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Introduction
The raw materials of animal origin, as well as secondary 

products of their processing, contain a wide assortment 
of biologically active compounds with various purpose-
fulness and mechanisms of action. To prevent metabolic 
disorders related to age and diet, which are predictors of 
diabetes mellitus, obesity, dyslipidemia, and cardiovascu-
lar diseases [1], food products and dietary supplements 
are widely used [2]. A promising source of bioactive sub-
stances of animal origin is the pancreas gland (PG), which 
produces a huge amount of endocrine and exocrine com-
pounds and can serve as a source of hormones, enzymes 
and their precursors, structural, regulatory, secretory and 
receptor substances [3]. In particular, the medications like 
insulin, glucagon, trypsin, chymotrypsin, and pancreatin 
are produced from the pancreas gland [4,5].

The extraction of some individual valuable protein sub-
stances from the pancreas gland is pretty challenging, so 
new technological approaches are currently being sought. 
One of the promising directions of researches is membrane 
technologies, which is an effective option for the separa-
tion, fractionation and purification of biologically active 
compounds obtained from various animal tissues [6]. De-
pending on the purpose, various types of filtration pro-
cesses, various materials and polymers are used for pro-
ducing the membranes.

Ultrafiltration is a widely used method for proteins sep-
aration, fractionation and purification. However, the issues 
of adsorption, aggregation of protein molecules and their 
denaturation are the main challenges that can be faced dur-
ing the ultrafiltration of proteins in native form [7,8]. The 
simplest ways to prevent proteins aggregation and adsorp-
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tion during their ultrafiltration are dilution followed by 
diafiltration to maintain a constant pH and ionic strength 
[9,10] of the mixture exposed to separation. The selection 
of membrane material, optimal pore size and the rate of 
penetration of the protein solution through it also affect 
the optimization of the ultrafiltration process [11]. In ad-
dition, sugars and polyhydric alcohols, including glucose, 
sucrose, trehalose, lactose, glycerol, sorbitol, mannitol, xy-
litol, and inositol, are also widely used to prevent protein 
aggregation. It has been suggested that trehalose may sta-
bilize protein structure and may also prevent proteins from 
interacting with each other [12].

Also, the use of amino acids as anti-aggregating (anti-
clogging) agents is in demand in the food industry and the 
manufacture of dietary supplements. According to the re-
searchers, the pharmacological activity of a substance in-
creases after it is combined with an amino acid, and its solu-
bility in water also improves and cytotoxicity decreases [13]. 
Glycine, for example, stabilizes aggregated conformations 
of hydrophobic elastin-like polypeptides through the classi-
cal preferential depletion mechanism (traditional depletion 
mechanism) [14]. Glycine and proline have shown some 
ability to stabilize hemoglobin [15]. Experimental data dem-
onstrate that proline inhibits protein aggregation by bind-
ing to a folding intermediate product and converting it to an 
enzymatically inactive, “aggregation-insensitive” state [16].

The purpose of the work was to study the efficiency of 
technological approaches for the separation of protein-
peptide substances of pig pancreas glands extracted us-
ing extractants containing trehalose and a glycine-proline 
mixture.

Objects and methods
The object of the study was the pancreas glands of pigs, 

obtained from Pushkinsky Myasnoy Dvor LLC, Mos-
cow region, Pushkino town. Animal raw materials were 
trimmed of connective tissue, frozen at minus 18 °C, then 
crushed and frozen down to minus 40 °C until further ex-
traction. The crushed pancreas gland (PG) was thawed at 
a temperature of 4 °C and mixed with the extractant in a 
ratio of 1:5. Extraction was run in a laboratory dispersing 
unit LDU-3 MPR (Labotex, Russia) with a speed of steer-
ing at 400 rpm; extraction lasted 150 min at 4 °C.

To study the efficiency of technological approaches for 
the separation of protein-peptide compounds extracted 
from pancreas glands, a series of experiments were con-
ducted. In total of 3 extractions were carried out with the 
following extractants:
1) 0.9% sodium chloride solution (Gematek LLC, Russia);
2) 0.9% sodium chloride solution (Gematek LLC, Russia) 

with addition of 0.5 M trehalose (Narodnaya Zdrava, 
Russia) (0.9% NaCl-0.5 M trehalose);

3) 0.9% sodium chloride solution (Gematek LLC, Rus-
sia) with addition of 1% (mass fraction) glycine (Pan-
Reac AppliChem, Germany), 0.1 M L- proline (Sigma- 
 Aldrich, USA) (0.9% NaCl-1% Gly-0.1 M Pro).

Upon extraction process completion, the supernatant 
was separated by centrifugation for 5 minutes at a speed 
of 3500 rpm on a centrifuge CM-6M (ELMI, Latvia), af-
ter that it was filtered through a cotton-gauze filter to clear 
from suspended matter. Part of the extract was frozen at 
minus 40 °C in a freezer IW-401–262 Deep Freezer (Hai-
er, China) followed by its freeze-drying on a laboratory 
freeze-dryer LS-1000 (Prointeh-bio, Russia). Part of it was 
saved for further measuring of the protein concentration 
in the extract, for ultrafiltration and diafiltration. In each 
sample, the protein concentration was measured by a bi-
uret reaction on a semi-automatic biochemical analyzer 
Biochem SA (HTI, USA) with the help of the commercial 
Total Protein reagent (HTI, USA). The measurements were 
run in triplicate.

To determine the most effective approach to the separa-
tion of biologically active protein-peptide mixtures from 
pigs pancreatic tissues, the ultrafiltration and diafiltration 
of pancreatic extracts obtained using extractants 0.9% 
NaCl-0,5 М trehalose and 0.9% NaCl-1% Gly-0.1М Pro 
were conducted. Press-type ultrafiltration was run in the 
centrifugal ultrafilters Amicon Ultra-4 50 kDa (Millipore, 
Germany), the regenerated cellulose was used as the mate-
rial of the membrane. To run the diafiltration, the device 
Vivaflow 200 (Sartorius, Germany) was used, polyether 
sulfone was used as the membrane material, the pass-
through capacity amounted to 50 kDa. The resulting ul-
trafiltrates and diafiltrates were frozen at minus 40 °C in a 
freezer IW-401–262 Deep Freezer (Haier, China) followed 
by freeze drying LS-1000 (Prointeh-bio, Russia).

To purify the extracts, ultrafiltrates (UF) and diafiltrates 
(DF) obtained after extraction with 0.9% NaCl-0.5 M tre-
halose and 0.9% NaCl-1% Gly-0.1 M Pro, a dialysis method 
was used, in which method the gradient of concentration 
promoted the release of low molecular weight substances 
through the semi-permeable membrane. SnakeSkin Di-
alysis Tubing regenerated cellulose dialysis bags were used 
for dialysis (Thermo Fisher Scientific, USA) with a pass-
through capacity of 3.5 kDa and a diameter of 16 mm. 
The samples after dialysis were frozen at minus 40 °C in 
a   freezer IW-401–262 Deep Freezer (Haier, China) fol-
lowed by freeze drying in the device LS-1000 (Prointech-
bio, Russia).

Analysis of molecular weight distribution of the pro-
tein fractions in the freeze-dried samples of native pancreas 
glands, extracts before and after dialysis, UF and DF after 
dialysis was run by one-dimensional electrophoresis accord-
ing to Laemmli [17]. For preparation of the sample of freeze-
dried native pancreas gland, 2000 mcl of lysis solution was 
used (9 M urea (PanReac, Germany), 5% β- mercaptoethanol 
(PanReac, Germany), 2% Triton X-100 (Helicon, Russia), 2% 
ampholines pH 3–10 (Serva, Germany)). Freeze-dried sam-
ples of pancreatic extracts before and after dialysis, as well 
as UF- and DF-s after dialysis, were diluted in a minimum 
volume of distilled water, after which 100 mcl of the sample 
was mixed with 100 mcl of protein buffer (1 ml sodium do-
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decyl sulfate (SDS, Panreac, Spain) 10%, 250 µl  concentrated 
β- mercaptoethanol (PanReac, Germany), 625 µl Tris-HCl 
0.5 M (PanReac, Germany), 1.5 g urea (PanReac, Germany), 
bromophenol blue (Helicon, Russia) and heated in a boil-
ing water bath in the device Assistant  26026–1 (Karl Hecht, 
Germany) for 5 minutes. Next, the resulting homogenate 
solution was centrifuged at 14,000 rpm for 20 minutes on 
an Eppendorf 5427 R centrifuge (Eppendorf, Germany). To 
run one-dimensional electrophoresis, the “VE-10” chamber 
(Helicon, Russia) was used; it was filled with 12.5% poly-
acrylamide gel.

O’Farrell electrophoresis was performed using the 
Bio-Rad camera (Bio-Rad (USA)) with isoelectric focus-
ing (IEF) in glass tubes in the first direction and SDS-
PAGE in the second direction, as described by Matsumo-
to N. [18] with slight modifications [19]: IEF in the first 
direction was performed in 2.4 mm × 160 mm tubular 
gels until reaching 3,650 volt-hours. To run the two-di-
mensional electrophoresis, 100 mg of pancreatic diafil-
trate after dialysis was taken and mixed with 1000 mcl of 
distilled water. The mixture was stirred for 10 minutes at 
rate of 600 rpm using a MPS-1 vortex (BioSan, Latvia). 
The resulting homogenate was used in isoelectric focus-
ing. Sedimentation of the samples was also conducted in 
order to concentrate the proteins and purify them from 
the various contaminants. For this the samples of diafil-
trates were mixed with 10% TCA (PanReac, Spain) in a 
ratio of 1 to 1 and incubated for 15 hours at a temperature 
of +4–6 °C. After that the centrifugation was run at rate of 
10,000 rpm for 10 minutes at 4 °C on an centrifuge Eppen-
dorf 5427 R (Eppendorf, Germany). The supernatant was 
poured off, then the resulting precipitate was dissolved 
with lysis buffer (9 M urea (PanReac, Germany), 5%   
β-mercaptoethanol (PanReac, Germany), 2% Triton X-100 
(Helicon, Russia), 2% ampholines with pH 3–10 (Serva, 
Germany)). The obtained protein extracts were used for 
isoelectric focusing.

Marker composed of preparations –standards of mo-
lecular weights — was used as a standard solution. (Ther-
mo Scientific, USA). Protein staining was conducted in 
the solution of the following composition: 10% acetic acid 
(Component-Reaktiv; Russia), 25% isopropanol (PanReac, 
Germany), 0.05% coomassie G-250 (Helicon, Russia). To 
remove the unbound dye, 10% acetic acid (Component-
Reaktiv; Russia) was used. To increase resolution capacity, 
the additional staining was run with silver nitrate (PanRe-
ac, Germany) according to Blum’s method [20].

In order to run the computer densitometry, wet 
electropherograms were used. Their full digital images 
were obtained via the scanner Bio-5000 Plus (Serva, 
Germany) in 600 ppi mode for one-dimensional elec-
tropherograms, and 300 ppi for two-dimensional elec-
tropherograms, 2D-RGB and 1D-Gray. The resulting 2D 
electropherogram images were analyzed using the soft-
ware ImageMaster ™ 2D Platinum based on Melanie 8.0 
(GE Healthcare and Genebio, Switzerland).

To study the biological properties obtained by DF dur-
ing the in vitro experiments, pancreas gland fragments were 
obtained from male mice (n = 2) of the line С57Bl/6J (8–9 
weeks). Animals were euthanized in a euthanasia chamber 
(VetTech, UK) filled with carbon dioxide, then the abdom-
inal cavity was opened in sterile conditions, the pancreas 
gland was taken out, placed in a Petri dish and poured with 
a cold solution (4 °C) of phosphate-buffered saline (Service-
bio, China). Pancreatic tissues were washed from erythro-
cytes with phosphate-buffered saline, then thoroughly 
chopped with scissors and enzymatic disaggregation was 
run in a 0.1% solution of type I collagenase (Gibco, USA) 
at 37 °C, 20 min with constant gentle stirring (250 rpm) on 
a multifunctional device ImmunoСhem-2200 with a func-
tion of thermal shaker (HTI, USA). The resulting pancre-
atic cells were filtered through a sterile nylon filter with a 
pore diameter of 200–250 μm, then centrifuged at 150 g, 
3 minutes (Eppendorf, Germany). The supernatant was re-
moved, and the precipitated cells were flushed 3 times with 
phosphate-buffered saline. After 3 flushes with phosphate-
buffered saline, the isolated cells were incubated in Petri 
dishes (Thermo Scientific, USA) in DMEM/F12 culture 
medium (Servicebio, China) with the addition of L-gluta-
mine (PanEco, Russia), 10% fetal bovine serum (HyClone, 
USA), 1% penicillin-streptomycin (PanReac Applichem, 
Germany). Petri dishes were put in a CO2-incubator BC — 
J 160 (Boxun, China), at 37 °C, with 5% CO2.

After 72 hours, the culture medium was replaced with 
DMEM/F12 that contained the studied DF samples 0.9% 
NaCl-0.5 M trehalose and 0.9% NaCl-1% Gly-0.1 M Pro at 
the concentrations of 100 ng /ml, incubated at 37 °C, with 
5% CO 2 for 6 days long. As a control reference, a cell cul-
ture was used which was cultivated in a nutrient medium 
without the addition of the studied samples.

On day 9, cells were removed with 0.05% trypsin- EDTA 
(Sigma-Aldrich, Germany). To record the number and vi-
ability of cells, an automatic counter LUNA-FL (Logos 
Biosystems, South Korea) was used. A 2 mcl cell suspen-
sion was mixed with 18 mcl of acridine orange/ propidium 
iodide dye solution, and 10 mcl of this solution was trans-
ferred to the chamber of a PhotonSlide counting plate (Lo-
gos Biosystems, Korea). During the measurement process, 
the following data were obtained: the total number of cells 
in 1 ml, the number of unstained (living) cells, the share of 
viable cells, histogram of cell size distribution within the 
selected range and a photograph of the plate contents.

The morphology of mice pancreatic cells was visually 
assessed using an inverted phase-contrast biological mi-
croscope MIB-R, a digital camera MC-5 and MS-View 
software (LOMO, Russia).

Statistical processing was conducted using the Statistica 
10.0 software package. The results were presented as mean 
values and standard deviations (Mean ± SD). Statistical 
significance was calculated using nonparametric Mann–
Whitney U tests. A probability of 0.05 was selected as the 
significant level.
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Results and discussion
The results of determining the protein concentration in 

pancreatic extracts obtained using various extractants are 
presented in Table 1.

Table 1. Results of determining protein concentration in extracts 
using various anti-aggregating agents

Extragent 0.9% NaCl,
0.9% NaCl- 

0.5 M 
trehalose

0.9% NaCl-
1% Gly-0,1 М Pro

Protein 
concentration, g/l 24.80 ± 0.89a 33.33 ± 0.98b, c 28.79 ± 0.13b, d

a — b, c — d — statistically significant difference (Mann-Whitney U, p < 0.05).

It was shown that the addition of 0.5 M trehalose, 1% 
Gly-0.1MPro to 0.9% NaCl contributed to the yield of pro-
tein substances into the extractant — this protein content ex-
ceeded the protein content in the extract obtained with 0.9% 
NaCl by 34.4% (p < 0.05) and 16.1% (p < 0.05), respectively.

Freeze-dried samples obtained using various extract-
ants are presented below in the Figure 1, which clearly 

demonstrates not only the color variation during the pro-
cesses of extraction and purification of protein substances, 
but also the white color of DF after dialysis in case of using 
0.9% NaCl-0.5 M trehalose as an extractant, while DF after 
dialysis in case of using 0.9% NaCl-1% Gly-0.1 MPro as an 
extractant featured yellowish tint which indicates a higher 
presence of protein substances.

The results of the analysis of the protein fractions dis-
tribution among the freeze-dried samples of native pan-
creas glands, the extracts before and after dialysis, UF and 
DF after dialysis, obtained with the various extractants, are 
presented below in one-dimensional (Figure 2) and two-
dimensional (Figures 3 and 4) electropherograms.

The track 3 in the Figure 2A featured a solid colored 
band and the absence of clearly outlined protein fractions, 
which proved the destruction of proteins during dialysis 
of the pancreas gland extract with 0.9% NaCl-0.5 M tre-
halose, which phenomenon was not observed when 0.9% 
NaCl-1% Gly-0,1М Pro was used as an extractant. Thus, 
on the track 4B, the well-expressed bands of protein frac-

Figure 1. Freeze-dried samples
[I — pancreas gland (PG), II — pancreas gland extract with 0.9% NaCl-0.5 M trehalose before dialysis, III — pancreas gland diafiltrate  

with 0.9% NaCl-0.5 M trehalose after dialysis, IV — pancreas gland extract with 0.9% NaCl-1% Gly-0.1M Pro before dialysis, V — pancreas gland extract  
with 0.9% NaCl-1% Gly-0.1M Pro after dialysis, VI — pancreas gland diafiltrate with 0.9% NaCl-1% Gly-0.1M Pro after dialysis]

Figure 2. One-dimensional electropherograms of the samples prepared using 0.9% NaCl-0.5 M trehalose (A) 
and 0.9% NaCl-1% Gly-0.1 M Pro (B); fragments of DF electropherograms stained with silver nitrate (C).

Legend keys: St — molecular weight standard, kDa, 1 — pancreas gland extract (PG) with 0.9% NaCl, 2A — native pancreas gland, 3A — pancreas gland 
extract after dialysis, 4A — DF after dialysis, 5A — UF after dialysis, 2B — native pancreas gland, 3 B — pancreas gland extract before dialysis, 

4 B — pancreas gland extract after dialysis, 5 B — UF after dialysis, 6B — DF after dialysis, 4C — DF using 0.9% NaCl-0.5 M trehalose after 
dialysis, stained with silver nitrate, 6C — DF using 0.9% NaCl-1% Gly-0.1M Pro after dialysis, stained with silver nitrate
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tions were clearly visible, however, when compared with 
the track 3B, it was clear that some protein fractions were 
lacking, which also proved the partial destruction of pro-
teins after dialysis. The inefficiency of press-type ultrafil-
tration with subsequent dialysis was determined, since 
there were no protein fractions on the tracks 5A and 5B. 
When comparing tracks 4A and 6B, it became obvious 
that the methodology for separating protein-peptide mix-
tures obtained from pancreas gland with the help of 0.9% 
NaCl-1% Gly-0,1М Pro as an extractant had higher effi-
ciency than in case of using 0.9% NaCl-0.5 M trehalose. 
The mechanism of trehalose stabilization of proteins may 
partially depend on the environment as well as the type 
of molecule being stabilized. The mobility of biomolecules 
may decrease upon water binding with trehalose or vitrifi-
cation, which can sometimes result to minor protein dena-
turation [21,22]. In its turn, proline promotes the solubility 
of sparingly soluble proteins and also behaves as a chap-
erone during protein folding [23]. In track 6C a diversity 
of protein fractions was observed within the range from 
50 to 10 kDa, with the most expressed fractions within the 
band of 50, 40, 39, 35, 31, 30, 27 and 11 kDa (Figure 2 C). It 
can be assumed that these protein bands may correspond 
to pancreatic triacylglycerol lipase (50.0 kDa) [24], protein 
associated with pancreatic lipase (53.2 kDa) [25], phos-
pholipase 2A (39–40 kDa) [26], elastase (27–28 kDa) [27], 
chymotrypsin-like elastase (28.8 kDa) [28], trypsin (24.4 
kDa) [29], secretin (14.6 kDa) [30], gastrin (11.5 kDa) [31], 
insulin (11.6 kDa) [32] and colipase (12.1 kDa) [33]. The 
presented protein fractions are mainly proteolytic enzymes 
that implement the specific functions. Lipases are respon-
sible for the hydrolysis of ester bonds in triacylglycerols, 
leading to the formation of glycerol, free fatty acids, diac-
ylglycerols and monoacylglycerols [34]. Phospholipase A2 
belongs to the phospholipid-hydrolyzing enzymes family 
and participates in the metabolism of phospholipids in 
the cell membranes, including the synthesis of prostaglan-
dins, into the transmission of cell signals and in the serum 
lipoproteins metabolism [35]. Trypsin is the serine endo-
peptidase, which catalyzes the peptide bonds hydrolysis 
at the carboxyl terminus (C-terminus) of the amino acids 
lysine and arginine, thus releasing polypeptides. Elastase 
is responsible for the hydrolysis of peptide bonds on the 
C-terminal side of the amino acids valine, alanine and gly-
cine with releasing of the polypeptides [36]. Secretin is a 
key gastrointestinal hormone involved in the regulation 
of pH of duodenal content [37]. Gastrin stimulates the 
gastric mucosa to produce hydrochloric acid and the pan-
creas gland to produce digestive enzymes, also stimulates 
the contraction of smooth muscles, enhances blood circu-
lation and water secretion in the stomach and intestines 
[38]. Insulin reduces the concentration of glucose in the 
blood, increases permeability of cells to monosaccharides, 
amino acids and fatty acids, it accelerates glycolysis, the 
pentose phosphate cycle and glycogen synthesis in the liv-
er [39]. Colipase is a cofactor of pancreatic lipase, which 

allows the lipase to get fixated at the interface of lipid and 
water [40].

For the convenience of two-dimensional electrophero-
grams analyzing, the groups of proteins on them located in 
the same ranges of molecular weights (MW) and isoelectric 
points (pI), were divided into the blocks (Figures 3 and 4, 
Tables 2 and 3). Comparing two-dimensional electrophero-
grams of A, B and C in Figure 3 using 0.9% NaCl-0.5 M tre-
halose as an extractant, it is necessary to note that the electro-
pherogram of the extract (A) was characterized by the largest 
quantity of protein fractions; and the electropherogram of 
DF without sedimentation (C) showed the greater diversity 
of protein fractions in comparison with the DF electrophero-
gram with sedimentation (B), thus proving a greater efficien-
cy of the sample preparation without sedimentation. Within 
the area of molecular weights (MW) from 30 to 50 kDa and 
isoelectric points from 6.3 to 7.3 (block 1), 9 protein fractions 
were found that were present in all studied samples. Howev-
er, a slight shift was observed in their molecular weights and 
isoelectric points (pI) towards a lesser extent when compar-
ing the different methods of the sample preparation, which 
differed significantly from the extract. Thus, the isoelectric 
points of the proteins No. 1–9 shifted to the alkaline area 
in both DFs in reference to the extract, which is especially 
noticeable for the proteins No. 1–4. The molecular weights 
of the protein fractions were slightly shifted and on average 
were within the range of 35–38 kDa. Molecular weights and 
pI can shift into one direction or another due to post-trans-
lational modifications (phosphorylation, glycosylation, etc.), 
with the cleavage of signal sequences or the other sequences, 
with the formation of protein complexes, various protein iso-
forms, as well as due to nonspecific proteolytic cleavage and 
the degradation of the protein [41,42].

The fraction No. 6was the most intensely expressed in 1 
block of proteins, and in the DF electropherogram without 
sedimentation (C) the volume of this protein fraction ac-
counted for 25,627,460 c. u., which was 1.3 times greater 
than in the electropherogram A, and also 7 times greater 
than in electropherogram B. The intensity of the remaining 
protein spots was also higher in the DF electropherogram 
without sedimentation (C), compared to the electrophero-
grams of the extract (A) and DF with sedimentation (B).

Within this range of molecular weights and pI, the fol-
lowing proteins can be found: phospholipase [26], annexin 
A1 [43,44], annexin A4 [45], annexin A2 [46], cathepsin B 
[47], cathepsin D [48], procathepsin L [49] and procathep-
sin H [50,51]. Presumably, the most expressed protein in 
block 1, which is marked by number 6, may be annexin A2 
(38.8 kDa, pI 6.92) [52].

Block 2 in the electropherograms of all samples fea-
tured the availability of groups of the proteins with mo-
lecular weights from 26 to 31 kDa and pI within the range 
of 6.8–7.5. There were 5 protein spots found on the elec-
tropherograms A, B and C (protein fractions No. 10–14), 
and protein No. 13, with a MW ~ of 30 kDa and pI ~ 7.35, 
was most expressed on the DF electropherogram without 
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sedimentation and exceeded the intensity values on elec-
tropherograms of the extract and DF with sedimentation 
by 1.46 times and 1.22 times, respectively. It is interesting 
to note that the proteins No. 10–12, as well as No. 14, bare-
ly noticeable in electropherograms A and B, were clearly 
visible in electropherogram C.  The protein fraction with 
a MW of 29 kDa and pI 7.2 is clearly visible in the DF 
electropherogram without sedimentation (C) and had a 
coloring intensity of 17,042,702 c. u., while in the electro-
pherogram of the extract (A) its intensity was 2,623,714, 
which was 6.5 times lower than its intensity in DF without 
sedimentation (C). In general, the electropherogram of ex-
tract (A) featured the greatest diversity of protein fractions 
in the studied area, and the electropherogram of DF with 
sedimentation featured the smallest diversity.

The following proteins may be found within this molecu-
lar weights range: chymotrypsin C [53], chymotrypsinogen 
B2 [54,55], member of the chymotrypsin-like family elastase 
1 [28], and elastase [56]. The most expressed protein in this 
block, marked with number 13, presumably may correspond 
to chymotrypsinogen B2 (29.1 kDa, pI 7.43) [57].

In block 3 the groups of protein fractions were found that 
belonged to the MW range of 25–31 kDa and pI from 5.6 
to 7.0. Seven protein spots were found in the electrophero-

grams of all studied samples (fractions No. 15–21), and for 
the proteins 16 and 17 pI shift towards the area of 5.7–5.8 was 
observed in the electropherograms of the diafiltrates (B and 
C), compared with the electropherogram of the extract (A), 
where the pI values of proteins 16 and 17 were equal to 6.2 
and 6.1, respectively. It is also necessary to note the shift in 
the molecular weights of protein fractions 15–21 in the diafil-
trates by an average of 2–3 kDa to the lesser values, in com-
parison with the extract. In general, the intensity of staining 
of protein spots 15–21 was higher in the electropherogram 
of the extract (A) and it reached 60,599,552 c. u. (fraction 
18), while in the DF electropherograms with and without 
sedimentation this value reached 27,059,680 c. u. (fraction 
18) and 12,459,113 c. u. (fraction 17) respectively. However, it 
is worth paying attention to the fraction number 20, which 
intensity in the 2-DE extract was 770,700 c. u., which was 
17.8 times less than in the 2-DE diafiltrate with sedimenta-
tion, and 3.4 times less than in the 2-DE diafiltrate without 
sedimentation. Comparing electropherograms B and C, one 
can note that block 3 in electropherogram C featured a wide 
variety of protein spots, on which basis it can be concluded 
that the sedimentation technology in the preparation of di-
afiltrate sample for two-dimensional electrophoresis leads to 
“adhesion” of some protein fractions.

Figure 3. Two-dimensional electropherograms of PG extract (A), precipitated diafiltrate (B), and non-precipitated diafiltrate (C) obtained 
 using 0.9% NaCl-0.5 M trehalose as extractant. Legend keys: Block 1 — marked blue; Block 2 — marked green; Block 3 — marked red; 

Block 4 — indicated mauve
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Block 3 may contain proteins such as trypsin [29] and 
trypsinogen [58,59]. Fraction number 20, which was most 
expressed in DF extracts, presumably may correspond to 
trypsinogen (28.2 kDa, pI 6.85).

The protein spots marked in the block 4 of the 2-DE 
extract (A), had molecular weight range from ~ 22 kDa to 
10 kDa and isoelectric points from 5.4 to 7.8. In case of 
diafiltrate, in electropherograms B and C the molecular 
weights of the proteins in the block 4 ranged from 20 kDa 
to 10 kDa, and the isoelectric point ranged from 6.2 to 7.4. 
Block 4 on the electropherogram of the extract featured 
a wide variety of protein spots, as well as the availability 
of proteolytic changes in them in the area below 15 kDa. 
In block 4 on the electropherogram C (DF without sedi-
mentation), protein fractions were noted within the area 
of MW ~ 19 kDa and pI 6.9–7.3, which were not observed 
in the electropherogram of DF with sedimentation (B). In 
general, in the block 4, 3 the protein fractions were found 
that were present in the electropherograms of all studied 
samples (fractions No. 22–24). The highest intensity of 
staining among the total protein fractions was character-
ized by fraction 23 on electropherogram A, having a MW 
of 17 kDa and pI of 6.5; the volume of this protein spot 
was 91,543,784 c. u., which was 20.5 times greater than in 
the electropherogram B and 3.2 times greater than in the 
electropherogram C.

The following protein fractions may be found within this 
molecular weight range: colipase [33], insulin [32], proglu-

cagon [60], secretin [30], trefoil factor-2 [61], gastrin [31], 
cholecystokinin [62], phospholipase major isoenzyme [63].

Comparing the electropherograms in Figure 3 of the extract 
(A), DF with sedimentation (B) and DF without sedimentation 
(C) using 0.9% NaCl-1% Gly-0.1M Pro as an extractant, it was 
found that protein profile of the DF radically differed from 
the extract, and therefore it was difficult and uninformative 
to compare the DF electropherograms (B and C) with the 
electropherogram of the extract. However, it was found that 
both the DF electropherogram without sedimentation and the 
DF electropherogram with sedimentation showed fractions 
of the protein aggregates with MW above 50 kDa, although 
the membrane with a 50 kDa cutoff was used for diafiltration. 
The extensive protein aggregates were also observed in the 
alkaline area. The availability of protein aggregates gave the 
ground to suggest that the presence of amino acids in the ex-
tract allowed the proteins to acquire/remain in a conformation 
that prevented them from  adhesion to each other, and after 
their removal during dialysis, the proteins prone to aggrega-
tion formed this area at 2-DE. During the preparation of the 
samples with sedimentation, it was noted that the intensity 
of protein fractions increased.

Comparing the protein groups in the block 1 in the elec-
tropherograms B and C, one can note a shift in the pI of the 
protein fractions from the range of 6.6–7.1 (electropherogram 
C) to the range of 7.0–7.6 (electropherogram B). The change 
in the molecular weights of the proteins from 49–65 kDa was 
also detected (electropherogram C) to 49–69 kDa (electro-

Table 2. Major protein fractions observed in 2D-electropherograms
Extract (A) DF with sedimentation (B) DF without sedimentation (C)

Fraction 
number MW, kDa / pI Volume of the 

spot, c. u. MW, kDa / pI Volume of the 
spot, c. u. MW, kDa / pI Volume of the 

spot, c. u.

1 block

1 39/6.4 3250480 37/6.8–6.9 2462218 37/6.6 8209223
2 37/6.3 2078607 38/6.8–6.9 18222116 37/6.7–6.8 22283304
3 37/6.5 6814863 38/6.9–7.0 11433116 37/6.9 18283564
4 37/6.6 3902051 37/7.0 7775438 37/6.9–7.0 9530793
5 35/6.7 2578116 35/6.9 9815580 36/6.7 14523944
6 35/6.9 19726360 35/7.0 3651586 36/6.7–6.8 25627460
7 35/6.9 2620893 34/7.1 6899868 34/6.9 11582044
8 35/7.0 1129037 34/7.2 5317755 34/7.0 6214498
9 35/7.1 2019942 34/7.3 1770069 36/7.3 2407177

2 block

10 31/7.2 3844677 31/7.3 7252735 31/7.2 13198519
11 31/7.1 1728022 31/7.2 9658015 31/7.1–7.2 22687422
12 31/7.0 5705523 31/7.1 3543859 31/7.0 12672727
13 29/7.3–7.4 41674312 29–30/7.4 50013524 30–31/7.3 60929312
14 28/7.4 4011557 28/7.4 18876574 29/7.3 27470042

3 block

15 31/6.3–6.4 31991576 27/6.3 10863911 28/6.1 5363564
16 32/6.2 21427866 28/6.0 10201778 29/5.9 8694539
17 31/6.1 10504652 27/5.8 18248104 28/5.7 12459113
18 30–31/6.4 60599552 26/6.4–6.5 27059680 27/6.3 11679986
19 30–31/6.5 27205454 26/6.6 25008948 27/6.3–6.4 3282697
20 30/6.6 770700 28/6.7–6.8 13699304 29/6.5 2657022
21 30/6.7 3634289 28/7.0 5857993 29/6.6 9958788

4 block
22 18/6.7 5988978 17/6.7–6.8 44363600 18/6.4–6.5 13464702
23 17–18/6.5 91543784 16/6.5 4798642 17–18/6.2 28625686
24 16/7.0 5304107 15/7.3 36110256 16/7.1 6687567
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pherogram B). Despite the difficulty in interpreting the results 
due to presence of protein aggregates, 6 protein fractions 
were detected that were present in both electropherograms 
(fractions 1–6, Table 3). Fraction 1 was characterized by the 
highest intensity of staining on the DF electropherogram 
with sedimentation (B); the volume of the spot made up 
151,776,770 c. u. (MW 55–69 kDa; pI 7.1–7.4), which was 
19.2 times more than in the DF electropherogram without 
sedimentation (C). The least intensely expressed fraction 
in this block of proteins was the fraction No. 4 on the DF 
electropherogram without sedimentation (C), its volume 
was 799,690 c. u. (MW 49 kDa; pI 6.7), while the volume of 
this fraction in the DF electropherogram with sedimentation 
(B) comprised 17,187,413 c. u. (MW 53–60 kDa; pI 6.9–7.1), 
which was 21.5 times more. In this range of protein weights, 
the most expressed fractions may presumably be triacylg-
lycerol lipase [64], pancreatic triacylglycerol lipase [24] and 
pancreatic lipase-associated protein [25].

Block 2 in the electropherograms was represented by 
groups of the proteins with pI 6.6–7.3 and MW 30–39 kDa 
(electropherogram C) and with pI 6.9–7.5 and MW 35–
41 kDa (electropherogram B). Four protein fractions were 
found that matched both electropherograms. Block 2 on the 

electropherograms was represented by groups of proteins 
with pI 6.6–7.3 and MW 30–39 kDa (electropherogram 
C) and with pI 6.9–7.5 and MW 35–41 kDa (electrophero-
gram B). Four protein fractions were found that coincided 
in both electropherograms (fractions No. 7–10, Table 3). 
Fraction No. 8 on 2-DE diafiltrate with sedimentation (B) 
featured the highest intensity of staining, its volume was 
65,789,330 c. u., while its volume on the 2-DE diafiltrate with-
out sedimentation (C) was 8.9 times less, and its molecular 
weight on the electropherogram C shifted into the range of 
33–34 kDa, in comparison with electropherogram B, where 
its MW ranged within the area of 38–40 kDa. The fraction 
No. 10 was the least expressed (among the total protein frac-
tions) on 2-DE diafiltrate with sedimentation, with MW of 
37 kDa and pI 7.4–7.5, its intensity made up 26,984,492 c. u., 
which is 2.4 times less than for 2-DE diafiltrate without sedi-
mentation. Presumably, the most pronounced fraction in the 
block 2 corresponded to phospholipase 2A (39–40 kDa) [26].

Block 3 shows groups of protein fractions within the 
range of MW 20–29 kDa and pI 5.5–7.8. Despite the wide 
variety of protein fractions available in this block in both 
electropherograms, there were only 2 common protein 
fractions (fractions No. 11 and 12). Fraction No. 11 featured 

Figure 4. Two-dimensional electropherograms (2- DE) of pancreas gland extract (A), sedimented diafiltrate (B) and diafiltrate 
without sedimentation (C), obtained using 0.9% NaCl-1% Gly-0.1M Pro as extractant. Legend: Block 1 —  marked orange; 

Block 2 —  marked green; Block 3 —  marked blue; Block 4 —  indicated mauve
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a higher intensity of staining both in the DF electrophe-
rogram with sedimentation (B) and in the DF electrophe-
rogram without sedimentation (C). On 2-DE diafiltrate 
with sedimentation its molecular weight and volume made 
up 29–33 kDa and 77,202,204 c. u., while for 2-DE diafil-
trate without sedimentation this value was 23–27 kDa and 
18,918,796 c.  u. The isoelectric point of this fraction was 
also shifted: in the case of sedimentation of the diafiltrate, 
the pI value accounted for 6.5, and without sedimenta-
tion it was 6.7. The lowest intensity among the total pro-
tein fractions in this block was observed in the fraction 
No. 12 at 2-DE diafiltrate without sedimentation (C) and 
amounted to 2,752,734 c. u., which was 20.2 times less than 
in 2-DE diafiltrate with sedimentation. Elastase is present 
in this range of protein weights [27], chymotrypsin-like 
elastase [28] and chymotrypsin [65].

Protein fractions isolated in the block 4 had a molecular 
weight within the range of 15–22 kDa and isoelectric points 
from 6.3 to 7.4. As in the case of the block 3, despite the 
rather large number of protein fractions in the block 4, there 
was only one common fraction for electropherograms B 
and C (fraction no. 13). Its molecular weight was the same 
in both electropherograms and amounted to 16–17 kDa, the 
isoelectric point was within the area of 7.3–7.4. The intensity 
of fraction No. 13 was greater at 2-DE diafiltrate with sedi-
mentation (B) and amounted to 98,002,590 c. u., while for 
2-DE diafiltrate without sedimentation (C) it amounted to 
25,712,488 c. u. The most pronounced protein in this block, 
presumably, may be a phospholipase (16.4 kDa).

When studying the biological properties of the ob-
tained DFs in experiments in vitro, it was found that after 6 
days the pancreatic cells spread over the surface of the Petri 
dish the culture was represented by islet of alpha-, delta-, 
acinar, ductal and stellate myofibroblast-like cells (capable 
of switching from tranquil phenotype to an activated phe-
notype and back), the latter were more numerous in the 
control Petri dish (Figure 4). After 9 days, in the control 
dish the predominantly contaminating substances were 
observed, it was fibroblast-like cells and a small quantity of 
spindle-shaped cells.

It was noted that when the studied samples were added 
into the medium, on the 6th day the islet cells showed good 
adhesion and spreading over the surface, forming a denser 
monolayer of cells.

It is interesting to note that when the samples of 
DF 0.9% NaCl-0.5 M trehalose and DF 0.9% NaCl-1% 
Gly-0.1 M Pro were added into the medium, the cells re-
tained their rounded shape. It was particularly expressed 
when added to the medium DF 0.9% NaCl-0.5 M treha-
lose, despite the fact that, in accordance with [66], primary 
isolated pancreatic cells grown on 2D substrates usually 
possess flatter and elongated morphology. In experimen-
tal dishes the cells formed rosette-shaped micro-commu-
nities, in dishes with a nutrient medium with DF 0.9% 
NaCl-0.5 M trehalose added the beta cells were detected 
taking on the typical morphology of polarized polyhedron.

In result of studying the biological properties obtained 
by DF in experiments in vitro on the primary isolated mice 
pancreatic cells, it was found that when the studied sam-
ples were added to the medium, the islet cells showed good 
adhesion and spread over the surface on the 6th and 9th 
days, forming a denser monolayer of cells (Figure 4). After 
9 days, in the control dish the predominantly contaminat-
ing substances were observed, it was fibroblast-like cells 
and a small quantity of spindle-shaped cells.

In experimental dishes cells formed rosette-shaped mi-
cro-communities, in dishes with a nutrient medium with 
DF 0.9% NaCl-0.5 M trehalos e added, the beta cells were 
detected taking on the typical morphology of a polarized 
polyhedron.

The results of recording the viability and number of the 
cells on the 9th day are presented below in the Table 4.

Table 4. Impact of DF 0.9% NaCl-0.5 M trehalose and DF 0.9% 
NaCl-1% Gly-0.1 M Pro at a concentration of 100 ng /ml on the 
number and viability of the pancreatic cells

Concentration of living 
cells (cells /ml)

Survival rate 
(%)

Average cell 
size (µm)

Control 3.68 × 105 47.4 16.6
Gly 3.17 × 105 85.5 15.5 
Treg 2.88 × 105 73.9 16.8

Table 3. Major protein fractions observed in 2 D electropherograms
DF with sedimentation (B) DF without sedimentation (C)

Faction number MW, kDa / pI Volume of the spot, c. u. MW, kDa / pI Volume of the spot, c. u.

1 block

1 55–69/7.1–7.4 151776770 55–65/6.8–6.9 7901400
2 55–69/7.4–7.6 141606173 55–65/6.9–7.0 9312176
3 60–69/6.9–7.0 24085491 55–60/6.7 3969649
4 53–60/6.9–7.1 17187413 49/6.7 799690
5 50/7.1–7.2 17276026 50/6.8–6.9 1935011
6 53/7.4 4868449 50/6.9–7.0 1373070

2 block

7 39–41/7.0–7.4 56484832 35–39/6.8–6.9 47240403
8 38–40/6.9–7.0 65789330 33–34/6.8–6.9 7359654
9 37–40/7.1–7.2 40374312 30–31/6.9–7.1 12979550

10 37/7.4–7.5 26984492 29–30/7.2–7.3 64556730

3 block 11 29–33/6.5–6.6 77202204 23–27/6.7 18918796
12 27–28/6.6–6.7 55503144 21–23/6.8 2752734

4 block 13 16–17/7.3–7.4 98002590 16–17/7.4 25712488
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The high concentration of living cells of a larger volume 
found in the control sample, as well as their high survival 
rate, is related to the predominance of fibroblast-like cells 
in the culture, while there is a smaller number and lower 
survival rate of cells grown in a medium with DF 0.9% 
NaCl-0.5 M trehalose added is related to the predomi-
nance of islet cells, possibly beta cells, in the medium. This 
is quite important due to the fact that beta cells are particu-
larly get affected by hypoxia, showing reduced viability and 
loss of insulin secretory capacity soon after isolation and 
cultivation on a flat 2D substrate [66].

Conclusion
The methodology for separation of the protein-peptide 

mixtures, obtained from pigs’ pancreas glands using 0.9% 
NaCl-1% Gly-0.1M Pro as an extractant, allowed extracting 
more proteins than when using 0.9% NaCl-0.5 M trehalose. 
Press-type ultrafiltration followed by dialysis was proved 
inefficient in both approaches. However, when analyzing 
two-dimensional electropherograms, it was found that dur-
ing the diafiltration technology using 0.9% NaCl-0.5 M tre-
halose as an extractant, the proteomic distribution of diafil-
trates on 2-DE in the area of less than 50 kDa (protein cutoff 
threshold for diafiltration) corresponded to the proteomic 
distribution in the extract. The application of 0.9% NaCl-1% 
Gly-0.1M Pro contributed to significantly higher yield of the 
proteins into the diafiltrate, however on 2D-EF there were 
many protein aggregates noted, including those with MW 

above 50 kDa, though during diafiltration a membrane with 
a cutoff of 50 kDa was used. The availability of the protein 
aggregates suggests that the presence of the amino acids in 
the extract and diafiltrate allowed the proteins to acquire/
remain in a conformation that prevented them from stick-
ing to each other and after their removal during dialysis, the 
proteins aggregated to each other again. When using 0.9% 
NaCl-0.5 M trehalose as an extractant, the protein fractions 
of annexin A2, chymotrypsinogen B2 and trypsinogen were 
most intensely expressed, and the use of 0.9% NaCl-1% 
Gly-0.1M Pro contributed to the highest yield of the follow-
ing fractions: triacylglycerol lipase, pancreatic triacylglyc-
erol lipase — the protein associated with pancreatic lipase 
and phospholipase.

The results of experiments in vitro showed that di-
afiltrates of pigs’ pancreas glands obtained with addi-
tion of 0.9% NaCl-0.5 M trehalose and 0.9% NaCl-1% 
Gly-0.1  M Pro into the nutrient medium, contribute to 
the preservation of the function and rate of survival of is-
let cells of mice pancreas gland. Diafiltrate obtained with 
trehalose promoted the forming of rosette-shaped micro-
communities, preservation of the round shape of islet cells 
and beta cells, which may be explained by the fact that af-
ter removal of trehalose by dialysis from a protein fraction 
with a molecular weight of less than 50 kDa, its residual 
quantities were still sufficient to prevent the proteins ag-
gregation and, as a consequence, the extracted proteins 
preserve their biological activity.

Control sample DF 0.9% NaCl-1% Gly-0.1 M Pro DF 0.9% NaCl-0.5 M trehalose

Figure 4. Culture of pancreatic cells on a Petri dish: from above — after 6 days, from below — after 9 days. 
Inverted microscope, magnification ×100
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