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1. m&meﬂwk:ﬁdn

"It has been well established that gluconeogenesis is

"a process which takes place only in the liver and the
kidney. Nevertheiess until now there has been no com-.
parative studies of the allostetic behaviour of regulatory
enzymes from kidney and liver in the same avjan -
species. In order to make this comparative study,
pymvaw' w:::'m:oxylaaxe (PC) of pigeon liver {1] and
“kidaey [2] were studied simultaneously. in all cases
where pyruvate catboxylases from mammatian and
avian liver were pirified, it has been shown that they
are inactive in the absence of acetyl-CﬁA However,

the pymvate Larb{;xylases from Pseudomonas citro-
nellofis and Aspera:z’zzs niger are exceptwnai in that
they show a maximal activity even in the absence of

an acyl~CoA The yeast enzyme is active in the absence -
of acetyl-CoA [3] but this activity can also be
approximately doubled either with CoA-SH or with
acetyl derivatives alone. The reaction which is catalysed
by the PC from p:oecm liver requires aaetyi COA asa
cafactor (eq. l}

z\cetyL-CﬂA Mg_z"

P} :uvate +ATP+ Hco_,, Z ™ Oxalacetate + ADP +P;

(l)
The actwatmn through acetyl-C()A is probabiy necessary

only for the formation of enzyme-—biotin— CO«, ‘complex
from ATP aud HC{)g {eq 2) '
e

E~bmtm *A’FP + ‘!CO:, = E bzotm«-(,{)z + ADP * PI

the authos w:shes to .iedu.ate this commumcatmn to hlS :
n.acher Prof. Dr Th. erl:md on his 60th bnrthday [
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. - » M
- Oxalacetate + NADH +HY

E-biotin—CO, +Pyruvate = E -biotin + Oxaiacetate 3
In this communication we report that the acetyl-CoA -
kinetics in pigeon liver PC is probably more complex
than it has been shown previously. A parabola is -
observed in a double reciprocal plot of the activity of
pigeon liver PC as a function of acetyl-CoA concentra-
tion. The results lead to the conclusion that either
acetyl-Col produces zn allosteric effect or mduces a
confor matmrai change in the enzyme.

2. Methods and materials

Pigeon liver pyruvate carboxylase was purified {1]
(specific activity 16.6} and the enzymatic activity was
measured optically by utilizing the NADH oxidarion.
The reaction mixture (final vo: 2 ml) contained:

100 umoles Tris-HCI buffer, pH 7.7; 80 umoles
kHCO3 ; 16 umoles MgCl,; 0.4 pmoles NADH:

3 ymoles ATP:6 pmoles sodiun: pyruvate; 10.5 U
malate dehydrogenase; 0.5 mg serura albumin and
acetyl-CoA as shown (fig. 1). 0.025 Units of PC were
added to start the reaction. The oxidation of NADH
was followed at 340 nm (30°). All the measurements
were carried out using a control to which ATP and

acetyl-CoA were not added.

: T
Pyruvate + HCO 5 + ATP— Oxalacetate + ADP + Py

DH _
- Malate + NAD"Y {3)

Coenzymes and enzymes were purchased from
Bochringer (W. Germany). All the other reagents were
of the highest purity commercially Gbrainable. Acetyl-
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Fig. 1. Activatiun of pyruvate carboXyizase by acetyl-CoA at
ditferent pti’s in the opiical assay. Synthetic acetyl-CoA and
pH of the test soluiion as shown in the figure. One unit is the
amounsz of enzyme catalyzing the conversion of 1 pmole
prruvite to oxalacetate per min at 36°. '

CoA was prepared accordiag to Lynen and Wieland
[4]. Al «olutions were freshly prepared prior to the
» expenments o

3. Results and discusston

. Reaction velocities were measured at different
acetyl-CcA concentrations and graphs derived by

. plotting ¥ as a function of acetyl-CoA at different pil
values (fiz. 1); 1/¥ versus 1/[acetyl-CoAl (fig. 2) and
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o

. Fig. 2. 2 plot of the reciprocal of the velocity against the -

reciprocal of the micromolar concentration of acetyl-CoA. -
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Fig. 3 A plot of the recnpxocal of the ve[ocnty against the .
reciprocal of the square of the mlczomolaw cuncemntmn af
acetyl-CoA. ' ‘ : ~ :

1/ V against 1/ [acetyl—CoA] 2 In the latter casea -
straight line was obtained (fig. 3). This type of plot is
indicative of a mechanism mvolving more than one

- molecule activator. This activation of pigeon liver

pyruvate carboxylase is strongly mﬂueuced by the
pH of the solution (fig. 1). At supra maximal concen-
trations of acetyl-CoA, the curve of V¢ against pH

gives a maximum at pt{ 8.4 {figs. i and 6). The honio-

~ tropic cooperativity expressed by the Hill coefficients
(figs. 4 and 5) with respect to the binding of acety?-

CoA increases with decreasing pH, mdwatmg that an’
ionizing group participates in the allosteric con:rol by
acetyl-CoA. An analysis of the relationship between
pSy.s ard pH, according to Dixon and Webb {5?, gives
a pK value of 84 for this group (ﬁg. 6)

toagasv

_Fig. 4. The data of f’@- 1 ﬁtted to the empencai Hill equa‘mn

(only pH 7.7 and 8.4 age shown here). . .
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Fxg 5. Varxzmon of So.s values. me, the Hill coefficients n
ami the Rs values for ace:tyl—(.oA asa function of pH

The value of “n” (Hzl! caefﬁcmnts} were calculated
from the slopes of the graphs (fig. 4) at different pH
values (table 1). Although “n” is not elementary kinetic
- parameter of an enzyme, but is a complex function of
both the number of interaction binding sites per .
enzyme moleciile and the strength of the interaction
[6], it has been suggested that a value greater than 1

indicates that the biﬁdi_ng of acetyl-CoA to the enzyme

involves cooperative interaction :équiring more than
one molecule of acetyl-CoA. The “n” value changes
from 26atpH 7.1 to 1.7 at pH 9. 2 and this change in
“n” value is related to the change of X fmm 28 uM

at pH 7.1 to 7.9 uM at pH 9.2 (table l). This pH effect
on Sy 5 (or on the “n” value) of pigeon liver enzyme
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' .Fig. 6. Variation of the pSo s va&ues for aceiyl«CoA as a func-

tion ot pH.

is ‘stronoer‘thaﬁn on the kidaey pyruvate éarboxyiase 4
{2} as is also shown in the tzble. The increase of pH
decreases the “#” value but increases the enzyme—

" activator affinity. This effect is 2-fold lower in the case

of kidney PC where the value decreases from 26.7 uM--

_at pH 7.1 to 14.9 at pH 9.2_ This can be explained by -

the assumption that the OH~ ions work as the hetero-
tropic effector in relation to acetvl-CoA, which suggests
that 2 heterotropic effector (OH™ ions) removes the
homotropic cooperativity of acetyl-CoA. This would

“mean that OH™ ions decrease the cooperativity (fig. 1)
by changing the balance {through subunit interaction;
~ from T-form to R-form) to a form with greater affinity

{R-form) for acetyl-CoA according to the concerted .
mechanism (all or nothing) of Monod et al. [7]. The
acetyl-CoA can now be attached directly to the result-
ing higher affinity state witho:t first having to change
the subunit form. This effect of pH value on acetyl-
CoA interaction with pigeon liver PC becomes more
complex if one tries to explain it by y the Koshland
theory [8].

F rom the vertlcal intersect in the double rectpmcai

T : : ) Tab!el .
_Inﬁuence of pH on the Hlll coefhcxents and on the actwauon b} the acetyl-{‘oz\ of p\xuvate carboxy lase - from pigeon liver and
kxdney-»» : . .
pH S o L‘ive:rf ,  Kidney
" Vpax . Sos ' : Viiax  Seo.s
S - 8.3 s R - - S

" R g PSes "o (U (uMy  PO0s
717 26 85 L1 . 285 45§ 225 500 124 267 £ 57
74 20 110 144 213 467 2.1 625 151 223 2.65
1T 18 137 21 158 48 20 7.7 238 190 472
84 . 0. 18 180 27 80 5.1 18 90 305 155 481

2 47 80 24 79 s

1.6 105 254 149 4.83
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plot (fig. 2) the p.ot of V agamst acetyl-CoA concen-

tration (fig. 1) and l/ V against 1/ [acetyl-CoA]z (f g 3) B

gives the same (X,,,) Sy 5 values. The K,,, values weze-
also calculated from the Hill equatson When log
//(Ema V) = 0. Cooper and Benedict [9] showed

that the binding of acetyl-CoA was correlated with the -~

change in the tertiary structure of yeast pyruvate: 7
carboxylase. The results in this communication show
that the activation of PC from pigeon liver by acetyl-
CoA is an allosteric effect, showing the hcmotropu:
cooperativity {7, 10} as is also found for PC from
pigeon kidney [2]. These cooperative effects have also~
been shown for other enzymes [11—13].

I: all preparations, and under all conditions smdled
the activation of pigeon liver pyruvate carhoxyiase is
dependent on the acetyl-CoA concentration. The
results in figs. 1 and 2 shiow a sigmoid curve. This
suggests that more than one molecule of acetyl-CoA
per active site Is necessary for the enzyme activation
or that cooperative interactions between the bound

activator molecules occur. These findings are consistent

with the proposal that acetyl-CoA acts as allosteric
effector for pyruvate caiboxylase from pigeon liver.
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