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W E AR T AR, B MR E B 27 (heat shock protein 27 ,HSP27) 5 B AR sh Al £ ah 2 44 1, 4K
7 HSP27 J T4 B RS ) 69 7T ek . ¥ A T &k oy HSP27 A= B, ‘B LA & % 4K (B, adrenergic receptor,3, AR) 4
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(enzyme-linked immunosorbent assay, ELISA) 353, st 4R 27,15 7 8 LB A LB F A 9 #2545 HSP27
24509 B iE A& T B, AR, ELISA #92 % 87 HSP27 T A 5 HRP- %4645 ¥ . HRP-3E %45 ¥ /» HRP- £ % % &%
454, 0D 5 A A4 0.685.0525.0.662, X 5 4F st 2 R AR —5, 44 .HSP27 5 8 B L F ks sh A &
L AR BRA LSRN, TR TN B R EMREREI 6 Ta R K,

K : 5T HHBEA, MR E G 27(HSP2T) B, B LR F IR B LIRSk A

Interaction of heat shock protein 27
and B adrenergic agonists by molecular docking
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Abstract ; The molecular docking technology were used to investigate the combining ability of heat shock protein 27 ( HSP27)
and B adrenergic receptor agonists and the possibility that heat shock protein 27 be used to detect B adrenergic receptor
agonists. Artificially expressed heat shock protein 27 and B, adrenergic receptor (3,AR) were combined with 8 adrenergic
receptor agonists respectively by molecular docking technology. Based on the results of molecular docking, the differences of
their combining ability were compared,and then verified by enzyme-linked immunosorbent assay (ELISA).The results showed
that nine total score of heat shock protein 27 was higher than B, adrenergic receptor with fifteen small molecule drugs of
BB adrenergic receptor agonist in molecular docking. Enzyme—linked immunosorbent assay results showed that heat shock protein
27 could be reacted with all three horse radish peroxidase (HRP) -8 adrenergic receptor agonists of clenbuterol, fenoterol,
ractopamine specifically and the optical density( OD) values obtained were 0.685,0525, and 0.662 respectively.The results of
enzyme-linked immunosorbent assay are in accordance with the results of molecular docking basically.In this paper, heat shock
protein 27 has strong combining ability with 8 adrenergic agonists,, which can be used to detect 8 adrenergic receptor agonists in
all probability.
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SR o 18w BB A& LT, HSP27
Pk It KR B A 5 HADL & PO AR, 7E
o ML AN T 2 45 F A M ATk, X HSP27
AR SE T2 AR vhoOs LA 008 L MR R G s S 5 0
JiE (Y 5E FR A T HSP2T AE B SZ ARSI/ Ny
T2 ARG I T TR F S 1# R LHIRE

3 TR HEREOR SEAR IR BCAR 5 52 AR Ay - B
SRR AT AT B A B, G A — 5 Y T ok T
00 P TR] 1) 45 5 A5 =2 B o R g, DT R A7 245 9 1 g
TR E . BUA BUWTFE R BT i 53 X R HOR BT LA
HEA T HESDLIRE M2 R L BeAh  HSP2T fyid 3R
KT RES N i Ik L AL RS s AR kST 25 )
BRI

FET I3 T RHEFEA P SZ AR BCAR 9 45 5 5 R, AS T
RN T35 00 HSP27 F1 B, AR FE 15 B 2B 7
/NG T 25 W) o3 N BEAT 43 5 % 4, I XF HSP27 Fi
B AR I Ay 73 T X £ 45 R 9647 ELISA Bk, %5
HSP27 5 B Z AR FIAr S e g G iuae )1, h B 324K
VBN 22 5 BE A ) PR A T 92k 1w ST 4R AR 1Y
B
1 #MRE57E=E
1.1 MR5EE

B ZMM BN RN KW 43 ¥ 454y ZINC R
#H B, AR HHH 43 T 454 (2RHL) A1 HSP27 5K H 53 1
45449 (3ROR)  PDB % 4% % b ' 4%; HSP27 & H,
HSP27 i Z Pt il pg Ak R 22 & iRl 5E
T B AR HEFH AR SR = A EDC(1- (3~
W EEEPIAL) -3 - S LR AV ) A1 NHS ( N— 2 5%
BEHIWEW ) 3£ Thermo scientific 23 A ; SEHT Al
FR_PT ( goat anti—rabbit IgG— horseradish peroxidase,
GaRIgG- HRP) BG4 4 T A KR A bl AW ZE
KB W R R S B % A W B IR $h 92 oh T W
( phosphate buffered saline, PBS,0.01 mol/L) .PBST ¥k
W (PBS: Tween20 = 2 x 10°: 1) | {1 ¥ 2% nh ¥ W
( carbonate buffered saline, CBS, 0.05 mol/L. NaHCO,/
Na, CO, L&) B (PBST: BSA =100: 1) (24 11K
(2 mol/L H,80,) ¥y 7= 43 Hr i g 5]

ML R (AE260) 8 [E Mettler 23 H] 5 H 3k A%
(JM=-250)  JCE$E B 5 A R 7 5 BE K AR A
(GBox—F3) L I[H Syngene 2% ] ; filf #5 4 ( Bio -
Rad550) % Bio — Rad 2% wl; 8 4li /K 1%
(QPAK 2) f#[E Millipore 2y 7],

1.2 RWHIE

1.2.1 XJH4EMER  MRYE 2RHL 95 7254 , X 4% 1 48
5B AL Aspl13 (Asn312 Ser203 . Phel93 Phe289 |
Phe290 | Valll4 | Valll7, Trpl09 ., Tyr308 ., Tyr316 .
Tyr199 [ Trp286 F1 Thrl118 &I X 15, Threshold & X
247 0.50, Bloat 3£ X & 10A, &KHE 3ROR 1y HAKE AL,
S22 11 4935 72 AL & Glu99 | Asp65  Arg209  Phel0O
Tyr50, Cys103 | Asp203 ., Tyr202 ., Ser200, Asnl99 |
Glu198 . Trp62  Met66 . Met67 . Val98 Fil Serd5 45 5% Ek
JIAE X 387, Threshold 52 X A1 0.50, Bloat 5 X A7 10A,
T ) B AT BRI ZE 25 W) B oy T a5 A BEAT AL, LA
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FAFHAE B I B/ MR S, LLAS IS e HEAT 4y T X 42
B8 B, AR TR 4345 F4 R AR I ) T A 85 A A
BT, I T I & A e A e/ M A B

122 SrFxdds LA LR PIRhEE B A X 322 X A R
AR, UL B S ARSI S/ IN G F 25 R R AR i B
SYBYL §kf4 i FlexX J5 32 47 % 432 T4, % 42 /i 56
X HSP27 #E47 R A4k : o e U BoAk o+, 2R s
S A5 (A s | =2 B A it 1 A B, & L B K 43
Fa 2 I A I rg Aoy AN RE B L SR 393 SYBYL 2R
INMEIEAT R FIH SYBYL $ 44 1% 25 11 st X 432
NI Y Define Sf¢ Az gl % 332 46 P 11 4%, Hoof Protomol
Generation Ii1% & Multi — Channel Surface £, H. &=
S F 4 SYBYL ERIA(E . DA XT3 45 50 B P o0 [
(Total Score ) Ay 5 2 FI| Wi X 122455 S AR

1.2.3 BRS04 % HSP27 #1 B,AR 5 B =44
WEhFHNINGF 250 55 F X 3200 B iR E T 22 5
PESHT, SR SPSS 21.0 #7484, M B8 7K v o =
0.05,4 p <0.05 B}, 2= R B A G242 X,

1.2.4  HSP27 piGHESEE  gifb)s o) HSP27 , &3 is
BEEE IS B Uk W) 26 42 78 5, JH ELISA X 3% PR 3E AT %
o BB Ak 5 B9 HSP27 , 9 Wk 1 pg/mL,
50 wL #L,37 CHE 2 h J5,PBST ¥k =W DL I+, Byl
T A 1% BSA,200 pL/HL,4 °C il b, PBST
e =W LD R, I A B S YR 22 B i TE AN
1: 1000 1543 FeAm B, 25 1 X HEFLhn AR %3 B e IR
Z P A PBS,50 pL/fl. 37 C i E 30 min &,
PBST yE#% =W LA L fm, In A 1: 5000, PBST #% B 14 =
Pite —Pi,50 pl/fl. AR EH 100 pl/fL,
10 min, I /EINAZEW 50 /L, FH bR A 32 B
ZFLAE 450 nm &b SG{E (optical density,OD)
1.2.5 HSP27 5/NF45&RESHUE AN T FRA
i) HSP27 F1 B, AR Z& [, LA 200 ng/mL {16 9l e BE A%
LeFERE, 50 wL/FL,37 °C# 2 h J5,PBST P =ik LA
LB, A 1% BSA,200 pL/FL,4 °C it 7% 3,
PBST P& =k A I JE, T INASTARSRRY S
LR AR TR = Fh B AR B 31575 HRP JihRicdy ,
FE HSP27 F1 B, AR 5 =Fh2y e 45 409 OD {H.,
2 ZBRERH

21 SFMEMNER

TEASR LG, 15 B B 2 AR B sh I 25 25 W 4
SEBEE R T, 41 55 HSP27 F1 B, AR HEAT 43 F %
2,978 15 B B ZARB ST e IR 3 Fh A RF M
M/ N 2580, 4 R iAo 2 3w 2 B AR
TR UET AT R4S IR ELISA 40 ¥7, E1115 HSP27
AT TR PR AN B 1 s, HSP27 [ R 43 T 45 K4 7
HS IR X IE A« B3k 4h & /NS F 5 B Z AR 3h 7|
/N F 2SR SR K A S AR B AR .

WEAESR, G B B B 3Z /K (G protein coupled
receptor, GPCR) ik 43 % 2 L Kz ffg 480 i 158 40 3k Auff
SERIAE A, AT RAMR P B 20 e A B &35 44 08 T AT A2 A5
F] GPCR LAY "2 3L 33 S A5 Y JF 47357 19 I 9% 2%
B2 NG TSR N TR S B AR 45 T A A7
FHEESBEIX, A il — A~ B IE4h A /NS |, fE ik S s
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JIE DX 55 C ik LA B e U ) UG 5 O R AR L
e HSP27 MR AR N B Z Wy /Ny T8 H L, 720 T
XS B AR RIS W e S B X 1 45 5 T
RAL T B,AR.

K1 HSP27 5 B 32 s 2 258 Jp 5 XHEAR Y 5]
Fig.1 Modeling diagram of HSP27 and B adrenergic
receptor agonists by molecular docking
T :1:HSP27 5 pf@he ;2. HSP27 53R s Z U
3:HSP27 SRS

22 HItERSH

B ZRBBhFNIE 25 5 WP R (10 4 X R
AN 1 pron, 15 U453 A 9 4~ HSP27 Y &
PESMER T B, AR, 5 HSP27 21 [ 4 T Xt 432 45 W %
BN AH,BAR HIEE N B 4, A A5 B 4 E %t
gl R 22 (E IR IEZS 530, MOR FHECXT © /2 58 5347
PILH ) 22 58 LG22 E o mFR2 451 aI 50, A 4
5 B a4 R 22 A SR L (p =0.03),
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RTINS HSP27 5 B SZ AR R 2 25 W) i 4545 RE
=T B AR,
#2 Gt TEs

Table 2 Results of statistical analysis

Srel Pl ME«baERZ TE P {H
A4l 15 6.05 = 1.09

2419 0.030
B 2] 15 5.69 +0.94

2.3 HSP27 £FE4&R

2.3.1 SDS—-PAGE BERZHLUKZEE A T.3Rik HSP27
MRS B AR MZEMRL, #nT LLiE i R IE Rk R
Gy LA 26 IR R G A D7 i AAR T T HSP27 1Y
PRI R {7 B, HoAA B e R ik i, glifk = nd 2l
R R . Xalifk)s i HSP27 #47 SDS-PAGE BEZHL
VKWLM E , SDS— PAGE Mg 45 RANK 2 frs, K
Hr HSP27 (A 453 T R B 29 7E 27 kD ZiAq, 9126 %6 58 %
M HSP27, Halifb s i) HSP27 H W&k sp—, 3%
AHZRAS Y HSP27 14 4l i 45 v, vl LU F R B 37 44

PBh 7R J7 B
kD M 1

25-’
17

11 .
2 #ifk)5 HSP27 1) SDS-PAGE %45 5%
Fig.2 SDS-PAGE analysis of the purified HSP27
M 180kD ZE [ Marker; 1 ; 4ifk )5 A9 HSP27,
232 HSP27 ) ELISA M AE 455 A8k 1 peg/mL ¥R

K1 B MBS G PRI 10T 0HEE R

Table 1  Determination of B—adrenergic receptor agonists with two kinds of protein by molecular docking
B A2 Jo Ay cAS T
(4 é;%}?ﬁ W Dobutamine hydrochloride (i‘;ﬁ:g‘s‘j) 8.4035 7.5982
Rk 2 Fenoterol 13392-18-2 7.8134 7.3290
ESE AN Ractopamine 97825-25-7 7.0472 6.8865
Yo T RE Salbutamol 18559-94-9 6.3827 5.7219
AR 4R 2 Pirbuterol 38677-81-5 6.3238 5.5702
AT AR Terbutaline 23031-25-6 6.2437 5.7557
D% Mabuterol 56341-08-3 6.0874 5.0646
BTG AR AR Orciprenaline 586-06-1 5.8220 5.8766
TS Clenbuterol 129138-58-5 5.8202 4.5850
AT Brombuterol 41937-02-4 57717 4.5829
SWE FRE Isoproternol 7683-59-2 5.4242 5.8632
[EEETS Cimaterol 54239-37-1 5.4104 5.2559
B ERE Adrenaline 51-43-4 5.2629 5.4472
SR TIBHR Clorprenaline 3811-25-4 47317 5.1257
I 2 R Phenylethanolamine 7568-93-6 4.2296 4.6572
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23 HSP27 FEH ELISA YE45 R
Table 3 Determination of HSP27 by ELISA
HSP27 SPGB £
1 pg/mL 10000 20000 40000 80000 160000 320000 640000 1280000 2560000 55 [ %} iR
oD 1 3.923 3.850 3.768 3.490 2.599 1.635 0.965 0.674 0.514 0.149
24 HSP27 5 B,AR 1Y ELISA 5 45 5
Table 4  Determination of HSP27 and 8, AR by ELISA
R LR ES
HRP- 5 &4 % (0D {H) HRP-3 g Z L1k (0D {H) HRP-JEi#45: % (0D {H)
HSP27 £ H 0.685 0.662 0.525
B.AR 0.448 0.320 0.364

BEW HSP27 25 P, B AR A2 LA FLAE 450 nm &b
i OD fH ., HHE& 3 AT, FE AR UK 22 B I I8 #6 ¢ 3.2 x
10° {0}, 45 HSP27 19 OD {& v 1.635 , IfiL 75 5 B i
F 3.2 x 10° f5HF, S OD g . RIS 51
RIFZ BT IE R Ar, FBf W R AN T FRIEW
HSP27 BAT i Wy is M 6 MR =5 1) HSP27 12k
HSP27 FF B 2B shFv i &G i) J T BE 52 T Fhaih o
2.4 HSP27 5B Z&EHzhFIHI 4 & #E S IIE

HE% 4 WT%, HSP27 5ER vi iR e B a2 12
W AR RR T = Fh B SZ AR 3 ah 37 (4 B bR i 42 Y4 RE %
S MR R W, OD (B 4354 0.685 ,0.662 F10.525,
B> AR 5 =Fh g ZZ RSN A EEAR 10 B ) OD i
435 0.448,0.320 F1 0.364, XF LW FP 19 OD {4
22 S PR AT R, HSP27 5 B SZ A 3 3l 77 BB % 4 S+ 17k
455, H R R . EWNSMXT HSP27 (o 42 2
e T FOAE N AR K At 3 9 Ak P i R 5 AL )BT
FE30 SR gY F W, HSP27 FEAR N 434 92 , 1R
[FILHAU R ¥ E AR TEHBEEH . 1B AZPURI E
V1,24 B ZIARBE ST IE AR S 5 AT W LA i 5
) B, AR £85I AR B A I, A T 1 LAY HSP27
" EeS B ZAARE AN A AEA B AER, NI RE IR B 3244
BEhFIXT AR 3 . 456 HSP27 5 B 2R sh 7
WG FEg W oy F R I IR 5 IR R I, HSP27 A
LA T B S AT sh 7RG Ty Thi it AT BB R o
3 #ig

AFHFER A 53 F X 2 8 AR, ST 45 4 L T
TEAIZENEEE J1, RAGIESL T HSP27 AT L5 8 32
ipgsh 7 25 25 K AR R N, AT LR 3 — S R
HSP27 K51 B 52 A3k 2 77 25 245 1 1) R 0% $ i R
ZHFo ELISA [WSGTELSH R , HSP27 5L v /e 4
B S ve Z P AR R 2 =R B 32 AR 3h ) 1) il
WRiCH RS A A 4 S S, OD B 4351l 0.685,
0.662 F10.525, LASCIG I UL, HSP27 F T4 B 52
i sh 25 259 B0 AT BE MR K, X S B 2 AR I Bl 5]
RGN Tk ) s S R TR ) R R
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