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Expression and Purification of 5, Adrenergic Receptor in Sf9 Cells
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Abstract: Codon optimization, construction of recombinant baculovirus system (Bac-to-Bac), screening of optimal
expression conditions and Ni-chelating affinity chromatography were used to develop an efficient strategy for the expression
and purification of f, adrenergic receptor (5,AR) gene in Sf9 cells. The modified f,AR gene was artificially synthesized
and cloned to the transfer vector pFastBacl to construct the recombinant baculovirus expression plasmid pFastBacl-f,4R'.
Then Sf9 cells were transfected with the recombinant plasmid. The expression conditions were optimized. The expression
product was purified by Ni-NTA-affinity chromatography and its ligand binding affinity was determined by enzyme-linked
immunosorbent assay (ELISA). The results showed that the optimal expression conditions were as follows: multiplicity
of infection (MOI) of the infected cells, 5; and expression time, 48 h. In the Western blot analysis, a single band with an
apparent molecular mass of 47 kD appeared as expected. After purification, the recombinant protein was more than 90%
pure. The ligand binding assay indicated that it could specifically bind to all three horseradish peroxidase (HRP)-f-agonists:
clenbuterol, salbutamol, ractopamine, and the OD values obtained from ELISA were 0.983, 0.947 and 0.912, respectively.
In this paper, the efficient expression of f,AR in Sf9 cells was accomplished. Furthermore, the purified receptor protein
remained better binding affinity to f-agonists, laying a foundation for developing a rapid multi-residue assay for the
determination of S-agonists with f,AR.
Key words: S, adrenergic receptor; baculovirus expression vector; Sf9 cells; expression; purification
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HHT, AEEhA (BFR “HRKE” ) BFEEZERmIiA
S R PR B 77 2 4 S R TR AR B R IR A I
—o REINIE Z M BEEh I IR A BT B 45 R AU 1)
JEHATT, o R T AT R AR % R I A
2% B B B AT R AR B ARAE T E AN .

AT B X B UCEN AR DU 00 b HE T5 5 JORE 9 o
53 9 B AR A U 5 A R PR A I R PR . BAIE 23 B
J7 1 LA B O A 3 Chigh performance liquid
chromatography, HPLC) " KA i%- ik (gas
chromatography-mass spectrometry, GC-MS) P71,
VM 0 3% - B BE BT 4% (liquid chromatography-tandem
mass spectrometry, LC-MS/MS) USRI Y #%#F- K47
I 8] 5 1% (quadrupole-time of flight, Q-TOF) *7
&, BHINFEAEEMS RS BRIEDRE G A
B o T AR SRR TR I T VR RS T 3 AN MR TR oK
I, L g R SR Rk R 5B A R S
FICKHUE ARG G TR T 2 Fh 735, 0 1 1EC 5t 32 e B

(enzyme-linked immuno sorbent assay, ELISA) 1

ARG R EAT L B s YR R
&, REAVELE R ekl BR 4R € H bR, 3l TS
AR K I R R

FE T 52 TR DR RO WU 5 925 2 R FH 52 A 5 A ] 1)
SRR B, AT 5 B B A A [ AR 4 27 O8N B — 2K H AR
Y SEAE FEI E ,  AT SR IN BUEh 77 2B AR M 1) £ B B
KA EE H bR o0t . B ERRE Z AR (B, adrenergic
receptor, f,AR) JEHIE SN ST I J7 5 R B R
MTCAE, T RIRBLARLE A WA A (AR ALG 3= B 0 5 25 A
JE, SRR AR IR OO IR 1% 2 A 1 T RN
BoARGE HAT T IR 5 Mok e 45 W B AR (117, Semi A
HSE U 5 VETE B R R R R LA B, AR AR A2
WEE AT ST . EAANEA I FRIRER Y], B K
FakF gt EeRE R R gn i, L sh P an L K
oA M R IE R GE P W] E AR A ) 4% B Bk Eh 7 SE RS
PR T, E SRR KPR P i 55 R 1 40 i A [ 1 2
LR 22 2 Lo F DR 9T 2 B e 11 L HR 4T it %
ik (Spodoptera frugierda) B H41 I S92 B, AR K B
HNAE RSN RIE R R —, BHEAMMU=E S, M
HEA 500 7L 3h ) 40 AH T 0 a e . (B PN A AR
/>, 1 W,Cheng Guyue2sPYH) B 1% % ik 4 20 B 4=
BBARFER AT T RIB A . BT LARKEF P AEEE
NET BB REMAE BT, 7 RIE8R,
(R b A HF 5 400 500 %) B A T B, A R TR e J5 Tt AT R I8 2%
W, BORSEBBARI RIS -

AW T S0 H A v B 1S B 05 BLA R FE R 34T 2L
i, ARG 58 kpFastBac liERE, )@ HEHFIR
P PR R IA TR AL Je SO MY, AR A0AS BE B R g4l i
YL H (multiplicity of infection, MOI) FlZiA N [d],
KNG 3 A2 M7 2k B 40 2R (A 31T ELISATE 7
M, DA N 73 T 8 2H 2 AR R BN 77 22 Bk B R A D
TTER PR SR
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1 B.ARSE H 5 21 52 [ 5 hipMD-18T-B,4 R B 4 4 i 1
R 28 R BT AE S0 AR A7, SOOI vh E B AN B R
e GHVRE 2T W G SR

Bac-to-Back IRl 8 K ik R4 ( FEAIE R 4K
pFastBac™1. KJGHFEE (Escherichia coli) DH10 Bac™
¥+ E. coli DH50 %% i 57 Cellfectin) Z£[#Invitrogen
AHE; TAEER AV ITRE (KE) GRAF;
Bk NG & . DNABR RIYGR A & €[
Axygen/Ad]; MREMENVIEEECOR [ FlXba | %
NEBZA®]; R RN SR AESF 90011 SFM - K[
Hyclone /A wl; BRI ALY (horse radish peroxidase,
HRP) #ricfIEPtR =dt  EESigmaAF; HisRIFH
welEpifA. Ni-NTA#AE 5% [ Qiagen’/y Al
12 &5 R&

99027 B A 5% 30 B (polymerase chain reaction,
PCR) {% [ Applied Biosystems/A#]; Imaging G314t
EHAEA AL R IR R A ] ;. Power Pac 30074
DNAHLYK{X . Powerpac Universalds [1 3k 3% E Bio-
Rad/A#]; Multiskan MK3{§#R{1%  FE[EThermo/A 7 ;
AKTA explorerss 404k, 24t  35[E GE Healthcare’/A 7 .
1.3 ik
1.3.1 B AR 7 A B0 5 A R

F H Protparam T. B (http://www.expasy.org/tools/
protparam.html) % £ 50 B 15 2 1) 58 B.ARFEE K] (GenBank
T KF023571.1) X )2 B 1R 1 41 a3k AT B AL e 4
oM, KA B 4 B R R A i v AT B,
HIE N BRI R IE RSt 53 A BSOS 5 B D8 15 vt A1 37
uity 51N PR il 1 N DI EE EcoR T A7 5 A BR i 14 PN DI B X ba 1
frm, e R A TAEYTE (R BRhAERA
Al G 1 %B IR R eI A U
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132 HEAMRHEEFERIE TR I 85 % e

¥ ER G BB AR S B R 5 7 7 % R pFastBac1 4y
S EcoR T flXba T 34T XUEEYI, SR J5 B s A 468 Jis PR3k
VIR IR H 1) v BRI By, 42 T4 DNAE#ERF16 C
M IR BRI EDHS a2 25
YA, PRELAmpPH Y B 75 HERBUTL R, FEcoR T Al
Xba | WGV %€, A0 % R P 0 5 240 oRiE Hifg
WA HEARERA M, BIESREHER M, 7
) IE A i 41 5K i 44 pFastBacl-B,A4R' .
133 EAFPIRR 5 208 TURL 3% G SO i

SO 3G 7% EFE 0 LI 15 72 HESF 900 11 SFM,
27 CE, £FCO, KHPMEERFR A, 3~4 dft
R—W. fE6 FLANMEE TR, 9 X 10° kb0 H A
KA STOZH i 452 F T B 4L & 5 2 mLIF IR 5L (1P AR
27 CHEFRFER R 72 ho SR Cellfectinia 71 A Ji 74354
4% 5¢ IEMi ) pFastBacl-B,AR’ JTURLEE YeSTOLN M, HAA D IR
2% Bac-to-BactP RN RIE ARG UL 5 HEAT . 7827 C
BRI E 72 hAA A, TR E R TS, HE
I M A A= e TR B K R AR, AR IR 3 R SR 4 i )
HPIREA R, WIEPUR BRI RE, FEy 175 3
TR R P2 ER R, W S RVE T I A B P3 T B
R, FTEAEARE.
134  RBFMARIMA IS E

KEHEREWEBHAE AN RERE, ALLKE
BN MO G J5 I I (] P AN G822 3047 T i dk
e, FHSEE IR A I 2R B R AT /N R 2
W, TRk R A R RIS R R bR . SRS R T IR B
P AR AT RIB KA AL 52, BAR AT 18
24 FLANMAH, A6 X 10° AN/ FLEEFISTOAN L, Hefih %2 /b
30 min; FEIEFRAE, AUBEEMRFREE R —R, b
300 pLr e oa k. BMONME L. 5. 104 EAFEKS
BRGSO, 127 CRIFRFETRFR. W A MOME
4y AIAE48 W72 WU JE SR, AN (H &
W E N1 mmol/L i) 2K H JE Bt 9 (phenylmethylsulfonyl
fluoride, PMSF) )5, AT+ i RER 8-SR A M
Pk et iR B K (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) Fl1Western blot#gll, BHMEXS
B IE 8 SO B e 4t i 4 4«
135  HAZMEEARLML

SR 52 76 45 B T 1 2 R 8 A o B His i 25 1)
FEAEAMITEALML. UINI-NTAR R A IER, i
B R IE AT R A0 f R AR e e AT Ak, =P
By 1) MSFEM: B mL/minf@7 s 10 CV#ILysis
buffer i At . 20 FFEAAL: K40 M 2RO A,
Wi A1 mL/min. 3) E¥e: ELHEEZMIKRPBS. &
1130 mmol/LIKM: [ PBS & 7 45 50 mmol/LIKM: [\ PBS %

5~10 CVIEPH:T, J#E N1 mL/min. 4) Pfii: A&A
250 mmol/LBKMEFIPBS LA T mL/min (37 i Ve M (5 3 4 . 5%
S BUE B 4540 5 [ 3E4T Western blotFlE 14 45 52 .
1.3.6 4tk 55 1% Western blot &z 3 11 % &

DAIE i ST9 B H 40 f 2R R 0 R [ PR R, SR FH His B
TR T B TR IRAS 1 44k B FURE B R4 T Western blot
B BHEEF N KIELISA LY, e 4tk
ZAREEN SR RREY . K DRy T IEE3 Mp
BB FIHRPEG ARG YD R S R 25 G AR R, 6 gk AT v 1
BE.

2 GRS

2.1 BUGJERARFEN F AR o M 4 e
IRYESLARMNESE TR R, 75 FE B B 20 L 1K) i 4 12
BEAT M AL, JRAEM S H R SIS i A T
6 X Hishr 2 ML IR /T 51, HUE )5 IS, R A K HL 2 2k
TP IR, 55 4 BB ARAN TR AT Rl Zeb
N, ARG AL IR R P AR s o 1% B R Bt I
Rk T R S ER B R OIS H R

DQ D VPQ ER NE AWV V6 MA ITVH
TCTCTGATTGTTCTCGCTATTGTGTTTGEGAACGTGCTGGTCATCACTGCTATTGCCAAG
S L I VL A IVFG6 N VLV ITA AIATK
TTCGAGCGCTTACRARCTGTARCARNTTACTTCATTACCAGTCTCGCCTGIGCCEATCTG

S6 LI SFL PI KM HWY QAT HR E
541 GCTCTGRACTGCTACGCAGRAL )GIGCTGCGRTIICTTCRCARRTCAGCOCTACGCT
AL NCY BE EAC CD FFT NQ P Y K
601 ATPECGTCCAGCATCGTCTCCTTCTACTTACCTCTGGTAGTARTGETCTTTGTGTATTCA

I A S@ IV@® FYL P LVV MVF VY §
AGGGT( 'CGACRAGTCAGAGGGTCGCTTT

RV FQ VA RRQL QK IDKSE 6RF_
CATGCGCAARACTTGAGTCAGGCTEAGCAAGATGGACGTTCTGETCCEREACATAGARGG
HA QN LSQ AEQ D6 RSG6 PG HRR
781 AGTAGTAAGTITIGCILARRGGRGCRCRRAGGCAL IGRAARCTTTGGGARIAATTATEEEC

S5 KF CLK EH KAL KTL GI IMG
841 ACCTTCACGCTCTGCTGETTECCITICTTCATCGTCAACATCGTCCACGETATCCATGAT
TFTLCHLPF@IVNIVHGIHD
ARATCTG: ARAN G ATTGCTT: X\ TGTGARTAGCSCT
NL I P KEV YI LLN RVG Y VNSA
FN PLI Y CRSPDF KMA FQ ELL

TCACCGCAGCTCGCTCARAGCTTATGGAAATGETTGCICT: TCT: A
CL HR 5SL KA YGN GC SS NSNG
1081 CECACAGATTATACCGGCGAAC TGTTACCT CTCCGAR

L CE EPP GP EGC ARH RQG TVWVEP
'GACTCCCAGGECOSTAACTGT TCGACGARCGACTCGATGCTTCACCAC

DD ST DSQ GR NCS TN DSM LHE

E1  BUERHLARE R P51 R Hami s &R R P51
Fig.1  Modified gene and amino acid sequence of f,4AR

22 AR REFRIAL URL I 4 E

FH PRI VI Eg EcoR 1 FlXba 1 % 8 20 FFIR 7 35 2%
K TR AT W) S, 45 RE2FTR, 1E4.8 kbAl
1.3 kb /e 47 433l H B T pFastBac 1 244 4% 7 Al H 11 2 [A %%
W, SPUHINERE, R XY % 5 D BH M 1) 2 2H R
BEATI R, W74 R SR G Bk e e —8, HixE
4H 5 R fir 44 NpFastBacl-£,4R’ .



XY TR

=
W

i
al

2017, Vol.38, No.20 37

5000 bp
3000 bp
2000 bp

1,500 bp
1 000 bp

750 bp
500 bp

250 bp

100 bp

M. DNA% F i Anifi; 1. pFastBacl-B,4AR’
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Fig.2  Identification of recombinant plasmid by double restriction

enzyme digestion

23 BRI 004 8 S S A R A

KABESP RGN HREWE, 4R ERP1
o BRI N2 X 10° PFU/mL, P2J 3 bk BE A 1 X
10"PFU/mL. F 5 20 FFIR % 2 R 5% YeSO41 i, 27 C
WA TS, WSRMBEESL: %Y)524h, dRHA
RIZH K HAR, HYjE24~72h, difEbaK, 40
MAZ B2k, R ET2 h, UM PN ETRCIR I £, oy
i B T R 75 L 2 T (BI3) 5 DL AT A AR ALATE
B 2 ZHFF PR 73 B WL R Eh % JeSTO4T i .

3 IEWSO4IM (a) RERET2ZhSOHM (b) BREE (x400)
Fig.3  Normal Sf9 cells and Sf9 cells at 72 h post transfection (x 400)

24 RIBFMWRA R E

PRI AN %5 T I B AT R 6 FLAT AR AR H % G
SOOZHM, FEAFFRLFE S22 ANFL, FIKNAE R El4, 5
ffi7m. SDS-PAGEZEH (E4) TR, T R e
Ji IR MR T v i T M 31 B IR 11 2% . Western blot
H—S0r (E5) 55, SIE®EMSOMEMLL, HE
HAFRIITEAT KDEAT A I T B — IR S 1 RN 46
g R —8, H2#tF iRk =) (3. 49K3E) 45
TS, PRI 2#KT R 1S B P3RBT SR
IEZARAREE . HEe R A, 29K R AT N
TEMTACE, DR R I IR A IS B AR AR Sk . MOIMESS
JERY J5 R IL I [7]48 ho

130 kD

70 kD
55kD
40 kD

35kD
25kD

15kD ’ - -
_Q& "

10 kD — a—

| §
"

M.E A5 TR bt — LW SIO4IE: 1. 2. 1#
B RRIEY; 3. 4. 2#EAFFRRIEY.
4 SOHMFRIEPINSDS-PAGES; R
Fig.4  SDS-PAGE analysis of expression product from Sf9 cells
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55 kD
40 kD - AR
35kD
25 kD

HRE: 1 2. IHEAFRLRIAT ) 3. 4. 2#EAFPRIRIE )
E5 SPO4EILT YK Western blot4h

Fig.5  Western blot analysis of expression product on Sf9 cells
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70 kD
55kD -
40 kD --‘-“.“7ﬂzAR
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M.E A TR EAR e +. Hishr B\ AR, — E%

SO ; 1~3. LIk A 48 h, MOIZHI N1, 5. 10 [HKE™

M)y 4~6.FKILNEAT2 h, MOIZHI N1, 5. 10 W R IE> Y.
B 6 FikF{RALH Western blots &

Fig. 6 Western blot analysis under the optimized expression conditions

2.5 Alifb A 1 Western blot%s &

K FH AR B SR AN Z BT doxt 5 A Hishy %6 (1) 25 41 2 1 gk
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LR Sk, (BRI FEBE R IR 2R SR, BEAE
VR R R H R GG . YEISVRELRTE2 31
TROvEWRE &, BILFRAREREY, 4R
T90%, ¥ H G BT IR %€ o
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Fig.7  Western blot analysis of the purified protein

26  AfEAMEESE

PUIE 5 (1) STO UM i 2 2 1 A xt I, 1 R 20k
ELISATTVER 4l S A AT I T 4 0E , 45 WK 1R,
AR INZEEL SRR RS . W T R &K
% EL%3 FhpEah I M BEAR 1C )3 Be A e T B, ODME
73 9)°490.983. 0.947410.912, FRHLEAL 5 (1) B 4 2K 5 A
TISROREE 1 e e VR BB 7R B AR i A

#1 sEEELISANZS R

Determination of the purified protein by ELISA

OD({f
y - B
BREARE e iRy HRe T ARP RO
aifb i E A A E A 0.983 0.947 0.912
1EH SOYIAMR R A 0.083 0.069 0.058

Table 1

3 o #

RELART BRI KIS H MR Z, WAL Tk
WK IR R K a FE IR . 39 I 2k 5 K vh (1)
GCH&E. HRIEHMRIEFM. AEEAWRZREH
G R LA SR, eah, e SR T
BoARWIE L KFEFNEM: . 11 Warne25 878 SFo4H i b %55
T KAGL,AR, FLEBR T N M EAGAL i, IFH
LIOAL [ A R R A N R, 183 [ g i Ak
0.5 mgHH £ FI A S R IK Ko AHIE 5T TR 77 2
H4 Y A BY LA RFE PR 42 1 L HR AT AR 1 2% B O 2 M 3R AT O
fh, HHEESGTRRMAMEXIERS, RN ECHEM 7
HE IR, XLEIEE—ERE Ligm T EARIE
K, L T AR HERNREE, RN AR
M IIAEN 5 2 A B E SR A TR

EHFPIREFHRIE ARG (Bac-to-Bac) HA AT
B 57 ) — LA a5 P AT HEAT B SR RS BN TAS A
i 1 B A IE L KRR EE s RIAK P, Al
[F IR IE Z AN IE IR R SRR R OR, AediiN10 kb/o
B HIAMNRE R AR R, TE B ARG N AR
X HESI TC B 1, AN RETE G HESh ) 40 Mo &2 i) 5=
LG, REMES FRoN e AR BT
B, ZRERG 2 —MAEFEENAZRIERS.

T B AR IR 25 3R 0 R Ge 7R 77 5 A AR 3 1 7 T
RUFFRI, ke o2 HarE N T G BB B2 4

(GPCRs) KJEHERAMIRIE AT HNERE RS, &
BFF ST 5200 20k 7K P B o B AN TR & kAT T Ak,
13 3 2R G40 oA F MO & 5, R UIMOIY & 2t ik
BNF 35 2 X AR B () AR A 7= AR IR, o 3 B ) R I I
[f] A4 548 h, 5 Cheng GuyueZ Y FT 5 i 45 A ] o

JE B Al AE — B DR # R A B RO PR

%, BARZZAKEA GPCRsILA M7 KBS ialR e gy, 4l
A THI G 56 2 1 AR A 1 2 SR AN RS R AN i S . A
IF 50 A 4 EE 20 85 (A RSN 6 X Hiskr2s, SR IR
e A P () 2R 1 AL T VENT T SE M ENTEE, FExTaifb
FiEAT T Western bloths Il F L #ZELISAVE 4 % 2 . &l
(101 52 40375 P 6 5 5 1 22 SR P B T-C Y P oAy 1k T 366 O
W, R REER S, (BB R A & o, S0
FAFE A, HAHEREN SRR K. B, AL
et F PSR I ELISANE M % 2 7, AN 41 22
Zx, T HON G 85 R T S A B AR TR R o B i
HAT THIARZR

4 4

AW TR B HOFF R0 #5508 & Ge 7E STOZH i v Ak
NI | B ARG B, ARBEN, i/ 6 45 3 ) 1 B R
R RGN A MOMES . B e J5 Rk I (]
48 ho Western blot3 4 1] K17E47 kD Z: A7 H 35— i 1)
RestEar, SHERS FRERD . dfbfEHr
BN A K T90%, ELISATE MY E 45 R 1%%
WREE A BRI SRR B VDT R KOk e % B3 RhBEL
I BEAR I35 AR S B, OD{E KK 8 0.983
0.947F10.912. A= S50 M8, ARE 14 25 11 114 K B i) 4% A g 57
B A% LRI BN FIPE AT I 7 VR AL T B 22K -

S Mk
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