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ABSTRACT

Anthocyanin biosynthesis in habituated callus

derived from purple sw eetpotato (lpomoea batatas 1..)

Kim, Yoon-sil
Advisor : Prof. Park, hyeon-yong Ph.D.
Department of Biology,

Graduate School of Chosun University

The tissue culture of leaf disks of purple sweet potato (lpormoea batatas 1..) was
studied to establish the optimal culture conditions for anthocyanin accumulation and
selection of the cell line producing the anthocyanin. The high amount of
anthocyanin producing cell line was selected from the suspension culture of
habituated calli, which were grown fast on the hormone free Murashige and Skoog
basal medium (MS medium). The high pigmented and habituated callus appeared in
the suspension culture after 20 weeks subculturing in the MS medium, in which
the ability of the cell line to produce a high amount of anthocyanin was
maintained. The color value of the pigments extracted from the calli cultured in the
MS medium was 1.1 mg/mlL which was close to 1.3 mg/ mL that is the value of
the pigment extracted from the storage roots of sweet potato. In a suspension
culture of the habituated calli, the highest content of anthocyanin and the maximum
rate of cell growth were obtained with addition of the 3% sucrose in the MS

medium. The most significant enhancement in anthocyanin production was obtained

_Vi_



when the jasmonic acid was added to the MS medium. The highest anthocyanin
content was 1.2 mg/mL obtained at 12 days after 5 uM jasmonic acid was added.
This represented an 3-fold increase compared with the control culture. The
maximum weight of the callus was 1.684 g measured at 30 days after 5 uM ABA
was added to the MS medium. This value was 1.5-fold of that of the control
According to HPLC analysis, peonidin as a component of anthocyanin was isolated

from the highly pigmented and habituated callus.
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ATvt (lpomoea batatas 1..)= Zoold gl 719 dufAulo] HdAxE EFAEE 1
el Hots tdAd 22A =0tk (Dodds et al 1991). 2ol FFALE AAste

agmbeE AL, ZRAbeE S 34 gl sestEe] F8d Tad
5 g oA A==l A AuiE L vk (Phuc et al. 2001). AL7whe

@9 WA =2 FdHY o @A stel #Z Ade 545 7 A& AR
2 AuEn dok. o9y FF bed 98-S v ESd S5 S TACA v A
r T3 dth (Valetudie et al. 1995). §F %

s z
e #ee SAAA] A mebd Mz GEACrIS T T AN wtvl

=

= well being Al & go}l 7|5A AFo2A F&5 wa gt}

oFE Alo}d & phenylalanine ammonia lyase (PAL)E A]2} S & phenyl propanoid %
AAE AX ATAH (Kakegawa et al. 1991) ¥+ HA MA 719 713 2 48 A
e Aioltt. ARAuFule] otEAJolU-2  cyanidin-(3, 6)- a -D-glucopyranosyl -(1,
2)-B-D-fructofuranoside <} cyanidin—(3, 6)- a -D-glucopyranosyl-(5, 1)-a-D-
xyloside® A caffeic acidy} ferulic acid’} acylation® delztxz I x Aot (Tsukui
et al. 1983). #H< AAAFl g Avase] Hdo% F7ket dao dedgMLe
bt =wow deto] HAMATE AYa e VleAd R ool &Ae wE vt
A7k Azl wet A4F AZe dHE MAa
Attt (Francis 1987).

AdEAoI S AFEE, A, A" & 7HeAFY H/MAR 857 =2 (Yoshimoto
2001) HAMARA L 7T Yol v AYddds vetdo. dA7A ez A
dades A7 B Jot ARFol Fof Al dbs), FuUzEHE Ash AEAMA 23, 9

FuwolA, A d % A% @



Martens 2001).

AGEAoI S F2 XL o3 FolA AzA AuiHel osf AF FEsto] A
kel skt (Do and Cormier 1991). o W& 7|5, &<k, Ad, WFsl, A4 =3
T BAAQN AR, TEY =2UA, =T JFH T FAR dEF Aide B o
ol 2o (Yamakawa et al. 1983) =4 A <AdEA U2 USD 2500kg71ﬂ a7}
of Aw#soe] b (Hari et al. 1994). ol&13 EAHE slZdstwa 7IWwjgor HaA
2k A7 Y8 strawberry (Mori et al. 1993), cranberry (Madhavi et al.

z
il

1995), purple sweet-potato (Konczak et al. 2000), grape berry (Hiratsuka et al.

2001), Daucus carota (Narayan et al. 2005), sour cherry (Blando et al. 2005) %<&
o] &3fo] AMA VA Ate] &S AF7F Y Fo At
ol9} o] tge HELS o]&d HAMA W LS 9 A =7 HPHIL Yo

W oagale] AS ok A B9%xA (Jarret et al. 1984: Liu et al. 1989; Min et al
1994; Chee and Cantliffe 1988a 1988b; Chee and Cantliffe 1989; Otani and Shimada
1996), o, 7], ¥7 (Liu and Cantliffe 1984), 3% = Zo} (Cantliffe et al. 1987;
Tang et al. 1993; Desamero et al. 1994) 2 93 & (Otani et al. 1987)5 2 o]&3t
ZIWeg ey ol JiEEo glol vE A& wluste] g AHolvh. 1y agtnl x
Zlufere] A4 obF vk Wkg AAMEZwrE R H9, v v QJEI}ES Holi
FAds Ay AHol oy Aoz el dtt (Prakash and Varadarajan 1992,
Newell et al. 1995).

£ obdet §4 AA AN HE ANDFvhE GEAC Fol AAF of
37% W92 AN DFohe] cell line ol §8 AEM PO ZRE FEA IS Yibe A
0% B AANE AY A0E FAUD T} 24 AR el o gHE o
RO FAZE S} Aol EAU 2F AANA FEHY AWRES A fA5

3 9t} (Anne el at 2000). 717k vjok Ao F7] Ao g2 YA ES tpA] MAdkejol =
of el &ol daL, Hjkol] AFEEHE SA413 AlolE7|d T AE AAHACE QA WA
gk Al o] A7l
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AR 4B AN DTk BEFEANEY BZAGFAA

oi

A
=]

e

< 59 A=

= AHSY] 70% ethanole] 1%, 2% sodium
hypochlodite solution®] 3&3F FAAT T 33 HdF= 33 FASAT. 712647}
100 mL #5F% 1,000 mL =719 wjF oA Fdel=z v FAIA ALEstith. A3 ol
Abg® 7]EuixlE= 3% sucrose, 0.3% phytagel, 0.1% myo-inositole] H7Fd MS
(Murashige and Skoog 1962) ®]A & Alg3at3th. 2 wix= € d pHE H8= =
Ag 5, 125TelA 15&3F ast "atstol A&t ARAES w/wo]l 26/20T

16/8 hr, 6000 lux cool-white 3z 7oA uj] %3} o}

BN

Aol A 3 ~ 6¥A "o 2 ~ 3 m A7 A&
7P ArE o FHE AASL 05 x 05 em A7IE Aoste] A FE Ao 4404
2 A4skA T, Ay F 5= WA= 1 oM 24-dichlorophenoxyacetic acid (2,4-D)7} 7}

gyt ¥ A4 55 m=27]e HEZ Yol 10 mL A &EFdko] AL
. AH2=E 26C, 3000 lux cool-white 3 FolAd 6 ~ 12 7B¥ wjdslod

o}
ety HEE HRH AGsE MS /¥ AN 4F vk Adwete 54 3
o}

2.2 584 AL 2ZNE ANALF A

2.2.1 2 A WA NN AFzdA &3



Adtyd 34 2AH=E 05 x 05 x 05 em Z7IE &2 0, 1, 10, 100 M ¢ 24-D
9} 0, 05, 5 50 «M<2 6-benzylamino-purine (BA)E =3 2|3 MS #jx]o] 479
AL 2AsAT. £E Y93 FE9 naphthalene acetic acid (NAA) ¢ BAS =
o A g MS wjA o] At Aol AR B A G TS A AT

222 Aol AFzAA ] &7
MS 7Z]Zuj]oll A 6704 o] Al wiFst dAE wigo= fFA L 01 x 0.1 x 0.1
cm 2719 34 AY2= 0, 1, 10, 100 uM 24-D¢} 0, 05, 5, 50 uM BA7}F =% A7}

B OMS 712wl 77 0.1 g A HFahe] Meise] AT kEAobd ARAH L FAHe)
ok W AE 50 mL AHZEEetsae] 10 mL A £Fete] AL HE ¥, 79 pAow

g Aol Alhul g sk

223 AguFe] §4 2 F4

aA A A FAH FHAY AY2E 02 x 02 x 02 ecm A7 2 e 7b7E 3 gH
AHAS 50 mLel MS 71EuiA7E Soi3lE 250 mL A7 EEkAe wel 26T, 120
rpm, A% & oA JE widsith 2 Y F dAHom AAHW ArE

1285 ZA 22k 15del 13 Avulds A BekAr

224 AN A2 AFTA
AFEAAN A7bEA e MS 71E6x 10 mLE 50 mL A7tEehs=o }

1 x 01 x 01 cm 2712 #Z& 01 ¢ FF39 30

ol

=
T

Me

A A SR AeaE A9 vl wel 3097 wMds B 60 Ao



st Wi AS AAT F A

oF 30TCeolAl Alge] 208 F&

Ao A FEZ5G Y. 2473 AFdH AJREE 5% TEAF F 800 rpmolA 5E T
&

ko 530 nmoll Al QFE Ao}

Ayl A F3A4 AeAZ 01 x 01 x 01 em 27|12 2, 10 mLY ®iA 7 2549
Ao 01 g A HE:d 26T, 120 rpm & Ao = gt o g

v oFul 2] o] of gkl djgk A @S 9t AFEE WA FHE= MS, Gamborg et al. (B5
1968), Linsmaier and Skoog (LS 1965), Lindemann Orchid medium (LO)9 47}XZ MS
WA= A A Axsd o™, B5 LS, LO #1#A & Duchefadl Al 9 3lo A&-3}
ATk ZH7Ee] iAol 3% sucroseE 7St ow, AFAA = HIbskA @i A

ofoml ek 1293 309 To] AAZFI SFEA Y ATA TS =AFY

At F4d AYas 2319 @8 el wel wigFseh o] Aejx G v
Ae 9FS dotR7] Adl sucrose®t glucoses AREEF OV, 747 e] w= (),

3 9
M=z A este] vjdatant. Wi F 1293 3090 AATIH SFEA T AFAHFS A

233 HEHF 9%
At 34 AY2E 01 x 01 x 01 em A7 #, AFEAA AEA G
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MS 71¥¥ A 10 mL7} ®F€ 50 mL 47 o236 Aej=s 747
(25%), 0.5 (56%), 1 (10%) g HET F 26C, 120 rpm, & ZZA oA wFstAct. g 12

Azt 309 Fol YAFYF F/He AEA b T FS 4o,

234 BAxAA 4T

1) Abscisic acid (ABA)°] a3

>

dubgl S Ae A2 01 x 01 x 01 ecm 272 #ZE 0, 5, 10, 20, 40 uM ABA
7F A7 MS 71E8%] 10 mL7F 59 50 mL Az Zgtx2=9 01 g B HFd
26C, 120 rpm, & ZH oz wjkstdct. wieF 1293 309 Fo AAFTHI otEA o}

d g WsE A6k

2) Jasmonic acid &3}
Aaryl H3A A a2 23137 T4 F8se 0, 5 10, 20 uM jasmonic acid”}

6C, 120 rpm, & Aoz wiFsrdth vk 1293 309 %9 AAFTHFHR GEA ot

24 A FHQ Az dEA T EA

23 A A2 6 g2 01 x 0.1 x 0.1 ecm®E ZFA ##, 1% (v/v) HCL MeOH

4 100 mLollAd HAAIA 4T droA 12243 WXz T AMrE FEFIUY. F5
S Whatman No. 1 o3 AZ A}83 Buchner funnel2 AF&3to] Fol ojxsle] 2k
A AR AATE ds] AAE wzbA] sd §ulE AFESEe wHE FESEA T o

o,

2 Qo FEUg HALEEFE AEdel B

0C9 water batholAl 1A17F HAZ 71gste] A



isoamylalcohols #H7tsto] ZstA &5 %, A ®A 3]
< T8 HEHT. AT d3E F& TE H oA
A7kste]l oy AHAAES AAS = AAS 33 wrEsto] At olgEA AAH
Ao 4w isoamylalcohols H7Fste]  AE 9 aglycone FES  FH
performance liquid chromato- graphy (HPLC) A& =2 A}&35} o, oju A
S sty sl FFEZ2 aglycone (cyanidin, peonidin)S T3] AFEFFA T
HPLC £4<& Instrument -Shimadzu LC10ADVP, Detector - UV detector,
Wavelenth - 520 nm, Mobile phase - HxO:MeOH:CH3COOH=63:35:2 (v/v/v), Column
- Capcell Pak C18 SGI120 (4.6mml.D.x250mm), Flow rate - 1.0ml/min 5% X7

A A ekl



#2004 6709 ol wgse] Awsddch A% A Azl Fui

Fig. 1914 mi vle} o] awdesn zAwgen 448 & e Az 44

A @A dde #4498 (%,
A Sol Agse Aoz Hu¥Hi Ed (Meins 1989), A" F9o A4

5
28] 2 (Greef and Jacobs 1979), 13+ 1% %9 cytokining A= 534 AY

°
2 frEe 7Festdth (Kintzios et al. 1996). ¥ A g@olA ALg&d AN aFutes AF
=0 24-DE H7bstel 6704 ol wigd A AF=EATE HIFEA E= MS 7

rie

Aol A w2 Acte s34 AYz2E Addsidd. AMageiE R dud
]

#7244

oy

g A s MS 7l 2w Aol A 45 kA o2 Al fs



Figure 1. External morphology of normal callus (A) and habituated calli (B, C)

from the tissue cultures of leaf disks of sweetpotato. Bars=1 cm.

(A) : Four-week-old non-embryogenic callus induced from the leaf tissue culture

on the MS medium supplemented with 1 uM 24-D and 0.5 pM BA.
(B, C) : Six-month-old habituated calli cultured on the hormone free MS medium. The

size of habituated calli (B, C) was 5 times larger than that of the normal callus (A).
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311 BAMANN BFzAA ) &3}

AdE S84 AY2S olgsto] 45 Ao m 33 MS Z|EuiAolA wjd
24-Det BAZF =& Add nAviA A 453 wiefete] AYs FAS ARG A
i+ Fig. 2014 B uwkek 2o wjef 35 ol Setoew A o] JhestA Wsket

£
A, MS 712uiAek 05 ~ 50 uM BA @5 Aol Aol JFasdon, 1
M 24-D #H7} A Aol zasdrh. 10 uM 24-D A2+ AS wYF %

Havh FA Ao, 35 olF Aol WFa ZwWstlom wike]l A&HEWUAM HA
Ak ek ol #1000 ptM 24-D A Fel M= dErET. =, 24-D9 BA9
HA7F flol Aol Jhed A A zolAR n¥E 24-D A Al AT
vpe] glojup I g o] §F =AW F FAMSA A vt Zsty 2 At

et al. 2003). 22y A} I A FH Aezeh G 2 AFeA AL Fu4 2
&

3,1 ~ 10 UM 24-D &= AFFE, 1 ~ 10 uM 24-D 05 ~ 5 uM BA =3 A
THow FA Ay JAFO AMAho] AFAHS VAo, AEHH 9

ool ate]l M4 Hzy A Aol dojupx kgktd I 24-D9 BA
ze Ag A9 TU3 FEE NAAS BAS =3 Add A3, 24-DoF BA =3 A8 ¢
FAEE A e dElW oy, F3A Ay 2 A A as PR A ok

Nozue & (1987)2 AAai+twle] I ZoA FaldE Ao T2 Ao 93 tEA

o
A

obd AR LI ARE 2AAYNA cytokinin® FEAbY AT I} A Bl P
& F4 gov IAAY NAAC wlaste] 24-DALNA B &7 FEA ok Gabepo]
b} & BEAAE 03 GEAGY ATHS PABTGL wau ey ¥ A

Joll = AF=HAZE F7tEA &S 2103, cytokinin®] H7F 23 A Ay Ao

Fratdon A4L Pt AYAE FET £ G 10 1M 24D ol A TelAE
99 Wi Wg 2ol Aexe) Aol FAHL AAEY

—
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2,4D(uM)
BA(UM)

0 1 10 100

0.5

50

Figure 2. External morphology of the habituated calli cultured in various

combination of media components of 24-D (0 ~ 100 pyM) and BA (0 ~ 50 uM)
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after 4 weeks of culture. The hormone free MS medium was the best culture of

callus growth.
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312 gl BFx=HAd a3

AFdxAAZA 24-De BAS H7HE wfjAelA A8 wjgd & 74 AR 4F
b A et Az A FEAod Ao
A2 BA @5 A FolA Aelzo Aol sty o
gklar, 1 uM 24-D AgelAe ZAejarr #2987 A FHz Weiqiv. o] Ay
= w84 AHzE o]fT unAwiA MY AREHEA &det FASEAC. 24-De
TEL molAFE Aol A 100 uM 24-D A FeAE Aduid 37 F =
F #Aredth (Table 1).

457 FF tEAoldoe] FAE AN Ay e B H A gt Konczak 5 (2000)-2
24-D H7Maj Ao Al FEAo} AFPA AEFE Ao, 24-D] EA7F StEA ol A
dA = Adlste AV At Z23= BuEa v (Ozeki and Komamine 1981). +#
AgoA A FaA Aeaes AFAA7E JA7MEA @2 wAol A A7) w2 ol

Az dAe oEstA B a3l Weko]l d Aor AgEY

_15_



Table 1. Effect of 24-D and BA on the growth rate of the

suspension culture at 26°C in the dark.

habituated calli in the

2,4D(uM)
0 1 10 100
BA(uM)
0 ++++ ++ + + -
0.5 +++ ++++ + -
5 ++ +++ + -
50 ++ +++ + -

calli growth rate :

’

none;, +, rare; ++, moderate; +++, good; ++++, excellent.

_16_



2
o] 867 Alzstdlon ALAA AdMSS Tl A, T4 FASAH

Adiae 20358 tEAordS AFAFS 159 Aoz 303744 FASAH
(Fig. 3). tEAold A S 203 Al Aol 0119 mg/ mL, 283 0.313
mg/mLE F7]4 oz WItstARt v AstA ALste] FrbekAv. s AEste] A
el F 403 A3 Fole FgomE AFe] rbed FIE AN xuUs U s394
AY2sS 4o (Fig. 4 C, D).

o AYelM AT S84 Ay zdM o dEAord AFAAFS Fig. 3 oA He=

_17_



0.5

\
)

anthocyanin contents (mg/mL

0.0
20 21 22 23 24 25 26 28 29 30

subculture number

Figure 3. Changes in anthocyanin content during the suspension culture of purple
habituated sweet—potato calli. The calli were subcultured in the hormone free MS liquid
medium at intervals of 7 days. Vertical bars represent standard deviation of four

replications. Anthocyanin content was gradually enhanced.
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Figure 4. Color tones of anthocyanin accumulated in the storage roots of purple
sweetpotato c¢v. Jami (A), cv. Borami (B), and purple habituated calli (C, D) in the

suspension cultures. The color tones of A and B were very similar to those of C and

D.
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314 AM A xe A A
39 7tA 02 AAFTHS AT A= Fig. bollA Hevkeh o] AFA Ao
2 yUevesd HF A AA WS e

lag phase (&ZH|7NE A ¥, A4 o]

= (0.1 g)o] 129 (AT 0244 g)7hA A2
7 Wl 21dele AAFHl 0556 g, 30 L=

1.704 go] o] A& AF 178] o]Ae] = rapid growth phase (B37])E A A A
Zo] Hul F7F (33d A F=Fo] 1.897 g)g F, o] F+ stationary phase (¢4 7])E E
Wz sl

oA A AN agtet fE) S84 At 12458 3097hA &g
S Role A ofxdgrizd A fdld 84 AYx AF A A3 B
(Grevet AL et al. 20000014 20 ~ 304l 714 &dd A4S st= AA FAFSEA

FHAAA =7 dRkHl Ayant wmE AYES Holw Ao e Poder &
(1998) At g g-iFo] Wol A4 ol m=vi FHav 2 APolA g 24l
soAd Aezas vl 30¥ F A4Ad 2719 o 16~17H) BAAHES B AEFE AN
t}.
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2.5
% 20 |
o
2 15
=
[®)]
3 1.0 f
=
@
g 05 |
=

0.0

0 3 6 9 12 15 18 21 24 27 30 33
Growth period (day)

Figure 5. Growth curve of fresh weights of the calli during the suspension
cultures of the purple habituated cell-line in the hormone free MS medium. Bars
represent a standard deviation of four replications. The cell growth shows a typical
curve with the induction period at 12 days and the exponential phase between at
12 and 30 days after inoculation. Maximal fresh weight was observed on the 33th

day.
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Figure 6. Changes of pigment accumulation in the purple habituated cell-line of purple
sweet-potato, maintained in the hormone free MS medium. Bars represent a standard
deviation of four replications. The highest anthocyanin content was observed on the 6th

day.
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Figure 8A. Effect of various concentrations of sucrose and glucose on anthocyanin
content and growth rate in the cell suspension culture of the purple habituated cell-line
at 12 days after inoculation. Bars represent a standard deviation of four replications.
The highest amthocyanin content and the maximum cell growth were obtained with

addition of the 3% sucrose.
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a standard deviation of four replications.
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Figure 10. Effect of various concentrations of ABA on the anthocyanin accumulation
and growth rate in the suspension culture of the purple habituated cell-line. Bars
represent a standard deviation of four replications. The maximum cell growth was

obtained with addition of 5 uM ABA.
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Figure 11. Effect of different concentrations of jasmonic acid on anthocyanin content
and growth rate in the suspension culture of the purple habituated calli. Bars represent

a standard deviation of four replications. Anthocyanin content was the highest at 5 uM
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