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Summary: An important component of nephrology research is the discovery of novel pro-
teins that control cellular and molecular events that contribute to normal kidney cell biology
and disease. Identifying perturbation of normal cellular protein expression and interactions
within signaling networks is critical for understanding these regulatory events. Methods that
couple 2-dimensional capillary liquid chromatography and tandem mass spectrometry (2D-
LC-MS/MS) analysis have greatly facilitated this discovery science. Coupling 2D-LC-MS/MS
analysis with automated genome-assisted spectra interpretation allows a direct, high-
throughput, and high-sensitivity identification of hundreds to thousands of individual
proteins from targeted complex biological samples. The systematic qualitative and quan-
titative comparison of experimental/disease conditions and appropriate controls allow
protein function or disease states to be modeled. This review discusses the different
purification and quantitative strategies that have been developed and used in combination
with 2D-LC-MS/MS and computational analysis to define regulatory events in kidney

biology and disease.
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n important goal of nephrology research

is the discovery of novel molecular tar-

gets for the effective diagnosis and treat-
ment of kidney disease. Proteomic research is
playing an increasingly important role in this
discovery process. Advances in mass spec-
trometry-based proteomic technologies have
lead to the high-throughput identification of
proteins that control critical molecular and
cellular functions.!? These discoveries have
been greatly facilitated by an approach that
combines 2-dimensional capillary-scale liquid
chromatography (2D-LC) peptide separation
with tandem mass spectrometry (MS/MS).24
This 2D-LC-MS/MS methodology allows for a
direct, unbiased, and high-sensitivity identifica-
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tion of hundreds to thousands of individual pro-
teins from virtually any type of biomedical sam-
ple>> and thus has become a preferred method
in proteomics. The workflow for this approach
is shown in Figure 1. Selectively purified or
enriched protein mixtures are enzyme digested
directly in solution and the resulting peptides
are then fractionated by 2D-LC and eluted di-
rectly into the mass spectrometer for MS/MS or
peptide fragmentation analysis. Proteins are
then identified using genome-assisted computa-
tional analysis of the acquired spectral data.®”
Different informatic platforms have been de-
signed to assist functional predictions from these
large protein datasets.?

Because these studies are at the front end of
the discovery process, the validity of protein
identifications and their relevance to the biolog-
ical question is still paramount. A key compo-
nent in acquiring this type of high-validity data
is the development of computational algo-
rithms that statistically measure the probability
of proteins identified from the mass spectral
data.”!° Rigorous computational algorithms and
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Figure 1. 2D-LC-MS/MS analysis of complex biological
samples. Selectively purified or enriched protein mix-
tures are digested with a proteolytic enzyme of choice
directly in solution. Digestions with trypsin or dual di-
gestions with trypsin/chymotrypsin or trypsin/Lys-C typ-
ically are performed. To achieve a high level of separation
and sensitivity, the resulting peptides are fractionated us-
ing 2D capillary-scale liquid chromatography. The most
commonly used chemistries are strong cation exchange
for the first dimension and reversed-phase for the sec-
ond dimension. As the peptides elute into the mass
spectrometer they are ionized and selected for MS/MS
analysis. This generates spectra of ions resulting from a
series of collision-induced peptide bond fragmenta-
tions. High-probability peptide and protein assign-
ment is accomplished using computational algorithm-
assisted database correlations (SequestSorcerer, http://
www.sagenresearch.com/products.html) and filtering
(ProteinProphet, http://tools.proteomecenter.org/software.
php). These lists of proteins are submitted to bioinformatic
platforms (Ingenuity Systems, http://www.ingenuity.
com or DAVID Bioinformatics Database, http://david.
abcc.ncifcrf.gov/content.jsp?file=about_us.html) to as-
sist predictions of regulatory models.
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statistical methodology allows for the reduction
of false-positive rates and, therefore, improved
identifications. Further, central to defining a
protein’s contribution to specific cellular and
disease processes is the ability to accurately
assess the relative quantity of individual pro-
teins in the targeted biological samples. Differ-
ent strategies for quantitative assessment of
protein abundance from mass spectrometry
data have been developed and tested for quan-
titative profiling of a variety of complex biolog-
ical samples.!''!> In addition, computational
programs for the statistical comparison of mul-
tiple experimental/disease samples and con-
trols are being developed.®?1%17 This will allow
modeling of proteomics data to identify poten-
tial targets for molecular intervention for spe-
cific diseases. This article describes different
types of sample purification strategies and gen-
eral components of the 2D-LC-MS/MS approach
and then discusses how these methodologies

are being applied to the discovery of proteins
that regulate critical cellular processes in kid-
ney biology and disease.

DEFINING COMPONENTS OF
SELECTIVELY ISOLATED PROTEIN
COMPLEXES WITH 2D-LC-MS/MS ANALYSIS

Key to defining molecular events that regulate
critical cellular functions is the elucidation of
protein networks. The basic reason for defining
protein networks is that identification of pro-
teins that co-purify with a particular target pro-
tein or complex will help define events that
regulate a known biological process of the tar-
geted proteins or cellular system. For example,
targeted purification of a transcription activa-
tor/repressor with known involvement in renal
fibrosis may lead to a better understanding of
the disease mechanism. Another more global
example is characterization of plasma mem-
brane proteins in podocytes. The systematic
purification of targeted protein complexes cou-
pled with mass spectrometric identification has
allowed regulatory protein maps of different
cell types or signaling pathways to be con-
structed.!'®2> These maps have greatly aided in
our understanding of the function and regula-
tion of proteins in the cell. This section of the
article describes some of the strategies that
have been developed and applied for the puri-
fication and enrichment of targeted protein
complexes from cell lines and tissues (Fig. 2).

Native protein immunoaffinity purification
and epitope/fusion-tag purification are 2 gen-
eral types of approaches used for affinity puri-
fication of targeted proteins.?’ The immunoaf-
finity purification method uses antibodies to
native targets, enabling one to universally iso-
late protein complexes from cellular extracts,
eliminating issues associated with genetic
overexpression and extraneous fusion tag-me-
diated effects. This method is advantageous
especially in studies of tissue or primary cells,
where genetic manipulation is limited. How-
ever, all antibodies have some degree of
cross-reactivity to proteins other than the tar-
get protein, which results in false-positive
identifications. Thus, when feasible, high-af-
finity epitope tagging offers an effective alter-
native.
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Figure 2. Approaches used to purify targeted protein
complexes from cell or tissue extracts. These approaches
use affinity molecules coupled to a beaded matrix. This
allows for isolation of targeted protein complexes with
centrifugation or gravity flow chromatography. After the
initial protein recovery, the beads are washed to minimize
recovery and identification of nonspecific proteins. (A) This
approach uses polyclonal antibodies designed against a
specific target protein. (B) For this approach the target
protein is expressed with a fusion epitope tag attached to
its C- or N-terminus and recovered using an antibody
against the tag. (C) This method uses non-immune-based
affinity interactions, such as glutathione S-transferase/glu-
tathione or biotin/streptavidin. (D) This is a 2-step affinity-
purification approach. The target protein is expressed with
2 high-affinity tags (calmodulin binding peptide [cspr] and
a protein A sequence) attached to its C- or N-terminus. A
specific protease cleavage site is placed strategically be-
tween the 2 different affinity tags. This allows elution or
release of the targeted complex from the first affinity (im-
munoglobulin G [igc]) step. Then the complex is recovered
in a second step using a calmodulin matrix.

An innovation in epitope tagging that was
developed initially in yeast uses a tandem affin-
ity purification (TAP) methodology (Fig. 2D).'?
By using 2 different extremely high-affinity
epitope tags (protein A and calmodulin binding
sequences), nonspecific interactions are mini-
mized dramatically, allowing selective isolation
of relatively pure target complexes. The use of
universal affinity reagents and methodology
also eliminates the need for specialized re-
agents and optimization for different targets
and offers an effective comparative experi-
mental control for assessing target-specific in-
teractions. The TAP approach has been used
routinely in combination with 2D-LC-MS/MS
to discover novel protein-protein interac-
tions in selective protein complexes isolated
from model organisms, as well as mammalian
cells.3-18.22

An important facet of establishing an effec-
tive high-throughput means to characterize reg-
ulatory protein networks is that it provides an
expedient and systematic approach to elucidate
specific molecular mechanisms regulating the
structure and function of the targeted complex
(Fig. 3). A 2D-LC-MS/MS analysis is used to com-
pare the composition of the targeted com-
plexes isolated from cells or tissues from exper-
imental/disease conditions versus appropriate
controls. For example, a model for chronic kid-
ney disease could compare the changing com-
position of protein complexes resulting from
exposure of renal cells to different pro-inflam-
matory cytokines.?® An example of examining a
more direct molecular process is determining
the effects of deleting or mutating a compo-
nent(s) of the target complex.>?’ Quantitative
comparison of experimental/disease purifica-
tion with controls is facilitated using isotope-
labeling or labelfree approaches. These tech-
niques are discussed in greater detail in a later
section.
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(Stimuli, Inhibitors, Genetic Manipulation)
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Figure 3. Defining regulatory events in targeted pro-
tein samples with 2D-LC-MS/MS analysis. The composi-
tion of whole-tissue/cell-extract or purified protein com-
plexes is characterized using the 2D-LC-MS/MS approach
described in Figure 1. Targeted protein complexes are
purified from cell or tissue extracts using the different ap-
proaches described in Figure 2. Quantitative differences
between experimental/disease conditions and controls
are determined using isotope labeling (metabolic or
chemical tags) or label-free approaches.
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COMPUTATIONAL
INTERPRETATION OF 2D-LC-MS/MS DATA

The earlier sections focused on how different
types of biological samples are prepared for
2D-LC-MS/MS analysis. This section discusses
the different informatic platforms that are re-
quired for interpreting the data acquired from
2D-LC-MS/MS experiments. Informatics is re-
quired to convert the mass spectral information
into the identity of proteins in the biological
sample and comparison of experimental/dis-
ease conditions versus controls. Informatics is
used to map the mass spectral data to a peptide
sequence that can be compiled into the identity
of the proteins in the sample and for systematic
comparison of experimental/disease conditions
versus controls. A number of efforts are under-
way to develop and optimize informatics, start-
ing with the software of the mass spectrometry
instruments, analyzing the acquired spectra,
and comparing the results of multiple experi-
ments to generate models of protein function,
protein structure, and disease predictions. For
protein identification, the amino acid sequences
from acquired MS/MS spectra are inferred by
comparing the theoretical properties of peptides
derived from translated genome sequences to the
experimental mass spectrometry data (Fig. 1).
Multiple computer algorithms have been devel-
oped that process the unedited MS/MS data into
lists of peptide sequences that statistically corre-
late with the raw mass spectrometry data. The
most commonly used algorithms are SEQUEST
(Thermo Fisher Scientific, Waltham, MA), MAS-
COT (Matrix Science, Boston, MA), and X!Tan-
dem (www.thegpm.org/tandem).?®3?>  These
search algorithms mathematically compare the
experimental fragmentation ion (MS/MS) data
with the predicted fragmentation ions of the pep-
tide sequences to generate scoring metrics de-
scribing the fit of the experimental and theoreti-
cal data. By using different statistical approaches,
the algorithm incorporates the scoring metrics to
allow for ranking of the peptide sequences with
the experimental MS/MS spectrum.

Most of the search algorithms attempt to
re-assemble the identified peptide sequences
into a list of proteins. Typically, the output of
peptide sequences and scoring metrics is fil-
tered, sorted, and organized into a list of the

proteins that describe the initial protein com-
position.217:31.3336 Typically, a threshold value
is set on scoring output from the protein data-
base search results. Only peptides with scores
above a user-defined threshold are allowed to
pass through a filter into the final list of protein
identifications. A biologist or clinician analyzing
the 2D-LC-MS/MS results then must sift through
these large numbers of protein identifications
to evaluate their validity and biological signifi-
cance. Needless to say, this is a very time-con-
suming process that tends to be very subjective.
The final outcome typically is biased by the inves-
tigator’s interpretation of the results. In the past
few years, multiple statistical approaches, in-
cluding linear discriminate analysis and machine
learning algorithms, have been proposed for val-
idating protein identifications from MS/MS re-
sults 810163739 Comparative analysis across multi-
ple experimental and control experiments is also
essential for developing disease and biological
models. Manual comparison of results containing
hundreds to thousands of proteins is a daunting
task. Thus, software applications have been devel-
oped for automated comparison of data from mul-
tiple 2D-LC-MS/MS experiments.”!”

QUANTITATIVE ANALYSIS OF PROTEINS
FROM 2D-LC-MS/MS EXPERIMENTS

The effective assessment of a protein’s contri-
bution to a given cellular event or disease pro-
cess requires that the relative abundance of
proteins be determined accurately for quantita-
tive comparison analysis of experimental/dis-
ease samples versus appropriate controls. Al-
though 2D-LC-MS/MS identification of proteins
from complex biological samples is becoming
routine, the quantitative measurement of the
components in these complex mixtures is more
difficult to achieve. Quantitative mass spec-
trometry- based proteomics traditionally has re-
lied on stable isotope labeling. Isotope labels
are incorporated into proteins such that 2 or
more sample states being compared are tagged
with different mass variants of the label. By
mixing the samples before mass spectrometry
analysis, an assessment of the different mass
ratio enables a pair-wise relative comparison of
protein abundance levels. Sample mixing also
eliminates the issue of experimental variability
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that is associated with sample preparation and
2D-LC-MS/MS analysis. Metabolic labeling of
cells before harvesting proteins and postisola-
tion chemical labeling of digested proteins are 2
stable-isotope approaches that have been devel-
oped and refined for quantitative 2D-LC-MS/MS
analysis.!1:40:41

Metabolic labeling offers an elegant method
for in situ quantitative analysis of proteins and
protein networks in cultured cells. The ele-
gance of this approach is that it allows compar-
ative assessment of protein abundance changes
in response to different disease-related or phys-
iologic conditions. A proven metabolic labeling
strategy involves introduction of stable iso-
tope-labeled amino acids in cell culture, where
proteins are tagged biosynthetically with stable
isotopes during protein synthesis.!! A number
of schemes have been developed to introduce
stable isotopes of hydrogen, carbon, nitrogen,
and oxygen into a variety of different essential
amino acids including arginine, tryptophan,
cysteine, aspartic/glutamic acid, and lysine. Ly-
sine or arginine often is the favorite choice for
2D-LC-MS/MS experiments because lysine- or ar-
ginine-terminated tryptic peptides presumably
will contain a single stable isotope label. These
reagents also are available commercially as differ-
ent mass variants, allowing quantitative compari-
son of different cellular states in a single experi-
ment. For example, examination of changes in
targeted protein complex composition in re-
sponse to activation or inhibition of a particular
cytokine signaling pathway.

One of the first chemical labeling techniques
used reagents called isotope-coded affinity tags
(CAT).'? ICAT reagents contain a reactive
group for conjugation to cysteine residues and
a biotin moiety for selective isolation of tagged
peptides using streptavidin beads. The original
ICAT reagents consisted of a heavy form that
contained 8 deuterium atoms, and a light form
that contained no deuterium. A later version of
the ICAT reagent used '3C as the heavy iso-
tope.*! One of the drawbacks or concerns with
using cysteine-targeted ICAT reagents is that
peptides that do not contain cysteine residues
will be missed in the analysis. To address this
limitation, reagents that label at the N-terminus of
all peptides have been developed. One of these

reagents, termed isobaric tags for relative and
absolute quantitation (iTRAQ), has become the
method of choice for chemical labeling.®® In ad-
dition to being amine-reactive, isobaric tags for
relative and absolute quantitation reagents use
fragmentation-tags of 4 different masses. This is
advantageous because it enables up to 4 different
sample conditions to be compared in one exper-
iment. For instance, 4 different progression stages
of a particular type of nephropathy can be mon-
itored in a single experiment.

Because of the complexity of sample pro-
cessing and the substantial costs associated
with using stable-isotope reagents, approaches
for quantifying proteins in complex biological
samples using 2D-LC-MS/MS without the use of
labels have been pursued.313:1420.39.42-44 Exper-
iments showing a linearity of MS ion intensity
or the number of spectral counts with peptide
or protein concentration provides the frame-
work for effective label-free quantitative analy-
sis of 2D-LC-MS/MS experiments.'>34 Two
groups recently used these methods for en-
richment-based assignment of proteins to spe-
cific subcellular compartments.?42> The utility
of these methods were supported by Western
blot and in situ imaging analysis and by consis-
tency with benchmark localization datasets. Our
group also has proposed a label-free method for
estimating protein abundance from 2D-LC-
MS/MS experiments using the spectral count
principle. This method estimates the relative
abundance of each identified protein by nor-
malizing the number of spectral counts match-
ing to the protein by its predicted molecular
weight. We call this value a protein abundance
factor. These data interpretation are facilitated
using a web-based informatic system named
BIGCAT (http://plato.kdp.louisville.edu/BIGCAT/
index.php).? This labelfree approach has been
highly successful in the development of statistical
models based on large sets of 2D-LC-MS/MS ex-
perimental data.!,320:45

APPLICATION OF 2D-LC-MS/MS
ANALYSIS TO DEFINING REGULATORY
EVENTS IN KIDNEY BIOLOGY AND DISEASE

The previous sections described some general
background information pertaining to the use
of 2D-LC-MS/MS analysis in defining regulatory
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protein networks. Here we discuss some spe-
cific kidney-related applications of these meth-
odologies.

Identification of Regulatory Signaling
Events in Cultured Renal Cells

A key feature of this technology is that it allows an
unbiased assessment of interactions within perti-
nent signaling networks and changes that are me-
diated by disease-related stimuli or pharmacologic
inhibitors. Renal fibrosis is the final common
manifestation of a wide variety of chronic kid-
ney diseases (CKDs). This process is character-
ized by both glomerulosclerosis and tubulointer-
stitial fibrosis, which results from improper
regulation of the body’s wound-healing system.
Thus, identifying protein-protein interactions
that are mediated by proinflammatory cytokines
(ie, tumor necrosis factor [TNF-«]) or other
related stimuli in glomerular and tubular cells
will help define mechanisms regulating this
central disease process. Bouwmeester et al'®
used the TAP-2D-LC-MS/MS approach for exten-
sive characterization of the TNF-a/nuclear fac-
tor kB (NF-kB) signaling networks. TAP was
used to purify 32 previously characterized com-
ponents of the TNF-a/NF-«B transduction path-
way in HEK293 cells. Comparing replicate ex-
perimental TAPs with non-TNF-a signaling-
related TAP experiments, they identified 131
high-confidence interactors, of which 80 were
previously unknown interactors. Of these 80
candidates, 28 were selected for functional val-
idation studies using a combination of small
interfering (si)RNA knock-down and NF-kB
transcription activity analysis. Ten of these can-
didates reproducibly regulated NF-«B activity.
These findings suggest that the TAP approach
offers a substantial level of identification sensi-
tivity and functional specificity. Although this
report shows the utility of the approach for
characterizing targeted signaling complexes,
the challenge has been effective quantitative
assessment and comparison such that modula-
tions mediated by altered cellular conditions
can be determined. A recent study described a
unique quantitative strategy for comparative
analysis of LC-MS/MS results.>> The previously
described ion intensity-based label-free method
was used to assess the effects of pharmacologic

phosphoinositide-3 kinase (PI3K) inhibition
(Ly294002) on protein interactions with the
forkhead transcription factor Fox03A in
HEK293 cells. This is a well-characterized net-
work that was selected to show the validity and
performance of the technology. Nonetheless,
this signaling cascade is a key regulator of trans-
forming growth factor (TGF-B) expression, a
prominent mediator of fibrosis in a number of
types of CKD.4>48 The primary challenge of this
type of analysis is differentiating specific changes
apart from those resulting from normal experi-
mental variably. To account for this, samples
from PI3K inhibition and controls were mixed
at increasing ratio increments (LY/control: 0%,
20%, 80%, and 100%) before LC-MS/MS analysis.
Thus, proteins with abundance changes that
were commensurate with this ratio were inter-
preted to be PI3K-mediated changes. These
PI3K-altered interactions were validated using
immunofluorescence colocalization experiments.
The utility of this approach also was indicated by
identification of previously characterized PI3K-
mediated events. Although these studies were
performed with HEK293 cells and 2 distinct
protein complexes, these methods should be
applicable to any transfectable renal cell line
and other signaling complexes of interest.

Assessment of Protein Expression
Profiles in Selective Cellular
Components of the Kidney

Another important application of LC-MS/MS
analysis is the identification of selectively en-
riched subsets of cellular proteins from animal
tissue (reviewed by Andersen and Mann®).
These studies provide valuable insight into in
vivo protein function and regulation. One such
recent report used centrifuge-based isolation
coupled with 2D-LC-MS/MS to characterize the
protein composition of 4 different subcellular
fractions (cytosol, membrane, mitochondria,
and nuclei) from a variety of mouse tissues
including kidney.?> Approximately 700 pro-
teins from each kidney fraction were identi-
fied. Cellular localization specificity was indi-
cated by protein abundance or enrichment as
determined by a spectral counting- based, la-
bel-free quantitative approach described in a
previous section. The validity of these assign-
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ments was indicated further by concordance
with benchmark datasets. A few of the un-
characterized assignments also were vali-
dated experimentally with immunofluores-
cence imaging. An annotated list of the
identified proteins can be viewed at http://
tap.med.utoronto.ca/~mts. Another study fo-
cused on the enrichment and identification of
integral and nonintegral membrane proteins
of rat renal collecting duct cells.>® By co-
valently labeling specific medullary prepara-
tions with biotin the investigators were able
to affinity-purify and differentially identify
proteins present in apical versus basolateral
collecting duct membranes. The purified pro-
teins were first separated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis, and di-
gested gel sections were applied to 1-dimensional
LC-coupled MS/MS analysis. This approach is used
commonly as an alternative to a 2-dimensional
LC-coupled MS/MS approach. However, the
2D-LC approach eliminates time-consuming, gel-
related sample preparation and, although not
compared extensively, presumably improves the
overall sensitivity of protein identification. Sev-
enteen integral and 44 nonintegral apical and
23 integral and 134 nonintegral basolateral
membrane proteins were identified in this
study. The localization of a few of the candi-
date proteins were confirmed using immuno-
fluorescence confocal microscopy. This list of
proteins was compiled with other previously
identified medullary collecting duct membrane
proteins and can be viewed at dir.nhibi.nih.
gov/papers/IKem/imp/index.htm. These ex-
tensive protein localization maps aid in our un-
derstanding of normal kidney biology and the
methodologies establish the framework for
identifying proteins that are regulated in animal
models of different kidney diseases.

Assessment of Protein Expression
Patterns in Kidney Disease and Relevant
Cellular Models

Identification of protein expression changes
that are mediated by kidney disease-related
stimuli in relevant in vitro cellular models
greatly improves our understanding of the dis-
ease process and aids in the discovery of novel
therapeutic targets. Progressive renal failure in

CKD is typified by an accumulation of acti-
vated fibroblasts (myofibroblasts) and subse-
quent myofibroblast-mediated deposition of
excessive extracellular matrix in the tubu-
lointerstitium.>!>2 The exact origin of these
myofibroblasts is not understood clearly, but
there is emerging evidence that suggests tubu-
lar epithelial cell transdifferentiation into myo-
fibroblasts (EMT) is a major contributor.>!5356
EMT is activated in animal models of renal fi-
brosis and in cell cultures by several profibrotic
factors including albumin, angiotensin II, fibro-
blast growth factor, and TGF-B.47:535559 Of
these, TGF-3 plays a central role in the renal
fibrosis associated with a number of CKDs.%®
Much of our understanding of the molecular
mechanism in EMT comes from studies defining
mediators of EMT in tumor metastasis.>® One
such study used matrix-assisted laser desorption
ionization-time-of-flight-assisted 2D-LC-MS/MS
coupled with the iTRAQ stable isotope labeling
approach to define proteins that were ex-
pressed differentially during TGF-B-induced
EMT in human lung tumor cells.?® A total of 51
differentially expressed proteins (29 up-regu-
lated and 22 down-regulated) were identified. A
majority of the proteins up-regulated by TGF-
activity regulate cell migration, adhesion, and
invasion, suggesting an invasive phenotype and
indicating the utility of this approach. However,
most of these proteins typically are expressed at
relatively high abundance and although pheno-
typic EMT changes were detected by immuno-
blotting, none of these or other typical EMT mark-
ers were identified. This suggests sensitivity
limitation of this approach. Arguably, electros-
pray-based linear ion traps are the most sensitive
of the currently available mass spectrometers.
However, the iTRAQ reagents were designed
exclusively for use with Applied Biosystems
time-of-flight- based mass spectrometers. Al-
though attempts have been made to develop
strategies to allow use of iTRAQ with ion trap
instruments, these methods have not been ap-
plied routinely.

Identification of Novel Regulators of
Diabetic Nephropathy

Our laboratory is using ion trap-assisted 2D-LC-
MS/MS and spectral counting-based label-free
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methods to identify global protein expression
changes in whole renal tubular extracts from
6-month-old OVE26 type 1 diabetic and control
mice. This diabetic mouse model and this time
point was selected because at this age these
animals display features of late-stage human di-
abetic nephropathy, including albuminuria and
TIF.%0 Overall, we have identified over 14,000
different proteins with just 10 wg of tubular
protein from replicate diabetic and control MS
experiments. This has allowed us to begin map-
ping the renal tubular proteome (Cummins et
al, unpublished data). Thus far, we have identi-
fied 477 significantly differentially expressed

(P < .05) proteins in the diabetic tubular cells
as compared to controls. Using Ingenuity Path-
ways analysis (www.ingenuity.com), histo-
grams were generated to illustrate functional
information for this subset of differentially reg-
ulated proteins (Fig. 4). Interestingly, there ap-
pears to be a functional trend in that many of
these diabetes-regulated proteins are involved
in glucose metabolism and energetics. It is bio-
logically plausible that in the high-glucose envi-
ronment of diabetes that these types of molec-
ular processes would be regulated in this
manner. We also observed differences for pro-
teins with substantial biological relevance, but
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Figure 4. Histogram showing functional distribution of a subset of differentially expressed proteins in OVE26 diabetic
mouse renal tubular cells. Replicate 2D-LC-MS/MS analyses were performed on renal tubular extracts from OVE26
diabetic and control mice. Protein abundances were determined using a previously described spectral counting-based
approach.? Data filtering and quantitative comparative analysis was performed using an in-house web-based program.®
The histogram shows groups of proteins that were significantly (P < .05) differentially expressed proteins in diabetic
versus control samples. Each bar represents the functional group that maps back to the dataset and how well the data
match that functional group with a significance threshold of P < .05. The top 14 functional groups are listed. (A)
Functional categories for proteins increased and (B) decreased in diabetic extracts.
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these had P values greater than .05. Many of
these regulated proteins are EMT and fibrosis
related proteins (Powell et al, unpublished
data). Another diabetes-induced protein of par-
ticular interest was albumin. This may be be-
cause these diabetic animals display profound
albuminuria starting at about 3 months of age.*®°
In concordance with our MS results, immuno-
histochemistry showed enhanced albumin ex-
pression in the cortical tubules of diabetic mice
(data not shown in lieu of Cummins et al, un-
published data). We propose that these biolog-
ically relevant findings indicate the utility of this
method for unbiased discovery of novel regula-
tory events in kidney disease and that selective
analysis of different components of the nephron
will help define site-specific regulation.
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