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PREFACE

Concurrent study of mammary biochemical parameters and changes
in the composition of the secreted product allows an examination of
possible causal relations and is fundamental in identifying sites of
action of physiological factors influencing the secretory activity
of the gland. Changes in biochemical parameters accompanying
various physiological states are now well documented for rodent
species, e.g. Baldwin & Milligan (1966), but the relationships
these bear with trans-lactation changes in the composition of milk
have not been studied. The bovine provides ample material of
sufficient diversity to characterise changes in milk composition
and the specieé importance as a food producer justifies any attempt
to determine how milk production is controlled and seek possibilities

of artificial regulation.

Prerequisite to such a study is a technique for repeatedly
obtaining tissue from lactating udders without seriously influencing
future production. The present experiment was undertaken to develop
such a sampling method and use it in a first attempt to study milk
production at the synthetic level throughout whole lactations in

dairy cattle.
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Chapter One. REVIEW

-

3+
Lt

I3

oduction

Despite the wealth of recent experimentzal studies on the
lactating mammary gland, few attempts have been made to survey the
biochemical and physiological events leading to the formation of
milk. Since this review was initially prepared, two major
contributions have been published which has lead to the more
restricted nature of this presentation. Jones (1969) has attempted
to discuss the whole field of recent biochemical progress in light
of the physiological studies made on the rodent gland. A symposium,
"Physiological limitations on milk production" introduced by Emery
(1969) attracted three other papers which when taken with Jones
provides a more complete picture. In no case however is there a
fully descriptive account of the synthesis of the major components
of milk especially in the metabolic environment peculiar to the

ruminant.

This present review gives a detailed biochemical account of the
synthetic processes and discusses some physiological studies which
assist an appreciation of the control systems. A short discussion
of changes in milk fat composition is entered into as the author
considers measurements of their changes the most potent tool
currently available to integrate the biochemical and physiological

processes of the lactating ruminant.



Because of the prodigious syntihesis of butterfat and its
unusually high content of short chain fatty acids, the mammary gland
and its lipid secretion has been subjected to extensive biochemical
study. The reviews of Hele & Popjak (1958), Folley & McNaugnt (1961)
and Fritz (1961) provide an adequate background to the more recent

studies to be reviewed here.

The earlier studies established the potent lipogenic capacity of
mammary tissue; that the fat comprised fatty acids synthesised both
within the gland and elsewhere; that the fatty acid composition was
unique and thus the possibility that there was more than one fatty

acid synthetic mechanismn.
e Fatty Acid Synthesis

Since the above reviews were compiled, extensive study in a variety
of tissues has largely characterised the so-called '"soluble'" fatty
acid synthetic pathway. A single cycle of the chain eliongation
process, which uses NADPH as proton donor, is illustrated in Fig. 7.1.
There is ample evicence for the existence of this pathway in mammary
tissue and, as in other tissues, the rate-limiting step is in the
carboxylation of acetyl CoA (Wakil, 1961). The enzyme acetyl CoA:CO2

ligase (AMP) (EC 6.4.1.2) is under precise control in mammary tissue

and so is one of the foci of lipogenic regulation.

Fatty acid synthesis is progressively diminished following
natural or artificial weaning. Levy (1963, 1964) demonstrated that
the addition of fresh rat milk to actively synthesising cell-free
preparations from rats, similarly depressed synthesis. Furthermore
he showed that the depressed lipogenesis resulted from an inhibition
of acetyl CoA carboxylase in vivo and also in vitro where the
addition of fresh milk to partially purified enzyme markedly
reduced its activity. Levy proposed that fresh milk contained an
inhibitor, normally secreted with the milk, and if not removed
from the gland it operated a feedback control on lipogenesis acting

at the rate-limiting step. He identified the inhibitor as

2



acetyl Cod
(6.4.1.2)

“ malonyl CoA
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Fig. 1.1 Representation of a cycle of the Acyl Carrier Protein

Cn-Acyl CoA <

bound fatty acid synthetic system of cytoplasm.

- The seven component enzyme complex termed
'fatty acid synthetase' comprises reactions
1 -7

- The first cycle uses 1 - 6 producing butyryl-
ACP (n = W)

- The second cycle uses 2 - 6 producing capryl-
ACP (n = 6).

- The mth cycle uses 2 - 7 producing Cn-acyl CoA
(n =2m + 2)



microsomal bound free fatty acids of chain length 10 - 14, and
suggested that their mode of action was through interfering with
the essential activation of the enzyme by di- and tri-carboxylic

acids.

Early studies on cofactor requirements for lipogenesis (see
Hele & Popjak, 1958) indicated participation of both NADH and NADPH
in the reductive steps accompanying chain elongation. Hele, Popjék
& Lauryssens (1957) suggested that NADH was used in the synthesis
of short chain fatty acids using enzymes of the ﬁLoxidative pathway.
The major product synthesised by mammary preparations supplied with
NADH was crotonic acid. Lachance, Popjak & de waard (1958) found a
microsomal enzyme which irreversibly reduced crotonyl CoA to butyryl
CoA. This enoyl reductase uses NAUPH as a proton donor and if it
also accepts ACP esters, it is 6 in Fig. 1.7. The use of NADH in
mammary lipogenesis, possibly with the aid of a transhydrogenase
(EC 1.6.1.1) is now well established (Bogin & Katz, 1967), but the

involvement of a reversal of /éloxidation is more equivocal.

In the presence of avidin, the egg white biotin-binding protein,
the enzyme acetyl CoA carboxylase cannot transfer CO2 and thus the
"soluble" pathway i1s inactivated unless an alternative source of
malonyl CoA 1s provided. Bogin & Katz used a cell-free rat
preparation to show that the synthesis of short chained acids,
chiefly butyrate, could proceed from acetyl CoA and NADI but not in
the presence of avidin. This indicated a requirement for malonyl
CoA - a non-participant in ﬁ}oxidation. In rabbit manmmary
preparations, Lachance & Morais (7965) found the enzyme crotonyl
reductase quite labile on storage. Its addition to mammary
preparations in vitro led to acetate being incorporated mainly into
butyrate. This presumably explains the accumulation of crotonic
acid in the experiment of Hele et al (1959). Added crotonyl CoA
was recovered only as butyrate or butyryl CoA which suggests that
there was no crotonyl transferase (crotonyl CoA — crotonyl ACP)
analogous to reactions 1 and 2 as in Fig, 1.1. 1In rabbit and goat
mammary preparations, Kumar, Singh & Keren-Paz (1965) found little

effect of avidin on butyrate synthesis but their results show that



the syntiaesis of longer chain acids required either malonyl CoA or
acetyl CoA carboxylase. %Whilst there is some reason to suspect
species differences in the enzyme complements and substrates
normally available, the results of Xumar et zl are coafused by the
finding that citrate, an activator of acetyl CoA carboxylase,
enhanced butyrate synthesis. Citrate can contribute to th
extramitochondrial pool of acetyl CoA via the ''citrate cleavage
enzyme' and acetyl CoA levels might be limiting in the rabbit, but
in the goat the enzyme ATP:citrate oxaloacetate lyase (EC 4.7.3a)
is absent (Hardwick, 1966) and acetate itself is hardly likely to

limit synthesis.

In summary these findings suggest that butyrate synthesis may

involve more than one pathway. One possibility is for a reversal of
/8-oxidation with the irreversivle enoyl CoA:cytochrome c

oxicdoreductase (EC 1.3.2.1) being replaced by microsomal crotonyl
reductase. A simple demonstration of crotonic acid synthesis from
acetate using isolated mitochondria would resoive this. Butyric
acld can also arise from the solutle pathway but competition Dbetween
reactions 3 and 7 (Fig. 1.%) favour chain elongation making this a
minor source. Clearly any differences in trhe importaance oi the two

pathways of butyrate synthesis will cause variaoble responses to

added avidin which inhibits only the soluble systemn.

Recent advances in methodology has enabled the stiudy of a
variety of factors on the nature of the products of lipogenesis.
Most interesting, ia light of the foregoing discussion, was the
finding of Coniglio & Popjak (1963) that rat mammary tissue
incubated with 1 —‘qu—acetate resulted in label conceatration in
short chain acids, but if incubated with 1 - qumalonyl CoA, label
was concentrated in the longer chain acids up to and including
palmitate. Smith & Dils (1966) found a direct relationship
between the concentration of malonyl CoA and the chain length of
acids formed by rabbit mammary preparatiors. In the rat, the
activity of acetyl CoA carboxylase and fatty acid chain length were
related (Bartley, Abraham & Chaikoff, 1967). These studies all
support the hypothesis that the concentration of malonyl Cod, the

product of the rate-limiting step, is a major determinant of the



extent of lipogenesis.

The substrate used for fatty acid synthesis by the non-ruminant
mammary gland is largely acetyl CoA arising from pyruvate
decarboxylaticn and jﬁ-oxidation coupled with formation of
intramitochondrial citrate. Citrate is transported to the cytoplasm
and cleaved as above. In addition, although all species thus far
studied have the cytoplasmic enzyme acetate:CoA ligase (AMP)

(EC 6.2.1.1), the low levels of acetate presumably available in
monogastiric species makes it an unlikely source of acetyl CoA.

On the other hand in ruminants there are data collected by the
arterio-venous difference technique, reviewed by Barry (1964), and
Linzell (1968), indicating extensive mammary utilization of acetate,
acetoacetate and /S-OH butyrate. Radioisotope studies confirm that
these substrates are used in lipogenesis, the four carbon units in
part without prior cleavage to acetyl CoA (Luick & Kameoka, 1966;
Palmquist, Davis, Brown & Sachan, 1969). There are possibly ligase
( - CoA synthetase) reactions followed by transferases similar to

1 in Fig. 1.1. The ACP esterified acids could then enter the cycle
with reactions 4, 5 & 6 or 5 & 6 and undergo chain elongation. The
significance of Kumar et al noting the capacity to use four carbon
units without cleavage in rabbits as well as goats is obscure though
because of caecal fermentation, the rabbit may use VFA as metabolic

substrates.

1.2 Microsomal Regulation of Synthesis

It was noted earlier that Levy located the cause of inhibition
of acetyl CoA carboxylase to be fatty acids bound in non-esterified
form to microsomes. \hen sub-cellular fractions were first studied
(see Hele & Popjak, 1958), it was generally accepted that microsomes
afforded a stimulation to fatty acid synthesis. This dichotomy was
studied by Matthes, Abraham & Chaikoff (1960) in supernatants from
liver where fatty acid synthesis was stimulated or depressed
according to the level of added microsomes. The microsomes are the

intracellular sites of triglyceride synthesis from both free acids



and their CoA esters. Their enzymatic compliement incliudes acyl
CoA:L-&X -glycerol phosphate acyltransferase (ZC 2.3.1.15) and the
thiokinase - acid:CoA ligase (ANP) (EC 6.2.7.3). In addition
(see 1.5) the 'microsomes' of milk are considered to be the site

of giyceride synthesis in the freshly secreted product.

The stinmulatory efrfect of glycerol phosphate on fatily acid
synthesis {Fritz, 1961) is considered *to operate at tze microsomes
through increased esterification of fatty acids and hence removal
of their feedback inhibition on acetyl CoiA carboxylase. Howard &
Lowenstein (1965) note that the effect of added glycerol phosphate
is less in mammary gland than in liver and despite the lack of
evidence for acyl carrier protein per se¢ ia mammary tissue,

suggested that this might be limiting for lipogenesis.

Further study in the rat mammary gland by Smith, Zaster & Dils
(1966) indicated that microsomes stimulated Fatty acid synthesis

edback inhibition but also through

(Y

partly through removing the
increasing the level of acetyl CoA carboxylase in the system. They
found the enzyme in microsomes at specific activities equal to or
greater than in the particle-free supernatant. Easter & Dils (1968)
cite unpublished results that the rat ernzyme is confired to the
cytoplasm and checked that the distributioz in the rabbiti was not an
artifact of preparation. The resuits indicate that the rabbit
enzyme is indeed found as earlier reported dy Smith et al (1566).
The microsome bound and free enzymes znad cdifferent molecular
properties and when dissociated, the microsomal enzyme adopts the
characteristics of the other. The authors were cautious not to

claim exactly which form existed and was active in vivo.

Thus microsomes in vitro appear to ofier both a stimulation and
an inhibition to fatty acid synthesis. Both actions are focussed
on a regulation of acetyl CoA carboxylase. Little is known of the
in vivo situation but the following is offered in speculation to
help explain the experimental results.

Microsomes bind fatty acids awaiting esterification

to glycerol. Should conditions favour this - viz.



adequate glycerol phosnhate, ATP etc. then triglyceride
synthesis proceeds. 1f, however, the interaction of
glycerol phosphate, ATP and favty acids leads to an
accumuiation of the latter, the feedback irhibition
operates and fatty acid syntnesis 1s halted awaiting
restoration of glyceride syntnesis. Tne microsomal
content of acetyl CoA carboxylase in some species may
provide a favourable Jjuxtapositioning to enavle precise
control.
The significance of the species differences in microsomal properties

is not clear.

=B Desaturation of Long Chnain Fattly Acids

Glascock, Duncombe & Reinius (1956) reporied a substantial
conversion of HB-stearic acid to unsaturated long chain a

14 ’

] n
cow's mammary gland. Lauryssens, Verbecke & Peceters (1661) perfused
udders with albumin bound 1-C -stearic acid and found tha
octadecanoic acids incorporated into milk fat, 50% were unsaturated.
Pursuing studies on extracellular glyceride synthesis (see 1.5),
McCarthy, Ghiardi & Patton (1665) determined the fate of 1-014-stearic
acid added to fresh milk. Radioactivity was recovered in both stearic
and oleic acids in neutrali lipids, »phospholipids and as free fatty
acids. Thne extent of conversion was greatest in the esterified
fraction and the authors claimed that whereas that fraction had
definitely been in contact with enzyme systems, the free fatty acids
because of dispersion difficulties, may not have. The desaturase
system was more active in milk from earlier than later stages of
lactation. West, Annison & Linzell (1967) and later, Annison,
Linzell, & Fazakerley & Nichols (1967) in examining the mechanism of
uptake of blood lipids by the gland, found that arterial 1-C1u-stearic
acid was recovered in mammary venous blood as both stearic and oleic
acids, the latter having a specific activity 64% that of stearic
compared with 2% in the arterial blood. If desaturation occurs
outside the vascular bed and in the parenchyma, these results

indicate that free fatty acids traverse the endothelial-epithelial



membrane in both directions. The similarity of specific activity
R s e 1k . . 14
curves obtained from glands perifused with 1-C -stearic and 1-C’

palmitic acids suggests that desaturation invclves only the
preformed acids and not those synthesised de novo within the gland.
If so, the resuits indicate a functional separation of these two
classes of acids.

N . -

Bickerstaffe & Annison (1963) briefiy described a microscmal
desaturase system in goat mammary gland. The enzyme(s) preferceantially
oxidised stearate although palmitate was used at about 20% the rate

to the production of

w
.

in

(2%

of the former. The reactions were con
monoethenoid acids. Added glycerol phosphate stimulated trhe reactioas,

possibly through the removal of reaction procducts (c.f. 1.2).

1.4 ¥itochondrial Chain Elongation

o’

echn

Chain elongation of rhexadecancic acic in tissues tnat have
examined appears to involve condernsations with acetyl Cod by a
reversal of /3-oxidation in a manner sinilexr to that proposed for
short chain acid synthesis in mammary tissue. It iIs surprising then
to find in data discussed by Folley & McNaught (1961) and that given
by Annison et al (1967) near or complete absence of such reactions in
the mammary gland. Close scrutiny of the figures and tables
presented snow a time dependent increase in specific activity of the
longer chain acids (14:0 & 16:0) following injection of 1—C1Q-acetate
to lactating goats. Such an increase is not seen in vitro where
fatty acids produced are not mixed with preformed long chain acids
from the blood. The change with time probably reflects increased
specific activities of the blood acids, also formed frowm the
labelled substrate but at sites distant irom the mammary gland.
Shortly after injection the preformed acids could cause 'isotope
dilutioa' (e.g. Palmquist et al 1969) but with time the specific
activities would be comparable. In addition, the studies discussed
in 1.3 where labelled stearic and palmitic were perfused through

glands, did not indicate any label recovery in acids of longer chain

length than those injected.



This apparently unimportant type of reaction casts scme doudbt on

the ability of mammary mitochondria to participate in a reversal of

f

/3-oxidation. Such a dichctomy presents a valuable lead in the
whole guestion of alternative lipogenic pathways and ras not yet

received the study it merits.

1.5 Triglyceride Synthesis

Fatty acyl Col esters are esterified to L-& -glycerol phosphate
producing, as intermediates, 1'2'diglyceride phosphate (phosphatidic
acid) 1'2'diglycerides and finally triglycerides. This is the well
known Kennedy pathway of synthesis and has btenn identified in extracts
of mammae of guinea-pigs (lcBride & Xorn, 1964 b), rat (Dils & Clarke,

1962) and goat (Pynadatn, 19¢&4).

Glycerol prhosphate arises mainly from the reversible reduction
= - . . Cont
of dihydroxyacetone phosphate ty L-glycerol pncsphate:NAD
oxidoreductase (EC 1.1.7.8). McBride & Xorn (1G6é4 a) nave shown the

C) in treir

presence of ATP:glycerol phosphotransierase (ZC 2.7.7.320
guinea pig preparaticns. This could be of particular signiiicance

as it enabvles the use of the free glycerol produced by lipzases

acting on glycerides of the blood or of the fat pad as the secretory
epithelium develops into it. However, cata obtained by Barry,

Bartley, Linzell & Robinson (%1963) in lactating goats showed that

less than 0.1 mg% of glycerol is taken up by the gland which could

not make .a significant contribution to glyceride glycerol in miik

fat. Barry et 2zl showed further that during the uptake of blood glycer-
ides, increased lipoprotein lipase was detected in the verous blood
suggesting that lipolysis occurs in the immediate vicinity of the
endothelium and that glycerol uptake by the secretory epithelium is

probably in non-esterified form.

Evidence for the presence of Acyl CoA:L-glycerol phosphate
acyltransferase (EC 2.3.1.15) in guinea piz mammae was obtained by
Kuhn (1967). The enzyme was largely (76%) located in microsomes.
Kuhn detected dephosphorylation of in vitro added phosphatidic acid,

synthesis of triglycerides and synthesis of phosphatides from the
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Glyceride synthesis alsc occurs outside the secretory cell.
McCarthy & Patton (1964) reportec fatty acid esterification in
freshly secreted milk and later, Patton, McCarthy & Dimicik (1965)
fournd that these reactions had occurred in a particulate fraction

comprisec ol lipoprotein arndé having properties simiiar to

mammary gland microsomes.

at Secretion

Tne milk microsomes responsible for lipogenesis in fresh milk

isplay a phospholipicd composition similar to the other pnosphatide

4,

ractions of milk. Patton et zl (1964) proposed that these were

art of a membrane, possibiy that of the fat Zloobule, and possibly

el

derivea Irom the apical memorare of the secretory cell a4

process of fat drcplet secretion. Parsoans & Patton (1967) separat
the polar lipids from milk and mammary tissue and found co
differences in their compositions. The nigher ccntent ol phospnatidyl
ethanolamine, cerebrosides ard sphingocmyelin in the milk lipid
suggested to them that the phosphatides represented materizl picked
up oy the droplet specifically as it left the cell. ZEvidence f{ro=n
electron micrographs of lactating rat mammae obtained by Bargmana &
Knoop (1959) indicated that fat secretion involved an enveloping of
the fat droplet by the apical membrane of the cell fclilowed by a
pinching off into the aiveolar lumen. There was some evidence of
intracellular material escaping along with the droplet. Similar
photographs can be seen in articles by Feldman (1661) in bovine
tissue, Sekhri, Pitelka & DeCme (1967) and Stein & Stein (1967) in
mouse tissues. Stein & Stein claim that the droplets form in
cisternae of tne endoplasmic reticulum and that remnants of the
reticulum with attached and free microsomes were visible in the
alveolar lumen. If this was not azn artifact of preparation, it
firmly established the identity of the milk microsomes with those of

the endoplasmic reticular system.



Sumnmary

ilk fat contains fatiy acids of long chain length derived
1

from blood lipids, and others of shorier chain

which are synthesised within the gland.

Synthesis within the gland appears to involve two major
pathways although differences between the two are not

fully resolved.

Microsomes are thae major regulatory units garticipating
in glyceride synthesis and the control of fatty ac
synthesis. They contain enzymes involved in desaturation
reactions of fatty acids and some evidence indicates that
such reactions may be confined to the acids reaching the

cell preformed.

Chain elongation of paimitic acid, either preformed or

synthesised ce novo is insignificent.

[/

Milk glycerides are syanthesisec by microsomal enzymes within

and without of the secretory cell.

The process of fat secretion is accompanied by a loss of

cytoplasmic material, including enzymes, into the alveolar

lumen.
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The only aspect of de novo syntnesis of milk proteins known with

any certainty is that blood free amino acids are the principile
substrates. Barry (71964) provides a tabulation of blood amino acid

levels and a l1ist oi the ‘'essential' &ané 'non-essential' acids on

1

which mammary arterio-venous Gifferences have been measured. GCtiaer
experiments with labelled substrates (Xronfeld, 1963) indicate that
non amino compounds can coniribute carvon skeletons to wilk proteins,
provavdly after synthesis of 'non-essential' amino acids. Thne
biocuemisiry of protein synthesis within the gland has not been fully
characterised although studies employing antidiotics (see below)
suggest that the process in mammary vissue is similar to thae better

understood microuiali system. The steps wnich nave been recognised



deserve description because they may offer suitable assays for

protein synthesis.

Enzyme bound amino acids are activated by an adenosyl mono-

H,

phosphate transesterification from ATP to the carbonyl function o
the acid. Obligate requirement for ATP? and Mg++ has been
demonstrated. The stable complex Iformed undergoes a reversible
transfer reaction involving the carbonyl group of the activated
acid and the 2' or 3' hydroxyl of the terminal adenosine of the
appropriate transfer ribonucleic acid ( t-RNA ). This yields ANMP
derived from tne original ATP employed. Turba & Hilpert (19671 a, b
& c). have identified these steps in lactating mammary glands from
guinea pigs. Tne attraction by ribosomes for t-RNA-amino acids and
subsequent incorporation to proteins was found to increase 20 fold

from low levels in pregnancy to mid lactation (Baird & Herriman,

1968) .
1.9 Initiation of Protein Synthesis

Recent advances in the study of milk protein syntnesis nzave been
made with the use of organ and tissue cultures of mammary glands.

32

Juergens, Stockdale, Topper & Elias (1965) found p~~ incorporation
into casein to be 4 - 8 times greater in tissue from virgin or
mid-pregnant mice when cultured in media containing insulin, prolactin
and a corticoid than when cultured in media containing the hormones
singly or in pairs. Turkington & Topper (1G66) showed that human
placental lactogen could substitute for prolactin and with pulse
labelling with tritiated thymidine found the response in casein
synthesis to be independent of additional DNA synthesis. Tissue
from pregnant mice was more responsive tnan that from virgins. The
study of Stockdale & Topper (1966) demonstrated that non-lactating
mammary tissue was required to undergo mitotic proliferatiorn in the
early stages of culture before prolactin could stimulate casein
synthesis. Whilst mitoses occur during culture in medium contaizning
insulin alone, the ultimate differentiation of daughter cells, as
adjudged by histological examination and the capacity to respond to
prolactin with increased casein synthesis was absolutely dependent

on exposure to the corticoid during the cell divisions (Lockwood,



Stockdale & Topper, 1967).

In similar cultured preparations, Turkington (1668) found the
syathesis of 'lactalbumin' and ‘lactogicbulin' isclated by fractional
precipitation with (N54)2 SOL'r to be similarly controiled. Daughte
cells formed under the iniluence of insulin and a corticoid responded

to prolactin or human placental lactogen by doubling the syathesis
of RNA. Actinomycin D completely inhibited this response and casein
synthesis fell to levels lower than in tissues exposed to insulir
and corticoid throughout. Coichicine added in the initial culture
period blocked cell division and hence any response to prolactin,

but if added in the post-mitotic phase was without effect on the

response to added prolactin.

These studies have provicded a basis for further more careful
work using both the culture technigue and studies in vivo. lMetkhods
are now available to measure individual RNA species and milk proteins
and if coupled with labelled substrates would enavle the measurement
of synthetic rates of all the componeants. Strains otiher than tne C3E
which cannot be considered a representative mouse strain (Nandi &
Bern, 1960; Rivera, 1966), and even other species of mammals should

be studied.

1.10 Summary

Milk proteins include some serum proteins and others

synthesised de novo by the mammary gland.

The synthetic mechanisms appear similar to those of

microbial species.

Non lactating tissue cultured under appropriate conditions
differentiates into cells capable of de novo protein

synthesis.
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W il Lactose Synthesis

Mammary tissue contains little glycogen (Twarog & Larsen, 1964)
yet the full enzymatic complement including UDPglucose: glycogen-
-k-glucosyltransferase (EC 2.4.1.11) necessary for its synthesis is
present (Mendicino & Pinjani, 1964), The synthesis of glycogen and

lactose follows a common route to the metabolite UDPgliucose.
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The presence of UDPglucose-4'-epimerase (ZC 5.1.3.2) producing
UDPgalactose competes with glycogen synthetase for available UDP-
glucose. The absence of glycogen in the lactating gland may simply

reflect this competition.

Lactose is synthesised by a galactosyl transfer from UDPgalactose
to glucose. That glucose and not glucose-1-P was the acceptor
lay in dispute (Leloir & Cardini, 1961) until Watkins & Hassid (1962)
found no evidence of the formation of lactose-1-P an intermediate
postulated for the pathway of Gandar, Peterson & Boyer (1957).
Watkins & Hassid found greatest synthesis of lactose occurred when
homogenates of bovine or guinea pig mammae were incubated with UDP-
galactose and glucose. The same authors found galactosyl transfer
to N-acetyl-D-glucosamire producing a compound they tentatively
identified as N-acetyl lactosamine. Bartley, Abraham & Chaikoff
(1966) have confirmed that glucose is the galactosyl acceptor in

lactating rat mammary tissue.

15
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UDPgalactose:D-glucose-1-galactosyltransferase (ZC 2.4.1c) or
lactose synthetase has been extensively studied since i962. Vatkins
& Eassid (1962) located the enzyme in microsomes and Babad & Hassid
(1964) as a soluble enzyme in milk. Brodbeck & Ebner (1966 a)
established that the enzyme comprised two proteins termed by them A
and B. Palnmiter (1969) claims he has identified a third component
(Z) which contributes to the stability of the A4-B complex but this
awaits confirmation. Brodbeck & Ebner further found that the
microsomal enzyme was stimulated by adding B protein from milk and
proposed that, in microsomes, the B protein was 1imiting. Brodbeck
& Ebner (1966 b) tabulate the distribution of the two oroteins in
bovine and rat mammary extracts arnd in bovine milk. The A protein
is 705% microsomal and the B protein 30 - 40% microsomal. The bulk
of the remainder was soluble. In milk, the enzyme ( A + B ) is 99%
soluble and a trace can be located in miik 'microsomes'. Studies on
the B protein were stimulated by the finding that X -lactaibumin
could substitute far it in activatiing the A protein (Zbrer, Denton
& Brodbeck, 1966). On the basis of several protein analytical
criteria, Brodbeck, Denton, Tanahashi & Ebner (1967) established that

the B protein and (X-lactalbumin were identical.

Further studies on the A protein revealecd that in the absence
of the B, it catalyses the galactosyl transfer to N-acetyl-glucosamine
(Brodbeck & Ebner, 1966 a) producing N-acetyl-lactosamine as
suggested earlier by Watkins & Hassid (1962). Brew, Vanamaan & Hill
(1968) note that this enzyme is distributed widely in mammalian
tissues including the prepartum mammary gland and that its normal
function is in glycoprotein synthesis. Glycoproteins containing

lactosamine moieties are found in colostrum.
1.12 Initiation of Synthesis

Prior to the routine measurement of lactose synthetase in mammary
tissue extracts, the enzyme UDPglucose-4'-epimerase was considered
rate limiting for lactose synthesis. However all enzymes of the
pathway (see above) save the synthetase are present at levels able
to be measured in vitro before parturition (Baldwin & Milligan, 1966;

Kuhn & Lowenstein, 1967; Heitzman, 1968). 1In view of this, Kuhn &



Lowenstein were first to state:
"Unless a very rapid removal of lactose is postulateq,
alternate reasons are required to explain its absence

before parturition."

Kuhn (1963) was unable to detect sufficient lactose hydrolysing
activity to account for such a turnover, he did however Iind the
terminal enzyme - lactose syntnhetase- to be rate limiting both
before and after parturition. In such tissue there was a consistent
response in vitro to added K -lactaloumin, this being maximal on the
day of parturition. The disparity noted suggested that the B protein

itself was limiting, especially at parturition.

Lockwood, Turkington & Topper (1966) found that the hormcnal
conditions essential for lactogenesis in hypophysectomised rodents
in vivo (Lyons, Johnson & Li, 1957) and in pregrant tissue in vitro

5

le

(&)

(Jeurgens, Stockdale, Topper & Elias, 1965) were also responsi

4

for controlled synthesis of X-lactalbumin in mouse pregaancy mammary
(1968)
é

determined the levels of the A & B proteins in tissue develope

tissue cultured in vitro. Turkington, Brew, Vanaman & Hill

in vivo and found the disparity in favour ol the A protein througiaout
the lactation cycle but most marked just prior to the day of
parturition. At parturition there was a rapid induction of the B
protein to 75% that of the A, thereaiter both fractions increased at

a similar rate to the fifteenth day of lactation.

Turkington et al determined the kinetics of induction of the
two proteins in vitro and found that as for other milk proteins,
induction in response to prolactin occurred only if prior mitoses
had occurred under the influence of a corticoid. Prolaciin added to
such preparations induced both proteins of the enzyme, and over
the range of concentrations used, the A protein responded to a
greater extent than the B. No plausible explaration for the rapid

and specific induction of the B protein was offered.

Recent independent work with tissue developed both in vivo and

in vitro suggested that progesterore levels in blood may participate



in the events iaitiating lactatlon. Turkington & Hill (15¢€9)
found a&daition oi proges
wammary celis blocked the normal induction of -lactalbumin by
prolactin. The treatment was without efifect on the A protein of
lactose synthetase except at extremely high dose levels. ZXRNA
synthesis was reduced and the authors consider the results show a
specific effect of the horamone acting on nucleic acid transcription.
Oestradiol, over az wide range of coses did not affect either of these

actions of prolactin.

Kuhn (1969) determined tnat the appearance of lactose in mammary
tissue coincided with a prepartum fall in blood progesterone
associated with increased ovarian 20 (X -hydroxysteroid dehydrogenase
activity about 30 hours vefore parturition. Furthermore, progesterone
blocked the appearance of lactose caused by ovariectomy, hysterectomy

or ovarhysterectomy of pregnant rats.

These stucies show progesterone to have a local action at the
mammary gland in blocking the lactogenic response to prolactin. The
author is not aware of any evicdence for progesterone interfering with
prolactin's mammogenic actions, and mammary cdeveloprment during
pregnancy bears witness to the secretion of the hormone. The
initiation of lactation may then result from the withdrawal of
progesterone's antagonism of the lactogenic action of prolactin
without necessarily influencing the secretion rate of prolactin as
in the theories of M¥eites (1954) and Folley (1656). W#hatever the
stimulis ‘for the induction of C{-lactalbumin, the presence of a
specifier protein and the change in galactosyl acceptor it effects,
resulting in the biosynthesis of lactose, represents at present

a unique biological control mechanism.
1.13 Summary

Lactose synthesis involves free glucose as a galactosyl

acceptor from UDPgalactose.

The rate-limiting step at least at lactogenesis is the

activity of lactose synthetase.
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Lactose synthetase contains two proteins, one ol which
is the milk protein Klactaldbumin. This protein 1is
limiting for the syrnthesis of lactose and when present
causes a change in galactosyl acceptor from N-acetyl

glucosamine to glucose.

Initiation of lactose synthesis foilows the pattiern of
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events described for non-enzya

A fall in blood progesterone levels has been suggested as

a specific lactogenic signal in vivo.
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discussion of milk fat

ty acid compositicns in
a
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physiclilogical and biochemical changes within the animal. The
numerous chemical studies on milk fat will not be discussecd but
reference is made to the classical work of Eilditch (1956) for an
exhaustive coverage of carly research in tais field, to Garton (1963)
for a summary of early gas chromatography studies prescntied along
with a 1listing of all fatty acids positively identified in milk fat
and to Jensen & Sampugna (1966) for a review on the triglycerice

structure of milk fat and a fair criticism of the methods ia use for

its study.

Little data on whole lactation cranges in milk fat properties o

individual cows are available. In New Zealand, information is

>

restricted to composition data on bulked factory material and to a
variety of studies .on fat properties from part lactations conducted
at the Dairy Research Institute.

o™

1.14 Nutritive Factors

Hansen & Shorland (1952) collecied fat samples from factories
over a dairy season and found a cdistinct pattern of compositional
changes. There was a gracual rise in the content of short and
medium chain saturated acids Ifrom spring through early summer, a
plateau ana a fall to the end of the season. Long chain unsaturated
acids varied in the reverse direction. Bulked cata such as this
does not permit a separation of seasonal and stage of lactation
effects. Hawke (1963) determined the fatty acid compositions of
butterfat from twin cows fed &1 ryegrass at two stages of maturity.
Cows fed mature herbage had a lower content of long chain
unsaturated acids and the saturated acids 14:0 and 16:0 were nhigher
compared with cows fed young vigorously growing grass. The pattern
was consistent at three stages of the season studied. Milk fat
changes largely reflected changes in the content of long chain

unsaturated acids in the lipids of the herbage.

20
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An attempt to distinguish seasonal from stage oi lactation effects
was made by McDowall {1962). He measured butterfat properties in
fat collected from early and iate calving twin pairs grazed together
during the experimental period. Results were obtained for
individuals but averaged for presentation. The changes observed in
all properties - iodine value, refractive index, saponification
value, Reichert vaiue and softening point indicated to the author
that they arose mainly from seasonal causes and he suggested that
these were probably variations in quantity and quality of herbage
available to the cattle. High iodine and low Reichert and
saponification walues from the earlier calving cattle suggested
considerable use of body reserves Ifor fat production. This effect
was consistent throughout the lactation and similar in three
successive seasons. McDowall, without the aid of statistical
analysis, discounted stage of lactation effects in favour of direct
nutritive effects and did not consider other indirect causes which
could affect all animals on a given day of sampling. The ''stress"
effects discussed in 4.2.3 could bias results in a manner that
appears related to season. Other indirect effects operating through
lipolytic mechanisms possibly interacting with stage of lactation
can give rise to cranges in fat properties which might be confused
with direct effects from herbage lipid composition. The changes
observed in cattle fed "fat depressing diets'" contributes one of
these indirect effects. Nilk fat from these cattle is characterised
(McCarthy, Dimick & Patton, 1966) by a high content of short chain
fatty acids and low levels of acids derived from blood (see 1.7).
Blood lipids showed generally low levels of stearic acid.
Confirmation of these results was provided by Opstevdt, Baldwin
& Ronning (1967) and Baldwin, Lir, Cheng, Cabrera & Ronning (1969)
who found increased adipose glyceride synthesis and a net shift in
fatty acid equilibrium away from lipolysis. A possible explanation
arises from the "fat depressing diet" raising blood glucose and/or
insulin levels (McClymont & Vallance, 1962) and inhibiting lipolysis,
resulting in a "deficiency" of stearic acid at the mammary gland and

reduced milk fat content.
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Fatty acid compositions of milk fat bulked from nine cows fortnightly
through a whole lactation are proviced by Decaen and Adda (1666).
Cows vwere housed and fed a consistent diet varying in quantity
according to procduction. Their results were tabulated as weight
percentages and for comparison witn this experiment, a selection of
the acids are presented as molar percentages in Fig. 1.2. The
steadiness of the changes in components probvably results Ifrom the
controlled conditions of feeding and Irom the tulxking of fat from
several animals. Falls in the molar content of octadecanoic (18:0)
and octadecenoic (16:%) acids follow closely the loss in bodyweigat.
On the other hand, the proportional rise in all acids of carbon
chain length less than 16 parallels the rise in total D.M. intake.
The results suggest that, at least over the first weeks of lactation,
the long chain acids reflect body fat mobilization and the shorter
acids an increase in the availability of substrates to the mammary
gland. The authors calculated that about 5C% of the fatty acids in
milk fat were derived from the blood lipids or body reserves. This
ratio agrees with an averege value of 1 1t body weight loss for
every 2 los extra milk fat in monozygous twin stucdies at Ruakura
(Phillips, pers comm). The possibility that Dost partum
mobilization of depot fat may be a causal factor in the physioiogical
depression of appetite at tnis time has not yet receivecd serious
study.

Stull, Brown, Valdez & Tucker (1966) measured fatty acid
proportions in milk fat bulked from four cows anc fitted polynomial
regression lines to the individual components. The proportions of
total variance accounted for by the lines were generally low and the’
absence of either the raw data or a satisfactory discussion of their

findings prevents a consideration of why their results differed from

those of Decaen & Adda.
1415 Endocrine Factors
The lack of information on the effects of hormones on milk fat

composition makes difficult any attempts to separate direct and

indirect (see above) nutritive effects. The possibility of
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e
composition has not been studied. EKowever, Aurand, Singleton,
Ulberg & Britt (1968) observed changes during an oestrous cycle
and werc able to mimic them in an ovariectomised cow by injections
of oestrogen out not progesterone. They found that oestrous and
oestrogen increased the content of unsaturated ancd branched chain
acids in milk and concluded that the effects ncted result from an
influence on the blood lipids. Hutton (1958) suggested that changes
in milk composition in late lactation could reflec:t a gradual increase
in the level of circulating oesirogen. The effects on milk fat
properties or fatiy acid compositions were not studiecd in either of
the experiments where oestrogen (Hutton, 1958) or growth hormone
(Hutton, 1657) caused changes in milk fat secretion. Cattle fed
thyroprotein (Stanley & Morita, 1967) lost body weight and
produced milxkx with elevated fat contents. HKHigh contents of stearic
and oleic acicds in the fat reflected vody fat mobilization. The
only effects of ACTH on milk fat composition yet reported come from
the data of Campbell, Davey, McDowall, Wilson & Munford (1954).

sed an increased fat content

52

ACTH treatment of lactating cattlie ca

which was accompanied by a drop in iodine value. Milk yieid was

depressed to a greater extent than was fat yield suggesting little
P & Y g8 g

change in total fat synthesis despite a change in fat composition.

1.16 Interpretation

The major difficulty in the use of determination of fatty acid
compositions to explain differences in metavolism lies in the
statistical problems of analysing multiple components showing a high
degree of interdependence. Unless provision is made for the
correlations among components,quite misleading inferences couid be
drawn from changes in one or more acids. The difficulties can be
overcome if an independent variable can be introduced as in the case
of daily yields of fatty acid components. Changes in one or more
yields could then be related more reliably to metabolic changes.
Where insufficient data are available to clearly establish .he
changes in fatty acid yields, individual components could be
analysed as single variables and all components considered together

in drawing inferences from the analyses.
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Summary:

YWiien variations in hervage lipids are reduced by
standardising alets, there are still long term

changes in milk fai composition probably arising
si ica nanges within the animal witna
from physiological changes within t nimal witn

advancing lactation.

Long term changes appear to involve mobilization of

body lipid reserves immediately post partum and a less

well defined efiect of sterold hormones with advancing

pregnancy.
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adjustments within the animal.

Care is reqguired in the analysis and interpretation of

differences in comgposition. When daily yielas of fatiy
acids are considered, there is some improvement in the

validity of comparisons as the in&erdependence of

components is removed.
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lhe exXperiment was aesijzneld TO proviae iniormacion on variatiecn

in mammary gland blochemical parameters, milk yield and composition

3

and milk fat composition arising from differences between cows,
stages of lactation and seasons of tre year. Preliminary work
indicated that a maximum ofi four ccws could e handied in this study
so 1in order to separate stage of lactation and seasonal e
two early and two later calving cows were chose:.
were planned to coincide with routine 'herd testing' and surgical
samplings were allocated at 238 day intervals such that production
was measured 7 days before and after eaca set of cperations.

Six mammary enzymes were chosen for study (Fig. 2.7). Acetate
thiokinase (1) regulates the activation of acetate and ruminant
mammary tissue preferentially uses acetate as a lipogenic substrate.
There is no xnown physiolcgical rezu
CoA carboxylase (2) is the principle focus of lipogenic control
(see 1.%). Hexokinase (3) participates in glucose metabcoclisa and
hence indirectly in glyceride, protein anc lactose synthesis. Since
glucokinase is not present in ruminant tissue, hexckinase alon

regulates the entry of glucose into the cell. Gluccse - 6 - phosphate

o

- Va

dehydrogenase (4) contributes
utilization between lactose synthesis, Zub
and oxidation in the pentose cycle. The lattier prcvides recducea
nicotinamide coenzymes involved particularly in lipo

glucose - 4' - epimerase (5) was considered rate limiting for
lactose synthesis at the time this study began. The enzyme regulates
the penultimate step in lactose synthesis (see 7.17) and is now
regarded as being secondary to lactose synthetase in importance.
Lactose synthetase could not be conveniently assayed with the
facilities available. Glycerol phosphate dehydrogenase (6) serves

in the provision of glycerol phosphate for glyceride synthesis

(see 1.5) and through its regulation of triose prosphate levels, it

may participate in the control of glycolysis and energy metabolism.

25
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Fig. 2.1 Schematic representation of the synthetic pathways

and the enzymes chosen for study in bovine mammary

tissue.
1.
2.
3.
b,
5.
6.

Acetate:CoA ligase (AMP) - (EC 6.2.1.1)
Acetyl CoA:CO2 ligase (ADP) - (EC 6.4.1.2)
ATP:D-hexose-6-phosphotransferase - (EC 2.7.1.1)
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D-glucose-6-phosphate:NADP+oxidoreductase - (EC 1.1.1.49)

Uridyldiphosphoglucose-4'-epimerase - (EC 5.1.3.2)

L-glycerol-}-phosphate:NAD+oxidoreductase - (EC 1.1.1.8)
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In this type of study, 1
the udéder at any one itime shculd te accounted for. However, multiple
samplings both within and between quarters were not possibie 1in the
present experiment, (a) bSecause the iime involved in surgery aad

er of sample

o'

blochemical analyses limited the total num
b

s
be handled and ( use reliable milk data was essential. Whilst
the blomsy operation had a transitory effect on produciion in the
given quarter, overall productiion was little influencec.

one period in time

pe

not be guaranteed with multipie samplings at

repeated taroughout the lactation.



rour cows were made ava
llera of pedigree Jerseys at No. 3 Dairy Unit, Massey University.
Cows 19 and 118 were three year clds and calved on 26-7-638 and
24-7-68; cow 5, a six year old, on 18-9-68 and cow 26, a four year
old, on 30-9-68.

The four experimental animals grazed with their aerd throughout

ac

ct

-
o

ocks grazed rotationally.

jeN]

the lactation spending 24 to ¥ours in P
Although the seasonal supply of pasture was erratic, the only period
of critical underfeeding occurred over the last two months of the

experiment.

Cows were inseminated from mid October; 1§ heid to the tnird
service (26-12-68), 118 to the first (17-10-68), 5 and 26 were
inseminated three times but were not pregnant wnern tested in the

Autumn.

The experiment was conducied from August 1568 untii Marcha 1969
a

when the grazing situation deteriorated and the herd was dried coff.

=
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forequarters in a region dorsal to

palpation (®ig. 12.2).
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Fig. 2.2 Representation of the right udder surface
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The dorso-rostral periphery was avocicded as large vesselis were
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encocuntere

. . PR S ~ol L Il
ventral mammary vein - Swett & Matihews (764G) iraverses

anaesthesia induced by subcutaneous injection of Xylocaine (istra),

a 2% (w/v) lignocaine solution free of adrenaline.

A vertical skin incision (4 - 5 cm) was made zné the fascia

(lateral suspensory ligament) exposed by dissection with sharp
i

pointed scissors. Large subcutanecus vessels vere easily avoided
anéd small bleeders ignored. A purse-str-ing gut suture (Atraumatic

= the cocnnective tissue to the

(@]

T-3 Davis & Geck) was used to anch
fascia on the periphery of a retracted ci
diameter. Care was taken not fto suture the immediate subcutanecus
connective tissue as this interferea with closure of the skin
incision. A small .verticai cut was made in the fascia within
retracted area and the sharpenecd end oi a tungsten-chromium-steel
canula (0.8 cm i.d. x 15 cm long), srtarpened with fine emery paper,
was appiied to the exyposed parenchyma. The canula was advanced

5 = 6 cm into the gland using a twisting action with gentle pressure.

Upwarc traction on tre canula followed by its witndrawal usually
resulted in the tissue core being removed in the instrument (Plate I).
If not, the core was readily grasped with forceps and sevared at the

base with fine pointed scissors.

At this stage trere was mild bleecing which was routinely

by

controlled by packing the wouncé tract with an absorbvable cellulocse
haemostat (Surgicel - Joanson & Jonnson). The haemostat and any
residual bleeding were contained within the secretory mass by tying
off the purse-string suture. Occassionally, an additional gut

suture was tied across the knot of tre former as reinforcement.

The wound was lightly sprayed with Rikospray (Riker), the
incision closed with 4 - 5 michel clips (19 mm) and liberally dusted

with Aureomycin powder (Cyanamid) (Plate II).
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zylpenicillin, 2 megeauniis of sodium bensylpenicillin and 1
3 - < A~ 3 { Maag = ~ - v - 3 - .
aunit of procaine penicillin (Triplopen - Glaxo) was injected

intramuscularly.

Animals were returned to pasture and joined with their herd a

s M

the afternoon milking.

2.5 Post Operative Care

Tre cows were machine milked with sampling bdbuckets for the
three days when antibicvics mighi be expected in the milik. Normail
milking was then resumed unless any evidence of bleceding or
infection was noted and in these cases, a guarter milking bottle
was used on the macnine. Mastitis was treated with commercial

penicillin preparaticns for 1atramammary application.

@]

lips were removed anc the wounds dressed with Aureomycin

(€]

powder 10 - 12 deys followin
2¢3¢3 BEffect of Cperaticns on 1ilk Procuction

Milk yields were recorded at PM/AM milkings on January 15/
22/23 and 29/30 using testing equipment described in 2.5. C
19 and 118 were biopsied on January 23 and cows 5 azd 26
24. OCn January 26/27, yields were determined by weighing the
contents’of sampling buckets used for milking. Ccmpo

e

were collected on 15/16 and 29/3%0 and analysed as d



laboratory. Sampies were weighed In chi
kY L
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finely minced wi

n
containing about 8 mls o
0

1964) comprising 0.15 ¥ XCi, 0.05 i NanbOB and 0.C06 M NaZYQEDTn in
deionised water. The contents were nomogenised at full speecd for
6 minutes. Any material caught on the knife was removed to the

medium after 2 - 3 minutes. A furtner 1 ml. of
rinse the impeliier snaft and knife into the beaker and the total
convents were filtered through a iazyer of butter muslin into a
graduated test-tube in ice. The filtrate was made up to 10 mls
with further rinsings of the beaker and musliin with medium.
honogenate

was removed for DNA determinaticn ancd the remainder was transferred

[\
]
[N
=
O
@]
L]
*e)
Lo T V]
ct
H
Fl
]
[\
ct
(42
[oh)
ct
O
e
I
(4]
4] 3
=
]
Hy
[V]
(@]
(7]
[\
B
[N
0
4]
H
(]
=
(@]
<
(4]
foh)
o’
e
V]
(]
}J
b
W)
<t
})
(o]
&)

and held on ice for enzyme determinations.
2.4.2 Determination of DNA Content

The procedure used was essentially as described by Munford (1563).
The 2 mls of homogenate was adcded to an equal volume ol cold 0.5 ¥ '
perchloric acid (PCA) and held on ice with occasional shaking for
60 minutes. After centrifuging for 10 minutes at 2000 x g, the
supernatant (acid soluble nucleotides) was decanted to a graduated
glass tube. The precipitate was resuspended in 3 mls of P
at 70°C with shaking for 25 minutes. The supernatant (acid
insoluble nucleotides) was collected as above and the not PCA
extraction repeatec twice again. The three 'hot' extracts were
bulked, cooled anrnd mixed. After noting the volume, the tubes were
covered with Parafilm and stored at 4°C until colorimetric

determinations were carried out.

31



dition, duplicate determinations were mace on

a
O, 26, 40, and 80 yg calf taymus DNA (Koch-
s 9 o

standards containirg 4

Laghts / = 6. 5 ¥ PCA. Four nls ol diphenylamine reagent was
addeé to eacn tube, mixed ané heid at 3700 for 18 nours. The
reagent was prepared immediately before use by adéing 0.5% (v/v)
C.364 X acetaldehyde to a stock soluticn comprising 0.089 M

B

Colour development was measured at 600 mP g
values were adjustec for the zero reacing and the starndaras were used
f least sguares.
Slight differences in the regression coeificients of standard
curves for aifferent months, wh
a precipitate waich formec 1n the stock solution on exiend

e
storage, were used ‘dby adjusted readings frocm a common calibration
equation. The concentration of acid insoluble nuclecotides (DNA) was
expressec on a wet tissue weight basis and the DNA content of 0.2 mis

of homogenate was calculated Ior the expression oI enzyme activities.
2.4.3 Determination of Enzyme Activities

The assays of the enzymes were conducied using a
methods designead for recording spectrcphotome h apparatus
was not available so assays were devisea so that tre accumulation of

reaction products from fixed time imcubations gave valid estimates
of cocmparative activity. This was established in preliminary work
using varying levels of homogenates of rodent and bovine mammae run
for various lengths of time. In order to minimise variation arising
from differences in the reaction mixtures, all labile reagents were
prepared with volumetric apparatus in the week of the determinations

and stored at & °C in the dark.

Because there were detectable differences in the extent of
homogenisation and filtration, all assays were performed on cell

free supernatants prepared by centrifugation.
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Acetate Thiockinrase:

. e EAR I | e B 2 G
Acetate:Coa ligase \AMP) - (ZC €.2.45.7)
(A mamtal Tapmr T T T Aa8535)
VAGQapeed I0m uOnes &« Liphannly iYDD,
Thickina TarE SlSleneiaTEl BEr e Eleeadr itk ers F acecsvl Col
La1cdAlnlase was assayed 0y Thae aclunmuLaition 01 alevrys LOA.

measured by tne absorbance oI tne complex formed in acidified FeClB.

Assay tubes contained:

*Trig=-HCl DuEfer B4 7.6 15 ) moles
Mg, 6 Jmoles
Glutatnione (GSEH) 5 ijoles
ATP 20 j)moles
*CoASEH C.25 };moles

**Hydroxylamine 700 };moles
Supernatant 2C0 //l.

* CoASH was omitted from vlank tubes and buifer i

o) increased to 2O}JWOLQS.
** Hydroxylawmine reagent was preparecd im _y prior to use by

o
mixing equal volumes ol 2 ¥ KCX and 2

Reactions were started witn 20 U mcles of CH
volume of 1,0 mi. After 30

e
stopping reagent (10% (w/v) ccC*B.o“,O + 3% (w/v) CCL,COCH in 0.66 ¥
n

\

ECl) was added, thne tubes mixed and then centrifuged for 15 mi

at 3000 x g. Colour developmenti was complete ian this time. The O0.D.

of the supernatants were determined at 540 F/J zgainst a blank of

-~

um + 1.0 n
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1.0 ml., of homogenising m
a

directly after the assay reaciions were nalted.

UDPglucose evnimerase:

Uridyl diphospnoglucose-4'-epimerase -~ (ZC 5.1.3.2)
(Adapted from Maxwell, Xarahashi & Xlackar, 1962)
The epimerase was assayed by driving in reverse, coupling the
production of UDPglucose to addec UDPglucose:NAD+oxidoreductase
(EC 1.1.1.22) and measuring the accumulation of NADH + H¥ in the

spectrophotometer
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*NAD" 4325 /Uma;es
**UDPglucose dehydrogenase 9 units (Strominger)
Supernatan 2C3o le.
* The coenzyme was omitted from olank tubes and buffer increased to
30 }Jmoles.
** Indicator enzyme was prepared just vefore use by diluting a
concentrate (800 units/mi. of 3 X (NY4)2504> to 60 units/ml.

with buffer.

Hy

Reactions were started with 0.45 }Imoles of UbPgalactose giving a

3

s at 37 &, Oyt md. of

(0]

]
4
total volume of 1.15 mis. A&fter 10 - 7 minut

I

By

M PCA was added, tne tuves mi

()

entrifuged for 15 minutes at

i

X &
3000 x g. The 0.D. of the supernatants were determined at 340 mj
£ 2

. e 7 - A+ 3
against water. There was no cetectavle loss of NADd + H under

these conditions for at least 60 wmiautes.

Glycerol Phcsnhate Dehydrogenase:

z T ot
The denydrogenase was assayed oy tne accumulation of NADH + §

- o 2. - R = b _
L-glycerol-3~pnosphate:NAD oxidoreductase - (ZC 1.1.7.8)
(Adapted Trom Baldwin & Milligan, 1G606)

€

which accompanies the oxidation of giycerol-prhospnate to
dihydroxyacetone~-znophate.

Assay tubes contained:

*Tris-HCl buffer pd 7.6 30 jjmoles
it Aok

*NAD 1.xcp.}fmoles

Supernatant 200 (fi.

R
Py
* In blank tubes the coenzyme was omitted and ouffer increased to

4s }Imoles.

Assays were started by -adding 5‘)fmoles of DL X-glycerol pnosphate
giving a total volume of 1.3 mis. After 10 & % minutes at 3700, Ol
ml. of M PCA was added, the tubes mixed and centrifuged for 15 minutes
at 3000 x g The 0.D. of the supernatants were measured at 3401&#

. B + L
against water. There was no detectatle loss of NADH + H under these

conditions for 90 minutes.



ATDP;D-hexose=-6-pnosphotranzierase - (EC 2.7.%.1)
SRR 5o - = N - e ey B A G A )
(Bdagbed §Fc Eortz, Abranem & ChaikefT, 1963}
Hexokinase was assayed ty ccupling the producticn of giucose-
. . T e S o T .
6-phospnate to excess adéed D-glucose-G-nacsphaic:NADP T oxidoreductase
on 4 3 . s . P A DT wh
- (EC 1.1.1.49) and measuring the accumulation of NADPE + H .
Assay tubes contained:
5 v < . 7 ) -
MR viis=HCE D ier BH 7S 20 jfﬁo-es
19 - a 1! =
1gCl 2 U ncles
o¥T2 /S
ATP +0 /Jmoles
%2AT A D+ oo 5
NADE O.o‘//mo;es
Z N N LY N o ) «
**Glucose-O-phosphate dehydrogenase 3 units (Kornberg)
Supernatant 208 a,

fer increased

{4
ot
ct
(¢
[eN
L
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)
[eN
o
£
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* In biank tubes the coenzyme was omi
to 30 }jmoles.
** 1Indicator enzyme was prepared on the ¢

= i
concentrate (200 units/ml. of 3 ¥ (NE.).30,) to 20 units/ml.

Reactions were started vy adding 60 }fmoles of gluc
a final volume of 1.45 mls. After 10 - 7 ninutes at 37

f ¥ PCA was added, the tubes mixed and then centrifuged for 15

o

i

minutes at 3000 x g+ Tne O0.D. of the supernatants were measurec at

. . . e oo .t
340 %y against water. There was no detectable loss of NLDPH + X
uncer these conaitions for 90 uinutes.

Glucose-6-Phosphate Dehvdrogenase:

LY

D-glucose-6-phosphate:NAD?  oxidoreductase - {2C 1.7.1.49)

N

(Adapted from Glock & MclLean, 1653)

The dehydrogenase was assayed by the accumulation of NADPH + 5Y
which accompanies the oxidation of glucose-6-phosphate to 6-phospho-
gluconate.

Assay tubes contained:

*Tris-ECL buffer pH 7.6 25}# moles
*XADP"T 0.75 Jf moles
MgC12 12/ﬁ'moles
Supernatant ZOO/U]"

* The coenzyme was omitted from blank tubes and buffer increased to

37-5/ moles.
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Reactions were sitaried witz 2.0 f}mo‘cs of glucose-c-phosyphate
PR R VS . 1.25 =ls f o A i o + 209~
givimg a Einad wodwwe rof 1i25 mis. FEiter 10 =5 winuses at 57 €,

- b} > g A = = L SR, o ) R S L S 2ol
Ol ‘mle lof M 2CA was mddedy tThe Subes mixed and Hher Centrifuged ZHoxr
4 NS o Go o5 e AGe & s e B FA RS - - B o :, >
iS5 minutes ai 3C00 Ze The C.D. of the supernatants were decvermined

phosphate with o-phosphogiuconate at levels calculated from NADRPH +
L’+ S/ b8 N TS oo T - - = 9 b o 155 S o 4)_/
E  production assuming t/Uuo-e of coenzyme was reduced Ior every Q
mole. of substrate oxidisecd.

T 4+ A= ~ =) SH <57 = - 3 2 NATDY ot
Uncder the conditions cescribed there was no lcss oi NADPH + H

for 60 minutes.

a
original method of Waite & Wakil (
Clhbicarbonate into maionyl CohA. The metizod had to be adapted to
facilitate radioactivity counting in the liquid scintiiiation
eguipment available in the laboratory.

Trhe following was used extensively in preliminary wor

Tris-ECL ouffer pH 7.0 TO/U moles
Ma citrate EO// moles
xnulz 0. B/L/mo les
Eomogenate 200 Bl
This was preincubated for 5 minutes at 370 and the assay reaction

RIS

initiated by adding:
Acetyl CoA 40 f/moles
ATP { /Y:nole
14 . - - P
C—Nai—;CO3 2 % 10'5dpm/}/mo;e) lg/U'moles

The final volume was 0.8 ml. After 15 minutes incuvation, reactions

were stopped by adding 0.1 ml. PCA (varying molarity - 0.5 - 6 M).

. - . On & iv & . . C e . .
Tubes were placed - in a 70 °C bath for 10 minutes with shaxing, chilled
on ice and 0.2 ml. KCl (molarity as for the PCA) added to preciypitate

excess perchlorate ions. After centrifugation for 10 minutes at



z ¥ B + A sy Baaoao F ] 5. ° = - =N
3000 = g, the superrmatowts #ere bxmeated n_ the Foliowiang mannem.

03 s 2o eiitner transierred to scintil < oS = ST OO g S ma
£43CGUOTS Wee SlLincl ransaerre CC SCLnTlILilaveiol ViaLs, ¢O0 mloulnore

i) ] X S8 R J . = b S s R
ilaere vwere major GLIIlCuavles varocugnodouv LSS E IR EE oMY o S16/0,

excessive dlank (no aceiyl Coi) values, oI

- -~ -~ F ~ - ~ ~ - cAp A < ~ PPN L
Vo satisfactcory method was found for pregaring the sugernatant

EERSR ey Ay - = n & an X = — e ~ o~ = ~7 2
for counting, but the most promising procecdure iavolved pre-
Q g LR = ES» (PR She = LR = e LR A Ta ] I < 3 a5 D
irrigating the Wnatman filtess with 0.05 wll. ¥ HCAE| prior to the
&

acddition of 0.1 mli. of superanatant, fcilowed by carying in a stiream

of hot air.

Trhere was insufficient time to cciutinue developing this approach,
Al

e P oy , . 15 . ..

verify that residual activity was due to C -malonyl Cci, establiskh

the linearity of the assay and organise the metrhod for routirne
application. Hence acetyl CoA carboxylase was not assayed at ail in

the actual experiment.
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aQuring routine Jeparumentadl nelra vesiinge. M1l was pasged tarcugn a
T @mnam 3 +
TRU TzST (Consolodated Plastics)

to total milk volume nence 24 hour composites were obtained by

-3 o - o B ~ o ~ e <. - SOl ENER
bulking the evening and morning samples. Compositions of the 24
5 ~ b P + < ~ = - B + < B
flour samples were cdetermined 3 - 5 hours after the morning milkings
< s T e A Ta Tw & RAas B3 1 e AT . 3 K
using a Mx 1 Grudd Parsons Iafra [ea Milk analyser, calibrated to

R . . . R e = - 4 \
standard chemical methods (¥uaford, 1668).
24562 Milk Fat prenaration

A 25 mls azliiquot of milk gently mixed at 40°C was added to 20 mls
of absoclute ethanol and thoroughly sraken. Fat was then extracted by
shaking with 2 x 20 mls acditions of peroxide-Iree diethyl ether.

When the phases had separatied; the unper etherial layers were decanted
andé dulked. Aiter evaporating the ether under vacuum, the residue
comprising fat, ethanol and water was tT

a
L - . . ‘ o
funnel with washings of petroleum ether (b.p. 40°C - 80°C). After

Q.
ct
o
]
(]
™
o]

gently mixing, the ether layer was separated and evaporate
dryness, the fat wasned into 25 mls poiyeihyliene botiles wicth mls
) 05

~

of petroleum ether and stored at 4 C untili analysis.
23565 ‘Milk Fat Fatty Acid Compositiouns

Total milk fats were aralysed as methyl esters of the fatty acids
prepared by the boron-trifluoride transesterification method of
Metcalfe, Schmitz & Peika (1966) as modified %y van Wijngaarden
(1967). Methyl esters in n Heptane were dried over anhydrous Nazsou
and analysed on a Varian Aerograpia Series 1520 gas 1iguid
chromatograph using an 8'x-% " stainiess steel column packed with
11.5% diethylene-glycol succinate (Analab) on Chromosoro W {(DCMS)

60/80 (Varian) with dry N. as carrier gas. Detection was by hydrogen

2
flame ioanisation.



Areas x 4

Areas x 1

b

10

Fig. 2.3 Chromatogram of milk fat fatty acid methyl esters

separated on diethyleneglycol succinate.

(Sample : Cow 19, 7 weeks post partum.)
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Analyses ol varience for unzgual sudclass numbers were pericrmed
bv +hra Tacat criovan matansg o Af S50 kS g ANy e {335 = 7 1 50)

LOe leasu Sfuares Leiaoa oI Ixvu i3 CONSvanTsS \uarvey, |9 JJ e
m T o 0 L J5 0 R R R ) P o e . 0 . - -
The University Computing Ceantre's IBM 162C computer and a prograx

Y o s ! + 1A + K +L‘+e..v,
1JK4 1JK & J K 1J&L
Y, 1= enfeet of foae g ekt Lz 1,200 %
ke J-‘q
' LA i g + S B e .
Ij = effect of tkle ; stage ol lactiation; JIE IK2h .. e
o
1 = eifect of the Kk seasonal period; ke = MNE2R .. ©
X
The indices 1,j, and x are identified in Table 2.1 and tne Y.. . are
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To meetv the program resiriciion of j and k not exceeding 10,

ifferences between means were de
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uncan's (1955) Multiple Range Test. Standard errors of in
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Differences vpetween
the respective standard errors. Since unegual numbers can give rise
to assymetrical patterns of significance between rankxed means,

the underscoring presentation suggested by Duncan cannot be used.

A schematic presentation is used as an alternative, any shaded sguare

indicating a difference between means wnich reaches the 95% level of

probability. -

bl
h-'

In the example given 2 and 1 are significantly (P < 0.05) greater

than 3 and 4. No other differences reach significance.

L2
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residfals affer #iiling dndividual dad peoled wathin lines. | Fhere
~ 35 A + SRR A o S 4y ~ ~ e e - 3 s
slopes did not diflfer significantly anrnd variances were homogencous

Under these conditions, the hypothesis that a, = a, = a, = &, is

- “~ o S - 4 % - -~ - = - - oS e - £ -~ < A~ =
identical to the nypoiuesis thav means of Y, adjusted for
s
— a3 S S o Ol NS ) ] D D ) o s Sl ES - = el
regression, co not differ. Residualis, afver fitting a comason liine
A~ 217 Rato s NS e oTe: LR B Tt - oot “w o T Py
over &aad4 Gava and vae DOC.ed wWivvaln regressicn agtove, were comnigared

Tavle 2.7 Description of indices used in the general statistical
model
: i
Classification i Incex Coce
IA (cows) i % = cow 19

!
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w

L = cow 25
- : ~ o o 3 - N :
X (stage of lactation) b i = C = 28 Gays D.p.
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27. 9.68 - 24.10.68
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Takle 3.1 Compnosition of Samnle Milks taken Beafore
Bicpsy dn Mic .
] t i ! ; i
Cow I Dete oI i Days b T ; Fath | Pretein® | Lactosch |
! , ; ' i 5
Number | Sampling | Post-partun | 1bs ' i i :
z i . o - ) — i V4 . S i ) foel i
i9 * | 15/16 Jan. | 174 4.5 | &.2% | L.62 | 5042
¢ H i ' { H ¥
i m - ! “n i I L oeg S i
i BO/EC T é HEE { 20.7 | 6.95 | .76 5.27 f
! { ! i | i
! i ! | t
P F a= PR 1 P { , [} i I - -~ {
136 * | 1516 Jam. 176 Foeme § St | k.95 5.5 |
| i P ! {
= - { “ z i = \ . e e i
29/30 Jan. | 10 | 17.3 §.57 1 L.8BC | .98 |
! ! : ! i ;
i i ! ! ;
L ~ | i - { .= s L H
E e 15/16 Jazn. 120 1 28.9 | 5.92 | L.a3 k.07
. i i
= = i e ! = ? ! I, i
29/)0 Jan. | l)rv i )&.9 é 3.93 i LT.O8 ; ‘ro78 5
i | ! | i
i , ! : i
” ~ - 1 iy i = N = 2b i
26 ** 1;/10 Janlie. ; ']Cg : 4% . i /.’13 ).33 g 5,. ;
| | : i {
= : L W= i : H = H
29/30 Jan. | 122 - | bS5 3.78 | 5.25 |
; | a | g
- 2 : 2 - > e 0 S I . g
* Biopsied 23 Jan. ** Blomsged 2% wWiad. {
j
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" o 2 o= o =) P 4 a5 2 Z AR - —_— S e
118 following thée fourth operations (Fig. 3.6 e, 13 - 15 weeks"p.u)
were examined as possible eifecis of the surgery. Samples colillected
from individual guarters shcwed little variation in protein content,
all teinz in excess of S5%. Tunere was a possibility that the coperaticns
or some factor asscciated with them (e.g. the tranquilizer), influexnced
milk production through a more general mechanism and nence afiected
all quariers in a similar maaner.
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Upper: Standard curve for the determination.

Lower: Stability of the colour at 3?00.
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Fig. 3.3 Acetate thiokinase assay.

(a) Standard curve for varying levels of added
bovine mammary supernatant.

(b) Activity in supernatant stored on ice.

(c) Effect on activity and Optical Density of varying
levels of stopping reagent.

(d) Colour development after addition of stopping reagent.
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Fig. 3.4 Concentration of DNA in biopsy samples taken at

different stages of lactation.

(Symbols as in Fig. 3.1)
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Fig. 3.5a Changes in enzyme activities with stage of lactation.

(Symbols as in Fig. 3.1)
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Fig. 3.5b Changes in enzyme activities with stage of lactation.
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Fig. 3.6a Milk production: Daily Milk Yield

(Symbols as in Fig. 3.1)
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Fig. 3.6b Milk Production: Fat Content and Daily Yield.

(Symbols as in Fig. 3.1)



PROTEIN CONTENT (%)
65

5.5

45 | =

3.5

DAILY YIELD l(ibs)

| ] | | ] L |

5 10 15 20 25 30 35

WEEKS POST PARTUM

Fig. 3.6c Milk Production: Protein Content and Daily Yield.

(Symbols as in Fig. 3.1)
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Fig. 3.6d Milk Production: Lactose Content and Daily Yield.

(Symbols as in Fig. 3.1)



Table 3.4 Summary of Analyses of Variance for the Milk Production Variables

(Mean Squares and Variance Ratios)

Model Source Ao = NS Fat Protein Lactose Fat Protein Lactose

Yield Contnn? Content Content Yield Yield Yield

rYC 1 Bet. Cows 3 14729.25 7.08 Z2.4% 0.81 2.01 1.29 %.91
Within 61 N 80, 16 0.90 0.8 | o0.02 0.12 0.08 18

Ts 67 24.h2*** i D 19 Uoted | B8 | 12 HAYE | 16,1250 22.,02% **

MYC 2 | Bet. Stages | 9 27,90 | 6.55 1 b0 0.06 0.74
Within 55 61.35 0.31 0.15 0.06 0.2

0. 17

8.61***|21,12%%* ,~10’”* 1.00ns 6.1& 11.07%%% 8. 60% s

"9,55 _ | N

MYC 3 | Bet. Periods| & 39G. 25 iy, 07 0,75 0.0 o5 | 0.h6 0.9y
PR 56 98.07 0.78 0.29 0.05 .5 0.09 0.26

g 56 Be26%¥ | B.26*%r ) 2,307 1.92ns 3.887 ¢ | 50200+ %.68%*
)

[ nyc & “Cows > T Ak7.55 | 0.h3 0.1 | 0.65 | 0.20 [ 0.0 | 0.65
Stages 9 2l 17 0.33 0.11 0.01 0.09 0.02 0.05
Periods 8 51.99 0.28 0.18 0.04 0.1% 0.07 0.16
Ly 9.1% 0.19 0.0h 0.01 0.0} 0.02 0.03%

F Ratios:

Cousy )y 1612% ¥ 2.20ns | H.207F 51.67"*" bop8** 6%t 24
L

Stages9 Ly 2.65* 1.710n5 %.,01*% 1.10ns 2.22% i.17ns 2.C2%%
ljel:lod )8 ! 1* 69#» * 1@'!5“ L}b()()*i =4 2‘781& ‘z)'ol‘v BN )io()ga:&w 6"0‘_3:,_3:4(.

P 0.05 » P<o<b TP 0,01 s pLo.o0i
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rom the different number of observations contributing to mean values.

¥y the snarp increases in fat conient over the later stages of
— Y 5 5 o = Eeal| 8 =1 sy -~
lactation (Pig. 3.6 a, b). The proteir econtent of milk varied ia a
o - - =\ - .
similar manner to iat content (rawﬂd = 0.85) but the increase across
- 703 /O

c

in Figs 3.6 b, ¢). A regular, but not significani, depression in

o} . The stage of
lactation means for protein yield are ranked the same as those for
milk yield but patterns of significant differences vary sligntly,
again reflecting a compensation for declining milk yield with
increased protein content in the later stages. Tnese ‘drying ofi'
changes were similar for all cows. Lactose content did not vary
(P» 0.25) with stages of lactation out the non-significant depressicn
which occurred in the last stage (Fig. 3.6 &, Appendix A-5) was
probably part of the 'drying off' change noted above. Variations in

lactose yield (P< 0.001) reflected eatirely the changes in milk yield

at yields in the Iirst six stages exceeded those in later stages.

as the patterns of mean differences were icentical for the two variables.
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The content of 18:1 in milk fat from ccw 19 was sigaificantly greater
than in the fat from cows 118 and 5. The content of 18:0 was

significantly lower in the fat from cow 5 than all other cows with

fat from cow 118 having a lower content of the acid than fat from
cow 26. When differences among cows were analysed along with the two
other sources of variation (FA 4), the content of 16:0 in =ilk fat

varied significantly (P< 0.05) among cows in addition to the two 3i8C

acids discussed above. The zacids whose contents in fat varied between

58
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Table 3.7 Summary of Analyses of Variance for Molar Proportions of Fatty Acids in Milk Fat

(Mean Squares and Variance Ratios)

Model Source | a.f. . 18:1 18:0 16:0 1430 12:0 10.0 8:0 6:0 L:0
FA 1 Bet. Cows 3 27.83 [38.02 23,32 5.15 2.59 255 0.30 e 0.65
Within €0 9.42 L, 91 14,13 3.21 1.83 208 0.50 0.99 2.68
F3 60 2.96* 7L 1 6Ens 1.61ns | 1.42ns | 1.70ns | 0.60ns | 1.20ns | 0.2Lns
A ] = o s s s A
FA 2 | Bet. Stages 8 11.31 | 11.80 |35.86 6.14 2.82 |3.79 |o0.80 [o0.90 |2.15
Within 55 10.15 5,71 |91.49 2.89 1.73 192 0.4k T 2.64
F8 55 le1is] 2.06a% | 2.43** 21 5% 1.63ns | 1.98ns | 1.82ns | 0.89ns | 0.81ns
9
FA 3 Bet. periods ) 22.78 [11.65 |iz2.59 |5.17 |5.61 |5.68 | 1.23 | 1.49 | 3.64 |
Jithin 55 8.48 5023 10.49 3.03 1.32 1.64 0.38 0.92 2.42
F8’55 2.69* | 2.03ns | 4.06*** | 1.71ns | k.25***|3.46*+ | 3,23** | 1.61ns | 1.50ns
FA & Cows 3 22.16 |29.79 [27.90 3,70 }1.8% [2.66 |o.48 | 1.64
Stages 9 9l 9.01 [13.65 3.58 1.62 1.72 0.Lk 0.85 2.71
Periods 8 19.20 8.60 16.597 2.75 L, 49 3,40 0.91 1.63 L. g6
Residual L3 746 2.91 &85 2.76 1.17 1.51 0.37 0.91 2.h43
F Ratios:
Cows3 I 2.97* |10,25%**] 3.14* 1.%4ns | 1.58ns |1.76ns | 1.2%ns | 1.80ns | 1.95us
3 1Y)
Stages, I3 0.9%as | 3.10***| 1,.5Uns 1.30ns | 1.39ns |1.14ns | 1.17ns | 0.9%us | 1.12ns
e ]
Seasons8 L3 2 57 2.96*% | 1.87us 1.00ns | 3.85** |2.25* 2o Lhhx 1.79ns | 2.04ns
7 i
ns P> 0.05 * P<LO0.,05 **  PZL0.01 t¢* P L0,.001
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34%.2 Variation arising from differences among stag
ignoring differences among cows and seasonal periocds (
significant for the contents in milk fat of 16:0 (P<KO
(P£0.05). Stage of lactation means are tabulat

and ranked means with significant differences are presented b
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The contemt of 16:0 i#@ milk fak Fosé Bcress the ldc
but the ranked means indicate that the increase was noti siead
Changes in the content of 14:0 follow no regular pattern with
advancing lactation and no explanation can te offered for thre
significant differences between the means above. Ihen consid
along with cows and seasonal periods (FA 4), the only compo
1

content changed significantly with stage of lactation was 18:

(P 0.001). In view of the confounding of stages of lactatio
FA &4 are subject to difficulties of interpretation.

Zebe3 Variation arising from differences among seasonal pe

considered alone (FA 3) reached significance for the countent

fat of 18:1 (P 0.05), 16:0 (< 0.001), 12:0 (P<C.001), 10:0 (2<0.0

and 8:0 (P<0.05). Period means are tabulated in Appendix 4A-

presented below in ranked form with significant differences.
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The content of 48:1 in milk fat was significantly lower in neriocd 4

than all other periods except 5. The content of 16:0 rose fairly

4
v

120

steadily across the lactation with the first
significantly lower than later periods. The remaining componentc -
12:0, 10:0 and 8:0 all have means for period 4 coanside

of other periods. These differences are inversely relaied to0 thcse
for the content of 18:1. Despite the confounding between secasoral

periods and stages of lactation, analyses using model FA 3 were

valuable in demonstrating how the two classes of acids varied
together. The relationships are descrited further wita the aid of

correlations in 3.4.4.

The iow content of 18:1 in milk fat of period 4 was examined
using data from infra red spectrophotometric anaiyses of the fat
samples. The fat contents of milk from cows 19 and 118 (17 weeks p.p.’,
5 (9 weeks p.p.) and 26 (7 weeks p.p.) were higher than in samples
taken 14 days before and after (Fig. 3.6 b). The differences were
less obvious for the first two cows which appeared lighter in
condition. Fig. 3.8 shows the contents in milk fat of total ociadecenoic
aclids and the two geometrical isomers according to seasonal periods
(date of sampling). The marked fall in 18:1 content observed in period
4, which led to the significant period differences in fat composition,

was more associated with the cis than the trans fraction. This
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suggests an overall fall in the incorporation

related to hydro

in the gland whichk may have been

polyunsaturated acids from the diet (traae), the depot 1. ae
(cis and trans) or the dietary oleic acid and mammary desatur
of stearic acid (cis).

When analysed with cows and stages of lactation using wmcicl
there was no significant variation in 16:0 due to periocd dif?f
although a significant (P<C.07) variation in the content of 18:

was identified.

3.4.4

Correlation coefficients between all pairs of fatiy acid

components were obtained from the linked statistical progran
described in 2.6 (Table 3.8).
m | T B R - 8/ sl St =
Table 3.8 Corvelation coeffitisnts {r) end ¥ Cecfficients of
Determination™ for pairs of milk fat fabty acidss
o . 3 - Poc % {
18:0 16:0 ik:0 12:0 i0:0 €:0 :0 I H O
E |
.783 52 -.566 -.677 -.701 -.836 |-.778 ~.535 |
18:1 !
61.3% 2,251 32.085 | 45.8%| 49.2% Lo L¥| 6C. 65 22.6% |
~ i
.068 -0566 -0633 -.616 -.507 "0609 —.5U9 %
18:0 ’
0.5% 32.1% L0.0% 37 9K 25.7%} 37.CH 25.9%
-.147 | -.529 | -.615 -.613 |-.58 g -.352 é
16:0
f 2.2% 285.0% | 37.8% 37.6%| 3L.5% 150
.526 428 . 297 . 285 ~O1E
14:0
27.6% | 18.3% 8.8%| 9.0% | 025
.845 78 N |. e 353
12:0
71.3% 51.5%| 4k.5% 11,84
.890 | .836 JS5ké
10:0
79.2% | 69.8% 29.3%
g oQ 3 q 2 A 4
* % Coefficient of Determination = 100 . r 860 <557
8:0
73.9% 30.3%

[0}




The correlation table is clearly divided into two parts. Acids of
chain length 16C and 18C were negatively related to &ll shorter
length acids and those of length less than 14C werc al

1

1
related by pairs. The two 18C were highly cerrelated bui neisher
of them was related to 16:0 which was surprising comsidering thc
relationship all three held with the other acids T c
among the short and medium chain length acids 12:0, 70:0, &:0 aud

6:0 indicated that they varied essentially as a single compomernt.
Zelte5 Summary

Taken together, the changes in fatty acid compositions indicatecd
that:
The content of long chain acids in milx fat varied
between cows. This may have reflected differences
in the contribution made by depot fatty acids to

milk fat.

Medium and long chain acids varied witih stage ¢
lactation. Palmitic acid content rose with acdvancing
lactation whereas myristic acid content showed no

regular change.

Both the long chain length and short chaian lengtz
,

aclids varied among seasonal periocds but patterns
of differences among means and the correlacions
among pairs of components indicated considerabdle
interdependence of the two groups of fatty acids.
Whether the seasonal source of variation acted
primarily on one group or the other could not te

resolved statistically (see 4.2.3).



3.5 Relationships Between Milk Composition
and Mammary Enzyme Activities.
A preliminary graphical examination of the milk and enzyme
data indicated that the only obvious relationship was between the
changes in milk fat content and the activities of acetate thiokinase.
B)o2o 1 Lirear regressions were fitted on 28 day mecans of fat eonten
(dependent variable) and estimates of the activities of acetate
thiokinase (independent variable) taken from Fig. 3.5 b as described
in 2.6. Reductions in total variation due to fitting regressicns
were variable and reached significance in three cases (Table 3.9).
Table 3%.9 Simple linear regressions of milk fat content on
acetate thiokinase activity (DN4;.
Cow 1 v ° a F ! 2 ;
¥ f
1 i
1 9 0.8524 0.0176 S.164 18.60 1 £0,01** E
| = ]
118 9 0.7414 0.0378 3.155 8.54 | <G.C5* i
i
5 6 0.7103 0.0299 4,6S0 4,07 i 20.10 us :
26 6 0.8678 0.0104 4,139 12 . 2@ <0.C5* ;
i
Common 29 0.5113 0.0125 5.093 9.91 <0.C1** {
T i o e a0 = §
SRS A)lo*é.) F3’22 ’1.80 3 >U¢ WU s i
Homogeneity of Variagrce )(2= 2.6 (d.f. = 35 150.25 n g
{ H
Between Intercepts ¥ 11.90 { <0.07**
=z e f ]

. . ¥ . \
(For.analyses of variance of regression - see Appendices A-10, A-11)

Differences between slopes were
regression adequately described the
fat content and the activity of the

differences in intercepts mean that

an estimate of fat content at zero enzyme activity.

of enzyme activities (Fig. 3.9) was
introduced by extrapolation to the o
intercepts clearly arose from cow 26

in milk throughout the experiment (s

&b

not significant so the common
relationsnip between changes in

T
Pee

enzyme. ighly significant

the common line could not provide
The distribution
such that little error would be
The differences in
which had the lowest fat content

ee 3.3.1).

rdinate.
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Fig. 3.9 Simple linear regressions of milk fat content on

Acetate thiokinase activity.

(Symbols as in Fig. 3.1)
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Deviation of intercepts from zero suggested that the
regressions explained variation in only part of the milk
Because the fat contains fatty acids which reached the gliand
preformed and should bear no relationship with mammary acetate
thiokinase, further analyses were made on miik fat content acjusted

for fatty acid composition as described below.

5558 On the basis of the studies reviewed earlier in .7 &azd 7.17,
the milk fat fatty acids can be considered as being oI threec g

(a) those synthesised almost entirely within the gland (C4 - C1k),

(b) those reaching the gland preformed from the blood (18:0, 18:1) and
(c) those, predominantly 16:0, associated with both (z) and (b) above.
The proportion of 18:1 and 18:0 in milk fat followed a similar pattern
of changes during the lactation (Fig. 3.7 and Tadle 3.8), so it was
argued that the variation in that fraction of 6:0 arising from thze
same blood lipid source would be related to the variation in tae 18C
acids (see perfusion studies reviewed in 1.3). Individual componenis
in (a) were positively correlated by pairs and it appeared likely

that the fraction of 16:0 synthesised ée novo would be similarly

correlated with other acids in group (a). That fraction of 16:C
could then be estimated by:
%16:0 <o
°© ° - - 9 ~ ) x Of = 24 G/
(i) e 3] i <74:0 VA I R /o=3-> %
iCO % K#

and the total fatty acids synthesisec de novo by:

/100 <& He B D - o 2 i
(i) G ~oo . <</°4.0 “+ %6:0 4 : A..N/ y

Since the components are interdependent and sum to 1005 for given
samples there 1s no appropriate test to evaluate the adjustment used
above. Ignoring the miﬁor welght contribution of glycerol, milk f=
contents were adjusted according to (II) and used as the dependent

variable in the following regression analyses (Table 3.10).



Table 3.10 Simple linear regressions of fat content {adiusted for
fatty. acid cemposition) -om acepate thickisace Bekivity

(DNA).
- = z i ?
Cow n B 13 a ) ? E
i
i
19 9 0.8203 0.0073 2.914 14,29 <0.01%* |
118 9 0.5464 | 0.0204 | 1.819 2.98 ¥0.%0 ns |
5 6 0.4949 0.0163 2.835 1.30 ?5.25 ne . |
26 6 0.8541 0.0081 1.941 10.79 £0.C5* ;
{
Common [ 29 0.3221 0.0049 2.9497 3.2k <0.10 *
Between Slopes F3 22 .80 >0.25 Te é
Homogeneity of Variance ;('z L,6 (d.f. = 3) >0.%0 ms |
Between Intercepts F3’25 11.90 LC.C1** |
|

2z
i)

il

(For analyses of variance of regression - see Appendices A-12, A-

= Im

Comparison of the two sets of arnalyses (Tables 3.9,
2.10) shows that for all cows there was a fall in the exteant to
which regressions on acetate thiokinase activities exgplained variation
in fat content when the latter was adjusted to those fatty acids

synthesised within the gland. Significant differences exist between

—

the intercepts for the four cows, but overall comparison cf the lines
show that elevations were reduced approximately two fat perceniage
units by the adjustment. The fraction of fat content still noz
accountea for possibly arose from non-acetate substrates such as

the 4C acids. These substrates would be expected to contribute to
short and medium chain length acids (e.g. Sum [®4:0 + %6:0 + ....

+ %15:0]) but make a negligible contribution to any of the medium to
long chain acids considered alone. In an attempt to determige this
possibility, two further regressions were fitted using as the

dependent variable (a) the content in milk of 14:0 and (b) the content

in milk of all acids of chain length less than 16C (Table 3.11).
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Fig. 3.10 Simple linear regressions of milk fat content

(adjusted to fatty acids synthesised de novo)

on Acetate thiokinase activity.

(Symbols as in Fig. 3.1)
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Table 3.11 (a) Simple linear regressions of the content of 14:0
if Mily on acetatd fhiekinase aciivity LLME).
f
Cow n r 6 a s F f P
19 9 0.8285 | 0.0025 | 0.815 | 15.33 | <0.0%** |
118 9 0.6913 | 0.0079 | o0.32% 6.41 | <o.05% |
5 6 0.4194 | 0.0032 | 0.825 .85 E >0.25 ns |
26 6 0.7317 0.0021 0.562 b.61 ; 0.10 |
(b) Simple linear_ regressions of the ccnient of acids
chain length less than 16C in milk on acetats
thiokinase activitye.
Cow n r 6 a ¥ ? !
19 9 0.7541 | 0.0048 | 2.311 9.23 | <o0.05% |
118 9 0.4331 0.0017 1.703 1.62 SICnC] Es '
5 6 0:4513 0.0115 2.213 1.02 | >»C.25 ns |
26 6 0.4876 [ 0.0032 | 1.585 1128 !L>o.25 ns |

(For analyses of variance of regression - see Appendices A-14, 4A-15)

The correlations in Table 3.%1 indicatecd that variaticns in the
dependent variable in (a) were somewhat better explained by the
\
).

regressions than was the dependent variable in (b

3«55 Summary:

Part of the variation in the content of fat in miik
could be explained by linear regressions on the

activity of mammary acetate thiokinase.

Adjustment of milk fat content for the frection of
fatty acids derivgd from the blood lipids did not
improve the relationship between the two variables

but did account for a portion of estimated fat ccntent

at zero enzyme activity.

Another part of the fat content remaining unexplained

may reflact fatty acids synthesised from substrates othner

than acetate.



Chapter Four DISCUSSION

4.1 Discussion cf Methods Used

b,1.1 Design

The major factor influencing the design of the exveriment wes
J] g g ¢

(see 2.1). GSome

the time and facilities available to the author
ix months were spent in preliminary worx and even thern, tihe assay

of one enzyme - acetyl CoA carboxylase - was not developed

} 1]
[e?

sufficiently to be used during the experiment. Only two cows cou
be sampled each day and, by operating on two consecutive days, enzynes
from four cows could be assayed on the two days of sampling and the

DNA extracts prepared for analysis on the third.

ariations i i n1position arisi n changing nutrition
Variations in milk compositio rising from changing o}
were expected, so cows calving at two dates were cho

separa s i s in stages of lactation
to separate effects due to differences in g of lactatio
(physiological) from those due to season (mainly nutrition). DTespite
this attempt, the calving interval between thne two groups was nocc
e

sufficient for the serious underfeeding in the late summer t¢ cccur

at effectively different stages of lactation. An alternative apyor
to house the cows and feed a diet changing only in quantity &accerding

to production, would have ignored an important source of variation.
L,1.,2 Surgical Biopsy Method

The method described herein appeared suitable for repeatedly
obtaining small (0.5 - 1.0 g) samples of tissue from cows' udders
without seriously influencing milk production. Previously published
methods (Hibbit, 1964; Marx & Caruolo, 1963) enabled much larger
samples to be obtained but the severe depression in milk production
which followed surgery prevented their use in the present study where
a reliable measure of milk production was required. The method
described was not evaluated with respect to obtaining a wholly
representative sample of the total secretcry mass. This would have
involved multiple samplings of all quarters preferably in conjunction
with excision of the gland, its dissection and random sampling of

the secretory parenchyma. The author could not justify the sacrifice

68



of one or more lactating cows to meet this requirement. The symmetiry
of changes in enzyme activities over the early stages of

suggested that the samples taken might well have been representative

(¢}
O
(€]

of the gland as a whole, but caution was required with all inferen

drawn from the biochemical data (see below).

In general, the extent of difficulties encountered during
individual operations was reflected in the degree by which milk
production in the operated quarter was depressec in the follcwing few
days. The main requirement from a surgical standpoint was to avoid

regions of heavy vascularisation as complete haeniostasis was aifficult

(1]

to effect. The forequarters in the region described were sampled for
this reason but another suitable site would be the mid- and liower-
caudal region of the udder as used by Hibbit. Regeneration of Iidrcus
tissue into biopsy sites is rapid (Marx & Caruolo, 1963) hence

previously operated sites need to be avoided (c.f. 3.7.1).
s Enzyme Assays

Optical methods, modified from the originals by increasec levels
of substrates and cofactors, were suitable for product accumulation
assays in the present study. The major difficulty in the use of
enzyme determinations performed in vitro lies in interpretation
to the overall pathway or in vivo situation. The mammary gland
comprises several different cell types - secretory epithelium, adigpcse,
vascular and connective elements - and information is recuired soleiy
on the first of these. All tissues contribute to the total enzyme
'pool' according to the tissue composition and the enzyme complements
of each. As a result, prediction of ratios of two or mcre enzyme
activities in the tissue of interest would be quite unreliable unless
it is known a priori (a) that the enzymes are confined to the given
tissue or (b) that changes in the activities occur only in that tissue.
The first condition is met in lactating mammary tissue at present only
for selected enzymes of lactose synthesis, but the second condition

can probably be assumed for the enzymes of the major synthetic pathways.

Mammary enzymes are subject to both activation and induction

controls (Emery & Baldwin, 1966) so the interpretations of changes and
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established so their results may not be reliable but the technigue
could be developed as a useful adjunct to enzyme assays, pericrmed

post mortem as in the rodent species. Another supplementary apsroacih

involves the measurement of tissue metabolite levels (Balcdwin e
1969) but when considered alone, these methods have interpretive

difficulties similar to those discussed above for the enzyme assays.

L,1.4 DNA Determinations

The modified Burton (1956) procedure was guite satifactory
for the measurement of deoxyribonucleic acid in bovine mammary
Munford (1963) fourd no interference with the determination from a
range of sugars which could be present either intracellularly or in

retained milk. DNA is the most suitable base for the expression of

Y
oY

- =
Pos

b

enzyme activities in this type of study as the ratio obta
approximates a per cell ‘'content'. Other bases such as the wetl or cry
weight of tissue, extractable protein or total nitrogen are less
satisfactory because of variable amounts of retained milk present in
the tissue sample. Although corrections, based on lactose content,
have been used to account for retained milk, they are not entirely
satisfactory for analytical reasons (Munford, 1966) and there remains
a probleﬁ in partitioning the lactose in retained milk from that
present intracellularly in non-secreted form.

Similar comments to those discussed in 4.71.3 apply when using ONA
as a metabolic base. If cells not contributing to the enzyme 'pool'’
increase in number, DNA content rises and enzyme activities, as ratios,
fall. Between sample errors can then arise through changing tissue
composition. Other criticisms of the use of DNA as an index of
mammogenic and metabolic status, more fully discussed by Munford
(1964) and Jones (1969), are not relevant to the use made of DNA

levels in the present study.



4,2 Discussiorn of Experimental Results

L,2.1 Changes in Biochemical Parameters

The fall in the content of DNA in biopsy samples following
calving protably reflects hypertrophy of existing cells rather than
hypoplastic changes in the gland as a wnole. The hypertirophy coulc

have accompanied post-partum developrment of mammary cells and an

increase in cytoplasm with the establishment of maximum secretory

effort. The increases in DNA content which followed from abvove

numbers with advancing lactation.

Changes in cell dynamics have not been characterised in the
lactating mammary glands of ruminants despite a large researcnh eifort
in the rodent species (Munford, 1964; Traurig, 1967; Tucker, 196G).
Pulse labelling of mammary DNA by injecting HB-thymidine as uscd oYy

Traurig, with a surgical biopsy method such as that cdescribed hecre

could be combined to obtain some estimates of mitotic activity

lactating udders of farm animals.

The changes in enzyme activities reported in 3.2.2 are the first
determinations made through complete lactations in ccws. Baldwin (7968)
measured DNA content and the activities of hexokinase, giucose-6-

phosphate dehydrogenase, UDPglucose-4'-epimerase and glycerol phcsghate

dehydrogenase inter alia in bovine mammary samples taken eariy in

14 days

lactation. Heifers were sampled using Hibbit's (1964) method

2 24 "

pre-partum, at parturition and at 3, 10 and 25 days pcst-partum.

Results were presented as means for 2 - 11 determinations at eacr

03

stage and Baldwin found no significant differences (methods of testing
not stated) in enzyme activities over the first 35 days of lactation.
He compared the ratios of the activities of UDPglucose-4'-epimerase:
fatty acid synthetase in mammary extracts from rats, guinea pigs

and cows with ratios of lactose:fat contents in milk (values taken
from Biochemists' Handbook - Long, 1961) and claimed a correlation
among the pairs of ratios. For the reasons advanced in 4.1.3, the
present author considers that this type of comparison is unlikely to

yield useful information on in vivo relationships. Baldwin's results
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agree in part with those of the present study insomuch that there were
no significant changes in enzyme activities over the first two stages,

corresponding roughly to Baldwin's last two samples.

Longer term changes did occur in the activities of all enzymes
(see 3.2.2) although differences among stages of lactation failed to
reach significance except in the case of hexokinase. Differences
between cows were statistically significant for three enzymcs
indicating the dangers in using mean values obtaired from several
animals. Despite the lack of statistical significance, the symmetry
of changes illustrated in Fig. 3.5 a suggests changes in the capacity
of mammary tissue to metabolise glucose at different stages of
lactation. There were no obvious relationships between changes in
any of the three enzymes' activities and milk composition with stages
of lactation. When data were considered together within cows, the
differences among cow means for the activity of UDPglucose-4'-epimerase
corresponded to the differences among cow means for lactose content in
milk (see 3.2.2 and 3.3.1). The enzymes whose activities are shown
in Fig. 3.5 b followed less regular changes but despite the lack of
significant differences among stages of lactation, positive relation-
ships were established between acetate thiokinase activities and
changes in milk fat content for all cows. Glucose-6-phosphate
dehydrogenase, the enzyme concerned generally in synthetic processes
(see 2.1) was related on a cow basis with whole lactation means for
fat and protein contents. Thnere were no relationships between the
activity of the dehydrogenase and any of the milk constituents when

compared ' on a stage of lactation basis.

Since it is not generally believed that UDPglucose-4'-epimerase
or glucose-6-phosphate dehydrogenase activities are rate limiting
for the synthesis of any of the milk constituents, it was surprising
to find even the weak relationships indicated above. General
agreement that acetate is the major lipogenic substrate in the
ruminant mammary gland (Folley & McNaught, 1961) and is of great
importance in the energy metabolism of these species (Blaxter, 1962)
highlights the possible role of acetate thiokinase as a regulator.
There are no known physiological controls operating on any of the

thiokinases which is surprising in light of their importance in lipid



metabolism in all mammalian species (Fritz, 19641). If the rutritiocnal
concept (Rook, 1961) that acetate availability is limiting for =milk

fat synthesis has any substance, it might be expected that the activity
of acetate thiokinase in mammary tissue could be rate limiting Zfor

the synthetic pathway. It must be stressed however, that ail

available evidence, albeit from rodents (Jones, 1969), indicates

4

that acetyl CoA carboxylase 1s the limiting enzyme and failure to
measure its activity in the present experiment severely restricts

further discussion of this interesting question
L,2,2 Changes in Milk Production

The aim in selecting cows likely to have had divergent milk yields
and compositions was obviously met (see 3.3.1). Variations in milk
production were analysed on a cow and stage of lactation basis for
comparisons with the biochemical data and on a seascnal basis in an
attempt to adjust for the marked effect of changing nutrition on the
contents of fat and protein in milk. Variations arising Irom
differences among stages of lactation and seasonal periods were
however confounded to an indeterminate degree as discussed in &4.4%.71.
The changes in milk yield and composition with stage of lactation,
ignoring seasonal effects, were fairly typical of cattle grazing
pasture (Johansson & Claesson, 1957) except that the content of
and protein rose sharply from shortly after calving. OCverricing the
pattern of changes with advancing lactation was the sharp elevaticn
in fat contents over the last three seasonal periods. Milk fatz
compositions (see below - 4.2.3) and general observaticn indicated
that the changes in fat content were the result of a combination of

chronic underfeeding and drying off since the content of protein in

milk rose rather than fell over those periods.
4,2.3 Changes in Milk Fat Fatty Acid Compositions

Since variations in the composition of milk fat from differenz
cows were expected, analyses were made on samples from individuals
and not on pooled fats as in the studies of Decaen & Adda {(1966)
and Stull et al (1966). Differences in compositions for individual

cows were identified (see 3.4.1) and the major components involved
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were the 18C acids derived from the blood lipids. Since there was
no reason to believe that the cows received different nuitritiocnal
treatment during the experiment, the results indicate cither (&)

cow to cow variation in the contribution made by depot acids to wmilk
fat or (b) variations in the mammary utilisation of these ac
Wide variations in milk fat content among cattle according tc brecds,
ages and individuals are well recognised and accordingly it is recasoa-
able to expect genetically based differences in lipid metabolism
amongst individuals. The glucose - insulin - lipolysis inhibition
theory of McClymont & Vallance (1962) discussed in 1.14, is zan
attractive explanation for thne effects of 'fat depressing diets' arnd

the physiological mechanism actively involved in the resgonse could

L)

vary from animal to animal. Variations in the content in milk fat o
the 18C acids in the present experiment could be associated with
differences in the extent of depot reserves, their exposure to and/or

responsiveness to lipolytic influences.

Changes in fat composition following calving did not follow the
smooth patterns provided by the data of Decaen & Adda (Fig. 1.2), but
the cows in the French study were calved in high condition (620 ig)
and fed under very controlled conditions during lactaticn. The
somewhat higher proportions of 18:1 and 18:0 in milk fat after the
initial stages in the present experiment are consistent with tre
generally lower plane of nutrition and presumably greater contribution,
over a longer time, of body fat fatty acids to milk fat. The increcased
content of this fraction in the late summer and early autumn periods
were used to confirm that the changes in milk composition at thrat
time were partly due to underfeeding. The most consistent change in
the milk fat componenets with advancing lactation was the increase in
the content of palmitic acid (16:0). This was similar to the results
of Decaen & Adda (Fig. 1.2) but quite different from trose of Stull
et al. The marked seasonal influence on the content of practically
all components arose from the abnormal compositions recorded in 3.4.3
and Fig. 3.8. The compositions, with low proportions of long chain
length acids, were similar to those seen on fat depressing diets
(McCarthy et al, 1966) but elevated fat contents discount this type
of nutritive cause. Since 18:1, 18:0 and 16:0 were the acids most
obviously affected, reciprocal changes in the content of shorter

chain length acids were considered secondary (see 1.16). The infra-
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red spectrophotometric data indicated that the cis-unsaturated rather
than the trans-unsaturated fraction was responsible for the fall in
total octadecenoic acids. Since there are no known factors affectiing
mammary desaturation (see 1.3) other than the availability of substraie
(mainly 18:0), the results indicate either a profound change in the
diet or an altered lipid metabolism of the cows. No record was made
of day to day feeding conditions but the direct relationship tetwecen
the extent of changes in composition and the condition of the cows
(3.4.3) favours the second possible explanation. Changes in lipid
metabolism involving lipolysis in adipose tissue without drastic
dietary changes could still explain the less marked fall in the content
of the trans-unsaturated acids since the depdt lipids contain Thg trans

isomer of octadecenoic acid (Hilditch, 1956).

Weather records collected by D.S.I.R. Grasslands Division shnowed
strong to gale force NW winds on the day before and day of sampling
the milk with abnormal compositions. The similarity of changes in
fat composition with the changes in fat properties which followed
the injection of ACTH to grazing cattle (Campbell, Davey, McDowall,

Wilson & Munford, 1964) suggested that changes in fat composition

may have been the result of some type of 'stress' - possibly associated
with the strong wind. Further study is recuired to examine the mode

of action of 'stress' factors in changing the composition of milk

as the lipolytic action of ACTH in ruminants (Radloff & Schultz, 1G&6)
would be expected to elevate the content of the depot cderived acids

in milk fat leading to high iodine values, and not the reverse as

was the case in the study of Campbell et al and probably in the present

study.

Results from the present study clearly illustrate the marked
sample to sample variation in the composition of milk fat from grazing
cattle. Whilst variations in pasture composition could be expected to
affect the composition of fat through (a) the provision of long chain
length acids derived from the pasture lipids (Hawke, 1963),

(b) the availability of lipogenic substrates at the mammary gland
(Rook, 1961) and (c) adjusting, through indirect mechanisms (McClymont
& Vallance, 1962), the equilibrium of fatty acids into and out of the

adipose tissue, an overriding effect of quantity of pasture and hence
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the extent of underfeeding may well interact with the three causes
above. This study highlights the need for suitable statistical
techniques to aid the detection of changes in fat composition and

more detailed information on the mechanisms underlying the chrangec.

L,2.4 Relationships between changes in Znzyme Activities and thre

Composition of Milk

The relative infrequency of biopsy samplings ancd the wide range
of errors of interpretation (discussed in detail in 4.17.3) were
factors influencing the enzyme - milk composition comfparions. iicwever
the data collected over whole lactations indicatedé some differences
among cows in the ranking of means of enzyme activities and trhe milk
components. It was tempting to interpret the relationship between
UDPglucose-4'-epimerase and lactose content (4.2.7) in a causal sezse
although all studies conducted on the rodent mammary glarnd {XKuxhn 1G67;
1968; Jones, 1969) suggest that lactose syntnetase and not the

epimerase is rate limiting for the synthetic pathway. The lZack of

change in lactose content at various stages of lactation despite
large, thougn not significant, differences in the activity cof the

enzyme is further support against a causal relationship between the

two variables. Similar comments to those above apply to the weax
relationship between cows, but not stages of lactation, in the activity
of glucose-6-phosphate dehydrogenase and the contents of fat and

protein in milk.

The clearest relationship was between the activity of acetate

thiokinase and the content of fat in milk (see 3.5) where significant

fractions of the variation in fat content were accounted for by linear

ct
[

regressions on the activity of the enzyme. The sizeable intercep:
were reduced by adjusting milk fat content for the fraction of fatty
acids calculated to have reached the gland preformed from the blood
lipids. The adjustment used (3.5.2) appears similar to the method
employed by Decaen & Adda (1966) and in both cases fat conternts were
reduced approximately 50%. Because of the large sample tc sample
variation in milk fat composition (4.2.3), the efficacy of the

adjustment was limited and may underlie the loss in degree of
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correlation in Table 3.10 rather than the increase which was
expected. Similarly, the attempts to relate fracticns of the acids
synthesised within the gland with the enzyme (c.f. Bartley et zl,
1967) were of little value. There was however a suggestion tha
fraction of the fatty acids synthesised de novo may have recsulted

from the use of substrates other than acetate.

The similarity of regressions on a within cow basis did suggesc
a causal relationship between the activity of acetate thiokinase and
milk fat content. Since acetate is considered tc be of major
importance in the metabolic economy of ruminants (4.2.7), this part
of the study merits repeating especially if assays for aceiyl CoAl
carboxylase and enzymes of the pathways incorporating 4C precursors

(see 1.1) could be performed.



4,3 Conclusions

This thesis describes a new biopsy technique suitable for
repeated samplings of mammary tissue from lactating cows. During the
experiment, some sampling precision was sacrificed so that deletericus
effects on milk production were minimised. The content of
deoxyribonucleic acid and the activities of five enzymes, concerrecd
in major synthetic pathways for milk solids, were measured in tissue
samples collected at 28 day intervals throughout lactations of four
cows. These parameters were examined for relationsnips with estimates
of milk production obtained at 14 day intervals throughout the

experiment.

Differences between cow lactation means for enzyme activities

bore weak relationships with differences between cow's milk ccmpcsitiorns.

One enzyme - acetate thiokinase - was related, on a stage of lactation
basis, to changes in milk fat content. The possibility of this being
a causal relationship has been discussed in light of published results.

Two main factors influenced the enzyme - composition comparisons:

1o}

(a) the validity of the interpretation of enzyme activity estimates i
an in vivo sense and (b) the marked effect on milk production of
changing nutrition especially towards the end of the experiment. The
first difficulty might have been partly overcome by a more rigorous
sampling routine at the expense of reliable milk production (see above),

but problems involved in arguing from the determinations made in vitro

i)

to the corresponding biochemical pathways in vivo present the greatest
difficulties to this type of experimental approach (see 4.1.3 and
L,1.4). "Attempts were made to accomodate changing nutrition in the

ericds

e}

design and statistical analyses but the confounding of seasonal
and stages of lactation made a clear separation impossible. As a
result, statistical probabilities came largely from analyses based on
sources of variation considered one at a time, ignoring others until
inferences were drawn using the partly confounded results of separate
and combined analyses. Errors in interpretation, which resulted from

this compromise, must have influenced the precision of the comparisons.

Detailed analyses of milk fat were undertaken to assist in the

interpretation of changes in milk composition and to give estimates of
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the fraction of milk fat fatty acids synthesised de novo &ty the
mammary gland. Nutritional changes throughout the experimental
period led to quite variable milk fat compositions, probably
reflecting the contribution of depot reserves to milk fat.
Statistical analyses of changes in composition are not reacily
interpreted and the extent of sample to sample variation in all
milk parameters measured, restricted the use of more straightforward

analyses of fatty acid yields.

Controlled indoor feeding would best satisfy part of the
requirements of this type of study by removing nutritional
fluctuations. For reasons advanced in 4.1.17, controlled fecding
conditions would have ignored an important source of variation and
animals would have to be studied much more intensively to justify the
extra resources employed. The areas encountered in the present
experiment where additional informaticn would have aided interpretation,
viz cell dynamics in the lactating udder and the identity of rate
limiting enzymes in the bovine gland, would still hinder the more

controlled experiment above.

Provided information on these two points was made available, txe
most promising field for a causal relationship approach to the
lactating mammary gland and its secreted products would appear to be
in further study of the enzymes of lipogenesis and the nature of the

milk fat so produced.
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Appendix A-1 Determination of . Isolated trans - Unsacuration

L %4

in 'Trielaidin' Reference Xate

0
-
V)
}-

A sample of 'Trielaidin' was methylated and analyscc oy gas-
liguid chromatography as described in 2.5.3 except tha
was operated isothermally at 1850C. The resulting chromatocgraph
is presented in Fig. A=1 (i). In view of the contamination by
saturated and other unsaturated acids, the mixture of esters was

partitioned into saturated, trans - unsaturated and ¢is - unsaturaied

components on thin layers of AgNO3 impregnated silica gel (¥ecrris,
1962). Plates were layered with AgNO3 : silica gel G (Merck)

(6.6 : 30 : 60), dried and activated at 110°C for 1 hour. EIsters

were applied along with methyl stearate, methyl olcate and methyl
elaidate standards and the plates developed 1in hexane : diethyl ethaer
(90 : 10). Plates were sprayed with 0.2% (w/v) 2'7' dichlorofluoroscein
in ethanol and fractions marked under UV light.

<+

Three portions-of the plates containing the saturate

a
and cis esters were scraped and eluted three times with diethyl
ether. After evaporating the ether, the esters were taken up in
heptane, dried over anhydrous NazSOL+ and analysed by GLC as abovee.
The resulting chromatographs are presented in Fig. &-1 (ii), (iii
and (iv). Data from the four graphs were combined as in

and an estimate of 79.4% isolated trans was obtained.



K(W)
Ac:lb:l ‘ciszl

Fig. A-1 Chromatograms of fatty acid methyl esters in 'Trielaidin’

Infra-Red reference standard.

(i) Total methyl esters.
(19) Saturated methyl esters.
(iii) trans - unsaturated methyl esters.

(iv) cis - unsaturated methyl esters.



Table A-1 Estimation of Weignht Percentage trans-18:1 in

Trielaidin Reference Material

From Fig. A-1 (i) Total Fatty Acid Meihyl Esters

16:0 16.63%

16:1 0.45% 16:0 _ 4.5
o of - ©

18.0 2061/.} 18:0

18:1 80.31%

b

(ii) Saturated Fatty Acid Methyl Esters

16:0 85.45% 16:0 - 6.35
18:0 13.61% 18:0

(iii) trans-Unsaturated Fatty Acid lMethyl Esters

18:1 100%

(iv) cis- Unsaturated Fatty Acid Methyl Zsters

16:1 33% Wt 5
18:1 67% 16:1

Since all 16:1 is of the cis configuration, the product of the
ratio from (iv) and the weight percentage of 16:1 in (i) gives

the weight percentage of cis 18:1 in (i).

2 x 0.45 = 0.9 cis 18:1
and 80.31 - 0.9 79.4 trans 18:1

Estimated Weight Percentage Composition of Reference Material
| 16:0 16.63 %
- c 16:1 0.45 %
| 18:0 2.61 %
B iBai 0.90 %
& 8L 79.4 %




Appendix A-2

Cow Means for Enzyme Activities analysed on ENZ 1

Ime M = &g & e
Cow Acetate UDPG Glycerol P Hexokinase Gluc. 6 P
(index) Thiokinase Epimerase Dehydrog. Dehydrog.
19 (1) 68.82 457.10 487,22 97.98- 195.76
118 (2) 80.39 752.56 966.93 2hk, 29 204,51
5 (3) 40.68 135.82 188.70 75.48 59.13
26 (4) 86.47 340,68 324,77 106.53 51.87




Appendix A-3 Stage of Lactation Means for Enzyme Activities analysed on ENZ 2
le = le + Kj ey
Stage of Acetate UDPG Glycerol P Hexokinase Gluc. 6 P
Lactation n Thiokinase Epimerase i)ehydrog. Dehydrog.
1 2 33.90 357.75 395.50 89.45 174.85
2 b 43,23 308.85 327.15 119.28 189.53
3 L 71.88 783.75 1123.28 546.60 134,75
L 63.50 683.00 767.70 61.90 235.58
S L 67.05 240.93 252.50 51.78 65.45
6 L 7305 318.68 379.18 48,13 89.95
7 3 71.33 208.53 277.90 30.50 63.9
8 101.10 594.85 595.35 46.85 24k, 75
9 2 133.30 560.90 k93,30 126.70 85.95




Appendix A-hL

Cow Mcans for Milk Production Variables analysed on MYC

Yoo = Moo+ IAp o+ ey
Cow Milk Fat Protein Lactose Fat Protein Lactose
(index) n Yield Content Content Content Yield Yield Yield
1bs % % % lbs lbs 1bs
19 (1) 18 21.455 6.592 4,881 5.289 1.359 1.017 1.139
118 (2) 18 20.828 6.409 L.902 B 127 1.308 1.011 1.071
5 (3) 15 32.113% 5.663 L,217 4,776 1.771 1.371 1.543
26 () 14 k1,329 5. 146 3.936 5.224 2.065 Il 99 2.171




Appendix A-5

Stage of Lactation Means for Milk Production Variables analysed on MYC 2

-~

le = le + Kj + ejl
Stage of Milk Fat Protein Lactose Fat Protein Lactose
Lactation n Yield Content Content Content Yield Yield Yield
lbs % % % lbs lbs 1bs
1 2 44,550 3.990 4,330 4,985 1.805 1.915 2.235
2 8 36,638 L,663 4,009 5.118 1.678 1,443 1.893
3 8 36.900 54555 L.234 5.190 2.019 1.539 1.92%
L 8 33,288 5.586 L,321 5.208 1.831 1.413 1,734
5 8 30.188 6.013 L, 455 w25 1. 774 1.310 1.543
6 8 28,163 6.331 4,508 5.098 1.759 1.241 1.433
7 8 22,275 5.998 4,584 5.093 a2 1.005 1.126
8 ? 18.086 6.787 4,893 L.920 1.229 0.886 0.820
9 4 14,975 7.325 5.270 5.180 1.105 0.790 0.775
10 L 11,550 8.3203 5.770 5.005 0.955 0.668 0.580




Appendix A-6

Seasonal Means for Milk Production Variables analysed on MYC 3

b2

Yo = P+ It oo
Seasonal Milk Fat Protein Lactose Fat Protein Lactose
Period n Yield Content Content Content Yield Yield Yield
1bs % % % lbs lbs lbs
1 4 26,300 L.968 L, 228 SsbTE 1.308 1.110 1,388
2 5 30,920 5.282 4,482 5.124 1.596 1.388 1.582
3 8 36,413 5.101 L,235 5.139 1.780 1,504 1.864
4 8 35.438 6.005 L.523 5.207 2.048 P Silem 1,848
5 8 232.000 5.889 L.489 5.224 1.814 1.386 1.674
6 8 27.013% 5. 791 4,350 5.165 1.509 A2 1.388
) 8 26.188 6.418 b, 475 5.03%6 1.620 1.131 1.319
8 8 21.975 6. L9L L, 743 5.0bL4 1.369 1.000 1. 104
9 8 16.175 743295 5ni2Gh 4,878 1,146 0.825 0.768




Appendix A-7 Cow Means for Milk Fat Fatty Acid Molar Components analysed on FA 1

g = Pao * Wy ¥ ey
Cow 18:1 18:0 16:0 14:0 "12:0 10:0 8:0 6:0 L:o
(index) n % % % % % % % % %
19 (1) 18 17.787 | 10.321 29.341 15,482 g 167 5740 S’ 3.205 | hL.73h
118 (2) 18 15.219 9.29h B1e95R 15;583 5.793 5.841 2.298 3577 5.014
5 (3) 14 14,955 7.361 30. 420 16, 414 6. 1103 6.114 2.490 3.829 5.161
26 (4) 14 16.106 11.134 31.486 14.950 5.439 4,949 2,151 3.3%28 S50




Appendix A-8

Stage of Lactation Means for Milk Fat Fatty Acid Molar Components analysed

on FA 2

Yy = + ey
Stage of 18:1 16:0 14:0 12:0 10:0 6:0 L:0
Lactation % % % % % % %
2 17.247 27.512 14.871 54624 5.820 3 474 5.683
3 14,175 27.993 17.000 7.123 6.875 3.975 5.138
b 15.895 304738 16,104 6.189 5.795 3330 L, 638
2 14.579 304 144 16.450 6.598 6.436 3.918 5.547%
6 5. 770 32.763 16.036 5.748 5.310 3.369 b b3
? 16.959 33.493 14.568 5.553 L, 626 3.0k 4,506
8 16,043 324334 1,767 5349 539k 3.650 557k
9 17.965 30.750 15.563 5.603 5.440 3.203 .255
10 17.640 32.908 14, 385 5.230 l}..775 2.890 L, 565

b i i s o]




Appendix A-9

Seasonal Period Means for Milk Fat Fatty Acid Molar Components analysed on FA 3

Va = Fa + W * e
Seasonal 1821 18:0 16:0 14:0 12:0 10:0 8:0 6:0 L:0
Period n % % % % % % % % %
1 L 16.+.595 11,015 27.145 14,903 5.655 6.143 2.493 2.735 7.0h5
2 L 17.278 11.438 27.775 16,343 6.088 6.068 2.245 3.360 4,420
3 8 17.070 11.339 28.071 15.845 6.376 6,063 2.349 3.310 L, 483
L 8 12,289 7.953 28.608 16.625 7.825 7530 3.226 4.549 5.838
5 8 14,547 9.3%06 5 L) 16,876 6.028 S5 2.195 3.368 4,616
6 8 17.426 10,479 30.648 14,976 5.498 5. 300 2.206 3= 505 4,861
7 8 17.349 9.001 34,040 14.800 L, 751 L, 688 1.966 3,058 L,735
8 8 16.968 8.670 32,738 15.339 5.55h 5.093 2.129 3.270 4. 603
9 8 16.040 8.526 32.003 14,699 SHrie 5.005 1.871 B-Doe 5.110




Appendix A-10

Cow 19

Cow 118

Cow 5

Cow 26

Common

Analyses of Variance of Regressions of MNilk Fat

Content on Acetate Thiokinase Activity

1.0617

H
Source herf « S ; ™S o P
l
Total 8 8.9398
Regression 6.4955 6.4955 18.60 <0.01%% |
Deviations 7 2.444p 0.3k92
Source d.f. gt S R |
Todal 8 5.6486
Regression | 1 3.1047 3.10k47 8.5k £ 0.05*
Deviations 7 2.5438 0.3634
Source d.f. S5 MS r P
Total S 1.4737
Regression 1 0.7435 0.7L35 4.07 > 0,10 ns
Deviations | & 0.7304 0.1826
Source d.f. SS MS T D E
|
Total 5 1.3555
Regression 1 1.0207 1.0207 12.20 < 0.05*
Deviations L 0.3348 0.0837
Source d.f. SS ¥S P .~
Total 29 24,8018
Regression il 6.4850 6.5850 9.91 4 [Em0>
Deviations | 28 18.3168 0.6542
Test of Homogeneity of Variances:
= 8
X = 220800 . 5 63l B B P> 0,25 ns



Appendix A-11

Comparisons of Regressions of Milk Fat Content on

Acetate Thiokinase Activity

Source d.f. ixz € xy iy2 b Dev SS d.f. Dev MS
19 8 20893,0156 368.32934 8.9398 0.0176 2. b2 7 0.3492
118 8 2169,5822 82.0731 5.6486 0.0378 2.5438 7 0.3634
5 5 830.1083 2L.8637 1.4737 0.0299 - 0.7302 L 0.1826
26 5 9365.3533 97.7703 1.3555 0.0104 0.3348 L 0.0837
Pooled Deviations 6.0530 22 0.2751
Pooled Cow 26 23258,0594 573.0806 17.4175 0.0172 7.5427 25 0.3%017
Between Slo?es 1.4897 32 0.L4966
Common 29 4L1287.0697 ST.LF515 2L.,8018 0.0125 18.3168 20 0.6542
Between Intercepts 10.77L0 3 3.5913

Between Slopes F3 o = Detruoen, Dlopes Dev NG = 1.80 P> 0.10 ns

' Pooled Deviations MS
Between Intercepts F = Solipen lubeperte 6 = 11,90 P 40.01% 3

3425

Poolecd Cow Dev MS




Appendix A-12

Cow

19

118

Cow

Cow 5

26

Cow

Common

= 1.0617

Analyses of Variance of Regressions of A&dj ed rat
Content on Acetate Thiokinase Activity
Source d.f. SS MS i i) P é
)
Total 8 1.6523 ; !
Regression| 1 1.1119 1,1119 1, 39 < 0.01 ;
Deviations 7 0.5408 0.0773 i
Source é.f. SS %S F P f
Z
Total 8 3.0366 §
Regression 0.9067 | 0.9067 898 | 2950 =s |
i
Deviations y/ 2.1299 0.3042 AJ
Source d.f. SS MS F P é
Total 9 i 0.9012
Regression 0.2207 0.2207 TiS10) >0.25 1us |
Deviations 4 C.6805 0.7701
Source d.f. SS S r 2
Total 75 0.8338
Regression 0.6C82 0.6082 10.79 <0.05 *
Deviations | 4 0.2256 0.0564 i
_
1
Source d.f. SS MS F P |
Total 29 9.7433
Regression 1 1.0112 1.0112 3.24 < 0,10
Deviations 28 8.7321 0.3119
Test of Homogeneity of Variances:
1)



Appendix A-13

Comparisons of Regressions of Adjusted Milk Fat Content on Acetate Thiokinase Activity

Source d. f. ixz < xy £y2' b Dev SS d.f Dev MS
19 8 20893.0156 152. 4246 1.6528 0.0073 0.5408 7 0.0773
118 8 2169,5822 Ly, 3522 23,0366 0.0204 2.1299 ) 0.3043
5 5 830.1083 13.5349 0.9012 0.0164 0.0805 L 0.1701
26 5 9365.353%3% 75.4722 0.8%38 0.0081 0.2256 4 0.0564
Pooled Deviations 3.5768 22 0.1626
Pooled Cow 26 3%258.0594 285.7839 6.4243 0.0086 3.9685 25 0.1587
Between Slopes 0.3918 3 0.1306
Common 29 4L1287.0697 204 .32168 9.7h433% 0.0049 8.7321 28 0.3119
Between Intercepts b.7635 E; 1.5879
Between Slopes F3 55 = phkineg Daopee IR 8 - 0.8 P> 0.25 ns
= Pooled Deviations MS
Between Intercepts F mpaayeen IyercaPrtE B3 . qoue PL0.01**

5125

Pooled Cow Dev NMS




Appendix A-14 Analyses of Variance of Regressions of Content of

14:0 in Milk on Acetate Thiokinase Activity

1 }
Cow 19 Source d.f. | SS MS 3 e
i
Total 0.1904
Regression 0.1307 0.1307 <0.01 ==
Deviations 0.0597 0.0085
Source SS MS F P
Total 0.2858
Regression 0.1366 0.1366 < 0,05 *
Deviations 0.1492 0.0213
Source SIS MS F P
Total 0.0495
Regression 0.0087 0.0087 > 0.25 ns
Deviations 0.0L408 0.0102
Source S5 MS g P
Total 0.0768
Regression 0.0411 0.0411 < 0.10
Deviations 0.0357 0.0089




Appendix A-15 Analyses of Variance of Regressions of Content of

Total Acids - C 16 in Milk on Acetate Thiokinase
Activity
c 7 :
Cow 19 Source d. f. SS MS { F | ?
4 |
Total 8 0.8592
Regression 0.4886 0.4886 9.23 <0.05*
Deviations 7 0.3706 0.0529
Cow 118 Source || EWE. SS MS F 1 ?
Total 8 1.5949
Regression 0.2992 0.2992 1.62 >0.10ns
Deviations 7 1.2957 0.1851
Cow 26 | Source d.f. SS ¥S F P
Total 5 0.5384
Regression 0.1097 0.1097 102 >0.25nus
Deviations L 0.4287 0.1072
Cow 5 Source d.f. SS MS ‘ F P
|
Total 5 0.4132 ?
Regression 0.0983 0.0983 1.25 > 0.25ns
Deviations 4 0.3150 0.0787 ]
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