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Abstract 
 

The article presents new scientific data on the expression of plasmalemma proteins of the absorptive enterocytes of 
the bovine intestines of five to nine months of age. In the late fetal period, 31 and 27 protein fractions of apical and 
basolateral  membranes,  respectively,  were found in the plasmalemma of  the jejunum intestine, which had a  mo-
lecular  weight  of  9.6  kDa to 300 kDa. Twenty-nine  protein  fractions  were  detected in  the  apical  membranes  of  
five-month-old cattle  enterocytes.  It  should be noted that  protein  fractions  with  low molecular  weight  (up  to  24  
kDa) were only 19.7 %, with molecular weights from 24 kDa to 100 kDa – 69.2 %, and fractions with molecular 
weights of 100 kDa and more were detected only – 11.1 % of the total number of polypeptides. Twenty-five pro-
tein fractions with a molecular weight of 9.6 to 155 kDa were found in the basolateral enterocyte membranes of 
five-month-old fetus. A large proportion of the detected protein fractions belonged to low molecular weight poly-
peptides (9.6–24 kDa – 40.26 %). Proteins with a molecular weight of 24–95 kDa – 55.2 %, with a molecular mass 
of  100  kDa  and more were  found only 4.56 %. High molecular  weight  proteins  in  the  basolateral  membrane of  
jejunum enterocytes of five-months-old cattle with a molecular weight greater than 155 kDa were not detected by 
electrophoresis (unlike the apical membrane). Analysis of the results of studies membranes protein of cattle enter-
ocytes in late fetal period indicates significant changes in their polypeptide composition. In particular, in the baso-
lateral  membranes of  enterocytes  during the late fetal period there is  a  decrease in the content  of  low molecular 
weight  protein  fractions  (3.3  times;  P ≤ 0.001)  and  an  increase  in  the  proportion  of  high  molecular  weight. In 
addition, from the age of eight months, proteins with a molecular weight of 9.6–14.2 kDa and 75 kDa disappear in 
the basolateral membrane. Instead, proteins with a molecular weight of 300 kDa and 170-1885 kDa are appeared. 
In addition, in the apical membranes of enterocytes there is a significant decrease in the content of low molecular 
weight  protein fractions and an increase in polypeptides  with a  molecular  weight  greater  than 100 kDa.  The ap-
pearance in the apical membranes of jejunum enterocytes of calves from eight months of age embryonic develop-
ment of fractions of polypeptides with molecular weight of 24 kDa and 66 kDa, which are present until the end of 
the fetal period. 
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1. Introduction 
 
The key differences between the protein and lipid  com-

positions  of  the  apical  and  basolateral  surfaces  of  entero-
cytes  provide  various  functions,  in  particular,  the  apical  
surface is directed to the lumen of the intestine and provides 
transport,  whereas  the  basolateral  one  interacts  with  other  
cells  and  the  bloodstream  (St  Johnston & Sanson, 2011). 
However,  the  polarization  of  the  epithelial  cells  is  not  lim-
ited  to  the  separation  of  the  two  domains  of  the  plasma  
membranes,  it  also  involves  the  orientation  of  cytosolic 
organelles  and  the  cytoskeleton,  with  actin  microfilaments  
stabilizing microvilli in the apical part of the epithelial cells 
(Tilney et al., 1973). 

The functional differences of various membrane domains 
are  based  on  the  features  of  the  polypeptide  and lipid 
composition (Rodriguez-Boulan & Powell, 1992). In 

particular, the cholesterol and sphingolipids are concentrated 
mainly in the apical membrane, whereas in the basolateral – 
phosphatidylcholine (Simons & van  Meer, 1988). Integrins 
concentrated  in  the  basolateral  domain  facilitate  the  
formation of  cell  contacts,  and  the  hydrolases  of  the  apical  
membrane  of  the  intestine  cells  provide  digestion.  
Differences in the protein and lipid composition of the two 
membrane  domains  are provided  by  highly  specific  
mechanisms (Caplan, 1997). It is established that the plasma 
membrane  of  enterocytes  undergoes  molecular  
differentiation  during  fetal  development,  which  expresses  
several  basic  stage-specific  polypeptides  (Masiuk,  2019). 
Immunoblotting has shown that individual apical membrane 
polypeptides  of  the  small  intestine  epithelium  of  calves  
exhibit  the  ability  to  selectively  bind  immunoglobulins  at  
birth. Based on the obtained data, the hypothesis of receptor-
endocytotic mechanism of colostrum immunity formation in 
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cattle was proposed (Tsvilikhovskyi et al., 1998). However, 
there are no data regarding the structural proteins of the 
plasmolemma of the jejunum absorptive enterocytes of the 
cattle in the early fetal period are absent. The purpose of the 
work is to establish the expression of plasmolemma proteins 
of the jejunum absorptive enterocytes of cattle in the late 
fetal period. 

 
2. Materials and methods 
 
The studies used 80 fetuses of cattle (Holstein breed), 

five, eight and nine months old, obtained from clinically 
healthy cows during forced slaughter. The age of the fetal 
was determined by the weight and length of the body, as 
well as the development of skin derivatives according to 
A. P. Studencov (Studencov et al., 2000). Laboratory studies 
were conducted in the Scientific Research Centre of biosafe-
ty and environmental control agro-industrial complex of 
Dnipro SAEU (formerly named: problematic research labor-
atory of physiology and functional morphology of produc-
tive animals of the DSAU) and the problematic scientific 
laboratory of internal diseases of animals of the National 
University of Life and Environmental Sciences of Ukraine, 
Kyiv. 

After euthanasia of the fetus, the abdominal section was 
dissected and the jejunum intestine was isolated. Separation 
of the mesentery determined the length and middle of the 
intestine, removed the contents, and then selected part (30 % 
of the total length from the middle part of the organ), which 
was used to obtain isolated enterocytes. The experiments 
used a section of the intestine in the late fetal period (five, 
eight and nine months) 1.7 m, which was twisted out of the 
mucosa or cut lengthwise and divided into small segments 
of 1.5–3 cm and washed thoroughly (4–5 times) cold (4–
6 °C) medium of the following composition: 120 mM NaCl 
and 1 mM HEPES, the pH was adjusted to 7.4 used the dry 
Trice. 

The basis for the selection of intestinal cells was the 
chemical (citrate/EDTO) method (Tomchuk et al., 1994), on 
the basis of which an author's modification of the method 

was developed (Masiuk, 2004). The quality of the obtained 
epithelial cells was evaluated by morphological and func-
tional parameters. 

To obtain apical and basolateral membranes from the 
suspension of isolated jejunum enterocytes of the cattle 
fetus, we used the basic differential centrifugation technique 
(Tsvilikhovskyi et al., 1989) in our modification (Masiuk, 
2004). 

The amount of total protein in membrane preparations 
was determined by the Lowry method in Miller modifica-
tion. Studies on the content and composition of the structur-
al proteins of enterocytes plasmalemma were performed 
according to the method described by Laemmli using 1 mm 
thick polyacrylamide gel electrophoresis (Vlizlo et al., 2012). 

Experimental studies have been conducted to comply 
with the requirements of Law of Ukraine No. 3447 – IV of 
21.02.06 “On the Protection of Animals from Cruelty” and 
are consistent with the basic principles of the “European 
Convention for the Protection of Vertebrate Animals Used 
for Experimental and Scientific Purposes” (Strasbourg, 
1986), the “Declaration on the Humane Treatment of Ani-
mals” (Helsinki, 2000) and the National Congress on Bio-
ethics “General Ethical Principles for Experiments on Ani-
mals” (Kyiv, 2001). 

The obtained numerical data were statistically processed: 
the arithmetic mean (M); its error (m) were determined the 
probability of differences of the mean values was estab-
lished by Student's criterion. 

 
3. Results and discussion 
 
In the late fetal period, 31 and 27 protein fractions of ap-

ical and basolateral membranes, respectively, were found in 
the plasmalemma of the jejunum intestine enterocytes, 
which had a molecular weight of 9.6 kDa to 300 kDa.  

Dynamics of concentration of apical membrane 
enterocyte polypeptides in late fetal period. According to 
electrophoresis, 29 protein fractions were detected in the 
apical membranes of enterocytes five-month-old cattle fetus 
(Fig. 1). 

 

 
Fig. 1. Structural proteins of the apical membrane of the jejunum enterocytes of five-months-old cattle fetus (M ± m; %; n = 6) 
 

It should be noted that protein fractions with low molec-
ular weight (up to 24 kDa) were only 19.7 %, in particular, 
proteins with a molecular weight of 9.6–14.2 kDa were 
2.04 ± 0.01 %; 15.5 kDa – 5.11 ± 0.05 %; 17 kDa – 
6.03 ± 0.04 %; 21 kDa – 3.31 ± 0.04 % and 22.5 kDa – 

3.21 ± 0.02 %. Protein fractions with a molecular weight 
from 24 kDa to 100 kDa were 69.2 %, in particular, proteins 
with a molecular weight of 26 kDa were 3.66 %, 29 kDa – 
4.10 %, 31 kDa – 4.19 %, 33 kDa – 3.50 %, 35 kDa – 
4.56 %, 37 kDa – 5.34 %, 39 kDa – 6.73 %, 43 kDa – 
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3.83 %, 46 kDa – 4.12 %, 52 kDa – 5.66 %, 57 kDa – 
6.27 %, 63 kDa – 5.28 %, 72 kDa – 2.94 %, 75 kDa – 
2.19 %, 80 kDa – 2.14 %, 87 kDa – 2.37 and 95 kDa – 
2.32 %. Protein fractions with a molecular weight of 
100 kDa or more were detected - only 11.1% of the total 
number of polypeptides. Thus, polypeptides with a molecu-
lar weight of 100 kDa are 2.15 ± 0.01 %; 120 kDa – 1.61 ± 
0.01 %; 155 kDa – 3.59 ± 0.02 %; 170–185 kDa – 1.04 ± 
0.01 %; 205 kDa – 1.46 ± 0.01 %; 205 kDa – 0.73 ± 0.01 %; 
205 kDa – 0.52 ± 0.01 %. Proteins of the apical membrane 
of the cattle jejunum enterocytes with a molecular weight 
greater than 300 kDa were not detected by electrophoresis. 

According to the results obtained up to eight months of 
age of cattle fetus, the spectrum of protein fractions of the 
apical membrane of enterocytes does not change significant-
ly, but their ratio changes. The proportion of low-molecular-
weight proteins in the apical membrane of the jejunum en-
terocytes decreases to 14.7 % (Fig. 2). In the apical mem-

branes of jejunum enterocytes of eight-month-old cattle 
fetus, fractions of polypeptides with molecular weights from 
24 kDa to 100 kDa are 70.4 %. Protein fractions with a 
molecular weight greater than 100 kDa – 14.6 %. 

At the last stage of prenatal development of the fetus, 
significant changes occur in the polypeptide composition of 
the apical membranes of enterocytes (Fig. 3). Thus, from 
eight to nine months of fetus age, the number of low-
molecular-weight proteins in the apical membrane of the 
jejunum enterocyte decreases to 11.7 %, which is 
significantly less on 3.0 % according to these indicators at 
the eight-month age. Note the decrease in the proportion of 
polypeptides with a molecular weight of 15.5 kDa and 
17 kDa, respectively, on 1.55 times (P ≤ 0.001) and 1.43 
times (P ≤ 0.001), and the content of proteins with a 
molecular weight of 9.6–14.2 kDa and 21 kDa significantly 
increased on 1.49 times (P ≤ 0.001) and 1.10 times  
(P ≤ 0.05), respectively. 

 

 
Fig. 2. Structural proteins of the apical membrane of the jejunum enterocytes of eight-month-old cattle fetus (M ± m; %; n = 6) 

 

 
Fig. 3. Structural proteins of the apical membrane of the jejunum enterocytes of nine-month-old cattle fetus (M ± m; %; n = 6) 

 
In the apical membranes of the jejunum enterocytes of 

nine-month-old cattle fetus fractions of polypeptides with a 
molecular weight of 24 kDa to 100 kDa, almost 70 %, which 
is not significantly different from the previous study. How-
ever, significant changes in the portion of each of these 
fractions were established, in particular, up to the nine 
months of age an increase of the fraction of proteins with a 
molecular weight of 37 kDa by 1.12 times (P ≤ 0.05), 

43 kDa – 1.15 times (P ≤ 0.05), 57 kDa – 1.26 times  
(P ≤ 0.001), 66 kDa – 1.17 times (P ≤ 0.01), 72 kDa – 1.29 
times (P ≤ 0.001), 75 kDa – 1.86 times (P ≤ 0.001) and 
95 kDa – 1.61 times (P ≤ 0.001), while reducing the propor-
tion of polypeptides with a molecular weight of 26 kDa by 
1.25 times (P ≤ 0.001), 29 kDa – 2.09 times (P ≤ 0.001), 
31 kDa – 1.54 times (P ≤ 0.001), 35 kDa – 1.12 times 
(P ≤ 0.05), 39 kDa – 1.23 times (P ≤ 0.001), 52 kDa –  
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1.23 times (P ≤ 0.001) and 87 kDa respectively 1.22 times 
(P ≤ 0.001).  

The results of studies indicate that protein fractions with 
a molecular weight greater than 100 kDa in the apical mem-
branes of eight-month-old fetal enterocytes are 18.4 %, 
which is significantly higher than all the previous values 
obtained. This increase is due to the growth in the apical 
membrane, from eight to nine months of embryonic calf 
development, the percentage of polypeptides with a molecu-
lar weight of 100 kDa by 1.11 times (P ≤ 0.05), 120 kDa – 
1.36 times (P ≤ 0.001), 155 kDa – 1.61 times (P ≤ 0.001), 
205 kDa – 1.32 times (P ≤ 0.001), and 250 kDa – 1.24 times 
(P ≤ 0.001), moreover, at the same time, there is a decrease 
in the percentage of proteins with a molecular weight of 
300 kDa 1.49 times 

Dynamics of enterocyte basolateral membrane polypep-
tides concentration in late fetal period. The analysis of our 
studies shows that 25 protein fractions with a molecular 
weight of 9.6 to 155 kDa were detected in the basolateral 

membranes of the enterocytes of five-month-old cattle fetus 
(Fig. 4). A large proportion of the detected protein fractions 
belonged to low molecular weight polypeptides (9.6–24 kDa 
– 40.26 %). Thus, proteins with a molecular weight of 9.6–
14.2 kDa were 14.97 ± 0.09 %; 15.5 kDa – 4.98 ± 0.13 %; 
17 kDa – 3.97 ± 0.04 %; 19 kDa – 3.57 ± 0.03 %; 21 kDa – 
7.81 ± 0.08 %. 

Regarding protein with a molecular weight 24–95 kDa, 
the majority of them are 55.2 % in the basolateral membrane 
of the jejunum enterocytes of cattle fetus. Thus, proteins 
with a molecular weight of 24 kDa – 2.92 ± 0.05 %; 26 kDa 
– 5.57 ± 0.03 %; 29 kDa – 3.33 ± 0.03 %; 31 kDa – 4.33 ± 
0.03 %; 33 kDa – 4.35 ± 0.04 %; 35 kDa – 2.91 ± 0.02 %; 
39 kDa – 1.48 ± 0.03 %, 43 kDa – 3.82 ± 0.04 %; 46 kDa – 
3.82 ± 0.03 %; 52 kDa – 3.75 ± 0.04 %; 57 kDa – 5.88 ± 
0.06 %; 63 kDa – 4.41 ± 0.03 %; 66 kDa – 3.53 ± 0.04 %; 
72 kDa – 2.41 ± 0.03 %; 75 kDa – 1.35 ± 0.01 %; 87 kDa – 
1.62 ± 0.01 %. 

 

 
Fig. 4. Structural proteins of the basolateral membrane of the jejunum enterocytes of five-month-old cattle fetus 

(M ± m; %; n = 6) 
 

It should be noted that protein fractions with molecular 
weights of 100 kDa and more were found in the sum only 
4.56 %. Thus, the proportion of polypeptides with a molecu-
lar weight of 100 kDa was only 0.69 ± 0.01 %, and proteins 
with a molecular weight of 120 kDa and 155 kDa, respec-
tively, 3.24 ± 0.03 % and 0.63 ± 0.01 %. High molecular 
weight proteins greater than 155 kDa were not detected in 
the basolateral membrane of the jejunum enterocyte by 
electrophoresis (unlike the apical membrane). 

Analysis of the results of electrophoresis basolateral 
membrane proteins of the jejunum enterocytes of eight-
month-old cattle fetus indicates a significant increase in the 
proportion of protein fractions with a molecular weight of 
100 kDa and more up to 18.3 %. It should also be noted the 
appearance of polypeptides with a molecular weight of 170–
185 kDa in basolateral membranes of enterocytes at the 
eighth month of embryonic development, which were not 
detected in previous months. 

 

 
Fig. 5. Structural proteins of the basolateral membrane of the jejunum enterocytes of eighth-month-old cattle fetus 

(M ± m; %; n = 6) 
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From the  eight  to  nine  months  of  age  of  cattle  fetus  in  
the  basolateral  membrane  of  the  jejunum  enterocyte,  the  
proportion  of  low  molecular  weight  polypeptides  does  not  
change significantly and is 12.1 % (Fig. 6). However, some 
of  their  redistribution  according  to  molecular  weight  have  
been detected, in particular, the proportion of proteins with a 
molecular  weight  of  17  kDa  decreased by  1.77  times  
(P ≤ 0.001), 19 kDa – 4.04 times (P ≤ 0.001) and 22.5 kDa – 
2.83 times (P ≤ 0,001) compared to the 8-month cattle fetus. 
In  contrast,  the  proportion  of  proteins  with  a  molecular  
weight  of  15.5  kDa  and  21  kDa  significantly  increased  by  
1.19 times (P ≤ 0.01). 

From eight to nine months of age of cattle fetus, there is 
a slight decrease in the basolateral membrane of enterocytes, 
the  proportion  of  polypeptides  with  a  molecular  weight  of  
24–95 kDa to 65.8 %, according to the total number of pro-
teins. It should be noted that in the basolateral membranes of 
enterocytes from eight to nine months of age decreased the 
proportion  of  proteins  with  a  molecular  weight  of  26  kDa  
(1.48  times;  P ≤ 0.001),  29  kDa  (1.53  times;  P ≤0 .001), 
35 kDa  (1.21  times;  P ≤ 0.001)  and  46  kDa  (1.98  times;  
P ≤ 0.001). However, the proportion of proteins with a mo-
lecular  weight  of  43  kDa  increased  by  1.26  times  
(P ≤ 0.001),  52  kDa – 1.22  times  (P ≤ 0.01),  and  87  kDa – 
1.15 times (P ≤ 0.05). 

 

 
Fig. 6. Structural proteins of the basolateral membrane of the jejunum enterocytes of nine-month-old cattle fetus  

(M ± m; %; n = 6) 
 

Analysis of the basolateral membrane proteins of the je-
junum enterocytes of nine-months-old of cattle  fetus shows 
a  significant  increase  in  the  proportion  of  protein  fractions  
with a molecular mass of 100 kDa and more up to 22.1 %, in 
particular,  there  was  an  increase  in  the  proportion  of  poly-
peptides with a molecular weight of 100 kDa by 1.29 times 
(P ≤ 0.001),  120  kDa – 1.25  times (P ≤ 0.001),  155  kDa  – 
1.49  times  (P ≤ 0.001)  and  170–185  kDa  – 1.12  times   
(P ≤ 0.05)  according  to  the  indicators  of  embryos  at  eight  
months of age. It should also be noted that the proportion of 
proteins with a molecular weight of 300 kDa by 1.31 times 
(P ≤ 0.001)  in  basolateral  membranes  compared  to  that  in  
eight-month-old fetus. 

Therefore, analysis of the results of studies of the mem-
brane proteins of cattle enterocytes in late fetal period indi-
cates significant changes in their polypeptide composition. 

 
4. Conclusions 
 
In the late fetal period, 31 and 27 protein fractions of ap-

ical  and  basolateral  membranes were  found  in  the  plasma-
lemma  of  the  jejunum intestine,  which  had  a  molecular  
weight of 9.6 kDa to 300 kDa, respectively. Analysis of the 
results of studies of the membrane proteins of cattle entero-
cytes  in  late  fetal period  indicates  significant  changes  in 
their  polypeptide  composition. In  particular,  in  the  basolat-
eral  membranes  of  enterocytes,  the  content  of  low-
molecular-weight  protein  fractions  are  decrease  (3.3-fold; 
P ≤ 0.001)  and  the  increase  in  the  high-molecular-weight 
fraction occur during the late fetal period. In addition, from 
the age of eight months, proteins with a molecular weight of 

9.6–14.2 kDa and 75 kDa disappear in the basolateral mem-
brane. Instead, proteins with a molecular weight of 300 kDa 
and  170-1885  kDa  are  claimed. In  addition,  in  the  apical  
membranes  of  enterocytes there is  a  significant  decrease in  
the content of low molecular weight protein fractions and an 
increase  in  polypeptides  with  a  molecular  weight  greater  
than  100  kDa.  The  appearance  in  the  apical  membranes  of  
jejunum enterocytes of calves from eight ages of embryonic 
development  of  fractions  of  polypeptides  with  molecular  
weight  of  24  kDa  and  66  kDa,  which  are  present  until  the  
end of the fetal period. 
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