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Abstract 
 

The article performs new data on the relationship between the hydrolytic and transport enzyme activity at different 
poles of the enterocytes plasmolemma of cow's fetal large intestine with the content of individual fractions of 
polypeptides. An expressive direct dependence of enzyme activity dynamics on the apical and basolateral mem-
branes of enterocytes containing low molecular weight proteins and an inverse relationship with the concentration 
of proteins with medium and large molecular weights has been proved. It was found that the alkaline activity of 
the phosphatase and γ-glutamyltransferase on the apical domain of enterocyte plasmolemma is directly related to 
the proteins content with molecular masses of 9.6–14.2 kD, 21 kD, 22.5 kD, 26 kD, 33 kD, 35 kD, 170–185 kD, 
and 205 kD (P ≤ 0.05–0.001). Gamma-glutamyltransferase activity is straightly related to protein quantity with 
molecular weights of 15.5 kDa and 39 kD (P ≤ 0.05). In contrast, alkaline phosphatase and GGT activity have 
inverse correlations with the content of polypeptides with molecular masses of 46 kD, 63 kD, and 250 kD in the 
apical membrane of enterocytes (P ≤ 0.01–0.001). The lactase activity in the cattle enterocytes apical membrane 
during the test period has significant direct correlations only with the amount of the polypeptide of polypeptides 
with molecular weights of 31 kD, 39 kD, and 100 kD (P ≤ 0.05–0.01) and inverse relationships containing proteins 
with molecular masses of 46 kD and 120 kD (P ≤ 0.05). A linear dependence of the different ATPase activity of 
the apical membrane of red blood cells containing proteins with molecular weights of 9.6–14.2 kD, 15.5 kD, 
21 kD, 22.5 kD, 33 kD, 35 kD, 39 kD, and 205 kD (P ≤ 0.05–0.001) was observed. Alkaline phosphatase activity 
in the apical membrane of enterocytes is only directly related to the number of proteins with molecular weights of 
17 kD and 24 kD (P ≤ 0.001) in this domain. It inversely depends on the content of proteins with molecular masses 
of 9.6–14.2 kD and 52 kD (P ≤ 0.001). G-glutamyltransferase activity is inversely related to protein content with 
molecular weights of 43 kD, 52 kD, 66 kD, 87 kD, and 100 kD and 155 kD (P ≤ 0.001). The Ca2+, Mg2+-ATPase 
of the basolateral membrane activity of enterocytes is directly related to the protein amount with molecular 
weights of 26 kD (P ≤ 0.01), Mg2+-ATPase and Mg2+-ATPase with protein content with the molecular value of 
100 kD (P ≤ 0.05). 
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1. Introduction 
 
Polypeptides are the main structural and functional com-

ponents of the membranes of the enterocytes plasmolemma. 
They provide transport function, nutrient secretion, recep-
tion, and regulation of cellular metabolism and membrane 
hydrolysis (Tarabova et al., 2016). The polypeptide compo-
sition of enterocyte plasmolemma depends on many factors 
(feeding, age, species, physiological condition, etc.) It has 
been proved that during the fertile period, there are dynamic 
changes in the polypeptide structure of enterocyte mem-
branes in cattle (Filho et al., 2016). They indicate the func-
tional role of different domains (Tilney et al., 1973). Fea-
tures of the polypeptide composition of enterocytes are 
explained by different types of nutrition (Havrylin &  
Masiuk, 2004). 

Information on the patterns of the structural and func-
tional organization of plasma membranes of red blood cells 
during fetal development is incomplete and few (Valadão et 
al., 2018). The data on the connection between the enzymes 
of apical and basolateral enterocytes membrane activity in 
cows structural proteins are missing in these domains. Dis-
closure of these features will make it possible to determine 
the general patterns of their formation in prenatal ontogene-
sis and the specifics of individual elements responsible for 
the formation of adaptive interaction with biologically active 
components of colostrum.  

Membrane enzymes of the small intestine provide 
transepithelial transfer (Saakes et al., 2018). The need of 
cells is to maintain ionic homeostasis and contractile 
activity. Different adenosine triphosphatases have various 
functions and quantitative parameters in some areas of 
enterocyte plasmolemma (Panizza et al., 2019). Regularities 
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of adenosine triphosphatase activity are primarily studied in 
laboratory animals (Apell, 2018). Therefore, the research of 
the connection between the dynamics of the activity of 
membrane-bound enzymes of enterocytes with the 
polypeptide composition allows us to form a fair idea of the 
specifics of prenatal formation of parietal digestion and 
absorption of feed nutrients. 

 
2. Materials and methods 
 
The research was carried out on the fetus of Holstein cat-

tle, aged 2–9 months. Material for the study was obtained 
from 80 clinically healthy cows during forced slaughter. 
Determination of fetal age was performed according to the 
method described by Studentsov A.P. Samples of tissues of 
the jejunum were taken by anatomical preparation. Isolation 
of intestinal cells was perpetrated by the author's modifica-
tion of Tomchuk V. A. (Patent for utility model № 118136 
Ukraine. The method of obtaining isolated enterocytes of 
cows). To obtain apical and basolateral membranes from a 
suspension of isolated enterocytes of the large intestine of 
cattle, a modified differential centrifugation method was 
applied (Patent for utility model № 118133. Method of frac-
tionation plasma membranes of isolated enterocytes). In the 
apical and basolateral membranes, the activity of: alkaline 
phosphatase (APh 3.1.3.1.) was determined by the method 
of Garen-Leventhal; γ-glutamyl transferase (EC 2.3.2.2.), 
lactase (EC 3.2.1.23.), Na+, K+-ATPase (EC 3.6.3.9), Ca2+, 

Mg2+-ATPase (EC 3.6.1.3) and Mg2+-ATPase (EC 3.6.3.2) 
according to Boldyrev's recommendations. Statistical analy-
sis of the results was performed by calculating the correla-
tion coefficient by the Pearson method. 

 
3. Results and discussion  
 
According to the results of our research, it is established 

that the functional activity of membrane hydrolases in cattle 
enterocytes in the fetal period of ontogenesis is specific for 
each macrodomain of plasmolemma, and its dynamics tend 
to gradually decrease by the time of calf birth. The transport 
ATPase activity of the enterocyte membrane of the large 
intestine of cows in the early fertile period of ontogenesis 
gradually declines with higher action on the basolateral 
membrane. The peak of this activity occurs in the seventh 
month of fetal development. The linearity and interdepend-
ence of the development of enzyme systems through the 
intensive proliferation of small intestinal epitheliocytes have 
been proved. The transport ATPasesa activity on different 
plasma membrane domains is significantly related  
(P < 0.01–0.001). 

The obtained results indicate that in the early fetus peri-
od in the enterocytes plasmolemma of the cattle large intes-
tine in the apical and basolateral membranes are represented 
respectively 27 and 25 protein fractions with molecular 
weights from 9.6 to 300 kD. 

 
Table 1 
Correlation of enzyme activity with molecular weights of apical membrane proteins of cattle enterocytes, r (n = 6) 
 

The molecular weight  
of proteins, kD 

Enzyme activity 
Hydrolytic enzymes Transport enzymes 

ALP GGT Lactase 
Na+, K+ 

-ATPase 
Ca2+, Mg2+ 

-ATPase 
Mg2+ 

-ATPase 
300 -0.61 -0.65 -0.66 -0.78* -0.78* -0.77* 
250 -0.93*** -0.95*** -0.61 -0.93*** -0.91** -0.91** 
205  0.83**  0.85**  0.29  0.89**  0.83**  0.81* 

170–185  0.71*  0.72* -0.28  0.64  0.50  0.46 
155 -0.65 -0.71* -0.57 -0.75* -0.77* -0.79* 
120 -0.23 -0.33 -0.79* -0.46 -0,55 -0.58 
100 -0.12 -0.07  0.84**  0.08  0.26  0.30 
87  0.63  0.53 -0.11  0.41  0.35  0.34 
75 -0.03 -0.09 -0.52 -0.14 -0.23 -0.27 
72  0.00 -0.07 -0.37 -0.09 -0.16 -0.18 
63 -0.90** -0.85** -0.10 -0.73* -0.70 -0.68 
57 -0.32 -0.21  0.62 -0.02  0.10  0.12 
52  0.62  0.63  0.45  0.61  0.64  0.66 
46 -0.80* -0.85** -0.75* -0.93*** -0.97*** -0.98*** 
43 -0.62 -0.62 -0.23 -0.53 -0.54 -0.55 
39  0.62  0.71*  0.90**  0.82*  0.91**  0.93*** 
37 -0.55 -0.46  0.58 -0.25 -0.12 -0.10 
35  0.96***  0.98***  0.49  0.98***  0.97***  0.97*** 
33  0.98***  1.00***  0.36  0.97***  0.94***  0.93*** 
31  0.15  0.24  0.76  0.34  0.46  0.49 
29 -0.30 -0.27  0.34 -0.24 -0.14 -0.09 
26  0.78*  0.79*  0.12  0.72*  0.67  0.66 

22.5  0.97***  0.94***  0.18  0.86**  0.81*  0.80* 
21  0.94***  0.97***  0.36  0.98***  0.94***  0.92*** 
17 -0.49 -0.40  0.64 -0.25 -0.09 -0.05 

15.5  0.68  0.73*  0.62  0.75*  0.80*  0.81* 
9.6–14.2  0.99***  0.97***  0.21  0.92***  0.87**  0.85** 

Notes: * – Р ≤ 0.05; ** – Р ≤ 0.01; *** – Р ≤ 0.001 
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It was found that the alkaline phosphatase and γ-
glutamyltransferase activity on the apical domain of entero-
cyte plasmolemma is directly related to the content of pro-
teins with molecular masses of 9.6–14.2 kD (r = 0.97–0.99; 
P ≤ 0.001), 21 kD and 22.5 kD (r = 0.94–0.97; P ≤ 0.001), 
26 kD (r = 0.78–0.79; P ≤0.05), 33 kD and 35 kD (r = 0.96–
1.00; P ≤ 0.001), 170–185 kD (r = 0.71–0.72; P ≤ 0.05) and 
205 kD (r = 0.83–0.85; P ≤ 0.01). In addition, gammag-
lutamyltransferase activity is directly related to protein con-
tent with molecular weights of 15.5 kD and 39 kD (r = 0.71–
0.73; P ≤ 0.05). In contrast, alkaline phosphatase and GGT 
activity have inverse correlations with the content of poly-
peptides with molecular masses of 46 kD (r = -0.97–0.99;  
P ≤ 0.001), 63 kD in the apical membrane of enterocyte 
cells. 0.85–0.90; P ≤ 0.01–0.001) and 250 kD (r = -0.93–
0.95; P ≤ 0.001). However, only γ-glutamyltransferase activ-
ity has significant inverse correlations with the content of 
polypeptides with a molecular weight of 155 kD (Table 1). 

It should be noted that the lactase activity lactase in the 
apical membrane of enterocytes of cattle during the experi-
mental period has significant direct correlations only with 
the content of polypeptides with molecular weights of 31 kD 
(r = 0.76; P ≤ 0.05), 39 kD (r = 0.90; P ≤ 0.01) and 100 kD 
(r = 0.84; P ≤ 0.01) and inverse connect with protein format 
with molecular amount of 46 kD (r = -0.75; P ≤ 0.05) and 
120 kD (r = -0.79; P ≤ 0.05). 

The general patterns of connections between the 
transport enzymes activity in the apical membrane of enter-
ocytes of the large intestine of cattle with individual protein 
fractions were the same as in hydrolytic enzymes, but some 
features were found. We note a direct dependence of the 
activity of different ATPases of the apical membrane of 
enterocytes with the format of proteins with molecular 
masses of 9.6–14.2 kD (r = 0.87–0.92; P ≤ 0.01–0.001), 
15.5 kD (r = 0.75–0.81; P ≤ 0.05–0.01), 21 kD (r = 0.92–
0.98; P ≤ 0.001), 22.5 kD (r = 0.80–0.86; P ≤ 0.05–0.01), 
33 kD and 35 kD (r = 0.93–0.98; P ≤ 0.001), 39 kD  
(r = 0.82–0.93; P ≤ 0.01–0.001) and 205 kD (r = 0.81–0.89; 
P ≤ 0.05–0.01). In addition, the activity of Na+, K+-ATPase 
of the apical membrane of fetal enterocytes is directly relat-
ed to the content of proteins with a molecular weight of 
26 kD (r = 0.72; P ≤ 0.05). 

The Na+, K+ -ATPase, Ca2+, Mg2+-ATPase and Mg2+-
ATPase activities have inverse correlations with the content in 
the apical membrane of polypeptides with molecular masses 
of 46 kD (r = -0.93–0.98; P ≤ 0.001), 155 kD (r = -0.75–0.79; 
P ≤ 0.05), 250 kD (r = -0.91–0.93; P ≤ 0.01–0.001) and 
300 kD (r = -0.77–0.78; P ≤ 0.05). However, only Na+, K+-
ATPase activity has significant opposite correlations with the 
content of polypeptides with a molecular weight of 63 kDa  
(r = -0.73; P ≤ 0.05). Apical membrane proteins with molecu-
lar amount of 17 kD, 29 kD, 37 kD, 43 kD, 52 kD, 57 kD, 
75 kD, and 87 kD do not have significant correlations with the 
activity of hydrolytic and transport enzymes. 

The hydrolytic and transport enzyme activity in the baso-
lateral membrane of the enterocytes of the cattle large intes-
tine has distinctive links with the content of different frac-
tions of proteins from those in the apical membrane. Thus, 
the alkaline phosphatase activity in the enterocytes apical 
membrane is only directly related to the content in this do-
main of proteins with a molecular amount of 17 kD  
(r = 0.95; P ≤ 0.001) and 24 kD (r = 0.98; P ≤ 0.001) and 
inversely depends on the content of them with the molecular 
format of 9.6–14.2 kD (r = -0.83; Р ≤ 0.01) and 52 kD  

(r = -0.92; Р ≤ 0.001). Lactase activity on the apical mem-
brane of enterocytes is directly related to the content of 
proteins with molecular masses of 9.6–14.2 kDa, 22.5 kD, 
and 57 kD (r = 0.80–0.88; P ≤ 0.05–0, 01) and has inverse 
correlations with the protein content with molecular weights 
of 43 kD (r = -0.89; P ≤ 0.01) and 155 kD (r = -0.84; P ≤ 0.01). 

The activity of γ-glutamyltransferase in the apical mem-
brane of enterocytes has much stronger correlations with the 
content of individual protein fractions in this domain of 
enterocytes. In particular, the activity of this enzyme is di-
rectly related to the content in the apical membrane of en-
terocytes of proteins with molecular weights of 17 kDa  
(r = 0.93; P ≤ 0.001), 22.5 kD (r = 0.92; P ≤ 0.001), 24 kD, 
26 kD and 29 kD (r = 0.86–0.88; P ≤ 0.01), 33 kD (r = 0.91; 
P ≤ 0.01) and 57 kD (r = 0.71; Р ≤ 0.05). In addition, the 
activity of γ-glutamyltransferase is oppositly related to the 
protein content with molecular weights of 43 kD (r = -0.72; 
P ≤ 0.05), 52 kD (r = -0.94; P ≤ 0.001), 66 kD (r = -0.82; 
P ≤ 0.05), 87 kD and 100 kD (r = -0.73; P ≤ 0.05) and 
155 kD (r = -0.94; P ≤ 0.001).  

The transport enzymes activity of the basolateral mem-
brane of enterocytes has stable functional links with the 
content of individual fractions of proteins in this domain 
(Table 2). Note the direct correlations between the activity 
of ATPases with protein amount of molecular weights of 
39 kD and 35 kD (r = 0.73–0.97; P ≤ 0.05–0.001), 46 kD  
(r = 0.73–0.92; Р ≤ 0.05–0.001), 63 kD, 66 kD, 72 kD and 
87 kD (r = 0.77–0.94; Р ≤ 0.05–0.001) and 155 kD  
(r = 0.72–0.86, P ≤ 0.05–0.01). In addition, the activity of 
Ca2+, Mg2+-ATPase of the basolateral membrane of entero-
cytes is directly related to the content of proteins with mo-
lecular masses of 26 kD (r = 0.80; P ≤ 0.01), Mg2+-ATPase 
and Mg2+-ATPase -with protein quantity with molecular 
weights of 100 kD (r = 0.81; P ≤ 0.05), and Na+, K+-ATPase 
and Mg2+-ATPase – with protein content with molecular 
masses of 52 kD (r = 0.75–0.79; P ≤ 0.05). 

Accordingly, the Na+, K+-ATPase, Ca2+, Mg2+-ATPase 
and Mg2+-ATPase activity has opposite correlations with the 
content in the basolateral membrane of polypeptides with 
molecular weights of 19 kD (r = -0.75–0.89; P ≤ 0.05–0.01), 
21 kD (r = -0.91–0.97; P ≤ 0.01–0.001) and 22.5 kD (r = -
0.79–0.91; P ≤ 0.05–0.01). In addition, only the Ca2+, Mg2+-
ATPase activity has significant inverse correlations with the 
amount of polypeptides with a molecular mass of 9.6–
14.2 kD (r = -0.93; P ≤ 0.01). The Na +, K + -ATPase and 
Mg2 +-ATPase activity has opposite interrelation with the 
content of proteins with molecular weights of 17 kD  
(r = -0.81–0.84; P ≤ 0.01) and 26 kD (r = -0.79–0.90; 
P ≤ 0.05–0.01), while the Na+, K+-ATPase activity is in-
versely related to the scope of polypeptides with a molecular 
mass of 120 kD (r = -0.79; P ≤ 0.01). 

Thus, we found reliable connections between the hydro-
lytic and transport enzyme activity with the concentration of 
individual polypeptides at different poles of enterocytes. 
Significantly expanded the available data on the peculiarities 
of protein metabolism in plasma enterocytes of the cattle 
large intestine from two to nine months of age. The activity 
of the enzymes studied by us at different poles of enterocyte 
plasmalemma is, to a greater extent, directly related to poly-
peptide fractions from 9.6 kD to 39 kD and, conversely, to 
proteins with molecular weights from 46 kD to 300 kD. In 
addition, the enzyme activity is more correlated with another 
fraction of proteins of the basolateral membrane compared 
to the apical membrane of enterocytes. 
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Table 2 
Correlation of enzyme activity with molecular weights of proteins of the basolateral membrane of cattle enterocytes, r (n = 6) 
 

The molecular weight 
of proteins, kD 

Enzyme activity 
Hydrolytic enzymes Transport enzymes 

 ALP  GGT Lactase Na+, K+-ATPase Ca2+, Mg2+-ATPase Mg2+-ATPase 
155 -0.61 -0.94*** -0.84**  0.72*  0.80*  0.86** 
120  0.61  0.33 -0.50 -0.79** -0.51 -0.65 
100 -0.39 -0.73* -0.70  0.70  0.81*  0.81* 
87 -0.46 -0.73* -0.59  0.86**  0.94***  0.94*** 
72 -0.35 -0.60 -0.63  0.79*  0.89**  0.87** 
66 -0.54 -0.82* -0.66  0.77*  0.82*  0.88** 
63 -0.18 -0.26 -0.23  0.82*  0.89**  0.79* 
57  0.30  0.71*  0.88** -0.35 -0.51 -0.54 
52 -0.92*** -0.94*** -0.15  0.75*  0.52  0.79* 
46 -0.64 -0.50  0.24  0.92***  0.73*  0.83** 
43 -0.30 -0.72* -0.89**  0.42  0.59  0.60 
39 -0.13 -0.45 -0.68  0.73*  0.93***  0.80* 
35 -0.52 -0.63 -0.22  0.97***  0.96***  0.97*** 
33  0.70  0.91**  0.47 -0.85** -0.82* -0.94*** 
31  0.47  0.68  0.46 -0.90** -0.95*** -0.95*** 
29  0.59  0.88**  0.61 -0.54 -0.53 -0.67 
26  0.62  0.86**  0.59 -0.79* -0.80* -0.90** 
24  0.98***  0.87** -0.13 -0.74* -0.42 -0.73* 

22.5  0.56  0.92***  0.80* -0.79* -0.88** -0.91** 
21  0.59  0.70  0.28 -0.96*** -0.91** -0.97*** 
19  0.35  0.70  0.69 -0.75* -0.89** -0.86** 
17  0.95***  0.93***  0.08 -0.81* -0.57 -0.84* 

15.5  0.63  0.31 -0.70 -0.10  0.29 -0.01 
9.6–14.2 -0.83** -0.70  0.80*  0.04 -0.93*** -0.10 

Notes: * – P ≤ 0.05; ** – P ≤ 0.01; *** – P ≤ 0.001 
 
4. Conclusions 
 
Based on the obtained results, we established new scien-

tific data on the relationship between hydrolytic and 
transport enzymes at different poles of the enterocytes plas-
molemma of the cattle large intestine with the content of 
individual fractions polypeptides. A clear, direct dependence 
of enzyme activity dynamics on enterocytes' apical and 
basolateral membranes containing low molecular weight 
proteins and an inverse relationship with the concentration 
of proteins with medium and giant molecular masses has 
been proved. 

Prospects for further research. Prospects for further re-
search lie in the established features of the processes of 
membrane hydrolysis, transport, secretion of substances in 
the intestinal tract of ruminants in prenatal ontogenesis. 
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