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weigh nearly tv,+e as much as the h e a ~ i e s t  i11di~7iduals ENZYMES I N  ONTOGENESIS (ORTHOP- 

of most strains of laboratory albino mice. TERA). XVII. T H E  IMPORTANCE 
O F C O P P E R F O R P R O -

This experiment >\-as designed in the first place to  TYROSINASEl 
thro~rr light 011 the amount of improvement ~ ~ h i c h  -iNinactive tyrosillase o r  protyrosinase a 
might be made in the productive qualities of fa rm 
animals. When i t  is realized that the nll1llber of 
parent mice-some 1.200 malcs and 6,000 femab---in 
the entire twenty-eight generations is T7CrJ- small Corn-

~ a r e dto the hundreds of thousaxids of even lllillions 
of eac l~  kind of f a ~ m  aninla1 mated every Sear i n  the 
United States of America, it  ~ o u l d  seem that by add- 
ing a srrlall amount, perl1aPs one Per cent., to the labor 
now required to maintain these animals, their pro-
cluctivity can be changed from a level suited to medie- 
val times to a level befitting the twentieth Centllrg. I f  
the attained increase in  the average ~veig-ht of the mice 
is taken as a guide in  estimating possible i11lprO\~e- 
ment, average milk yield could be increased 'iO per 
cent., horses could be 70 per cent, stronger or speeclier, 

tyrosinase which can be poisoned by carbon mono*-
ide, cyanide and diethyldithiocarball1atee The occur-
rence of copper ill this protgrosinase is thus a reason- 
able The purpose of this paper  is to  
test the effects on protyrosinase of the renloval and 
subsequent addition of copper. 

Protyrosinase Tvas froln eggs of a grass-
hopper, Jfe lanoplz~s  di.fifsrs?ztinlis (Thomas), accord. 
ing to  a described znethod.2 I ts  tyrosinnse 
actiritZ- toas llleaEured in a jJTarhurg apparatus. Aero-
sol, a colnlnereially aTailable sSntbetic detergent, was 
added in such excess that any protSrosinase mas 
vsted or converted into tyrosinase. 

~ h ,  procedure elngloJ-ed for copper 
from the protyrosinase mas similar to  that u.;ed by  

pigs go.;v 70 per cent. faster, with a co~responding Xubomitz in studies of polvphenol oxidase.3 dl1 

amount of improvement in other animals.' W e  may 
even ~vonder ~ v h a t  the world would be like if the brain 
pox{-er of the human race were to be increased in like 
proportion. 

Progeny-test breeding of thc kind used with the 
mice ma:T also be applied to plants i n  nulnerous Tvays, 
such as  the development of races adapted to condi- 
tions of life to which the parent race is ill adapted, 
rnore rapid growth or less rapid growth, indeed to ally 
continuonsly varging chfiracter-not that i t  n7ilI re- 
place other methods of breeding, such as  hybridiza- 
tion, ~rh ich  are So effectirTe for  some Purposes) but 
that it can be used for  purposes to which other meth- 
ods of breeding nre inapplicable, with good prospects 
of making progress in the desired direction. 

The bearing of this work on evolution bp means of 
natural selection is not found in the amount of change, 
which, after all. is not very large, or in the nlethod 
of breeding. wElich does not occur in nature in  so f a r  
as known, but in protiding evidence that organisms 
niay be modified a t  a rate and to a n  extent that makes 
further studies along this line worth the necessary 
time and effort. The nieans seem to be a t  hand f o r  
accelerating the rate of change which Darwin and his 
fOll0TTers SUppOsed occurred in llature a t  a Very Slow 
rate-too slow) indeed, to  be observed i n  short periods 
of time. Progeny-test breeding, by accelerating the 
rate of change, offers a means of studying this aspect 
of evolution experimentally. 
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2 Progeny-test breeding of poultry, under well-cox-
trolled conditions, by increasing egg yield bg similar 
amounts, is another demonstrntioli of the possibilities in 
progeny-test brceding. 

excess of potassiull1 cyanide, 5 cc of M I<CS, was 
mixed with 2,) cc of the pPotyrosinase After 
a half hour 100 co of 5aturated anlllloniumsulfate 
was added. The precipitate was centrifuged down, 
Tf-ashed lvith 2.5 cc of saturated almllonium sulfate 
0.05 with respect to potassium cyanide, and dis- 
solved in 0.9 per cent. sodiunl chloride. This solution 
T17as relllored to  a Cellophane tube and dialyzed 
against 0.9 per  cent. sodium chIoricle for 50 hours at  
00 C. sirnilas volume of protyrosinase extract 
reeeirred the identical treatlnellt except that sodium 
chloride \\-as substituted for  potassium cyanide. The 
latter solutionserved as a control for the extraction 
,f copper. After dialysis the volunle of each of the 
two solntions 7%-as brought to 28 cc. 

~ h ,  col,per content I\-as estinlated by lneans of 
recentlg, described method.4, 5 i ~ ,  of copper 
sulfate in 0.9 per cent. socliuln chloride was used as 
a source ,f copper. ~1~~ total collcentration of cop-
per in the xarburg  resseis is expressed in terms of 
llloles per liter of reactioll fluid (volume eqllals 3.0 

~h~ of the treatnlent potassium 

,,, be in ternlsof tile change in of 
copper. Durillg and dialysis the con-
trol protyrosinase preparation lnl,st hrwe lost very 
little since its 4.7 1 0 - q i  represents a 98 
per  cent, recovery. Only one fifth as  much, 0.9 x 
M, remained in the extract treated with cyanide. 

1 Aided by a grant from the Rockcfeller Foundation 
for research in cellular pl~ysiology. 

2 T. H. Allen and J. 13. Bodine, Proc. A-at. Bond. Soi. 
(in press), 1941. 

3 3'. Knbovitz, Bioche?n, Zeitschr., 299 : 32, 1938. 
4 A. Eden and H. H. Green, Biochem. Jour., 34: 1202, 

1940. 
a The analyses mere performed by E. B. Sewell. 
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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 
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T H E  USE O F  FATTY ACIDS I N  INSECTI- 

CIDAL AEROSOLS 


Is recent investigations1 it has been sholvn 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'ticidal 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. 


