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CHAPTER I




INTRODUCT ION

The glycoproteins are important components of various
cellular orgenalls like golgi apparatus, plasma membranes
and various enzymes involved in milk synthesis, These also
play an importent role in mammary gland development. Milk
is knowun to contain glycoproteins like Kecasein. Since they
are of mammary origin, the synthesis of glycoproteins must
then be operated in the mammary gland.

Thi aprearance of glycoproteins in milk may be either
by transport from the blood or by synthesis in the mammary
gland, Thus such plasma glycoproteins as transferrins,
immunoglobulins and o£=acid glycoproteins may be entering
directly from blood, On the other hand, there is an
increasing realization that a number of important proteins
synthesized in the mammary gland, such as Kecasein,

‘o =lactalbumin and (A=lactoglobudbin, may occur both with or
without carbohydrate moieties. Thus the characterization
of these glycoproteins is becoming increasingly important
subjoct. Various Glycoproteins occur in milk, of course
the most predominent one is Ke-casein, Another group of
proteins knoun as immunoglobulins are also present in milk
and they contain carbohydrate groups. A glycoprotein

designated glycoprotein-a isolated from bovine milk by



Groves and Gordon (1967) is present in both the free form
and bound to immunoglobulin IgA of which it constituses the
distinctive "Secretory piece" responsible for transfer of
IgA into secretions (Butter et 21.,1968). Acidic Glyco-
proteins designated M=1 glycoprotein: have bean isolsted
from bovine colostrum and characterized by Bezkorovainy and
Grohlich (1969).

The stabilizing effect is the most imnortant function
of the ecarbohydrate groups of glycoproteins, Houwsver, the
removal of sialic acid residuss from glycoprotein causes the
loss of its biologigal activity. The higher molecular
weight and high=content of sialic acid causes the lubricating
effect.

The glycoproteins play an important role in infant
grouthe Mucin, a type of glycoprotein improves the
absorption of fat and protein and increases the intestinal
bifidus flora of the infant., Further the presence of
glycoproteins in the diet enhances the activity of
neuraminidase which helps to digest these proteins. Milk
is big repository of glycoproteins, many of which are
synthesized in the mammary gland. Although extensive work
has been done on the changes taking place in the synthesis
of proteins during proliferation of mammary gland, very
l1ittle is knoun about the changes taking place in glyco-
protein synthesis under such physiological changes. The

present study is esimed to elucidate the metabolic changes

>
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taking plesce in the memmery glend with perticulsr reference
to glycoprotein profile st different physiologicel
conditions induced by lactation,
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CHAPTER II




REVIEW OF LITERATURE

Mammary gland is a uniqus tissue uﬁich through its
prodigious synthetic activity synthesizes milk proteins of
vhich casein is of utmost importance. The mechanisms and
the celluler regulation of the protein synthesis in general
is one of the most fascinating research topics of the day
beczuse of the paramount importance of the protein synthesis

in the ultimate mamifestation of integrity of a tissue.

‘1solation, characterization and

glycosylation of glycoprotsin:

Toshisuka Kewasake (1972) and his coworkers observed
that isolated nuclei from rat liver contained carbohydrates
consisting mainly of glucosamine and mannose which are
normally components of glycoprotein., Rat serum proteins

3H to see

were labelled by injecting Le-aspartic acid 2, 3,
whether the amino acid lined to carbohydrate through the
aspartyl-glycosylamine linkage in serum glycoproteins is
derived from aspartic acid or from asparagine during
biocsynthesis,

The presence of 5 sugars in glycoprotein isolated
from murrah buffalo's colostrum was demonstrated by

Jhingran and Mehra (1980). Chromatographic analysis

T R et



showed that bound sialic acid contained Neacetyl-nsuraminic-
acid and N-glycolyl neuraminic acid and a total of 18 amino
acids, The glycoprotein did not contain glucoss,

Major Glycoproteins from Bovine milk fat globule
membranes were characterized by Douglas, et a2l1.(1976).,
S.D.S+. acrylamide gel electrophoresis followed by
pariodate=Schiff staining shoued a pattern of at least six
glycoproteins, Alternatively the glycoproteins can be
obtained by extraction of an aqueous suspension of washed
cream with chloroform=methanol, Amino acid and carbohydrate
composition have been determined for the purified glycoprotein.
The apparent molecular weight of the Glycoprotein=2 fraction
varied from 20,000 to 69,000, Serine was the most predomi-
nant amino acid,

Bezkorovainy {1967) isolated My=glycoprotein by
subjecting milk and colostrum to C.M, cellulose chromato-
graphy followed by DEAE Sephadex chromatography at pH 8,3
and subsequently characterized this glycoprotein. The
fraction isolated from colostrum nf-Glchprotein showed
25% carbohydrate whereas the fraction from milk contained
only 7% This fraction isolated from both the sources
showed the presence of Neterminal-phenyl alanine, leucine
and threonine. By repesated chromatography on Sephadex G=75
column Bezkoroveiny and Grohlier (1969) resolved

H‘-glycoprotoin from colostrum into two separete proteins.,

The higher molecular weight glycoprotein (mol. wt. 72,000)

Alm)M



contained 28,4% carbohydrate and had an adsorption maximum
at 275 nmj the louwer molecular weight component (mol. wt.
12,000) contained 39% carbohydrete. Periodate oxidation
experiments showed that sislic acid was linked to galactose
in both the protein fractions,

Nichol's gt al.(1975) isolated several glycoproteins
from human colostrum whey. The molecular weight of these
proteins varied from 26,000 to 35,000 and carbohydrate
content from S0 to B80%. Degradation of the cerbohydrate
moieties of these glycoproteins indicated thst each

contained non-identical carbohydrate chains.

Properties of Glycoproteins

Results of ultracentrifugation, electrophoresis and
Neterminal=amino acid determination indicated that a
Fh-glyQOprotoin isolated from each of 4 individual samples
of bovine colostrum and one sampls of pooled milk probably
consist of a series of closely related molscular species
(Bozkorovaeiny, 1967). Their average molecular weight was
10,000 end the high/g values and negative specific rotation
of the colostrum glycoprotein preparations indicated highly
disorganized structure, Each fraction contained, galactose,
hexosemine and sialic acid, while amino acid analysis
revealed high percentage of glutamic acid, proline,
threonine and isolaucine and usually low amounts of basic

aminoacids,

A S i
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Microheterogeneity and other properties were
observed in major glycoprotein by Shimizu st gl (1978),

On dislysis, & major glycoprotein, CB=7+B-component, was
selectively precipitated, This component conteined 4,16%
Hexose, 2.05% hexosamine and 2,08% sislic acid could
associaste with PAS I to VII and CB 111 and form a soluble
complex.

Tsuds (1976) showed thst human casein separated
into 2 fractions P=1 glycoprotein end P=3 phosphoprotsin,
The latter was purified by ca*? precipitation while Pa1
prevented this precipitation thus having a stzbilizing
effect. From the amino scid and sugar composition of
both P=1 and P=3 and further fraction of P; it was shown
that P=1 resembles cow K-casein and P=3 cow/ ~-casein.

The evidence of a bond between aspartic acid and
glucosemine and O=threonyl glycoside bond in human
Lactotransferrin vas established by Spik st 21 (1967) by
the hydrolysis of human lactotransferrin by pronase.

Later on by Basch et al (1976) proceszed milk fat
globule membrane proteins and showed the yield and recovery
of protein st several stages in this procedurs., After
processing, the proteins vere chromatographed on Sechadex
G=200 and the proteins of the soluble fraction vere eluted
into thres major fractions ( A, 8 4 C ), These fractions
vere dialysed extensively against water 2t 4°C and ther



ageinst ion exchange resin (Amberlite MB-1) to remove the
processing material such as SDS, The three fractions were

then lyophillized and stored at a%¢,

Glygoproteins in milk

A component 3, a whey glycoprotein w as observed by
S8runner st al (1970) from Bovine milk. All components
vers isolated from heated and unheated skim milk and
confirmed as heat stable glycoprotein native to milk,

Cerbohydrates of the glycopeptidesi:leased by the
action of remnin on whole milk were characterized with
the help of Ges ligquid chromatography by Sinkinson and
Wheelock (1970),

The protein in cheese whey obtained from milk other
than sialoglycoprotein are flocculated and subsequently
separated by ultrafiltration and finally concentrated ¥
abtain a glycoprotein syrup.

Thompson and Brunner (1959) observed the ratios of
hexosamine! hexose $§ Fucose 3§ Sialic scid were 1:2,5:0.65:1.8
in soluble membrane protein, 1:13,2:0.,44:3.4 in Veinstein-
fraction and 1:2,5t0.,6131,7 in proteose peptons. The
higher hexose and sialic acid content is characteristic of
similer relationship in the blood proteins, and observation
which suggests the possible origin of the glycoproteins
of milk,



Sinkinson & Wheelock (1970) showed that the
carbohydrates are one of the mein factors in determining
the hetesrogeneity of Kecasein and may possibly play a
part in the action of rennin in the coagulation of milk,

Glycoproteins in other tissues:

Approximately 25% of the total glycoprotein cerbo-
hydrate recovered from rat brain by Javaid et 21.(1975)
is associated uith_mannosa rich heteropolysaccharide
chains, The cerbohydrate content predominately consisted
of mannose and N=acetyl glucosemine.

" The glycopenptides can be saparagad from contaminat-
ing sisloglycopsptide by either column slectrophoresis and
gel filtration or by affinity chromatography on Concavalin
A Sepharose (Eric & Javaid, 1975).

Later on Ashwell st al (1974) showed that there are
a number of glycoproteins which contain galactose as the
penaltimate residue terminated by N=acetyl=neauramimic acid.
Houwever, due to the variation in the number of Neacetyl-
neuramimic acid residues a microheterogeneity has been
observed in these glycoproteins, They also generalized
the role of the terminal carbohydrete residues of
glycoprotein in determining their in vive behaviour.
Indeed, with the exception of transferrin, all
asialoglycoproteins so far tested show a rapid uptake by

the parenchymal liver cells.
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Later on Preferential synthesis of!@-Lactoglobulin
by the bound polyribosomes of the mammary gland was

observed by Pierre Gaye and Robert Denamur (1970).
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MATERIALS AND METHODS

Lactating rats, 1, 10, 20 and 28 days post partum,
normal and pregnant rats were collected from the small
animal house, maintained at the Institute, Mammary gland
wvas isolated after anassthetizing the animals with chloroform
and kept in ics till use, A part of the gland was minced
and homogenized in different buffer systems or distilled
water as per requirement., The homogenate was filtered through

muslin cloth and used for analytical studies.

A, Estimation of total protein

Total protein in the mammary=homogenats was estimated

by the Folin's method (Lowry st sl, 1951).

B Estimation of Sislic acid

The sislic acid in the mammary gland was estimated by
the thiobarbituric acid assay method of Warren (1959) with
suitable modifications. One ml of mammary homogenate was
mixed with 1 ml of 0.IN sto‘. The mixture was hydrolysed at
80°C for 1 hr and cooleds To this 0.2 ml of N/10 NaOH was
added, After thorough shaking it was centrifuged for 10

" minutes, The supernatant was collected in a test tube and

the residue wes resuspendad in 2 ml of acetates buffer pH-=4.5

end centrifuged for another 10 minutes., B8oth the supernatants

the solution,
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0«2 ml of the above solution was taker in a centrifuge
tube and 0.1 ml of sodium metapesriodate was added. The
mixture wes incubated at room temperature for 20 mts and
subsequently 1 ml of Ne-arsenite and 3 ml of the thiobarbituric
acid were added. The mixture was kept in boiling water bath
for 15 mts, cooled the contents and 4.3 ml cyclohexanone was
added, After thorough shaking it was centrifuged in the
elinical centrifuge. The upper coloured layer was collected
in a test tube and the reading was taken in Klett Summerson
using green filter. A blank was also run taking distilled
water, The standard curve was prepared and the vsluss were
calculated taking the molecular weight of Neacetyl neuraminic-
acid as 309.

Reagents
TeBsAs (Thiobarbutyric ascid
Dissolved 0.6 gm of TBA in 100 ml of warm distilled
water containing 725 gms of sodium sulphate.

Sodium=arsenite Solution

Dissolved 10 gms of sodium arsenite in N/10 H S0,

2
- containing 7.25 gmes of sodium sulphate.

Sodium meta periodate
In 3 ml of varm distilled water dissolved 1.079 gms of
sodium=metaperiodates The volume was made to 25 ml

with orthophosphoric acid.
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Ce Hexose determination

Hexose content in the tissue was determined by the
method of Dubois et g81.(1956). 0.1 ml of mammary homogenste
was taken in a test tube (0.1 ml weter for blank) and 1 ml
of 5% phenol was added which was followed by 5 ml of
concentrated sulphuric acid,

After mixing, the tubes wsre kept in water bath at
20-30°C for 15 mts. The developed colour was read in
Klett Summerson photocolorimeter using blue filter and
standard curve was also prepared with glucosa.

De Estimation of Hexosamine

Hexosaming was estimated as per the method of
Rimington (1940) with certain suitable modifications,

To 0,2 ml Rat mammary gland homogenate was taken in a test
tube to it 3 ml of 3 NHCl1l was added and hydrolysed in
boiling weter bath for 4 hours. The tube was coocled and
neutralised with 3 N NaOH and diluted to 10 ml with
distilled water, centrifuged for 5«10 mts. In 10 ml marked
tube took one ml aliquot (1 ml of water for 2 blank) and
added 1 ml of egetyl acetone reagent and mixed. The tubes
were capped with marble and kept in boiling water bath for
15 minutes, cooled the same under tap water and added 5 ml
of 95% ethanol and mixed properly. Then added 1 ml of
Ehrlich's reagent, mixed and diluted to 10 ml with 95%
ethanol, The reading was taken after 30 minutes in Klett-

R
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summerson colorimeter at 530 mu, The standard curve was

drawn using glucosamine and values were calcuated.

Reagents
Acgtylacetone:

One ml of acetylacetons was added in SO ml of

DS N Nazcns. The same was prepared freshly.

Ehrlich's reagent
To 0.8 gm of P=dimethylamino=-benzaldehyde

'(racrysfallzod as the hydrochloride) dissolved in
30 ml of methanol and 30 ml of concentrated HCl,
Mix methanol and concentrated hydrochloric acid in
cold and then dissolved the reagent in the cold

mixture.

Ee Alkaline Phosphatase Estimation (Assay system)
The alkaline phosphatase was estimated using the

procedure of Aschaffenburg (1953) with suitable modificstions,
5 ml of buffer substrate (disodium paranitro phenyl phosphate)
and kept in a water bath at 37°C. To this 3.5 ml of
earbohato-blcnrbonate buffer pH (10,0) vas added. After

S minutes 0,5 ml of mammary homogenate was added and the
contents of the tube were mixed. The tubes were incubated at
37°C for 30 minutes. A corresponding blank was carried out
by using boiled homogenates The reaction was stopped by
adding 140 ml of 28% T.C.A. (Trichlorocacetic acid) and
filtered through Whatman Filter paper No.40,



: 15 3

Five ml of the filtrate wass taken in a centrifuge tube,
De¢S5 ml of 14$‘N30H was added and centrifuged. The intensity

of the colour developed was measured using blue filter,

Enzyms Unit:
One unit of alkaline phosphatasse activity uzs

equivalent to a preparation, liberating one ygm of
P=nitrophenol in 30 minutes incubation period at 37%.
Buffer substrate:
0.15 g of di=sodium=p=nitrophenyl phosphate wuas
dissolved in carbonate bicarbonate buffer of pH (10.0) and
the volume made to 100 ml,

Fe Estimation of S'nuclaotidaoa

The assay system used to estimate the Slnuclaotidaae
was @ssentially the same followed by KobylKa, K & Carraway,
KeLe (1973) with certain modifications, 0.6 ml of 100 mM
Tris=HCL=buffer (pH 8.,5) containing 10 mM 5 AMP
(Adonesine Monophosphate) and 10 mM mgCl, wes taken in a
test tube and to it 0.4 ml of diluted enzyme solution was
added and mixed. After incubation at 37°C for 20 minutes
the reaction was stopped by the addition of 1 ml. of 10%
TCA, After filtering through Whatman paper No.40, the
clear filtrate thus ostalnod was used Por pi (Inorganic
phosphorous) estimation using the procedure of Ames and
Dubin (1960) as described for Thiamine pyrophosphatase
determination,

e
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G, Thiamine pyrophosphatase

The assay system used to estimate the Thiamine
pyrophosphatase by the method of Cooper (1970). To o
test tubs containing 0,1 ml of 0,5 M Tris-Hecl buffaer
pH 7.8 wes added 0.05 ml of n9012, 0.1 ml of Thiamine
pyrophosphatase (T.P.P.).

To this 0,2 ml of mammary homogenate waes added and
volume was made to 1 ml with distilled water. Zero time
control wes also performed by keeping the tube in ics.

The contents of the experimental tube was incubated at 37°C
for 60 minutes and the reaction was terminated with the
addition of 1 ml of 10% T.C.A. (Trichloroacetic acid).
After centrifugation an aliquot of the supernatant solution

was assayed for inorganic phosphate.

Phosphate Estimation
To 0.2 ml of filtrate was added 1.4 ml of 2 solution

eontaining 1 part of 10% ascorbic acid and 6 parts of 0.42%

Ammoniummolybdate in 0.5 M H,S0, (mixed Presh daily).

2
After incubation at 45°C for 20 minutes the colour was
extracted with 4 ml of isocamyl alcohol. The resdings uere

taken at 660 my using Klett summerson colorimeter.
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II. Gel filtration pattern of mammary gland
glycoproteing using Sephadex Gel G=100

A 3x40 em Sephadex G=100=column was prepered using

phosphate buffer, pH 7.4 (Hortnagl et al, 1971). The
column was equilibrated overnight with the same buffer.
The homogenate has spun down in a clinical centrifuge and
the supsrnatant was lyophillized. The lyophillized powder
was dissolved in phosphate buffer, pH 7.4 (0.1 M) and used
for gel filtration.

The sluted fractions were monitorad for protein
content either by the method of Lowry gt sl (1951) or wers
read in the Carlziss Spectrophotometer at 280 mpu.

111, SDS SSodiun Dodec¥1 Sulghato! polyacrylamide
el electrophoresis:

Electrophoresis was conducted in alkaline systems
using the method of Weber & Osborn (1969). A 7% poly=-
acrylamide gel was prepared according to the method of
Tekejema gt al, 1966, |

(a) Gel buffers= 0.1 M sodium phosohate buffer in

0.2% SDS.
(b) Electrophoresis buffert= 0.1 M sodium phosphate
 buffer vas diluted in 131 ratio and made to
0.,1% with SDS,
(e) Acrylgmide solutiont- 22,2 gms of acrylamide and
0.6 gms bis-acrylamide were dissolved in 100 ml
distill vater. The solution was filtered and

stored in cold and dark.
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(d) Ammonium per sulphate solution
8 mgm of ammonium per sulphate was dissolved in

1¢5 ml of gel buffere.

Acrylamide solution was prepared by mxing

solution (a)-1é.8 ml, soln (c) =9.7 ml,

Ny Ny N', N'atetramethyl ethylenediamine (TEMED)-

D.045 ml and 1.5 ml of solution (d). After

mixing thoroughly ths solution was poured

cerefully into glass tubes covered at one end

with parafilm. Distill wzter was then carsfully

layered over the ascrylamide solution and the

tubes were polymerized by incubating either at

50°C for 15 minutes or at room temperature for

1 hour,

The tissue samples which were auite insoluble

in conventionazl aqusous buffer systems were

solubilized and slectrophoretically assayed

accordingly to the method of Ugber and Osborn(1969),
Solubilization of Protein

The proteins were incubated at 37°C for 2 hours in

0.01 M Sodium phosphate buffer pH 7.0, centaining 1% SDS and
1% merceptoethanol, The protein concentration was usually
betueen 0.2 and 0.6 mg pei mle After incubation the protein
solution wes dialysed for several hours at room temperature
against 500 ml of 0,01 M sodium phosphate buffer, pH 7.0
containing 0.1% SOS and 0.1% mercaptoethanol,

i
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The polyacrylemide gel slectrophoresis was carried
out using 181 dilution phosphate buffer. A prerun of 20 min
.was given before applying the sample. After giving the
prerun about 50-70 M4l. of protein sample was layered on ths
gel tops. The electrophoresis was conducted for 8 hours at
a constant current of 6 MA/tubs.,

Detection of Glycoprotein

Carbohydrates were detected in the gel following the
procedure of Fair Bank st al., 1971.

The SDS present in the gels was removed by employing
the following steps. The gels were placed in slotted glass
tubes and washed with (i) 25% isopropylalcohol in 10% acstic
acid for 48 hours with constant stirring; (ii) 10% isopropyl
alcohol in 10% acetic acid for 10 hrs (iii) 10% acetic acid
for_iz hrs.

~ The gels were then stzined for cerbohydrats by
treating the gels by pouring 0.5% periodic acid for 2 hours,
0.5% saodium arsenite in S% Acetic acid for 60 minutss;
De1% Sodium arsenite in 5% Acetic acid (repeated tuice)s
5% acetic ascid for 20 minutes and finally with periodic
acid Schiff reagent for 12 hours.

The destaining was carried out with 0.1% Sodium
metabisulphite in 0.,01N HCl for several hours until the
ringe solution failed to turn pink with the addition of
formaldehyde. i
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The polyacrylamide gel slectrophoresis was carried
out using 1:1 dilution phosphate buffer. A prerun of 20 min
was given before applying the sample. After giving the
prerun about 50-70 Ml. of protein sample uas lzyered on ths
gel tops, The electrophoresis was conducted for 8 hours at
a constant current of 6 MA/tube.

Detection of Glycoprotsin

Carbohydrates were detected in the gel following the
procedure of Fair Bank st =2l., 1971.

The SDS present in the gels was removed by employing
the following steps. The gels weres placaed in slotted glass
tubes and washed with (i) 25% isopropylalcohol in 10% acstic
acid for 48 hours with constant stirring; (ii) 10% isopropyl
alcohol in 10% acetic acid for 10 hrs (iii) 10% acetic acid
for 12 hrs.

The gels were then stained for carbohydrats by
treating the gels by pouring 0.5% periodic acid for 2 hours,
0.5% sodium arsenite in 5% Acstic scid for 60 minutes;

D.1% Sodium arsenite in 5% Acetic acid (repeated tuice)s
SX acetic acid for 20 minutes and finally with periodie
acid Schiff reagent for 12 hours,

The destaining was carried out with 0.,1% Sodium
metabisulphite in 0.,01N HCl for several hours until the
ringe solution failed to turn pink with the addition of
formaldehyde. .
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Effect of lsctetion on the totel
grotein content of rat memmsry gland °

Changes in ths proteln cortent of mammary Liszsus 2s
affocted by lactation is delineated in Table 1,

Jabls 1
Changes in Protein content of Memmsry
tissug ss sffocted by lactation
Physioclogical Protein contant
condition ng/3m tisswe
(a) Normal 55
(b) Pregnant 70
(c) Lactating
1) 1 day 22
ii) 10 days 71
1i1) 20 days 70
iv) 28 days 50

Values are given as average of fiwe
determination,



Protein contert (my/g semmery tLiseus, wse Llousst Tor
AONeorsgrent set, Proilein cortant yss algner l= syregrant
gets then I8 Atnegysgrent psts, Lectetion pesclied ir
significent incresse in e crotals cortent, frslyzis of
sesseyy tiseus =t 4iffsrent stsgms of lacta lor ghousd “nat
the protein content incrsssed wpts 10 dayz, mice wcrs or
Lese corrsepondsd Lo Uhs pesk lectatise gegisd = rat.
Therestiler e protein content decressed end or 7% dzye of
lasctastion i wes slscet gsisller *s ™he levsl s i none

pregrent ret,

Levsl of csypohycysts content of p3t sewmsry
Slsnd ot SifFgrent swysisisgicsl sonii-ors

Table 2 sroys the hargss Iz cazothy Tzts corierts
of zat ssamsry gliand wmdey noprmsl, seeg ot w4 lactsting
conditions, The levsls of zll comstitugets, ramsly slslic
scid, hexces and Nexssswirg, wsr: corgldgrasly "lgeer s
lactating sssmery tisess, Sirce thess Torss arz lsooriat
constitusnts of glycscrstsins, e mesTyastis so:l1 supiset
that lactation Is scoomcanisd By & Incrsass In ta lewsl
of glycagrotaing of sssmary gland. This i3 &5 corsistert
uwith the rals sf glyeocrotsins s czll resssctors whicsh
incresse duriag e sroliferstise o sewmsry calls o0 The
snget of lactatioe (feerar st a2l, "777),
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Jable 2
nges in b dr contents of ra
mamm land a fac ac ion

Physiological y_a [g tissue
conditions Sialic exose Hexosamine

acid
Normal 1.23 2.14 0.02
prﬂgn.ﬂt 1.1 2.28 0.03
Lactating 2.52 3.26 0.09

Values are given as average of five
determination

Changes in carbohydrate constituents of
rat mammary tissus during lactastion

The level of carbohydrate constituents of mammary
tissue at different stages of lactation is shoun in
Table 3,
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Marker snzyme levels in
mammary qland during lactation

Plasma membranes and golgi vesicles take active role
in regulating metabolic activity and post-synthetic
modification of proteins, respéctively. during the synthesis
of milk in mammary gland. Hence it could be expected that
levels of alkaline phosphatese and Sl-nucleotidasa (marker
enzymes for plasma membrene) and thiamine pyrophosphatase
(marker for Golgi vesicles) in mammary gland would change as
e result of lactation. Determination of activities of these
enzymes in mammary glands of normal, pregnant and lactating
rats showed that the levels of alkaline phosphatase and
5l nuclgotidase increased as & result of pregrancy and
lactation (Table 4). But the level of thiaminepyronhosphatase
was higher in normal memmary gland than that of pregrant
and lactating rat. The reason for the discrepancy is not

clear.
Table 4

Changes in marker enzyme levels of rat
mammary qland as affected by lactation

Physiological » Specific activity

condition Alkaline 5'nucleo- "Thiamine
phosphate tidase pyrophpsphatase
ase

Normal 9.61 3,86 6452

Pr.gn.nt . 13.12 4.01 5.36

Lactlting 20.01 6.38 3.13

Values are given as average of five determination
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L s of gsome mar eanzymes in

rat mammary gland at different
stages of lactation

The levels of alkaline phosphatass, 5'enucleotidase
and thiamine pyrophosphatase were higher at 10th day of
lactation than on 1st day of lactation (Table 5).

Table 5

Changes in specific activities of marker enzymes
in rat mammary gland during lactation

Stage_of Lactation (days)

Enzyme
1 10 20 28
Alkaline Phos= 14,01 20.81 18,52 10.09
phatase
: :

5 =Nucleotidase 4,40 6.38 6.01 Sel7
Thiemine= 1.48 3.13 7.89  7.49
pyrophosphatase

Values are given as average of five determination.

There was not much difference in the levels of
alkaline phosphatase and Si-nuclootidaao betuween 10th and
20th day of lactation, But the levels of both these enzyme
wers lowsr on 28th day of lactation. Unlike these tuo
enzyme Jevels, thae level of thiamine pyrophosphatase
considerably increassed from 3.13 on 10th day of lactation
to 7,89 on 20th day of lactation. Thereafter ths level of

this enzyme almost remained constant.



= A

fachadex G-100 gel flltgstion pattern
of solubls proteins of memmery gland
gk different stsqes of lactstion

The soluble protsine of memmary glend uers orepared
se glven In Matsrials and Mgthods, Gel Filtrstion of these
proteine through Sechadex G100 resultsd in resclution of
thece proteins intoc three frasctions from sgmmery gland
obtained on 1st, 10th, 20th and 28th day of lactation
(Fige 1 and 2 )

Amongst these threse frazctionsg, Fraction [ corntzired
highest amount of protesins st all stages of lactation,

The amount of protein sluted in fraction Il incrsased ylth
increase In loeutlu.-etuu I1T was the minor ons in
all stages of lactation, Datz on chemical zrglysis of
these fractions for hexose =nd sizlic acid aze shown in
Table 6, Amongst these fractions, Fraction Il contained
maxisum amounts of hexoss =nd sizlic zcid, It contained
nearly thrics the amourt of hexsse and sizlic zcid then
that of Fraction I and Fraction III, Morsover, the
hexose and sialic acid contants of Fraction Il increzsed
substantially from Tst day of lactztion to 10th day of
lactation and thersafter 2 gradual decresase was noticed
with advancasent of lactation, This cbservetion further
supports the sarlisr chservation made in this study that
glycoprotain contant in mssmary gland is higher at the
peak lactation stage. Hexese and sialic acid contents/mg
protain in Fraction I & III did mot wary such at <iffgrent
stages of lactation.
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Table 6

content of fractions obtained from solubl oteins of

mammery gland on Sgphadex G=100 Column.

Days of Lactation

Constituents 1 10 20 28
lg/g ——em——=fractiongeceecceea
1 1t . B1 .1 Ir 111 1 1T IIT 1 2> & ok
Hexose 2142 45.1 1B.6 26,4 72.1 28,1 24,2 52,6 21.2 22,4 50,2 19,6 N

Sialic acid 18,3 31,2 16,4 20.9 45.6 18,8 21.5 30.3 18.7 19.5 28,6 20.4
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Electrophoretic pattern of
glycoproteins of diffgrent

f ions ained on
el mn

Fige 3 reveals the slectrophoretic pattern of
glycoproteins of Fractions I, II and III obtained by
molecular sieve chromatography. There were three
common glycoprotein components in Fraction I isolated
from mammary gland at Ist, 10th, 20th and 28th day of
~ lactation. But samples from 10th day of lactation
contained an additionsl low molecular weight
giycoproteln component,

When Fraction “talned at 1st, 10th, 20th and
28th days of lactation was subjected to slectrophoresis
it was resolved into 4; Sy 4 and 4 glycoprotein

components, The major component in all these patterns

vas a slow moving high molecular weight protein, This
band was more thick on the 10th day of lactation than
1st day of lactation, -bnnd became thinner as the
lactation advanced. An additional fest moving
‘glycoprotein band observed on 10th day of lactation
vas absent at early and late stages of lactation. The
last frection showed only a single glycoprotein band of
which pattern remained almost constant at all stages of
lactation,
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Sy 6, 7, 8 indicate the 2nd fracti
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SUMMARY

In the present study, inv;stigation has been mads
on the changes in glycoprotein content of rat mammary
tissue as affected by lactation. Salient features of
the study are delineated below:

1. The protein content/g of rat mammary tissue was
affected by the stage of lactation. The protein content
increased upto peak lactation, dscresased gradually as
lactation advanced and towards the end of lactation it
was similer to the level as in normal female rat.

2 The lavel of all carbohydrates analysed namely
sialic acid, hexose and hexosamine/g of mammary tissue
were considerably higher in lactating mammary tissus.
3. The sialic acid, hexose and hexosamine content
increased from first day of lactation to the 10th day
of lactation, decreased as t he lactation advanced, and
touards the end of lactation, the level reached to
almost the same as in normal mammary tissuse.

4, The level of some marker enzymes namely alkaline
phosphatase and 5 nucleotidase increased as a result of
pregnancy and lactation, But the level of thiamine-
pyrophosphatase was higher in normal mammary tissue

than in prognnntlllctailno rat,
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Se The levels of alkeline phosphatase Slnucleotidaae
were higher at 10th day of lactation than at 1st day of
lactation and remained constant upto 20th day of lactation,
The thiamine pyrophosphatase activity increased considerably
from 1st day to 20th day of lactation,

Ge Sephadex G=100 filtration of soluble proteins from
mammary gland resolved into three fractions irrespective
of the stage of lactation, Howsever, the proportion of
these fractions varied with the stage of lactation,

Te Amongst the three fractions obtained on molecular
sleve chromatography, Fraction I contained at least three
glycoprotein components as revealed by electraphoresis at
all stages of lactation.

8. Fraction II contained maximum amounts of hexese and
sialic acids On slectrophoresis, it waes resolved into 4,
S5, 4 and 4 glycoprotein components at Ist, 10th, 20th and
28th day of lactation, respectively. The major component
in all these electrophoretic patterns was a low moving
high molecular weight protein, The concentration of this
component was highest at 10th day of lactation,

=31000%=
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