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Mass Production and Identification of
Anthocyanin in Cell Cultures of Euphorbia splendens Bojer
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To assess the feasibility of anthocyanin production in cell cultures of Euphorbia splendens Bojer, the role of sucrose in
pigment production was investigated and pilot scale cultures were attempted to establish mass production system. And
also, several instrumental analyses were conducted to identify the pigment extracted from cultured cells. Anthocyanin
production was promoted prominently with concentrations of sucrose ranging from 3% to 9% while cell growth was
maximized at 3% of sucrose. This suggested that high osmolarity of sucrose enhance pigment production. When cells
were cultured in two types of bioreactor, better cell growth was achieved with draft-type air lift bioreactor than impeller
type bioreactor and the pigment productivity was reached to 2.2 mg/L/day. The major pigment extracted from cultured

cells was characterized as cyanidin-3-glucoside.
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et al, 1985), Daucus carota (Kinnersley and Dougall, 1930 :
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Compositae (Cojin et al, 1981), Poplus (Ball et al, 1972) &
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Curtis 1983; Taya et al, 1992). 2=y} A1 X2} Zul(Kuchi,
1980)9) A5t 2 Fasel NS Asgsus 7193



78 Korean J. Plant Tissue Culture

of &S Ax sy ol AEFAEY At uAEA
ol vz 2 Z7|7F 10-100w) A= =2X, FAbof ulel 4]
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WZRAZEE m| o] 4= A|7E o|uje]] o] Fef o uba] 4
EAEE 4 do] AFFoof sl 2 A7N7 vkl 9
g o9 9 AAHY FA F& ¢ UH(Scragg
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Ay 3= Z7)9(Euphorbia splendens Bojor)?] &%
AoA gt FAZ o 3000 ux& dE52F3hdA 02
mg/L 24-D¢} 01 mg/L 2iPE 343 #3 MSujA|oA] &
gl kel AEE AHE3IeHSeon et al, 190a). w2
Wb 2 gH-g vk 5 ml(eF 05 g) sucrose FES
gt wz] 15 mle] Fetde] wiokadn. E3), wigdy
7t 7 stgtoll uhet wiAW F3€ sucrose?] W3}t g AHEG
FgFe 2437 93] Carbopac PAl AL o] &3l
HPLCH-A (Dionex IC, analogue range: 10 £ C, flow rate: 0.
7 ml/min)& 33k
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20 mlE &7 & WA o] 1,400 ml7} A3 FL, w)A| 9
aeE &7} M EL AR vlAE JFS HES ] Y8
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ok 3719 F9FE 05 wmo R Q2 A £ A
HollA g2 722 3%t 318 impeller?] 3]HA] Ay

Air lift bioreator (Draft type)

YN

Impeller bioreactor

F= o tempered water

S e— ghe

eizaal P
heater 1 ar

Figure 1. Schematic representation of bioreactor.
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525 impellerd AASI 15°2 AAAA 239 2749
GHGXLE em)E AA 31 o, Hh-&ZE W59 baffled
ASe] AZY AMARLE BAZA S WAE M
A9 CaCk ¥%E /42 Y& 110 mg/LE &A7bsle] AF
€ YAZA 9o sucrose F= A %A 3%2 W
Fo| Agohatel] o8t Axe &4 o RS WAt
A} 7| FAy APYEukLr)(25 L, LH Fermentation Co.
500 series, United Kingdom)¥ {23 f2jujekr|(812x52
cm)2] W Hel draft tube( 237X37 ecm)7} S0l draft
tube?] 7|%oll 7| EYAYRX (air sparger) S Au|§ Ao
| ZAARA NN HAHE 7| Eo] sl wigr)e] 7)1}
draft tuberle] & Wiz 3 AT} A2 SHHEF H
ek 2 wjkriel FHe] oF 3000 luxe] ZE=R woFe
H7\Zbel AA ZAEES gk g w2 1800 mlE
HHg7)9 M2 4Fe o AR wgr|d Y&
F el E 400 mE AFalgon 53] Axe A
4L st e MAAAKE ZAEIGE Aa §
Fo] AL kA EE YA F9 10 ml¢) 1% HCI-MeOH
2 JAFEsY A LRAEAZM FREFE A3
i cyanidin-3-glucoside®] -z} 44529} H-A}F-AA 4 447
x 104(Hirasuna et al, 1991)& A}43}ed Fuleki®} Francis
(1968) 8] AjAL upAlel| ola] Magdaps AAbslech

stasel £

W% 3459 Aelx B 2357 AA R AL
44902 1% HCL-MeOH 9102 4C2) ya4elol A
B ol £ F Aaisich 2299 BAE sle
9 1N 9a49¢ B3pA Hao2 A4 A7 ol



384eR] (Diaion SK-IB), =X methanol® x| A7 o}
A FF4A (Amberite, XAD-7)oll F&X|7] ¥ 1% HCl-
MeOH g2z £Aq F3d Y4E $&8%e 45
B 4°C o8l 72 elT AXE ALE 01% HCL
MOH §9402 gafale} Axe 22 ¥ $4¢ A2z
LA S g olehe MEE FRAEAM AHAHRA] g
EEES AAH] $st $AAHYE Matsumoto §
(1970) o] Ah-g-3t A2AA o3 AL Eslgich
2235 29 BAW, AHW, Forestal, PW, BH 2 HW
(Lim et al, 1988) A7) 4uj& AHE-3le] 12922 20m)] A
%9 silicagel plate(Silicagel 60F254, Merck, 20X20 cm, 0.1
mm)of] Aoz AAste] 12-14 A7E T°C o HANA
B33 Ageh AAE A4 2L Ased 22
cellulose plate(DC-Fertigplatten PEI-Cellulose F, Merck, 20
x20 am, 01 mm) 4ol AHA713 AHW $}2 7Ce| A
LA A 13417 g2t AR AlFeh ARE plated 93 o}
T 60% zAEYoZ AN7HEG AL AA Bt
EA ¢t FYALE FHeo AR aglyconed] ¥ 9
AL Akuta F(1976)0] A3 WS oh WY sl
AHE-3l9d o). Silicagel plate Atel| A E2]3 249 E 5 ml
ATE E&sl3 2 N HClL 10 mlE 7}ete] 35374717}
A" SEAM 247 St Mol 94 MR &g
ot ES B4 F 2Y2YUE &4 Y kso-
amylalcohol-S A 7}8te] Aeldt o} iso-amylaleohol 23}
TETE FY39 e Amylalcohol 302 A4 i
-80°Ce] =A-&Y¥%7](Reveo ILT 1790-A-N-M)ol|A] Jz+
AlA 50°C, 100 pgHge] a2z YEAZ(ISE FD 5510,
freeze dryer, dAlN=]1{e1F)ol] 2|3 amylalcohol & A7
3l A3Y MAE 01% HC-MeOH §dog 23 319
% 43942 cellulose plates] g 7} anthocyanindin®} co-
chromatographydle] o] E3}2] RfXE wv|Zga}t ofLa
HPLC(Hitachi L-5000 controller, L-6000 pump, L-4200 UV-
vis detecter)el] 2]3| aglycone £33}l ch(Table 1).

Table 1. HPLC conditions for anthocyanidin identification.
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QIR HA G5 eyl AF B 5
ZASEL 5% AHLTEEN(5% ACh. 6H20/MeOH) &
2-3 W& A3l A9 o] FdF -5 XA s = W)
A2 E7E #aly] s WAHE cellulose plates]
spottinggt ¥ 05% citric acid®. 4417 9} tAtel 2 A7)
3le] spot®] Ab5E UV Zale] o3 Fapral S 2A}ehy
o Aglyconeel] ZAgE 2§ FHs7] st SeEs
HellA 4 #3555 3 N NaOHZ 3} A7) F 4%
3t 5ol pyridines 4% slele] FE LalFie
o, Az} 2tEEste] pyridined HLA A $HAL E
24 g3t & GFC «3(@1 pm, Whatmann)s}e] |
L4 EAE AAST 05% FFFN(glucose, fructose,
rhamnose, maltose, lactose, mannose, xylose) %} ¥7 silicagel
plates] H&3le] PW 2 BAW $uj2A 56 A|7F Al
A A5 ANAZAS. A8 plated 37T Patridge’s
reagent(0.93 g aniline®} 166 go] phtalic acidE $E 34|37
n-butanolel] £3])5 H3-3}ed 105-110°C dry ovenol]A] 1032
ZF ZFEAA F REDS RIAE v zZeledc) ofe} &
A opn| At AF RNV ZA o] $HS Pl 4
uhd-2 AZ3)ARQ Hitachi Abe] FE¥Aupi% zH9 A 84
#hgel F3H5ih (Table 2).

Table 2. Analytical conditions for sugar analysis using amino acid

analyzer,

Factor Analytical condition

Factor Analysis condition

Column #Bondapak C18 (Waters, 4mm ID x30 cm)
Solvent MeOH : CH3COOH : Hz0 (19 :10 : 71)
Detection 530 nm

Flow rate 1.0 ml/min

TLCel| ¢Js] #2]3} aglyconed 01% HCl-MeOH £ 2.
2 £33y A9A FRReAZA ALY 2 ARG B

Slovent System Time gradient(100 min.)

Column Hitachi gel No. 3014-N, 55°C
Reaction temp. 110°C

Flow rate 05 ml/min.

Detection UV 276 nm

REFAALE ol YF Y Vaccinium myrtillus 1.)¢] 3}
AelA F23 iz 1 24 o AaRejabye] A
gl2.m(Nakayama and Kusano, 190) Al 951 Q& AlE
(Bilberry dry hydroalcoholic extract, Indena Co.) 2.3 2]
delphinidin, cyanidin @ malvidin®] 35¢] AAE 2o
AH8-3}91 e}, Pelargoniding A|#= 31 Ql: EFE(Sigma
Co.)$& 01% HCI-MeOH £9ol o] Ab&3le]ct

)
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Seon 5(19%0a)2 MAe] AJAbel] 7% sucroser} 7 Ag
S gy 2 AYdAE og 2 AE vepd
ek ey A 22N FALFFLE T%A 1R
oo} M ERAG AAFFE sucrose 57} 9%74
A F74el wel A= v, AEAYSE 3% FE
A HAYAE Vehlo] Aigss) PtEE AHE o
e SIcH(Fig. 2). 39, wjokde] Aol wet WAy 2
XS g8 A3(Fig 3), wiF 19 FH-H sucrose: gluco-
sed} fructose® HaF 7] Al2bsll wjoFr)zbe] 7 gt
ute} glicoser} ZHasle] A2 A fo o] 48& & 4 4l
At B3] ATt AAAA 7 Zat AAHAME A2
Lol o] A 2 ARG o] WA EATE
44 AEY o]HT AL wtAo] HEY At o
45+ g9, 443Ao] Y23 PAL(phenylalanin amm-
onialyase) 8] #83-& Z7}4}7]32(Matsumoto et al, 1970), =
iAo AFEQro g Ldle] I A o] PR A}
HA o] wE ZPsle] MY YAE fFEile Ao
A Z+E o} Yamada et al, 1983).
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Figure 2. Changes of cell growth and pigment content according to
sucrose concentration. Cells were cultured on modified MS medium
containing 1:3 molar ratio of NH4NO3/KNO3 and 006 M of total

nitrogen source.
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Figure 3. Profile of the sugar consumption and cell growth during

culture period in modified MS medium containing 7% sucrose.

Concentrations of sugars in cultured medium were analyzed by

CarbopacPAl column using Dionex IC.

Yo v} AE7L SHHE G NEAE A5t A
§3lgon | Aate] ghol U3 ML £ghe] Yot
A FEE 47 UL ol AR AN WE
He g3fet ey whiddel o8 415 = (Scragg
and Fowler, 1985) 2 413 9] #-$, sucrose 27} 7%EA]
duboR AMSEE 2-3%e wld 24 o]4e] TFEdE
B o o]ggt dAie] frEE A2 AZHSIh 100 rpm
Ae]TFelMe Y A ZE ME7L &43E el 3
Haed, £ A 3t 100 pmo] A 22 2ol
A5k A E A EY 27|71 nj Bl vlE 23 A x| &
dale] A A XY Aol dolue Roez Helg
{Wagner and Vogelmann, 1977; Wilson 1978). 813 wj¥”| 7t
k9] pHe wW3lE zARgE vH (AR ©]$4F), 100 rpm A
2ol A wicko] Aol wie} pHIF 68744 A5dld:
o, ol il o) ME7} HIHIT o]2 qld HEY
E4o] WA 2 §FF o] pH/} 453 Z oz dgdd o
A WAt xo} wiokzAE HAse A AR
(Fig. 4), 7 Aol wla] A F3s Axe] o] A
Heietk wioFr1ztel Al ne} pHE g4 A53d L
U oulEA A eE M &Afe] A dojds U4
Asich g\ AR A "A 3 Fasged WAz
o WA Edag 729 A7t ol9 HAd AFAHQ
Rez A= 28y, o] wigzA 53
impeller?] FZ& W73 E2AM v F 38 AXo AEA
< vebfdoyt MagAae] F891e2 248 sucrose?]
FEE SH okt Ao bkl Abge] E FAIH
< A Ed A" 97|l M sucroses EE 3 Al
29| QA vAE GFE AEFS o7} o) wbd VE
B AEuEE7|e A B wkxzle) WAl %k
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Figure 4.Time cource of cell growth at different agitation speeds (A)
and modified culture condition (B). Two blades were used instead
of six blades impeller and concentration of sucrose was reduced from
7% to 3% in modified culture condition.
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Figure 5. Cell growth and pigment content of E. splendens cells
cultured in 25 L draft type-air hft bioreactor (light intensity, 3000

lux: air flow rate, 0.5 vvm).

23 ASAE Jehged AEY A& wjeFriztel A
#gol wep FrhE] wigdrie Ao f3E Jehidd
o A4 gk ik 9Yte] oo 23 F dA
229 el gdoHFig 5). 2719 $dgo] Bg4E(1
vm °|4) W} X F3te] UF Fale A X9
4 9 AFY Aol e, & AP 3

Anthocyanin Production in Cell Cultures 81

8 05 vwm AES A Aog Rl

g8 WA AT 2SS A X 45 AL
o) YAHAAEZ 2 (Table 3), F MEQAEE D g/L A
237 20 ¢/L HF T wla] 2ee] AAEE JepiZ
A2 FAYAFLE 20 g/l JETFoIA FEste] Ankd 2
32 vehisich

Table 3. Effects of inoculum size on cell growth and pigment
content of E. splendens cells cultured in 25 L air lift bioreactor.

Inoculum size
20 g/L 3 g/L
Culture days 15 7
Total cell yield (g) 200 460
Total pigment content (mg) 3 08
Cell growth (g/L) 100 230
Pigment productivity(mg/L/day) L1 2.2

Aol 288 P D gL AFFINE 159 48
g0} 0 g/L AEFAE 7970 A TP
S ehie] Walze) 122 BaEE E3E ehidl
oh 1d ALY 3$ 0 gL AET7 0 gL AT
o W) 209) AHES EhRRlEd ol W) =
33} AZF F7k 9% AR S rlskg.
aE WA AZDEA A ESe) wet 3o 2
A7k FUSA ol FAXAR BT A Sl B2
o 449 F ANFE Faddch AFUEE TAH F
S2A WPIRS AT FHAAT Ade AAYE 4
A7VE WelH % A AFE FE AET A 9 ¥
£9 AL ERae o 2A o) AES} FaAA o}
T Aotk o4 F 5 ATHSNE oS3t o)
o FPeAE AEN £ A3t AP A+ ABAL FF
of weh WiA|S) Wk&E, AT 3 impellrs] Fehel o}
o AZe Agel 2 F9HzE AXY £4¢ YA
= WolA 7129 43U BeAelge 22t
NLPAYS AS e Lo} Fobdlel vkt w2 &
gl Q¥R Fhn A RN AT FeAA
A% 84 (bunch growth)o] 5= F) FAS 24
st o9 AHe] TAHelHol § Aoz Auet

ARe F29E FolLEASA D I FASA
Heletel BAR Abd & TLOR=e] 23} Rl 0418) 74
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Table 4. Rf values and color characteristics of anthocyanidins.

Pigment BAW AHW Color
Callus pigment 041 056 Pink
Cyanidin 041 056 Pink
Delphinidin 017 045 Blue
Malvidin 050 063 Red
AZ o7 o] 2 N HCIE 100°Cel| A 247+ 5ot 944 7}
838 A7 ¥ cellulose plate Aol A] BAW % AHW-4-=} &

AHg-3le] @ 714 anthocyanidin} co-chromatography3t 72
F}H(Table 4), AejArs He] YA FA 4 aglyconed] Rf
A9} Aol cyanidin?t U] 3HA Tt

HaralA 2 agyconed HPLCH] oIl %42 A
3}, Figure 63 Zo] EFFY cyaniding} U3t £7|3
WM £ FAAE cyaniding aglyconel 231 9l &E
4 £ AT F ALE JeEE AR ki §o
spectrum A} & ZA}3le{(Table 5), o Feupa (4
max)9) o|F 52 o] AFHANE A ) AVFE
8 % oF 10 nm A x9) A o] FE AFY & SldE
Harbome(1958)o] $|&hwl, cyaniding] 74 39 $l3]e] thol
AT o 1012 nm A58 el o|E5, 50 Ao
Fo] A 7 mmAE o] T3 sgied A A
49} cyanidin EFFo] HezHa (540, 541 nm) P Ao
5Z (10 nm)o] dAsl= H2R Ho} AL Nir
cyaniding- aglycone®.23}3 3 $x|o] Fo] AgHe] gl
ALz FAHAH

Table 5. Shift of maximum wavelength in the visible region after
acid hydrolysis.

Pigment Amax before Amax as aglycon  Shift of wavelength
hydrolysis(nm) (nm) (nm)
Callus pigment 530 540 10
Delphnidin A0 M8 8
Cyanidin 531 M1 10
Malvidin 536 M3 7

delphimdin
—=-.  cyanidin

s
el
g
)
=
&

. maltose
lactose

L.,
(S

Figure 6. HPLC profiles of aglycone (A) and sugar moiety (B) of
anthocyanin from cultured cells of E. splendens.

=3} 05% citric acidZ A7) ¥ UVR-S Al 9237
E 3FE UEA g o3 i FES dahed £ A4
£ AN Ash shiel ot WA A5 UV
AUV 245, 356 nm)ol| A 39 wAo] glof B
Fol Aoz wAsYHYoon et al, 1978 Ahn et al,
1989). 7hpisl FHA A aglycone F-915 A >
$21Z 2593 4 TLC AMsled 39 FHE 24}
3k u}, Table 63} 7to] PW 3 BAW 4-wjjojjAj 2] Rfxj7} 7
9 72 YA Aex FHA7F SEF22 A aglyconed]
Ad Jo] glucosedl & Felatt o] oh= HEE ofp|x
A AFEAIE AMedt B2F9F 34 FEAS YT
v, F A4z 3 JlpPaE 32 glucose2 HF
(Fig. 7). W] $7199] 982422 ¥ $E9 2
A7 sl AN AE cyaniding aglyconel 23t &
2319 glucose7} 3 $) Ao AFE cyanidin-3-glucosides]
Aoz FAFHAL

Figure 7. Cultivation of E. splendens cells in 25 L air lift (draft
type) bioreactor.



Table 6. Thin layer chromatographic investigation of sugar moiety
of anthocyanidin from cultured cells of E. splendens.

Rf value
Sugar Color2
PW BAW

Callus sugar 023 0.26 brown

Glucose 023 0.26 brown
Rhamnose 042 049 dark brown
Mannose 027 0.34 yellowish brown
Maltose 0.19 014 yellow

Xylose 032 0.36 brown

aColors were investigated after treatment with Patridge’s reagent.

H 8

719 gehuokel] g FAAY Al niXe gl
o 98g FYalT o] 5 WS AEHEIE o83
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& aisich MEY WAL 3% sucrose FEANA FI3A
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% sucrosel: iAo AFFQEAE AH8ste] Ao YA S
2289}t A Euk-s7) Wik A, 7120y AEGS
717 AEe] 448 WA st A4S el A
a9 HESEE /ML EN & A4 S F
astg ot wokr|zte] 128 d&Egon Ao 1d A
A E 2719 e B35 el 71284y A0S
715 o] &3 AaAAtEE 22 mg/L/days WEbfH &
#H, WMz JA" Fd FALE cyanidin-3-
glucoside ® 7] = 9] o}
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