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TABLE I 
EFFECT OF VANADIUM ON THE INCORPORATION OF ACETATE-

1-C14 AND MEVALONIC ACID-2 -C 1 4 INTO CHOLESTEROL 
Each flask contained 20 ml. phosphate buffer,1 C14-

labeled substrate, 1 g. liver slices, and tar trate (control) or 
diammonium oxytartratovanadate (vanadium) in a final 
concentration of 10"3JIf. Gas phase was 9 5 % Oa-5% CO2. 

Radioactivity recovered0 

Ex-

Substrate 
10 mg. sodium 

acetate-1-C14 

(1.0 m c / 
mM.) 

10 mg. sodium 
acetate-1-C14 

(1.0 mc/ 
mM.) 

10 mg. sodium 
acetate-1-C14 

(1.0 m c / 
mM.) 

10 mg. sodium 
acetate-1-C14 

(1.0 m c / 
mM.) 

1 mg. meva­
lonic acid-2-
C14 (0.005 
mc./mM.) 

Compound isolated 
/3-Hydroxy-/3-

methyl glutaric 
acid 

/3-Methylcro-
tonic acid 

Squalene 

Cholesterol 

Cholesterol 

peri-
ment 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Con­
trol 

2,908 
3,138 

3,510 
3,920 

280 
303 

41,248 
51,500 

340 
388 

Vanadium 
4,820 
6,839 

482 
986 

92 
94 

9,446 
11,575 

52 
26 

° Recovered radioactivity is expressed as counts per 
minute per infinitely thick layer. 

substrate,11 no inhibition by vanadium was found 
between squalene and cholesterol. 

These data are interpreted as demonstrating that 
vanadium inhibits cholesterol biosynthesis be­
tween HMG and BMC. Vanadium also inhibits 
the conversion of mevalonic acid to cholesterol.12 

(11) F. Dituri, F. A. Cobey, J. V. B. Warms and S. Gurin, J. Biol. 
Chem., 221, 181 (1956). 

(12) Supported in part by U.S.P.H.S. Grant H-1947C-2. 
(13) U.S.P.H.S. Research Fellow of the National Heart Institute. 
(14) Established Investigator of the American Heart Association. 
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TWO-DIMENSIONAL TRANSITIONS IN ADSORBED 
MONOLAYERS 

Sir: 
Because of the obvious interest1,2 in theoretically-

simple adsorption systems which exhibit transi­
tions, we are moved to make this preliminary re­
port on our measurements for krypton adsorbed 
on sodium bromide, Fig. 1. 

Localized adsorption with nearest-neighbor inter­
actions which, in addition to their usual effects, 
alter the lateral frequency wn of the adsorbed 
molecule with increasing coverage 6 according to 

(1) S. Ross and G. E. Boyd, "New Observations on Two-Dimen­
sional Condensation Phenomena," MDDC Report, 864 (1948); S. 
Ross, T H I S JOURNAL 70, 3830 (1948); S. Ross and H. Clark, ibid., 76, 
6081 (1953); 76, 4291, 4297 (1954); S. Ross and W. Winkler, ibid., 
7«, 2637 (1954); J. Coll. Set., 10, 319; 330 (1955). 

(2) H. Edelhoch and H. S. Taylor, / . Phys. Chem., 58, 344 (1954). 

Fig. 1.—Adsorption isotherms of krypton on sodium 
bromide. 

the prescription d In co2||/d In 8 = 7 (= 1 for Kr) 
leads to the isotherm 

In p(l - 0)/0l + v = -(3(x - 2wd) + const. (1) 

where /3 = 1/kT, and x a n d w a r e the energies of 
adsorption and of lateral interaction as employed 
by Fowler and Guggenheim.3 As a result of im­
portant but compensating differences, our equation 
with 7 = 1 is similar to that of Rushbrooke.4 

With 7 = 0 it reduces to the Fowler "crude" 
theory,3 and with w — 0 in addition, to the Lang-
muir result. 

In Fig. 2 we show how the data of Fig. 1 are rec-
tilinearized according to the prescription of Eq. (1). 
Evidently the intercepts and slopes may be used 

Fig. 2.—Adsorption isotherms of krypton on sodium 
bromide, plotted according to Eq. (1), y = 1. 

to evaluate x a n d w> both of which are in reasonable 
agreement with independent theoretical calculations. 

The authors wish to thank the Institute of Geo­
physics, University of California at Los Angeles, 

(3) R. H. Fowler and E. A. Guggenheim, "Statistical Thsrtnody-
namics," Cambridge University Press, 1939, p. 1007. 

(4) G. S. Rushbrooke, Proc. Camb. Phil. Soc, 34, 424 (1938), 
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for partial financial support of this work. B.B.F. 
gratefully acknowledges receipt of an Eastman 
Kodak Fellowship (1951-2) and a Signal Oil Com­
pany Mosher Fellowship (1952-3) during the ten­
ure of which much of this work was completed. 

(5) Semiconductor Division, Hughes Aircraft Company, Culver 
City, California. 
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RECEIVED APRIL 24, 1957 

SITES OF ENERGY CONSERVATION IN OXIDATIVE 
PHOSPHORYLATION 

Sir: 
Direct spectroscopic and kinetic studies of re­

spiratory carriers in mitochondria have led to the 
conclusion that the reduced forms of the carriers, 
especially DPNH, are involved in the "high en­
ergy" complexes which are intermediates in the 
phosphorylation of ADP.1 Wadkins and Lehn-
inger reached the opposite conclusion on the basis of 
an experiment on the effect of aerobiosis and an-
aerobiosis on the ATP-Pi32 exchange reaction.2 

We show here that their interpretation of their ex­
perimental result is not unique and actually affords 
support for the conclusion they seek to refute. 

The reaction mechanism for oxidative phos­
phorylation on which Wadkins and Lehninger 
based their conclusions ignores spectroscopic stud­
ies of the rate with which ADP and uncoupling 
agents interact with the respiratory carriers.1'3 

Such studies indicate that two intermediates inter­
vene between ADP and the carriers. More re­
cently, Myers and Slater, in a study of ATP-ase 
activity of mitochondria, have concluded that 
their results support the existence of such inter­
mediates.4 Cohn and Drysdale have also pro­
posed multiple intermediates in the phosphorus 
and oxygen exchange reactions.6 One formulation 
for the function of two such intermediates in the 
oxidative phosphorylation mechanism for a partic­
ular pair of respiratory catalysts has been repre­
sented1'6 

1.' • • + 1 ^H> b- ' ' • I (1) 

Iy • • . J + c- ' > c- • • + V • ~ I (2) 

b- ' ~ I + X — > b- • + X ~ I (3) 

X ~ I + P •<--> X ~ P + I (4) 

X ~ P + ADP -<-*- ATP + X (5) 

The ATP-P32 exchange reaction is presumed to in­
volve the reversible reactions of X and I in Eq. 4 
and 5, and not the respiratory carriers directly, 
as Wadkins and Lehninger propose. The amounts 
of X and I available depend indirectly upon 
aerobiosis and anaerobiosis. Under anaerobic con­
ditions X and I can be bound as X ~ I and b" ~ I, 
and the exchange will be slow. Under aerobic con-

(1) Ii. Chance and G. R. Williams, Adv. in Enzymoi., 17, 65 
(1(150). 

(2) C. L. Wadkins and A. I.. Lehninger, THIS JOURNAL, 79, 1010 
(1957). 

(3) B. Chance and G. R. Williams. J Biol Chem., 221. 477 (1950). 
t-\) T). K. Myers and D. C. Slater, Nature, 179, 303 (1957). 
(5) M. Cohn and G. R. Drysdale, J. Biol. Chem.. 216, 831 (1955). 
fii) B. Chance, G. R. Williams, W. F. Holmes and T. Higgins, ibid., 

217, 439 (1955). 

ditions in the absence of substrate, less binding oc­
curs and the concentrations of X and I are higher, 
and the exchange will proceed at high ATP con­
centrations, just as has been found in Wadkins and 
Lehninger's Table I.2 If, on the other hand, we 
assume, as Wadkins and Lehninger assume, that 
the oxidized form of the respiratory enzyme is the 
high-energy carrier, we find that binding of X and 
I as X ~ I and b' • * ~ I is maximal under aerobic 
conditions and minimal under anaerobic conditions. 
This leads to the conclusion that the exchange re­
action should have gone more rapidly under an­
aerobic conditions than under aerobic conditions 
which it did not do. 

It now may be concluded that Wadkins and Leh 
ninger's data on the 10-fold acceleration of the 
ATP-Pi32 exchange reaction under aerobic condi­
tions support our earlier conclusions: (a) that the 
reduced forms of the respiratory pigments repre­
sent the carriers of the "high-energy" complex 
and (b) that intermediates exist between the re­
spiratory carriers and ADP. 

The ATP-Pi32 exchange reaction is at present 
poorly understood and may not yet provide a sub­
stantial basis for proof of any further hypothesis; 
the reaction is slow in the digitonin preparation, 
requires high ATP concentrations, and is affected 
by added ADP at concentrations outside the range 
of that needed for maximal rate of electron trans­
fer.7 However, Wadkins and Lehninger's data 
appear to provide additional evidence that the 
"high-energy" complex involves the reduced car­
rier. In their Table I, they find that the incor­
poration of Pi32 into ADP to form ATP32 gives 
over 67 times as much incorporation when the 
carriers are reduced than when they are oxidized. 
Since the mitochondria are stated to be anaerobic, 
this phosphorylation is attributed to the presence 
of the "high-energy" complexes of the reduced car­
riers. 

Thus the data of Wadkins and Lehninger sup­
port in two ways our conclusion1 that the reduced 
form of the respiratory carrier serves as the site of 
the "high-energy" complex. The transition from 
oxidized to reduced carriers gives first a one-tenth 
as rapid catalysis of the ATP-Pi32 exchange reac­
tion caused by a binding of the reaction inter­
mediates X and I by the reduced carriers and, 
second, a 67-fold greater anaerobic phosphoryla­
tion of ADP caused by "high energy" compounds 
ol the reduced carriers. 

(7) C. Cooper and A. L. Lehninger, ibid., 224, 561 (1957). 
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RECEIVED MARCH 20, 1957 

THE CONVERSION OF myo-WQSlTOZ TO 
GLUCURONIC ACID BY RAT KIDNEY EXTRACTS 

Sir: 
We wish to report the presence of a soluble en­

zyme system from rat kidney which catalyzes the 
conversion of inositol to glucuronic acid. 

The enzyme was prepared by homogenizing rat 
kidneys in a Potter-Elvehjem homogenizer in a 


