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a b s t r a c t

A wide-pore (30 nm) reversed-phase column (Intrada WP-RP, particle size 3 �m) was recently uti-
lized for protein separation in differential proteomics analysis with fluorogenic derivatization-liquid
chromatography–tandem mass spectrometry (FD–LC–MS/MS), and exerted a tremendous effect on find-
ing biomarkers (e.g., for breast cancer). Further high-performance separation is required for highly
complex protein mixtures. A recently prepared non-porous small-particle reversed-phase column (Presto
FF-C18, particle size: 2 �m) was expected to more effectively separate derivatized protein mixtures than
the wide-pore column. A preliminary experiment demonstrated that the peak capacity of the former was
threefold greater than that of the latter in gradient elution of a fluorogenic derivatized model peptide,
ide-pore column
ifferential proteomics analysis
epatocarcinogenesis

calcitonin. The FD–LC–MS/MS method with a non-porous column was then optimized and applied to
separate liver mitochondrial proteins that were not efficiently separated with the wide-pore column.
As a result, high-performance separation of mitochondrial proteins was accomplished, and differential
proteomics analysis of liver mitochondrial proteins in a hepatitis-infected mouse model was achieved
using the FD–LC–MS/MS method with the non-porous column. This result suggests the non-porous small-
particle column as a replacement for the wide-pore column for differential proteomics analysis in the

FD–LC–MS/MS method.

. Introduction

High-performance liquid chromatography (HPLC) has been used
or separating highly complex mixtures of compounds, such as cell
nd tissue extracts. However, because efficient separation of intact
roteins is difficult, one-dimensional (1D) or multidimensional
mD) HPLC is usually performed with peptides generated by digest-
ng intact proteins in proteomics analysis (reviewed in Ref. [1]). In
ontrast, we have developed the first reproducible quantification
ethod using 1D HPLC for proteomics analysis, called fluorogenic

erivatization-liquid chromatography-tandem mass spectrometry

FD–LC–MS/MS) with a database-searching algorithm. Intact pro-
ein mixtures were first derivatized at cysteinyl residues with

fluorogenic reagent, followed by isolation with a wide-pore
eversed-phase column, Intrada WP-RP (30 nm pore size and 3 �m

∗ Corresponding author. Tel.: +81 42 468 9787; fax: +81 42 468 9787.
E-mail address: k-imai@musashino-u.ac.jp (K. Imai).

021-9673/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2011.03.070
© 2011 Elsevier B.V. All rights reserved.

particle) (Imtakt, Kyoto, Japan), digestion of the derivatized pro-
teins, and identification of the isolated proteins [2]. Application to
real biological samples indicated the appearance of more than 400
or 500 proteins on a chromatogram [3–7]. Differential proteomics
analysis demonstrated the existence of many proteins related to an
early stage of Parkinson’s disease [3], developmental stages of hep-
atocarcinogenesis [4], metastatic or normal breast cancer cells [5],
the aging of rat brain regions [6], and the running speed of horses
[7].

Differential proteomics analysis of liver proteins between hep-
atitis C virus (HCV) core gene transgenic (Tg) and non-transgenic
(NTg) mice indicated some disease-related proteins in the devel-
opmental stages of hepatocarcinogenesis [4]. Since many of those
proteins were related to the function of mitochondrial events (e.g.,

respiration, electron-transfer system, and �-oxidation), we further
performed differential proteomics analysis of liver mitochondrial
proteins between Tg and NTg mice by FD–LC–MS/MS to clarify the
role of mitochondrial proteins. In a preliminary experiment, how-
ever, it was difficult to separate the mitochondrial protein mixture

dx.doi.org/10.1016/j.chroma.2011.03.070
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:k-imai@musashino-u.ac.jp
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ffectively using the conventional wide-pore column that was used
or the FD–LC–MS/MS method. Therefore, we searched for other
olumns that have higher-performance separation ability than the
ide-pore column.

According to recent technical developments, the use of a station-
ry phase of small and non-porous particles (sub-2 �m) reduces
ddy diffusion and mass-transfer resistance in the mobile phase
ore than porous particles [8]. Chong et al. used sub-2 �m non-

orous particles for separating intact proteins in biological samples
9]. However, the reproducibility of the retention time of each pro-
ein was very low, probably due to the hydrophobicity of the intact
roteins and the large amount of proteins provided for ultravio-

et detection, which could prevent using a non-porous column for
ifferential proteomics analysis. In contrast, with FD–LC–MS/MS,
he non-porous column seems to be useful because the proteins
re derivatized into less hydrophobic ones with the hydrophilic
eagent, and one or two orders of magnitude less amount of pro-
eins is sufficient for fluorescence detection than for ultraviolet
etection.

Therefore, in this study, we applied a non-porous small-particle
eversed-phase column (Presto FF-C18, 2 �m particle, Imtakt) to
he FD–LC–MS/MS method. Based on an investigation of column
engths and flow rates for the non-porous column, the opti-

ized FD–LC–MS/MS method was applied to liver mitochondrial
roteomics analysis, resulting in high-performance separation of
he mitochondrial proteins. This result suggested the non-porous
mall-particle column as a replacement for the wide-pore col-
mn in differential proteomics analysis utilizing the FD–LC–MS/MS
ethod. Also, the result of liver mitochondrial proteomics analysis

ndicated proteins related to hepatocarcinogenesis; thus, the roles
f proteins in hepatocarcinogenesis will be investigated.

. Experimental

.1. Reagents

For this study, 7-chloro-N-[2-(dimethylamino)ethyl]-2,1,3-
enzoxadiazole-4-sulfonamide (DAABD-Cl) and Buffer Solution
H 8.7 (6 M Guanidine Hydrochloride) were obtained from
okyo Chemical Industry (Tokyo, Japan). In addition, 3-[(3-
holamidopropyl)dimethylammonio]propanesulfonate (CHAPS)
nd ethylenediamine-N,N,N′,N′-tetraacetic acid disodium salt
Na2EDTA) were obtained from Dojindo Laboratories (Kumamoto,
apan). Tris(2-carboxyethyl)phosphine hydrochloride (TCEP)
nd �-lactoglobulin (M.W. 18,363) were purchased from
igma–Aldrich (St. Louis, MO, USA). Calcitonin (M.W. 3,418)
as purchased from Peptide Institute (Osaka, Japan). Triflu-

roacetic acid (TFA) was obtained from Wako Pure Chemical
ndustries (Osaka, Japan). Acetonitrile (HPLC grade) was obtained
rom Kanto Chemical (Tokyo, Japan). All the other reagents were
f analytical reagent grade and were used without further purifi-
ation. Water was used after purification with the Milli-Q system
Nihon Millipore, Tokyo, Japan).

.2. Columns

Non-porous spherical silica (2 �m particle and 2 m2/g specific
urface area) was utilized as packing material in the Presto FF-
18 column (Fig. 1) (Imtakt, Kyoto, Japan). Octadecylsilane (ODS)
inds to functional groups on packing materials, indicating that

resto FF-C18 is useful for reversed-phase separation in HPLC. How-
ver, wide-pore spherical silica (30 nm pore size, 3 �m particle,
nd 100 m2/g specific surface area) was utilized in the Intrada WP-
P column (Imtakt). Reversed-phase ligands exist on the surface
f the packing materials of Intrada WP-RP, which was used as
Fig. 1. Electron microscopic image of non-porous spherical silica (2 �m particle)
utilized as a packing material in a Presto FF-C18 column.

a conventional protein separation column for the FD–LC–MS/MS
method. Presto FF-C18 columns were adopted with 4.6 mm i.d.
and 50–250 mm length, while Intrada WP-RP with 4.6 mm i.d. and
250 mm length was usually utilized for protein separation [2–7].

2.3. FD reaction and separation of DAABD-calcitonin on the
non-porous or the wide-pore column

A 10 �L aliquot of 5 �M calcitonin (Peptide Institute, Osaka,
Japan) was mixed with 60 �L of 16.7 mM CHAPS/3.33 mM
Na2EDTA/0.833 mM TCEP in 6 M guanidine buffer (pH 8.7),
25 �L of 6 M guanidine buffer (pH 8.7), and 5.0 �L of 140 mM
DAABD-Cl in acetonitrile. Each reaction mixture was incubated
at 40 ◦C for 10 min, and the reaction was stopped with 3.0 �L
of 20% TFAaq. The reaction mixture was then diluted three-
fold with the mobile phase. A 10 �L aliquot of the diluted
reaction mixture was injected into an HPLC system that con-
sisted of a pump (L-2100, Hitachi) and a fluorescence detector
(L-2485, Hitachi). Fluorescence detection was carried out at
505 nm (excitation at 395 nm). Separation was performed on
the non-porous column (4.6 i.d. × 50, 100, 150, or 250 mm)
or the wide-pore column (4.6 i.d. × 250 mm) (Imtakt, Kyoto,
Japan). The column temperature was set at 60 ◦C, and the flow
rate was 0.2–0.5 mL/min. The gradient elution was 10–40% B
over 60 min ((A) water:acetonitrile:TFA = 90:10:0.10, v/v/v; (B)
water:acetonitrile:TFA = 30:70:0.20, v/v/v).

2.4. Preparation of liver mitochondrial sample and determination
of total proteins

Sixteen-month-old Tg and NTg mice were used for analy-
sis. Progression of disease state and morphological features were
described in previous reports [4,10].

A preliminary study clearly indicated that an extraction pro-
cedure utilizing a mitochondrial isolation commercial kit was
not useful, due to the low repeatability in isolation handling.
Therefore, in this study, mitochondria were extracted from liver
samples (100 mg) by density-gradient centrifugation using a man-
nitol/sucrose solution, as reported by Lopez et al. [11]. The
mitochondrial pellet obtained was suspended with twice-volume
of 2% CHAPS in 6 M guanidine buffer (pH 8.7). The suspension was

sonicated for 15 s on ice four times at 15 s intervals. The soni-
cated suspension was centrifuged at 13,000 g for 2 min at 4оC. The
supernatant was then collected and stored as a soluble fraction
at −80оC after freezing with liquid nitrogen. The total liver mito-
chondrial proteins were determined with a BCATM Protein Assay
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it (Thermo Scientific, Rockford, IL, USA), following the written
nstructions. Bovine serum albumin was used as a protein stan-
ard.

.5. FD–LC–MS/MS method for liver mitochondrial proteomics
nalysis

The previous method was used for the FD procedure for liver
itochondrial proteins with DAABD-Cl [4], except for the amount

f total protein; in brief, 60 �g of liver mitochondrial proteins was
erivatized in 100 �L reaction mixture. Twenty microliters of the
eaction mixture (12 �g proteins) was subjected to HPLC. Sample
roteins amount per injection was low enough as compared to the
aximum (24 �g) for separation on the non-porous column. The

verall system consisted of a Hitachi L-2000 series HPLC system
ith a non-porous column (4.6 i.d. × 250 mm) at a column tem-
erature of 60 ◦C [2] and a flow rate of 0.3 mL/min. Fluorescence
etection was carried out at 505 nm (excitation at 395 nm). The
ompositions of the mobile phases were the same as described
bove. The 267.5 min gradient program was used to compare the
on-porous column with the wide-pore column. The gradient elu-
ion was 16% B held over 5 min, to 25% in 10 min, to 43% B in
12.5 min, to 45% B in 135 min, to 55% B in 185 min, to 65% B in
15 min, and to 100% B in 267.5 min. The 535 min gradient pro-
ram was used for proteomics analysis of mitochondrial proteins
n livers of the hepatitis-infected mouse model. The gradient elu-
ion was 16% B held over 10 min, to 25% in 20 min, to 43% B in
25 min, to 45% B in 270 min, to 55% B in 370 min, to 65% B in
30 min, and to 100% B in 535 min. To keep the long life-time
f the non-porous column, a washing operation was performed
fter operation of each analysis. The gradient time program of
he washing operation was 100 to 0% B in 5 min and 0 to 100%

in 10 min at 0.3 mL/min of flow rate, which was repeated four
imes.

The isolated derivatized proteins were identified as reported in
ef. [5] using HPLC and tandem mass spectrometry. The obtained
mino acids sequence data were searched for the taxonomy Mus
usculus against the National Center for Biotechnology Information
on-redundant (NCBInr) database using MASCOT version 2.1.03
Matrix Science, Ltd., London, UK).

. Result

.1. Separation of DAABD-calcitonin in gradient elution with the
on-porous column

The non-porous column was applied to separate fluorogenic
erivatized calcitonin, a model peptide, to investigate its separa-
ion efficiency. Calcitonin (0.5 �M, M.W. 3418) was derivatized
ith a fluorogenic reagent, 7.0 mM DAABD-Cl, and subjected to
PLC-fluorescence detection in gradient elution on either the non-
orous or the wide-pore column. Both columns were the same size
4.6 i.d. × 250 mm). The retention times and shapes of both DAABD-
alcitonin peaks suggested that the non-porous column exhibited
tronger affinity for the peptide and higher resolution than the
ide-pore column (Fig. 2). The retention time of the compounds

ess retained on the non-porous column was shorter than that on
he wide-pore column. The separation efficiencies of both columns
ere then compared utilizing the peak capacity, since the sepa-

ation efficiency of HPLC columns in gradient elution is usually

valuated with column peak capacity P, while under isocratic con-
itions it is evaluated with theoretical plates N. The peak capacity
epresents the maximum theoretical number of components that
an be separated in a column within a given gradient time. Each
value was then calculated from peak width w measured at 4�
Fig. 2. Chromatograms obtained from DAABD-calcitonin separated in (a) the non-
porous column or (b) the wide-pore column under gradient elution conditions.
Chromatographic conditions are described in Section 2.

(13.4% of peak height) and the gradient time tg according to Eq. (1)
[12]:

P = 1 + tg

w
(1)

The P value with the non-porous column was found to be three-
fold higher than that with the wide-pore column under 60 min
gradient conditions (197 with the non-porous column vs. 64 with
the wide-pore column). In a similar experiment using a typical stan-
dard protein (�-lactoglobulin, M.W. 18,363), the P value exhibited
the same tendency with both columns (data not shown). These
results indicate that separation efficiency in the non-porous col-
umn was superior to that in the wide-pore column.

3.2. Optimized column length and flow rate with the non-porous
column

In order to obtain appropriate separation efficiency, the gradient
elution of DAABD-calcitonin was performed with different lengths
(50, 100, 150, and 250 mm) of the non-porous column at different
flow rates (0.2, 0.3, 0.4, and 0.5 mL/min). However, for the 250 mm-
long column, the flow rate was limited to a maximum of 0.3 mL/min
because of the durability of the HPLC flow (20 MPa) system used
in the present experiment. DAABD-calcitonin was separated in the
same 60 min gradient program as described in Section 3.1, and each
P value was calculated according to Eq. (1). The P value increased
with increasing column length and flow rate, indicating that sep-
aration efficiency was greater with a longer column and a higher
flow rate (Fig. 3A). The same was true for �-lactoglobulin, a model
protein (data not shown).

Moreover, mitochondrial protein extract was injected into each
length of the columns at the maximum flow rate (0.3 or 0.5 mL/min)
to investigate the separation of a real biological sample. The num-
ber of separated protein peaks increased with increasing column
length: a 250 mm-long column at a 0.3 mL/min flow rate exhib-
ited the highest separation efficiency for the actual protein mixture
sample (Fig. 3B). Therefore, a column length of 250 mm with a flow
rate of 0.3 mL/min was selected for separating the mitochondrial
protein extract.

3.3. Comparison of the non-porous column with the wide-pore
column for separating a mitochondrial protein extract
Based on the results above, the non-porous column (250 mm
length with a flow rate of 0.3 mL/min) was applied to separate a
mitochondrial protein extract. The chromatogram obtained under
the appropriate conditions described in Section 2.5 was compared
with that obtained from the wide-pore column (250 mm length,
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Fig. 3. (A) Peak capacities of the non-porous column with various column lengths
(50, 100, 150, and 250 mm) at various flow rates (0.2, 0.3, 0.4, and 0.5 mL/min) in the
gradient elution of DAABD-calcitonin. Each P value was calculated with Eq. (1) in
Section 3.2. (B) The number of protein peaks separated in each length of the column
(50, 100, 150, and 250 mm) obtained from the mitochondrial protein extract. The
flow rate was 0.5 mL/min, except for the 250 mm column that had a 0.3 mL/min flow
rate. The details are described in Section 2.
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Fig. 5. Chromatograms of liver mitochondrial proteins in Tgs (red) and NTgs (blue)
ig. 4. Chromatograms of mouse liver mitochondrial proteins separated in (a) the
on-porous column or (b) the wide-pore column. Chromatographic conditions are
escribed in Section 2.

.3 mL/min). Fig. 4a indicates that 420 protein peaks were obtained
n the chromatogram with the non-porous column in 260 min
nalytical time. However, 160 protein peaks were not clearly sep-
rated in the chromatogram with the wide-pore column (Fig. 4b).
his result clearly suggested that the non-porous column, rather
han the wide-pore column, would be useful for proteomics anal-
sis of mouse liver mitochondrial proteins with the FD–LC–MS/MS

ethod.
Also, the retention times and peak shapes of the proteins

njected into the non-porous column exhibited stronger adsorp-
ion and higher resolution than those injected into the wide-pore
olumn. Furthermore, the retention time of the compounds less
mice separated in the non-porous column. The peaks indicated by arrows fluctuated
between Tgs and NTgs. Chromatographic conditions are described in Section 2. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of the article.)

retained in the non-porous column was shorter than that on the
wide-pore column.

3.4. Proteomics analysis of mitochondrial proteins in livers of
hepatitis-infected mouse model

Differential proteomics analysis was performed on the non-
porous column between mitochondrial protein samples extracted
from livers of Tgs (n = 3) and NTgs (n = 3) mice aged 16 months.
This age was selected based on the previous report that many pro-
teins related to the function of mitochondrial events fluctuated in
Tg. The appropriate separation conditions in HPLC afforded 500
protein peaks on each chromatogram for Tgs and NTgs in 9 h of
analysis (Fig. 5), with each peak height representing the amount
of each protein. The responsibility of this analysis was confirmed,
based on the reproducibility of the retention times and the peak
heights. The relative standard deviations (RSDs) of peaks a through
d (Fig. 5) ranged from 0.0 to 0.5% for retention times and 0.4–18.0%
for peak heights (for between-days, n = 3–6). The heights of peaks
corresponding to specific retention times were compared between
Tgs and NTgs. The expression of several peaks fluctuated, and each
fluctuating peak fraction was collected, digested, and subjected to
LC–MS/MS analysis to identify the protein. Table 1 summarizes the
identified proteins. Three proteins were significantly up-regulated
(Tg/NTg = 1.24–2.86, 0.05 ≤ p < 0.10) (Peaks a, c, and d in Fig. 5)
in Tg, while one protein peak was significantly down-regulated
(Tg/NTg = 0.44, p < 0.05) (Peak b in Fig. 5). Those four proteins were
demonstrated for the first time in liver mitochondrial proteomics
analysis.

4. Discussion

4.1. Comparison of the separation of DAABD-calcitonin and
DAABD-ˇ-lactoglobulin between the non-porous column and the
wide-pore column
In order to determine the difference in separation between
the non-porous column and the wide-pore column, a derivatized
model peptide and protein (DAABD-calcitonin and DAABD-
�-lactoglobulin) were separated. The retention times of the
derivatized model samples were longer for the non-porous col-
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Table 1
Differentially expressed liver mitochondrial proteins between Tgs and NTgs.

Peak number Tg/NTg ratio Protein name Accession number Score Sequence coverage (%)
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a 1.24 ± 0.17 60S ribosomal protein L11
b 0.44 ± 0.33 Sterol-carrier protein 2
c 1.51 ± 0.35 NADH-cytochrome b5 redu
d 2.86 ± 1.30 Hydroxysteroid (17-beta) d

mn than for the wide-pore column. Since the surface of the
on-porous column is covered with ODS (C18) and the surface of
he wide-pore column consists of a less hydrophobic “reversed-
hase” ligand than C18, stronger retention of the derivatized model
amples should be caused by the hydrophobic interaction in the
on-porous column. In contrast, considering the shortest reten-
ion times of the hydrophilic substances, the non-porous column
hould exhibit fewer void volumes than the wide-pore column. It
as also shown that, considering the P (peak capacity) value for the
on-porous column was threefold higher than that for the wide-
ore column, the non-porous and small size (2 �m as compared to
�m of the wide-pore column) reduced eddy diffusion and mass-

ransfer resistance on separation and resulted in high-resolution
hromatography [8]. This couldn’t be caused by the narrow parti-
le size distribution of the former column since the particle size
istribution of both the columns were similar (D90/D10 < 1.4, and
90/D10 = 1.42 for the non-porous and the wide-pore, respectively,
easured by laser diffraction particle size analysis and electrical

ensing zone method).

.2. Optimization of column length and flow rate for protein
eparation with the non-porous column

The effects of column length and flow rate on the P value were
nvestigated using DAABD-calcitonin and DAABD-�-lactoglobulin
o obtain optimal conditions for derivatized protein separation
n the non-porous column. High P values were obtained using a
onger column and a higher flow rate. This tendency agreed with
he simulation of separation efficiency reported by Gilar et al. [12],
ndicating that the length of the non-porous column was propor-
ional to separation efficiency. In this study, 0.3 mL/min was the

aximum flow rate for the longest column (250 mm) because of
he currently limited operating pressure (20 MPa). The LC system
hould be mechanically strong enough to withstand the ultrahigh
ressures for further efficient separation in the non-porous Presto
F-C18 that might be 250 mm long and have a flow rate exceeding
.3 mL/min. In this sense, in the future, further efficient separation
hould be examined utilizing an Ultra High Pressure Liquid Chro-
atography system. According to the results (Fig. 3A), the highest P

alue was obtained with a 150 mm length of column and a flow rate
f 0.5 mL/min. However, more separated proteins were observed in
he 250 mm-long column with a 0.3 mL/min flow rate for the mito-
hondrial sample (Fig. 3B). This is because the separable peaks from
large numbers of proteins in a real biological sample should be
roportional to the column length. Another reason is that the dilu-
ion of the peak fraction in a 150 mm column with a high flow rate
f 0.5 mL/min might be beyond the detection limit of the system.
herefore, a 250 mm column length with a flow rate of 0.3 mL/min
as adopted as the optimal condition for separating liver mito-

hondrial proteins.

.3. Application of the FD–LC–MS/MS method using the

on-porous column for differential proteomics analysis of liver
itochondria

Nine hours of analysis indicated that the number (500) of mito-
hondrial protein peaks (Fig. 5) was similar to the number of
gi 13385408 129 12
gi 45476581 278 10

3 gi 19745150 145 8
ogenase 13 gi 159573879 183 25

extracted proteins from a whole cell separated with the wide-pore
column (e.g., for mouse liver proteomics analysis) [4]. Concern-
ing the life-time of the non-porous column, the life-time was long
enough to analyze mitochondrial proteins about 40 times (400 h
including the washing period) since the chromatogram obtained
after 40 times analyses was the same as the initial one. That would
be caused by the contribution of a washing operation after each
analysis. This result suggests that the non-porous column could
be substituted for the wide-pore column as a protein separation
column for the FD–LC–MS/MS method.

Compared to the low reproducibility for the retention times of
peaks in the previous report [9], the present differential proteomics
analysis of liver mitochondria obtained reproducible retention
times and peak heights (RSD less than 0.5% for retention times and
less than 18.0% for peak heights). The reason for this superior repro-
ducibility may be that in the FD–LC–MS/MS method, proteins were
derivatized with the hydrophilic reagent and a low amount of pro-
teins. These results indicate that the FD–LC–MS/MS method using
the non-porous column can be used for differential proteomics
analysis of liver mitochondria and results in identification of four
fluctuating proteins between Tgs and NTgs.

4.4. Functions of the fluctuating liver mitochondrial proteins
related to hepatocarcinogenesis

All the identified mitochondrial proteins in this study were
demonstrated for the first time in liver proteomics analysis. Since
mitochondria were extracted from mouse liver and analyzed for
expression of proteins, it is assumed that the proteins inside the
mitochondria were concentrated to a detectable level of each
expression fluctuation.

Only one down-regulated peak in Tg was identified as sterol
carrier protein 2 (SCP2), considering differences in localization
between the deduced different types (SCP2 and SCPx) (reviewed in
ref. [13]). SCP2 is related to intracellular lipid transport (e.g., choles-
terol) from other intracellular membranes to mitochondria [14], as
well as from the outer to the inner mitochondrial membrane for
oxidation. Since lipids have accumulated in the hepatocytes of 16-
month-old Tg mice, causing steatosis as previously reported [10],
lipid transport to mitochondria might no longer be required. Thus,
SCP2 was decreased in Tg through a negative feedback pathway.
Also, SCP2 is reportedly involved in regulation of the signal path-
way for lipids (reviewed in ref. [13]). These findings suggest that
the decrease of SCP2 in Tg may suppress lipid transport to mito-
chondria, leading to inhibition of lipid signaling. In contrast, three
proteins were demonstrated to be up-regulated in Tg. Hydrox-
ysteroid (17-beta) dehydrogenase 13 (17�HSD13) is specifically
expressed in liver [15]. It has been reported that the intracellular
localization of 17�HSD13 is similar to that of HCV core protein in
endoplasmic reticulum (ER), lipid droplets (LDs), and mitochon-
dria [16–18], while it is unknown whether 17�HSD13 localizes
in mitochondria or not. In general, 17�HSD family proteins cat-

alyze the dehydrogenation reactions of the steroid skeleton with
an excess of NADH or electrons. Although 17�HSD13 may play
a key role in the next step of detoxification and/or utilization of
lipid metabolites through the reaction, its specific substrate is not
identified. At least, the increase of 17�HSD13 in Tgs would acti-
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ate lipid metabolism. NADH-cytochrome b5 reductase 3 (CYB5R3)
as observed in the plasma membrane, mitochondrial outer mem-

rane, and ER. CYB5R3 in the mitochondrial electron-transfer
ystem catalyzes the oxidation of NADH to NAD+ (reviewed in Ref.
19]). For mitochondrial dysfunction, CYB5R3 is up-regulated due
o an increase of the NADH/NAD+ ratio, resulting in enhanced oxi-
ation of NADH to NAD+. Thus, an increase of CYB5R3 in Tg would
ccelerate aerobic respiration in mitochondria. In addition, 60S
ibosomal protein L11 (RPL11) is associated with Mdm2, which
s an E3 ligase for promoting p53 ubiquitination, resulting in pre-
ention of the degradation of p53 [20,21]. The undegraded p53 in
itochondria reportedly causes apoptosis of cancer cells [22,23].

his finding suggests that up-regulated RPL11 would suppress the
rowth of hepatocarcinoma in transition out of hepatitis C. If hep-
tocarcinogenesis activates metabolism in Tg mice at the age of 16
onths, 17�HSD13 and CYB5R3 might increase and accelerate lipid
etabolism and aerobic respiration. Furthermore, a decrease of

CP2 might control lipid transport to mitochondria and thus main-
ain equilibrium through a negative feedback pathway. Considering
hese results, fluctuation of these proteins suggests that activation
nd suppression of hepatocarcinogenesis occur simultaneously in
g mice at 16 months of age.

In conclusion, a novel non-porous column (Presto FF-C18)
chieved good separation of liver mitochondrial proteins, which
as hardly achieved on a wide-pore column such as Intrada WP-RP.
oreover, the FD–LC–MS/MS method with Presto FF-C18 demon-

trated for the first time several fluctuating proteins performing
ifferential proteomics analysis of liver mitochondrial proteins in
hepatitis-infected mouse model.
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