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INTRODUCTION

The catalytic action of iron in oxidations has bssn known
for many years, and since iron is universally present in cells,
physicloéists and biochemists from very early times have al-
nmost universally ascribed to it an important role in oxidation.,
Professor J. U. Lloyd having suggested the study of iron in
cell respiration, this investigation was begun under the dir-
ection and.plan of'Professor'A. P, Mathews., Mathews and Walker
(1) showed how greatly iron catalyzed the spOntaneoug oxidation
of cysteine and more recently Warburg and Keilin have ascribed
to it and its compound, cytochrome, or myohematin, the role
of the respiratory enzyme. Warburg and Sakuma(2) believed that
the whole of the oxidation of cysteine in air was dus to iron
and that cysteine entirely freé from iron was incapable of
autoxidation. Harrison(3), however, observing with even very
pure cysteine some autoxidation, left the question open. Rec-
ently in this laboratory, Gerwe(L), in another investigation
in this same series, has demonstrated that cysteine is spon-
taneously 6xidizable, although at a very slow rate, and iron
greatly cataiyzes the oxidation. Gerwe also found that cyanide
inhibited the catalytic effect of irom, but not the spontan-
gous oxidation of cysteine itself,

This work was begun with the view of'studying the respira-
tory function of the cell nucleus, The nucleus has always
been regarded as important in cell respiration since cells =~ ~

without nuclel respire at a very slow rate, -euen tﬁough they
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blood corpuscles of mammals). Among the pyrimidine compounds
of the nucleus, dialuric acid oxidizes at a very rapid rate,
rassing over into alloxan and alloxantin., This oxidation is
being studied in this laboratory, and the relation of the
oxidation to the reaction of the medium has already been
published.

The present paper shows that (1) dialuric acid free from
iron oxidizes spontaneously at a very rapid rate, (2) that
this oxidation is at a maximum at pH 7.0-7.4 and falls rapid-
ly on each side of the optimum to a minimum at pH 6.8 and
7.6, (3) that iron catalyzes the reaction on either side of
the optimum, but not noticeably at the optimum, possibls
because oxygen could not enter the solution fast enough;
and (4) that cyanides have no effect on the spontansous ox-
idation, but inhibit only the catalytic action of iron.

In a previous paper, the author(5) has described the
spontanqous‘oxidation of dialuric acid, a pyrimidine and an
oxidation product of uric acid. This oxidation was found
to be extremely sensitive to the reaction of the mediunm,
going only with any considerable speed within the limits of
neutreilty. In this susceptibility and the position of the
optimum, dialuric acid oxidatlon resembles that of cysteins
and also closely parallels the condition in living matter
where the oxidations are aleo extremely sensitive to such
variations and in which there is the same optimhm of oxi~

dation at this alkalinity. It i1s the purpose of the present

Ve
rd
4
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investigation to discover: (1) if this reaction be acceler-
ated by iron; (2) if dialuric acid be truly autoxidizable
in the absence of iron(small amounts were present in the
previous work); and (3) if the oxidation be interfered with
by cyanides.

The effect of iron on the oxidation of another member
of the pyrimidine family, thymine, has already been reported.
Johnson and Baudisch(6) observed that thymine is readlly ox-
idized by FeSO, , NaHCO3 and air, yeilding the products ures,
acetol and ﬁyruvic acid. Baudisch ﬁnd Bass(7) studied the
action of Hy0,, and of HyOp and FeS0) on thymine. They found
the same products were.formed as in the oxidation with FeSO),
and air, Bass(8) demonstrated that under the influence of
ultra-violet light oxygen was capable of attacking the thy-
mine molscule in the presence of FeS0O) so that subssquont

hydrolysis gave urea and pyruvic acid,

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



I, The Action of Iron.

METHOD,

Dialuric acid was prepared according to the directions in
the préced;ng paper(5) with various modifications in the final
step of the pracess to insure freedom from iron. Crystalliza-
tions were carried out in fused quartz vessels until the prod-
uct was fgee from iron. A two gm, sample of the final product,
ignited in a quartz crucible and tested for iron, did not give
the slightest trace of color when tested by the thiocyanate
method described by Yoe(9). This method will detect 0;600,000,1
gme of iron. The water, hydrochloric acid, and ammonia used
throughout the experiments were distilled in quartz and samples
of these solutions, in 500 cec. quantities} were sevaporated
in quartz dished, and tested for iron. In no case was & trace
of color obtained in the KCNS test, v

The Bafcroft reppirometer was used, as before, for the
measurement of the amount of oxygen absorbed by the oxidation
of the dialuric acld. The experiments were made in the same
manner. A 10 mg. sample of the dialuric acid was dissolved in
iron-free distilled water, neutralized to the desired pH with
iron~-free ammonia and bufferéd with a buffer solution of the
same.pH. The buffer solutions used were combinations of varying
amounts of 0,2 M KH,PO) and 0.2 M NaOH, according to Clark(10),
and gave values ranging from pH 6,0 to pH 8.0, The buffer sol-

utions were essentially free from iron., 500 cc, quantities

-
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were analyzed and found to contain 0,0005 mg. of iron., 50 cec.
guantities gave no test, showing that they contained less than
1/10,000,000 gn, of iron, which is the sensitivity limit of
the test. The 5 cc. of buffer solution used in each experiment
could not have contained, therefore, more than 5/1,000,000,000
gm. of iron.

A series of experiments were carried out in which the
oxidation of 10 mg, samples of iron-free dlaluric acld was
measured and a similar series in which 0,0001 mg., 0.001 mg.,
and 0,005 mg., of iron, respectively, were added to equal
amounts of dialuric acid and the oxidation measured, These
oxidatiohs were measured at hydrogen ion concentrations vary-
ing from pH 6.0 to 8.0, The iron was added as FeCla, the
various concentrations being prepared from a solution contain-
ing 0,1 gm. of standard iron wire dissolved in concentrated
hydrochloric acid and diluted to a liter,

The respirometer was shaken throughout an experiment by
a shaking machine, moving at a speed of 1706180 oscillations
per minute, and the temperature in the oxidizing chambers
maintained constant in a water bath at 25.0+.1 C.

The results obtained are tabulated in Tableé I and II,

(Insert Tables I and II and Figure I.hers,)
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Table I.

Effect of small amounts of iron,

pH ..... 6.0 6.0 6.0 6.0 6014- 60}-‘ 6.[‘» 6.1‘-
Absorption, mm, difference of manometer level,
- Time Dialutic + + + D, A. + + +
8haken, acid .0001 ,001 ,005 alone ,0001 X.001 ,005
nin, alone mg. me. mg., mge me. mg.
0 0.0 0,0 0.0 00 0,0 0.0 0.0 0,0
5 51. 61. 16, 8l. 2l 30, L6. 83,
10 6l 3. 88, 96. 33. L2, 60. 96
15 69. 77. 950 1000 350 h50 66. 990
20 69. 77. 98, 101.  36. 4B,  70. 100,
25 70, 18. 98, 103, 36, L9. T11. 100,
30 70. 79. 100,  103. 35, L8, 71. 100,
35 103 19. 101. 103, 36. Lu8. T2, 101,
Lo 70. 79. 101. 103, 35, L8, 72, 101.
L5 70. 19. 101, 103, 35. L8, 72. 101,
50 70. 19. 101. 103, 35. ue., 12. 101.
55 70. 79. 1l01. 103, 35, L8, 72. 101.
60 T0. 79. 101, 103, 35. L8. T12. 101,
*Mparature, |
Comcncnnn 2501 2501 25.1 2501 25.0 2500 25.1 2500
‘3%“1 volume
:nggen
:°Pbedy-~- © 230,259 .331 .338 115 J157  .236 .33
e,
% or total
2*1 ation when

52:0rption 64.8  T3.1 93.5 95.3 324 Ll.h 66,6  93.5
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le I,

Tab

Effect of small amounts of iron.

Hlzemne 02 Absogﬁiion,é%s. og’ﬁanozgger 12321 L2 0
zétien, DIaluMle 0001 001 .005 aloms .0001 001  .005
min, alone gg. gg. ?g. y ?g. gg. gg.
~7;» 0.0 0.0 0.0 0,0 00 0.0 00 0.0
s 6. - 28. Sh 85, 6k  Th. . 86, 85,
10 | 22, 34, 63. G5 7. 817. 95. oL.
iS 25, 37, 65. 100. 835, 9. 99.  99.
20 26, 39, 67, 101, 85, 95. 101, 102,
25 28, 39; 68. 102. 86,  96. 102, 103,
30 28, 4o. 68, 104, 88, 96, 103, 103,
35 28. 39, 69, 105, 88, 98, 105, 105,
4o 28. bo. 68, 105 88,  98. 1ok 105,
bs 28, Lo. 68, 105, 88, 98, 105, 105,
50 28. L4o. 68. 105.. 88, 98. 105, 105,
55 28, 4O, 68. 105, 88,  98. 105. 105
60 28, Lo, 68, 105. 88. 98. 105, 105,
hmparature, '

Covncnn 25,1 25,1 25,1 25,0 24.9 25.1 2L4.9 25.1
§§;§§nvolume (092 131 .223 .34k .289  .321  J3LL J3Lh
QbaOrbed, CCe
§,§§a§gtal R
Yhep o 25,9 37.0 62,9 97.2 81,5 90,7 97.2~ 972
Dsorption

1: T |
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Table II.

Effect of small amounts of iron.

when absorp-
tion ceased

| pHe==m==_ T2t Tl Toh” T 7.6 7.6 1.6 7.6 8.0 8,0 8.0 8.0
Absorptlon, mm, of manometer level - - . . .-
. ; T Lo =) NH.
. Dial- + + + Dial- %.6 + "+ Dial~ 47 LA el
MWMMQS. uric .0001 .001 .005 uric ,0001 ,.001 .,005 uric .0001 ,OO01L (005
min. acid mge mge mg. acid’ mg. mg. mg. acid ng. /mg. mg.
alone Fe Fc Fe alone Fe Fe Fe alone Fe ' Fe Fe
0 0.0 .0 0,0 0,0 0,0 0.0 0,0 0.0 0,0 ,owo 0.0 @.o
m mmo -Nmt mmc mmo Hmo N.No WOQ mm.o h%o.o mpo QHQ.. mw.
10 81. 87. 96. 97. 21, 34, 58, 95. L8, 62, 81, 9L.
15 86. 94, 100, 101, 22, 37. 62. 99, 52, 65. 87, 97.
20 87. 97. 102, 103, 23, 38, 63, 10L. mwm. 66. 89, wow.
25 89. 97. 103. 104, 2k,  39. 65, 104, 55,  67. &9, 101,
30 90, 99. 10L4. 104, 2L, L0, 6L. 105, 5h. 67, 90. 102.
35 90. 100. 106. 106, 2L, ho. 65. 105, 55, 68, 90. 10L.
Lo 90. 100, 105, 106. 2L. ho. 65. 105, 55, 68. 91, 10L.
s - 90. 100. 105. 106, 24. hG. 65, 105. 55 .68, 91. 10L.
50 90. 100, 105. 106. 2k, 40. 65, 105. 55, 68.  91. 10L.
55 90. 100. 105. 106, 24, ho. 65. 105. 55, 68. 91. 104.
60 90, 100, 105, 106. 24, Lo, 65, 105. 55, 68, 91. 10L.
Lemper- - : : -
.ature, 25,1 25,0 25,0 25,0 25.1 24.9 24.9 25.0 25.1 25,0 25.0 25.0
G : .
' Total
volumé 4295 .328 344 348 .079 .131 .213 3L -,180 ,223 ,298 .3l
oxygen . :
absorbed, cce.
% of total : . .
, 0XIdation 83.2 92.6 97.2 98.1 22,2 37.0 60.1 97.2 50.9 62,9 8.2

96.2
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Discussion,

Fig. I shows comparatively the amounts of oxidation of
samples of iron-free dialuric acid and of samples to which
varying -amoun.s of iron have been added. The concentration
of hydrogen ions is plotted on the absclssa, the variation
being confined to the 1limits of pH 6,0 to pH 8,0. The ordin-
ates represent the mm, of negative pressure due to the absorp-

tion of oxygen after 60 minutes of shaking.

Tables I and II and Fig. I will show how great 1s the
acceleration by small amounts of iron. It was found that
the rates of oxidation of samples of iron-free dialuric
acid were somewhat less than those recorded during the

preceding work(5), attesting probably the more complete

Tt T e = = rmrm T =gy P R

removal of iron, which was present in some of the buffers
then used and was responsible for a part of the phenomenal
oxidation in certain casss. The addition of 00,0001 mg. of
iron produced a decided increase in oxidation rate at pH
values other than 7.0-7.l4; 0.001 mg. of iron, a much greater
increase; while the addition of 03005 mg., of iron was suffic~
ient to produce almost complete oxidation, sven at unfavor-
able pH values., In fact, the oxidations as accelerated by the
addition of 0.005 mg. of iron may be considered to be come-
plete, a slight divérgence from the theoretical possible
absorption being due possibly to some limiting factor in
manipulation., The apparatus was not shaken at a maximum speed,

.

and it is possible that oxygen could not enter the solution .

. \‘\
fast enough. At least, it can be seen in the oxidations at \

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



10

pH 7.0 and 7.4 that maximum -absorption is obtained, for
here, the acceleration due to 0.005 mg. Fe is only very
small and coincides with that produced by 0,001 mg. Fe.
Iron, in this oxidation undoubtedly acts the part of an
:oxygen carrier, as it 1s supposed to do in the cell. The
mechanism of this acceleration possibly involves the formae
tion of an intermediate compound of ferric iron and dialuric
acid. Ferric iron may unite with the dialuric acid to oxidize
it to alloxan; the compound immedlately breaking up, the
iron becoming free again as ferrous iron. The oxygen of the
air oxidizes the iron back to the ferric state and the pro-

coess 1s repeated,
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11
II. The Action of Cyanides,

Closely related to the subject of acceleration by iron
is the one of inhibition by cyanides. It has been shown by
many investigatofs that small concentrations of KCN have the
power to depress cellular oxidations., Mathews and Walker(1l)
showed that very small amounts of KCN were sufficient to
check or prevent the spontansous oxidation of cysteine to
cystine. More recently, Gerwe(l4) has shown that HCN inhibits
only the accelerating action of iron, and not the spontaneous
oxidation of cysteine, He thus confirmed the theory espacially
advocated by Warburg that cyanides inhibit respiration by
combining with the iron. Warburg has maintained the view that
if the oxidative process of any system is paralyzed by cyanids,
thean iron may be assumed to be the chief catalytic agent in-
involved.

Many cases, however, have been reported where cyanids
had no effect at all on oxidation., Thunberg(l2) states that
succino~-dehydrogenase in muscls was not inhibited by cyanide
in its methylene blue reducing power in thu presence of suce
cinic acid, whereas strong inhibition in oxygen uptake was
observed, Hopkins and his co-workers also state that the
Schardinger enzyme from milk and xanthin-oxidase are not at
all sensitive toward cyanide. They concluded, therefore,
that those oxidation systems had nothing to do witﬁ iron,
szent=-Gyorgyi(13) has recently shown that the hexoxidase.
from cabbage leaved, probably related to the highly oiiqiz-
able hexuronic acid in the suprarenal cortex of animals,
is not ssensitive to cyanide.
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12

AR A . AT, R TR

| Gerwe(l4) has founf that cyanides inhibit the accsleration
E of the cysteine oxidation byagggg, but that cysteine, entirsly
} free from iron, is not affected in 1lts rate of oxidation and
1s truly autoxidizadle. This disproves Warburg's early sup~
position that cysteine had no trus autoxidation. Cyanides
stop the oxidation of cytéchrome from ysast, described by
« Keilin(lh) as an intracellular respiratory catalwst, but here
again we are dealing with a compound containing iron. Cyto-
chrome has as a nucleus an iron-pyrrol compound, similar
to that in hemoglobin., Elvejhem(l5) finds that the respira-
tion of yeast i1s 80 per cent inhibited by KCN, but this is
not startling as it has been already shown that iron'and
especially cytochrome is an essential element in the growth
and metabolism of yeast, '
COnsequeht;y, it 1s of importance to discover if the oxi-
dation of dialuric acid be affected by c¢yanides, In this )
way its autoxidizability can be confirmed, becauss if this
oxidation 1s a catalysis by iron, it should be inhibited

by cyanides,
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METHOD and RESULTS.

A series of experiments were carried out in which varying
concentrations of KCN were addad to oxidizing mixtures contain-
ing 10 mg. samples of dialuric scid free from iron, The con-
centrations used were ¥/20,000, M/10,000, M/5000, M/2000, M/1000,
M/500, M/200, and M/50. These were the final concentrations
in the solutions and the oxidations weee measured at pH 7.0

and 7.4, In no case was there any inhibition of oxygen uptaks

(see TableIII) and these results show definitely that cyanides
do not inhibit tho oxidation of pure disluric acid, These res-
ults support those of Richardson and Cannan(16), who found that
the addition of HCN had no notable effect on the oxidation,

In order to test the effect of cyanide on the oxidation
of dialuric acid to which iron had been added, M/200 KCN was
added to reaction mixtures containing, in addition to the 10 mg.
of dialuric acid, 0,0001 mg., 0,001 mg., and 0,005 mg, of iron,
respectiyely, and the oxygen uptake measured. These mixtures,
then, contained KON in the final concentration of M/2000 and
were buffered at pH 7.0. The oxygen uptake in these instances
was just the same as when pure dialuric acld was used alone
without KCN. (See Table IV),

Altogether, thegy, pure iron-free dlaluric acid oxidizes
at the same rate in the presence of varying amounts of KUN
as in its absence. Cyanide inhibits the oxidation in the
presence of iron only to the extent that the reaction hag

besn catelyzed by iron, /

1

-
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Tehle TII,

nffect of Zyernicde on Oxide icn of Digluric Acid,

‘

sl Tenyerature, Ox:reen uptcke ICN edded Urtoake
°c of 10 ng, to mtxe after
dieluric ccid finel acdition
ir m./60 min, | concentretion of
cycnide
7.0 2.0 £€.0 1 /10,000 £e.0
7.0 20 .0 £¢.0 /5000 £€.5
7.0 25.1 £€.0 1°/20,C00 £€.5
7.0 25.0 £e Lk 17/2000 £€9.,0
7.4 25.1 0.5 1°/1000 ¢r.e
7.4 24.¢F AN 1./500 €0.5
7.4 25,0 0.0 17/200 £c.,5
7.4 2£.0 eeLE /50 00,0
Table IV,
Effect of Cyenides on Iron Cetolysis,
pH Oxycen uytake e eaded ICY edded Oxygen
of 10 mg, of es FeClg ‘to meke urpteke
dialuric ccid solution
7.0 £e.0 L0001 mg. 17/2000 €¢.0
7.0 £0.,5 001 " " £9.0
7.0 &e.0 .C05 v " 8e.,5
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III. The Oxidation of Amino-Acids by Dialuric Acid.

Strecker (17) was the first to exeomine the action of
alloxan on amino-acids. He fouﬂd that on warming a solution of
alloxan with a solution of leucine, isovaleraldehyde and carbon
dioxide were produced, and that alanine, when treated in the
gsame way, gave acetaldehvde and carbon dioxide, while glycine
gave no aldehyde, but did give carbon dioxide; in all three
cases the liquid assumed the color of murexide. No quantities
were given in Strecker's paver, and he identified his products
by qualitative tests.

Pilotv and Finkh (18) in their vpaper on the consti-
tution of murexide, describe the interaction of allozxan and
glycine when concentrated solutions are mixed at 80°. In these
circumstances, the color of murexide is produced, carbon diox-
ide is evolved, and on rapid cooling, a crystalline product is
obtained which has the color of murexide. This product they
describe as glycine purpurate. When, instead of cooling the
nixture, it was heated until the color of the murexide had dis-
apoeared, an insoluble, amorphour substance was deposited, and
the mother liquor yielded a yellow, crystalline solid, which
they describe as uramiloacetic acid:

L TH-CO

co
N\yH.c0”

CH-NH'CH, * COH, Ho0.

Piloty and Finkh made no reference to the production of formal-
dehyde.

The apparently abnormal behavior of glycine towards
alloxan led Hurtley and Wootton (19) to repeat the earlier ex—
periments. In the first place, they confirmed the production

-~
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16.

of - isovaleraldehyde from leucine and of acetaldehyde from al-
anine; they also tried the action of alloxan on aC-amino-butyrie
acid, and were able to show that propaldehyde was produced. When
rolecular provortions of alloxan and ¥lycine were heated in con-
centrated solution, no formaldehyde was produced, but they ob-
tained the amorphous substance, and the uramiloacetic acid of
Piloty and Finkh. Then molecular proportions of alloxan and
glycine in dilute solutions were distilled, formaldehyde was
easily recognized in the distillate. Under these conditions,
Pilotv and Finkh's amorvhous substance was not obtained. The
liquid, which became purvle soon after mixing, lost its purple
color and'yellow crystals identical with Piloty and Finkh's
uramiloacetic acid were devosited on cooling. It is the opin-
ion of Hurtley and Wootton that in the case of the concentra-
ted solutions used by Piloty and Finkh, come of the uramiloa-
cetic acid, or the uramil derived from it, had condensed with
dialuric acid and formaldehyde to form the amorphous substance,
and thereby concealing the presence of formaldéhyde. The dia-
1uric acld was »nroduced by the reduction of a part of the allox;
an during the oxidation of the amino acid.

Hurtley and Vootton also founq that dimethylalloxan
oxildizes an «C-amino-~acid to the next lower aldehyde and ylelds
te?ramethylmurexide. In addition to the amino acids mentioned
before, they tried the action of alloxan on tyrosine, tryptoh'
ohane, cystine, and on glucosamine; all of these give a strong
marexide color.

Truube (20) found thet alloxan likewlise oxidizes

anllinocacetic acid to benaaldehyde and carbon dioxide, the
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17.

gsolution becoming red. Beslides alloxan, isatin, p~benzoquinone
end toluquinone were sho%n to oxidize the amino acid to aldehyde,
Fatty aromatic amines, for example, benzylamine, were in like
manner oxidized to aldehvdes by alloxan and isatin., Purely fatty
amines,for exawmple, isocamylamine, were not oxidized by alloxan,

Recognizing the ease with which dialuric acid is oxi-
dized to alloxan, and with which it is obtained from alloxan
on reduction, 1t was the purpose of this portion of the study
to discover if amino acids could be oxidized by the use of di-
aluric acid itself, The reaction promises to be one of con-

siderable blochemical interest.
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HETHOD

The amino - acids used were glycine, alanlne, valine,
glutamic acid and phenylalanine. The amount of amino-acid em-
ploved in an experiment was usually 0.5 gm. except for one
0.25 gm. sample of vhenyl alanine and the amount of dialuric
acid veried from 0.002 gm. to 0.1 gm. according to the exper-
iment. (see Table V)

The reactions were measured by passing a stream of
air, free from carbon dioxide and ammonia, through a mixture
of the amino-acid and disluric acid, in water solution, at
room temperature. The amino~acid was dissolved in water (usually
gbout 5c.c.) with the aid of 0.01 N HCl and 0.01 N NaOH accord-
ing to the solubility of the acid and the solution neutralized
to the desired pH with these two sdlutions. An equal volume
of buffer solution (0.5 M K HpPOy + 0.5 M NaOH) af the same
pH was added and the solution placed in the reaction chamber,
a largé test-tube of about 60c.c. capacity, The dialuric acid
was added to this solution in solid form and the mixture plac-
ed in the reaction train. This was arranged as follows: A
stream of alr was passed éhrough two bottles containing concen-
trated X O H soiution to remove carbon dioxide, then through
a bottle of concentrated HpSO)y to remove ammonia and moisture.
From this the afr passed through the mixture of aminofacid and
dialuric acid. It then passed through two large tubes, the first:
containing 25 c.c. of 0.01 Hasou, the second, 50 c.c.of 0.0l
N HgSOu, to absorb the ammonia given off; then, through a wash
bottle of concentrated Hasou Tfo remove moisture and then through
two carbon dioxide absorption towers filled with "Ascarite"

(sodium hydrate asbestos). The carbon dioxide towers were weighed
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before and after each experiment. The stou solutions in the
two ammonia absorption tubes were titrated at the end of an
exoer?ment with 0.01 N NaOH, using alizarin as an indicator,
es stated above, the reaction chamber was at the temperature
of the room. The air was passed through the apparatus at

a rate of at.ut 4O bubbles per minute,

The data and results are showm in Table V.

-
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Oxidation of amino-acids by dialuric acid.

20

afy 7 . Ant A
Lgﬁg %gﬁo acid dggl;_grio pH iﬁggf girgiz gggbg‘g— }BIIC;I bzg- O:igi-
) gm, M. gm.

Ecme 0.5 0.1 7.0 24.5 2,0 [.ooué {.00172 1.50
HAycine | 0.5 .1 70| 23.€ | 1.66 | 006z ].00161 | 1.50
“Ayeine 0.5 0.005 | 7.4+ | 25.0 | 5.85 [.0073 [.00281 | 2.45
Hyoine 0.5 0.002 | 7.0 { 24.0 | 5.0 [.00i1 |.00039 N
&\La‘nine 0.5 0.1 7.0 24.9 2.0 [.ooh1  }.00153 1.60
W anize 0.5 0.1 7.4 25.4 | 5.66 [.0057 |.00219 | 2.30
anine | 0.5 5.005 | 7.5 1 25.3 | 5.0 |.002F ].00051 | .96
Vallme | 0.5 50T | 7.5 | 3.7 | 5.0 |ooh6 [.0032% | G.51
g;é‘line 0.5 0.01 7.0 25.1 6.0 [.oo0h2 ].00295 | L.11 .
tTutanic 0.5 0.01 7.0 | 24.7 | .25 [0045 |.0017hL | 3.02
\%}%%amic .
cid 0.5 0.01 7.l 25,0 | 5.08 |.0066 _|.00255 | L,u2
&amic 0.5 0.01 7.6 25.5 6.25 1.0036 [.00139 2.41
%%E?%e 0.25 0.01 7.0 | 2u.9 | 6.5 0035 |.00132 | 5.30
Nlanine | 0.5 0.01 7.6 | 25.2 | 6.0 |.0052 1.00196 | 3.93
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Resultse,

Table V shcows comparatively the amounts of carbon dioxide
and ammonia gilven off by different amino-acids at different
pH values, different concentrations of disluric acid, stc.

During the expeiriments, the solutions began to turn pink
shortly after the dialuric acid had besn mixed with the amino-
acid, and this colcr increased slightly as the reaction pro-
gressed, but never reached any great intensity, due to the
minute quantities of dialuric acid added. The color was
sirongest-in those cases where the largest amount of dialu.ic
acid was used, 1, a., 0.1 gm. This color was due to the fore
mation of murexide, and persisted throughout an experiment.
After the completion of ar experiment, the solution was al-
lowed to stand for several hours, the color faded from the
liquid, and a vinkish gediment was found in the bottom of
the tube. This was assumed to be the salt of the amino-acid
and purpuric acid as described by Plloty and Finkh. The
sediment was not examined.

. In the experiments whore glycine was used, formaldehyde
was found to bs present in the soluvion after oxidation.
Its presence was shown by the FaClZ.,~-mi:lk--HQSOLl test, All of
the solutions showed tests for aldehydes after oxidation.
In the case of phenyl alanine, the solution smelled stréng)y
of hyacinths, this odor being characteristic cof phenyl

acetaldehyde,
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The course of the reaction appesars to bs as follows: the
dialuric acid is oxidized to alloxan; alloxan then acts on
the amino-acid, setting frse ammonia and carbon dioxide, and
making the aldehyde of the next lower acid. The alloxan is
reduced in thé process to dlaluric acid and takes up oxygen
again and so repeats the oxidation. Some of the alloxan unites
with part of the dialuric acid to form alloxantin, which,
with the ammonia, forms murexide. Proof that the solution

contains alloxantin has been obtained by testing with barium

hydrate.
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SUMMAR

|}

1. The spontaneocus oxidation of dialuric acid, occurring
at unfavorable pH values, 1s grsatly accelerated by the
addition of small amounts of iron; but little or no accel-
eration by iron was obtained at pH 7.0-~7.4. This may have
been dus to the fact that oxygen could not enter the solu-
tion fast enough at pH 7.0-7.4 to permit any azceleration.

2. The autoxidation of iron-free dialuric acid is not
inhibited by cyanides.

3 The addition of KCN to dialuric acid of which the
oxidation was catalyzed by iron reduced the oxygen con-
sumption to that of dialuric acid alone,

»

Lhe In its acceleration by iron and the inhibition of

. iron catalysis by cyanide, the spontaneous cxidation
of dialuric acid shows the same interesting parallelisms
to the oxidations of cells, as is shown by cysteins and
i1ts compounds, such as glutathione,

5. Alloxan, formed by the oxidation of dialuric sacid,
acts upon amino acids setting free from them ammonia

and carbon dioxide, and making the aldehyds of the next
lower acid. The alloxan is reduced to dialuric acid in the
process and takes up oxygen again and so repeats the oxi-
dation. .
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