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The reinoval of copper apparently produces s de-
crease in  protyrosinase which can be restored by the 
addition of a copper salt (Fig. 1). I n  agreement 

'IG. I. Rcsyntllesis of protyrosinase. Ordinate, re-
ciprocal x 10" of the timc in minutes for the initial uptake 
of 100 c.mm. of oxygen during the oxidation of 6.9 x lo-? 
mrcl of tyramilie catalyzed by tyrosinace from 0.3 o.o. of 
protprosiilase extraet. Abscissa, total conceiltratioll of 
copper. Open s-\.inbols, 0.07% L4erosol; closed symbols, 
no Aerosol. Circles, extract from ~ ~ h i c h  copper was re- 
moved; deltas, extract from ~ ~ h i c l ~no copper was removed. 
pH = 6.8; Temp. = 24.g°C. 

with ICubowitz3 it  was found that salts of Fe, Co, Ni, 
JIn and Zn were unable to replace those of Cu. The 
protgrosinase yields a seemstyrosinase ~ ~ h i c h  to be 
specifically dependent on copper for  its enzymic 
activity. An excess of activator, Aerosol in  this in- 
stance, seenis to be necessary for  conversion of pro- 
tyrosinase into tgrosinase (Fig. 1). I t  is worthy of 
note that twice as much copper, that is 1 0  rather than 
5 x 31, needs to be present for  conlplete restora- 
tion of protgrosinase. The resynthesized protyrosi- 
nase and tyrosinase are destroyed by heating at 90' 
for  5 minutes; 18x10-6 I\I copper sulfate and the 
snnle with a n  excess of Aerosol have no catalytic 
activity. Thus i t  seems that copper unites with a 
copper-free substance to give a thermolabile pro-
tgrosinase, which in its turn must be activated before 
a thermolabile tyrosinase is produced. An anonnalous 
and differential heat effect has also been found for  
protyrosinase extracts of low copper content. i.e., 
heat treatment between teinperatures of 60' and 70' 
not onlv inhibited but also activated.6 The heat 

6 J. H. Bodine and T. H. Allen, Jour. Cell. and Covlp .  
Physiol., 72:  $1,1938. 

effects, therefoye, appear to be independent of the 
copper. 

Although the potentially active group of protyro-
sinase reacts ni th  cyanide, i t  is unable to activate the 
enzymic oxidation of substrates. Sl'itli the present 
knowledge of protyroslnase it  seems hazardous to 
choose between vhether the activation of p r o t ~ r o -
sinase is primary and direct or secondar~  and perhaps 
concerned with the removal of some material snrround- 
ing a core of tyrosinase. I f  the 1atte1- were so, i t  may 
be pointed out that the shell must be permeable to 
cyanide and its copper compound yet impermeable to 
substrates. This kind of semi-permeability tvould 
seen1 to be of a v e q  peenliar order. Since Kubonitz3 
has s h o ~ ~ n  that the active group of polyphenol oxidase 
indulges in electron exchange in order to catalyze the 
substrate's oxidation, it is suggested that a difference 
bet~veen protyrosinase and tyl-osinase may be con-
cerned with the state of ~ t scopper. I n  activator 
presumably overconles some hindrance to oxidation 
and reduction of the active group. 

?Then its coppeT is par ti all^ reinoved, a protyro-
sinase extract yields less t~rosinase.  The return of 
copper leads to res~nthesis  of protyrosinase. The 
copper of prot~rosinase seeins to be a potentially 
active, prosthetio group. 

T. H. ALLES 
J, H. BODINE 

STATE L y ~OF IOW~ 1 ~ ~ ~ s ~ ~ ~ 

T H E  USE O F  FATTY ACIDS I N  INSECTI- 

CIDAL AEROSOLS 


Is recent investigations1 it has been shown that 
sonie relatively nonvolatile conlponnds show pronnse 
as fumigants against insects when applied in smoke or 
fog foritl. This development niakes possible the uqe 
of safe and inexpensk-e insecticides that TI-ere for- 
merly considered impractical because of ctifficulties in  
producing effectire concenirations a i  roonl tenipera- 
tures. 

I n  practice a solution of the insei~icidal rriaterial 
mas sprayed on a heated surface. On coming in con- 
tact \Titi1 the hot snrfaee, the bolvent ~i-as evaporated 
with explosive violence, and any dissolvecl inaterial 
that did not vaporize readily was reduced mechani- 
cally to colloidal dimensions. That is, the insecticide 
was dispersed as  an aerosol consisting of a snspension 
of the solid or liquid particles in air. By this niethod 
of volatilizing it  was possible to keep the insecticide 
dispersed in a n  enclosed space for  a long time. The 
rate of evaporation was also greatly increased, and 
the n~aximnni vapor concentration was quickly ob-
tained because of the tremendous surface of these 

1W. N. Sullivan, L. D. Goodhue and J. I-I. Fales, S o n p ,  
16 (6)  : 121, 123, 125, illus. 1940. 
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s~nall particles. Tlic ~~otency fnrlher increascd was 
by thc clircct contact action of these small particles. 

The apparatus used in this work consisted of a srnall 
nasal typc atonlizer mounted lour inches above the 
center of an electric hotplatc held a t  375' C. A small 
c1lertric conlpressor was nscd to maintain the air prcs- 
sure that operated the atomizer. 

To stabilize and increase the toxicity of thesc in- 
sectieidal aerosols, fatty acids (lauric or olcic) lvcre 

acidecl to the spray solution. I t  was shown with bio- 
logical tests against the lioosefly that these illaterials 
increased thc cffcotivcness of orthodichlorobcnzenc. 
The rcwlts of thesc tests are given in Table 1. 

Although lauric and oIeic acids are substantially 
inert when used alone, under the conditions of thesc 
tests they act as adjuvants when coinbined with orlho- 
dichlorobenzenc ant1 greatly increase thc effectiveness 
of the aerosol. Certain fatty acid derivatives, such as 
salts, esters, and the like, also gave increased insecti- 
cidal action. The results were corroborated by room 
bcsts against the roach and the bedbug, where a, 100 
per cent. mortality was obtained by using 1.5 pounds 
of orthodichlorobenzene containing 5 per cent. of 
lnuric acid per 1,000 cubic feet. 

TABLE 1 

CHLOROBENZENE, ALONEAND I N  COMBINATIONWITII OLCIC 
AND LAURIC INACID, WHENDISPERSED AEROSOL 

F o n ~;E x ~ o s w ~  30 MINUTES*Ps l t io~  

u , , b e r  Mortality
&Iaterial tested of insects dzF:'I,zr 

cent. 

Orthodi~hloroben~elle. . .. . . . . . . . . . 609 eo 
Orfllodichlor~benxcnc ~ l u s  oleic acid 440 65
Orthodichlorobcnze~~e~jluslauric acid 571 GO
Lauric acid . . . . . . .. . .- .  . - . . . . . . . 236 1 
Oleic acid .. . . . .. . . . . . . . ... . . . . . . 220 1 

* Ortllodichlorobenze~~ewas used at the rate of 0.28 cc per
cubic foot and the Catty acid at 0.071 gram per cubic foot. 

This mcthod of producing an acrocolloidal dispcr- 
sion by spraying liquid toxins on a heated surface 
inight be of use to bactcriologists, who have found 
bactcriocidal aerosols effective in decontaminating 
r o o ~ n s . ~  

'CV. N.SULLIVAN 
L. D. GOODHUE 
J. H. FAI,ES 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 

A BUBBLER PUMP METHOD FOR QUANTI- 


TATIVE ESTIMATIONS OF BACTERIA 

IN THE AIR1 


THEbacterial content of the air of a rheumatic fever 
hospital has been studied regularly throughout the 
past winter. For quantitative estimations, an air 
centrifuge of the type described by Wells2 was used 
and occasional runs were made with apparatus similar 
to that of IIollaender and Dalla Valle.3 Results mere 
so variable even in successive runs in an apparently 
stable environnlent that inore refined methods of esti- 
mating the number of bacteria in air were sought. 
The most satisfactory machine in respect to efficiency 
and ease of operation mas a modification of that de- 
scribed by R~ber t son ,~  Bigg, Miller and Eaker in 
SCIENCE,February 28, 1941. This operated on the 
principle of the slow bubbling of air through liquid 
~nedia. Glass beads serve to break up bubbles and 
release bacteria to the broth which might otherwise 
cseape within the bubbles. 

1 From the Department of Pveveiitive Mcdicine, EIar- 
t a d  Medical School, aiid Rouse of tllc Good Samadtan. 
Borton, Massaclinsetts. Thiq walk mas supported ill part 
by a grant to tho IIousr of the Good Samaritaii from the 
Con~mon~vealthFund. 


2 TV. F. T'Vellr, Am. J O ~ L T . 
P7lb. Reallh, 23: 58,  1933. 
3 A. IIollaeiider and J. 31. Dnlla Valle, Pub. Health 

Rep., 54 : 574. 1939. 

The apparatus shown in Fig. 1consists of a, sterile 
250 cc Erlenmeyer suction flask containing a mea-

INLET TUBE, 1/2" BORE 
TO MANOMETER 

RUBBER S'OPPER 

4 TO SUCTION PUMP 

2 5 0  CC. 

FILTERING FLASK 


50 CC. BROTH 

DIAMETER OF 295 GM. GLASS BEADS 
HOLES 2 MM. 

FIG.1. Diagrammatic drawing of bubbler pump nppa- 
ratus. 

sured qnantity of glass beads and broth. Air is drawn 
through this flask a t  rates indicated by a U tube 
nlanomelev a t  the inlet. At the co~npletion of the ten- 
minute 1-11, one and two cc amounts of the broth are 
pipetted to sterile petri dishes and blood agar is 
poured and inixed with the inoculmn. A vacuum 

2 C. C. Twort, A. 11. Eakcr, S. R. Finn and E. 0. Powell, 
,Jour. Dygzenc, 40 (3) : 253-344, illus. 3940. 

4 0. 11. Robertson, E. Eigg, 13. F. Miller and X. Baker, 
SPIEKCE,93: 213 and 214, 1941. 


