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Running title:

Glycogen and Lactose Synthesis in Mammary Epithelial Cells.



SUMMARY

Evidence is presented for an ihtérre]ationship4between»
glycogen metabolism and lactose syntheﬁis in mammary epithelial
cells. To investigate the role of glyéogen in the mammary gland,
we studied the conversion of glucose to glycogen and other cellular
-products in epithelial cells and in adipocytes isolated from glands
6f-mature virgin, pregnant and lactating mice. The resu]ts of
these experiments demonstrate that a large portion of glucose is
COnvefted to glycogen by mammary.épithe1ia1 cells from mature
Virgin and pregnant miée. The rate of glycogen synthesis is
maximal in the epithelial cell at late pregnancy but decreases
rapidly at parturition when the abundant syhthesis of lactose is
initiated. In glands from mature virgin and pregndnt mite,
glycogen synthesis in the epithelial cé]lvexceeds that in the
édipocyte by over two-fold.

Since glycogen and lactose share a common synthetic pathway,.
in part, we propose that glycogen synthesis during late pregnancy
restricts 1actose,buiid—up within the epithelial cell at this time.
At parturition, mobilization of glycogen stored during pregnancy
.could provide substrate,for the dramatic increase in lactose
synthesis. The possible mechanisms fof this mobilization and the
physiological advantage'of glycogen accumulation during late

pregnancy are discussed.
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INTRODUCTION

The ;ignificance of glycogen metabolism has not been seriously
considered in mammary epithelial ce]is. The presence of glycogen
in these cells has been reported in the dog (Sekri and Faulkin, |
1967),coﬁ (Reid and Chaﬁd]er, 1973), and human (Sterling and. |

Chandler, 1977). Studies published some time ago revealed that

pieces of bovine mammary gland (Peterson & Shaw, 1938) and

homogenétes of guinea pig gTand (gittinger and Reithel, T953)
synthesize glycogen. These studies however, did not establish that 

the parenchymal cell was synthesizing glycogen because of the
possibility of other cell types, particu]ar]j adiocytes, being

responsible for this synthesis. Ebner and his colleagues (1961)

- reported glycogen synthesis from glucose by bovine mammary cells in

culture. This finding was extended by Twarog and Larson (1964) who
also found a reciprocal relationship between glycogen and lactose
synthesis ih'these cells in culture. Nevertheless, Larson (1969)

questioned the physiological significance of glycogen metabolism in

~mammar_y epithelial ée]ls,AposSib1y because the cultures were known

to be contaminated with other types of cells.

We undertook the studies reported here to establiéh what rdle,
if any, glycogen metabolism may play in the mammary epithe]ié]
cell. In a preliminary study, we found that giﬁnds from nonlacta-
ting ﬁice synthesize considerably more glyCOgeh thén those from
lactating mice. An abstraqt describing this work has appeared

(kmerman and Bissell, 1979). " Encouraged by the possibe modulation

'ofvglycogen §ynthesis in the mammary gland, we have expanded these

investigations to include epithelial cells and adipocytes isolated



from the mammary glands of mature virgin, pregnant, and lactating
mice. From these studies we obtained evidence that the mammary
epithelial cell is responsible fdr most of the giycogen synthesized
by the mouse mammary gland during the quiesceht and pregnant stages w
of the reproductive cycle. We show further that glycogen formation
is maxima] during late pregnancy, when the mouse mammary epithelial
cell develops the capacity forvlactose syﬁthesis (McKenzie et al.,
1971; Jones, 1972). Because glycogen metabo]ism and lactose
synthesis have intermediates in common, we propose that synthesié'
of glycogen restricts lactose accumulation at this time. As a
corollary, we further propose that initiation of'ébundant synthesis
of léctose at parturition is enhanced by‘degradation of g]ycogén
synthesized by the epithelial cell during 1ate pregnéncy.
EXPERIMENTAL PROCEDURES | |
Anima]s. Ba]b/cCrg]Amice were purchased from the Cancer

Research Laboratory at the University of California at Berkeley.
- Mature virgin female mice ranged in age frdm 12 to 16 weeks.
Pregnant mice were obtained by mating‘femalé mice with ﬁa]és for
one.night; the following day was designated day 1 of pregnancy.
.detating mice were used from the time they gave bifth to their
litter, but prior to nursing (designated day 0 of lactation)
through the tenth'day of lactation. ‘ ’

Dissociation and Incubation Procedures. The mice were killed M

by.cervica1 dislocaticn and the 5 pairs ofvmammary glands were

removed. The glands were either cut into 1 to 2 mm2 pieces or dis-

.

sociated to single cells with the aid of collagenase (Lasfargues &

Moore, 1971). The dissociating medium was Medium 199 (10 ml/gm
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tissue; Grand Island Biological Co.) supplemented with glucose to a

. final concentration of 11 mM, 5 ﬁg/m] each of insulin (Calbiochem;

bovine pancreas, B grade) cortisol (Sigma) and proiactin‘(Sigma; 32

I.U./mg); 0.12% collagenase (Worthington Biochemical Corp.; CLS II,

135 U/mg), and 4% bovine serum albumin (Sigma). Dissociation was
carried out in an Erlenméyer flask at 37°C on a gyrafor shaker at
125 rpm for 1 h. The material was paséed thfough dacron cloth then.
through a 50 ﬂNitex fi]tef (Tetkof Inc.) to.break up ciumps of .
cells (Emerman & Pjte]ka,'1977). The'result%ng cell suspension was
centrituged for 3 min at 800 rpm. The fat cells float to the top.
of the supernatant leaving a pe]leﬁ which is most]y'composed of
epithelial cells. Both cell types were‘co1]ected.

A series of experiments were conducted on mice thch had tﬁeir
mammary epithelial anlage removed fromyl péir oflgiands'when the
mice were 3 weeks old (DeOme et al., 1959). These cleared fat pad;
were nandled in the same manner as normal glands. In these |
éxperihents pieces of tissue from abdominal fat pads were:also
used. | | |

ﬁiéces of mammary gland tissue (averaging 100 mg‘protein) or
2 x 10° cells 6f the cell suspension were put into 5 ml tubes with
0.5 ml of Medium 199 Containiﬁg high specific activity [U-14C]
glucose (Neﬁ Eng]and Nuc1ear; final specific activity 30“Cf/mo]).
Insulin, cortisol, and prolactin were present in thé medium at ?
ﬁg/m] each. ThergluCOSe concehtration was routihely 11 mM, bgt in
one set of experiments 5.5 mM, 11 mM and 27 mM were used.b[U¥14C]
galactose (New England Nuclear; final specific activity 330'Ci/mo1)

was‘used'in 1 set of experiments. The concentration of galactose



was 0.11 mM. The medium with samples was equilibrated with 95%

air, 5% C02, then put bn a gyrator'shaker and incubated at 37°Clin

95% air, 5% CO, for 1 and 2 h periods. The epithelial cell
suspensions were centrifuged at 1000 rpm for 3 hin tovpeilet the- S
cells. The fat cells were concentrated by collecting the medium
beneath the cells with a pipette.' The hedium was removed from all
samples and frozen for later analysis. The cells and tissue were
rapidly washed twice in Hanks' ba}anced salt so]ﬁtion (ﬂBSS) \
containing unlabeled glucose, once with diluted HBSS'(1:2 with
H,0), and killed with 3 ml of 80% methanol (v/v) in 0.0TN NaOH
containing 0.1% sps! és described previously (Emerman & Bissell,
1979b). The tissue was homogeniied. The methanolvwés-fhen

evaporated under a stream of nitrogen.

Separation and Identification of Lactose. Lactose was separa-
ted “rom other labeled metabolites by 2-dimensional. paper
chromnatography. The processingrof sampTes for paper chromatography
- and the chromatographic procedures have'been described previously .
(B1sse11 g_ _l » 1973; Bassham m-et al., 1974). | Thé location of
lactose was determined with autoradiography . using X-ray film, and
the amount of 14C lactose. was counted. |

The spot identified as lactose was é]uted and rechromato-
graphed with pure lactose standard. In all cases.tested, the spot ©
and the standard were superimposéb]e in position and shape (Eﬁerman ¢

& Bissell, 1979b).

Separation and Identification of Glycogen. Glycogen and other

macromolecules remained at the origin after 2-dimensional paper

chromatograhy using our solvent system. To determine the glycogen



content, the origins were cut into small pieces and hydrolyzed in

‘1 ml of 1IN trif]uoroacetic acid for 1 h at 200°C (Bisse1l t al.

1973). The samples were evaporated under n1trogen and resuspended
in 80% methano] in HZO. The extract was again subjected to -

2-dimensional chromatography and the amount of 14

C-glucose was
consideredvto represent the amount of 14C-g]uco’se incorporated into-
glycogen. To ensure that the labeled g]ucose ‘was not 1ncorporated
to any 51gn1f1cant degree into g1ycoprote1ns or g]yco]1p1ds, we
repeated the exper1ments using 14C-ga]actose and determ1ne& the
amount of label retained at the origin.

Glycogen was also isolated by ethanol precipitatibn (Good et

“al., 1933).. Three mg of rabbit 1iver glycogen were added as. T

— pd 4 e 2

carrier ‘to a portion of ‘the concentrated SDS extract.  After
de]iaidation, as described below, ethannl was added to a final

concentration of 66% (v/v). The samples were cooled to 0-4°C and "

the prectpitate allowed to COlleet for at least 2 h. After c¢centri-. -

fugation at 4°C, the supernatant material wasjcarefu]ly decanted.

The remaining precipitate was dissolved in distilled water .and a

portion assayed for radioactive content.

Lipid Determination. The 11p1d was extracted from the SDS
extract by thetmethod of Slayback et al. (1977). The organlc

- extract was removed for assay of~l4C content and the remaining

aqueous phase subjected to the procedure for gTycogen precipitation

with ethanol (see above). ' o '_ | L

14 .

Measurement of Radﬁoactivity. The C-labeled areas on the

chromatograms were cut from the paper and their radioactive content

was‘quantitated with an automated Geiger-Mu]]er.apparatUS (Moses &
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Lonbérg-Ho]m, 1963)f The.fadfoactive cbntent of glycogen
precipitated with ethanol and the lipid was.measuréd using liquid
scinti]]ation‘spedtrometry (Beckman).A.A portion of each sample was
removed for protein detefmination by the method of Lowry et al.
(1951) using an Autoanalyzer Il system (TecﬁnfCOn).The régults are
expressed as nanbmo]es of 14C per milligram protein.

RESULTS

When a ﬁortion of tissue extract which had been incubated with
146-91Qcose waé subjécted to 2-dihensiona1 paper chromatography,

- the amount of radiocactivity remaining at the oﬁigin wa§ different
~at each stage of the reproductive cycle. The amount of 1abe1 at
the origin in tissues from late prégnant~mice was twice that of the
mature virign, exceeding 200 nmol 14C/mg protein/h. The level of
incorporation in the origin material dropped to a very low level by
~midlactation. Of all the possibie molecules held at the origin, we
cohc]uded that glycogen would be the most likely infrace]]ulaf
metabo]fte to be formed from glucose to .this eXfent.

" To confirm that the material at the origin was indeed
‘glycogen, the Qrigins weré hjdro]yzed as described in Experimental
Procedures, and the labeled material in the hydrolysate was
identified by paber chrpmatbgraphyr ;Approximateiy 75-87% of the
14C was found to rechromatograph with glucose (Fig. 1).’ This\value
was taken as a measure of 14C glucose incbrporation into g]ycogen;
VBecause glycogen can be synthesized and degraded simultaneously, we

recognize that the rate of glycogen formation is not due to
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synthesis alone but is the net of these two processes. Nonethe-
less, for the sake of simplicity, we will refer to this accumu-
Tation as the rate of glycogen synthes1s.

Glucose has been shown to be a component of g]yco]1p1d and
g]ycoprote1n in-the lactating mammary g]and.JSpeake & White, 1978),
as it is in other cell types. To e]iminate the possibility that
some of the material retafned at the origin may be due to the
synthesis of glycoproteins and glycolipids during the time course

14

of these -experiments, mammary tissue was exposed to C-galactose,

a major carbohydrate component of glycoproteins (see Parry, 1978).

1 14C/mg protein/h from this sugar was he]dpat the

origin of 2-dimensional chromatogrpahs regardless of the physio-

logical state of the animal. This synthesis is negligible when

compared to 10 nmol in 1actat1ng mice to over 200 nmol in pregnant . .

mice of labeled carbon from glucose incorporated into macromole-
cu]és. Ceriani _1._1»3(1978) also measured synthesis of glyco-
proteins by mammary epithéiia] cells and pféées of mammary tissue,
using labeled fucose. It "can be calculated from‘théir studies that
the level of incorporation into macromolecules was also infinite-
simal compared to the glucose incorporation ihtb glycogen observed
here in a 2 h incubation period. These studies confirm that the.
actfvity refained at the origin was mainly in g]ycoéen.

Glycogen wés also identified.by precipitation in ethanol

according to the method of Good et al. (1933). The relationship

_ between the physiological states were comparable to those obtained

by hydrolyzing -the origin of the paper after chromatography and

14

measuring the released C-glucose (Fig. 3). .However, the values

s
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for g]ycogen synthesized in the virgin gland and during pregnancy
were only 1/3-1/2 of that determined by paper chromatography. The
lower recovery was likely due to the inability of ethano] to cause
~of the shorter glycogen chains. The presence of §hortvglycogén.

" chains was verified by identification of material trai]ing from the
origin as yielding so]é]y glucose upon acid hydrolysis. 1In | ~
éontrast, the ethanol precipitable material from samp]es‘derived

from lactating mice was the same as that determinéd by paper
chromatography. This is in agreement with our finding that

" shorter g]yéogen chains were not present in samples from lactating
mice. |

14

Not‘only was there a marked differénce in the rate of C

incorporation.into glycogen, but the response of the mammary tissue
éxposed to different g]dcose concentrations appeared to differ witn
the various stages of mammary gland development (Fig. 2a). The
rate of glycogen synthesis-in the mammary tissue of méture virgin
~mice increased with'increasing glucose concentration in the medium.
Glycogen synthesislby tissue from ]actafing mice Wés virtually
unresponSive to the changes in glucose concentrations. Im contrast
to g]ycngen synthesis in tissue from'1actating micé, the rate of"
lactose synthesis increased linearly with increases in glucose
concentration up to 11 mM (Fig. 2b). Subsequent increases in
glucose Concentrations had no effect on lactose synthesis. ThiS
response by mouse mammary gland is in agreement with previous

reports in the rat (Bartley et al, 1966).
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‘Glycogen synthesis in the mammary gland, particularly of

" mature virgin mice, is not an unexpected finding. Approximately

80% of the gland dufing the qﬁiescent state is composed of
adipocytés and these cells synthesize_glycbgen (Vaughan and Korn,
1962). As thelepjthelia] ce]1~popu]ation becomes pkedomjnant
during pregnancy and lactation, one might éxbect that glycogen
synthesis would decrease. However, the rate of glycogen synthesis
by mammary tissue pieces from late pregnant mice was greater thén
that synthesized by the virgin gland e&en though it was decreased
during lactation (Fig. 1). This result led us to consider two

possibilities; gfycogen synthesis by adipocytes was increased.

}during pregnancy, or :the mammary epifhe]ia] cé]]s were responsible

for,thé.synthesis of glycogen.

To test these possibilities, the mammary tissue was dissoci-

ated and the adipocyfes and ep%the]ia] cells isolated separately.

14

The incorporation of C from glucose into glycogen by epithelial

cells is shown in Fig. 3. The mammary epithelial cells were

clearly responsible for most'of the g]ycbgen synthesized. The rate

of glycogen synthesis increased during pregnancy reaching a peak

between 16-18 days, then there was a decline in synthesis as the

animal épproached parturition.: This decline continued until day 6

of lactation. The level of synthesis remained very low and

constant thereafter. Th: adipocytes also synthesized glycogen but

the rate of synthesis wa;'approximately 1/2 that in the epithelial -
cells in the virgin and pregnant mouse. Synthesis decreased during

lactation and was the same for both cell types during this period.
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Glycogen syhthesis was much lower in dissociated cells than in
pieces of whole tissue. This could be due to a decrease in the
level of ATP. A decline in ATP production after cell dissociation

has been reported for liver cells (Bissell, et al., }973).‘
Furthermore, cell damége and the disruption of ée11-ce11
interactions may adversely affect the ma%ntenance of bﬁosynthetic
processes. |

Since it is known that the presence of epithelial cells can

t al., 1973),

infivence lipid accumu]ation by adipocytesl(Elias
glycogen storage might be similarly affected. To investigate this,
we measured glycogen synthesis in pieces of cleared mammary fatb
pads and of abdominal fat pads. The rate of glycogen synthesis by
abdominral fat pads from virgin and pregnant mice was the same,
avefaginé 225 nmol 14C/mg protein/h, But decfeased during’]actétioh
to 5 nmol. In contrast, the level of synthesis in the cleared fat

A
{.au

2 (aQeraging 300 nmol 14C/mg protein/h) remained constant during
'all physjo]ogicé] states (additional results not shown).

To determine when changes in the rates of glycogen and
lactose synphesis occurred, glycogen and.1actose synthesis in
mammary.epithelia]_ce11s weré measuredlat different times
throughout pregnaﬁcy and early 1actation; The highest rafe of
g]ycogén synthesis, over 100’nmo1_14C/mgvprotein/h, occurred
between 16-18 day of pregnancy, the fell steadily to reach ar
constant loy rate by the sixth day of lactation (Fig. 4). Lactose
synthesis was initiated at day 16 of'pregnancy, but the rate of

~synthesis remained low until just prior.to parturition when there

was a sharp-increase in the rate of lactose synthesis corresponding

\»
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_tb the drop in glycogen synthesis. Similar results were obtained»

| by measuring the rate of glycogen and lactose synthesis in mammary

gland tissue at the time of parturition. v
We also measured the rate of 1ipid synthesis during pregnancy..

Dur1ng the first 10 days of pregnancy, lipogenesis from glucose

.1ncreased from 10 nmol C/mg prote1n/h to over 60. - By day "14 the

rate was aga1n around 10 nmol and remained at. that ]eve] unt11 just
_pr1or to parturition: |
DISCUSSION |

In order to understand the metabo]1sm\of the 1actat1ng gltand,
ityis important to 1nvest1gate the metab011c re]atlonsh1ps in the

preceeding stages of the reproductive cycle quiesence and

pregnancy. . Certainly much of the activity in. the ep1the11a1 cell

( during quiescence and, particularly, pregnancy is 1n_preparat10n

for Tactation. éy taking this approach, wé have clearly shown that

not on]y do the epithelial cdmponents of the mammary gland of the

.mouse synthesize glycogen at all stages“df the reproductive cycle,

but the aciivity is greatly modulated. The rate of glycogen

'synthes1s increases during pregnancy and folls dramatically at

]actat1on. A]though the cell populations are not homogeneous, the

‘experiments conducted on populations enriched.either with

epithelial cells or adjpncytes show that the level of glycogen
accumulation is'greater in the epithelial cells. The parenchyma
iné]udes_both secretory epithelium and myopithe]ium._ Because the

population of‘sécretory.Epithelial cells increases during pregnancy

1 C
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while the myoepithe]ia]-ce]]bopu1ation increases very ]ittje if at
all (Hollmann, 1974), the increased rate of glycogen synthesis at
~this time is more likely attributed to the secretory ep1the11um

| This decrease in glycogen synthes1s at partur1t1on is not &
1imited to the mammary epithelial cell. At this time, there‘ls.a
corresponding decrease in glycogen synthesis in the abdominal fat
pad. The low ratg of synthesis in these pads may.be dﬁe to a
general body response.to Tactatioﬁ, a result ofameeting the deménd
of the mammafy epithe]iai cell for glucose and triglyceride
substrates for synthésis of milk components. Mammary fat pads are
not sensitive to this QeneraT resbonse'as the rate of g]ycogeh
syﬁthesis of preghancy is maintained throughout lactation in .fat
pads cleared of their epithelial eleménts. This lack of response
may be due to the increase in b]oéd flow to the mammary gland just
prior to lactation (Linzell, 1974). This increased supp]y of
nutrient would preferentially support the mammary. fat pad during
lactation just as it doés;the mammary g]ahd. There is, in addition
to the change in blood supply; a 1o¢a1 effeét of mammary epitﬁe]ia]
cells on mammary adipocytes. If the epithelial componénts of the
gland are not removed, the rate of glycogen synthesis fs depressed
in all mahmary cells including fat cells (Fig‘ 3 and text). Elias
et _l:, (1973) have reported a similar localAinhibitory'effect of ¥
mammary epithelial cé]]s on lipid accumulation by adipocytes in the
gland. This local efféct could be dﬁe.to the prbduction of a
metabolic {nhibitof_but is more likely attributable to the greater

affinity of epithelial cell for glucose and trid]yceride.. Scow and

his coworkers (Spooner et al., 1977) have established how the
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epithelial cell gains an advantage over the surrounding adipocytes

in lipid uptake by the specific, hormonally-induced increase in

]ipoprotein lipase activity.

Measurement of glycogen, 1ac£o$e, and lipid synthesis through-
out pregﬁancy'revea]s differing relationships between the
biosynthetic rates of these.ceilular products and the stage of
gestation. Lipid formatiqn is maximal during midpregnaﬁcy, the
perfod corresponding to haxima] cell and membrane proliferation.
5iyccgen synthesis does not increase during that beriod, but
increzses Vater (day 15 on) as cell proliferation decreases aﬁd the
epithé]ia] cells prepare for production of milk. .This conclusion

is supported by the fact that a small accumulation of lactose is

" noted at this same time (Fig. 4), which correspond$~t9 the onset of -

lactose synthase actiyity (McKénzie'_E al., 1971; Jones, 1972).

The fact that the maximal rate of glycogen synthesié during
gesiation exceeds that of 1ipid synthesis by almost 2-fold (Fig. 3
and text) is indicative of the quantitative importance of g]y;ogen
Synthesis in the mammary epithelial cell during prégnancy.

The increase in glycbgen synthesis at day-15 of pregnancy is
of special intereét becausevof_its relationship to the initiation
o%']acfose synthesis a day later. From day-15 of pnegnancy onward
the mouse mammary gland confains ]actdse synthase, albeit not at
lactational levels (McKenzie,et al., 1971; Jones, 1972). The )
initia] rate of increase of lactose synthesis does not continue but
plateaus between days 17 and 19‘of pregnancy, when glycogen

synthesis is maximal. At this stage, the rate of incorporation of'_

glucose into glycogen exceeds that into lactose by 5-fold. Basedv
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on the enzymatic assays, the. gland has the capacity to synthesize
lactose at a higher rate during this time (McKenzie et al., 1971;

Jones, 1972); We propose that the high rate of glycogen synthesis

at this time restrict lactose synthesis. by limiting the avail-

w)

~ability of UDP 4-glucose, and thereby, UDP 4-ga1acto$e. The enzyme
cafa]yzing the conversion of UDP 4-glucose to UDP 4-galactose, UDP w
4-glucose epimerase, is present and appears to be at equilibrium at
this stage of gestation (Murphy et al., 1973). If UDP 4-glucose
epimerase were inhibited during this period until just prior to
parturition, formation of glycogen would be further favored over
lactose. Whether sﬁch modulation of epimerase activity takes place
is under {nvestigation. Based on K va]ues; the affinity of
‘glycogen synthése for UDP 4-glucose (Nerho1me and Start, 1973) and
lactose synthase for UDP 4-g]ucose'(Kuhn, 1968) are similar.
Hence, .neither biosynthetic pathway would be»c1ear1y favored on
this basis. Nonetheless, lactose synthesis would be limited as
'long asvthe rate of glycogen synthesis is greatér. |

The accumulation of glycogen rather than lactose could have
important consequences for the epithelial cell. Mammary epithelial
cells do synthesize and store‘casein and medium change triglyceride
during pregnancy in preparation of the Onsét of laétation (Denamur,
1974 Ho]]mahn, 1974) but the accumulation of large quantities of £
lactose, the main ogmole in milk (Linze]]iand Peaker, 1971), at
.this timé could destroy the integrity pf the intracellular

compartments and, eventuaf]y, the cell due to osmotic pressure.
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- The storage of glycogen does not cause cell damage and glycogen can

be réadi]y mobi]ized'as a substrate for lactose synthesis at
pérturition. | |

We propose that the accépted pathway for lactose syhthesis
should be modified to include glycogen as shown in Fig. 5. Dufing
quiescence énd,pregnancy, ubpP 4-glucose‘is convérted to g]ycogén.
At parturition, breakdown of glycogen releases G-1-P which can be
used preferentially for lactese synthesis.

" Changes in glycogen metabo11$m could make g]ucose‘immediately

available for lactose synthesis by several’mechanisms: 1) a

détrease in glycogen synthase activity which would make UDP
4-glucose more readily available for conversion to UDP 4-galactose o
and, thence, to_lactosé{ 2) an increase in phosphorylase activity
which would increase the rate of glycogen bréakdown} aﬁd~3) a
cbmbination of these two. Our preliminary enzymatic‘studies

)2

indicate that both processes 1-and 2 are . VE

opereting but that the major factor responsible for the decrease in e
glycogen accumulation is a sharp .increase in phosphorylase activity
in the epithelial cells right_at parturition. Of course, lactose
synthesis is also favored at this time by‘the concu}rent increase

in lactose synthase activity in mouse mammary gland (McKenzie et

al., 1971, anes,'1972). This increase in lactose synthesizing

capacity probab]y accounts for the lack of change in the

concentration of intermediates of lactose synthesis (Baldwin and

Cheng, 1969; Gumaa et al., 1971; Murphy et al., 1973) in the face

- of sudden influx of substrate from glycogen at the onset of

~abundant lactose production.  Once lactose synthesis has been
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initiated at parturition, the rate of lactose synthesis is probabiy
‘regulated by the concentration of intermediates and enzymatic
activities in the Golgi cqmpartments, as described by Kuhn and
White (1977). ' | |

This role for glycogen is most likelyvnot limited to the
mouse. Lactose synthase is active during pregnancy in the cow o
(Mellenberger et al., 1973) and rabbit (Mellenberger and Bauman,
1974) gut the rate of 1actose'$ynthesis at this time is far less
fhan it is during lactation.. Lactose production could be curtailed
'By glycogen synthesis in these animals as well. The rat seems to be
ah'exéeptfon in that both lactose synthase activity and lactose
synthesis are not detected until parturition (Kuhn, 1968; McKéhzie
et _l,,:1971)a Whether glycogen is present and serves as a
substrdte for ]aétose synthesis at parturition in mammary
epithelial cells of the rat has yet.to be demonstrated. Our ‘
results indicate that glycogen synthesis should be considered as an
~important pathway in the mammary gland in préparation for lactation
and that g]ycogen breakdown is instrumental in initiating copidus -

lactose synthesis at parturition.
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FIGURE LEGENDS

Figure 1. Rate of glycogen synthesis by pieces of mammary gland

from mature virgin, pregnant, and lactating mice. Tissues were

incubated in 0.5 ml of 11 mM [U-1%C] glucose (final-specific
activity 30 Ci/mol) for 1 and 2 h periods. The radioactive content
of glycogen was detérmined as described in Experimental Procedures..
Samples were subjected to 2-dimensional papef chromatography and
the origins were hydrolyzed. The amount of Hc-glucose released
from the origins was taken as a measure'of glucose incorporated
into glycogen. V, mature virgin mice; P, mid- to late pregnant
mice: L, lactating mice. Standard error of eachbmean is indicated

by the vertical lines.

Figure 2. Effect of g]ucosg concentratioﬁ Onythe rate.of glycogen
(A) and tactose (B) synthesis by pieces of hammary gland %rom
mauure virgin and lactating mice. A - The radioactive content of .
glvcogen was determined as'described in Fig. 1. B - The
radicactive content of lactose WaS determined as described in
Ekperimeﬁta] Procédures. Squares, 5.5 mM glucose; triangles, 11 mM

glucose; circles, 27 mM glucose. Closed symbols, mature virgin

mice; open symbols, lactating mice.

Figure 3. Rate of glycogen synthesis by mammary epithelial cells
from mature virgin,'pregnant, and lactating mice. Dissociation and
incubation procedures are described in Experimenta] Procedures.

Cells were incubated in 11 mM [U-14Cj glucose. The radioactive

~content of glycogen was determined by 2 methods: 1. As described in
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"Fig. 1. 2. By ethanol precipitation as described in Experimenté]
Procedures. Standard error of each mean is indicated by the

vertical lines.

Figure 4. Glycogen and 1acto$e»synthesis by mammary epithe]ial.
cells from mice 8 day; pregnant to 10 days lactating. Cells were -
isolated and incubated in 17 mM [U-14C] glucose as described in
Experimental Procedures. Each point représents the rate of

g]ycogeﬁ or lactose synthesis after a 1 h incubation in 11 mM-v
[U-14C] glucose on the day\indicatéd. 0——0,'rate of glycogen
synthesis;.b--o rate of lactose synthesis. Arrow indicates time of

parturition.

Figure 5. Interre]atibnshipvbetween glycogen metabolism andv

lactose synthesis in mammary epithelial cells. HK, hexokinase

(ATP: D-hexose-6-phosphotransferase; EC 2.7.1.1); PGM,
 phosphog1ucomutase (&-D-glQcose-1-6-diphosphate; q-D-gTucose—
1-phosphate phosphotransferase; EC 2.7.5.1); UDPG-PP, UDPG
pyrophosphorylase (UTP: a-D-glucose-1-phosphate uridyltransferase;

EC 2.7.7.9); UDPG-E, UDP glucose-4-epﬁmerase (EC 5.1.3.2); LS,

lactose synthasé (UDP galactose: D-glucose-1-galactosyltransferase;

EC 2.4.1.22); g]ycogén synthase (uridine diphosphate gTucose: <
glycogen 4- o-glucosyltransferase; EC 2.4;1.11j; glycogen
phosphoryiase (1,4- -D-Glucan: orthophosphate -glucosyl-
transferase; EC 2.4.1.1).
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