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due to O-quinoRemethide ions characterize 1,3&arylpro- 
panes with o-hy&oxyl [lf. In the present case such a 
peak would appear &t m/e 136. Its absence locates the 
methoxyl at the o-position. Since thus the OH in the 
ring under scrutiny must occupy the p-position, a posi- 
tive Gibbs test of the compound locates the OH of the 
other ring at the m-position, as in la. This is the isomer 
of the Gibbs test negative metaholite lb of Zryzntkru 
coriuceu Ducke for which very similar rHMR and MS 
were reported [S]. 

(lo) R’= Me, I?*= H 
(lb) R’= Ii, I?‘= Me 

I-(#-Hyffroxy-2’-m&wxyphenyl)-3-(3”_-4N- 
me&&yphenyl)-propane (la). oil. M found 288.1358, 
C1,M2e04 requires 2881362, v,, fi’m (cm-‘): 3400, 1620, 
1600, 1525, 1470, 1240, 1200, 1160, 1035. ngy (nm): 225 

inf., 280 (6 19 5CKJ, 7800). A::+ NsOH (mn): 242, 294 (e 
19050, IO950). ‘HMR (lOOMHz, CDCI, z): 3.00 (d, J 
8.0Hz, H-6’), 3.15-3.35 (m, H-2”, 5”, 6”), 358 (dd, J 8@, 
2.0Hz, H-5’), 3.62 (d, .I 20Hz, H-3’)* 6.10 (s, OMe), 6.21 
(s, OMe), 7.25-750 (m, 24&I-I,), 79-8.3 (m, 
CH&&CH,). MS (m/e): 288 (64%) M, 151 (43), 138 
(81), 137 (lOO), 107 (16). Diacetute, oil. v$T (cm-‘): 1760, 
1618, 1580, 1500, 1465, 1260, 1200, 1035. ‘HMR 
(lOOMHz, CHCl,, z): 2.88 (d, J 8.0 Hz, H-6’), 3.05 (dd, 
J 8.0, 2.0, H-5’ or 6”), 3.24 (dd, J 8.0, 2-O Hz, H-6” or 
5’), 3.12 (d, J 2.OHz, H-2”), 3.15 (4 J 8+0Hz, H-5”) 340 
(d, J 2.0 Hz, H-3’), 6.19 (s. OMe), 6,21 (s, OMe), 7.25-7.60 
(m, 2ArCH,), 7.9-8.3 (m, CH,C&CH,), 780 (s, 2COMe). 
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INTRODUCTION 

Since their discovery by Lester [l] and Morton [Z], ubi- 
quinones have received much attention from many 
workers in various fields of research. In the case of cul- 
tured plant cells, Threlfall and Goodwin [3] reported the 
occurrence of ubiquinone-10 in Paul’s scarlet rose while 
Thomas and Stobart examined the time-course of ubi- 
&none and a-tbcopherol formation in Kaluncko2 
cl’enqa callus [4]. 

According to our investigations [S], tobacco cells in 
suspension culture appear to contain much more ubi- 
quinone-10 than the parent plants and so might be a 
suitable source for the large scale production of this com- 
pound. In order to obtain basic information on the syn- 
thesis of ubiquinone-10 by cultured plant cells, some 
observations on the variation in the ubiquinone content 
during the growth of the cultured cells have been made 
and are detailed in this paper. 

RESULTS AND DISCUSSION 

The time-course of ubiquinone formation during cell 
growth was examined using three kinds of cultured cells 

*Stbdies on the Culture Conditions of Higher Plant Cells 
in Suspension Culture. Pert 7. 

which have a high growth rate in suspension culture (Fig 
1.) The clone BY-2 reached a maximum dry weight 6 
days after inoculation, while their ubiquinone content 
decreased during the early period af the logarithmic 
phase of growth and then increased reaching the highest 
level (36Opg per g-dry weight) on the 10th day (Fig 1). 
Changes in the ubiquinone content of Xanthi cells were 
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Fig. 1. Cell growth and ubiquinone content in cultured 
tobacco cells. For the culture media and conditions, see text. 
Cellgrowth: +-o fr. weigbt; ~D--o dry weight; ubiquiuone 

content: 5--&. 
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Table 1. Ubiquinone contents of cultured higher plant cells 

Cultured cells 
Incubation time Ubiquinone content 

(days) %‘8 dry cell 

Daucus carom 8 160 
Lycopersicum escu&mtum 8 60 
Lactuca scariola 14 133 
Datura tatula 14 213 

Cultured cells were harvested at 8 or 14 days after inoculation in the stationary 
phase. As for the culture media and cultural condition, see text. 

similar to those of BY-2 cells, but those of crown gall 
cells were less clear cut. The pattern of the time-course 
of the ubiquinone formation in our experiments is similar 
to those described on Cundtda [6] and KalunckoZ crenata 
callus cells [4]. This seems to be a common phenomenon 
for ubiquinone formation among cultured cells, callus 
and microorganisms under aerobic conditions. The maxi- 
mal yield with BY-2 Xanthi and crown gall cells were 
522, 375 and 168 pg per flask respectively. The ubi- 
quinone productivity of the cultured BY-2 cells is thus 
similar to that of microorganisms [7,8]. Since the maxi- 
mum yield of ubiquinone per flask was obtained at the 
stationary phase, a batch-culture rather than a con- 
tinuous culture may be suitable for production. 

The ubiquinone content of other cultured plant cells 
harvested at the stationary phase were also investigated 
(Table 1). Of all the cells investigated, BY-2 showed the 
highest ubiquinone productivity and Lycopersktun escu- 
lenturn showed the lowest. It is obvious that ‘there are 
remarkable dilIerences in the ubiquinone content among 
the species of cultured cells. 

According to Grifhths [9], the ubiquinone contents of 
tobacco leaves are 0.016-0.026 ~1 per ’ 10 g fr. wt, 
which is less than one-tenth of that in our BY-2 cells. 
It is apparent that cultured cells, especially BY-2 cells 
accumulate ubiquinone-10 much more than whole leaves. 
Further investigations are required to elucidate the rea- 
son why this is so. 

EXPERIMENTAL 

Cultured cells. Cultured tobacco cells of BY-2 and Xanthi 
were produced from seedlings in 1968 [lo]. Crown gall cells 
were obtained from the tumor gall formed on a plant of the 
N. tabacum cultivar, Hicks-2 by Agrobacterium tum&ciens in 
1970 [ 113. The cultured cells of Daucus carota, Lycopersicum 
esculentum and Lactuca scariola were produced from seedlings 
and Datula tatula cells were obtained from leaves of a parent 
plant in 1973. Stock suspension cultures were routinelysubcul- 
tured on Linsmaier-Skoog medium [12] every week. 

Culture medium. Linsmaier-Skoog inorganic medium con- 
taining (per 1.) 30 g sucrose, l.Omg of thiamine HCl-ide and 
1OOmg of myo-inositol was used as the basal medium. This 
was supplemented either with (per 1.) 0.2 mg of 2,4-D for BY-2 
cells, with 0.5 mg of 24-D and 0.2 mg of kinetin for Kanthi 
cells, or with twice the amount of KHsPG* and 75 hg nico- 
tinic acid for crown gall ceils [13]. The initial pH of these 
media were adjusted to 6.0 with 0.5 N NaOH. 

Culture conditions and hatvesting of cultured tobacco cells. 
Incubation was carried out in 5OOml Erlemneyer tlasks con- 
taining 1OOml of medium for 10 days at 28” in the dark on 
a reciprocal shaker (100 strokes/mm; 2.Ocm in length). Seed 
cultures were incubated for 7 days, and 10ml of the culture 
was inoculated into each flask. Five tlasks were harvested 
every 24br after inoculation for analysis. Cultured cells were 

separated from culture media by filtration through filter paper 
and weighed for fr. wt determination and then lyophilixed. 

Extractron of ubiquinone-10. To 1 g of the lyophilized cells 
were added 20 ml of loo/, pyrogallol in EtOH and 15 ml of 
20% .NaOH. The mixture was refluxed for 30min and then 
cooled immediately, and diluted with 65ml Hz0 and 
extracted with 3 x 1OOml of n-hexane. The extract was dried 
(Na$SOJ and cone in uacuo at 30 to 40” to dryness [6,7,14]. 

Determination of ubiquinon~e-10. The determination of ubi- 
quinone-10 was carried out using the Craven assay essentially 
according to Folkers et al. [15]. The unsaponifiable substance 
extracted by a-hexane was dissolved in 10 ml EtOH and 4.0 ml 
was treated with LOml of ethyl cyanoacetate followed by 
1.0 ml of 0.2 N KOH: the blue color was measured at 625 nm 
after 12min. The results by this method were in good agree- 
ment with those obtained by spectrophotometric borohydride- 
reduction method [ 161. 
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supplying some species of cultured cells. 
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