
necessarily measures the uric olytic effect. 
In  men, especially those who suffer from 
gout, there may be uric acid deposits. 
This reserve and normal endogenous and 
exogenous nucleic acid breakdown tend 
to maintain a constant serum uric acid 
level. Also, the breakdown of uric acid 
in blood does not necessarily lead to the 
quantitative formation of allantoin. 

From the knowledge that even purer 
uricase preparations than that used here 
may be available ( I )  and that we are 
still far from using toxic dores, ar dem- 
onstrated with animals. we are led to 
hope that the enzyme may yet be an ad- 
junct in the treatment of gout and other 
pathological processes in which it may 
be necessary to clear the bloodstream of 
high uric acid concentration. In  the rap- 
idly developing fields of chemotherapy 
and radiotherapy, there is a potential 
need for a means of removal of excess 
uric acid which accumulates from the 
nuclear breakdown of malignant cells. 
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Prevention of Oviposition 
in the Housefly through 
Tarsal Contact Agents 

In  our attempt to find ways of fight- 
ing inrectr, alternative to the ure of con-
tact inrecticides, we have sought contact 
agents that would, even in sublethal 
doses, reduce significantly oviposition in 
houseflies. Among the substances tested, 
di- (p-chlorophenyl) -trifluoromethylcar- 
bin01 ( I )  and di-(p-chlorophenyl) -pen- 
tafluoroethylcarbinol (11) were outrtand- 
ing. The corresponding dibromo com-
pound (111), as well as di-(p-chloro-
phenyl) -heptafluoropropylcarbinol ( I V ), 
showed lower activity. If the chlorine 
atom4 in I are replaced by methyl or 
methoxyl groups, the activity disappears 
completely, while replacement of the 
fluorine atoms in I by chlorine, which 

yields di - ( p- chlorophenyl) - trichloro-
methylcarbinol ( V )  (DTMC), results 
in low activity. Di- (p-chlorophenyl) -di- 
chloromethylcarbinol and DMC \\.ere 
completcly inactive. 

c 3 ~ ,  cce, 

All of thesc tompounds, which h a ~ c  
become available only recently (1, 2 )  
and have also shown interesting biologi- 
cal properties in other rerpectr (2, 3 ) ,  
reduce, delay, or prevent oviposition in 
houreflier upon tarsal contact, when they 
are applied to frmales prior to feeding 
with milk. 

Since compounds I (2)and I1 porsess 
some slight contact toxicity, their ovi- 
position-inhibiting propertier are best 
demonrtrated on a highly polyvalent re- 
sistant strain of houseflies. A n  extremely 
resistant Swiss strain (K,) of Musca 
domestica L. (4)  whose females are not 
at all affected by compounds I and IT 
even at continuous exposure, has proved 
very valuable in thesc experiments, which 
have also employed a normal Swiss strain 
of Musca domestica L. and a normal and 
highly DDT-resistant local strain of 
Musca vicina Macq. 

In  general, 3-day-old females were 
taken from cages with mixed popula-
tions (thus fertilization was ensured) fed 
water and rugar only ( 5 ) .  They were 
then treatcd with compound I or 11, in- 
troduced with equal numbers of un-
treated males into new caqes, and fed 
with milk. Results with compounds I 
and I1 are summarized in Table 1 ;  con-
t r o l ~  laid eggs normally. 

I t  is thus posriblc to counteract the 
influence of continuous feeding with 
milk by continuous exposure to com-
pound I or 11. Smaller quantities or 
shorter exposure (with method 4)  than 
those shown in Table 1 delay or dras-
tically reduce the laying of eggs, while 
continuous feeding of milk, under the 
conditions of experiments 3 and 4 (Table 
I ) ,  okercompensates the effect of com-
pounds I and 11. 

On dissection of females that had 

Table 1. Effect on oviposition of treatment 
of houseflies with compounds I and 11. 
Three-day-old females of a highly resist- 
ant strain (K1) of Musca domestica L. 
that had been fed only water and sugar 
were used. Milk was offered either daily 
(beginning on the fourth day of life) or 
only on the fourth day of life. 

Oviposition 
Expt. No. during 

and 	 entire 
mode of Milk lifetime 
applica- offered ------- -

tion of Com- Com-
compounds pound pound

I I1 

1. Feeding Daily Kormal Normal 
in milk (treated) 
(0.01%) 

2. Exposure 4th day Kormal Normal 
to vapor 

3. Topical* 4th day Kone None 
4. Tarsal 4th day None Negli-

contact gible 
for 30 
mint 

5 .  Continu- Daily Very None 
ous ex- low 
posure!: 

" One micro~ram in acetone per female. 
t Females were expo5ed for 30 minute5 to a de-
posit of 1 g/m' in petri dishes and then placed in 
the cage5 with the males. 
$ Filter paper of area equal to the area of one side 
of the cage was impregnated with 1.5 g/m2 and 
hung in the center of the cage. (Crowding of flies 
in cagei, which results in the covering of the com- 
poundi on the filter paper by feces, ihould be 
avoided in tlreae experiments.) 

been continuously exposed to compound 
I or I1 (method 5 ) ,  it was found that 
motile spermatozoa were abundant in 
the spermathecae and that ovaries de- 
veloped normally (same length as in 
control flies on milk) and contained 
eggr. IVe have thus a case of "forced re- 
tention" ( 6 ) .  

The only data on the effect of chlo-
rinated hydrocarbons on oviporition that 
have come to our knowledge are the fol- 
lowing: Dieldrin in sublethal dores in- 
creases the reproductive potential in 
houseflies and Drosophila melanogaste? 
Meig. ( 7 ) ,  while DDT har a similar 
effect in Metatetranyclzus ulmi Koch 
(8).I n  Drosophila ( 9 ) ,  D D T  is reported 
to slightly reduce oviposition (10) .  
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Heat Inactivation of Catalase 
in Deuterium Oxide 

\Ye ha\ c mcasurcd the kinetics of hcat 
inactivation of the enzyme catalasc in 
H,O and D,O over a range of tempcra- 
tures Thc  results show a considerable 
differencc in both the hcat and the en-
tropy of activation, both being higher for 
heating in D,O. 

T h c  enzyme ( I )  was dissol\~ed in 
0.05M phosphate buffcr, madc up in 
either H,O or D,O (>99.6 per cent) 
a t  pH 7.0 in W,O. T h c  D,O buffer read 
6.85 on the pH meter ( 2 ) .  The  concen- 
tration of catalase during. hcating \\as 
300 pg./nil. At appropriate intervals, 
0.1-ml samples nerc  taken, diluted to 
15 &g/ml in buffcr made in EI,O. and 
assaycd by obscrving the breakdown of 
H,O, by measurements of optical den- 
sity a t  2300 A in a Beckman model D'L' 
spcctrophotomcter ( 3 ) .  T h c  D,O con-
centration during. assay \\as 1.4 percent. 
Standing. in D,O buffcr for periods up to 
2 \\ccks a t  8OC had no mensurable effect 
on the rate of subscqucnt inactivation in 
D,O or on the absolute enzymatic ac-
tivity as cornpared with frcsh samples 
in H,O. 

T h e  inactivation curves followed first- 
order kinetics within the prccision of the 
data, with rcaction times from a few 
seconds to several hours. From the ob- 
served rate constants, the free encrgies 
of activation wcrc calculatcd from the 
theory of absolute reaction ratcs 14) ac-
cording to the equation 

Figure 1 shows the temperature de-
pendence of thc free cncrgy of activation 
(AFZ). From the relation 

AFt = A H *- TAS* 

we find, for heating in H,O, AH: = 87 
kcal/mole and AS: = 191 cal/mole . deg, 

and for heating in D,O, AH$= 145 
kcal/mole, and ASX=360 cal/ mole.  deg. 

\Yibcrg f 5 )  and AtIorocvitz and Bra\\-n 
f 6 )  havc rccently rrvir~ved the effect of 
dcuterium on rcaction ratcs. Since the 
zcro-point cnergy of a covalent bond to 
dcutcriuni is locvcr than that of thc cor- 
rcspondlng onc to hydroqrn by about 1.2 
to 1.5 kcal/niolc (because of thc greatcr 
mass and conscqucnt lo\\ er frcqcnry ) , 
reactions which in\yol\~c breaking such 
bonds arc usually slo\\er in D,O, and 
deuteratcd conipounds in gcncral react 
rnorc slo\\-ly than hydrogcnated oni.5. 
Enzymatically catalyzed reactions havc 
been obscrvcd to go both faster and 
slower in D,O, and somc of the reports 
are conflicting. blacht and Bryan ( 7 )  
report a "noticeablc acceleration" of the 
action of catalasc on H,O, in 0.05- to 
1.0-pcrccnt D,O, \\-hereas Fox ( 8 )  re-
ports no changc in 1-pcrccnt D,O. Our  
results tend to confirm Fox, although it 
is possible that a change of a few perccnt 
may have bccn unnoticed. 

Caldwell, Doebbling, and Manion ( 9 )  
rcported that pancreatic amylase drna-
tured morc rapidly a t  25OC in D,O than 
in \vatcr, whercas Fox ( 8 )  reported no 
differencc in the daily loss of catalasc 
activity bet\vcen D,O and H,O.  I t  scems 
likely that ncither of these cases repre-
sents thermal inactivation of thc kind 
obser\~cd here. We found loss of catalasc. 
activity in H,O at  25OC and 37OC to be 
much more rapid than consistent with 
thc higher tcmperaturt: drtta, and tvc 
suspcct that bacterial grortth was thc 
cause. Extrapolation of the curve in Fig. 
1 would ~ i e l d  a timc of about 10 years 
at 25OC, for the same rcaction in H,O. 

More\\-itz and Chapman ( 1 0 )  reported 
that dcuterium substitutes rapidly 
(within 20 minutes) in all bonds of pro- 
tcins cxccpt C-H. Linderstrgni-Lang 
(11) found that in some proteins therc 
is a continucd slower cxchangc following 
the initial rapid one. Our  etsidencc sug- 
gcsts no further effect on hcat stability 
of 	 catalase betlveen about I/2 hour and 
2 	weeks. 

The  mechanism of thcrmal inactiva- 
tion of enzymes is still ohscure, although 
it is presumably closcly rclated, if not 
identical, to denaturation. The  high val- 
ues of the heat and entropy of activation 
obscrvcd here are typical of enzyme in- 
activations and have suqgcsted a proces5 
involving the breaking of a numbcr of 
\\eak intcrchain hydrogcn bonds, with 
accompanying high entropy chanqcs as 
the molecule becomes more disorderccl 
( 1 2 ) . I t  may be expected that deuterium 
bonds are related to hydrogen bonds 
qualitatively as the respective covalent 
bonds, and that they will he sornewhat 
stronqer. I t  is not surprising, therefore, 
to find AH: hiqher for inactivation in 

Fig. 1. The free energy of activation 
( A F * )  for inactivation of catalase in Hz0 
and D20  at various temperatures. The 
lines represent the equation AF'I =AH* ---
TAS*, where AH: and AS: are the heat 
and entropy of activation, respectively. 
For HrO, AH* = 87 kcalimolc, AS: = 191 
cal/mole . deg; for DzO, AH$= 145 ltcali 
mole. AS: = 360 calimole . d e ~ .  

D,O. Furthel, jlnw the vibrational 
cnergy levcls of a dcuteriuni bond a r t  
more closcly spaccd, the partition func- 
tions are affcctcd, and thcrcby the en-
tropy terms are cxpectcd to be changed 
In the frcc cnerqiecl of reactants, products, 
and activated complex. I t  is difficult, 
hoccel~er, to prcdlct a p ~ i o r i  the effect of 
this on the AS1 of tlic inacti\~ation proc- 
ess, except to say that it is likely to bc 
diffcrcnt (13) .  
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