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Abstract

The callus, habituated and anthocyanin—biosynthesis, derived from the purple

sweetpotato(/pomoea batatas L.) was studied to select the ce// /ine containing

antioxidant activity and to test the safety. Callus induction was initiated from

explants derived leaf and root storage. Using leaf, optimal combination of the

growth regulators for callus formation was 1 uM 2,4-D and 5 uM BA with a

Murashige and Skoog (MS) basal medium containing under light condition after 4

weeks of culture. The optimal concentration for callus formation derived storage

root explants was the best in 10 uM 2,4-D and 0.5 ~ 5 yM BA combination.

Purple mottled callus was induced on MS medium supplemented with 1 uM 2,4-D.

Anthocyanin—biosynthesis habituated callus was isolated from this callus which

highly accumulated anthocyanin pigment. 5 uM Jasmonic acid increased the

anthocyanin accumulation about 1.8 times higher than the control. 20 uM ABA

increased the growth about 2.5 times than the control. Extracts of anthocyanin—



biosynthesis habituated callus showed antioxidant and antimicrobial activity

against Staphylococcus aureus. For single—dose toxicity and repeated toxicity test,

no dead animals, clinical signs and abnormal necropsy findings were observed

and also no significant difference in body weights was found. Therefore, the

anthocyanin—biosynthesis habituated callus considered not to have the acute

toxicity. The results of these researches will contribute to pigment source of

cosmetics and food industry.
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MFGHH 70% ethanoldll 12, 2% A SHY 522 HHAR & EZFEZ2 33 Al
Zold 100 mlel MSBM [MS (Murashige and Skoog 1962) basal medium

supplemented with 3% sucrose, 0.1% myo—inositol, pH5.8, 0.3% phytagel, 1S

-

JIZZ]01 Ot BH™E(1,000 mDOIA S MSAIH AE0HRAUCH BHEEA2 2

1+ &0l 26/207C, 16/8 hr(5000 ~ 7000 lux cool-white)2 S XIGHRAL O, 4==0tCH Al

HotR2 O Ol EEHSFUHA 3 ~58M 3 ~5cm JIES Y= Eck & A

Mz AISOIRLH d2 A2 MEHUHAM ss22 U2S =0 R0l A
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212 s2ddA g
LAHEE2 FodEot) As A=He dHF=2FH 3 ~68M, 2 ~3 cm Y|

o Y= At F=MS HMAHotd 0.5 x 0.5 cm AJI=Z &2k BHXI0 Xl&fotH

BHSHRACH. BiXl= MSBMHEHARIS JI=2HiXI236tH 0, 1, 10, 100 uM 2,4-D (2,4~

dichlorophenoxyacetic acid)2t 0, 0.5, 5, 50 uM BA (6-benzylaminopurine)S X&'

XelotCh HiAl= pH 5.82 X&ot1D phytagel2 0.3 % &JIotd D&AE A

(121 CHlM 152)0lA ZZ6tH 60 x 10 mm petri dishOll 10 mI%l 2=cHRACH 2

22| petri dish0ll 4912 2EHNE XI&otACH ZAA A& HEH0 Ter 1=, 12, 24,

261 C=2 8= BHEA U A 3000 luxel =2 2FZot0l A BH 2ot AL

AUt SEZAIZHNA MOHst G0 UBS SS20H 70 % OESH 1

x 0.1 cm ZJIZ EE = HiXN €55 XAotACH 2 ZHHHSE iX=

MSBM BHXIGI O, 1, 10, 100 uM 2,4-D%t 0, 0.5, 5, 50 uM BAE &g Xclot:d

1COUHA 1532t 0 ZHZSHH 60 x 10 mm petri dishtl 10 ml & S0t At

EotULt. A & 4012 2EENE Xlafot 48:= A AIGHRULE BHELHZ2 24A12t

26C= GHOd 2Dt ZX24(6000 lux)0lA 45 HHY =, ZHA SHES ZAGHAL
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MEMXIEH 2,4-D (2,4-dichlorophenoxyacetic acid), NAA (cc —naphthaleneacetic

acid), BA (6-benzyladenine), Kinetin, Jasmonic acide= AIJ0MHAM 26 O

gt sE2 Xcloto ME L HEAIOLL MEtHdS XTAMCHRICEH

2311, M= & JJ|

MPHC= HHZF 6 ~ 122 =0l =10t AtEotRALH AHMIA0ls S2= =2 &

ML HE HAXAZI 20 AFE0tR2H MPHCE = AHA= Hidds =clotf) S

S22 13 5x2t £=HE & AISoI™CH A DDl 2Z2Z T H(Mecasys 1210,

5t=2), glMA2Z == |(buchi RE 121, ARIA), high power homogenizer (Janke &

Kunkel D-2300 Kiel, £2)S 0I35tALt.
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0125t0 530 nmOllA StEAIOHE &tets =ZHGHRACHPark et al. 2007).

2.3.1.5 AtMMA aglycone =4
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A SFUCH W20 KFAH 2He{A 6 g= 0.1 cm x 0.1 cm X
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UCH OlEH M= AN

&9 gglycone (cyanidin

peonidin)E TSI AFZSISLCH HPLCE CI20IA 24 6HCH

Instrument — Shimadzu LC10ADVP
Detector — UV detector

Wavelenth — 520 nm

Mobile phase — H20:MeOH:CH3COOH=63:35:2(v/v/v)

Column — Capcell Pak C18 SG120(4.6mml.D.x250mm)

Flow rate — 1.0ml/min

X

M A

o

o
B[}

2.3.1.6. ettt

MSFAEY AN 2ot ZHME= free radical (ROO-,

[

F ot HPLC A==

’

RO-)& IZE&ot= 1,1-

diphenyl-2—-picrylhydrazyl (DPPH)2S 0I5t =AU CH (Cevallos—Casals and
Cisneros—Zevallos 2003; Gulcin et a/. 2005). 22t U 2Rl BHASE 2156104
dry oven (Cheil Co., Korea)llA 21X = 99.5%

MeOH EXIAIAH &2 F===

methanol0l ZollAlZH 1, 10,

Ct 2.5mM DPPH

2r2 HItot Egotl & =20lA

solution 2mIE sZ0 M2k 3sAst Al 1mli 22 &

13



ok 1 AlZt S0 &X| & FH, XA 513 nmlllAd SEEE ZAMOIH AHEHCZ
HAMO HEZLZ2= AR EX ol 222 ==Z0E AEot L2, UV blank=
HEt=2 otUCE DPPH aHsE U332 A= 0180t Zotdd 3t st
Aol Hoagts LIt

DPPH radical 2 HE4 (%)

(Acontrol = Asampie) / Acontrol x 100

Acontol - AES EIIoHA 22 UIExZ2 &%

Asample - AIEE EIIEH BtE229 §&&%
2.3.1.7. Z=200 E MPHCS gditsts

HOBHS = 4= 2l MPHCE =Jol S5=+2 A& = M 2 mm, 20| 2

mm JHE=Z HMESE = HEZAHA ISLSGIACE. =401 2  73(hexane,

chloroform, ethylacetate, ethanol, methanol, distilled

(o] 3=4
o=

o

=g 20842 &Ilotd 30T, 24AI12t S ==

[=]]

G3 qglass filter2t 04 X (Whatman No.1) &

Millipore Co)E& AFZot0d HMIGHARCHLee et al. 1999).

2+
BA

08

=

14

water)2l F=EZ0ME MPHC

homogenizerE 0OF2H5H10
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-

membrane filter (pore size ; 5 um,
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Al

g} Al

[

==
=

02
ol

5 FO4

o= ==
T = T =
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00

2510 ZR42 2HE = SN

HOAHICHBH = 4= MPHCE

0

Nz HEE 4

1g0il CHoH

ANH 2&3totAtt. MPHC &2

Al

0F

io)

Z0l 2 mm

2 mm,

otod 4

10 mi2y EOt

224
anian!

10, 20, 40, 60, 80%(v/v)2l EMHS

5,

A
Ho

wJ

H20, Ol

O

membrane filter (pore size; 5 um, Millipore Co)2 {18t £ 80

ok

_J
K

oy
ok

o)

Ol A 2Al

ol

otJl %

o2 E A

St
IS

ot A Lt.

1% tween 2001l 40 AlE22 AIS

LHALS

Aot

ib0

disk diffusion testE A&HGIU M,

B2 staphylococcus aureus (KCCM 12214)Z trypticase soy broth (TSB, pH7.2,

= 9= X 1mlE 1

Ol 22 30COA 22

27C)0IA HHEAIZLCE.

10° cellOl &

X

(8 mm Advanctec, Toyo Roshi Co., Japan)

=
=

paper disc

Ol A 24 Al

Ll

clear zone (mm) 3AJIE =

A M
—

oo

disc ="l

oF

i)

o0

-

Y

ot A L.
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Table 1. Effect of plant growth regulators on the callus formation from leaf disk

cultures of purple sweet potato after 4 weeks of culture.

Jami Borami Muan 5
0 uMM 2.4-D 0 ul BA - - 0+0
0.5 uM BA 40+5 35%5 50+5
5 uM BA 7010 93+10 Ox5
50 uM BA 8015 35%5 1545
T M 2.4-D 0 uM BA 8015 305 80+10
0.5 uM BA 9845 9045 90+15
EuMBa 9045 9545 95+10
50 uM BA T0=x5 90+10 40+5
10 uM 2.,4-D 0 oM BA 50 - 0x0
0.5 oM BA 30%5 405 Z5%5
5 uM BA 70+10 BOx5 30%5
50 uM BA 4510 - 0x5
100 ut 2.4-D 0 oM BA - - -
0.5 uM Ba - - -
5 1M BA - - -
50 uM BA - - -

(bold ; good response of callus formation, underline ; anthocyanin—biosynthesis

callus)
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3.1.2. M2 A

A D20 02 2EME 0 ~ 100 uM 2,4-D2F 0 ~ 50 uM BASE &8 Xclgt
BHXION XI&tot0d 2F, & ZA0IAM 420 HHer Z20H, & XU R AHGHH 23
NE Xlaegt 48 =2H XA =H0| AEEHULH, ZHA S50l AIREULCE
BH 4= =0 1 uM 2,4-D EIIX2A0N FCF 432 NUZLZFH AHEAIOHE A
g4 ZAHAI FHLUKXICHFigure 1B), & ZAHH0IA L 201 012! AU
Z UEAOtH detdssS =A 2 = |AUCH

24



3.1.3. UEAIOH dgfd s2dBHA 7R
AHOle Eetilel it et 559 12 XAMHHLMM SSHeZ2 M 5529 2,4-

D &= FIt 20K AEAOE degd ZHAI REEHO AEAOE 44

SE0l =t &=2,4-D s TAS 2 X012 & ZHUHAM= 1

o

UM 2,4-D EItXZA0 428 22 ZHOIM HHGHO XtaizieiA J1D(table 3

BX)E 32.7% S=otfL, =Zetol

FA

A= 05 UM 2,4-DUIA  4=72F

BT AUNAM HHLCHO KtaZEeiA BLO.5D(table 3 HE)SE 91.3% KRETOHALH,

fet 53529 JZES 1 UM 2,4-DE FHIMHXIOA 42 & X2 HBioHH

Kr228e4 A MST1D(table 3 E=X)E 27.9%E S EG6HALCH JLIDS BLO.5D= =010t

Ufe  FLAHAI =2 gtz 2%l SH2/A0NN == AMZBAHADL

SHCJA2H(Figure 1A), UZL2RH KT8 MSTID S8t 2AHXI #12

HHSOl 2F 281 SJtotd & HPAXAS0l 2dst CHEAIOE AEE M0

HIWGHH 2 MESES LHEHWALCH (Konczak ef a/. 2004). OISR 2RH MEZZE X

SEYY=S Soil MS JI=BHXINA MEXEHE It 80l Fetd&E0l Jisst

i}
i
0x

g
o

AE JUIDEEH 0.1%2 Jami habituated callus (JHC) (Figure 1C),
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Table 2. Percentage of the formation of purple and habituated calli from purple

sweetpotato.

jami leaf 1 uM 3,000

borami leaf 0.5 uM 3,000
storage

muan 5 1 uM 0
root

1)

307 0.1% JL1D
9143 0.02  BLO.5D
2749  0.02% MST1D

; Data recorded on 12th day after culture, *; JHC, *; It was anthocyanin-

biosynthesis habituated callus (MPHC) when were subcultured from dark to light,

cv, cultivar, PC; purple callus formation, HC; habituated callus formation, Abb; an

abbreviation
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Figure 1. Morphological aspect of various purple calli after 4 weeks culture from

purple sweetpotato.

(A) BLO.5D; (B) MST1D; (C) JHC; (D) MPHC. Each callus was collected as

described in the legend of Table 2.
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Figure 2. Growth curve of BLO.5D and MPHC.
One gram fresh callus was cultured on each medium containing 0.5 uM 2,4-D MS
(BLO.5D) and MS basal medium (MPHC) for 30 days under 24—h photoperiod

provided by white fluorescent light. (d; day)

33



250

3 200
I
Q
g
S 150
£
T HBLOSD
c
% 100 2 MPHC
0
L
|
c
fl 50 i
[] i

0d 6d 12d 180 24d  30d

Figure 3. Anthocyanin accumulation in BL0.5D and MPHC.
One gram fresh callus was cultured on each medium containing 0.5 uM 2,4-D MS
(BLO.5D) and MS basal medium (MPHC) for 30 days under 24-h photoperiod

provided by white fluorescent light. (d; day)
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Figure 4. Growth pattern of an anthocyanin producing habituated cell aggregates in

suspension culture.

(A) Growth curve for habituated cell aggregates (B) Anthocyanin accumulation in
habituated cell aggregates during a growth cycle. Callus was proliferated in 50 ml
Erlenmeyer flasks containing 10 ml MS hormone free medium and 0.1g callus on a
gyratory shaker (120 rom, 26°C, dark conditions). Data represent the means of four

replicates and the vertical bars are standard deviation of replicates.
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Table 3. Effect of various growth regulators on the growth and anthocyanins

biosynthesis of PHC.

el el Anthocyanins
(g/flask) (m(;c}qtggftfvg)

EleT (uUM) 12 days 30 days 12 days |30 days

regulators

con 0.282+0.116 | 1.241£0.162 189 90
2,4-D 1 [0.090+£0.152 | 0.829+0.154 50 35
BA 0.5 |0.151 £0.022 | 1.136%0.340 195 80
5 10.293 £0.034 | 1.389£0.012 200 72
50 | 0.322+0.153 [1.339 +£0.183 220 124
Kinetin 5 10.258%£0.127 |1 1.213£0.028 150 44
50 | 0.089+£0.013 | 0.068+0.003 113 30
ABA 5 10.487%£0.232 | 1.904+0.183 180 41
10 |1 0.550£0.485 | 1.549+0.170 140 25
20 | 0.633%£0.307 [ 1.562+0.031 165 60
Jasmonic acid| 5 |0.304%£0.004 | 1.328+£0.078 380 120
10 | 0.210£0.025 | 1.412+0.025 320 135
20 [ 0.303+£0.035 | 1.278+£0.154 324 125

Callus was proliferated in 50 ml Erlenmeyer flasks containing 10 ml and 0.1g callus

on a gyratory shaker (120 rom, 26°C, dark conditions). Data represent the means

of four replicates and the vertical bars are standard deviation of replicates.
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3.3.1.1. =4 =& 3¢

H=d stef=2 dH WolA Chet del 2#dS LietWe X222 2HA8A &
HEZPH gitst 228 F£ otdde 7 K 2O0HHAM AIEED UCHKang
et al. 2002). D70tS H=HSESE caffeic acid? quinic acid2l OlAHZ Z&
S EH@I chlrogogenic acid, isocholorgenic acid S0l Gt &= &0 UL, 018 &

A

o

Ak

[y

P

nfor
Mo

20l=

Py

oz HEIOEUYLH (Hayase and Kato 1984;

foh

HT
uin
=
0ol

Konczak-Islam et a/ 2003). Ol2ist XM D R0IE 2E AYst OFEAOL DER

Y
Mo

iAo M HEE2E T Hassd 228 IAME 2, JHMDR0Hev. Jam) U2,

BLO.5D® MPHC2l & His &S XZAtet Z1 X0I2 2.65 g/100fwg, BLO.5D

2.1 g/100fwg, MPHC 2.57 g/100fwg2 2 XtOI0IA JtE =H LIEHS 2L MPHCOH

SAEE £Z=02 ZALEIUCHTable 4).
HAMZBO satge A2 HEE0I polyphenolOlLE phenolic acid S0l J121&%
H Ol= phenol compound= ROS HMAH Jls S2 it st 2 2=
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Table 4. Total phenolic content of storage root and pigmented callus from purple

sweetpotato.

Phenol contents"

(g/100fwg)

BLO.5D 2.10

MPHC

1) Total phenol contents based on a standard curve generated by caffeic acid.

JSR; storage root of cv. Jami, BL0O.5D and MPHGC; refer to table 3.
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KA DA 0Hev. Jam) 22, BLO.5D? MPHC2l & SetEL01E

ol
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o

= Table 51 2L & Ec2L0/E 22 X022 28 mg/100fwg, BLO.5D

18.9 mg/100fwg, MPHC 35 mg/100fwg2 & MPHCOUHI A D& =H LIEFSHCH.

3.3.1.3. CtEAIOF:! BF &
XA DR 0Hev. Jam) 22, BLO.5D2F MPHCSl & His=, & ESEL0E 2 3

CtEAIOE &= &

tm

et Zit= Table 61t &Lt T Sc2=01E g&2 A0l
= 28 mg/100fwg, BLO.5D 18.9 mg/100fwg, MPHC 35 mg/100fwg2 2 MPHCOII A
JHE =0l LHERDH & ¢tEAIOY g2 X0l2 200 mg/100fwg, BLO.5D 80

mag/100fwg, MPHC 230 mg/100fwge 2 MPHCUH A JI& = UEISSH, & H=

o

&2 A0lz2 2.65 g/100fwg, BLO.5D 2.1 g/100fwg, MPHC 2.57 g/100fwg2 =2
AOI0IA Dt =0 LHEHRt 2L MPHCIE SAReE =&22 X AR RUCH
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Table 5. Contents of flavonoid.

Flavonoid contents”

(mg/100fwg)

JSR

BLO.5D

MPHC

1) Total flavonoid contents based on a standard curve generated by myricetin.

JSR; storage root of cv. Jami, BLO.5D and MPHGC; refer to table 3.

Table 6. Total anthocyanin contents of storage root and pigmented callus.

Anthocyanins contents”

(mg/100fwg)

BLO.5D 80

MPHC

1) Total anthocyanin continents based on a standard curve generated by

cyanidin—3—galactoside. JSR; storage root of cv. Jami, BL0O.5D and MPHC; refer to
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3.3.1.4. XIMHAH A aglycone =4

AIZOl OFEAIOIYZE  Jig==20ol otH cyaniding, pelargonidin, delphinidin,

peonidin, petunidin, malvidine S92l anthocyanidin0l MA=ICt (<4 1997). AHO|

JdZ2 MPHCS2l otEAIOtE S Blwet

I

o, 22 AL cyanidin0l 7.1 ppm/g,

peonidin0l 2.15 ppm/g0l K& AD MPHCE cyanidin0l ZE& X LU0,

10.5 ppm/gO0l, peonidin0l 1.05 ppm/gl & S2AMEIQULCH. MPHCOF XtAH D0 112

20 =2 cyanindin 8=7gs LIERLL A=2 "8e 2HUHAIEEZ2 HRE 24
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DPPH ctLIZ AHsE2 MPHCIE 76%, AtOl 12201 71%, 1clil BLO.SDIF 48%
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Table 7. DPPH radical scavenging activity of EtOH of BL0O.5D and MPHC.

Antioxidant

activity"(%)

Values are mean of triplications. YAntioxidant activity (%) expressed as 100 x

difference of absorbance between reactant of extracts and control with DPPH

solution. JSR; storage root of cv. Jami, BLO.5D and MPHC; refer to table 1.
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3.3.1.6. ==E0H0l [E MPHCSl gitsts

distilled water =004, chloroform2 AIE0tAUS BR= &S0l Hel SUULH

Ols, AALD20F X012 ==S0H0 HE Sdtsts Hlu 202 s =AM0IL

MHMHC=z XAMDA0MN HIWSHH CA 22 giatstssS UEHUWACHLee ef al

1999). Olet 22 2= 2 S0l 20t AHMDA0e =SSE00 HE gtsts

BluA20A A D20RN X012 Satets0l JHE =2 200 2= ¥X2, 0ls

Z2Ug ez AMzEU. Ol HiEXAS XZEolW UEAOH So gg=

TESCZMN Sdtetse sl Jtsg Hez AgEt. W2td MPHCE

edtstssS =010 A8t YA #Fe=2 MEXIEMN Mol HE AEAIOHH

Sl Sitets XS ZAGIRICH, 0122 gdtsls FAlls SétstEd0l
=2 FZS00IHAM eIl oHot 8l= eSS ALEotULH
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Table 8. Scavenging activity of extracts of MPHC against DPPH radical.

Extraction solvents

Hexane

Chloroform

Ethyl acetate

Ethanol

Methanol

Distilled water 10

Antioxidant activity (%) was expressed as 100 x difference of absorbance

between reactant of extracts and control with DPPH solution.
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Table 9. Antibacterial activities of ethanol extracts of MPHC.

Ethanol (%, v/v) Clear zone (cm)

0.44 = 0.01

0.55 £ 0.17
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Table 10. Mortality and clinical signs of SD male rat treated with MPHC

Dose (mg/kg B.W) Final mortality Clinical signs

2000

Values expressed as number of dead animals/total number of animals. = no

clinical signs
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Figure 5. Body weight changes in SD rats for 2 weeks after single oral administration

with MPHC powder.
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Table 11. Mortality and clinical signs in SD rats about single oral administration after

3 weeks with callus extract

Dose (mg/kg B.W) Final mortality Clinical signs

2000 0/4 -

Values are expressed as number of dead animals/total number of animals

—; no clinical signs
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Figure 6. Body weight changes in SD rats administered orally with callus for 3 weeks.
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Table 12. Hematological values in SD rats administered orally with MPHC powder for

4 weeks.

control crude extract Tx
WBC(103/cu mm) | (=)1d| 17.0 £ 4.5 171 £ 5.7
0d 19.56 £ 5.9 19.2 £ 2.3
7d 18.2 £ 9.2 13.9 £ 3.6
21d | 19.7 £ 5.1 16.4 £ 6.1
RBC(106/cu mm) | (=)1d| 7.20 £ 0.2 7.6 £ 0.5
0d 6.90 £ 0.1 7.2 +0.5
7d 7.10 £ 0.3 7.2+0.3
21d | 7.90 £ 0.4 8.1 £0.3
Hgb (g/dL) (-)1d| 15.0 £ 0.3 15.0 £ 0.6
0d 142 +£0.2 14.0 £ 0.5
7d 14.7 £ 0.2 14.3 £ 0.6
21d | 159t 0.4 15.2 £ 0.3
PLT(x 109/1) (-)1d[196.0 £ 21.0| 307.5 £ 41.4
0d [ 167.0 £ 7.3 | 179.0 + 32.1
7d |[223.3 £38.1| 211.0 £ 18.6
21d [ 230.0 £ 47.1| 236.0 + 58.2
Lymph (%) (-)1d| 37.5£13.0 [ 51.8 % 11.7
0d | 52.5 £13.5 46.0 £ 1.0
7d | 48.4+£19.6 | 57.0t+12.6
21d 42.3 £ 8.4 545 £ 13.5
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