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ABSTRACT

'Black Mexican Sweet' (BMS) maize (Zea mays L.) tissue cul-
tures were selected for tolerance to sethoxydim. Sethoxydim, a

cyclohexanedione, and haloxyfop, an aryloxyphenoxypropionate,
exert herbicidal activity on most monocots including maize by
inhibiting acetyl-coenzyme A carboxylase (ACCase). Selected
line B1OS grew on medium containing 10 micromolar sethoxydim.
Lines B50S and BlOOS were subsequent selections from BiOS
that grew on medium containing 50 and 100 micromolar sethox-
ydim, respectively. Growth rates of BMS, BiOS, B50S, and BlOOS
were similar in the absence of herbicide. Herbicide concentrations
reducing growth by 50% were 0.6, 4.5, 35, and 26 micromolar
sethoxydim and 0.06, 0.5, 5.4, and 1.8 micromolar haloxyfop for
BMS, BiOS, B50S, and B1OOS, respectively. Sethoxydim and
haloxyfop concentrations that inhibited ACCase by 50% were
similar for BMS, B1OS, BSOS, and B1OOS. However, ACCase
activities were 6.1, 10.7, 16.1, and 11.4 nmol HC03- incorporated
per milligram of protein per minute in extracts of BMS, B1OS,
BSOS, and B1OOS, respectively, suggesting that increased wild-
type ACCase activity conferred herbicide tolerance. Incorporation
of [14C]acetate into the nonpolar lipid fraction was higher for B50S
than for BMS in the absence of sethoxydim providing further
evidence for an increase in ACCase activity in the selected line.
In the presence of 5 micromolar sethoxydim, [14C]acetate incor-
poration by BSOS was similar to that for untreated BMS. The levels
of a biotin-containing polypeptide (about 220,000 molecular
weight), presumably the ACCase subunit, were increased in the
tissue cultures that exhibited elevated ACCase activity indicating
overproduction of the ACCase enzyme.

Sethoxydim' is a cyclohexanedione herbicide used in dicot
crops to control grass weeds (2). Haloxyfop, an aryloxyphen-
oxypropionate, also is phytotoxic to most grasses (27). Cy-
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clohexanedione and aryloxyphenoxypropionate herbicides in-
hibit ACCase4 from susceptible monocot species (3-5, 10, 25-
27, 31). ACCase catalyzes carboxylation of acetyl-CoA to
form malonyl-CoA (12). Herbicide-induced depletion of ma-
lonyl-CoA would account for the inhibition of acetate incor-
poration into free fatty acids observed in herbicide-treated
maize chloroplasts (5, 16) and root tips (18) indicating that
herbicide-induced lethality is likely due to disruption of lipid
biosynthesis in susceptible monocots. The role of ACCase in
determining herbicide selectivity has been demonstrated with
ACCase from maize (Zea mays L.) seedling chloroplasts,
which is inhibited 50% by 2.9 and 0.5 ,uM sethoxydim and
haloxyfop, respectively; whereas, ACCase from pea (Pisum
sativum L.) chloroplasts is not inhibited by 10 ,uM sethoxydim
or 1 ,uM haloxyfop (4). Differential sensitivity of ACCase also
confers tolerance to some monocots. Red fescue (Festuca
rubrum L.) is 2350- and 10-fold more tolerant to sethoxydim
and haloxyfop, respectively, than tall fescue (F. arundinacea
Schreb.) (31). Tall fescue ACCase is inhibited 50% by 6.9 and
5.8 ,AM sethoxydim and haloxyfop, respectively; however, red
fescue ACCase is inhibited 50% by 118 ,uM haloxyfop and is
not affected by 1 mm sethoxydim.
To further investigate the role of ACCase in determining

monocot susceptibility to sethoxydim and haloxyfop, we were
interested in isolating and characterizing herbicide tolerant
variants of maize. Because large differences in tolerance
among maize genotypes to cyclohexanediones or aryloxy-
phenoxypropionates have not been previously reported, tissue
culture selection was used to isolate variant cell lines exhibit-
ing herbicide tolerance from BMS maize tissue cultures. BMS
tissue cultures are easy to manipulate for selection experi-
ments and would be expected to have accumulated a high
frequency of tissue culture-induced mutations because the
cultures were established more than 10 years ago (11). Al-
though sethoxydim is phytotoxic to johnsongrass (Sorghum
halepense [L.] Pers.) suspension cultures (32), its effect on
maize tissue cultures has not been reported. Haloxyfop is
toxic to BMS maize suspension cultures (7), but no attempt
to select for sethoxydim or haloxyfop tolerance in monocot

'Abbreviations: ACCase, acetyl-coenzyme A carboxylase (EC
6.4.1.2); BMS, 'Black Mexican Sweet' maize; MS-2D, Murashige
and Skoog medium (20) containing 2 mg L-'2,4-D; 15o, concentration
of herbicide required to inhibit cell growth or ACCase activity by
50%; PPT, L-phosphinothricin; GS, glutamine synthetase; EPSP, 5-
enolpyruvylshikimate 3-phosphate.
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tissue cultures has been reported. The objectives of this study
were to select sethoxydim-tolerant maize variants from BMS
cultures and to determine whether herbicide tolerance was
related to alterations in ACCase.

MATERIALS AND METHODS

Maize Cell Cultures

BMS maize (Zea mays L.) callus and suspension cultures
(11) were maintained on Murashige and Skoog medium (20)
supplemented with 150 mg L' L-asparagine and 2 mg L'
2,4-D at pH 5.8 (MS-2D). Liquid suspension cultures ofBMS
maize cells were diluted (1:20, v/v) with fresh MS-2D medium
at 7-d intervals. After dilution, BMS cultures undergo a 3-d
lag phase of growth followed by 6 to 7 d of logarithmic
growth. BMS maize cultures also were maintained as callus
on MS-2D medium containing 0.7% (w/v) agar and subcul-
tured at 14-d intervals.

Selection for Sethoxydim Tolerance

Sethoxydim (BASF Corporation) was diluted in 95%
ethanol and filter-sterilized, and 3 d after subculture was
added to 80 mL of BMS suspension culture cells at a final
concentration of 5 gM sethoxydim. After 4 d growth in the
presence of sethoxydim, suspension cells were collected by
filtration and spread onto solid MS-2D medium containing 5
lM sethoxydim. Sterile sethoxydim was added to solid me-
dium after autoclaving. Growing cells were subcultured onto
fresh agar-solidified medium containing 5 ,uM sethoxydim at
2-week intervals. Cell populations growing on 5 AtM sethoxy-
dim after 6 weeks were combined and transferred to solid
medium containing 10 jAM sethoxydim. Cell populations
growing after 2 weeks on 10 uM sethoxydim were combined
and designated B lOS. The B lOS cell line was reselected for 6
weeks for growth on MS-2D solid medium containing 50 AM
sethoxydim, followed by a subsequent 6 week selection on
100 AM sethoxydim. Cell lines capable of growth on 50 and
100 uM sethoxydim were designated B50S and B1OOS, respec-
tively. BMS, B1OS, B50S, and B1OOS lines were maintained
both as suspension and callus cultures in the presence and
absence of sethoxydim.

Herbicide Tolerance

BMS, BlOS, B50S, and B1OOS cells grown in the absence
of herbicide for at least 14 d were collected from four to six
Petri plates (approximately 20 g fresh weight for each line)
and mixed to form uniform cell populations for determination
of herbicide tolerance. Cells (0.5 g) were evenly spread onto
sterile 7-cm Whatman No. 1 filter paper discs overlaying solid
medium containing sethoxydim or haloxyfop (Dow Chemical
Co). Technical grade haloxyfop was added to culture medium
prior to autoclaving. After 2 weeks of growth, cells were
collected and dry weights were determined after drying cells
in an oven at 60°C for 48 h. Two experiments with three
replicates of each herbicide concentration were conducted.
Data were combined to determine mean dry weight increases
and expressed as relative dry weight of the untreated tissue

cultures for each herbicide concentration. The 150 values were
determined from plots of relative dry weight and herbicide
concentration for each cell line.

Acetyl-CoA Carboxylase Activity

Callus (5 g fresh weight) was collected from two Petri plates
of each cell line at 4, 7, and 11 d after an initial culture period
of 14 d in the absence of sethoxydim. Cells were homogenized
for 10 min at 4°C in a mortar and pestle containing 10 mL
0.1 M Tricine-KOH (pH 8.3), 0.3 M glycerol, and 5 mM DTT
(4, 5). The extract was filtered through two layers of Miracloth
and centrifuged at l0,OOOg for 30 min. A 2.5-mL portion of
each supernatant was desalted on a Sephadex G-25 column
equilibrated with 0.1 M Tricine-KOH (pH 8.3), 0.3 M glycerol,
and 2 mm DTT. ACCase assays were conducted at 30°C in 7-
mL scintillation vials in a fume hood. The reaction mixture
contained 1 mM ATP, 2.5 mM MgCl2, 50 mm KCI, 0.5 mM
DTT, and 15 mM NaH 14CO3 (2146 kBq/mmol) and 100 AL
enzyme preparation in a final volume of 200,uL. Sethoxydim
or haloxyfop were added as 10 gL aliquots 1 min prior to
initiation of the ACCase reaction. The reaction was initiated
by addition of 15 mm acetyl-CoA and terminated after 5 min
by addition of 30 ,AL of 12 N HCI. A control lacking acetyl-
CoA was included. A 2-cm Whatman glass microfiber disc
was added to each vial as a support to facilitate "4C02 removal
while drying in an air stream at 40°C. After drying, 50%
ethanol (0.5 mL) was added to each sample followed by 7 mL
of scintillation fluid. The amount of radioactivity in the acid
stable fraction was determined using a liquid scintillation
counter. Previous results (31) had confirmed that the acid
stable [14C] product from this reaction comigrated with ma-
lonyl-CoA. Protein concentrations were determined for each
extract by the BCA protein assay (29). ACCase activity was
expressed as nmol HCO3- incorporated. mg protein' . min-'.
Data were combined from the three sampling times with two
replicates each to determine ACCase activity means and
standard errors. 15o values were determined from plots of
ACCase activity versus herbicide concentration.

[1-14C]Acetate Labeling

To evaluate lipid biosynthesis potential of BMS and B50S
cells, the incorporation of [1-'4C]acetate into the nonpolar
fraction was determined. Following 5 d of growth in the
absence of herbicide, BMS, and B50S suspension cultures
were transferred to liquid medium containing 5 AM sethoxy-
dim and 37 kBq [1-'4C]acetate (2072 kBq/mmol). Following
a 60 min incubation, cells (40 mL containing about 0.8 to
1.0 g fresh weight cells) were collected by vacuum filtration
onto Whatman No. 1 filter paper, washed twice with 10 and
5 mL cold distilled water containing 1.5 mm unlabeled sodium
acetate, weighed, and homogenized in a polytron (40 s at
setting 6) in 5 mL isopropanol:chloroform (3:1, v/v). The
homogenate was centrifuged (l0,OOOg for 10 min), the super-
natant decanted, and the extraction repeated for 20 s homog-
enization. Supernatants were combined and evaporated to
dryness under N2 and the residue was taken up in 5 mL
chloroform:methanol (2:1, v/v) and washed with 1.25 mL
0.12 M KCI. The upper aqueous layer was removed by aspi-
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ration, and the lower nonpolar fraction was washed with 0.8
mL water:methanol (1:1, v/v). Radioactivity in a 0.2 mL
sample of the nonpolar lipid fraction was determined using a

liquid scintillation counter and expressed as dpm mg-' fresh
weight cells. Three flasks of each culture line and treatment
served as replicates.

SDS-PAGE and Western Blots of Biotin-Containing
Proteins

The extracts used for ACCase activity assays were diluted
1:1 (v/v) with 67 mm Tris (pH 6.7) buffer containing 20%
(w/v) sucrose, 10% (v/v) j3-mercaptoethanol, and 8% (w/v)
SDS and boiled for 1 min. SDS-PAGE was carried out in
7.5% (w/v) acrylamide and 0.19% (w/v) bisacrylamide slab
gels (0.15 x 16 x 18 cm) (19). Equal amounts of protein
(about 10 ,ug per lane) from extracts of the four cell lines were
applied to the gel and electrophoresed at 20 mA for 4 to 6 h.
After separation, proteins were electrophoretically transferred
from the gel to a PVDF Immobilon filter (Millipore) in 20
mM Tris (pH 8.3), 150 mM glycine, and 20% (v/v) methanol
at 1.5 A overnight (33). Nonspecific protein binding was

blocked by washing the filter for 1 h in 20 mM (pH 7.4), 0.9%
w/v NaCl Tris 0.5% v/v Tween 20 (TBST) followed by 1 h
in TBST containing 1% BSA. This blocking buffer was re-

placed with buffer containing a 1:1000 dilution of alkaline
phosphatase-conjugated avidin (Bio-Rad) for 4 h at 24°C.
Biotin-containing polypeptides were visualized by the alkaline
phosphatase reaction.

RESULTS AND DISCUSSION

Selection of Sethoxydim-Tolerant Maize Tissue Cultures

Growth of nonselected BMS tissue cultures was inhibited
about 80% by 25 Mm sethoxydim and about 70% by -0.1 Mm

haloxyfop as shown in Figure 1, A and B. BMS cells trans-
ferred from media containing these levels of herbicide to
herbicide-free medium did not grow further, indicating these
herbicide concentrations were lethal. Three sethoxydim-tol-
erant BMS culture lines were isolated by enrichment selection
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Figure 1. Effect of sethoxydim (A) and haloxyfop (B) on growth of

BMS, Bi 05, B5OS, and Bi QOS maize tissue cultures. Relative dry

weight increases were determined after 14 d growth.

for growth on medium containing 10, 50, and 100 ,M sethox-
ydim and were designated B lOS, B50S, and B lOOS, respec-
tively. B50S and B lOOS were subpopulations selected from
BIOS plated on medium containing the higher herbicide
concentrations. The dry weight increases after 14 d were 107,
100, 114, and 114 mg for BMS, B1OS, BSOS, and B1OOS,
respectively, in the absence of herbicide indicating that se-
thoxydim tolerance did not affect growth of the variant BMS
cell cultures. Herbicide concentrations that reduced growth
of BMS, B1OS, B50S, and BlOOS by 50% were 0.6, 4.5, 35,
and 26 Mm sethoxydim and 0.06, 0.5, 5.4, and 1.8 Mm haloxy-
fop, respectively (Fig. 1, A and B). The decreased tolerance of
B1OOS relative to B5OS indicated that there was no direct
relationship between selection for growth on higher herbicide
concentrations and higher tolerance.
A subpopulation of B lOS was maintained in the absence of

herbicide for more than 1 year and continued to exhibit
tolerance that was similar to BIOS maintained on 10 /M
sethoxydim during the same period (data not shown). Lines
of BSOS and B1OOS also remained tolerant to sethoxydim
when maintained in the absence of herbicide. Because toler-
ance was retained by cells grown in the absence of herbicide,
these results indicated that the variation causing herbicide
tolerance was either genetic or epigenetic rather than an
induced physiological response to herbicide exposure (6).
However, we have subsequently observed a loss of herbicide
tolerance in B lOS maintained in the absence of herbicide for
periods longer than 1 year, indicating that the phenotype was
not completely stable.

Acetyl-Coenzyme A Carboxylase Activity

The parallel increases in tolerance of each variant cell line
to sethoxydim and haloxyfop shown in Figure 1, even though
selection was only for sethoxydim tolerance, indicated alter-
ations in a site of action or a tolerance mechanism that was
common to both herbicides. Sethoxydim and haloxyfop both
specifically inhibit monocot ACCase (3-5, 10, 25-27, 31);
therefore, the ACCase activity of the tolerant lines was com-
pared to BMS to determine whether changes in ACCase were
associated with herbicide tolerance. In the absence of herbi-
cide, the mean ± SE specific activities of ACCase of BMS,
B1OS, B50S, and B1OOS were 6.1 ± 0.8, 10.7 ± 2.6, 16.1 ±
6.1, and 1 1.4 ± 3.0 nmol HCO3- incorporated. mg protein-' -

min-', respectively, as shown in Figure 2, A and B; whereas,
protein contents of the extracts were similar. The Iso estimates
for sethoxydim inhibition of ACCase activity were 5.2, 7.0,
6.1 and 6.7 ,uM for BMS, B1OS, B50S, and BlOOS, respec-
tively. I50 estimates of haloxyfop inhibition of ACCase were
0.75, 0.94, 0.79, and 0.99 Mm for BMS, B1OS, B50S, and
B 1OOS. These data suggest that herbicide tolerance was likely
conferred by an increase of the herbicide-sensitive, wild-type
ACCase activity. For example, the concentrations of sethox-
ydim and haloxyfop inhibiting growth of line B50S by 50%
were increased by 58-fold and 90-fold, respectively, compared
to BMS. ACCase activity of B50S was elevated 260% com-
pared to BMS ACCase; whereas, the concentrations of se-
thoxydim and haloxyfop that inhibited ACCase activity from
B50S by 50% were increased only 17% and 5%, respectively,
over the BMS 15o concentrations.
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Figure 2. Effect of sethoxydim (A) and haloxyfop (B) on ACCase
activity from BMS and herbicide-tolerant (B1 OS, B50S, B1 QOS) maize
cultures.

To provide further evidence for elevated ACCase in the
selected cell lines, [1-'4C]acetate incorporation into the non-

polar fractions of BMS and B50S was investigated in the
presence and absence of sethoxydim. The amount of [I-'4C]
acetate incorporated during a 60 min labeling experiment was
2.6-fold greater in B50S in the absence of herbicide compared
to BMS. Sethoxydim (5 AM) inhibited 87% of the [1-'4C]
acetate incorporation of BMS cells. Acetate incorporation in
herbicide-treated B50S was reduced 65% compared to un-

treated B50, which resulted in a level of incorporation similar
to that ofBMS in the absence of sethoxydim. Thus, the ability
of B50S cells to maintain a normal rate of lipid biosynthesis
in the presence of 5 AtM sethoxydim, as indicated by [1-'4C]
acetate incorporation, was associated with herbicide tolerance
and elevated ACCase activity.

Biotin-Containing Polypeptides in Herbicide-Tolerant
Cell Lines

ACCase is a biotin-containing protein in maize and other
plants and therefore can be detected in Western blots using
labeled or enzyme-linked avidin (22, 23). A biotin-containing
protein that comigrated with highly purified ACCase (3) was
detected in SDS-PAGE western blots of crude extracts from
BMS and the tolerant lines as shown in Figure 3. The esti-
mated subunit mol wt ofabout 220,000 differed from previous
reports ofsubunit composition of maize leafACCase (22, 23),
but was consistent with subunit mol wt of 210,000 and
240,000 determined for parsley (Petroselinum hortens
Hoffm.) and wheat (Triticum aestivum L.) ACCase, respec-
tively (9). Recently, it has been shown that inclusion of
proteinase inhibitors and glycerol in extraction buffers used
in conjunction with a rapid isolation procedure allows the
resolution of a 220,000 mol wt subunit for maize leafACCase
(14). Our ability to resolve the intact ACCase subunits from
BMS cells extracted in the absence of proteinase inhibitors
may have resulted from rapid extraction followed by storage
of crude extracts in liquid N2 before SDS PAGE, which would
minimize proteolysis.

The amount of ACCase subunit, as indicated by intensity
of alkaline phosphatase staining, was closely related to the
level of ACCase activity in the various extracts, indicating
that overproduction of ACCase resulted in elevated enzyme
activity (Fig. 3). This experiment was conducted more than 1
year after initial isolation and characterization of the herbi-
cide-tolerant cell lines. At this time, BlOS grew more slowly
than the other cell lines and was no longer sethoxydim-
tolerant. ACCase activities of BMS, BlOS, B5OS, and B1OOS
extracts used in Figure 3 were 3.7, 2.9, 10.1, and 7.7 nmol
HCO3- incorporated mg protein-1 min-', respectively, indi-
cating that the association between herbicide tolerance and
levels of ACCase activity in the cell lines was maintained.
Scanning reflectance quantitation of three replicate Western
blots of these extracts indicated that the levels of ACCase
protein of B1OS, B50S, and B100S were 0.7-, 4.7-, and 2.9-
fold that of BMS indicating close correspondence to the
ACCase activities which were 0.8-, 2.7-, and 2. 1-fold that of
BMS, respectively.
Our results indicated that B50S exhibited 58-fold and 90-

fold increases in tolerance to sethoxydim and haloxyfop,
respectively, and that herbicide tolerance in maize BMS cul-
tures may be conferred by a 2.6-fold increase in herbicide-
sensitive ACCase activity. Similar ratios of enzyme activity
increase and tolerance level have been reported in other
examples of herbicide target site overproduction. An alfalfa
(Medicago sativa L.) cell line that had a 60- to 100-fold
increase in tolerance to PPT, an inhibitor of GS, only exhib-
ited a 3- to 7-fold increase in herbicide-sensitive GS activity
(8). A glyphosate-tolerant carrot (Daucus carota) cell line
exhibited a 50-fold increase in tolerance and a 12-fold increase
in EPSP synthase activity compared with the control (21).
Alternatively, closer correspondence of EPSP synthase over-
production and glyphosate tolerance level were reported for a
glyphosate-tolerant Petunia hybrida cell line (28, 30). Donn
et al. (8) proposed that, in the case of GS, more than one
molecule of herbicide binds the enzyme and that overex-
pressed but enzymatically inactive enzyme may also bind the

1 2 3 4 5

200 kD-

Figure 3. Biotin-containing, polypeptides detected in SDS-PAGE
Western blots of total protein extracts of unselected and herbicide-
tolerant maize tissue cultures using alkaline phosphatase-conjugated
avidin. Highly purified BMS ACCase (lane 1) was presented for
comparison of separation and detection of ACCase in extracts of
BMS (lane 2), B1OS (lane 3), B50S (lane 4), and B1QOS (lane 5).
Extract protein contents were 0.53, 0.45, 0.51, and 0.49 mg/mL for
BMS, B1OS, B50S, and B1i OS, respectively. The same amounts of
protein (11 gg) from the extracts were applied to each well.
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herbicide. These explanations also may be applicable to our

observations of relatively small increases in ACCase activity
conferring herbicide tolerance. Cyclohexanedione and arylox-
yphenoxypropionate herbicides are mutually exclusive non-

competitive inhibitors ofmonocot ACCases (3). Because these
two classes of herbicides have different chemical structure, it
would appear that restricted herbicide uptake or elevated
herbicide detoxification may not account for cross-tolerance
to sethoxydim and haloxyfop. However, a population of
Lolium rigidum has been identified in Australia that is cross-

tolerant to a number of different herbicide chemistries includ-
ing aryloxyphenoxypropionates and cyclohexanediones (13).
The tolerance mechanism in L. rigidum likely differs from
that in the tolerant BMS maize tissue cultures because ACCase
activity extracted from the susceptible and tolerant L. rigidum
biotypes did not differ in activity level, affinity for acetyl-CoA
or sensitivity to herbicide inhibition (15). It has been proposed
that herbicide exclusion from the target site enzyme(s) or

herbicide detoxification may confer cross-tolerance in the L.
rigidum biotype. Thus, it may be possible that herbicide
exclusion or detoxification may contribute to the tolerance to
sethoxydim and haloxyfop conferred by elevated ACCase
activity in the herbicide-tolerant BMS maize cell cultures.
The major change in ACCase, the target site enzyme of

sethoxydim and haloxyfop, observed in the herbicide-tolerant
tissue cultures was an increase in the levels of activity due to
overproduction of the enzyme. Determining the genetic
mechanism(s) accounting for overproduction of ACCase in
the sethoxydim-tolerant BMS variants is not currently possi-
ble because the maize ACCase gene(s) has not been isolated.
Similar to both the PPT- and glyphosate-tolerant cell lines,
our herbicide-tolerant maize culture lines were selected from
nonregenerable tissue cultures that had been in culture for
prolonged periods resulting in accumulation of genetic and
chromosomal changes. Furthermore, stepwise increases in
herbicide concentration were used to select the variants in
each case. Elevation of GS and EPSP synthase in the respec-
tive PPT- and glyphosate-tolerant variants is due to gene
amplification in both cases (8, 28). If a mechanism(s) causing
increased gene copy number also causes increased ACCase
activity, then the mechanism may differ from the stable gene
amplification reported in the other plant examples (8, 28). It
is possible that fluctuations in chromosome number may

result in increased ACCase activity. The chromosome number
in BMS suspension culture cells is variable (24). Therefore,
enrichment selection for herbicide-tolerance may have se-
lected for cells with changes in chromosome number which
may, in turn, elevate ACCase gene copy number as opposed
to selecting gene amplification events. Furthermore, the fre-
quency of binucleate cells is elevated in root tips treated with
sethoxydim, suggesting that the herbicide inhibits cell plate
and wall formation (1, 17) which may result in increased
chromosome numbers during herbicide selection. Further
investigation of the relationships between herbicide tolerance,
ACCase activity, and chromosome number will be required
to elucidate a mechanism for increased ACCase levels in the
variant cell lines.

Plant ACCase activity is modulated by adenine nucleotides,
Mg2+, and pH and may be rate limiting for de novo fatty acid

synthesis (12). In the absence of herbicide, B5OS cell line
incorporated 2.6-fold more acetate into nonpolar lipids than
BMS, presumably due to its 2.6-fold increase of ACCase
activity. These results suggest that ACCase may be a rate
limiting step in fatty acid biosynthesis in BMS cells. Therefore,
it will be of interest to investigate the effect of elevated ACCase
activity on cellular lipid biosynthesis in these herbicide-toler-
ant maize tissue cultures.
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