPAG7 .bPAGY . bPAG14 bPAGI5,
bPAG16, bPAG17. bPAGI8, bPAG19. bPAG20,
bPAG21 .bPAG22 J& THUCAL , i35 5= A MNIR 2 1Y
ML AN K77 A T AEA PO e & A T R AR
ifii A~ H A7 B 3% 7% 1 bPAG2. bPAGS . bPAGIO
bPAG11 bPAGI12 bPAGI13 J& Tl V4L, 7E 3 57
SR Z AR AR DR B T MR R A S K ) T
AR, BB ED 2 BT bPAG ZEE R 5 1]
(P22 5, bPAG SEPR T3 I R A 1 3235 2 IR
2SR AR I Green 253 AR A% R 1 5 37
SEEAS I G A RNA 19335, &8 bPAG2 \bPAG4 |
bPAG5 bPAG8 .bPAGY .bPAG10 .bPAGI1 FL1E IR
Ji 25 d B 4235, i bPAG1 .bPAG6 \bPAGT TE4T
YRJG 45 d FFUREDE , FEAATERPEHE
H ,bPAGY TELE IR f5 3 > H N Rk KB E & T
bPAGI'™ | (Kt bPAGY A] ff >k —~ B FHAR (bR s
YR T4 R IR

H T bPAGs B FAFPRE L B T X H 454 A
IRER ST ROMERE | A4 55 2 26 11 A HE B A 4R 58 %
FRE A TS Ao e s gt OB sk, Bk, mr A
X bPAGs 7FFE MR R G i R A HEAT T A ¢
W58, Patel 5517 My FLAZ F K 84K PAG-pRcRSV,
4y WI4E HEK 293 1 CHO 40l 55k %35 T PAGIL
WA, Western blot 73MH745 53R i 78, HEK293 41l fifg
TR T CHO 408, Telugu 25 N IAIE R
4] bPAG J& 75 HA M 1, A B S A B R0 2
FIK RGN IIFEIA T bPAG2 1 bPAG12 EAHE M,
FEXFIX 2 Bl (15T A K R TG R R AT A AT, 25 R R
2 AN E A A R A& A UK, R
HERBRGEHEE S, HRA I, AR S, 5
FEFRIKRGA I JFA TR R G SR AS | 52k
RERAZ BN F R, EHNXT PAG W5
b /N0 bPAGH HEIHHR A B pET28a JFAX
FIREMG AL KB AT BL21, R IPTG 5%
35 bPAGA F AL A, HE H R IBBCRE A
i,

AWEFE M HE E bPAGY 7E BL21 ( DE3) [ ik
i, A MaxCodon ™ P FEAS 2028 S 3L R T 9] 1) il
T il bR A ST, R R 5 5 7 LA P
7 G+C EHZEMERT bPAGY FERBEATIAL , ALY
bPAGY JEH G+C & &N 49% , %+ if H 45 %k
(CAD$E=5) 0. 89, AR5 2L A ML A R T
bPAGY AL IR, I8 1 Dy 4 A B pET30a 244
o, R BL21(DE3) JB32 25 4 28 )i A% 3R 18 3R A5
FE IR N4l Y8 ) bPAGY B4, N bPAGY
PO ] 5 A0 2R AT RIS W 7= i B 2 B T
it

L pd

[1] ZOLI A P, BECKERS J F, WOUTERS-BALLMAN P, et al. Puri-
fication and characterization of a bovine pregnancy-associated gly-
coprotein[ J]. Biology of Reproduction, 1991, 45(1) ; 1-10.

[2] BUTLER J E, HAMILTON W C, SASSER R G, et al. Detection
and partial characterization of two bovine pregnancy-specific pro-
teins[ J]. Biology of Reproduction, 1982, 26 925-933.

[3] GREEN J A, XIE S, QUAN X, et al. Pregnancy-associated bo-
vine and ovine glycoproteins exhibit spatially and temporally dis-
tinct expression patterns during pregnancy[ J]. Biology of Repro-
duction, 2000, 62: 1624-1631.

[4] HUGHES A L, GREEN J A, GARBAYO J M, et al. Adaptive di-

versification within a large family of recently duplicated, placental-



JIREGE TR TR A A SR IRAT OO R 11 9(bPAGY) YRR A3k S dlifl 129

[10]

(1]

[12]

ly expressed genes[ J]. Proceedings of the National Academy of
Sciences of the United States of America, 2000, 97. 3319-3323.
WOODING F B, ROBERTS R M, GREEN J A. Light and electron
microscope immunocytochemical studies of the distribution of preg-
nancy associated glycoproteins ( PAGs) throughout pregnancy in
the cow: possible functional implications [ J ]. Placenta, 2005,
26 807-827.

ZOLI A P, GUILBAULT L A, DELAHAUT O W B, et al. Radio-
immunoassay of a bovine pregnancy-associated glycoprotein in ser-
um; its application for pregnancy diagnosis[ J]. Biology of Repro-
duction, 1992, 46. 83-92.

FRIEDRICH M, HOLTZ W. Establishment of an ELISA for meas-
uring bovine pregnancy-associated glycoprotein in serum or milk
and its application for early pregnancy detection[ J]. Reproduction
in Domestic Animals, 2010, 45, 142-146.

DUFOUR S, DUROCHER J, DUBUC J, et al. Comparison of a
commercial bovine pregnancy-associated glycoprotein ELISA test
and a pregnancy-associated glycoprotein radiomimmunoassay test
for early pregnancy diagnosis in dairy cattle[ J]. Animal Reproduc-
tion Science, 2015, 159, 31-37.

DUFOUR S, DUROCHER J, DUBUC J, et al. Bayesian estima-
tion of sensitivity and specificity of a milk pregnancy-associated
glycoprotein-based ELISA and of transrectal ultrasonographic exam
for diagnosis of pregnancy at 28 to 45 days following breeding in
dairy cows[J]. Preventive Veterinary Medicine, 2017, 140, 122-
133.

KAYA M S, KOSE M, BOZKAYA F. Early pregnancy diagnosis
using a commercial ELISA test based on pregnancy-associated gly-
coproteins in Holstein-Friesian heifers and lactating cows [ J].
Turkish Journal of Veterinary & Animal Sciences, 2016, 40 694-
699.

BELLA A, SOUSA NM, DEHIMI ML, et al. Western analyses of
pregnancy-associated glycoprotein family ( PAG) in placental ex-
tracts of various mammals[ J]. Theriogenology, 2007, 68 1055-
1066.

EI AMIRI B, REMY B, DE SOUSA N M, et al. Isolation and
characterization of eight pregnancy-associated glycoproteins present
at high levels in the ovine placenta between day 60 and day 100 of
gestation [ J ]. Reproduction Nutrition Development, 2004, 44 .
169-181.

KLISCH K, DE SOUSA N M, BECKERS J F, et al. Pregnancy

associated glycoprotein-1, -6, -7, and-17 are major products of

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

bovine binucleate trophoblast giant cells at midpregnancy[J]. Mo-
lecular Reproduction and Development, 2005, 71(4) ; 453-460.

BARBATO O, SOUSA N M, KLISCH K, et al. Isolation of new
pregnancy-associated glycoproteins from water buffalo ( Bubalus bu-
balis) placenta by Vicia villosa affinity chromatography[ J]. Re-
search in Veterinary Science, 2008, 85; 457-466.

GREEN J A, PARKS T E, AVALLE M P, et al. The establish-
ment of an ELISA for the detection of pregnancy-associated glyco-
proteins (PAGs) in the serum of pregnant cows and heifers[ J .
Theriogenology, 2005, 63(5) : 1481-1503.

EGEN T E, EALY A D, LANDON L A, et al. Autoimmunization
of ewes against pregnancy-associated glycoproteins does not inter-
fere with the establishment and maintenance of pregnancy[ J]. An-
imal An International Journal of Animal Bioscience, 2009, 3(6) :
850-857.

PATEL O V, TAKAHASHI T, IMAI K, et al. Generation and
purification of recombinant bovine pregnancy associated glycopro-
tein[ J]. The Veterinary Journal, 2004, 168 328-335.

MIALON M M, CAMOUS S, RENAND G, et al. Peripheral con-
centrations of a 60-kDa pregnancy serum protein during gestation
and after calving and in relationship to embryonic mortality in cat-
tle[ J]. Reprod Nutr Dev, 1993,33,269-282.

PAREL O A, YAMADA O, KIZAKI K, et al. Quantitative analy-
sis throughout pregnancy of placentomal and interplacentomal ex-
pression of pregnancy-associated glycoproteins-1 and -9 in the cow
[J]. Mol Reprod Dev, 2004, 67:257-263.

TELUGU B P V, WALKER A M, GREEN J A. Characterization
of the bovine pregnancy-associated glycoprotein gene family- analy-
sis of gene sequences, regulatory regions within the promoter and
expression of selected genes[ J]. BMC Genomics, 2009, 10;185-
201.

XIE S, GREEN J, BIXBY J B, et al. The diversity and evolution-
ary relationships of the pregnancy-associated glycoproteins, an as-
partic proteinase subfamily consisting of many trophoblast-ex-
pressed genes[ J]. Proc Natl Acad Sci USA, 1997, 94. 12809-
12816.

TELUGU B P, PALMIER M O, VAN DOREN S R, et al. An ex-
amination of the proteolytic activity for bovine pregnancy-associated
lycoproteins 2 and 12[ J]. Biol Chem, 2010, 391(2/3) . 259-
270.

W/ SEYRARSCHE 2 78 95 A4 S0 AR ka2 W b A s AR 5
[D]. dbst. HEA B B, 2017.

(AL S 4 TRIEAR)





