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Polyamine-mediated triterpenoid synthesis in suspension cells of Betula
platyphylla induced by fungal elicitor
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Abstract: Objective To clarify whether polyamine-mediated triterpenoid synthesis in birch (Betula platyphylla) suspension cells induced
by fungal elicitor. Methods Fungal elicitor (40 pg/mL), putrescine (Put, 1 mmol/L), and D-arginine (D-Arg, 2 mmol/L) were added to the
eight-day-old suspension cell culture, the content changes of triterpenoid and free polyamines were analyzed by chemical colorimetry and
HPLC. The effect of polyamine on triterpenoid synthesis in B. platyphylla suspension cells induced by fungal elicitor was analyzed by
pharmacology and restoration experiment. Results After the treatment of fungal elicitor or Put, the contents and yields of free polyamines
and triterpenoid were increased. Among of them, the triterpenoid content was the highest after 24 h treatment, the increasing rates were
68.54% and 30.34%, respectively. The triterpenoid content was increased by the cotreatment of fungal elicitor and Put, but the increasing
degree of yield was lower than that by the treatment of fungal elicitor alone. Compared with the fungal elicitor alone, the cotreatment of
fungal elicitor and D-Arg decreased the triterpenoid content by 40.57% in the highest degree of decreasing after 24 h treatment. In
restoration experiment, with the treatment time prolonging, the effect of fungal elicitor, Put, or cotreatment of fungal elicitor and D-Arg on
triterpenoid synthesis was decreasing to the control level finally. Conclusion Polyamine could mediate the triterpenoid synthesis in cells of
B. platyphylla induced by fungal elicitor.
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B AR T BS WAARTFRIEF, Bt
1110.1 mg/L 6-BA+0.01 mg/L TDZ, BEFHKIE K 20
g/L, pH 5.5~6.0. 250 mL #ZJH %4 90 mL 15 7%
W, R 4 ¢ (AGAER, BERE 15 d 4k
1R, BFRIERE N 25~27 °C, JGIRREE N 2 000
Ix, JEH 16 h/d, FEIRFLHN 120 r/min.
22 EHIFSFHHEIESHRM
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AREEEETE 48 h, HUFEIIE I ME B4 TS ) T+
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W e b PR RO s i, JEEE 3 . M 5 mL 95%
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BRSEERERS . RN S RSN R
TR ISR IOE R (4) {5, BMREAN S
T3, A RGN RIS S5t
2.5 =REERNE
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CPERAEE R, BRI 3 WK, BRI S . T 70
C/K#F 1 h, #8755 (10 kHz) $2HL 40 min, &Y
JEERL, BV 70 COKIRZET, I 200 pL 5%
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Fig. 1 Changes of cell viability in birch (B) suspension cells

under treatment (A) and restoration treatment

0.97; ILW 5T TR0 B 5 FIHERTR AN TS ) R T
7.09%~22.34%, VI AbPE S 40 M S O A BE
B, ARARIL BN K 7 FL B 55 7 Ab BE Y A
AN Put J5, 40 HS 7 L ECE S S AL
AL TR, RRWKE BN OKE s R
SRR G R D-Arg J5, AL )
NEET 25.71%~42.21%, VK ACFE ) 40 s
B, HARIE AT B gt R,
BRI T T A0 A, S A BE BN N
Put B ReAE 40 fis 380
32 HEFSTS Put MAMERZFHERTRENZN
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Fig. 2 Changes of dry weight in birch suspension cells

under treatment (A) and restoration treatment (B)

WA RS, 418+ Put AT Spd (18445 AN
FEEEHBYE I, Put R E'T/S 12 h g mfl,
X IN T 293%; Spd #E5 S )5 12 h ik KMH,
LEXT RGN T 12.70%, {H Bt Ak BRI [R] 428 K 22 fi
HITWE TR Put SEEE S FILFEIEM T, Put
(R 5 AH EE B0 Put AR BEAIK 25.7% (6 h) ~4.49%
(12 h), {HM 24 h FH46, dfah Put B2 3% BT,
76 48 h I ELXT RSN T 57.59%. 40+ Spd &
Ak EAE Put, R IFERTHES T, £
f&HAE 24~48 h {72 T3 L5 T 11
FIHEBF R RPN D-Arg Jo, K40+ Put
A1 Spd 35 L B L B 5 5 AL B FRAIG
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Table 1 Changes of polyamines content in birch suspension cells (x+s,n=3)

&;ﬁ fi Hs gy 5t i b i i VPG i
1] /h Put / (nmol-g ™) Spd / (nmol-g ") Put / (nmol-g™") Spd / (nmol-g™")

6 CK 0.7440.05 11.89+1.21 0.360.00 4.7940.00

Put 28.02+1.95 9.04+1.05 27.75+0.76 5.44+0.64

HRETT 1.1140.08 13.40%0.00 0.2140.01 4.06+0.33

HWE ST +Put 20.8241.90 6.8810.31 30.97+1.98 7.66+0.92

HHEES T +D-Arg 0.16+0.01 5.1240.67 0.45+0.04 6.23+0.31

12 CK 0.8740.08 13.69+0.50 1.1740.01 3.5740.04

Put 44.95+1.76 8.1340.60 20.96+1.82 5.2440.48

HHBERT 3.42+0.14 1431+1.79 0.72+0.05 2.86+0.45

HIHES T +Put 42.93+1.17 11.81+0.20 13.09+1.82 4.89+0.64

%S T +D-Arg 1.07+£0.04 5.3940.40 2.70+0.08 7.24+0.52

24 CK 1.2340.08 12.31£0.24 2.2540.06 19.1441.27

Put 77.65%+1.94 10.3140.99 6.3320.73 8.16+0.64

HHEIFEST 2.454+0.06 6.601+0.33 1.3940.03 8.68+0.63

HWHEST+Put 69.98+1.32 6.43+0.40 18.68+1.11 14.40+0.78

HHF ST+ D-Arg 0.9940.02 6.0410.31 0.9340.03 9.9540.20

48 CK 1.4640.03 10.08+£0.35 2.8610.06 6.8940.89

Put 44.05+1.01 48.3040.18 6.73+0.65 18.69+0.92

HEBERT 1.01+0.02 5.68+0.23 1.56+0.02 11.92+0.87

HEHES T +Put 69.42+1.60 9.30+0.05 16.08+1.00 8.84+0.22

HHES T +D-Arg 1.15+0.03 4.551+0.03 0.4610.02 8.6610.32
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Fig. 3 Changes of triterpenoid content and yield in birch suspension cells

4 g

22 Yt TR 3G R AR AR 7 ) IR R A
PIALETR B Bl AR AR e A5 B a2 B
PN . Qin MBI AL, HEES T
AT DL RS A A0 40 M 22 it R 3N . 1T 2 e
TE 55 = R 0 b mT U W s 2R AR IR A
AR = R RO, FRE, AR R B

V3 T8 T MR A P 2 e R =
o HIUETAN, HREES TREE T2 AR
R = n. WA, ZHEEGN FEEHES
KAEREW S, LRGN FHEES
HE =i AR R0 R IR
FERTIRIBEGT R, AR R BLANIR 2 i e itk
T EME=RE A, Put fERFRCR . R



=700 -

¢ %% Chinese Traditional and Herbal Drugs

Fa45% FSH 201443 A

Fe e s R R L, Wi T

T 2 R, o Put EAHENE KT Spd

B M54 Bh 2 JE B Spm, FEANSS h A 21,

AR BRI . I, AW AN 2

AINARSE N Put.

AHF S 2R S R, AR T
LA AN D-Arg [RIINARHE R, [T 7 41
o ) 22 Jrg B RN =i 7 LU LB 5 3 1B Put FRBRAL
PR W REAC, AR TR . gkl A S
BB, BTG AIANIE Put X HE =i et
RO, BEAE P BRI TR R AE T PG, e R
EXI POV ST N R S RS A /e g (1 il
D-Arg [ AEPER, AT 40 I P B AR 2 e
A=l Pl S TS A T SN TR R S
WL F IR o B HEN, 2T T Hw
73 AHE = 5 ol T

gi LNk, HEFESFHNEZ RN T T AT
FYHFEAMRE SRR, HE B AR R L
BT RS, SR T A R A M =
5 ) s B 2B I SRR
Sk
(1 & & 5% 98 % B, 5 ZGEaHpRIRA %

B [7]. 29AEMHER, 2004, 11(6): 401-405.

[2] Nims E I, Dubois C P, Roberts S C, et al. Expression
profiling of genes involved in paclitaxel biosynthesis for
targeted metabolic engineering [J]. Metab Eng, 2006, 8:
385-394.

(31 MG, ARILLLGAZ A B IR R v A 2 e s
USRI RS [D]. K RHEERE, 2010.

[4] Xu M J, Dong J F, Zhu M Y. Nitric oxide mediates the

fungal elicitor-Induced hypericin  production  of

Hypericum perforatum cell suspension cultures through a

jasmonic-acid-dependent signal Plant
Physiol, 2005, 139: 991-998.

[5] Bahabadi S E, Sharifi M, Behmanesh M,

Time-course changes in fungal elicitor-induced lignan

pathway [J].

et al.

synthesis and expression of the relevant genes in cell
cultures of Linum album [J]. J Plant Physiol, 2012,
169(5): 487-491.

[6] Wang C, Wu J, Mei X. Enhancemet of Txaol Production
and excre-tion in Taxus chniensis cell culture by fungal
elicitation and medium renewal [J]. Appl Microbiol
Biotechnol, 2001, 55(4): 404-410.

[71 Walden R, Cordeiro A, Tiburcio A F. Polyamines: small
molecules triggering pathways in plant growth and
development [J]. J Plant Physiol, 1997, 113: 1009-1013.

[8] Hwang S J, Kim K S, Pyo B S, et al. Saponin production
by hairy root cultures of Panax ginseng CA Meyer:

(10]

[17]

(18]

[23]

influence of PGR and polyamines [J]. Biotechnol Bioproc
Eng, 1999, 4: 309-312.

Cacho M, Dominguez A T, Elena-Rossellé J A. Role of
polyamines in regulating silymarin production in Silybum
marianum (L.) Gaertn (Asteraceae) cell cultures under
conditions of calcium deficiency [J]. J Plant Physiol,
2013, 170(15): 1344-1348.

Fan G Z, Li X C, Wang X D, er al. Chitosan activates
defense responses and triterpenoid production in cell
suspension cultures of Betula platyphylla Suk [J]. Afr J
Biotechnol, 2010, 9(19): 2816-2820.

JURERL, I, THELs, S5 A E TR R =
i e JEE TR MR BN A [T MRk BEE, 2011,

47(1): 62-67.
AR, O, AL, & JCAEEX IHEE G 41

£
AR L= Y AR R 2 [J]. AR AEMRL R Ao
R, 2009, 37(1): 1-3.
AW, BB T L ST AN b il A AL
HEYIATST [D]. RV AR R, 2011.
FWEAR. PAs. NO Ml HyO, 75 FC R (L HE A HE =5 & s
XS TEATSE [D]. MR AR JEMloReE, 2012.
X4, M. TTC LTRSS [J].
Yy rEFR A R, 2001, 37(6): 537-539
skOPE PN R R ROBOM ORI E B R B
METS B 0 & & (0] M= 5 1k, 2004, 24(1):
61-63.
Shrishailappa B, Gapta M K, Salavanan R. Detection of
betulin in Grewia tiliaefolia by HPLC [J]. J Sep Sci,
2004, 27: 129-131.
X, e, XIAKR, & R AR D S
I OB % i [ AR BRI, 2002,
38(6): 596-598.
Qin W M, Lan W Z. Fungal elicitor-induced cell death in
Taxus chinensis suspension cells is mediated by ethylene
and polyamines [J]. Plant Sci, 2004, 166: 989-995.
Shinde A N, Malpathak N, Fulzele D P. Optimized
production of isoflavones in cell cultures of Psoralea
corylifolia L. using elicitation and precursor [J]. Feeding
Biotechnol Bioproc Eng, 2009, 14: 612-618.
Christen A A, Gibson D M, Bland J. Production of taxal
or txaol-likecompounds in cell calture [J]. US Patent,
1991, 50: 190-193.
Ozawa R, Bertea C M, Foti M, et al. Exogenous
polyamines elicit herbivore-induced volatiles in lima bean
leaves: involvement of calcium, H,O, and jasmonic acid
[J]. Plant Cell Physiol, 2009, 50(12): 2183-2199.
Suresh B, Thimmaraju R, Bhagyalakshmi N, et al.
Polyamine and methyl jasmonate influenced enhancement
of betalaine production in hairy root cultures of Beta
vulgaris grown in a bubble column reactor and studies on
efflux of pigments [J]. Process Biochem, 2004, 39:
2091-2096.



