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Elevated fatty acid (FA) levels contribute to severe metabolic diseases.
Unbalanced oversupply of saturated FAs is particularly damaging, which
renders stearoyl-CoA desaturase (Scd1) activity an important factor of
resistance. An Scdl-related oxidoreductase protects cells against
palmitate toxicity, so we aimed to test whether desaturase activity is
limited by Scd1 itself or by the associated electron supply.

Abstract: | Unsaturated/saturated FA ratio was markedly elevated by Scd1
overexpression while it remained unaffected by the overexpression of
Scd1-related electron transfer proteins in HEK293T cells. Electron supply
was not rate-limiting either in palmitate-treated cells or in cells of
enhanced Scd1l expression. Our findings indicate the rate-limiting role of
Scd1 itself, and that FA desaturation cannot be facilitated by reinforcing
the electron supply of the enzyme.
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Abstract

Elevated fatty acid (FA) levels contribute to severe metabolic diseases. Unbalanced
oversupply of saturated FAs is particularly damaging, which renders stearoyl-CoA desaturase
(Scdl) activity an important factor of resistance. An Scdl-related oxidoreductase protects
cells against palmitate toxicity, so we aimed to test whether desaturase activity is limited by
Scdl itself or by the associated electron supply. Unsaturated/saturated FA ratio was markedly
elevated by Scdl overexpression while it remained unaffected by the overexpression of Scdl-
related electron transfer proteins in HEK293T cells. Electron supply was not rate-limiting
either in palmitate-treated cells or in cells of enhanced Scdl expression. Our findings indicate
the rate-limiting role of Scdl itself, and that FA desaturation cannot be facilitated by

reinforcing the electron supply of the enzyme.
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INTRODUCTION

Excessive fatty acid (FA) supply causes disturbance in the cellular signaling and metabolic
functions, which can culminate in severe cell damage or even cell death [1]. It has been
repeatedly demonstrated that saturated FAs (e.g. palmitate) are far more deleterious than the
endogenous cis-unsaturated FAs (e.g. oleate) or even the dietary trans-unsaturated FAs (e.g.
elaidate and vaccenate) [2]. Moreover, the damage caused by palmitate is often attenuated by
simultaneously administered unsaturated FAs [3, 4]. These observations highlight the
importance of a balanced availability of saturated and unsaturated FAs in the cells. The
intrinsic ability of the cells to maintain such a balance by inserting double bonds into
saturated FAs is dependent on the activity of stearoyl-CoA desaturase (Scdl), which creates
the first double bond of cis configuration in stearoyl-CoA (C18:0) or palmitoyl-CoA (C16:0)
at position 9 yielding oleoyl-CoA (CI18:1 cis A9) or palmitoleoyl-CoA (C16:1 cis A9),
respectively. The key role of Scdl in maintaining a balanced FA supply is supported by
several in vitro studies demonstrating that Scd1 overexpression reduces saturated FA-induced
toxicity and apoptosis similarly to co-administration of unsaturated FAs [5-7]. The iron-
containing Scdl enzyme is localized in the endoplasmic reticulum (ER) membrane and acts
through monooxygenation and subsequent dehydration of the FA chains. The two electrons
required for monooxygenation derive from cytosolic NADH or NADPH carriers, and are
delivered to the active center by the assistance of flavoprotein and hemoprotein
oxidoreductases. The classical electron transfer chain is composed of two integral membrane
proteins of the ER, the flavoprotein cytochrome bs reductase (Cyb5R) and the hemoprotein
cytochrome bs (Cyb5) [8]. In addition, NADH cytochrome b5 oxidoreductase (Ncb5or), a
soluble cytosolic protein containing both Cyb5R-like and Cyb5-like domains [9-11] can serve

as an alternative route for the electrons to Scdl (Fig. 1).
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Cells might attempt to adapt to a surplus of saturated FAs by increasing the expression and
hence the capacity of either Scdl enzyme itself, or the associated electron transfer proteins or
both. The existence of alternative electron transfer components and the protective role of
Ncb5or against palmitate toxicity suggest that some enhancement of the proximal
conductivity of the chain is required. The present work aimed to reveal how and at what
extent the overall desaturating activity of the cell depends on the expression level of each
protein component involved in the process. To this end, we overexpressed Scdl, Cyb5R,
Cyb5, Ncb5or or their combinations in human HEK293T cells and assessed the whole cellular
FA content for alterations in the unsaturated/saturated ratio. The results indicate that it is the
level of the desaturase enzyme itself rather than that of the associated electron transfer chain

members that defines the capacity to desaturate fatty acids in our cellular model.
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MATERIALS AND METHODS
Materials used

pcDNA3.1- plasmid was purchased from Clontech Laboratories, Inc., Mountain View,
CA. Lipofectamine 2000, SuperScript III First-Strand Synthesis System for RT-PCR Kit,
Dulbecco’s Modified Eagle’s Medium (DMEM), Opti-MEM, fetal bovine serum (FBS), 1%
antibiotic-antimycotic solution and trypsin-EDTA (0.25%) were obtained from Thermo Fisher
Scientific, Waltham, MA. RNeasy Plus Mini Kit was from Qiagen, Germantown, MD. All

other reagents and solvents were of analytical grade.

Expression plasmid constructions

The coding sequence of human CYBS5, CYB5R, SCDI and NCB50OR were PCR
amplified by using CYB5-Xhol sense (5° — AAA TTT CTC GAG ATG GCA GAG CAG
TCG GAC - 3°) CYBS5- HindlIII antisense (5° — TTT AAA AAG CTT TTC AGT CCT CTG
CCA TGT A - 3°); CYB5R-BamHI sense (5° — AAA TTT GGA TCC ATG GGG GCC CAG
CTC AGC ACG T - 3°) CYB5R- HindIII antisense (5’ - AAA TTT AAG CTT TCA GAA
GAC GAA GCA GCG CTC- 3°); SCD1-Xhol sense (5> —AAA TTT CTC GAG CTC AGC
CCC CTG GAA AGT GAT- 3’) SCD1-HindIII antisense (5° —~AAA TTT AAG CTT GTT
TGG GGT CCC TCA GGT TCC- 3’); NCB5OR-Xhol sense (5’ - AAA TTT CTC GAG
GGG TTT GAA GAT GCT GAA C - 3°) and NCB5OR-HindIII antisense (5 - AAA TTT
AAG CTT GTT GAA TAA AGG ACA ATG ACA G - 3’) primers. The template cDNA had
been produced by reverse transcription of mRNA isolated from HepG2 cells. The purified
PCR products were cloned into pcDNA3.1- plasmids between their appropriate restriction

sites. All constructs were verified by sequencing.
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Cell culture and transient transfection

Human embryonic kidney (HEK) 293T cells were cultured in Dulbecco’s modified
Eagle medium (DMEM) supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin solution at 37 °C in a humidified atmosphere containing 5% CO,.

For transient transfection, 6 x 10> HEK293T cells were seeded per well in 6-well
plates. Transfection with pcDNA3.1- CYBS5, pcDNA3.1- CYB5R, pcDNA3.1- SCDI,
pcDNA3.1- NCB5OR or empty pcDNA3.1- plasmid (2 pug each) was performed using
Lipofectamine 2000 and Opti-MEM according to the manufacturer’s instructions. Cells were

harvested and processed 24h after transfection.

Cell treatment with BSA-conjugated fatty acid

Palmitate were dissolved in isopropanol (Molar Chemicals) to a concentration of 50 mM and
were diluted to a concentration 5 mM, conjugated with 4.16 mM fatty acid free BSA (Sigma)
in 1:4 ratio on 37° C for 1 hour. The working solution for palmitate treatment was in FBS-free

and antibiotic-free medium at 50 uM final concentration. Incubation time was 15 hours.

Preparation of cell lysates

Cell lysates were made for Western blot analysis by removing the medium, washing
the cells with PBS twice. 100 uL RIPA lysis buffer (0.1% SDS, SmM EDTA, 150 mM NacCl,
50 mM Tris, 1% Tween 20, ImM Na3;VO,4, 1mM PMSF, 10 mM benzamidine, 20 mM NaF,
ImM pNPP and protease inhibitor cocktail) was added to each well and the cells were scraped
and briefly vortexed. After 15 min incubation at room temperature the lysates were
centrifuged for 5 min at max speed in a benchtop centrifuge at 4 °C to remove cell debris.

Protein concentration of the supernatant was measured with Pierce® BCA Protein Assay Kit

(Thermo Fisher Scientific) and the samples were stored at -20 °C until use.
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Western blot analysis

Cell lysates (20 pg protein) were electrophoresed in 12-15% SDS polyacrylamide gels
and transferred to PVDF membranes (Millipore, Billerica, MA). The membranes were
blocked with 5% non-fat milk powder in phosphate buffered saline in 0.1% Tween-20 (PBST)
solution for 1h. Primary antibodies were applied overnight at 4 °C, and secondary antibodies
for 1 h at room temperature. Primary antibodies: anti-CYB5R3 (Santa Cruz, sc-398043), anti-
CYBS5 (Santa Cruz, sc-130311), anti-NCB5OR (Santa Cruz, sc-100529), anti-GAPDH (Santa
Cruz, sc-32233), anti-SCD1 (#2438S) from Cell Signaling. Horseradish peroxidase (HRP)-
conjugated goat-anti-rabbit IgG (#7074) and horse anti-mouse IgG (#7076) were purchased
from Cell Signaling. HRP was detected using SuperSignal West Pico Chemiluminescent

Substrate (Thermo Fisher Scientific).

RT-PCR

Total RNA was purified from transfected HEK293T cells by using RNeasy Plus Mini
Kit (Qiagen) following the manufacturer’s instruction and RNA samples were DNase I
(Thermo Fisher Scientific) treated. cDNA samples were produced by reverse transcription of
0.5 pg DNA-free RNA using SuperScript III First-Strand Synthesis System for RT-PCR Kit
(Thermo Fisher Scientific). Semi-quantitative measurement of CYBS5, CYB5R, SCDI and
NCB5O0R expression was performed by PCR using the following primer pairs: CYBS5 sense
primer (5' — GCA CCA CAA GGT GTA CGA TT - 3') and CYBS antisense primer (5' — TGA
TAA GAG TTT CCG GAG GCT TG - 3"), CYB5R sense primer (5' — CCA GCT CAG CAC
GTT GGG - 3") and CYBS5R antisense primer (5' — GAG CCG AGA GGT AGA TGT GC -
3", SCDI sense primer (5' -GGC TTG CTG ATG ATG TGC TTC- 3') and SCDI1 antisense
primer (5' ~AGG AGT GGT GGT AGT TGT GGA- 3'), NCB5OR sense primer (5' - ATG

AAC TAA TGA GAG CAG CAG - 3") and NCB5OR antisense primer (5' - TGG CAA TGG
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TGA CTA AAG AG - 3"). The PCR was elaborated by iProof High-Fidelity DNA Polymerase
Kit (BioRad) with the following thermocycle conditions: 98 °C 1 min, then 25 cycles of 98 °C
10 sec, SCD1, NCB5OR: 55°C; CYBS5, CYB5R: 65 °C 30 sec and 72 °C 30 sec. The final
extension was 72 °C 10 min. As a reference control, a 261 nt fragment of the glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) cDNA was also amplified using GAPDH sense primer
(5' - GTC CAC TGG CGT CTT CAC CA - 3") and antisense primer (5'- GTG GCA GTG
ATG GCA TGG AC -3") The PCR thermocycle conditions were 98 °C 1 min, then 25 cycles
of 98 °C 10 sec, 65 °C 30 sec and 72 °C 30 sec, completed by a final extension of 72 °C 10

min.

GC-FID analysis of fatty acid profiles

Measuring the saturated, unsaturated fatty acid content, cells were washed once with
PBS, then harvested in 100 pl PBS by scraping. Samples were centrifuged for 5 min at 1,500
rpm in a benchtop centrifuge at room temperature and supernatants were discarded. Cell
pellets were resuspended in 150 ul PBS. 100 pl of each suspension was transferred to a
RNase-free microcentrifuge tube for total RNA isolation. 50 pl cell suspension was
transferred to a clear crimp vial for GC-FID measurement. 150 pl of methanol containing 2
W/V% NaOH was added to the 50 ul cell suspension in the crimp vials, the samples were
incubated at 90 °C for 30 min, and then cooled to room temperature. 400 pl of methanol
containing 13-15% of boron trifluoride was added to the samples, and the vials were
incubated at 90 °C for 30 min. After cooling to room temperature, 200 pl of saturated NaCl
solution and 300 pl of n-hexane were added. Fatty acid methyl esters were extracted to the
upper phase containing n-hexane, and this phase was transferred to a vial for GC analysis. GC
analysis was carried out in a Shimadzu GC-2014 gas chromatograph equipped with a Zebron

ZB-88 capillary column (60 m x 0.25 mm i.d., 0.20 pm film thickness) with an 88% (propyl-
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nitrile)-aryl-polysiloxane stationary phase and a flame ionization detector (FID). For
chromatographic separation of fatty acids, the following oven time-temperature program was
used: the flow velocity was 35 ml/min, the temperature started at 100 °C and reached 210 °C

with an increase of 5 °C/min. 1 pl of extracted sample was injected into the GC.

Statistics
Data are presented in the diagrams as mean values + S.D. and were compared by ANOVA
with Tukey’s multiple comparison post hoc test using GraphPad Prism6 software. Differences

of P value below 0.01 were considered to be statistically significant.
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RESULTS

Effect of Scdl or Ncb5Sor overexpression and/or palmitate administration on the fatty
acid profile of HEK293T cells

Human SCD1 and NCB50OR cDNAs were inserted into pcDNA3.1- expression vector, and
HEK293T cells were transiently transfected with the constructs of verified sequences. The
efficiency of transfections and the expression level of the two genes were assessed by
detecting the mRNAs and proteins in cell samples 24 h after transfection. Semi-quantitative
RT-PCR analysis showed a well-detectable endogenous expression of both investigated genes
in the control (i.e., empty vector-transfected) cells, and it also revealed a large increase in the
appropriate mRNA expression levels upon transfection (Fig. 2A). Western blot analysis
revealed mall amounts of endogenous Scdl protein in control cells, and the amount of
endogenous NcbSor protein was hardly detectable. Transfection with an expression construct
resulted in a pronounced elevation of the corresponding protein level (Fig. 2B).

The FA content of the cells was analyzed by GC-FID after saponification of complex lipids
and a subsequent methyl esterification. The extent of FA desaturation was characterized by
the calculated ratio of the two major monounsaturated over the two major saturated FAs, i.e.
the Scdl-products palmitoleate (C16:1 cis A9) and oleate (C18:1 cis A9) over the Scdl-
substrates palmitate (C16:0) and stearate (C18:0). Transfection with an empty vector did not
cause any evident change in the cellular FA composition (Table 1). The unsaturated/saturated
ratio was 1.25 = 0.07 v.s. 1.25 £ 0.06 in the untransfected v.s. mock transfected cells,
respectively, and the latter were used as control in the following experiments. Overexpression
of Scdl in the cells remarkably affected the FA profile, which is well reflected by a marked
elevation in the palmitoleate and oleate contents of the cells (Table 1), the former of which
was statistically significant, and also by an obvious increase in the unsaturated/saturated ratio

(Fig. 2C.) Such a shift towards the unsaturated FAs, however, was not seen in the Ncb5or-
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transfected cells as the unsaturated FA levels did not change, and the calculated ratio did not
increase significantly (Fig. 2C and Table 1).

Since the protective role of Scdl and Ncb5or was demonstrated in palmitate-treated cells, the
potential effect of Scdl and Ncb5or overexpression on the desaturating activity was also
tested under the metabolic stress of palmitate administration, i.e. a saturated FA overload.
Palmitate was administered as a BSA conjugate, thus a BSA only control was also
implemented. BSA did not cause any obvious change in the FA profile while palmitate-
treatment remarkably increased the palmitate and stearate contents of the cell (Table 1) and
slightly lowered the unsaturated/saturated ratio of cellular FAs (Fig. 2D), which indicates that
the treatment did challenge the desaturating capacity of the cells. Overexpression of Scdl
caused a marked increase in the amount of palmitoleate and oleate again, and hence affected
the level of desaturation as the calculated ratio raised above the palmitate-treated and even
above the palmitate-untreated controls but overexpression of Ncb5or still remained ineffective

(Fig. 2D and Table 1).

Fatty acid desaturation in the cells overexpressing various components of the related
electron transfer chains

The failure of Ncb5or overexpression to increase the desaturating activity of the cells suggests
that either Ncb5or is unable to improve the electron supply of Scdl or Scdl does not need
such an enhancement because the electron transfer chain is not saturated. To test these
hypotheses, the level of desaturation was also studied at increased levels of the protein
members of the classic chain, i.e. Cyb5R and Cyb5 or both.

Human CYB5 and CYB5R c¢cDNAs were inserted into pcDNA3.1- expression vector, and

HEK293T cells were transiently transfected with the constructs of verified sequences. The
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efficiency of transfections and the expression level of the two genes were assessed by
detecting the mRNAs and proteins in cell samples 24 h after transfection.

The endogenous mRNA expression of both genes was evident in the mock-transfected cells,
and the RT-PCR analysis also revealed the expected elevation in the mRNA levels upon
transfection (Fig. 3A). Little endogenous Cyb5R and even less Cyb5 proteins could be
visualized in the Western blot images while these proteins were abundant in the cells
transfected with the appropriate expression construct (Fig. 3B). Overexpression of Cyb5R or
Cyb5 or their combination did not affect the FA profile of the cells remarkably; the
unsaturated/saturated ratio remained below that of the control samples (Fig. 3C and Table 1).
Since none of the electron chain components could facilitate the activity of Scdl, we
concluded that the strengthening of the electron transfer chain remains ineffective probably
because its potential is not maximized. Therefore, the effect of Cyb5R, Cyb5, CybSR+Cyb5
and Ncb5or overexpressions were also investigated at the conditions of accelerated
desaturation in Scdl-transfected cells. Although double and triple transfections did not elevate
the individual protein levels as effectively as the corresponding single transfections, a
remarkable increase in the quantity of each gene product was also seen in the co-transfected
cell samples compared to control (Fig. 3B). It is probably due to relatively lower Scdl protein
levels that co-transfection of Cyb5R, Cyb5, CybSR+Cyb5 or Ncb5Sor with Scdl slightly
decreased the unsaturated/saturated ratio compared to single Scdl overexpression.
Nevertheless, the expected synergistic elevation in the desaturation level was not seen in any

case (Fig. 3D and Table 1).
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DISCUSSION

FA metabolism plays a critical role in energy homeostasis, and it has a major impact on
membrane fluidity and intracellular signaling too. Due to their amphipathic character and
limited water-solubility, non-esterified also known as free FAs (FFAs) are adsorbed to
albumin in the blood plasma, and they easily penetrate the cell membranes for intracellular
utilization. It is also due to this amphipathic nature that FA processing (i.e., elongation and
desaturation) is carried out by membrane-associated enzyme systems, which are usually
localized in the ER. Human cells are also capable of creating double bonds of cis
configuration in CoA-conjugated FA chains. The first double bond in a saturated chain is
formed invariably between the 9% and 10 carbon atoms by Scdl [12], and additional double
bonds can be inserted subsequently by other desaturase enzymes into the already mono-
unsaturated acyl-CoAs [13]. Scdl, therefore, catalyzes the committed and rate-determining
step in the generation of endogenous unsaturated acyl-CoAs. Maintenance of an unsaturated
acyl-CoA pool for a balanced supply of saturated and unsaturated acyl-CoAs is essential for
an efficient triglyceride biosynthesis [8, 14] and for the preservation of appropriate membrane
fluidity [15, 16].

Mounting evidence supports contribution of elevated FFA levels to the development of
various severe pathologies (e.g., cardiovascular diseases, non-alcoholic fatty liver disease, the
metabolic syndrome, diabetes and cancer). Excessive FA supply promotes cellular
dysfunction through a combination of metabolic and signaling stress, referred to as
lipotoxicity and it can even lead to a programmed cell death, called lipoapoptosis [17]. The
ER is a primary target of lipotoxicity. An FFA-induced and receptor-mediated activation of
phospholipase C (PLC) [18], as well as the membrane permeabilizing effect of the
accumulating cytoplasmic fatty acyl-CoAs [19] cause a Ca®" depletion in the ER [20], and

hence interfere with luminal protein folding in the organelle. The lipotoxic ER stress plays an
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important role in the above-mentioned diseases through enhancing insulin resistance,
inflammation, autophagy and apoptosis.

The mechanisms underlying FA toxicity have been extensively studied in cultured cells, and it
became evident that saturated FAs (e.g. palmitate) cause a much greater damage than either
cis or trans mono unsaturated FAs (e.g. oleate) at the same concentration. Moreover, a
simultaneous addition of oleate often ameliorates the toxicity of palmitate. It is a putative
explanation that saturated acyl-CoAs on their own cannot be readily channeled into TG
synthesis due to the inefficient acylation of fully saturated DG intermediates, which is
supported by the accumulation of DGs in palmitate-treated cells [21]. Another possible
explanation is based on the finding that increasing saturation of the ER membrane can trigger
the ER stress response independently of the sensing of unfolded proteins in the organelle [22].
Regardless of the mechanisms that make the saturated FA overload highly toxic, the
phenomenon itself highlights the importance of local acyl-CoA desaturation in the cells, and
the potential protective role of Scdl against saturated FA-induced toxicity.

This protective role of desaturation has been indeed demonstrated in some in vitro studies [7,
23-27], and further supported by the findings in SCD1 muscle transgenic mice [28]. It is to be
noted that SCD1 knock-out mice are resistant to diet-induced weight gain and obesity-related
metabolic disease [29] but it is due to a defective synthesis of TGs and cholesteryl esters in
the lean animals, and does not contradict the importance of acyl-CoA desaturation in the cells
under the pressure of high FFA levels. Furthermore, Ncb5or a cytosolic [11] oxidoreductase
providing an alternative electron transfer route for Scdl [30] has been also shown to
strengthen the anti-lipotoxic defense of the cells [31]. It is an intriguing question, however,
whether the inner desaturating power of the cell is determined by the expression level of Scdl

enzyme itself or by the conductivity of the associated electron transfer chains.
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Overexpression of Scdl enzyme alone in the transfected cells caused a remarkable shift in the
ratio of unsaturated and saturated FAs, which indicates the enhancement of desaturase activity
without any metabolic tension. However, the cells, in which the components of the classic
electron transfer chain (i.e. Cyb5 and/or Cyb5R) or the alternative electron supplier Ncb5or
were overexpressed, did not present any sign of accelerated desaturation as the unsaturated
over saturated FA ratio remained unchanged. This pattern indicates that the wild type cell
employs Scdl at its full capacity, and the substrate and electron supply allows a more intense
desaturation as soon as the amount of Scdl enzyme increases. This in turn is only consistent
with the rate-limiting role of Scdl in the overall process of A9 desaturation. We assumed,
however, that the electron supply provided by Cyb5 and Cyb5R or by Ncb5or may be
exhausted by a higher demand, which derives from an enhanced Scdl activity; and hence in
the palmitate-treated or Scdl transfected cells, the electron transfer might become rate-
limiting. However, even these conditions did not allow overexpression of the electron transfer
proteins to intensify desaturation in the cells.

We concluded, therefore, that in our cellular model, Scdl enzyme itself catalyzes the rate-
limiting step of the overall process of FA A° desaturation, and this essential metabolic
function cannot be facilitated by reinforcing the electron supply of the enzyme in this cell
line. Our findings are in accordance with the observations that Scdl expression is increased
upon palmitate treatment in carious cells, such as cultured myotubes [24], L6GLUT4myc
myoblasts [32], MING6 insulinoma cells [33] and in HepG2 cells [34]. No data is available on
a similar palmitate dependent or other saturated FA dependent induction of Cyb5, Cyb5R or
Ncb5or. Cells might use Scdl induction as a defense mechanism in saturated FA overload
since an elevated Scdl enzyme level on its own accelerates acyl-CoA desaturation and helps

restoring a balanced intracellular FA pool.
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Fig. 1. Electron transfer chains of microsomal fatty acyl-CoA desaturation. Saturated fatty acids can be
desaturated by integral enzymes of the endoplasmic reticulum (ER) membrane. The first double bond is
formed at carbon 9 in the saturated acyl-CoAs by a non-heme iron containing protein, stearoyl-CoA
desaturase (Scd1l). Scd1 converts saturated acyl-CoA-s (SFA-CoA), such as stearoyl-CoA (C18:0) or
palmitoyl-CoA (C16:0) to A9 mono-unsaturated derivatives (MUFA-CoA), oleyl-CoA (C18:1 cis A9) or
palmitoleyl-CoA (C16:1 cis A9), respectively. Cytosolic NAD(P)H feeds the process with electrons either
through the flavoprotein cytochrome b5 reductase (Cyb5R) and the hemoprotein cytochrome b5 (Cyb5) or
through the Cyb5R-like and Cyb5-like domains of NADH cytochrome b5 oxidoreductase (Ncb5or).
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Fig. 2. Changes in the fatty acid profile of the Scd1 or Ncb5or transfected HEK293T cells. A. SCD1 and
NCB50R mRNA levels were monitored in transiently transfected HEK293T cells by using semi-quantitative
RT-PCR with gene specific primers and by using GAPDH as a housekeeping reference gene. A representative
ethidium bromide-stained agarose gel image is shown. B. The amount of Scd1 and Ncb5or proteins was
assessed by Western blot analysis of cell lysates using specific antibodies and GAPDH as a loading and
internal control. A representative immunoblot is shown. C. Cells were mock-transfected or transfected with
the plasmid expressing SCD1 or NCB50R genes. They were harvested and FA methyl esters were produced
by saponification and methylation 24 h after transient transfection. D. The cells (control or 24 h transfected)
were treated with BSA or BSA-conjugated palmitate (50 uM) for 15 h. Cells were then harvested, and FA
methyl esters were produced by saponification and methylation. C and D. The amount of saturated (C16:0,
C18:0) and mono-unsaturated (C16:1 cis A9, C18:1 cis A9) fatty acids was measured by GC-FID, and the
ratio of unsaturated/saturated fatty acids was calculated. Data are shown in the diagrams as mean values +
S.D.; n=3; *P < 0.01 vs. mock transfected control.
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Fig. 3. Fatty acid desaturation in the cells overexpressing various components of the related electron

transfer chains. HEK293T cells were mock-transfected or transfected with plasmids expressing SCD1, CYB5,

CYB5R or NCB50OR genes and their combinations. A. The mRNA levels were compared by using semi-
quantitative RT-PCR with gene specific primers and by using GAPDH as a housekeeping reference gene. A
representative ethidium bromide-stained agarose gel of three independent experiments is shown. B. The
amount of Scd1, Cyb5, Cyb5R and Ncb5or proteins was assessed by Western blot analysis of cell lysates

using specific antibodies and GAPDH as a loading and internal control. A representative immunoblot of three

independent experiments is shown. C and D. Cells were mock-transfected or transfected with the

expression constructs as indicated. They were harvested and FA methyl esters were produced by
saponification and methylation 24 h after transient transfection. The amount of saturated (C16:0, C18:0)
and mono-unsaturated (C16:1 cis A9, C18:1 cis A9) fatty acids was measured by GC-FID, and the ratio of
unsaturated/saturated fatty acids was calculated. Data are shown in the diagrams as mean values = S.D.;

n=3; *P < 0.01 vs. mock transfected control.
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Amount of fatty acid (ng/mg)

Ci16:0 Cle:1 C18:0 Ci8:1
(palmitate) (palmitoleate) (stearate) (oleate)
Non-TR control 35.34+2.64 15.06 + 0.99 1442 +1.17 47.23+2.72
Mock-TR control 36.73+2.13 16.36 £1.13 14.79+1.11 48.01+3.03
Scd1l 34.57 £3.05 25.52 +1.84" 1456 +1.32 53.08 +3.63
Ncb5or 37.12+£3.12 16.27 +1.34 15.22 +1.28 48.95+3.03
BSA 37.59 +2.28 15.32+1.01 15.09+1.02 50.17+2.94
Palm 44.35 +3.44 18.49 +1.33 16.57+1.63 52.42+3.86
Mock-TR+Palm 42.36 £4.56 18.95 +1.46 1450+ 1.78 46.36 +3.62
Scd1+Palm 44.63 £4.16 30.40 £ 2.39™ 15.03+1.82 52.66+3.16
Ncb5or+Palm 48.75 + 4.337 21.28 +1.57 16.57+1.35 52.59+4.06
Cyb5 33.98+2.14 14.20+1.20 13.19+1.11 41.08+3.11
Cyb5R 38.91+3.19 12.78 +1.29 14.14+1.51 46.50+3.85
Cyb5+Cyb5R 32.45+2.82 12.68 +1.79 12.24+0.99 40.89 +3.08
Scd1+Cyb5 33.44 +2.45 21.79+1.86 13.96 +1.01 45.11+3.75
Scd1+Cyb5R 36.40 +£ 2.96 21.83 +1.58 15.45+1.53 47.24+3.23
Scd1+Cyb5+Cyb5R 32.07 +3.03 19.06 £ 1.84 11.67 +0.89 40.31+2.98
Scd1+Ncb5or 39.83 +3.20 25.38 +1.38" 16.42 £+1.13 54.48 +3.27

*P < 0.01 vs. mock transfected control; #P < 0.01 vs. palmitate-treated mock transfected cells.



