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ABSTRACT : The effect of phytohormones, light and phosphate on in vitro production of
ubiquinone 10 from the suspension cultures of Nicotiana tabacum cv. Xanthi callus was
investigated. The inoculum size and cultured time in the suspension culture had to be at least
over 2% of medium volume at 15 days for the excellent growth of Xanthi callus. The growth of
Xanthi callus in the suspension culture was improved by addition of NAA and 2,4-D, especially
NAA 1.0mg/l alone, at the light condition. The optimal concentration of phytohormone was 0.1
mgfl 24-D and 1.0 mg/l NAA for productivity of ubiquinone 10 in the suspenseion of Xanthi
callus. Addition of 3mM KH,PO; to the medium was more effective in promoting ubiquinone-10
formation than other concentration in the light condition. Content and production of ubiquinone-10
in the suspension cultures of Xanthi callus were the highest at the MS media containing 0.5mg/L
kinetin, 0.5mg/L. 2,4-D, 1.0mg/l NAA, 3mM phosphate and 2% inoculum in the light.
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1994; Jung 5, 1994; Granicher &, 1995). Ubiqu-
inone-10 AlA ol 3tEx AT ALEE B
ZW7 7L Wl EE 2ohe] 3HE Z A (Diplock
S, 1967; Tkeda 5, 1980), 2 SEAZA o
Tt wkol slo) gkew, Cucumis melo, Cucumis
sativus, Allium parrum, Capsicum annuum}t
Brassica oleracea, Nicotiana tabacums-2] A
FollA AEEE 23 »b JcHThrelfal ot
Whistance, 1970). zz]v} A83% ook Euic)
3432 9 ubiquinone-102) ¥R wi$- X}
ol7} Agem B3] HEIEZEY FHY T,
agja wfzZAC] wel Xelrb A& AlAs
slchikeda 5, 1976; Tkeda &, 1978). QdZollA &=
BY2 #Zoll4 ubiquinone-100] HEF = AR
HaE9li(keda 5, 1981), =& Xanthi F5&
zZZweF slo] §715 callusollAl  ubiquinone©]
GAET A aAMEE FMA FUslgle
v zZHE AEFT 2R o34 ubiquinone-102]
gd3E ZVHE ¢ de WHE Basgich
(Yang 5, 1994). e} disgheks AsliAe 32
Aokl Hxufokel] ol eiwlofo}
Ho]l=Z, Xanthi callus§ o]&ste] ehujokz
7AE gyt axmlodA et #HHe] A
2L gl ubiquinone-102] Atz A-g detuljokall
E BYstAl AgeeA AEQleta, =g
KH:PO,8] dakg 2Asiglnd of, o An
of] ¥irste wholtt,
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AMEIZNR : Nicotiana tabacum cv. Xanthi®] <
24-D 0.5mg/I7} FH-= MS ARl &
sto] ARG callusE AL en, wd=z=A
25°C kAol Al <FaH(3 u moles/m%/s), 16417
Az st

e rlo koo

72 Y HEE0| WE callus MEEF I ubiqui-
none-102]  A§At Hebujokoll 93t Nicotiana
tabacum cv. Xanthi calluse! A§#-=F2} ubiquinone
109] s =Absly] fJsiA 100ml AHHEERs
Fof| 40mle] MS7)EulZE Y1 121 T4 158

B Foll Agsdck. HAH JEHE =24
317) 99HA Xanthi callusE wjokelie] 1, 2, 3%
2 33 5 10, 15, 2097 2482 shakeroll 4]
Al71H 2 wlekstodrl, Ubiquinone-108] 34
2 wiek®l Xanthi callusE propanol® hexaneE 3
o 52 EgH &ulol] FE3le] FH ANEE
t}A]  dioxanell o o] &gov, FHLE 4
-Bondapak C-18Z%-& o] &3 HPLCE AMEs
G i(Yang 5, 1994), AL Xanthi callus®]
zbekoll k] AAE % ubiquinone-109] ¥3-E
Foto] flaskd PAHe 4 Q1= ubiquinone-102]
TS Al

>

Callus®Z 2 ubiquinone-10 Al OjXI= 2,4-D
Y NAAQ[ A3k : Hetuliokol] 2J3t 24-D9 NAA
o EgangE =AY A 24-D BEE O,
0.05, 0.1, 0.5mg/l, NAAS =%& 05 10,
2.0mg/1E. E8Aeigt ¥ 2097t wioksio] A
Z 9 ubiquinone-109] S ZAslo] YA
& 2Assich

Callus™Z 2 ubiquinone-10 Aol DX &
KH;P0,2] &k : 24-D 0.5mg/L7} 32 wiA o
A A3AEY Nicotiana tabacum cv. Xanthi callus
1.5g/flaskS KH:PO(08, 1.3, 3, 5, 10mM)7} =5
M2 H7EE MSHiAlel] Wx 25°C] wofd oA
1647 Ao, 30U2F 9 umoles/m”/s) 2
SrzzAolA ke callus®) AAIZH ubiquinone-
109] g =Askdch

BIEMHHSF EMEHQ 7Y : Xanthi callus®] %
22 ubiquinone-102] iAol st =W =
AE FReld HAAR=ZAE FHEY) F0A
KH,PO,9] 5% 3mM, 24-D9 52 0.1mg/,
a8l kinetin® S5Z 05mg/17HEd MSHIA]
dl NAAS FE% 0, 0.5 1.0, 2.0mg/1 Egslo]
uflokole] 29 Xanthi callusE H7}sk 3ol AAk
2k 3l ubiquinone-109] ek =z A3} )

Za 9 nE
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HiS7(Zt U HBf [ME callus AEEF Y ubiqu-
inone-102 AfAt : TAjufokg wiekAiAtel] A7}
gloxz detnfokol] 93¢ Nicotiana tabacum cv.
Xanthi callus®] 437333} ubiquinone-108] ¥%&
zA817] Sl1A 4 Xanthi callus®] HEFT
wok7|zbd  AAsks zAsigen, old wE
ubiquinone-109) et AAAAE WA ZABHS
t}. Xanthi callus®} AR HEFo] WETH,
ala wiekr| el ASE Frbsiglent ek 15
Aol 7P Z7hEo] £ A HcKTable
1). 2} ubiquinone-109) ek uiF 104873
o AL Hgow 15YFEE 23| 4wt
733k Bl (Table 1). webd Eetead A
& 5 U AAET g g AN 5 3
ubiquinoned] ¥FE Flo] AL =4
FHTable 1), AA £E59 Zo] & 2%cllA 15%
wjoksto] F¥alel-e ol Agstet AALE &
Qo Jh §84Q Aoz ALENU. keda
2(1981)2 el BY2 uikA|ES] RguldellA
uljoF 8= ubiquinone-109] ¥Fol 74 F7hst

md e e o
o 3

A

Table 1. Effects of cell density on the production
of ubiquinone-10(UQ10) and growth of callus
induced from N, tabacum cv. Xanthi leaf by
suspension culture according to time course in
the dark

Cultured  Cell Fresh Content of  Productivity
Time  density  weight(A) UQI0(B) (AB)
(Days) (%)  (gfflask) (¢g/gF. W) (pg/flask)

5 1 0.707£0.046 1.275 0.901
2 1.190+0.031 1.535 1.826
3 1.726=0.166 2.170 3.745
10 1 2.1060.143 2.290 4.822
2 3.798£0.251 2.440 9.267
3 4656+0.170 1.995 9.19%
15 1 5.04240.244 1.715 8.616
2 7.07410.284 1.610 11.389
3 7.365£0.218 1.670 12,299
20 1 5.384%0.052 1.830 9.853
2 7.139£0.117 1.840 13.136
3 7.94310.469 1.335 14.575

1 o E A SN R B

Aee Hasled 2 Ady chhk Kol YEE
AAstg ot vlzd o ol ARl uls)
ubiquinone k7)ol 1 FeFol Frhske 7
e o). 2 Datura tatula W FA A A
L+ wloF 14Y#] ubiquinone-108} kol 7t W
gre-g Batsle] B AP A AE et
Womny (Yamada £ Hashimoto, 1990), Al&l°ll
wrep A 3hekst wjoEAl7|M ubiquinoned] ¥
o] Zol7} 9Jg& gt Qlrhikeda 5, 1976).

CallusMZH B ybiquinone-10 Mt Ol1Xl= 2,4-D
9l NAAQ| & : A7) ZAzbollA HEZF 2%0l4
15-204 7+ wioFdt ol 7bd AEH ALz
VEhton® Zxzcl o AEFZ 8] MUt
= whx|o| A Xanthi callusE wHkstich AES
229 =%l 24-DE 0-0.5mg/lE X3l
o], NAAS] FEE 05-2.0mg/l =g H3lx
v} Xanthi callus®] 84S sajeftst vzt
A Z(Yang 5, 1994), 24-D A 2Tt NAA
e g Foll4] AAo] thh FEEtgior] NAA
=g FolAE NAAY %71 1.0mg/t ¥ o
742 =9eHTable 2). 21t} ubiguinone-10 ¥
ZFo aAAl A 28 NAA B5H Tl
A B} 24-D EFA L FAlA oL 2 B
< 293, 24-D 0.1mg/loll NAA 0.5mg/t H7HA]
2.057 pg/gfw. 2 742 gFsiglony, ML
24-D 0.lmg/ell NAA 10 mg/l E}A7HA
20.318 1 g/flask 2. th& FIY AYE HUoh
(Table 2). wbebA Xanthi callus®] Hetuljokol] 2
3} ubiquinoned] AL M= 24-D 0.1mgh
ol NAA 1.0 mg/t &A% st Aol /B2 F&
Aoz Azt Al E 24-D AH7hol
o]l Al ubiguinone 3reko] ZHAF I AIRHYang 5,
1994 2 AxA dehwiekd dide 233
94-D Z3tul A oA ubiquinone ¥&Fo] F7+E o
Az Autd Ang zdsAd. duibder

o

24-D A7loll A ol AAES] Aol o
ARE Aoz BaFol i v, B Agdst

o] derul|okollA] ubiquinoned] A4kl F7HE
AL A Holy Ao AAwn. ¥
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24,5-T9 10°M A7}ell 2814 ubiquinones] 3
o] ZI1El-e Ruste] B Ay Azkel Y|
A8k Basleich,

Table 2. Effects of 24-D and NAA on the
production of ubiquinone-10(UQ10) and growth
of callus induced from N. tabacum cv. Xanthi
leaf in suspension culture for 20 days

Phytohormone(mg/l) ~ Fresh Content of  Productivity

weight(A) UQ10(B) (AB)
24-D  NAA (gfflask)  (pg/gfw) (pgfflask)
0 0.5 8.544%0.213 0.881 7.521
1.0 11.997£0.819 0.878 10.533
2.0 11.136£0.466 0.919 10.234
0.05 05 6.807%0.122 1.379 12.145
1.0 9.840£0.156 1.328 13.068
2.0 9.912+0.295 1.458 14.452
0.1 0.5 9.318£0.364 2.057 19.167
1.0 10.16410.144 1.999 20.318
2.0 7.578£0.104 1.983 15.027
0.5 0.5 6.450%0.244 1.674 10.793
1.0 8.217x0.217 1.675 13.764
2.0 0.107£0.348 1.908 19.284

Callus®4& 9 ubiquinone-10 A&t DIk &
¥ KH:PO,9 A& @ QJAte] Fxwst 9l wjeky)
o] Xanthi callus®] A3 ubiquinone-102] 3t
Foll X dgg =A% A, FzAdAE=
MS ZJEulx 2] ¢litExel 1.3mM Hu) =%7}
HAE Wie Ao FaHE FTL Hyo
W L3mME =2 7ol Aabgke] Zrlele
BEE EcHTable 3). 53] 3.0mM EEellA]
€ callus®] Aol 17.977Z 0.8mMeoll w34
vz} AJakeko] wiokon} 5.0mMsEo]4telA]
- AR Zase AFgS 29cHTable 3). 2
Ay dz7ellA s Q4ake] "ol ofeliA Ak
o] FaFe AE Hol wlg dzHel "
vebdiglel.  Ubiquinone-109] Aol disijAl =
Q4o FETF SAEFE FzANAAE s

BEFE B dzAdAe Folsle A
F2 UeRNdch o] BAA-S zA An 3

¢

rir

ot

of ol JAgle] Q4] FE7F 3mM 4 w) 7+
Zt 3 9 dzANA 9509, 5456 4 g/flask o2
7bAk EQkeh(Table 3). Zjub ekzzol] wle] 2
Z7 el 4] <F 2u] =2 ubiquinone-10-& A3t o
2 dz7Ec FzoA wioksle Aol A&
Aog A7, duld o Foko] 2 A
oA callus®] AL 74w AL Holxut
E AgolE Fake] 9umoles/m’/s E GolA
238 FAdedA o £ AA2AE 2 AR
o2 =™, o]u] Xanthi callus® LAl kel
AE gElEY FU Farel el
callus®] A3#o] F33S Hwe v lrHYang
=, 1994).

N

Table 3. Effect of phosphate and light on the
production of ubiquinone-10(UQ10) and growth of
callus induced from N. tabacum cv. Xanthi leaf

Conc. of  Fresh weight Content of Productivity
of callus(A) UQ10(B) of UQI0(AB)
KH,PO, {g/flask) {ng/gfw) ( g/flask)

{mM)  Light Dak  Light Dark Light Dark

0.8 9.507 7.888 0561 0580 5333 4575
13 11535 7275 0551 0610 6356 4.438
30 17977 5075 0529 1075 9509 5.456
50 13607 3.018 0491 1233 6.681 3721
100 12258 2.848 0442 1332 5418 3.7%4

Ubiquinone-102] MAt0l DOlXl= H™HEH FY
Ubiquinone-102] A A&tol]l plx|& A E3 =R g
719w HH ARE TS YalA A
AEZ 7 (Yangs, 19949+ A7 Aol 71z
FXW APASE Fglo] Halsidet 45
EEoZM = 24-D 0.lmg/l, kinetin 0.5mg/1&
xelslolem, £719d7 24 E phosphateS 3mM
H7kste] NAAE 0-2.0mg/l H7lsted 2047 wl]
&3t ¥ Azbaks) ubiquinone-109] g =zA
3k Z3H(Table 4), 2
NAA 0.5mg/l1A kSstgion) HA] gtz Bl
Fz7AoA A ko] ¥ ¥ AP R
Ubiquinone 102] ¥k8 FzAoAlE NAA 1.0

- 67 -



mg/l 7tA EEIF FETFH
o} 20mg/lNAE 2sle] A
AollAE NAAS F57 F7H84% ubiquinone-
108} ko] Frtsle Aee Riuch AA=%n
ubiquinone®] AJiEH-g A WA B¢
o &= NAA 10mg/lollA 7} dBslglon ¢z
79 o AR =& 3T 2 UcHTable 4).
upzbA] detufokoll €Al ubiquinone-108 44k
3171 984+ 3mM phosphate, 24-D 0.1mg/l,
kinetin 0.5mg/l, NAA 1.0mg/1Z H7lsl= Aol
7t AEHY 2o g Azdd.

o

Table 4. Effect of NAA on the production of

ubiquinone-10(UQ10) and growth of callus
induced from N. tabacum cv. Xanthi leaf
Conc.of Fresh weight  Content of Productivity
of callus(A) UQ10(B) of UQI0(AB)
NAA  (gfflask) (zg/gfw) (1 g/flask)
(mg/) Light Dark Light Dark Light  Dark
0 18.012 6.281 1.623 1.041 29234 6.539
05 20692 15555 2096 1.721 43370 26.770
1.0 16562 13.126 3.507 1.862 58.083 24.441
20 11811 7237 2508 1.951 29622 14.119
Z B
FEER AEFTEH AT Yo

[+]

FIWulekell o3t AZX(N, tabacum cv. Xanthi)
24 o2 HE] ubiquinoned B4tslr] sl e
wjoks FallA Akt Al EZEE a3 3¢
g zAsIgch dehulickel 2% Xanthi
callus A§7toll Hetgt AELEe}t wielr| - uf
el 2962 1597 wikstezlel 7bg HEH
QAo 2 vebsieh FEgFA]l 24-DF NAAA
2loll 213k callus®] 3% NAA 1.0mg/lofA] 7}
A k3 319) oo, ubiquinone-108] AJAHAAE 24-D
0.lmg/lll NAA 1.0 mg/l EFH7IA] Fad A
8-S Hojuvl.  Ubiquinone?] Akl mw|XjE= Q14+
3 o waHE 2ASTIANA Qe ek

u
O
o =2

2

x] 2}

- BAE - ol H

FEHZ AHefsle] H3}
callus®} 72 el ch
don, FAeollAl= At
74k ekZslod o bdElolA
Zoles Ae i)
211} Ubiquinone2)
A HA FTElg] o
7+ A4 3mg/lN A FFelE uldstol 2w
Ho| 7k& =:dch ulebd dehaokel
ubiquinone-10=- AAks}7] e+ 3mM KH:PO,,
2,4-D 0.1mg/l, kinetin 0.5mg/l, NAA 1.0mg/1&
H7bsE MSulA|ol] uwfekole] 2% HERET
Zol 713 EEHY Aoz A47tHAch
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