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Biochemical characteristics of AtFAR2, a fatty acid reductase
from Arabidopsis thaliana that reduces fatty acyl-CoA and -ACP

substrates into fatty alcohols
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Fatty alcohols and derivatives are important for prop-
er deposition of a functional pollen wall. Mutations in
specific genes encoding fatty acid reductases (FAR) re-
sponsible for fatty alcohol production cause abnormal
development of pollen. A disrupted AtFAR2 (MS2) gene
in Arabidopsis thaliana results in pollen developing an
abnormal exine layer and a reduced fertility pheno-
type. AtFAR2 has been shown to be targeted to chloro-
plasts and in a purified form to be specific for acyl-ACP
substrates. Here, we present data on the in vitro and
in planta characterizations of AtFAR2 from A. thaliana
and show that this enzyme has the ability to use both,
C16:0-ACP and C16:0-CoA, as substrates to produce
C16:0-alcohol. Our results further show that AtFAR2 is
highly similar in properties and substrate specificity to
AtFARG6 for which in vitro data has been published, and
which is also a chloroplast localized enzyme. This sug-
gests that although AtFAR2 is the major enzyme respon-
sible for exine layer functionality, AtFAR6 might provide
functional redundancy to AtFAR2.
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INTRODUCTION

Very long chain primary fatty alcohols are important
structural components in cuticle waxes and suberin of
plants (Rowland ez 4/, 2006; Domergue ez al., 2010; Row-
land & Domergue, 2012). Together with other substanc-
es of the cuticle waxes and suberin, primary alcohols
provide the hydrophobic layer that protects plants from
pathogens, abiotic stresses and furthermore influence
plant anatomy and morphology (Post-Beittenmiller, 1996;
Pollard e# al., 2008; Chen et al., 2011; Shi ez al., 2011).

The biosynthesis of fatty alcohols from acyl-CoA is
catalyzed by fatty acyl-CoA reductases (FAR) in two
consecutive reactions. Fatty acyl-CoA is first reduced
into a fatty aldehyde which is followed by a second re-
duction of fatty aldehyde into fatty alcohol (Kolattukudy,
1970; Vioque & Kolattukudy, 1997). It has been found
that under 7z vivo conditions in plants, the reduction of
fatty acyl-CoA into fatty alcohol is generally carried out
by a NADPH-dependent FAR enzyme without releas-
ing an aldehyde intermediate (Vioque & Kolattukudy,
1997, Metz et al., 2000; Wang e/ al., 2002; Rowland ez
al., 2006; Domergue ez al., 2010); however the intermedi-
ate aldehyde can be observed under iz vitro conditions

(Doan et al., 2012). Arabidopsis has been found to con-
tain eight different loci encoding putative FARs (Domer-
gue ¢ al, 2010; Doan et al., 2012; Chacon et al., 2013).
Two of the FAR genes in Arabidopsis have been deter-
mined to encode chloroplast localized enzymes, AtFAR2
and AtFARG (Chen ¢ al, 2011; Doan ¢t al., 2012). The
chain lengths and distribution of fatty alcohols is diverse
in plants and are controlled by the substrate specifici-
ties of particular FARs, as well as by their spatial do-
main of gene expression (Vioque & Kolattukudy, 1997;
Metz et al., 2000; Wang e al., 2002; Rowland ez al., 2006;
Domergue e al., 2010). The ms2 mutant of Arabidopsis
displays a male sterile phenotype (Aarts ez al, 1997) al-
though it is more of a reduced fertility genotype (Dobrit-
sa et al., 2009). The corresponding AFAR2 (MS2) gene
has been found to be involved in the production of fatty
alcohols for building the structure of the exine layers of
sporopollenin (Aarts e/ al, 1997; Dobritsa et al, 2009;
Chen et al, 2011). This enzyme was recently character-
ized as being very specific for the production of C16:0-
alcohol from C16:0-ACP, but with no activity towards
C16:0-CoA (Chen e al, 2011). In this report, we pre-
sent data on the experiments which conclusively show
that AtFAR2 has the ability to use both, C16:0-ACP
and C16:0-CoA substrates for the production of C16:0-
alcohol. Our results thus show that AtFAR2 has further
similarities to the published properties of AtFARG in
substrate specificity that differentiate them from other
Arabidopsis FARs. This suggests that although AtFAR2
is the major enzyme responsible for exine layer function-
ality, based on subcellular location and expression pat-
tern conditions, A/FAR6 might carry a functional redun-
dancy to AFAR2.

MATERIALS AND METHODS

Chemicals. All chemicals, solvents, and lipid stand-
ards/references were of reagent grade and, if not other-
wise stated, purchased from Merck, Darmstadt, Germa-
ny; Sigma, St Louis, MO, USA; or Larodan Fine Chemi-
cals, Malmo, Sweden. BSA was essentially fatty acid free
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(Sigma). All restriction endonucleases were from Fer-
mentas International Inc. Burlington, Ontario, Canada.

[1*C]-fatty acyl-CoAs were synthesized from their
mixed anhydrides according to the method of Sanchez et
al. (1973). [*C] acyl-ACP was a generous gift from Prof.
John Ohlrogge, MSU, East Lansing, USA.

Purification of AtFAR2 expressed in E. coli. The
AtFAR2 DNA sequence was amplified by PCR from
pET15b harboring A/FAR2 (At3g11980) (Doan e al.,
2009) as template. Forward primer FAR2gwl 5 GAG
AACCTGTACTTCCAGGGTATGGAGGCTCTC
TTCT TGA3 and reverse primer FAR2gwR 5’GGG-
GACCACTTTGTACAAGAAAGCTGGGTCTTAA-
GCTCTTCCTTTCAAGACA3’ were used to amplify the
AtFAR2 coding region; the forward primer contained
codons for a TEV cleavage site at the 5 end. In the
subsequent amplification, a second forward primer att-
BITEV 5GGGGACAAGTTTGTACAAAAAAGCAG-
GCTCGGAGAACCTGTACTTCCAG3’ containing an
attBlsite, was used together with the reverse primer
FAR2gwR. The purified PCR products were subjected to
a BP-clonase (Invitrogen) reaction for introduction into
pDONR221 (Invitrogen) to create Entry vectors pEntry-
AtFAR2. The modified coding regions were subsequent-
ly moved into pDESTHisMBP (Nallamsetty ez a/, 2005)
via an LR-clonase (Invitrogen) reaction, according to
the manufacturer’s protocols. pPDESTHisMBP harboring
AtFAR2, pHisMBP-AtFAR2 were transformed into the
E. coli Rosetta (DE3) strain (Novagen) for heterologous
protein expression.

For protein expression and purification, 40 ml of Lu-
ria-Bertani broth (LB) media supplemented with 50 ug/
ml carbenicillin and 34 pg/ml chloramphenicol wete in-
oculated with a single colony. The cultures were grown
overnight at 37°C with 240 rpm agitation. Subsequently,
the overnight cultures were diluted in 800 ml of antibi-
otic-supplemented LB media to a final OD 600 of 0.1
and then incubated at 37°C with 240 rpm agitation, until
OD 600 reached 0.5 to 0.8. The cultures were trans-
ferred to room temperature for 30 min, followed by the
addition of isopropyl-1-thio-D-galactopyranoside (IPTG)
to a final concentration of 0.5 mM to induce gene ex-
pression. Bacteria were grown for an additional 4 to 6
hours at room temperature with 240 rpm agitation be-
fore being harvested by centrifugation at 5000 X g and
4°C for 20 min. The cell pellets were then flash frozen
in liquid nitrogen and stored at —80°C for subsequent
protein purification.

For protein purification, the bacterial pellets were
resuspended in 36 ml of 100 mM ice cold phosphate
buffer, pH 7.0 containing 40 mM imidazole, 10% (v/v)
glycerol, 1x Complete Protease Inhibitor (Roche Applied
Science), 5 mM MgCl,, 2 mM ATP, 150 mM KCI and
18 ul Lysonase (Novagen). Prior to homogenization, 1
volume of 0.1 mm glass beads were added to the cell
suspensions and incubated on ice for 30 min. Cells were
homogenized using a FastPrep 24 homogenizer (MP
Bio) at 4.0 m/s for 3 pulses of 30 seconds with 2 min
rest between pulses. The cell lysates were clarified by
centrifugation at 3000 X g and 4°C for 5 min. The super-
natants were further centrifuged at 10000 X g and 4°C for
20 min. Collected supernatants were loaded onto a 1 ml
HisTrap HP column (GE Healthcare) at a flow rate of
1 ml/min using BioLogic LP liquid chromatography
system (Bio-Rad). The loaded column was then washed
with 15 ml of binding buffer (100 mM Phosphate buff-
er, pH 7.0 containing 40 mM imidazol and 10% (v/v)
glycerol) at a flow rate of 1 ml/min. Subsequently, a lin-
ear gradient of 40 mM to 500 mM imidazole in 20 ml

of 100 mM phosphate buffer, pH 7.0, containing 10%
glycerol was applied at a flow rate of 1 ml/min to elute
His-tagged proteins from the column. Eluted proteins
were aliquoted, flash frozen in liquid nitrogen and stored
at —80°C for further analysis and enzyme assays. Protein
concentration was determined using a BCA protein as-
say (Thermo Scientific) according to the manufacturer’s
recommendations.

In vitro enzyme assays. The activity of enzyme was
determined by measuring the formation of [C]-fatty
aldehyde and '"[C]-fatty alcohol from its corresponding
4[C]-fatty acyl-CoA or -ACP. To verify the identities
of the observed fatty aldehydes and alcohols on TLC,
the visualized spots were scraped and analysed by GC
in comparison with the unlabelled C16 aldehyde and
alcohol standards. To avoid substrate depletion, the as-
say conditions were adjusted with regard to incubation
time and enzyme concentration, such that less than
50% of substrate was utilized in each assay. Unless oth-
erwise specified, the assays were conducted in 50 pl of
100 mM phosphate buffer, pH 7.0, containing 10 mM
NADPH, 50 uM "[C] fatty acyl-CoA, 3 mg/ml BSA,
and 0.2 to 0.8 pg of protein. After incubation for 30 min
at 30°C, the reactions were stopped by adding 125 pl of
chloroform and the total lipids were extracted by the
method of Bligh and Dyer (1959). Extracted lipids were
subsequently separated on TLC Silica 60 plates (Merck)
with hexane/diethyl ether/ acetic acid (55:45:0.5, v/v/v)
as the developing solvent. [C] on the TLC plates was
measured for 15 hours using electronic autoradiogra-
phy (Instant Imager, Canberra Packard) with 2290 dpm
of ®[C]-C18:1-OH used as the standard control for the
quantification.

Transient expression of AtFAR2 in Nicotiana
benthamiana leaves. Nicotiana benthamiana plants were
grown at 26°C£0.5 and 60% relative humidity with 12 h
light/12 h dark photoperiod (320 pmol/m?/s). Six weeks
old plants were used for infiltration.

The coding region of A/FAR2 from the entry vector
pEntry-AtFAR2 (see cloning procedure for expression
of AFAR2 in E. coliy was subsequently moved and in-
serted downstream of a 35S promoter in the pXZP393
destination vector (kindly provided by Dr. Xue-Rong
Zhou, CSIRO, Australia), via an LR-clonase (Invitro-
gen) reaction carried out according to the manufacturer’s
protocols. The resulting binary vectors harboring either
AWFAR2, pXZP393-AtFAR2, as well as the P19 and
GFP constructs (Wood et al, 2009) kindly provided by
Dr. Craig C. Wood, CSIRO, Australia), were introduced
into the Agrobacterinm tumefaciens strain GV3101:pMP90
(Koncz & Schell, 1986) by electro-transformation.

The A. tumefaciens cells were grown overnight at 28°C
with 240 rpm agitation in 5 ml LB medium supplement-
ed with 50 pg/ml rifampicin, 50 pg/ml gentamycin and
50 pug/ml spectinomycin. For the culture of bactetia hat-
boring P19, 50 pg/ml of kanamycin was used instead of
spectinomycin. When the OD reached 0.5 to 1, acetosy-
ringone was added to a final concentration of 100 uM
to induce the vir operon of A. tumefaciens. Bacteria were
grown for an additional 3 hours and then harvested by
centrifugation at 3000Xg for 5 min at room tempera-
ture. The harvested cells were subsequently resuspend-
ed in 1 ml of an infiltration medium containing 5 mM
MgCl,, 5 mM MES, pH 5.7, and 100 uM freshly added
acetosyringone. Prior to infiltration, bacteria harboring
AtFAR2 were mixed with bacteria harboring P19 and
GFP constructs (also in the infiltration medium), such
that the final OD of each bacteria construct combina-
tion culture was 0.2. Bacteria harboring a mixture con-
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Figure 1. TLC showing the alcohol, aldehyde and free fatty acid
produced by AtFAR2 in vitro.

Assays were conducted using 215 pg/ml of AtFAR2 in 100mM po-
tassium phosphate buffer (pH 7.0), 50 uM [14C] 16:0-CoA, 3 mg/
ml BSA and 10mM of either NADPH or NADH, at 30°C for 30 min.

taining only P19 and GFP constructs were used as the
control. Leaves were infiltrated from the abaxial side us-
ing a 1 ml syringe without a needle. After 5 days in a
growth chamber, the infiltrated leaves were examined for
GI'P expression. The leaf areas with GIFP fluorescence
were excised and their fresh weight measured. The har-
vested leaves were homogenized in 3.75 ml methanol/
chloroform (2:1, v/v), followed by lipid extraction using
the method of Bligh and Dyer (1959). Extracted lipids
corresponding to 100 mg of fresh weight leaf tissue was
loaded and separated on TLC Silica 60 plates (Merck)
with hexane/diethyl ether/acetic acid (85:15:1, v/v/v) as
the developing solvent. The alcohol spots were located
and then scraped and prepared for GC analysis as previ-
ously described (Doan ef al., 2009).

GC analysis. GC analysis was performed using a Shi-
madzu gas chromatograph equipped with a flame ioni-
zation detector and a capillary column (WCOT fused
silica 50 m % 0.32 mm, CP-wax 58 (FFAP)-CB). Helium
was used as a carrier gas at a column flow rate of 2.64
ml/min. Six microliters of the sample were injected into
the column. The injection and detector temperatures
were 240°C and 270°C, respectively. The gas chromato-
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Figure 2. Influence of pH on the activity of AtFAR2 in vitro.

Assays were conducted in 100 mM citrate buffer (pH 4.0, 5.0), po-
tassium phosphate buffer (pH 6.0, 7.0, 8.0) and glycine buffer (pH
9.0, 10.0), 10 mM NADPH, 50 uM [“C] C16:0-CoA and 3 mg/ml
BSA, at 30°C for 30 min. Error bars indicate 95% confidence limits.

graph oven was programmed at an initial temperature of
100°C for 5 min, then the temperature was raised at a
rate of 15°C/min up to 240°C, and then held at 240°C
for 15 min. The identification of the alcohols was per-
formed by comparing the retention times with authentic
standards. Alcohol quantifications were performed by the
internal standard method using heptadecanol (3 nmol),
which was added prior to lipid extraction.

RESULTS

Activity of AtFAR2 in vitro

To avoid the native enzymatic activities of FE. coli
which could affect the observations, as well as to by-pass
the limitation in E. /i endogenous substrates, AtFAR2
was purified from E. o/ expressing the AtFAR2 and
used for 7z vitro characterizations. Our results showed
that AtFAR2 could utilize C16:0-CoA as a substrate for
reduction and required NADPH as the cofactor to pro-
duce fatty alcohol while some intermediate aldehyde was
released (Fig. 1).

There was no significant difference in the enzyme’s
activity in the pH range between 6 and 7 (P>0.05), the
optimal pH range for AtFAR2 activity (Fig. 2). The activ-
ity of AtFAR2 was then examined using substrates with
different chain lengths, where AtFAR2 showed the high-
est activity towards C16:0-CoA, approximately 11 times
higher in comparison to the activity towards C18:0-CoA
(Fig. 3A). AtFAR2 displayed a very low activity with
C18:1-CoA, and application of C14:0-CoA as a substrate
generated only aldehyde and free fatty acid (Fig. 3A). No
activity was obsetved when using free palmitic acid or
ricinoleoyl-CoA as substrates (data not shown). Since
AtFAR2 has been determined to be a chloroplast local-
ized enzyme, we conducted assays using C16:0-ACP as a
substrate. AtFAR2 showed the ability of utilizing both,
C16:0-CoA and C16:0-ACP, although it had a lesser ef-
ficiency towards the ACP linked substrate (Fig. 3B).

It should be noted that the difference in the activity
of AtFAR2 towards C16:0-CoA and C16:0-ACP was less
than the difference in the activity of the enzyme towards
C16:0-CoA and C18:0-CoA. Due to the limited availabil-
ity of C16:0-ACP substrate, we could only conduct the
assays using 1.25 uM of C16:0-ACP.
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Figure 3. Substrate specificity of purified AtFAR2 in vitro.

(A) Assays were conducted in 100 mM potassi-
um phosphate buffer (pH 7.0), 50 pM [“C] acyl-CoA,
10 mM NADPH and 3 mg/ml BSA, at 30°C for 30 min.
(B) Assays were conducted in 100 mM potassium phosphate buff-
er (pH 7.0), 1.25 pM [*C] acyl-CoA/ACP, 10 mM NADPH, at 30°C
for 10 min. Error bars indicate 95% confidence limits.



568 T. T. P. Doan and others

2016

>
Total products

(nmolimg proteinimin)

Vmax =6.72 + 0.89 nmol/mg protein/min
Km=5.31+1.15pM

° 2 4 6
[ 16:0-CoA (uM)

40 —o—total == alcohol

== 2aldehyde

] 16:0.CoA (M)

Figure 4. Kinetics of AtFAR2.

Assays were conducted using different concentrations of [4C]
16:0-CoA in 100 mM potassium phosphate buffer (pH 7.0)
and 10 mM NADPH, at 30°C for 10 min. Data was analyzed us-
ing GraphpadPrism. Error bars indicate 95% confidence limits.
(A) Michaelis-Menten plot for non-purified enzyme with ['“C] 16:0-
CoA. (B) Activity of enzyme at different ['*C] 16:0-CoA concentra-
tions.

Kinetics of AtFAR2 utilizing C16:0-CoA and the effect of
BSA on the enzyme activity

Since AtFAR2 showed its highest specificity towards
C16:0-CoA, we determined the enzyme kinetics using
various concentrations of C16:0-CoAs which ranged
from 0 uM to up to 10 uM. The results showed that
AtFAR2 had a K value of 531 uM and the I, was
determined to be 6.72 nmol/mg protein/min (Fig. 4A).

We also observed that the activity of the enzyme
sharply dropped to almost 0 at a substrate concentration
of 10 uM (Fig. 4B). Micelle formation of the substrate
was the likely cause of the observed effect via a reduc-
tion of substrate in free form at higher substrate con-
centration. To investigate the validity of this assumption,
assays were conducted using 50 uM of C16:0-CoA (9.4
times higher than K value) and BSA was added to dif-
ferent concentrations in the assays. The results showed
that BSA had a positive effect on the activity of the en-
zyme when the substrate concentration was increased.
At the tested concentration of C16:0-CoA (50 uM), the
optimal concentration of BSA for the enzyme activity
ranged from 2 to 3 mg/ml (Fig. 5).

Transient expression of AtFAR2 in Nicotiana
benthamiana

The lipid analysis of N. benthamiana leaves harvested
five days post-infiltration with the A7FAR2 gene un-
der control of the 35S-promoter, showed that AtFAR2
mainly produced C16:0-OH (93% to 99% of total fat-
ty alcohols produced) in addition to a small amount of
C18:0-OH (Fig. 6). The fatty alcohols produced in the
leaves expressing AFAR2 constituted 0.5 to 0.8% of
the total lipids, while just a trace amount of fatty alco-
hols was detected in the control leaves. No wax ester
that was produced was detected in extracts from the
infiltrated leaves 3 to 8 days post-infiltration (data not
shown). It was also noticed that, although there were
differences in the production of fatty alcohols in the
control leaves and the leaves expressing A71AR2, there
was no difference in the appearance and vitality of these
leaves (data not shown).
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Figure 5. Influence of BSA on the activity of AtFAR2 in vitro.
Assays were conducted in 100 mM potassium phosphate buffer
(pH 7.0), 10 mM NADPH and 50 uM [*C] C16:0-CoA, at 30°C for
30 min. Error bars indicate 95% confidence limits.

DISCUSSION

Fatty alcohols have been found to be of great impor-
tance for proper pollen wall formation (Chen e# al, 2011;
Shi ez al, 2011). It has been determined that AtFAR2
has an important role in pollen development ze. the for-
mation of sporopollenin of exine layers. The analysis of
pollen phenotypes suggested that AtFAR2, together with
ACOS5, CYP704B1, and CYP703A2, is involved in pro-
ducing and exporting materials for building the structure
of sporopollenin in Arabidopsis (Dobritsa ez al, 2009).
Specific mutations in genes involved in fatty alcohol bio-
synthesis e.g. 752 and dpw cause reduced fertility, sterility
or abnormal development of pollen (Aarts ez al, 1997,
Chen et al, 2011; Shi et al, 2011). It should be noted
that plants that are homozygous for a T-DNA insertion
mutation in AFAR2/MS2 (SAIL_92_CO07), still produce
seeds (Dobritsa e al, 2009) and occasionally a fertile
phenotype is also found among the ms2 mutant plants
(Aarts e al., 1997). It is therefore postulated that at least
one AFAR gene can provide redundancy for A/FAR2/
MS2 to some extent.
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Figure 6. GC analysis of fatty alcohols produced in Nicotiana
benthamiana leaves expressing AtFAR2.

The quantity of produced alcohols was calculated using 3 nmol
of C17:0-OH as internal standard. Control: Leaves expressing GFP
and P19; AtFAR2: Leaves expressing AtFAR2, GFP and P19.
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Our in vitro characterization of AtFAR2 using the
purified enzyme showed that it is a NADPH depend-
ent FAR enzyme with a high specificity towards C16:0-
CoA/ACP substrates and the K| value for this enzyme
in case of the C16:0-CoA substrate is 5.31 £1.15 pM.

In wvitro characterization of AtFAR2/MS2 has been
reported before (Chen ez al, 2011). However, in that
study, AtFAR2/MS2 showed a very strict specificity to-
wards C16:0-ACP, with a K value for this substrate to
be 23.3+1.15 uM, and no activity towards C16:0-CoA
substrate was observed. Accordingly, these results are in
contrast to our results with several possible explanations.
The affinity of AtFAR2/MS2 to the most preferred sub-
strate (C16:0-ACP) reported by Chen es a/ (2011) is
four-fold lower than the affinity of this enzyme to the
C16:0-CoA substrate as reported here. This difference
indicates that the activity of the enzyme described by
Chen et al. (2011) is much lower than the activity of the
enzyme used in this report. Firstly, protein conformation
differences of the purified enzyme could possibly influ-
ence the observation of C16:0-CoA utilization reported
by Chen ef al. (2011). Secondly, our results showed that
no enzyme activity was observed when free palmitic
acid (C16:0) was used in the assay, indicating that this
enzyme could only utilize activated fatty acids (ACP or
CoA) as substrates and not the free fatty acids. There-
fore, the degradation of C16:0-CoA into free palmitic
acid in the assays by Chen ez 2/ (2011) could potentially
be another cause for the observed no metabolic activity
of the enzyme towards C16:0-CoA.

Finally, the results presented here showed that At-
FAR2/MS2 could only utilize the free form of the sub-
strate and not the micelle form. Under the test condi-
tions, there was almost no enzyme activity at 10 pM of
C16:0-CoA substrate and enzymatic activity at higher
C16:0-CoA concentrations was only observed in the
presence of BSA in the assay. Assuming that the K
value of AtFAR2/MS2 towards C16:0-ACP (23.3+1.15
puM) is similar to that of C16:0-CoA, according to our
results, C16:0-CoA substrate would then be trapped in
the micelle form at this concentration (23.3+1.15 p
and therefore be inaccessible to AtFAR2/MS2. Whereas,
the activity of the enzyme towards C16:0-ACP at this
concentration might not be affected since it is known
from the literature that the critical concentration of
C16:0-ACP for micelle formation is much higher than
that of 16:0-CoA (Lueking & Goldfine, 1975).

Among eight AtFAR homologues in the Arabidopsis
genome, the biological functions of most AtFARs have
been discovered, i.e. AtFAR3/CER4 produces C24-C28
alcohols for cuticular wax esters, the group of AtFARI,
AtFAR4, and AtFARS5 enzymes is involved in the pro-
duction of C18 to C22 alcohols of suberin (Rowland
et al., 2006; Domergue ¢ al., 2010; Rowland & Domer-
gue, 2012), and AtFAR7 and AtFARS are suspected to
be pseudogenes due to their low expression and activity
(Domergue ¢/ al., 2010; Chacon ef al., 2013). The results
obtained in our experiments and those reported by Chen
et al. (2011) clarified that AtFAR2 is the enzyme used
for the production of C16:0-alcohol in plastids of Arabi-
dopsis. Accordingly, the differences in the fatty alcohol
profiles produced by other functionally known AtFAR
enzymes, as compared to that produced by AtFAR2,
exclude the possibility that they would be functionally
complementary to AtFAR2.

The properties of AtFAR2/MS2 found in this study
are very similar to those that have been reported for
AtFARG. AtFARG has been found to be a chloroplast
localized enzyme with high specificity towards both,

C16:0-ACP and C16:0-CoA substrates (Doan ez al., 2012).
AtFARG is the only additional Arabidopsis FAR that is
chloroplast localized and displayed similar substrate spec-
ificity to those of AtFAR2, as well as similar functional
aspects under varying substrate and BSA concentrations
under iz vitro conditions. This could indicate a functional
redundancy between AtFAR2/MS2 and AtFARG, and
that AtFARG could thus provide the reductase activity,
reducing the impact to fertility in »s2 mutants. Further
supporting this hypothesis are similar expression patterns
in anthers of both, A/FAR2/MS2 and AtFARG (Aarts et
al., 1997; Chen et al., 2011). Ultimately, the expression of
AtFARG in the s2 mutant, as well as the analysis of the
atfar6/ms2 double mutant, should clarify their relation-
ship and possible functional redundancy.
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