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INTRODUCTION. 

The Periodical Cicada (Tilricen septendecim L.), commonly 
known as the “seventeen year locust,” presents one of the most 
remarkable changes in coloration of which I am aware. The 
pups?, at the end of the seventeen-year period of subterranean 
life, emerge from the ground about dusk on a late spring evening 
and at once proceed to climb upward upon any object which they 
may Ford, such as trees, shrubs, weeds, blades of grass, etc. Here 
they fasten their claws firmly in the bark or on a leaf and the proc- 
ess of transformation begins. This process can best be described 
by reference to the accompanying illustrations (Plate 11.2 Fig. 1 
shows the pupa ready for transformation. Fig. 2 shows the adult 
beginning to issue from the pupal shell. Fig. 3 shows the adult 
nearly free from the pupal shell. Fig. 4 shows the adult,, com- 
pletely formed but as yet practically colorless. Fig. 5 shows 
the adult with the coloration fully matured several hours after 
emerging from the pupal shell. The time occupied in the trans- 
formation from pupa to adult varies from twenty minutes to an 
hour or more. 

‘Reported before the Biochemical Section of the American Chemical 
Society at the Summer Meeting, Indianapolis, Indiana, June 28 to July 1, 
1911. 

* This plate is reproduced from Bulletin 71, of the Bureau of Entomology, 
the U. S. Department of Agriculture, by the kind permission of C. L. Mar- 
latt, author of the Bulletin and Assistant Chief of the Bureau. 
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“The colors of the forming Cicada are a creamy white with the 
exception of the reddish eyes and two strongly contrasting black 
patches on the prothorax, a black dash on each of the cox~e and 
sometimes on the front femora, and an orange tinge at the baseof 
the wings.“’ Gradually this creamy hue turns to a smoky 
appearance which continues to deepen until in a very few hours 
the entire insect is a deep black with the exception of the eyes 
which remain red, and the wing veins which are orange. 

I had expected from my earlier work on the pigmentation of 
the meal worm2 (Tenebrio m&or), to find that this change in 
color was an oxidation, induced by the action of an oxidizing 
enzyme, and my expectation was fully realized, although there are 
important differences in the two cases. 

THE MATERIAL. 

Pupae and newly emerged adult Cicadas belonging to Brood II 
(Marlatt, lot. ht.) were collected at Highwood, N. J., on the nights 
of May 29 and 30, and a second portion at Summit, N. J., on the 
night of June 6. Enough newly emerged adults were collected 
to completely fill a 500 cc. bottle containing 100 cc. of distilled water. 
The insects were pressed down until they were completely covered 
by the water and the bottle was then tightly stoppered. In this 
manner all air was excluded. 

A quantity of the pupse were also collected and placed in an 
empty gas wash bottle; carbon dioxide was then passed through 
until all of the air had been displaced and no signs of life were 
apparent. In this state of “suspended animation” they remained 
for about eighteen hours, and when they were exposed to the air 
in this laboratory they nearly all revived and a considerable num- 
ber transformed in the normal manner. By this means I was able 
to obtain adults which had just emerged and to watch the process 
of coloration without the aid of artificial light. 

EXPERIMENTAL. 

The pigmentation of the Cicada is an oxidation, and the color 
is due to the action of a tyrosinase acting on some aromatic amino 

1 Quoted from Riley, cited by Marlatt, The Periodical Cicada, Zoc. cff. 
’ Qortner: This Jourml, vii, p. 366,1Q10. 
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phenol’ producing, as a result of the reaction, a black, insoluble 
pigment. That the reaction is an oxidation can be shown in 
several ways : 

1. If the insect which has just emerged from the pupal shell 
is submerged in water, no coloration appears; and the Cicada 
remains colorless until decomposition sets in. If, however, the 
submerged insect is removed from the water and exposed to the 
action of the air before decay has set in, the coloration proceeds 
at once. 

2. If the colorless adults are kept in a stream of carbon dioxide 
no coloration is observed; but when the carbon dioxide is dis- 
placed by pure oxygen, blackening readily appears. 

In the meal worm I found that the tyrosinaee was present in 
the body filling, but I have been unable to find a tyrosinase in the 
body tiling of either the pupa or the adult Cicada. The body 
filling, when exposed to the air, does not darken nor does the addi- 
tion of tyrosine cause a coloration, the addition of guaiacol how- 
ever, causes a deep red coloration while no coloration appeared in 
a boiled check. This would show that there is apparently some 
sort of oxidase present there. 

The method by which the tyrosinase was isolated is as follows. 
The water in which the Cicadas had been collected waa drained 
off after about twelve hours and was found to be a very powerful 
solution of an oxidase and a chromogen, for when it was exposed 
to the action of the air it rapidly turned jet black, without produc- 
ing any intermediate pink coloration. The addit.ion of three vol- 
umes of alcohol throws down a dense grey precipitate which has 
no oxidizing properties, or rather a precipitate whose oxidizing 
properties have been destroyed by the alcohol. Saturation with 
ammonium sulfate, however, gives a grey precipitate which is 
readily soluble in water to a clear solution, and which rapidly oxi- 

1 I have stated above that the chromogen is an “aromatic amino phenol.” 
This statement can be substantiated by the fact that, whereas tyrosine gives 
first a red and then a black in the presence of tyrosinase, tyrosol, prepared 
from tyrosine by the action of yeast, which splits out CO2 from the carboxyl 
and replaces the amino group with hydroxyl, gives only a pink to red in the 
presence of tyrosinase, showing that the primary red coloration of tyrosine 
is probably due to the phenolic hydroxyl, and the final black to some reac- 
tion of the amino group. 
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dizes tyrosine to a jet black precipitate, produces a rose colora- 
tion with tyrosol, pink with guaiacol, and deep blue with tincture 
of gum quaiac. Boiled checks were carried out in all cases and 
in no instance was coloration observed. 

When a portion of the solution was heated at 75’ for one minute 
all oxidase activity was destroyed and no coloration was produced 
on the subsequent addition of tyrosine, heating at 50’ and 60” for 
a similar period did not appear to affect the activity, while one 
minute’s exposure at 70” decidedly weakened the oxidizing power. 
The same results were found when the colorless adults were used, 
heating for one minute at 75” totally inhibits the coloration. All 
oxidase activity is also lost if the tyrosinsse solution is dialyzed 
in collodion bags in a stream of running water for twelve hours. 
Thii is in accord with Porter’s observations1 on other enzymes, 
such as pepsin, trypsin, rennet, emulsion, etc., and he suggests 
that the ferment is changed, by contact with the membrane, into 
an anti-ferment, which inhibits the reaction. 

The Eflect of Light on the Pigmentation. Several colorless 
adults were exposed to strong light, dim light, total darkness and 
light which had passed through blue glass. No apparent differ- 
ence was noted in the rapidity of coloration nor in the finaldepth 
of color. 

The Origin of the Tyrosinase. In the meal worm I found that 
the normal coloration developed after the death of the larva, a 
condition which was probably due to the fact that the oxidase 
and chromogen are both to be found in the body filling in sufllcient 
quantity to produce the normal coloration even after the secretion 
of the enzyme has ceased. In the Cicada the enzyme, once formed, 
does not depend upon life processes, but life is necessary to pro- 
duce the normal coloration. This is readily accounted for by the 
supposition that the oxidase is secreted together with the new 
cuticula, and in the absence of life processes the secretion of the 
cuticula ceases. Colorless adults which were thorougbly washed 
and rubbed in a stream of water, after death, in order to remove as 
completely as possible the newly formed cuticula, darkened only 
in isolated spots, mostly in the folds of the abdomen where the 
cuticula had probably not been completely removed, while other 

1 Porter: Biochem. Zeitschr., xxv, p. 301; Quart. Journ. of Exp. Physiol., 
iii. p. 375. 
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adults which had been as thoroughly washed, but not killed, slowly 
darkened to the normal color. The assumption that the oxidase 
is formed at the same time that the cuticula is secreted would 
explain why no tyrosinase was obtained from the body filling of 
the pupae, or adults. 

The Chromogen. I have been unable to identify the chromogen 
which is oxidized by the tyrosinase. Perhaps it is tyrosine or some 
similar body such as the unknown component of the keratin mole- 
cule.’ When the water in which the adults were collected was 
precipitated by alcohol, filtered, and the filtrate evaporated, a 
yellowish residue was obtained which gave a strong Millon’s 
reaction and which colored a dusky black on the addition of tyro- 
sinase. The coloration was not as intense, however, as might have 
been expected. 

Another possibility, inasmuch as the coloration is a uniform 
black over the entire body, is that the entire new cuticula is formed 
by the reaction between the oxidase and the chromogen, in the 
same manner that the Japanese lacquer is formed by the action 
of lactase on the milky latex of the tree Rhus oernicij’era.2 

SUMMARY. 

The pigmentation of the periodical Cicada (Tibicen septendecim 
L.), is due to the interaction of a chromogen and an oxidase of 
the tyrosinase group. The oxidase is not present, as such, in the 
body of the pupa or adult but is apparently secreted together with 
the new cuticula, inasmuch as the oxidase is readily isolated from 
the water in which the newly emerged adults have been washed. 
The enzyme produces coloration after death, but these colorations 
do not deepen to the normal color, probably because the secretion 
of the new cut&la, and as a result the secretion of the enzyme, 
ceases in the absence of life processes. The tyrosinase is rendered 
inactive by alcohol and by prolonged dialysis in collodion 
bags. 

lGortner: This Journal, ix, p. 355, 1911. 
2Yoshida: Journ. Chem. Sot., xliii, p. 472, 1883; Bertrand; Compt. rend. 

acad. sci., cxviii, p. 1215, 1894. 
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THE TRANSFORMATION OF THE EMERGED PERIODICAL CICADA. 

l.-Pupa ready for transformation. 2.-Adult beginning to issue from 
pupal shell. 3.-Adult nearly free from pupal shell. 4.-Freshly trans- 
formed adult, the coloring immature. 5.-Adult, several hours after trans- 
formation, the coloring mature. About natural size. 


