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I. INTRODUCTION

The mesnufscture of cheese, tanning of hides and the
preparation of glue, as well as the eeagﬁlatian of proteins
during eccoking processes, were known to the senclents.

These applicstions of protein chemistry were useful because
of the chence observetions of many people.

The wide distribution of proteins and theilr indis-
pensability to the living organism mekes them important
objects of chemlcal resesarch which hes caused the develop-
ment of protein chemistry. The initlel development ceme
ebout pertly by chence observations snd partly by resesrch
'atuﬁias; The esrlier protein chemists dealt entirely with
.thé application of extraction methods to bi@lbgiaal material.
They were able to apply extrsctions with water, dilute sclds
end alkell, sz well ss with neutrsl salt solutions to both
plent snd animel tissues for the removal of protelns.

These methods had already been discovered by the early dew
seriptive chemlsts.

Following the isclation of the proteins, studles of
their elemontasry composition led Liebig to conclude that
proteins differed 1n state but not in substanee. He recogm~
nizeﬁ,fauf'kinés of proteins and believed that proteins

with the seme elementary compositions were identlcal



whether they came from plant or animsl tissue. However,
with the development of more accurate methods of elementary
anelysis, Liebigt!s hypothesls was short lived.

Hodern protein chemlstry dabtes from the year 1820 when
‘Erasonnet isoleted glyecine from the hydrolysias of gelatin
with sulfuric scid. He believed the erystalline material
obtained to be a suger snd 1t was several years after 1lts
"ﬁiaaé%ary that glyecine was found to contaln nltrogen. The
discovery of other amlino scidas resulted from observations
on thﬁfﬁryataliiﬁe substances obtained from the fermenta-
tion of cheese, anslysls of urinsry calculi, fusion of
proteins with potassium hydroxlde, snd studies on the ex-
tracts of plant and enimsl tissues. Some amino sclids have
been discovered as a result of the realizatlion that all of
the protein nitrogen eould not be acecounted for by the
- known amino scids. Recently, others have been discovered
g8 a result of nutritionsl investigations.

The work of Flscher esnd hls puplls 4did s grest deal to
advance the peptid concept of the protein mclecule ss well
as develop bhetter methods of attack on the aualyaia of the
complex mixtures obtained by the hydrolysis of proteins.
Many of his ldeass and technlcs are belng used and developsd
st the present time.

With the advent of proteclytic enzyme methods of attack

on the structure of the protein molecule, new advances were
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mede. Since the frsgments obtained from the enzyme digesw
tion of proteins were difficult to pﬁrify and characterize,
the structure of proteins seemed more complex. However,
by means of careful reseereh and study of the asctlon of
proteolytic enzymes on synthetic peptids and polypeptias,
new sdvances have ﬁaankmaaéw

"By developling physlico-chemical methods and applying
- them to praﬁain.ehgmiatry@'ﬁaah and many others have intro-
ﬁué&é-@@nsapta which sre usefuls. They have also elucldeted
the behavier of proteins in solutlon by these methods.

Although the flanéaaaan@a of proteins in nsture was
noted ss early £s8.1855, the phenomenon hes not been ex-
plained nor have research chemists applied %hia phenomenocn
to protein chemistry. Observations have been made as to
the color of fluorescence of proteins but the effects of
protein hydrolysis on the fluorescence have not been
studied. |

The re-emission of light by solids, ligulds and geases
under the stimulating infliuvence of ineident rsdiation is
called luminescence, If the re-emission stops prectically
st‘aaaa when the exciting 1ight 1s shut off it 1s called
fluorescence. In. scllds, however, thls re-~emisslion may
econtinue, even for hours, after the exciting radieticn has

been cut off. This phenomenon is known ss phosphorescence.
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Fluorescence has been noted in numerous biologleal
materials but very few studles have been msde to determline
the apeeifiec constituents present in these materisls whieh
emit the fluorescent light. The present investigsetion was
undertaken to determine whether or not the fluorescence of
proteing could be used in protein chemistry. FHore speci-
fieally, the objectives were: f{irst, to determine whether
or not the fluorescence of proteins 1s due to occluded or
adsorbed material; second, to determine ths effect of pro-
tein hydrolysis by verious methods on the fluorescence of
the proteins; and third, to study the products of protein
hydrolysis and determine which of the constituents are

fluorescente.



IT¥. BEVIEW OF LITERATURE

The literature om the fluorescence of biological
materials is too voluminous to be completely reviewed in
this thesis. Since all proteinas studled are fluorescent
in the blue-green reglon of the #pﬁctrum,«only those
biologiecsl materials which are aiffieaix to separate from
proteins snd whiech f&u@raagg in the blus-green will be
reviewed. BSince the porphyrins, chlorophyll and alkalolds
can be obtained free from protein, they will not be ine
cluded in this review. Likewlse, all lipoids will be
omitted.

A, Urine and Blood Serum

The fluorescence of wurine has been known for over a
hundred years, yet the substances present in it which
cause this phenomenon have not as yet been fully identified.
Jeffe (40) published en srticle in 1869 in which he stated
that two other investigstions previously had shown thst
the blue fluoreascence of urine faded in acid solutions and
returned when alkalil was asdded. These early investigabors
gave no explanstion of the fluﬁra#aanaa or its ehamiéal
behavior. Jaffe was 1solsting urinary pigments when he

noticed the fluorescence of wurine aend made several



unsuccessful attempts to isolste the causstive substance.
In sadditlon to the behavior of the flmaréaeﬁnﬁ.material
with sclds #na bases ﬁa,mantiaaeﬁ above, he found it to be
somewhat soluble in @hiﬁ?@farﬁw He also found that the
filtrates of urine, after thé removel of creatine by zine
salts, were very fluorescent and gﬁnelﬁdad that 1t was due
to the presence @f'ﬁf&%iliamwhase'flﬁﬂreaﬁaﬁea was enhanced
by the pvaﬁanaa'af the added zine salts.

Langecker {(54) studied the urinary pigmagta and pre-
pered a series of fluorescent salts of 5amgta§0rph§rin;
Since the fluorescence of these compounds was not like
that of wrine, he concluded that uroshrome, uroerythrin,
urobilin, and porphyrin were not responsible for the
urinsry fluorescence. |

Had jioloff send Kresteff (30) found that the fresh
urines of all vertebrates were Ifluorescent to varying de-
greas}ané colors dependent on the species. When these
urines were dried or partislly decomposed by hest, they
- were more intensely fluorescent and slways fluoresced in
the blue reglon of the apée%tﬁm wh&n.akyasﬁé,te ultra-
viclet light* The urines c¢ould be filtered through porce=-
lain filters without destroylng tﬁm fluorescence, but
treatment with animal charcoal slways removed 1t by adsorpe
tion. The fluocrescence persisted after precipitation of

ureobilin or wurocechrome, and bacterial or enzyme action did
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not affect 1it. In a further study of thls phenomenon,
these same authors (31) found that the fluorescence was
not due to inorgenic substances nor to wurea; uric seid,
hippurle acid, xzanthine, nor guenine« They found that
only urie &@iﬁ,:wﬁaa partially calecined {(charred) and

- dissolved in water, gave & blue fluorsscence compsrsble to
th&t‘@f ariﬂﬁ; Complete csleinetion destroyed all fluo~
rescence of both urine end uriec scid. From the extraction
of psrtially charred urine with waster, they obtsined a
yellow substence whieh was soluble in water or alecohol
and less soluble Iin glycerine; it fluoresced in all of
these solvents. The addition of alkali caused the blue
fivorescence to become more gresn. They claim this resc-
ticn 1s e more sensitive test for urie aeid than the
murexide test.

Wessink (85) studied the blue fluorescence of urine
in relstion to health snd disessge. Although he could
find no correlstion between the incidence of cancer or
other diseases and the amount of fluorescence in the
gﬁti@nt*a uwrine, he was sble t0 show that the fluorescence
could be incressed, He found that synthetie indican was
not fluorescent and the amount of fluorescence of the
uwrine was not related to the indlean content. He could
inerease the smount of flueorescence in the urine by

feeding the pstient small smounts of indoles. He tried to
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isolate the fluorescing compounds fram‘ﬁriney but with no
succeas, However, he was @bi@ to show that the substance
was aﬁsarhﬁé on eharmaai from eacid solutions snd was not
salted out by full saturstion with emmonium sulfate.
Since the fluorescence spectrum of the urine corresponded
to the fluorescent spectrum of mono- &nd discetyl indoxyl
{aynthetie), he concluded that these compounds were re-
sponsible for the winery fluorescence. He alsc found
that thés& urines giving sbnormally high values for

urcbilin fluoresced green rather then the ususl biue~

- EY8eN.

These c¢oncliuslons of ¥Wassink were corrocborated by
- von dem Borne (3) who clalmed, in sddition, that when the
smorphous fluorescent meterial from wurine was rubbed into
the skin of mice it produced csncer.

Koschars (47) 1solated & yellow pigment, which he
- csalled uropterin, from the urines of men, dogs, horses,
and cattle. It was found to be identiesl, in all its
known properties, to the xanthopterin obtained from the
wings of yellow butterlflles and from wesps. It ocours in
urine to the extent of sbout one part per milliocn and
fluﬁreseaa‘in the blue region of the spectrum. Xoschara
showed that the blue fluorescence of this substance was
gtrongest at pH values from 7 to 11, that 1t changed to
a greenish fluorescence when the acldity was changed to
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pH 4, and that at stronger eciditles it was non-fluorescent.
At &lk&liﬁitﬁes above pH 11 and in sodium carbonate solu-
tions, uropterin flucoresced greens The color of the plg-
ment alsc chsnged with change of ecldlty, being colorless
in strong minersl eselds, yellow in scetlic amcid, green~blue
a2t pH 4 to pH 11, and changing bseck to yellow in socdium
hydroxide solutions, FHe ¢lalimed that 1t could not be lumi-
chrome since 1ts fluorescence disappeered 1ln strong mineral
scids and chenged to green in solutions of sodium carbonste.
It wes not thlochrome beocause it gava a positive murexide
tests |

Urcpterin was readily adsorbed from scid solutions
onto various scild silicates (Fuller's earth, Floridin, ete.)
and was eluted from them with pyridine-water or pyridine-
alechol mixtures. It wes incompletely extracited from
agueous solutions by bubtyl or amyl sleconols. It formed
berium and silver salts by means of which 1t wass purified.

In a laster publliecation, Koschera, von der 8ispen snd
Aldred (48) report that only sbout one~half to ﬁne?faurth
of the total fluorescence of the wine is due to uropterin
and that the éthﬁ? blue-fluorssecent substances hasve not
been identified. They slso showed a relationship between
the amount of uwropterin in the wurine and the amount of
nitrogen meteboliasm of the body, suggesting that urcpterin

is an indlcator of protein catsbollism.



- 15 =

%tar&ingm@kaaiﬁﬁ§ki and Penska (75) examined s large

number of bleood semples for fluoresecence of the blood
servm in ultre-violet 1igh§ of wavelengths shorter than
3650 X* They stete thet & large varlety of diseeses caused
no chaenge in the fluorescence of the blood serum, end all
samples shﬂéea e uniform blue fluorescence which wea stable
for months 1f the sers were kept sterile. The few pleural
exudates examined by them slso showed thls seme dlue fluo~
r@sa&ncﬁ‘whiah,iiikakthat of bloovd serum, was stadle to
irrediation by short ultra~violet light or by X-rays and
was not affected by the addition of cholesterocl. They also
found the hlﬁa& serum of animals to exhibit the same proper-
ties ms humen blood serum with regards to its flucrescence
and stsbility. |

'%?ﬁﬁﬁé? {5} found that green fluorescence of blood
serum occurred only %h&ﬁ there was sn excessive amﬁaat of

urobilin in the bloode.

Bae 91taﬁina and Fluoresocesnces

It is well known that lactoflavin fluoresces yellow=
green snd when irradisted in alksline solution it is con-
verted into chloroform-soluble blue-~fluorescing lumiflavine.
Lumiflsvin was discovered by Warburg and Christian (83)
{(84) and XKuhn et el. (52) in 1932 and was synthesized two
years leter by Kuhn end Reinemund (49). According to Kuhn
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and Rudy (50) it is formed by irradistion of lactoflavin
anly'in alkaeline solution, It can be axtrascted from
scidifled aqueous solutions by chloroform and like lascto-
flavin ylelds ures when boiled with baerium hydroxide solu-
tion.

&umiahrgma, the other photolytic dsaomgasitian product
of lactoflavin, was discovered by Karrer et sl. (44} who
also prevéa 1$a‘a€yastura*‘ It is formed from lactoflavin
by irrsdiation in neutral or slightly acid solution {(50).
It is less soluble in chloroform than lumiflsvin but also
gives urea when bolled with barium hydroxide.

Thiochrome, the blue~fluorescent oxidation product of
vitemin By, wes discovered by Peters (45) (60) (61) end
isolated by Kuhn enéd his associstes the same yoar (53).

It is destroyed by bolling with 2 N sodium hydroxlde solu~
tion, iz soluble in chloroform and in amyl slecohol and re-
versibly reduced by sodlum hydrosulfite. Its fluorescence
is greatly dliminished at aeiﬂ;ti@a below pH 6, and it 1is
ifreversiﬁlgiexiéizeﬁ by irradistion 1n alkaline solutlons
{s1) (53).

The extent to which these three blue~flucrescent
decgomposition products of vitemins occur in nsture is not
known; however, Cohen (8) has described a blue-~fluorescent
substance obtained from carrots. 8Since 1t can be reversibly

reduced with aadiam‘hgdresnlfxte, is scluble in chloroform



and its fluorescence is diminished in acid sclutions, 1t
is probably thioehrome. This, however, has not been proved.
Fischer (17) hss reaant}y‘shﬁwn that there is no thiochrome
in the lena of the eye of cattle to socount for the blue

fluorescence alweys present in eye lenses.

ﬁ, Pluorescence of Animsl Tissues

As esrly as 1BB5S flu#reseenaa wes known to be assééi*
ated with the lenses of the eyes of sav&ré} speciss of
animels. Bence Jones (42) gave a review of the references
to fluorescence of the eye lens previous to 18686, He
staﬁeﬁ that in 1845 Brucke found the lens of the human eye
was sble to sbsorb blue wavelengths of light. Ten yesrs
later Eﬁimhﬁlﬁz found the lens to be fluorescent. Jones
elso stated thst Regnsuld, in 1553, found the cornes to be
fluorescent and in 1859 Setchenow, a pupil of Helmholtsz,
took the spectyrum of th§ fluorescence of the eye }ané.

He found thet it emitted light in the blue-green region
of the spectrum when lrradiated with ultres-violet light.

Bence Jones found that meny animal tissuwes, both
iiving and deed, fluoresced in the blue region of the
spectrum. According to him the fluorescence of the eyes
of men, gulnes pilg and of bullocks d4id not diseppesr when
the excised lens was kept in glycerine for months. He

also found that the fluorescent substance could be extracted
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from the tissues by hesting with dilute scids, Like guinine,
it was extracted by ether only from alkaline solutions, It
was not destroyed by scid permangsnate; but, like guinine,
its fluorescence dlassppeared when trested wlith slkaline

_ permangansate, Since it was also precipitated by alkaloldal
reagents, he called it "animal gquinoidine."

Stibel (76) has made a careful survey of the fluores-
cence occurring in animal tissues, Vslng light of wave-
lengths 3000-4000 & he found, 1n addition to the lens and
retina, the skins of animals fluoresced bluish-white and
the less pigmentstion of the hair and skin the more pro-
nounced was their fluorescence. He found that all tissues
fluoresced to some extent, but teeth, hair, nalls and Tats
were extremely briziiantq He was the first to report that
such 1lsolated proteins es albumin, vitellin, and elastin,
all showed bright blue fluorescence. Although peptone
fluoreseesd greenish-blue in unltra-violet light, he found
gelatine, gluten, keratin, ssperagin, and tyrosine fluo-
resced blue. Although the fluorescence of the lens of the
aye was found to be the strongest of the body, the blood
and bloocd pigments sbsorbed ultra-violet light but gave no
fluorescences

Kinﬁeralay, Peters, gaé Squires {46) examined many
plant and snimel tlssues in ultra-violet 1light of wave~
lengths 3000-4000 & for blue fluorescence. They divided
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the fluorescent substances into two types; one was scoluble
in ether-slconol solution, or was mede s¢c by treatment with
alcoholic potasslium hydroxlide; the other type, such as
occurred in skin, gelatin snd the lens of the eye, could
not be extracted. They were not sble to isolste any of
the fluorescent substances in pure form. They 1list the
following substances as belng non~fluorescent: Trypto-
rhane, cystine, leucine, nhistidine, tyrosine, glycine,
and creatine. Allanteoin, caffeine, hypoxanthine, urie
acid, araatiﬁinﬁ, xanthine, slloxan, parsebanic acid,
guanine, ures, guanidine, hippurle acid, several scholes~
tercl derivatives, several carbohydrates, ox blood plasma,
ox blood gerum, and egg albumin were salso non-fluorescent.
Gueno and urine both contasiln two blue-fluorescent
substances which can be separated, according to Kinnersley,
Peters, eand Bgulres (46), by fractional extraction from
agqueocus solutions with sther-alcohol mixtures. The ether-
aleonol soluble portion, on evaporation of the solvent,
gives 8 reddish-~brown reslidue whilch fluoresces blue when
diluted with aqueous sleohol solution. There was more of
the squeous layer freacticn in wine than in gusno. When
treated with alcoholic potassium hydroxide, the ether-
soluble fraction from urine or guano givaa’a greenish~blue
fluorsscence which changes to blue on neutrsliizastion with

acid. They alao found that blle gave & deep violet-
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fluorescing scetone extrset which was quiﬁa unlike that
of other anlimal producis or tissue extrects.

These ssme authors also obtalned blue~fluorescing
substences from sheep liver and milk by extracting them
with ehloroform. White hen feathers when treated with
scld-alcohol, followed by chloroform extraction, also gave
& blue fluorescence in the cehloroform layere.

Thelr investigetions on the fluorescence of gelatin,
8kin, and lens of the eye showed that these materials were
quite differsnt from other animel tissue, or animal producta,
in regsrd to the propertieas of the causative agent of thelr
fluorescence. The fluorescence of geletin, skin and eye
lens was not affected by bolling with dilute acida, but
diseppesred after treatment with alcoholic potsssium hy-
droxide. They could in no way obtsasin ether-soluble extracts
which were blue~fluorescent. ‘?b@y obteined evidence that
the fluorescence of skin, gelstin and lens was not due to
the presence of porphyrins, snd thst 1t wes stsble to oxl-
dation.

They also found thet yesst vitamlin concentrates fluo~
resced blue but in & lster publication {(80) stated that
this eould have been due to the oxldetion products of
vitamin By end lsctoflevin., However, they gave no experl-

mental proof for this.
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In 1935, vmn,ﬁular; Adler and Brandt (14} {(15) ex~
trected a blue-fluorescent substence from the corpus luteum
of the cowe. This blus-fluorescent substance did not fade
In eslkeline solutlon nor in strong scids even st tenpers-
tures up to 1009C. PFat and cerotene were removed from the
corpus luteum by ether extraction and the lumiflsvin by
chloroform extraction. They were sble to separate, by
adsorption on sluminum oxide, the remaining corpus luteum
solution into four chromatographic zones: 1 - flaving
2 - a brown-colored substsnce; 3 - 2 green zonej; and 4 -
the blue~fluorescent compound. This latter wss removed
from the aluminum oxlde by an alksiine elution reagent and
was obtalned es & yellow-colored sclution with biuve {luo-
rescence. 4 photograph of the spectrum of this fluores-
cence showed a broad band from 4040-4360 % with a center
at abéut 4800 ﬁ, It was only slightly reduced by zine in
acid solution or by sodium hydrosulfite in alkeline solu-
tion. It became more greenlisih fluorescent when irradiated
for an hour but did not change into lumichrome. They indi~
cated that the substence might be an slioxszin releted
compounde

Among the lower forms of animsl 1ife known as

schinoderms, Blerry snd Gouzon {(2) found e green~-flucorescent

pigment in Holoturis nlgra. This pigment was soluble in

aleohol and was very sensitive to both secids and brses.
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ﬁlthaugh its fluorescence wss irreversibly deatroyed by
sither scids or bases, 1t wes stable to irrsadiation by
sunlight in neutral sclutlon. Its fluorsscent spectrum
ranged from 4240 2 to 6400 % witn its axis at 5320 gﬁ

~ Fontaine snd Busnel (18), in 1938, reported the
extraction of a blue-fluorescent substence from the skin
of fish. {(The blue fluorescence of fish skin had pre-
viously been notliced by Hadjioloff end Kresteff (32).)
This substence had the same solubiliity =ms lesctoflavin but
fluoresced blue rather than greenish-yellow. It was in-
soluble in chloeoroform and thervefore was not lumiflavin
nor thiocchrome. They slso state that 1t was not lumichrome.
In a second publication (19) Fontaine and Pusnel maintein
that this blue-fluorescent substance is closely related
to or associated with melsnin. It is locelized in the
melanophores of the fish skin or is in immediate contact
with them. In soms specles of filsh they could find no
blue~fluorescent substsnce, but instead there was an
extraordinary amount of melsnin in the akinﬁ This extract-
eble msterial is non-~fluorescent in the skin and is libersted
by dilute acid. When liberated, 1t is flvorescent in ultra-
violet light; it 1s reversidly reduced by sodium hydro-
sulfite and oxidized zgain by the sir. Its fluorescence
is somewhet diminished by strong scids or bases but not by

acetie sclds These suthors slse found a blue-~fluorescent
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substance in the skin of teleostans (20). They B&liﬁ?ﬁ
this latter materisl to be the same as the one extracted
from the skin snd scales of fishe. They were sble to seps-
rate 1t from flisvin by chromestographic sdsorption, but re-
port thet it has flevin-like growthepromoting properties
when fed to rets on a flavin-deficlent dlet {(67)a

In 1939, Gourfviteh (29) found thet the skin of frog
taﬁpﬂlﬁs contalined & green~fluorescent substeance when they
were very young and sfter & certaln size end age of the
tadpole had been reached the green fluorsscence turned to
blue. This blus-fluorescent material wes extractable with

methyl aleohol end was reduced with sodlum hydrosulfite.

It wes dislyzable through ecolledion. From its properties
he concluded that 1t was similer to and probaebly identical
with the blue-flucrescent malterisl from the eyes of crus~
taces.

Wels and Jokiseh {(87) (88) found that, under the in
fluence of strong ultrs-vioclet light and in the presence
of nitrogen snd in the sbesence of oxygen, the tissue showed
& strong blue fluorescence in place of the blue~green ob-
tained in the presence of oxygen. They assumed that the
fluoresceonce was due to decomposition products of the pro-
teins but dld not 1soclste them. They slso showed that long
exposures to X-rays produced the same smount of fluorescence

as obtained with ultre-violet irradistion. In tissue cells,
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after irradietion with ultre-viclet light, the nucleus
appeared much more fluorescent than the surrenn&ing.prstn~
pleasm while with X-ray irradistlions, the whole cell beceme
fluorescent.

Von Sepibus (74) exemined a grest number of lenses
from humen eyes and found that thelr fluorescence was
mnore 1nﬁaaae‘in‘elé$r persons and the eaiar of fluores~
cence chenged from blue to yellow with lncreasing sge.
Schanz (69) found thet the fluorescence of the lens was
1ike that of egg éXBGaia in thet 1t eould not be extrscted
by orgenlic solvents. .

VYon Euler, Hellstrom and Adler (18}, aslthough more
‘@mngarnaé with the fluorescence of the retina of the eye,
fauﬁ& the lenses of éhﬁ eyﬁé of humsns, fish, dogs, rats,
aend cattls to be fluorescent.

Fiacher {i‘?ﬁ) found that the lens of the ox contslned
sbout 0,001 microgrem of vitemin By, but contained no
thiochrome to secount for the blue fluorescence.

Hess (38) found that the eyes of iﬁsaéta and crabs
are fluorescent and belleves this 1s important in relation
to hellotropism in these organisms.

In 1938, Gourdviten (86} began s study of the blue-
fluorescent aﬂbatnnaa present in the eyes of fish snd
erusteacea. The fluorescence could be sxtrected by methyl

alcohol snd was reverslibly reduced by sodium hydrosulflte.
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It was unchenged by irrsdistion in alkeline solution. He
slso found (27) that the flucrescent color varied with the
pHs ©On acidification, the blue fluorescence became more
violet and the intensgity decreased vary.aﬁnaiéerébiy at
pH 2 and diaapgaaﬁaﬁ‘gt lower pH values. In strong alkell
the fluorescence ls more green,; ehanging to blue when the
alkelinity decresses to pH 8 or 9. 7Tt is still fluorescent
at slkelinities asbove pH 13, This series of fluorescent
color chenges is completely reversible by changing the pH.
The fluorescence is destroyed by scid g&rm&hgaﬁaté.
Gouréviteh also found that the fluorsscent material from
the eyss of lobaters geve no flucrescence color changes

X g

ging pH valusa but remsined blues It was re~
versibly reduced by sodium hydrosulfite soclutions and de=
stroyed by scld permenganate, It differed from the fluo-
rescent materisl from fish eyes only in its behavior toward
changes in pH. |

Von Euler end Adler (13) reported the discovery of =
blue~-fluorescent substence 1n the retine of fish eyes
which could be extracted with 60 per cent sgueous slcohol
solution. ‘$h$§ fommd 1t to be dlalyzable; 1t wes sdsorbed
by thk same scld silicates which adsordb flavins, snd was
eluted by the seme reagents that would elute the flevins.
It diff&ra&.f#ﬂm synthetic slloxezine derivetives in that
1t was not destroyed by heating to 60-80°C. in 0.1 ¥
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?at&asium hydroxide for ten hours. Its fluorescence wsas
‘diminished at pH vealues earound 3.5 to 3.0 and dissppeared
altogether in strong mineral aclds. ‘on neutralization the
fluoresecence returned., It wes not soluble in chloroform
but on irradistion geve & substance resembling lumichrome,.
The blue-fluorescent substence was not reduced by sodium
hydrosulfite and therefore it was not thiochrome. They
also showed that it was not ldentlcal to lumiflavin.

 Wald (82) noted the blue fluorescence of the bullw-
frogz retine but 4id not chsrscterize nor 15@1&%@ the
causative sgent.

Brunner {4) showed thst the visusl purple from the

retinas of animals could be divided intc the following
| componentss Cholestercl phaaﬁhatlé*f3wéarst&na, vitemin A,
lsctoflsvin, lumiflevin, lumichrome, ecreatine, ascorbile
ecid, and an unidentified chloroformesoluble blusw

fluorescent sompound.

De Fluorescence of Isoclated Proteins

As esrly as 1911, Stubel (76) demonstrsted the fluo=-
rescence of isoleted proteins. He stated that they rll
fluoresced with a uniform blue color with the exception
of peptone which flw@végaaﬁ blue-green. K&r&an‘aaa ¥Norris
{34), O'Meare (58), snd ﬁﬁahﬁ {68) have all studled the

- fluorescence and colored products produced when discetyl
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rescts with protelins 1n the presence of strong slkall,
‘?hayvhaw@ shown that the plnk color produced with dlscetyl
15 due to & rﬁaﬁtion‘ﬁatwaan gusnlidine groups present in
the protein end the added discetyl, while the green fluo-
rescence 1is &ayen&aﬁﬁ on the ﬁegraﬁaﬁiwn products, having
the structure of tri- or dipeptides, in combination with
this red coloring matter produced from the gusnidine
groups. The fluorescence dlssppeared in the presence of
very strong alkell and returned on neuntralization. The
fiuorescence cannot be produced by the reaction of com=
pletely hydrolyzed proteins with diascetyl.

In 1928 Wels and Jokisch (86), using filtered ultra-
violet light, found thst irradiation of proteins increased
their flﬁﬁrencaaﬁe~&s mmaéuraa by the intensity of the
emitted light before and after irrsdletion. The fluores-
cence incressed with increased irradlation with ultra-
violet light, but there was only & small incresse when
X-rays were used to irrsdliete the proteins. Infra-red
raye and simple heat trestment on & water bath wera only
slightly effective in inecreasing the fluorescencs. The
protein decomposition products were more fluorescent if
irrediated in the presence of oxygen than in 1ts sbsence.
Euglobulin was more fluorescent when irradisted in alkaline
solution thsn when irradisted in scid. They attribute the

increased flﬂﬁraﬁﬁﬁﬁﬂﬁ to the photolytle decomposition of
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the proteins to produce fluoreacent products of unknown
composition.

¥1és (79) used wsater passtes of cfyatal&ine.amino
acide or protelns to study thelr fluorescence. He found
many proteins to be excited to fluorescencs by a lerge
ygrt of the ultrs-violet light from 2400 or 2500 2 to the
viaible region. He nétad thaet gelatin and serum-slbumin
were the most fluorescent while casein, edestin, snd
excelsin were less intense. Dried blood serum wes ex-
tremely fluorescent; the rest of the blood componenis were
ﬁmnwflhﬂraﬁﬂent.- Of the amino amecilds, histidine end argil-
nine were f&ﬁnﬁ to be the most fin@rasaant while alanine,
gré&iuﬁ,’tyrﬁsiné, snd d-glutamic scid were very weskly so.
Glycine, l~cystine and 1-leucine were not fluorescent.
Vies &lso noted thet the fluorescent light from gelatin
was not polarigzed when examlined with Nicol prisms.

Pringsheim and Cerngroes {(64), using ultrs~-violet
light of wavelength 3660 g, showed thet gelatin and derived
proteins were fluorescent., He found that heating gelatin
in sealed tubes incressed 1lts fluorescence, The incresse
weas directly proportionel to the amount of hydrolysis asn
measured by mubarotstion and wviscosity &s well ss by the
Van Slyke emino nitrogen and Borenssﬁ titration values.
The gelatin was hested in senled tubes st its lsoelectric
point {pl B.05) to temperatures up to 120°C. and for times

renging up to eleven hours.
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Viés and Ugo (80) studlied the fluorescence of human
skin and scholesterocl. They found that the humsn skin 1is
much more fluoresgent then cholesterol, sspecially when
it iz in the dry state. TUnlike cholesterol, the skin does
not give lines in 1its fluorescent spectrum but gives a

continuous bend from 2480 A to the visible region,

Ees Fluorescence of Insects

In 1895, F. G. Hopkins (39} published his work on
the pligmentas of butterfly wings of the group known sas
Plerldse, which, according to him, form e laéga and lme-
portant group of butterflises which sre widely distributed.
He was sble to show that the white pigment in the wings
was due to uric acid and that the yellow pigment was a
fluorescent derivetive of uric aecid, This yellow pigment
was characterized by the following propertiegs: It was
insoluble in ordinery organlec resgents and cold water,
but dissolved in hot wsater, from whieh it could be obtalned
&8 an smorphous substance. The hot sclution fluoresced
with a "fine green color® asnd the fluorescence was "well
marked" at the surfaces. The substance wes easily soluble
in cold alkaline solutions from which it could be precipi-
tated by neutralization. It became more fluorescent in
elkaline solution wh&# zinc ¢hlorlide was added. 1In dilute

solution it fluoresced with & blue color and ga#e a strong
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murexide test. He claimed that a similar substsnce could
be mede from uriec aecld by heating & dilute sulfuric acid
solution of #hia eompound in s sealed tube to 195°C. for
three hours. This synthetic yellow substance was also
fluorescent. |

‘Hecently Schépf and Xottler {(73), Schédpf, Becker
end Reichert (?2},_anﬁquaIand end Purrmann (88) have
@ﬁbliahéﬂ work eon tha:struaﬁﬁrs of the wvearious pterins
~1solated from insect wings. Although they have not yet
proven the strﬁatﬁre of any of these a@mpéunaa,.thay have
!M@ﬁﬁ considerable progress in charascterizing them. These
workers are gqulte agreed that only by sbsorption spectra
data and nitrogen content are they sble to distinguish
one pterin from snother, slthough there are differences
in colors and fluorescence phenomena among them,

Pterins were alsc found to be the chiefl coloring
matter in wasps as well as 1ﬁueerﬁ§&n species of butier»
flles which ere yellow (71).

Dubeis (11) (12) celled sttention to the blue~-
fluorescent pligments of other insects. He stated that an
alcoholic extract of many insects fluoresced blue and that
acetic scid csused this fluorescence to diminish; its
intensity Increased again when the scid wasz neutralized
with gmmaé@um hydroxide. He called this substance byraw
porphorin. Although hs was the earllest investigator of
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the fluorescence of marine enimal extrects, he made no
chemical study of these materisls nor of the fluorescent
meterial from insects whiech he exsmined.

Shortly after the publicetion of Dubois, Coblents
{7) noted tﬁat the milky fluild from the body oif the fire-

fly was fluoresecent. In particulsr, the segments of the

abdomen which were luminous presented a deep blue fluoresg-
cence which was not lost when the material wes freed from
slbuminous substances. He stated that its fluorescent
band cceurred between 3900 and 4800 g,ﬁhan,irraﬁitteé with
ultra~violet light.

P. Pluorsscence of Plants

A very genersl scgcount of the fluorescence of living
things, both plent and animal, was given by Harvey (38)
in 1926, His sccount conteins nothing of the chemiecal
nature of the pigments which ere present but glves the
fluorescent colors of a larg& number of ﬁfgaﬂiamx.

Suarez (77) obteined a blue-fluorescent substance
from malze which was sble to sensltize blood corpuscles
and arganisma to 1light, but when fed to snimals, even in
large smounts, it 4id not render them light sensitive.

It hes not as yet been chemically iéﬁntifiﬁdo It was
fat-soluble and obtained from the unsaponifisble fraction
of the fat. Suérez obtained it in crystalline form and
called it zeoehin.
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Metzner (55) has stated that all seeds and fruits of
plants l1liberate [luorescent material‘iata water when they
sprout, ahﬁ that these fluorescent meterials are weakly
photodynamice The chemlcal nature of the libersted materisl
is not known, but in genersl it was found theat the fluo-
rescenceé was more pronounced in alkeline solution end less
in aecide.

Buccorini (87) found that many plants contain water-
soluble blue~fluorescent substances which he clalms are
pilgments formed as 3$ﬁﬁﬁﬁ&r¥ products of %inehﬂﬁiaﬁl ac-
tivity of the plants. Although he gave no chemicsl cherace
teristics of the masterial, he found that 1t wes not injured
by the actlon of molds.

Hellbron, Parry end Phipers (37) have shown that
marine algae contain lsetoflavin while fresh-water algae
contain lumiflavin, the irrgdiatiaﬁ;preanat of lactoflavine.
The lumiflavin mey ogour in the slgee in the sombined or
uncombined forms, Thet occcurring in the uncombined form
renders algae fluorescent in the blue region of the spectrum.

Oof course, 1t 15 well known thet chlorophylil 1is fluo~
pescent in the red and that many other plant products, such
a8 alkslolds, are riaoreaaant; however, they wlll not be
reviewsd here. Andent (1) has made & careful study of the

fluorescsnce of certaln alkealolds,
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ﬁ&%hﬁﬁgh several workers have noticed the fluorsscence
of verious parts of meny plents, no attempt hes been made
to 1sclate the causative substance or to axyiain its fune-

tion.

G« Fluorescence of Nicro-organisms and Fungi

~ The fluoreseence of the ?saudﬁménaé fluorescens hac~
ﬁéria has Eeanlkﬁewn for a iéng time. gbwevar, 1t‘wa5 éaﬁ
aatil‘19$1 that Georgia and Pés {21}‘{223 found the optimum
conditions of aultar# for the production of the flugreséent
pigments by th@sa‘haatariau They found that for Pgeudomonas

fluorescens and ﬂlﬁﬁﬁlﬁlﬂlliﬁﬁ Spgaiaa it‘was necessary for
the nutrient medie to contsin sspsrsgine, phosphate, sul-
fate, and magnesium in order te produce the plgment. How=
sver, they did not investigete the chemiecel properties of
the green~fluorescent materisal.

Pulvsrtaft (85) made the statement that "all becteria
grown on any medium fluoresce in ultra-vioclet lighi.” Worke
ing wlith the more fluorescent types, he found that thelr
plgment eould be extracted from the bacterisl cells with
aleohol and acetone. He found the plgment to be insoluble
in ether or chloroform; non-volatile, snd steble to hest
in E/QQ hydroehloric seid but destroyed by only modersate
heating in N/20 sodium hydroxide. He alsc found that the
fluorescent color dld not change with chenges in pH.
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%nen grown on solid medis there appesred in the medis, ss
well as in the bacterial cells, & fluorescent compound
which could be extrscted with scetone end amleochol; but in
1iquid medla, the nstive fluorescence of the fresh medis
was enough to mask any fluorescence of the bsacterisl cells.

Pett (62) isolated an orgenism from dilute flavin
sclutions which was sble to convert fléviﬁ into & blue-
_ fiunreaeing a@mpogﬂﬂ’uhiehnwaa scluble 1n‘aﬁ$avafarmﬁ'
%his substence could also be exirected from the bacterisl
kcslls a8 well as from the flavin media. Its fluorescence
was intense in alkeline solutions (pH 12-7) but disappearsd
in seld solutions below pH 6. It was not affected by
- sodium hyﬁrasalfitﬁm

This same author (63) also published dats to show
that, under certain conditions of growth, yeest ecoculd be
made to produce a blue~fluorescing substance in place of
flavin which they érﬂiﬂariig produce. He clalmed that this
blue-flucressing substence was releted to flsvin but not
identical with it. However, Gourévitch (28) was unsble to
obtain the #sms results. He grew ysast in the presence of
eysnides, whieh Pett had claimed stimulated the production
of the blue~fluorescing substance, but found no incrsassd
production of flevin nor was he able to find the blue~
fluorescent substance described by Pett.

Cortese (9) studied the influence of anaserocbiosis,
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pHE of the wmedlwn, snd chemlical constlitution of the medium,

on the fluorescence of Actinomycstes. He found that the

fluorescent material could be extracted from the solid
medie with dilute slecohol and g@#ifi&ﬁ.hy shaking with
ﬁﬁiﬁifiﬁﬁ‘@%hﬁﬁﬁ It was found to be an amorphous, odor-
less, reddish~brown meterlial which wes solublis in alkslies,
pyridine, ethyl aleohol, methyl alcohol and seidified
ether. Although it wss slightly soluble in scetone, it
was Insoluble in weter, glycerine, benzene or other fat
golvents. It wes found to be a pigment belonging to the
group of ﬁ&?pﬂgriﬁﬁi

Crowe (10} grew diphtheris orgenisms on synthetie
media end then filtered them off by psssing the liguild
through an ultra filter. The filtrate was extractsd with
chloroform after removal of ether-scluble substances.

The graan'flaﬁfeg@anaa of the chloroform layer chenged to
blue when the sclution was exposed to deylights. It was
found that this fluorescent materisl was guite similar to
lumiflevin but wes not fully ldentifled.

Probebly the most complete study of baeterisl {lucrese
cence was mede by Giral (24). He studied fluorescent bac-
né%ia grown In synthetlic 1igquid medie. TIn the presence
of emmonia the fluorescent material has & wesk green color
gnd & blue-green fluorescence, while in stronger slksli 1t

- is more intensely green in color and more yellow-green 1in



fluorescénce. In strong minersl scide the color is lost
and the fluorescence changes to sn intensive wiolet color.
It is reversaibly reduced by sgéium hydrosulfite snd is de-
stroyed by the oxidstive ection of the air in en alkasline
medium. It dislyzes readily and cannot be extrascted by or
taken up in organie solvents. It 1s reaedily edsorbed on
charecosl and Frankonite from which 1t can be eluted by 30
per cent scetone snd 85 per cent pyridine, respectively.

It cannot be dlstilled nor sublimed, but is preciplitated

by phoaphototungetic seld in seid solution and by barium
nydroxide from conecentrated solutions. It can slso be pre~
cipiteted by gold chloride or plerolonic scids It is free
from sulfur but very rich in nitrogen. Its sbasorption spec~-
trum 1is similer to thet of lactoflavin and xenthopterin. It
is probsbly intermediate between lyochromes (alloxazine de-
rivetives) snd pterins {(purine derivetives), since 1t hsas
properties which are intermediste between these two types

of compounds. The bacterisl plgment differs from the
flavinas in beling destroyed by hydrogen peroxide, bromine,
snd nitrie neid which do not destroy flaving. It is similer
to flevins in thst it gives & negetive murexide test, 1is
reversibly reduced with hydrosulfite, is adsorbed from scld
solutions onto ascid sllicates, is eluted from these with
pyridine, and has 8 simlilar sbsorption spectrum. It re-

sembles xanthopterin in that 1its fluorescence variss with
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chenges 1n pH, its sbsorption spectrum is 1ike that of
xanthopterin, and it is adsorbed from aecld solution by
silicates; 1t 1s eluted from these adsorbants with pyri-
dine, is sensitive to oxidation agents, is precipiteted
by barium hydroxide or gold chloride, and is reversibly
reduced by hydrosulfite, It differs from xanthopterin in
that 1t hes a negative murexide test, is more soluble in
water thesn xanthopterin, and is unstable to alr in alkaline
solutions | |

Wager (81) was the first to give a general sccount of
the fluorescent pigments in the fungl. He stated that the
fluorescence was only visible in solutions of the coloring
matter extracted from the fungl by solvents. He gave a
1ist of the fungi which give [luorescent pigments.

Josserand and Retien (43), using light of wavelength
3660 2, examined 175 specles of fungi for differences of
filuorescence in many of thelir tissues. They staste the
fiuvorescent colors sre generally some shade of yellow,
blue, or viclet, They made no detelled chemical study of
the fluorescence. The fluorescent materisl is not extracted

by orgsnic solventa.



ITTI. EXPERIMENTAL

A+ Source asnd ?rﬁ&tmeat of ¥steriasls
1. Caseln.

Gammaraialhaasaza, obtained from Wilkena-Anderson
Company of Chicego, ﬁas purified by washing at its iso-
electric point with s dilute solution of scetlie meid.
The washing was sontinued for two weeks by delly decan-
tation, then washﬂd.wall‘withvéistillaéﬁwatar for two
éaya, The product was then dried at 85°C. Thls protein

was used in those experiments where washed casein 1s

specified.

In those experiments where purifled cssein is speci-

fied, s laborstory casein prepsration was used. It was
prepsred according to the dilrectlions of Clarke (6) acs
follows: To one liter of skim milk 0.05 ¥ hydrochlorie
acid is slowly added with stirring through a capillary
tube extending to the bottom of the besker. The addition
is continued until the solutlon attains a pH of 4.6.
Approximately leac‘an.‘af scld is reguﬁraa; the separation
of casein 1s prectically complete at this point. Three
1liters of weater is then =sdded, atirﬁing is discontinued,

end the flocculent preciplitete of casselin is sllowed to
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settle in the refrigerstor for twelve to twentye-four hours.
The clear supernatant liguld which contains soluble pro-
teins and salts 1s removed as completely as possible by
siphoning; the precipitate 1s collected on s suction fun-
nel and uaahad with cold water until the wa#h&n&a are free
from caleium.

The casein, which is contaminsted with zalts and fats,
is filtered off to as smell & volume as possible {about
500 ccs) snd transferred to a 2«liter besker. It 1s then
treated with O.1 ¥ solution of sodium hydroxide, the slkall
belng added slowly end with stirring ﬁhrough:ave&pillary
extending to the botitom of the besker. The mddition of
alkall is continued until the pH of the mixture reaches
633 100-150 ocs. of the alkslil 1s required. At thils pH
thg~ca£s1§ is-sampl&tsly'ae&ﬁblﬁ in the form of its sodium
salts faté, caeleclium phosphate and any salaiﬁm caseinate
remsin undilssolved. Care must be taken not ta.a&d more
alkall than 1s necessery to bring the pH to the &baée“
point. The milky solution is filltered through a thick
layer of filter peper pulp tightly pscked upon a suction
funnel. The filtrate is brought to & pH of 4.6 with
| 0,056 M hydrochliorlc acid just as in the criginal precipl~
tation, the necessery asmount of scid being determined by
titration of an aliquot portion, diluted five-fold, with
0.01 ¥ hydrochloric seld; 220-250 co. of 0,08 M acid is
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required, 48 the precipitetion progresses, the rate at
which the seld 1z aﬁé&d is decressed ln order to prevent
Pﬁﬁcig&tatian at the tip of the capilleary tube; vigorous
mechsanical stirring is, of course, nﬁﬁassaxy. ¥hen the
ascidiflication is complete, filve liters of cold distilled
water is sdded snd the floeculent precipitete ellowed to
settle in the refrigerator. After siphoning off the
supernstant 1liquid, the caselin is collected on & suction
funnel, using hardened psper, washed with cold dlstillled
water until free of chloride, sucked dry és 9éasib1& and
dried over cslcium chloride in a vecuum deslocators The
yield is 25-29 g. of = colorless cohsrent product which

may be readily pulverized in & mortar.
2, Geletin.

This was purchased from the Difco Laboratories, In-
corporated, Detrolt, Michigane It was "Difco" stendsrdized
grade which gave a negative Hopkins-Cole test for trypto-

phane and a very weskly positive ¥Millon test for tyrosine.
. A z& ine

This protein weas prepared from yellow corn asccording
to the directions of Usborne end Clepp (59) modified as
follows: Ground corn was extracted with 85 per cent (by

volume } aleohol as long as anything was removed. The
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voluminous extract was filtered perfectly elea? and con-
centrated wnder reduced pregsure to a amsll volume. The
clear syrup that remsined, after coolling, was poured in
a very fine stream into sbout eilght volumes of distilled
fce water contalning & very little sodlium chlsridg in
order to promote the separation of the gein. The zein,
which separated as e flocculent preeiplitate, soon settled
a8 & coherent plastic masa,‘ This was filtered ocut on
eloth, washed supserficlally with water, and sgain dissolved
in 95 per cent aleohol and eveporated to a syrup under re-
duced pressure. This solution wss then extracted with
petroleum ether seversl times to remove the color and fat.
The perfectly weter-~clear solutlion of zein waes then
poured intc eight volumes of c¢cld water, contalining a
1little sodium chloride. The zeln that separated wes then
filtered off, dried by washing with,ethsrwalgahml mixture
and finslly pure ether., The zelin was entirely colorless
but econtelned a slight emount of sodlum ehloride.

4. Gliadin.

This prepsration was made from wheet flour #esarﬁing
to the directlons given by Morrow and Sandstrom (56) as
i follows: Place 350 g. of wheat flour in & sultable con~
tainer end, while stirring, grsdusily add distilled water
until a stiff dough 1s formed. Xnead the dough thoroughly



and sllow 1t to remein under water for at least helf sn
hour,. Then wash out the stsreh by kneading it in a stream

of wster. Cut or tear thls molst gluten into yery small

pleces snd plasce in & flask; edd sufficlent 95 g@# cent

ethyl slecohol and distilled water to form, with the water
in the gluten {sbout 60 per cent), 600 eec. of 70 per cent
etnyl alcohol by volume. Heat the flask in s water bath
gt 70%°C. under s reflux condenser for an hour and a hslf,

shaking at frequent interwvals. Fllter and concentrete the

clear filtrate to = thick syrup in'a 1000=~ce, Claisen
distilling flask under éiminished pressure until it 1is
impossible to keep the froth from gﬁiﬁg‘eyaw into the
distillete., Use the distililete for & second end third
extraction of the gluten in the menner just described.
Glutenin was prepasred from the gluten residue. Cool the
syrup in the Clsisen flask, and then pour it slowly, with
constant stirring, Inteo a lerge volume of ice-socld water,
eontaining 10 g« sodlum chloride per liter; the glladin
separates a8 a gummy mess. Wash it seversl times with
distilled weter, then filter. Dissolve in 70 per cent
ethyl alechol, concentrate the elesr slecholic filtrate
to & syrup under diminished pressure, rﬁprssiyitate by
pouring into distiiled weater containing 1 per cent of
sodlum chloride, redissclve in 70 per cent ethyl alecohol,
and filtﬁ?&y Finelly powr the ayrup into s mixture of
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sbsolute ethyl saleohol and ether, The gliadin sepearstes
in flocculent forme. Filter the gliadin and wash it with
asbsolute ethyl elcchol end finelly with ether. This

gliadin contalns a small smount of sodium chloride.
B5s Glutenin.

The gluten residue frowm the isoletion of glisdin was
used in the prepsrstion of glutenin. Dissolve the gluten
residue in 4 cc. ©f Q.16 per cent sodlum hydroxide for
each gram of glutenj after a short time filter off any
inscluble materisl. Neutrealize the filtrate with a very
dilute solution of hydroehlorie scid; the glutenin .separates
in the floceulent form. Allow it to settle, decant the
supernatant ilquid: wesh several times by decantastion
"using distilled water, then seversal times by decantation
using 70 per cent ethyl alcohol, snd last with 95 per cent
ethyl slecohole Finally dehydrete the glutenin with sbso-

iute slecchol, wash with ether snd dry in & desiccstor.
6+ Gluten.

The gluten used in the following experiments was
isocleted from wheat flour as directed above in the prepa«

retion of gliadin.

7. Blood Fibrin.

This pretein wes a erude commercisl product and was
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Ypurified™ by dissolving in 2 per ecent sodium hydroxide
solution and filtering off the insoluble masteriasl. The
filtrate wﬁa~nauﬁraliaeé‘withy%'gar eent hydrochloric scid
to meximum preciplitetion end filtered on & pad of macerated

filter yaﬁ&r, washed with dlstilled water and dried at 85°¢.

8. Amino sclds.

The smino sclids used in these experiments, with the
exception of tyrosine end eystine which were prepared in
the 1&@@?&%&?3, were purchased from Eastmaen Kodek Company,

Rochester, New York. They were not recrystallized.

4 Fuller's earth.

Cenco fuller's earth was obtesined from the Central
Seientific Qampngy, Chicego, Illinois.

English fuller's sarth was purchased from the Eimer
and Amend Compasny of Hew York, N. Y.

Belfore being used as adsorbanits these earth products
were first extracted with normal hydrochloric meild by
m&ch&n&ea&ly atirring the powdered esrth into the acid and
filtering off the undissoclved portions. The rssidue was
washed ﬁith'ﬁistiilaa'water by decantatlion several tines
and then filtered on & Buchner funnel. This materisl was
then stirred into 5O per cent methyl alechol mixed with

concentrated smmonium hydroxide in the proportion of 80
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parts of the slcohol to 20 parts of ammonium hydroxide,

- and filtafed; The insoluble earth was washed several times
with distilled water and drliede It was found that the

sbove washing process was necessary to remove blue-~fluorescent

materlisl from these productss
10. Norite.

Norite "A" (decolorizing cerbon) was purchesed from
the Pfanstiehl Chemical Compeny, Wsukegan, Illinols. It
was slso washed before use as described under fuller's

earth sbove.

1le Hgdralea

This sctiveted alumins wes obtained from J., T. Baker
Chemicel Company, Phillipsburg, New Jersey. Before being
used as an adsorbant 1t was washed with dilute smmonium
hydroxlde and methyl aleohol, dried and ground in & mortar

untll 1t psssed s 40-mesh screen.

12, gyflo Suger Cels

Hyflo Super Cel F. A. 501 (2 heet trested siliceous
aarth) 1s menufesctured by Johns-Manville Compeny, New York,
Ne Yo This materlsl was mixed with Hydrslo to speed up
the chromatographic sdscrption and aid filtration.
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13. Crystalline vitemin By hydrochloride.

Synthetiec ecrystalline vitemin By (thlemin) hydroehleride

was ebtainaﬁ from ﬁ&rek and Company of Rahway, New Jersey.

Labeo Lactoflevin--~PX grade was ywr@haseﬁyfrsm the
Borden Company, Research Division, Bainbridge, New York.
It was guersnteed to be pure crystelline lactoflavin; it

was purchesed in the dry erystaliline form.

Ba aﬁyaratﬁa

1. Ultre-violet light source.

Routine examinations for fluorescence, as well as
gquentitetive determinstions, were carried out in the ultra-
viclet 1light fvam'aa Everesdy Fluorsy lamp. rThis lsmp was
purchased from the Hetional Carbon Company, Cleveland,
Chio. It 1s & gartahlﬁ carbon are burning C carbon elec~
trodes at 30 voltas aﬁd 0.0 smperes. The amittédvlight
passes through a2 moulded 4.0 mm. thick, heat-resisting
red-purple filter No. 587 which trensmits only radistions
between asbout 3100 and 4100 R and very slightly in the red
{about 7200 3}‘

| For spectroscopic work, where long exposures were

necessary, & guartz mercury-vapor arc provided the source
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of ultres-viclet for the excltation of the fluorescence.
Light from this mereury arc was passed through the filter
‘mentionad sbove bafore illumiﬁagimg‘th@ sclutions whose

fluorescence was being photographed.

2. Spectrometer.

A Usertner wavsiangth spectrometer which hed the
telescope ?ﬁ?laaaﬁ by = 3pﬁa%raaaayia-éammra attachment
ﬁaa used f@r Qhﬂt@graphingbthﬁ fluorescent spectra. This
instrument 13“a constant devistion instrument, the prism

being of the Pellin-Brocs type.

3« Photographic plsates.

The plates used were Wratten and Walnwright panchro-
metic dry plsites mede by Eastmen Kodsk Company. These

plates were developed in Rasitman formuls D-19.

- C. Nethod of Protein Hydrolysis

During the early orientation experiments it was found
thet resgents end meterials must not be allowed to come in
contact with any rvbber or cork. ¥%When sllowed to contsect
these materials, especielly at elevated temperstures, the
reagents remove from the rubber and cork a considerasble
amount of blue~fluorescent materisl which greatly inter-

feres with the guantitative determination of the smount of
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fluorescence of the proteins. Therefore, all reasgents

were examined for flunorescence just prior to their use

and only non-fluorescent reagents were selected. Solid
resgents were dissolved iIn distilled weter snd examined
Just before use. When it became necesssry to purify liquid
resgents, aslimple redlistililation was ganaraliy sufficient

to remove all fluoreacence. |

Blank determinstions on the reagents used must be run
on each experiment to insure sgalinst fluorescence appear-
ing from chemicel reastions. However, when non-fluorescent
reagents are selected the blank determinations show no
ap@r@aigbiﬁ fluorescencs.

Proteins were hydrolyzed in Florence flasks equipped
with elosely fitting test tube condensers inserted into
the neecks of the flssks. The lasks were hested over air
baths and during the first pert of the digestion were
often shsken to g@e#@nﬁ eny hest decomposition of the
undlissolved protein. Before a sample 1z tsken for fluo-
rescence determination, the volume is made to its initisl
volume with azstiliaﬁ weter when non-~volatile ecild or base
was used for the hydrolysis. When volstile sclds were
used, the initiel volume was rastarad with the ascld. Care
wes teken to prevent loss and chenges in concentrastion of

the hydrolysis agents,
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is & straight line function. By compearing fluorescent ine
tenslties which are very weak, and using very dilute solu-
tions, it is posszible to meke guite asceurste campariaaﬁs
of unknown concentraetions on this basgls. When known fluo-
rescent compounds are used, the concentrations can be de-
termined within 5 per cent of the calculsted wvalues in the
case of quinine bisulfate, when this method of dilution
and aompariﬁen with known standsrds of low concentration
and fluorescence is used.

The method used to determine the amount of fluores-
cence 1n the experiments reported in this thesls i1s ss
faliﬁﬁaz A small scourately measured volume (usually
one ccs ) of unknown hydrolyssate or protein solution is
diluted to 100 or 200 cc. depending on the strength of
its fluorescence. This saiaﬁianAia prlaced in a burette
and titrsted into 175 cc. of dllute acid (0.1 N HC1l) until
the intensity of the solution in the 300~cc. Erlenmeyer
flask just metches that of the stendard gquinine bisulfate
solution. This standard guinine solution is prepared as
follows: Welgh out 0.0886 g. of guinine bisulfate £ﬁérek}
end dissolve in 0.5 ¥ sulfuric scld. Make to one 1liter
with the dilute sulfuric acid. After mixing, dllute
1.0 ce. of this solution to 200 cc. with 0.5 ¥ sulfuric
scid. Thils standerc 7111 keep for at least s week and

is eunslly dupliceted by diluting the stronger quinine
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sclution. The standerd is kept in e 300-cec. Erlenmeyer
flesk closed by & stopper wrapped in ¢tin foll. (The solu~-
tion must not be allowed to contact cork or rubber.)

Compariscns sre made In 300~c¢. pyrex Erlienmeyer [lasks
~which have been previously examined for fluorescence. Only
non=-fluorescent flasks are used. All compsrisons sre made
in the light from an Everessdy Fluoray lamp in & dark room.
The finel dilution of the unknown must be nesr the same
volume ss the stendsrd (200 cc.) in order to get consistent
comperisons. All flesks sre pleced on & non-fluorescent
black teble top during compsrisons with the stendsrd.

The pH of the solution used for comperison saffects
the results; 4if the sclution becomes alkaline, the results
are salways lower than when kept acid., Thersefore, all solu~
tions must be kept seld during the eomperisons. A smell
excess of acld does not change the results, but strongly
scidie solutions should be avolded,

The eolor of the fluorescence from graﬁain hydrolysis
is very nearly the samé ss that of the guinine bisulfate
and with very little praetice &a@liaaté titration values
can be reasdily obtained.

Although great sccuracy is not claimsed for this method
of determining the relative concentrations of fluorescent
materisl in proteins, it must be pointed out that the

values can be readily dupliecated. Purette resdings can be
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easily dupliceted within 1.0 ce. when sbout 20 cce. are used
in the titretions. This amounts to a variation of 5 per
cent in the fluorescent values as reported,

The results are expressed as the dllutlon (in liters)
per gram of originel proteln requlred to produce the same

fluorescence as the standard solubtion of guinine bisulfatse.

E. Presentation of Date

1. Fluorescence of solid proteins.

Whnen so0lid proteins are examined in ultra-vioclet light,
they exhiblit a blulsh-white lluorescence which appears to
be the same for all proteins both as to color and intensity.
If concentrated protein solutions are eveporated on glass
slides, the flunra&a@mcavappe&?a to be the same regardless
" of the ascldity of the solution from which they were de~
posited. Thus, gelatin has the same colored fluorescence
whether the solid be deposited from neutrsl, scldiec or
baslc solution provided that hydrolysis 1s prevented during
the evaporation, That the fluorescence 1is closely assogi-
ated with the protein and not due to adsorbed or occluded
material 1s shown by the fact that dialysis of protein sus-~
renaions asgalnst distilled water for long pericds of time
did not remove an appreciable amount of fluorescent msterial

nor 4did it reduce the amount of flucorescent materisl formed
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when these proteins were hydrolyzeds. Also, when ashed, the
amell amount of protein ash is nelther fluorescent in the
s0lid state nor when dissolved in water, dilute acid or
bases

- When proteins are dissolved in strong nitric acid,
destruction tskes plece and the resulting solution is not -
fluorescent In the visible reglion. When nitrates ere added
B ) aeiénhyﬁralyzaﬁep%@taina there 1is ne guenching or inter~
ference with the smount of fluorescence, indicating that
the nitric acld causes éﬁat?ﬁ&%iﬁn of the fluorescent

m&tarial of the prataius.

2. Pluoresecence of proteln sclutionas.

The fluorescence of protelin solutions 1is not intense.
In solution, vericus proteins exhibit a fluorescence which
is somewhat more green than the fluorescence of the solid
protein, Proteln solutions also show strong ebsorption of
the unltra-violet light so that only thin layers of solu-
tion next to the inéiﬁank light appear fluorescent. How-
ever, in dilute solutions the fluorescence appears through-
out the entire solution and is & uniform bluish-green for
all yratéina examined, Acid meta-protelin sclutions fluo-

resce with the same color as slkaline mets-protein solu-

tione. This socluble fluorescent materisl iz not removed

by dialysis of the pratsin'salvtian in collodion bags



w 58

suspended in running distilled water. HNeither is it re-
moved by dimlysis from slightly ecld or slkasline protein

solutions.

3« Fluorescence of ﬁgérélyzaé proteins.

~ Hydrolysis by boiling scids or elkalies and the action
- of proteolytic enzymes have yieléaﬁ mﬁﬁh'ef the present
availsble informatlion on the structure and composiltion of
the proteins. Since Pringsheim and Gerngress (64) found
that the hydrolysls of geletin incressed its fluorescencs,
other methods of hydrolysis of wvarious proteins wers
studled in an attempt to determine the cause and nature of
the flﬁmrgaaaneaa

It wds found that when proteins ere hydreolyzed with
sclds, the amount of fluorescence, as messured by the dilu-
tion requlred to reduce its lIntensity to & small, known
velue, waes greastly Increased,

B §§ﬁralgaia'bgmggﬁraahi@ria scld. When proteins are

hydrolyzed by concentrated hydrochloric acid the fluorescence
of the raaaiting‘selntiaﬂ is somewhat masked by the large
amount of bleseck insoluble humin materiel formed during the
hydrolysise. Howsever, when thils material is removed by fil-
tration, or when the solution 1s diluted with distilled
water until it 1s colerliess, the fluorescence is resdily

observed in ultra-violet light. The fluorescence of the
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filtrates from the removal of the inscluble humin is strong
enough to be observed in diffuse daylight. This fluores~
cance always appears greeniahwblaﬁ in scid solution and
somewhat more green and not so intense in basic solution.

During the preliminary experiments, 1t was found that
varlious proteins gave the seams fluorescent color when
hydrolyzed and thst all sppesred intensely fluorescent.
However, when the amounts of fluorescence obteined during
hydreolysis of these proteins were compared, merked varl-
ations were discovered. It was found thet blood fibrin
produced sbout 30 times as much fluorescence as a similar
amount of gelatin or zeln when hydrolyzed under the same
experimental conditiocns. One gram of blood fibrin when
hydrolyzed with eunaantratsé hgéroéhlﬂrie acid for 36 hours
requires a dilution of 60 liters to reduce the intensity of
1ts fluorescence to that of the standard quinine bisulfate
solution used; one grem of gelatin or zZein, when hydro=-
lyzed in a similar menner, reguirea a dilution of only two
liters to produce the same intensity of fluﬁresa@nee‘l
Other proteins have fluorescence values intermediste be~
tween gelatin and blood flbrin. 7

Teble I shows the fluorescence values of various pro-
teins after hydrelysls for various periods of time with
concentrated hydrochloric seld. These values are expressed

as the volume, meassured in liters, to which one gram of the

1. The fluorescence CoOlOr 18 always greenisnh~biue uniess
otherwise stated.
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protein must be diluted in order to produce the weak fluo-
rescence comparable in intensity to the standard guinine
bigulfnta‘ﬁalatian {04143 mge per liter) to which all com=
parisons were made as described sboves

The values given in Table I sare averages @f two or
more closely sgreeing determinations. These datse show
that the fluorescence of proteins is greatly incressed by
acid hydrolysis and that blood fibrin is mueh more fluores-
cent than other proteins after hydrolysise. »Zein and gele~-
tin wupon hydrelygis with seild produce an increased amount
of fluorescence but the increase is muech less than thet of
other proteins.

The materisl present in the hydrolysates which 13 re-
sponsible for the fluorescence can bavaialyﬁéé %hrough
collodion or psrchment membranes. It can be concentrated
as will be shown later. Since the hydrolysates do not give
a poslitive biuret test after long boiling, the fluorescent
material produced is probably not 2 polypeptid. Under the
conditiona of hydrolysis it is not l1ikely that peptids
would remsin unhydrolyzed to sceount for the incressed
fluorescence.

be. Hydrolysis with other strong scids. A compsrison

of the fluorescence values of cesein when hydrolyzed with
variousa strong sclds shows that hydrochlorie, perchloric,

phosphorie, and sulfurle acid causes inecreassed fluorescence
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of ecasein during hydrolysis and thst nitricec secid destroys
the fluoreacence. That the sction of the nitric acid is
destructive and not merely quenching 18 shown by the fact
 that fluorescent hydrolysates when mixed with cold nitrie
scid sre fluoresacent, but if heated 1in the presence of this
acid, the fluorescence is entirely destroyed. Moreover,
R the addition of nitrates te fluorescent hydrolysates does
not inhibit their fluorescence showing that the nitrate lon
does not cause qnaa@hinga

Table II shows the fluorescence values of cesein when
hydrolygzed by various strong aclds of the seme normaslity
(12 X))« The

fluorescence values sre expressed s previously
described. |

The explenation for the inereassed fluorescence values
when perchloric, phosphoriec, and sulfuric acids are used
as compared to hydrochloric secid, 1s not c¢lesr. However,
the date show that th§~inereasad.flééreaeenea value of
ﬁaaein,baeamﬁs constsnt after six hours hydrolysis in
hydrochloric or perchloric seids. When sulfurie or phos-
phoric seid is used in the hydrolysis, the fluorescence
value of caseln becomes conastant only after 24 hours or
more. These hydrolysis periods, at which constant fiuo-
rescence values are obtsined, correspond roughly te the
time required to produce complete casein hydrolysis ss

messured by the biuret test. According to Schmidt (70)



Table II. Fluorescence values of casein after
hydrolysis with various 12 N sclds,

Kind of aedd ¢ g. ¢+ 12 ¥ : Fluorescence values after hydrolysis for;
: ¢

casein 1 aeid 2 br, 6 hr. 12 hr, ¢4 hr, 36 hr. 48 hr.

Hydrochlorie 10 100 18 2l 23 21 20 2&
Nitrie 1 w0 o6 o0 o0 o6 0 0
Perchlorie 10 100 31 46 41 4 41 4
Phosphorie 10 100 ] 21 84 68 80 56
Sulfurie 1 100 28 37 31 45 66 56

*;.Q*



- B8 -

hydrochloric scid produces hydrolysis of proteins as repidly
ss sulfurie acid of the seme normslity. The relative rates
of hydrolysis of proteins in the presence of the other sacilds
have not been studleds From the sbove data obtained on
aaéai&, it #ppaara that the mezimum fluorescence velues
are obtained only when complets protein hydrolysis haa
occourred. |

In erder to meke certalin that the fluorescence values
of the proteln hydrolysetes sre not dependent on the degree
of purity or the previocus treatment of the proteln, verious
sanples of the seme protein wers amm@ayaa during escid hye
drolysis. The results are given in Tsble IIT. The washed
aaﬁﬁ&u refers to casein which was washed st 1ts iscelecirie
point for two weeks. The purified cesein was prepared
according to the directions of Clarke (8) and hed been re-
precipitated three times fros dilute smodium hydroxide solu-
tion by the addition of dllute hydrochlorie scid, snd
washed with distilled water efter each precipitation. The

crude gelatin wes s commerciel product containing a cone

gldersble amount of c¢slelium sulfate and wes gquite brown in
color. Zeln preparation I wes prepared secording to the
dirsctions of Osborne end Clapp (59) while preparation IIX
waas of wndetermined origin but probably of good guality as

indicsted by its white eclor and negstive Hopkinsg-Cole test,



Teble ITI, Fluorescencs values of treated and untreated
proteins during acld hydrolysis,

T T 88, 1 0OnG, z Fixwﬂaaem# Yalues arter
t t ge t of 3 of olysis fory

Eind of gawbaia $ Tmmnt T §ra%:izz 1 acl HCl f@ Ry }az'. §§ hr, % m;

Casein (em&a) ‘mm 10 100 25 22 22 20 19
Casein washed 10 100 25 16 26 ¢ 2
Casein purified 10 100 20 20 18 22 22
Casein . washed 10 100 3@ 16 18 24
Gelatin (Bacto) none | 10 200 25

1
Gelatin (crude)  nome 10 200 25 2
Zein Prep, I 2 100 36 2

2

Zeln Prep, II 2 100 36
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,ﬁﬁhﬁ»#esnlﬁa indicate thet further purificetion of the
protein preperations does not influence the amount of fluo-
rasaana&‘abﬁﬁineﬁtaﬁ acld hydrolysis.

Wels and Jokisch {(86) found that the fluorescence of
irraﬁiataﬁ%gvatains was increesed in the presence of oxygen
and was always less 1f irradleted in the sbsence of oxygen.
In order to determine the influence of oxygen on the produc-
ticn of fluorescence during acld hydrolysis, sir was ex-~
cluded by cverrying out the hydrolysis in sn atmosphere of
purified nitrogen. Teble IV gives the fluorescence values
in the presence and absence of alr during hydrolysils in
concentrated hydrochloric scids.

These data show that the exclusion of oxygen from the
hydrolysis does not influence the smount of fluorescence
of cesein hydrolysates, and that the fluorescent meterisal
produced ls steble to long g@ri@éa of boliling in strong
hydrochloric secid,.

Although securate data were not obtalned, it wes found
that the addition of hydrogen peroxide to the hydrolyzing
proteins did not appreclsbly change the amount of fluoresgw
cence produced, nor did the addition of smell amounts of
metallic zine during hydrolysis seem to influence the fluo~
rescences

c. Hydrolysis with alksll. It is generslly agreed

that strong alkalies produce rapid and complete hydrolysis
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of the proteins, However, during alksline hydrolysis there
is complete racemisation of the amino acilds formed, as well
g8 destruction of cystine and srginine. Aclid hydrolysis
produces only sliight rscemisstion of the amino acids butb
destroys all of the tryptophanes Alksline hydrolysis, on
the éth@r hand, does not destroy tryptophans.

Teble V givea & summery of the deta obitained by the
hydrolysis @f»prﬂtainé with alkslies. The bluret test
was appllied to determine when complete hydrolysis had
taken plave and the Hopkins~Cole test was applied to show
thet tryptophsne was not ecompletely destroyeds | |

The Hopkins-Lole test waes poslitive on asll hydrolysates,
except gelatin, even after 36 hours hydrolysis, showing
that sll of the tryptophsne was not destroyed. Gslatin
does not give s positive ﬁﬂgkin&~$ala test. The biuret
test became negetive very early in the hydrolysls of gela-
tia aa& blood fibrin, especislly with the stronger alkali.
Caseln and gluten are more reasistant to alkeline hydrolysais
theu geletin or flbrin; with the wesker slkeline solutions
complete hydrolysis of easeiﬁ was not 6btsinaﬁ even after
36 hours bolillngs

‘These {lucrescence values obtained durling alksaline
hydrolysis are né% as high as those obtained during secld
hydrolysis of the ssme proteins. Gelstin glives very low

fluorescence values when either acld or alkall is used for



Table V. Fluorescence values of proteins during alkaline hyﬁr@lyﬁiﬁ.

_Protein

2
H
:

e

: 3
t oo, of ¢

Find
of

3
¥

eons, ¢

of

H

Fluorescence vaiues arter

g for:

g¥§§i1§§i

hry 24 hr. $6 Br,

Casein

Cagein

Casein
 Casein

Fidein (blood)
Pibpin
Gelatin
Gelatin
Gluten (wheat)
Gluben fwkﬁat)

_protein  alkald s alkeld i amgzz 1 & hry

10
10

&
10
10
10
10

100
100
100
100
100
100
100
100
100
100

FaOR

Ne.OH

Eﬁ(ﬁﬁ)g

NeOH
XoH
NaOH
KOH
NaOH

20
10
0.5
10
20
10
20
10
20
10

2%

1%

o S - 3 o

2%
2%

22 ]

; 2

2%

g

7%

6

8
8
11

2%

2%
17»
10

12+

il»
10

2+

2

17*

9%

*Biuret test negative,



'ita hydrolysis. Other proteins give less fluorescence
when hydrolyzed with alkali than with strong scids,

d, Hydrolysis with enzymes. When proteins are hydro-
lyzed by esnzymes, the fluﬁrﬁaaanéa is not grestly increassed
abav&.thz'flvsrasesmaa of the undigested protein provided
that bacterlsal action 1s inhibited.s When there 1is exten-
give becterial sction during enzyme hydrolysis the fluores-
cence values sre higher then when bacterial action is in-
hibited, Teble VI gives the fluorescence values of pro-
teins during hydrolysils by trypsin {(psncreatin), In these
~experiments, welghed portions of protein were placed in
250-ccs Erlenmeyer flasks with 100 cc. of distilled water.
Five~tenths grem of pencrestin was added and the pH ad-
justed to 8.3 with solid sodium csrbonste,t A small amount
of chleoroform was added slong with enough toluene to form
& layer over the mixture to prevent oxldation and bacterlal
action. The flasks were incubsted at 40-43°C,

It is belleved that some of the ineressed fluorescence
in these hydrolyses was due 1n part to baet&riai action,
sinece when sodium fluoride wass added to the digestion mix-
tv@&a'in other experiments, the fluorescence values were
less than when no fluoride was added, Thus, in an experi-
ment using ceselin, when 3.0 greams of sodium fluoride was
added to 250 cc. of digestion mixture containing 50 grems
of caseln during an incubation of three weoks, the

1. The pH 1s 8.5 when sodium cerbonate was added untll the
solution gives a strong pink color with phenolphthaleine.



Table VI. Fluorescence values during hydrolysis with trypsin {panorsatin),

Eind of gm‘bein s used 4 1Z hr, 36 hry

ﬁa

’ﬂuamwmw wﬁms aﬁw hy

'ﬁ& ?m‘:

Cagein

Ege albumin
*F%ﬁn {blood)
fluten (wheat)
Gliadin
Glutenin
felatin

Zein

Blank

10
10
10
10
10
10
10

6

43

S

11

LT <

1

T

L= B <

1 1
slight slight
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fluorescence vslue was only 23 in the contrel flesk with
ne added sodium fluoride, the fluorescence value was 13.
Likewise, when no tocluene was added, the values were varle
sble snd elways higher thsn when bscteriasl actlon and oxi-
dation were controlled. VThat the sodium fluoride does

not inhibit the fluorescence is shown by the fect that
when sdded to proteln hydrolysates it does not chenge the
fluorescence intensity or color.

The results of experiments using protein digestion
with pepsin followed by trypsin &anagimn are gliven in
Table ViI. In these experiments, 10 grams of protein,
200 cc. of distilled water, =snd 1 gram of pepsin (U.S.P.)
w&?ekmixaé and enough dilute hydrochloric scid added to
produce free acidity ss indicated by Topfer's reagent.

The flasks were iﬁ@ﬁb&%&é at 40-43%C. and kept acid by

the dally addition of the required amount of dillute hydro=-
chlorie aecid to produce free scidity. After the pepsin
digestion had become constant, as messured by the Sorensen
titrstion methed, 1 gram of pancreatin wass added and the

pH edjusted to Be«5 wlth sodium hydroxide and the incuba-
t£ion continued, Further digestion occurred when pancrestin
‘was added, s shown by the Sorensen titration method of
measuring the emino nitrogen content of the digestion mix-
ture. 7The blank showed very slight fluorescence of the

enzymes.
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The results of enzZyme hséraiysia of proteins indicste
that there is only a slight incresse in the fluorescence
values of these proteins during enzymetle hydrolysis proe-
vided that bacterial and oxidative enzymes are inhibited,

The fact that hydrolysis had tsken plsce during the
enzyme digestion is shown by the incressed smino nitrogen
ag determined by the Sorensen titration methods The data
are glven 1n Table VIIT. o '

The walues in Teble VIII are gilven as milligrams of
amino nitrogen per gram of originsl protein.

‘e« "Hydrolysis® with scetic scid. Weak acids have not

been generslly used for hydrolysis of proteins. Zelinsky
end Ssadikow (90) used dllute mineral scids as well as
scetic seid and clsimed that st high temperatures complete
hydrolysis of proteins could bHe obtained without the formae-
tion of blsek insoluble humin when acetic acild was used.
According to these authors the time regulred for complete
hydrolysis with scetlc acid is sbout six hours st a tempera-
ture of 180%,

In attempting to hydrolyze proteins with scetic seid,
it was found that‘auﬁaﬂiaging caselin with glaciel acetilc
ecld for elght hours st 15 lbs. pressure did not bring
shout sppreclsble hydrolyslis; = geiatinaas residue was left
after such trestment and the solution gasve & poslitive bluret

teats In other sxperiments, proteins were bolled with



Teble VIII, Amino nitrogen of the proteins during ensyme
hydrolysis with pepsin and trypsin (pancreatin),

T Be 8 Amim nitrogen eanﬁmﬁ alter ensy g%gsia far:
Protein 1 used { B hre 24 hr.. T hT. m w.*ﬁﬁ hF, 184 hr. hr,

casedn 10 2.8 5.2 81 81 178 252 22,4 25,5
Pibrin 10 256 45 81 8.1 16,7  18.2 3@.45" 18.0
Golatin 10 5.0 4.8 48 5.0 108 143 14,8 169
fluten 10 2.2 2,0 2.8 4,2 12,8 165 16,5 15,0

.«-69«

ﬂrypsi.n {pancreatin) wns added at this point after 132 hours,
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glecisl scetlic scid for as long as 72 hours without produc-
ing complete hydrolysiss

Thet the flucorescence of the proteins i1s greatly in-
creased during boliling with scetie secid 1s shown by the
data in Table IX, |

When scetic ecld is bolled in the sbsence of amino
acids or protein it does not bscome fluorescent, When
added to fluorescent hyérclyﬁat@a cbtained by strong seld
hydrolysia, acetie acid does not affect the color of fluo-
rescence nor its 1ﬁtaasiﬁgw The dete of Teble IX indicate
thet the fluorescence of protelins is greatly ineressed in
the presence of bolling scetic scid, but eonstant vaslues
wér& not obtained when boiled for 56 hours. Uther experi-
ments, using scetic secid and boiling for ss long as 72
hours 4dld ﬂét produce csonstent fluorescence vslues, nor
complete hydrolysis.

‘Although guentltstive dsta are lacking, wool and hair
alsc give high fluoresesnce values when bolled in scetic
acid although only & amsll smount of the protein meterisl
dissolves. In sddition, the color of the fluorescence is
much more blue than when minersl aclds are used in the
hydrolysise. There are no characteristic fluorescence
values for the verious preoteins when trested with scetie
s#cld as ia the case with strong scid hydrolysis. When

proteins are bolled with mixtures of acetic and hydrochloric
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scid, fluorescence values obtsinsed are the same as when
hydrochloric acid 1s used alone for the hydrolysis.

When mcetie &ei& is bolled with amino selds, fluores-
gence develops in many cases, Threonine, tryptophane and
phenylalanine when boilled in glsclal acetic scld produce
strong fluorescence of a bright blue color. When ayating;
sapartic scld, srginine, proline, cystine or histidine
are bolled in thls mwedlum only slight fluorescence of the
same color develops. Thus, scetlc scid asppesars to resct
differently with the smino seids than does strong minersl

- peid which produces fluoresgcence only with tryptophane.

4. Fluorescence of amino sclds.

The dats obtained on the hydrolysis of proteins show
that zein and gelatin differ from the other proteins in
their production of fluorescence during hydrolysis with
acids. These two proteins sre the only ones which sre
deficient in trypﬁgghaué« Although these two proteins
are dsficient in other amine acids, tryptophene is absent
from Eath»« ?ﬁis would suggest that perhaps tryptophane or

its derivatives are responsible for the fluorescence pro-

.~ duetion during hydrelysis. In sddition, since the trypto-

phene content of blood fibrin is known to be higher than
most other proteins end since this protein gives more
fluorescence during acid hydrolysis, the relstionship of
trﬁy#aphaaﬁ to fluorescence production is further suggested.
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Table X gives the tryptophasne content of the various
proteins studied in this lnvestigation as abﬁained from
the litersture and the fluorescence values of these same
proteins after complete scid hydrolysis. It 1s because
of insdequate methods of tryptophane determinstion thst
values from the litersture are used, In attempting to
use the method recently published by Sulliven et el. (78),
1t~was found that r&g&aduaibia values could be obtained
for the tryptophane content of casein, fibrin and egg
albumin, but when np?iiaﬁ to the other proteins the method
was useless. The color development iIn most cases wes poor
and of verieble shsdes of blue sc that accurate comparisons
were impossible. This method glves a tryptophane content
of 5.4 per cent for fibrin, 1.9 per cent for egg albumin
with & valve of 2.2 per cent for casein., These amounts

sre in agreement with the scecepted values for these protelinas.

Table X

Tryptophane content and fluorescence
values of proteins after acid hydrolysis.

Fer cent Fluorescence valuves
Protein tryptophane after scid hydrolysls
Fibrin (blood) 5.4 60
Caseln ' 2.2 22
Helr 1.8 32
Wool 1.8 28

Glutenin 1.7 54
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Table X. {Continued)

“Per cent Fluorsscence values
Protein tryptophene after acid hydrolysis
~ Egg slbumin 1.3 . 42
Gliadin 1.1 51
Zein Ce2
Gelatin : 0.0 2

The wvalues for the tryptophsne content of the proteins
were those given by Schmidt (70) and Jones et sl. (41) &nd
sre veslues based on several methods of tryptophene deter-
mination. Although the correlation of tryptophane content
and fluorescence is not good, it must be remembered that
tryptophane determinations eare not sstisfsctory snd that
fluorescence wvalues are not extremely sccurste. Neverthe-
less, the high snd low fluorescence values correspond to
the high and low tryptophasne content,.

The amineo secilds were examined for fluorescence in the
s0olld state as well as in ecld, neutrel and basic solutions
in order to determine thelr influence on fluorescence of
hydrolyzed proteins. The 19 amino scide exesmined are

1lated below.

dl~Alanine l-Lysine plersate
d=Arginine monohydrochloride dl-Methlonine
1«Agpartic acid dl-~Phenylalanihe
l«Cystine l=-Proline

Glyeine | : dl-3erine
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d=Glutemic scid dl-Threonine

i1~Histidine dihydrochloride 1=-Tryptophane
l-Hydroxyproline i-Tyrosine
dleIsovaline dl-Veline
dl~-Leucine

In the solid form, none of the amino acids examinsed
~showed eny visible fluorescence in ultra-violet light, Also
when examined in neutral, acid or baesle solution none ex-
hiblted fluorescence in the concentrations used (20 mg. per
¢c+)s However, when boiled in 20 per cent hydrochloric
acid for & short time tryptophene showed some fluorescence
of the seme color as that obtained from protein hydrolysis,
namely, blue-green. Tryptophene waas the only amino scid
tested which gave Tluorescence in hot hydrochloric acid
solution. However, the Iintensity of the tryptophasne fluo~
rescence 1s gulte weak.

A mixture of all the aminoc acids svaileble boiled with
hydroechloriec scld shows fluorescence of the same color as
that from proteins,but the intensity is very muah.leaa.
¥hen tryptophsne was omitted from this amino scid éixtura
during boiling with hydrochloric ascid, no fluorescence de-
velopeds. Thus, it appears that of the 19 amino sacids
‘taataé, only tryptophsne 1s capasble of produeing fluores-
cence under the conditions of proteln hydrolysils.

¥hen each of the tested aminoc scids wes asdded to gela~
tin during seild hydroelysis, ineressed fluorescence was ob-

tained only when tryptophane waes edded. The effect of
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tryptophane sddition to gelstin, zein and cssein during
seld and alkeline hydrolysis 18 shown by the data of
Table XI, N |

These data show that tryptophane sdditlion to casein
doea not change the amount of fluorescence formed during
acid or aslkaline hydrolysis. On the other hend, when sdded
to the tryptophsne defliclent protelns zeln or gelatin, the
fluorescence values of these proteins sre grestly incressed
during sc¢id hydrelysis. During alkaline hydrolysis, added
tryptophane does not influence the smocunt of fluorescence.

Since tryptophane sddition gresatly inereases the fluow-
rescence vaiuéa during acld hydrolysis snd since tryptopheane
is destroyed under these conditions, the incressed fluores-
cence of scid-hydrolyzed proteins is probably due to tryp-
tophane destruction.

Harvey and Robson (35) have shown thet tryptophane can
be reedily converted to & highly fluoreseent alkaloid
{harman) by mild oxidation of the tryptophene~scetaldehyde
addition compounds However, when synthetic harmsn is added
to proteln nydrolysetes, 1t can be recovered by atk@r.éx~
traction which does not remove the fluorescent materisl
formed from the proteins durlng hydrolysis. Alsc, the
flvuorescent meterial from protelins does not have the
physioclogical sectlion of the synthetic drug slthough the

fluorescence of the two are guite similer in color, It is
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concluded that this oxidetion product of tryptoephane cannot
be responsible for the 1ner&asaﬁ'rlunresﬁaﬁca of h&dralyzad
proteins.

It 1is well known that vitemins are difficult to remove
completely from the proteins and that certain vitsmins de~
compoese readlily to form blue~fluorescent products. There-
fore,the effect of added vitamina on the fluorescence dur-
ing‘aeid hydrolysis was tested. When both vitemin By and
lactoflavin are edded to gelatin in smounts gréa%ar than
arﬁinﬁrily'fe&né in this protein, there was only a very
sllight incresse in the fluorescence velue of gelatin.

Thus, when & milligresms of vitamin By and 2 milligrams of
lectoflavin were added to 5 grams of gﬁlatin ﬁuring hym=
drolysis in 100 ¢c. of 25 per eent hydrochloric acid, the
fiuvoresoence vslue of the gelatin wss incressed, from 1
when no vitemin sddition was made, to a vslue of 3. Dried
yeact gave & maximum fluorescence value of 20 during scid
hydrolysis, indicating that vitamins of the B~complex do
not csuse grestly incrsased fluorescence.

Alloxan, & compound closely related to lactoflavin,
is fluorescent in acld solution. Its color of fluorescence
is simlilar to thst nf hydrolyzed protein. However, 1itas
fluorescence 1s resdily quenched with wmercuric chloride and
it gives =& gssi%iva‘ﬁﬂraxiﬁe tast¢‘ Fluorescent protein

hydrelysates and concentrated fluerescent materisl from



them do not give s murexlds test nor 1s theilr fluorescence

guenched by mercurlc chloride.

5. Humin formstion snd fluoresgencs.

Cortner et al. {(£56) have shown that tryptophane and an
unidentified constituent of proteins reasct to form the
bleck insocluble humin obtained when protelins are hydrolyzed
in strong ascids. These authorsg have not mentioned or desalt
with the fluoreseence of humin or of the protein hydroly-
sates,

The fluoresgence of insoluble black humin is not
reedlily detected, but when this maeterisl iz dissolved in
sodium hydroxide it exnhlibits a weak green fluorescence.
Those protein hydrolysstes which show the strongest fluo=-
regecence also are the darkest in color. In gelstin and
zein hydrolysates, where the color ls only light brown com-~
pered to the black color of other protein hydrolysestes,
the fluorescence is much wesker as has been ghown shove.
The effect on fluorescence velues of preventling humin
formetion, by the common method of adding stannous chloride
during hydrolysls, 1s shown in Tsble XIJ. When stannous
chloride 1s added in sufficilent gquantities to prevent humin
formetion, the hydrolysates have & light brown color but

1o inscliubhle meterisl remains.



Table XII, Pluorescenos values of proteins during hydrolysis
in the presence of stannous chloride.

TE et Be 188, T Fluorssoence values of proteins

1 protein i snmg + HCl 4 after hydrolysis for:

| Protein s used s added ¢ (cono,) 1 2 h¥, B br, 1
Caseta 10 0 00 -~ 20 21 24 24
Casein 10 10 - 8 20 20 24
Gluten 00 35 4 85 41 4
00 9,8 18 1B 17 15
100 -~ 4 6 5% 56

100 27 28 42 34 36

Gluten

Pibrin

Fibein

B R - TN~ S

Fanww

-
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Thess dete Iindlicste thet the prevention of humin
formetion by stannous chloride reduces the smount of fluo-
rescence formed durlng scid hydrolysis but does not com-
pletely destroy the meterisl causing fluorescence, although
i1t prevents the formstion of brownlsh-blsck melanin or
humin, Stannous chloride does ne%uiﬁterferﬁ with nor di-
minish the amcunt of fluorescence of hgdraiysatea,'as is
shown by the fact that the esddition of large amounts of
stanmous chloride to the hydrolysates which are fluorescent
does not aflfect them, Stannous chloride boiled with hydro=-
ehloric scld is not fluorescent.

Gortner and Holm (25) produced humins by adding trypto-
phane ﬁﬁ saldehydes in hydrochloric scid medium. Humin pro-
duced in this manner is only very slightly fluorescent when
the concentrstion of the acid 1s kept below 10-15% per cent.
With more concentrated seid, the solutlions sre much darker
ané filtrates from the removal of the insoluble materisl
ere very strongly fluorescent. If aceteldehyde 1s added
to gelatin during hydrolysis in concentrated hydrochloric
acid, & very great incresse in the fluorescence is noted.
ﬁawev&r; when ascetaldehyde is bolled in concentrated hydro-
chlorie acld, or even in 10 per cent seld, strongly fluo=~
rescent solutions are obtalned. The fluoresscence of these
solutions 18 very similsr in coleor to that from hydrolyzed
proteins and prevents the determinstion of protein fluores-

CBNCS



%¥hen glucose and tryptophsne ere condensed with acid,
& hlue-fluorescent eéﬁycunﬁ results. This compound re-
sembles the fluorescent materisl from proteins in its ad-
sorption cheracteristics on fullert's esrth, end also its
change In fluorescent color when the pH is chenged. Both
of these compounds fluoresce blulsh-green in basic solu-
tions and greenish-blue in acld. However, the chenge in
fluorescent color is not sherp nor esally detected. Of the
eleven amino aclds ﬁaat&é for fluorescence production with
glucose 1in acid, tryptophane and‘tyraaina were the only
ones which gave blue-fluorescent compounds. The other
amino eelds tested were histidine, glutamic scid, threcnine,
phenylalanine, cystine, aspartic scid, preliné*.glyaine and
arginine. Six~tenths millimol of each of these smino acids
wos added to & grams of glucose in 80 e¢c. of hydrochlorie
ecid and bolled for six ﬁmﬁrg. All of the solutlons were
dark brown in color and slightly yellowish~brown fluorea-
cent. Gluecose snd scid, with no eamino scid aedded, was also
dark brown in color and slightly yellowish~brown fluocres-
cent. However, only those mixtures containing tyrosine or
tryptophene remeained fluorescent when diluted to gsveral
liters. It was estimated that the amount of fluorescence
produced with glucose snd tyrosine or tryptophane nes-
sbout the seme as obtalned from one gram of egg albﬂmaﬁ

or wheset gluten.
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Blus-fluorescent compounds have been found to be
closely sascociasted with melanins in animel organisms (19).
It is well known tﬁat tyrosine and tryptophasne sre the only
eminoe aclids involved in the production ¢f melanins in na-
ture. However, when tyrosinase of potato julece was allowed
to aet on tyrosine in buffersd solutions, the resulting

brown solution was very weskly fluorescent {(blue).

6. Extrasction and concentration of the fluorescent material

of proteins.

Attempts to remove the fluorescent msterisl from pro-
teins by dialyzing thelr solutions sgelinst distllled weter,
using collodion or parchment membrenes, were unsuccessful.
The fluorescent materisl 1s not dislyzed from neutral,
besiec, or soid protein solutions. Dlalysis of protein
hydrolysates, on the other hand, removes the fluorescent
material from the hydrolysate but dves not separate it from
amino aclds which also dislyze.

When grateiﬂs are sslted out of golution with smmonium
or megnesium sulfate, the flltrastes which are free from pro-
tein sre not fluorescent. The fluoresecent material is thus
ghown to be securely bound to the proteinsi perhaps it 1s
&8 constituent of the protein molecule.

Likewise, the extraction of protein sclutliona with

organic solvents such as ether, chloroform, butyl or amyl
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alechol, or benzens, 4ld not remove significsnt amounts of
fluorescent material from the proteins nor theilr hydroly~ .
sates. Amyl eslcohol vaa;ﬁha,masﬁ #fiiﬁiant of these sol-
vents in the &x&?&sti@n‘ef fluorescent material from pro=
tein hydrolysates. When extracted by amyl elsohol in a
continuous extractor for three days, sbout 10 per cent of
the fluorescent materisl was removed. |

The problem of the sepsration of the protein hydroly-
sates into thair amino aeld components is beset with many
difficulties end numerous technics have been proposed.
Using the Van Slyke technic for the nitrogen diatribution
of the hydrolyzed proteins, it was found thet the fluores~
cent material is diastributed in both the dibasic amino
fraction and the monoeminoe frsction. Other proposed frac-~
tionastions of amino eacida, whish involve precipitstionsz in
scid solution, ecsnnot be used to concentrste the fluores-
cent material of the hydrolysstes, beceuse the precipitetes
formed in acid solution partially adsorb the fluorescent
meterial. After seversal precipitastions have been made
from seid solution, most of the fluorescent material has
been removed by such precipitates and recovery from these
amino aclild fractions 1la difficulte.

The edaorption of the fluorescent materisl from scid
sclution was utilized as the basis of a method of concen~

tration and purification of this materisle. Although it 1a



partlially adsorbed by meny inorganie preeciplitetes formed in
acid solution, lead sulfide was found te be guite efficient
for 1ts adsorption. However, large amounts of sulfide are
required and the elution methods employed were not satis-
factory for the recovery of the fluorescent material after
the sdsorption. |

Norite YA%™, Cenco fullert's esrth and English fuller's
sarth were found ﬁa be manﬁ satisfsctory as adsorbents for
the fluorescent mﬁtariél than lesd sulfide ar}ﬁthar ine-
orgeniec sompounds. Relstively small amounts of Horite WA®
are reguired for the complete adsorption of the fluar@aﬁant
material from proteln hydrolysstes. However, asttempts to
remove the material from the Norite YA" by elution methods
were not very successfules. It was found thsat mixtures of
alcohol aﬁé smmoninm hydroxide were gqulte efficient sa
elution resgents, After considersble experimentation, s
mixture of 90 volumes of ethyl or methyl eleochol and 10
volumes of concentreted ammonlum hydroxide was adopted as
the most efficlient elution mixture. With this mixture,
only about 45 per cent of the fluorescent material could be
reeovered from the Norite "aA",

Genco fuller's esrth is inferlor to Norite "A" in its
adsorption of the fluorescent materilal from protein hydroly-
sates, but only 70-80 per gent of the adsorbed msteriasl

could be recovered by elution.



English fuller's earth was found to be the most satis~
factory sdsorption medium for the concentration end re-
covery of the fl#cyeaaent,mat&rial; The aéxa&ytiaa from
acid solutlion is gulte complete end elutlon with thﬁ‘alaane}~
smmonivm hydroxide mixture ylelda &b@ﬁ# 80«80 garwaantf
recovery of the aéagrﬁaé‘maﬁarialg However, before béing
used, the fuller's earth must be treated as deseribed above
in the section dealing with the source and trestment of
materials; fluorescent materiel must be removed from the
fullerts sarth.

The flucrescent materisl 1s not adsorbed by English
fuller's earth in bsasic or neutral sclutlon, but excellent
adsorption takes glaﬁ# in strong scld solutions. Elution
1s brought ebout only by alkaline reagents. A mixture of
90 wvolumea of either methyl or ethyl slcohol and 10 volumes
of concentreted smmonium hydroxide was found toc be the
most efficient elutlon sgent.

After numerous experiments, the method ef concentra~
tion of the fluorescent material from proteln hydrolysates
finally adopted is am follows: English fuller's earth 1is
mechenically stirred into the filtered seid hydrolysate
from aboub lﬂévgrama of protein uwmtil the fluorescence 1is
removed from the solutions The sclution is filtered snd
the fuller?'s earth mechanically stirred into s liter of one
psr cent hydrochloric scld and again flltered. This washing
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process is repeateds Finally the fullsrts esrth is mechani-
cally stirred into two liters of distllled water, filtered
off, and sgain washed with dlstilled water. The fluorescent
material is sluted from this washed fuller's earth by me-
chanically stirring 1t into llter portions of the alcohol-
ammoniuvm hydroxide mixture mentioned sbove and filtering.
This elution 12 repeated wntll the filtrete iz only weskly
fln@raseén&;

The sombined filtrates from the slutions are then
‘eveporated to dryness under reduced pressure. The residue
1s thoroughly extracted snd washed with 300-400 cc. of
dilute hydrochloric scid {2 per cent). Another portion of
Englisn fullert's eerth is atirred into this seid sxtract
until the flmunoresesnce is completely removed. (This iequirea
less sdsorbant then the firat sdsorption.) The fuller's
sarth is washed with dilute hydrochloriec acid and distilled
water as for the first sdsorption. The fluoreseent meterial
iz eluted by mechanically stirring the fuller's earth into
500 ece portions of the elution mixture until the filtrates
are only a2lightly fiunorescent, The filtrstes from the elu-
tion asre evaporated to dryness under reduced preasure.

?nﬁ material obtained in this meanner is a small smount
of dark brown, emorphous, non«fluoreacent (in the solid
state) material which 1s soluble in dilute bases or ascilds,

and Insoluble in ether, acetone, ethyl scetate, benzene,
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toluene, chloroform or shsoclute slechol. It 1s somewhat
soluble in methyl slechol or 95 per cent ethyl slechol.
It is soluble in amyl.aiash@l or acetic asié‘an& 1s very
strongly bluish~green fluorescent in those soclvents in

whiich 1t dlssolvess

7+ Propertles of the fluorescent materisl from protein

hydrolysates.

Since the fluorescent material was not obtained 1in
erystalline form, satisfactory yﬁrifimatimn hes nct as yet
been obtalined. 1In fsct, by the use of chrometograpnlc ad-
sorption of the fluorescent material on Hydrale in = column
14 cme high anﬁ,ﬁwemx in édlemeter, some evidence was ob-
teined to show that the materiel 1s composed of two com-~
ponentss However, the evidence was not conelusive snd more
work will heve to be done before the fluorescent material
1s obtained in a pure state,.

Some of the properties of the msteriasl csn be given.
It 1is not precipitated by protein precipitants, nsr‘d@ax
i1t give the color testsa gf rroteins or emino scids. Tt is
not salted out eof s@luﬁiona by saturstion with smmonium or
mﬁgnﬁsiam.sn&fatea Its Tluorescence 1is not sltered by
hydrolysis with sulfuric scid (20 per cent) for several
hourss. It contains 20 per cent nitrogen but no sulfur.

It is not reduced by sodlum hydrosulfite in besic solution
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nor by zine in acid solution. It 1z resadily oxidized by
permangenate in scld solutione. |

%h#n neutral solutions of the fluorescent concentrates
are injeeted into tha'géritenaal eavity of rats, no ﬁetieaw
svle resction tekes pleces This indiecates that the msterial
is not the flﬁﬁrasaaat'ksrman4p?adu@eé from tryptophane by
mild oxidation mf,tha trg§tsgh&as~sgataiéahgée complex. It
also indicates thet the materiel is mot a diketopiperazine,
since these a@mpsﬁaﬁa are taxie to animals. T&s fluorescent
material is excreted by the kidneys when 1n3&ﬁ§e& into rats
snd sbout ﬂﬁ‘per cent of it can be obtained in the wurine of
ratas efter 1nkrag§r1t@aaal iﬁj@&ﬁians. It is guite slowly
~ &xaretéé; 85 per cent cen bs recovered in the ariés excreted
during the 48 hauré following injeetions. However, incressed
urinery fluorescence is noted for several days after the
injeetionss _
| The fluorescent spectrum of the materisl isolated from
- yrg%ﬁiﬂ'hydralyaates was taken in order to determine whether
or not it contained line structure whieh mighﬁ be used in
, tha\iéﬁnﬁlfiaatiﬁn of this material. The aspectrum was also
"takan to more clearly determine the color of fluorescence
and to compare 1lts fluorescence with that of qﬁinine bilsule
fate, thiochrome end lactoflawvine.

The specire were cbtseined with a Caertner spectrometer

having a photographlie attaschment. The solutions were plsced
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in & gqusrtz cell 2 cm. thick, 5 em. wide and 6 cm. deep.
The outside of the cell wes painted with dblack non-fluorescent
ﬁ&int to eliminste reflected light, except for s window on
one gide for the ineclident light and e nsrrow slit on the
adjacent slde to allow the fluorescent light to enter the
s1lit of the spectrometer. Thus, the incident light from |
the guarts mercury-vapor are penstrated the solution in the
cell at right angles to the sllt through which the fluores-
cent light entered the spectrometer. When unfiitered 1lignt
was used, the écattareéwanﬁ reflected light ceaused mersury
lines to appeer on the spectrogrsm. However, with a filter
of 4 mme. thilck, hest~-resisting, red-purple glass, a very
small smount of light from the mercury arc entered the
spectrometer. The lines on the spectrogram due to reflec~
tion and scattering were very faint, even when exposures of
30 hours were made.

The wavelength stenderd used was the copper src. It
was photogrephed using the same sl1lilt opening ss was used
for the fluorescence spectra. The wavelengths were ldenti-
fied from the dlspersion curve of the instrument.

Pnotograph HNo. 1 shows the fluorsasgent spectrum of
quinine bisulfate dissolved in 0.5 X sulfuric escid. The
standerd copper arc for compsrison and 1dentification of
the wevelengths is elso shown. The slit opening was 0,20
mm. and the sxposure for guinine bisulfate was 27 hours.

The copper src exposure was 6 seconds,
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Photograph No. £ shows, (&) the fluorescent spectrum
of the fluorescent material obtalned from casein and dis-
solved in 0.5 N sulfuric scid, (b) the spectrum of the
eopper arc, and {c) the fluorescent spectrum of lsctoflavin
dissolved in 0.5 H sulfuric ecld. A4ll three were taken with
e 8lit opening of 0.22 mm. The exposure time for the un-
known materisl was four hours. The incident light was une
filtered light from a mercury-vapor sarc. The mercury lines
appeesr in the spectogrem of the unknown due to ineident
1light entering the silt of the apectrometer, The exposure
time of the copper erc was 20 segonds and for lactoflavin
the exposure time was two hours.

Photograph No. 3 shows the spectrum of the copper arc
end the fluorescent spectrum of thiochrome dlssolved in
O«1 K sodium hydroxide. The exposurs time f@? thiochrome
wps 24 hours with a slit widith of Q.22 mm. The copper arc
exposure was 15 seconds.

The thiochrome weas mede from crystelline vitemin By
by oxidetion with potassium ferricyenide, extraction of this
product with‘butyi aleohol to remove the thlochrome, and
then extrsction of the butyl slcohol with dilute scid. The
dilute hydrochloric acid solution, containing the thlochroms,
was esveporated to dryness and tsken up with & amall smount
of 25 per cent potassium hydroxide. Thlis solution was ex-

tracted with chloreform untll no fluorescence remalined;



the chloroform solution wes dried with anhydrous sodium
sulfate, This solutlion was then evaporated to & small
volume untlil crystals of thilochrome appesred. The product
was recrystallized from chloroforms Thioehrome is only
alizhtly fluorescent In scld selution, but very strongly
blue-fluorescent in slksline solution.

Photograph No. 4 shows the fluorescent sgpectrum of the
unknown fluorescent mesterial, from cesein hydrolyssates,
dissolved in amyl alceohol., The exposure time was 24 hours
and the slit opening was Q.22 mm. The lneident light wes
filtered. The copper standard is slso shown.

Pnotograph No. & shows the [luorescent apectrum of
guinine blsulfate dlasolved In 0.5 R sulfuric acid when
filtered ultra-violet 1ight is the exciting radistion. The
exposure wes 27 hours with & sl1it width of 0.22 mm. The
standard copper src shown in this photograph was slightly
over-exposed (20 seconds exposure). o

Attempts to obtain the fluorescent spectrum of the un-
known materlial in basle solution falled bescsuse the fluo-~
rescent light given off 1e¢ very faint.

The fluorescent spectrum of the material from protein
hydrolysates does not contain line structure and therefore
it has littlie valuve in identification of the fluorescent
materiaz. The fluorescent spectrum consists of a broad

band in the blue-green reglon of the spectrum. This
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spectrum resembles that of guinine bisulfate in scid solu-
tlon, but is guite different from thet of thiochrome or
lactoflavin.

That the fluorescent material from protein hydrolysates
is not quinine, is shown by the fact that guinline added to
the hydrolysate can bs recoversd by ether extraction of the
besic solutions. Thls extraction does not remove the fluo-

rescent masterisl from the hydrolyzed proteins.
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IV. DISCUSSION OF RESULTS

It was found that the proteins studied, namely, egg
elbumin, gelatin, blood fibrin, caseln, wheat gluten,
gliedin, glutenin, and zeln, were all fluorescent in the
80lid state. The ecolor of the fluorescence is very nesrly
the seme in all of these proteins when excited with ultrs-
viclst light of wevelengths 3100-4100 2& This observastion
1s in sgreement with the observations of Stubel (76). He
found thet many of the isolated protelns fluoresced with a
blue color. Viss (79) slsc found that proteins wers ex-
eited to fluorescence. He used light of wavelengths from
2400 % to the visible region and noted that the fluorescent
" ecolor was the seme for verilous proteins.

That %n@ fluoresgecent meterial is not occluded or ad-
sorbed 1s shown by the observetion that various extreotion
processes or dislysis experiments faeiled to remove the
fluorescence from the proteins. Since the fluorescence 1s
destroyed by oxidestion with nitric acid or by ashing of the
protein, it is probebly not due to inorganic material., This
conclusion is alsoc gupported by the fact that the formation
ﬁf many inorgenic compounds in the protein or protein hy-
drolysete solutions was never sccompanied by an increessed
fluorescence, aur’wara any of the inorganic selt solutlona

resulting from blenk or control experiments fluorescent.
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The information obtalned from the fluocrescence of pro-
tein solutions elsec Iindlicates that tﬁa fluorescencs 1s very
closely essociated with the protein molecule and 1s orgsnie
in nature.

The dats given in Tebles I and II show that the fluo~
rescence of proteinas is greatly ineressed during acid hy=-
éraly#ia* end that blood fibrin becomes more fluorescent
t@ﬁn other proteins during hydrolysis in acids. This ine
creased fluorescence of protein during hydrolysis wes also
noted by Pringsheim snd Gerngross (64) who found that when
gelatin wes hydrolyzed with weter et high temperatures, the
fluvorescence incresase was proportionsal to the smount of
hydrolyslias. These suthora did not study ths effect of
other methods of hydrolysis on the protein fluorescence.

The dete of Tables I snd IT alsec show that the fluo-
rescence of proteins reaches & meximum vslue when complete
hydrolyeis has oecurred, and that proteins vary in the smount
of fluorescence incresse due to acid hydrolysis. Gelstin
and zeln give only smell Iinereased fluorescence compared to
the increase of the other grataiax during acid hydrolysis,

The deta of Table III ahow that the fluorescence 1s
characteristic of the proteln molecule and not chenged by
purification of the proteins, Crude casein or gelatin gzave
the same amount of fluorescence as the treated or purified

casein or galaﬁiaa This also indicatsas thet the flunorescence
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is not due to inorgenic impurities in the proteins.

The data obtalned by the hydrolysis of proteins with
alkalil snd engymes (Tebles V, VI, VII and VIII) indicste
that acid hydrolysis incresses the fluorescence of pro-
teinsg much more than does alkaline or enzyme hydrolysis.
This 1@ probably due to the fact that seild hydrolysis de-
stroys tryptophene to produce a fluorescent compounds
Since the fluorescence of proteins is not greatly incressed
by slkaline or enzyme hydrolysis, the normal end-products
of protein hydrolysls would not be expscted to be wvery
fluorescent, That this is the cese, ls shown by the ex-
amination of 19 known eminc acids. When examined slone or
in mixture, in the solld state or in solutlons of varlous
scidities snd slkalinities, none of these aminc acids was
found to be noticeably fluorescent. A mixture of all of
these amino a@iés aia not a&#ﬂ,aa muech fluorescence as slka-~
1ins or enzyme hydrolyzed protein.

The fluorescence of certsin smino scids has besn re~
ported in the literature. Stibel {76} claimed that tyrosine
. was weskly fluorescent end Vids (78) found tyrosine, ala-~.
nine, proline, and glutamlic secld to be weakly fluorsscent.
He found arginine and histidine to be the most fluorescent
of the sminoc meids axgmiaﬁﬂmz Glyecine, cystine, and leucine
are not fluorescent, seccording to Vies., On the other hend,
Kinnersley, Peters snd Squires {(46) found that histidine,



tryptophene, cystine, tyrosine, glycine snd leucine were
not fluorescent.

The observations on the fluorescence of smino mclds
reported in thils thesis asgree with the observations of
Kinmnersley, Peters and Squires, that emino acids are nét
f&u@resﬁanﬁw

When proteins ere hydrolyzed in strong acids, the in-
- ereased fluorescence is probasbly due to the decomposition
products of tryptophane which i1s destroyed undser these
conditionag. Thosze proteins which are deficient in trypto-
phane are the only ones which do not give large smounts of
filuorescent materisl during aecid hydrolysiss Fibrin, which
is rich in tryptophans,; gives the highest fluorescence value,
Thet tryptophene 1s responsible for the increased [luores-
cence iz shown by the fact that when added to gelatin or
zein, whieh are deficient in this amino aeild, the emount of
fluorescence produced by hydrolysis with strong seld is
greatly increaseds When this emino seld 1s added to these
ssme proteins during hydrolysis with alkell, which does not
destroy tryptophsne, no incresse in fluorescence occurs.
Again, when mixtures of amino secids are bolled in aecid the
fluorescence does not inerease, however, when tryptophsne
19 §§¢a&ﬂt in this mixtwre fluorescence ap@ééra, The addi-
tion éf other emino acids to gelatin or gzeln does not in-

cresse thelr Cluorescence during hydrolysise
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The data of Tsble XI gshow thet when tryptophsne is
added to casein there 1s not much increesed fluorescence.
This indicetes that there sre two fsctors invelved in the
fluorescence produetion dus to tryptophane decomposition.
It is possible thet the unknown compound of the casein
molscule, which rescts with tryptophsne during hydrolysis,
1s”aém$3ﬁtaiy used up by the tryptophane present in the
casein and that sdded tryptophsns eannot cause very much
increase in fluorescences. It 1s belleved that by use of
the fluorescance inaée#aa during hydrolysis by sclds, the
tryptophane content of proteins could be estimeted gulte
accurstely, provided that an excess of the meteriel with
~whleh it reects 1s present.

‘A blue-fluorescent oxidation compound of tryptophane
hes been reported (35)s This compound is en alkeleid of
the csrdiec-polison type. That the fluorescent compound
of acid-hydrolyzed gﬁotain is net this ssme alkaloid is
shown by zhalfaaﬁfthﬁ two cen be separsted by ether extrac~
tie# 1n‘&1ka&inéﬁggzutieng this removes the alkalold, In
additlion, the fluorescent compound from hydrolyzed pro-
teina doeg not have the physiologlesl action of the alksalold,

The fluorescence of proteins camnot be due to their
‘yitemin content since verious extractions failed to remove
the fluorescent materlisl and added vitsmins 414 not increase
the fluorescence of the proteins durling hydrolysis.



Gortner and Holm {25) have shown that melanin {(humin)
formation 1s dependent on tryptophesne and an wnidentified
canatigﬁant of the proteln molecule which react douring
nydrolysis by selds to produce the insoluble black material.
Fluorescence has also baen shown to be closely aaaaaiatsd
with the formati@ﬁ;&f mnlanin in the skins of certaln
snimels {1%}4 The relsationghip between fluorescence and
melanin formetion was studled by preventing the formation
of melanin during hydrolysls end slsc by the preparation
of melanins with sldehydes and tryptophsne. The results
{Teble XII) of prevention of melenin formetion by the sddi~
tion of stannous chloride to the proteins during hydrolysis
indicate that fluorescence and melenin formetion =& sd0wme~
what relsted. The préven%ian of melsnin formstion decresses
the smount of fluoresecence produced, but does not prevent
fluoresecence production during hydrolysis. The malénia
formed by tryptophsne and a&éehgde condensation in strong
scids 1s fluorescent. Tyrosine also gilves s bleck-colored
melanin which hes a blne~£luarasaanaa=w&mn*ﬁh&gramiﬁa aeid
&n& glucose are boiled in seid. Other amine scids tested
do not produce fluorescence with glucose.

When proteins sre bolled with acetic seid, the fluo-
rescence iavgraatly Increased &s 1is shown hg the dets of
?ahla IXs This increased fluoresecence with scetlc scid 1is

probably due to some addigima compound of emino scilds and
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scetic acid, since several of the amino acids become fluo-
reseent when boiled in ascetic seids In addition, when mixe
tures of acetle aéié«ané hydroehloric acid ere used, the
fluorescence Increase 1s not so pronounced, Also, the color
of fluorescence is bright blue instead of the ususl blulshe
green,

The properties of the fluorescent msterisl obtalined from
protein hydrolysates, by means of sdsorption and &laﬁiﬁa,
may or may not be the properties of the actual fluﬁr@aéénﬁ
msterisl present, since satisfactory purificstion hes not
yet been obtalned. Some evidence, obtained by chrometo-
grayhie edsorption of the fluoresgent meterisl on Hydrslo,
indicates that this material 1s composed of two fluorescent
components.  One of these does not change fluorescence
color with changes ia_§§,~uﬁiis the other changes from
greenish~blue in acid solution to bluishegreen in basic
aﬁ&ﬁtiaﬁ; However, this change in fiﬁﬁ?&tﬁ%ﬁ&ﬁ eoclor is
not sharply defined. o

The fluorescent spectrum of the flucrescent material
from protein hydrolysates shows no line structure. It 1s a
brosd band in the blue-green regicn of the spectrum from
about 4100-58300 ﬂ. Tﬁs width and appesrsnce of the fluo-
rescent spectrs of the other fluorescent materisls, shown
in the photographs, grﬁ‘ia agreement with dats given in the

literstures It was found, by the use of filters of pure
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organic liguids, that the incident light eapeble of produc-
ing fluorescence of protein hyém»lgsstaa was gomposed of a

bend of 1lght from 5400-3600 R
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V. CONCLUSIONS

As & result of the presseant ianvestigstion on the fluo~
rescence assoclated with proteins the eonclusions liasted
below have been dariv&éaA

1., The isociated proteins used in this investipation
are all fluorescent in the solld state. They sll fluoresce
with s blulsh-white color when examined in ultra-vioclet
Iight of wavelengths 3100-4100 3c

2., These proteirns sre sll fluorescent in golution.
ﬁ@w&v&r,»gﬁﬁ color of the fiuorescence in solution 1s more
green than that of the solld protein.

3+ Fluorescent msterial is not removed from protein
suspensions or solutions by dislysis from neutral, slightly
acldic or slightly baslic solutlon. Likewlse, extrsasction
with verious organic solvents does not remove the fluores-
cent materials

4. The [luorescence of protelins 1s destroyed by oxlda-
tion with strong nitrilc scld or by sshing the protein. The
protein ash is not fluorescent in neutral, scid or basic
solution.

S5« The ywad&ét&~e£ hydreolysls of proteins by proteoclytic
enzymes or slkell sre only slightly more fluorescent then

the original protein solution.
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hydrolysis no incressed fluorescence is observed. The addi-
tion of other smino selds to proteins during hydrolysis
does not inecresse the amount of fluorescence.

12. ¥%hen & mixture of amino sclds {(tryptophane omitted)
is boiled with strong acids only slight fluorescence 1ls
noted. When tryptophsne iz edded to this same smino acid
mixture the amcunt of fluoreseence is moderately incressed.

13+ The addition of wvitsmin By and lectoflavin to pro-
teins during hydrolysiszs does not incrsase the amount of
fluorescent materiasl produced.

14, Bumin formed from glucose with tryptophene or
tyrosine in scid solution is fluorescent with s blulsh-
green colors Other asmino seids with glucose do not produce
increased fluorescence.

15. Melanin formed from the tyrosinase of potstoes and
pure tyrosine solutions is not fluorescent.,

16. ?hﬁ fluorescent material from protein hydrolysates
can be extracted by adsorption from acld sclution by Enge
1ish fuller's earth and eluted from it with aleohol-smmonium
hydroxide mixtures. The material thus obtained is extremely
fluorescent in the blue-green region of the ay&at&ﬁm; This
meterial has not been ecompletely characterized. It 1s not
Je
17« The spectrum of the Tluorescent materisl from pro-

harman {slkslold derived from tryptophsane

tein hydrolysates 1z & broad band in the blue-green region
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of the spectrum from sbout 4100 X to BBOQ in This fluores-
cence is excited by light of wavelengths 34C0~3800 3.
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VI. SUMMARY

A method of destermining the relastive amounts of fliuo-
rescence in protein solutlons or hydrolysates has been de-
veloped and used in this investigation to study the f&u@n
rescence of proteins snd thelr hydrolytic products.

The proteins prepared and studied were ceasein, whest
gluten, gliadin, glutenin, zein, gelstin end egeg albumin.
Hair and wool were aelsc compared to the proteins.

Theae proteins were examined in ultra-viclet light of
wavelengths 3100-4100 g& They ali give & uniform blulsh~
white fluorescence in the solid state and 8 somewhat more
green fluorescence in solutlons. The fluorescence of these
proteins ls more green in basic solution than in escid.

Various methods of extractlon with orgenie solvents
and dialysis experiments falled to remove the fluorsscent
material from the solid proteins or their solutions.

Destructlion of the proteins by oxidation with strong
nitric acid or by ashing completely destroyed the flucres-
cent materiale.

The effect of purification of proteins on their fluo-
rescence was studled. It was found that the degree of
purity did not affect the amount or color of protein fluo-

resconti.
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The effect of hydrolysis of proteins &y gcids, slka-
lies and proteoclytie enzymes on the fluoresscence was detere
mineds, It was found that'hgéralysia by proteolytic enzymes
or alkall produced only s slight inereasse 1n the amount of
fiu@reﬁ@aﬁaa@‘ However, hydrolysis with hydrochloriec, sul-
furie, perchioric or phosphorie seid produced large in-
creases in the fluorescence of proteins econtaining trypto-
phane and only slight increases 1In those proteins which aere
deficlent in this amino aclide

Acetic meld was found t6 increase the emount of fliuo-
rescence of proteins. However, thﬁ~ﬁﬁl@r of fluorescence
produced by the scetic acld resctlon with proteins is more
blue then the fluorescence of protein hydrolysatess

Nineteen smino aclds were examined in the solid stste
a8 well a8 in secld, neutrsl and basic solutions for fluo-
rescence in ultra-violet light. None were noticesbly fluo=-
rescent. |

Amino ecid additions to proteins during hydrelysis re-
vealed that tryptophane was the only amlno acid which in-

eresged the smount of fluorescence during aéié.hydrﬁlyzian

1t did not effect the smowmt of fluorescence during hy-
drolysis with alkell. ey

The addition of Fitamiﬁﬁ‘ﬁhiﬁh are capable of produc—
ing blue«~fliuorescent products when decomposed did not affect
the smount of fluorescence produced during acid hydrolysis

of proteing.
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?ﬁﬁ production of humin by glucose and tyrosine or
tryptophane produced blue~-green fluorescences The addi-
‘tion of other amino acids to glucose in secid sﬁlﬁtiﬁn,ai&
not increase the fluorescence. HMNelanin ihnmin}fgrﬁﬁnﬁtioﬁ
by tyrosinase of potstoes and tyrosine did not produce
fluorescences _
A method of concentration of the fluorescent material
from protein hydrolysates was developed. It involves ad~
sorption of the materisl by English fuller's sarth and
subseguent elution with aleochol-smmoninm hydroxide solu-
" tions. Some of the properties of thls fluorescent material
are givens It i3 not harman (alksaloid derived from trypto-
phens J«

| The finnr&aagnt spectra of laetoflavin, thilochrome,
guinine bisulfste and the fluorescent materisl from pro-
tein hydrolysetes were compared. These spectra are sall
broed bands. The spectrum of the fluocrescent msterisl from
protelin hydrolysates 1s in the blue-gresn ?égi@ﬁuéf the
spectrum {(4100-B300 2;& The fluorescence of this materlal
is excited by light of wavelengths 3400-3600 R
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