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Abstract

Coenzyme Q (Q) is an essential factor in the mitochondrial electron chain but also exerts important antioxidant functions in the rest of cell
membranes of aerobic organisms. However, the mechanisms of distribution of Q among cell membranes are largely unclear. The aim of the
present work is to study the mechanisms of distribution of endogenous Q;o and exogenous Qg among cell membranes in human HL-60 cells.
Endogenous Qo synthesized using the radiolabelled precursor ['*C]-pHB was first detected in mitochondria, and it was later incorporated
into mitochondria-associated membranes and endoplasmic reticulum (ER). Plasma membrane was the last location to incorporate ['*C]-Q,.
Brefeldin A prevented Q¢ incorporation in plasma membrane. Exogenous Qg was preferably accumulated into the endo-lysosomal fraction
but a significant amount was distributed among other cell membranes also depending on the brefeldin-A-sensitive endomembrane system.
Our results indicate that mitochondria are the first location for new synthesized Q. Exogenous Q is mainly incorporated into an endo-
lysosomal fraction, which is then rapidly incorporated to cell membranes mainly to MAM and mitochondria. We also demonstrate that both
endogenous and dietary Q is distributed among endomembranes and plasma membrane by the brefeldin A-sensitive endo-exocytic pathway.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Coenzyme Q (Q) is an essential component of the
mitochondrial electron transfer chain [1]. Q is also present
in plasma membrane (PM), endomembranes and in serum
lipoproteins [2,3], where it acts as a key component in the
antioxidant machinery [4]. Q is the only lipophilic
antioxidant synthesized in all aerobic organisms [5], and
participates in adaptive responses of cells against oxidative
stress [6]. Moreover, Q is an important factor in develop-
ment and aging [7—10].

Abbreviations: BFA, brefeldin A; Q, coenzyme Q; ubiquinone; COX,
cytochrome ¢ oxidase; ECD, electrochemical detector; ER, endoplasmic
reticulum; ETC, electron transport chain; MAM, mitochondria-associated
membrane; pHB, para-hidroxibenzoic acid; PM, plasma membrane; TPA,
12-O-tetradecanoyl phorbol-13-acetate
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The presence of Q in extramitochondrial membranes
suggests the existence of membrane-linked mechanisms of
synthesis and/or distribution. Mitochondria contain the
majority of enzymes required for the final phases of Q
biosynthesis [11,12]. However, extramitochondrial Q syn-
thesis has been also proposed [5] because initial enzymatic
activities of the Q biosynthesis pathway have been reported
in both endoplasmic reticulum (ER) and Golgi apparatus
[3,5,13] and even peroxisomes [14,15]. Nevertheless, the
presence of mitochondrial targeting signals in CoQ genes
and the products of these genes in mitochondria
[11,12,16,17], but not in ER or Golgi apparatus, indicates
that biosynthesis of Q must be finished in mitochondria
from where it is transported to other membranes in the cell.

Under non-pathological processes, the capability of
tissues to synthesize Q decreases during aging [18,19]. Q
deficiency is also involved in aging-related degenerative
diseases such as Alzheimer’s, Parkinson’s and Huntington’s,
[20—24] and also in heritable neurological disorders such as
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cerebellar ataxia [25]. Symptoms of these disorders have
been partially recovered by Q supplementation. Then,
therapies based in Q administration have been recently
taken into consideration but the bioavailability of dietary Q
in mammals is clearly unknown [5].

Several studies in mammals demonstrate that Q-supple-
mented diets induce an increase in its functional levels in
cell membranes [26—-29], but differences in the capability of
tissues for Q uptake have been demonstrated in rodents
[30—33]. However, very little information about the
mechanism of distribution of Q in human cells and among
their membranes is available. We have used human cells in
culture that are able to assimilate exogenous Q and to
incorporate it into mitochondrial membranes, where it can
restore the mitochondrial function [34,35] and also the
antioxidant function in extramitochondrial membranes [36].
We consider that Q uses the endo-exocytic pathway to
distribute among cell membranes moving from and to
mitochondria through mitochondria-associated membranes
(MAMs). Using radioactive labelling experiments, we show
in this work that mitochondria are the first location for
endogenous Q. On the other hand, exogenous Q is
incorporated to an endo-lysosomal fraction and also rapidly
to mitochondria through MAMs. In both cases, Q is then
distributed among membranes through the brefeldin A-
sensitive endomembrane system, reaching plasma mem-
brane as the last location.

2. Materials and methods
2.1. Cell culture

The human promyelocytic HL-60 cell line [37] was
grown in RPMI-1640 medium (BioWhittaker, UK) supple-
mented with 10% foetal calf serum (FCS) (Linus, Spain), 2
mM glutamine (Sigma, Spain) and antibiotic/antimycotic
solution (Sigma, Spain), at 37 °C in a humidified
atmosphere of 5% CO, and 95% of air. Cell viability was
determined by trypan blue exclusion method. Qo and Qg
(Sigma, Spain) were directly dissolved in serum and added
to serum-free culture media at a final concentration of 2 uM
Q and 10% FCS. Brefeldin A (BFA) (Sigma, Spain) was
dissolved in pure ethanol and added to culture media at 0.1
pg/ml. When corresponded, controls were cultured in the
presence of the same concentration of the vehicle used for
treatments.

2.2. Cell fractionation

Cells were recovered by centrifugation at 500xg for 5
min at 4 °C and washed twice with ice-cold PBS.
Mitochondria and mitochondria-associated membranes
(MAM) purification was performed as previously
described [35]. Briefly, cells were lysed with a glass
homogeniser in 9 volumes of lysis buffer (0.32 M sucrose

in 2 mM HEPES-KOH (pH 7.4), 0.15 mM MgCl,, 10
mM KCI, 0.5 mM EGTA (Panreac, Spain), 20 pM
cytochalasin B and 10 pg/ml protease inhibitor cocktail
(Sigma, Spain). Homogenate was then centrifuged at
1000xg for 5 min and the pellet containing nuclei and
cell debris was discarded. Supernatant was centrifuged
twice, first at 8000x g and the new supernatant once more
at 10,000xg for 15 min at 4 °C. Both pellets were pooled
to obtain the crude mitochondrial fraction (Pp). This
fraction was further centrifuged at 95,000 xg for 90 min on
a discontinuous sucrose gradient performed in 12.5 ml
bucket tubes (SW41Ti Beckman rotor) by successively
layering 2 ml each of 1.6, 1.4, 1.2, 1.0 and 0.8 M sucrose
in 2 mM HEPES—-KOH buffer (pH 7.4). After centrifuga-
tion, highly purified mitochondria were recovered at the
1.2/1.4 M sucrose layer (fraction 3) (Fig. 1). The layer
observed between 0.8 M and 1.0 M sucrose solutions
(fraction 1) was considered as mitochondria-associated
membranes (MAM) accordingly to the literature [38].
Membranes that did not enter into sucrose gradient were
recovered at the 0.32 M/0.8 M sucrose layer (fraction 0).
Fraction 4 was considered as mitoplasts and broken
mitochondria. Fraction 2 was considered as a mixed
fraction and it was not used in this study. Sucrose excess
in collected fractions was removed by its dilution with a
solution of lysis buffer without sucrose, and centrifugation
at 100,000xg for 30 min for fractions 0 and 1, and at
12,500xg for 30 min for fraction 3. Membranes were
further resuspended in lysis buffer containing 0.32 M
sucrose and stored at —80 °C.

ER purification was performed from supernatant result-
ing after isolation of crude mitochondrial fraction as

+«— TOP
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Fig. 1. Sucrose gradient purification of MAM and mitochondria. Cell
homogenates were processes as described in Materials and methods.
Centrifugation of crude mitochondrial fraction (P10) in a sucrose gradient
permitted to obtain five different fractions. Distribution of fractions present
in crude mitochondria in sucrose gradient was as follows: FO: very low
density fraction (endo-lysosomal fraction); F1: MAM; F2: ER and PM
contaminants; F3: mitochondria; F4: mitoplasts. Image representative of
four different experiments.
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previously described [39]. Briefly, mitochondria-free micro-
somes obtained after centrifugation at 100,000xg (Pyq0)
were fractionated by centrifugation at 100,000xg for 90
min at 4 °C on a discontinuous sucrose gradient performed
in 12.5 ml bucket tubes (SW4ITi Beckman rotor) by
layering 4 ml each of 38% and 30% sucrose in 2 mM
HEPES—KOH buffer (pH 7.4). ER-enriched fractions were
recovered from the 30/38% sucrose layer, the 38% sucrose
phase and the bottom of the tube. Gradient fractions were
proceeded as indicated above for faction 1.

To isolate plasma membrane (PM), microsomes obtained
from cellular homogenates after centrifugation at 40,000 x g
at 4 °C were isolated by the two-phase partition method as
described previously [40]. Purified plasma membrane-
enriched fractions were resuspended in pure distilled water
and stored at —80 °C.

Purity of fractions were determined by Western blotting
by using the following specific antibodies against cell
membranes: mouse monoclonal anti-cytochrome ¢ oxidase
(1:1000) (RDI, USA, RDI-A6403); mouse monoclonal
anti-Na'/K" ATPase (1:500) (ABR, USA, MA3-929);
mouse monoclonal anti-golgin 97 (1:200) (Molecular
Probes, USA, A-21270); goat anti-ribophorin I (1:1000)
(Santa Cruz Biotechnology, USA, sc-12164); rabbit anti-
calnexin (1:1000) (StressGen Biotechnologies, Canada,
SPA-865). Protein was determined by the Bradford’s
method [41].

2.3. Western blotting

Whole cell homogenate and purified fractions were
electrophoresed in 10% acrylamide PAGE-SDS. Proteins
were transferred to Immobilon membranes (Amersham
Pharmacia Biotech, Spain) and further incubated with Tris
Buffer Saline (TBS) pH 7.4 in the presence of 0.05%
Tween-20 (TTBS) and 5% non-fat milk (TTBSL). Mem-
brane specific proteins were probed by using primary
specific antibodies as above indicated for at least 2 h at
RT or overnight at 4 °C in TTBSL. After three washes with
TTBS, membranes were probed with an HRP-labelled
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secondary anti-mouse, rabbit or goat antibodies for 2 h at
RT in TTBSL. After washing again in TTBS and TBS,
immunolabelled proteins were detected by using a chem-
iluminescence method (Biorad, USA).

2.4. Synthesis of ["*C]-pHB

Synthesis of [14C]—pHB was performed from L-[U-"*C]-
Tyrosine radioactively labelled in all its carbons as
previously described [42]. Briefly, L-[U-'*C]-Tyrosine
(250 pCi) (Amersham Pharmacia Biotech, Spain) was dried
under vacuum, resuspended in 17.5 pl of 10 M KOH and 25
pl of 10 M NaOH (Panreac, Spain), and finally lyophilised.
Dry residue was then heated at 270 °C for 5 min to force the
chemical synthesis of ['*CJ-para-hydroxibenzoate (['*C]-
pHB) by decarboxylation of L-[U-'*C]-Tyrosine. Bases
were further neutralized with 400 pl 25% H,SO, (Panreac,
Spain), and ['*C]-pHB was extracted three times with ethyl-
acetate (Panreac, Spain) followed by two washed with pure
distilled water. Ethyl-acetate was then evaporated and ['*C]-
pHB reconstituted with pure ethanol. Purity of ['*C]-pHB
was determined by TLC (Merck, Spain) using a 2-propanol/
water/amonium hydroxide (8:1:1) mobile phase. The con-
centration of [14C]-pHB added to culture media was
optimised at 4.5 nM.

2.5. Quantification of Q

Cells and membranes were disrupted in a final volume of
1 ml with 1% SDS. Then, 2 ml of a mixture of ethanol/2-
propanol (95:5) was added and mixed vigorously. Q was
recovered from SDS-alcoholic phase by extraction with 5
ml of hexane. Extraction was repeated twice and hexane
phases were combined. Hexane was evaporated by using a
Rotavapor (Buchi, Switzerland), and the dry residue
resuspended in HPLC-grade ethanol. This procedure recov-
ered near of 95% of total Q as determined by the use of
internal standards such as decyl-ubiquinone.

Q was analysed by using a 15x0.46 cm CI18
Kromasil 100 column (Scharlab, Spain) kept at 40 °C,

C
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ATPaseNa'/K* |88 = | RibophorinI
Golgin 97 Calnexin
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Fig. 2. Membrane purity determination. Purification procedures of mitochondria and MAM (A), endoplasmic reticulum (B) and plasma membrane (C) were
performed as described in Materials and methods. Proteins (10 pg) were electrophoresed by SDS-PAGE and membrane purification markers determined by
using specific antibodies. Py, crude mitochondrial fraction; M, mitochondria; MAM, mitochondria associated membranes; P}, mitochondria-free microsomal
fraction; ER, endoplasmic reticulum; FM, microsomal fraction; PM, plasma membrane. Blots representative of at least two different experiments.
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connected to a HPLC (Beckman-Coulter, USA) associ-
ated with an System Gold® UV-detector monitoring at

phase was methanol/2-propanol (65:35) plus 70 mM
sodium perchlorate (Panreac, Spain) at a constant flow of

275 nm. Both a radio-flow detector LB 509 with a solid 1 ml per min.

cell YG 150 pl-U4D (Berthold Technologies, Germany),
and an electrochemical detector Coulochem III (ESA,
USA) with a guard cell 5020 at +500 mV and an
analytical cell 5010 with channel one at —500 mV and
channel two at +500 mV were also used. The mobile

2.6. Statistical analysis

Data represent the average*the Standard Deviation
(S.D.) from three different experiments performed in
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Fig. 3. Q synthesis and distribution in HL-60 cell membranes. (A) Qo labelling with [**C]-pHB. HL-60 cells were cultured in presence of 4.5 nM ['*C]-pHB
for 24 h and their lipids extracted as describes below. Extracted lipids were separated by HPLC and detected by absorbance at 275 nm (UV). In parallel, lipids
were also detected by their redox capability (ECD). Radioactivity of extracted lipids was also determined by a radio-flow detector as determined in Materials
and methods ([**C]). All the radioactivity of lipid extracts coeluted with Q1o. (B) HL-60 cells were grown in presence of 4.5 nM ['*C]-pHB. Aliquots were
taken along time and membranes purified as described in Materials and methods. Radioactivity associated to mitochondrial Q;o was determined as above
indicated and expressed as ['*C]-DPM/mg protein. (C) Radioactivity associated to Q;o in ER, MAM and PM membranes. In any case, data represent the mean
of three different experiments performed in duplicate, S.D. was less than 10% in each incubation time and membrane and are not shown to improve clarity.
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duplicate. Significant differences were assessed using the
Student’s ¢ test.

3. Results
3.1. Purity of membrane fractions

Purity of membrane-enriched fractions isolated from HL-
60 cells was assessed by Western blotting using antibodies
against specific proteins considered as markers of the
different organelles. Mitochondria-enriched fraction (M)
showed the highest signal for the mitochondrial marker
COX. Negligible amounts of both plasma membrane and
ER were found in the mitochondria enriched fraction (Fig.
2A). MAM-enriched fractions only contained ER proteins
but not PM and M markers (Fig. 2A). The presence of
Golgin 97, a marker of Golgi apparatus was not detected in
none of these fractions (data not shown).

ER-enriched fractions showed a high level of ER-markers,
whereas mitochondria, plasma membrane and Golgi appara-
tus markers were almost absent (Fig. 2B). Fractions enriched
in plasma membrane (PM ) showed a clear concentration of
sodium pump enzyme and an slight contamination of the ER
marker calnexin, whereas mitochondria and Golgi apparatus
markers were undetectable (Fig. 2C).

3.2. Mobilization of endogenous coenzyme Q;
To study endogenous Q;, mobilization inside the cell,

HL-60 cells were cultured with ['*C]-pHB, the specific
precursor of Q biosynthesis [42]. The radioactivity was only
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detected in Q;9 and not in any other hexane-extracted
compounds (Fig. 3A) and this labelled quinone was used to
study its distribution in HL-60 cells.

Mitochondria contained high levels of ['*C]-Q, as early
as 2 h after ['*C]-pHB addition (Fig. 3B), and showed a
high rate of incorporation along 2 days of incubation. In the
other membranes, ['*C]-Q;, was also detected but at lower
than a 10% of mitochondrial levels (Fig. 3C). The presence
of ['*C]-Q,, into ER showed a similar time pattern than in
mitochondria. MAM incorporated detectable levels of ['*C]-
Qo from the beginning of the incubation but in a lower rate
than ER. Detectable levels of ['*C]-Q; in PM were only
found after 4 h of incubation and also showed a lower rate
of incorporation when compared with ER and mitochondria.

To determine if Q;( distribution depended on the
endomembrane system dynamics, we treated HL-60 cells
previously incubated with ['*C]-pHB with brefeldin A
(BFA), a potent drug that inhibits this pathway [43]. BFA
incubation produced a significant accumulation of ["*C]-Q1,
in ER and a decrease of about 20—30% in both mitochon-
dria and MAM (Fig. 4A). A higher decrease was observed
in PM reaching only a 20% of control (Fig. 4A). This effect
was more intense when BFA was added at the same time
than the ['*C]-Q;o precursor (Fig. 4B). In this case, the
presence of ['*C]-Q;o in PM was almost absent, whereas the
levels in mitochondria, MAM and ER decreased to half of
controls (Fig. 4B).

3.3. Distribution of exogenous Qg

Qo isoform was used to study the distribution of Q
among membranes as exogenous source. Exogenous sup-
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Fig. 4. Effect of BFA on the biosynthesis of Q;( in HL-60 cells. HL-60 cells were cultured with 4.5 nM [14C]—pHB and ['*C]-Q,, in membranes determined
after 24 h as indicated in Materials and methods. (A) BFA (0.1 pg/ml) was added 12 h after starting incubation with ['*C]-pHB. (B) BFA (0.1 ug/ml) was added
just prior ['*C]-pHB addition. Data represent the percentage of ['*C]-Q, found in each membrane vs. control. *Significant differences vs. control, P<0.05.
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plemented Qo mainly accumulated in the crude mitochon-
drial fraction but, when subfractionation of crude mitochon-
dria was performed, exogenous Q mainly incorporated in a
very low density fraction that cosedimented with crude
mitochondria but that did not enter in the sucrose gradient
(fraction 0) (Fig. 1). This fraction can be identified as the
light-density endo-lysosomal fraction, which is equivalent
to that described to accumulate exogenous Q in rat liver
[44]. Independently of the accumulation of Qg in this
fraction, significant amounts were found in cellular endo-
membranes (Fig. 5A). Qo incorporated very early into both
MAM and mitochondria. Incorporation of Qg into mito-
chondria increased in the course of the incubation, whereas
Qo was stabilized in MAM after 6 h of treatment. On the
other hand, both ER and PM showed a significant
incorporation of exogenous Qg only after 6 h of treatment.
Thus, a time-dependent incorporation of Qg in HL-60 cell
membranes can be established from Fig. 5SA, where PM was
reached later than the other membranes.

To study if the endomembrane system through Golgi
apparatus was also involved in the distribution of exogenous
Q, we determined the presence of Qg in HL-60 cell mem-
branes that were incubated for 12 h with both BFA and
exogenous Qo (Fig. 5B). The presence of BFA induced a high
increase of Qg concentration in the endo-lysosomal fraction
(fraction 0) of HL-60 cells, whereas all other membranes
showed a significant decrease of Qo levels in about 80% in
PM, 40% in ER, and 20% in MAM and mitochondria.
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4. Discussion

Q is present in all cell membranes of aerobic organisms.
The highest levels are found in mitochondria, where it is an
essential component of the mitochondrial electron transport
chain, but also in endomembranes and plasma membrane
[5]. In the other cell membranes, Q functions as antioxidant
by itself of regenerating other antioxidants such as -
tocopherol and ascorbate [6]. The amount of Q in
membranes is regulated by oxidative stress and aging
[45,46], and dietary supplementation [30]. Then, a mecha-
nism must exists to regulate the amount and distribution of
Q in membranes of eukaryotic cells. This distribution is not
apparently due to the presence of Q biosynthesis enzymes in
all membranes of the cell because the enzymes involved in
the last steps of the quinonic ring modifications are located
in the matrix surface of the inner mitochondrial membrane
[11,12,16,17]. However, some other enzymes involved in Q
biosynthesis have been also located in the ER—Golgi system
[3,5,13,47] and even in peroxisomes [15]. In any case, as Q
is present in all the subcellular compartments, Q must be
distributed from mitochondria, where its biosynthesis is
finalized, to the other membranes including plasma mem-
brane. However, little information about the mechanisms of
distribution of Q among cell membranes is currently
available. Then, we try to clarify the pathway(s) of
distribution of both, endogenous and exogenous Q, in
human cell membranes.

hﬁﬁ%

Endo-lyso  Mito

Fig. 5. Incorporation of exogenous Qg into HL-60 cell membranes. (A) HL-60 cells were cultured in presence of 2 pM Qo during 12 h. Aliquots were taken
along indicated times and membranes purified as described in Materials and methods. Lipids were extracted, separated by HPLC and detected by using
absorbance at 275 nm and ECD. The incorporation of Qg into mitochondria, MAM, ER and PM along time is indicated as pmol Q¢/mg protein. Data are
indicated as pmol Qo/mg protein and represent the mean of three different experiments performed in duplicate. (B) HL-60 cells were cultured for 12 h with 0.1
mg/ml BFA in the presence of 2 pM Qq. After incubation, cells were recovered and membranes isolated as indicated in Materials and methods. Data represent
the Qo levels as pmol/mg proteins present in each membrane in both control and BFA treatments. Date represent the mean=S.D. from three different

experiments performed in duplicate. *Significant differences vs. control, P<0.05.
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Our results indicate that the last steps of Q synthesis in
HL-60 cells occur into mitochondria as measured by the
incorporation of ["*C]-pHB into Qo and after its biosyn-
thesis it can reach ER and later PM. This apparent transition
among membranes was demonstrated by the decrease of
incorporation of ['*C]-Q,o in PM by the disruption of the
secretory pathway with BFA, and its accumulation in ER.
This drug is a potent compound that specifically inhibits the
formation of vesicles involved in the forward movement
form ER to Golgi apparatus [48,49]. Thus, the endomem-
brane system dynamics appear to be involved in the
transport of newly synthesized Qo to PM.

However, BFA also seems to produce the inhibition of
Qo synthesis in mitochondria when is added at the same
time that the Q precursor, ['*C]-pHB. The product of the
cog-1 gene involved in the isoprenoid side chain biosyn-
thesis is mainly located in ER [5]. Also, the cog-2 product
that catalyses the transfer of side chain to the quinonic
precursor [50] is located in mitochondria but also has been
found in the Golgi apparatus, ER and peroxisomes
[13,15,51-53]. Thus, it is reasonable to think that the
disruption of the ER-Golgi apparatus transition would
inhibit Qo synthesis by preventing the transport of the
precursors of Q synthesis from ER—Golgi to mitochondria.
On the other hand, the accumulation of ["*C]-Q,o in ER
found when cells are incubated with BFA after ['*C]-Q,,
was already synthesized can be explained by the disruption
of ER—QGolgi apparatus transit by BFA, and the accumu-
lation of ['*C]-Q;¢-enriched vesicles [3]. The incorporation
of Qo to ER and the secretory pathway from mitochondria
seems to occur through MAM, which also rapidly
incorporated ['*C]-Q;o. MAMs are a membrane fraction
that exert as bridge between ER and mitochondria
facilitating interorganelle transport of lipids by membrane
contact [54,55].

On the other hand, in studies carried out in rats, dietary Q
is absorbed by the gut and transported to blood and to
different tissues although with a different uptake rate by
mammalian organs [32,56,57]. However, little is known
about the mechanisms of distribution of exogenous Q into
cell membranes. The incorporation of exogenous Qg in our
experiments indicates that it highly accumulates into a very
light lyso-endosomal fraction, but significant amounts are
also incorporated into MAM, mitochondria and ER, and
further in PM. In agreement with these results, it has been
indicated that exogenous Q is incorporated by cells but only
a small amount is transported up to mitochondria [58],
which interacts with the components of the respiratory chain
indicating its functional incorporation to the inner mito-
chondrial membrane [35]. Thus, we have found that
exogenous Qy is effectively incorporated into mitochondria
but also into other cell membranes. Incorporation and
distribution of exogenous Q also required the integrity of
a functional ER—Golgi apparatus communication because
BFA induced a significant higher accumulation in the endo-
lysosomal light fraction and a significant decrease in

membranes and mitochondria. Taken together, our results
indicate that the brefeldin A-sensitive pathway is essential
for both endogenous and exogenous Q distribution among
cell membranes, especially to PM. It seems that the transit of
Q between mitochondria and the ER—Golgi system uses
MAMs from which it rapidly can move to or from
mitochondria.

It is currently increasing the number of neuromuscular
disorders caused by a heritable primary Q deficiency
[25,59,60], which partially responds to Q;o supplementa-
tion. Our results provide new clues to increase the knowl-
edge of the mechanism of Q incorporation and distribution
into cell membranes, which would help to understand the
efficiency of dietary Q on cell uptake and recovering in
processes linked to Q deficiency.
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