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Pyroxasulfone has been shown to be a potent inhibitor of very-long-chain fatty acid elongase (VLCFAE) of
plants; therefore, it is categorized within the K3 group of herbicides. In this paper, we studied the properties of
pyroxasulfone as a VLCFAE inhibitor in more detail by examination of its inhibitory effects on VLCFAEs from
some plants. Pyroxasulfone inhibited microsomal VL.CFAE activities of rice, Italian ryegrass, barnyard millet,
wheat, corn and soybean with time-independent reversible inhibition. There were differences in the inhibitory
potencies against VLCFAEs between pyroxasulfone-susceptible plants (rice, Italian ryegrass and barnyard millet)
and pyroxasulfone-tolerant plants (wheat, corn and soybean). This result confirmed that the difference in the sen-
sitivities of VLCFAESs to pyroxasulfone was one of the factors involved in the selectivity of pyroxasulfone be-
tween crops and weeds. We succeeded in preparing recombinant VLCFAEs of Arabidopsis (FAE1) and rice
(Q6F365) using yeast and rice cultured cells and constructed each assay system. VL.CFAE activities of FAE] and
QO6F365 were potently inhibited by pyroxasulfone; however, a critical difference was found in the inhibition man-
ner between FAE] and Q6F365. Pyroxasulfone inhibited FAE] in a time-dependent manner, whereas it inhibited
QO6F365 in a time-independent manner. The time-independent reversible inhibition of rice Q6F365 and microso-

mal VLCFAEs of plants proposes a new inhibition mechanism of VLCFAEs by pyroxasulfone.
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Introduction

Pyroxasulfone (3-[5-(difluoromethoxy)-1-methyl-3-(trifluoro-
methyl) pyrazol-4-ylmethylsulfonyl]-4,5-dihydro-5,5-dimethyl-
1,2-oxazole; code name KIH-485) is a novel pre-emer-
gence herbicide for use in wheat,” corn,>® soybean” and
other crops."$ 'Y This herbicide provides good efficacy on
both grass and broadleaf weeds. In comparison with other
currently available pre-emergence herbicides for use in wheat,
pyroxasulfone at the field application rate of 100 g a.i./ha pro-
vides efficient control of both herbicide-resistant and suscep-
tible annual ryegrass populations." The proposed label rate of
this herbicide for use in corn is 200 to 300 g a.i./ha.>® Pyrox-
asulfone potently inhibited shoot elongation of weeds; how-

# Action mechanism of a novel herbicide, pyroxasulfone (part 2),
see ref. 12) for part 1.
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ever, selectivity was observed in growth inhibition between
weeds and crops. >*%19 Herbicidal symptoms were similar to
those of K3 herbicides categorized by the Herbicide Resis-
tance Action Committee (HRAC), which inhibit the biosyn-
thesis of very-long-chain fatty acids (VLCFAs) with chain
lengths of 20 carbons or more.

We have shown that pyroxasulfone treatment reduced
VLCFA contents and increased those of precursors of VL-
CFAs in rice cultured cells.'” VLCFAE activities in etiolated
rice seedlings and etiolated Italian ryegrass seedlings were
potently inhibited by pyroxasulfone. These results suggested
that pyroxasulfone is a potent inhibitor of plant VL.CFAEs.
Moderate selectivity was also found in the inhibition of VL-
CFAEs (elongation steps from C18:0 to C20:0, from C20:0
to C22:0 and from C26:0 to C28:0) by pyroxasulfone be-
tween pyroxasulfone-susceptible plants, such as Italian rye-
grass, and pyroxasulfone-tolerant plants, such as corn.'?

It has been shown that there are many kinds of VLCFAEs
in Arabidopsis and they catalyze multiple elongation steps in
the biosynthesis of VLCFAs.*!”) We have shown that multi-
ple VLCFAEs are present in rice, and these rice VLCFAESs are
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likely targets of pyroxasulfone.'?

In this paper, we studied the properties of pyroxasulfone as
an inhibitor of VLCFAESs in more detail by examination of the
inhibitory effects of pyroxasulfone not only on microsomal
VLCFAESs from rice, Italian ryegrass and other plants but also
on recombinant VLCFAESs from rice and Arabidopsis.

Materials and Methods

1. Chemical compounds and plant materials
Pyroxasulfone was synthesized at KI Chemical Industry
(Shizuoka, Japan) and provided to Kumiai Chemical Industry
Co., Ltd. (Shizuoka, Japan). Cafenstrole was purchased from
Wako Chemical Industry (Osaka, Japan). Seeds of rice (Oryza
sativa L. var. Nippon-Bare), barnyard millet (Echinochloa
Jrumentacea Link), Italian ryegrass (Lolium multiflorum
Lam.), wheat (Triticum aestivum L. var. Nohrin 61), corn (Zea
mays L. var. Pioneer 32K61), soybean (Glycine max L. var.
Fusamidori), and Arabidopsis (4rabidopsis thaliana, ecotype
Columbia-0) were purchased from markets and used in the
experiments.

2. Preparation of microsomal VLCFAEs fiom plants
Microsomal fractions of etiolated plant seedlings were pre-
pared by modifying the methods described previously.'” In
this study, VLCFAEs were prepared from etiolated plant
seedlings as follows. Thirty to sixty grams of each etiolated
seedling, grown for 7 days at 27°C on vermiculite, were
ground using a mortar and pestle in 150 to 300 m! HEPES-
KOH buffer (100mM, pH 7.2), containing 320 mM sucrose,
10mM DTT, 2mM EDTA, 25% (w/v) polyvinylpolypyrroli-
done (PVPP), 0.02% (v/v) NaN,. The following steps were
carried out as reported previously.'” The microsomal suspen-
sions were stored at —80°C until an in vitro assay.

3. Inhibitions of microsomal VLCFAEs of plants by py-
roxasulfone

VLCFAE activity was evaluated as reported previously.'? [2-
"*C] malonyl-CoA (2.03 MBg/mmol) was purchased from
American Radiolabeled Chemicals Inc. (St. Louis, MO). Lig-
noceroyl-CoA (C24:0-CoA) was purchased from Avanti
POLAR LIPID Inc. (Alabaster, AL). In this study, the reac-
tion mixture contained 20 ul microsomal suspension, 5 ul of
20mM NADH, 5 ul of 20mM NADPH, 10 ul of 200 uM [2-
C]-malonyl-CoA, 3 ul pyroxasulfone in acetone solution,
Sul of 2mM C24:0-CoA and H,0O to 60 ul volume. The
reaction mixture except for [2-"*C]-malonyl-CoA was pre-in-
cubated for various time intervals at 30°C, and then the reac-
tion was started by the addition of [2-"C] malonyl-CoA. In
the reaction without pre-incubation, microsomal suspension
was added to the reaction mixture except for the microsomal
fraction and then the reaction was started. The zero-time point
for the reaction was used as a negative control. The following
steps were carried out as described previously.'?

4. Construction of an assay system for recombinant VL-
CFAE of Arabidopsis
4.1. Cloning of Arabidopsis FAEI gene into yeast cells
and expression of FAE]

Arabidopsis FAE] gene was cloned into yeast cells as de-
scribed previously.'” Total RNA was prepared from Ara-
bidopsis leaves with RNeasy Plant Mini Kit (Qiagen, Valen-
cia, CA). Reverse transcription (RT) was carried out with the
Transcriptor First-Strand ¢cDNA Synthesis Kit (Roche Ap-
plied Science). Arabidopsis FAE1 gene'” was amplified from
¢DNA of Arabidopsis by Phusion High Fidelity DNA poly-
merase (New ENGLAND BioLabs Inc., Beverly, MA, USA).
The primers used for amplification of the FAET gene were 5'-
AAAAAAGGTACCATGACGTCCGTTAACGTTAAGC-3’
(forward primer) and 5'-AAAAAACTCGAGGGACCGAC-
CGTTTTGGACATGA-3' (reverse primer). The PCR product
digested with Kpnl and Xhol (Takara Bio, Otsu, Japan) was
ligated into a yeast expression pYES2/CT vector (Invitrogen,
Carlsbad, CA, USA) digested with Kpnl and Xhol, with DNA
Ligation Mighty Mix (Takara Bio). The obtained plasmid was
introduced into Saccharomyces cerevisiae (INVScl strain) by
the lithium acetate method.?® The obtained transformants
were selected on synthetic complete medium agar plate lack-
ing uracil (Cm-ura). Transformed yeast cells grown in Cm-ura
supplemented with 2% (w/v) glucose were transferred to Cm-
ura supplemented with 2% (w/v) galactose to induce the ex-
pression of C-terminus His-tagged FAE] and harvested.

4.2, Analysis of VLCFA content in yeast cells
Contents of VLCFAs in transgenic yeast cells were analyzed
as methyl esters by GC and GC/MS as reported previously.'?

4.3.  Preparation of yeast microsomal fraction
Yeast microsomal fractions were prepared as reported previ-
ously."**'® Protein concentrations were determined by the
method of Bradford using BSA as a standard. Microsomal
fractions were stored at —80°C until in vitro assay.

4.4.  Immunoblot analysis
For Western blot analysis, 10 g microsomal proteins were
separated on 10% SDS-PAGE and transferred to a polyvinyli-
dene difluoride (PVDF) membrane (ATTO, Tokyo, Japan) by
semi-dry transfer.?”) Western blot analysis was performed
according to the standard protocol. C-terminus His-tagged
FAEY was detected using mouse Penta-His Antibody (Qia-
gen). The immunoblots were visualized using horseradish
peroxidase (HRP)-conjugated anti-mouse IgG  (Sigma-
Aldrich, Piscataway, NJ) and the ECL Advance Western Blot-
ting Detection Kit (GE Healthcare).

5. Inhibition of recombinant FAEI of Arabidopsis by py-
roxasulfone

Oleoyl-CoA (C18:1-CoA) was purchased from Sigma

Aldrich. The composition of the reaction mixture was the

same as described in Materials and Methods 3. except for

using 10 ul yeast microsomal fraction and 10 ul H,0 instead

of 20 ul plant microsomal fraction. It was reported that there
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are two endogenous VLCFAEs, Elo2 and Elo3, in S. cere-
visiae®™>*>; however, it was revealed that K3 herbicides did not
inhibit their VLCFAE activity at all, but specifically inhibited
the VLCFAE activity of plant VLCFAEs. Therefore, in evalu-
ation of the inhibitory activity of pyroxasulfone on FAEI, the
reaction mixture containing 100 M cafenstrole, which is
known to inhibit VLCFAE activity of FAE1 completely,'”?"
was used as a negative control. The reactions were conducted
at 30°C for 90 min. The following steps were carried out as
described previously.'?

6. Construction of an assay system for recombinant VL-
CFAE of rice
6.1.  Cloning of rice Q6F365 gene into rice cultured cells
and expression of Q6F365

The rice Q6F365 gene'? was amplified from genomic DNA
of rice by Phusion High Fidelity DNA polymerase (New
ENGLAND Biolabs). The primers used in amplification of
the QOF365 gene were 5'-AAAAAATCTAGATGTITGCT-
GCTTGCCATGGCCGA-3" (forward primer) and 5'-AAA-
AAACTTAAGTCATATGGCCGACACC-3' (reverse primer).
The PCR product was digested with 47111 (New ENGLAND
BioLabs) and blunted with T4 DNA Polymerase (Takara Bio),
followed by digestion with Xbal (Takara Bio). Modified
pSTARA R-4 binary vector plasmid,®> in which the callus
specific promoter (CSP) for driving the Q6F365 gene and
NOS terminator were inserted into MCS,* was digested with
Sacl (Takara Bio) and blunted with T4 DNA Polymerase
(Takara Bio), followed by digestion with Xbal. The insert was
ligated into the binary vector with a DNA Ligation Kit
(Takara Bio). The obtained Q6F365 gene-inserted R-4 plas-
mid was amplified in Escherichia coli strain HST02 (Takara
Bio). This binary vector plasmid was introduced into cells of
Rhizobium radiobactor (Agrobacterium tumefaciens) EHA
105 strain by electroporation. Bispyribac-sodium (BS)*” se-
lected rice cultured cells transformed®® with the Q6F365
gene, and those transformed with empty R-4 vector were cul-
tivated at 27°C for 2 weeks in liquid MS medium containing
0.25 uM BS?” and then harvested.

6.2.  Analysis of VLCFA content in rice cultured cells
Contents of VLCFAs in control rice cultured cells and rice
cultured cells transformed with the Q6F365 gene were com-
pared by GC and GC/MS, as reported previously.'?

6.3.  Preparation of microsomal fraction from rice cul-

tured cells
Microsomal fractions of rice cultured cells were prepared as
described previously.'? Protein concentrations were deter-
mined by the Bradford method using BSA as a standard.

6.4. RT-PCR analysis
Total RNA was prepared from rice cultured cells and reverse
transcription (RT) was performed according to the methods
for Arabidopsis ¢cDNA. The primers used for RT-PCR were
5'-GCAGGTTATACAGAGAAGGC-3' (forward primer) and
5'-TAGTGGTACCCCAGCTT-3’ (reverse primer). In RT-PCR

Table 1. Inhibition of VLCFAESs of plants by pyroxasulfone
Enzyme Source Iso (M)?
Rice 0.13x107°
Italian ryegrass 0.31%107°
Wheat 4.20%107°
Corn 1.71x107°

“The molar concentrations required for 50% inhibition of
plants by pyroxasulfone were calculated by the probit method.

analysis, the nucleotide from 3’ region of CSP to 5’ region of
ORF of Q6F365 was amplified.
6.5. Real-time RT-PCR analysis

The concentrations of total RNA prepared for RT-PCR analy-
sis were determined using a NanoDrop ND-1000 spectrome-
ter (NanoDrop Technologies, Wilmington, DE). Reverse tran-
scription (RT) was carried out with the PrimeScript RT
Reagent Kit (Perfect Real Time) (Takara Bio). A 10 ul sample
of RT reaction mixture was prepared containing the follow-
ing: 500ng total RNA, 0.5 ul of 100 uM random hexamer,
0.5 4l of 50 uM Oligo dT Primer, 2 ul of 5XPrimeScript
Buffer, 0.5 ul PrimeScript RT Enzyme Mix I and RNase-free
H,0 to 10 ul volume. The reaction mixture was incubated at
37°C for 15min and reverse transcriptase was inactivated by
heating at 85°C for 5 sec. Real-time PCR was run on a Ther-
mal Cycler Dice Real Time System TP800 (Takara Bio). A
25 ul amount of PCR reaction mixture was prepared contain-
ing the following: 2 ul ¢cDNA, 0.2 ul of 50 pmol/ul forward
primer, 0.2 ¢l of 50pmol/ul reverse primer, 12.5 yl of 2X
SYBR Premix Ex Taq II and H,O to 25 I volume. Amplifica-
tion conditions were as follows: 30 sec at 95°C, then 40 cy-
cles at 95°C for 5 sec and 60°C for 30 sec. The primers used
for amplification of the Q6F365 gene were 5'-CAAGGGGC-
GGATCAAGAAG-3' (forward primer) and 5-CCACGGGT-
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Fig. 1. Comparison of inhibition of VLCFAE activities by pyroxasul-
fone among rice, wheat and corn. Each data set is expressed as the
mean*SD of four independent experiments. Elongation activities from
C24:0 to C26:0 of etiolated seedlings of rice, wheat and corn were
11.2, 3.5 and 4.4 pmol/30 min/20 ul enzyme suspension, respectively.
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graph show the pre-incubation periods as follows: N, 0 min; B, 5 min; B, 10 min; £3, 20 min; (], 30min.

TGGTGAAGTTG-3’ (reverse primer); B-actin gene, 5'-CC-
CAAGAATGCTAAGCCAAGAG-3' (forward primer) and 5'-
TGATAACAGATAGGCCGGTTGAA-3" (reverse primer).
The forward primer for the S-actin gene and the reverse
primer for the Q6F365 gene were designed to recognize
unique sequences found in the 5'-untranslated region and the
ORF of each gene, respectively. Rice B-actin was used as an
internal standard (housekeeping gene). Data analysis was car-
ried out with the Thermal Cycler Dice Real Time System
TP800 (Takara Bio).
6.6.  Analysis of VLCFAE activity in rice cultured cells

Stearoyl-CoA (C18:0-CoA), oleoyl-CoA (C18:1-CoA),
arachidoyl-CoA (C20:0-CoA), behenoyl-CoA (C22:0-CoA)

(A)
1 2 3
100kDa—p -
75kDa — v
| FAE1
50kDa—» (63kDa)

and lignoceroyl-CoA (C24:0-CoA) were used as substrates
for analysis of VLCFAE activities, which were evaluated
according to the methods in Materials and Methods 3. The
reactions were conducted at 30°C for 90 min.

7. Inhibition of recombinant Q6F365 of rice by pyroxa-
sulfone

Inhibitory activity of pyroxasulfone on recombinant Q6F365

was examined according to Materials and Methods 3. Micro-

somal suspensions from control rice cultured cells and those

transformed with the Q6F365 gene were used in this experi-

ment.

C

2
3 A 1
£ J\ FAE1
Q.
(/2]
8 "~
- e N
8
2 1 pYES2/CT
Q W
a S (control)

] 1
35 35.5

Retention time (min)

.
>

Fig. 3. Western blot analysis of FAEI (A) and gas-chromatographic analysis of VLCFA methyl esters (B) in yeasts transformed by the Ara-
bidopsis FAE1 gene. (A) Lane 1, Marker (6 XHis Protein Ladder); Lane 2, microsomal fraction of yeast transformed by FAE1 gene; Lane 3, mi-
crosomal fraction of yeast transformed by empty pYES2/CT vector (B) Gas-chromatographic pattern around C20: 0 fatty acid methyl ester in
transgenic yeast expressing FAE1 compared with yeast containing the empty vector is shown. VLCFA peak identities are: 1, C20:0; 2, C20:1.
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8. Phylogenetic analysis of amino acid sequences
Phylogenetic analysis of VLCFAE amino acid sequences of
rice and Arabidopsis was performed with the ClustalW algo-
rithm.* Putative rice VLCFAEs were described by Uniplot
1D and Arabidopsis VLCFAES by gene name.

Results and Discussion

1. Inhibition of activities of microsomal VLCFAEs by py-
roxasulfone

VLCFAE activities of rice and Italian ryegrass, which cat-
alyzes the elongation step from C24:0 to C26:0, were po-
tently inhibited by pyroxasulfone. Inhibitory potencies to VL-
CFAE activities of wheat, corn were moderately weaker than
those of rice and Italian ryegrass (Table 1, Fig. 1), suggesting
that there were differences in the inhibitory potencies against
VLCFAEs between pyroxasulfone-susceptible plants (rice,
Italian ryegrass and barnyard millet) and tolerant plants
(wheat, corn and soybean). This was considered to be one of
the factors involved in the selectivity of pyroxasulfone be-
tween weeds and crops.

In general, VLCFAE-inhibiting herbicides contain a highly
electrophilic carbon atom in their chemical structure. Accord-
ingly, the inhibition mechanism of VLCFAEs by these herbi-
cides has been assumed to be a nucleophilic reaction of the
SH group of cysteine residue in the active center of VLCFAEs
with the herbicides.****? This inhibition mechanism would
give a time-dependent inhibition manner by herbicides; how-
ever, pyroxasulfone inhibited VLCFAE activities, which cat-
alyzed the elongation step from C24:0 to C26: 0, of all plants
examined in this study in a time-independent manner (Fig. 2).

2. Construction of an assay system for a recombinant
VLCFAE of Arabidopsis

Eight out of 21 putative Arabidopsis VLCFAEs have been
characterized.'"*™'® We prepared yeast cells which are trans-
formed by the Arabidopsis FAEI gene.'” FAE! protein ex-
pression in transformed yeast cells was confirmed by Western
blot analysis (Fig. 3A). The transformed yeast cells accumu-
lated much more VLCFAs, such as C20:0 and C20: 1, than
the control, which was transformed with the empty vector
plasmid (Fig. 3B). Construction of an assay system for
recombinant FAE] was confirmed by these results.

3. Inhibition of a recombinant FAEI of Arabidopsis by
pyroxasulfone
Shoot elongation of Arabidopsis was potently inhibited by py-
roxasulfone over 107°M concentration (data not shown). Py-
roxasulfone potently inhibited VLCFAE activity of the recom-
binant FAE] in microsomes prepared from transformed yeast
cells, which catalyzed the elongation step from C18:1 to
C20:1 (Fig. 4A). Also, pyroxasulfone inhibited the VL.CFAE
activity of FAE1 in a time-dependent manner, indicating that
the inhibition manner of FAE] by pyroxasulfone might be ir-
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Fig. 4. [Inhibitory effects of pyroxasulfone on VLCFAE activity of
recombinant Arabidopsis FAEL. Each data set is expressed as the
mean*SD of three or four independent experiences. (A) Inhibitory
potencies against VLCFAE activity of FAE1, which catalyzes the
elongation step from C18:1 to C20:1. VLCFAE activity of recombi-
nant FAEI, which catalyzes the elongation step from CI8:1 to
C20: 1, was 2.7 nmol/mg protein/90 min. (B) Inhibition of FAE1 by
107% molar concentration of pyroxasulfone. VLCFAE activity of re-
combinant FAE1, which catalyzes the elongation step from C18: 1 to
C20: 1, was 2.7 nmol/mg protein/90 min. (C) Pseudo-first order reac-
tion plots for the irreversible inhibition of FAEI by pyroxasulfone
using the data in Fig. 4B. P, residual activity of FAE1 (% of control);
ki, pseudo-first order rate constant; I, pyroxasuifone concentration
(M); t, pre-incubation time (min).

reversible (Fig. 4B). The pseudo-first order rate constant (ki)
of the irreversible inhibition of FAEL by pyroxasulfone was
calculated to be 3.2X10° M™'-min~! (Fig. 4C). Based on
these results, the inhibition of FAE] by pyroxasulfone is as-
sumed to be due to the nucleophilic reaction of the SH group
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Fig. 5. T-DNA construct in binary R-4 vector plasmid containing Q6F365 gene (A) and expression analysis of Q6F365 gene in rice cultured
cells by RT-PCR (B) and real-time RT-PCR (C). (A) The letters show the genes as follows: P-ALS, rice ALS promoter; mALS, rice
W548L/S6271 mutated ALS gene; T-ALS, rice ALS terminator; CSP, rice 674bp callus specific promoter (CSP); T-NOS, nopaline synthetase ter-
minator; LB and RB, T-DNA left and right border repeats. As CSP, the 1032nd to 1705th nucleotide sequence of SEQ ID NOI of reference 29
was used. (B) Different sources of rice cultured cells were used as templates for RT-PCR as follows: Total RNA from control rice cultured cells
(Lane 2); cDNA from control rice cultured cells (Lane 3); total RNA from rice cultured cells transformed with Q6F365 gene (Lane 4); cDNA
from rice cultured cells transformed with Q6F365 gene (Lane 5). 100bp ladder was loaded in Lane 1. (C) Relative quantity of Q6F365 gene ex-
pression is shown. The expression of S-actin gene was used as the internal standard. Each data set is expressed as the mean=+SD of four inde-
pendent experiments. 4, rice cultured cells transformed with empty R-4 vector; B, rice cultured cells transformed with Q6F365 gene.

of cysteine residue in the active center with pyroxasulfone,
which is consistent with the previously supported hypothe-

SiS.24’30-32)

4. Construction of an assay system for a recombinant
VLCFAE of rice
At least 14 putative rice VLCFAESs have been found by blastp
search with the amino acid sequences of several Arabidopsis
VLCFAEs.'” We attempted to construct an assay system for
recombinant VLCFAESs using yeast cells; however, introduced
rice VLCFAE genes were slightly expressed or were not ex-
pressed at all in transformed yeast cells (data not shown), sug-
gesting that it is difficult to construct an assay system for rice
VLCFAEs with yeast cells. Then, we tried to develop an assay
system using rice cultured cells. In this method, we chosen
Q6F365 and Q5Z6S3 genes, which are rarely expressed in
rice cultured cells but are strongly expressed in rice roots and
rice shoots, respectively, based on the results of the gene ex-
pression profile using a microarray."” Transformed rice cul-

tured cells were cultivated and then the expression of intro-
duced genes, VLCFA contents and VLCFAE activities of
those rice cultured cells were evaluated. In rice cultured cells
transformed with the Q6F365 gene (Fig. 5A), the expression
of the Q6F365 gene driven by callus specific promoter (CSP)
was confirmed by RT-PCR (Fig. 5B, Lane 3). It was also
shown that the quantity of Q6F365 gene expression in rice
cultured cells transformed with the Q6F365 gene was approx-
imately 1300-fold higher than that of the endogenous Q6F365
gene in control rice cultured cells by real-time RT-PCR (Fig.
5C). These expression analyses by RT-PCR and real-time RT-
PCR suggested that the Q6F365 gene driven by CSP was
strongly expressed in rice cultured cells transformed by the
Q6F365 gene. In addition, higher accumulation of VLCFAs
and stronger VL.CFAE activities than those in the control were
observed in rice cultured cells transformed with the Q6F365
gene (Fig. 6A, 6B). These results suggested not only that the
construction of an assay system for recombinant Q6F365 was
successful but also that Q6F365 was one of the rice VL-
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Fig. 6. Relative VLCFA content (A) and VLCFAE activity (B) in
rice cultured cells transformed with Q6F365 gene. (A) Contents of
C20:0, C20:1, C22:0, C22:1, C24:0, C24:1 and C26:0 in control rice
cultured cells were 50.82, 58.52, 87.45, 41.91, 104.73, 67.28 and
13.57 pg/g FW, respectively. On the other hand, those in rice cultured
cells transformed with Q6F365 gene were 98.23, 78.61, 171.46,
64.92, 185.34, 90.67 and 20.99 ug/g FW, respectively. (B) VLCFAE
activities, which catalyze the elongation steps from C18:0 to C20:0,
C18:1 to C20:1, C20:0 to C22:0, C22:0 to C24:0 and C24:0 to C26:0
in the control were 159, 8.7, 12.8, 9.5 and 9.4 pmol/mg
protein/90 min, respectively. On the other hand, those in rice cultured
cells transformed with Q6F365 gene were 65.4, 27.3, 30.9, 20.0 and
22.9 pmol/mg protein/90 min, respectively.

CFAEs, which catalyzed the elongation steps from C18:0 to
C20:0,C18:1t0C20:1,C20:0t0C22:0,C22:0t0C24:0
and C24:0 to C26:0. On the other hand, the construction of
an assay system for recombinant Q5Z6S3 was unsuccessful
(data not shown).

5. Inhibition of a recombinant Q6F365 of rice by pyroxa-
sulfone
VLCFAE activities in rice cultured cells transformed with the
Q6F365 gene was assumed to be the sum of those in the con-
trol (A) and that of recombinant Q6F365 expressed in rice
cultured cells transformed with the Q6F365 gene (B). Thus,
the inhibition percentage of VLCFAE activity in rice cultured
cells transformed with the Q6F365 gene (Z) was assumed to
be the sum of that in the control (X) and that of recombinant

Q6F365 expressed in rice cultured cells (Y). Accordingly, the
equation: Z=(AX+BY)/A+B, which corresponds to the
equation: Y=Z+A (Z—X)/B, would be applied to elucidate
the inhibitory activity of pyroxasulfone on Q6F365; therefore,
Y was found from calculations using the experimental data of
A, B, Xand Z.

Pyroxasulfone inhibited the VLCFAE activities of recombi-
nant QO6F365, which catalyzed the elongation steps from
C18:0 to C20:0 and C20:0 to C22:0, respectively (Fig.
7A). Also, pyroxasulfone inhibited the VLCFAE activity of
recombinant Q6F365, which catalyzes the elongation step
from C18:0 to C20:0 in a time-independent manner (Fig.
7B). This inhibition manner was different from that of FAE1,
indicating that the inhibition mechanism of Q6F365 by pyroxa-
sulfone is reversible; therefore, it was considered that pyroxa-
sulfone might not react with the SH group of the cysteine
residue in the active center of Q6F365. This result showed a
new inhibition mechanism of a VLCFAE by pyroxasulfone.
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Fig. 7. Inhibitory effects of pyroxasulfone on VLCFAE activity of
recombinant rice Q6F365. Each data set is expressed as the
meanSD of three or four independent experiences. (A) Inhibitory
potencies against VLCFAE activities of Q6F365 under the conditions
of 10 min pre-incubation of microsomes with pyroxasulfone. VL-
CFAE activities of recombinant rice Q6F365, which catalyzes the
elongation step from C18:0 to C20:0 and from C20:0 to C22:0,
were 93.2 and 14.1 pmol/mg protein/30 min, respectively. (B) Inhibi-
tion at different pre-incubation periods using recombinant Q6F365
by 107° molar concentration of pyroxasulfone. VLCFAE activity of
recombinant Q6F365, which catalyzes the elongation step from
Cl18:0to C20:0, was 79.4 pmol/mg protein/30 min.
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Fig. 8. Phylogenetic tree for Arabidopsis VLCFAEs and putative
rice VL.CFAEs based on amino acid sequences. Putative rice VL-
CFAEs are described by Uniplot ID and two Arabidopsis VLCFAEs
are described by gene name.

6. Phylogenetic analysis of genome sequence

We performed phylogenetic analysis with the ClustalW algo-
rithm based on amino acid sequences of 14 putative rice VL-
CFAEs containing two Arabidopsis VLCFAEs, such as
At4g34520 (FAE1) and Ar5g43760 (Fig. 8). As a result, rice
QO6F365 was remotely clustered from Arabidopsis FAEI in
the phylogenetic tree (Fig. 8). As described above, a critical
difference was found in the inhibition manner by pyroxasul-
fone between FAEL and Q6F365 (Figs. 4B, 7B). This differ-
ence might depend on the difference in enzymatic properties
between FAE1 and Q6F365, which was implied by phyloge-
netic analysis.

Considering that the inhibition manner of microsomal VL-
CFAEs of the tested plants by pyroxasulfone was time-inde-
pendent, as was that of recombinant Q6F365 (Figs. 2, 7B),
most plant VLCFAEs were presumed to be inhibited in a
time-independent manner. In order to elucidate the inhibition
mechanism in more detail, we need to study that of each VL-
CFAE of Arabidopsis, rice and other plants by pyroxasulfone.
The time-independent reversible inhibition of rice Q6F365
and microsomal VLCFAEs of the tested plants proposes a
new inhibition mechanism of VLCFAEs by pyroxasulfone.
This might alter the former hypothesis?***>? of the inhibition
mechanism of VLCFAE-inhibiting herbicides that the SH
group of cysteine residue in the active center of VLCFAEs
reacts with them by a nucleophilic reaction.
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EodY Xk OEEREIEFRHAEERRBE(CHT
T FEBRESIEORY IR OERSRE E28)
HAE#E, RS, A B8, dFk h
Eodd 20k v 3o BEMEIBMERSE (VL
CFAE) OMEFRTH D, HRACIKBWT K3 7V — 715
HINAMERTH B, K TiE, ¥ VLCFAE I FiE s
PR AT 22 & T, Ead¥ ANk O VLCFAE
PR & LT OB 2EHIcH N, FoFd koo
A%, AXILFE, fAMcI, 3LF, FPYEDaL, ¥
A XA &P U 72 VLCFAE IS%9 3 BHLsiE i,
BEREERO T VAL ¥ 2 RX—Y 3 VIERICIREE T, %
O EHNETHEETH -7, £z, BRI TH 2
A%, FRXILF, RHbIEMERYTHLaLFE, b
TEDIY, ¥4 XOMITIE VLCFAE 1239 3 Bl kic
#EMH Y, TORIZHOENDE oFd AR DV
B OB bH 3 | DOBERTH 5 2 &SRB I NI,
&5, oA XX FAEL HEFEER, 1 % Q6F365 i
A RIEHEMPERNEIET, YaryEF L bDy Ly
BoORBITEKGIL, BOBOD VLCFAE X4 2 MER %
Rz, Yo ¥4 A ER VL FAEL B & U Q6F365 @
VLCFAE G A KBS THE Lz, UL LA S, FAEL &
Q6F365 D EREIC B R EMBOMRABE A, THb
B, EuoF 20k 0 FAEL M, BESEHN
TUAvFaN— g VIFHIZRTFEL TS0 LT,
Q6F365 BLEEMIZKE L T iEh o7, EoF 42 bk v
D Q6F365 B UL Hih © ME U 7o 4% VLCFAE 1239
a7 B ERE U A HI O Hr Uy VLCFAE B S0 4 12
RTBEDEEZ OIS,
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