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INTROO UCT ION 

The glycoprotalna ara important components or varioua 

cellular organelle like golgl apparatus, plaama membranes 

and varloua an~y .. a involved in milk aynthaaia. Thaaa alao 

play an 1Mportant role in mammary gland davalop11ent. ~ilk 

la known to contain glycoproteina like "9caaaln. Since they 

are of mammary origin, the aynthaaie or glycoprotaina muat 

then be operated in the mammary gland. 

Th• appearance or glycoprotaina in milk may be either 

by tranaport from the blood or by synthesis in the mammary 

gland. Thua auch plaama glycoprotaina as tranaferrlna, 

lmmunoglobullna and Ot!.-acid glycoprotaina may be entering 

directly fro• blood. On the other hand, thara la an 

incr.,aalng realization that a nullber at important prate ins 

synthesized in tha •••mary gland, such ea K-caaain, 

· oC. •lactalbumin and £5-lactoglobuitiln, may occur . both with or 

·without carbohydrate •oietl••• Thus the characterization 

or the•• glycoproteina la becoming increasingly !•portent 

subject. Various Glycoprotaine occur in milk, or course 

the •oat P••do•lnant one la K-aaaein. Another group or 
protelna known aa i•munoglabuline are also present in milk 

and they contain aarbahydrata groupa. A glycoprotain 

dealgnatad glyaoprotain-a iaalatad tram bovine milk by 
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Groves and Gordan '(196?) ia present in both tha free form 

. and bDWtd ta 111munag,lobulin IgA of which it constitu•es the 

diatinctlve •secretary piece" responsible for transfer or 

lg A lnta aacrationa (Butt er !i .!.!-.•, 1968). Acidic Glyco­

protalna designated Pl-1 glycoproteino have been isolated 

from bovine colostrum and characterized by Bezkorovainy and 

Grahlich (1969). 

Tha stabilizing affect la the most im ortant function 

of the carbohydrate groups of glycoproteins. However, the 

removal of slallc acid residues from glycoorotein causes the 

lose or ita biological activity. The higher •olecular 

wa1ght and high-content of aialic acid causes the lubricating 

affect. 

The glycoprotalna play an important role in infant 

growth. "uc1n, a type of glycoprotein improves the 

absorption of rat and protein and increases the intestinal 

bitldua tlara or the infant. rurthar the presence or 

glycoproteina in the diet enhances the activity of 

nauraminidaaa which halpa to digest these proteins. ~ilk 

ia big repository or glycoproteina, •any of which are 

aynthaaizad in the mammary gland. Although extensive work 

haa been dona an the changes taking place in the synthesis 

or p~otaln• during prolireratlon· or •a•mary gland, very 

little la known about the changes taking place in glyco­

protaln aynthaala un er auch phyaiological changas. Tha 

praaant atudy la · al••d to elucidate the metabolic changes 



/ 

t I 

th 1 d with ont,lculatt reference 

t 1 t '' • nt y olo le 1 

d y laota· ton. 



• 
' • 
• 
I 

t 

I 

I 

' 
' 

t 

' 

' 
' 

' • 

t 

' 
' • 

' . 



REVIEW or . LITERATURE 

l'lammary gland la a unique tissue Yhich through its 

pradigiaua synthetic activity synthesizes milk proteins of 

which casein ls or ut•oat importance. The mechanisms end 

the cellular regulation of the protein synthesis in general 

la one or the moat fascinating research topics or the day 

because Of the peramaunt i11partanct1 ot the protein synthesis 

in the ulti•ate •• ~raatatlan or integrity or 8 tissue. 

1 Iaaletian, cha.racterizatlan and 
glycaeylation or alycaprotalnl 

Toahiauka Kauaaake (19?2) and hie coworkers observed 

that isolated nuclei tram rat liver contained carbohydrates 

canalsting mainly at glucoaamina and ~annoaa which are 

nar•ally co•panante at glycoproteln. Rat aeru• proteins 

uare labelled by injecting L-aepartic acid 2, 3, 3H to see 

whether th• a•lna acid lined ta carbohydrate through the 

aapartyl.glycoayla•in• linkage in aeru• glycoproteina la 

derived rre• aapartlc acid or rro• aaparagina during 

b loayn thaaJ.a. 

~· pr•••nca ar 5 •uo•r• ln glycaprotain iaolated 

rro• •urrah burtala'e aoloatruM waa da•onatratad by 

Jhingran and ,..hr• (1980). Chra•atagraphia analyaia 
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showed that bound aiallc acid contained N-acetyl-neuraminic­

acid and N-glycolyl neuraminic acid and a total of 18 amino 

acida. The glycoprotain did not contain glucose. 

l'lajor Glycoproteina rrom Bovine milk fat globule 

membranes were characterized by Douglas, et al.(197 6). --
s.o.s. acrylamida gal alactrophorasis followed by 

periodata-Schitt staining ehowad a pattern of at least six 

glycoprotaina. Alternatively the glycoproteins can be 

obtained by extraction of an aqueous suspension or washed 

cream with chlorofar.,.mathanol. Amino acid and carbohydr ate 

composition have been determined fbr tha purified glycoprote in. 

The apparent molecular weight of the Glycoprotain-2 tr action 

varied rrom 20,000 to 69,000. Sarine was the most predomi-

nant amino acid. 

Bezkorovainy i1967) isolated 1'11-glycoprote in by 

subjecting milk end colostrum to c.~. cellulose chromato­

graphy rollawad by DEAE Saphadax chromatography at pH 8.3 

and subsequently charaatarizad this glycoprotain. Tha 

rraction iaolatad from colostrum "'1-Glycoprotain showed 

25~ carbohydrate whereas the fraction from •ilk contained 

only 1~. · Thia traction isolated from both the sources 

showed the presence e' terminal-phenyl alanine, laucine 

and threonine. By repeated chromatography on Se phadex G-75 

calu•n Bezkoravainy and Grahliar (1969) rasalvad 

1"9 glycaprotein '7011 eoloatru11 into two a apare te proteins. 

The higher molecular weight glycaprotein (•al. wt. 12,000) 
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contained 28.4% carbohydrate and had an adsorption maximum 

at 2?5 na; the lower molecular weight component (mol. wt. 

12,000) contained 39~ carbohydrate. Periodate oxidation 

experiments showed that sialic acid was linked to galactose 

in both the protein rractions. 

Nichol's et al.(1975) iaolated several glycoproteins --
rrom human colostrum ~hey. The molecular weight of these 

proteins varied from 26,000 to 35,000 and carbohydrate 

content from 50 to 80~. Degradation of the c rbohydrate 

moieties or these glycoprotaina indicated that each 

contained non-identical carbohydrate chains. 

Properties or Glycoprotaina 

Results or ultracentrifugation, electrophoresis and 

N-.terminal-amino acid determination indicated that a 

"'1-glycoprotein isolated from each or 4 individual samples 

or bovine colostru• and one sample or pooled milk probably 

consist or a series of cloaaly related molecular species 

(Bozkorovainy• 1967). Thair average molecular weight was 

10,000 end the high~ valuee and negative specific rotation 

ar th• calaatrum glycoprotein preparations indicated highly 

diaorgenlzad structure. Each traction contained, galactoae, 

ha'xoaamina and aielic acldt while amino acid analysis 

revealed high percentage or glutamic acid, praline, 

threanina and iaaleucina and usuelly low amounts of basic 

amlnoacld•• 
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"1oroheterogen•ity .,d other prap•rtlea were 

obeervad in •ajcn 9lyeoprote1n by h1•1zu ~ .11, (1978). 

On dlalyeie, • Major glycoprota~, CB-?+8-c ponent, v 

•electively preolpit tad. Thia c0taponent cont i n 4,1 

H•>eo••• 2.os h••o•a•ine end 2.oa aiallc cid caul 

eeoaieta with PA I to VII CS III a ror a • l ub l e 

aa•pl••• 

Teuda (1978) ehow•d th t hu an ea .. p rate 

into 2 1raat1one P..1 glycaprotaln and P-3 phoa o~ota i • 

Th• latter w•• pan1t1ad by c.+2 praclpit tion '8111• 1 

prev•nted th la prec1p1tat1°" thu• hav lng at l iz 

.rract. f':ro• th• ••ino ecid an a ug er ca po.a l ti on of 

both P-1 and P..3 and turth tract ion of P3 l t wu 

that P-1 reaellbl•• cow K-oua ln end P-3 cow ~ -ca .. in . 

Th• evidena. or a bond between aapartic acid and 

glucoaa•in• and 0-threonyl glycoalde ban in h 

Lactotraneterrin w • eat blf.ahed by Spl~ •t al (1967 }»y --
th• hydrolyala at hu•an lactotranarerTln by pronaae. 

Later on by a .. cta 11. !! (1976) Pf'DC•• a d 11 tat 

olobule rane protein• and ahau d th• yia 

at protein at aavaral •tat•• in th l• procmd • r r 

pra•••lng, the protein• ware chr tog:ra Se :;llAIXltlts 

G-200 and the pratelna or th• eal la .,. 

into three •jar ~actlana ( A, I l C ) • 

were dlalyaed edenalvaly 
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againat ion exchange raain (Allberlite PB-1) to remove the 

prooaaalng Material such •• sos. The three fractions ware 

than lyaphillized and stared at 4°c. 

Gly1opreteina in •ilk 

A ca•panent 3, a vhay glycoprote in w aa obaervad by 

Brunner .!! I! (1970) rra111 Bovine 11ilk. All cornponanta 

war• iaolated rrom heated and unheated skim milk and 

confirmed aa heat atable glycoprotain native to milk. 

Carbohydrates or the glycopeptidea~leaaed by the 

aotlon or rennin on whale •ilk ware charactarizad with 

the help ar Gaa liquid chromatography by Sinkinaon and 

~healock (1970). 

The protein in cheese whey obtained rro• 111ilk other 

than alaloglycoproteln are flocculated and subsequently 

separated by ultratiltration and rinally concantratadiD 

Cibtaln a glyoapratain ayrup. 

Tho•paan and Brunner (1959) abaarvad the ratios or 

hexaaa•inel hexaae I rucaaa a Sialic acid were 112.510.6511 .e 

1n aoluble •••bran• preteln, 1a3.2a0.44a3.4 in ~ainatain­

rraatlan and 112.sao.,&111 • ., in prateaae peptone. The 

high•~ h••••• and aiallo aold content la characteristic of 

al•llar relatlonahl~ in the blaad protalna, and observation 

whlah auggeat• the poaelble origin or th• glycoproteina 

., •illc. 
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S1nk1neon & ~healock (1970) ahawad that the 

carbohydrates are one or the main ractars in . determin i ng 

the heterogeneity or IC-casein and may ooesibly play a 
' 

~art in the action of rennin in the coagulation or milk. 

Glycoprotalna in otbar tissues: 

Approx!arataly 25% af the total glycoprotein c ar bo­

hydrate recovered rram rat brain by Javaid !! !!,.(1975) 

ia associated with mannoae rich hateropolyaaccharide 

chains. The carbohydrate content predomina•aly consisted 

of mannoea and N-acetyl glucoae•ina. 

· The glycopa tides can ba separated rrom contaminat­

ing elelaglycopeptida by either colu•n electrophoresis and 

gal filtration or by affinity chromatography on Concavalin 

A Sepharose (Eric A Javaid, 1975). 

·Later on Ashwell .!! !! (1974.) ahowad that there are 

a number o, glycoprotaina which contain galactose as the 

penaltimata residua terminated by N-acetyl-nauramimic acid. 

However, due to the variation in the number or acetyl-

nauramlmlc acid raalduaa a microhetaroganalty has bean 

abaarved ln th••• glycoproteina. They alao generalized 

the role or tha tar•inel carbohydrate residues or 
glycapTateln in datar•lning their !n. vivo behaviour. 

Indeed, with th• exception or tranarerrln, all 

aalaloglycaprotelna ea rar teated ahow a rapid uptake by .. 
th• parenchy•al liver calla. 
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Later an Preferential ayntheala of ~-Lactoglobulin 
• 

by tha bound palyrlboaomas of the mammary gland was 

abaarvad by PJ.4tl'r• Gaye and Robert llenamur (1970). 
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MATERIALS AND "ETHOOS 

Lactating rata, 1, 10, 20 and 28 days poet partum, 

normal and pregnant rate ware collected from the s•all 

animal house, •aintainad at the Institute. ~emmary gland 

waa ieolatad attar anaaathatizing tha animals with chlorororm 

and kept in lea till uaa. A part of the gland was minced 

and ho•oganiz•d in different buftar systems or distilled 

water aa par requirement. The ~omoganate was filtered through 

•ualin clath and uaad for analytical studies. 

A. Eati•atlan at tatal protein 

Total protein in the aammary-homogenata was estimated 

by th• Falin'• method (Lowry at al, 1951). --
a. Eatl•atlan or Slallc acid 

The alslic acid ln the mammary gland was estimated by 

tha thlobarbituric acid aaaay method or ~erren (1959) with 

euitable •adiflcatiana. Ona ml or mammary homogenate was 

mixed with 1 fll ar Dt1N H2so.. The mixture vaa hydrolysed at 

ao0 c rar 1 hr and cooled. To th~• 0.2 •l or /10 aOH was 

added. Arter thorough ehaking ·it was centrifuged for 10 

•lnut••• Th• auparnatant wae collected ln a test tub• and 

the r••lduewa• reauapandad in 2 •l or acetate burrer pH-4.S 

and aentrJtugad ror another 10 •inutea. Both the euparnatanta 

were co•blnad and 0.1 •l or chloroform waa 

the aol·utlan • 



I 12 I 

0.2 •l •f the above solution was taken in a centrif uge 

tube and 0.1 •l or sodium metaperiodate was added. The 

•lxture wea incubated at room temperature ror 20 mts end 

aubaequently 1 •l at Na-araanita and 3 ml of the thiobarbituric 

acid were added. Th• mix.tura was kept in boiling water beth 

tor 15 M~•• cooled the contents and 4.3 ml cyclohexenone was 

added. Attar thorough shaking it t.1aa centriruged in the 

clinical centrituge. The upper coloured layer was collected 

.ln a test tube and the reeding wee taken in Klatt Summerson 

using greafl tilter. A blank was elao run taking distilled 

water. The standard curve was prepared and the values were 

aalculated taking the molecular weight of N-acetyl neuraminic­

acid a• 309. 

R1aaagta 

T.B,A, (Thlabarbutyrlc acid) 

Diaaolved 0.6 gm of TBA in 100 ml or warm distilled 

water containing 1.2s gms or sodiu• sulphate. 

Sadlu1="1'eenit• Solution 

Dieeolved 10 g•• or eodlum arsanite in N/10 H2so4 

can~aining 1.2s 9•• at aodiu• eulphata. 

Sodlu! ••t&AJ•riodata 
I 

In 3 •lot w ... • dletilled water dissolved 1,079 gma or 

aodlu .. •etaperiodate. The volume was made to 25 ml 

with ~th•phoaphorlc acid. 
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c. Haxase determination 

Haxose content in the tissue waa determined by the 

method or Dubois!!. §!.(1956). 0.1 ml of mammary homogenate 

was taken in a test tuba (0.1 ml water for blank) and 1 ml 

of 5% phenol was added which was followed by 5 ml of 

concent~atad sulphuric acid. 

After mixing, the tubes ~era kept in water bath at 

20-30°C for 15 mta. The developed colour was read in 

Klett Summerson photocolorimater using blue filter and 

standard curve was alao prepared with glucose. 

o. Estimation at Hexoaamine 

Haxosamine was estimated es per the method of 

Rimington (1940) with certain suitable modifications. 

To 0.2 ml Rat mammary gland homogenate was taken in e test 

tube to it 3 ml of 3 NHCl was added and hydrolysed in 

bolling water bath for 4 hours. The tube was cooled and 

nautralieed with 3 N NaOH and diluted to 10 ml with 

distilled water, centrifuged for S-10 ate. In 10 ml marked 

tube took one ml aliquot (1 ml of water for e blank) and 

added 1 ml of aaetyl acetone reagent and mixed. The tubes 

ware capped with marble end kapt in boiling water bath for 

15 minutes, coaled tha aame under tap water and eddad 5 ml 

or 95~ ethanol and mixed properly. Than added 1 ml or 
Ehrlich'• reagent, •ixed and diluted ta 10 ml with 95 

ethanol. Th• reading was taken after 30 •inutas in Klett-
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eummaraon eolori•eter at 530 11).Ll.. The standard curve was 

drawn using glucoaamin• and values were calcueted. 

!faganta. 

Acatylacatanas 

Ona ml or acatylacatona was added in 50 ml or 
o.s N Na2co3• The same was prepared freshly. 

Ehrlich'• raagant 

To 0!8 gm of P...dimathylamino-benzaldehyda 

· (recryatalized as the hydrochloride) dissolved in 

30 •l ar methanol and 30 ml of concentrated HCl. 

l'lix •ethanol and concen11ratad hydrochloric acid in 

cold and then dissolved the reagent in the cold 

mixture. · 

E. Alkaline Phoeehataaa Eatimatien (Aaeay system) 

The alkaline phaaphataaa was estimated using the 

~racadure ar Aecharrenburg (1953) with suitable modifications. 

5 ml at burrer substrata (diaodium paranitro phenyl phosphate) 

and kept in a water bath at 37°C. To this 3.5 ml or 
carbo"ata-bicarbonata burrer pH (10,D) vaa added. Attar 

S minutes o.s ml or maMmary ha•oganate wae added and the 

contanta or tha tUbe ware •ixad. The tubae wara incubated at 

3?0 c tar 30 minut••• A cerraaponding blank waa cerr lad out 

by ue ing boiled hamaganata. The react ion was et.opped by 

adding 1 .o •l o,r 2~ T .c.A. (Trichloroacetic acid) and 

tilter.ad through What•an F'ilter paper Na.40. 
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rive •l or the riltrata was taken in a centrifuge tube, 
-

o.s ·•l or 14% aDH uaa added and centriruged.- . The intensity 

er the colour davelopad was measured uaing blue rilter. 

Enzyn Units 

Ona unit ot alkaline phosphatase activity was 

equivalent to a preparation, liberating one AQm of 

P-·nitraphenol in 30 11inutaa incubation period at 37°c. 

Burrer eubatrataa 

o.1s g or di-aadium-p..nitrophanyl phosphate was 

diaaolved in carbonata bicarbonate burrer or pH (10.0) and 

the volu•a made to 100 ml. 

r. I Eatimation or 5 nuclaotldaea 

' The aasay system uead to astimata the S nuclaotidase 

was essentially the same rollowed by KobylKa, K & Carraway, 

. K.L. (19?3) with certain madificationa. 0.6 ml of 100 •~ 

Trie-HCL-butrar (pH a.s) containing 10 •" 5 A~P 

(Adanaaine "onophoaphata) and 10 •~ l'lgC12 was taken in a 

teat tube and ta it D.4 •l or diluted enzyme solution waa 

a~dad and •ixad. Attar incubation at 3?8 C tor 20 minutes 

the reaction wae atopped by tha addition or 1•l. or10% 

TCA. Attar tiltaring through Whatman paper a.40, the 

clear tlltrata thue obtained wa• uaad rar pi (Inorganic 

phoephoraua) aatimatian using tha procedure or A••• and 

Dubin (1960) aa deacribed tor Thia•ina pyrophoe phataee 

dater•inatlan-. 



I 11· I 

G. Thiamine pyrophoaphatase 

The aaaay ayatem used to estimate the Thiamine 

pyrophoaphataae by the method or Cooper (1970). To a 

taat tuba containing 0.1 ml of o.s ~ Tria-Hcl burrer 

pH 7.8 was added o.os ml of l'lgCl2 , 0.1 ml of Thiamine 

pyrophoa hataae (T.P.P.). 

To thie 0.2 ml of mammary homogenate wee added and 

volU1ae waa made to 1 11tl .with distilled water. Zaro time 

control was also partormed by keeping the tuba in ice. 

The con:tenta ar the exper !mental tube was incubated at 37°C 

tor 60 minutes and the reaction waa term atad with the 

addition at 1 Ml or 10~ T.C.A. (Trichloroacetic acid). 

Arter cantrltugation an aliquot or the supernatant solution 

was assaye• tor lnor~anic phosphate. 

~hoaphate £ati•at1an 

Ta 0.2 ml of filtrate was added 1.4 ml ore· solution 

containing 1 part ar 10 ascorbic acid and 6 parts or 0.42% 

Ammoniummolybdata in o.s "H2so4 (mixed fresh daily). 

Attar inaubatlan at 45°C tor 20 minutes the colour was 

axtractad with 4 ml or laoa11yl alcohol. The readings were 

taken at 660 ~ ualng Klett aum•eraon colorl•atar. 
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11. Gel filtration pattern of mammary gland 
glvcoeroteina uaing Saphadax Gal G-100 

A 3x40 em Saphadax G-100-column was preperej using 

phosphate buffar·, pH 7 .4 (Hortnagl .f.1 .!!, 1971). The 

column uas equilibrated overnight with the same buffer. 

The homogenate has spun da'ln in a clinical centrifuge and 

the supernatant wee lyephillizad. The lyo hillized poyder 

was dissolved in phosphate burrer, pH 7.4 (0.1 M) and used 

for gal filtration. 

The eluted fractions ware monitored for protein 

content either by the •ethad of Lowry!!..!! (1951) or were 

read in the Carlziaa Spectrophotometer at 280 mp.. 

III. Sodium Oodac 
a ectropheres 

Electrophoresis wea conducted in alkaline systems 

using the method of Yebar & Osborn (1969). A 7 poly­

acrylemlda gal waa prepared according to the method or 
Takajama !!, ~' 1966. 

(a) Gal buffers- 0.1 ~ sodium phoa hate buffer in 

0.2% sos. 
(b) Electr~phoreeia buffers- 0.1 ~ sodium phos phate 

burrer wee diluted in 111 ratio and ••de to 

0.1~ ulth sos. 
(a) Aoryla•ide aolutiana- 22.2 g•a or acrylamide and 

0.6 1•• ~1e-acrylam1de ware dlaaolved in 100 •l 

distill water. The aolution was riltered and 

atored in cold and dark. 
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(d) Ammonium per sulphate solution 

·e mg111 of ammonium per sulphate "'as dissolved in 

1.S . ml or gel buffs~. 

Acrylamida solution was prepared by mxing 

solution (a}-18.B ml, soln (c) -9.7 •l, 

N, N, N1 , N1-tetramethyl ethylenediemine (TE~EO}­

o.045 ml and 1.s ml or solution (d}. Artar 

mixing thoroughly the solution was poured 

carefully i nto glass tubes covered at one end 

with paratilm. Distill wa ter was then carefully 

layered over the acrylamida solution and the 

tubes were polymerized by incubating either at 

so0 c for 15 minutes or at room temperature tor 

1 hour. 

The tiasua samples which ware quite insoluble 

in conventiona l aquaoue buffer systems were 

aolubilizad and electrophoretic lly essayed 

accordingly to the method or ~ebar and Osborn(1969}. 

Solubilization ot Protein 

The proteins were incubated at J?°C tor 2 hours . in 

0.01 " Sodium phoephata buffer pH 7,0, canta ining 1 SOS and 

1~ marcaptoathanol. The protein concentration was usually 

between 0.2 and 0.6 ~ par •l• After incubation the pratain 

ao~ution uae· d!alyaed t'or aaveral houra at r .oOtl temperature 

againat 500 ml at' 0.01 " aadlu• phoaphate butter, pH 7.0 

containing 0.1 ~ SOS and 0.1 mer·captaethanol~ 



i 19 I 

Th• polyacrylamide gel electrophoresis was carried 

out using 111 dilution phoaphate buffer. A prerun or 20 mi n 

.waa _givan before applying the s ample. After giving the 

prerun about 50-70 .Atl. of protein sample "'as l ayered on th e 

gal topa. The electrophoresis was conducte for 8 hours at 

a constant currant or 6 _ ~A/tuba. 

Detection ar Glycoprotein 

Carbohydrataa were detected in the ge l following the 

procedure at Fair Bank at al., 1971. -- . 
The SDS present in the gala was removed by e ploying 

the following atapa. The gala wara placed in slotted glass 

tubae and washed with (1) 25 lsopropylalcohol in 10 acetic 

acid for 48 hours with constant stirring; (ii) 10 isopropyl 

alcohol in 10 acetic acid for 10 hrs (i11) 10 acetic acid 

tor 12 hra. 

The gels were than stained for carbohydrate by 

treating the gala by pouring o.s periodic acid for 2 hours, 

o.s aoclium arsanlta in S~ Acetic acid for 60 in·utes; 

0.1 Sodium araenite in 5 Acetic acid (repeated t wice); 

5' acetic acid for 20 minutae and tinally with periodic 

acid Schirr reagent rar 12 hours. 

Tha deatainin1. waa carried out with 0.1 Sodium 

.. tablaulphite ln 0 01N HCl tar aeveral hours un~ll tha 

•lnQ• eolutlon railed to turn pink with the addition or 
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Th• polyacryla ide gel electrophoresis was carried 

out using 111 dilution phaa hate buffer. A prerun or 20 i 

.waa _giv•n before applying the s a ple. After giving t he 

prarun about 50-70 A&l. or protein •a•ple u as 1 2y e red on th e 

g•l topa. lha alactrophoreais was conducte for 8 hours at 

a constant currant or 6 A/tube. 

Detection or Glycoprotain 

Carbahydratea ware detected in the ge l rollouing the 

proC8dura ot fair Bank at al., 1911 • -- . 
The SOS present in the gels was re oved by e laying 

the rollauing atapa. The gala ware placed in slotta glass 

tiJbaa and washed with (i) 25 isopropylalcohol in 10 acetic 

acid ror 48 hours with conatant stirring ; (ii) 10 is o r o yl 

alcohol in 10 acetic acid for 10 hrs (111) 10 acetic acid 

rar 12 hra. 

Tha gels ware than atain•d for cerbahydra t a by 

tr•ating the gala by po ring o.s periodic acid f or 2 hours, 

o.s aadium araenita in 5 Acetic acid for 60 inutes; 

0.1 Sadiu• araanita ln 5 Acetic acid (repeated t u ica); s• ac:atic acid rar 20 inutas and rinally with periodic 

acid Sahirr reagent rar 12 hours. 

The de•tain ing waa carried aut w 1 0.1 . odiu 

.. tablaul 1'9 In 0.01 HCl fer several hours until the 

rlnga aolutlan tailed to t urn pink with the addltian or 

, ldehJd•· 
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Tablt 2 

QJ1n91a in garbobYdratt contents or rat 
••••arY gland •• 1rr1c\ad bv Lactation 

Phye iol ag !cal 
condltiana 

Nor•al 

Pregnant 

lactating 2.s2 

0.02 

2.2e o.o3 

0.09 

Values are glvan a• average or five 
determination 

9Jangea in carbohrdrate conatltuants or 
r9t mam .. rY tiaau1 during lactation 

The level or carbohydrate constituents or •• ary 

tlaaue at dirrerent atagea at lactation la shown in 

Teble 3~ 
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P!arkar enzyme level• in 
mammary gland during laetattan 

Plasma •ambranas and golgi vesicles take active role 

in regulating metabolic activity and poet-synthetic 

modification or proteins, respectively, during the synthesis 

or milk in mammary gland. Hence it could be expected that 
I 

levels or alkaline phoaphataee and 5 -nucleotidase (marker 

enzymes ror plasma membrane) and thla•lne pyrophosphataae 

(marker for Golgi veaicl~a) in mammary gland would change as 

a .result of lactation. Determination of activities or these 

enzymes in mammary glanda of ·normal, pregnant and lactating 

rate ehowad that the levels or alkaline phosphatase and 
I S nuclaotidaaa 1Acraasad as e result or pregnancy and 

lactation (Tabla 4). But the level of thiaming.pyro hosphatese 

waa ·higher in normal mammary gland than th at or pregnant 

and lactating rat. The reason far the discrepancy is not 

clear. 
Tabla 4 

Cbangae in •arker anzr•• lavala or rat 
mammary gland aa atfactad by laqtation 

Physiological 
oand1t1an 

Nar•al 

Pregnant 

Lactating 

- I ••• ·---~2!!!!!':.!S!!~!~l----- ----
Alkaline S1nuclao- .Thiamine 
phoephat. · tidaae pyroph,aphataaa 
••• 

9.51 

13.12 

20.11 

Valuaa are glvan •• awaraga ot rive determination 
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L111la or 10•• marker enzymaa in 
rat !a••arY aland at dirrerent 
ata9!1 or lactation 

The lavela or alkaline phaaphataaa, s•-nucleotidase 

and thia•ina pyraphoaphataae ware higher at 10th day or 

lactation than an 1•t day or lactation (Tabla 5). 

Tabla 5 

Chang•• ln epaciric activities or marker enzymes 
ln rat ma•marr tland during lactation 

·. 

Enzyu , 10 20 28 

Alkaline Phoa- 14.,01 20.81 18.52 10.09 
phatas1 

I 
5 -Nwel1l>tidaa1 4.40 6.11. 6.01 s.11 

Thia11in.- · 1.48 3.13 ?.89 7.49 
pyl\ophaaphataae 

Values ar• 1~v1n at av•rag• ar r1v1 determination. 

. Ther1 waa not •uch dif far1nca in the lav1la or 

alkaline phaaphataae and s1-nucleatidaa1 b1tua1n 10\h and 

· 20th dey or laatatlan. But thl 11valaar · both th1a1 anzyma 

wire lou1r on 28th ~ay or lactation. Unlike thea1 tua 

1nzy• 1-•vala, th• 11vel ar thiamine pyrophosphataaa 

aanaldaraltly ·1ncreaa1d tra• J • 13 an 1 Oth d~y or lactation 

ta 7 II on 20\h day ot. laot tlan. Tharaattar tha lev1l or 

thla anzv•• al•,.t 21•ainad canat1nt. 

.. 
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Table & 

'ifrbahrdrat1 content of fractione obtained fgam aalubla proteins at 

•t!!frY gland an SapfJad11 G-100 Colu .... 

Daya or Lactatian 
L I)• ' ' 

Canatltuenta ...: 
,,.. r 

l 
·, 

~~ -,. 10 .. ~ 
. 

--f':' 
,- 20 -Jg • . 

------rractlan._.------~ 

I ,_fl III . I II III .. 1 ll III I 
-:· . ,,_,.. 
-·II-- t III 

I 
~ -·' ,. - . . 1: • ~ 

.. ' - - ~ I I :. .. 
' c-.. -. . 

H1xoea I ', " 21.2 '45.1 18.6 26.4 12~1 2a.1 24.2 52.& 21.2 22.4 so.2 19.& ~ - .. 
Slalic acid . 1B.3 31.2 16.4 20.9 45.6 18.8 21.s 30.3 18.? . 19.S 28.6 20.4 
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Electrapharetla pattern at 
glycoprata!na at diCCerant 
t11ptiona oblalned an 
S1phadex gal column 

rlg.3 reveals the alactrophoretlc pattern or 

glycoprotaina or Fractiona I, II and III obtained by 

•aleaular elev~ chro•atagrephy. Thara ware three 

common glyaopratain caMponanta in fraction I iaolatad 

rra• mammary gland at lat, 10th, 20th and 28th day or 

laatation. But aamplaa tro• 10th day or lactation 

contained an additional low molecular weight 

glycoprotaln ca•panant 

When Fraatio~ · tained at 1at, 10th, 20th and . . . 
28th daya at lactation vaa aubjactad to alactropharaaia 

it wae raaolvad l~to 4, S, 4 and 4 glycoprotain 

co•pananta. The ••j•r co•ponant in all thaaa pattern• 

vaa a elou moving high •alacular weight protein. Thia 

band uaa mare thick an the 10th day at lactation than 

,., day or lactation. band bee••• thinner •• the 

lactation advanced. An additional teat moving 

·glycoproteln band obaervad on 10th day ar lactation 

waa abaent at early and late atagaa ar lactati n. Th• 

laat ~a tlan a hawed only a single glyaaprataln band at 

whlah patte•n ra .. lnad al•oat conatant at all atagaa or 

lactation. 
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, 

Electrophora ot Rat "•mmary 
at different etagee ar Lactation. 
Numbers 1, 2, 3, 4 indicate the 1at 

s, 6, ?, 8 indicate the 2nd 
9,10,11,12 indicate the 3rd tract! 
.ot 1at, 10th, 20th I 28th daya et 

• 
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SUl'll'IARY 

In the present atudy, invaat.igation has been made 

on the changes in glycoprotein content or rat mammary 

tlaaue as aff'acted by lactation. Salient features of 

the atudY are dellnaat.d balawa 

1. The protein cantant/g or rat mammary tiasue was 

arfact~d by the stage ar lactation. Tha protein content 

increaaed upto p,ak lactation, dacr•aaad gradually as 

lactation advanced and towards the and of lactation it 

was similar to the level as in norm.al tamale rat. 

2. lha level or all carbohydrates anelyaed namely 

eialic acid, haxoaa and hexoaamlna/g or mammary tissue 

var• aaneiderably higher in lactating mammary tissue. 

:s. Th• alallc acid, hexosa and hexaaamine content 

lncraaaed tram rirat day at lactation to the 10th day 

or laot~tlon. decreaaad •• the lactation advanced t and 

tovsrde the and at lactation, the level reached to 

almost the aa11e ae in normal mammary tlaaua. 

4. The level ar ao .. marker anzv••• amely alkaline 

phaapha,taa• and 5 nuoleatidaaa ineraaaad •• a result ar 
p~egnancy and lactation. But the level of thia•lna­

pyrophoapbataae uaa higher in na~••l ma•mary tiaaua 

than in pregnant/laotatlng ••t• 
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I lh• level• ~r alkaline phoaphataaa 5 nuclaotidasa 

were higher at 10th d~y or lactation than at 1at day or 

laetation and remained conatant . upto 20th day or lactation. 

The thia•in• pyrophoaphataaa activity incraaaad considerably 

tram 1at day to 20th day or lactation. 

&. Sephadex G-100 filtration or soluble proteins rram 

mammary gland rasalvad into three fractions lrraspactive 

at the stage at lactation. Havavar, th~ proportion or 

thaaa rractiona varied with the etaga of lactation. 

?. A•angat the three rractiona obtained on molecular 

eiave chromatography, F'ractlon I contained at least three 

glycdprotain components aa revealed by alactrophorasis at 

all atagas of lactation. 

a. rraction II contained maxi•u• amounts of hexosa and 

alalic acid. On alactrophoreaia, it uaa resolved into 4, 

5 1 4 .and 4 glycopratein compenanta at lat, 10th, 20th end 

28th day or lactation, raspsctively. The major component 

in all theaa alactrophoratlc patterns wee a law moving 

high molecular waJght pretaln. Th• concentration of this 

co•ponant waa highest at 10th clay or lactation. 

-1o001-
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