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Role of NO signal in ABA-induced phenolic acids
accumulation in Salvia miltiorrhiza hairy roots

Lihong Shen?, Jiahui Ren', Wenfang Jin', Ruijie Wang', Chunhong Ni*, Mengjiao Tong®,
Zongsuo Liang*?, and Dongfeng Yang™?

1 School of Life Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, Zhejiang, China
2 Key Laboratory of Plant Secondary Metabolism and Regulation of Zhejiang Province, Hangzhou 310018, Zhejiang, China

Abstract: To investigate roles of nitric oxide (NO) signal in accumulations of phenolic acids in abscisic acid
(ABA)-induced Salvia miltiorrhiza hairy roots, S. miltiorrhiza hairy roots were treated with different concentrations of
sodium nitroprusside (SNP)-an exogenous NO donor, for 6 days, and contents of phenolic acids in the hairy roots are
determined. Then with treatment of ABA and NO scavenger (2-(4-carboxy-2-phenyl)-4,4,5,5-tetramethylimidazoline-1-
oxyl-3-oxide, c-PTIO) or NO synthase inhibitor (N°-nitro-L-arginine methyl ester, L-NAME), contents of phenolic acids
and expression levels of three key genes involved in phenolic acids biosynthesis were detected. Phenolic acids production
in S. miltiorrhiza hairy roots was most significantly improved by 100 pmoL/L SNP. Contents of RA and salvianolic acid B
increased by 3 and 4 folds. ABA significantly improved transcript levels of PAL (phenylalanine ammonia lyase), TAT
(tyrosine aminotransferase) and RAS (rosmarinic acid synthase), and increased phenolic acids accumulations. However,
with treatments of ABA+c-PTIO or ABA+L-NAME, accumulations of phenolic acids and expression levels of the three key
genes were significantly inhibited. Both NO and ABA can increase accumulations of phenolic acids in S. miltiorrhiza hairy
roots. NO signal probably mediates the ABA-induced phenolic acids production.

Keywords: Salvia miltiorrhiza, nitric oxide, abscisic acid, phenolic acids
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Fig. 1

Effects of SNP and ABA, c¢-PTIO, L-NAME on the growth of S. miltiorrhiza hairy roots. Different letters

(such as a, b, ¢) indicate significant difference at P < 0.05 using Duncan’s multiple-range test.
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Fig. 2 Effects of SNP on the accumulation of
phenolic acids in S. miltiorrhiza hairy roots. Different
letters (such as a, b, ¢) indicate significant difference at
P <X 0.05 using Duncan’s multiple-range test.
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Fig. 3 Effects of ABA, ¢-PTIO and L-NAME on the
accumulation of phenolic acids in S. miltiorrhiza hairy
roots. Different letters (such as a, b, c¢) indicate
significant difference at P << 0.05 using Duncan’s
multiple-range test.
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Fig. 4 Effects of ¢c-PTIO and L-NAME on the key
gene expressions in S. miltiorrhiza hairy roots.
Different letters (such as a, b, c) indicate significant
difference at P < 0.05 using Duncan’s multiple-range
test.

® 010-64807509

NO
ABA

3 Wi

[12]
[13]

[14]

(Nitric oxide NO)
(Abscisic acid ABA)

NO
[15]
NO
[16] NO
NO
[17]
[18]
NO
91 ABA
[20] ABA
[21-23]
ABA
[24] NO
7] ABA NO
ABA
SNP

100 pmol/L SNP

K cjb@im.ac.cn

227




228

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech February 25,2016 Vol.32 No.2

NO ABA
ABA NO
NO ABA
NO ABA
(23] ABA
NO NO ABA
[26-27] ABA NO
(28] ABA
NO
NO (c-PTIO)  NO
(L-NAME) ABA
NO ABA
[29] ABA
B
(PAL)
(TAT)
(RAS)
NO  ABA
¢-PTIO  L-NAME ABA
¢-PTIO  L-NAME
ABA PAL TAT
RAS
ABA NO ¢-PTIO
L-NAME ABA NO
[29] NO ABA
ABA
NO
REFERENCES

[1] Yang YX, Li Y, Zhou TS. Impacts of drying

http://journals.im.ac.cn/cjben

methods on the main chemical ingredients and
antioxidant activities in cultured hairy roots of
Salvia miltiorrhiza. Anhui Med Pharm J, 2014,
18(12): 2233-2236 (in Chinese).

] >

,2014, 18(12): 2233-2236.

Yuan Y, Wu Q, Shi JS, et al. Advance in studies on
hepatoprotective effect of Salvia miltiorrhiza and
its main components. China J Chin Mat Med, 2015,
40(4): 588-593 (in Chinese).

, 2015, 40(4):
588-593.
Lin C, Liu ZG, Qian X, et al. Research progress of
salvianolic acid B in cardiovascular diseases. Chin
Pharmacol Bull, 2015, 31(4): 449-452 (in
Chinese).

, , , . B
, 2015,

31(4): 449-452.
Huang YX, Huang RG, Zheng XZ. Progress in the
research on the pharmacological actions of
rosmarinic acid. Strait Pharmaceut J, 2010, 22(5):
17-20 (in Chinese).
, 2010, 22(5): 17-20.
Di P. Exploring the biosynthetic pathway of
phenolic acids and functional study of the involved
genes in Salvia miltiorrhiza bunge[D]. Shanghai:
Department of Pharmacy of the Long March
Hospital Affiliated to Second Military Medical
University, 2012: 12—15 (in Chinese).

[D]. :

,2012: 12-15.
Feng K. The study on establishment of Salvia
miltiorrhiza bunge hairy root culture system and
elicitor’s effect[D]. Yangling: Northwest A&F
University, 2010: 1-8 (in Chinese).



AW F—SHaESERERESHSHBERIRERNER

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[D]. : ,2010: 1-8.
Liang ZS, Yang DF, Liang X, et al. Roles of
reactive oxygen species in methyl jasmonate and
nitric oxide-induced tanshinone production in
Salvia miltiorrhiza hairy roots. Plant Cell Rep,
2012, 31(5): 873-883.

Cui BM, Liang ZS, Liu Y, et al. Effects of ABA and
its biosynthetic inhibitor fluridone on accumulation
of penolic acids and activity of PAL and TAT in
hairy root of Salvia miltiorrhiza. China J Chin Mat
Med, 2012, 37(6): 754759 (in Chinese).
, , , . ABA
. , 2012, 37(6): 754-759.

Wang SH, Zhang Q, Li ZP, et al. Effect of nitric
oxide on the production of extracellular
polysaccharide and intracellular polysaccharide of
Ganoderma lucidum. J Anhui Sci Technol Univ,
2013, 27(3): 25-28 (in Chinese).

, 2013, 27(3):
25-28.
Zhang AY, Zhang J, Zhang JH, et al. Nitric oxide
mediates brassinosteroid-induced ABA biosynthesis
involved in oxidative stress tolerance in maize
leaves. Plant Cell Physiol, 2011, 52(1): 181-192.
Omar NM, Marshall JM. Age-related changes in
carotid vascular responses to adenosine and nitric
oxide in the rat: in vitro and in vivo studies. J Appl
Physiol, 2010, 109(2): 305-313.
Chao MX, Ye BP. Influence of environmental
abiotic factors on plant secondary metabolite
biosynthesis. Pharmaceut Biotechnol, 2013, 20(4):
365-368 (in Chinese).

, 2013, 20(4):
365-368.
Guo YL, Zhang PY, Guo MR, et al. Secondary
metabolites and plant defence against pathogenic
disease. Plant Physiol J, 2012, 48(5): 429-434 (in
Chinese).

® 010-64807509

[14]

[15]

[16]

[17]

[18]

[19]

(20]

, 2012, 48(5):
429-434,
Wang YM, Li J, Zhang LY, et al. Research
overview on accumulation of medicinal plant
secondary metabolites. Central South Pharm, 2012,
10(2): 136138 (in Chinese).

, 2012,
10(2): 136-138.
Oz MT, Eyidogan F, Yucel M, et al. Functional role
of nitric oxide under abiotic stress conditions//Khan
MN, Mobin M, Mohammad F, et al. Eds. Nitric
Oxide Action in Abiotic Stress Responses in Plants.
Berlin Heidelberg: Springer, 2015: 21-41.
Zhou WH, Shi SL, Kou JT. Effects of exogenous
nitric oxide on the growth and nitrogen metabolism
of alfalfa seedlings under salt stress. Chin J Appl
Ecol, 2012, 23(11): 3003-3008 (in Chinese).
, , . NO

2012, 23(11): 3003-3008.

El-Beltagi HS, Ahmed OK, Hegazy AE. Molecular
role of nitric oxide in secondary products
production in Ginkgo biloba cell
culture. Not Bot Horti Agrobo, 2015, 43(1): 12-18.
Liu JF, Wang MY, Tang YJ, et al. Effects of

salicylic acid and nitric oxide on the growth and

suspension

accumulation of secondary metabolites in Curcuma
longa. Acta Horticult Sin, 2015, 42(4): 741-750 (in
Chinese).

> i s

, 2015, 42(4): 741-750.

Wang JW, Zheng LP, Tan RX. Involvement of nitric
oxide in cerebroside-induced defense responses and
taxol production in Taxus yunnanensis suspension
cells. Appl Microbiol Biotechnol, 2007, 75(5):
1183-1190.

Yoshida T, Mogami J, Yamaguchi-Shinozaki K.
ABA-dependent and ABA-independent signaling in

K cjb@im.ac.cn

229




230

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech February 25,2016 Vol.32 No.2

[21]

[22]

(23]

(24]

[25]

response to osmotic stress in plants. Curr Opin
Plant Biol, 2014, 21: 133-139.

Gagné S, Cluzet S, Meérillon JM, et al. ABA
initiates anthocyanin production in grape cell
cultures. J Plant Growth Regul, 2011, 30(1): 1-10.
Chang K, Chen M, Zeng L, et al. Abscisic acid
enhanced ajmalicine biosynthesis in hairy roots of
Rauvolfia verticillata by upregulating expression of
the MEP pathway genes. Russian J Plant Physiol,
2014, 61(1): 136-140.

Kai GY, Teng XJ, Cui LJ, et al. Effect of three plant
hormone  elicitors on  the  camptothecin
accumulation and gene transcript profiling in
Camptotheca acuminata seedlings. Int J Sci, 2014,
3: 86-95.

Yang DF, Ma PD, Liang X, et al. PEG and ABA
trigger methyl jasmonate accumulation to induce
the MEP pathway and
production in Salvia miltiorrhiza hairy roots.
Physiol Plant, 2012, 146(2): 173-183.

Song XG, Yan MH, Zhu YP, et al. Effects of nitric

oxide in ABA- and darkness-induced stomatal

increase tanshinone

http://journals.im.ac.cn/cjben

[26]

[27]

(28]

[29]

closure of V. faba. J Anhui Agri Sci, 2011, 39(2):
669—672 (in Chinese).

i s s

, 2011, 39(2): 669-672.
Leén J, Castillo MC, Coego A, et al. Diverse
functional interactions between nitric oxide and
abscisic acid in plant development and responses to
stress. J Exp Bot, 2014, 65(4): 907-921.
Wang PC, Du YY, Hou YJ, et al. Nitric oxide
negatively regulates abscisic acid signaling in
guard cells by S-nitrosylation of OST1. Proc Natl
Acad Sci USA, 2015, 112(2): 613-618.
Chen Q, Chen ZW, Lu L, et al. Interaction between
abscisic acid and nitric oxide in PB90-induced
catharanthine biosynthesis of catharanthus roseus
cell suspension cultures. Biotechnol Progr, 2013,
29(4): 994-1001.
Du XH, Zhang CL, Guo WL, et al. Nitric oxide
plays stress-induced
tanshinone production in Salvia miltiorrhiza hairy
roots. Molecules, 2015, 20(5): 7574-7585.

(RILDe9 BT

a central role in water



