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ABSTRACT

The peroxisomal 3-ketoacyl-CoA thiolase B (Thb) gevas previously identified as a direct
target gene of PPARalpha, a nuclear hormone recegutivated by hypolipidemic fibrate
drugs. To better understand the role of ThB in hep@id metabolism in mice, Sv129 wild-
type and Thb null mice were fed or not the selecBW? ARalpha agonist Wy14,643 (Wy).
Here, it is shown that in contrast to some otheussomodels deficient for peroxisomal
enzymes, the hepatic PPARalpha signalling cascadéhb null mice was normal under
regular conditions. It is of interest that the hymbyceridemic action of Wy was reduced in
Thb null mice underlining the conclusion that nertthiolase A nor SCPx/SCP2 thiolase can
fully substitute for ThBin vivo. Moreover, a significant increased in the exprassf
lipogenic genes such as Stearoyl CoA Desatura&cD]{) was observed in Thb null mice
fed Wy. Elevation of Scdl mRNA and protein levedd to higher SCD1 activity, through a
molecular mechanism that is probably SREBP1 indégetn In agreement with higher SCD1,
enrichment of liver mono-unsaturated fatty acidshef n-7 and n-9 series was found in Thb
null mice fed Wy.

Overall, we show that the reduced peroxisoftakidation of fat observed in Thb null mice
fed Wy is associated with enhanced hepatic lipogisn¢hrough the combined elevation of
microsomal SCD1 protein and activity. Ultimatelptonly the amount but also the quality of

the hepatic fatty acid pool is modulated upon telettbn of Thb.

Keywords: Peroxisomal 3-ketoacyl-CoA thiolase BAR®, Mono-Unsaturated Fatty Acids

n-7 and n-9, stearoyl-CoA desaturase-1, Wy14,643.
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1. Introduction

Under normal physiologic conditions, mitochondifiabxidation is quantitatively the most
important pathway for fatty acid catabolism. Besidaitochondrial3-oxidation ((80% of
long-chain fatty acids (LCFA) up to 22 carbongoxidation of long-chain (for about 20%)
and that of very-long chain fatty acids (VLCFA, 2 atoms of carbon) occurs within the
peroxisome [1]. Similar to mitochondri@toxidation, peroxisomgs-oxidation can be divided
into different steps, involving multiple enzymestlisequentially act. Some of these enzymes
(fatty acyl-CoA oxidase, peroxisomal D-3-hydroxya€pA hydratase/D-3-hydroxyacyl-
CoA dehydrogenase ((D-PBE)) and peroxisomal 3-ksfe@oA thiolase) are considered to
be much more prone to oxidize straight-chain fattyl-CoAs. In rodents, two closely related
genes, namely Thiolase @hg) and Thiolase bThb) have been cloned and characterized,
while in humans only a single gene encoding foesxyisomal 3-oxoacyl-CoA thiolase has
been reported so far [2-4]. An infant girl with afidiency in peroxisomal 3-ketoacyl-CoA
thiolase has been initially reported [5]. Howevetpse reinvestigation of this patient
identified the true defect at the level of d-biftional protein [6]. Thus, whether human
patients with alterations at the level of the p&omal 3-ketoacyl-CoA thiolase exist still
remains an open question.

Other and/or similar peroxisomal enzymes suchraadhed-chain fatty acyl-CoA oxidase,
D-PBE and sterol carrier protein2/3-ketoacyl-CoAoldise (SCP2/SCPx) are rather devoted
to the oxidation of branched-chain fatty acyl-CoAs.

Besides LCFAs and VLCFAs, 2-methyl-branched-chdicarboxylic fatty acids, eicosanoids
and bile acids derivatives have been shown to e mletabolized within the peroxisomal
matrix, extending the importance of the peroxisomegreement with the critical role of the
peroxisome in lipid metabolism, absence of a simgleyme of the peroxisomptoxidation

system has been shown to be associated with seyiasima lipid disorders, as shown by the
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marked elevation of plasma VLCFAs levels in pasesuffering fromAcox-1 deficiency [7].
Ablation of theAcox-1 gene in mice also revealed the critical role a$ #nzyme in lipid
metabolism, sinceAcox-1 null mice suffered from a pronounced fatty livehigh was
associated with the constitutive activation of ptgpical PPAR: target genes and a
spontaneous peroxisome proliferation [8]. Besilesx-1, other mouse models deficient for a
single peroxisomal enzyme have been established tbeepast few years. It was recently
found that mice deficient foMfp-2 displayed a coordinated induction of the trangwip
factors PPAR and SREBP2 [9]. In turn, the expression of typiS®REBP2 and PPAIR
target genes was markedly induced in the IivdVItpf—Z'/' mice, leading to decreased levels of
plasma triglycerides (TG) and free fatty acids (ffiAadult mice. Others studies indicate that
lack of Scp-x thiolase gene (Sterol Carrier Protein) only was enoughetcreiase ability of the
mutant mice to metabolize branched-chain lipids].[Mith respect to the double loss of
Sterol Carrier Protein X/ Sterol Carrier Proteinsfjll mice displayed alteration in the
peroxisomalB-oxidation of 2-methyl-branched chain fatty acid4][ Further investigations
also led to the finding that SCPx/SCP2 thiolase maslved in the conversion of cholesterol
into bile acids [12].

A deficient mouse model for ThB was previously gated and partially characterized, yet
thein vivo role of ThB still remains ill defined [13]. In @er to close in on the potentiad
vivo relevance of ThB, we studied WT aftb” mice fed or not the potent PPARagonist
Wy14,643 (Wy). The nuclear hormone receptor PRARays a pivotal role in fatty acid

handling by up-regulating the expression of numergenes involved in mitochondrial and

peroxisomal oxidation [14]. Here, exposure of ntcdVy is expected to markedly stimulate
peroxisomal FAO andhb mRNA levels in WT mice and not or less Thb ' mice, thus

helping in the identification and characterizatadrihe roles of ThBn vivo.
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Our main finding is that exposure ohb”™ mice to Wy leads to a significant elevation of the

hepatic content of MUFA n-7 and n-9 fatty acidscsw®lary to the induction of the

microsomal SCD1 enzyme, through a likely SREBP ®jpahdent manner.

2. Materialsand methods
2.1 Animal experiments

All mice were on a pure-bred Sv129 genetic backgdoMale animals were kept in normal
cages with food and wated libitum. Mice were routinely fed a commercial and standard
pellet diet (UAR A03-10 pellets from Usine d'Alintation Rationnelle, Epinay sur Orge,
France, 3.2 kcal/g) consisting (by mass) about 5of%at (+ 0.89% of C16:0, + 0.09% of
C16:1n-7, + 0.45% of C18:0, £1.06% of C18:1n-9,58P6 of C18:2n-9 and traces of
C18:3n-9). At the time of sacrifice, animals wereusnd 4-5 months of age. Male mice in the
fasted state were deprived of food for 6h starting:0 pm. Blood was collecteda cardiac

or orbital puncture into EDTA tubes. Tissues weteiged, weighted and immediately frozen
in liquid nitrogen before being stocked at -80°@eTanimal experiments were approved by
the animal experimentation committee of the Uniwgref Burgundy (protocol number

n°1904) and were performed according to the Eunof#raon guidelines for animal care.

2.2 Chemicals
Wy14,643 (Wy) was obtained from ChemSyn Laborasofleenexa, KanasapYBR green
was from Eurogentec. Standards for fatty acids oreasent by HPLC were from Sigma or
Larodan. Pentafluorobenzyl bromide, N,N'-diisopieflyylamine, potassium hydroxide and

BHT were from Sigma. All solvents were HPLC grade.
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2.3 Histology and neutral fat staining

Haematoxylin and Eosin staining of liver sectionsrevdone using standard protocols.
Histology was examined on frozen sections afterR&tl O staining for neutral lipid using

standard procedures.

2.4 Liver triglycerides
Total lipids from liver were extracted with chloooim/methanol (2/1 v/v) according to the
method of Folch. Glyceryl triheptadecanoate as atermal standard was added for
guantification. Triglycerides were separated byntlhayer chromatography (TLC) using
hexane/ethylique ether/acetic acid (90/30/1 vAhds) solvent. The triglycerides were then
scaped and extracted from silica gel with chlonofionethanol (9/1 v/v). The total fatty acids
of triglycerides were methylated and quantified 8as Chromatography (GC) using a
Chrompack CP 9002 Gas Chromatograph equipped wittarsan FactorFour VF-23ms

capillary column (30mx0,32mm).

2.5 Liver and plasma Fatty Acid Profile

10 mg of liver (or 50ul of plasma) was saponified with 1 ml of ethangtiotassium
hydroxide (final concentration 0.6N) containing 1 of heptadecanoic acid and 250 ng of
tricosanoic acid as internal standards and 50 no§/hutylated hydroxytoluenelhe tubes
were incubated at 56°C for 45 min. After incubatitatty acids were extracted by adding 1
ml of 1.2 M HCI and 2 ml of hexane to each tubee Tubes were shaken at room temperature
for 5 mn, centrifuged and the organic phase wapa@aded to dryness under nitrogen and
derivatized to pentafluorobenzyl esters with 10®fuacetonitrile, 5 pl of pentafluorobenzyl
bromide and 5 ul of diisopropylethylamine at roa@mperature for 30 min. One ml of water
was added and derivatives were extracted with 2ofrihexane. After centrifugation, the

organic phase was evaporated and 100 pL of hexareadded. One ul was further injected
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in the split mode. Quantification of liver and pizes fatty acid esters was performed using a
HP7890A Gas Chromatograph equipped with an HP7®&@Xtbr and a HP5975C Mass
Selective Detector (Agilent Technologies). Chrorgaaphy was performed using a HP-5MS
fused silica capillary column (30m x 0.25 mm indeameter, 0.2%m film thickness, Agilent
Technologies). The GC-MS conditions were as foltoeasrier gas, helium at a flow-rate of
1.1 ml/min; injector temperature, 250°C, split mpd®s/en temperature 140°C, increased at 5
°C/min to 300°C, and held for 10 min. The mass 8pateter was operated under negative
chemical ionization mode with methane as reactamt ghe ion source temperature and the
guadrupole temperature were 150 °C and 106 °C casply. A SIM program was used for
mass spectrometry with [M-181] (-) ions as quacsifion.

The desaturation index was determined by calcyaginduct:substrate ratios (16:1/16:0 and

18:1/18:0) using the quantitated values for palledte, palmitate, oleate and stearate.

2.6 Lipoprotein profiling
Lipoproteins were separated using fast proteinidiggnromatography (FPLC) on a Superose

6 HR 10/30 column (Amersham Biosciences) as desgnioeviously [15].

2.7 Preparation of nuclear and microsomal fractions of liver
Nuclear and cytosolic fractions of liver were pnegzh as previously published [16].
Concerning microsomal fractions, pooled excisecrbv(100mg for each animal) were
thawed, finely chopped and homogenized in ice cbdd mM Tris-HCI buffer pH 7.4
containing 0.25 M sucrose and 1 mM EGTA, in a Rajtass homogenizer equipped with a
Teflon pestle. Pooled homogenates were centrifuaged350 g for 3 min at 4°C. The
precipitate was discarded and supernatant was agatnifuged at 22 000g for 5 min (4°C).

Supernatant was collected and further centrifugeld@ 000g for 5 min in a Beckman airfuge
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ultracentrifuge. Pellet was suspended in [{DG®f the upper pre-cited buffer. Protein

estimation of each preparation was done using Brdtf method.

2.8 Plasma metabolites
Plasma was initially collected into EDTA tubesga retro-orbital punctures and then
centrifuged at 4°C (10 min, 6000 rpm). Plasma dtel®l and triglyceride concentration

were determined using kits from Diasys (DiagnoStystems International, France).

2.9 RNA Isolation and RT-PCR
RNA from liver was extracted with Trizol reagentnyitrogen) using the supplier's
instructions. RNA was then further purified (fromed¢ nucleotides and contaminating
genomic DNA) using RNeasy columns (Qiagen) with BidAreatment. 1ig of RNA was

used for reverse transcription with iScript Revérsmnscriptase (Biorad).

2.10 Real Time Quantitative PCR

PCR reactions were performed using the gPCR Mastemus for SYBR Green | with
fluorescein (Eurogentec). All PCR reactions werdqrened with MultiGuard Barrier Tips
(Sorenson BioScience, Inc.) and an iCycler PCR mac[Bio-Rad Laboratories). Primers
were designated to generate a PCR amplificatiodymtoof 100-200 bp and were selected
according to indication provided by the Primer 3tware (http://frodo.wi.mit.edu/cgi-
bin/primer3/primer3_www.cgi). Sequences are av&ldlom S.M. on request. Specificity of
the amplification was verified by melt curve anayand evaluation of efficiency of PCR
amplification. The "delta-delta Ct" quantificatiomethod was used and expression was
related to the control gene 36B4, which did notngfgaunder any of the experimental

conditions studied.
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2.11 Immunoblot
Immunoblotting on liver samples was carried outlascribed previously [17,18%cdl (sc-
14720, 1:200), Srebpl (sc-366, 1:200), histone $6410810, 1:2000) antibodies were all

purchased from Santa Cruz Biotechnology.

2.12 Statistical analyses

The ANOVA one way test was used to calculate siedilby significant differences.

3.0 Results
3.1 Hepatic mRNA levels of PPARa target genes are normal in Thb” mice.

It was previously reported that the isolated detetf peroxisomal enzymes such as ACOX-
1, MFP-2 or SCPx was associated with a constitugxpression of typical PPARtarget
genes in the liver, supporting the hypothesis thdistrates of these enzymes are putative
natural ligands for PPAR [9,19-21]. Hence, using quantitative RT-gPCR, eveecked
whether the ablation dthb would impact on the hepatic expression of PRA&get genes as
well. Under basal conditions, hepatic mMRNA leveldhee PPARX target genes tested so far
(involved in different aspects of fat handling sashmitochondrial, peroxisomal, microsomal
oxidation as well as fatty acid transport) were iEmbetween both genotypes, under basal
conditions (Fig. 1). Considering th&lyp4alO is a PPAR target gene that is extremely
sensitive to the presence and activation of P@ARmouse liverCyp4al0 is usually used as

a marker of PPAR activity. Of interestCyp4al0 mRNA levels were higher ithb”™ mice

fed Wy than in corresponding WT mice. Hence, defeof Thb may have been associated
with a sensitizing effect towards Wy, which would becondary to the elevated levels of

Ppara. The mRNA levels of the other PPARegulated genes were similarly induced by Wy,

suggesting that PPARsignaling cascade was not bluntedThb’™ mice. Overall, our data
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suggest that the deletion dhb was not associated with a significant impairmehthe

hepatic PPAR signaling cascade.

3.2 Hepatic and plasma cholesterol are normal in Thb” mice.

Under a normal laboratory chow, mice deficientdtrer peroxisomal enzymes such\ip-2

or Scp2 genes displayed a steady-state level of hepaticpdasma cholesterol [9]. Here, we
first wondered what could be the consequencéhbf deletion on these parameters. It was
found that 6h-fastedhb”™ mice (previously fed or not with Wy) displayed nainplasma
cholesterol contents, suggesting tiab is dispensable for cholesterol homeostasis in mice
(Fig. 2A). Profiling of lipoproteins using FPLC dwsis confirm the lack of differences in
VLDL and HDL cholesterol fractions (Fig. 2B). Qudiation of liver cholesterol content by
gas chromatography also revealed that ablatiorhbthas no strong consequences on hepatic

cholesterol load (Fig. 2C).

3.3 Wy reverses the reduced hepatic TG content observed in Thb”™ mice
To check whether ablation dhb may increase plasma triglycerides (TG) contenbubh

increase of lipoprotein secretion, plasma TG lewedse evaluated, in 6h fasted WT and
Thb'" mice, previously fed or not with Wy (Fig. 3A). Ptaa TG levels were similar for both

genotypes. Profiling of lipoproteins using FPLC Igmes confirm the lack of differences in
VLDL and LDL TG fractions (Fig. 3B). Together, odata indicate that ThB is not critical for
the maintenance of normal circulating TG levelsermalnormal regulatory laboratory chow.
Because it was previously reported that mice dafiicifor the peroxisomalcox-I gene

displayed a pronounced hepatic fatty liver undaeoanal laboratory chow, a survey of liver

TG contents was performed in WT aftib™ mice, fed or not Wy [9]. It was found that
hepatic TG contents were lower b’ mice, indicating that ThB can not be fully

compensated by other peroxisomal thiolases (Fig. B4 is known to activate PPARthat

10
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in turn promotes FAO and shifts away part of fattyds from esterification and storage. In
agreement, it was found that Wy feeding loweredcb@tents in liver of WT mice (Fig. 3C).

Of interest, when combininghb deletion and Wy treatment, hepatic TG content wais n
reduced suggesting that the hypotriglyceridemieatfbf Wy was blunted. This was further
confirmed by Oil red O staining of liver sectiorisd. 4A). In line with a similar increase of
the relative liver mass upon Wy treatment in WT @hd”™ mice (data not shown), the size of
hepatocytes from both genotypes appeared to bdlequarged by Wy, indicating similar

hepatomegaly (Fig. 4B).

3.4 Elevated liver TG observed in Thb” mice fed Wy is likely secondary to increased mRNA
levels of lipogenic genes

Reduced peroxisomal (but not mitochondr[apxidation of palmitate by 30% imhb”” mice
fed Wy was found (Fidaleet al., in preparation). This piece of data suggeststtiatack of
the hypotriglyceridemic effect of Wy observedThb” mice might be secondary, at least in
part, to altered fat oxidation. However, besidesidatton of fat, lipogenesis and
triacylglycerol build-up also take place in livench are important pathways for the
management of hepatic TG content. We then wondetexther in addition to fat oxidation,
these pathways could be affected by the lackhif. To do so, the expression level of a
subset of critical lipogenic genes such Ay, Acca, Fas, Scdl, Scd2 and Sebplc was
evaluatedn WT andThb” mice fed or not Wy. Of intereshcca andFas mRNA levels were
up-regulated followingThb deletion only (Fig. 5A). Furthermore, as the resofl Wy
activation, mRNA levels oAcca, Fas, Scdl, Scd2, Mgatl were coordinately elevated in WT
mice. However, despite up-regulation of these lggog genes by Wy in WT mice, liver TG
contents were lower indicating that oxidation predh on TG build-up. Of note, a

comparative increase &ebplc mMRNA levels and those of its target geesa (=2-fold)

11
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and Fas (2-fold) was found inThb”™ mice fed Wy (Fig. 5A)Sebplc mRNA levels in liver

have been shown to be under the controlLefa, yet Lxra mRNA levels remained
unchanged (Fig. 5A) [22]Chrebp mRNA levels that codes for the carbohydrate respon

element binding protein (ChREBP) were also unadted@lowing Thb deletion (Fig. 5A).

Combined, these observations suggest that lipogenes/ be induced ifthb”™ mice fed Wy

that displayed reduced peroxisomal FAO. In linehvdthigher TG content in liver b ™
mice fed Wy, genes encoding for enzymes involve@@synthesis tended also to increase
(Gyk, Dgatl, Gpam) (Fig. 5A). Given thatSebplc is a master gene fokcca and Fas
expression and because its activity is under thrabof post-translational maturation, we
evaluated whether maturation of SREBP1 might bereadtinThb™™ mice (fed or not Wy) by

western-blotting performed with nuclear samplesghé&ligh the antibody we used can not
discriminate between SREBPla and SREBP1lc isofoous,data support the idea that

SREBP1 maturation (into a mature nuclear and ctbdoem of 68 kDa) is not drastically
impaired in Thb”™ mice (Fig. 5B). Given that SREBP1c is the predominsoform of

SREBPL1 in the liver, we believed that the amountwaflear SREBP1c was likely not altered

by Thb deletion and Wy. Interestingly, although not sigraht, Scdl mRNA levels also
tended to be higher in the liver ®hb’" mice fed Wy (Fig. 5A). Under normal conditions,

protein content of liver SCD1 (microsomal fractiomly) was below the detection level of the

antibody used for western-blotting (Fig. 5C). Yfllowing Wy treatment, SCD1 protein
content was comparatively much elevated Tib™™ mice, indicating that ThBs likely

indirectly involved in the control of SCD1 expressi (Fig. 5C).

12
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3.5 Lack of Thb modulates hepatic and plasma MUFA n-7 and n-9 concentrations as well as
PUFAN-3

Given its critical role in VLCFA oxidation, peroxime appears to be essential for lipid
homeostasis as shown by the high plasma and/ortibegncentrations of straight-chain
VLCFAs (C24:0, C26:0, C26:19bserved in patients/mice suffering from isolatedfiedts in
peroxisomal enzymes [7,8,23]. We then decided tiope a complete analysis of medium-to

long-chain fatty acid species (C:12-C:20) as wsllod VLCFA (C:22-C:26) present in liver

and plasma of WT an@hb” mice (fed or not Wy). Noteworthy, it was found thgton Wy

activation,Thb'/' mice displayed a significant enrichment of liver MA n-7 and n-9, among
which C16:1n-7, C18:1n-7, C16:1n-9 and C18:1n-%(@4d). In mammalian liver, SCD1 is
the main enzyme responsible for the conversionabhoyl-CoA (C16:0, the saturated fatty
acid products of FAS) and stearoyl-CoA (C18:0) atnptoleyl-CoA (C16:1n-7) and oleyl-
CoA (C18:1n-9), respectively. Supporting the hyesik of enhanced lipogenesis partially by
SCD1 inThb” mice fed Wy, the desaturation index of total liliprds, which is considered
to reflectSCD1 activity, was significantly increased (Fig. 6A) [28Besides C16:1 and C18:1
as well as hepatic MUFA (n-7 and n-9) contents sashC20:1n-7, C20:1n-9, C22:1n-7,
C22:1n-9 and C24:1n-7 were more elevated@in’ mice fed Wy compared to corresponding
control mice, it suggests that lackTdfb favored the emergence of MUFAs (Table 1).

With respect to PUFA, it was found that deletionTtib alone was sufficient to increase
C18:3n-3, C20:3n-3, C20:4n-3, C20:5n-3 and C22:3aty acids in liver and partially for
some of them in plasma (Table 2 and supplementatie, dable 4). Increased levels of these
fatty acids can reflect reduced peroxisorfiabxidation, which consecutively may provide
more substrates for the microsomal fatty acid eding system. Alternatively, enhanced
activity of elongases might be secondary to in@dagene expression. To check for this,

MRNA levels of several elongases/desaturases wenatified using hepatic samples of WT

13
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andThb”" mice, fed or not Wy (Fig. 6B). ELOVL1 and ELOVL3\V&been shown to display

chain length specificity towards VLCFAs. Of interes$ was found tha&lovi3 (Cig30) but

not Elovi1 (elongation of C24:0 to C26:0) mRNA levels werendigantly higher inThb”"
mice fed Wy. Note that we failed to detect any esponding signal for ELOVL3 protein in
hepatic samples from WT @hb” mice fed or not WYy, rendering only speculative mecrease

at the protein level too (data not shown). SimitelElovi3, hepatidKar mRNA levels (another
component of the microsomal membrane bound faity @ongation system which produces
the 26-C VLCFA from palmitate) were also higherTinb'/' mice fed Wy. HoweverElovil,
Elovi2, Elovi5, Elovi6, Fadsl, Fads2, Ter mRNA levels remained unaffected suggesting that
lack of Thb was not associated with a general mechanism lgaidinthe increase of all
elongases. Summarizing, deletion Tib favors hepatic lipogenesis wh¢hoxidation of

lipids is challenged by the potent PP&Rgonist Wy.

3.6 Ablation of Thb is associated with decrease levels of hepatic C26:0 contents

Supporting a defect in peroxisonfioxidation of fatty acids i hb”™ mice fed WYy, hepatic
C22:6n-3/C24:6n-3 ratio was strongly reduced (-5Q%gble 2). This point is important
because production of C22:6n-3 from C24:6n-3 necdgamplies a reduction of 2C by an
obligatory process that involves peroxisorfalxidation. We concluded that deletiondib
functionally impacts on peroxisomf@toxidation and then can not be fully compensated by
ThA or SCPx/SCP2 thiolasa vivo. In agreement with a similar oxidation rate ofrpiite in

WT and Thb”™ mice at baseline, C22:6n-3/C24:6n-3 ratio was fectdd byThb deletion
alone, pointing out that the effects ®hb deletion need to be elicited by activators of

peroxisomal FAO (such as Wy).

With regard to VLCFAs such as C22:0 and C24:0, bwpatic and plasma contents were

similar in WT andThb” mice fed or not Wy (Table 3 and supplementary datdable 4).

14
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Intriguingly, decreased C26:0 levels were obsemdukpatic samples dhb ™ mice fed Wy,

leading to decreased hepatic C26:0/C22:0 and G2B400 ratios.

Severe peroxisomal disorders have also been as=wbamth the elevated plasma and/or
tissue levels of branched-chain phytanic/pristagids and bile acids precursors [11,25]. One
prominent theory also suggests that ThB and ThAldvpueferentially oxidize long-straight
chain fatty acids while branched-chain very longiohatty acids would rather be substrates
for SCPx/SCP2 thiolase. To verify whether lackTob could modulate plasma branched-

chain fatty acids levels, plasma pristanic and ahigt acids levels were then assessed in WT
and Thb” mice fed or not Wy (supplementary data in TableNg)ne of the branched-chain

fatty acids levels were significantly different teien the four groups of mice. While other
additional investigations are needed to reachna ¢donclusion, these results suggest that ThB
is not critical for maintaining branched-chain ya#cids levels in a normal range. Together,
our data support the hypothesis that ThB is somehguived in hepatic C26:0 homeostasis

in mice, through a biochemical route that remaingefined.

4. Discussion
Little is known about the roles dhb in mice, hence a mouse model deficient for Thb

gene has been previously established in the lairgrafl3]. However, the first
characterization of the phenotype was rather inder@pWe now provide a more detailed
analysis of theThb deficient mouse model by showing that at baselepatic peroxisomal
FAO was not altered byhb deletion as shown by the ratio of C22:6n-3 / C&43§liver and
plasma) that remained similar. Hence, ThA and/oP8SCP2 thiolase may act on behalf of
ThB under basal conditions. After Wy feeding, titeaion is somewhat different as shown

by the amplitude of the peroxisomal FAO activatwinich is comparatively reduced (- 30%)

in Thb " mice (Fidalecet al, in preparation).
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Although seemingly paradoxicairhb'/' mice displayed reduced hepaliG content which is
associated with increased levels of C20:3n-3, GR3:5and C22:5n-3, both in liver and
plasma. Hence, the deletion ©hb alone leads to alterations in lipid metabolism iwred
through a likely PPAR-independent manner. Supporting this, the mRNAI&wé hepatic
typical PPARx regulated genes was not altered Dlgb deletion alone. Further, no
spontaneous hepatomegaly or peroxisome proliferatiwo biological processes that are
largely under the positive control of PPAR could be observed inThb”  mice
[26]. Decreased lipogenesis and hepatic TG content haen lshown to be possibly

secondary to the action of some dietary PUFAs neB is C20:5n-3, through the modulation

of the proteolytic maturation of SREBP1c. Howeverspite of the elevation of C20:5n-3 in
the liver of Thb”™ mice, we have provided some evidence that the $REBaturation was
likely not impaired. Hence, the precise molecul&chanism that governs the decrease of TG
in liver of Thb”™ mice still remains mysterious.

Up-regulation ofThb mRNA in liver of WT mice by Wy was associated witlecreased
hepatic TG levels, while deletion ®hb hampered the hypotriglyceridemic action of Wy. The

combination of decreased peroxisomal FAO and isg@datty acid synthesis likely accounts
for the higher concentration of TG in the liverh”’ mice fed Wy. In support of an indirect
role of ThB in hepatic lipogenesis, an increasedateat of MUFA n-7 and n-9 fatty acids in
the liver of Tho™ mice fed Wy was found, probably because of higlegratic SCD1 protein

content and activity. MUFA have been describedhaspreferred substrates for TG synthesis

[27]. Considering that esterification of MUFA n-hdan-9 to the glycerol backbone is not
compromised inThb”™ mice, elevation of TG imhb”™ mice fed WYy is reasonably expected.

An important question which is still not resolvesdhiow a peroxisomal enzyme such as ThB
can impact on SCD1 content and activity. Differstutdies in mice in whiclscdl gene has

been mutated (knock-out, siRNA, antisense oligarntaies) revealed the critical role of
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SCD1 in hepatic neutral lipid synthesis [28-30]d&genous rather than dietary palmitoleate

(C16:1) and oleate (C18:1) have been proposed fwrdferred substrates for TG production
[31]. In line with this observationjl'hb'/' mice fed Wy displayed significant hepatic

accumulation of C16:1/18:1 compared to age-matdhad mice. Scdl gene expression is
tightly controlled, being under the control of ntibmal and hormonal changes as well as

transcription factors such as PP&R32]. However, no differences in the nuclear cahiaf

PPARu in the liver of WT andrhb’ mice (fed or not Wy) were observed (data not shown)
Furthermore, since typical PPARarget genes are equally expressed in WTHmd mice

fed Wy, it is difficult to ascribe to PPARthe increase in SCD1 mRNA and protein content
observed ifThb”” mice fed Wy.

In addition toPpar a and Scdl, Elovi3 mRNA levels were comparatively elevatedTinb”
mice fed Wy, suggesting th&par a, Scdl and Elovi3 gene expression might be under the
positive control of a common denominator. Siktevi3 gene expression has been shown not
to be under the control of PPARN liver, it is tempting to speculate that Wy-medih
increased oElovi3 mRNA in Tho”™ mice is PPAR-disconnected, as it is probably also the
case forsScdl [33]. lllustrative for this hypothesis is that ghcorticoids have been shown to
activatePpar a, Elovi3 and Scdl mRNA levels in liver [34,35]. It can then be reaably
hypothesized that the hormonal status may be cladmg&hb deletion and further aggravated
by Wy feeding [33]. Up till nowPpar a is not known to be auto-regulated in liver, herfee t

hypothesis of increased stress metabolites in ldEa of Thb™™ mice fed Wy, that in turn

would up-regulat®par a MRNA levels in liver, is strengthened [34,35].

X-linked adrenoleukodystrophy (X-ALD), the most cmon peroxisomal disorder reported to
date, is biochemically characterized by elevateabmpla and tissue levels of straight-chain
saturated fatty acids and VLCFAs such as C24:0,@aed C26:1 [36]. In agreement with a
functional peroxisomaB-oxidation under basal conditioiﬁhb'/' mice displayed normal liver
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and plasma concentrations of these three metakoktadlowing Wy activation, liver C26:0
levels were comparatively reduced Thb”™ mice while those of C24:0 remained unaltered.

Hepatic reduction of C26:0 was accompanied by aifssgnt accumulation of n-7 and n-9
MUFA. Others have previously found that cholestelgprivation increases MUFA in skin
fibroblasts from patients with X-ALD, yet liver agell as plasma cholesterol concentrations
were unaltered byhb deletion and Wy feeding, ruling out at first, thigoothesis [37].

Of interest, Rizzoet al have previously demonstrated that incubation dfuced skin
fibroblasts (X-ALD) with oleic acid (C18:1) and @ia acid (C22:1) normalized C26:0 levels,
paving novel roads for therapies based on the adahinistration of a dietary mixture
composed of C22:1 and C18:1 fatty acids (commoefgrred as “Lorenzo’s oil”) [38].

Hence, we propose that enrichment of MUFA (paréidyl that of C18:1n-7, C18:1n-9,
C22:1n-7, C22:1n-9) observed iFhb”™ mice mice fed Wy might protect from aberrant

increase of hepatic C26:0 content conclusion, in the normal fed state deletionTbb
favors the emergence of some PUFA n-3. Followintivaiion of FAO by the peroxisome
proliferator Wy, deletion ofThb promotes accumulation of MUFA n-7 and nvia the
activation of SCD1. One of the most pressing chagkis is to check whether this finding can
be translated from rodents to humans, in which @ngngle gene has been identified so far
[4]. Further studies that aim at delineate the ke connection between ThB and SCD1 are
also awaited to better define the impacfTbb deletion in the regulation of cell growth and
membrane fluidity signal transduction which are @dithways known to be modulated by

MUFA n-7 and n-9.
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Figurelegends

Figure 1. The PPARa signaling cascade is not constitutively activated upon Thb ablation

in mice. 6h-fasted WT andhb-/- mice previously fed or not with Wy for 8-days wersed.
Liver RNA was isolated and RT-gPCR was performedoiEbars represent SEM (n=5).
Differences between WT anthb-/- mice fed Wy were evaluated using one-way Anova, *
p<0.05, **p<0.01; Gene expression levels from thierals receiving vehicle only were set at
1. Abcdl: ATP-binding cassette, sub-family D, menfgeAbcd2: ATP-binding cassette, sub-
family D, member 2. Cyp4al4: Cytochrome P450 4alldad: Very long-chain acyl-CoA
dehydrogenase; Aldh3a2/Faldh: Fatty aldehyde delggirase; Cyp4al0: Cytochrome P450
4al10; Fatp-1: Fatty acid transport protein-1; Lpfabiver-fatty acid binding protein; Lpl:

Lipoprotein lipase; Ppar Peroxisome proliferator-activated receptor
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Figure 2. Plasma and hepatic cholesterol levelsarenormal in Thb mice.
(a) Plasma cholesterol concentration in liver offé&ted WT andrhb”” mice previously fed
or not the PPAR agonist Wy (30 mg/kg of body weight) for 8-daysdaff) lipoprotein

profiling by FPLC. Fractions were assayed for cht@eol in 6h-fasted WT (n=9) anthb”
(n=9) mice (c) Hepatic cholesterol contents in liver di-fasted WT andT hb”™ mice

previously fed or not the PPARagonist Wy (30 mg/kg of body weight) for 8-daysdtbars

represent £+ SEM. Numbers of animals used are itetica each bar for (a) and (c).

Figure 3. The hypotriglyceridemic action of Wy ishampered in Thb” mice.

(a) Plasma blood triglycerides in 6h-fasted WT A’ mice previously fed or not the
PPARx agonist Wy (30 mg/kg of body weight) for 8-dayddi) lipoprotein profiling by
FPLC. Fractions were assayed for triglycerides i \¥i=9) andThb”" (n=9) mice. (c)
Hepatic triglycerides contents assessed by gasratiography in liver of 6h-fasted WT and
Thb” mice previously fed or not the PPARagonist Wy (30 mg/kg of body weight) for 8-

day. Error bars represent £ SEM. * p<0.05, **p<0.Blumbers of animals used are indicated

in each bar for (a) and (c).

Figure 4. Wy magnifiesthe effect of Thb deletion on lipid metabolism

Histological sections of liver stained for neuttglids using Oil Red O. (a) Frozen liver
sections of a representative WT affib-/- mouse fed or not Wy were examined for neutral
lipid accumulation as described in materials andhdés. Bars indicate 1(im. Original
magnification: 40X. (b) Haematoxylin and Eosin siag of a representative WT afithb-/-

mouse fed or not Wy. Bars indicate . Original magnification: 40X.
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Figure 5. Expression of hepatic genes involved in fatty acid and TG synthesis is
comparatively increased in Thb” mice fed Wy, yet nuclear form of SREBP1 remains
unaltered.

(a) 6h-fasted WT andhb-/- mice previously fed or not with Wy for 8-days wersed. Liver
RNA was isolated and RT-qPCR was performed. Errarsbrepresent SEM (n=5).
Differences between WT anthb” mice fed Wy were evaluated using one-way Anova; *
p<0.05, *p<0.01; Gene expression levels from thienals receiving vehicle only were set at
1. Cycle times for the highest expressing groupetimh gene are shown in the corresponding
bar. Wy = Wy14,643Acly: ATP citrate lyaseAcca: Acetyl-CoA carboxylaser; Fas. Fatty
acid synthaseScdl: Stearoyl CoA desaturase-3;d2: Stearoyl CoA desaturase-@;ebplc:
Sterol regulatory element-binding protein Dgatl: Acyl-CoA:diacylglycerol acyltransferase
1; Dgat2: Acyl-CoA:diacylglycerol acyltransferase Z5pam: mitochondrial glycerol-3-
phosphate acyltransferaddgatl: Monoacylgycerol acyltransferase Gyk: Glycerol kinase;
Insigl: Insulin-induced gene 1S ebpla: Sterol regulatory element-binding protein L& a.
Liver x receptor; Chrebp: Carbohydrate response element-binding protein.

(b) Equal amounts of nuclear protein (50 pg/lane) ftomliver of WT andThb” mice fed

or not Wy were Western blotted with anti-SREBPlilody. mMSREBP1: mature (nuclear)
form of SREBP1. Pooled hepatic lysates (n=5) wesedufor each condition. Histone H4
expression was evaluated as a control of loadinguain

(c) Equal amounts of microsomal protein (50 pg/laselaited from the liver of WT arithb™
mice fed or not Wy were Western blotted with arffiEEL antibody. Pooled hepatic lysates
(n=5) were used for each condition. Actin exprassi@s evaluated as a control of loading

amount.
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Figure 6. Effect of Thb ablation on hepatic lipid desaturation index, on microsomal
SCD1 protein content and on mMRNA expression of selected genes involved in elongation

of fatty acids.

(@) Shown are the ratios of the levels of MUFAs versaturated fatty acids in liver.
**p<0.01, significantly different from WT mice. Eors bars reflect S.E.M. (WT n=7, KO
n=8, WTWy n=6, KOWY n= 8)(b) Gene expression was determined by RTqPCR. Errors
bars reflect S.E.M. (WT n=5, KO n=8, WTWYy n=6, KOWy 7). Differences between the
different groups of mice were evaluated by one-wanpva test, * p <0.05, significantly
different from WT mice. Cycle times for the highestpressing group for each gene are

shown in the corresponding b&lvy = Wy14,643.

Table 1.

Fatty acid composition (mass %) of total MUFAs ivet of 5-month-old mice. Values are
expressed as mean + SEM. Significant differencéwd®en both genotypes were evaluated
with Anova one way test. *p<0.05; **p<0.01; ***p<@1. In bold, saturated and

monounsaturated fatty acids related, as precus@sbstrates, to Scdl.

Table 2.
Fatty acid composition (mass %) of total PUFAsiued of 5-month-old mice. Values are
expressed as mean + SEM. Significant differencéwd®en both genotypes were evaluated

with Anova one way test. * p<0.05; ** p<0.01; ***q8.001.

Table 3.
Fatty acid composition (mass %) of total Saturdtéd in liver of 5-month-old mice. Values
are expressed as mean + SEM. Significant differebeéwveen both genotypes were evaluated

with Anova one way test. * p<0.05; ** p<0.01; ***q8.001.
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Supplementary datd able 4.

Fatty acid composition (mass %) of total Fatty Acid plasma of 5-month-old mice. Values
are expressed as mean + SEM. Significant differebetween both genotypes were evaluated
using the one-way Anova test. * p<0.05; ** p<0.G1* p<0.001. In bold, saturated and

monounsaturated fatty acids related, as precussasbstrates, to Scdl.

Supplementary datd able 5.

Plasma levels pristanic and phytanic acids, agméted by GC-MS. Values are expressed as
mean + SEM. Differences between both genotypes eeakiated using the one-way Anova

test.

26



fold-change

fold-change

fold-change

Abcdl

40

30

20

10

+H+ -

Vlicad

++ /-

Fatp-1

+H+ -/-

+/+ -/-

++ -/-

++ -/-

fold-change

Arnauld al.,

| Abcd2 Cyp4ald

50 6]

40 |

301 4

207 2,

=

Q == 7 —=

++ - +[+ /- 0 +H+ -~ +H+ /-

25+

Aldh3a2 Cyp4ald

20

15
4- . 10 '
2 5 |
== 0 ===

O v - 4+ -I- - -
- 20,
4 L-Fabp Lpl
3 15
2 10
il |
J o J. o f |
+H+ o[- +H+ -l- H+ o[-+ /-
2"L_’*PparO(
2.0 *%*
1
1.5+
T
1.0 5
0.0
++ -[- +/+ -[-

Arnauld et al., Figure 1

27



plasma
cholesterol (mM)

1.0

0.8

plasma
cholesterol (mM)

SO B N W b

A

++ o[- ++ /-

VLDL IDL/LDL HDL

O +/+ (n :9)

060 " (n=9)

5 10 15 20 25 30 35 40 45

FPLC-fraction

C liver

- Wy

1 |
18](13 13
O i

++ /- ++ /-

cholesterol
(mg / g of liver)
N

Arnauld al.,

Arnauld et al., Figure 2

28



plasma triglycerides

(mM)

0.157

0.107

0.051

0.00-

>

plasma TG (mM)

VLDL

1.2 7
1.0

[
0.8 1
0.6 1
0.4
027,
0.0

Arnauld al.,

- Wy

0.08

++ - A+ /-

IDL/LDL HDL

O ** (n =9)
3 - (n=9)

oooooooooooEooooo

10

@]

hepatic TG (mg/ g)

15

20 25 30 35 40 45

FPLC-fraction

- Wy
* **
o

+/+ /- +[+ /-

Arnauld et al., Figure 3

29



Arnauld al.,

Arnauld et al., Figure 4

30



Arnauld al.,

O'07+/+ o[- 4]+ /-

07+/+ -[- +/+ -/[-

0.0
+/+ -[-+/[+ -/-

H+ - -l

- Wy - Wy - Wy - Wy - Wy
2.0+ — 10 — — 12 —
o Acly o Acca B Tras * | Scd2
8’ 1.5+ | |
8 6| 101 8 -
Q 1.0 6 -
S “ |—|* *%
o 0.5- 5] 51 1 4 -
2 |
0.0~ 0 0- . 0 -
H+ -4+ /- [+ - +[+ /- ++ -4+ -1 ++ -+ - ++ - +[+ -]
- Wy - Wy - Wy - Wy - Wy
2.5 4 2.0 5 80
Srebplc Dgatl Dgat2 Gpam Mgatl
D 20 * 41 -
o) ] 3 1.5 60
S 15 3 -
s(:? 2 1.0/ 40-
5 1.0 21
L 05 11 0.5 1. 20
23 | 6

0
+/+ -[- +[+ -/-

- Wy - Wy - Wy - Wy - Wy
4 Gyk 25 Insigl 20 Srebpla 2> Lxra 20 Chrebp
2.0 2.0
qg’, 3 15
1.5 1.5
g2 1.0
Q 1.01 10-
L=
g b 0.5 0.5 0.5
0 0olL_l2 0o ol 122
2 0.0- 0 o o
MAR R b ool A - - e e g -
B nucleus C microsome
- Wy _ Wy
40 kDa
MSrebpl —> s s e . 08 kD2 Scdl —» e ——
S G B w— .
Histone H4—> ACTT > St s e
+H+ - M+ -

+/+

-[- +H+

-

Arnauld et al., Figure 5

31



fold-change

fold-change

Arnauld al.,

AL wy Wy
0.6 6
o
g scdl *x g scdl *%
— i
=047 54
© o
— i
© 0.2 o2
z z
0'07+/+ -I- ++ -- 7+/+ - ++ -l-
B
- Wy - Wy - Wy - Wy
2.5 2.0 4 5
Elovil Elovi2 ElovI3 *% ElovI5
2.0+ | | 4
15 3
1.5+ 34
1.0 1.0 2] 5
0.5+ 0.5 1 |
: ol
0.0 L 0.0- 1
++ -- I+ /- L Y R R B +HH+ -l- I+ /- ++ - I+ -
- Wy - Wy - Wy
5 5 fo—— —
Fads2 (A6) Elovl6 (Lce,Face) Fads1(A5)
4- 4 i
3
34 34
2
2 2
11 1- 17
CH+ -+ - CH - - e -
- Wy
4 7
o Ter
g 3-
©
<
(&) 2 -
)
IR
4 - A -

Arnauld et al., Figure 6

32



Arnauld al.,

MUFA (%) WT (n=7) KO (n=8) p value WTWy (n=6) KOWy (n=8) p value
C16:1n-7 0.69+0.075 0.6920.05 1.000 1.04120.123 1.78+0.121%* 0.001
C18:1n-7 1.03+0.067 1.2040.085 0.109 2.28+0.256 2.73+0.150 0.122
C20:1n-7 0.066+0.006 0.065+0,0068 0.865 0.091+0,016 0.139+0,013* 0.047
C22:1n-7 0.0094+0.003 0.0123+0,0047 0.195 0.00830,001 0.0218+0,0025** 0.001
C24:1n-7 0.0016+0.000 0.0023+0,00085 0.061 0.00130,00016 0.0025+0,0003** 0.006

S MUFAn-7 1.81+0.05 1.98+0.14 0.321 3.42+0.37 4.6810.25* 0.013
C16:1n-9 0.17+0.03 0.17+0.05 0.865 0.370.02 0.4640.02** 0.029
C18:1n-9 10.460.34 9.83+0.49 0.335 16.16+0.83 21.73+1.16** 0.003
€20:1n-9 0.24+0.06 0.23+0.01 0.756 0.27+0.01 0.3540.02* 0.012
€22:1n-9 0.02+0.02 0.02+0.00 0.921 0.017+0.00 0.030.00** 0.003
C24:1n-9 0.0071+0.0003 0.0088+0.0004* 0.011 0.0058+0.0004 0.0059+0.0004 0.889

Y MUFAn-9 10.90+0.36 10.2740.49 0.335 16.82+0.85 22.58+1.19** 0.003
S MUFA 12.72+0.38 12.2540.56 0.518 20.25+0.98 27.26+1.30** 0.001

Arnauld et al., Table 1
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Arnauld al.,

PUFA (%) WT (n=7) KO (n=8) p value WTWYy (n=6) KOWy (n=8) p value

C18:3n-3 0.367+0.018 0.28620.014** 0.003 0.123+0.010 0.183+0.020*** <0.0001
C20:3n-3 0.602+0.025 0.822+0.063** 0.009 2.23340.244 1.992+0.136 0.374
C20:4n-3 0.043+0.0027 0.055£0.0036* 0.018 0.0620.006 0.065+0.005 0.745
C20:5n-3 0.4190.0238 0.57+0.0309** 0.002 0.3500.043 0.324+0.036 0.640
C22:5n-3 0.395£0.017 0.50740.021** 0.001 0.492+0.035 0.4610.041 0.587

C22:6n-3 7.6390.23 7.987+0.26 0.340 5.948+0.28 4.258+0.24%** <0.0001
C24:5n-3 0.0208+0.0022 0.0199+0.0013 0.826 0.0050.001 0.004+0.000 0.795
C24:6n-3 0.0131+0.0016 0.0136+0.0008 0.670 0.0060.001 0.008+0.001 0.062
S PUFAn-3 9.501+0.24 10.2630.34 0,101 9.2240.32 7.296+0.33** 0.001
C22:6n-3/C24:6n-3]  389.86+40.5 415.50432.4 0.625 1013.12+161.5 514.84+39.3** 0.005
C18:2n-6 22,81+1,359 20,750,910%* 0.003 15,390,555 15,711,021 0.795
C18:3n-6 0.172+0,046 0,11940,027* 0.015 0,102+0,005 0,098+0,003 0.554
C20:3n-6 0,036+0,006 0,049+0,013* 0.046 0,04510,005 0,03740,003 0.204
C20:4n-6 7,44+0,705 8,57+0,493** 0.002 8,47+0,462 6,1240,384** 0.001
C22:4n-6 0.103+0.009 0.122+0.016* 0.014 0.1290.006 0.1330.007 0.662
C24:4n-6 0.003£0.001 0.0040.001 0.347 0.0021+0.000 0.0018+0.000 0.501
C24:5n-6 0.00018+0.0000 0.00024+0.0001 0.177 0.00014+0.000 0.00018+0.000 0.066
Y PUFA n-6 30.5740.55 29.610.24 0.122 24.1440.54 22.1140.91 0.104
Y PUFA 39.67+0.58 39.3740.39 0.67 32.87+0.65 28.94+0.86%* 0.005

Arnauld et al., Table 2
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Arnauld al.,

SFA (%) WT (n=7) KO (n=8) p value WTWy (n=6) KOWy (n=8) p value
C12:.0 0.016x0.02 0.014+0.05 0.921 0.0064+0.0005 0.00507+0.00043 0.058
C14.0 0.158+0.028 0.125+0.011 0.055 0.101+0.0053 0.117+0.0064 0.095
C16:0 34.71+0.55 35.61+0.61 0.301 36.63+0.50 37.00+1.13 0.795
C18:.0 12.14+0.245 11.90+0.352 0.605 9.54+0.696 6.09+0.379*** <0.0001
C20:0 0.155+0.08 0.175+0.009 0.142 0.076x0.0057 0.088+0.008 0.289
C22:.0 0.014+0.001 0.017+0.001 0.086 0.0065+0.0005 0.0075x0.0008 0.369
C24:0 0.007+0.000 0.0092+0.001 0.059 0.0046+0.00037 0.00386+0.00038 0.203
C26:0 0.00096+0.000 0.00110+£0.000 0.734 0.00078+0.00006 0.00037+0.00005***  <0.0001
> SFA 47.21+0.58 47.86+0.54 0.078 46.3810.52 43.32+1.21 0.061

C26:0/C22:0 0.072+0.016 0.021+0.015 0.612 0.122+0.013 0.052+0.006*** 0.0002
C26:0/C24:0 0.148+0.032 0.10940.016 0.278 0.172+0.014 0.100+0.012** 0.002

Arnauld et al., Table 3
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SFA (%)
C12:0
C14:.0
C16:.0
C18:0
C20:0
C22:0
C24:0
C26:0
Y SFA

C26:0/C22:0
C26:0/C24:0

MUFA (%)
C16:1n-7
C18:1n-7
C20:1n-7
C22:1n-7
C24:1n-7
C26:1n-7

> MUFA n-7

C16:1n-9
C18:1n-9
C20:1n-9
C22:1n-9
C24:1n-9
C26:1n-9
> MUFA n-9
> MUFA

PUFA (%)
C18:3n-3

C20:3n-3
C20:4n-3
C20:5n-3
C22:5n-3
C22:6n-3
C24:5n-3
C24:6n-3
> PUFA n-3

C22:6n-3/C24:6n-3

C18:2n-6
C18:3n-6
C20:4n-6
C22:4n-6
C22:5n6
C24:4n-6
C24:5n-6
> PUFA n-6
> PUFA

WT (n=7)
0.0188+0.000
0.16540.015
25.6240.67
10.0621.29
0.1421+0.006
0.0153+0.001
0.00870.000
0.0008+0.000
36.039+1.09
0.056+0.005
0.098+0.010

WT (n=7)
0.89+0.052
0.860.016
0.086+0.005
0.009+0.001
0.0017+0.001

0.00064+0.000

1.84+0.064

0.17+0.012
11.38+0.677
0.28+0.017
0.022+0.003
0.0083+0.000
0.0030+0.000
11.86+0.703
13.71+0.75

WT (n=7)

0.38+0.031
0.61:0.031
0.045+0.002
0.76+0.046
0.270.018
4.85+0.266

0.008+0.001
0.023+0.002

6.97+0.285
235.55+44.11

34.9940.71

0.100+0.001
7.81£0.72
0.054+0.002
0.31£0.015
0.002+0.000
0.002+0.000
43.28+1.39
50.25+1.56

KO (n=8)
0.0220+0.003
0.180+0.006
26.03+0.49
7.22+0.26*
0.1354+0.008
0.0171+0.001
0.0103+0.000
0.00102+0.000
33.631+0.56
0.059+0.010
0.095+0.009

KO (n=8)
0.97+0.074
0.92+0.055
0.085%0.009
0.012+0.002
0.0020+0.000

0.00060+0.000
1.99+0.138

0.18+0.017
11.49+0.500
0.24+0.014
0.023+0.002
0.0095+0.000
0.0028+0.000
11.95+0.526
13.95+0.62

KO (n=8)
0.41+0.017
0.77+0.044*
0.051+0.003
0.91+0.026*
0.37+0.016**
4.94+0.198

0.009+0.001
0.022+0.001

7.49+0.178
228.93+18.10

37.830.78*
0.107+0.002*
6.62+0.97
0.067+0.003*
0.29+0.007
0.002:+0.000
0.001+0.000
44.92+0.68
52.42+0.73

p value
0.390
0.345
0.625
0.039
0.543
0.257
0.076
0.424
0.062
0.756
0.844

p value
0.393
0.317
0.921
0.262
0.249
0.889
0.367

0.618
0.889
0.229
0.756
0.118
0.756
0.921
0.809

p value
0.393

0.010
0.152
0.014
0.002
0.795

0.548
0.605

0.130
0.889

0.020

0.016
0.352
0.017
0.108
0.471
0.105
0.289
0.213

WTWy (n=6)
0.0199+0.002
0.183+0.030
29.73+0.66
6.26+0.30
0.0907+0.013
0.0159+0.005
0.0117+0.003
0.00138+0.000
36.327+0.82
0.100+0.018
0.130.011

WTWy (n=6)
1.6420.274
1.70+0.168
0.111+0.015
0.009+0.001

0.0017+0.000

0.00036+0.000 0.00148+0.000*

3.46+0.413

0.59+0.139
17.6940.979
0.33+0.02
0.024+0.003
0.0076+0.000
0.0028+0.000
18.64+0.858
22.11+0.72

WTWy (n=6)
0.21+0.021
2.18+0.237
0.041+0.003
0.50+0.034
0.3540.011
3.77+0.311

0.003+0.000
0.008+0.001

7.08+0.226
486.37+61.89

27.53+0.93

0.080+0.003
6.5610.20
0.090+0.005
0.21%0.022
0.0010.000
0.0010.000
34.48+0.87
41.56+0.80

Arnauld al.,

KOWYy (n=8)
0.0159+0.002
0.147+0.005
28.89+0.59
4.95+0.29*
0.0904+0.006
0.0152+0.001
0.0085+0.000
0.00114+0.000
34.128+0.37*
0.073+0.005
0.13+0.011

KOWy (n=8)
1.7540.076
1.75+0.098
0.155+0.016

0.022+0.002**

0.0028+0.000

3.69+0.142

0.38+0.022
18.36+0.515
0.34+0.02
0.034+0.004
0.0097+0.000
0.0039+0.000
19.13+0.505
22.83+0.58

KOWy (n=8)
0.25+0.021
2.06+0.168

0.050+0.002*
0.48+0.033
0.35+0.02

2.8340.166*

0.002+0.000
0.008+0.001

6.05+0.192**
384.77+52.27

31.23+0.45**
0.09+0.001%*
5.41+0.48
0.096+0.006
0.16+0.009
0.001+0.000
0.001+0.000
36.99+0.70%
43.0420.76

p value

0.245
0.204
0.369
0.010
1.00
0.889
0.348
0.476
0.020
0.125
1.000

p value

0.654
0.795
0.085
0.001
0.051
0.035
0.576

0.120
0.524
0.782
0.106
0.094
0.292
0.606
0.446

p value

0.171
0.678
0.028
0.633
1.000
0.014

0.412
0.724

0.004
0.231

0.002

0.013
0.073
0.538
0.062
0.138
0.745
0.042
0.210

Arnauld et al., suppementary data Table 4
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Arnauld al.,

WT (n=3) KO (n=4) p WTWy (n=3) | KOWY (nh=4) p
Pristanic acid (umol/L) 0.072+0.012 | 0.118+0.017 [ 0.09 0.087+0.008 | 0.097+0.007 | 0.64
Phytanic acid (pmol/L) [1.580+0.215 ]1.694+0.121 0.37 |1.398+0.177 [1.396 +0.110 0.81

Arnauld et al., supplementary data Table 5

37



