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A Note on the Phosphorescence
of Proteins

i

P. Debye and John O. Edwards? 2

Baker Chemical Laboratory,
Cornell University, Ithaca, New York

As the literature on the fluorescence and phosphor-
escence of proteins is scanty, and since it is of inter-
est to know more about this subject and its relation
to protein denaturation, an investigation of the visi-
ble light emitted by proteins under ultraviolet excita-
tion has been carried out.

Wels (1) and Vlés (2) reported that a blue fluores-
cence was observed when proteins were irradiated
with ultraviolet light at room temperature. The in-
tensity of the fluorescence (which is not strong) de-
pends on the pH and the oxygen content of the solu-
tion and on the irradiation time. It can be excited by
many different wavelengths of the ultraviolet region.

With compact animal materials such as nails, ten-
dons, and cartilage, a distihet blue phosphorescence
which lasts about 0.2 sec at room temperature has
been reported (3, €). The globular proteins and non-
compact body materials such as musele did not exhibit
this phosphorescence.
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‘We have found that many proteins emit a brilliant
blue phosphorescence at low temperatures. However,
no fluorescence in the visible range has been observed
in any of our experiments.

The proteins used in this study were bovine serum
albumin, egg albumin, gelatin, human v,-globulin,
zein, human fibrinogen, silk fibroin, and keratin
(human nail). Material eontaining protein such as
bacteria (Escherichia coli), commercial yeast, “Witte”
peptone, agar, and dehydrated beef muscle show the
same phosphorescent properties as the individual pro-
teins. The emission was observed with solid protein,
with suspensions, and with solutions.

In order to find out which groups in the proteins
are active, 18 amino acids were investigated. Of these,
only the 3 common aromatic amino acids (tyrosine,
tryptophane, and phenylalanine) gave indications of
characteristic emissions. However, the remaining 15,
including histidine, showed weak blue emissions which
had the characteristics of those from tyrosine and

“tryptophane. Since it was found that as little as 10-° g

of tyrosine gives a discernible blue phosphorescence,
it is our opinion that the blue emissions of these 15
are caused by trace amounts of the aromatic amino
acids. Indeed, it seems that phosphorescence is a sen-
sitive detector of certain impurities.

These experiments, unless stated otherwise, were
carried out at the temperature of liquid nitrogen
(77° K). A General Electric AH-6 mercury-vapor are
was used as the source of ultraviolet light. For the
kinetic studies, an RCA 5819 multiplier phototube
and either an oscillograph or a galvanometer have
been employed, depending on the rate of decay. The
spectra were determined with a Hilger constant de-
viation spectrograph and Eastman Kodak spectro-
graphic plates.

. At any particular pH, there are at least two ex-
ponential decay emissions from the majority of the
proteins. Results with the oscillograph, although com-
plicated, indicate that the lifetimes® are about 3 sec.
Some experiments at the temperature of dry ice
(193° K) were less complicated, and it was found pos-
sible to prove the monomolecular nature of the decay,
the semilog plots being consistent and the decay con-
stants being reproducible at that temperature,

The amino acid ‘fryptophare has a bluish-white
phosphorescence with a lifetime of about 3 sec at all
pH values. The phosphorescence of tyrosine is bril-
liant and deep blue; it has a lifetime of about 3 see
in neutral and acid solutions, whereas the lifetime in
alkélifte niedia is 0.9 sec. The emission of phemyl-
alanine also seems to be bluish-white, but its life-
time is much shorter, probably being less than 0.1 seec.

The visible spectrum of the protein phosphores-
cence is dependent on the pH, which fact may be at-
tributed to the association of protons to the aromatic
amino acids (5). In Table 1, some of the features of
protein phosphorescence in alkaline media are pre-

3 The mean lifetime of an exponential decay is that amount
of time necessary for the phosphorescence to fall to 1/¢ of
its initial intensity.
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sented. The relative intensities seem to be indepen-
dent of the protein, for similar spectra were obtained
with bovine serum albumin, egg albumin, and trypsin.
The results in acid solution were less consistent, with
the main maximum appearing at 4170 A. The phos-
phorescence spectra of tyrosine and tryptophane in
alkaline media have been found to lie in the same
wavelength region as the protein phosphorescence.

TABLE 1

PROTEIN PHOSPHORESCENCE SPECTRUM FEATURES
‘Wavelength (A) Feature

4020 Marked shoulder

4180 Minor maximum

4200 Small minimum

4250 Small shoulder

4400 Broad, intense maximum

~ 4800 Cutoff

The exponential-decay phosphorescence of proteins
can be attributed to tyrosine, tryptophane, and pos-
sibly phenylalanine. Since the emission is not sensitive
to temperature changes, it appears to be an electronic
transition. A long series of investigations was carried
out by G. N. Lewis and his group on just such transi-
tions of aromatic compounds. As the results here
parallel theirs, it is assumed that the observed transi-
tions are of the same type. The nature of this phos-
phorescence was reviewed by Kasha (6) ; Nauman (5)
has studied the spectra, and MeClure (7) investigated
the transition rates. Their work indicates that the ex-
cited phosphorescent state is the lowest-lying triplet
level.

A protein phosphorescence of very long duration
has been observed along with the exponential-decay
phosphorescence, but the mechanism is quite different.
The long-lifetime emission is highly sensitive to tem-
perature increases, and proceeds so rapidly at the dry
ice temperature that it is not observed. According to
Linschitz (8), the spectrum probably is the same as
that of the exponential-decay phosphorescence. The
presence or absence of this emission is a sensitive
function of the pH, for it is strong in alkaline media
but absent in acid media. It has been possible to study
the rate of decay of the long-lifetime phosphores-
cence, and a report has been made elsewhere on the
observed rate law and the associated mechanism (9).

The long-lifetime phosphorescence can be attributed
to certain forms of the aromatic amino acids. Phenyl-
alanine does not have a long-lifetime emission; tryp-
tophane does in neutral and alkaline media, and tyro-
sine has this phosphorescence only in alkaline media.
Further study of this phenomenon with many organic
compounds has shown that the anilinium ion and free
phenol forms are not active, whereas the free aniline
base and phenolate ion forms are active, at least under
the present conditions.

A complete description of the long-lifetime phos-
phorescence is not pertinent here, but a brief mention
of its nature will be given, for we feel that it is re-
lated to the denaturation of proteins by ultraviolet
light. The molecule absorbs a quantum of light and
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an electron is photo-ejected into the surrounding
solid. At 77° K, the rate of return, which we believe
to be diffusion-controlled, is slow; the phosphorescence
oceurs when the electron returns to the protein.
Harris (10) observed that most proteins take up
oxygen when irradiated with light from the mercury-
vapor are, and that tyrosine and tryptophane absorb
oxygen at a rapid rate. Gelatin (which contains little
tyrosine and no tryptophane, and whose phosphores-
cence is much weaker than that of most other pro-
teins) and most amino acids do not absorb oxygen.
Whether the oxygen reacts with the dissociated elec-
tron, with the protein which has lost an electron, or
with the protein containing a group which has been
excited into the triplet state is a question which can-
not be answered with present information. It does
seem quite probable that the intermediates in phos-
phorescence play a large part in the photo-oxidation
of proteins and in their photodenaturation. Further,
tyrosine and tryptophane are undoubtedly the main
contributors to protein phosphorescence, both of the
exponential and of the long-lifetime type.
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The Presence of Toxins other than DDT
in the Blood of DDT-poisoned Roaches?

James Sternburg and C. W. Kearns®

Department of Entomology,
University of Illinois, Urbana

It has been reported by Bot (1) that roaches (Peri-
planeta americana L.) in the prostrate stage of poi-
soning after topical application of DDT may contain
sufficient DDT in their blood to produce typical DDT-
poisoning symptoms and death in flies (Calliphora
erythrocephala Meig.) injected with a volume of 20
ul of such blood. Our first attempts (2) to duplicate
the work of Bot resulted in failure, presumably be-
cause we bled roaches too early in the prostrate stage
of poisoning or allowed them to approach too close to
death. We have since been able to obtain samples of
blood from prostrate roaches which produce the effects
described by Bot, but we have not been able consist-
ently to obtain samples with a level of toxicity that

1 Supported by funds from the Rockefeller Foundation.
2 We wish to thank C. Ladd Prosser for his helpful advice
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