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Abstract. The indices of the content of proteins with molecular mass of 10 — 15
and 15 — 24 kDa in the plasmolemma of enterocytes of the small intestine of newborn
calves in the dynamics from the birth till the age of 1 day were investigated. The study
was performed on three groups of calves (the control group and two experimental
ones) of Ukrainian black-and-white dairy breed by drawing the samples of enterocytes
of jejunum and determining protein content of membrane lysate fraction by
electrophoresis. The application of native liposomes based on soybean lecithin and
“Membranostabil” medication for newborn calves with colostrum increases the
expression of plasmolemic proteins of enterocytes with a molecular mass of 10 — 15
kDa. The dynamics of comparative analysis between fractions of protein expression
with molecular mass of 10 — 15 and 15 — 24 kDa in the plasmolemma of the enterocytes
of the jejunum of control and experimental groups of calves is shown. The result of
application of native liposomes with phospholipid bilayer based on soybean lecithin
and “Membranostabil” medication allows to assume the positive effect of these means
on the level of colostral immunoglobulins in the serum of newborn calves.
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Nowadays it is known that there are small intestine enterocytes of newborn
proteins with identical molecular masses calves with molecular mass of 14.5 and

but different functions in the apical 11 kDa are not detected in adult animals.
membrane  of  plasmolemma  of This may indicate that the proteins of
enterocytes. For example, Cuprum- enterocyte membranes of newborn

binding protein with a molecular mass of calves with molecular mass of 10 to 15
15 kDa and one of the subunits of kDa are receptors involved in the
glucose-transporting protein (10 kDa) transfer of colostrum immunoglobulins
[9]. However, according to other studies from the intestinal lumen to the
[4], proteins of apical membrane of lymphatic system and bloodstream. This
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Is supported by the fact that the currently
known FcR-y receptor, which carries
IgG; and IgGs in mature animals has a
molecular mass of 15 kDa [10].
According to the authors [6], it is known
that immunoglobulin G (IgG) comprises
a significant portion of total Ig of cow
colostrum. However, the 1gG; isoform
comprises approximately 80% of total
IgG [7], whereas the ratio of IgG, IgM
and IgA in dairy cows is 85 — 90%, 7%
and 5%, respectively [8]. Therefore,
determining the expression of proteins
with a molecular mass of 10 — 15 kDa,
which may correspond to the FcR-y
receptor protein, and the correction of
their content in plasmolemma of
enterocytes of calves by membrane-
repairing medications may be one of the
key values in the formation of colostral
immunity in these animals.

The aim of the study was to
investigate the content of proteins with
molecular mass of 10 — 15 and 15 — 24
kDa in the plasmolemma of jejunum
enterocytes of newborn calves under the
application of macrocapsules from
phospholipid bilayer based on soybean
lecithin and “Membranostabil”
medication with colostrum.

Materials and methods of the
study. Research was conducted in
scientific research center
“Velykosnitinske n.a.
O. V. Muzychenko” NULES of Ukraine
on the new-born calves of Ukrainian
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black-and-white breed during the period
from birth till the age of 1 day.

Calves were separated into three
groups: one control and two
experimental ones, each with 6 animals.
Calves of all groups were fed colostrum
in the amount of 2 | after birth, and then
1.5 | every 6 hours during the first day of
life of the animals. The calves of each
control group received the colostrum
only. The calves of the first experimental
group received native liposomes from
phospholipid bilayer based on soybean
lecithin in the dose of 5 ml 20 minutes
prior to colostrum; the calves of the
second experimental group received a
medication “Membranostabil”
developed by this research team on the
basis of soybean lecithin in the dose of 5
ml. The medication “Membranostabil”
constitutes macrocapsules of
phospholipid bilayer filled with water-
soluble forms of vitamins A — 1.2 mg and
E — 15 mg (patent for utility model No.
92841 dated September 10, 2014, Bul. #
17 [1]).

The prototypes of the jejunum
enterocytes were drawn from the
newborn calves before the first
colostrum feeding, then 6 and 24 hours
after birth of the animals. The
experimental studies on newborn calves
adhered to all bioethical requirements in
relation to animals that comply with the
Law of Ukraine "On the Protection of
Animals  against  Cruelty”  from
28.03.2017, the "European Convention
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for the Protection of Vertebrate
Animals" from 13.11.1987, and the
Council Regulation (EC) No 1099/2009
from the 24" of September 2009 on the
protection of animals during slaughter.

Determination of protein content in
the  plasmolemma  of  jejunum
enterocytes of newborn calves was
performed by an electrophoretic division
in 7.5 % polyacrylamidegel from the
sodiumdodecylsulphate by modified
method with addition of tricine [2].

The percentages of individual
protein fractions were determined by
densitometry using TotalLab software.

The statistical processing of the
results was performed using a Microsoft
Excel 2003 computer program.

Results of the research.

The significant number of proteins
with molecular mass of 10 — 15 kDa was
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isolated during the separation of proteins
of enterocyte membranes by
electrophoresis. About 9.45 + 0.35% of
proteins with molecular mass of 10 — 15
kDa was detected among the total
amount of proteins in the membrane
during investigation of the composition
of plasmolemic proteins of enterocytes
in newborn calves that got no colostrum
(up to 1 hour after birth).

An increase by 80,7 % (p<0.001)
was found in the content of proteins with
molecular mass of 10 — 15 kDa in the
plasmolemma of enterocytes of calves of
control group 6 hours after the birth,
compared with the calves before feeding
of colostrum (Fig. 1). The protein
content of this fraction to the total
content of all proteins in the membrane
comprised 21.86% (Fig. 2).
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Fig. 1. Proteins of membranes of enterocytes with molecular
mass 10-15 kDa, volume units, n=3. (control, native
liposomes, “Membranostabil”, newborn calves, 6 h, 24 h)

Instead, in the plasmolemma of
enterocytes of calves of the first and
second experimental groups during this
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period there was observed a decrease in
the protein content of this fraction by
25.3 and 15.6%, respectively, compared
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to the calves before feeding of
colostrum. However, compared to the
total protein content in the enterocyte
membrane, the percentage of proteins

with molecular mass of 10 — 15 kDa
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tended to increase by 9.52% + 0.56 and
10.16% = 0.35 1in calves of the first and
second experimental groups,
respectively, compared to calves before
feeding of the colostrum (9.45% +0.35).
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Fig. 2. Proteins of membranes of enterocytes with molecular
mass 10-15 kDa, percentage ratio, n=3. (control, native
liposomes, “Membranostabil”, newborn calves, 6 h, 24 h)

A significant decrease in the
fraction of proteins with molecular mass
of 10 — 15 kDa by 12.4% (p<0.05) was
observed in the plasmolemma of
enterocytes of calves in the control group
24 hours after birth, compared to calves
before feeding of colostrum (Fig. 1). On
the other hand, this fraction increased by
11.16% in the total volume of proteins of
plasmolemma of enterocytes, compared
to calves before feeding of colostrum
(9.45% =+ 0.35) (Fig. 2). Therefore there
can be assumed a relative increase in the
content of proteins with molecular mass
of 10 — 15 kDa compared to proteins of
other fractions due to the overall
decrease of proteins in the composition
of plasmolemma of enterocytes.
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An absolute increase of the content
of proteins with molecular mass of 10 —
15 kDa by 87.8% (p<0.01) and 39.2 %
(p<0.05) was found in the plasmolemma
of enterocytes of calves from the first
and second experimental group,
respectively, 24 hours after birth,
compared to calves before feeding of
colostrum, and compared to the animals
of the control group 24 hours after birth
2.14 times (p<0.001) and 1.59 times (p<
0.01), respectively. It can be concluded,
24 hours after birth of calves, the
increase in the content of proteins with
molecular mass of 10 — 15 kDa in the
membranes of enterocytes of calves of
the first and second experimental groups
up to 21,18% + 1,49 and 15,0% + 1,35,
respectively, compared to the calves
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before feeding colostrum (9.45% =+ 0.35)
and calves in the control group at the age
of 24 hours (11.16% =+ 0.19) may
indicate an increase of the part of FCR-y
receptor proteins, which transfer 1gG;
and 1gGs. This is confirmed by the
results of previous studies done by this
research group [3, 5], where a significant
increase  of total proteins and
immunoglobulins transported from the
intestinal lumen into the bloodstream by
the FCR-y protein of this fraction was
found in serum of blood 24 hours after
birth of calves.

The allocation of plasmolemic
proteins of enterocytes of newborn calf
in polyacrylamide gel has shown that
proteins with molecular mass of 15 — 24
kDa have a quantitative advantage on a
given macrodomain of the cell
membrane. The part of these proteins
comprises 32.27%.

The fraction of proteins with a
molecular mass of 15 — 24 kDa also
includes calmodulin (16.7 kDa). It is
involved in the regulation of ion
transport in the intestine, binds and
activates more than 40 targets.
Calmodulin of the plasma membrane of
the intestine performs a leading role in
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the regulation of transport of Na*, CI,
and Ca?" in the terminal net area. For
some pathologies (diarrhea), the activity
of calmodulin increases, Ca* flow
increases, and Na" and CI flow
decreases [4].

Within 6 hours after birth, the
content of proteins of the fraction with a
molecular mass of 15-24 kDa in the
enterocyte plasmolemma of the control
group significantly decreased by 41.0%,
(p<0.001), and in the calves of the first
and second experimental groups it
decreased only by 26.9 % and 6.59%,
respectively, compared with calves
before feeding of colostrum (Fig. 3).
Also, during this period there was a
significant decrease of this protein
fraction from 32.27% + 0.49 to 24.37%
+ 0.31 (p<0.001) in the total
macrodomain of plasmolemma of
enterocytes of calves from the control
group (Fig. 4). This index remained
almost unchanged in the calves of the
first experimental group 6 hours after
birth, and in calves of the second
experimental group it significantly
increased (p<0.001) from 32.27% +0.49
to 38.42% =+ 0.6 compared to calves
before feeding of colostrum.
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Fig. 3. Proteins of membranes of enterocytes with molecular
mass 15-24 kDa, volume units, n=3. (control, native
liposomes, “Membranostabil”, newborn calves, 6 h, 24 h)

The content of fraction of proteins
with a molecular mass of 15 — 24 kDa in
calves 24 hours after the birth was lower
than in calves before feeding of
colostrum: for calves from the control
group by 30.5%, for calves from the first
experimental group by 39.2%, and for
calves from the second experimental
group by 32.3% (Fig. 3). In the total
macrodomain of plasmolemma of
enterocytes of calves of the control
group, the percentage of these proteins
24 hours after birth was: in the calves of
the control group 30.2% + 0.35, in the
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calves of the first experimental group
23.4% =+ 0.32, and in the calves of the
second experimental groups 24.9% =+
0.33 (Fig. 4). Thus, there was a steady
decrease in the protein content of this
fraction, both in volume units and in
relation to other fractions. During this
period, there has been observed a
significantly lower (p<0.001) protein
content of this fraction in the
plasmolemma of jejunum enterocytes of
the first and second experimental groups
(1.23 and 1.18 times respectively)
compared to the control group of calves.
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Fig. 4. Proteins of membranes of enterocytes with molecular
mass 15-24 kDa, percentage ratio, n=3. (control, native
liposomes, “Membranostabil”, newborn calves, 6 h, 24 h)

It can be assumed, that the reason is
the increase in the pool of protein
fractions that content receptor proteins
binding colostral immunoglobulins and
promoting their transport to the
bloodstream of calves.

Conclusions

1. Significant changes occur in the
expression of proteins in  the
plasmolemma of the enterocytes of the
jejunum of newborn calves during the
formation of colostral immunity during
the first day of life.

2. By molecular mass, proteins
from the fraction of 10 — 15 kDa
correspond to the protein receptor FcR-
vy, which provides transmembrane
transfer of 1gG; and 19gG; from the lumen
of the intestine into the bloodstream of
the calf.

3. The use of native liposomes from
phospholipid bilayer based on soybean
lecithin and “Membranostabil”
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medication in  newborn  calves
significantly stimulates till the end of the
first day, compared with control 2.14
times (p<0.001) and 1.59 times (p<001),
respectively, the  synthesis and
expression of proteins with molecular
mass of 10 — 15 kDa on plasmolemma of
enterocytes of the empty intestine of
newborn calves.

4. Increased expression  of
plasmolemic proteins of enterocytes
with molecular mass of 10 — 15 kDa
under the influence of native liposomes
from phospholipid bilayer and the
“Membranostabil” medication promotes
the increase of colostrum
immunoglobulins in serum of newborn
calves, apparently predominantly due to
|gG1

Prospects for further research.
Further investigation of the protein
composition of the small intestine
plasmolemma in newborn calves will
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allow to study the molecular
mechanisms of the influence of the drugs
used on the formation of high levels of
colostral immunity and apply them
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BIIJIMB MEMBPAHOPEIIAPYIOUUX 3ACOBIB HA EKCIHIPECIIO BIJVIKIB
INJIASMOJIEMUA EHTEPOILIMTIB TEJIAT HIJ YAC ®OPMYBAHHSA
KOJOCTPAJIBHOI'O IMYHITETY
C. L. 'oaonypa, M. L. IIBinixoBcbkuii, b. B. [Tonagiok

Anomauia. [[ocniodxceni nokasHuxu emicmy OiIKie 3 moarekyaapuumu macamu 10-
15 ma 15-24 x/la y niazmonemi eHmepoyumie MOHKOI KUUWIKU HOBOHAPOONCEHUX
menam y OUHaAmiyi — 8i0 HapooxiceHHs 00 1-00008020 GiKy. J{ocniodicenHs nposeoeHi
Ha Mpbox epynax mensm (KOHmMpob Ha ma 08i 00CNIOHI epynu) YKPAiHCbKOI YOPHO-
PAOOI MONOUHOI NOPOOU 3 IOOOPOM ) HUX 3DA3KIE eHMEPOYUMI8 NOPOAHCHLOI KUUKU
ma BU3HAUEeHHAM 6Micmy OLIKI8 MemOpaHHOI ¢hpakyii nizamié 3a 00NOMO20H0
enekmpogope3y. 3acmocy8anHsi HOBOHAPOONMCEHUM Menamam i3 MOJO3UBOM
HAMUBHUX NiNOCOM HA OCHOBI COEB020 Nleyumuny ma npenapamy « Membpanocma6biny
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nidsuwye ekcnpeciio OLIKI8 N1a3mMolemMu eHmepoyumis 3 MoaeKyIsapHor macoio 10-15

k/la. Iloxaszana OuHamixa 3 NOPIGHAILHUM AHATI30M MINC OKpemumu Gpaxkyisimu
exkcnpecii Oinkie 3 monexyaapuumu macamu 10-15 ma 15-24 xla y naazmonemi
EHMePOYUmi6 NOPONCHbOI KUWIKU Measim KOHMPOJIbHOI [  OOCHIOHUX 2PYH.
3acmocyeanns HamusHux ainocom 3 ocghoninionoco oOiwapy Ha OCHOBI COEBO20
Jneyumuny ma npenapamy « Membpanocma6iny 00360.15€ 3pooumu RPUnYujerHs uooo
NO3UMUBHO20 GNAUBY 3ACMOCOBAHUX HAMU 3Ac00i8 HA pigeHb KOJIOCMPATbHUX
IMYHOTIOOYIHIB Y CUPOBAMUYT KPOBI HOBOHAPOOICEHUX METISM.

Kniouosi cnosa: noeonapoodiceni menima, mMOHKUU KUUWIEYHUK, eHmepoyum,
niazmonema, oKy, hocghoniniou, HamueHi 1iNOCcomu, KOIOCMPATbHUL IMYHImem
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