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The Sequence of Formation, of Fatty Acids in 
Developing Soybean Seeds I 
R. O. SIMMONS ~ and F. W. QUACKENBUSH, Purdue University, Lafayette, Indiana 

S T U D I E S  of the f a t t y  acid synthesis in higher 
plants have been conducted along two general 
lines. One approach has been to s tudy the con- 

version of carbohydrates  (1, 2) and other substrates  
(3) to f a t t y  acids in seeds dur ing maturat ion.  A 
second general group of studies have been conducted 
on the changes in degree of unsa tura t ion  and the f a t ty  
acid composition of the oil dur ing the oil deposition 
period (4, 5). None of these studies have given con- 
clusive evidence on the interconversion of the C~s 
acids in plants as has been shown to occur between 
oleic and stearie acid in animals (6). 

This paper  repor ts  results obtained f rom a s tudy 
of the synthesis of the individual f a t ty  acids by  
soybeans on excised stems which were supplied with 
sucrose labeled with C~L The f a t ty  acids were sep- 
ara ted chromatographical ly  as their  2, 4- dinitroben- 
zenesulfenyl chloride derivatives (7). 

Experimental 

Methods. Cuttings,  three nodes in length, with 
leaves intact and bear ing 8 to 10 bean pods were cnt 
f rom the main stems of Lincoln soybean plants  which 
had bloomed 35 to 40 days  pr ior  to cutting. The cut 
end of each stem was dipped 1/s to 1A in. into melted 
paraffin inlmediately af ter  cutting, and then the basal 
2 in. of the stem was sterilized by  immersion in a 5% 
solution of calcium hypochlori te for 5 minutes. Af te r  
washing thoroughly with sterile water,  a fresh cut was 
made under  water  about  1 em. above the basal end of 
the stem, and the cutt ing was then placed in a 10-ml. 
Er lenmeyer  flask fitted with a cotton plug and con- 
taining sterile Nitseh (8) medium (solution of sucrose 
and essential inorganic salts, autoclaved 15 rain. at  
15 p.s.i.). The flask with its cut t ing was then placed 
i n  a desiccator fitted with suitable conneetions and 
traps.  Dry  air  (CaCI~ tube)  was passed through the 
desiccator and exhausted through two sodium hydrox-  
ide t raps  and one ba r ium hydroxide trap.  The desie- 
cators were plaeed in a dark room at 26-30°C. except 
when otherwise stated. 

Radioactive carbon was supplied to the cutt ings in 
the form of un i formly  labeled sucrose, ~ which was 
subst i tuted for  ordinary  sucrose at different act ivi ty 
levels in the medium. When cuttings were t rans fe r red  
to the n o n - r a d i o a c t i v e  medium, they were washed 
thoroughly with sterile water  and a new cut was made 
about  1 enl. f rom the end of the stem. 
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T A B L E  I 

Oil Changes  in  Soybean Cu t t ings  o.n Sucro.se ~¢[edium a 

Sample  

Expt .  1 
(26 -30°C . )  

0 - D a y  ............... 
2 - D a y  ............... 
3- -Day ... . . . . . . . . . . . .  
5- -Day ............... 
7- -Day ............... 

Exp t .  2 
( l%adieact ive)  

2 - D a y  .. . . . . . . . . . . . .  
4 - D  ay  b 

1 2 - D a y  .... . . . . . . . . . .  
1 8 - D a y  .. . . . . . . . . . . . .  

Expt .  2 
( Control  ) 

2 - D a y  .. . . . . . . . . . . . .  
4 - n ~ y  .. . . . . . . . . . . . .  

1 2 - D a y  ............... 
1 8 - D a y  .. . . . . . . . . . . . .  

Expt .  3 
( 28°C . )  

0 - H r .  
6 - H r . .  
8 - H r .  

1 2 - H r . .  
1 5 - H r .  
2 1 - - H r  ................. 

Av. 
wt .  
p e r  

bean  

m g .  

106  
117  
113 
140  
145  

146  
152 
167 
156  

156  
152 
148 
140  

127  
132 
128  
131 
139  
110 

Av. 
oil  

p e r  
beau  

21 .8  
24.8  
23 .6  
29 .0  
30 .0  

2 9 . 4  
30 .4  
36.8  
33.0  

30 .6  
30 .3  
31 .6  
28 .8  

23 .5  
22 .2  
21 .8  
22'.6 
24 .6  
18.6  

Av. wt .  of f a t t y  ac ids  p e r  bean  

S.atu- I 
r a t e d  OIeie 

L ine -  Lino-  
]eic Ieniv 

rag. rag. ~'~g. rag. 

2.0 8.2 9.1 1.3 
2.5 7.9 8.7  2 .7  
2.5 7.7 8.0 2 .1  
1.6 10 .7  12 .5  2.7 
3.0 10.5  12.3  2 .1  

3.0 
3.0 
2.7 
2 .7  

4.8 15.7  2 .4  
5.8 17.2  3.3 
8.1 19.3 3 .4  
7.8 18 .2  2.5 

3.5 5.6 15 .9  
2.3 7.9 17 .3  
3.6 7.8 17 .9  
3.0 8.1 16 .0  

2.7 
2.5 

2.3 5.4 12 .0  
2.0 4.1 10.3 
2.1 4.3 10.6  
1.9 4.0 10 .7  
2 .0  4 .3  12.0  
1.8 4.0 9.3 

2 .6  
2 .6  
2 .3  
2 .6  
2 .8  

I 2 . 1  

aIsola t ion  method of ana:  , s i s .  
bF'rom second to f o u r t h  day, cu t t ings  held a t  36°C. w i t h o u t  sucrose,  

t h e r e a f t e r  a t  1 8 ° 0 .  w i t h  sucrose.  

Samples of 6-12 pods were collected at  each sam- 
pling. The pods were placed in boiling water  for  3 
minutes to aid in the removal of the beans. The beans 
were cut into pieces about  1 ran1. in diameter  and 
dried in a vacuum oven at 60°C. for  24 hrs. The 
dried bean samples were pulverized in a mor ta r  and 
extracted for  4 hrs. with hot redistilled hexane. The 
residue was washed with hot solvent, and the solvent 
was then removed f rom the combined extract  and 
washings under  a s t ream of nitrogen. The oil sam- 
ples were dried in a vacuum oven for  2 hrs. at 50°C. 

The specific act ivi ty  of the crude oil sample was 
determined by  counting replicate 0.l-rag. samples in 
a continuous flow counter  ~ unti l  a total  count of at 
least 10,000 was obtained. Indiv idual  f a t ty  acids f rom 
a 100-rag. sample were separated chromatographical ly  
as their  2 ,4-dini trobenzenesulfenyl  ch lo r ide  deriva- 
tives (1). The derivat ives were dissolved in 100 ml. 
of benzene, and the specific activities of the individual 
f a t t y  acids were determined by  plat ing 1 ml. of this 
solution on an a luminum dish (8.5 sq. cm.) and count- 
ing the sample unti l  a total  count of 10,000 was 
reached. 

Three exper iments  were performed,  each with five 
or six soybean cuttings, on media containing different 
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levels Of radioactive sucrose. In  Exper iment  I six 
cutt ings were placed in a medium containing 20 mi- 
eroeuries of activity per  flask for  48 hours, then in 
inactive sucrose medium for  five days. In  Exper iment  
2 six cuttings were placed in a medium containing 6 
microeuries per  flask for  48 hours, then in mineral  
salts-water without  sucrose at 36°C. for  2 days, and 
finally in inactive sucrose medium a t  18°C. for  14 
days. As a control paral lel  experiments  were made 
with cutt ings in media containing ordinary  sucrose. 
I n  Exper iment  3 five cutt ings were placed in a me- 
dium containing 3 microeuries of act ivi ty per flask at 
28°C. for  21 hours. Samples were then taken  for  an- 
alysis at  intervals  as shown in the tables and graphs.  

Results and Discussion 

Analyses of the beans showed that  the cuttings con- 
t inued to develop and produce oil dur ing 7 days (Ex-  
per iment  1) on the 20 mieroeurie sucrose medium 
(Table I ) .  Substant ia l  increases were observed in 
bean size, oil content, and amounts  of each of the 
f a t ty  acids, and these increases were nearly equal to 
those observed earlier with intact  soybean plants  (5). 

Relat ively large amounts of radioact ivi ty were also 
found in the oil and in the individual f a t t y  acids a f te r  
two days on the sucrose medium (Figure  1). The 
oleic acid showed the highest act ivi ty (13,000 C P M /  
rag.) and the linolenie the lowest (2,500 CPM/mg. ) .  
These differences suggested either that  oleic acid was 
being formed from sucrose at  an accelerated rate or 
that  oleie acid was pa r t ly  a t ransient  intermediate 
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Fro. 1. Changes in specific activity with continuous sucrose 
feeding at ordinary temperature, 26 30°C. (O, oleic aMd; S, 
saturated acids; L E, linoleic acid; LEN, linolenie acid; A, 
cuttings in radioactive sucrose medium, 20 microcuries/flask; 
B, cuttings ilL ordinary sucrose medium. All cuttings kept in 
dark. ) 

m 
O 

4 0  

3 0  

X 

a. 
o 

10 / 

O 

]~rG. 2. 
s t a r v a t i o n  a t  h i g h  t e m p e r a t u r e  (A ,  c u t t i n g s  i n  r a d i o a c t i v e  
suc rose  m e d i u m ,  6 m i c r o c u r i e s / f l a s k ,  26-30°C. ;  B,  c u t t i n g s  in  
s a l t s  m e d i u m  w i t h o u t  sucrose ,  3 6 ° C . ;  C, c u t t i n g s  i n  o r d i n a r y  
suc rose  m e d i u m ,  18°C.  A l l  c u t t i n g s  k e p t  Ju d a r k . )  

P 4 ,t~ 18 
D A Y S  

C h a n g e s  i n  spec i f ic  a c t i v i t y  f o l l o w i n g  t w o  d a y s '  

for the format ion of other f a t ty  acids, especially lin- 
oleic and linolenie. When the radioactive medium was 
replaced by  ordinary  sucrose medium, depostion of 
radioactive f a t t y  acids continued during the remain- 
ing 5 days of the experiment  but  at different rates for 
the different acids. This is shown most clearly in the 
distr ibution of total radioact ivi ty (Table I I ) ,  which 
concerns quanti t ies  as well as specific activities of the 
individual acids. 

TABLE ] [  

Distribution of ]¢,adioactivity (Total C'PM/Bean) 

Expt. 1 At 2 days A t 7  days 

Saturated ...................................................... 24,600 51,000 
{ }le.ic .............................................................. 104,000 199,500 
Linoleic ......................................................... 34,800 182,000 
lAnolenic ....................................................... 5,200 24,100 
Sam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168,600 456,600 
'PotM oil ......................................................... 186,000 525,000 

After  the 2 days on radioactive sucrose 56% of the 
radioact ivi ty of the oil was found in the oleic acid 
which consti tuted about  one-third of the oil, only 18% 
of the radioact ivi ty  was found  in the linoleic acid 
which also consti tuted about  one-third of the total, 
thus a 3:1  ratio favor ing conve r s ion  of sucrose to 
oleic ra ther  than  linoleie. Five days af ter  withdrawal 
of the radioactive sucrose the relative distr ibution of 
radioact ivi ty  had changed sharply.  While the total 
activity in the oleic fractiolt  had nearly doubled, tha t  
in the linoleic f ract ion had  increased four-fold and in 
the linolenic fract ion seven-fold. Since in the mean- 
t ime the relative percentages of the different f a t ty  
acids in the oil remained unchanged, the evidence 
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FIG. 3. Changes in specific activity during early stages of 

sucrose uptake. (C~ttings in radioactive sucrose medium, 3 
mierocuries/flask, 28°C.) 

strongly favored conversion of oleie to the other acids. 
The continued assimilation of radioactivity in all 

f a t ty  acids af ter  withdrawM of the cuttings from the 
radioactive medium indicated that a large reserve of 
sucrose or other radioactive metabolite had been built  
up prior to withdrawal. Attempts were  t h e r e f o r e  
made in Exper iment  2 to increase sharply the rate of 
respiration immediately af ter  withdrawal of the radio- 
active substrate. I t  was hoped that this treatment,  
along with a lower initial level of substrate activity, 
would diminish the effect of the metabolic pool and 
permit  a clearer picture of fa t ty  acid intereonver- 
sion. The results (Table I and  Figure 2) showed that 
no substantial increases in total fa t ty  acids occurred 
either during' the 2-day period of starvation at 36°C. 
or subsequently during two weeks on ordinary sucrose 
at 18°C. However the oleie fraction appeared to in- 
crease and the saturated fract ion appeared to decrease 
slightly during the 2-day starvation period. This shift 
in composition was substantiated in analysis by the 
speetrophotometric method (9).  

The 2-day period of starvation at 36°C. proved in- 
effective as a means of depleting the radioactive from 
the metabolic pool of the soybean cuttings since all 
of the fa t ty  acids, including oleic, continued to in- 
crease in specific activity during' the subsequent 2- 
week period. While the experiment provided support  
for  Exper iment  1, it failed to produce the desired 
conditions for  observing uncomplicated intereonver- 
sion of f a t ty  acids. Evident  limitations in the period 
of viability of cutt ings discouraged fu r the r  work in 
this direction, and attention was then turned  to short- 

term experiments to observe distribution of radio- 
activity during the initial stages of absorption of 
radioactive sucrose by soybean cuttings. 

In  short term experiments up to 4 hrs., oil from 
beans removed f rom the cuttings showed only traces 
of activity. After  6 hrs. on the radioactive medium 
(Exper iment  3) the oil showed substantial radioac- 
t ivi ty (Figure 3). The specific activity of the oleie 
acid was five-fold that  of the whole oil while the 
activities of linoleie and linolenie were not signifi- 
cantly above background. Measurable activity ap- 
peared in the linoleic fract ion at 8 hrs. and in the 
linolenie fract ion at 12 hrs. At 12 hrs. two-thirds of 
the total radioactivity was found in the oleie acid 
fraction, whieh constituted only one-fifth of the whole 
oil. 

The data presented in these studies clearly indieate 
a preferential  production of oleic acid from sucrose 
by soybean cuttings. They indieate fu r ther  that  the 
initial preponderance of this tagged oleie acid over 
o the r  t a g g e d  fa t ty  ac ids  is only t e m p o r a r y .  The 
tagged saturated, linoleie, and linolenie acids gradu- 
ally build up in concentration to approach propor- 
t ionality with the tagged deic.  Although it was not 
found possible experimentMly to. establish conditions 
in which the specific activity of oleie acid would sub- 
sequently fall below that  of the other acids as evi- 
dence Of its role as a precursor, the data presented 
strongly support  the theory of sequential eonversion 
of oleie acid to the other f a t ty  acids. Apparent ly  the 
soybean can convert oleie to linoleie and this in turn  
to linolenic. Sehoenheimer et al. (6) have demon- 
strated that the animal can convert  s~earie acid to 
oleic, and Clendenning (10) has reported that  oil pro- 
dueed by algae from a tagged substrate showed its 
highest specific activity in the saturated fa t ty  acid 
fraction. Evident ly  the Soybean produces oleie acid 
pr ior  to or along with the saturated acids. 

Summary  

Excised Lincoln soybean stems bearing pods and 
leaves were supplied with C 1~ l abe led-sucrose  for 
brief  periods, and the subsequent appearance of radio- 
activity in the different fa t ty  acids was observed up 
to 18 days. The individual f a t ty  acids were separated 
as their 2,4-dinitrobenzenesulfenyl ch lor ide  deriva- 
tives and the specific activity of the different frac- 
tions were determined. 

Radioactivity appeared in the fa t ty  aeids in the 
following order :  oleie, saturated, linoleie, linolenie. 
Consistent presence of highest speeifie activity in the 
oleie aeid fract ion indicated that oleie may be con- 
verted to the other acids, at least to some extent. 
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