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Interaction between putrescine and hydrogen peroxide on regulating triterpenoid
production in Betula platyphylla

MA Ming-mei, ZHAN Ya-guang, WANG Xiao-dong, SUN Mei-ling, FAN Gui-zhi
College of Life Sciences of Northeast Forestry University, Harbin 150040, China

Abstract: Objective To analyze the interaction between putrescine (Put) and hydrogen peroxide (H,O,) on the regulation of
triterpenoid production in Betula platyphylla suspension cell culture. Methods Put (1 mmol/L), H,O, (0.1 mmol/L), and fungal
elicitors (40 pg/mL) were added into the eight-day-old B. platyphylla suspension cell culture, and the changes of triterpenoid content,
polyamine content, and H,O, fluorescence intensity were analyzed by chemical colorimetry, HPLC, and fluorescence microscopy,
respectively. Results Put (1 mmol/L) increased the H,O, fluorescence intensity and triterpenoid content in B. platyphylla suspension
cell culture. H;O, (0.1 mmol/L) promoted the triterpenoid production, inhibited the production of spermidine (Spd) and spermine
(Spm), and had no effectt on Put content. Under the treatment of 1 mmol/L Put and 0.1 mmol/L H,0,, H,O, fluorescence intensity and
polyamine (PAs) content were between its separated treatment, and triterpenoid content was significantly higher than its separated
treatment. Comparing with the fungal elicitor, fungal elicitor and H,0, scavenger catalase (CAT) induced an increase of 0.62% and
16.05% in Put and Spd content, respectively, while no effect on Spm content. Fungal elicitor and PAs synthesis inhibitor D-arginine
(D-arg) decreased the H,O, fluorescence intensity. Under the treatment of fungal elicitor, the fluorescence intensity of CAT and D-arg,
H,0, and the contents of PAs and triterpenoid were lower than those of fungal elicitor and CAT or D-arg, but triterpenoid content was
still higher than that of the control. Conclusion This can be inferred that the interaction between Put and H,O, regulates the
triterpenoid production in birch suspension cell culture.
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BT Co” It T # A B b 547 10 4 Bl
Onrubia 250V B ek 14 221 5 0 1R P R et T 642
e G s WL, SRR S IR AR
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TES 3 AR AR & AL, 55 3
TAER AN TR A S A 2 5 AN X
AARIT IR, DRI A A 40 M P 0 SR A AE G AH DG T
L IR 5 531 FIAR Y. (R4 5 7 S AL SR I 52 A 3
AN TR H RTRGE B S AR
WA ORI 50 FEKMR (SA). KR
JA). BT (Ca®D. —HAE (NO). Z & (PAs)
FEPEAL (ROS) 250101, (R4 M v AR AR
SR AN TAERNRS, BRI RA
Y2 W o A AR -G U S TR AR D T I TR
197 —E MR, (R 584 T R o EAR S S
HFHURNEA RS, Wl o2 E TR,
PAs ) AR P4 2 — i S Al (H,0,) Y,
1M HoOn A IR AARU = BT D6 2005 5 5 T o
T2, PAs &A1 T H A A HaO, T IR AEAR
WYIH A R, PAs 5 HO, I IR & b a2
TAFEAS HAE,  H AT R WARE .

Nk, ASEIGE TR b, DA =
(1 AME R AR AR, Ll Phomopsis h B
S HTANE PAs 5 H0, LUK RS S A YE
PAs 55 HyO, 751 EIME =i v AR TR, i 50K
X E# PAs HoOo LA BLIRS 31175 A AR
PG BRI 5 SR LR A
1 MRS5S

FI#E Betula platyphylla Suk. RHRELE AILM
KEFAMERRAL AT hEl 5~7 SEAEE AR (378 30 4F
A, AMEAEE IR ST, Se AT
FFz. HY—6A RUZHRG#8: UV—2800 E4Mrtit
FEVE: SR O (Waters 2A7]); 996 B iMEE
(Sigma ~7]), Image-Pro Plus %MV G M A
2 HE
2.1 BHMEIZMET &

F A B 2R BUT @A A1 205 5 I NT
AR 7755, M0 0.1 mg/L 6-FFE RS (6- BA)
F10.01 mg/L ZRFEBE IR (TDZ), RERE 20 g/L,
BfiE 5.3 g/L, pH 6.0~6.5, & 20~25d 4k 1 %,

2 ARG B R B 5 A 2 e AR B IR i NT
AR R FR I B F EE9E, 250 mL BT 90
mL B 97, pH 5.5~6.0, BEHBF 4 g SR
AT, R 15 d 4048 1 Ik, BRI 25~
27 °C, JGMHREE A 2 000 1x, G 16 h/d, FRIK
3N 120 r/min.
2.2 SNBRIERRIN H,0, BIFRIN

% 0.1 mmol/L HyO, F1 1 mmol/L JE % (Put) ¥
WO A INEIRE TR 8 d I AMEBIFIE AR F, 7E
AR PR S 24 h HURE DN 2 1 ME R TR 40 IRV ). PAs.
HyOp Rl FIME =i o X RN SEAAFUIE K, BRAL
FEEEA 3 W NI HyO, Fl Put YR FH G H 0.45
pm GFL 8 R 8 3o 5
23 EEIFSTFHIHIEMRM

B MW AR RN IR 2246 PDA WK FR3E R
FEEER 10 d, KRIARSI2E, 121 CRiKEE 20 min
JEVERE S P I ARERIF R I8, S IR
PR FEZRTR, AR A, FH R LG (2l e

4 40 pg/mL FE RS TR INEEFE 8 d I A MER
FRIFRK R, EAFLG 24 h BUREIIAE FIHE R 741
MRS 71+ PAs. H,Op FIFAME=5 . I ZE
TG WIK, RAEEES 3 K.
24 WEUEEE (CAT) 1 D-HEEER (D-arg) By
whn

HO, 5 BR 1 CAT ¥ VS NI 2K o 2
mkat/L, 2 M50 D-Arg IR IR E N 2
mmol/L. %N CAT Fl D-Arg Y2 0.45 pm 1AL
PRI BR B 5, I INEIEESR 8 d I MBI R 74
1, W CAT BY D-Arg 20 min J5 PR INEH S
+, WIS AR, BB 3 K.
2.5 ¢RAESE S RYIIE

B ME R i 0 RE 0.20 g, IO 2.5 mL BUAD
) 0.4% S AL =FPUZE M (TTC), FFIIA 2.5 mL PBS
P (pH 7.0), FHiE NHEACEE 14 ho LBk L%
W, F S mL ZETR/KIEVEAN I, ARl eyl ks,
We 2 B3GR s AN, LS 3 k. H 5 mL 95%
LEEREALEE, T 60 ‘C/K¥E 30 min, #fF 5 min
BRSEIERERRS . RN S RSN R
TRl E FISER RO (4 (H, RIARR AN ME
T3, ARG I S5t
2.6 H,0, By e

H2DCF-DA (carboxy-2, 7-dichlorodihydrofluor-
escein diacetate) & [ Sigma /&), KEAFI 40 i FH 7%
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WAKIEYE, i H2DCF-DA A H & Wkl 50
umol/L, BEEHE T 26 C FIEH 2 h, BUHE{EH
pH 7.4 (1) Tris-HC1 e+ 41 i 3% 1 1) 9 a4t R
PN WA BEHOR EE K 488 nm, BHITIEE itk
K 515 nm MgE, HALBER 5~10 Kk

2.7 PAs HYIREUFINIE

PAs (115K oo ik sz o), B ke
BTN 2 g (EEFED, I 4 mL BLECHITA 1)
5% HIRAE UK LB S F AR . B UK LR 1 h,
T4 ‘CF 15 000X g Z0» 30 min. WEH iR
500 pL, #5010 7 pL 2K FFEESCRT 1 mL 2 mol/L NaOH,
WIEYR Y 20~30 s. JUE T 37 C/KALAEF 20 min,
K JE I 2 mL YT NaCl W, I\ 2 mL TGk
CIRFEAT AL, LL 15 000X g B0 5 mino W H 1 mL
FEEAR L E AT, 1 mL 64% 0
fift, PLYEME (0.45 pm), HX 20 pL #EFE.

it 44 HiQ sil Cig V (i A (250 mm X
4.6 mm, 5um); VA K HEE-/K (64 1 36); Kl
MK 230 nm, AEBURE 0.8 mL/min, A& 30 C,
HEFERA 20 L.

LA Put. Spd. Spm X S fichritk ek e &, 76
0.025~0.45 nmol/uL WX R R, [HIHTTFEA
Put: Y=2 651020 X+7155.5 (;*=0.999 1); Spd:
Y=2928494 X+6 773 (+*=0.999 6); Spm: Y=
2696 128 X—11 351 (#=0.998 6).

50 pm

2.8 =iEEAEHIRENFN E

=GR TR R AN e e
ORI FIREA . BFES . FRE 0.1 g ARSI
4 mL 95% LR A, 70 C/KBEHREC 1 h, 10
kHz #B 5= $2 8 40 min, 10 000 r/min &> 10 min,
BHL 100~200 uL Eif, 70 C/KBZT. A 200
L T C I 5% 7 A - UK S R VA VORI 800 pl 7 5%
B, #2457, 70 ‘C/K¥ 15 min, W/KAEE %,
INEEIR O E S SmL, 1 em HE@ILIIE 551
nm X1 4 {H .

DL ERR B Aok R e AR th 2o . DL =l
SRR YA (), PLA (B RR (X0 24
PR ek, 23954 Y=0.087 1 X+0.002, 455
W] FIMEREIELE 0.02~0.10 mg/L 45 & BT
3 #BR55H
3.1 SNE Put F1 HO, 203233 B #EEIZ 4R H,0,
I 58 R 2

Put (1 mmol/L) 5 H,0, (0.1 mmol/L) A:-FE 24
h JG EIHEEIF A HyO, 565 WKl 1. HO,
Ab TP IS eI HoO, 2GR L EEG RS N 1
204.59% (] 1-A), Put AP 40H0 1) HyO0, 980
SR ELCHIEBE N T 31.60% (& 1-B), Put 5 H,0,
[ R A B 40 R R 1) HL0, %' R L i 1
117.11% (& 1-C) . _FiR S5 R3], Put 7] LMt H,0,
(=, RN Put n] LA BR 4 L 1) HaO5 e

A-H,0, 4B B-Put &b¥  C-Put+H,0, &b B! D-XJH
A-H,O,treament B-Put treatment C-Put + H,O, treament D-control
1 Put 5 H,0, 48B3 A#EIZHMAEH H,0, KL3RE IR0
Fig. 1 Effects of Put and H,0, on fluorescence intensity of H,O, in suspension cells of B. platyphylla

3.2 4NE Put F1 H,0, A IB X A HERIZHARE T PAs
=30

Put (1 mmol/L) 5 H,0, (0.1 mmol/L) 4t
24 h Ji AMERTFAN i PAs & UL 2, Put A FE R H
FEETEAN A () Put. Spd A1 Spm 4373 LE K 14
T 600.16%+ 1.41%KH126.92%; H,0, kbF 5 41 ff
() Spd F1 Spm 43 1l L X HE RIS T 14.98%41 31.90%,

I Put HEINT 0.36%; Put 5 H,0, [AIALH 5,
I ) 3 Tl PAs AT Put Al HyO, ZbBEZ [H]. |
REERE, 0.1 mmol/L HyO, X} PAs 5 A7 7 41k
YERT, TSN Put S AR FH AT o

3.3 SME Put A H,0, 3 B HEIZ4AE HFA =ik
ENEIT

Put (1 mmol/L) 5 H,0, (0.1 mmol/L) 4-¥H
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CK-control H-H,O,treament P-Puttreament H + P-H,O, + Puttreatment
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Fig. 2 Effects of Put and H,0, on contents of Put, Spd, and Spm in cells of B. platyphylla

24 h 5 AMEETE ML) ) LKl 3-A. Put. Put 55
H,0, Wb BT J5 M i 40 3 g 43 ) BT B
19.45%F01 3.67%. T HyO, Kb Ji5 (1 HE BV 41 B G 1)
EEX HEFEAIC T 7.59%

Put Fll HyO, A0 38 5 [ M & 40 it v 1) =i 1 WL
3-B, Put Hil HyO Kb3H Ji5 &7 4 i (1) — i /4>
AL BB T 153%F1 122%, Put 5 H,O0, L [A] Ak
B A0 M b =il 5 L Put A HLO0 A0 F (1) 1 543

121 A 350 B
1ot 2 - 30r %
08| 7N
g 06l éﬂ 20 F
2 < st
04f ﬁ ol %
02f sl
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P P+ CK H P P+H
CK-#f8  H-H,0,4b¥1 P-+H-Put+H,0, P-Put 4bFE

CK-control H-H,O,treament P+ H-Put+H,0, treament P-Put treament
3 SNE Put 5§ H0, X B#ERIZRAE WA =i ERIFME
Fig.3 Effects of Put and H,O, on cell viability and triterpenoid
content in cells of B. platyphylla

A-HWHS  B-EKIES+PAs Ml (D-Arg)
A-fungal elicitor B-fungal elicitor + D-arg  C-fungal elicitor + CAT D-fungal elicitor + CAT and D-arg E-control

4 HEFSFLENAMEIZHMMES H0, RLBE T
Fig. 4 Effect of fungal elicitor on fluorescence intensity of H,O, in cells of B. platyphylla

C-HFH T+ A ARG R (CAT)

WIEIN T 44.32%F1 64.29%.

3.4 HEFSTHBEMERFHEERT H0,RABE
aEAD)

S AR 24 h 5 AIMEEIFA I+ HL0,
PEICTRE I 4, TG ERER T 4i
1 HL0, 2GR EE LU RS N T 370.53%; ELTE 5
S5 PAs G AR D-Arg A HG, BIF4
[F) HyOp %¢ 650 Lk EL R 15 5 1 Sl Ah BB AR T
17.21%, A5 TX K HEES TS5 H0,
TR CAT 35, AT HaO, %8 a8 L FL B
AFLE FAR T 46.09%, {R4T5 i T5F IRK T 78 B
75310 LR T N M & & b [ R4S I D-arg F CAT
Jei, ML HyO, 98 6HE RS L BUR 15 AL H PR T
51.58%, AHAT i TXf UK

3.5 HEEFSTAEXNAHRZIZMERTD PAs S/
SN

B 53 A0S FIME R4 M ) Put. Spd
M Spm &3 HI LEXT BN T 75.04% 40.48%F!1
6.62% (& 5). {EEBTET I EMEEIZAR R D

E

D-HIH % T +D-Arg+CAT  E-X#
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Fig. 5 Effect of fungal elicitor on contents of Put, Spd, and Spm in cells of B. platyphylla
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CK E ED EC EDH ECP ECD
CK-%f E-HWFS T ED-HEIHTTF+D-Arg EC-HK

%% F+CAT EDH-HHE ST +D-Arg+H,0, ECP-ILH
$F+CAT+Put  ECD-EH 55 F +CAT+D-Arg

CK-control ED-fungal elicitor + D-Arg
EC-fungal elicitor + CAT EDH-fungal elicitor and D-Arg + H,0,
ECP-fungal elicitor + CAT and Put ECD-fungal elicitor + CAT and

D-Arg
Eo6 EHEFSTFLIEXBMEFMAEHI=1528952M0
Fig. 6 Effect of fungal elicitor on cell viability and

E-fungal elicitor

triterpenoid content in cells of B. platyphylla

PAs £ AN D-arg J5, AMMa) 3 Bl PAs =4
BEAK, o Put F1 Spd #2315 T 7K, T Spm &
HILLXT FRAK T 31.16%; 78 IL w1 I HERIFAR &R

W Ha0, 5 M) CAT Jo, B Spm F4ER5 x|
KPR, Put R Spd B BB LR 5 S 1 40 S 29
T 0.62%7FH 16.05%; 15 F 1R 5 T 1 A ML 7R &
[RS8 I D-arg 5 CAT J&, Put. Spd #! Spm 437l
EEX R B T 12.66% 54.70%A11 50.73%

3.6 ERIFSTFAEXMNAMEZMMEHFI=0E
EREI

FLTR 15 3 10 MR T 41 R g 1 5 e DL 1
6-A, FLIF 5T T AL (I MERTE AN TS S PR T
19.83%; {EELE 5T 1 AHEEIE R R T INA PAs &
BANHIF D-arg &, A0S ) LR 5 5 T UG
HIFCT 2.07%; EREEE SN AR E R
TN Hy0p A ARG, 40 03% ) L i 5 1
FARALFE IR I T 4.89%; {EELEIS T AR
Y0 A 2 B RIS D-Arg A1 CAT Ji , 40 i3 J1 L
BB RS T 3.85%

TP 5 3 10T FIME TR A0 B P 1) =i R 1) S
WLE 6-B, FLEES T AEELE ISR TF 40 i =
i EEOT RSN T 81.52% o 7F LIRS S 1) I MERL T
RPN PAs & AN IR D-Arg J5, =ib 5L
FL 3T M B BRR T 46.66%; 1EILH T
() A HEBTF R R I HyO, & el 7] CAT )&
0t H ) = B BRI T 37.85%; £E ELE 5 510 I HE
BITEA M AR R P RIS 0 D-Arg B CAT J5 , 41 g
=il B L EC B S S AR ER Y PR T 64.65%.

4 g

PAs J& YA R b = A i — K B AT AR iE
PEPARAR S 531 o g 10 e 7 U0, /2 Put. Spd.
Spm F1/7 % (Cad) (LR, | VZAAE T WAL
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e HoyO, S A AR b Rt o 7= 2B 1 — Bl 1 4
WIFTEW], PAs Hl HyO, 1E A — M AR BE PR 5T
A A TE AR A 5 A i I v ke 58 A5 fd
ER, SHEMNAKEE . B A G ROR bR i Y.
S R YA R A KU A PR
(1) — iR BREE S AL, AR T R LRI &
G ANEEA G- BT, PAs Al HyO, 7E R
R AR R A 5 D g AR s, (]
FEABBA BT R R IL, ANJE PAs il Hy0, 34 7]
DA R (IR i = s 1 &, L9 PAs H Put
RN e KM, B4, PAs 45 HO, P FIHE=
WA BT S AREAS HAE T, 5 TH 5 E A L
R -

h TH7R PAs 5 H0, 78 FAME =ik & b i) i
FERR, ARWT0HT T HNE PAs 5 HyO; HIAH B
oy HAEX AME=REA R . ORI, AR
Put 340 T FIAERTF AN HoO, [R5 RS, 145
H 5 Moschou ZEMHIFST —5. AN HoO, FIFR N
HUE MR (% Spd AT Spm 43 il BRAK T
14.98%7F1 31.90%, Put 311 7 0.36%, 7] WA H,0,
(RIS INAE — e REJE B T PAs & . 4 PAs &5
H,O, [FIAS N2 A HE SR AR R, I HE R 4
MU HyO, M EHRERT PAs & NT PAs 5
H,0, HAALEE Ry, fbHEN, Put AT LA A BR
ok B HyO, AR 1) HyO,, Put 1] LAFE 43 fif B ok
H Hy0, AbHEXT PAs & Bl X A =ik 2 1)
SHTRI, SN PAs 5 HoO, AR T i —
WA R, X S AR E AT RHRE —3. 1T PAs
55 Hy0, R AL ER 5 e =i 38 v T L i b 2
IREE KN, SNE PAs 5 Ho0, 7EAEHE [ HE =
B AR HAEH

WP AR R, EEB S TR
HARRE T IR BT 41 HL0, 286 38 B2 1 39 i
PAs MG & MG N, X5 A5 = i 4R 1E
GiR—8. FHEETTEH H0. A CAT [
AR ER R, (AN (1) HLO, %6 6 i B R — i i
LU EL B 5 5 1 A0 BRI 2 PRI, M 40 iR ) PAs &,
B Spm = 4 £ K F-4h, Put Al Spd = b 5Ll
B S A B BN T 0.62%F1 16.05%:;
TEFL 5315 PAs & 65 D-Arg [F] i 4b 21
T, AN PAs B =G L ELE S S A
FUE S A, 1040 M 1) HaO, %660 AT B
HFTREMEHIE R TS5 CAT eFLZ ) 7RI

WiES . CAT Fl D-Arg [RRACEER, FIHESN A
=i R T R B ST 5 CAT 8 D-arg &b
B, R m T AR K HaO, 9 AN
PAs AL T HIE T 75 CAT 8L D-arg 407
R HED, BCRE S S Ok M = A T PAs
H,O, fAEAZ HAEH

Zi LPTIR, PAs Fl HyO0 WA 5 70 AR A I
VT 4 M b =l (1) 5 B R AP AR AR, if
PAs Fll HyO, S Wi 2 FAE R, F—0 43t — D a
5t PAs Fil HyO, A2 HAE R ML
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