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Abunct--Chagu in the activity ofacctylCoAcarboxylase was followal during tbc formation of two lines of soybean 
(Glycine ma*.) eaadr Tbc rttyl-CoA arboxylasc activity cxprasad as units/& was louad to be higher in the 
expcfimentalvaricty9686thaninthccultivar.Waync.The maximum activity in 9686 was around 40 days after flowering 

(DAF),whikinWaptitwuuound~DDAF.‘lbetnzymc~rtinovaawidepH~withMoptimumat8.2for 
9686 and 7.5 for Wayne. Citrate bdow 3 mM had no c!TaX on !I686 enzyme+ but hi&u comzntrations were inhibitory. 
In Wayne, an increase in citrate up to 5 mM slightly stimulated tbe cnxymc but higbcr concentrations were strongly 
inhibitory. Mn’* could not repbce Mgl+ as an essential activator of the carboxylasc in both Wayne am9 9686. A 
differential regulation of acctyl-CoA carboxylasc in the two lines of soybean is suggested. 

INTRODUCIIOS 

Aatylcocnzyme A carboxylasc (acetylcoenzymc A: bi- 
carbonate ligase [ATP]. EC 6.4.1.2) catalyzes the hnt 
committed step in the synthesis of fatty acids, the 
carboxylation of acetylCoA 10 form malonyl-CoA The 
two-step reaction proceeds through a carboxylated 
enzyme intermediate, the carboxybiotinyl prosthetic 
group. Covalcntly bound biotin is carboxylatai during 
the first half-reaction which utilizes bicarbonate and ATP. 
This one-bon carrier then serves as the carboxy donor 
to acetyl-CoA in the second half-reaction to pr&uce 
malonyl-CoA [I]. AatylCoA carboxylase is required to 
supply malonyl-CoA for both the de 110~0 synthesis and 
the elongation reactions. Studies of acetyl-CoA carboxy- 
last from plant source were initially hampered by low 
activities of this enzyme in extraction preparations. 
Rccenrly, researchers have achieved stabilization and 
purification of this enzyme in vitro from a number of 
tissues [24]. 

Aatyl-CoA carboxylasc has been shown to catalyze a 
regulatory step in the synthesis of fatty acids in plants 
[S 73 and animals [8. I I]. In castor bean [S] and rape 
seed [6] large inacaus in the activity of aatyl-CoA 
carboxylax is correlated with lipld deposition. 

During soybean seed development the rate of lipid 
biosynthesis per sad increases markedly, raultmg in a 
mature seed containing 20-25 O/b lipid by dry weight [ 123. 
Bctwan I5 and 45 days after tlowering (DAF), the rate of 
fatty acid accumulation per seed increases IO 20 fold [ 133. 
Recently. Cherry er al. [ 141. studied the pattern of fatty 
acid deposition in seven lines of soybean during seed 
maturation. Since experimental genotype, 9686, produas 

l -t’hu work was supponal by the Amcrimn Soy&an Rerarch 
Foundauon. SL Lou& MO. Journal Paper No. 10,144 of the 
Purdue Agricultural Gpetimcn~ Station. 

t To whom amqmdcm should be addressed. 

signihcantly less linokate, linolcnate and total lipid 
(approximately 30% less in all cases) than commercial 
genotype, Wayne, the regulation of total lipid synthesis 
could be due to changes in acctyl-CoA carboxylasc. In the 
present study we have shown the changes in theactivity of 
the enzyme acctyl-CoA carboxylasc during seed matu- 
ration in two different genotypes of soybean (Glycine max. 
L. Mm.); the brading line, 9686 and commercial gcno- 
type. Wayne. 

RESULTS AND DSCXJSSION 

Significant differences exist in fatty acid composition of 
storage lipids bctwan 9686 and Wayne [ 141. As such we 
have studied the acetyl-CoA carboxylasc activity during 
seed formation in these two lines of soybean. The pattern 
of acetylCoA carboxylasc activity in the two lines is 
shown in Figs I and 2 Tbc acetyl-CoA carboxylax 
activity (units/seed) in the experimental line was found to 
be higher than in the commercial line. The activity of 
acetylCoA carboxylasc in 9686 increased until the seeds 
were around 400 mg fresh weight approximately 40 DAF 
and then dacrcasai. In Wayne the activity increased until 
the sads were around 225 mg fresh weight approximately 
30 DAF and then decreased. The decrease in activity in 
9686 appearal more abrupt while in Wayne it was 
gradual. We thus wanted to characterize the enzyme from 
the two lines of soybean. In rapt seed [ 161, castor seed [S] 
and cultures of oil palm [6]. the accumulation of lipid 
coincided with an increase in aatyl-CoA carboxylasc 
activity. 

The optimum conditions for In oirro assay of acetyl- 
CoA carboxylasc activity were dctermmcd to ensure thar 
the cnxyw activity WBS maasural under non-limiting 
conditions for the amount of substrate. For each optimiz- 
ation the other variables were maintained at their optimal 
values. The results are shown in Figs 3 and 4. The assay 
system for 9686 saturated at approximately 5 mM HCO; , 
0.1 mM aatyl-CoA, 5 mM Mg”, 2.0mM ATP. The 
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Fb I. Cbnga in the activity of etyl-CoA arboxyluc (0) 
and pohn content (0) during seed fafmation in !3686). 

(a) 
16 

12 

6 

4 

0 
0 2 4 6 8 IO 

[tiCO;J(mM I 

(b) 

6 

6 

4 

2 

0 i/l“ 
0 2 4 6 6 IO 

[ Mg2’)(mM) 

I (cl 
16 

z 
\ 12 

% 6 

4 

01 Id1 ’ ’ ’ 
56 76 9 IO 

PH 

WAYNE I- 

0 1 dy 1 1 1 
0 lo 20 40 60 70 

DAYS AFTER FLOWERING 

Fig. 2. Changa in the activity of wrtyi-CoA atboxy~ (0) 
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assay system for Wayne saturated at approximately 5 mM 
HCO;, 0.3 mM 0ctcyLCo~ 3 mM Mg’ l , 3 mM ATP. 
TbeopcimumpHforrbe~ywaspH8.2inT~buffer 
for 9686 and pH 7.5 in Tris buffer for Wayne. Under 
optimum conditions the assay was linear up to SO gg of 
protein in both Wayne and 9686. and for at least 15 min. 

AEinity chromatography puri6cd atxtyl-CoA carboxy- 
last from developing scak of Wayne and 9686 was found 
to he active over a w-i& pH range, with an optimum at 8.2 
for 9686 atxJ 7.5 for Wayne. The wheat germ cnzymc had 
an optimum of 8.8 [17]. that from avocado plastids an 
optimum of 7.5 [ 18 and that from castor oil cndospcrm 
an optimum of 8.0 ? 191. The activity in glycintNaOH at 
pH 9.6 and 9.2 was higher than the aaivitics in Tris-HCI 
butTer at pH 8.5 and 8.8 in 9686. In Wayne, activity in 
glycintNaOH buffer at pH 9.0 was higher than at pH 8.0 
to 8.8 in Trit-HCl buffr. Glycinc (5 mM) stimulated the 
activity of Pflinity-puriticd aatylCoA carboxylasc from 
both Wayne and 9686. Also, when potassium phosphate 
buffer was used in pkcc of sodium phosphate buffer, thcrc 

wasastimuktionofactivityandthiswasductopotassium 
(Tabk 2). 

Triton X-100, at a concentration of 0.2% in the 
homogenizing maiia, was csscntial to obtain maxialal 
activity (Tabk I). This could bc due to the incrcasod 
solubilization of the cnzymc by the detergent. 

The etTcct of the various assay constituents on tbc 
enzyme xtivity showed an absolute requircmcnt for ATP, 
MgC&, =tyl-CoA and this is in agramcnt with the 
known cofactor raprirancnts for acctyl-CoA carboxyksc 
activity [l, 201. Mild stimulation by DTT was also 
Observd. 

The inhibition by citrate (Tabk 3), an allostcric acti- 
vator of the animal carboxyksc [I], can bc attributed to 
Mg” cbehtion since the inhibition can bc rclicvcd by the 
addition of cquimokr concentrations of Mgr ‘. The same 
effect was obscrval for the wheat germ cnzymc [ 19,211; 
however. tbc activity of the auboxylasc isolatal from 
cithcr spin& or avoado is stimulated by 3 mM citrate 
[IS]. In parsky, citrate stimulated auymc activity only 
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Table I. EfTti of triton on I& ation of aatyLCoA 
cahoxylaxc rtivity in Waym and !%86 

Activity 
(nmoks/nlin/g fr. weight) 

..--_ 

WV= 9686 

+ Triton X-100 15.3 12.0 
-Triton X-100 5.4 4.0 

Tab& 2 Elk d KCl on dyi-CoA arboxytnse rttity 

Activity (amok/ml/S mitt) 
- 

-KCl 2OmMKCl 4OmMKQ 8OmMKCl 

WV= 10.0 II.5 14.5 15.0 
9686 13.1 26.5 28.5 30.0 

AfEnity dwomrtography-puri6cd auymc was used. 

Table 3. E5ozt of varying cotxcn- 
tratbns of citrate on xctyl-CoA car- 
boxybu activity In Wayne and !x86 

ReLuvc rate 
C11nte - - -- 

(mM) waylx 9686 

0 IO0 IO0 
0.5 110 100 
I.0 IIS 100 
3.0 IIS 53 
4.0 12s 51 
s.0 I28 SO 

AIblity ChroaMtograpby puti!% 
auymcwasuscd. 

slightly at about 2 mM but strongly inhibited the activity 
at higher concentrations with either Na’ or K’ as the 
counter ion [22]. Citrate at 0.5 mM and 1.0 mM had no 
effazt on the 9686 enzyme, but corKentrations above 
3.0 mM strongly inhibital the enzyme (Table 3). 
However, acetyl-CoA carboxylasc from Wayne was 
stiawhcd slightly up IO 5.0mM citrate, but strongly 
inhibital above 5.0 mM citrate (Table 3). 

Sodium pyrophosphate had no effect on the enzyme 
activity in both Wayne and 9686. Acetyl-CoA carboxylasc 
from dcvdoping castor oil sads was inhibited by pyro- 
phosphate [19] and this wax attributed to the formation 
of a da&end complex. In addition, it was shown that 
ADP and phosphate act as product and dead end 
inhibitors [ 193. 

Acetyl-CoA carboxylasc activity both from Wayne and 
9686 was stimulated by the presence of KCl in the assay 
system (Table 2). Acetyl-CoA carboxylesc activity from 
Wayne wax stimulated approximately 1.2 fold while the 
activity from 9686 was stimulated almost 2 fold. Nielsen 
and Stumpf [23] showed the stimulation of wheat germ 

acetyl-CoA carboxylase by potassium. In wheat germ. 
maximal stimulatioa took pbce bctwcen 30 ad 
60 mM KCl. In both Wayne and 9686, maximal stimu- 
lation took pLDcc between 20 and 40 mM KCL The degree 
of stimulation by 20mM KCl wax similar both in the 
prcsenoe and absence of dithiothreitol. suggesting what K l 
stimulation was not related to a sulphydryl site actintion. 
ThiswastrucinchecascofwbaI~enzymcto0.Tbc 
maximum K+-induced activation of both the castor oil 
seed enzyme (1.5-fold), the wheat germ CnxytIK (B-fold) 
and the soybean seal enzyme (1.2-fold for Wayne and 2- 
fold for 9686) is substantially kxs than tbat observed for 
the enzyme isolated from T. oceri (32-fold). 

There was a marked inhibition of 9686 etyl-CoA 
carboxylasc activity at higher ATP concentrations. 
Howcvcr, the Wayne ruxtyLCoA carboxylaae activity wax 
not inhibital at higher ATP concentrations. The acctyl- 
CoA carboxylasc activity from both Wayne and 9686 was 
inhibited at higher Mg** concentrations. It has been 
shown earlier [ 181 that MgATP’ - is the reactive species 
in the carboxylation -ion. while both free ATP’ - and 
Mg’ l are inhibitory. Magnesium was essential for ac- 
tivitl as shown in Fig. 2 Man- could not rcpbcc 
Mg l in both Wayne and 9686 as an essential activator of 
the carboxylasc (Table 4). For the 9686 enzyme, 15-H) y’ 
of the activity could be obtained by 2.0mM Mn’+; 
concentrations above wae inhibitory (Table4). The 
enzyw from developing castor oil seals [ 191 showed 
maximum velocit 

L 
at a Mn” concentration of 1.5 mM, 

whereas with Mg , the same velocity is only achieved at a 
concentration of 5 mM. For the wheat germ enzyme, the 
maximal activity obtained with MD” wax only 4&5000, 
that obtained with Mg” [24]. 

Aatyl-CoA carboxylase from plant tissues has been 
reported to be a very labile enzyme [ 18, 23.25, 261. The 
activity of acctyl-CoA carboxylasc in extracts of devcl- 
oping soybean seeds declined by 80% in IO hr at 4” 
in the presence of I mM phcnylwthancsulphonyl 
fluoride/5 mM DlT/O.Z “/, Triton-X-100. However, the 
ammonium sdphate pudkd enzyme in the presence 
of 1 mM phenylmcthancsulphonyl fYuoride/S mM 
DITfl.2 7, Triton X-100 retained 80% of the activity 
after 24 hr at 4”. 

Our research on the comparison of the expcrimcntal 
genotype (9686) with Wayne has provided a unique 
foundation IO explore the biocbankal pathways in lipid 
synthesis. The present data suggest that it is reasonable to 
assume that acetyl-CoA carboxylaxe may play a key 
regulatory rok in fatty acid biosynthesis. Further studied 

T&k 4. Ehct of repking Mg’ l with Mn’ l 

om the activity of axtyKbA arboxyhe in 
WIytUMd9686 

Relative rate 
__-..- 

Mn” (mM) Wayne 9686 

O+Mg*’ (SmM) 100 100 
I.0 5 29 
20 0 2s 
4.0 0 13 

5.0 0 8 
IO.0 0 8 
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being carried out on the kinetic propertics of the afbity 
purified cnzymc could possibly shed some ii@tt on the 
difkrcntial regulation of the enzyme in the two lima of 
soybean. Antisera to acetyl-CoA auboxylpse is also being 
used to study the regulation of atxtyl-CoA carboxylase in 
developing soybean seeds. 

Two lines of soy&in pknts vuyinp in linoknic rid content 
from4to10:,wac~oPminth!~atnhouw,udcaair~cd 
l t different stages of development from one low linoknk rid 
~~~~(~~a~o~~~~~k~~ 
variety (Waynqwere uaul in tbisuudy. Se& pods were harvestal 
from between 12 and 70 days after gowaing. 

NaHt’CO, (2.07 GBq/mmol) was putchased from Ante&am 
fnremattin8L Am&tam. ATP and Aoctyl-CoA were from 
sigmaChanb&co 

EJUJWU pepar&o4l. Seeds were ranuvai from the pods and 
enqmeatractsPrqrcdbyprindinginacbilkdmortarwih 
pestk at 4”. sarb were homogenized in IOOmM Tris-HC3, 
pH 8.2 conmining I mM pbenylmcthmnaulpbonyt guoridt. 
2 mM EDT& 5 mM DtT ud 0.2 ‘/ Triton X-100. The ban* 
gcnarc was &red through two tyas of muslin dotb and 
centrifugal at XKK) g for 20 mm. Proteins were praipiutcd from 
the supanrtant by using (NH&so, 90% mttuation and 
pclktcdat 1SOOOg.Tbep&twasrcdimotvedinrsmnlIvdof 
bomogeniation me&urn. For other apcrimcnts, the Moo6 
suparurant ~brougbtto IO~~~t~ti~~th~~)~~.~ 
antrift@ It I$@@@ for XBmin. IbcSLlmtW Vu bfOU&t 

to 40 % saturation wtth (NH&XI. and pdktal at IS 000 0. Ihe 
pclkt was redissolved tn homogenization medium. This gave 
about S-fold puriharfion. For sow of the cxperimatu. the 
enzyme purihcd by afhntty chromatography (not shown) was also 
us&. The afRntty column was Prepared and tbc enzyme purifkd 
according to [27] with some modifkations. 

Aeeayf-CoA carboxytpu oupy. Acctyl-CoA arhoxykrc r- 
tivity was determined by ateasuring the incorporation of 
NaH”C0, ntto malony)-CoA. TM incubation mixture con- 
tined. tn a total volume of 1 SO 4 U mM Iris-HQ pH 8.2 or 
7.5.2 mM Na, ATP, 5 mM M&l,, 1 mM D’JT (~t~t~tol~ 
1OmM NnH”CO, (1 pCi/~lk 0.5 mM aatyl-CoA Md 
enzyme protein (about 3t3 40 pg). The mixture wns preincubaad 
for 4 min at 37”. The rcxtion was rt4rted by the addition of 
AKoA txeincuba~a! for 1 nun at 37’. After 5 min at 37”. the 
reaction was terminated by adding60 4 of 6 M HCL A portion of 
themutwc(t00~)vosdricdon%rurfibrrd~sfor 1 hrandtbe 
acid stabk radioactivity was counted using a scintillator (4 g and 
SO mg PDPOP in IL Tolume) in a Bockman liquid aintillntion 
counter. Blanks without occtyl-CoA were in&da! in cva), assay. 

Prorem dcrenn&tarion. Protein was deIennintd hy the method 
of Bradford (1 S] after praipitation with tri&oramtic scid 
using bovine scrutn albumin as a t-d. 

All I& aj%Timalts wclc rcpatal five tiom and tbc valua 
reportai arc of g typial apaiment. 
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