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Abstract

While prior studies focusing on male mice suggest a role for sterol carrier protein-2/sterol carrier
protein-x (SCP-2/SCP-x; DKO) on hepatic phytol metabolism, its role in females is unresolved.
This issue was addressed using female and male wild-type (WT) and DKO mice fed a
phytoestrogen-free diet without or with 0.5% phytol. GC/MS showed that hepatic: i) phytol was
absent and its branched-chain fatty acid (BCFA) metabolites were barely detectable in WT
control-fed mice; ii) accumulation of phytol as well as its peroxisomal metabolite BCFAs
(phytanic acid >> pristanic and 2,3-pristenic acids) was increased by dietary phytol in WT
females, but only slightly in WT males; iii) accumulation of phytol and BCFA was further
increased by DKO in phytol-fed females, but much more markedly in males. Livers of phytolfed
WT female mice as well as phytol-fed DKO female and male mice also accumulated increased
proportion of saturated straight-chain fatty acids (LCFA) at the expense of unsaturated LCFA.
Liver phytol accumulation was not due to increased SCP-2 binding/transport of phytol since
SCP-2 bound phytanic acid, but not its precursor phytol. Thus, the loss of Scp-2/Scp-x contributed
to a sex-dependent hepatic accumulation of dietary phytol and BCFA.
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Humans on average ingest 50-100 mg/day of dietary branched-chain phytol and phytanic
acid derived therefrom, almost all of which is rapidly degraded and generally not detectable
in serum or tissues of normal individuals [1]. Since the discovery of phytanic acid most
attention has focused on resolving the individual enzymatic steps, enzymes, and intracellular
organelle localization of phytanic acid metabolism [1-3]. Surprisingly, much less is known
about the role of cytosolic proteins responsible for binding/transporting the aqueous very
insoluble phytanic acid to its metabolic (peroxisome) and regulatory (nucleus) organelle
targets. A key potential candidate gene serving in this regard is the sterol carrier protein-2/
sterol carrier protein-x (Scp-2/Scp-X) gene which encodes two proteins (SCP-2 and SCP-x)
both of which may be involved in BCFA oxidation. These two proteins are related as the
protein SCP-x contains the SCP-2 protein in its C-terminus and while SCP-x has enzymatic
activity, SCP-2 does not[4]. Despite SCP-2 having no enzymatic activity, it binds phytanic
acid [5, 6] and even more tightly phytanoyl-CoA [6]. More importantly, the phytanoyl-CoA/
SCP-2 complex serves as the substrate for phytanoyl-CoA-2-hydroxylase in the peroxisomal
matrix [7, 8]. Although nearly half of total SCP-2 is localized in the cytoplasm, it is more
highly concentrated in peroxisomes [9-11] wherein SCP-2 is associated with fatty acid
oxidative enzymes [12]. These findings suggested that SCP-2 may be involved in the
cytosolic transfer of phytanic acid from endoplasmic reticulum (site of phytol conversion to
phytanic acid) to peroxisomes and potentially to further downstream oxidation therein [5, 6].
Finally, SCP-x is localized exclusively in peroxisomes wherein it is the only known enzyme
with branched-chain acyl-CoA 3-ketothiolase activity needed for oxidizing BCFA [13, 14].

Although the /n vivo significance of Scp-/Scp-x gene ablation (DKO) in phytol metabolism
has been examined in male mice, nothing is known regarding the impact of DKO in females,
especially with regards to phytol vs BCFA metabolite accumulation. Since Scp-2/S5cp-x gene
expression is markedly sexual dimorphic in mice [4, 15], there is a need for such studies in
female DKO mice. Although an earlier study reported the impact of DKO on hepatic
appearance of BCFA in phytol-fed male mice [6], neither the potential accumulation of
phytol nor female mice were examined. However, interpretation of the latter study was
complicated by the control diet itself having a high content of phytol and phytanic acid,
which lead to potent ligand induction of nuclear receptor transcriptional activity mediated by
the heterodimer pair retinoid X receptor (RXR) [16, 17] and peroxisome proliferator
activated receptor-a. (PPARa) [18-21]. Hyperactivation of PPARa results in excessive
oxidative stress and cardiac toxicity as seen in a study involving mice overexpressing
PPARa in muscle [22].

To begin to address this issue and examine the impact of sex on phytol metabolism in DKO
mice, the current study focused on the impact of DKO on hepatic phytol metabolism in
female versus male mice fed a phytol-free, phytanic acid-free control diet without or with
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0.5% added phytol. Gas chromatography/mass spectrometry (GC/MS) was used to examine
the impact of DKO on phytol diet-induced hepatic accumulation of phytol and peroxisomal
BCFA (phytanic acid >> pristanic and 2,3-pristenic acids) metabolites.

2. Materials and Methods

2.1. Materials

Phytol, phytanic acid, pristanic acid, phytanic methyl ester, and N-fert-butyldimethylsilyl-A-
methyltrifluoroacetamide (MBDSTFA) with 1% fert-butyldimethylchlorosilane
(TBDMSCL) were purchased from Sigma-Aldrich Co. LLC (St. Louis, MO). Purified long
chain fatty acid (LCFA) standards were obtained from Nu-Chek Prep, Inc. (Elysian, MN).
Pristanic methyl ester (methyl pristanate) was from Larodan AB (Malmo, Sweden).
Reagents and solvents used were of the highest grade available and cell culture tested.

2.2. Fluorescence displacement assay to determine SCP-2 affinity for phytol, phytanic
acid, and pristanic acid

Recombinant SCP-2 protein was isolated and kept at —80 °C as previously described [23].
Phytol and phytanic acid binding to SCP-2 was determined by 12-(N-methyl)-N-((7-
nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-octadecanoic acid (NBD-stearic acid) fluorescence
displacement assay as described previously [24, 25]. While NBD-stearic acid very weakly
fluoresces in buffer, its fluorescence increases upon binding to proteins such as SCP-2. Thus
emission spectra were recorded for both background fluorescence of NBD-stearic acid in
buffer and the increase in fluorescence of NBD-stearic acid upon ligand binding to SCP-2.
The binding experiments were performed in a quartz cuvette using 10 mM phosphate buffer
at pH =7.4 at 24°C. The spectra were recorded by exciting NBD-stearic acid at 490 nm and
scanning its emission over the wavelengths from 515-600nm using a Varian Cary Eclipse
Fluorescence Spectrophotometer (Varian, Inc, Palo Alto, CA). Forward and reverse titrations
were used to determine a Kyof 0.22 + 0.03 uM for NBD-stearic acid binding to a single
binding site per molecule of SCP-2 as described previously [24, 25]. Displacing ligands (e.g.
phytol, phytanic acid, pristanic acid) from 2mg/ml stock solution in DMF were titrated into
a solution of SCP-2 (500nM) and NBD-stearic acid (500nM) in 10mM phosphate buffer,
pH=7.4. Upon binding to SCP-2, the ligands would displace the bound NBD-stearic acid,
resulting in decrease of fluorescence. K;was calculated using the £Cspobtained from the
displacement curves and the K;for NBD-stearic acid according to the following equation:

Ki:Kd X EC50/[NBDS]

2.3. Animal studies

Male and female Scp-2/Scp-x null (double knockout; DKO) mice on the C57BL/6NCr
background (N6 backcross generation) were generated as in [26]. Male and female inbred
C57BL/6NCr wild-type (WT) mice were from the Frederick Cancer Research and
Development Center (Frederick, MD). Mice were kept on a consistent diurnal cycle (12h
light/12h dark) with free access to water and food. Mice were monitored quarterly for
infectious diseases and were specific pathogen free, particularly in reference to mouse
hepatitis virus. Animal protocols were approved by the Animal Care and Use Committee of
Texas A&M University.
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2.4. Phytol dietary study

For the dietary study 28 male and 28 female (7 wk old, 20-30g) WT and DKO mice were
placed on diet D11243 (Research Diets, Inc., New Brunswick, NJ), which is an AIN-76A
rodent diet modified by Research Diets, Inc. (New Brunswick, NJ) to contain 50%
carbohydrates (50% sucrose with remaining as corn starch and maltodextrin) and 5%
calories from fat (mainly from corn oil). This control diet was essentially free of phytol,
phytanic acid, and phytoestrogens, thereby avoiding potential diet-induced problems with
high levels of phytol and phytanic acid in the control diet [6] as well as with phytoestrogens
in sex comparisons [27, 28]. After acclimating for 1 week on the modified control diet, the
mice were divided into four groups each of which consisted of seven females and seven
males: two groups of WT and DKO mice remained on the control diet while the other two
groups were switched to the above D11243 rodent diet supplemented with 0.5% phytol
(custom diet D01020601; Research Diets, Inc.). Body weight and food intake were
monitored every other day. At the end of the study (day 13), animals were fasted overnight,
anesthetized (100mg/kg ketamine, 10mg/kg xylazine), and humanely euthanized via cervical
dislocation. Harvested serum and liver samples were snap-frozen on dry ice and stored at
-80°C.

2.5. Lipid extraction from liver and diet

Small samples of liver and diet were minced thoroughly and homogenized in 0.5ml PBS
with a motor-driven pestle (Tekmar Co, Cincinnati, OH) at 2,000rpm, then extracted twice
with 7-hexane:2-propanol (3:2, v/v) [29, 30]. All glassware used for lipid extraction, fatty
acid analysis, and phytol analysis was washed with sulfuric acid-chromate before use and
lipids were stored under an atmosphere of N5 to limit oxidation. The lipid extracts from each
sample were dried under N followed by base-catalyzed transesterification (1M KOH in
methanol at 37°C for 20min) to convert the lipid acyl chains to fatty acid methyl esters
(FAMES). Transesterification was stopped with 200 pl ethyl formate and the FAMEs were
then extracted into petroleum ether and dried under N, For FAME analysis, the esterified
fatty acids were dissolved in 7-hexane with a known amount of pentadecanoic methyl ester
(15:0-ME) internal standard. Post-extraction residues dried overnight and digested overnight
in 0.2 M KOH were used for protein determination by Bradford assay [31].

2.6. Fatty acid derivatization: transesterification to fatty acid methyl esters (FAME)

An aliquot of the above lipid extracts from each sample were dried under N5 followed by
base-catalyzed transesterification (1M KOH in methanol at 37°C for 20min) to convert the
lipid acyl chains to fatty acid methyl esters (FAMES). Transesterification was stopped with
200pl ethyl formate and the FAMES were then extracted into petroleum ether and dried
under No For FAME analysis, the esterified fatty acids were dissolved in 7-hexane with a
known amount of pentadecanoic methyl ester (15:0-ME) internal standard.

2.7. Gas chromatography/Mass spectrometry (GC/MS) of fatty acid methyl esters (FAME)

FAMEs produced above were separated using a Thermo FinniganTrace GC 2000 system
(Thermo Fisher Scientific Inc., Waltham, MA) equipped with a RTX-2330 capillary column
(0.25 mm inner diameter x 30 m length; Restek, Bellefonte, PA). FAMESs were identified by
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comparison of retention times to known standards and confirmed by Trace DSQ version
1.3.1 single quadrupole mass spectrophotometer in chemical ionization and electron
ionization modes (Thermo Fisher Scientific Inc., Waltham, MA). FAMEs were quantitated
using Xcalibur version 1.3 software (Thermo Fisher Scientific, Inc.). Individual peaks were
identified by comparison with known FAME, phytanic methyl ester, and pristanic methyl
ester standards as well as parental ion molecular weights (chemical ionization mode) and
fragmentation pattern (electron ionization mode) matching using the Xcalibur 1.3 ion
fragmentation library. ldentified FAME peaks were then referenced against the internal
standard (15:0-ME) for quantification. FAME mass content was calculated as (hmol/mg
protein) or as (% of total fatty acid) as described [32] The FAME double bond index (DBI)
and peroxidizability index were calculated as described [32].

2.8. Phytol derivatization using trimethylsilylation and gas chromatography/mass
spectrometry (GC/MS) of trimethylsilylated phytol

For phytol quantification, an aliquot of the above lipid extract from each sample was
dissolved in 100ul MBDSTFA with 1% TBDMSCL, incubated at 60°C for 2hr, dried under
N, and dissolved in r-hexane similarly as described [33].

Silylated phytol was quantified with the above GC/MS system except using a Rxi-5ms
capillary column (0.20mm inner diameter x 25m length; recommended by Restek) with
chemical ionization mass spectrometry and comparison to 15:0-ME internal standard and
silylated phytol external standard control curves (chromatograph peak area vs.
concentration). A standard curve derived from a set of known amounts of phytol standard
(MTBSTFA derivatized, extracted, and quantified by GC-MS) was used to calculate the
nmol phytol in the hepatic and diet samples. Phytol mass content was expressed as nmol/mg
protein.

2.9 Statistical analysis

3. Results

Phytol and fatty acid subgrouping values were calculated as the sums of indicated fatty acid/
alcohol types (total fatty acids, total branched chain, monounsaturated, etc.) in nmol
lipid/mg total liver protein or/mg diet as well as a percent of total liver or diet fatty acids. All
values are expressed as means + SEM with ‘n’ indicated. Statistical analysis was performed
using one-way ANOVA analysis with Newman-Keuls paired comparisons posttest
(GraphPad Prism, San Diego, CA). Values with P < 0.05 were considered statistically
significant.

3.1. Dietary content of phytol

Since standard rodent chow contains significant amount of dietary phytol, e.g. as much as 75
ug/gram that could complicate interpretation [6], the current study was performed using a
commercial defined control-diet (D11243) prepared to be free of phytol and phytanic acid.
To assure that this diet was indeed deficient in phytol; lipids were extracted, derivatized, and
analyzed by GC/MS as described in Methods. GC/MS of the silylated alcohols in the lipid
extract detected only a trace amount of phytol in the control diet representing 0.00028
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+ 0.000043% by weight or 2.8 £ 0.004 ug/g. Further, GC/MS of the 0.5% phytol-
supplemented diet (D01020601) confirmed its total phytol content, 7.e. 0.45 + 0.037% by
weight or 4.5 + 0.4 mg/g.

Taken together, this showed that the control-diet used herein was very low in phytol, 27-fold
lower than standard rodent chow [6]. This small amount of phytol did not significantly
contribute to raising total phytol content of the 0.5% phytol experimental diet.

3.2. Dietary content of phytol metabolites

Standard control rodent chow also contains even higher levels of phytanic acid, e.g. as much
as 200 pg/gram [6]. Thus, the phytanic acid content of the control-diet used herein was
determined by extracting the lipids, preparing fatty acid methyl esters (FAMES), and
resolving and quantitating by GC/MS as described in Methods.

GC/MS of the FAMEs revealed that the control diet was deficient in branched-chain fatty
acids (BCFA) such as phytanic or pristanic acids. However, the control diet did contain
significant amounts of straight-chain fatty acids, primarily C16:0, C18:1, and C18:2, plus
small amounts of other fatty acids (Supplemental Table 1). This was consistent with the fatty
acid composition provided by request from Research Diets, Inc (New Brunswick, NJ).

In summary, as compared to standard control rodent chow [6], the control diet had no
detectable phytol-derived BCFA (i.e. phytanic acid, pristanic acid).

3.3. SCP-2 affinity for phytol vs phytanic acid and pristanic acid: NBD-stearic acid
fluorescence displacement

Since SCP-2 binds cholesterol, a polycyclic alcohol with a branched-side chain [10, 34, 35],
the possibility that SCP-2 may bind dietary phytol to similarly function in uptake/
intracellular transport of phytol was considered. However, phytol did not significantly
displace SCP-2-bound NBD-stearic acid even at very high levels, i.e. ~5uM phytol (Fig 1).
The inability of SCP-2 to bind phytol was confirmed with a direct binding assay by
measuring tyrosine quenching and by displacement of NBD-cholesterol (not shown). In
contrast, SCP-2 had high affinity for phytanic acid (Kj;=0.49 £+ 0.01uM) and pristanic acid
(K;=0.50 £ 0.04uM), phytol metabolites produced in the endoplasmic reticulum and
peroxisome, respectively (Fig 1). The finding that SCP-2 does not appear to bind phytol,
suggests that any impact of SCP-2 on phytol metabolism is likely mediated through SCP-2’s
effects on downstream metabolism of phytol.

3.4. Impact of Scp-2/Scp-x gene ablation (DKO) on sex-dependence of hepatic phytol

content

Although SCP-2 does not bind phytol, it binds phytol metabolites such as phytanic acid (Fig.
1) and its metabolically-activated phytanoyl-CoA thioesters [6]. Further, the phytanoyl-CoA/
SCP-2 complex serves as the substrate for phytanoyl-CoA-2-hydroxylase in the peroxisomal
matrix [7, 8]. These findings suggested that SCP-2 may influence phytol uptake/
accumulation by its impact on downstream phytol oxidation (e.g. to phytanic acid in
endoplasmic reticulum and/or within peroxisomes for oxidation). This hypothesis was tested
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by measuring various parameters to determine the impact of DKO on sex-dependent hepatic
phytol levels in mice fed control vs phytol supplemented diet.

At the end of the study only very low levels of phytol were found in livers of control-fed
female and male wild-type (WT) mice, 3.3 £ 0.6 and 2.7 + 0.6 nmol/mg, respectively (Fig.
2A,B) with no significant difference resulting from the DKO (Fig. 2A,B). Dietary phytol
supplementation increased hepatic phytol content by nearly 5-fold to 15 £ 4 nmol/mg in WT
females (Fig. 2A) and nearly 7-fold to 20 + 6 nmol/mg (Fig. 2B) in livers of WT males.
DKO did not significantly increase phytol accumulation in phytol-fed females (Fig. 2A) but
induced phytol accumulation by 3.6-fold in phytol-fed males (Fig. 2B) when compared to
their phytol-fed WT counterparts.

While livers of phytol-fed WT females showed high levels of total branched chain lipids
(phytol + BCFA) accumulation, phytol-fed WT males were at least 7.5-fold lower (Fig.
2C,D). DKO increased the hepatic content of total branched-chain lipid in phytol-fed female
mice by a mere 1.2-fold (Fig. 2C) and by more than 7-fold in the male mice (Fig. 2D).

Thus, mice exhibit strong sex differences in regards to hepatic accumulation of phytol and
total branched chain lipid (phytol + BCFA). Total branched lipid accumulation was greater
in females than males. DKO exacerbated these effects in males as the accumulation of these
branched chain lipids reached nearly the same level as females.

3.5. Scp-2/Scp-x gene ablation (DKO) differentially alters the composition of hepatic fatty
acid species in female vs male phytol-fed mice

Because DKO exacerbated hepatic accumulation of branched-chain lipids in the above
phytol-fed mice, it was important to determine whether this also resulted in changes in the
total fatty acid (FA) content.

Although hepatic total fatty acid content of control-fed female and male WT mice did not
differ, phytol-diet increased that in phytol-fed females but not males (Fig. 3A,B). This
increase was quantitatively associated with a large increase in total branched chain fatty acid
(BCFA) (Fig. 3C,D).

DKO decreased the hepatic total fatty acid in control-fed females, but not males (Fig. 3A,B).
However, this decrease was not associated with any detectable BCFA (Fig. 3C,D). On phytol
diet, DKO increased liver total fatty acid content in males (Fig. 3B) but did not further alter
liver total fatty acid content in females (Fig. 3A) which masked the small but significant
increase in BCFA (Fig. 3C).

Taken together, these data suggested that DKO alone decreased hepatic total fatty acid
content in female, but not male mice. Dietary phytol induced hepatic total fatty acid
accumulation; an effect exacerbated by Scp-2/Scp-x gene ablation, especially in the female
mice. Finally, DKO increased the proportion of BCFA among the total fatty acids in phytol-
fed males and less so females.
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3.6. Scp-2/Scp-x gene ablation (DKO) differentially impacts the sexual dimorphic effect of
dietary phytol on hepatic accumulation of individual branched-chain fatty acid (BCFA)

species

The possibility that DKO may differentially induce hepatic accumulation of select phytol-
derived metabolites, GC/MS was performed as described in Methods to quantitate hepatic
content of: i) phytanic acid, produced from phytol in endoplasmic reticulum; ii) pristanic
acid and 2,3-pristenic acid, both produced in the peroxisomal matrix [2, 33].

In livers of control-fed female and male WT mice the major phytol metabolite, i.e. phytanic
acid, was within the baseline (Fig. 4A,B)—0.47 + 0.08 and 1.35 = 0.2 nmol/mg,
respectively. This represented <0.2 % of hepatic total fatty acids (Supplemental Fig. 1A,B).
The downstream peroxisomal metabolites of phytanic acid were present at even lower levels
in control-fed female and male WT mice (Fig. 4)—0.11 £ 0.02 and 0.09 + 0.03 nmol/mg for
pristanic acid (Fig. 4C,D); 1.7 £ 0.2 nmol/mg and not detectable for 2,3-pristenic acid (Fig.
4E,F). This represented <0.01 and <0.2% of hepatic total fatty acids, respectively, in female
and male WT mice (Supplemental Fig. 1). Thus, livers of control-fed female WT mice
accumulated low but more downstream peroxisomal metabolites of phytanic acid than their
male counterparts.

In WT mice, there was phytol-diet induced sex-dependent hepatic accumulation of measured
phytol metabolites. Livers of phytol-fed WT females accumulated primarily high levels of
phytanic acid (405 £ 19 nmol/mg) and less so pristanic acid (1.3 + 0.2 nmol/mg) (Fig. 4A,C;
Phytol). This represented 860- and 12-fold respectively, more than in livers of control-fed
WT females (Fig. 4A,C; Control). There was an associated 5.7-fold reduction in 2,3-
pristenic acid (0.3 = 0.1 nmol/mg) (Fig. 4E; Phytol vs Control). These differences were also
evident when expressed on the basis of % composition (Supplemental Fig. 1A,C,and E). In
contrast, livers of phytol-fed WT males accumulated as much as 12-fold lower levels of
phytanic acid (34 + 9 nmol/mg) and 4-fold lower levels of pristanic acid (0.3 £ 0.1 nmol/mg)
but 3.7-fold higher in 2,3-pristenic acid (1.1 + 0.2 nmol/mg) (Fig. 4B,D,and F; Phytol). This
represented only 25- and 3.5-fold more than in livers of control-fed WT males (Fig. 4B,D;
Control) for phytanic acid and pristanic acid while substantially increasing the 2,3-pristenic
acid which was not detectable in the male WT control-fed males (Fig. 4F). These differences
were also evident when expressed on the basis of % composition (Supplemental Fig.
1B,D,and F). Thus, dietary phytol selectively induced hepatic accumulation of phytanic acid
(produced in the endoplasmic reticulum from phytol) in WT females, while inducing
accumulation of peroxisomal phytanic acid metabolites to a greater degree in WT males.

DKO decreased hepatic accumulation of phytol metabolites in control-fed female and less so
male control-fed mice. In females, DKO decreased liver mass of phytanic acid, pristanic
acid, and 2,3-pristenic acid to 0.23 £ 0.08, 0.05 £ 0.01, and 0.8 + 0.2 nmol/mg, respectively,
near baseline levels (Fig.4A,C,and E). Based on mass, this was about half the respective
levels in control-fed DKO females (Fig. 4A,C, and E; Suppl. Fig 1A,C,and E). When
expressed on the basis of % fatty acid composition, the control-fed DKO males also clearly
accumulated less phytanic acid, pristanic acid, and 2,3-pristenic acid, than control-fed
females the less prevalent metabolites (Suppl. Fig 1B,D,and F vs Suppl. Fig. 1A,C,and E).
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Finally, in the context of dietary phytol DKO increased the accumulation of phytol
metabolites such that overall levels in females and males did not differ as much as in phytol-
fed WT counterparts. Livers of phytol-fed DKO females accumulated highest levels of
phytanic acid (491 = 39 nmol/mg), pristanic acid (0.09 + 0.01 nmol/mg), and 2,3-pristenic
acid (0.7 £ 0.1 nmol/mg), respectively (Fig. 4A,C,and E; DKO Phytol). This represented
2134-, 2-, and 0-fold respectively, more than in livers of control-fed DKO females (Fig.
4A,C, and E; Phytol vs Control). Differences in the less prevalent metabolites were less
evident when expressed on the basis of % composition (Supplemental Fig. 1A,C,and E).
Livers of phytol-fed DKO males accumulated phytanic acid (330 + 70 nmol/mg), pristanic
acid (0.8 = 0.2 nmol/mg), and 2,3-pristenic acid (1.2 + 0.5 nmol/mg to detectable) (Fig.
4B,D,and F; DKO Phytol). When expressed on the basis of % fatty acid composition, the
phytol-fed DKO males accumulated more phytanic acid, but not the less prevalent
metabolites (Supplemental Fig. 1B,D, and F).

In summary, phytol-diet primarily induced hepatic accumulation of the endoplasmic
reticulum metabolite of phytol (phytanic acid), while those of the peroxisomal metabolites
(pristanic acid, 2,3-pristenic acid) accumulated to much lesser degree in female WT mice
and even less so WT males. DKO significantly exacerbated phytol-induced hepatic
accumulation of these metabolites (phytanic acid >> pristanic and 2,3-pristenic acids) not
only in females but also males. Thus, DKO tended to diminish or mitigate the sex-
differences in dietary phytol-induced hepatic accumulation of BCFA metabolites of phytol.

3.7. Effect of sex on hepatic total fatty acid mass: role of dietary phytol and SCP-2/SCP-x
gene ablation (DKO)

The structure and packing of lipids containing branched-chain fatty acids (BCFA) differs
markedly (i.e. more fluid) from lipids with straight-chain fatty acids (LCFA) [36-40].
Therefore, the possibility that the observed accumulation of BCFA in phytol-fed WT and
KO mice might elicit compensatory changes in the composition of the LCFA was examined
by GC/MS as described in Methods.

The distribution of individual LCFA species of liver lipids differs little between control-fed
female and male WT mice, regardless of whether LCFA composition was expressed on the
basis of mass (Supplemental Table 2 vs 4) or % (Supplemental Table 3 vs 5). Likewise, the
degree of LCFA unsaturation (total saturated, total unsaturated, monounsaturated,
polyunsaturated) differed little between males and females, regardless whether expressed on
the basis of mass (Fig. 5) or % (Supplemental Fig. 2).

Since phytol-fed WT females accumulated more hepatic total fatty acid mass (Fig. 3A,B)
than could be accounted for by increased BCFA mass (Fig. 3C,D), not surprisingly the mass
contents of individual LCFA species were altered (Supplemental Table 2). Phytol-fed WT
females had much more saturated LCFA (Fig. 5A), primarily C14:0 and C18:0, regardless of
whether expressed as mass (Supplemental Table 2) or % (Supplemental Table 3).
Conversely, phytol-fed WT females had less unsaturated LCFA, primarily C18:1, C20:4, and
C22:6, regardless of whether expressed on the basis of mass (Fig. 5C) or % (Supplemental
Fig 2C). Similar observations were made for monounsaturated LCFA, i.e. MUFA (Fig. 5E;
Supplemental Fig 2E) and polyunsaturated LCFA, i.e. PUFA (Fig. 5G; Supplemental Fig
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2G). In contrast, phytol-diet had much less impact on hepatic LCFA distribution in WT
males when expressed on the basis of either mass (Fig. 5B,D,F, and H) or % (Supplemental
Fig 2B,D,F,and H). Thus, phytol-diet decreased the proportion of all unsaturated LCFA
classes in female but not male WT mice.

The preferential DKO-induced decrease in total fatty acid mass in livers of control-fed
females, but not males (Fig. 3C vs D) was LCFA species selective. Liver LCFA of control-
fed DKO females exhibited increased mass of saturated LCFA (Fig. 5A, Supplemental Table
2) concomitant with decreased total unsaturated (Fig. 5C, Supplemental Table 2), MUFA
(Fig. 5E, Supplemental Table 1), and PUFA (Fig. 5G, Supplemental Table 2). In contrast, in
control-fed males DKO had relatively much less impact on either the mass distribution (Fig.
5B,D,F, and H, Supplemental Table 4) or % distribution (Supplemental Tables 4, 5) of
hepatic total LCFA species. Thus, DKO selectively increased hepatic content of saturated
LCFA, but decreased that of all unsaturated LCFA classes in female but not male control-fed
mice.

Overall the hepatic phenotype of individual LCFA species in phytol-fed DKO female mice
was very similar to that of phytol-fed WT mice whether expressed on the basis of mass (Fig.
5A,C,E, and G; Supplemental Table 1) or % (Supplemental Fig. 2A,C,E,and G;
Supplemental Table 3). However, livers of phytol-fed male DKO mice exhibited increased
saturated LCFA concomitant with decreases in all unsaturated LCFA classes regardless
whether expressed as mass (Fig. 5B,D,F, and H) or % (Supplemental Fig. 2B,D,F, and H).
Thus, overall the hepatic LCFA composition of phytol-fed DKO females was not altered
more than that of phytol-fed WT females. However, DKO significantly decreased the
proportion of unsaturated to saturated LCFA in males, closer to the levels of those in
females.

Taken together, these data showed that the hepatic LCFA composition of female WT mice
was much more susceptible than that of WT males to dietary challenge by phytol. Overall
DKO did not further alter the proportions of LCFA classes in phytol-fed females, but
significantly increased the unsaturated/saturated ratios in males. Thus, phytol-diet induced
accumulation of membrane-perturbing BCFA elicited potentially compensatory increases in
hepatic LCFA, i.e. increased saturated LCFA and decreased unsaturated LCFA, in WT
females, but not males. Likewise, accumulation of BCFA induced by phytol-diet elicited
concomitant increased hepatic saturated LCFA but decreased unsaturated LCFA in DKO
males.

3.8. Effect of DKO and phytol-diet on sex differences in ratios of hepatic LCFA subclasses

The LCFA subclass distributions were calculated as saturated/unsaturated ratio, PUFA/
MUFA ratio, double bond index (DBI), and peroxidizability index as in Methods.

Control-fed WT mice did not differ significantly the ratios of unsaturated/saturated LCFA,
PUFA/MUFA, double bond index (DBI), or peroxidizability index between female and male
(Fig. 6A,C,E, and G). In contrast, dietary phytol significantly increased the saturated/
unsaturated LCFA ratio and concomitantly decreased the DBI and peroxidizability indices in
WT females (Fig. 6A, E, and G) but not in WT males (Fig. 6B,F, and H). DKO alone
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significantly decreased DBI and peroxidizability indices in control-fed females (Fig. 6E,G)
but not males (Fig. 6F,H). Phytol-fed female DKO mice overall exhibited similar ratios of
saturated/unsaturated LCFA and PUFA/MUFA, the double bond index (DBI), and
peroxidizability index as phytol-fed WT females (Fig. 6A, C,E, and G). In contrast, phytol-
fed male DKO mice showed the following: a higher ratio of saturated/unsaturated LCFA
(Fig. 6B), a similar ratio of PUFA/MUFA (Fig. 6D), a lower double bond index (DBI) (Fig.
6F), and a lower peroxidizability index (Fig. 6H) as compared to phytol-fed WT males.

Thus, DKO alone selectively altered the DBI and peroxidizability index in females. Phytol-
diet alone altered ratios and indices to reflect increased LCFA saturation and decreased
peroxidizability. Finally, DKO mice on phytol diet showed increased proportion of saturated
LCFA at the expense of unsaturated LCFA, the DBI and peroxidizability index.

4. Discussion

The enzymatic pathway and intracellular localization for metabolism of dietary phytol is
increasingly well understood [1-3]. In contrast, much less is known about the role of
intracellular proteins responsible for binding/transporting the very poorly aqueous soluble
phytol and its metabolites to endoplasmic reticulum, peroxisomes and/or within
peroxisomes. A likely candidate is the sterol carrier protein-2/sterol carrier protein-x (Scp-2/
Scp-X) gene which encodes two proteins (SCP-2 and SCP-x) through alternate transcription
sites [9]. SCP-2 is localized at near equal mass distribution between cytosol and
peroxisomes, but is >50-fold more concentrated within the peroxisomal matrix [9, 11, 41].
SCP-2 nevertheless has high affinity for downstream phytol metabolites produced in the
endoplasmic reticulum and peroxisomal matrix—phytanic acid (Fig. 1) and pristanic acid
(Fig. 1) [5, 6]—and even more tightly their respective activated —CoA thioesters [6].
Furthermore, the hepatic mRNA expression of SCP-2 has been reported to be affected by
phytol diet dependent upon the degree of saturation of other principal fatty acids in the diet
[42]. In contrast SCP-x, the only known enzyme with branched-chain acyl-CoA 3-
ketothiolase activity needed for oxidizing BCFA, is exclusively peroxisomal [13, 14]. How
SCP-2 mediates its effects on phytol and its metabolites, especially in females, is less clear.
The work presented herein provided the following new insights.

4.1 SCP-2 binding affinity to phytol

As shown by NBD-stearic acid displacement assay, SCP-2 binds phytanic acid and pristanic
acid with high affinity but has very weak affinity for phytol. Although ANS may bind to a
different site in SCP-2 than NBD-stearic acid, an earlier ANS displacement study similarly
showed that SCP2 binds phytanic acid but has negligible affinity for phytol [43]. This
pattern was also observed with the nuclear receptor RXRa which has 15-fold less affinity of
phytol than for phytanic acid [16, 17]. The low affinity of SCP-2 for binding phytol would
suggest that, despite the nearly 50% of SCP-2 localized in cytosol [9, 11, 41], SCP-2 does
not play a role in facilitating the uptake and/or intracellular transport/targeting of phytol.
This is in marked contrast to SCP-2’s role in binding another branched-chain alcohol, i.e.
cholesterol [34, 44, 45], and facilitating its metabolism by enhancing HDL-cholesterol
uptake [46, 47] and cytoplasmic transport/targeting to and for esterification (endoplasmic
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reticulum) and oxidation (mitochondria and/or peroxisomes) [48]. While the identity of the
hepatic cytosolic protein(s) that might function in phytol binding, uptake, and transport is
not known, several possibilities may be considered: i) The even more highly prevalent liver
fatty acid binding protein (FABP1) shares overlapping ligand specificity with SCP2, but like
SCP2 does not bind phytol [43]; ii) The major hepatic cellular retinol binding protein
(CRBP1) binds another lipidic alcohol (retinol) with high affinity Kyof 16 nM [49]. While
retinol differs from phytol in having five double bonds and a cyclic methyl terminus,
nevertheless retinol shares significant structural similarity with phytol since both are
straight-chain, methyl branched, lipidic alcohols. The close relationship between CRBPs and
FABPs is suggested by site directed mutagenesis of a single amino acid in the binding site of
CRBP 1 resulting in decreased ability to bind retinol concomitant with gain in palmitic acid
binding ability [50].

4.2 The sex-dependent impact of DKO on hepatic accumulation of phytol

Scp-2/5cp-x gene ablation (DKO) markedly impacted the hepatic accumulation of phytol. In
male DKO mice, dietary phytol induced marked hepatic accumulation of phytol to near 71
nmol/mg, substantially more than the WT male mice. In contrast, the female DKO mice
showed no significant increase over the hepatic phytol accumulation in WT female mice,
which already have low hepatic levels of both SCP-2 and SCP-x in comparison to the males
[4, 15, 51]. Since phytol itself directly binds and activates PPARa [52], hepatic expression
of multiple genes (including Scp-2/5cp-x) in the metabolism of phytol is regulated through
the highly expressed nuclear receptor, peroxisome proliferator-activated receptor-a
(PPARa). Interestingly, in 0.5% phytol-fed male Ppara gene ablated mice the liver
accumulated only low levels of phytol near 1.5 nmol/mg [52]. Thus, livers of phytol-fed
male Ppara gene ablated mice accumulated approximately 47-fold less phytol as compared
to their Scp-2/Scp-x gene ablation (DKO) counterparts. Taken together, these findings
suggested that the Scp-2/Scp-x gene (a target gene of Ppara) had a greater impact on hepatic
phytol accumulation than PPARa itself. This difference may be explained in part by the fact
that induction of the Scp-2/Scp-xis regulated not only by PPARa but also by other
transcription factors [4, 9, 15].

4.3 The involvement of DKO in peroxisomal metabolites of phytol

DKO differentially induced hepatic accumulation of peroxisomal metabolites of dietary
phytol in female vs male mice. This was consistent with the fact that SCP-2 binds phytanoyl
and pristanoyl-CoA within the peroxisomal matrix [2, 5, 6, 12], directly binds to fatty acid
oxidative enzymes within peroxisomes [12], and enhances the activity of the first enzymatic
step in peroxisomal a.-oxidation of branched-chain fatty acids catalyzed by phytanoyl-CoA
hydroxylase [7]. Phytanic acid (major phytol metabolite in liver) levels were markedly
increased in response to phytol diet—especially in females. The peroxisomal phytol
metabolite (after phytanic acid), detected at the next highest level in phytol-fed WT females
was pristanic acid while that in WT males was 2,3-pristenic acid. DKO exacerbated the
phytol-diet induced increase in phytanic acid in both sexes and pristanic acid only in males.
Phytol’s metabolite profile in WT and DKO male mice on the C57BL/6NCr background was
qualitatively similar to that of an earlier study of focused only on male WT and DKO mice
generated via a different construct strategy (C57BL/6J) [6]. Likewise, quantitatively the
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hepatic fold-enrichment of phytanic acid (6-fold) in phytol-fed DKO vs WT male mice was
very similar between the two studies. This was somewhat surprising since the earlier study
used a 5-10-fold higher amount of phytol in the phytol-diet. Thus, an even higher metabolite
accumulation would have been expected as compared to that described herein. While the
basis for this conundrum is not known, the latter study [6]: i) used a different mouse genetic
background (C57BL/6J vs C57BL/NCr); ii) used a control diet that contained 35-fold higher
levels of phytol as well as high levels of dietary phytanic acid (0.02%) which was not
detectable in the defined diet used herein; iii) exhibited marked hepatotoxicity due to the 5-
10 fold higher dietary phytol [6]. Much less toxicity has been observed at 0.5% dietary
phytol [4, 15, 53, 54]. At toxic phytol levels, especially in DKO males, the liver may be less
effective in further taking up and metabolizing phytol.

4.4 The role of phytol metabolism on proportion of saturated versus unsaturated straight-
chain fatty acids

It was shown for the first time that, concomitant with accumulation of BCFA in hepatic
lipids of phytol-fed male DKO mice, the proportion of saturated straight-chain fatty acids
(LCFA) increased at the expense of unsaturated LCFA. Incorporation of BCFA such as
phytanic acid into membrane phospholipids disturbs membrane phospholipid acyl chain
packing by reducing lipid condensation, decreasing bilayer thickness, lowering chain
ordering, and increasing fluidity [36—40]. Taken together, these findings would suggest that
concomitant increases in hepatic esterified saturated LCFA as well as decreased levels of
unsaturated LCFA would contribute to decrease fluidity/increase rigidity, thereby
compensating in part for increased fluidity produced by accumulation of BCFA. While the
metabolic basis for this potentially compensatory mechanism remains to be elucidated,
polyunsaturated LCFA are oxidized primarily in peroxisomes. Furthermore, both SCP-2 and
SCP-x facilitate peroxisomal oxidation of LCFA as well as BCFA [14, 55, 56] and SCP-2
binds LCFA and their CoA thioesters [5, 23]. Finally, livers of DKO mice exhibit
peroxisomal proliferation, elevated peroxisomal enzymes/activity of fatty acid oxidative
enzymes (acyl-CoA oxidase, p-thiolase, m-thiolase), and higher expression of LCFA f-
oxidative enzymes (mitochondrial butyryl-CoA dehydrogenase) [6].

4.5 The role of SCP-2 vs FABP1 in hepatic phytol metabolism

A proposed scheme whereby SCP-2, FABP1, and SCP-x mediate hepatic phytol metabolism
is shown in Fig. 7. Taken together with findings of an earlier study on phytol metabolism in
mice ablated in both Fabp and Scp-2/Scp-x genes (TKO) [43], the data presented herein
help to resolve the relative contributions of SCP-2 vs FABP1 in hepatic phytol metabolism.
As shown herein, ablation of the Scp-2/Scp-x gene (DKO) in phytol fed mice significantly
increased hepatic accumulation of branched-chain fatty acids about 20% in females (to 500
nmol/mg protein) and nearly 7-fold in males (to about 380 nmol/mg protein). Since Scp-2/
Scp-x gene ablation (DKO) elicits concomitant upregulation of hepatic FABP1 expression
[6, 26, 57], it is unclear whether the increased hepatic phytol accumulation was due to loss
of SCP-2/SCP-x or to concomitant upregulation of FABP1. By transporting bound phytanic
acid and phytenic acid from the ER to the peroxisome, the increased FABP1 may indirectly
increase uptake of phytol. This issue was further resolved in phytol-fed mice ablated in both
the Fabpl and Scp-2/Scp-x genes (TKO) [43]. Ablating both the Fabpl and Scp-2/Scp-x
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genes (TKO) ablated mice increased hepatic accumulation of branched-chain fatty acids
similarly as in DKO mice—only about 20% in females (to about 400 nmol/mg protein) and
about 7-fold in males (to about 300 nmol/mg protein) fed the same phytol diet. These data
taken together showed that in phytol-fed mice the Scp-2/Scp-x gene products were primarily
responsible for hepatic accumulation of branched-chain fatty acid metabolites.

In summary, these findings along with the hepatic metabolism of dietary phytol were
consistent with roles for the Scp-2/Scp-x gene products (SCP-2, SCP-x) in intrahepatic
metabolism of phytol rather than uptake of phytol into hepatocytes. However, the low
affinity of SCP-2 for phytol does not negate a role for cytoplasmic SCP-2 (accounting for
nearly half of total SCP-2) in the hepatic uptake of dietary phytanic acid. It is important to
note, that in contrast to the defined phytol-free, phytanic acid-free rodent diet used herein,
standard rodent chow may contain high levels of phytanic acid as well as phytol [6, 58]. In
addition phytanic acid produced from phytol by bovine rumen bacteria represents as much
as 2.8% of total fatty acid herein [1]. Phytanic acid accumulates at high levels in bovine
meat and milk, especially in cows fed ensilage for several months wherein phytanic acid
represents 8% of total LCFA [1]. Studies with transfected cells and cultured primary
hepatocytes from Fabpl gene ablated mice show that FABP1 enhances phytanic acid uptake
and oxidation [59-61]. This would suggest that FABP1 as well as SCP-2 and SCP-x both
play important roles in hepatic uptake and metabolism of branched-chain fatty acids.
Another important observation of this study was that the Scp-2/Scp-x gene is major
contributor to the sexual-dimorphic hepatic metabolism of phytol in mice. Finally, the
findings described herein with Scp-2/Scp-x null mice may potentially be significant to our
understanding of the roles of these proteins in human phytol metabolism since human
patients genetically deficient in SCP-x (but not SCP-2) exhibited significant deficiencies in
peroxisomal oxidation of branched-chain lipids [62, 63].
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
SCP-2 bound phytanic acid but not the precursor phytol.

Dietary phytol induces liver accumulation of phytol and branched-chain
metabolites.

Hepatic accumulation of phytol as well as BCFA is greater in wild-type (WT)
females.

Scp-2/Scp-x gene ablation (DKO) exacerbates phytol and BCFA accumulation.

Dietary phytol feeding changes proportion of saturated to unsaturated LCFAsS.
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Fig. 1. Binding of phytol and phytol metabolites to SCP-2: NBD-stearic acid displacement assay
SCP-2 (500nM) with bound NBD-stearic acid (500 nM) in 10 mM phosphate buffer at pH =

7.4 was titrated with increasing amount of phytol (triangle), phytanic acid (closed circle), or
pristanic acid (open circle). NBD-stearic acid fluorescence remaining was measured at the
emission maximum (527nm) by scanning emission spectra over the wavelength range of
515-600 nm with 490nm excitation as described in Methods. Values represent average %
NBD-stearic acid fluorescence remaining + standard error, (n=5), except for phytol (n=1,
due to lack of displacement).
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Fig. 2. Sexual dimorphic accumulation of dietary phytol in livers of WT and DKO mice
Phytol (A, B) and total branched-chain lipid, i.e. phytol + branched-chain fatty acids (C,D)

content in livers of female (A, C) and male (B, D) wild-type (WT) (white bars) and Scp-2/
Scp-x null (double knockout; DKO) (black bars) mice fed control or 0.5% phytol-
supplemented diet. Values represent average nmol lipid/mg total liver protein + standard
error (n=4-7); * = P < 0.05 compared to WT Control; $ = P < 0.05 compared to DKO
Control; @ = P <0.05 compared to WT Phytol.
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Fig. 3. Impact of dietary phytol and DKO on hepatic content of total fatty acid and branched
chain fatty acids (BCFA) in female and male mice

Total fatty acids (FA) (A,B) and total branched chain fatty acid (BCFA) (C,D) from livers of
female (A, C) and male (B, D) wild-type (WT) (white bars) and Scp-2/Scp-x null (double
knockout; DKO) (black bars) mice fed control or 0.5% phytol-supplemented diet. Values
represent average nmol lipid/mg total liver protein + standard error (n=4-7); * =P <0.05
compared to WT Control; $ = P < 0.05 compared to DKO Control; @ = P < 0.05 compared

to WT Phytol.
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Fig. 4. DKO differentially induces hepatic accumulation of select branched-chain fatty acids
(BCFA) in response to phytol-diet

Phytanic acid (A, B), pristanic acid (C, D), and A2,3-pristinate (E, F) from livers of female
(A, C, E) and male (B, D, F) wild-type (WT) (white bars) and Scp-2/Scp-x null (double
knockout; DKO) (black bars) mice fed control or 0.5% phytol-supplemented diet. For each
BCFA species, values represent average nmol/mg total liver protein * standard error (n=4—
8); ND = not detected; * = P < 0.05 compared to WT Control; $ = P < 0.05 compared to
DKO Control; @ = P < 0.05 compared to WT Phytol.
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Fig. 5. Sex-dependent impact of DKO and dietary phytol on hepatic accumulation of straight
Crll?/itr; Ifatty acid (LCFA) subclasses (saturated, unsaturated, MUFA, PUFA) in response to dietary
FS)aturated fatty acids (FA) (A, B), unsaturated FA (C, D), monounsaturated FA (MUFA) (E,
F), and polyunsaturated FA (PUFA) (G, H) from livers of female (A, C, E, G) and male (B,
D, F, H) wild-type (WT) (white bars) and Scp-2/Scp-x null (double knockout; DKO) (black
bars) mice fed control or 0.5% phytol-supplemented diet. Values represent average mass of

each class of LCFA (nmol/mg total liver protein) + standard error (n=4-6); * = P < 0.05
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compared to WT Control; $ = P < 0.05 compared to DKO Control; @ = P < 0.05 compared
to WT Phytol.

Arch Biochem Biophys. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mclntosh et al.

Page 27

A — WT B
m DKO
; 4 *9$ *,S
g *'J$'J(_E_;I
=
=
@ 2
1 .
C D
< 2
=)
3
< A_i
=
=) 1
[-W
0
E F
150
)
a

Peroxidizability Index

Control  Phytol Control  Phytol
Female Male

Fig. 6. DKO alters the ratios and indices of straight-chain fatty acid (LCFA) subclasses in livers
of phytol-fed mice
Ratios of saturated FA to unsaturated FA (Sat/Unsat) (A, B) and polyunsaturated FA to

monounsaturated FA (PUFA/MUFA) (C, D) were calculated using the corresponding FA
subgroup values from livers of female (A, C) and male (B, D) wild-type (WT) (white bars)
and Scp-2/Scp-x null (double knockout; DKO) (black bars) mice fed control or 0.5% phytol-
supplemented diet. Double bond indexes (DBI) and Peroxidizability indexes were calculated
as described in Methods and are presented in the same format. Values represent average ratio
(or index) + standard error (n=4-6); * = P < 0.05 compared to WT Control; $ =P <0.05
compared to DKO Control; @ = P < 0.05 compared to WT Phytol.
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Fig. 7. Proposed pathway whereby Fabpl and Scp-2/Scp-x gene products facilitate hepatic phytol
metabolism

In serum, phytol is bound to albumin [64]. Phytol dissociates from albumin-phytol
complexes for uptake across the hepatocyte plasma membrane (PM) by as yet unknown
mechanism(s) (e.g. diffusional, carrier mediated). While it is not known how the poorly
aqueous-soluble phytol traffics to the endoplasmic reticulum (ER), it is not mediated by
FABP1 or SCP-2 since neither binds phytol. Nevertheless, due to its insolubility a carrier
protein is likely required, potentially cellular retinol binding protein (CRBP) or another
cytosolic carrier protein. At the ER, phytol is metabolized to phytanic acid and phytenic acid
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—both of which are bound by FABP1 (the most prevalent lipidic carrier/chaperone protein
in liver, highly localized in cytosol [65, 66]) as well as SCP-2 (several fold less present than
FABP1 in liver, equally distributed between cytosol and peroxisomes [9-11]). FABP1 and
SCP-2 then transport bound phytanic acid and phytenic acid to the peroxisomal membrane
for conversion to/internalization of their respective CoA thioesters. Peroxisomally localized
SCP-2 [9-11] then binds phytanoyl-CoA and phytenoyl-CoA [5, 6]. It is important to note
that, with some exception [67], there is little evidence for FABP1 localization within
peroxisomes [65, 66]. Within the peroxisomal matrix SCP-2 then facilitates peroxisomal
oxidation of phytanoyl-CoA and phytenoyl-CoA by directly interacting with and
transporting the bound ligands to oxidative enzymes. For example, /n vitro studies show that
SCP-2 stimulates peroxisomal phytanoyl-CoA 2-hydroxylase which is the key enzyme and
first step in peroxisomal a-oxidation of branched-chain fatty acids [7, 12]. Downstream of
this step, the other Scp-2/Scp-x gene product (i.e. SCP-X, exclusively peroxisomal) is the
only known branched-chain 3-ketoacyl CoA thiolase [4, 9, 60, 68]. Several cycles of a- and
[B-oxidation then successively shorten the branched-chain fatty acids to short chain fatty
acids (SCFA) less than 12 carbons long. SCFAs are not bound by either SCP-2 [5, 23] or
FABP1 [69-72], but instead readily diffuse across the peroxisomal membrane into the
cytosol and subsequently across the mitochondrial membranes for completion of p-oxidation
within the mitochondrial matrix.
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