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Abstract:

and it mediates various physiological and biochemical process in plants. To investigate the role of H,O, as a signaling

Hydrogen peroxide (H,O,), one of reactive oxygen species, is widely generated in many biological systems,

molecule in the process of salicylic acid (SA)-induced Salvianolic acid B (Sal B) accumulation, we separately inspected the
with  SA, H,0,, (CAT), 2-(4-carboxy-2-phenyl)-4,4,5,5-
tetramethylimidazoline-1-oxyl-3-oxide (DMTU) and Imidazole (IMD) to investigate the influence on the activity of

cultured cells of Salvia miltiorrhiza Catalase
phenylalanine ammonia-lyase (PAL) and tyrosine aminotransferase (TAT) and the accumulation of Sal B. Treatment of S.
miltiorrhiza cells with SA resulted in an increase of H,0,, the increase of PAL and TAT and accumulation of Sal B.
Exogenous application of 10~30 mmol/L H,O, was found to effectively increase PAL and TAT activity as well as the Sal B
content. CAT, a H,0, scavenger, eliminated the Sal B-accumulating effects of exogenous H,O, and SA. These indicated
that H,0, may serve as an upstream signaling molecule in the SA-induced accumulation of Sal B signal transduction
pathway. Disposed by DMTU, a chemical trap for H,O,, as observed to be effective in inhibiting SA-induced accumulation
of Sal B. IMD strongly inhibits the activity of NADPH oxidase, which is one of the main sources of H,O, formation in
plant cells. IMD treatment strongly inhibited the accumulation of Sal B in cultured cells of S. miltiorrhiza, but the effects of
IMD, can be partially reversed by the exogenous SA. The accumulation of Sal B was blocked once the generation of H,O,

by NADPH oxidase was inhibited, and H,O, served as signaling molecule mediated the SA-induced Sal B accumulation.

Keywords: Salvia miltiorrhiza, salvianolic acid B, salicylic acid, hydrogen peroxide, signal transduction

G S HNRIERHERRBEY S HENETRF AN (PAL) JEARNBEBIR IR —K

(Salvia miltiorrhiza Bunge) TR IARZE, H
ARG . TG IGE L . WO EDEN, FE
MR B (Sal B) EFIZH—FEREYI B, LI
Sal B UK IIB IR BN N2 k%
2R TE PEY B Sal B (AR 1A R AR P A 4
R — FRINAH AR = | il Ak PR A 9 5 A 1 A=
Pk, HA MR R BAT Al . H i
N PSRRI A T2 A T AR
iR R A Ak AR A R A

PR R4 R RS BT, A A R
TR 2 — R PR ihs e s . LR
MW PAL MEALSAEERR, i AHRR-4-5
{LH (Cinnamate-4-hydroxylase, CHA) #E{LIE A
4R, PHFALTSUIMERR ; L-B = R IR R
JERERSME (TAT) fEALARL 3,4- RN AR ,

RS N R 38 5 i (Hydroxyphenylpyruvate
reductase, HPPR) LA A 3,4- “FEFORFLIR,

3,4- 7 LR ZL IR RN i M R AE A 15 A R A
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(Rosmarinic acid synthase, RAS) LT & Ak
R, FRE—45 i Sal B

JK#lE (Salicylic acid, SA) &—Fh{EfET
LERZLEN IS 7 )5 N SN p e U RN R
TR0 A Py AR KT T HEAR S B, Y
g R FAEYIET, SA AT AP A R EH = 7K
F, HY CAT Z55 )M ILasdt:, MimiSEEm
MM H0, F ik TR o HoO, AT AR NS 503
T T O e R A LU S RSk
BT CAPIR R, SA TEMIR Y
P M A FRA BT DT R AR, 40
SMIEHEAN SA R LU R m AT SR A i
B A I FE S ikt b 4R bhaa
AE U4 SA SRR NIES TR H TR
PR A R

H,0, s PR — R, BAT B A S
EE, KA LOR BN A AR ™ 2 B —Fl
= BRI, BT H0, HIXH R
S AT s, HAHALTE VA 1 o )
K, TERIA S ZARMAHEAER], BEAEE . B
ik, AT AR R P R R REE . L,
H,0, #OA N AR PR Rl B AR~ 70 110
— MW, FEAEY) R B A RIS T 2 R U
FREP IR H,0, A 2RI, —J7 ik
A LA R AE I T i i i 75 55
— 7 R PR T B AL, LA AR i IR e — A1
B2 (NADPH) %Ll . 200 BE S ALY | e
TEREE" ) 10, A FEMAEBAMERE, 1R
SRS EPUME (Systemic acquired resistance,
SAR). i #{JZ ¥ (Hypersensitive resistance,
HR) U401 gty e 2 UV 4 i B O Ak A 1
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(Programmed cell death, PCD) 7145 | A ¥y %2
LN 5 S O s 1 i R T, IR T A
S ABA {55 R AL HOR ER
(I RN 2 B 20 A 22 A A R
g AR,

A K SA 5 H,0, ZIR T EEAE P AE SA
VE R Bt s s B A E ST S HaO, ZIH] 1Y
MEICHR, WTERER T SA Z 5015 55T
WA S THE R H0, KA X, SA N B
VR 00 TG SR A 2 PPV R AR i S A kit
YA Ho0, BN, QNSRRI SA Fife
I R 75 K AR A Y HoO, AR 2 R B AR s
REALHIT SA S0 Hy0, B 5115 55 Sk
I SRR R TR A2 D), 96 Hy0, ST
IVE NSS4 T SA i I AR & ik
BT Z D

WHERET, DL SA VR RS 7l LIA R 5
FEE RN Sal B B4 ALY, (BTSNt
I SA Al P2 AN RS TRz |
&3 315 R B R 2R A& W& AR Y — R 50 i
FEEANTERE . B ATHGE Y S A5 55 A
SR A AN A AT, A 45 A3k & A 1 4R
R BTz KRR r)EEE A OCHY
554074 Ca’' IP;, NO K& cGMP %!, {3}
5 R A0 L N O A A B A SRR S 0 T
FHAGS@REZBIM KR THERNRA . AL
VIPHZ B SEFR A ML, R0 HaOp TEA
SA FEFINFFZS 410 Sal B A AR Bad B2 Hh i FE
FH L DU Ry e — 20 1 il 5 0 40 400 L PN A ARG
W A RIS 00 T R HAR S B R 2E
SLa .
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1 AB5%%
1.1 ASEFERMERANELRIEREN

PSR IR T BV R+ S 25 A BR
NFIRTIB TS GAP 2575 M .
1.1.1 EEHENER

W B et P20 H A oK bk 2~4 b, Y
M RBRFREETZ, HH AR 3 K, R
TIREAERIKE . B 56, 76 70% CBE (Grirst,
P92 == ARl bt 30 s, JCRZK e
33K, SRIGTE 0.1% HgCl, (3Hral, FIFER Ak
TAHRAFR) HKE 10~15 min, TEKHEE 3
W, M MS BRI L, BFRh o
55¢/L BifE (AL AR A R A |])
30 g/L M (M T A e R Ak A= R A R FD)
BigR ok Wil (25+2) C, DM A
12~16 h, JEREEREE 2 000~3 000 Lx. i55% 2 1~ H .
112 BHALRFES

B AR 2 MHWIEE, # 87k
0.5 cmx0.5 cm B/, RN T MS A5 1 5%
I b R A 1.0 mg/L NAA (K fk
TAHRAF). 1.0 mg/L 6-BA (b5t MR A
PR F]). 1.0 mg/L 2,4-D (AL GURRAG I BHCA PR A
"), 5.5g/L Bg. 30 g/L mEME, fEOCMAMET
W EGAL A A8 20 d 4R 1
W, 2 D HEHIEER A AE KRR E

Bige stk KRl (25+2) C, SLHRRTA]
12~16 h, YEREEREE 2 000~3 000 Lx,
1.1.3 BSR4k

BUHAR R 5% 15 d A2, @i 42
SEFRW 15 (WYY i HL B R MS R R
FEL REHRMEYERMATY R, &

30 g/L HEHE) BRI, HFRIRAER 25 °C, HIK
e A 125 r/min, HARGREEFE .
12 FIRAEETZE

S HaOn (G el, KEER 2585 A
FR/\F]). DMTU (208-588-2, Sigma 2\ #]). CAT
(C-9322, Sigma /~ )M IMD (B 0074, Sanland
Chemical AH]) W 0.22 um AL JE BT
U, i BRI 2R 1) 35 FR b AR [R) Ve BE Y 1
W . 53— A IR AN b A SF R R 2508
K (%% H,0,. DMTU, CAT K IMD) fENX%f
MR, 2 A Ak AR B IS sk [ SA 155 A B

A 30 min,

1.3 FRARRWIE (PAL) AIRIBRIE
LETSEE (TAT) FEIEH

BURT B SR AR, B e PEURAR [, AR
SRR, R ZE K e, AR
2K o 55 o

PAL & PR (0 5 #e SCHRR[25 100 5 138047 o 1E
290 nm FE WG, DAAEAr4h OD fHAE 4L 0.01
R — A LA U

Aygo X Vi ¥V
0.01xV, x FW xt

L, Ve BEBLEATR (mL); FW. FEGfE
B (g); Ve: ME BT HUERE AARFR (mL); v: R
R EARER (mL); ¢ RS (h).

TAT {5 MR E 3% SCHR 24100 75 0047 . 78
331 nm Rl WOBRE, DLRE4h OD {HAE 4K 0.01
R BEE BT U

HEAXIT

PAL(U/gFW -h) =

A29OXI/[><V

PAL(U/g FW -h) =
0.01xV x FW xt
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AT(Ulg Wy - AP W HE T LI 0.05 g 7545 TR AN B et e
0.01xV x FIW xt FI 70 = 30 (V/V) 1 R K Y VA 7 D

o, 1 @@m,m: (mL)s FW: BEGEE s in . SREORT 0.22 um BCFLIEREE U85 75
FRGIEL s 1 T ) Sal B ik i W0 R FI 85 AT €238
14 THEHLE (H0,) =M (HPLC) ™, Ry A R AT T M e, AT

Ho0, IR B BRIL 0 AR 24 A - R, shim-pack VP-ODS (250 mmx4.6 mm,
0.2~0.3 g HUBTEEALRL, WA SmL T4 CFBe 4 s umy, wiahh, BE-k-IkZm (AR L
PR (MATE0, MARRIIR) . LEKI TR 4o So ) sk | mUiming SERERL. 10 uLs
AAIH, AE 4 °CF 10 000 t/min B0 10 min, HX I . 281 nms KEIRL 30 °C.

2 mL EWW, MA 05 mL 5% i R4k

(20044428, V74l EZEER) /A, mmA 2 EREMN

2mL WREUK G, PUIRTER) AT, TE4°C ) e m s 0
F 10 000 t/min &.0> 10 min, 7E FIEWR 5 mL PAL 31 TAT E{£ % Sal B 2R

2 mol/L MJMRERIR (4r#rali, DU)IVERE) DL TEKGIRALER 10 min J5, FFBRFRANMH
TE, TEPEE 415 nm AbIE ROGEE HO, &I I, JFAEALEE 20 min Bk
1.5 Sal BiZEUR & 24 FISR 1AW, BEJS T AEAREE 50 min R

AR & - SIGRPES 53R, £ 1200 1/min ISR 2 h ZE AR B 2 DI (B 1 A).
ELOEWCEAN, RIEAE 47 CHA AT PIZEFRAMI PAL & PEAEVE )5 30 min i)

AE STAT OPAL B
£ 3500 | 112
& C
5 3000 11.0 E E‘)
7 200 FHos w2
Z 2000 = —
2 0.6 3
S 1500 £
— 04 =
= 1000 s
; 5 O 0 0.2 :E. & Bed i K4 !
s P - 0.0 01020 30 40 50 1h2h4h 8h 16h1d2d4d 6d
< 010 20 30 40 50 1h2h4h8h 16h1d2d4d6d min

min

E1 KkBRESFEASEIZEFAMD H,0, ZE. PALEME. TAT EMEK SalB FEENK
Fig. 1 Time courses of H,O, generation, the increase of PAL and TAT activity, as well as Sal B production of S.
miltiorrhiza suspension cells treated with SA. 8-d-old cells treated with 22 mg/L SA were harvested at the time
indicated, and the PAL and TAT activity, contents of H,O, and Sal B were determined. Values are means of three
independent experiments. The control received vehicle solvent only. Bars represented standard errors.
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P | ANEME, BESSRIREENI%; 76 4 h iPpR
HOMFHAAE 16 hZAEA7TIR 5 2 MG (811 A). TAT
TEPETEAL S 30 min 4G EF, 7E 50 min 245
RENEM, E4hELFRTRE (81 A), 42
KR Sal B & I FH R AT PAL 111
B, fEKHBRALER 8 h JS 4+ Sal B A&
THaTE, 72 d AfiikslEe (Bl 1 B). DiE
GUREW], KGR S PAL 1614 M Sal B & i
T B R AETE HoOp PP AR I Z ) o BEW]
H,O, A BETE SA /M1 R4l Sal B & iR
Eid R EZEEH,

2.2 H,0, %S 1E5R MM PAL 70 TAT jE1L.
Sal B & BI 2 FEI1ER
2.2.1 H,O, 5 HEFR40MI A PAL TAT 1% :F1 Sal B
SEREmW

i H0, KIE BRI AN R 2 155 7 40 )G K
B, H,0, XF40iH PAL 11 TAT {% 14 & Sal B 7
EYEAYRREHEER (B 2).

H,O, 4035, 4 Y PAL 3% 4 7E 20 min
B 1 ANEME, BES TR, 0¥ 1 hit, PAL

A 3500 - ®BPAL BSTAT

PAL and TAT activities

2 H,0, W AS153R M PAL. TAT ;F4%0 Sal B &

€ITors.

TP, JETE 8 hakFI% 2 MG, TAT
TE AL S 30 min 45 BT, 7 40 min 353
VR, FEALPE)S 4 h ZEA PR TR (K 2 A

Sal B & & B THE A T PAL Al TAT {5 P 1Y
B, HyO, 403 8 h J5, Sal B W& I aa14
FEALFE 1 d A isE s (B2 B).

DL ESERERH], H0, AbH5, Higrdnfh
PAL Fil TAT A% Ak M Sal B & 0T en B0 i 1
FH SA Hudgb BRI (B 1 A) A RTHEET . TS
AALXS HoOp RBITR T SA B35
222 BFAMPEREHEARAR Sal B A BN
H,O0, BLA W E MK

PRI EE () HoO, A0S, 5500 REAH L PH
S IR 400 PAL FIl TAT B35 16 & Sal B & Y
HEhnx H0p BAT MR EEAOIIME (1 3),

H,0, W FETE 1~10 mmol/L i [l P , 5 X FEZH
(H,0) L, P340 PAL Fl TAT 71 &% Sal B
TR E HoO, B MG hmisg ;>4
H,0, ¥eJE#R 1 10 mmol/L i, %t PAL F1 TAT %
PE & Sal B & AR REAMEIEN . RUIFI24E

A

Fig. 2 Time courses of Sal B production and PAL and TAT activity of S. miltiorrhiza suspension cells treated with
H,0,. 8-d-old cells treated with 10 mmol/L H,O, were harvested at the time as indicated, and Sal B contents and PAL
and TAT activity were then determined. Values are means of three independent experiments. Bars represented standard
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ivity

3500 =
3000 -
. 2500 F
2000
1500
1 000

500

(U/(g FW- h))

PAL and TAT act

B 3 ARIKEH H,0, 351574 PAL. TAT
RYFEIEF Sal B B E R IY
Fig. 3 Effects of different H,O, concentrations on PAL
and TAT activity as well as Sal B production of S.
miltiorrhiza suspension cells. 8-d-old cells treated with
different concentrations of H,O, were harvested 8 h, 16 h
and 2 d later, and the TAT and PAL activity as well as
Sal B contents were then determined. Values are means
of three independent experiments. Bars represented
standard errors. 1: H,O; 2: SA; 3: 1 mmol/L H,O,; 4:
10 mmol/L H,0,; 5: 30 mmol/L H,0,; 6: 50 mmol/L
H202; 7: 70 mmol/L H202.
FRANfLH PAL 1 TAT 364K Sal B & Wi 8%
H,0, BA MU , RMIHR BE /Y H,O, X Sal B
G REARHEN, BEWEER HyO X2
JiE W = RAE AN, 2 Sal B & R
Rz EHH

AN B B Ho0, AbFHZH 5 SA ACFRAAH L,
R FH il HoOp R (10 mmol/L) Ab¥, F
S+ PAL Al TAT 5 K Sal B &K T
SA ALFRZ, ] H,0, A2 SA 75 124
i Sal B A AR BME—(55 701, THEIRFEAE
HAg R F N5 SA B2 410EF Sal B &
WAE

2.3 SA iF% Sal B 5% PAL #1 TAT AYiE
3 H,0, EEK#E
AL A (Catalase, CAT) &—Fhor1H

(240 kDa) # KK HoOo 1B BRI, AT LUA RS B
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AR BEAN Ho0,!, I SERR IR (DMTU) &
— Bl FH Y H0, TERHIPT I PR (ROS) AT LA
i i BT NADPH 48 {b B 4t ff 57 NADPH 1)
HL AL 2 O, MIMTTERL O, , O, SRJF il i fk
TEAIAE AL H,0," . Hi Tl NADPH (k4
1 H0, fEN S FEAMREZIRE ), 7
FLah¥ vk A b & B NADPH AL A
Yl R oK JE L (DPI) AIBKME (IMD) fE
M HEY R R R SRS T H S AN
H0, AL RIS T i —AIE S Hy0, & SA
fEiEFFS 40 PAL Al TAT 154k & Sal B & 1T
W IIES T, 0% A H0, TERRF CAT,
H,0, K5 DMTU 1 NADPH 4L EEHM 5]
IMD Xt SA AL R P2 4l PAL F TAT
WA K Sal B A RIS
2.3.1 CAT 7& SA BSMNEHEM H,0, %S/ -S54
FYAMEF H,0, 7= K Sal B L E 7+ H1ER
100 U CAT b B P2 SR 40T, CAT
4 EXTIRA (H,0) ML, H,0, % Sal B &
WA YR (K 4); 5H CAT 5 22 mg/L SA
5 10 mmol/L H,O, Bk & AL BRI , CAT X} 41l H,0,
PSSR SR A N Hy0, K Sal B Y 7 B H
AIHEBAER, (AR SA B SFHSE IR 41 AN
H,0, 174 J Sal B IR &R . iX—45 Ui, 4
VEHEAN ) CAT AN SA S 1125 3 41 i
W H,0, 774 K Sal B B, (H AT LLE 3 7 BR 4
HEAMIE H,0, AT THBR HaO, 5 R A 41 P9 H,0,
(Y724 F Sal B B R . FEEH N CAT 23
0 L SE M AT, ANIRE I AS BE TR 5k e 400 L DY
) H,0,.
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2.3.2 DMTU 7ESMEHENN SA K H,0,1%ERFHS
BEFRAMEH H,0, 724 & Sal B IR FrI/ERA

45 100, 500 1 700 pmol/L ) DMTU
MALEEPF SR SR AN, S5XTIRA (H0) ML,
24 DMTU BYHEE N 100 pmol/L i, PS5 5540
Mirf HO, J¢ Sal B By~ AE3Z2 2404 ; 4 DMTU
B EE A 500 umol/L B, PS4 H,0, K
Sal B {7 f il & A (&1 5); >4 DMTU ik
JE4 700 pmol/L i}, #fiffir H,0, M Sal B Y™
A B e e Bl BR).

4351 100, 500 F1 700 pmol/L ) DMTU 5

A 1.2 -

C C

m il ;|

H,O SA H)O, CAT CAT+SA CAT+H.O,

22 mg/L SA 5§ 10 mmol/L H,O, B4 AbFEPF2: 1%
FR4NML, 500 pmol/L i DMTU HA &9l T ~R
TGN Hy00 X 4L H0, M2 Sal B /Y75 FAEH]
(1 5); 700 umol/L (1Y) DMTU 5& &4 T ZMN it
A H,0, B SA XPHZ41EIN Ho0, M Sal B 11
SEH (B AR EIR),

DL EZERZEI, 500 umol/L # DMTU X4
SN HyO, X Sal B A5 BUER 20 30l 4 HI T LA
BEAMIEHE N Hy0, 5 SA T i3i%% ; DMTU X H,0,
3 SA RIS RN Ho0, & Sal B 774
AR 4 P AT Ve BE AR

B 06
~ 05}
o0

0.4 |

03}

0.2+
o1l ¢ c c

oolm Il [l = ] m,
H,O SA H,0, CAT CAT+SA CAT+H,0,

~
en
=
m
—
<
5]

El4 CAT (100 U) 3t SA (22 mg/L) F151MNE H,0,(10 mmol/L) AMEBiE S-S5 M4 H,0, % Sal B & 2 RIS/
Fig. 4 Effects of CAT (100 U) on H,0, and Sal B content treated with SA (22 mg/L) and H,0, (10 mmol/L). 8-d-old
cells treated with CAT before SA treatment 30 min were harvested 8 h and 2 d later, and the H,O, and Sal B contents
were then determined. Values are means of three independent experiments. Bars represented standard errors.

A 1.2 ¢ . B 06

210t o L a
= %0.5

L0t b £ 04} b

o C

=2 06 d c @031 d
30.4-g ﬂ . Hﬂ ¢ G 02| °
£ 02} ﬂ g 01l g ¢ m g

oo L L LT H @ B B ool L L . a . A.a,
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

5 DMTU ¥} SA (22 mg/L) FA5MNEREAN H,0, (10 mmol/L) ALIRIFESFAS12FMNA~4E H,0, X% Sal B MM
Fig. 5 Effects of different concentrations of DMTU on H,0, and Sal B content treated with SA (22 mg/L) and H,0,
(10 mmol/L). 8-d-old cells treated with DMTU before SA treatment 30 min as indicated were harvested 8 h and 2 d
later, and the H,0, and Sal B contents were then determined. Values are means of three independent experiments. Bars
represented standard errors.1: H,O; 2: SA; 3: H,0,; 4: 100 pumol/L DMTU; 5: 500 pmol/L DMTU; 6: 100 pmol/L
DMTU+SA; 7: 500 umol/L DMTU+SA; 8: 100 pumol/L DMTU+H,0,; 9: 500 pumol/L DMTU+H,0,.
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2.3.3 IMD ZESMNEREI SA & H,0, BRSPS
FAMH H,0, 724 K Sal B FE /e

NADPH LM AMEN H0, 77 A
FEERPEY IMD & NADPH AL IS 1
sk, BEAS A RN H NADPH E AL RS 1E>> >,
RUSCHER T 40N 1) Ho0, 1 SA ﬁ??ﬁﬂiﬂﬁ
Sal B &M EEA —E e, J T
i HoO, 24 SA T =L AN 15550 F7F
B WACE Y & AR P EH, B IMD #1
Hil P EFR AN H0, 1977 E, H%E Hy0, 1Y
fEH S

F 100~300 umol/L [ IMD ¥l ib 3R, 5
XFREZH (H,0) AL, IMD A LA R il 3% 35 41
Murh H,O, A Sal B #9774 ; 1 100 pmol/L Y IMD
5522 mg/L # SA 8% 10 mmol/L Y H,0, BE-A b 3

>
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Fig. 6 Effects of IMD (100 umol/L) on H,0, and Sal B content treated with SA (22 mg/L) and H,0, (10 mmol/L).
8-d-old cells treated with IMD before SA treatment 30 min as indicated were harvested 8 h and 2 d later, and the H,O,
and Sal B contents were then determined. Values are means of three independent experiments. Bars represented standard

€Irors.
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