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The reaction mixture contained in 2.0 ml: 
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EDTA, 10 mM tris maleate, and 10 mM 
potassium phosphate; final pH, 6.4. To 
start the experiments, 1.6 and 2.3 mg of 
wild-type and mutant mitochondrial pro- 
tein respectively were added. The other 
additions are indicated in final concentra- 
tions. 
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Two impcrtant conclusions may be 
drawn from the study of the ops mu- 
tants. First, a single recessive gene 
mutation can lead to a deficiency that 
is common to all the phosphorylation 
steps in the respiratory chain. It can 
be inferred from it that either the same 
enzyme is involved in the energy trans- 
fer at all the phosphorylation sites or 
that the same structural component 
of mitochondria is required for the 
normal functioning of all sites. Second, 
this common component or enzyme is 
correlated with the high activity of the 
pH 9.5 oligomycin-sensitive adenosine 
triphosphatase. 

It is conceivable that the diminution 
of adenosine triphosphatase activity 
is not a primary effect of the op, 
mutation but is secondary to other 
modifications in the organization of 
proteins or structures in mutant mito- 
chondria. Another possibility would be 
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possibilities will be considered in fur- 
ther studies of the mutant. 

It is clear that an analysis of a single 
mutant is unable to solve the problem 
of the mechanism of oxidative phos- 
phorylation. It seems to us, however, 
that by systematically applying the 
approach presented in this report one 
should be able to dissect in a stepwise 
manner the mechanisms of this highly 
integrated process. It may be hoped that 
the use of nonallelic complementing 
mutants could permit a reconstitution of 
functional machinery from its muta- 
tionally deficient parts. It may be of 
interest, in this respect, to mention that 
the mutants that have lost cytochromes 
a + a3 and b (p- cytoplasmic mutants) 
still maintain at least part of the oxida- 
tive phosphorylation reactions. This is 
indicated by the fact that their assimi- 
lation processes are still sensitive to 

dinitrophenol and azide (8). As shown 
in Table 3, p- mutant has a normal 
activity of the pH 6.2 adenosine tri- 

phosphatase while the pH 9.5 com- 
ponent is very similar in its specific 
activity to that present in the opi mu- 
tant but is no longer sensitive to 

oligomycin. 
Although yeast presents considerable 

advantages in the mutant approach to 
oxidative phosphorylation the same 
methodology could be tried with other 

eucaryotic microorganisms that possess 
mitochondria, or with bacteria. 

L. KovXc* 
T. M. LACHOWICZt 
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Lambda Transition in 

Liquid Sulfur 

Abstract. Density measurements on 
liquid sulfur near the transition at 
160?C show a logarithmic singularity 
and discontinuous density. The transi- 
tion shows the kinetic behavior of a 
zero-order reaction. The transition is 
expected to have a latent heat char- 
acteristic of a first-order phase transi- 
tion but is of the cooperative nature 
associated with second-order transitions 
such as the lambda point in liquid 
helium. 

First-order phase transitions are char- 
acterized by a discontinuous first deriva- 
tive of the Gibbs free energy, so that 
volumes and entropies are discontinu- 
ous. Second-order transitions have dis- 
continuous second derivatives, so that 
heat capacities and expansion coeffi- 
cients are discontinuous. Many second- 
order lambda-type transitions are known 
in magnetic substances, explained by 
the alignment of spins of electrons or 
nuclei. The classical example of a sec- 
ond-order transition occurs in liquid 
helium at 2.17?K. Spin ordering is 
not, however, an explanation in this 
case. The transition in liquid sulfur at 
160?C is therefore of great interest, 
since it is the only recognized example 
(other than helium) among elementary 
liquids (1). The low-temperature t form 
is structurally an eight-member ring, 
whereas the high-temperature X form 
is a folded linear polymer of high 
molecular weight. Heat capacity meas- 
urements have shown the transition to 
have the form of a lambda point, un- 
usual in the sense that the discontinuity 
falls on the low-temperature side of the 
transition (2). The transition is com- 
prehensive. The viscosity changes by 

this study of F. Charalampous, H. Bednarova, 
M. Greksak, E. Hrusovska, and K. Weissova 
is gratefully acknowledged. A detailed account 
of the work has been submitted for publica- 
tion elsewhere. This work has been supported 
by a grant of D.G.R.S.T., Comit6 de Biologie 
Mole6culaire. 

* I.C.R.O. Fellowship 1964. Permanent address: 
Department of Biochemistry, Komensky Uni- 
versity, Bratislava, Czechoslovakia. 

t Boursier des Relations Culturelles Franco- 
Polonaises 1960-61. Permanent address: De- 
partment of Microbiology, University of 
Wroclaw, Poland. 

19 September 1967 

Lambda Transition in 

Liquid Sulfur 

Abstract. Density measurements on 
liquid sulfur near the transition at 
160?C show a logarithmic singularity 
and discontinuous density. The transi- 
tion shows the kinetic behavior of a 
zero-order reaction. The transition is 
expected to have a latent heat char- 
acteristic of a first-order phase transi- 
tion but is of the cooperative nature 
associated with second-order transitions 
such as the lambda point in liquid 
helium. 

First-order phase transitions are char- 
acterized by a discontinuous first deriva- 
tive of the Gibbs free energy, so that 
volumes and entropies are discontinu- 
ous. Second-order transitions have dis- 
continuous second derivatives, so that 
heat capacities and expansion coeffi- 
cients are discontinuous. Many second- 
order lambda-type transitions are known 
in magnetic substances, explained by 
the alignment of spins of electrons or 
nuclei. The classical example of a sec- 
ond-order transition occurs in liquid 
helium at 2.17?K. Spin ordering is 
not, however, an explanation in this 
case. The transition in liquid sulfur at 
160?C is therefore of great interest, 
since it is the only recognized example 
(other than helium) among elementary 
liquids (1). The low-temperature t form 
is structurally an eight-member ring, 
whereas the high-temperature X form 
is a folded linear polymer of high 
molecular weight. Heat capacity meas- 
urements have shown the transition to 
have the form of a lambda point, un- 
usual in the sense that the discontinuity 
falls on the low-temperature side of the 
transition (2). The transition is com- 
prehensive. The viscosity changes by 
two orders of magnitude within a few 
degrees. The color changes from a yel- 
low liquid to the dark-brown polymer. 
Surface-tension measurements show a 
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Fig. 1 (top). Density versus time after a 
sudden temperature change for the tem- 
perature at very nearly the transition tem- 
perature. 

2.7 Fig. 2 (middle). Density as a function of 
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change of slope at the transition 
temperature, as do measurements of 
thermal conductivity. The diffusion co- 
efficient changes discontinuously and 
the polarizability varies strongly (3). 

Polymerization reactions are intrinsi- 
cally slow, so that the measurement of 
dynamic variables such as heat capacity 
will necessarily be limited by calorim- 
eter leakage. Measurements of stationary 
states will permit waiting for equilib- 
rium to be achieved. The present in- 
vestigation was therefore directed to 
measuring densities as a function of 
temperature and time. 

Density measurements were made 
with a Westphal balance in liquid sul- 
fur of commercial purity (>99.5 per- 
cent elementary sulfur). Careful con- 
trol was maintained on bath temperature 
(?+0.001?C) to permit the estab- 
lishment of equilibrium. Instrument 
sensitivity was 5 X 10-6 g/ml in 
density and 5 X 10-3 ?C in tempera- 
ture. Figure 1 shows the response of 

-- density as a function of time after a 
rapid change of temperature of 0.13?C. 
More than 5 hours are required to 
achieve a steady-state density. The 
linear response of density to time at 
the exact transition (TA + 0.02?C) is 

o evidence of a zero-order reaction mech- 
anism. A linear polymer has only two 
active sites so that the rate of poly- 
merization will be independent of con- 
centration. 

Density as a function of temperature 
is shown in Fig. 2 for a rate of change 
of 0.03 ?C per hour for rising and falling 
temperature. The data appear to indi- 
cate a singularity in density at the 
transition point. In second-order phase 
transitions, singularities are found in 
the heat capacity and expansion co- 
efficient, but the entropy and density 
are continuous. The case of liquid heli- 
um has been carefully studied (4). Fig- 
ure 3 shows that for rising tempera- 
ture the data are well represented in 
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the region 0.04 < IT- Tx < 0.5 by 
the expression 

p = 1.77985 + 0.00017 logio T - Txl 
+ 0.000025 A 

where A = 0 for T> Tx, and A = 1 
for T < Tx. 

The data indicate that the lambda 
point in sulfur is of a stronger nature 
than those reported for other systems 
(for which the singularity occurs in the 
expansion coefficient and heat capacity). 
The logarithmic nature of the data is 
clear to within dT/T = 10-4 of the 
transition. Only in the case of helium 
is the transition more nearly ap- 
proached. The separation between the 
curves of Fig. 3 above and below the 
transition is unambiguous. A discon- 
tinuous density implies discontinuous 
entropy and a latent heat, characteristic 
of first-order phase transitions. 

Indefinite extrapolation of the log- 
arithmic density leads to a reductio ad 
absurdum: a negative infinite density 
at the transition. Likewise, an equilibri- 
um gas phase would be predicted with- 
in an unattainably small region 
(10-10.000 ?C). The logarithmic law can- 
not be expected realistically to hold 
arbitrarily close to the transition tem- 
perature. Its range of validity is ex- 
pected to exceed the range of observa- 
tion, however. 

The transition is clearly not second 
order and is distinguishable from those 
now observed in antiferromagnetism, 
in the gas-liquid critical point and in 
liquid helium. It is equally clearly not 
a first-order transition such as is found 
in melting and boiling. It is a coopera- 
tive transition associated with polymeri- 
zation to a variable weight polymer, 
yet it shows a discontinuous density 
and shows evidence of a latent heat 
of transition. 
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State University of New York 
at Buffalo, Buffalo 14214 
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Enzyme Reaction Rates at Limited Water Activities 

Abstract. A well-mixed powder consisting of dry urea and urease exposed 
to air containing discrete amounts of water vapor showed a release of carbon-14 
dioxide above 60-percent relative humidity. The relative activity of urease followed 
the water-vapor adsorption isotherm of urease. The minimum amount of water 
required for the reaction observed was 1.3 moles per mole of side-chain polar 
groups of the urease protein. 
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Although the maximum rate of the 
urease activity on urea is achieved in 
dilute aqueous media, hydrolysis also 
takes place in concentrated urea solu- 
tions. We investigated the characteris- 
tics of this reaction with crystalline 
substrate and enzyme at controlled at- 
mospheric water-vapor pressures. 

A well-mixed preparation of dry en- 
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zyme and substrate was obtained by 
mixing 2 ml of urease suspension 
[cooled to 0?C and containing 10 mg 
of urease (1)] with 5 ml of a simi- 
larly cooled solution containing 100 
/c of C14-urea (100 mg) in a lyophiliz- 
ing flask. The resulting solution was 
rotated for 10 seconds, frozen, and ly- 
ophilized. This lyophilized preparation 
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Fig. 2. Urease activity compared to water-vapor sorption isotherms of the substrate 
and of the enzyme. Open circles: lyophilized mixture of URC urease (1) and urea. 
Solid circles: mechanical mixture of NF-grade urease (1) and urea. 
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