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Introduction.

In studying the problem of enzyme action one 1is
brought to the realization that vefy little is known with
respect to the nature of this action, One enzyme molecule
changes a very large number of mplecules’of the substrate
without the apparent utilization of much, 1f any energy,
whereas without the enzyme much energy 1s required to
produce the same result, When a protein undergoes an en-
zymatic digestlon very little energy 1s absorbed or glven
up to the surrounding medium during the reaction, whereas
to hydrolyze the same protein prolonged heating'at a high
temperature is necessary. How are these substances able to
aceqmplish so much without the apparent utilization of
much energy? What is the source of their energy supply?

An attempt to answer these questlons is the objJective of
this thesis,

It was suggested to the writer by Professor
A.,P. Mathews that the digestive or hydrolytie action of
hematoporphyrin on the bléod protein, fibrinogen, in the
presence of light was an enzymatic reaction and if this
were true, then the study of the mechanism of this reactilon
might throw light on the nature of enzymetiec action in gen-

eral,
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In this case the enzyme might recelve its supply
of energy from the light radiations, pass this energy on
to thé protein, being itself inactivated thereby, but at
once reactivated by the absorption of light,

The modern photochemical theory accepts the
Stark-Elnstein equivalence law, E = hv, for the explana-
tion of all primary photochemical processes, This law
states that a quantum of absorbed energy, E, 1s equal to
hv, where h 1s Planck's constant and v 1is the fréquency
of the absorbed radiation. Upon the absorption of energy
the molecule becomes actlvated, eithef by‘raising the.
valence electron to a higher quantum orbit or by increas-
ing the kinetie energy of the molecule., The activated
molecule may Iimpart 1ts energy either by collision, or it
maj in some other manner, 1l.,e,, by radiation or temporary
union, transfer its additional energy to another molecule
which thereby becomes unstable and chemically mobe ro-
active,

Thus it is possible for a molecule of the.enzyme,
hematoporphyrin, to become activated by light energy, and
thereby be in a position to act chemically on the protein
substrate, bupturing its weakest bonds With.the formation
of proteolytie prodncts. | |

- The action of hematoporphyrin on several protein

substrates was thoroughly investigated to discover if an
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actual hydrolysis of the proteins took piace and to
elucidate the mechanism involved, The results obtained

bore out the theory that hematoporphyrin acts as a
hydrolytic, proteolytic enzyme in the presence of light

energy, but only if oxygen be pfesent.
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Historical

The phénomenon of the photodynamic action of dyes
on living organisms was observed by O. Raab in 1900. While
‘studying the pharmascologlcal action of acridine on pafa-
mecia, he found that the organisms died more rapidly in
the presence of the dye in the light than in the dark,

His discoﬁery has led td a great number Of investigations
on the actionvof dyes and light on animal organisms, In a
recent review on phoﬁodynamic action by Blum (1932) it 1s
stated that " the photodynamic phenomena may be ultimately
‘deserilbed as oxidations by molecular 6xygen“. He has |
accurmalated considerable evidence to show that the pres-
ence of molecular oxygen 1s often required for photody-
namie action. The destruction of bacteria by rose bengal,
methylehe blue, and phenosafranine, does not occur 1in the
absence of oxygen, aceording to Jodlbauer and Tappeiner
(1905). Hemolysis by eosine, methylene blue, and other
dyes which occurs in light, under ordinary conditions,
does not take place in a vacuum or in the presence of
hydrogen or pure carbon monoxide, a8 was demonstrated

by Hasselbalch (1904), Schmidt and Norman (1922), énd
Blum and MeBride (1932). Other investigators have shown

that the presence of oxygen 1s necessary in the killing
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and cytolysis of paramecia and of other protozoa, spirilla,
and diatoms, 5y photosensitigzers. N |

This photodynamie action may be inhiblted by a number
of substances. Sacharoff and Sachs (1905)have féund that
the reducing substance, sodium sulfite, will prevent'the
hemolysis of red blood corpuscles by light and sensitizer.
Busek (1906) was able to show that red blood cells coumnld be

protected from photodynamic action by the presence of serum. | %
Noack(1220) has shown that sodium sulfite will inhibit
other photodynamic acﬁions. Schmidt and Norman (1922)
found that the presence of tyrosine and tryptophane pro=-
tect red blood cells from hemolysis by eosine and sunlight.
Rask and Howell's (1928) experiments on the perfused terraQ
pin's heart, f§und that’serumralbumin'had a protective
action against the damaging effect of light and hemata-
porphyrin, while‘euglobulin, pseudoglobulin, eggalbumin&
and peptone afforded no pretection.  Awoki (1925) showed

that white ﬁice could be protected against the fabal effect

of light and hemataporphyrin by injections of serum, while o f
Lippay (1930) found that the étimulation of frog's strlated
muscles by light and sensitizers was inhibated by horsé
serum.
In regard to the action of photodynamic substances on
inanimste matter it has been shown by Jodlbauer and Tappein

er (1905) that certain enzymes and toxins were destroyed
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by dyes in the presence of light and oxygen.

Hasselbalch (1909) showed that hemoglobin could
be oxldized to methemoglobin by fluoreseein dyes, but only
in the presence of oxygeﬁ.

Nosck (1920) pointed out that certain plant pig-
ments could be oxidized by light and photodynamle substances,

In regard to the action of photodynamie substances
on inanimate matter, it has been shown by Howell (1921)
that the blood protein, fibrinogen, is changed when exposed
to light in the presence of hematoporphyrin and eosine,

The protein no longer clots upon the addition of thrombin
nor coagulates when heated to 56°¢.

Hill and Holden (1926) found that small amounts
of hematoporphyrih‘rapidly denatured globin in the presence
of sunlight.

Harris (1926) has shown that proteins such as egg
albumin, hemoglobin, sed¥um albumin, casein and ammino acids,
as tyrosinq and tryptophane, undergo a photo~oxidation when
exposed to ultra violet light, Upon addition of minute
traces of hematoporphyrin and certain fluorescent dyes
the photo-oxidations areé greatly accelerated., The ploto-
oxlidation was shown by the uptéke of oxygen in a Barcroft

apparatus.
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Gaffron (1926) repeated Harris! wofk and showed
that oxygen was taken up and carbon dioxide and ammonia
liverated, ﬁhen serum and ammino aclds were exposed to
light in the presence of hematoporphyrin and dyes. It
is interesting to note that when Gaffron used the non-
fluorescent copper and silver salts of hematoporphyrin
they were inactive as sensitizers for egg albumin, but the
fluorescent zinc éalt was active.

Carter (1928) has made a study on the photo-
oxidations of various organie compounds by & number of
substances, hematoporphyrin, uraporphyrip, eosine, and
methylene blue. He claims that no exceptidn has been
discovered to the geﬁeralization that the aliphatic com~
pounds are inactive to phéto-oxidation in the presénce of
a photodynamic substance. A number of compounds were tried
Ineluding glncose,.hexose-diphOsphate, sodium oleate,
aspartic acid and ethylamine, but they showed no oxygen
up-take in the presence of dyes and light energy. How~
ever, when he studied benzene derivatives it was found
that an introduction of an hydroxyl or amino group into
the ring enabled photo-oxigation to take place, All
other groups studied such as the carboxyl, nitro, nitrile,

halogens, and sulfuric acid groups were without effect,
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The purine groups, hypo-xanthine, xanthine, uric acid and
guanine showed photo-oxidation.

In summing up the work of these investigators,
twb outstanding facts need to be considered, namely, (1)
that fluorescence seems to be the essentlal physical
propérty of dyes that show photodynamie action; (2) that
oxygen plays a part in the photodynamic process,

In studying the digestive action of hemato-
porphyrin and other substances on various protein substrates
in the presence of light, the writer has taken into consider-

ation these two important facts,
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Preparation of the Artificial Proteolytic Enzyme.

Hemin Preparations
a = Raw alpha-hemin.

Alpha-hemin was prepared according to the method
of Schalfejeff Modification of Nenckl and Zaleski, Three
liters of glacial acetic aclid were placed in a four liter
flask and enough sodium c¢hlorlde added to saturate the acid.
The contents of the flask were heated to 95°C. and 500 c.c.
of freshly defibrinated ox blood were added slowly from a
separatory funnel, being careful not to let any blood ad-
here to the sides of the flask. The contents of the flask
were given a slow whirling motion while adding the blood.
The temperature of the mixture was brought again to 95°C,
and 500 c.,c. more blood were added. The temperature was
kept at 9506. until erystals of hemin appeared. The flask
was allowed to stand over night to enable the hemin crystals
to settle to the bottom. The supernatent liquid was syphoned
off, the hemin crystals collected on a suction filter, washed :
with 1% hydrochloric acid, and placed in a ealelum ehloride

dessicator until dry.

b - Pure hemin,
Pure hemin was prepared according to the method of

Schalfe jeff modified by Willstatter. Si1x gram portions of
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raw hemin were dissolved in 18 c.c. of pyridine and 30 c.c.
of chloroform, The solution was filtered and the residue
was washed with a mixture of 1 ec.c. of pyridine and 15 c.c.
of chloroform. The united filtrates were poured into a
solution of acetie acid, previously heated to 110°C. con-
taining 6 c.c. of & saturated sodlum chloride solution and
5 c.c. of a 25% hydrochloric acid solution. The mixture
was allowed to stand over night before filtering off the
crystals of hemin, The crystals were washed with a 1%
“hydrochloric aecid solution, followed by & 50% solution of

alcohol, and finally dried over caleium chloride.
¢ - The conversion of pure hemin into hematoporphyrin.

The pure crystalline hemin was converted into
hematoporphyrin according to the procedure of Willstatter
and Fischer (1913). Twenty grams of érystalline hemin
were placed in a flask containing 500 grams of glacilal
acetle acid, previously saturated with hydrobromiec acid
at zero degrees until it had attained a specific gravity
of 1.41 at that temperature. The mixture was shaken for
15 minutes and then allowed to stand for 12 hours at room
temperature until the hemin was completely dissolved.

»yThe solution was then poured into 2.8 liters of water and

flltered through a thin layer of tale.

4
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The iron was removed from the solution of hemato-
porphyrin by the method of Hill (1924). After allowing
the above filtrate_to stand for three hours, 600 c.c. of
Saturated_solution of sodium acetate containing 10% soditim
potassium tartrate were added. The hemastoporphyrin is
preclpitated in a floeculent form. The solutlion was
filtered, the iron appearing in the filtrate as s soluble
salt., The precipitate was washed with 500 ec.c, of distilled
water. The washed precipitate was re-diséolved in N/20
hydrochloric acid and reprecipitated With 8 minimum amount
of Rochelle salts, This method of separating the iron
was found by Hill to be preferable to the precipitation of
iron and hematoporphyrin together with sodium acetate and
the separation of porphyrin from the’ferric hydroxide by
dissolving in sodium hydroxide.

To prepare the hjdrochloride galt from the erude
hematoporphyrin the method of Nencki and Zalaski; as describéd
by Howell, was used. The crude hematoporphyrin,was re-
dissolved in the’smallest quantity of 2% NaOH on the steam
bath, an equal volume of water was added and the liquid
filtered while hot. The hematoporphyrin was reprecipitated
by adding a minimum quantity of 33% acetic acld andvfiltered,

the precipitate being washed free from the acetie acid with
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distilled water. The precipitate was dissolved in 1%
hydrochloric acid over a steam bath and filtered again.
The filtrate was placed in a crystallizing dish in a
dessicator under a high vacuum and allowed to crystallize.
The mother liquid was poured-off and the crystals were
agein redissolved in 1% hydrochloric acid over a steam
bath, filteréd, and recrystallized in vacuo once more.
This second lot of crystals were alr dried in the.dark
after separation from the mother liquid.

In preparing a solution of 0,35% hematoporphyrin
for experimental work, 175 milligrems of the crystalline
hydrochloride salt were dfissolved by addition of & e.c. of
a 1% NaOH solution. 1% sulfuric acid was added until the
porphyrin precipitated out of solution, then just enoughof
the alkali was added to redissolve the precipltate. The
solution was poured into a 50 e.c, volumetrie flask and
made up to volume with distilled water, This solutlon
of hematoporphyrin was found to be very slightly aeild to-

litmas.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

Preparation of Fibrinogen'

The fibrinogen solutlion was prepared according

to the method of J.Mc Lean (1920) with a slight modifi-
cation,

| Citrated beef blood was centrifuged at high speed
to remove the cérpuscles and platelets, To one volume of
the plasma one—fourth volume of saturated ammonium sulfate
ﬁas added. The precipitated flbrinogen was removed from
the solution by centrifuging for about‘five minutes, the
supernatent liquid was poured-off and the fibrinogen care=
fully washed by layering over it a solution of one-fifth
saturated ammonium sulfate. The washed fibrinogen was
then dissolvedkin a 2% sodium chloride solution equal to
the volume of the original plasma, This solution was
.filtered and precipitated a second time by half saturating
the solutilon with sodium chloride., The precipltated
fibrinogen was dissolved again in a 1% sodium chloride
solution and filtered. Three precipitations generally
yielded a clear solution of fibrinogen which coagulated
upon the addition of thrombin, and 4id not clot either

spontameously or on the addition of calcium chloride.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

Action of the Artifieial Enzyme on Fibrinogen.

The first question asked was whether fibrindgen
was altered so thaf it would no longer clot on the add-
ition of thrombin, and whether, if it did not clot, it
had undergone hydrolysis, and if so, what hydrolytiec
produets were formed.

The general experimental procedure to answer
the above questions was carried out as follows: 850 c.c.
of a 0.3% solution of fibrinogen were placed in a 400 ec.c.
round bottom quartz flask. lc.c. of a 0.35% hemato-
porphyrin solution was added to the fibrinogen. This
flask was stoppered and placed under a 500 Watt incand-
escent tungsten filament lamp or a mercury arc lamp. A
control flask containing 50 c.c. of the 0,1% fibrinogen
solution was placed beside the first flask. Another
control solution 1dentiéa1 wlth the solution in the
first flask, was plaeced in a black bottle so as not to
allow the penetration of light into the solution.

All containers were immersed in a running water
bath at a temperature of 1500. and exposed to the radia-
tion of either a 500 Watt incandescent lamp or a mercury
arc lamp, for a period of five hours. At the end of the

light exposure 3 c.c. portions of each solution were
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pipetted into - small 1 x 10 cm. test tubes, 043 CoCo

of fresh thrombin solution added to éach tube, and the
tubes immersed in a water bath at 38°C.  This was to

discover Whethér unchamged fibrinogen was present.

The thrombin solution used was actlvated serum
and was prepared as follows: 1 c.c. of 2.5% calcium
chlcride was added to 10 e.c. of freshly citrated plasma,
plaéed in a water bath at 5800. and allowed to clot.

0.3 e.c, of a 0.5% cephalin solution were then added to
5 c.ce of the serum squeezed out of the clotted plasma.
The cephalin aetivated the prothrombin to form thrombin,
This cephalinized serum was the thrombin solution used.

The results in table 1 and 2 confirm Howell (1921),
that fibrinogen exposed to light and hematoporphyrin loses
its clotting powe? and ability to heat cosgulate at 5600.

| The fibrinogen has evidently been changed by the
‘1ightiand hematoporphyrin, so that it no longer coagulates
on heating nor clots on the additlion of thrombin,

The next question was whether the protein had
been hydrolyzed., The solution of fibrinogen and hemato-
porphyrin previously exposed tO'light was examined for
the usual hydrolytie cleavage products of the proﬁeins
and the followlng results were obtained:

(1) The solution still gave the biuret test,
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Effect of hematoporphyrin on the clotting of fibrinogen

by thrombin,

Type of solution. Clotting time.
Fibrinogen - hematoporphyrin light No clot
1/,
Fibrinogen hematoporphyrin without 3 2 min,
: light
Fibrinogen without light 4 1/2 min.
hematoporphyrin -

Source of radiation - Mercury arc lamp,

Distanee of lamp from solution - 25 centimeters,
Volume of protein solution - 50 c.c.
Concentration of hematoporphyrin - 0.007%
Concentration of protein solution - 0,1%

Time of exposure =% hours,

Temperature - 15°C.
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Effect of hematoporphyrin on the heat coagulation of

fibrinogen.
Type of solution. Coagulation Temperature.
Fibrinogen hematoporphyrin light ,..... No coagu-
‘ lation at
. : . 9900 .
Fibrinogen hematoporphyrin without..eeeo.. 56°C.
light
Fibrinogen without 1ight eeveeene 5600.
hematoporphyrin

Source of radiation - Mercury arc lamp.

Distance of lamp from solution - 20 centimeters.
Volume of protein solution - 50 c.c.
Concentration of hematoporphyrin - 0.007%
Concentration of protein solution - 0.1%

Time of exposure - B hours.,

Temperature - 15%¢.
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(2) It contained a non-heat cosguable protein
preclpitated by ammonium sulfate, and simi;
lar to a proto=proteose.

Experiments were then tried with a shorter ex-
posure than ten hours, and it was found thét there ape-
peared as an Intermediate product a heat'coaguable al-
bumin which coagulates at about 78 = 8000., Jjust about
the temperature of heat coagulation of serum albumin,
This proteln is apparently identiéal wlth one produced
from fibrinogen by snake venom as pecorded by Mathews
(1928) and Billing (1930), and which was isolated from
~ fibrin after clotting by Brunstetter (gov ) and
Miss. R. Hirose (1932), It~is hydrolyzed to an al-
bumose by further exposure to light and hemaﬁoporphyrin,
and in this respect also 1t resembles serum -albumin as
will be shown presently.

- These experiments showed that the light and
hematoporphjrin acted on the fibrinogen to produce a
hydrolytic cleavage, similar to the hydrolysis produced
by a proteolytic enzyme. In fact, the hematoporphyrin
might be called an artificial proteolytic enzyme. In
ordinary light, such as that from the 500 Watt incandescent
tungsten filament lamp, and also in ultra violet light

from a quartz mercury arc, the hematoporphyrin is itself
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ultimately destroyed. And in this respect also 1t re-
sembles many proteolytiec enzymes,  But the destruction
brought its enzymatic activity to an end.

St1ll another resemblance of hematoporphyrin
to a proteolytic enzyme was discovered. This was the
observation that ultra violet alone, in the absence of
hematoporphyrin, produces the same series of changes, so
far as the writor has been able to tell, in the fibrinogen
as does hematoporphyrin and light; but the change goes
on at a very much slower rate. So that hematoporphyrin
acts the part of a catalytic agent, the presence of which
greatly accelerates the reaction.

This action of ultra violet light alone as
compared with ultra violet and hematoporphyrin is shown
in tables 3 and 4.

Having thus established the important facts that
a true hydrolytic cleavage of the fibrinogen was producéd,
the mechanism of the reaction was analyzed hoping thereby
to throw light on the mechanisms of all hydrolytie cleav-
ages and dehydration syntheses, reactions of such funda=-
mental importance in living things.

The first guestion asked was whether the light

energy was efflcient in the absence of oxygen. It was
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Table %

Effect of ultra violet 1light alone, and ultra

violet -

" 1ight with hematoporphyrin, on the clotting of

fibrinogen by thrombin,

Fibrinogen Filbrinogen

Hours ‘Hematoporphyrin Hematoﬁorphyrin

ﬁxgosed Ultra Violet Without Light

Oe | clot  clot
6.5 no clot clot
1.0 no clot clot
245 no clot clot
545 | no clot clot
7.5 no clot dlot

Source of radistion-- Mercury arc lamp.

Fibrinogen

Ultra Violet

clot

clot

clot

clot

partial clot

no clot

Distance of lamp from solution----------- - 256 cm,
Volume of protein solution- ----- wrmmemnmne 50 C,C,
Coneentration of protein------- —metmmeeeee 0,1 %
Concentration of hematoporphyrine-e--c-- ~= 0,007 %
Temperature=—--- e o e e -- 159 ¢,
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‘Table 4

Effeet of ultra light alone, and ultra violet
1ight with hematoporphyrin, on the heat coagulation

of fibrinogen.

Fibrinogen Fibrinogen Fibrinogen
Hours Hematoporphyrin. Hematoporphyrin
Exposed Ultra Violet . Without Light Ultra Violet

0. + + +

0.5 4 + +
1.6 + + +
1.5 s— -+ e
2.5 — + ..+.
5.5 - + cloudy ppt.
7.5 - + _

Source of radiation--Mercury arc lamp.
Distance of lamp from solution----cecwem-= 25 cm,

Volume of proteln solutlon~--esmcmcccmuamwe 50 C,C,

Concentration of protein-----eeeeemmccea- - 0,1%
Concentration of hematoporphyrin =---=--= - 0.,007%
TOMPOTALULE = o o o e ot i o o e e - 18° ¢,

4
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found that besides light and hematoporphyrin, oxygen
must be present, This observation was of‘very great
interest for it at once brought the hydrolytic cleavages
and dehydraﬁion syntheses into thé realm of cell respir-
ation. Many observers from the time of Claude Bernard
had pointed out the dependence of the synthetic powers of
the cell in its respiration. That this hydrolysis also
involves oxygen was, therefore, avdiscovery of the very
greatest interest.

To study the role of oxygen in this reaction of
hematoprophyrin and light on fibrinogen, experiments were
carried out with the adid of a hydrogen atmosphere. 50 c.c.
of a fresh 0.1% solution of fibrinogen were thoroughly
saturated with hydrogen. The gas, electrolytic hydrogen,
which was contained in a tank under pressure, was bubbled
strongly through the fibrinogen solution causing it to
froth greatly, thereby increasing the surface of the
ligquid and more completely eliminating any oxygen present.
After fifteen minutes of this vigorous bubbling of the

- hydrogen through the fibrinogen solution the quartz flask
container was qulckly stoppered. 1 C.C. of 0,.35% hemato-
porphyrin solution was carefully added to the fibrinogen
solution and hydrogen was agaln bubbled through the sol-
ution for five minutes to insure the elimination of

dissolved oxygen.
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Another flask of 50 e.c. of 0.,1% fibrinogen
plus 1 csc. of 0,35% hematopérphyrin containing atmos=~
pheric air was placéd in the water bath beside the flask
containing the hydrogen., The techniQue of exposure to
the 500 Watt lamp was carried out according to the pre-
vious experiments, A control solution of fibrinogen
and hematoporphyrin was placed in a dark bottle.

After five hours of exposure to the light 3 ec.c.
guantities of each solution were plpetted into small |
(1 x 10cm,) test tubes and 0.3 c.c. of fresh thrombin
solution were added to each tube, The results of the
thrombin clotting and the heat coagulation of the fibrin-
ogen in the presence of hematoporphyrin, light, oxygen
and hydrogen are shown in tables 5 and 6.

These experiments’which always gave‘the same
result on repetition, show very clearly that hematoporphyrin
and light aléne do notlhydrolyze or alter fibrinogen so
as to cause it to lose its clotting power or change its
temperatq?e of heat coagulation. Oxygen 1is necessary.

‘The fluorescence of the hematoporphyrin is not
reduced, so far as it could be determined, in the hydrogen
atmosphere as compared with the alr atmosphere, The
fluorescence does not, ﬁherefore, depend on oxygen. And
further, it 1is clear that the hydrolysis cannot be a

direct result of the fluorescence, In fact the result
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TABLE

o

Effect of oxygen on the clotting of fibrinogen in the

presence of hematoporphyrin and light.

Type of Solution | | Clotting Time.

Fibrinogen — Hematoporphyrin — Ho — 'light -—> 5 minutes

— without — 3 minutes

Fibrinogen — Hematoporphyrin — 02
, light

Fibrinogen — Hematoporphyrin __ 0o __ 1light __, No clot.

Source of radiation - 500 Watt incendescent tungsten
filament lamp.

Distance of lamp from solutlon. - 15 centimeters,

Volume of protein solution -»50 C.C.

Concentration of hemastoporphyrin 0.007%

Concentration of pr‘otein; 0.1%

Time of exposure -~ 5 hours.

Temperature = 2000 o
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Effect of oxygen on the heat coagulation of fibrinogen in

the presence of hematoporphyrin and light.

Type of Solution. Coagulation Temperature.

Fibrinogen — Hematoporphyrin — light — H2 — 56°C.

Fibrinogen — Hematoporphyrin — without— 0 —> 56°C.,

light ~ 2
Fibrinogen — Hematoporphyrin — 1light — 0y -——» No coag-
‘ ulation at
99°c.

Source of radiation = 500 Watt incandescent tungsten
| filament lamp.

Distance of lamp from solution - 15 centimeters,

Volume of protein solution - 50 c.c.

Concentration of hemetoporphyrin - 0,007%

Concentration of protein - 0,1%

Time of exposure - 5 hours,

Temperature =~ 2000.
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suggests that the fluorescence is an incidental matter,
not of the importance many observers have supposed.
Another interesting observation was that the
hematoporphyrin although fluorescing in the hydrogen at-
" mosphere, was noﬁ destroyed by the light. There was no
diminution in the tint of the solution after prolonged
exposure to light in the presence of hydrogen. Whereas,
the red color was entirely lost in the control solutions
exposed to‘light in an ordinary atmosphere of air. This
shows thét the destruction of the hematoporphyrin like

~1ts proteolytic powers, when illuminated, depends on

oxygen.
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A - Other Photo-~active Substances - Artificial Proteases.

There are other chemical substances besides
hematoporphyrin which in the presence of light and oxygen
act on fibrinogen and prevenﬁ its ability to clot iIn the
presence of thrombin.

"Baumberger, Bigotti, and Bardwell (1929), have
found that methylene blue and light inhlbited the coagu-
lation of a mixture of fibrinogen, caleium and prothrombin,
but only in the presence of oxygen."

" The writer has been able to produce the same
rosults with other dyes besides methylene blue. The
following tables.show the actioq of eosin, fluorescein,
safranin, thiénine, methyl orange, and methylene blue
on fibrinogen under varying conditions. The time of
exposure to light was ten hours and the concentration of
the dyes was 2c.c. of 0.35% per 125 c.c. of 0,1% fibrin-
ogen. The normal clotting time before exposure was about
3 minutes,

In tables 8, 9, and 10 it is noticed that these
dyes, however, do not prevent heat coagulation of the
proteln upon boiling. It is observed in table 12 that

methylene blue, acts on the flbrinogen in the presence of
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Effect of different dyes on the clotting by thrombin

and the heat ecoagulation of fibrinogen, in the pfesence

of light and oxygen.

‘Table 7
‘Eosin
Heat
Zype of Solution Thrombin Clotting Coagulation
Fibrinogen — Eosin — H, — light — clot in 5 56° C.
Fibrinogen — Eosin — Op-darknessﬂ—4clot in 3! 56° C.
Fibrinogen — Eosin —-02- light - no clot mno coagula-
v . .
at 56 or 99 C.
Tabile 8
Fluorscein.
Fibrinogen  Fluorscein H, — light —clot in 6! 56° @.
Fibrihogen;-Fluorscein._Op_darkness_;clot in 3! 56° ¢.

Fibrinogen..Fluorscein— Oy — light —» mno c¢lot no coagula-
et 56°Cy,only

on boiling.
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Table 9
Safranin.
Thrombin Heat
Type of Solution Clotting Coagulation
Fibrinogen - Safranin- Ho - 1ight — clot in 5! 56°C.,
Fibrinogen—.Safranin-02_darkness_4clot in 3! 5600.

Fibrinogen—»Safranin-‘Og-—light — no clot none at 56°C,
(Only on Boilling)

‘Table 10
Thionine,
Fibrinogen — Thionine—_ O — light _, no clot none at 56°C.

(Only at 90°¢)
Fibrinogen —Thionine - 0, darkness _, clot 560C,

Table 11

Methyl Orange

Fibrinogen —Methyl Orange —H, - light —clot 56°C.
~Fibrinogen —Methyl Orange,.Og“darkness_qclot 56°¢.
Fibrinogen—~Methyl Orange — 0, — light-——eclot 56?@
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Table 12

Methylene Blue,

Thrombin Heat
Type of Solution Clotting Coagulation

Fibrinogen - Methylene Blue - Hg— light+clot in 6! 56°C.

Fibrinogen - Methylene Blue - O,-darkness-clot in 3! 56°¢C.

2

Fibrinogen - Methylene Blue — 0 -1ight~9 no clot mnone at 56°C.

2
(only at 76°C)

Source of radlation--8500 Watt incandescent tungsten

filament lamp. -

Distance of lamp from solution «=w-ewem-- -- 15 cm.,
Volume of soluﬁion - e - o o o e - 50 c.c.
Concentration of dyes -—~-------; .......... 6.007 4%
Gohcentration of protein ~=wemecmmccm—a- ———= 0,1%
Tomperature ~---c-commmmm e ——— 20°¢,
Time of exposﬁre wrm—— memmemmaemmeemeeemww 10 hours.
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light, to produce a protein that coagulates at 76°¢C.,
which 1s the coagulation temberature‘of serum albumin.
It has been suggested by Professor Mathews that this
protein may be serum albumin.

The mechanism of the reaction is postponed until
the facts of the hydrolysis of other proteins have been

presented,
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Preparation of Serum Albumin,

Serum albumin was prepared in a crystalline
state according to the methods of E.G; Young (1922 ) and
Adair and Robinson (1930). "

Fresh horse serum was obtained by whipping out
the fibrin at the time the blood was taken from the animal,
The defibrinated blood was placed in a refrigerator for
several hours to enable the corpuscles to settle out,

The serum was poured-off the corpuscles and centrifuged
untill it appeared clear. If this procedure 1s carried
out within a few hours after the blood was taken from the
animal the centrifuged serum will appear clear and amber-
yellow in color,

The serum globulin was removed by adding an
equal volume of saturated ammonlum sulfate solution to the
centrifuged serum. The precipitate was filtered off after
four or five hours of standing. The filtration was carried
out in a refrigerator. The clear yellow-orange filtrate
was adjusted to room temperature and slowly acidified by
meams of a 10% acdtic acid. The acid was added from a
burette, drop by drop, while the solution was being gently
aglitated by a mechanical stirrer. The acid is added to
the point of the first trace of turbidity. This point

corresponds to a pH of 6.0, and 1s usually attalned upon
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adding 1.26 c.c, of acid per 100 c.c. of sérum. The
solution should be examlined for the presence of serum
albumin crystals which are mono c¢linie in form. After
allowing the solution to be constantly stirred for two

hours, the acldity is again increased‘by adding one half

as much acetic acid as pfeviously added, about 0.63 c.c.

per 100 c.c. of serum, After another two hours a third
portion of acid 1s added, equal to the second. This

should establish a pH of 4.9 to 5.0, below which it is

not advisable to go. The solution is left at room
temperature to crystallize over night. The yield of
erystals may be further increased by the addition of more
ammonium sulfate to the solution, a few c.c. at a time

(1 ecse. per 100 c.c.) until precipitation ceases,

The crystals are separated from the mother liquid
by eentrifuging and then mixed with an equal volume of a
fluid prepared by adding 60 c.c. of molar sodium acetate
solution and 40 c.c. of molar acetile acid to 100 c.c. of a
saturated solution of ammonium sulfate and again centrifuged.
The crystals may be washed several times with this fluid
_without much loss, |
In recrystallizing the serum albumin the quantities

of reagents used will refer to a preparation of about 2 grams

of washed crystals obtained from 100 c¢.c. of serum,
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The volume of water used to dissolve these crystals 1s
about 50 e.c. After filtration to remove the insoiuble
residue, 8 c.c. of molar sodium acetate is added, followed
by a volume of saturated ammonium sulfate equal to the sum
of the volumes of water and sodium acetate (about 58 c.c.).
Lastly, the acidity is adjusted by the addition of 10,.,6c.c.
of a mixture composed of equal volumes of molar acetic acid
and saturated ammonium sulfate (1.33 c.c. of this mixture
per c.c. of sodium acetate). The only reagent which needs
to be added slbwly is the mixture of acetic acid and ammon-
ium sulfate, which may be mixed with the albumin sglutibn
in a perilod of about 15 minutes. The solution shéuld be
stirred constantly during the recrystallization. The
yield may be increased by leaving the preparation over
night at room temperature.

After three crystallizations, the crystalline
material is usually white in appearance, having been freed
from the yellow pigment'which'is always present in erude
serum albumin. = The crystals are dissolved in water, 50 c.c.
for each 2 grams of crystais, and filtered again. This
golution is Immediately dialyzed against a buffer solution

brof pH 7.4 prepared by adding equa1 quantities of .2/15 molar
potassium mono~basic phosphate and .8/15 molar sodium di-
basic phosphate in order to convert the ammonium albuminates

into sodium and potassium albuminates, The dialyzing
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apparatus consisted of a large inverted 30 cm. funnel with
cellaphane stretched accross the bottom and placed in a
large evaporating dish contdining the buffer solution.

The dilalyzing was continued over’night in the refrigerator.
* The next three days the serum albumin was dialyzed against
distilled water until the sulfates were reduced to nearly
that of tap water. Toluene was.edded to the albumin sol-

ution during the dlalysis,

Serum albumin prepared in this manner will keep
for several weeks in the réfrigerator without undergoing
bacterial decomposition. The crystalline material will
vkeep for an indefinite period in the mother ligquid if

placed in a refrigerator.
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Action of the Artificial Enzyme on Serum Albumin

Qualitative Observations.

It was found that when serum albumin was exposed
five hours to the light in the presence of hematoporphyrin
and oxygen, a digestion of the protein occured, This di-
gestion was evident when the filtrate of the heat coagu-
lated serum albumin was analyzed for proteolytic products.

The se®um albumin after exposure was heat coagu-
lated in a boiling water bath for fifteen minutes and then
filtered. TUpon addition of an equal volume of 20% tri=-
chloraacetic acid to the filtrate a white flocculent pre-
ciplitate settled out. ‘The tfiehlorcaeetie acid was poured=
off and a biluret test was performed on the precipitate,
-which resulted in the formation of a dark violet color.
Neither of the filtrates from the coagulated control pro-
tein solﬁtions, that without hematoporphyrin and in the light
and that with hematoporphyrin and in the dark, gave a pre-
cipitate with trichloroacetic acid. This shows that an
albumose Wasvformed only in the protein solution exposed to
light and in the presence of hematoporphyrin and oxygen.
| Two volumes of 5% phosphotungstiec acid plus one
volume of filtrate from the heat coagulated, digested serum
albumin also gave a precipitate which was obviously greater
in quantity ﬁhan the small precipitate formed under similar

conditions in the filtrates of the heat coagulated, undigest-
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ed serum albumin,

| Half saturation of the filtrate from the coagu-
lated digested serum albumin with ammonium sulfate resulted
in the formation of a precipltate. Filtering-off the
precipitate and adding solid ammonium sulfate to the fil-
trate until fully saturated 4id not produce further precip-
itation of a proteclytic product, which showed that there
were no secondary proteoses present,

From the results of these gualitative fests, it
is evident that the proteolytic produect of the digested
serum albumin is a primary proteose, for it is thrown out
of solution by half saturation with ammonium sulfate, gives
a deep violet biuret, and is also precipitated by trichloro-
acetlic acid. ;

It is interesting to note that theré is a diffef-
ence between the physical aspects of the exposed serum
albumin and the control solutions. The solutions of
serum albumin and hematoporphyrin posses a red color before
exposure to light, but after several hours of radiation to
an incandescent light, daylight, or ultra vlelet light, the
red color gradually changes to brown. This brown colored
solution no longer gave the characteristic absorption
spectrum bands of alkaline hematoporphyrin. Evidently, the

hematoporphyrin in combining with the serum albumin in the
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presence of light and oxygen has undergone a chemical
change, for the control solutions of albumin and hemato-
porphyrin placed 1in the dark still retain the character-
istie spectrum of hematoporphyrin,

Another interesting physical change of the radiat-
ed serum albumin and hematoporphyrin is observed during the
heat coagulation process. The coagulum of the protein ex-
posed to 1ight'in the presence of hematoporphyrincsinks to
the bottom of the test tube and appears to be in a finely
divided state, while the coagulated portion of the control
protein solutions, both that wlthout hematoporphyrin and in
the light, and that with hematoporphyrin and in the dark,
rises to the surface of the liquid in the test tubes and
appears to be one intact coagulum. The coagulum had
either a brown or red color showing that the unchanged and
changed hematoporphyrin were attached to or entangled with

the coagulated protein.,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ottt et O i



39

Quantitative Observations.

In order to study quéntitatively the action of
hematoporphyrin on serum albumin in the presence of light
experiments were carried out under vafying conditions., In
one series of experiments the temperature of the protein
solutions was varied while the concentration of the hemato-
porphyrin and the lengthof exposure to light were maln-
tained constant. Another series of experiments were per-
formed by varying the time of exposure Eo the 1light and
keeping the concentration of hematoporphyrin and the temper-
ature constént. A third group of experiments were carried
out in which the concentration-of‘hematoporphyrin was varied
while the temperature and time of exposure were the constant
factors. And lastly, a fourth series of experiments were
performed to show the role of oxygen in this digestive
action of heﬁatoporphyrin on proteins in the presence of
light energy.

Before considering the experimental data it is
necessary to'give'a bfief description of the methods usedl
in determining quantitatively the amount of nitrogen in the
filtrates of the heat coagulated serum albumins, The con-
centration of the protein solution ranged from 0.5% to 0.6%
and contained 1% sodium chloride to facilitate heat coagu-

lation. 1.25 c.c. of 0.35% hematoporphyrin were added to
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125 c.c., of protein solution contained in a 400 c.c. round
bottom quartz flask.4 ‘Thé flask was stoppered and immersed
in a constant temperature water bath. 125 e.c. of a control
solution of énly»serum albumin were placed in another 400 c.c.
quartz flask beside the onme containing the hematoporphyrin.
A second control solution of serum albumin and hematoporphyrin
identlcal with the first‘solution Was‘placed in a dark bottle
and put beside the other flasks. A 500 Watt ineéﬁdescent |
lamp was adjusted at a distance of g15 cemss from the first
two flasks,

"After exposure to the light, 50 é.c. portions
from each container were pipetted into large 24 x 180 mm.
test tubes. 0.4 c.c., of a 1% acetic acld solution were
added to the test tubes containing the exposed serum al-
bumin and hematopofphyrin, and 0.5 c.c. added to the con-
trol tubes in order to ddjust all of the solutlons to the
pH of 5.2 before heat coagulation. The test tubes were =
placed in a boiling water bath and kept at that temperature
for fifteen minutes, After heat coagulation the serum
albumin was immediately filtered through a double 10 em.
filter paper into a 100 e,c, flask,. The residue was
washed on the filter paper with 10 c.c. of armonia-free

water and the washings added to the first filtrate.
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The whole filtrate was then digested and an-
alyzed according to the Van Slyke gasometric micro-
kjeldahl method. 1l c.c, of a two to one sulfuric acid-
phosphoric acid mixtﬁre was added to each flask and the
contents digested over a sand bath untii ‘thite fimes ap-
peared. The flasks were sllowsed to codl gn@ 1 gramvof
ammonia-free potassium persulfate plus 1 c.c. of ammonia-

- free distiiled water were added fo each flask, and the’con—
tents again digested until the digest became colorless.
10 c.c. of ammonia-free distilled water were added to each
digest and the flask was twirled until the solidified melt
had gone into solution, 5 drop§ of 1%‘alizarina weré add~-
ed to each flask and 40% sodium hydroxide was slowly added
until the indicator turned pink., At the same time the
flask.was immersed in a beaker of cold water to prevent a
rise in temperature of the contents., 10% sulfuric acid
was then added slowly until the indicator turned yellow
again, The contents of the flask were poured into a
graduate cylinder and sufficient ammonia-free water added
to make the volume to 25 c.c. The operation of the Van
Slyke apparatus was performed in the following manner: Before
making a series of analyses, the apparatus was checked
thoroughly to be certain that no leaks existed. 10 c.C.

of distilled water were drawn into the extraction chamber.
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Thé external caplllary orifice was sealed with a drop of
mercury and the mercury level within the extraction chamber
lowered to the 50 c.c. mark. The extraction chamber was
shaken for three minutes, the water level within the chém—
ber raised to fhe 2 c.c. graduabion and tlke pressure on the
manometer tube read. Several shakings were made until the
- pressure readings on the manometer tube checked closely,

thereby being certain that no leaks were present in the
apparatus. \ |

‘The water I1n the extraction chamber was replaced
with 10 c.c. of the digest to be analyzed. The external
chamber was washed with 2 c.c. of distilled water, making
a total volume of 12 c.c. in the extraction chamb;r. The
dissolved air was pumped out of the digest by lowering the
mercury level within the extraét@on chamber to the 50 ec.c.
mark and shaking for two minutes. The extractéd gas was
ejected and 1 c.c. of alkaline sgdium hypobromite was
drawn into the extraction chamber,. Thé external capillary
orifice was sealed with mercufy and the ammonia gas formed
by the action of the alkall on the acid digest was pumped
out of éolution. The ammonia gas reacted with the sodium
hypobromite liberating nitrogen gas, according to the
equation:

2NH; 4 5NeBrO = N, # 3NaBr + SH,0
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After shaking the extraction chamber for three minutes,

the liquid level within the chamber was ralsed to the 2 c.c.
mark and the pressure, Pl, was read on the manometer seale.
The extracted nitrogen gas was e jected, and the second
pressure,‘PB, was noted with the liguid level at the

2 c.c. graduation. The temperature of the water bath
surrpunding the extraction chamber was recorded and the
quantity of nitrogen in the digest detérmined asvfollows:
‘The difference between the two pressures, Py -= Pp, 1s
multiplied by a factor, and the product is expressed in
milligrams. The value of the factor varies with the
temperature and may be obtained from a set of tables pre-
pared by Van Slyke. Approximately 1/300 mg. corresponds

to 1 mm. on the manometer scale.
%.

Effect of temperature on hydrolysis of serum albumin by

—r—

ey rrsin

hematoporphyrin and light in the presence of oxygen.

The object of this series of experimenﬁs is to
determine the influence of temperature on the hydrolytic
actlon of hematoporphyrin on serum albumin in the presence
of light and oxygen. Although temperature has no effect
on the primary photo-chemical reactions, it is possible

that 1t may influence secondary chemiecal reactiéns. The

temperature of the water bath was varied from 15°C. to

45°¢,  As bacterial decomposition is apt to take place
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at high temperatures,'the solutions df the 0.,8% serum
albumin were protected from the action of Bacteria by the
addition of 10 c.c. of toluene to each flask. The con-
centration of hematoporphyrin was 1.25 e¢.e. per 125 c.c.
of protein solution and the time of exposure to the rad-
iation of the 500 Watt filament lamp was ten hours,

The values in table 13 represent to amounts of
nitrogen in the filtrates from the first 50 c.c. quantity
of heat coagulated serum albumin.  Table 14 represents
the nitrogen values of the seéond 50 e.c. quantity of
heat coagulated serum albumin, Both quantit;és.were
taken from the same‘exposed sample of protein.' Two~
analyses were run on each filtrate and the average result
taken, thereby making a total of sixty analyses for the
two tables,

Page (48) contains a graph representing an
average of ail of the values in table 13 and 14. Tom-
perature in the absicca is plotted against the milligrams
of nitrogeﬁ in the filtrates on the ordinate.

Table 15 shows the increase in the filtrate
hitrogen as a percentage of the total nitrqgen in the 50ec.c.
of serum albumin at different temperatures. The total
nitrogen in 50 c.c. of the protein was 44.25 mgs. The
average of the filtrate nitrogen of tgﬁle 15 and 14 wg;e

used in determining these percentages.
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Effect of temperature on the hydrolysis of serum albumin

by hematoporphyrin and light in the presence of oxygen.,

TABLE 18

Milligrams of nitrogen in the filtrate from 50 c.c. of the

heat coagulated protein solution.

Temper- Serum slbumin Serum albumin Serum albumin'
ature Hematoﬁorphyrin Hematoporphyrin Light
Light without light
15° 1.12 1.02 ~ 0.01
24° 1.82 0.92 0,90
27° 1.88 ' 0.96 10.94
36° 2,09 ' 0,97 0.94
45° 2,54 0.92 0.94

Source of radiation - 500 Watt incandescent tungsten
filament lamp.

Distance of lamp from quartz flasks - 15 centimeters,

Concentration of hematoporphyrin -- 0.0035%

Concentration of protein solution - 0,8%

Time of exposure  =e-ecmewcmce-- ée 10 hours.

Heat coagulated in bolling water bath for 15 minutes,
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Effect of bemperature on the hydrolysis of serum glbumin

by hematoporphyrin and light in the presence of oxygen.

TABLE 14

Milligrams of nitrogen in the filtrate from 50 c.c. of the

heat coagulated protein solution.

Temper- 'Serum.albumin Serum albumin Serum albumin
ature Hematoporphyrin Hematoporphyrin Light
Light without light

15°¢. 1.14 | 1.0 - 0,92
~24%, 1.80 0.92 0.92
27°¢. 1.75 1.04 1.00
36°C. 2,13 0.94 0.98
45%. 2.54 | 0.94 0.86

Source of radiation —'500 Watt incandescent tungsten
filament lamp.

Distance of lamp from quartz flasks -15 centimeters,

Concentration of hematoporphyrin - 0.0035%

Concentration of protein solution - 0,8%

Time of exposure - 10 hours | |

Heat coagulated in boiling water bath for 15 minutes,
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TABIE 15

Filtrate nitrogen as a percentage of the total nitrogen,

Temper- Serum albumin Serum albumin Serum albumin
ature Hematoporphyrin’ Hematoporphyrin Light
Light | in darkness
15°¢. 2.54% 2.30% | 2.,07%
24°¢, 4,09% 2.07% 2.03%
27°. 4,11% 2.25%  2.18%
36°C. 4,774 2415% 2.17%
45°¢, 5.28% 2.10% 2,03%

The avérage of the filteate nitrogen of Table 13

and Table 14 ~/was used in determining these percentages.
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Effect of Temperature on the Hydrolysis of Serum .pudgwﬁ

by mmsm.do@owwwawu&.? Light and Oxygen

Time of EXpoSUre ===-=wwemececscocececceemeea- 10 hours
Concentration of MQSmwowow@wwwwn mmmmmmcmeee=s 0,0035%
QO = Serum Albumin -- Hematoporphyrin -- Light
X = Serum Albumin -- Hematoporphyrin -- Dark
A = Serum Albumin -- Light
2,50
O
Ww 00 e
r\..No of
Nitrogen
1.50
41.00 M X - X " -
Temperature
1o 15 20 25 30 35 40 45
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From the results of these tables 1t is very
evident that with an increase in the temperature-theré is
a corresponding increase in the rate of hydrolysis of the
serum aibumin by the hematoporphyrin and light in the
presence of oxygen. The possiblé explanation for this
increase in the digestion rate 1s that secondary chemical
reactions are taking place. The secondary chemical re-
actionsvréceive energy from the increase in the temperature
of the éurrounding medium, It may be the expression of
the dissoclation of the water wiﬁh inerease of temperature

since water enters into the reaction of hydrolysis.

B - Effect of the time of exposure to light on the

hydrblysis of serum albumin by hematoporphyrin in Ehgv

presence of oXygen.

The concentration of the hematoporphyrin was
1.25 c.c. per 125 c.c. of serum albumin and the tempefature
25°C.

According to table 16 the quantity of serum
albumin digested increased with the time of exposure to
light andhemétoporphyrin. The curve on page (51) would
probably slope off parallelrfo the abséiﬁsa}galthoughvno
observations were made, for the hematoPOfphyrin undergoes

a destruction, no longer gives the characteristic absorption
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Effect of time of exposure to light on the hydrolysis of
Serum albumin in the presence of hematoporphyrin and oxygena.

TABLE 16

Milligrams of nitrogen in the filtrate from 50 c.c. of the

heat coagulated protein solution.

Serum albumin Serum albumin Serum albumin
Hours Hematoporphyrin Hematoporphyrin Light
Light without light
0. 0f917 ' 03932 07960
2 1,16 0,998 | 0.908
5 1.47 0,954 0.971

10 1,61 04,917 0.901

Source of radlation - 500 Watt incancescent tungsten
filament lamp.

Distance of lamp from quartz flask - 15 centimeters.

Concentration of hematoporphyrin - 0,0035%

Concentration of protein solution - 0.8%

Tomperabure ~----c-cmmecocccmmnm——— 25°@,
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Effect of Time of Exposure to Light

TomperatliPre == e e oo o o - - 25°C.
Concentration of Hematoporphyrin =---- 0,0035%
C): Serum Albumin -~ Hematoporphyrin--Light
2.0 A = Serum Albumin -- Hematoporphyrin--Dark.
AZ Serum Albumin -- Light

Mgs.
of

Nitrogen

Ol , . 5.0 10.0

Hours
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spectrum, and experiment shows that it then loses its

power to digest the serum albumin.

C - Effect of the concentration of hematoporphyrin on

the hydrolysis of serum albumin ini 'the presence of

~.. »1light and oxygen,

The temperature was kept at 25°C, and the time

of radiation was for & period of ten hours,

Table 17 indicates that with an incresse in the
concentration of hematoporphyrin there 1s salso an increase
in the rate of hydrolysis of the serum albumin. The
optimum concentration 6f hematoporphyrin 1s approximately
1 c.c. of 0.35% per 100 e.c. of protein solution, after
which a greater ihcrease in concentration has- little

effeet on the rate of hydrolysis.

D - Effect of oxygen on the hydrolysis of serum albumin

by hematoporphyrin ahd light,

It has been shown that hematoporphyrin and light
have no action on fibrinogen so far as can be determined by
any change in the temperature of heat coagulation or
clotting by thrombin if the oxygen be rémoved from the

solutions. Similar experiments have been carried out

on solutions of serum albumin exposed to hematoporphyrin
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Effect of the concentration of hemétoporphvrin on the

hydrolysis of serum albumin in the presence of light and

oxXygen.

TABLE 17

Milligrams of nitrogen in the filtrate from 50 c.c. of the

heat coagulated protein solution.

No. of c.c. Serum albumin Serum albumin Serum albumin
of 0.35% Hematoporphyrin Hematoporphyrin Light
Hematoporphyrin Light . without light

0.01 c.c. 0.86 0.95 0.90

0.5 ec.c. 1,46 e ' -—=-

1.0 cuc. ~ 1.82 0.92 0.95

5.0 CeCo 2‘04 - - -

Source of radiation - 500 Watt Incandescent tungsten
filament lamp.

Distance of lamp from quartz flask - 15 centimeters.

Coneafitration of protein solution - 0.8%

Time of exposure  -=--ceemcccccoea. 10 hours.

Temperature  =meeeeceeeoceccmooaooo 25°¢.
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and light with the exclusion of oxygen. As in the case
of the fibrinogen solutions, the atmospheric air of the
serum albumin was replaced with hydrogen.gas. Tables 18
and 19 show ﬁhe results obtained.
From these results it is obvious that oxygen
‘is involved in the action of hematoporphyrin and light
on serum albumin, for in the absence of oxygen hemato-
porphyrin and light alone cause no increase in the non-
heat coaguable protein, |
The general result is to show that serum albumin
is also hydrolyzed by the combined action of hematoporphyrin,
light and oxygen as was fibrinogen but the hydrolysis 1is
at a very much slower rate. This is shown by the fact
that in fibrinogen the whole of the nitrogen is in the
form of protein préduets no longer heat coaguable after
10 hours'expasure, whereas, in serum albumin only about
five percent of the nitrogen has been split-off in the
same time,  Serum globulin, the third blood protein is
even more resistent to the action of the aptificial

enzyme than is serum albumin, "
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Effect of oxygen on the hydrolysis of serum albumin

by hematoporphyrin.

TABLE 18

Mllligrams of nitrogen in the filtrate from 50 ec.c. of the

heat coagulated protein solution.

Sefum albumin - hematoporphyrin - light - 02 - 1.58
Serum albumin - hematoporphyrin - ylight - Hé — 0.85

Serum albumin - hematoporphyrin - without - 0_ - 0,78
. : light

Source of radiation -509 Watp incéndescent tungsten
inléméﬁé lamp.‘

Distahce of lamp from flask - 15 centimeters.

Time of éxpogure - 10 hours,.

Temperature of water bath = 15%¢.

Concentration of protein solution - 0,55%

Concentration of hematoporphyrin - 0.0035%
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Effect of oxygen on the hydrolysis of serum albumin by

hematoporphyrin.

TABLE 19

Milligrams of nitrogen in the filtrate from 50 c.c. of the

heat coagulated protein solution.

Serum albumin - hematoporphyrin - light - 05 — 1.28

Serum albumin -~ hematoporphyrin - 1light - H2 — 0,63

Serum albumin — without - light -~ H, — 0.65
hematoporphyrin

Source of radiation - 500 Watt incandescent tungsten
| filament lamp.

Distance of lamp from quartz flask - 15 centimeters.

Time of exposure - 20 hours,

Temperature of water bath - 15°C.

Concentration of protein solution - 0,51%

Concentration of hematoporphyrin - 0,0035%
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Action of the Artificial Enzyme on Serum Globulin

Preparation of the Serum Globulin

Serum globulin was prevared from fresh horse
serum which had been highly centrifuged to remove all
corpuscles and platelets, Upon the addition of an equal
volume of saturated ammonium sulfate the globulin was
thrown out of solution. After standing for several hours
to allow complete precipitation the globulin was filtered
off. It was redissolved in distilled water and repre-
cipitated agaln and filtgred. A third precipitation
was done and the solution of the globulin was dialyzed
against running water to free it from ammonlium sulfate,
After two days of dialyzing the globulin was diluted with
distilled water so that the protein content was about 0,4%.
Sufficient sodium chloride was added to give the solution

a 1% salt concentration.

Experimental

100 c.c. of serum globulin and 2 c.c. of 0.35%
hematoporphyrin were placed in a 400 c.c. quartz flask.
A control solution of serum globulin alone was placed in

another quartz flask of the same capacity., Both flasks
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were 1mmérsed in & running water bath of 21°C, temperature.
The source of radiation was a mercury arc lamp provided
with a plate glass screen to filter out the ultra violet,
The lamp was placed at a distance of six inches from the
two quartz flasks and the protein solutions were exposed

twenty five and forty hours.

Procedure of analysis.

After exposure to the light, 20 ec.c. portions
from each flask were placed in large test tubes, 24 x 180mm.,
0.2 cecs of 1% acetic acid was added and the tubes placed
in a boiling water bath for fifteen minutes, After hgat
coagulation the contents were filtered and the filtrate
analyzed for nitrogen.

The filtrate was digested according to the Koch
and Mc Meekin (1924) miero-kjeldahl method. 1 c.c. of a
one to one sulfuric acld was added to the filtrate'containéd_
in the 24 x 180 mm., test tube. The tube was heated over
a miero burner until the contents fumed. After cooling
for a few minutes 30% hydrogen peroxide was added drop by
drop until the digest was clear upon further heating., Thev
digest was diluted with about 70 c¢.c. of distilled water,
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poured into a 100 e¢.¢c. volumetric flask, and 15 c.c. of
modified Nessler solution added. The unknown solution
was immediately compared with a standard Nesslef solu=-
tion containing 0.5 mgs. of nitrogen.

The fesults from table 20 and 21 show an apparent
increase in the filltrate nitrogen of the flasks containing
hemétoporphyrin, but the increase is within the 1limits of
error of the determination and not suffilelent to be an
indication of a positive.hydrolysis by the artificial
enzyme,

What the nature and origin is of the nitrogen
thus appearing in the filtrate is unknown. It may be
due to small traces of ammonium salt left in the solu-
tion after dialysis, or to some soluble protein split
from the protein on heat coagulation. Farther work
will be done to clear up this point. At any rate,

1l1lumination, does not increase this soluble nitrogen,
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Action of hematdporphyrin, light and oxygen on serum

globulin.

TABLE 20
Milligreams of nitrogen in the filtrate from 50 ec¢.c. of the
heat coagulated protein solution,
1, Serum.globulinﬂ; hematoporphyrin — light — 05, — 0,75
lp Serum globulin — hematoporphyrin — light — 0g — 0.70

11 Serum globulin - — without  — 1ight— 02 —> 0.67

hematoporphyrin
11BSerum globulin —  without. — light— 0, — 0.65
hematoporphyrin “

Source of radiation - Mercury arc lamp, provided with a
screen for filtering out the ultra
violet,

Distance of lamp from s&lution - 15 centimeters.

Temperature - 20°,

Time of exposure - 25 hours.,

Concentration of protein solution - 0.42%

Concentration of hematoporphyrin - 0,0035%
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Action of hematoporphyrin, light, and oxygen on serum

globulin.

TABLE 21

Milligrams of nitrogen in the filtrate from 50 c.c. of the

heat coagulated protein solution.

A Serum globulin — hematoporphyrin — light — O

1B Serum globulin .- hematoporphyrin — light — 02—T>2.OO
11, Serum globulin' —  without — 1ight — 0 — 1,87
4 hematoporphyrin 2
- 1lg Serum globulin — without — light — 05, - 1.82
hematoporphyrin

Source of radiation - Mercury arc lamp, provided with s
screen forufiltering out the ultra
violet,

Distance of lamp from solution - 15 centimeters,

Tomperature | - 20%,

Time of exposure ' - 40 hours.

Concentration of protein solution - 1,0%

Concentration of hematoporphyrin - 0,0035%
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Action of the Artifiecial Enzyme on Edestin,

A Tew experiments of a quallitative kind were
carried out with edestin, After exposure to the un-
screened light of a Cooper~Hewitt mercury arc lamp for
five hours, in a quartz flask with added hematoporphyrin,
the filtrate from the coagulated proteln gave no biuret
test, No apparant change had occured in the protein.
The solution was not examined for other protein produects.

While these results are too incomplete for a
definite statement that there is no hydrolysis at all of
the edestin, they never~the-less show that 1f 1lt:occurs,
it is at a much slower rate, than either fibrinogen or
serum albumin, for each of these under similar circum-
stances, yield biuret positive proﬁucts not coagulated

by heat.
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Discussion and Conclusions.

The Mechanism of the Resction,.

The hydrolysis of a protein evidently requires
that the proteln molsecule shall receive energy from some
source or othef. For the hydrolysis occurs with apprecilable
speed in the absence of catalytie agents, only at high
temperatures. In this case the sdurce of the energy taken
up by the protein may very well be the kinetic energy of
certain water molecules which are moving at greatér than
mean velocities of the given temperature, for only a few
of the molecules split apart at any instant of time under
these conditions.:

In the experiments we have performed it has been
shown that both hemaﬁoporphyrin and oxygen are necessary,
and that there mustibe an additional source of energy in
light, presum?bly the light absorbed by the hematoporphyrin.
In the absence of light at such low temperatures as we have

~employed, 20° ~ 45°€C., no appreciable hydrolysis of the
protein occurs.

Our first idea was that hematoporphyrin which is
a salt, the colored constituents being in the caﬁioﬁ, unite

~with the protein molecule which at the pH we employed was
electro negative., So that the first step consisted in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



64

formation of a hematoporphyrin-protein salt, It may be
sald in favor of this theory, that on boiling and coagu-
lating the proteln the whole, or a large part of the
hematéporphyrin, remalins attached to the coagulated
protein. A

Assuming then that this combination occured we
supposed that the hematoporphyrin received the light energy
and being activated thereby, radiated a part of it at a
lower frequeney as a fluorescent light in the red part of
the spectrum, and the remainder of the energy was passed
over to the attached protein, activating it. Being thus
sectivated it became capable of uniting with any active
water molecules, and was thereby hydrolyzed at some amino-
acid junctions, The effect of temperature which increased
the rate very materially might be supposed to inerease the
number of active water molecules and thus play 1its part
in the velocity of the reaction. It is certain that the
radiated energy ( fluorescent radiation) 1s not necessary
for\the hydrolysls, first because it oceurs in the red
end of the spectrum and sueh frequencies do not affect the

protein and second because it occurs in the absence of

oxygen and produces no hydrolysis,

This view was found to be incomplete when I
discovered that oxygen as well as hematoporphyrin had to
be present, And g@rther that hematoporphyrin is not
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necessary, although oxygen is necessary for hydrolysis if
we use ultra violet light. It was found that ultra violet
light plué oxygen hydrolysed the protein, although at a
relatively slow rate, Hematoporphyrin in this hydrolysis
appears to play a role not unlike that of chlorophyll in
the synthesis of formaldehyde, Ultra violet light alone
will convert formaldehyde to a carbohydrate, but in the
presence of chiorophyll ordinary light will do the same,

Here ultra vidlet 1light hydrolyses in the ab-
sence of hematoporphyrin, but ordinary light wilill accom=-
plish the same result if hematoporphyrin be present.

The hematoporphyrin makes available the energy of longer
wave lengths,

We have, then, three or four elements recognized
in thé»reaction (1) molecular oxygen; (2) hematoporphyrin;‘
(3) water; and (4) radiant energy.

The next fact which must be considered is that
the hematoporphyrin is 1tself destroyed in the presence
of light and oxygen; but is not destroyed as rapidly, if
it is at all, by light in the absence of oxygen. This
faet indiecates that the oxygen oxidizes‘hematoporphyrin
when the latter has been excited by absorbing light.

Our theory of what happens is hence as follows:

Hematopbrphyrin unites With the protein to form a hemato-
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porphyrin protein salt compound. The hematoporphyrin
absorbs light both in the ultra.violet and in the visible
spectrum, This absorption increases 1ts energy content,
it does not, howsver, incresase 1t sufficiently to lead to
the destruction of the moleeule, nor to the hydrolysis of
the protein. At any rste if any hydrolySis occur it is
at a‘slow rate. Most if not all the absorbed energy is
radiated as fluorescent or Raman light, |

But when oxygen is present with its large store
of energy, it 1s able to unite with the excited hemato-
porphyrin molecule, and to oxidize it, passing its energy
over to it. This has a doublé result: it so increases
the energy content of the hematoporphyrin that the latter -
becomes unstable and decomposes; and at the same time a
portion of its energy is passed through its union with
the protein té the latter and leads to 1ts ex&itation‘also.
This execlted or anaklnetic protein molecule then unites
with the water and is hydrolyzed.

- The whole process would be a true éatalytic
process were it not that the hematoporphyrin was destroyed.
For in that case the molecule of hematoporphyrin might
function many times as a carrier of energy from the oxygen
to the protein,

It 1s suggested that with this limitation,

hematoporphyrin may be called a proteolytic enzyme.
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Furthermore, it is an enzyme of condiderable specificity
since it 1s a proteinase acting with any speed only on a
few proteins and preeminently on fibrinogen. In fact, the
results of its action appears to be closely similar to
that of thrombin, and even more similar to the fibrin-

oginase in Crotalus adamanteus venom as Professor Mathews

has pointed out.
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