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Internal standards in the estimation
of acelyl-CoA in liver extracts

Emiio Herrera® and NORBERT FREINKEL

Department of Medicine, Northwestern {'uiversity
AMedical School, Chicago, Hllinois 60611

SUMMARY  The necessity for adding an internal standard
to liver extracts during Ruorimetric estimation of acetyl-CoA
by the malic dchydrogenase ciwrate synthasc reaction is
demonsirated.  Addition of acenyi-CoA  completely  com-
pensates for the inhibitory action of some tissue components,
Vatues fur hepatic acewyl-CoA in frd and fasted rats are
given.
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APPRECIATION THAT the “steady-state” concentration of
acetyl-CoA in tissues may influence the traffic along
alternative metabolic pathways (1-3) has stimulated
efforts to abtain measurements of this metabolite. Most
have been based on the citrate synthase reaction coupled
to the reduction of NAD, as proposed by Wieland and
Weiss (2). )

Malate 4 NAD* == NADH + oxaloacetate
Oxaloacetate + acetyl-CoA — citrate + CoA (4)

However, Pearson has emphasized (5) that the coupled
assay may seriously underestimate acetnvi-Co\ since
reduction of NAD will be equivalent to the formation of

. citrate only if the concentration of oxaloacetate is fow

with respect to that of NADH prior to the addition of
citrate synthase. He has derived a2 curve relating the

amount of NAD reduced to the actual amcunt of acrivk-

J0A reacting in the system, and has suggested that the
published values for acetyl-CoA should be corrected ap-
propriately.

To offset the limitations of partial reactions and
arbitrary “correction factors” we have applied :the
principle of “internal standards,” as reconunended by
Estabrook and Maitra (6) for the enzymnatic estimmation
of wmany other metaholites. Internal standards have
enabled us to measure acetyl-CoA in tissue exiracts
directly, despite failure of the citrate synthase reaction
to go to completion and variable tnhibitions by other
tissue componeits.

Methods. Studics were performed with rats (240 280
g; Charles River Farm Breeding Laboratory, Brookline,
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REACTION MIXKTURE :

HAD* { pmoles} 0.2 0.4
MALATE (umolss} 0.2 Ga
TISSUE (mg) 00 00
Fe:. 1. Reaction of citrate syothase with intermid standard

tacetyt-Col sdone. 4 desotes addition of citeate syuthase (30
it B oand B denote repetitive additions of acetvi-Cod (2.58
mgnwtes). Total volume, 3 mi

Mass.) fed with Purina Chow, and permitted unlimited
aceess to water when fasted. Animals were stunned by a
bliw on the head, and the livers were excised in toto
and introduced into liquid N, in less thaa 18 sec. Portions
of frozen livers were ground in a mortar that was con.
tinnousty cooled with liquid Na, and powdered aliquots
were weighed by introducing them into tared beakers
containing chilled 65, HCIO,. Thereafier, the mixtures
{in proportions of 3 mt of 67 HOIO), per g of frozen
powder) were bomogenized in chilled, ground glass
hotogenivers. Homogenates were centrifuged for 15 min
at 470 {100,000 g; Beckman Spinco model 1.2} to re-
move the turbidity due to glycogen. Aliguots -of clear
supernate were newtralived in an icr bath to pH 6.8
with 1.6 N KOH and suflicient KoHPO . KHLPO, buffer
(phl 6.8} o yield 1,03 & buffer tn the hoal wisture, The
solutions were allowed to settle for 30 ain prior o re-
moval of precipitated KCIO; by 10 min of centrifugation
(800 g; International Centrifuge PR-2).

Assay for acetyl-CoA waz performed on the same day
that the aniinals were killed. An Eppendorf photometer
with a fluorimeter attachment (Netheler and Hing,
Hamburg, Germany) was employed. A Haake thermo-
stat for maintaining constant temperature in the cuvette
hold- & and a2 Honeywell recorder {Electronik 18) for
recon. ing smalbl changes in fluorescence were attached to
. the fluorimeter. A filter of 313 4 366 nun was utilized

to give a mescury vapor hne as the source of activating
light: emitted light was filtered by the 380 3000 nan
filter accompanving the instrument.

The fllowing reaction mistare, in a final voluine of 3
ml, wag introduced into cach cuvette: .2 pole of
NAD: 0.2 gmcle of soditun malate; 6.3 gmole of HOY-
Tris buffer (pH 8.0): 100 gg of malic dehydrogenase:
and the exteact from S0 150 me of fresh. powdered liver.
All chemicals were obtained from Sigia Chemicad Co.
(5t. Louis, Mo.) and enzyvines from Bochringer und
Sochne {Mannheim. Germany; distributed by Caibio-
chem, Los Aungcles. Culif.). Cuvettes were maintained
at 34°C in the fluorimeter, and fluorescence was re-
corded continuously after appropriate adjusument of
v-oltages and scusitivities to provide a measurable range
of deflections. 50 gg of citrate svothase (E(2 4.1.3.7) was
added when the malic dehvdrogenase veaction had come
to equilibrium, and the subsequent increment in fluores-
cence was recorded until a new platcau had been estab-
lished. Internal standards were then emploved to trans-
latc the chaneges in fluorescence to absolute values, as
follows. To cach cuvette, 25 pl of a standard solution of
acetvl-CloA (i, usually equivalent w0 about 2.5 -
moles of acetvl-Cod) was added. and the augmentation
of Huearescence was noted. Wheo a new platean had heen
reachied. we added anuther 23 ul of the acetvh-CoA
standard to establish that the initial addition of internal
standard had not disrupted any of the rate-linsiting
equilibria in the conpled assay. The unknown amuunt of
acetyl-CoA in the tissue extract was calculated by ratio.
The concentrations of acetvi-CoA in standard sulutions
were verified cach day by addition of phosphotrans-
acetylase to concentrated stock solutions in the presence
of potassinm arsenate and deterinination of the decrease
of optical deusity at 232 mpu (7).

Results and  Discussion.  Representative  fluorimeter
tracings with internal standards in the coupled assay are
shown in Figs. 1 and 2. Fluorescence was not affected
when citrate synthase was added w simple reaction
mivtures of malate, NAD, and malic dehvdrogenase
(Fig. 1). However, the presence of excess malate and
NAD profonndly influenced the increase in flvorescence
caused by the sabseguent addition of acetyl-Co\. As
shown in Fig. 1, 2,58 nyanoles of scctyl-CoA elicited less
than half as much of an increment in fluorescence in
reaction mixtures containing 0.4 rather than 0.2 gmole
of matate and NAD. Fluosimetric responwes to added
acctyl-CoA could also be reduced by “loading™ the
system with NADH; cquilibrinm was reached more
slowly under such circuwstances.

The above phenoniena may have contributed to the
variable incrcases in flucrescence that were observed
when coustaat quantities of acetyl-CoA were introduced
as internal standards in the presence of tissue extracts.
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REACTION MIXTURE:

NAD? ( umoles ) 0.2
MALATE ( amolas} O

TISSUE (mg} ¥2

02
02
t44

Fiec. 2. Fffect of variation in tssue mass on the luorimetric resgonse ta aeetyl-Con. Tissue extract
equivaient to 72 ov 144 ang of fresh liver from a fed wmalde rat was included i the reaction wixtore.
4, B. B denote additions of citrate synthase and acetyl-Cod intcenal standards as in Fig. §.

or the liver of any one animal, the magnitude of re-
sonse to the internal standard decreased as the amount
I tissue extract included in the reaction mixture in-
reased (Fig. 2). However, this did not comprormise
nalytical accuracy; simple proportional calculation
ave, for the two halves of this experiment, 40.0 and
9.8 mumoles ‘g of liver, respectively.

Further efforts were directed towards defining opti-
wims conditions for the preparation of tissue extracts.
vhole livers from one sct of animals were rapidly excised

ABLE 1 Errscy or Fasting® on “Straov-Srate” Concen-
TRATIONS OF ACETVL-COA 18 RaT Liver
. Dapoflasing

n $ 5 ) 5
ody weight, -
€ 240+ 6.2 284+ 5.2¢ 2198 & 6.3¢
tver weight,
P e+ 63 7.2+ 054 068+ 03§
wetvi-CoA:
mpmples /g

fover taet

wit) 3204 3.2 470+ 1.9t 527% 4.81
mumolvsf

liger 148 74 33.9 338 4+ 137 3844326

* Male rats were deprived of food and permitted uniimited
ccess (o waler.

Findings after t or 2 days of fasting are comparrd to values in
4 amimals; n denotes number of animals in exch catrgory. Sig-
ihirant changes are denoted by : '

1 (£ < 0.05);
§(P<0.01);
§(P<0.001).

and then frozen in liguid N» as described under Methods,
while livers from a sccond set were frozen o situ by
inunersion of individual lobes in alusinnm cups that
were filled continuously with liquid Na. Samples frozen
by both techniques were broken into small pivces and
cither homogenized directly in chilled perchloric acid
or after first being pulverized in mortars as described in
NMethods. Values for tissue leyels of acetyl-CoN were
not significantly different for excisiou-freczing as oppuscd
to freezing in situ, but the subsequent handling of frozen
pieces proved to be critical. About 667, of the acetvl-
CoA in tissues was tost when frozen picees were homogen-
ized without preliminary pulverization. The luss presien-
ably can be ascribed to destruction of intraceibular
acetyl-CoA during the thawing of the picces before the
perchloric acid had pevetrated throughout. since the
recovery of extracellular acetyl-CoA, added o frozen
tissue prior to homogenizativa and extraction, ringed
from 97.210102.14,.

In view of the above, excision-reezing and pubseriza-
tion of tissues were incorporated into the standard
analytical technique. The procedure was applied
measure “steady-state” concentrations of acenvh-Col
in the livers of male rats.! Hepatic concentrations in fed
animals (Table 1) increased significantly, after 1 or 2

1Garland, Shepherd, and Yates hasce reported that o etyl
dephospho CoA may be included spuriously in the rstimation of
acetyi<(CoA by the citrate symthase veaction 181, but siim e they

were unable to demonstrate any acetyl deplospho CoA iu liver
the objection does not seem to he velevant W this tissue.
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davs of starvation, but since liver weights v.ere signifi-
cantly reduced during this samme interval, total hepatic
acety L-COA was not altered significantly by {asting.

Previously published estimates of acetyl-CoeA concen-
trations in the livers of fed rats have ranged frosu 17.2
t0 35 mumoles/g wet weight (2, 3, 9); the present findings
are therefore in concard with the higher values of
others. )
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