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Aktrrct-Aatyl-CoA carboxylasc from two lines of soybean (Glyck ma*) s&s has been puriki to apparent 
homogeneity. The proccdurc included afinity chromatography of rhe enzyme on avidia-monomer-!kpharobe 4B. The 
enzyme from both lines showed a singk band on polyacrylamide gel ckctrophoruis. On sodium dodccyl sulphatc- 
polyacrylamide gel elcctrophorcsis. the enzyme from experimental lint 9686 showed a single protein band having the 
.%I, 240000. The enzyme from thecommercial line Wayne, however, showed thra protein bands having the M,s 24Ooo0, 
65 000 and 58 OCQ, respectively. High concentrations of the enzyme were required for stability as well as the presence of 
dithiothreitol. glycerol and Triton X-100. The enzyme was active over a wide pH range, with an optimum at 8.2 for 
9686 and 7.5 for Wayne. The enzyme from both 9686 and Wayne showed absolute spa56city for aatyl-CoA as a 
substrate and this could not be replaced by propionylCoA. butyryl-CoA. hexanoylCoA or 3-nuthykrotonyl-CoA. 
At the optimum pH the apparent K, values for the substrata were: bicarbonate, I.13 mM; acetylCoA, 0.32 mM; 
ATP. 0.46 mM for the Wayne carboxylasc and bicarbonate, 1.56 mM; acetyl-CoA. 0.17 mM; ATP. 0.14 mM for the 
9686 enzyme. Citrate, at higher conantrations, was strongly inhibitory. Both ADP and AMP inhibited the enzyme 
from 9686 and Wayne. The enzyme from both 9686 and Wayne did not appear to be highly regulated by cellular 
mctabolites. 

KNTRODUClIOS 

The carboxylation of aatylCoA 10 form malonyl-CoA is 
an ATPdcpcndcnt reaction catalyscd by aatylcocnzymc 
A carboxylasc (acetylcoenzymc A: bicarbonate ligase 
[ATP], EC 6.4. I .2). This enzyme offers a potential site for 
metabolic control as it catalyses the first step a1 which 
carbon precursors are committed to the biosynrhais of 
fatty acids and flavonoids. The regulation of acetyl-CoA 
carboxylasc activity would govern the entry of prazursors 
into the biosynthetic pathways, and the subsequent 
demands on energy reserves for the biosynthetic process. 
Extensive studies over the last 20 years have led to an 
understanding of the role of rhis cntyme in the regulation 
of de now fatty acid biosynthesis in Escherichia coli, yeast 
and various mammalian sources [I-3]. The structure of 
acetyl-CoA carboxylasc from plant tissues is still unclear. 
The enzyme has ban isolated from photosynthetic tissues 
[3-71 and non-photosynthetic tissues [8.,13]. All the 
preparations of acctyl-CoA carboxylasc have been found 
to differ in their subunit structures depending on the 
preparation and techniques employed. The enzyme from 
photosynthetic tissue [4] is composed of thra reversibly 
dissociablc protein components similar lo those of the E. 
coli carboxyla.sc [ 143. In contrast, the carboxylasc from 
non-photosynthetic tissues appears 10 be soluble and has 

*This work m supportal by the American Soybean 
Research Foundation. St. Louis. MO. Journal Paper No. 10 321 
of the Purdue Agricultural Experiment Station. 

+To whom cormpondcncr should be add-. 

ban purified as an active complex from both wheat germ 
[9. I I]. barley embryos [8] and castor oil seeds [IS]. 
However, the enzyme puri6ai from avocado mesocafp 
plastids [S], while easily solubilizai, may bc membrane 
bound, so that acetyl-CoA carboxylasc from non- 
photosynthetic Gssucs may bc associated with the mcm- 
brancs of plastids in a similar manner lo the chloroplasl 
enzyme. In a previous paper [16] we reported the 
characterization of acctyl-CoA carboxylasc from two lines 
of soybean seeds; thecommercial genotype Wayne and the 
experimental gcnotypc 96g6. This report dcscn&s the 
purification and kinetic properties of acetyl-CoAcarboxy- 
last from rhc developing seeds of two lines of soybean. 

PFSULTS AND DISCUSSION 

Reaction charorreristics 

The incorporation of H”CO, into “C-labcllcd 
malonyl-CoA by acctyl-CoA carboxylasc required Mg’ l , 
acetyl-CoA, H”CO, and ATP. and was inhibited by 
avidin. Under optimum conditions the enzyme assay was 
linear up to SO pg protein in both Wayne and 9686, and 
for at least IS min. Analysis of the reaction products by 
thin layer chromatography [ 173 showed malonyl-CoA as 
the only “C product formed. Presence of 0.2 3, Ttiton X- 
100 in the homogenizing media, was essential IO obtain 
maximal activity. Manganese could not replaa Mgz’ in 
both Wayne and 9686 as an csscmial activator of the 
enzyme. 

lo67 
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Enzyme purjficoriott 

The enzyme has been purified employing ammonium 
sulphatc precipitation. and affinity chromatography on 
avidin-monomer-Scpharosc 4B. In the final chrornato- 
graphic step. all of thecarboxylasc activity was retainad by 
avidin-monomer-Sepharosc 4B. in contrast IO the bulk of 
the protein. Aatyl-CoA carboxylasc was clutcd as a sharp 
peak after application of buffer D. This affinity chromato- 
graphy step resulted in a 302-fold purification of the 9686 
carboxylasc and 123-fold puritkation of the Wayne 
carboxylasc from the (NH.)rSGI step (Tables I and 2). 
Employing avidin-monomer-Sepharose 4B. Egin-Buhkr 
and Ebel [IO] achicvcd a IOOO-fold overall puri6cation of 
acctyl-CoA carboxylasc from irradiated parsley cells. 

Biorin conrenf 

The covalent attachment of the biotin prosthetic group 
IO the carboxylasc is indicated by the binding of the 
enzyme IO avidin-Sepharose 4B and by the complete 
inhibition of enzyme activity after prcincubation with 
3 PM avidin. 

Kinetic consrants 

The apparent K, values for Wayne and 9686 carboxy- 
&se were obtained using enzyme purified by affinity 
chromatography. Plors of the carboxylation rates versus 
the concentrations of all substrates tested (acetyl-CoA, 
bicarbonate, ATP) rcsultal in hyperbolic curves. The 
following K, values were calculated from linear doublc- 
rcciprazal plots: acctyl-CoA, 0.32 mM; bicarbonate. 
1.13 mM; ATP. 0.46 mM for Wayne acctyl-CoA carbo- 
xylasc and acccyl-CoA, 0.17 mM; bicarbonate. I.56 mM; 
ATP, 0.14 mM for 9686 acccyl-CoA carboxylase. The 
carboxylasc from the IWO genotypes had different K, 
values for the substrates, thus exhibiting different af- 
finities. However, the carboxylasc from different tissues 
dots exhibit different K, values. The enzyme from 
developing castor seeds [ 151 had K,,, 0.1 mM; KHCo,, 

3.0mM and K 0.05 mM. The parsley carbo- 
xylase [IO] &Accb.07 mM; Km., 1.0 mM and 
K, I-coA, 0.15 mM. GTP. TTP. CTP, UTP and fTP at 
0.2 mM were testad as substrates in place of ATP, but no 
H”CGJ incorporation was observed with the carbo- 
xylasc from Wayne or 9686. In the case of castor oil xed 
enzyme [IS] Hr’CG; incorporation was obscrvai in the 
presence of UTP. at a rate of 2.5% of that found with 
ATP. 

Subsrrole specificif y 

The substrate spccifki~y of the Wayne and 9686 
carboxylasc was tcstal using the straightchain acyl-CoA 
esters, aatyl-CoA, propionyl-CoA, butyryl-CoA and 
hexanoyl-CoA. and the branched chain ester, 3- 
methylaotonyl-CoA as substrates. At concentrations of 
0.3 mM no carboxytation was obscrvcd. In parsley. 
propionyl-CoA and butyryl-CoA showed 60 3; and 15 “/; 
carboxylation, rcspcclivcly [IO]. 

Ej&-r o/pH and mnperature 

The effect of pH on the carboxylation rate was tcstcd 
between pH 6.5 and pH 9.2 using Na phosphate, Tris-HCI 
and glycincNaOH buffers. As reported earlier [ 161, the 
carboxylasc from Wayne had a pH optimum of 8.2 while 
the carboxylasc from 9686 had a pH optimum of 7.5. 

Under standard assay conditions, the carboxylasc ac- 
tivity was measured over the tcmpcraturc range 25-40”. 
The activity was found IO be markatly affcctcd by 
temperature, the optimum being 354” for both Wayne 
and 9686 carboxytasc. The standard assay was performed 
at 37”. The parsley enzyme had an optimum of 45’ [IO]. 

EBpCr oJ nwtabolires 

The cffcct of various mctabolitcs tested on acctyl-CoA 
carboxylasc from Wayne and 9686 are rccordad in 
Table 3. Of all the mctabolitcs tested. glycine was the only 

Table I. Purification of 9686 rctyl-CoA arborylasc by rl&uty chromatography on rvidin-monomer- 

Scphrosc 4B 

Total Spsclfr 
Protern activity VZtiVity Puriftcation R-very 

Step (mg) Uds) Mitslmg) fold) ( a 
- ._~. _-._ -_. 
Crude hcaogctute 630 200 003 - 100 

Ammonium sulphtc (lOXI”/.) fnclion 130 186 OIJ 5 93 

Affinity chromatography 084 7.6 9.08 302 38 

Table 2. Purihation of Waytx acetyl-CoA arboxyluc by rlliniry chroautoflpby on &din-monomer- 

Scphuose 48 

Total SpCCifk 

Protein activity actitily Purifkation Racovwy 

Step (m81 (units) lunits/mg) Ifow ( “.I 
_ _. .- .- _ -.__ .- --.- 

Crude homofmrtc I 50.5 12.5 008 - 100 

Ammonium rulphate (IMPS:) fraction 29.3 II.5 0.39 5 92 
Atlinity chromatography 0% 5s 9.85 I23 44 



AatyKoA carboxylau hn soytmn 1069 

Tab&c 3. Elk+ of mepbotita on tbc activity of 
rc(yl-coA CarboxylaBe 

R&t&c rate 

Mctabolitc WaylK 9684 

None loo Ial 
Glucmbphorphrtc loo loo 
Fructovdphosphatc 103 la, 
Dihydroxy aatone pborphre loo loo 
3-pbosphogykzrate 100 loo 

PYNMk 102 110 

Pbor9bocndpYnJncc 110 98 
Fructorc-L6diphosphrtc 112 Ill 
Mahlc 102 100 
Glycine 197 I46 
NADH loo loo 
ClUWC 4a 50 
AcflAW loo loo 

pYm,Pmw loo loo 

one which activated rhe carboxylase both from Wayne 
and 9686. Howcvcr, the rape sad carboxylasc was not 
affected by glycine. Citrate at IOmM inhibited both 
Wayne and 9686 carboxylasc. This inhibition by citrate, 
an allostcric activator of the animal carboxylasc [143, 
could be relieved by the addition of cquimolar conun- 
trations of Mg’+. The same e&t was also observed for 
wheat germ carboxylasc [ 181 and castor oil seed carboxyl- 
asc [IS]; however, the activity of the carboxylase from 
either spinach or avocado was stimulated by 3 mM citrate 
[S]. There was no inhibition by either NADH or NADPH 
as has been reported for the castor oil seed enzyme [IS]. 

Acetyl-CoA carboxylase from rat liver [ 193 and crude 
spinach chloroplast preparations [20] was activated by 
cocnzymc A. Crude plastid preparations from castor oil 
sads [IS] when incubated with 0.1 mM CoA for 20 min 
at 4” rcsultai in a I5fold stimulation of the enzyme rate. 
However. CoA had no effect on aoctyl-CoA carboxylasc 
either from Wayne or 9686. 

Molecular weighr and subunir composition 

Analysis of purifid acctyl-CoA carboxylasc both from 
Wayne and 9686 by PAGE under non-denaturing con- 
ditions gave rise to only one protein bend in tach case and 
suggested that the carboxylasc was homogeneous. 
Analysis of the purified enzyme by SDSPAGE gan rise 
to a singk protein band in case of 9686 and three protein 
bands in case of Wayne. 

The M, of the biotinyl subimit of purified acctyl-CoA 
carboxylase has been determined in barky embryo [8], 
panky culture [IO], wheat gum [9], maiz.z leaves [6]. and 
kava of C, and C. plants [3]. Biotincontaining pcptide 
of M, 240000 was reported in wheat germ [3], barley 
embryos [8] and parsley culture [9]. Maize kaf purifkd 
acctyl-CoA carboxylasc contained a biotinyl subunit of 
60000 [6]. In leaves of P. suricwn. A. pwtum. sorghum 
and 2. moys. four biotinyl proteins were vrtcd with hQ 
of 62000. 51 Ooo, 34tXlO and 32000 [6] respactivcly. In 
soybean. the cxpcrimcntal genotype 9686 had a single 
protein band of M, around 240000. whik the corn- 
genotype Wayne had thra protein bands corresponding 

to M, 240000.65ooO and 58ooO respectively. In all the 
leaves examined the M, UOOOO biotinyl protein was not 
dctazted [3]. Thus the soybean acetyl-CoA carboxylasc 
rrscmbks the wheat germ, barky embryo and parsley cell 
culture acztyl-CoA carboxylose. P&My. kaf=tyl-CoA 
carboxylase has a biotinyl subunit of a di&ent size. 
Moreover. acccyl-CoA carboxylax in leaves is required in 
a number of dilTercnt cell types to supply malonyl-CoA 
for at least six ditrtrcnt biosynthetic pathways, and 

bccausc purified ~rtcyl-CoA carboxylasc activities from 
different tissues and spacies differ in their molecular 
organizations, there is a possibility that these activities 
reprcscnc isoenzymes of =tyl-CoA carboxylasc. 

EJkcr of ADP and AMP 

Eastwclland Stumpf[ZI] rcportai that both ADPand 
AMP inhibited acetyl-CoA carboxylasc and that they 
were competitive inhibitors with respect to ATP. They 
showed that the crude exlracts of wheat germ and spinach 
chloroplasts had ATPasc and adenylatc kinase activity 
which resulted in rapid hydrolysis and interconversion of 
ATP to yield ADP and AMP. This had a dramatic CITCCC 
on the accuracy of the assay for ecctyl-CoA carboxylasc 
activity in crude preparations. In our experiments with 
acetyl-CoA carboxylasc from soybeans, the assay of 
aatyl-CoA carboxylasc did not follow ideal zero-order 
kinetics when assayed in a crude extract. When the crude 
extr8Et was diluted, the dazrcasc of acetyl-CoA carboxy- 
last activity during the pre-incubation period with ATP 
was substantially raluad. In contrast, the partially puri- 
bed aacyl-CoA carboxylase was insensitive to prcincu- 
bation with ATP, and the assay remained linear over a 
mush greater range of enzyme concentrations. This was 
also reported for wheat germ [21]. Thz extent IO which 
these interconversion of adcnylate m&o&s alTaXai 
acctyl-CoA carboxylasc activity was revealed by dc- 
tcrmining the effects of ADP and AMP on the purified 
enzyme from both Wayne ami 9686. Interestingly, the 
results from these experiments showed that both ADP 
and AMP were inhibitory. Distinct diITerenas were 
evident in the kin&constants of9686and Wayneacctyl- 
CoA carboxylasc. but in both cases, the enzymes were 
under the control of relative adenylate nuckotide 
concentrations. 

Conclusions 

From the data presented it appears that the soybean 
carboxylase resembles the wheat germ, castor oil sad, 
parsky and barky embryo acetyl-CoA carboxylasc. It is 
not clear. however, whether citrate activation is a property 
common to all plant aatyl-CoA carboxylascs. Burton and 
Stumpf [ 181 obtained 89 % inhibition of the wheat germ 
=tyl-CoA carboxylasc in the prcscr~~ of 30 mM citrate, 
this being relieved when the citrate concentration was 
dW to 5mM; isocitrate (SmM) produced a 10% 
activation. Heinstcin and Stumpf [I] on the other hand 
reportal that the wheat germ enzyme was not a&ted by 
4mM isocitrate and that higbcr concentrations were 
inhibitory. The castor oil seed enzyme too was inhibited 
by SmM citrate which could be relieved by adding 
cquimolar concentrations of Mg’ l . However, the activity 
of the carboxylasc isolated from either spinach or avocado 
was stimulated by 3 mM citrate [S]. 

The plant acetyl-CoA carboxylascs seems to differ in 
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their subunit composition. The wheat germ [9], barley 
embryo [83 and parsky eel) culture [IO] have a 240000 
subunit as does the soybean carboxylasc. However, the 
M acetyl-CoA cuboxyiasc does not have the 24OooO 
subunit. Possibly the lcafcrcetyl_CoA carboxylascs have a 
biotinyl subunit of different size. The enzyme from the 
two lines of soybean too, differ in their subunit 
composition. 

EX?RRIMENTAL 

him&&. NaHt’CG, was purchased from Amasham 
Intcmatioa& CNBrJninted Scpharcrsc 4B. and smxli and Lope 
H, protein sIan&rds from Pharma&u Octlyl-CoA. propsonyl- 
CoA. butyryl-CoA hexarwyl-CoA 3-awthylaotonyl_CoA, 
avidii and b&in from Sigma. All other reagents were of 
analyticaJ grade. 

Two iinns of sayban plants (Glycine max L. Mm.) varying in 
hnoknic acid con1crtt from 4 I0 10% were grown in the 
graenhouu: and seals cnilazal from low hnoknic rid exper- 
imental line (96%) and hi&h linoknic rid cnmmer&i variety 
(Wayne) were used for the study. 

Ba,Bm. (A) 0.1 M Ttis-HCl, pH 8.2; (B) 0.1 N Tris-HCL pH 
8.2 containing 0.5 M NaCI and 2 mM EDT& (C) buffer B. 
containing 2.5 mM DTT; (D) 0.05 M Tris-HCl, pH 8.2 coMain- 
ing 5% glyarol, 0.5 M NaQ 2.5 mM DTT and 0.6 mM biottru 
(E)O.l M Tris-HCl, pH 8.2containing I mM phcnyb.ne~hanaui- 
phonyi fluocida 2 mM EDTA, 5 mM DTT and 0.2 ‘/, Triton X- 
100; (F)O.l M @y&c-HCl,pH 2a(G)0.01 M KPi butTer,pH 7. 

AcnylCoAcarboxyhvacrlvny wasdetermined by masuring 
the incorporation of NaH“C0, into malonyl-CoA. The tncub 
ation mixture containad in a totai vol. of 15Oj& U mM 
Tris-HCl, pH 7.5 or 8.2 2 mM NasATP. 5 mM MgCir. 1 mM 
DTT (dithiothrdtd), 10 mM NaHt’CO, (1 &Zi&moiA 0.5 mM 
aatyl-CoA xnd enzyme protein (m#g) Tbc mixture was 
preircuhtal for 4 mitt at 37”. The rartion was starkd by tbc 
addition ofaatylCoA prhcuba~d for 1 min at 37”. After 5 min 
at 37”. the raaction was I mminatd by adding 60 ~1 of6 M HCI. A 
portion of the mixture (100 ~1) wps dried on glass fiber disks for 
I hr and the acid-stabk radioactivity was counted usinp a 
scintiiktor (4 Jo PPO and 5Omg PGPGP in I 1 toluene) in a 

Wman liquid acintiltationcounter. Bianks without acatyl-CoA 
was included in every assay. 

Pro&r was &tetminuJ by the method of ref. [22] after 
pracipilotion with trkhloroaaIic acid using bovine serum al- 
bumin as a standard. 

hfonormicsuidin-Se+ocphcpou 48 was prepared by the method 
of ref. [23). CNBr-activated Scpharose 4B was washed with 
I mMHCI(r00ml/gdryIpd)~~mml~buaerG.nKplwpr 
thmsu+ndaiin4OmJofbuBerGandddaJto IO~ofavidin 
dissolved in 20 ml of b&r G. The suspension was kft overnight 
tncoldvithOentkagiution.nKgdmrfilteradudwyhed with 
100 ml of 1 M cthanokmine-HCl. pH 7. followed by 290 ml of 
0.01 M bulk G. The gel was poured into a stnah cnhunn and 
washat with 6 M guanidinaHCl in 0.2 M KCi-HCl pH 1.5. Ibe 
cohtrnn was kit overnight to ensure compkte dissn&tion. The 
cnhtmn was washed with an additional 5 ml of guanidine-HC1 
andthettwithI5mJb&arGuntiltheabsorbancaat28Onmwas 
kss than 0.01. The column was then washed with I mM biotin 
and with 10 vok of buffer F to remove biotin on the toox sites. 
‘llte column was then cquihbrataJ wsth buffer C. 

Enzycrw fn@icatioa. Sands were removed from the pod& and 
enzyme extracts prepared by grinding in a chilkd monar with 
pestk at 4? Scads were homo&xad in IODmM Tris-HCI, 
pH 8.2, containing 1 mM phenylatcthanasuiphonyt fhorkk 
2 mM EDTA, SmM DTT and 0.24, Triton X-100. The homo- 

gcnate was tlltaal Ihfougb two layers of muslin doth and 

aslttifuged at xxxfg for 2Omin. The rqxrturant foruKd the 
crude ftion. TM su9anr;txnt was txougbt to 10% ntn with 
(NH&SG. and allowed to stand in cold for 2 br. The super- 
nxtant obtained after antrifu@nn a1 lSoo0~ for 3Omin was 
koqht IO 40% satn with (NH&SO‘ and rtlowad IO @anti for 
another 2br. After 2hr the suspauion wm cantriftqpzl for 
30min at 15OOOfl and the pdkt cdkctai. The pdkI was 
raiissolvad in minimal vol of buffer C. This was daritkd by 
ccntriftqation at 10000~ for 2Omin. 

The ckar protein s&n was applied to an l &hn-monomer- 
ScpMroae 4B column (1.5 x 6 cm) previoudy equilibrated with 
buffer B. AJter Ihe cdumn had bean extensively washad with 
b&r C dution of aca!yl-CoA arboxylau was achkvcd with 
2Oml of buffar D. Fractions of 2tni ach were collated. 
Fractions it&h& in enxymc activity wers pnokd. The combined 
fractions were pmssai through disposabk G-25 tubes and stored 
at -w. 

Pofy6cryfmidf gel &cffopfwests under ttonduuturinf con- 
ditions and polyacrykmida slab gei ekctrophort& in (he 
prtscncc of SDS were carrial out according IO pub4ished 
rc&niqucs [24, 251. 

fmmwaits*don. Purifiai aatyi-CoA arboxyku from 96% 
was used to prepare anriuna. and immunudiITusion was done 
rarmling to ref. [26]. 
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