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Abstract

A

Background: It is essential to subculture the cells once cultured cells reach confluence. For this, trypsin is frequently
applied to dissociate adhesive cells from the substratum. However, due to the proteolytic activity of trypsin, cell surface
proteins are often cleaved, which leads to dysregulation of the cell functions.

Methods: In this study, a triplicate 2D-DIGE strategy has been performed to monitor trypsin-induced proteome
alterations. The differentially expressed spots were identified by MALDI-TOF MS and validated by immunoblotting.

Results: 36 proteins are found to be differentially expressed in cells treated with trypsin, and proteins that are known to
regulate cell metabolism, growth regulation, mitochondrial electron transportation and cell adhesion are down-
regulated and proteins that regulate cell apoptosis are up-regulated after trypsin treatment. Further study shows that
bcl-2 is down-regulated, p53 and p21 are both up-regulated after trypsinization.

Conclusions: In summary, this is the first report that uses the proteomic approach to thoroughly study trypsin-
induced cell physiological changes and provides researchers in carrying out their experimental design.

Background

Plasma membrane proteins are responsible for a wide
variety of functions essential to maintaining normal phys-
iological activities. For example, when EGF receptor fam-
ilies, a group of proteins located in the plasma membrane
that act as growth receptors, transmit external signals
into the cell interior, cell's physiological activities are
often altered in response to external signals. In addition,
adhesive proteins, such as the cadherin families [1] in the
cell membrane, provide anchors to link cytoskeleton pro-
teins with extracellular matrix to regulate cell migration
and cell adhesion. The dysregulations of membrane pro-
teins cause numerous diseases such as during tumorigen-
esis, malignant transformation of epithelial cells
frequently attends with loss of E-cadherin expression and
induction of expression of mesenchymal membrane pro-
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teins like N-cadherin [2,3]. Moreover, mutations of ErbB-
2 receptors lead to the occurrence of gastric cancer [4]
and hepatocellular cancer [5].

Two-dimensional gel electrophoresis (2-DE) has been
widely used for profiling cellular proteins and some of the
nonionic and zwitterionic detergents such as thiourea
and CHAPS have been introduced to increase the solubil-
ity of the proteins. In addition, a significant improvement
of gel-based analysis of protein quantifications and detec-
tions is the introduction of 2D-DIGE. 2D-DIGE is able to
co-detect numerous samples in the same 2-DE to mini-
mize gel-to-gel variation and compare the protein fea-
tures across different gels by means of an internal
fluorescent standard. This innovative technology relies
on the pre-labeling of protein samples before electropho-
resis with fluorescent dyes Cy2, Cy3 and Cy5 each exhib-
iting a distinct fluorescent wavelength to allow multiple
experimental samples to include an internal standard.
Thus, the samples can be simultaneously separated in one
gel. The internal standard, which is a pool of an equal
amount of the experimental protein samples, can facili-
tate the data accuracy in normalization and increase sta-
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tistical confidence in relative quantitation across gels [6-
10].

The primary step in adherent-cell-subculture is to
detach cells from the substratum as the cells reach high
confluence. Trypsin is often applied for this purpose.
Cells are subsequently subdivided and reseeded into fresh
cultures. However, the proteolytic activity of trypsin may
harm cells by cleaving the cell surface growth factor
receptors or membrane proteins. Hence, this study
describes a 2D-DIGE strategy to perform cellular pro-
teins labeling for the monitoring of trypsin-induced pro-
teome alterations in mammalian cells.

2. Materials and Methods

Chemicals and Reagents

Generic chemicals were purchased from Sigma-Aldrich
(St. Louis, USA), while reagents for 2D-DIGE were pur-
chased from GE Healthcare (Uppsala, Sweden). All pri-
mary antibodies were purchased from Abcam
(Cambridge, UK) and secondary antibodies were pur-
chased from GE Healthcare (Uppsala, Sweden). All
chemicals and biochemicals used were of analytical
grade. Fetal calf serum (FCS), antibiotics and trypsin were
purchased from Invitrogen (all from Gibco-Invitrogen
Corp., UK).

Celllines and cell cultures

The breast cancer cell line MCF-7 and cervical cancer cell
line Hela were both purchased from American Type Cul-
ture Collection (ATCC), Manassas, VA. Both cell lines
were maintained in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% (v/v) fetal calf serum
(FCS), L-glutamine (2 mM), streptomycin (100 pg/mL),
and penicillin (100 IU/mL) (all from Gibco-Invitrogen
Corp., UK). Non-enzymatical cell dissociation solution
was purchased from Sigma and 0.05% EDTA-Trypsin was
purchased from Gibco-Invitrogen Corp. Cells were incu-
bated in a humidified incubator at 37°C and 5% CO.,,.

Cell trypsinization and CyDye labeling for 2D-DIGE analysis
The cellular protein labeling strategy was performed
according to the protocol described previously with some
modifications [9]. Once 90% of confluence is reached,
MCEF-7 and Hela cells were washed with Hank's balance
salt solution (HBSS), detached with non-enzymatical cell
dissociation solution and centrifuged for 5 min at 800 x g.
The cell pellet was firstly washed with 1 ml ice cold HBSS
pHB8.3, and then resuspended in 200 pl of 2-DE lysis buf-
fer containing 4% w/v CHAPS, 7 M urea, 2 M thiourea,
10 mM Tris-HCI, pH8.3 and 1 mM EDTA. Before per-
forming 2D-DIGE, protein samples were labeled with N-
hydroxy succinimidyl ester-derivatives of the cyanine
dyes Cy2, Cy3 and Cy5. Briefly, 150 pg of protein sample
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was minimally labeled with 375 pmol of either Cy3 or Cy5
for comparison on the same 2-DE. To facilitate image
matching and cross-gel statistical comparison, a pool of
all samples was also prepared and labeled with Cy2 at a
molar ratio of 2.5 pmol Cy2 per pg of protein as an inter-
nal standard for all gels. Thus, the triplicate samples and
the internal standard could be run and quantify on multi-
ple 2-DE. The labeling reactions were performed in the
dark on ice for 30 min and then quenched with a 20-fold
molar ratio excess of free L-lysine to dye for 10 min. The
differentially Cy3- and Cy5-labeled samples were then
mixed with the Cy2-labeled internal standard and
reduced with dithiothreitol for 10 min. IPG buffer, pH3-
10 nonlinear (2% (v/v), GE Healthcare) was added and the
final volume was adjusted to 450 pl with 2D-lysis buffer
for rehydration. The rehydration process was performed
with immobilized non-linear pH gradient (IPG) strips
(pH3-10, 24 cm) which were later rehydrated by CyDye-
labeled samples in the dark at room temperature over-
night (at least 12 hours). Isoelectric focusing was then
performed using a Multiphor II apparatus (GE Health-
care) for a total of 62.5 kV-h at 20°C. Strips were equili-
brated in 6 M urea, 30% (v/v) glycerol, 1% SDS (w/v), 100
mM Tris-HCI (pH8.8), 65 mM dithiothreitol for 15 min
and then in the same buffer containing 240 mM iodoacet-
amide for another 15 min. The equilibrated IPG strips
were transferred onto 26 x 20-cm 12.5% polyacrylamide
gels casted between low fluorescent glass plates. The
strips were overlaid with 0.5% (w/v) low melting point
agarose in a running buffer containing bromophenol
blue. The gels were run in an Ettan Twelve gel tank (GE
Healthcare) at 4 Watt per gel at 10°C until the dye front
had completely run off the bottom of the gels. Afterward,
the fluorescence 2-DE was scanned directly between the
low fluorescent glass plates using an Ettan DIGE Imager
(GE Healthcare). This imager is a charge-coupled device-
based instrument that enables scanning at different wave-
lengths for Cy2-, Cy3-, and Cy5-labeled samples. Gel
analysis was performed using DeCyder 2-D Differential
Analysis Software v7.0 (GE Healthcare) to co-detect, nor-
malize and quantify the protein features in the images.
Features detected from non-protein sources (e.g. dust
particles and dirty backgrounds) were filtered out. Spots
displaying a x 1.5 average-fold increase or decrease in
abundance with a p-value < 0.05 were selected for protein
identification.

Protein staining

Colloidal coomassie blue G-250 staining was used to
visualize Cy dye-labeled protein features in 2-DE accord-
ing the protocol described in [11-13]. Briefly, bonded gels
were fixed in 30% v/v ethanol, 2% v/v phosphoric acid
overnight, washed three times (30 min each) with ddH,O
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and then incubated in 34% v/v methanol, 17% w/v ammo-
nium sulphate, 3% v/v phosphoric acid for 1 hr., prior to
adding 0.5 g/liter coomassie blue G-250. The gels were
then left to stain for 5-7 days. No destaining step was
required. The stained gels were then imaged on an Imag-
eScanner III densitometer (GE Healthcare), which pro-
cessed the gel images as .tif files.

In-gel digestion

Excised post-stained gel pieces were washed three times
with 50% acetonitrile, dried in a SpeedVac for 20 min.,
reduced with 10 mM dithiothreitol in 5 mM ammonium
bicarbonate pH 8. 0 (AmBic) for 45 min at 50°C and then
alkylated with 50 mM iodoacetamide in 5 mM AmBic for
1 hr. at room temperature in the dark. Gel pieces were
then washed three times in 50% acetonitrile and vacuum-
dried before reswelling with 50 ng of modified trypsin
(Promega) in 5 mM AmBic. The pieces were then over-
laid with 10 pl of 5 mM AmBic and trypsinized for 16 hr
at 37°C. Supernatants were collected, peptides were fur-
ther extracted twice with 5% trifluoroacetic acid in 50%
acetonitrile and the supernatants pooled. Peptide extracts
were vacuum-dried, resuspended in 5 pl ddH,O and
stored at -20°C prior to MS analysis.

Protein identification by MALDI-TOF MS

MALDI-TOF MS with generated peptide mass finger-
printing was used for protein identification. Briefly, 0.5 pl
of tryptic digested protein sample was mixed with 0.5 pl
of matrix solution containing o-cyano-4-hydroxyci-
nammic acid at a concentration of 1 mg in 1 ml of 50%
acetonitrile (v/v)/0.1% trifluoroacetic acid (v/v), spotted
onto a anchorchip target plate (Bruker Daltonics) and
dried. The peptide mass fingerprints were acquired using
an Autoflex III mass spectrometer (Bruker Daltonics) in
reflector mode. The spectrometer was calibrated with a
peptide calibration standard (Bruker Daltonics) and
internal calibration was performed using trypsin autolysis
peaks at m/z 842.51 and m/z 2211.10. Peaks in the mass
range m/z 800-3000 were used to generate a peptide mass
fingerprint that was searched against the updated Swiss-
Prot/TrEMBL database (v56.5) with 402482 entries on
December 19, 2008 using Mascot software v2.2.04
(Matrix Science, London, UK). The parameters used for
the search were: Homo sapiens; tryptic digest with a max-
imum of 1 missed cleavage; carbamidomethylation of
cysteine, partial protein N-terminal acetylation, partial
methionine oxidation and partial modification of glu-
tamine to pyroglutamate and a mass tolerance of 50 ppm.
Identification was accepted based on significant MAS-
COT Mowse scores (p < 0.05).

Page 30f 10

Immunoblotting

Immunoblotting was used to validate the differential
expression of mass spectrometry identified proteins.
Membrane fraction extracts were briefly lysed with 2-DE
lysis buffer prior to protein quantification with Coo-
massie Protein Assay Reagent (BioRad). 30 pg of protein
samples were diluted in Laemmli sample buffer (final
concentrations: 50 mM Tris pH 6.8, 10% (v/v) glycerol,
2% SDS (w/v), 0.01% (w/v) bromophenol blue) and sepa-
rated by 1D-SDS-PAGE according to standard proce-
dures. After electroblotting of separated proteins onto
0.45 pm Immobilon P membranes (Millipore), the mem-
branes were blocked with 5% w/v skimmed milk in TBST
(50 mM Tris pH 8.0, 150 mM NaCl and 0.1% Tween-20
(v/v)) for 1 hr. Membranes were then incubated in pri-
mary antibody solution in TBS-T containing 0.02% (w/v)
sodium azide for 2 hrs. Membranes were washed in TBS-
T (3 x 10 min) and then probed with the appropriate
horseradish peroxidase-coupled secondary antibody (GE
Healthcare). After further washes in TBS-T, immuno-
probed proteins were visualized using an enhanced
chemiluminescence method (Visual Protein Co.).

Results

2D-DIGE analysis of the trypsin-induced differentially
expressed proteins

To identify the altered abundance of proteins and relate
them to trypsinization, MCF-7 cells were washed with
HBSS followed by dissociating cells from substratum with
non-enzymatic cell dissociation solution for 15 min or
0.05% trypsin-EDTA for 10 min after cells reach approxi-
mately 90% confluence. The dissociation time for
attached MCEF-7 cells were optimized by examined the
number of adherent cells after treatment of non-enzy-
matic cell dissociation solution or 0.05% trypsin-EDTA
(Figure 1A). Trypsin-digested MCEF-7 cells were then
either directly neutralized with 10% FCS followed by per-
formed cell lysis or reseeded onto cell culture plates to
recover for 8 hr and 24 hr before being dissociated with
non-enzymatic cell dissociation solution for cell lysis.
Subsequently, the lysed cells from each condition were
minimally labeled with Cy3 or Cy5 dye and distributed to
each gel. A pool of all samples was also prepared for label-
ing with Cy2 as an internal standard to run on all gels to
facilitate image matching across gels. Thus, the triplicate
samples resolved in different gels can be quantitatively
analyzed by means of the internal standard on multiple 2-
DE. The dissociation and protein labeling procedures are
described in Figure 1B and in the Materials & Methods
section. After resolving protein samples with 2D-DIGE
technique, the DeCyder image analysis software indicated
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Figure 1 Cell dissociation workflow with and without trypsin digestion. (A) The dissociation time for attached MCF-7 cells were determined
where 90% confluent cells in 96-well cell culture plates were gently washed with HBSS twice followed by treated with 100 pl of non-enzymatic cell
dissociation solution or 0.05% trypsin-EDTA. After indicated treatment times, cells were gently washed with HBSS and the number of adherent cells
counted. The mean cell number of 4 independent assays is shown +/- SD. (B) Overview of cell dissociation workflow with and without trypsin digestion

of adhesive MCF-7 cells.
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Figure 2 2D-DIGE analysis of the trypsin-induced differentially expressed proteins in MCF-7 cells. Protein samples purified from total cell
lysates were labeled with Cy dyes and separated using 24-cm, pH 3-10 nonlinear IPG strip. The differentially expressed protein features are annotated
with protein names. The detail information for these identified proteins is listed in Additional file 1.

that more than 60 protein features were showing greater
than 1.5-fold change in expression level. MALDI-TOF
MS identification revealed that 36 proteins were differen-
tially expressed during trypsinization (Figure 2 and Addi-
tional file 1). Most of these identified proteins are located
in the cytoplasm (39%), mitochondria (25%) and the
plasma membrane (22%), and these proteins are found to
be involved in growth regulation (23%), metabolism
(11%) and vascular transportation (11%).

Validation of identified proteins by immunoblotting
Immunoblot analysis was carried out to confirm the
expression levels of the following differentially expressed
proteins (tropomyosin alpha-1, HSP-60, SCaMC-1,
VDAC2, VDAC1 and CD63) observed in 2D-DIGE (Fig-
ure 3). The immunoblotting validation indicated that tro-
pomyosin alpha-1 and HSP-60 decreased at 0 hr of
trypsinization, but were restored after 24 hr. This result
was consistent with the proteomic analysis. Protein
expression levels of SCaMC-1 and CD63 were down-reg-
ulated and up-regulated, respectively at hour 8 after
trypsinization, and their expression levels did not return
to the control levels even after 24 hr. In another observa-
tion, both VDAC1 and VDAC2 were up-regulated at the
time of trypsinization and recovered to basal level at
around 24 hr and 8 hr, respectively, which were both con-
sistent with the 2D-DIGE results.

Detection of trypsin-induced differential protein
expression in cervical cancer cells

It is interesting and important to know whether trypsine-
induced protein alterations in MCF-7 cells are reproduc-
ible in other cell types. Accordingly, cervical adenocarci-
noma Hela cells were used to examine protein expression
changes by trypsinization (Figure 4). Immunoblotting
analysis indicated that tropomyosin alpha-1 was slightly
decreased at 0 hr and 8 hr of trypsinization and was
slightly restored after 24 hr. In contrast, HSP-60 signifi-
cantly decreased at 0 hr of trypsinization and was com-
pletely restored after 24 hr. This result is consistent with
the proteomic analysis found in MCEF-7 cells. Protein
expression level of SCaMC-1 was down-regulated soon
after trypsinization, and the expression level did not
return to the control level even after 24 hr. This implies
SCaMC-1 may need a longer period of time for recovery
and the result is highly consistent with the proteomic
analysis found in MCF-7 cells. Furthermore, VDAC2 and
CD63 were up-regulated at the time soon after trypsini-
zation and at 24 hr, respectively; which is also consistent
with the previous results found in MCEF-7 cells. In con-
trast to an instantly up-regulated VDAC1 level was
shown in MCF-7 cells, a significantly enhanced VDAC1
level in Hela cells starting from 8 hr. In summary,
trypsinization-induced protein alterations in MCF-7 cells
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Figure 3 Representative immunoblotting analysis for selected differentially expressed proteins during trypsinization. The levels of identi-
fied proteins (A) tropomyosin alpha-1, (B) HSP-60, (C) SCaMC-1, (D) VDAC?2, (E) VDACT1, and (F) CD63 in MCF-7 cells were analyzed by immunoblotting
(left top panels), protein expression map from 2D-DIGE (left middle panels), three-dimensional spot images (left bottom panels) and relative quanti-
fication of western blotting and 2D-DIGE data for each target protein (right panels).
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Figure 4 Expression level analysis of tropomyosin alpha-1, HSP-
60, SCaMC-1, VDAC1, VDAC2 and CD63 during trypsinization in
Hela cells.
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are highly correlated to Hela cells except for Tropomyo-
sin alpha-1 and VDACI.

Functional expression profiles of the identified
differentially expressed proteins

With the basis of a Swiss-Prot search and KEGG pathway
analysis, numerous potential biological functions of the
identified proteins in MCEF-7 cells which were treated
with trypsin and then recovered for 0 hr, 8 hr or 24 hr or
left untreated were determined. Proteins known to regu-
late cell metabolism, growth regulation, mitochondrial
electron transportion and cell adhesion were found to be
down-regulated in trypsinized MCF-7 cells even after a
24-hr recovery in fresh medium (Figure 5A, B, C and 5E).
In contrast, proteins known to regulate cell apoptosis
were shown to be up-regulated in trypsinized MCE-7
cells after a 24-hr recovery (Figure 5D). These proteomic
results indicated that trypsinization might decrease
growth- and metabolism-related protein expression lev-
els and slightly increase apoptosis-related proteins. To
further examine this observation, trypsin-induced cell
signals in cell survival, apoptosis and cell cycle regulation
were verified by immunoblotting. The result showed the
cell survival marker, Bcl-2, was down-regulated; on the
other hand, the cell apoptotic marker, p53, and cell cycle
inhibitor, p21, were both up-regulated during trypsiniza-
tion (Figure 6).

Discussion

Differential protein expression in adhesive cell subculture
with trypsin has not been discussed thoroughly in previ-
ous studies. However, due to the proteolytic activity of
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trypsin, membrane proteins of the cell might be damaged
which results in cellular dysfunctions. Hence, a CyDye
labeling 2D-DIGE technique, along with MALDI-TOF
MS identification, was performed in this study, and 36
proteins revealed a significant expression change due to
trypsinization. Moreover, the proteomic results demon-
strated that trypsinization down-regulated growth- and
metabolism-related protein expressions and up-regulated
apoptosis-related protein expressions. These findings
implied that trypsin used for cell subculture had a
remarkable adverse effect on cell physiology. Notably,
some of these trypsin-induced differentially expressed
proteins were reversible while a portion of these proteins
remains dysregulated even after a 24-hr recovery in fresh
medium.

Proteomic analysis of the trypsin-induced differentially
expressed proteins in MCF-7 indicated that numerous
differentially expressed proteins are involved in the chap-
eron functions (HSP-60, HSP-90 beta, Protein disulfide-
isomerase A3) implying trypsinization might induce a
stress response on culture cells. These chaperon proteins
have been reported to be cell surface located [14-16] and
cell surface located chaperons also play crucial roles in
mediating integrin activations in breast cancer cells [17].
In addition, one of the most important findings in this
study is that trypsinization decreases the growth- and
metabolism-related protein expression levels and
increases the apoptosis-related protein expression levels.
This observation is not only confirmed by the immunob-
lotting result (Figure 6), but also verified by MALDI-TOF,
which indicate that trypsinization decreases the expres-
sion levels of proteins involved in DNA replication (Pro-
liferating cell nuclear antigen and RuvB-like 1), RNA
splicing (Heterogeneous nuclear ribonucleoprotein Al
and Heterogeneous nuclear ribonucleoproteins A2/B1)
and mitochondria metabolism (3-hydroxyacyl-CoA
dehydrogenase type-2, ATP synthase subunit beta, Cal-
cium-binding mitochondrial carrier protein SCaMC-1,
Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase, Glutamate
dehydrogenase 1 and NADH dehydrogenase). In con-
trast, trypsinization promotes the overexpression of volt-
age-dependent anion-selective channel protein 1 and
voltage-dependent anion-selective channel protein 2.
These proteins play essential roles in the increase of
mitochondrial membrane permeability and lead to cell
apoptosis [18] (Figure 5 and Additional file 1). Impor-
tantly, it is essential to know whether the trypsinization-
induced protein alterations in MCF-7 cells are commonly
recognized in other cell types. Therefore, the other cell
line, Hela cell was used for further investigation and the
results showed that trypsinization-induced protein alter-
ations in MCF-7 cells are mostly comparable in Hela cells.

In conclusion, 2D-DIGE based proteomics analysis
serves as a useful tool to monitor trypsin-induced cell
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Figure 5 Expression profiles for proteins potentially contributing to (A) metabolism (B) growth regulation (C) electron transportation (D)
apoptosis (E) cell adhesion in comparing MCF-7 cells treated with 0.05% trypsin for 10 min followed by recovery for 0 hr, 8 hr and 24 hr or
left untreated. The horizontal bars represent fold change in protein expression and the vertical axis indicates the identified proteins. Additional details
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Figure 6 Comparison of trypsin-induced cell signaling in cell sur-
vival, apoptosis and cell cycle regulation. Activation of survival,
apoptosis and cell cycle inhibition signalling pathways were analyzed
by immunoblotting with anti-Bcl2, anti-p53 and anti-p21 antibodies,
respectively.

proteome alterations in this study. Trypsinization has
shown to down-regulate growth- and metabolism-related
protein expression and up-regulate apoptosis-related
protein expression. This study helps researchers who
work in the cell signaling and cell biology fields to care-
fully examine the impact of trypsin in carrying out their
experimental design.

Additional material

Additional file 1 Alphabetical list of trypsin digestion-induced differ-
entially expressed proteins identified by MALDI-TOF peptide mass fin-
gerprinting after 2D-DIGE analysis. 2not analyzed; bsubcellular location
and functional classification of identified proteins were referred to the Uni-
prot website http://www.uniprot.org/.
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