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ABSTRACT

Effects of growth regulators and culture conditions during the
induction of cell culture and habituation in the leaves of Ginkgo
biloba L.

Kim Jung—-Suk
Advisor : Prof. Park Hyeon-Yong Ph.D.
Department of Biology,

Graduate School of Chosun University

The influence of various culture conditions on callus growth and
maintenance was studied the callus derived from Ginkgo biloba L. leaves,
which were grown on Murashige and Skoog (MS) medium supplemented with
growth regulators; a-naphthaleneacetic acid (NAA), benzylaminopurine (BA)
and kinetin. The optimal concentrations of growth regulator for callus induction
were 10uM NAA with 5uM BA or 0.5uM kinetin in the light. In the dark condition,
the optimal concentration of growth regulator was 10uM NAA with 0.5uM BA. In
the light, MS medium supplemented with 100uM NAA and 5uM BA combination
was the optimal for growth and maintenance of callus cultures. The
suspension cultures were initiated with 1.5g of the callus derived from Ginkgo
leaf disks on MS medium. The optimal concentration of growth regulator for
maintenance of callus culture was 10uM NAA with 0.5uM BA or kinetin. To
determine the production of the quercetin dehydrate and keamperol profiles
from suspension callus was compared by HPLC analysis. In the leaf extract,

the contents of quercetin dehydrate and keamperol were 0.072 and

Vil



2.24ug/20ul, respectively. The extract of callus contained 0.556 and
0.157ug/20ul, respectively. The free radical scavenging activity of methanolic
extracts from induced callus was more effective than leaf extract. The callus
extracts concentration of 0.2mg/ml was enough for 50% inhibition. The
habituation was more effective in the dark culture condition than in the light

one.

viii



S R(Ginkgo biloba L.)= 23 LI21H(Ginkgoaceae)dll =ot0 MEGSH=

28 = JIE e AE=2 ‘MOUse  FA(living  fossil)'Ol2t=

StCHJacobs et al. 2000). IZRH ==, &=, L2 SUHA ASY 802
Ol 0IESE0 SCel, IGAECz 2dUA2 M3 H2Aoi=0 HEs2ilMH=Z
AEZEEDIE GIUCH =20 SHFE22 FMHN g7d4d=2 0|lgst 29

JFZ2(Kim et al. 2004; Park et al. 2003) 2 &MHE SUOZ MO JisdT

AR D UCHLee et al. 2003).

22O FE=2 flavonoid Al stef=2d terpenel 2t =0l
215l 204 (Hasler and Sticher. 1992; Van Beek et al. 1991), 0| =2
Cresst Mela ) ke|&20| & 22 M(Diamond et al, 2000) & OIS
H282 FHE2E & AUAZF0| MAESZ A& 20 UL =2 W=

& M(Kwon and Lee. 1995; Altiok et al. 20068)LF ®AIXE S0 0l2% 1
UO M, MNHEES, Alzheimer's disease(Maurer. 1997; Luo Y. 2006), & &tsl
2 IHElnain—Wojtaszek et al. 2003; Stefanovits—Bdanyai et al. 2006), 1 S0l

Ctest Z0 A JIs0l 210 Zl10 ACHSmIth et al. 2005; Kim et al. 2006).
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AMBMEs 124 28UR(Ghnkgo biloba L)WA HMES=E  JHXIQ
HHEZRH 4~50tC1 AtOI2 =2 48 ZL2H 8 NAl MFGHH ALEoALC.

gES Mgt 22 Z0IJF 3ecm 0l&fel 2= A0 AFSoFRALEH

AJl2 ek XN XIASHH  callusE S SZotRUC  Callus |S&ZHiXl=
MS(Murashig and Skoog. 1962)J1=b8H X0l 3% sucrose, 0.3% phytagel, 0.01%
=, 121CUHAM

1522t JU-Zzotd  AHE  55mm  HBHEZAIN ==Fot0d AtSolRLh

myo—-inositol % MEXHHE FItotldl pHE 582 =&

MY
]

FRALH.

Ol

BHYAAHZ2 26C & X241 3000Lux cool-white & LTAHL=E

222 SFXENS &1t

o

Callus S METHEHZ2= auxindlE€2!  a-naphthaleneacetic
acid(NAA), 2,4—dichlorophenoxyacetic acid(2,4-D) 2t cytokininHl€ 2
benzylaminopurine(BA), kineting Aot L 0, 1, 10, 100uM2 auxinHl &

HEXEXML 0, 0.5, 5, 50uM2 cytokininHlE2] HEXEME 2= t

N
o
@]

2

0

16tX2 Xge HMHEXENE HMolotAlh. 23U €42 ZHE
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28 XXo=2RH KEE  callus JH20  XSHQL Hi20l Ot

o
o

HYXEEM XA callusE HZot SEHI0 OlsotRUlt. Hikle Jl=
MSHHXIO OXMbBiXI2t SLst == MHFZEX(OAO0UM NAA, 100uM  NAA
e=xcl, 10uM NAAOI 0.5, 5uM BA E£= kinetin 22X 2l, 100uM NAAGI 0.5,
5uM BA &= kinetin Z&Xel)E &HIIot0d ALESHACH 20mI2 i 22K O]
=< 100ml2l &2 Sc2tA30 1.5g2 callus& Z2Hotl &3otRULh

LA =2 26C, & X210 3000Lux cool-white & X422 otALH,

224 4F¥2H

DHBHAL &A0A 7534 S callus & SEBHZ0HA XIEHHC B0l

Jtsst 10uM NAA, 10uM NAA/0.5uM BA, 10uM NAA/0.5uM kinetin 3JtXI
MIXAEXMOL FHItel JlE  MSUMBHXIONAN MEHS  IZAtotRCH 2
BHEZAIOIA  THF S callus€ ZEEotW 10mli2l BIXIDOF === 50ml<
a2 Z A0 0.202 callusE &SGR WEHDI &= 100rpmez
OfUCH, 28 & 2 X222 JHBHXNNAS XA SL6tH 26TC, &
Z2 0t 3000Lux cool-white & X242z RXISIUCH 32 24AC=Z HILHZS

Mgt callusE 25TOIA 24A12F HXAIHA 2 M&ES=S =3otH S

&
for
02

oS SOIGHAL



2.25 &4 callusg 8%
2.2.5.1 DHMBHLUAN &S24 calluse 2%

K=Hel SXIF Jtsst MELXZEXN Z2H(10uM NAA, 100uM NAA SH=Hel,
10uM NAAOI 0.5, 5uM BA = kinetin =&t xicl, 100uM NAAOI 0.5, 5uM BA

= kinetin Z&tAel)0IA 431 014 HIUBHZZO SASQ callusE S50
S24 callus |SX0I ALSGHACH ZEESE MHE sA4HS(Z X2AH) E=

s e EMAIS(Y =2AH)Q callusE 1x1icmz EHo0 MEZHE X Ot
HAE Jl2 MSHHXIOF =& &Z 55mm BRI AION 4004 X & GHACEH DH3S
281 BtE GIRCMH, 45 22AC=Z 43| BH=olRUCH HBHYEHE2 267C, 2 A1
3000Lux cool-white & X222 otALL. Ol 4= 2tAC=Z et HIXI0
HI CHEH 2 OFRICH.
2.2.5.2 SEHHZ0l 28t 524 calluse R&

MEXEM(E =242 Z=2 10uM NAA, 10uM NAA/0.5uM BA, 10uM

0

NAA/0.5uM kinetin, & Z22 10uM NAA)Jb EILE Jl2 MS A BH X 0l A
102 Olal  AHICHBHES callusE HMEXZHIb HA="E s 2242 JI=
MSHMBHXIZ 5 S&d callusE€ wSotA GHRUCH 20mi2l HHZHO|
SOHJU= 100mIe AAZStAT0N SHEBHLSH callus 1.5g2 FotAUCH L&,
MEXENL sE2 HAXNCZ =0 s2E callus& SXotdA ot
TUM NAADEH EOtEl JI= MSUMBEXIO 28 ZH0A FH&t callusE =20t
798 = MYEIEMIOb MAHE Jl= MSUMUBIXIZ HICHOHZGHRACH OHel 2Bt=

ofRCH, 1= 2He=z 102 Br= otlh XA =2 26C, & XAt

g

3000Lux cool-white & xX2Hoe=z2 Sd6tAH KAKAotH, 72 2HHOZ

HICHEH & ot AL



2.2.6 Flavonol glycosides2| &0l

Flavonol glycosides= HPLC(Waters 2487 Dual A Absorbance Detector,
Waters 1525 Binary HPLC Pump, Waters™ 717 plus Autosampler)E AHSotN,
UV 3656nmoilA SZ2 &S SZORUCH MIHENZ= methanoldt 1% LIAIEHS

olZ2otd =0 =J12 methanol RUHIE2 30%U2H, 308 = 70%)t H&ES

X

=IJHAZACEH. Columne C-18(CAPCELL PAK C18, 5um, 4.6mm |I.D.
250mm)E AFZoHACE.

2261 AN & Z==2
HZE==2EE2 quercetin dehydrate(98%, Q0125, Sigma Chemical, USA) &

kaempferol(90%, K0133, Sigma Chemical, USA)S AI=206FRICH. S8t HPLCO

AME%Z= methanoldt HCIl, phosporic acid 2 Sl 25 S2

>.

|Ot9
=

I

AESIRALCH Olsd 2 AMEs =8 & 0.2um membrane filterE 0I1256t0

ANZeo =&2 Kim 5(1999)1 Lee S(1993)2 &= 856t &

t

B60C dry ovenOlAl 24A12F HAXAIZI 2SHA W 2HA =2l callusE S H 20t

R

A

C

02
ol

0.5mm ol Z2%CH. Zeld =2Z= 0.3g FotW 3% SHF= 4mldl €11,
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. O4J10 4ml2l methanol2 #EJtotd 5=

0
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=
H
20
[w)
0
0>
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.
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O0l=Z0ot0d 3000romOIlA 1022 &4 =clot:

0z
Ol
2

M= Z2lotI L. Ol 2ml& methanolt 35% HCI 0.5ml2 &Jtot(d

©

H[I

0&2 S92t sonicateot &F Jt==0oll AIZZLCE 0IF 0.2um<2 membrane filterE

O0lEot et Al=E HPLCEZA 0l AFSotRALE.
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2.2.7 DPPH assay

2.2.7.1 NgHXE

DPPH(1,1-Diphenyl-2-picrylhydrazyl) 10mg0il methanol 60mIE & Jt5tM
DPPHEMES XMZXIotULH DPPHEMZ AESZSE 24A2t &0l =HlotH
HEEB 2 StALH, =E & methanol2 Sl&6tH ODE 0.9~0.95 A0l
g2 SE0 AFE0  ALSOIRUCH. A0 AFEE DPPH(CNB300267)=
A FASIR2M, ascorbic acid(A5960)=  SigmaZ £ H

Callus= &EHiZez ZA0l Jtsst MIXZAEM Z2A(10uM NAA, 10uM

NAA/0.5uM BA, 10uM NAA/0.5uM kinetin)OllAl 203 Ol4&F HICHHHFSH 21

Hw - 243U CEH 60T dry ovenOlA 24A12F ZHAZAIZI 28 L 2 24
callus€ ZAH Z0F 0.5mm MOl Z2RCH Z2HE callus 22 22 0.01g

F ot  methanol 10mit A0 &=201K 24A128 ==otlt. =H=

3000rpmOllAl 5E2t A E2e & ASHZ FOIW 0.2um membrane filter2
4 UotACH 41 2= 0, 0.03, 0.05, 0.07, 0.1, 0.15, 0.2, 0.25, 0.5, 0.75, 1ml

FHotd SO0l 1ml0l === methanolZ2 3 AotRALt. =HIE sE8 F=S==2

Iy
I
g

=

0

0
H

2 OtULCH X222 AFE=E ascorbic acid 0.01g2 #oh0d
3X SFF 10mldl SHAIZLCH OlE callus &= et &2 FHot 3xt

S0l A6t 11N s=2 Mot =& &K dE 22 of ALt



2.2.7.2 DPPH =&

Tml cuvetteOl 0.9~0.95 ®<I2 0ODgte H= DPPH(1,1-Diphenyl-2-
picrylhydrazy )% s 0.8ml =& =, &EHIE s&8 F=94(0, 0.03, 0.05, 0.07,
0.1, 0.15, 0.2, 0.25, 0.5, 0.75ml/ml MeOH)S 2{2t 0.2ml &EIIGHALH. & =201AM

3022t B2 A2 = spectrophotometer(Mecasys, Optizen 2120UV)E 0I206t0d

-

S&ZE FHolUL. &k =8 WE2 517nmZ ot{LH, 2 M 3

3|
=590 DPPHEXS ormsh ABININ 2SS W0, X8 ettlizol
2ABO D2t S22 HHRICH DPPH 2CIZ 4052 Ot AlS 0I185t0]

(1 - Astample/ Abscontrol) x 100
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3.1 Callus HH ¥

3.1.1 Callusg |#<
SHUACZRH callus =

kinetin)2l a0l CHst 2t

HWEE2(%)Z2 Table. 1~80l LIEFLHRUCH. & ZHOAN MHEEZZEME Xel6HA

H1
i

fIoh HMelsh MEEEM(NAA, 2,4-D, BA,

|

rr

& HEM HAEN st callus E@HE2

-

Ee gz F2 € BN 1-2mmZ SHAXNMNH SHEZN =0 =D
ZEM SAHe 3O ERUCH DLt calluse REEHX EHU EEXA
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Figure 1. The changes of callus shape induced from leaf disks of Ginkgo
biloba L. Callus induction media was MS basal medium supplemented with
NAA and kinetin combination (0~100uM NAA and 0~50uM kinetin). Callus was
photographed after 4 weeks (A; B), 6 weeks (C; D), 8 weeks (E; F) respectively.

(A, C, E): under the light condition. (B, D, F): in the dark condition.
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Table 1. Rate of callus formation from Ginkgo leaf disks grown on MS medium

supplemented with NAA and kinetin after 4 weeks of culture under the light.

" OouM TuM | 10uM | 100uM
K
OouM 3 30 73 38
0.5uM 5 53 90 50
5uM 5 53 58 28
50uM 0 45 75 35

(Index of callus formation rate (%) was estimated from the proportion of callus
to leaf explant area)

(N: NAA; K: kinetin; gray boxes: available condition of callus maintenance)

Table 2. Rate of callus formation from Ginkgo leaf disks grown on MS medium

supplemented with 2,4-D and Kinetin after 4 weeks of culture under the light.

D
OuM TuM | 10uM | 100uM
K
OouM 1 5 58 23
0.5uM 1 5 43 43
5uM 0 8 48 40
50uM 0 13 53 23

(Index of callus formation rate (%) was estimated from the proportion of callus
to leaf explant area)

(D: 2,4-D; K: kinetin)
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Table 3. Rate of callus formation from Ginkgo leaf disks grown on MS medium

supplemented with 2,4-D and BA after 4 weeks of culture under the light.

0 OuM TuM | 10uM | 100uM
B
OouM 3 18 70 15
0.5uM 1 9 83 10
5uM 0 38 88 18
50uM 0 5 45 20

(Index of callus formation rate (%) was estimated from the proportion of callus

to leaf explant area)

(D: 2,4-D; B: BA)

Table 4. Rate of callus formation form Ginkgo leaf disks grown on MS medium

supplemented with NAA and BA after 4 weeks of culture under the light.

" OuM TuM | 10uM | 100uM
B
OuM 2 43 68 43
0.5uM 1 55 80 48
5uM 1 75 90 63
50uM 0 50 85 75

(Index of callus formation rate (%) was estimated from the proportion of callus

to leaf explant area)

(N: NAA; B: BA; gray boxes: available condition of callus maintenance)
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Table 5. Rate of callus formation from Ginkgo leaf disks grown on MS medium

supplemented with NAA and Kinetin after 4 weeks of culture in the dark.

" OuM TuM | 10uM | 100uM
K
OouM 1 53 78 78
0.5uM 3 60 75 50
5uM 1 53 75 60
50uM 0 28 53 40

(Index of callus formation rate (%) was estimated from the proportion of callus

to leaf explant area)

(N: NAA; K: kinetin; gray boxes: available condition of callus maintenance)

Table 6. Rate of callus formation from Ginkgo leaf disks grown on MS medium

supplemented with 2,4-D and Kinetin after 4 weeks of culture in the dark.

0 OuM TuM | 10uM | 100uM
K
OouM 0 20 90 11
0.5uM 0 23 73 38
5uM 1 15 80 60
50uM 0 1 35 25

(Index of callus formation rate (%) was estimated from the proportion of callus

to leaf explant area)

(D: 2,4-D; K: kinetin)
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Table 7. Rate of callus formation from Ginkgo leaf disks grown on MS medium

supplemented with 2,4-D and BA after 4 weeks of culture in the dark.

0 OuM TuM | 10uM | 100uM
B
OuM 0 30 80 8
0.5uM 0 36 90 29
5uM 0 15 88 38
50uM 0 6 65 65

(Index of callus formation rate (%) was estimated from the proportion of callus

to leaf explant area)

(D: 2,4-D; B: BA)

Table 8. Rate of callus formation from Ginkgo leaf disks grown on MS medium

supplemented with NAA and BA after 4 weeks of culture in the dark.

" OouM TuM | 10uM | 100uM
B
OouM 1 40 85 30
0.5uM 0 43 85 38
5uM 0 48 65 11
50uM 0 21 30 13

(Index of callus formation rate (%) was estimated from the proportion of callus

to leaf explant area)

(N: NAA; B: BA; gray boxes: available condition of callus maintenance)
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Figure 2. Initial shapes of callus induced from Ginkgo leaf disks grown on MS
medium supplemented with growth regulators (NAA, kinetin). After 4 weeks
cultures callus was induced from leaf segments under the light (A, C, D) and in
the dark (B, E, F). Translucent callus was formed under the light (A) and in the
dark (B). Callus was induced from the leaf edge (C, E) and leaf surface (D, F).

(Bar = 1cm).
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Figure 3. Shapes of callus induced from Ginkgo leaf disks grown on MS

medium supplemented with growth regulators under the light. Callus was
subcultured more than at 5 times every 4 weeks. (A): Friable callus; 10uM NAA
and 0.5uM BA combination. (B): Small sized, dark green ball callus; 10uM NAA
and 0.5uM kinetin combination. (C): Normal and compact callus; 100uM NAA

and 0.5uM BA combination. (Bar = 1cm).
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Figure 4. Shapes of callus induced from the Ginkgo leaf disks grown on MS
medium supplemented with growth regulators in the dark. (A~E): Callus was
subcultured at 5 times from induced callus. (F): Callus was subculture at 7
times. (A, E, F): Water-soaked callus formation in NAA alone. (B): Compact
and small ball shaped callus formation in 10uM NAA with cytokinins. (D): Hard
and very compact callus formation in 1uM NAA with cytokinins. (C): Friable
callus formation in 100uM NAA with BA. (A: 10uM NAA; B: 100uM NAA; C:
10uM  NAA/0.5uM  kinetin; D, G: 100uM NAA/0.5uM kinetin; E: 100uM
NAA/0.5uM BA; F: 1uM NAA/0.5uM kinetin, Bar = 1cm.)
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Table 9. Characteristics of some types of subcultured callus.

Character
Color Feature Growth regulators Image
Types

Watery

Yellowish Translucent,
A type 10uM NAA
white  globally callus

attached
Friable, 10uM NAA/0.5uM BA,
Yellowish g
B type globally callus 10uM NAA/0.5uM Kinetin, §
white
attached 10uM NAA/5uM Kkinetin
Yellowish 100uM NAA/O0.5uM BA,
C type Friable
white 100uM NAA/5uM BA
Watery
D type White 100uM NAA/0.5uM Kinetin

translucent

(Callus induced from Ginkgo leaf disks on MS media containing growth

regulator combinations. Callus was subcultured at 10 times. Bar = 1cm.)
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AZGHH 22 HICHHHZEAl DAMGHRICH. MetAd D=5l cytokinin Mel S Al
A=Al callus RA0M= SHEOHAUCH & A4 ZFS 10, 100uM  NAA
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Figure 5. Changes of callus shape in suspension cultures under the light.

Callus was cultured in MS medium supplement with growth regulators (NAA,
kinetin). (A~C): Supplemented with 10uM NAA. (D~F): Supplemented with
10uM NAA with 0.5uM BA or kinetin. (C): Change of the callus color to brown
in 10uM NAA. (G): Light micrograph of callus in F subcultured more than 20
times. x100. (A, B, D, E): Callus was subcultured at 3 times. (C, F):

Subcultured more than 20 times. (Bar = 1cm; G bar = 0.2mm).
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Figure 6. Changes of callus shape in suspension culture in the dark condition.
Callus was grown in MS medium supplemented with 10uM NAA. (A, B): Callus
was subcultured at 5 times. (C): The size of callus was changed to very small

in subcultures more than 20 times. (D): Light micrograph of callus in C. x100.

(Bar = 1cm; D bar = 0.2mm).
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3.3 &=

3.3.1 & =2

10uM NAA, 10uM NAA/0.5uM BA, 10uM NAA/0.5uM kinetin 3JtXl &4 & Z A K|

THUMM 2382 =i callus 0.208 &0t 32 24ACZ A WSS TAE
Zite Fig. 7~9% 20, MEXEHM =& 23 80l lag phase= 158=
=0t LBt M, B 24~302 = stationary phaselll 0I12= AIOZ201E
SHE LEHHRACEH Jeon S(1993)2 2 =i callus 3gS HIZH 80mloil
F=Qotd S 8t 2 192 = stationary phasedt OIFH&E S 2 00tLH
Ol 2 A& Z23 20 10uM NAA, 10uM NAA/0.5uM BA, 10uM NAA/0.5uM

kinetin XM2l20lA 22 11, 5, 8 W2 LIEtY ZU2Z2 M =I| callus

2ol xHolo 2et Hez MzEb. 38 = AMS0l 22 0.015, 0.013,

2l

(@)

.01g0ll Al stationary phasell callus HAX=E 2H2 0.124, 0.019, 0.036g22

Ol

JtotALH. 10uM NAA E=Xel20A callus d&E &0l 0.109g SItotd JHE

i

UL Xer™el= cytokininOll 2lst S1t= kineting Xc2lot¥ES I BAREL

0z

S0l 0.02g=H LtEFRLE.
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Figure 7. Growth curves of callus induced from Ginkgo leaf disks in MS
medium supplemented with 10uM NAA. Initial inoculums = 0.2g (fresh weight),
10ml/50ml Erlenmeyer flask. Each value represents the average of dry weight

the cell clusters from 3 flasks.
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Figure 8. Growth curves of callus induced from Ginkgo leaf disks in MS
medium supplemented with 10uM NAA and 0.5uM BA. Initial inoculums = 0.2g
(fresh weight), 10ml /50ml Erlenmeyer flask. Each value represents the average

of dry weight the cell clusters from 3 flasks.
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Figure 9. Growth curves of callus induced from Ginkgo leaf disks in MS
medium supplemented with 10uM NAA and 0.5uM kinetin. Initial inoculums =
0.2g (fresh weight), 10ml /50ml Erlenmeyer flask. Each value represents the

average of dry weight the cell clusters from 3 flasks.
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3.3.2 & =2

SEHEe=Z X=5Hel 2X

b Jtseh 10uM NAA HEEEM Z40A 24

2! =i callus 0.2g2 Fgol0d 38 24ALZ A MEs= =det 2= Fig.

o

1013 2 L. Lag phase= & XA

O

2UGHA 1522 MoK LIEIG M, e
272 = stationary phase0l SZ0otRUCEH Park S(2004)2 23 2 YA
Fchet callusE 0IZ0t0 20uM NAADH EItEl MSHXIBHXIOIA callus =S E =S
10~50%=2 HSIAIH ME2S ZALeH 2 20%2| callusE =2otdS M 3=
<= stationary phaseJt UELH JtE SHZ=S  2JHot0. 0l =2
ASEZNECH 62 WEA LIEtY Z02 callus =L &S| XH0I0f
AZELCH Lee &(1993)2 Ginkgo biloba MIZEHBHZOIAN & X401 Hioh &
M callus 2HMZS 3Ot&0l 1.7581 =2 LIEHLE 201 NMEZEES
SXECHD 2I0HACH L8, BHD2M0 [HE Ho ARYES XALGH
N G0l 2 ALEDH Ol & XAH0AM MZLEO0l #HE A
2rgs 2aotULl. 2 A E0lAM Stationary phasell 01271 DXl callus

HEE2 0.037g2= Al x40l st & X2H0UA 0.124g SItet 210l

T

o 0.087g <A LIEILE Lee £(1993)9 212 &0 & XAHOWA callus

SA0l 2 UHO0IRULY.
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Figure 10. Growth curves of callus induced from Ginkgo leaf disks in MS
medium supplemented with 10uM NAA. Initial inoculums = 0.2g (fresh weight),
10ml /50 ml Erlenmeyer flask. Each value represents the average of dry weight

the cell clusters from 3 flasks.
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3.4 &4 callus /&

3.4.1 DHHSNA S&4 callus? RE

MEZZMOE HAE JI2 MSHIXIO 2 =eH callusES HHHBHZE =
FIOb ZUotH & X9 F2R callusdt Z2H L= WALGHRCE 10uM NAA
Hel=2e d2 28 JAOIIR2MH, 100uM NAA HM2lAl & 50%2| callusJt
=Ms RNGHACH O0IF callusel =20l HOIKHA HGst HSFC=
HAMCH CalluseE SACX AJA2D, 2~33 HUBHY = WALGHHCE NAAOH
TEHelg cytokinin SF0 HE Z&ES UELIA 2gTH DsEQ
MELEM ZAMAM Xt callusdt MEXEMOb M= Jl= MSHHXIOIA
4~123 Q2 MES N2 HUBHZAl callusOll MEZE MO 2HLEHUL callus
L MEEIEM MES0 st 2oz AMZECH & T242] F 2 callusdt 3~43]

HOUHHE =0 SXE0 & A0 Hiol s2td callus =0 SUtH0IALH

MIXAEMIL MHE MSHBHXIOIAM =24 callus€ RSot= &S¢b callus?
SEfH Hat= Fig. 1101 LIEFUHRUCH HEXZERHS sE0 Ot SA, SAkl=
callus@ et &230l callus EHEH A& 0.5~2mm& & callusE
S&otI)l AIAGHH, HUBH2Z0l XZHE+E =20l ¥2 <& callust

SdE0 GEoH&CEH Olddet callusel L&zt a2 100uM NAA ZZ0IA
gd8&H= &2 callus® &2 10uM NAA X220l HloH 4~8= = UtELE
of gz 22 et =HRUCH ol
22 callus? SHEIA HBHatet gl dHEXEHS KHMAH=Z eloi  callusJt
ZHCAL. ZHIE = & 220 0 E DsEo MEXIZHMIL Mel=
~33] A0l JtsotACH Lt
| =0t = 4~53 HICHHH
D AFGHRACE. Callus2 SHEHA B30 AN BAZH kinetinl Zat2 ARACHFIg.

10

11C~F). 8, calus ZB2 22 =52 NAA Z2A0A Xagels

cytokinin® sSEJF SO0tA 42 SH LIEHGCHFiIg. 12B, D, F). ME XXX IOt
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HAH=E JlE MSHBHXIO AHICHBHZEAl & X201 Blol & Z20lA callusdt
dAGHA &1 2cf RAEHULH, & 2242 B2 4~-8%F 0l callus =AIJt
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Figure 11. Changes of the callus shape after subculture on MS medium without
growth regulators in the dark condition. Callus color was changed into brown
and compact from yellowish white and watery callus. Callus induced on MS
medium supplemented with 100uM NAA were transferred to MS medium after 2
times subculture (A) and after 3 times subculture (B). Callus was induced on
MS medium supplemented with 100uM NAA and 0.5uM kinetin was transfered
to MS medium after 3 times subculture (C) and after 3 times subculture (D).
Callus induced on MS medium supplemented with 100uM NAA and 0.5uM BA
were transferred to MS medium after 2 times subculture (E) and 3 times

subculture (F). (Bar = 1cm).

_38_



Figure 12. Effect of kinetin concentrations on callus habiatution. (A, C, E): after
1 times subculture to MS medium without growth regulator; (B, D, F): after 2
times subculture to MS medium without growth regulator; (A, B): callus
induced on MS medium supplemented with 10uM NAA; (C, D): callus induced
on MS medium supplemented with 10uM NAA and 0.5uM kinetin; (E, F): callus
induced on MS medium supplemented with 10uM NAA and 5uM kinetin. (Bar =

tcm).
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3.4.2 SEHHZ0 oISt s34 calluse |&
3.4.2.1 & XA

10uM  NAA, 10uM NAA/0.5uM BA, 10uM NAA/0.5uM kinetin 3JtX]

AH X XA H|j|. (=1

oo L= [m=}

il

JIZ2 MSAMBIXINA 4 S =MAZ2 callusE

30

HEXEMIL MA=E Jl=2 MSHMEHX=Z  ACHBHZet = 1=Jt ZtotAt

=
02
12
s
o

Moz Eofl/Ch Lo, =48AHE2 calluse M0l E20HAEA
A
[e=)

[

AEMoz HIHRULCH CallusS M2 HE S0HXNEAN 2~3FIt
DIALGHRACHFig. 13). Olddst ®&E 30X Z2HUHM SSH2=2 LEE2U
10uM NAADE EOtEl Jl2 MSHAMBIXINA SAEAE callusOllAl 1~25 =l
Ol RBLH Ol 2 A2 callus AJI 2H UYse A2 A==

sl B2 callusel All= &E2

o

=0 20t A0, It

A= Sx=280 =0 callus2 FJIE HIH =wAXot= 20l =clotlt.
HOHHH 20l KISEIEHA NAAZE BA, NAASH kinetink Z&fXclAl callus = J10t
AHE 0.5~Tmmz HOtN= 2t Zcl NAA H=Xe2lAl calluse AE

1~=3mm= A =AZJACH. WekA NAAE BA, NAAZH kinetinOl XgXcl&
BHAIOIA =X, SaeE A2 2J12 calluss HEXZEXMIL MA=E Jl=
MSHHMBI X2t S E=EHsS Sofl WA S==, AL OIF0HA BS0] &2l
LIEtH o2 ALZEICH

RS ENESPA (RSl

O

CE SHEo=z YFI| ol 1uM NAAJL EOtEl Dl
MSHMBIXIZ HUHHHLSIRE HRXE 1301 ZUolHA Bl sMo=Zz
Eoll KNI, callus2l A0 E0HM HEMOFZ HGIULH HEMO| callusS CHAI
MEALETNOL HAHE JI2 MSHMEHXIZ AHCHHYst =, 2~3FIJt XUH
callus= JAGHRACH et & ZH0M SEY S callus22H s24
callus@ S &= OI20XIX LUACH Ol= DXUIL0 HIGH CHAIZSO0! b=
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Figure 13. Induction of habituation in suspension culture. Change of color to
brown from dark green. Callus induced in MS medium supplemented with 10
UM NAA and 0.5 uM kinetin in the light. Callus was transfer to MS medium
without growth regulators. From the left subculturing was performed 1, 3, 4

and 5 times, respectively.
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3422 & A

10uM NAAJE efsE Jle MSUHMEBIKIOAM RXAI-34 3¢ Ledls Uie
SIMAES callusE HFZEMIE MAHE JlE MS HMBHXIO AHCHsHetst =
1==JF ZAotA & 241 R AGHHE B0l Mo Eof [ & SE KOt
MIA= Jlz= MSBHAION HICHEHZE 2~3=+ = callus SEi= 5 JHAZ2 UERS2H,
Fig. 1501 LIEFLHRALE. =etEs M= M HES callus2 ZdE A2
LSS callusE EHGHALHFig. 14A), Le&tMs M= LU callust
S EUCHFIg. 14B). MEAZZMOL MAHE I MSHIXIZ HICHEHEAI callus2

SEiot 2E= A0l EHe a2 MBI A UEtU= callus 283

LESHH 20A=E A0 OE "HE UEBRCOH(Fig. 6D). Callus2 20|
CEMOo2 Hotst 2 A2 UAl Moz EofSH, 1~2+= it =
callusJt Aot RALH etds M= &M calusl d2 Mz EHofidH
Mt g7e Xd10 2ot EtE oA SHO0FR LT
MEXENIL Rl HUHAME 2~33 AHHBHYE = callus 20l 2HIZ
Sotot=01 dlol MEXZZFHMIE MHE Il MSHMBHIXIOA calluse 4~53]
HUBHZ = 2810t SIALE 521 Ole AHIUHBHZfot{ = callus 20l SJtotAl
AL dellt 102 Oly HUEHEY =0 X callus= H4EXEME EItotU=S

et sZoti etds Ue EAHE2 K= RAotH WAGHA @E22=2
O=F

S
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Figure 14. Two types of callus shape and micrograph feature after 10 times
subcultured in MS medium without growth regulators. Callus shape was
compact, but color of the callus was yellowish white (A) or yellow (B). (C):
Light micrograph of A. x100. (D): Light micrograph of B. x100. Yellowish

white callus was more active than yellow callus. (A bar = 1icm; C bar = 0.2mm).
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3.5 Flavonol glycosides & 90l

3 ol

HPLC(High performance liquid chromatography)= HHQl SES&4S =610
oo =& 2, AMA AlZdlse IAZ0EDdIe s EJo|ICh =2

AN HESEZ AIE8H quercetin dehydrate2 kemperol2 methanoll

=0 HPLCE Soil =4g 210 22 28.997, 30.386min0ll pickJl LHEHLE

HPLC spectrum2 &4&8t 2t 232l &HSR  quercetin  dehydrateJt
0.072ug/20ul ZEEN AIE2 0.013%E X Xot™F2M, keamperol2

4ol =k

ol

2.24ug/20ul SN Alg22 0.39%S XHAIGHACHFIg. 15). 2

0

callus® &S quercetin dehydrate, keamperolOl 2+2F 0.556, 0.157ug/20ul
ASDH AZ2 0.97, 0.027%E XHXIGHRUCH Lee S(1993)2 quercetin0il HloH

keamperol2| &0l 22 Het0l A0t 2UoHALH, & 20N SEHHE

14
[

2k 0.06mg/L2l keamperolS ZEGIRUCH Kim S(1998)2 28 sl
callus€ 0|28 eI A 0.015mg/Lel keamperol2 &

=
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IR
o

keamperol MA20| 2 0.05mg/L2 SAES 2108 Hb UL
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Figure 15. HPLC chromatogram of quercetin dehydrate and keamperol in the
extract of Ginkgo leaves. Coloum: C-=18(5um, 4.6mm [.D.x250mm); injection
volume: 20ul; injection concentration: 29mg/ml; flow late: 1ml/min; peak

identification: quercetin, RT = 27.2; keamperol, RT = 28.6.
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Figure 16. HPLC chromatogram of guercetin dehydrate and keamperol in callus
extract. Callus induced from Ginkgo leaf disks in MS medium supplemented
with 10uM NAA on light in suspension culture. Coloum: C-18(5um, 4.6mm
[.D.x250mm); injection volume: 20ul; injection concentration: 29mg/ml; flow

late: 1ml/min; peak identification: guercetin, RT = 28.1; keamperol, RT = 29.2.
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3.6 DPPH assay
DPPH assay= otH &t oo 2tCizol DPPH(1,1-Diphenyl-2-

picrylhydrazyl)Jt LA SOl Ale=2HD BHES6IH DPPH ctClZ0l 2Adi=
BT E gspectrophotometerES 0ISdl0H 2ZHEEHOZ Al82 & {ftgtEs

0
02
HO
10

=Zdol= YOIt = 2E0 A DPPH assayll 2et SZ4==8 21t

32 2d2 =i callusOl Hloi Mol 2 e dstEs 2RUACH & ZH0UA
10uM NAA, 10uM NAAOI 0.5uM BA E= kinetin 0l XgXcel=l JlZ MS

BHXIOIA S EHH S callusel B 2f2F 0.15, 0.5, 0.25mI/ml sSO0IA ctCi2
AHSO0| 80%SE SA2L 22 B 0.5mlI/ml sZUAME 22 AH S0
12% 2 Sl LHEFSECH

10uM NAADJE &= Xel&E HHXIOAM Ktet callusel B2 FZHE 0.026ml/ml
XelAl ascorbic acid 0.01ml/ml2t 22 SWE 20 JtE = LIEHRCHFIg.

17). 0l &2 =X9 ascorbic acidJdt 2= & AtstE 9] 2F 50%0l ol & 8HCt.

Lol B2 SH0IG = callus@ EHI 2 MAMQO 230X & Mot X&E
XelE cytokinin2l SF0I et CtE A LIEFSCE. 10uM NAAGT 0.5uME] kinetin

AstMel FOlAM Xgh callus =22 0.046ml/mlI8 MelstHS [ ascorbic acid
mi/mlidt 22 S = LIEHWHO ascorbic acid2 & 25%01 oliYole &
AgteEs B0 BA ZEEHMFUMAM Xt callus® &EL  0.102ml/miS

XMelotdES M 22 stE ULEHWOM ascorbic acidIdl 2= & AtgteE o] oF

S kineting XcIotAS [ 281 014 SHEO0IUCHFiIg. 17).
10uM NAA &= X2lAI0lS callusel BHFZA0 et Fig. 180 &0 &

3

>
fol

t=f2 Oh2J UErGCh S22 0.15ml/ml, AMHHYS L
0.5mi/mlE2 XcIotAS [ c2tCZ AHSO0l 80%E €0 callusE SHEHHY
otA= [ JXBHO0N HIGHH < 481 =2 e &tstsEs 2L ASHUA &

MStAEEE ol AlE4d Setr=82Z N flavonoidse A& L= 2%, Jis
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22 B AEH AN e HAHIIEH2Z EHZEHCHElInain-Wojtaszek et al.
2002; Goh et al. 2003). Callus SEHIZ2 B wEII0 2 ™ L&
A AEY A StLZ2 HESH OHMBHXINA  BHZSH  callusOl  HIdH
SEULSt callus FEZ20HAM & &gE0l =H U2 2oz AMZECh

QUBIMOZ flavonoids= 20Ol 2ol MAH0l FXECID 205D JASH(EBEL

=

and HAHLBROCK. 1977; Heller et al. 1979; Kim et al. 1998), Lee S(1993)2
Ginkgo biloba MIZHI2Z0I Al flavonol glycosides MEtHdsS T At 21 &
2200 HIoh & X0l =IO 1081 =H UEIEE2 2060 2 ASEAMdE

MFEEFC SE) 28

2

IS & X220 ek & &S0
LIEFSCHFig. 19). & X242 &Z= 0.15ml/ml, & XS Z=2 0.5ml/mlIE
XMclotHS M HClZ AHS0l 80%E €O & X401 2 X0 dloH < 46K
=4 LEFSICH 8, & XA0A SEHHE 2 & AN SEHi e
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Figure 17. Inhibition of hydrogen donor activity measured by DPPH method.
Callus was grown in MS medium supplemented with growth regulators (7N:

10uM NAA/0.5uM BA, 7NK: 10uM NAA/0.5uM kinetin, 3N: 10uM NAA).
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Figure 18. Effect of culture method on H-donating activity. (suspension):

Callus was grown in MS medium supplemented with 10uM NAA. (solid): Callus

were grown on MS medium supplemented with 10uM NAA.
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Figure 19. Effect of light condition on H-donating activity. Growth regulator

concentration was 10uM NAA.
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S LI (Ginkgo biloba L.) & 0188 ZXUHILMA callus RS0l SuFQl
MEXEN XAz & IH0A 10uM NAAZE 5uM BA, 0.5uM kinetinS
ZetHMelAl callus RE801 90%= I =M UESSH, & X249 B2
10uM NAA/0.5uM BAOIA 85%2 JtE = LUERCO. |S&E& calluss &
2249 F=2 10, 100uM NAA ©=Xel+te Oolol 0.5, 5uM BA, kinetin
TEtMel oA XSHe2 SATUCH & 2219 B2 10uM NAA S=XHel,
10, 100uM NAASZt 0.5uM BA, kinetin Z=&txel, 100uM NAA/5uM BA, 10uM
NAA/5uUM  kinetin  Me2lZ2UHAM XBHE2SZ  callusIt SXEJACH  Calluse

ANEHol SXJF Jtsgt ZH0AM SEHES AlE

o
v
(]
1
7
ry
lo
N
0

10uM NAA/0.5uM BA, 10uM NAA/0.5uM kinetin & Ml 20M S EHHO0I
IISatA20, & X249 B2 10uM NAA HMel70Ad SEHI20l JHsSatAL
Cet, 524 calluse RE0l=E DHMBHLLECH HHBHL0l FelotALH Sol, &
Ao B MAIEMIb HMAHE JIE MSUMUOHXIO callus =& = 103
Ol&) AU =0 % callusdt SXEH SFEX0 28t 24 callus &<
Hsd2 AMAGIRLCH HPLCE &8t flavonol glycosidesE &4st 213 10uM
NAADH HMel=l X2H0lAM SEtid=l =2 callusOlA quercetin dehydrate2t
keamperolOl 2f2f 0.556, 0.157pg/20ul HEEUACH. 2 ===0 il
S22 H2st 2201 HU HESZHO =440 IJisg Ae=

JICHEIO, keamperol2l Z<2 JIES 2100 diol 781 =2 &0l BSSIRULCH
H

DPPH assay0ll 2t & &tetsit SZUHAM= DMBHSE0H SEHI 2= callus2
FES0UAM & ASESDOF =0 UER20H, 28 Z2400 dioh & Z20AM &
ASES IO = LIERSCH Sol, & Z20A 10uM NAAJE XMe2l=l MSHHXIofl
SEHH St callus =& 0.026ml/ml X2lAl ascorbic acid 0.01ml/milt 22
SIS LIEtRICH. Ol= ascorbic acidlt = & &tstE9] 50%001 oHEot,
S0l callusit 2 AE0HAN ZESEE AMECHA H2 & &tet2ed S22
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