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Previous scientific and circumstantial evidence suggests that the amount of marbling can be

influenced by the composition of the diet. This appears to be related to grains which can

increase the availability of glucose to act as a substrate for marbling fat. The aim of this

study was to use specific lipogenic enzymes in fattissue as a marker to testthe effect of

glucose and dietin controlling the "glucose pathway" for lipogenesis, The study showed

that increased glucose availability at constant energy intake increased the capacity for

lipogenesis from glucose in fattissue. The enzyme markers allowed comparisons among

types of grain and processing methods which maxiriiised glucose availability (maize =

flaked sorghum> sorghum= wheat =barley > oats = Iupins). The study haslaid the

foundation for field studies to access the effects of different grains on marbling scores in

long fed cattle.
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Backgro, ,rid

The factors controllino tile expression of the econorincally important fattissue, marbling,
are poorly understood and need to be studied to allow Australian producers to compete on
export markets in the Asia-Pacific area. For example cattle finished to slimlar ace, weight
and fatness specifications in Australian feedlots typically have lower marbling scores than
genetically slimlar cattle in America and Japan. It is suo, estedthat diet may be a factor in
this difference.

L-
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i.
Typical runxinant diets are heavily fermented in the Teticulo-rumen and as a consequence
acetate is a major substrate for fatsynthesis rather than glucose. Despite this, fat depots
show differentrates offat synthesis from glucose versus acetate. Marbling adjpocytes
show a preference for o1ucose while subcutaneous adipose tissue uses mainly acetate for fat
synthesis. Consequently dietary regimes which increase the availability of glucose are
likely to increase the rate of marbling.

The overall aim of this project was to use lipogenic enzymes in subcutaneous farto assess
the effects of glucose and nutrition on the capacity for fatsynthesis. The approach was to
use the activity of ATP citrate Iyase and acetylCOA carboxylase as indices offat synthesis
from glucose and glucose plus acetate respectively. A further aim was to use the enzyme
markers as an index of glucose availability within the animal under different dietary
regimes.
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Major findings

I. The enzyme marker ATP cmate Iyase is stable for at least 24 hours postslauohterin carcasses
kept at 4'C and so could be used as a marker for lipogenesis from glucose andperhapsthe
propensity for marbling under coriumercialconditions.

2. Glucose when adrntnistered at physiological doses as a nutrient under ISOenergetic conditions
increased the capacity for:

(a) fatsynthesis from glucose
(b) total fat synthesis

3. increasing feed intake increased the capacity for:

(a) fat synthesis from glucose
(b) total fat synthesis

4. Subcutaneous adipose tissue represents a convenient and sensitive site to monitor the effects of
glucose and diet on the activity of the lipid enzymes.

5. Sheep and cattle respond in a sinxilar manner with respect to control of lipogenic
pathways by glucose availability.

6. The glucose pathway for fat biosynthesis in adipose tissue:

(a) varies markedIy depending on the level offeeding and the type of grain in the ration.
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(b) varies according to the predicted level of starch digestion in the smallintestine,

(c) is sufficiently sensitive to glucose availability that it can be used to optiintse grain
processing to manjuitse digestion of starch in the smallintestine.

(d)is more sensitive to glucose made available by the digestion of starch in the small
intestine than to extra glucose made available by synthesis in the liver
(gluconeogenesis) as a result of an increased extra feed.

7. Feed Grains that resultin a low rate offat synthesis from glucose also resultin a
lower rate of total fat synthesis - that is diets promoting low rates of starch digestion
in the smallintestine allow for lower rates offatty acid synthesis.

8. The extent of starch digestion in the smallintestine forthe grains tested was:

Maize > steamed flaked SOTOhum> sorghum = wheat =barley > oats = Iupin

9. Pulse feeding of cereal grains (twice weekly) made safe with virginiainycin is
feasible even at hidh grain intakes.

10. Pulse feeding of most cereal grains did not significantly increase the capacity for
biosynthesis of fat from glucose.

11. Pulse feeding of wheat did increase the activity of ATP citrate Iyase suggesting that
more starch was dioested in the smallintestine.

12. It is possible that a less severe pulse feeding regime Intoht have been more effective
in increasing fatsynthesis from glucose i. e. feedino every second day or feeding a
base level of grain (0.8kg) and then pulsing an additional 11, g of grain every
second day. This would reduce the period of low nutrition and so make the cycle
between anabolic and catabolic states less severe. futile modelused in the current
study, any stimulation of the lipid enzymes due to increased glucose availability
(via increased feed intake promoting starch digestion in the small intestine) may
have been negated by the catabolic events associated with the subsequentrelatively
low period of nutrition.
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When @13d how call indr, stry benefit

This work has given the basis for a planned experiment to testthe hypothesisthat an
increased glucose availability due to starch dicestion in the smallintestine will increase
marbling scores in long fed cattle.

Who call be, ,,!fit from the results

Increased marbling has huge financial implications for lot feeding enterprises and
exporters with subsequentflow on to othersectors which fonn the backbone of the
Industry.

in addition the powerful effects of grains which allow starch digestion in the small
intestine should have significantimplications for manipulating o1ycooen metabolism and
so help to reduce dark cutting in beef. Further it likely that the production of soft fat(a
desirable processing and quality trait) and marbling are co-controlled by glucose
availability.
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BACKGROUND

MCIrbling
The pattern offat accretion is thought to be influenced primarily by the arye of the animal
and to some extent by genetics. The econoimcally important depot fat, marblino, is one of
the last depotsites to mature and becomes most pronounced as the carcass weightincreases
(around 400kg). Cattle finished under Australian dietary systerns tend to have lower
marbling scores than genetically sinxilar cattle in America. It has been speculated that diet
may be a factor in this difference,
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Main Research Report

FatAccretz'on

The rate offat accretion in finishing steers and lambs is detemiined primarily by (1) the
metabolic state of the animal (it)the intake of metabolisable energy and (in) the age of the
animal. Pathways for fat biosynthesis are either accretion of prefonned farm the diet or by
synthesis de 710vo. The intake offat by runitnants is Iiiulted since diets containing more
than about 4% added fattend to depress intake and this subjectis notthe focus of this
study. During the fattening phase of growth the synthesis offars de reovo is dependent on
the rate of supply of carbon, reducing power and glycerol.

The substrates for lipogenesis in runtnants are acetate and glucose. Diets which are
extensively femmented in the rumen (i. e. most diets) promote acetate as the major source of
carbon and reducing power for lipogenesis with a smaller contribution from glucose for
some of the reducing power and alofthe glycerol(Veinon*1981), All alternative pathway
for lipogenesis with glucose as the primary substrate is typically seen in monogastric
animals when glucose is a major end product of digestion. The lipogenic pathway using
^Iucose is quite distinctive and utilises the citrate cleavage pathway as shown schematically
in fig. I,

Fig. I. Pathways for lipogenesis denovo in runxinant animals
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Key enzymes of the cmatecleavage pathway are ATP cmateIyase and NADP malate
dehydrogenase. Both of these enzymes are induced by intravenous glucose infusion and
consequently their activity in adipose tissue represents an estimate of the maximal capacity
for lipogenesis from glucose (Batard at o1. 1972; Undsay 1970)

Regardless of the substrates used, the overallrate of lipogenesis in controlled by the
activity of acetylCOA carboxylase which is under complex substrate, allosteric and
boononalcontrol. Accordingly the activity of acetylCOA carboxylase is an indicator of the
total capacity for lipogenesis -indeed Haniset@!. (1994) have shown that fat accretion as
deterTinned by changes in body composition is closely correlated with the activity of
acetylCOA carboxylase in adipose tissue.

Glucose availab^^ty andljpogenests

The availability of glucose haslong been thought a himting factor for fat accretion in
runxinants, Thus Preston and Leng (1987) speculated that diets high in roughage promote
an excess of acetate with respect to glucose and so induce a reduced rate of lipogenesis for
a given intake of metabolisable energy, Few studies have criticalIy tested this hypothesis.
Two groups (Ballard at at. 1972; Prior & Janobson 1979) have found an increased rate of
lipogenesis in vitro when glucose was infused into sheep or came -the results are equivocal
however since 8:1ucose was infused in addition to the basal diet and so the experimental
design was notisojoulic.

Different adipose tissue sites have been found to have differentrates of lipogenesis from
glucose versus glucose. Thus marbling adjpocytesshow apreference for glucose carbon
while subcutaneous adipose tissue uses mainly acetate as a source of acetyl units for
lipogenesis (Srixith & Crouse 1984; Whiteburst eta!. 1981). This difference is substrate
preference is clearly shown in fig. 2 and exists even ifthe potential of Iactate to act as a
lipogenic substrate is included, The extentto which Iactate can act as a substrate for
lipogenesis is still controversial and most workers focus on glucose versus acetate,

Fig 2. The contribution of acetate and glucose carbon to lipogenesis in subcutaneous and
intramuscilar fattissue deterrimned in vitro (adapted from Stinth & CTouse 1984).
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The results strongly suggest that the relative availability of glucose Tinghtinfluence the
partitioning offat between different depot sites,

The extentto which different cereal grains can resultin the an increased capacity for
lipogenesis from glucose is unknown. However a study by Sadth at at (1992) clearly
showed that as feeding levelincreased from 0.8x to 2.0x maintenance the capacity for
glucose to act as a substrate for lipogenesis increased some 70 fold as deterTinned from the
activity of ATP citrate Iyase or by directincorporation of glucose carbon ill vitro. This
study suggests that either increasing feed intake and/or maize grain can allow for radical
induction of the citt'ate cleavage pathway Maize is atypical in that it allows for
considerable quantities of starch to be digested in the smallintestine (lanes 1985;
Huntington 1994).

PROJECT OBJECTIVES

To assess the effect of nutrition on the capacity for lipogenesis from glucose and glucose
plus acetate (total lipogenesis). The general approach was to use the activity of ATP citrate
Iyase as an index of the capacity for lipogenesis from glucose and to use the activity of
acetylCOA carboxylase as an index of the total capacity for lipogenesis.

frypothesis I.

Allincreased glucose availability will increase the total capacity for lipogenesis as well as
for lipogenesis from glucose.

Air"s CSSoctated with hypothesis I:

I. To establish that an intravenous glucose infusion given as an isojoulic supplement will
increase the activity of ATP citrate Iyase and acetylCOA carboxylase (i. e. the lipid
enzymes) in adipose tissue.

2. To exaimne the time course and dose response of the lipid enzymes to glucose infusion.

3. To establish that increasing feed intake will increase the activity of the lipid enzymes.

4. To show that the response of the lipid enzymes to glucose infusion will be sinxilar in
sheep and cattle.

Hypothesis 2.

The response of the lipid enzymes in adipose tissue will differ between grains - in particular '
the capacity for lipqgenesis from glucose willfoUow the same pattern arthe predicted rate
of starch digestion in the smallintestines,

Aims CSSocitzted with hypothesis 2:

To exaiulne the effects offeeding oat, barley, wheat* sorghum, maize and Iupin Grain on:

(a) the activity of the lipid enzymes in adipose tissue
(b) the response of the lipid enzymes to increasing feed intake forthe different grains
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Hypothesis 3.

Pulse feeding of cereal grain willshift a proportion of starch digestion from the rumen to
the smallintestine and so stimulate the capacity for lipogenesis from Glucose in adipose
tissue

;~ "

!*

Aims associated with Icypothesis 3:

To exarnine the effects of daily versus twice weekly (pulse) feeding of various grains
on fed intake, growth rate, fatscore and lipid synthesis as estimated using key enzymes
of lipid biosynthesis.

METHODOLOGY

Enzyme assciys

The general methodology wasto use the activity of ATP citrate Iyase and acetylCOA
carboxylase as indices of the capacity for lipogenesis from glucose and total lipogenesis
respectively, During the initialstudies the assay systems for the enzymes were integrated
into the one sample preparation procedure and then classical verification of the enzyme
assays was perlonned. A key quality controlpoint wasthe procedure for homogenisation
as acetlyCOA carboxlyase was very sensitive to over homogenisation - that is its activity
decreased ifthe fatsample was homogenised fortoo long, The next phase was to verify
each assay and here linear responses with respect to hornogenate volume and time of
incubation were obtained. in addition the incubation time with citrate that was required to
fully activate acetlyCOA carboxylase was established.

A detailed protocolforthe assays is desctibed in Appendix I and in Phillips (1994). The
general procedure was to collect adipose tissue into liquid nitrogen and then store the
saniples at-80'C, The sample were then pulverised arthe temperature of liquid nitrogen,
nitxed with bornogenising medium and homogenised using a stricttime-based protocol,
The sripematarit warthen assayed for ATP citrate Iyase using a modification of the
spectrophotometric methoddescribedby Srere (1962). AcetlyCOA carboxylase was
assayed using a modification of the ISOtopic method described by Sriitth and Prior (1981).

Glucose tofusion stud^^s

Merino orMerino DOTSet cross wethers were used forthe sheep experiments andHereford
cattle were used in the one cattle experiment. The dietconsisted of a Iupin/chaff/preimx
(75:24.4:0.6) pellet with a crude protein of 24% and a metabolisable energy (us) of 11
Millcg dry matter-this diet was chosen so dietary starch was not a confoundino factor;
Iupin grain contains virtually no starch. After 3-4 weeks acclimation to being housed
individually and indoors, the sheep were fitted with indwellingjuoular catheters, All
animals were then connected to an infusion line. The groups receivino Glucose were
infused at a rate of 0.45-3.6gm glucose/1<g body weight/day. The infusate was a 5-21%
glucose solution made in sterile water and infused at 200nil/day. The control groups (i. e.
not receiving glucose) did notreceive an infusion. The feed offered to the sheep receivino
the glucose infusion was reduced by 140^;in (dry matter) for each 90gm of glucose (dry
matter) infused based on the ME of the diet and glucose being 11 and 17.5MJ/ICg dry matter
respectively, The infusions lasted for 10-22 days.
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FatBiopsy

Fat was collected fomibeside the tail for both sheep and cattle, After local anesthesia an
incision was made and subcutaneous fat(approx. Igm) was dissected with scissors and
placed immediately into liquid nitrogen. Swabs were used to controlbleeding and when
this subsided the wound was sutured.

r'

~.

;'

! .

Abattoirsamp!!}18

Sheep were transported for I hour to a local abattoir where they were slaughtered within 3
hours' Samples of the the tail fat pad were collected into liquid nitrogen within 30 Tmnutes
of death, Carcass weights and fat depth GR were measured 2 days afterslaughter.

Groinjt?eat, 28 studies

All animals were housed individually and had accessto two feedbins- one bin was used to
feed cereal chaff and the other to feed the grain supplement. NICereal grains were
supplemented with limestone (10kg/tonne), urea (10kg/tonne) and virginiainycin
(20grrVtonne). Lupin grain was supplemented with limestone only. The chaffwas
supplemented with a coriumercial vitalDintnitneralpreintx (2.5kg/tonne, Milne Feeds), Feed
residues were weighed daily.
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RESULTS & DISCUSSION

I. Quality Control

Enzyme stability

,..,

I, .

*"

Samples of perl-renal fat were taken at the time of slaughter and then 30 Thinutes, 60
Thinutes, and 24 hours after slaughter from 5 carcasses kept in a chiner at 4'C. Allsamples
were putinto liquid nitrogen and assayed forthe 3 enzymes in the lipogenic pathway: ATP-
citrate Iyase, NADP-malate dehydrogenase and acetyl CoA carboxylase. The results are
sununarised in Table I. There were no significant changes in any of the enzymes during
the first 60 Tinnutes after slaughter. By 24 hours there were still no changes in ATP-citrate
Iyase and NADP-malate dehydrogenase butthe activity of acetyl CoA carboxylase had
declined significantly to approximately halfofits original level. There were significant
differences in the enzyme concentrations between sheep (P<0.02) for all of the enzymes.

The results indicate that samples offat can be taken for analysis of lipid synthesis enzymes
in post inortem samples provided that they are taken within I hour of slaughter. Samples
may also be taken for analysis of ATP cmate Iyase and NADP malate dehydrooenase even
after 24 hours and this provides the opportunity to take samples in conjunction with chiner
assessment of marbling in order to test whether the activity of the citrate Iyase pathway is
correlated with marbling.
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Table I.
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Activity of ATP-cmate Iyase, NADP-malate dehydrogenase and AcetylCOA
carboxylase in samples of pert-renal fatin sheep carcasses at various times after
slaughter.

Time after

..,.

SIauohter

o
30 Tmn
60 nitn
24 hours

Si rimcance (P)

Effect of site of sampling

Samples of subcutaneous and perl-renal fat were taken from 32 of the sheep slaughtered at
the end of the infusion experiment. There was a significant difference in activity of ATP
citrate Iyase and NADP malate dehydrogenasebetween pert-renal and subcutaneous fat. in
the case of ATP citrate Iyase there were higher levels of activity (P<0.05)in subcutaneous
fatthan in pen-renal fat(69 vs 51). Activity of NADP malate dehydrogenase was higher
(P<0,0001) in kidney faithari in subcutaneous fat(161 vs 109). There was no significant
difference between sites in the activity of AcetylCOA carboxylase.

2. Glucose Infusion Studies

Effects of Glucose infusion @11d feed intake

Allexperiment was conducted in which 5 year old merino wethers(50kg) were given 5
levels of energy intake (of the Iupin/chaffpellet described above) with or without an
intravenous infusion of glucose (5 x 2 = 10 treatment groups each with 5 animals). The
levels of energy intake were calculated to provide 0.8, 1.1, 1.4, 1.7 and 2.0 x the
maintenance requirement. Glucose infusions supplied 90 g/d and were continued for 21
days before all animals were slaughtered. Samples offat were taken arslaughter from
subcutaneous and pert-renal depots. Samples offat were aoain taken 24 hours after
slaughter in order to exainine the stability of enzymes post-mortem (see Quality control
section above),

The results of this mat are sunmiarised in Figs 3-6. The concentration of Glucose in blood
was SI;;nificantly elevated (P<0,0001) in the glucose infusion treatment buttmportantly this
elevation wasrelatively smallindicating that the modelwas wellwithin nomial
physiological lintts.

ATP-cmate

,,

I use

;.
a,

45.5
36.2
35.8
35.4

I' '

NADP- malate
deh dro enase

0.87

,

a,

$,

283
283
290
328

;..,

AcetylCOA

,. "

,
,

carbox Iase

*

L.

0.46

,-

75
67
79
32*

; ~
I,

0,003
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Fig 3 The effects of glucose infusion on the concentration of o111cose in blood.
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in subcutaneous adipose tissue,
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groups shown. The perl-renal fat depots showed a slimlar response to the subcutaneous
adipose (see Mile Stone Report I)

Fig. 5 The effects of feeding level and glucose infusion on the activity of NADP malate
dehydrogenase in subcutaneous adipose tissue.
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Fig. 6 The effects offeeding level and glucose infusion on the activity of acetylCOA
carboxylase in subcutaneous adipose tissue
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Time course

*.

filthis experiment 90gm of glucose was continuously infused intrajugularly and repeated biopsies
of subcutaneous fat were taken for measurement of lipid enzymes. Ten Merino DOTSet cross
wethers (I year old, 40kg) were fed a Iupin based diet at 1.5 times maintenance with 5 control and
5 infused with Glucose. The results for ATP cmate Iyase are shown in fig. 7. It is apparentthatthe
response of the "glucose" pathway for fat biosynthesis was rapid with no further increases after 7
days. It was noted in this experiment that NADP malate dehydrogenase was notreliably
influenced by glucose infusion - the activity remained constant and was always higher 2-3 times
higher than ATP citrate Iyase indicating that in the younger animals its activity was under different
control and that it may have an additional function (see fig 9).

Fig 7, The effect of time on glucose infusion on the activity of ATP citrate Iyase in subcutaneous
fat( * significantly differentto control, P<0.05)
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Dose response

The glucose infusion modelwas further validated over a range of doses from 45-180 grinda}:in I
year old Merino wethers (8 sheep pertreatment, 40kg BW) fed a Iupin based diet fed at 1.5 times
maintenance. The results shown in Fig. 8 outline a significantlinear response for ATP citrate
Iyase (P =0,034) and acetylCOA carboxylase (P =0,055) upto 135 grrrday. At 180 grrrday the
response warreduced indicating the modelmay have becomeunphysiological, The modelusedin
his study reduced the food intake as the o1ucose infused increased so all animals were receiving
the same amount of metabolisable energy. Accordingly there was areIatively low feed intake at the
180 grrrday level and this may have reduced several important boononalsionals of gut origin
which would nounally stimulate lipogenesis. hithe ratit has been shown that glucose delivered
intrajugularly was less effective in altent!o fat and carbohydrate metabolism than when delivered
intragastrically largely due to a reduced insulin response (MCGarry eta1. 1987), It was again noted
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that the activity of NADP malate dehydrogenase was notreliably influenced by glucose infusion in
this group of young sheep.

Fig 8. The effect of levelof Glucose infusion on the activity of ATP citrate Iyase and AcetylCOA
carboxylase in the subcutaneous adipose tissue of sheep.
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Pulse versus contt",, oils inn'ston

Glucose was either notinfused (n=8), infused continuously (n=8) orinfused over a 4 hour period
(n=4) at a rate of 90 grinday in Merino DOTSet cross wethers (I year old, 40kg) fed a Iupin based
diet at 1.5 times maintenance. The continuous infusion of glucose significantly (P<0.05)
increased the activity of the "glucose" pathway (ATP citrate Iyase) and the overall capacity for fat
biosynthesis (acetlyCOA carboxylase); a finding consistent with our previous work (Fig. 9),
When the same quantity of Glucose wasinfused over a 4 hour period the increase in lipid enzymes
was reduced. The level of blood glucose was marginalIy elevated in the continuous infusion
treatment(20%) however in the pulse infusion modelthe levelofblood glucose increased to non
physiological levels (i. e. from 3.5niM to 12-roam), These very high levels of glucose in the
blood were well above the renal threshold (loinM) and accordingly much of the infused glucose
would have been lostin the urine and so the amount of glucose available to the animal would have
been wellbelow 90 grinday, Consequently the lipid enzymes respond to the amount of glucose
available at the tissue level.
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It was again noted that the activity of NADP malate dehydrogenase was notreliably influenced by
glucose infusion in this group of young sheep.
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Fig 9. The effect of continuous versus pulse infusion of glucose on the activity of ATP citrate
Iyase, NADP malate dehydrogenase and AcetylCOA carboxylase in the subcutaneous
adipose tissue of sheep (* significantly different to control, P<0.05)
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Sheep as @ model for cattle

Five Hereford steers (340kg) were trained to lead using a halter and were accustomed to
experimental handling under confined and tethered conditions, Animals were fed a Iupin
based diet of pellets (5.0 kg/d) and hay (1.5 kg/d) estimated to provide approximately 1.4 x
maintenance requirement for three weeks prior to a sample of fat being taken by biopsy
from the base of the tail. The amount of pellets and hay were then reduced to 4.5 and 0.75
^g respectively and an intravenous infusion collrrnenced supplyino approximately 1.8 g/I, g
liveweight per day for 11 days. On day 11 of the infusion a further sample offat was taken
by biopsy and analysed for activity of the lipid enzymes.

Table 3. The effect of an infusion of an intravenous of glucose (720 g/d) on activities of
ATP cmate Iyase, NADP malate dehydrogenase and acetyl CoA carboxylase in
samples of subcutaneous fat in cattle.

*

Control

T

**

*$

?\i
I*

T

*

^T

ContinuousPulse

Glucose Infusion

*

*'

**;*'

~

,. ,

,, ~

r

. NADPmalatedehydrogenase

Ia ATPcitratelyase

. AcetylCOAcarboxylase

t

L, ~

{. .

a,

r ~

Enzyme
activity

,

I, .

ATP-cmate
NADP ~ malate

Acetyl-CoA

I'

, *

Mean

Control

MRC DAW. 053 Feeding systems for increasing marbling: Pethick, Rowe & MCInty, re

17
97
48

SE

2.8
20.6
11.7

Glucose infusion

Mean

101
199
1/6

SE

Significance

(P)

26.8
33.2
21.3

0,025
0,002
0,009
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fits clear that the enzymes associated with the cmate cleavage pathway responded to glucose
infusions in both sheep and cattle experiments.

3. Major conclusions of glucose infusion studies

I. It is possible to take fat samples for enzymatic analysis in conjunction with chiner assessment
of marbling in order to test whether the activity of the ATP cmate Iyase is correlated with
marbling.* ,

:,

,

, -

, ,.

2. Glucose when adrulnistered at physiolooical doses as a nutrient under isojoulic conditions
increases the capacity for:

(a)lipogenesis from glucose as assessed by the activity of ATP citrate Iyase
(b) total lipogenesis as assessed by the activity of acetylCOA carboxylase

3. Increasing feed intake increases the capacity for:

(a)lipogenesis from glucose as assessed by the activity of ATP citrate Iyase
(b) total lipogenesis as assessed by the activity of acetylCOA carboxylase

4. ATP titrate Iyase is a more reliable indicator forthe capacity of lipogenesis from glucose than
NADP malate dehydrogenase; especially in younger sheep.

5. Subcutaneous adipose tissue represents a convenient and sensitive site to monitorthe effects of
glucose and diet on the activity of the lipid enzymes.

6. Sheep and cattle respond in a slimlar manner with respectto control of lipogenic pathways by
glucose availability.
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4. The effect of different grains on lipid enzymes.

*

a. .

;'

i. ,

One year old Merino wethers with a live weight of 35ko were randoriily allocated to one
of 18 treatments. The treatments were 6 grains (wheat, barley, maize, sorghum, Iupin
and oats) fed at three levels of intake (0.8, 1.3 and 1.8 times maintenance) with ^ sheep
pertreatrnent. The ration also included 200gm cereal chaffper day which was fed
separately. Other diet4ry additions included 20grn/tonne virginiamycin, I% urea, I%
limestone and a vitariiin/Thineral prerinx (Milne Feeds).

Sheep were acclimatised to individual pens for 3.5 weeks and then introduced to the full grain
ration after receiving a drench of virginiamycin. They were fed the grain ration for 3 months and
after feed intake was stabilised for a 30 day period the animals were slaughtered and subcutaneous
fat collected and measured for the activity of the lipid enzymes.

There were significanct effects of grain type (P<0,0001), level of feeding (P<0,0001) and a level
offeeding by grain type interaction (P<0,0001) on the activity of ATP citrate Iyase in
subcutaneous adipose tissue as shown in Fig. 10.
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Fig 10. The effect of gain and level offeeding on the activity of ATP citrate Iyase in the
subcutaneous adipose tissue of sheep ( * significantly lower than all other grains; #
significantly higher than all other grains, P<0.05)
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Even at the highest level offeeding (1.8 times maintenance)Iupin and oat grain resulted in
very low levels of the "glucose" pathway for fat biosynthesis. The likely reason is low
levels of starch in the Iupin grain and highly rumen degradable starch in the oats
(Huntington, 1994) resulted in little glucose absorption in the smallintestine on these diets.

Feeding maize grain at 1.8x maintenance resulted in the highest level of ATP citrate Iyase in
subcutaneous fat and this reflects the high levels of starch escaping fennentation and
beconitng available for digestion and absorption in the smallintestine (Huntington, 1994).
There was no significant difference in the activity of ATP citrate Iyase in fat when either
barley, wheat or sorghum were fed, This indicates that all3 grains resulted in slimlar levels
of starch being digested and absorbed in the smallintestine. Perhaps the surprising resultis
for sorghum since this grain is known to allow starch to escape ruinen fermentation. It is
probable that the starch in sorghum wasresistant to digestion both in the rumen and small
intestine and that some processing of sorghum (steam flaking)Tinght create the perfect
balance between the ability to resist fennentation but stillbe digested in the smallintestine,

The overall capacity for lipqgenesis from allsources (glucose + acetate)in sheep eating different
grains is shown as the activity of acetlyCOA carboxylase in adipose tissue in Fig. 11. The levelof
feeding significantly. (P<0,0001) affected the activity of acetlyCOA carboxylase validating the use
of this enzyme to estimate overalllipogenic rate. The type of grain also had a significant
(P<0,0001) effect on the total lipogenic capacity with the inclusion of Iupin or oaten grain
reducing the overallrate of lipogenesis indicating that when little or no starch escapes fermentation
lipogenesis is reduced. However when sheep consumed either SOTOhum, maize, barley or wheat
the rate of lipogenesis was slimlar.
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Fig, 11. The effect of grain type and levelof feeding on the activity of AcetylCOA carboxylase in
the subcutaneous adipose tissue of sheep ( * significantly lower than the other grains,
P<0.05).
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5. The effect of daily versus twice weekly (pulse) feeding of grain
on animal performance and lipid enzymes

In this experiment 124 Merino wethers, 2 years oldwith a live weight of 49.5kg were
randomly allocated to one of 10 treain!ants. The treatments were 5 grains (wheat,
barley, maize, sorghum, steamed flaked sorghum) fed either daily or twice weekly
(pulse fed) at Ikg (as fe^, 90% dry matter) per head per day. The ration also included
200gm cereal chaffper day which was fed separately. Other dietary additions included
20gin/tonne virginiamycin, I% urea, I% limestone and a vitalminimneralpreihix (Milne
Feeds).
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Sheep were acclimatised to individual pens for 3.5 weeks and then introduced to the full
grain ration after receiving a drench of virginiarnycin. They were fed the grain ration for 8
weeks and then slaughtered over 2 days at a local abattoir. The animals were transported to
the abattoir at 6.30am and were slaughtered by 11.00am. The daily fed animals were
slaughtered first and the pulse fed Group on the following day. The pulse fed Group were
slaughtered I day after receiving their halfweekly ration (i. e. 3.5kg grain). Samples of
subcutaneous fat were collected for analysis of lipid enzymes and carcass weight, fat depth
C, fat depth GR were measured 48 hours postmortem.
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Wheat

Feed Intake

The data for feed intake unless otherwise stated is based on the last 5 weeks of the trial
when intake had stabilised.

L .

Oats

L. ,

The feed intake for daily and pulse fed sheep expressed as the total halfweekly intake is
shown in Fig. 12. Fullintake represents 3.5 ko. There was no sionificant effect of
grain type butthe pulse feeding group had a significantly lower intake (P=0.029). The
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mean reduction was 4.1% (range 1.1-7.6%) with little change for flaked sorghum and
the largest reduction for unprocessed sorghum,

Fig. 12. Total feed intake expressed as feed consumed over 3.5 days in daily versus
pulse fed sheep (theoretical maximum intake = 3500gms)
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The pattern of intake is shown below in Figs. 13-15 . Fig. 13. shows the consumption
of grain during the first day after a pulse of 3.5kg of grain was offered; for comparison
the intake of the daily fed group is also shown. There was a trend for grain type to
influence intake (P=0.11) and this was due to a lower consumption offlaked SOTOhum
in the pulse fed group. Pulse feeding resulted in a large increase (P<0,0001)in intake
on the first day after the halfweekly dose of grain was offered.

Fig. 13. Feed intake on day I in daily versus pulse fed sheep.
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Fig, 14 Shows the consumption of grain in the second day after the pulse of 3.5ko of
grain was offered. There was no effect of grain type but a significantreduction (mean
of 166gm, P<0,0001) in intake when compared to the dally feeding regime.
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Fig. 14. Feed intake on day 2 in daily versus pulse fed sheep
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Fig. 15. Shows the consumption of ^;rain in the third day after the pulse of 3.5kg of
^;rain was offered. There was a significant effect of grain type (P=0,014) with the
intake offlaked sorghum being hidher than the other grains. There was a significant
reduction (mean intake of 406gm, P<0,0001)in intake when compared to the daily
feeding regime.
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Fig. 15. Feed intake on day 3 in daily versus pulse fed sheep.
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We can conclude for most diets that the pulse fed sheep were eatino in a truly pulsatile.
manner with an intake of about 2, 0.75 and 0.5ko on days I, 2 and 3 after receiving the
halfweekly dose of^rain. Steamed flaked sorghum wasthe exception with the pulse
fed group being relatively similar to the daily fed group.

A

*-*

**

r

o

A

4.4-
*!*'

J,

,
* ._

There was considerable vanability in the pattern of intake for the pulse fed Group. The
fret!uency distribution of the amount of Grain consumed on day I after a pulse is shown
in figs. 16(a) - (c).
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Fig. 16, The pattern of grain intake for the pulse fed sheep on day I after feeding: 16(a)
mean over 5 weeks; 16(b) forthe second last feeding before slaughter and
16(c) the last feed before slaughter.

16(a) Mean pattern over5 weeks
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16(b) Pattern forthe second last feeding before slaughter
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16(c) Pattern for the last feed before slaughter
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fits clear from the frequency distributions that on average (Fig. 16(a))there was a near
normal distribution of intake pattern with the mean intalce of around 2ko and few sheep
consuimng over 2.5kg. However towardsthe end of the experiment(i. e. 4 days pre
slaughter, Fig 16(b))the pattern of intake was more wide spread with a large proportion
of animals at either end of the distribution i. e. I-1.5kg per day versus 2.5-3.5ko per
day. On the day before slaughter there was a large proportion of sheep that ate poorly
(Fig. 16(c)). The later factis related to halfthe sheep being removed from the shed the
day before i. e. the daily fed group of sheep were taken for slaughter. This animal
movement clearly affected intake of those remaining.

C"reass P@raineters -growth rate

The growth rate for antreatments is shown in Fi0. 17. The pulse feeding of grain
resulted in a significant(P<0.0001) decline in growth rate by 25% (mean 42 grinday).
There was atrend for an effect of grain type on growth rate (P=0.07) due to higher
rates of growth on the maize based ration. The pulse fed group had slightly lower
intakes (Fig 12) however the conversion of grain into body weight gain was stilllower
forthe pulse fed group (6.4 versus 8.2 gin grain/gin gain).

Fig. 17 Growth rate in daily versus pulse fed sheep
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Carcass Parameters - carcass weight & Fat Depth
There were no effects of treatment
gutweight(gutfillinpartiCular)may havehadarieffect I. '. ''^ iCatesthat

Lipid enzymes

The activity of ATP citrate I ase for th
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It is clear that pulse feeding of wheat has increased the activity of ATP citrate Iyase to
equal that found for barley and sorghum. This suggests that pulse feeding can increase
the proportion of starch escaping femmentation in the ruinen. Wheatstarch is known to
be very soluble and rapidly fennented, so it is riotsurprising that wheatshowed the
biggest response to pulse feeding.

The activity of acetylCOA carboxylase (measure of mammal capacity for fat
biosynthesis) in subcutaneous fat for the treatinents is shown in fig, 19. There was no
effect of pulse feeding but a significant effect of grain type (P<0,0001). Flaked
sorghum and maize were associated with higher potential maximum rates of lipogenesis
in both dietary regimes while in the pulse fed group barley also increased the capacity
for lipogenesis.

Fig. 19, The activity of acetylCOA carboxylase in daily versus pulse fed sheep (a
significantly differentto maize, sorghum and wheat; b significantly differentto
sorghum and wheat; c significantly differentto wheat)
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6. Major conclusions of the grain feeding studies

I. The activity of ATP cmate Iyase in subcutaneous adipose tissue

(a) varies markedIy depending on the level offeeding and the type of grain in the
ration.
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(b) varies according to the predicted level of starch digestion in the smallintestine.

(c)is more sensitive to glucose made available by the digestion of starch in the small
intestine than to glucose made available by gluconeogenesis as a result of
increased feed.
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(d) is sufficiently sensitive to glucose availability that it can be used to optiintse grain
processing to maxinxise digestion of starch in the smallintestine i. e. flaking
sorghum makes abio difference

2. Feed Drains that resultin a low activity of ATP citrate Iyase in adipose tissue also
resultin a lower activity of acetlyCOA carboxylase in adipose tissue -that is diets
promoting low rates of starch digestion in the smallintestine allow for lower rates of
fatty acid synthesis.
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3, The extent of starch digestion in the smallintestine forthe grains tested was:

Maize > steamed flaked sorghum > sorghum = wheat = barley > oats = Iupin

4, Pulse feeding of cereal grains is feasible even at high Grain intakes.

5. Pulse feedino results in a smallreduction in overallintake perhaps due to a small
amount of spoilage.

6. The pattern of grain intake forthe pulse fed animals was variable with some animals
showing intakes stintlar to daily fed animals while others consumed antiieir grain on
day I and then fasted for 2.5 days, The intakes on day Itended to increase as the
time frame of the experiment increased.

7. Pulse feeding had a relatively large negative impact on live weight gain but no effect
on carcass weight. This suggests that direerences in gut fillcontibuted to the live
weightresponse and feeding in a pulsatile manner did notinduce inefficient use of
nutrients for growth providing carcass weightis used asthe parameter for
measurement.
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8. Pulse feeding of most cereal grains did not significantly increase the capacity for
biosynthesis offat from glucose asjudged by the activity of ATP cmate Iyase in
adipose tissue in this study. When making this conclusion several reservations are
needed because the pulse feeding modelis inherently difficultto study since:

(i) The variations in the pattern of intake become extreme in this model and so
the appropriate time to sample adipose tissue to gain an average index of the
potential for fat biosynthesis becomes difficult to predict. In this experiment fat
samples were taken I day after a pulse of grain was fed. IdealIy 2-3 biopsy
samples are needed. Alternatively 12 month old animals could be kept on the
daily versus pulse rations for several months and differences in fat score used to
assess fattening potential.

(ii) There was a bias specific to this experiment that could have reduced the
activity of the lipogenic enzymes. Moving the daily fed animals away for
slaughter 24 hours before the pulse fed group resulted in some psychological
stress sufficientto depress intake (see figure 5(c)) meaning that some animals
had a relatively lower intake for 3 days before sampling.

9. Pulse feeding of wheat did increase the activity of ATP citrate Iyase sugoesting that
more starch was digested in the smallintestine.

10. fits possible that a less severe pulse feeding regime imght be more effective i. e.
feeding every second day or feeding a base level of grain (0.8kg) and then pulsing an
additional Ikg of grain every second day. This would reduce the period of low
nutrition and so make the cycle between anabolic and catabolic states less severe. In
the model used in this experiment, any stimulation of the lipid enzymes due to
increased glucose availability (via increased feed intake promoting starch digestion in
the smallintestine) may have been negated by the catabolic events associated with the
subsequent relatively low period of nutrition.
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You needthefollowingstocksolutionspriortostartinothes :
. 15nMA4iiC12(hidge)
. 0.15 M Tris-HCl, pH 7.4(fridge)
. 0.1MMgC12 (hidge)
. 0.2 M K3 Cmate (hid, e)
. Chilled distilled water for Polytron
. Homogenising bufferstock: 3001/1^I sucrose, 30niM T ' -HCl, I(hidge) , s-, EDTA, pH7,4
. StockPMSF(7mgPMSF/11/1Na2S04-dehydrated To a -2- I.

Propan-2-o11s prepared by shaking with a. few grams of
anhydrous Na2S04 then filtering tlirough Whatmaris #I. a er (f 'd

ACC preintx buffer: 28.57 niM each ofTris, M CT ,a d K C'
ACC assay buffer: 40niM each of ms, MgC12, and K .C'tr I;

. 0.41iMEDTA, pH 7.4 (fridge)

. 5MNaOHaridlMNaOH

. 6NHCl

^!^
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Sheep Fat Assay Integration
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Prewei hed cofactors
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(suffjcj , g OaCtOrsnee .to bevelghedoutbeforethedayofassay:

. 26.4mgCOA (freezer)

. 8.52mgNADH (fridge)

. 22.72mgATP (fridge)

. 121mgATP (fridge)

. 9.44mgNADP (hidge)
4.68 ing Na Malate (not maleate!!) (fridge)
3 x 30.7 ing reduced glutathione (fridge)
2 x 125 ing bovine serum albuntin, fatty acid free (frid e)
4.84 ing Acetyl CoA (freezer)

. 31.5 ing NaHCO3 (hidge or shelf)

art ere is sufficient malate dehydro, onase (80 ^110 000 U/1.21ul d 13-
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Instrumentation

I)^991S!Z!. gPriortothedayofassay, booktheBecknianUltr o
ov ' h SC 00 orBiology. BookthecounterirjtheVetschoolfOr
theVetschoolDU-8canbebooked ''0gy, Or, memerge, ,,,

_!._, se up 1/1 e ay of assay, switch on the ultracentriftige and setth

routine(u d 5 P'''''' andallOWthGSpectrOtOgOtlirOUghitSWannUP
Switchontemperaturecontrolleraridsetthedialt036. L'ft h ' '
spectroaridconfirrnthatthereissomeflowofwater(onI aboutir, ,I in '
Leo !). L ' 'g' '' in theOpposite direction of water flow with nitrogen gas - SeeLeon!). Lat, ^ ' 'OPPOSitedirectionofwaterflowwithnitrogengas-see

^!g:^ that the lamp needs at least 15 1111nutes to settl dreadings. eownbeforetaldnganiy

. Switch on the 37 'C waterbath in the fume hood.
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Homo enisation of Sam Ie
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Hqmogenisation buffer: Justprior to horno enisat' ,
dehydrated To an_2_I. T . ingredUgedglUtathiOn6, and300^IPMSFin

ion, Keepitinthettidge until ou are d
^g. ^!

. Screwdriverx2;

. Brown paper forthe floor;
' Hanmier;

. 210fliquid N2 + dewars x2;

. N2-chilled Macerator and piston x2;

. Plastic base x2;

. Largerubbermallet;

. One empty esky for liquidN2;

. N2-chilled medium-sized spatula (in esk ) x2;

. N2-chilled long test-tube for each sann I ;

. Beaker filled with ice for Polytron;

. Three ice tilled eskys;

. Cotton and rubber gloves;

. Long N2-chilled forceps x2;

. Chilled distilled water;

Triplicate icechilledtesttubesforreceivin ' f ;
Whatmaripapers, 5cmx 3cm;

. Ultra-centrifuge tubes (on ice);
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lastic pasteurpipettes for balancing tubes;
Cotton buds for cleaning rotor head;
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Under coy d Carried outwearingdoublelayergloves. cott

Transfer approximately 2 offartissu

mallet. Removerhe pistonandt f ''1P" "^2~3timGSwitharubber
a am. B at 'rl'it apTe-chilled screwdriver. Replacethepistonand t'k
''curately to ach'11 d*I P ' "'iththGSCrGWdriverandtransfer1.5 o
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Procedure
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Knockjt I nice ora ^willinures to allowthepejletandtubetowannU -

Chillthe Polytron probe by mumersin it int
''be into an ic^. fill, d b ;^,"' W'p' th' Probe dry With Kleenex. After placing the test~u e into allice-filled beaker, dispersethefattypowderwjth5 I, k ' g e test~
b ,h .. , g TitsatiOn^. After the lasttjjbehasbeendjspersed, cleanthe b

water, then one change of cold distilled war
*

t.
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r
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entrifu ation

a,

Chill the ultracentrifiige tubes on ice, T
tubes into, ,, g eS. towithin+/-0.01grarn. Insertbalancedultracentrifti

pinat58000RPMfor20nxinutes(~100000 h) P'" e centrifuge

with art. I "'aCCO!ingtotheinstructionsaccompanyinotheultrac tr'f
IPm= 58 000
time = 20 rinn
temp =4'C, max temp =30'C
mode =time
vacuum =on

,..

t,

:. .

,~

,

ke sund th Gr^ ypressingeithertheupordownarrowsandhold' th

VACUl. TMLjGH ACUUMANDWAITFORTHERED

ress Autostart, and wait for the Gentrifu e to att ' full

'ransfer themb G ,Teea^6thevacuum, drythemotorheadifnecesS

Divide this fluid up into 3 sub lots: (680 I ATP(680^I) and AcetylcoA carb, , I 4 '""""'atGLyaSe, MalicEnzyme
to assay. epcyosooniceuntiljustprior

Settin

:.

kineticsisinstajj d- , arme up andthattheblueprogrammodulelabelled

U

". ..

the Din-50 S ectro hotometer
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Keystroke

[prog]
1stGPj until machine shows prog 6: kindatatI^/SI
O[enter] edittheproram
340[enter] selectsthewavelengthfortheassa (34061enterl selectsnumberofcells
O[enter] number of blanksineachrun
Ilenterl outputresultsasatable
Islenterl setsintervaltimeto TSSeconds
01entel 'S, tot timeofassayt05nitnutes01enterl don't lot I yO nitnu, ,,lenterl don't plotresultsasagraph
01enterl automatically spangraphresults(illo ICallKiiO[enter] ,'inatiCally. Spangraphresults(illogical IKiiOW)
ItenterI returnsusertoaprogramattheendofthe
3,21543j, ,,,,l,,, , arregressionofthedata.

generated. g/tissue/Thin
O lenterl selectcalibrationforspectro
Insert dist. water

11^'SI callbrates spectro
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Cytosolon ,4 earl must be assayedbeforeallothers. Keep

^.^^^ (sufficient for 40 cuvette assay)

n the day of assay make up the followino cofact :
26.4mg CoA + 21/11H20
8.52mg NADH + 21nlH20
121 ing ATP +380 ^11M NaOH+ 1.62nilH

Then make up the Stock solutions"
,p Tris-HCl

4/1rl 0.2M K3Citrate
1.2ml CoA
21nl NADH
28^I B-mercaptoethanol(in fume hood)80/11

e y rogenase (Sigma 10 000 Un. 21/11)(check activi18.66ml
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You will need to take the following iterris to run the as :

. Stopwatch

. Cuvettes

. loopaper

. 200 ^IPipette and tips

. 11/11pipette and tips

. esky with ice and cytosol

. stock solutions, ATP (on ice)

. ' golfclub" cuvette jinxers

. distilled water bottle

. beaker

. pencil

Preparethefollowingsetsofcuvettesforeachfats I b :

.
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.
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L, ,

F'
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r'

L,

.

it
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F~.

L

Blank I

;~

r J

Volume of
premix

Sample I

Sample I

,
.-

750 ^I

750 ^I

750 ^I

Blank2

Volume of
cytosol

L-,

Sample 2

Sample 2

I .,
,~

200 ^I

200 ^I

200 ^I

750 ^I

750 ^I

750 ^I

Volume of
water

! '
.

50 ^I

*.-

200 ^I

200 ^I

200 ^I

Volume of
ATP

, .

Wait until
first set
of samples
is running
before

,
,

~...

DAW. 053 Feeding systems for increasing mathlin : P th' k,

, .
I

making up
the next

50 ^I

50 ^I

50 ^I

(ATP cmate
Iyase goes

off quickly
so store on

Ice as close

as possible
preincubation)

set

50 ^I

50 ^I
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,
,

F~

r

I,

t~

I.

Wait until 2nd set of
runmung before making up the next set. ..

the T nunutesinspectrophotometerinordertobring

;'
*

I,

,,\

"*

Startthe assayby adding 50/11ATP to the sum to cuvett I .
re'dthe sann I, , f: 5 P'''' 11'-/Sitp Slanthekineticsprogram. ThespectroWillreadthesamplesfor5intnutes, Dunntjitstj pecowjjreadthesamplesfor5intnUteS, Dunn^this timestart re it, P 'i
timer for 10niin. Then typeinthenumbersofthecejjs(I_6 'an Setyour
promptstogettherateofNADHdisappeararice, asshow bj PCros

#of cententerl
O for blank [enter]
O for time I
5 fortime 2

lenterl to use the default factor

Repeat this for all six cells.

Aidie endofcalculatingtherateforallcells, O
program. Type tI^'SI to gotothebeginningofthekinetjcs ,, , ^ ' eTesults, ' ,yp' [ SI to go to the beginning of the kinetics program, Ilenter] to starttheprogram. Type tR/SI to starttheassayafterlOnitnwamj_u d ad. , ' OS art e

,~

samples is

*,

,

:,

;~'
t.

,.-..

.^.^ge. !!. t^ (This is sufficient for a 40 cuvette assa ).

On the day of assay, make up the followin cof t :
NADP: 9.44 ing + 21/11 H20
Na Malate: 4.68 ing + 21nlH20

^

Prepare the following prentix:
Stock Tris-HCL
StockMnC12
NADP
water

.

^ .^

,

,
...,

! '

t-..
.

Set up the assay as shown on the table on the ATP c'tr I

C DAW. 053 Feeding systems for increasing mathiin : P th' ,

8nil
8ml

21/11
1611/1
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,

g-
,

*

Use the spectro program you set up forthe DU-50 for ATP-Citrate L as .

Place 6 cuvettesin the spectro and promCubate for 10
Startthe reaction by quickly addin 50 IMalate

cuvettes exceptthe blanks, nitx cuvettes then stinthe ro re tI, , L' P'pe G to all
saniplesthentR/Sitostartthemamprogram , O n e

Spectros p, , ,, , , ^"g'anltyPG in the numb!^rs of the cells (I-6)in response to the

Follow the instructions for ATP citrate I ase.

,*

:,

a
,

I'~'
I

L,

I'

*- .

^g^

I)Stockisot .I
0-1MNOH 31smadeupt05inlwithfreshly-made

2)PreniixSolution. 11/1MofTrisand28,57/11^46 h fM , ,pH7.4isstoredchilledintheftidoe. Ontheda f ' e,
.a e to of this solution andprewannedt037'd'f

2-5mg/wirespectj, ,I, ) OnSo an SAare2inMarid

3) Assay Mix, Make 25nilof assay buffer(in the hid
added 4.84 ' ing . 51ulofthjssolutjonjsremoved, andtojtareadded 4.84moacetylCOA, 22.72 ATP """"''ved, andtojta, ,

normuset "PriO!toadditiontoassay. Keepassayrntxcoveredwhen

s ec'f ^ rug ''ntOSCjntilla!It(iewjthoutdryjngonthejjne)in order to delG '

4) 6N HClstop reagent.

a. ,

;~
*_ *

;~'

Acetyl

*~~
,
,

,

a. ,

OA Carbox Iase Assa Protocol

a~~
* '

; ,

I'
L.

,. -

Preincubation

.

.

I. ,

and prechill your assay robes.

b FL Of eachsampletoacjeantesttube. Use150Ftloftheh "uerasablank. ogenising

! '
~-

Label

I,

Startthepreincubationbytransferrinotub ,
waterbatharidadding3s0 10f '= ""'''bUCkettothe37, c
Mixcarefujj, ggere!uesatiosecondintervals.

W. 053 Feeding systems for increasing marblin : P Ih'
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I.

;"
,

L

r~
,

After 30 null, from the addition to the firsttube, start
Assayrrtixtoeachtube. Stagger thembesatlOsecondjntervals. M' fi, l ' F'
After5rrxin, stopthereactionbyadding200FLIHCl. A , 10intervals. gain, asecond

r'

,,

,

;,

E.
,

in film h d y X Cm entWhattnan#linterpaperarjdajrdryonline
Optisafe). ' , scintillarit(Packard

,. ,

r'
,
.

* I

*..

*.

,-.

.

=-

,^~
,

.

,,

,. ~

,

,.

!._
.

; ~

,
,

,
:

,

L. .
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