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Proteins play crucial roles in almost every biologi-
cal process. The proteome is an entire composition of 
proteins expressed by a genome. The genome of an 
organism is more or less constant, whereas the pro-
teome is highly dynamic. The expression and quantity 
of proteins varies between different types of cells in 
the same organism and also in the same type of cells, 
depending on type of stimuli and environmental fac-
tors (21). Proteomics uses a rapidly evolving group 
of technologies to identify, quantify, and character-
ize the entire set of proteins, including all changes in 
the quantities and post-translational modifications of 
all proteins in the cells (10, 20). The most common 
means of proteomic analysis uses high-resolution 
two-dimensional electrophoresis (2-DE), peptide mass 
fingerprinting (PMF) and bioinformatics to identify 
proteins in a high-throughput mode (1). Determination 
of protein content in tissues, body fluids and animal 
organisms as well as analysis of its changes in different 
physiological and pathological conditions are of great 
importance in terms of husbandry and manufacturing 
industry (10). Proteomics can also be a potent tool in 
veterinary medicine and may provide insight into the 
mechanisms of diseases, evolution research, biologi-
cal diversity and physiological adaptation of fish (31).

African catfish (Clarias gariepinus) occupy a large 
area in aquaculture in Africa. Recently, the fish has 
been farmed in Europe and southern Asia for its great 
economic interest: high growth-rate, omnivorous feed-
ing habit, resistance to environmental stress and low 
susceptibility to diseases (24). In this study proteomic 
analysis of the kidney tissue of Clarias gariepinus was 
aimed at the detection of protein patterns, specific for 
a physiological organism condition. Application of 
proteomic analysis may be useful in the better under-
standing of the kidney function, as makes it possible to 
identify and determine functions of proteins that affect 
kidneys and are involved in their activity.

Material and methods
Fish. Five healthy 8-month-old male African catfish 

(Clarias gariepinus), derived from private plants were 
used in this study. The fish were kept in an artificial breed-
ing pool in rain water at 24-27°C without access to light 
throughout the whole experiment. The pool was equipped 
in a special system for water treatment with a closed cycle. 
During the first two weeks of life, alevins were fed crus-
tacean larvae (Artemia salina) every two hours at 10% of 
the body weight. From the third week of life, the fish were 
fed a balanced feed based on high quality nutrient elements 
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– CatCo CRUMBLE Excellent (Coppens International) 
every two hours. β glucans, an immunostabilizer was also 
added to the feed. From the second month until the end of 
the experimental period, the fish were fed CatCo SELECT- 
-13 EF twice a day, at 1% of the body weight. In order to 
improve the assimilability of the feed, the addition of high 
quality hematogenous products were applied. The use and 
handling of the animals in this experiment was approved by 
the Local Ethical Committee (no. 11/2012 of 23.05.2012).

Preparation of protein extracts. Fish were anaesthe-
tized using an overdose of benzocaine (Sigma) prior to dis-
section. Kidneys were collected and stored at –80°C until 
further processing. The first step was tissue homogenization. 
Tissues were washed with 0.65% NaCl and subsequently 
rinsed with chilled 20 mM Krebs-Hepes buffer (NaCl, KCl, 
CaCl2, MgSO4, K2HPO4, NaHCO3). Tissues were dried, 
placed in tubes and frozen in liquid nitrogen. Next, the 
samples were grounded to powder with steel beads in 2 ml 
tubes using mechanical homogenizer Tissue Lyser QIAGEN 
at a frequency of 21/s for 4 min. Lysis buffer (5 M urea, 
2 M thiourea, 4% CHAPS, 40 mM TRIS, 0.2% Biolyte, 
protease inhibitors) was added to each sample. After mixing, 
the material remained in the homogenizer at a frequency of 
20/s for 60 min. Subsequently, samples were centrifuged 
and placed in –80°C until further analysis.

Two-dimensional electrophoresis (2-DE). The samples 
were thawed, and subsequently 150 µl of supernatant were 
dissolved in 4 volumes of ice-cold acetone and placed at 
–20°C for 2 hours. After that time the samples were centri-
fuged at 14,000 × g at 0°C for 40 min. Obtained supernatant 
was removed, and the achieved protein pellet was dissolved 
in the lysis buffer (5 M urea, 2 M thiourea, 4% CHAPS, 
40 mM TRIS, 0.2% ampholytes, 2 mM TBP). The total pro-
tein concentration was determined by the modified Lowry 
method (Dc Protein Assay, Bio-Rad®). Samples containing 
1 mg of proteins were filled up with the rehydratation solu-
tion (9 M urea, 4% CHAPS, 100 ml DTT, 0.2% ampholytes) 
to the total volume of 350 µl and applied to 4-7, 11 cm L 
(linear) ReadyStripTM IPG Strips (Bio-Rad). Strips were first 
rehydrated with rehydratation buffer and samples passively 
(5 h, 0 V, 20°C) and then actively (12 h, 50 V, 20°C). The 
isoelectrofocusing (IEF) was run (Protean® IEF Cell, Bio-
Rad) in total 35 000 Vh. After isoelectrofocusing, strips 
were equilibrated at an ambient temperature in 0.5 M Tris 
pH 6.8, 6 M urea, 10% SDS, 99% glycerol (equilibration 
buffer) with 1% DTT for 15 min and next in an equili-
bration buffer with 2.5% iodoacetamide for 20 min. The 
second dimension (SDS-PAGE) was performed (Protean 
PlusTM Dodeca CellTM electrophoretic chamber, Bio-Rad) 
on 12% SDS polyacrylamide gels at 40 V for 2.5 hour and 
then at 60 V for 14 hours at 10°C. After 2-DE separation, 
gels were stained with colloidal Coomassie Brilliant Blue 
G-250 according to Pink et al. (19). In order to select spots 
from stained gels PDQuest 8.0 Advanced software was used. 
The following analyses were performed: spot background 
substraction, spot detection and matching. The parameters 
used for between gel comparisons were: the size of the 
faintest spot, the smallest spot, and the size of the largest 
spot. Normalization of each individual spot was performed 
using local regression model (LOESS).

MALDI-TOF MS. Protein spots were manually excised 
from gels, destained with buffer (25 mM 95% NH4HCO3 in 
5% v/v ACN), followed by two washes with buffer contain-
ing 25 mM NH4HCO3 in 50% v/v ACN. The excised gel 
pieces were subsequently dehydrated with 100% ACN and 
vacuum dried (Concentrator 5301, Eppendorf) for 10 min. 
Next, the samples were digested with trypsin (20 µl/spot 
of 12.5 µg/ml in 25 mM NH4HCO3; Sigma-Aldrich, St. 
Louis, MO) for 16 h at 37°C. In order to extract the obtained 
peptides, 10 µl 100% ACN was added to each sample. 
Next, peptide mixture was mixed with an equal volume 
of matrix solution (5 mg/ml CHCA, 0.1% v/v TFA, 50% 
v/v ACN), and loaded onto a MALDI-MSP AnchorChip. 
600/96 plate (Bruker Daltonics, Germany). Mass calibra-
tion was performed by using the mass scale Peptide mass 
standard II (Bruker Daltonics, Germany within mass range 
700-4000 Da) was used. Mass spectra were recorded in the 
positive-ion reflector mode with a Microflex MALDI TOF 
mass spectrometer (Bruker Daltonics, Germany) and reg-
istered by means of FlexControl software. Peptides mass 
fingerprinting (PMF) data were compared with fish and 
mammalian database (SWISS-PROT). Protein identification 
of peptide fragments was performed by using a MASCOT 
search engine. The applied search parameters were trypsin 
as a cleavage enzyme; carbamidomethylation of cystein as 
fixed modification; methionine oxidation as variable modi-
fication, mass tolerance of 150 ppm, a maximum of one 
missed cleavage site. Obtained results were subsequently 
confirmed by MASCOT score (only statistically relevant 
hits were applied) and sequence coverage. Predicted pI and 
molecular size were determined for each identified protein 
and compared with the pI and molecular size predicted from 
the location of the spot on the gel.

Results and discussion
Two-dimensional gel electrophoresis was performed 

to resolve the proteins extracted from 5 kidneys derived 
from African catfish. The gel images were acquired 
(GS-800™ Calibrated Densitometer, Bio-Rad) and 
analysed using PDQuest 8.0.1. software (Bio-Rad). 
The following analyses were performed: spot back-
ground subtraction, spot detection, spot matching and 
spot volume normalization. They made it possible to 
obtain representative 2-D images of kidney proteins 
for the examined group of fish. From the five gels, 
a representative gel of the specific protein pattern of 
the African catfish kidney was chosen, which is shown 
in Fig. 1. Spots were separated in a range of pH 4-7 
and stained with the colloidal Coomassie. From the 
detected proteins, 96 selected spots that were repro-
ducible on each 2-D gel were subsequently analyzed 
by mass spectrometry. By means of MASCOT search 
engine 12 spots (9 different proteins) were identified. 
Tab. 1 presents detailed information on the identified 
proteins. Identified proteins can be divided into the 
following functional classes: structural (actin and 
tubulin), involved in fat transport (fatty-acid binding 
protein), involved in cell cycle regulation (ubiquitin- 
protein ligase), responsible for cell metabolism (ATP 
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synthase, hypoxanthine-guanine phosphoribosyltrans-
ferase, enolase) and molecular chaperone (heat shock 
protein 70 kDa).

The sequence coverage of proteins obtained from 
the peptide mass matching in a program ranged 
between 18-70%. For protein spots presented on the 

2-D gel (Fig. 1) shifts between experimental 
and theoretical molecular masses were noted. 
Mass shifts between theoretical and estimated 
Mr values are due to post-translational modi-
fications (PTMs) for, e.g., phosphorylation, 
glycosylation and proteolytic cleavage. PTMs 
results in shift in the protein’s electrophoretic 
mobility. Moreover, since the identification 
was based on homologies with sequences from 
other fish species, differences in aminoacid 
composition may occur between identified 
homolog proteins and these observed in our 
experiment.

Unfortunately, a substantial number of pro-
teins remained unidentified. Several limitations 
of proteomic analysis in the present study 
need to be noted. Applied methods identified 
high-abundance proteins, whereas detection of 
low-abundance proteins was scarce. In order to 
identify low-abundance proteins more sensitive 
mass spectrometric techniques are required. 
The subsequent limitation was a scarce number 
of available protein sets for fish species in the 
available protein databases. Due to the lack 
of information on catfish protein sequences in 
the databases, the proteins were identified by 
matching peptide data to interspecies homol-
ogy (Tab. 1).

In the last decade, proteomic techniques 
have been increasingly used in fish biology 

research. Proteomics has emerged as a powerful tool 
for the investigation of physiology, developmental 
biology and impact of contaminants in fishes (7, 
31). The model organism zebrafish (Danio rerio) has 
been mainly employed as an experimental model for 
embryogenesis, organogenesis and general develop-

Tab. 1. Summary of the identified proteins by MALDI-TOF MS
Spot 
no. Protein name Accession no. 

(NCBI)
Theoretical  

Mr value (kDa)
Estimated  

Mr value (kDa)
Sequence 
Coverage Species

 1. Ubiquitin-protein ligase TRIM 38-like 
isoform X2

XP_005451727 20,2 65,0 32% Oreochromis niloticus

 2. ATP synthase subunit beta, 
mitoxhondrial-like

XP_003440908 55,2 49,7 49% Oreochromis niloticus

 3. Heat shock cognate 70 kDa, partial AGH24757 52,0 42,7 18% Thunnus maccoyii

 4. Skeletal muscle actin AHI42533 42,2 44,2 20% Campylomormyrus 
compressirostris

 5. Beta actin CAD60932 42,1 43,7 38% Dicentrarchus labrax

 6. Alpha-enolase-like isoform X1 XP_003444858 47,5 50,5 30% Oreochromis niloticus

 7. Alpha-enolase-like isoform 3 XP_003963164 42,6 49,3 36% Takifugu rubripes

 8. Beta actin, partial CAD60932 35,5 37,6 38% Thunnus maccoyii

 9. Tubulin alpha 1C chain like XP_004076822 28,2 39,5 30% Oryzias latipes

10. Hypoxanthine-guanine 
phosphoribosyltransferase

NP_001187366 24,9 27,9 37% Ictalurus punctatus

11. Unnamed protein product CAF91259 86,3 24,9 70% Tetraodon nigroviridis

12. Fatty-acid binding protein heart-like XP_006631365 14,8 11,7 37% Lepisosteus oculatus

Fig. 1. Representative 2-D gel of African catfish kidneys proteins. Two 
dimensional gel presents Coomassie stained plasma protein pattern  
(1.0 mg of proteins, 4-7 L IPG, 12% SDS-PAGE). Spot numbers cor-
respond to those in Tab. 1.
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ment in vertebrates (7, 15). Embryonic development 
is regulated by highly coordinated changes in the 
expression of large protein sets. Lucitt et al. (15) ana-
lyzed Danio rerio proteome during embryo maturation 
in order to create comprehensive profiles of proteins 
expressed at two stages of zebrafish development. 
Researchers isolated proteins from 72 and 120 h 
postfertilization (PF) embryos. Using large scale 
proteome analysis, the authors identified 1112 unique 
proteins at 72 hpf and 867 unique proteins at 120 hpf. 
These included proteins relevant for cell functions like 
proteins related to structure, cell cycle, intracellular 
transport, cell metabolism, proteins associated with 
organ systems such as the central nervous system, 
heart, and skeletal muscles. This study revealed the 
expression of previously uncharacterized proteins and 
detected developmentally regulated functional protein 
classes (15).

Groh et al. (8) analysed the proteomes of adult 
zebrafish gonads and identified the molecular pathways 
and processes shared between both gonads, and those 
showing sexual dimorphism. In fish, both genetic and 
environmental mechanisms are involved in sex deter-
mination. In zebrafish, the basic mechanisms control-
ling sex determination and differentiation still remain 
largely unknown. The authors employed proteomic 
tools to characterize the proteins present in the fully 
differentiated gonads of 3 adult fish, both male and 
female. Groh et al. (8) determined 2214 proteins in the 
testis and 1379 in the ovary, characterizing global pro-
tein profiles of mature Danio rerio gonads. This study 
determined the protein expression of several genes of 
potentially high importance for gonad development 
and function. Obtained proteomics data partially con-
firmed information on mRNA expression in Danio 
rerio gonads for several genes, including certain novel 
transcripts (8).

The kidney, as a substantial organ, has been widely 
examined in fish in order to obtain better insight into its 
structural and functional complexity. Saxena et al. (25) 
studied the proteome profile of the zebrafish kidney. 
The authors used two different high throughput 1-DE 
mapping techniques (nanoflow liquid chromatography 
mass spectrophotometer and microflow ESI liquid 
chromatography mass spectrophotometer) and a stan-
dard 2-DE approach. A total of 385 zebrafish kidney 
specific proteins were identified. Most of them were 
significantly associated with binding and catalytic 
activity functions and cytoskeleton remodeling. That 
study established the imperative relation of zebrafish 
kidney proteome and various biosynthetic, metabolic 
and catabolic processes (25).

Booth and Bilodeau-Bourgeois (2) compared pro-
teomic profiles of the channel catfish kidney from fami-
lies with high and low susceptibility to Edwardsiella 
ictaluri. Kidney samples were collected post exposure 
and analyzed by 2-D-gel electrophoresis coupled with 

peptide mass fingerprint (PMF) analysis by matrix 
assisted laser desorption/ionization and time of flight 
tandem mass spectrometry (MALDI-TOF-MS/MS). 
From a total of 56 spots, 6 proteins were identified. 
Four of these proteins were associated with macro-
phage function or cellular stress responses. Two other 
proteins were involved in cellular energy production 
and metabolism. That study was the first published 
attempt of proteomic profile analysis of channel cat-
fish using 2-D gel electrophoresis coupled with PMF 
MALDI-TOF-MSMS. Despite the limited results, it 
demonstrates this technique as a useful tool in pro-
teomic analysis of protein expression profiles in fish (2).

In the present study, 12 protein spots that correspond 
to 9 distinct gene products were successfully identified. 
The identified proteins belong to distinct functional 
groups and play different roles in cells. The first of the 
identified spots is actin, a highly conserved protein, 
one of the most abundant cytosolic proteins. As one 
of the main proteins of cytoskeletons, it is involved 
in the motility of various cell types and ubiquitously 
expressed in all eukaryotic cells. Cytoplasmic actins 
also play a pivotal role in intracellular transport, 
cell shape maintenance and influence morphologi-
cal changes during proliferation, differentiation and 
transformation (30). The second structural protein 
identified in this study is alpha-tubulin. Alpha-tubulin 
(α-tubulin) is one of three subclasses of the tubulin 
family. It is expressed by most organisms, with differ-
ent isoforms being synthesized in specific cell types 
(4). Together with beta-tubulin, tubulin alpha is the 
major constituent of microtubules. This protein exhibits 
significant heterogeneity, thus contributing to a variety 
of microtubule functions in cells, either through differ-
ential polymerization of the various tubulin subunits, 
or by diverse interactions with associated proteins. 
Microtubules play an important role in the intracellular 
transport, cytokinesis, maintenance of cell shape and 
migration (4, 28).

Fatty-acid binding proteins (FABPs) belong to 
a group of small (molecular mass ~15 kDa) intra-
cellular lipid-binding proteins (iLBPs). FABPs are 
expressed in numerous tissues like heart, skeletal 
muscle, kidney, brain and mammary gland. The main 
function of these proteins includes cellular uptake and 
transport of long-chain fatty acids and their acyl-CoA 
esters. Fatty acid substrates are accommodated in the 
central cavity of the β-barrel, which highly increases 
their solubility in the aqueous cytoplasm, thus facilitat-
ing their movement to target sites where they exert their 
biological action. FABPs also interact with other trans-
port proteins, as well as play a role in the regulation 
of gene transcription and cellular protection (13, 14).

Protein involved in the regulation of the cell cycle 
found in this study is ubiquitin-protein ligase. Ubiqui-
tin-protein ligase (E3) is a constituent of the ubiquitin- 
-proteasome system, which regulates a variety of cellu-
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lar and biological processes by controlling the stability 
of regulatory proteins (17). Protein ubiquitylation takes 
place in all eukaryotic cell types and consists of few 
steps (22). This series of enzymatic reactions leads to 
covalent addition of ubiquitin onto lysine residues of 
protein substrates, targeting their subsequent degrada-
tion and is catalyzed by three enzymes (E1, E2, E3) 
(17). E3 provides the specificity of the ubiquitylation 
by binding both the target substrate and the activated 
ubiquitin-E2 complex, and subsequently fulfills the 
transfer of ubiquitin to the target (5).

Within the group of proteins, involved in meta-
bolic pathways we identified ATP synthase, one of 
mitochondrial protein complexes that comprise the 
respiratory chain. It synthesizes ATP from ADP and 
inorganic phosphate in the mitochondrial matrix using 
the energy provided by the proton electrochemical 
gradient. Mitochondrial ATP production is an essential 
energy source for intracellular metabolic pathways 
(12, 18). Another protein included in the metabolic 
protein group is hypoxanthine-guanine phosphori-
bosyltransferase. Hypoxanthine-guanine phosphori-
bosyltransferase (HGPRT) is one of seven enzymes 
synthesized in eukaryotic organisms that belong to 
a group of functionally related enzymes called the 
phosphoribosyltransferases (29). HGPRT is a soluble 
cytoplasmic enzyme and it is constitutively expressed 
by most cell types. This enzyme is involved in the 
generation of purine nucleotides through the purine 
salvage pathway, providing for economical functioning 
in the purine metabolism. It catalyzes the conversion 
of the purine bases hypoxanthine and guanine into 
inosine monophosphate (IMP) and guanosine mono-
phosphate (GMP), respectively. As a cofactor of this 
reaction, HGPRT binds two magnesium ions per sub-
unit, which are essentially bound to the substrate and 
have few direct interactions with the protein (11, 29). 
The next protein involved in the metabolic processes 
is alpha-enolase. Enolases (ENOs) are highly con-
served cytoplasmic enzymes, composed of two from 
three immunologically distinct subunits- alpha, beta 
and gamma (homo- or heterodimers) (9, 27). ENOs 
are involved in glycolytic metabolism catalyzing the 
conversion of 2-phosphoglycerate into phosphoenol-
pyruvate, that generates ATP during glycolysis. The 
alpha-enolase (ENO1) is widely expressed in a variety 
of tissues. It is mainly localized in the cytoplasm but 
also can exist on the cell surface. This enzyme partici-
pates in several physiological processes depending on 
its cellular localization. In addition to function in gly-
colytic metabolism, ENO1 also acts as a stress protein 
in hypoxic situations. Its expression is up-regulated, 
which appears to provide protection to cells by increas-
ing anaerobic metabolism (6, 26).

Hsp70 belongs to a large and varied heat shock 
protein family, which is usually classified into main 
classes defined by a molecular weight. The 70 kDa 

group of proteins is the most abundant and the most 
highly conserved group of these molecular chaperones 
(3, 23). Hsp70 proteins play an important role for the 
maintenance of cellular homeostasis. These proteins 
take part in a variety of folding processes, including 
the folding and assembly of newly synthesized pro-
teins, refolding of misfolded and aggregated proteins, 
transport of organellar and secretory proteins across 
membranes, and control of the activity of regulatory 
proteins. Following stress, they fulfill protective func-
tions in the cell and thus prevent deleterious effects. 
Stress-induced accumulation of Hsp70s accelerates the 
cellular recovery by enhancing the ability of stressed 
cells to cope with increased levels of misfolded and 
denatured proteins. All of these actions are based on 
the property of Hsp70 to interact with hydrophobic 
peptide segments of other proteins with its substrate 
binding domain in an ATP-dependant manner (16, 23).

Our study is the first attempt to map global protein 
expressions of kidneys of healthy 8-month-old African 
catfish (Clarias gariepinus). Studies conducted on this 
species are sparse. The data gained in this study may 
provide a basis for further refinements in the proteomic 
analysis of fish, including African catfish. The creation 
of a reproducible 2-D map of kidney proteins, and 
maps of renal cortex and medulla separately in fur-
ther studies, will make it possible to obtain specific 
renal protein expression patterns of fish, as well as 
detect protein expression differences between these 
regions. Moreover, it can be useful in the linking of 
protein expression changes and their biological func-
tions. Proteomic approaches may also be a powerful 
tool for the detection of contaminants or pathogens 
and their impact in fish organisms. The final results 
of comprehensive proteomic analysis may be a better 
understanding of kidney physiology and pathology, as 
well as the identification of health and disease-related 
biomarkers. In our opinion, proteomic techniques, 
mainly 2-D PAGE and mass spectrometry, as sensible 
and precise tools, can be useful in profiling of kidney 
proteins in African catfish.
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