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Effect of putrescine on sucrose metabolism and triterpenoid accumulation in
Betula platyphylla suspension cells

LIU Ying-tian, ZHOU Wen-yang, SUN Fei-fei, WANG Jing-jing, ZHAN Ya-guang, FAN Gui-zhi
College of Life Sciences, Northeast Forestry University, Harbin 150040, China

Abstract: Objective To analyze the effect of exogenous putrescine on triterpenoid accumulation and sucrose metabolism. Methods
Putrescines (0.1, 1, and 5 mmol/L) were added to the eight-day-old suspension cell culture, and the content changes of sucrose, fructose,
glucose, and triterpenoid, the activity of sucrose phosphate synthase (SPS) and sucrose synthase (SS) were analyzed by colorimetry.
Results Putrescine increased the content of sucrose in cells but decreased the conent in culture medium. Among them, the content of
sucrose was most enhanced after putrescine induction for 6 h; The increasing rate was 169.41%. However, the contents of fructose and
glucose were only increased in 6 h under the putrescine treatment, the other treatments decreased the contents of fructose and glucose. In
addition to 5 mmol/L putrescine treatment, putrescine enhanced the activities of SPS and SS. The content of triterpenoid in suspension cells
was increased in 12 h after 5—40 g/L sucrose induction, and the content of triterpenoid was most induced by 20 g/L sucrose, the increasing
rate was 52.16%. In addition to increasing 27.37% on triterpenoid content in cells treated by 1 mmol/L putrescine and 5 g/L sucrose, the
treatment of 1 mmol/L putrescine and other sucrose concentration decreases the accumulation of triterpenoid. Conclusion Putrescine
could increase the sucrose content and triterpenoid accumulation in suspension cell culture, and we preliminarily inferred that the
induction of sucrose by putrescine could participate in the accumulation of triterpenoid in birch cells.
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AMEARE A FIARE N, BRI R = ARt
Mt AR S E . I T Solarbio 23] .

HY—6A MZHP#s, HEKHH, PHO70A
BEFRA6/TIRAE, UV—2800 L4366 BER I 28
2 HiE
2.1 AHEGEIZHAmRIES

WA AR M T BS kR R, R
Bl 0.1 mg/L 6-BA+0.01 mg/L TDZ, R i &
20 g/L, pH5.5~6.0, LN (25£1) C,
JEIEBRE 2 000 1x, YR 16 h/d, #3120 r/min.
B 15 Rk 1 IR
2.2 SMNRIEEREYIR N

IR IR 5% 8 d M AMERIZ R TR IR R,
fFLWRELF] 0.1, 1. 5 mmol/L, X MIn AZGE4ARR
THEK, H5 6. 12, 24, 48, 96 h JGHUFE, A4
WEPREA 3 IR
2.3 ERE. REEEEERNE
231 RMVEMPEIRS FREC0.1 g T4, BT 10 mL
MBSO, N 80%ZFE 4 mL, 80 ‘C/K¥ 40
min, BEEHRI 2 R, AIFREUE, FEPUETTIA

0.1 g ¥W&MER T 80 C/K¥E ML 30 min, E§.LHY i
W, RIEEAEE 25mL % H.
2.3.2 FERERIE DN B EERE LN, B 400 pL
KV, N 50 puL 2 mol/L NaOH, #i/K#t 5 min,
AHEMA 2.8 mL 30% HC1 A1 0.8 mL 0.1%]i) 25—
Wy, #E5)EHE T 80 C/KHT 10 min, FIFHEAMIG
JEEETHIE 480 nm ARG (4) fH; 5E fush
(KRR RS, HE I I 2 5 11 20 pL ¥59%
W, ZJEERER “2.3.17 T. HIVEREREREE 2k,
[J 77 FE Y=1.066 9 X+0.036 6, R°*=0.992 8, {F
0~1 mg/mL W HEA RIFMZEMEXR.
233 SBBERME  DE MR BB R, H 80 L
SN, N 2.8 mL 30% HCI A1 0.8 mL 0.1%]f] 2
Wy, BAJEET 80 C/KWE 10 min, ANy
VI E 480 nm Kb A DEMIAL (B59%E
WD FREER, B 6 uL MRS R IR, 2
JEHAER “2.3.07 It HIVER AR HERT 2L, [R5
T2 Y=3.762 9 X+0.023 8, R*=0.9795, 7F 0~0.25
mg/mL P BT RIFIZMEXR.
2.3.4  FAMEENE R RO AR
FIE VO] P 4AE, WA= %, W 510 nm &
(fy 4 18 .
2.4 FEFEHERS REEE A E!S
2.4.1 BEEOIREC FREX 1.0 g fFFE, A 5 mL 32
IR, UKIGTES, JERE, HUJEVR 3 mL &N (4
T, RIGHIHRERS SmL.
242 PFEAEPERIIE  BX S0 pL BEFLERIE, N 400
uL [RI SON CRBE-6-1 2 ) A1 100 pL UDPG,
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o3 min &1 W . M 2 mol/L NaOH 100 pL, ¥
Ky 10 min, AHIZ2ERE, A 3.5 mL 30% HCI
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A AE VR B IR 5 B 1
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A 400 pL (PR CHROBED) AT 100 pl pRF 1
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mol/L ff) NaOH, #/K¥# 10 min, A EHE=EM,
BN 30% HCI1 3.5 mL #1 0.1%IA2E % 1 mL, #%4)
J&5 80 “C/KH 10~15 min, 155 480 nm AL
AA{E, ARHE A (E VSRR B A B S 1
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BEN 200 pL 5% 18 B -DK B PR VR AN 800 pL =1
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Fig. 1 Effect of putrescine on sucrose content in suspension
cells (A) and media (B) in birch
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Fig.2 Effect of putrescine on fructose content in suspension
cells (A) and media (B) in birch
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(1) 6~96 h Py A3 5 B (& 3-A), Hrh
0.1 mmol/L JE&ALFR 6 h I8 hne i f K, Hbox I
BT 45.96%. 1 mmol/L JiEALFE 24 h I PEAKIE
FEfe R, HEXTHEFRAIC T 46.04%.

t & 3-B A 40, 0.1 mmol/L JEfAb Bl S, 555
0T P T 2 B o Ak BT ) ) I B PR A, A
P 96 h I FEARHRE R, EEX B T 62.43%. 1
mmol/L JEIEALTE 6. 24 h J&, 158 IR # 2 b
TR, Ab PR 48 h 5 P B 26T HE 7K o 5 mmol/L
JERGAL TS, BRACFE 6 h LX) MR T 22.74%4k,
IRV A AR Y A e s, LR e AL B 48
h B S R, EEXSRESE I T 81.24%.
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Fig. 3 Effect of putrescine on glucose content in suspension

cells (A) and media (B) in birch
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Fig. 4 Effect of putrescine on sucrose synthase activity
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AR . Horr, 0.1 mmol/L B IALEE 96 h i
TGRS, LTSI T 35.78%. JlikAb s
AN FERBSE T =5 . Herb, 0.1 mmol/L J§
JEAERE 12 h Iy, =il G e e, Ao R 144.23%:
1 mmol/L & kb HE 12 h I = A= B IR 5K,

90 CK B 0.1 mmol-L™
@ 1 mmol-L™ 35 mmol-L™

b

D
(=}

(%)
(=4

IR A M EYE / (mgh g

[

RER

il

24 48 96
t/'h

5 [RRRALIEX FENETSER & RUREIE E R RN
Fig.5 Effect of putrescine on sucrose phosphate synthase activity
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Table 1 Effect of putrescine on dry weight and triterpenoid content in suspension cells of birch

AEERISE] /h AE PR/ (mmol-L ")

TRE /(gL™h

=R/ (mgg) =R/ (mg LT

6 CK 10.82+0.60 14.97+1.16 164.64+ 1.71

0.1 11.2540.87 18.96+ 1.44 21240+ 3.83

1 11.0840.40 25.574+2.28 278.72+14.01

5 10.22+£0.92 18.24+1.94 186.08+ 9.55

12 CK 11.0540.60 15.51+£0.43 172.10+ 4.82
0.1 11.83+1.21 22.3140.49 261.07+ 5.69

1 11.41+0.61 32.51+2.58 370.60+ 6.60

5 10.45+0.46 14.47+0.61 149.02+ 6.30

24 CK 11.44+0.61 16.24+0.55 186.81+ 6.37
0.1 12.68+0.20 23.2940.60 293.51+ 7.53

1 11.8340.35 26.8141.08 3142141271

5 9.2140.72 15.13+0.59 137.72+ 5.39

48 CK 11.4740.42 15.87+1.35 180.97+15.44
0.1 13.29+0.31 19.76£0.42 260.83+ 5.61

1 12.20+0.20 23.78+1.38 287.68+16.64

5 8.6340.50 12.62+0.74 108.51+ 6.40

96 CK 10.25+0.51 16.60+1.55 169.28+15.81
0.1 14.42+0.23 15.41+2.47 212.68+ 6.55

1 12.61+0.23 22.2041.98 279.75+ 9.77

5 7.01+1.03 8.2140.82 64.07+ 3.25

3 B BN T 117.17%F1 125.10%. 11} 5 mmol/L
g Fiie R TR =i e B A A BRI ) (R S KT R B, A
AbFE 96 ho I =il E FEIE B K, Lo RS T
51.34%.
3.7 BRRANEREN A =R RN

H1#¢ 2 "TLAE . 1 mmol/L JE b3 12 h I =
i e R = R IR B K . A T R W R e 5 R
XFEME= A BRI OCR, BRI FTEIKRE (5. 10,
20, 40 g/L) [WREFHAMBIINA 1 mmol/L Jif Jiie Ak B (1)
FIMEE IR R T, 595 12 h, TG, RERE. R

e 55 PRI R A B G FIME = RE R BRI, BF R
W, 5~40 g/L JEFEALHE 12 h 5, BIF9MT i
AR BB IN T, Horh 40 g/L RENE AL HHG ini 52
TR, EERHIREE N T 43.04%. i S e L A A 3
Joi s AT AN T AR A AL R A BEAR ]
Joh B S 40 g/L JREAE AL T I i B i, B I
HINT 47.18%.

5~40 g/L ERIALTE 12 h )5, BIF4 =
ity B R i I . b 20 o/L RERE AL FER N
R, ) I EERT RSN T 52.16%F1 103.93%.

=

F2  [RERFIEMEX AR FERTREM =2/

Table 2 Effects of putrescine and sucrose on dry weight and triterpenoid content in suspension cells of birch

IS IARES TR /(gL =i/ (mgg ) =R/ (mgLh
CK 9.41+0.76 16.41+0.61 154.28+11.38
5L R 10.2240.38 18.89+0.85 192.65+17.35
10 gL' JiEpH 10.46+0.84 22.01£0.15 22891+ 3.06
20 g L7 HEAH 12.63+0.64 24.97+1.29 314.63+32.56
40 gL R 13.46+0.28 13.24+0.46 177.47£12.27
I 10.8140.54 27.47+1.23 296.66+26.49
JE 45 gLt ek 11.4240.62 34.99+1.37 398.84435.05
JERE+10 g L' HERE 11.03+0.48 27.77+1.31 305.46+28.78
Ji& I +20 gL RER 13.2340.16 22.45+1.57 296.34+41.45
JEEHE 440 g L' ERE 13.85+1.02 13.17+£0.93 181.81+25.73
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Ji e 55 PR IR A AR B S, 1 mmol/L JE &A1 5 mg/L
WEREIL A AL HE S = s N 34.99 mg/g, LB HEBE N
113.22%, EOJE R oAb FESE i 27.37%, {HE %
IR B RERE L AL B S, =i R R R
s, SR 40 g/L REREALBR S, = ) IR
KT 52.58%
4 itHie

Z e — AP N I AFAE FARAR XS 43 7 i
G, LI A 2 e R Kl
Wik, Z5EREYNAKES, HhE b, 5
R A= a0 AU BRI S R
B, AR Z T AGERE AR A0 i b s 15
o R R A e D) R R AR KR A
KRB EZLFTR T, AMURRERKIEAS5 )
Js 1 A5 5 S rh AR 1T, Koops
LI F A2 DR T [ 22 U-"C 7=l i e
PSS =R e A, TR e =ik
AT, RERERR T ReE AL, R =
TR R 0 F R AT AR B R R 272 1)

AWFFCRIL, AR ERERE = T MR A
(R RERE &, 1T AR T IR RN L FLg AR
J55 5 5 e P R AR BRI ) AH OG0 L, S mmol/L J§
JEAbEE 6 h I, FIMERTT A M P 1) JREH S8 T s i s
K, HEXHEIEIN T 169.41%. SjREREAILL, 6t
20 16 P 41 A0 R A 2 B B R IR RN, BR T A
B 6 h 20 Py 0 SRR ARG sk, JLaR b BRI
TF) 240 1 PR £ SR AR 2 B i B A B PRI

R T BB AT AR B S A P A R L SR
FE AR AR SR R, ARSI 8 TR
TREWE AU 5 DIIAH G 1) i e W ol 1 15 S T T R 5
fiffo WEFTRIL, B 0.1 mmol/L Ji& ek IEWE 2 5 Bl
BTG PEFEATE M 4, 1 mmol/L 1 5 mmol/L ¥
i FHe ) A [ Rt 5 R 38 oy 7 R 5 1R 5 S P v 12k o
REWEWE R & A2 5 RN (1) Gk i 2 —,  Jg Ak
I B B 1R o S T 1) A R A A i P R
HARERAAR R, BE PR T R I AT LA hn4n
PN RERE ) s AEJE AL BES, 0.1 mmol/L A1 1
mmol/L J& 38 7 RENE 5 MG v, 1 5 mmol/L
JE W BEAR T RERE 5 RO v 1 s RERE 5 i e T )
TERE > ARAR U, 65 b 3 I RERE A B TS PR
T T RERE SR R R G ) SR R A B AR
MR B3 I LR PRI AT i A J e el o A ade A i 4% T
SRR A AU, SRR S RS i NS AR

e, TP

T B RN S AR OC R, AT T RERE
J W % i e 55 R L R A 3L/ — il B4k, R B
TR AR 2 7 — s U Bl A = A il B A 5 1
mmol/L JERER 5 mg/L REREIL R AbHE f5 =ik ik
34.99 mg/g, BRI S =i 1.27 %,
117 1 mmol/L J& AN 20 mg/L wERE 3 ] b 3 52 iy 4751
T EREIA e Bl g SR U R AN LS S
BEREAE— @ R B = bR S BB R e A E
X AR T 5 mmol/L Ji e B e IR
FE BT, H2RER R TR

AR T T AR IE 1R AR 200 R v BB 1 A
=il AR R, LS el Ik e 3 R IR A R Y
M%7 R R — R EAS T =S
B WTRESEIERE A S EOR T M E Tt BRI
JE e 5 3 RERE O ) R R R T BRI iR,
B J R REREAE 15 5 e — i 15 R R I R A7
PEREFPAZ FLAE FH o A2 R TR 52 TR JRE B 6T =il 15 B 1)
FITHIATL LA S TR B Jok WK N Y ade A2 1 45— (1) &
FATY 5 B — D (A

SE 3k
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