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than normal value, which supports our view. The course
of the first 2 cases was rather different as they were
detected at the age of 4 years and 21 months. The
diagnosis of citrullinemia is however clearly established
in our patient, and death early in the neonatal period
could be the rule rather than the exception. Thus citrul-
linemia would be diagnosed much more rarely than
would correspond to its real occurrences.

Zusammenfassung. Die Familienuntersuchung eines
3. Falles von Citrullinaemie spricht fiir eine autosomal
heterozygote Vererbung. Die Merkmalstriger kdnnen
durch eine einfache Niichternserum-Bestimmung des
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Citrulling von den nicht betroffenen Familienmitgliedern
abgegrenzt werden.
H. Wick, T. BRECHBUHLER
and J. GIRARD
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CH-4000 Basel 5 (Switzeriand), 9 Februavy 1970.
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The Effect of Temperature on the Peptic Proteolysis of Ovalbumin

The temperature-dependence of peptic hydrolysis of a
protein was studied by Burr and Curriz?, who employed
ovalbumin as substrate. We have re-examined this pro-
blem in view of the finding that the Michaelis constant for
that reaction does not depend on pH?, and in view of the
evidence that K, for the peptic hydrolysis of serum albu-
min? and of ovalbumin? is the equilibrium constant for
the dissociation of the enzyme-substrate complex into
enzyme and substrate.

The kinetics of the action of pepsin (Nutritional Bio-
chemicals Corp., twice recrystallized) on ovalbumin
(twice recrystallized#), both native or acid-denatured?,
was followed by determining the trichloroacetic acid-
soluble material absorbing at 275 nm, in aliquots removed
periodically from the incubation media® When native
ovalbumin was used as substrate, care was taken to
measure the initial velocity of proteolysis without inter-
ference of substrate denaturation -5,

The effect of temperature on the initial velocity of
peptic hydrolysis of native and denatured ovalbumin was
studied at the respective pH optima, and the results are
shown in Table 1. Although we have observed that v,
values were consistently lower with denatured than with
native ovalbumin, the temperature-dependence of v,,.
was not significantly different for the 2 kinds of substrate,
yielding activation energies (F ) of 13.7 (- 1.0) kcal/mole
and 12.7 (- 1.0) kcal/mole for the native and denatured
substrated, respectively. This would seem to indicate a
difference in activation entropy (4S*) for the breakdown
of the enzyme-substrate complex into products. Unfor-
tunately this difference between the 2 kinds of substrate
could not be detected by estimates of AS* from E 4 and
rate constant values because of the large errors involved.
We have calculated from our data that 4S* for native and
denatured substrates, at 25°C, was —8 and —13 cal/
°mole, respectively, but the estimated standard deviation
for these values was 3.5 cal/°mole.

From the K, values at 38°C we obtain an estimate of
— 5.8 kecal/mol for the free energy of association between
pepsin and ovalbumin, both native and denatured. Al-
though our system does not allow measurement of the
activation energy for the association of enzyme with sub-
strate, the maximum value for this parameter should be
7.9 (+ 1.1) kcal/mole for the native and 6.9 (4 1.4) keal/
mote for the denatured substrate. The absence of a signifi-
cant difference between these 2 values contradicts the
hypothesis?:? that a rate-limiting acid denaturation, as
the first step in peptic proteolysis would cause the lower
pH-optima observed with native, as compared with de-

natured, protein substrates. If this hypothesis were valid,
the activation energy for the association of enzyme with
native substrate would include that of the acid denatura-
tion®, We have found that acid denaturation of oval-
bumin, in the conditions prevailing in our enzyme reac-
tions, has an activation energy of 33.9 (4 3.6) kcal/mole

Table 1. Effect of temperature on K, and v,

: nax 10T Deptic proteolysis
of native and denatured ovalbumin

Temperature K, x10* . L

(°C) (M) (A A [min)
Native ovalbumin

20.0 2.00 {4+ 0.19) 0.340 {4 0.026)
25.0 1.43 (4-0.25) 0.530 (L 0.033)
30.0 1.00 (4 0.11) 0.730 (= 0.028)
35.0 0.88 (£ 0.23) 1.130 (- 0.015)
38.0 0.80 (£ 0.12) 1.180 (- 0.020)
Denatured ovalbumin

19.0 147 (40.13) 0.173 (= 0.007)
29.0 0.97 (4 0.09} 0.416 {4-0.018)
33.3 0.83 (£ 0.08) 0.476 (4 0.006)
38.0 0.77 (< 0.08) 0.640 (= 0.010)
40.0 0.74 (4 0.05) 0.675 (= 0.006)

Tnitial velocities at several substrate concentrations, ranging from
5%107% to 3 x 1072 M, were measured at pH 0.8 with the native and
pH 1.65 with the denatured ovalbumin. K, and w,,, values were
estimated from the least-square equation for the 1jv versus 1/[S]
plots. . is expressed by the increase of absorbance of the tri-
chloracetic acid filtrate at 275 nm/min. Pepsin concentration was
2.8 % 107%M in all the experiments. Figures in parentheses indicate
the standard deviations calculated from the error of the estimates
of the intercepts and slopes of the least-square lines.
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(Table II), in good agreement with published data ob-
tained at higher pH values?®-1°, This is significantly larger
than the maximum value for the association of pepsin
with native ovalbumin.

The temperature-dependence of K, (Table I} yields
values for the changes in normal enthalpy and entropy
that are not significantly different for the 2 forms of the
substrate. The large errors inherent in the method used
for obtaining those values do not allow a fine interpreta-
tion, but it is significant that the association of pepsin and

Table II. Effect of temperature on the rate of acid denaturation of
ovalbumin ’

Temperature (°C) 25.0 30.0 35.0 40.0
ky X 10% (min—?) 7 20 55 130

The first-order rate constants (k,) were estimated by following the
decrease of solubility of 2.5x107*M ovalbumin solutions kept at
pH 0.8. The solubility was determined by periodically removing
aliquots that were diluted 40-folt with 23 acetate buffer (pH 4.75)
containing 0.5 M MgSO0,, and reading the absorbance of the filtrate
at 275 nm.
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ovalbumin is an endothermic process with a large in-
crease in entropy. This also occurs in the peptic hydrolysis
of small synthetic substrates!!, and would indicate that
hydrophobic bonding plays a preponderant role in the
association of pepsin with its substrate.

Résumé. Partant de leffet de la température sur la
cinétique de la protéolyse peptique de Povalbumine
native ou denaturée, on a estimé 1’énergie d’activation,
I’enthalpie et I'entropie de l’association enzyme-substrat.
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Norepinephrine-Sensitive Na+/K+ ATPase Activity in Brown Adipose Tissue!

Norepinephrine (NE) released from sympathetic neu-
ronal terminals appears to mediate the increased thermo-
genesis in brown adipose tissue during cold stress 3. This
response, which is blocked by f-adrenergic antagonists,
apparently involves activation of lipolysis via the adenyl
cyclase, 3',5-cyclic AMP system#* 5. However, the bio-
chemical mechanisms underlying the NE-stimulation of
respiration in brown fat are still controversial®,

The uncoupling agent, 2,4-dinitrophenol (DNP),
injected iv. into cold-acclimated rats, enhances the
thermogenic response of the brown fat during cold stress
as well as during NE administration; this implies that in
activated brown fat, respiration is coupled to oxidative
phosphorylation®. We thus proposed a) that the NE-
induced respiratory elevation of the brown fat initially
reflects increased availability of substrate rather than
of ADP, and b) that this is accompanied by an increased
cellular ATP requirement®.

The finding that NE (whether of exogenous or neuronal
origin) depolarized the membranes of these cells in vivo?,
suggested that in the Nat/K+ distribution and perhaps
also the Nat/K*+ pump, alterations might occur during
stimulation of thermogenesis by the catecholamine. Hence
we examined the effect of NE on the Nat/K+ ATPase
system associated with the membrane ion pump.

The methodology entailed removal of brown adipose
tissue from decapitated male, Long-Evans rats that had
been cold acclimated {exposure to 5°C, 50% R.H., with
12 h high/low light cycle for 4-8 weeks). The brown fat
was cleared of extraneous tissues and then homogenized
in a mixture (9/1, volume/weight) containing 250 mM
sucrose, 2mM EDTA, and 2 mM TES (N Tvis (hydroxy-
methyl) methyl-2-aminomethane sulfonic acid), pH 7.0
at 0°C. The homogenate was centrifuged 10 min at
14,000 x g, the overlying fat removed and the super-
natant decanted for assay. ATPase activity was deter-
mined in 2 media (final volume 1.5 ml): i.e., (A) in milli-
moles per liter: 20 TES (pH 7.2), 27 sucrose, 8.7 KCl,
70 NaCl, 2.7 EDTA, 5MgCl, 4 NaCN, 6.7 Na,ATP

(Sigma); (B) differed from (A) only in containing 190 mM
sucrose and no KCI or NaCl. Each reaction system con-
tained 0.477 4 0.013 mg supernatant nitrogen®.  After
incubation at 30 °C for 20 min, the reaction was terminated
with 0.5ml 1.0N HCIO,, the tubes centrifuged at 0°C
for 10 min at 1000 x g and the inorganic phosphate in
the supernatant assayed® against appropriate controls.
The Nat/K*+ ATPase activity is here defined as the
inorganic phosphate released in the presence of Nat, K+,
and Mg*+ (medium A) minus that in the absence of KCI
and NaCl (medium B)20,

In the presence of NE, the Nat/K+ ATPase was mar-
kedly stimulated. The increase was dose dependent
{Figure) and maximal with 6 mM NE. The fact that this
enhancement was abolished by ouabain (Table) suggests
that this ATPase is part of the Nat/K+ pump associated
with the cell membrane.
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