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Abstract-Soybean suspension cultures were grown for 24 weeks in the absence of plant growth regula- 
tors and in the presence of 1 ppm levels each of an auxin (indole-3-butyric acid), a cytokinin (kinetin) 
and a gibberellin (gibberellic acid), individually and in all possible combinations. Cells grown in the pres- 
ence of the auxin with and without gibberellin contained relatively greater amounts of palmitic and 
smaller amounts of polyunsaturated acids than did cells grown under other regimens. The combination 
of cytokinin and gibberellin caused a higher proportion of linoleic and a lower proportion of linolenic 
acids than in cells of the other groups. Neither of these regulators by itself produced the effect, and addi- 
tion of auxin to the other two diminished the effect. 

INTRODUCTION 

Seeds of common varieties of soybean, Glycine 
max, produce oil containing two major polyunsa- 
turated fatty acids, linoleic (4356%) and linolenic 
(511%) acids [I], although trace quantities of 
several other acids have been identified in develop- 
ing beans [2]. The value of soybean oil for food 
uses is good, due to the high content of nutri- 
tionally essential linoleic acid; however, the value 
could be further enhanced by diminishing the 
amount of linolenic acid which contributes to oxi- 
dative instability [3]. Attempts to lower the lino- 
lenic acid content of soybeans have been disap- 
pointing, primarily due to the lack of a strain truly 
low in linolenic acid [4]. 

In addition to genetic capability, environmental 
and nutritional factors are known to affect the 
degree of unsaturation of plant oils. Deficiencies in 
iron, manganese and N2 are reported to depress 
the synthesis of polyunsaturated fatty acids by 
plants, while increased light intensity, increased 
oxygen tension or decreased ambient temperature 
produce the opposite effect [S]. Although environ- 
mental alterations of normal lipid patterns may 

result from direct effects on enzymes catalyzing 
desaturation, it has also been suggested that fac- 
tors such as light and temperature may influence 
growth by controlling the types and amounts of 
plant growth regulators present [6]. 

To determine whether or not plant growth regu- 
lators exert effects on the unsaturation of lipids in 
plants apart from environmental effects, soybean 
callus cells maintained in suspension cultures were 
considered a useful model. Such cells can be main- 
tained under identical conditions of environment 
and nutrition and the amounts of growth regula- 
tors can be closely controlled. The lipid and fatty 
acid composition of soybean callus is quite differ- 
ent from that of the seeds [7]. We have observed, 
however, that the pattern of incorporation of 
labeled acetate into the fatty acids of callus tissue 
is almost identical to that in developing cotyledons 
during experiments of up to 86 hr. 

In the present study suspension cultures of un- 
differentiated soybean cells were maintained in the 
presence of growth regulators individually and in 
combination, and the fatty acids of lipids were 
examined. 
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Table I. Characteristics of soyhcan suspension ctilturcs 1n B5 medium containing growth ~rcgulatoi-s 

Callus wet-t Per crnt lipidt Morphological ohservatlons$ 

Treatment* wt (g) (wet H t basis) Color Aggrcgattr)n 

A I h-l * 04 0~06 & 0~007 YB Agf”gatc\ 

C 15.x _c 1.1 0.06 _t O~(~lO \ Small aggregates 

G 14.7 i I.2 0.1 I * O.Olh ‘I’ 13 Flnclj di\ldcd 

A+C 70.7 * 7-4 0.06 & 0~010 WI Small aggrcgatcs 

A + G IO. 1 & 09 0.07 * 0007 \. 13 Finely di\lded 

C+G x.7 * I.2 0.07 j 0~01-1 M: I-.lncl! die ided 

A+C‘+G I .3.9 + 2.7 wo9 * 0406 cv FIncIy ~111 idccl 

None I I.6 5 0.9 0 I7 * 0~003 ‘r’ 13 \ilzrcg;itcb EL 

* Transferred at 4-week intervals lor total of 24 week> at 21L17 and 9 hr of incandescent Ighl per da!. A hu\in (indole-l- 

butyric acid), C -cytokinin (kinctin). G gibbercllin (gihhcrellic acid). each 211 I ppm 

t Mean + s.e.m. for four cultures. 
: W--white, Y- yellow. B brown: Aggregates 0.5 to 1 cm dia: hmall aggregates 02 to 0.5 cm dia. linelq dibldcd _=(I,? 

cm dia. 

Cells in all eight experimental groups, originat- 
ing from equal aliquots of finely divided suspen- 
sion. grew throughout the experimental period. 
Culture characteristics are shown in Table 1. 
Growth appeared best using a mixture of auxin 
and cytokinin, poorest using gibberellin combined 
with auxin or cytokinin or with no supple- 
mentation. Lipid yields, calculated as a percentage 
of wet weight, were similar throughout, but 
appeared slightly elevated in cultures containing 
gibberellin, all three growth regulators, or none. 
Soybean callus grown on BS medium containing 
agar has been found to lose w 967,) of its weight 
on lyophilization. Cultures containing cytokinin 
alone or in combinations were lighter in color than 
other cultures and those grown in the presence of 
gibberellin by itself or in combinations remained 
finely divided. There was no apparent correlation 
between morphological observations and either 

the callus weight or lipid yield. In cultures exhibit- 
ing darkening or aggregation. development was 
progressive throughout. Cultures receiving no sup- 
plementation became somewhat green near the 
end of the cxperimcntnl period. 

Statistical data on the fatty acid compositions 01 
cultures are present4 in T~thlc 2. Palmitic and pal- 
mitoleic acid values were combined because the 
latter appeared as II small and consistent shoulder 
on the trailing edge of the palmilic acid peak. 
Minor amounts (< IW,,) of myristic, pentadc- 
canoic. pcntadccenoic. heptadccanoic and cico- 
sanoic acids were identified on chromatograms. 
but no correlation between these and experimental 
treatment was observed. ,A considerable ovcrlap- 
ping of values for the major fatty acids shown on 
the table is noted when the standard error is added 
to or subtracted from mean values. 

Palmitic acid nas elevated in the presence of 
auxin alone or in combination with gihberellin: 

Table 7. Patty acid compositions of soybean suspension cultures 111 BS rncdlum containing grou th regulators 

Treatment* 
(‘omposition in relalivc perccnta~e I,> GL.(‘-i 

I 6 : 0 + I 6 : I IX:0 I’s: I 1X:2 IS:.? 
- ___.____ 

A -11.8 i 0.7 9.3 * 0.9 1, I & o-5 
c 

3 s _t 0.3 -II-l * I.9 
3 I.2 T 0.3 7. I 0.2 & h-9 i 0.1 

G 
-I.h :I !I, I 50.2 * 0.3 

37.6 * I.5 6.5 o-i 1 7-7 * 0.5 
A+C 

1.0 + 0.5 l%3 I ,.: & 
34.x i_ I.6 6.4 o-2 * 5.7 _t 0.5 -I I 0.2 -19.3 

A+G 
2: _t I-’ 

47.x + 0.2 7.3 + 0-z 6.0 * 0.3 5.2 0.3 ) 
c‘+c; 

iS.8 2 2-s 
34.4 * I.0 9.x 0.5 * 6.8 i_ 0.5 I S-l 0.5 i 

A+C+G 
.31.0 -_t I.9 

36.0 2 0.6 6.9 0. I + s 3 I 0.6 s..: 0.5 i _ 
None 

13.4 z Il.7 
36’) + 09 s.5 0.6 + 6.6 + I.0 _ 1 I 04 _$:.<y 12 * - .~ 

~_._ -.____-__ -- 

* Transferred at 4-week intervals for total of 14 uceks at 21 22 and 9 Ilr of IIght per da!. \ 
C cytokinin (kinetin), G gihbercllin (gihbercllic acid). each at I ppm. 

r\uun (~ndolc-.~-hut)rrc acid). 

i- Fatty acids: 16:OPpalmitic acid. 16: I palmitolcic acid. IX:0 stearic acid. IX: I 
lenic acid. Mean + s.e.m. for four cultures and -3 GI,C detcrminatlons. 

olcic acid. IX:? linoleic acid. IX:; lillo- 
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however, the gibberellin by itself produced no 
effect. Other combinations of growth regulators 
had no effect on palmitic acid as compared with 
each other or with controls containing no supple- 
mentation. No effect on the content of stearic acid 
was discernible from the overlapping values of 
from 6.2 to 10.3%. Oleic acid was lowest in cultures 
containing auxin. However, all other values for 
oleic acid ranged from 4.7 to 8.2%. Linoleic acid 
was consistently low (3.5-5.6x) in all experimental 
groups but two. When all three growth regulators 
were present, each at 1 ppm, the content of linoleic 
acid was twice that in the other experimental 
groups and in the presence of cytokinin and gib- 
berellin but no auxin, the elevation was four-fold. 
Neither cytokinin nor gibberellin by itself affected 
the content of linoleic acid. Linolenic acid was 
lowest in cells treated with the combination of 
cytokinin and gibberellin, the same combination 
which resulted in elevation of linoleic acid. The 
content of linolenic acid was also somewhat low in 
the cultures which contained elevated proportions 
of palmitic acid. While growth in the presence of 
auxin resulted in synthesis of a higher proportion 
of saturated acids, treatment with cytokinin or gib- 
berellin elicited an opposite response and favored 
synthesis of unsaturated acids. 

The ratio of linolenic to linoleic acid was 1.7: 1 
in the presence of cytokinin plus gibberellin and 
was increased in the presence of these plus auxin 
to 5.2: 1. In other experimental groups the ratio 
ranged from 7.5: 1 (A + G) to 12.3: I (A + C). The 
elevation of linoleic acid in cells treated with 
cytokinin and gibberellin appeared to occur at 
the expense of linolenic acid. 

The only difference noted between groups 
grown in the presence of all three growth regula- 
tors or with no supplementation at all was a higher 
relative proportion of linoleic acid in the former. 
Except for the effects of auxin already noted, only 
combinations of growth regulators appeared to 
affect fatty acid composition. 

, DISCUSSION 

Since environmental and nutritional conditions 
were held constant and all suspensions originated 
from subcultures of a single callus culture, the dif- 
ferences in fatty acid patterns observed have been 
ascribed to the effects of administered growth 

regulators. Elevation of palmitic acid and depres- 
sion of unsaturated acids in the presence of auxin 
suggests that the auxin either promotes the syn- 
thesis of the saturated acid from acetate or inter- 
feres with the synthesis of unsaturated acids. Simi- 
larly, the combination of cytokinin and gibberellin 
may inhibit desaturation of linoleic to linolenic 
acid, but to a lesser extent when auxin is also pres- 
ent. Some other effects of plant growth regulators 
on lipid metabolism have been reported. Appli- 
cation of a cytokinin has been shown to increase 
the incorporation of radioactivity of methionine- 
[methyl-14C] into neutral and polar lipids [S, 91 
and affect the synthesis of linolenic acid in leaves 
[lo], while gibberellic acid is reported to increase 
the incorporation of labeled orthophosphate into 
phospholipids [ 111. 

Several means of control exerted by plant 
growth regulators have been postulated. The sub- 
stances may be responsible for gene repression or 
stimulation, may control the synthesis of mRNA or 
protein or may affect enzyme activity, either di- 
rectly by an “allosteric” effect or indirectly by 
alteration of membrane permeability [ 121. 

Callus cultures undoubtedly contain a mixture 
of cells with somewhat differing genetic character- 
istics [13,14]. If the effects observed were due to 
stimulation or repression of genes controlling the 
synthesis of enzymes which catalyze specific steps 
in the biosynthetic pathway, such as the desatu- 
ration of linoleic acid, then perhaps chemical con- 
trol of the lipid synthesized by existing plant varie- 
ties could be altered by application of mixtures of 
natural or synthetic growth regulating substances. 
If, on the other hand, the growth regulators 
favored growth of cells having genetic character- 
istics somewhat different from those of the original 
parent cells, then the altered fatty acid patterns re- 
flect an increased population of cells with the 
altered characteristics. If the latter were true, then 
it might be profitable to clone cells from cytokinin 
and gibberellin-treated suspension with improved 
chances of obtaining a strain or strains with gen- 
etic characteristics favoring lowered proportions 
of linolenic acid in the oil. 

EXPERIMENTAL 

Cell qrowth. Gamborg’s B5 medium for soybean root cells 
[ 151 without 2,4-dichlorophenoxyacetic acid. except where 
noted, was used throughout. Soybean callus derived from G1.v 
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CIW mux L., strain PI-194-656. grown on B5 medium containing 
0.1 ppm 2.4-D and 10 g/l agar, was used to prepare a suspen- 
sion culture in the same medium but without agar. Experimen- 
tal treatment commenced on transfer of equal aliquots of finely 
divided material to 50 ml portions of B5 medium containing 
growth regulators, each at 1 ppm. in 250 ml Hasks. Four repli- 
cates ofeach experimental treatment were maintained on a reci- 
procal shaker (5 cm strokes, 66 cpm) at 21 22 with 9 hr:daq 
of incandescent ceiling lighting at 300 lx. Five transfers to fresh 
medium at &week intervals were performed. The experimental 
period was 24 weeks. Cells were harvested by filtration on a suc- 
tion funnel and wet wt determined for comparison of growth 
Experimental treatments consisted of indolc-3-butyric acid 
(A). kinetin (C). gibbereltic acid (G). A + c‘. A + G. C + G. 
A + C + G and no growth regulator supplementation. Indole- 
3-butyric acid was selected i 3 the au\in for capcriments because 
it is less subject to biological oxidation than the natural hor- 
mone IAA [16] and possibly less tikcty to affect the metabolism 
and/or cytology than the Gommonly used synthetic auxin 2.4-D 
[13]. Levels greater than I ppm were avoided to decrease the 
possibility of differentiation occurring during the experlmcntat 
period. 
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