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WE: [ B8] KR % B A Ginkgo biloba &5 e £ K fo £ FHEARM G AILAER, AMEFRLACR S F K
B BREMRESE R . BN S RA RS HREE SRR I, [ FE] 2B 2Fme b, 238 RRR
J (0.5, 1.0, 3.0 mmol-L™") &9 )& ¥ (Put). L5 (Spd) #=#45 & (Spm) A 2] & F M Ae3E ik ¥, 2 HAFIEH Put 0.5,
Put 1.0, Put3.0, Spm0.5. Spm 1.0, Spm3.0, Spd0.5. Spd 1.0 #= Spd 3.0, ARG SRt LI AN, /R TdE, FIR
S pestmitik pH R 3%, miabebed. SEAXMALHE AR ES A RS RAEBm TR Y m, [#R] %
B B R JEAR K, MRtk o 5 R A pH A% s AR89 B R L2 (Put 0.5, Put 1.0) AA TanfeAeg A K, Mmpeié 2
Fge, Eetgd, APF M E. 2 EWAREARRES>HRG, 4o Put 0.5 L e B L Z B L 55 A B 5] ot R e
T 65.1% #= 38.5% (P<<0.05); Spm 0.5, Spm 1.0 & Spd 0.5 A3 eyt 2548 E, £¥UF &, LELFMAEE AEEY
RRALEEIRZD, 4 Spm 1.0 &3 89 % %3580, Spm 0.5 & Spd 0.5 &3¢9 %k MBS > ALt BILE T 27.4%. 27.1% %=
20.1% (P<<0.05), 3 #F % Best & i it £ BAA R 2B E R Hrh b AL B R ZE 2w, Put 1.0 & 326 4-4 28R 4 8
A HEREEE . Spm 1.0 422 693K F A R R B A & REAS A BEE LT B ZORERK, 55X 36.8%. 21.5% #= 61.9%
(P<<0.05); Put0.5. Spm 1.0 5 Spd 0.5 4 #2 9 Pl AL BLAHBR A iR B0 F S Rt AR5 2,045 A4 ; Put0.5 L2 A
AR B LA BE % Put 0.5, Spm 1.0 & 8¢9 — R FH BB L REF S A AT IR H T 52.6%. 123.2% #= 105.2% (P<0.05).
[#£# ] Put0.5. Put 1.0, Spm 1.0 & sdsmpet Kfe b koA, LM MBS RBALRAA G, S0, HHEBRES
1Rt 5 BRG £A R, 12 Spd 3.0 F# Spm 3.0 A ZE 3t smfn k| B A E I Gk NESAR R RAL, B 6542
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Effects of exogenous polyamines on the growth and flavonoid synthesis of
Ginkgo biloba suspension cells

JU Dingshun, DI Jingjing, CHEN Ying, LIU Rui, CAI Hao

(Collaborative Innovation Center of Southern Modern Forestry, College of Life Sciences, Nanjing Forestry University,

Nanjing 210037, Jiangsu, China)

Abstract: [Objective] The objective is to explore the regulatory effects of polyamines (PAs) on the growth
and flavonoid (Fla) metabolism in Ginkgo biloba suspension cells, so as to provide theoretical and technical
support for constructing and optimizing the genetic transformation system of G. biloba, enzyme activity chassis
control, and the large-scale biosynthesis of useful drugs. [Method] Using suspension cells of G. biloba as the
material, different concentrations (0.5, 1.0, 3.0 mmol-L™") of putrescine (Put), spermidine (Spd), and spermine
(Spm) were added into the suspension cell culture medium (CCM), labeled as Put 0.5, Put 1.0, Put 3.0, Spm 0.5,
Spm 1.0, Spm 3.0, Spd 0.5, Spd 1.0, and Spd 3.0 respectively. A treatment without polyamine addition
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(0 mmol-L™") was served as the control. After 7 days of cultivation, the effects of PAs on pH and electrical
conductivity (EC) of CCM, the contents of photosynthetic pigments, total Fla, total terpenoid lactones (Lac),
and the activity of key Fla biosynthesis enzymes were investigated. [Result] The higher the concentration of
PAs was, the higher EC and pH were in CCM. Low concentration of Put treatment (0.5 and 1.0 mmol- L™") was
beneficial to the growth of cell clusters, resulting in a yellow-green color of the cells and an increase in the
contents of total chlorophyll (Chlt) and carotenoids (Car), Fla and Lac, compared with the control. For example,
Fla and Lac contents under Put 0.5 treatment increased by 65.1% and 38.5%, respectively, compared with the
control group (P<<0.05). The cells treated with Spm 0.5, Spm 1.0 and Spd 0.5 turned yellowish brown, and the
accumulation of Car, Fla and Lac in suspension cells significantly increased. For example, the content of Fla
treated with Spm 1.0, Lac treated with Spm 0.5 and Spd 0.5 increased by 27.4%, 27.1%, and 20.1%,
respectively, compared with the control (P<< 0.05). The effects of 3 PAs treatments on the activity of key
enzymes involved in Fla synthesis in suspension cells also showed concentration effects. The activities of 4-
coumaric acid coenzyme A ligase (4CL) treated with Put 1.0, phenylalanine ammonia-lyase treated with Spm
1.0, and chalcone synthase treated with Spd 1.0 showed the highest increase compared with the control,
reaching 36.8%, 21.5%, and 61.9%, respectively (P<<0.05). The activity of cinnamoyl coenzyme A reductase
treated with Put 0.5, Spm 1.0, and Spd 0.5 increased by about 2.0 times compared with the control. The
cinnamaldehyde dehydrogenase (CAD) treated with Put 0.5, and the dihydroflavonol reductase treated with Put
0.5 and Spm 1.0 increased by 52.6%, 123.2% or 105.2%, respectively, compared with the control (P<<0.05).
[Conclusion] The optimal treatments for suspension cell growth and the accumulation of Fla and Lac are Put
0.5, Put 1.0 and Spm 1.0. Polyamines, especially Put, can promote the biosynthesis of Fla, but Spd 3.0 and Spm
3.0 treatments are detrimental to cell growth, Fla and Lac accumulation. [Ch, 6 fig. 42 ref.]

Key words: Ginkgo biloba; polyamines; suspension cells; flavonoid regulation
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VI BN, AT T GE Y A 7 1 & B W 2 R R Pt e Jre U1 (EURE ) 200 e L 8 v 2580 P A A il 3
ik EEMERE T LSS A AR IX B, SRR ARG O BRAR RS, R AR ) A L RS B 3 EA A
MRy, PIRFSEAEY R 2SR, A o afiliE” S, REREERE INAEY ARG, &
AR A T AR BEARTFED, B, ZMEYSEAMRRCadEy, ANEaS|mT)
ey, R T E R AT T,

Z Wi (polyamines, PAs) &—2 IZAEE Tk BBy, BAAWBIAYEY:, BHAT 3~15 /> Hi
WRIET-, 2 A UL EIEMR TR e & Z k. H WL Z 458 e (putrescine, Put), A5 (spermine,
Spm). WHGHE (spermidine, Spd) %, ZREAEMYIERK AT . B . AR AR AE Y N0 I m ;b
HREE EEIERCY, R RN 33, AR IEFERL Litchi chinensis . 42 Picea abies “FAH) AL
IR & A R 3% Solanum nigrum SFANE ZFIIE Z2 BEAERRBR A= A & By TR EL AT B S B A 4
e, WMZREHES T ENEE YRS dristolochia indica JoME 2 YRR TR I P24 11; 0.5 mge L1 RS Bl Ab # T 2
WhE Capparis FHYIWIATGAHEY, HA Z M TS B!, 1.0 mmol- L WAF AL FER 514 W Bacopa
monnieri, WFEPEwE T WA . SRR 0 E T SN 2 BT 32 5 2 Salvia miltiorrhiza
FHR ) s SPRE B AU B LU AH Capparis sp. B A B F28C R0 T8 e, LA FRARG R i 2 i
HOR D FEAY N AR, WIS RERE SR T V9 ES: Panax quinguefolius F3 9 NS A 16 2,

AT Ginkgo biloba T EFFA N, EEH. . AE . RMA RS HR T RN EZEST
AR ot B RO AR L i RS2 ISR, IR A R IR B A SR . iR FE
MEEFEINEL, BReE RIKTIRE . BERICICRE ST, NPT /R 24 15 BRRE S A 4 AR 00 4 BEME e HA 8 s T
R RO, R v R A P S A 2 R A PN R ) AR A L K R T H bR, E e A R
A PR A B ER AEE NER, R SC PR A T AR I EER T B, BT 2RISR R
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PR B PR AR A A B AR, AW SE LA RIMERE ) 2, LB I . SRS . R Ak 2
A BTRAML, PRI Z MR A IR A AR 1, SRS PN 8 o o B S S B R A R A, AR
AN T A 2R B | BN ER R C I RO RE T, RS TRIR SR, s s L i A ik
F RS MBSy

1 #MHS 7%

1.1 #HEBSRIEFMSEZFHAMEFRE R EL

PR T AE RIS RAFHY 40 AEARA . 4 A F AR A AR 2R 45000t i, 2288 CHEN 4§
) S ARAS I B A 405 S AE MG IR AR R R SRR R o DAARR 4 IR DL i L SUE AR
AN AL IR RE, FEARI 100 mL FYTRARES #7236 (250 mL #ETEIHR) HtA 10 g & & Al 2 f i,
PR H LRI MS+1.0 mg- L™ 2522 (naphthalene acetic acid, NAA)+0.5 mg-L™" i) % (kinetin, KT)+
30 g- L7 HEME (NS 3R MRS FR b i AT s R, BT BRI R R . ILE R 12 d K 50 mL
BT UM R 5 A 100 mL WA SR ER AR R IR A b, SEATY KK SR . IR RUSCE AE 100 1 min”!
AR IR I TR G R R, ARG R B4 .
1.2 ZRRAERZHME

R A5 H17 30 22 JHle A9 SRR B AR R i DI 0k 22 g vk BE i 100, B S (Put) . KG G (Spm). A%
(Spd) 45 3 i Z Bl AR B TF B AR Th I 2R BE 43039 8 0.5 1,00 3.0 mmol- L' $45 Z B 0.22 pm
TUALUE R UE 5, AR 3G SR T B R BV FE TS AR B (AR TR, A3 s I 2 AE W i v B SR i R I
e RE, LU N 22 i Sl % B (ck)o 4% 22 i ik 3153 5 F5 ic 4 Put 0.5, Put 1.0, Put 3.0; Spm 0.5. Spm
1.0, Spm 3.0; Spd 0.5, Spd 1.0, Spd 3.0, Kf=F i Hi IR 7 d OB PF AN (S MESCHR [24]) HF0 2 LA o
ZRRE Y, HEFR 7d e, ORI, B E 7R, R 3K,

Z: 8 CHEN 5P {5k, Ry s aed v bk, — & oA PRI fi i 5, FiAE 80 C it T2 1H
iw, AR, T EZEEN (total flavonoids, Fla) F1ELE NS (total terpenoid lactones, Lac) Jii i 73 54
AIAE o 53— o BERE S A A TE—80 °C BRI VKA T, AT A A BREE R0 E o 085 A 40 3% 772 T
HEAT pH (RREZT) FIHL S (EC) MIAE .

1 R A B SR A pH O 5.80, KSR EOEMERE Y 55 umol-m*+st, SIS 14 h JEIE/10 h
&, R (25£1) C.
1.3 EIBIEFRNE

MR R SR, KNER#Z (phenylalanine ammonia-lyase, PAL) ifit:Z: 1 CHEN 45124
B 30 52 o 4-FF GPTR G B A 3% 3L (4-coumarate-coenzyme a ligase, 4CL). A KE Bk 4 i A if J i
(cinnamoyl-coenzyme a reductase, CCR). £ /K il 5 /i (chalcone synthase, CHS). PR EE & (cinnamyl
alcohol dehydrogenase, CAD), & 8%l iEid J5 i (dihydroflavonol 4-reductase, DFR) 55 % A ELISA {5 &
(L TAFBEHRE A= B R A7 RN 7)) BRI B A5 22 . 218 PEREZ-AMBROCIO %521 J5 kil 5 43 28 B o 43
o SVE BRI E YA AR N TR A A0 M RE L T S R R T A 400 H T, 70 °C ERBER
70% LEEPEE Lh, BEfE, B DRERAEKIG A, SRIGHE 8 000xg N B0 15 min, K PN 5 i
YN 13.9% WIBSMEFE IR &, HCE 5 min, AKUIIA 3 mol- L™ ERR A BT 73 40N 6.0% B ALER,
JE AN FEARFR ST ECR 70% B CFE 2 TR AR . R4 THIE 517 nm AbAIWROGEE , AR bRk th 2 it 53
SV PRI o o
1.4 HESH

K 1 SPSS 22.0 X £ ¥ ¥E 47 B E 5 2273 BT (ANOVA) 1 Duncan £ & 43 #f (DMRT), % f Excel
2016 #AHER .,

2 RS

2.1 ZERIMREEZFMEMAERK LTSN
P 7 d BAR A B g3 AP %) 0.5, 1.0, 3.0 mmol-L™' &Y Put, Spm F1 Spd A4 IR 1A 1% 35 5L ) -85
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IR 7d, KRIBEAEMMN LK SEE &L BEAEL (& 1), KR Put 0.5 F1 Put 1.0 A3 1) 40 g 14 % i
B, FOER RS, I EIEOR B H RS, WAL, (HYREERE Y Put 3.0 A0 B 41 i 5
wE L, AR, £ Spm 0.5 1 Spm 1.0 ZbH5 Y40 i A R HHR o L 0, S A4k, K Put
3.0 AL AR EEAG, 1 Spm 3.0 AN R ALk (5, Spd 0.5 BN A £+, AMH K, HAK
Spm Ab W%, Spd 1.0, Spd 3.0 4bHH A2 i A B8 B KB, 2, WBEEH 3.0 mmol- L™ 1Y 3 B 2 ik
Aab R A 0 L AR S vl O 1, AT (8 1), AR TR ROk A, 3 Rk s
R B PR AN B T o L R (g m i T A0 R T BT ) ERBE A 22 AL MR BE B i fin, e Put 1.0,
Put 3.0, Spm 1.0, Spm 3.0 b Fb X BEZ» G I T 33.3% . 39.1%. 34.5%. 41.7% (P<<0.05). Spd b3
HAIMP AT /N, A€ Spd 3.0 B FEXT HRHE i T 26.0% (P<<0.05, &1 2).

0.16
a
5% ab
Put g 0.12 b a
i c 22
\E
= 0.08
=2
5
Spm Bt 0.04
i
0
Put Spm Spd
B O0Ommol-L!' []0.5mmol:-L"
I 1.0 mmol-L™" 3.0 mmol-L"
0Ommol-L™" 0.5mmol-L" 1.0 mmol-L™" 3.0 mmol-L"' ANF)/ING - BER IR AR R 22 AN R b 2 1) 22 57 2 235 (P<<0.05)
Put. JEf%; Spm. Kl Spd. WAEHZ Put. J&%: Spm. #&/i%: Spd. IEK5Z.
B 1 REKRE SRR TREEFmBNGHA B2 TRREZEAETRESF@mETRE
a4k, Yo g0y T AL
Figure 1 Appearance changes of G. biloba suspension cells under Figure 2 Changes of drought weight ratio of G. biloba suspension cells
treated with different concentration polyamines under treated with different concentration polyamines

2.2 ZEEIREAERIFHMPELES R E S pH KI5

W B A B 7 A0 43 R AR [A) ¥k B Y Put. Spm AT Spd ZbHHS , A0S 2 AY HE 3R % pH ARkl
& 3 . MWAIMRE SR A pH 284k A, Put3.0. Spm 0.5, Spm 1.0, Spm 3.0, Spd 1.0, Spd 3.0 40 fu 54
FEWR I pH 8 BE  TXF IR (P<<0.05), #7512 3.0 mmol- L Z2 e kb BR % 40 Mo 5 35 WK pH #5853 6.60 (Tt
PE), BLUIZ2 e Ab SR = T ARG SRR A pH, AR AR PR ZE Y A M SR pH S0 RO 3 25 R (KD 3A),
Bk Put 0.5 5 Spd 0.5 AbF () i 36 5 0 B UG i) 2 22 40, Hofth4b¥H, 0 Put 1.0, Put 3.0, Spm 0.5. Spm
1.0, Spm 3.0, Spd 1.0, Spd 3.0 # % 3 = F X8 (P<<0.05, & 3B).
23 ZRWMRESZERIEEBENIE

R AT B IF A0 S I 2 AN ) Mk B 14 Put, Spm A1 Spd AbFEEE 3R 7d 5, HOGE G EALINE 4 Fiw.
Put 0.5 ZbFRAY B2 2R (Chl) /50 e 2 & T XFRR (P<<0.05), HEXT R T 30.5%, Put 3.0 AbFEEIF
R T 42.6%. Spm Fl Spd Y 3 b Bk i 4 1 SRR AIG 1 S 4% 3R T £ 40 4R (P<<0.05), F§JJ2 Spm 3.0 il
Spd 3.0 Ab 35 1) 22 V7 40 L S I 28 3R 0T i 3 B0 ) R R T 61.6% 1 61.3% (K] 4A). Put 1.0, Put 3.0, Spm
0.5. Spm 3.0, Spd 1.0 4b P J5 40 it ¥ I 4% % a/b (Chl a/b) %K 5 & & T %1 B8 (P<<0.05), 11 Put 1.0, Put
3.0 A BRI L X BR R 5 T 63.7% F1 77.7% (€] 4B). Put 0.5, Put 1.0 5 Spm 0.5, Spm 1.0 ZbBRAR i 25 4%
TS DR (Car) i 80 (P<<0.05), U Put 0.5 Al Spm 0.5 &b B 43 51 kb XF FE 48 5 T 34.2% Al
56.3%, Put3.0. Spd 0.5, Spd 1.0 kb3 5% I Z [ #F A W #E 22 5, {0 Spm 3.0 5 Spd 3.0 Zb 3 Y S0 2
N R B E LT X R (P<0.05, & 4C), ZHhbHith B350 T Chl/Car, Put0.5, Put 1.0 5XFHEEH &
F25, M Put3.0, Spm 0.5, Spm 1.0, Spm 3.0 5 Spd 0.5, Spd 1.0, Spd 3.0 4L F(¥) Chlt/Car #B 2 & ik
F X (P<0.05, & 4D).
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500
al a B
b . b 400 aa add aa
C M 8 bb b b

= 300 | b

g 200
100 +

0
Put Spm Spd Put Spm Spd
Z b3 ESiCyGEiL

Bl Ommol-L"' [ J05mmol-L"' [l 1.0mmol-L' [] 3.0 mmol-L"
ANEING FRER ISR 22 AN R AL 3 7] 22 55 2 35 (P<<0.05). Put. JEf1%; Spm. Kifi%; Spd. WAEE .
A3 3R TasESminisins 3540 pH 0Tk

Figure 3 Changes of cell conductivity and pH of G. biloba suspension cell culture medium under polyamine treatment

3 -~

o a a a a
o b 2 a
H?% b pb 3 bMb pb b
il E
& c c © o
=
=
0
Put Spm Spd Put Spm Spd
0.3 16 ~

~ C a D
a0 a a a
2 b
£ 7ad 5 b b
& ¢ =
- 2 = b0 b .
@ U
=
K

Put Spm Spd Put Spm Spd

81 EQIY S

Il 0 mmol-L! 0.5 mmol-L™"! B 1.0 mmol-L™! [ 3.0 mmol - L'
AN /INE BRI A 2 AN [R AL B ] 25 57 55 % (P<<0.05). Put. JE&%; Spm. A%%; Spd. A& .
B4 ZEARTRESF@EGETEL, £AY ME Chlab, Chl/Car 49 T4
Figure 4 Changes of chlorophyll and carotenoid content, Chl a/b and Chl/Car ratio in polyamine-treated G. biloba suspension cultures

2.4  SREXTIRA 2R EER A AR L BETE Y RN

3 PN e 5 22 i Ak 3R, S8 25 o) e T AR S BRI ) 5 P . X PAL PR G, HUA7 Spm 0.5, Spm
1.0 b B A4 B35 PE 5835 = T IR (P<<0.05), 40 Spm 1.0 &b BEAY X BB 8 T 21.5%; Put 0.5, Put 1.0,
Spd 0.5 b HH 5 X REJC i 3 22 5, T 3.0 mmol- L™ 19 3 Fh 22 i b BRAR 535 0441 T PAL 936 P (P<<0.05),
11 Spm 3.0 5 Spd 3.0 A FEAF I FFE T 66.1% H1 67.4% (K] 5A), M 4CL iGPESKFE, Put 0.5, Put 1.0 4034
P T ACL IR, 40 Put 1.0 238 b X BEIE & T 36.8%; 1 Spm 1 Spd &b HHHR i 3% T % BE (P<<0.05),
Hrp 3.0 mg L7 AP NI, B XTI TR T 85.4% F1 80.0% (IX] 5B). CCR jfi PEAR LA [ FRif 4
., Wb PR R S R A T (P<<0.05), H Put 0.5, Spm 1.0 55 Spd 0.5 ZbHAR B 2 5 45 1 H
i 2 AU EEALBRAGIE M, = FH W IR T 196.3% . 206.5% F1 196.3% (1€ 5C). %} CHS B H ik,
Put 0.5, Spm 0.5, Spm 1.0, Spd 0.5 &b B &S 2 2 = T % # (P<<0.05), & Spm 1.0 4b 3 Lb XJ B4 55 T
61.9%, HAhAbBEY 55X IR R % 22 5 (K] 5D). 3 MY Put A BEAR B E 425 T CAD 1% (P<<0.05),
1N Put 0.5 234 U X RRIE S T 52.6%; Spm 3.0 5 Spd 3.0 #F % Z 4 T CAD 11 (P<<0.05), 435 b Xt e
FEAK T 65.5% Fl 54.6%, HAhAb 3 5 X} B 22 % A K (B 5E). X DFR >Eiji., Put 0.5 Fl Spm 1.0 &b 3 iy
DFR i PE#0 42 3 55 T X B (P<<0.05), 430l Fb X B3 55 T 123.2% Fi1 105.2% . Put 3.0 A3 0] H 21 2 2540
i, HERIREEAR T 48.7% (P<<0.05, [&l 5F),
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o 50 aab o o
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2 20 = =

£ 0 e #

v 0 a &

5 Put Spm Spd 5 Put Spm Spd E Put Spm Spd

U GEE Z b B EZ Y GEE
Bl Ommol-L" [ ]0.5mmol-L"' [EM1.0mmol-L" []3.0mmol-L"

ANTF) NG T RE R AN [ 2 J AR ] A B ) 25 57 5 25 (P<<0.05). Put. JEfi%; Spm. ¥&f%; Spd. WA . PAL. 2R &M EHE; 4CL.
-7 GIREHEGAESER:  CCR. PUREMEAHAFAIL )5 CHS. #X /K& Alifi; CAD. WHEREM SN : DFR. 205l I 04 [5G .

A5 ZmaTRAEEF ML PAL, 4CL, CAD. CHS. DFR, CCR &) T4
Figure 5 Changes of enzyme activities of PAL, 4CL, CAD, CHS, DFR, and CCR in polyamine-treated G. biloba suspension cultures

25 SBEITRASFHMEXEMINZTENERESHHZM

# 0.5~3.0 mmol- L™ ) Put, Spm Al Spd AbBREVFANM 7 d J5, B EERH AL ME NEEAE1L I 6.
& 6 7] WL . Put 0.5, Put 1.0, Put 3.0 Fl Spd 1.0 &b 3 Y 2 77 41 i 54 285 o i 5% 20 5008 1 25 v T 0 1R
(P<<0.05), ZrWIHEXFEIRE T 65.1%., 56.6% . 17.8 % 1 27.4%. Spm 3.0 5 Spd 3.0 b FHHS W E 4 T 40
JiL 2R A A LR (P<<0.05, &l 6A), 41 Spm 3.0 AbH 1Y 53 28 Bl 5 o 4345 LU X HRAG REAIK T 82.5% 0 BXTF
21 74 A PR TR R B AR N 6B T s Put 0.5, Put 1.0, Spm 0.5, Spm 1.0, Spd 0.5 AbHf {4 E ik P4
T J5 0 BB S0 v T IR (P<<0.05), Hirb Put 0.5, Put 1.0 X RE4R S T 38.5% #1 26.2%, Spm 0.5,
Spm 1.0 }2 Spd 0.5 &b B (1% G PR 73 501 o BR$E i 1 27.1% . 18.0% F1 20.1%, FoAt e J32 b 3115 5% KR

6 a
5 b a
o = b
0 0 c c b b
o0 a on 4
£ bb bab g,
E c =
i c )
K =
A FIZ|
0
Put Spm Spd Put Spm Spd
Z kb B £ SE

Il 0mmol-L"' [J0.5mmol-L" MM 1.0mmol-L" [J 3.0 mmol-L"
ANEVNG FRER ISR 2 A [F Ab ) 22 57 2 25 (P<<0.05) . Put. &% Spm. Kili&; Spd. YA .

B 6 %pii® FiAARFmine k5l NEs RS o3k

Figure 6 Total flavonoid and terpene lactone contents in polyamine-treated G. biloba suspension cells
3 ik
22 e HE A A i v 7 A B — 28 B T A B P A AR IR T R I (Put) R 2 S
BRI, TR T M, BREAE R (Spd, %) FIRSE (Spm, PURR) Y ELIRIEY) . ML, B

TBCEA pH I FE S B MR 25 8 7 A I 04 A ORI AR AR T A AL R BT AR ST AR IR JEE Put 0.5~Put 1.0 1 Spd
0.5 AL PR BT AN pH 55X IR & 22 5%, 10 3.0 mmol- L™ (Y 3 Fh 22 JHe b BATAS 5 32 WK 1) pH 2 3
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