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Abstract: The synthesis of pathogenesis-related proteins (PR) is one prominent feature of plant defense re-
sponses on abiotic or non-abiotic stress situations. According to the transcriptome data of Salvia miltior-
rhiza .designing specific primers and using reverse transcription-polymerase chain reaction (RT-PCR) , we
isolated an open reading frame of pathogenesis-related protein 10 (PR10) from S. miltiorrhiza and named
as SmPR10-1 (GenBank Accession No. KF877034). The results indicated that: (1) SmPR10-1 has an open
reading frame (ORF) of 477 bp,which encoded a protein of 158 amino acid residues, with a predicted mo-
lecular mass of 17. 38 kD. (2) Bioinformatic analysis indicated that SmPR10-1 protein showed the highest
homology,69 % identity,with PR10 protein from Vitis vini fera with the same conserved sequence (G-X-G-
G-X-G) and (K-A-X-E-X-Y). (3)Escherichia coli BL21 cells were transformed with the expression vector
pET32a-SmPR10-1 and used for prokaryotic expression. Meanwhile, the four factors,inducing IPTG con-
centrations,initial density of host bacterium (Agy ) ,inducing temperature and inducing time, which influ-
enced protein expression, were optimized. The optimum expression conditions of SmPR10-1 were final
IPTG concentration of 0. 4 mmol/L, Ay, of 0. 8,and the inducing time of 8 h at 30 °C. Finally, the recombi-
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nant SmPR10-1 protein was purified through Ni*" affinity chromatography. The results of this study pro-

vided not only the first and fundamental information about SmPR10-1 gene, but also a candidate gene for

future genetic engineering of Chinese medical herbs,S. miltiorrhiza,against pathogen attack.

Key words: Salvia miltiorrhiza ; pathogenesis-related protein; bioinformatic analysis; prokaryotic expres-

sion;optimization of expression condition
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Fig. 1 PCR amplification of SmPR10-1
gene open reading frame

M. DL2000;1. SmPR10-1 ORF
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Fig. 2 Prediction of SmPR10-1 protein structure

A. Secondary structure prediction;B. Prediction of three-dimensional structure
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60 % Vicia faba(AFD29283.1)
95 16 Arachis hypogaea(CAJ43118.1)
93 4k 1 Vigna radiata(AAX19889.1)
39 3P i 5 Lupinus luteus(2QIM_A)

K7 Glycine max(ADC31789.1)

B3 FragariaX ananassa(AET44159.1)

22 T 1% Populus tomentosa(ADP69174.1)
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20 i 7% Vitis vinifera(CAC16166.1)
60 Jt ZSalvia miltiorrhiza SmPR10-1"

76  — i 55 ki Gossypium barbadense(AAP79504.1)

45 |_|: HH Capsicum baccatum(ABC74797.1)
100 Wi F Solanum virginianum( AAU00066.1)

Y81 K 38 Rheum australe(ACH63224.1)
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94— b3 Z K Picea sitchensis(ABK23161.1)

61]

K7 Hordeum vulgare(AAP04429 1)

97
100

2146 Crocus sativus(ADL09408.1)
NG Triticum aestivum(ACG68733.1)
[k Zea mays(ADAG68331.1)

JKFG Oryza sativa(NP_001049857.1)

K13 SmPRI0-1 4 15 H AW A PR10 & 109 R GE 4L 70 b7
Fig. 3 Phylogenetic tree of SmPR10-1 protein and PR10 proteins from other species
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SmPRI0-1 H)& FAF AW, S5HE NS %%
KA,
2.2 SmPR10-1 EEMEZREBEHESLEE
FABR A N VTG EcoR T F1 Xho 1 43 3% 5 %
FR AR pET-32a (+) F1 il i IE #7 # pGEM-T
Easy-SmPRI10-1 JiUkL 47 ARG U], % #2153 3] 8 4 i
%i pET32a-SmPR10-1, % J§ # fb E. coli BL21
(DE3) , Pk IRCH 5 [ 8 47 1 W PCRF XU D) 48 5
#4500 bp Z2 47 0 H B F&AE (B 4, B 5 B
iR WoR 5 HMWERE SmPR10-1 JF5| —38, KRk E
b 528 . R W T I SmPR10-1 3 [ o7 B 31 Ji
W FEk 8K pET-32a |,
2.3 SmPRI10-1 EAMEZREFZFGENRL
2.3.1 IPTG K E3T SmPR10-1 RIXWFM  (rFF
W5 S HE8 h i i 30 C Kk IR Asoo 0. 6K

M 1 2

10000 bp

7000 bp
4000 bp

2000 bp
1000 bp

500 bp
250 bp

K4 JREEEEXRIAK pET32a-SmPR10-1 X &
M. DL10000;1. EcoR | #l Xho I BLEF)
pET32a-SmPR10-1 # A ; 2. B 5B Y PCR ;=4
Fig. 4 The identification of prokaryotic expression
vector pET32a-SmPR10-1
M. DL10000;1. pET32a-SmPR10-1 digested by EcoR T
and Xho | ;2. PCR product of positive clone
284 0.1.0.4.,0.8,1. 0 mmol/L iX 4 4~ IPTG
ET,ME A IPTG W JFEAE 0. 1~1. 0 mmol/L X}
SmPR10-1 ik &5 mi A W] 8 (K 5).,
2.3.2 EEREX SmPRI0-1 REHHM {1
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S 8 h IPTG ¥ FE 0. 4 mmol/L Kt A
0.6 ANAE AN S (15 °C .20 °C .25 *C.30
C.37 C)F . & PR EXH SmPR10-1 2% 3k 5% Wi B
,20~30 Cifs S AR T Al i M8 A KR ik .
15 CHl 37 “CHp8E 2k &b (& 6),

2.3.3 Ag Xt SmPR10-1 RiFM MW  LRi5iH 0T
[ 8 h.iE S 30 C & IPTG ¥ JF 0. 4 mmol/L
AR WS B AE AN [6] S 46 B8 %% T (Agoo 9 0. 4,0, 6,
0.8.1. )W A FHFIPTGH SmPR10-1% 54

M Cl 1 C2 2 C3 3 C4 4
150 kD ——
100 kD —
70kD —p —

SOkD—P-_, = -
40KD —p e T S5 SN S

Bl 5 R[E IPTG ¥k X SmPR10-1 2 [ 3% 3K (1 3 W
M. # 14> T HE AR s C1~C4. & pET32a 8 HIKH E. coli Wtk
1~4. 43 5I7E 0.1,0.4.,0. 8.1, 0 mmol/L IPTG ¥ EiEFH &
pET32a-SmPR10-1 Fiki iy E. coli Htk .
ik R M EA SmPR10-1 [

Fig.5 Effect of different IPTG concentrations on
the expression of SmPR10-1 protein
M. Protein marker; C1—C4, E. coli containing pET32a used
as contro; 1 —4. E. coli contains pET32a-SmPR10-1 induced
with 0.1,0.4,0.8 and 1. 0 mmol/L IPTG,respectively. The

arrows show the recombinant SmPR10-1 protein

30 kD — -
20 kD —p> we—

15kD s

& 6 A5 S X SmPR10-1 2 H &35 1Y %20

M. A4 F oAb C. & pET32a 28 8K E. coli Witk;
1~5. 43 BI7E 15 °C,20 °C .25 “C.30 °C,37 CESN & pET32a
JRLIY E. coli Wbk, #ik WoR NEH SmPRI10-1 &

Fig. 6 Effect of different temperature on the

SmPR10-1

expression of SmPR10-1 protein
M. Protein marker;C. E. coli containing pET32a used as
contro; 1 —4. E. coli contains pET32a-SmPR10-1 induced at
15 °C,20 "C.25 °C,30 °C,37 °C.respectively. The arrows

show the recombinant SmPR10-1 protein

. kPR IR E W B (Age = 0. 8) B,
SmPRI10-1 Fik & (8 1),
2.3.4 HEREX SmPRI0-1 RIEMWEM  [H1F
HESEE 30 C.IPTG ¥ E 0. 4 mmol/L K1l
Agoo 0. 8 A7, BF 58 5 F i A (4,.6.8.20 h) X
SmPR10-1 ik B 5 M, UL 28 51375 5 if 0] X 26 (1 %
KA B S B S S R A R R
A B Z 5 0 (& 8,
2.4 EZH SmPRI10-1 EAM4L

H P A 1 25 44 IPTG ¥ 0. 4 mmol/L |2

M Cl1

7 O TR) R I A T2 B R (Aoo ) X
SmPR10-1 2 H £ ik 1Y 5
M. E 9 T B brifE;Cl~C4 . & pET32a 28 8K E. coli # bk
1~4. 43 BIHE Asoo N 0.4.0.6.0.8.1.0 %M FiESFH & pET32a
SmPR10-1 GO E. coli Witk. ik B/m NEAH SmPR10-1 &
Fig. 7 Effect of different initial density of host bacterium
(Ao ) on the expression of SmPR10-1 protein
M. Protein marker; C1—CA4. E. coli contains pET32a used as
contro; 1 —4. E. coli containg pET32a-SmPR10-1 induced at
0.4,0.6,0.8 and 1.0 Ag »respectively. The arrows

show the recombinant SmPR10-1 protein

M ClI 1 C2 2 C3 3 C4 4

K8 ANIF] 5 IR % SmPR10-1 2 1 33K 1Y 52 il
M. 8 {5 FRARE; Cl~CA. % pET32a 55 KM E. coli Bk
1~4. 5 9%ES 4.6.8.20 h 198 pET32a-SmPR10-1
BUKLE) E. coli WMk, ik BR AT SmPR10-1 HH
Fig. 8 Effect of different inducing time on the
expression of SmPR10-1 protein
M. Protein marker; C1—C4. E. coli contains pET32a used
as control; 1 —4. E. coli containg pET32a-SmPR10-1

induced with 4,6,8,20 h,respectively. The arrows show

the recombinant SmPR10-1 protein
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M 1 2 3 4

170 kD —p e

130 kD —P> e =
TOKD — P

55KkD — P w—

40kD’V_ié_A/-K

35kD —» e

25KkD —Da—
15kD —p

K9 HE SmPRI0-1 & H Ay 21k
M. B F 4 FRbRE; 1. % pET32a 28 40K E. coli THRRAT Jy XI5
2. A& TR & pET32a-SmPRI10-1 BUKLHY E. coli
BB 3.4 SR T4 SmPR10-1 TR (3 £ 2 pg BAE
45 pg PR . Hik B8 B EA SmPR10-1 & H
Fig. 9 Purification of recombinant SmPR10-1 protein
M. Protein marker;1. E. coli containing pET32a used as control;
2. E. coli contains pET32a-SmPR10-1 induced under optimized
conditions; 3,4. The purified recombinant SmPR10-1 protein (3 ¢ 2 pg;

4+ 5 ug). The arrows show the recombinant SmPR10-1 protein

16 Ago 0. 8RR E 30 C i S E 8 h, f &
4 SmPR10-1 8 FH AL KW A& & Rk Ul R
JV T VAT AR o 78 7 B A B AR R 8 0 B T R
FHANET =M EN 7, #] A Ni Sepharose 6 Fast
Flow Purification System (GE Healthcare) i j§ i3t
frafifk .75 % H # % 3 SmPR10-1 (& 9) . Bradford
A AL B H W EE N 1,02 mg « mL ',

3T

P2 oh 24 A AR IR A2 76 N Ak 8
FET 5 32 B & T U A fE A KO Rl
2N, —J5 T by s U PR A B L Sy — T AR 2
B RE 2 BEAR ST 2 00 24 1 & BT, 52 I P 2 i IR 24 34
PRI DA PF 2 B 42 0 o A DG BRI L 35 7 B o Rl
A RS S H RA R . A2
so REAS B AR A DGR 1 10 FE SmPR10-1, Xf H A%
MR N AT I 1 8 B R 1 91 43 A K B, SmPR10-1 Kk
PHL 4 5 2 1 1 N s A B R 1 & H R 19 P-loop
FF (G-X-G-G-X-G), C i A (K-A-X-E-X-Y) i) £
SRS B SmPR10-1 8 H /& PR10 # H % K
# A Bi (Van Loon' | Fernandes'™ ), SmPR10-1
HEAE G2 IR AE 40 5 8 B R A X S
fis PR KR E B AW HE PR ZREHKRZ &
TS HA G5 BT 5 56 AR o 8 AT RS
R G TE 53 Wh o B TR BBV (1

KIGF w2 HINEEARRERGEZL —,

S SRR AT R IR B I R A £ 0y T . BB
PR R IR R BR T A SRR D) AL R
IR A B R A 38 BT DL 2 BAR B 3R A
e B AN AR I R R R AR L I AR IPTG
VT AR S B 3 (A
AT i e A, AR BESEKE B 3L SmPR10-1
F o B £ ik Rk pET32a b, B K & 4 Ok
pET32a-SmPR10-1, %% 5 # 4k E. coli BL21 (DE3),
AT A RIE . pET32a #HARE WA N-uji it ik 3K
FI(Trx » Tag) 47 51 ) il & 2635 Bk, M 4R
HHAEATLE E. coli PUANEIL NAFFER FI Trx »
Tag Jy 8 fili 45 o » 7T 3 0 5 4 26 1 00 0 A M0 s 1
bh L FikTE E T BL21(DE3) 7] LU 47 75 T 40 i 5T
SRk - Vi ks e A A G R S LIRS o R
[ B FIH pET32a # ik A M EAE A N b A
6 1~ His Tag bp%s . )y fJ5 Se AL (A 4lifkt .

IPTG e B I R b T % B ( Aoy ) IS 5 B
)5 R S A% A i £ BN R AP R B IPTG
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