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Tne work contained in the first part of this thesish was carried 
out in the Organic Chemistry Department of Glasgow University 
during th© sessions 1927-28' and 1828-29, under the supervision 
of Dr* S* H* Tucker* It is regretted that, from lack of time, 
the main part of the work -- the synthesis of 1 lf- dicarbazyl 
was jobt completed, but work* on that subject is still in progress, 
and it is hoped that the synthesis 7fill be accomplished.

During session 1929-30 the work contained in the second part 
of the thesis was carried out, under the supervision of Herr 
Geheimrat H* Wieland, in the chemical laboratories of the 
bavarian Academy of science in Munich*«|Eiliat©d with Munich 
University*

I offer my most sincere thanks to Dr* S* Horwood Tucker 
and Herry Geheimrat Prof* Dr* H* Wieland for the encouragement 
and help they have given in the carrying out of this work* I 
also thank the Department of Scientific and Industrial Research 
and the Carnegie Trust for research grants, which made this work 
possible.
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1.
Synthesis of l;!1- dioarbazyl.

The oxidation of oarbazole giv©3 two dicarbazyls, r.p.
o *1)220° and 265 respectively, and also an amorphous compound- *•

oThe dicarbazyl of m.p. 220 has been shown to be KH -
odicarbazyl . ' The dicarbazyl, m.p. 265 nay be 1:1*- 

dicarbazyl, and synthesis of l;lf- dicarbazyl will prove if
this is so«

lhe method used for the synthesis of 3:5*- dicarbazyl' 
vras tried using 2:2*- di amino diphenyl in place of benzidene. 
Under no condition of experiment could a condensation product 
of 2:2*- di amino diphenyl and O-chloronitrobenzene be isolated.

,3.)

Method A.
4.}A synthesis has been attempted according to the scheme dU
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!•) Perkin & Tucker, J.C.S., 119, 218 (1921).
2.) Tucker & lie Lint och,, J.O.S., 1927, 1214.
3.) Tucker, <T.C.S«, 1920, 3033.
4.) Compare Ullmann, Abs., 1904, 72S.



The compounds (l), (11) and (ill) were obtained, but on reduction 
of (111) a pur© product could not be isolated, which is due to 
the instability of the amino compound to atmospheric oxygen.

Exp erimental.
frff*-Pi- (2:4-dinitrophenyl)- 8 gg^diamino diphenyl. (1).

2 :^-di ami no diphenyl (20g.), l-chloro-2:4- dinitrobenzene (75g*) 
and dry potassium carbonate (30g.) were heated together vfith 
vigorous stirring, on an oil bath at 140°for four hours.
(The potassium carbonate prevents the decomposition of 252*- 
dianinodiphenyl which takes place very readily at 140° in the 
presence of hydrochloric acid, to give carbazole and ammonia.) 
Whilst the melt was still hot,benzene (250c.c.) was added and 
when cool, the insoluble portion was filtered off and washed 
with more benzene until the insoluble portion was free from
l-tfifcloro 11 *:*Db enz en e.

The residue was now washed several times with water to remove 
potassium chloride and potassium carbonate, and there resulted

0 oa fairly pure condensation product, which melted at 220-222.
(Yield 45g t 80$)* This was oryatallised from benzene, in 
which it is nearly insoluble in tie cold, but reasonably soluble 
when hot, and from which it crystallises in yellow orange crystals 
m.p. 228* This compound is insoluble in alcohol and other, 
soluble in chloroform, benzene, toluene, i acetic acid and acetone, 
(Pounds N* 18#3* O84H10O8P0 requires P.16.3J&.)



Recent work on the condensation of 2:gf~ diaminodiphenyl 
and cttor 6~l:4~dihJfr,obenz en e has given different results to

1.) , O Q
these described above 1* Two compounds m.p. 177-178 and/0 0 .  0 o218-217 are described. The compound m.p. 177-178 is held to
be fcJP-Di** (2:4~dinitrophenyl )-2:2*-diaminodiphenyl, but th&s
does not agree with the work described above, where the m.p.

oof this compound was found to be 228. The conditions fcsed 
varied considerably as in the above experiments a -larger excess 
of 1-chloro-2:4-dinitrobenzene was used, potassium carbonate 
was present and the experiments were carried out on an oil
bath.

work on the condensation ©f 2i8,-diaminodiphenyl and 1-chloro-
2-nitro~4-fiyamobeszeme has shown there to be three compounds 
formed (Page IS):- a Carbazole derivative, a compound from 
the condensation of one molecule of 2:8,-distminodiphenyl with 
one molecule of l-chloro-g-nitro-4-flyamobemzene, and a compound 
from the condensation of one molecule of 8:2f-diamino diphenyl 
with two molecules of l-chloro-2-mitro~^*cyanobenzene. Three 
such compounds are of course possible with l-chl©ro-8:4~ 
dinitrobenzene, and it is therefore possible that the compound

© om.p. 177-178 is not as described but is formed by the con
densation of one molecule of 2:2*-diamino diphenyl with one 
molecule of 1-chloro-2:4-dinitrobenzene, it must be noted 
that this compound has a similar nitrogen content.

!•) he Fevre, J.G.S., 1989, 737.



4*
Its melting point also appears to agree with this structure, 
as the melting point is lower than the melting point of tie 
carbazole derivative, which was the case in the amalagous 
compounds from the g:2f-di amino diphenyl and 1-chloro-g-nitro-
4-cyanobenzene.condensation.
HN * - Dl- ( amino-4-ni trophenyl)- 2; 21 - dlaminodiphenyl.

The above tetra nitre compound (30g.) (1) was carefully 
powdered and added to a mixture of rectified spirits (150 cce) 
and *88 ammonia (50 cjcr>) in a flask fitted with a reflux* 
Hydrogen sulphide was now passed through the mixture until it 
was saturated, and then the flask was heated on th© water bath 
for 15 minutes, allowed to cool, again saturated with hydrogen 
sulphide and then again heated* deduction took place and the 
product of reduction dissolved in the alcohol, giving a deep 
red solution. i,ater the alcohol became saturated and the 
reduced compound separated as a dark red solid. The inter*- 
mittent passing ©f hydrogen sulphide and heating was repeated 
six times, after which the contents of the flask were poured 
into water, which precipitated all the reduced compound. The 
solid was now filtered Off and the amine extracted as the 
hydrochloride by repeated treatment with 10# hydrochloric acid#

From the hydrochloride solution the free baBe was pre
cipitated with ammonia, and the free base was filtered eff, 
dried ©n poureus plate, and^hen taken up in benzene from whioh 
it crystallised ©n cooling in small deep red crystals* it was 
reorystallised from benzene* It gives small bright red 
crystals, m.p.l25° (yield lSg.r 45#).



This compound, is very readily soluble in benzene, acetone, 
acetic acid, chloroform; soluble in alcohol, Methyl alcohol 
and ether. Benzene is the only solvent from which it crystall
ises satisfactorily. (Pound? JT 18.5, C24H20Q€N6 requires 
V 18.40$).
pi-(5-ni tro-1s 2:3-benztriazolyl)-3:2f-diphenyl.

The above compound (10&) (11) was dissolved in acetic acid 
(50 c.cs) and coarsely powdered sodium nitrite (3g.) was added 
then the whole was heated to boiling. On allowing to cool 
a very little of a brownish yellow compound crystallised 'out. 
On pouring into water the remainder of the compound was pre
cipitated. teiis*compound was crystallised from methyl alcohol 
in which it is only slightly soluble (1 in 100). It does not 
crystallise satisfactorily from any solvent, since lit comes 
out as an almost amorphous, yellow ponder, oy repeated 
crystallisation from methyl alcohol a compound which melted 

• about 140 was finally obtained.
This compound is very soluble in acetic acid and acetone; 

soluble in benzene and chloroform; and sparingly soluble in 
methyl and ethyl alcohol. Meated on a spatula it explodes. 
(Yield 9.5g.:90j£) (Found? IT* 33.1. Q24H1404B8 requires
R. S3.4^)

several attempts were made to reduce (111) to give (IV).
In all oases the reduction appeared to go but in no case could 
a pure product be got. Among the methods tried were, using



/tin and hydrochloric acid, zinc and acetic acid, a method 
using iron and hydrochloric acid , and a method using sodium 
poly sulphide.

Using all the above methods on almost black solid was got
which could not be induced to crystallise from any solvent,#
although it was soluble in most solvents. This solid was also 
soluble in hydrochloric acid, and so probably was the desired 
compound.

Attempts were made to acetylate this base, and a compound 
was got which crystallised in pale yellow crystals from acetic 
acid. This compound appeared to be the acetyl derivative®
On filtering off,however,it almost immediately turned black 
in the air, probably due to oxidation.

bince the acetyl derivative is so unstable to atmospheric 
oxygen, it is only to be expected that the base should also 
be unstable, as acetyl derivatives are as a class much more 
stable than the bases from which they are derived. This 
instability must be due to the large number of nitrogen atoms 
in the molecule. it is $ust possible that the reduction may 
alse have reduced the -JM*" group in the molecule, which 
certainly would make the compound very easily oxidised.

Method B ®
The difficulties encountered in Method A were due to the 

presence of the extra nitro groups. xhese were present only 
to render the chlorines sufficiently reactive to make the 
condensation/

1.) R. Winton West, J.O®S., 1985, 194.



7.
/condensation possible* ±t has been shown how difficult it is 
to get rid of these groups. it is apparent that if it were 
possible to use a compound in place of the 1- chi or o- 2:4- 
dinitrobenzene, which has a more easily removed group than a 
nitro group, in the 4 position, and a group which would activate 
the chlorine sufficiently to make the initial condensation 
possible, then we should have an easier synthesis.

l-chloro-2"-nitro~4~carb©xybenzene was tried, but in spite 
of repeated attempts, no condensation product *ould be isolated.

according to Brewin and Turner . cyamo groups activate the 
chlorine atom, and it was found that 1-chloro-$r* nit ro~ 4- 
cyanobemzene condenses with 2:8f-di~ amino diphenyl to give three 
distinct products, one of these compounds is formed by the 
condensation of one molecule of 2 tS1- diamino diphenyl with one 
molecule of l-chlor©-8-»itr©~4-'Cyanobenze®e, one by the con- 
densation of one molecule of 2*2t-diaminodiphenyl with two 
molecules of l-chl©rG-®-aitr©-*4-cyan©benze»e, and the third 
by the loss of ammonia from the first named compound*

jdie following scheme for the synthesis of Itlf-dicarbazyl 
was suggested!-

1.) J.O.S., 192©, 332.



xhe compounds (l), (11), (111) and (IV) were obtained but 
the final step could not be carried out, in spite of repeated 
attempts and variation of conditions of experiment• it is 
difficult to account for this failure, but the presence of the 
carbonyl groups in the molecule may be the cause.

uompound (111) when heated gave off a gas and a colourless 
compound resulted which was not the starting material, and was 
therefore apparently l:lf~di-5-cyanocarbazyl. The yield of 
this compound was so small that this method is unpractical.

wompoumd (!) when hydrolised with concentrated hydrochloric 
acid gave a compound which was apparently HH*-di-(2-mitro-4- 
carboxylphenyl)-2:8f- diaminodiphenyl. when hydrolised with 
sodium hydroxide in alcohol solution, there resulted two 
compounds - 1-hydroxy-2-amino-4 carboxylbenzene (due t© fissur© 
of the molecule) and NKf-di(2-amim©-4-carbo*ylphenyl)-2:2f- 
di amino diphenyl •



9.
Attempts to remove the carboxyl groups from •- di-(2-nitro-

-• —  ’  ̂an(j (2-amino-

the great difficulty throughout the synthesis is the removal

carbazole nucleus appears to be much more difficult than in 
analagous compounds, which must be due to sterical reasons. 
Heating of 1:1*-di-5-carboxycarbazyl, which could be obtained 
by hydrolysis of the product of heating of 2:2f-di-(5-cyamo- 
1:2*34bemztriazolyl)-diphenyl, may give 1:1’-dicarbazyl, and 
this method appears to be the only possible means which has not 
been attempted.

Synthesis of l~ohlQro-2»altro-4»cyanobenzeme«
V)4rhe method given by ulaus and stiebel T . ' for the preparation 

was found unsatisfactory. This method consists of the nitration 
of the sulphate of p-chloranilime, or reduction of 1-chloro- 
2:4-dinit rob emz erne, to give I-chloro-2-nitro-^-aminobenzeme 
and the subsequent replacement of the amino group with cyan© 
by Samdmeyer’s method. This gave exceedingly poor yields of 
1-chioro-2-nitro-4-cyanobemzene, principally because the 
Sandmeyer gave only a 10$ yield.

4-carboxylpheny]^ were not successful it thus appears that

of the carboxyl groups. m  addition^the passing to the

Experimental.

1.) Bor. 20. 1379*



10.
A method starting with p~chlorbenzoiC acid has proved much 

better, nitration gave l-chloro-2-nitro-4-carboxybenzene 
which with phosphorus pontachloride gave the acid chloride, 
which with ammonia gave the acid amide, and it finally gave 
the cyano compound by .x treatment with phosphorus pentoxide.

-/to
toon COOK

ei
* r r *

l-chloro-2~nitro-4-oarbQxybenzene (11).
finely powdered p-chlorbenzoic acid (25g.) was added to 

fuming nitric acid (42 c.c.) and then the beaker was heated 
until all the p-chior©benzoic acid dissolved. The whole 
was now poured into water and the 1-chloro-2-nitro-4-carboxy-» 
benzene separated* yield 86/0* This was crystallised 
from alcohol m.p. 177-178°.

5-nitro«»4-ohlorobenzamide (111).
'Shis compound was prepared by adding the corresponding

acid chloride to ammonia.
an attempt was made to prepare the a,cid chloride by

heating the acid with a slight excess of thionyl chloride.
No acid chloride resulted because when ammonia was added no
precipitate was obtained. un evaporation of the anmoniacal 
solution/



11.
/solution a water soluble compound separated which contained 
sulphur. a possible explanation of this is that the thionyl 
chloride reduced the nitro group, a&nd then condensed with it.

3-nitro-4~chlorobenzamide was finally prepared by the 
following method.••• l-chloro-2-nitro-4-carboxybenzene 
(50g.) was added to a flask containing phosphorus pentachloride 
(58g.) Kjn shaking a vigorous reaction set in, and much hydro
chloric acid was evolved. xhe whole of the contents of the 
flask went into solution in the phosphorus oxychloride formed 
in the reaction. when the reaction had subsided, the flask 
was heated on the water bath for an hour and then the phosphorus 
oxycBLloride was distilled Off on the water bath under reduced 
pressure. Dry carbon tetrachloride (80c,c.) was added, and then 
the whole of the contents ©f the flask wefe poured into a large 
beaker containing *88 ammonia (300 c.c.). 5?he acid amide which 
separated was filtered off, well washed with water, and then 
dried and freed from carbon tetrachloride by heating in an open 
basin on a water bath. (Held 43g.s87^).

xhe filtrate was made acid with hydrochloric acid and some 
unchanged l-chloro-S-nitro-4-carboxybenzene was recovered.

xhe acid aside was crystallised from water, 100 parts water 
dissolving 8 parts of the compound. it crystallises fran

O Qwater in small colourless needles, m.p. 151-158.



18.
This compound is easily soluble in alcohol and benzene, 

very sparingly soluble in carbon tetrachloride, and more 
soluble in chloroform. (Kound:N 14.1. G7H503N2C1 requires
N. 14.Q^).

1- chloro- 2-mi t ro- 4- cyanob enz ene .(IV)
3-nitro-4-chlorobenzamide (50g.) was heated on-an oil 

bath to 170° and to the molten amide phosphorus pentoxide 
(75g.) was added, and the mass kept stirred with a rod. After 
heating for one hour the flask was removed from the oil bath 
and allowed to cool. when cold, water was added to destroy 
the excess phosphorus pentoxide* . sodium carbonate was 
now added to take up the phosphoric acid, and after standing
for 12 hours the mltfedble was filtered off. it was crystallised

o .from rectified spirits, m.p. 101. (Yield 37g.8 85$).

Qomdensation of 2 i8t-di amino diphenyl with l-chloro-8-nitro~
4-cyanob enz ene.

2:2 *-diaminodiph Osy 1 (9g.), 1~chioro-2~nitro~4-cyanobenzene 
(30g.), dry potassium carbonate (15g.) and xylene (150 0.0.) were

m
heated together for eighteen hours on an oil bath under a

0 . , reflux condenser at 140 with vigorous stirring. carbon
dioxide was evolved showing that a condensation was taking
place.

The xylene was then distilled off, the residue washed with 
water to remove potassium salts, and alcohol (800 o.C.) was added 
and then the flask was heated on the water bath. The alcoholic 
solution/



/solution was now filtered off hot and on cooling, a bright 
red compound crystallised out (A). (Yield 1.5g).

The solid now remaining was extracted three times with 
benzene (100 cc), and from the extracts there crystallised out 
yellow needles (B). (Yield 14g). The residue was mow ex>- 
tracted three times with glacial acetic acid (200 ca) and from 
the extracts a brick red compound crystallised out (C). (Yield 
l.Og) •

(A) N~(8-mitro-4-oyanophemyl)-2}gf-diamimodiphenyl - The compound 
crystallising fronnthe above alcoholic extract was purified
by boiling with animal charcoal in alcohol# JLt crystallises

0in large brick red plates from alcohol m.p. 141. This compound 
is easily soluble in bemeieme,> acetone, alcohol, chloroform but 
only sparingly soluble in ether. it is soluble in dilute 
acids. Heated with 1-chloro-2~nitr©-4-cyanobenzene it gives 
compounds B and 0. (Pound:H 17.8. U19H1402N4 requires I.17.0jtJ.»

(B) (2-nltro-4-cyanophenyl)oarbazole. - The compound crystall
ising from the above benzene extracts was recrystallised from 
benzene from which it crystallises in fine yellow needles m.p. 
229. This compound is soluble in benzene, acetic acid and 
acetone, but only sparingly soluble in alcohol. it is in
soluble in dilute acids. (Foumdsjf 13.6. O19M13.OJ&0 requires 
N 13.4$)•

(0) AN1-pi- (g-nitro-4«oyanophemyl )-2$8>-diamlnodiphenyi - The
compound from the acetic acid extract was recrystallised several 
times from glacial acetic acid in which it is soluble only



14.
/with difficulty, and from which it crystallises in brick red 
plates m.p. 242°. it is soluble in acetone and acetic acid 
but only sparingly soluble in other solvents. (FoundiO. 65.8:
H. 3*4: N 17.9. G26H1604JT6 requires 0.65.6? H.3.4: H.17.6$).

theIn the above condensation the yields ofAthree compounds vary 
very much with the conditions of experiment. The above 
described method gives the maximum yield of (o)  which was the 
desired product. Heating to a higher temperature gives more 
of (B) and in the absence of potassium carbonate the product 
is almost all £* with some a. With inefficient stirring the 
yield of 0 falls and with no stirring an exceedingly poor yield 
of C results.,

HU * - dl- (8- amino- 4* cyamophemyi )-8 s 8 *- diamino diphenyl.
The above compound (0) (15g.) was added to acetic acid 

(50c.c.) and iron fillings (4g.) were them added in small portions, 
the mixture being heated on the water bath. The acetic acid 
solution became colourless. Heating was continued for half- 
an-hour after the reaction appeared to stop. Water was added, 
drop by drop, to the acetic acid solution, until a very slight 
permanent white precipitate remained, and then the solution was 
extracted with ether. The ether extract was yashed with water 
until free from acetic acid7and dried over sodium sulphate.
The ether solution was then heated gently and petroleum ether 
(60-80°) was added until a slight precipitate was obtained and 
on allowing to cool the amino compound came out in pale yellow 
crystals. It was recrystallised from a mixture of ether and 
petroleum/



15.
/petroleum ether, m.p. 17&-1900 (with decomposition). This
compound is soluble in alcohol, ether, benzene;but only slightly
soluble in petroleum ether. (Yield 2.Sg1 65$). (Founds N,
SO.7• C26H20H6 requires N.20.2$).

opi- (5- cyano-1 s 213~b enztriazjy1)-2:2 y- diphenyl.
The above compound (2g.) was dissolved in dilute hydrochloric 

acid (100 cc. 10$ HOI) and finely ground sodium nitrite (lg.) 
was gradually added and the solution was boiled. After boiling 
for ten minutes, and allowing to cool, the solid was filtered 
off. (l.3g.) This was crystallised from aqueous acetic acid 
from which it comes out in small pale yellow crystals.m.p. 263° • 
This compound is soluble in acetone and acetic acid but only 
slightly soluble in alcohol, benzene and ether. (Found: H,25*9. 
C26H14JT8 requires N.25.6$).

PI- (5- cgrf)B«y- 1 s 2:3-be nzt ri aacoly 1)- Q s 2 diphenyl.
The above compound (lg.) was heated at 160° . in a sealed 

tube, for three hours, with alcoholic sodium hydroxide (Sg.NaOH 
in lOcc alcohol). To the products of reaction, hydrochloric 
acid was added until acid, and the so-obtained white solid was 
filtered off. This was purified by making the sodium salt again 
and reprecipitating with acid. (The sodium salt is only very 
sparingly soluble in water). This compound is almost in
soluble in the comnon solvents, and so cannot be crystallised 
from any solvent. As obtained it is a pure white powder, 
unmelted/



10.
o/unmelted at 330 . (pound: h .17.4. (;26h 16o4n6 requires N#17.6^)*

Attempts to convert pi-(5~Cfrrfcc«y-l:2:!5-benztriazolyl)~2t2*~ 
diphenyl Into 1;lf-dioarbazyl - The above compound (0.5g.) was 
heated in a small dry flasg with a small flame, and the flask was 
kept shaken. The solid in the flask blackened but did not melt. 
After some heating the solid exploded leaving a cake of carbon, 
from which nothing could be extracted by benzene or other solvents. 
When heating was stopped before the compound exploded it was 
found that no action had taken place.

The above compound (0.2g) was mixed with soda-lime (lg.) and 
the mixture was heated as before. No apparent explosion occurred 
but on washing with water, drying, and extracting the residue 
with solvents, nothing was obtained.

oThe above compound was then heated in wax to 400 « The 
compound charred a little. On removing the wax with petroleum 
ether, a residue was obtained which was found to consist of the 
unchanged compound.

The above methods were repeated several times but no product 
of reaction could be isolated.

Decomposition of pi-(5-cyano-l:8:3-benztriazolyl)-£:8f-diphenyl.
Di-(5-cyano-l:2:3-benztriazolyl)~2:8'-diphenyl (lg.) was heated 

for half-amr-hour in a small tube immersed in wax at 320° • Slight 
charring occurred. The product was extracted with acetic acid 
and boiled with animal charcoal. prom the acetic acid solution, 
a pure white compound came out, on cooling. This compound was 
recrystallise d/



17.
/recrystallised from acetic acid in which it was much less soluble 
than Di~ (5-cyano-1:2:3-benztriazolyl-)-2:21 - diphenyl, m.p. 898- 
300° • on adding water to the mother liquor unchanged starting 
material was obtained. There was not enough product for 
analysis.

Hydrolysis of NNf-di- (g-nitro-4-cyanophenyl )-2:2f-diamino- 
diphenyl - HN*-di- (S-nitro-4-cyanophenyl J-Sfg’-diamino-
diphenyl (lg.) was heated for two hours with 80$ sulphuric acid 
(50 c a ). The product obtained was very soluble in water and 
was found to contain sulphur, which was not removed by boiling 
with dilute hydrochloric acid. It is apparent that the compound 
had been sulphonated.

Using concentrated hydrochloric acid and boiling for two hours 
it was found that Nn^di- (2-nitro-4-cyanophenyl )-2s8,-dlamino-

9diphenyl was not hydrolised. Heating to 150 in a sealed tube 
with dilute alcohol saturated with hydrochloric acid this 
compound was returned unaltered. On heating to 850 however, 
hydrolysis occurred and a very deep red compound resulted.
This compound could not be satisfactorily purified as it would 
not crystallise from any of the recognised solvents. It was 
soluble in benzene, acetic acid, nitrobenzene and acetone.
This compound heated in a wax bath gave off a gas but the residue, 
when extracted, with acetic acid, gave an extract from which mo 
definite compound could be isolated.



18.
NN’-di- (2-nitro-4-cyanophenyl)-2 s 2*-diamino diphenyl (lg.)

was heated to 160° with sodium hydroxide (2g. ) in alcohol
(10 cc) in a sealed tube. The product of reaction was added to
dilute hydrochloric acid and the white solid which separated was
filtered off. The solid was dissolved in hot alcohol and on
cooling a grey solid came out of solution. This was filtered
off and the mother liquor was concentrated. On cooling a
definitely crystalline compound crystallised out, which waa

orecrystallised from alcohol twice, m.p. 198 • This oompound 
is evidently 1-hydroxy-2-amino-4 carboxybeazene, which would be 
obtained by fissure of the diphenyl amine grouping by the alcoholic 
sodium hydroxide. (This type of fissure has been previously 
noted on similar compounds.) The reduction of the nitro
group is also to be expected. The first obtained product was 
probably NNf di- (2-amino-4-carboxyphenyl)-2:2*-diaminodiphenyl.
It was purified by boiling with charcoal in alcohol, and was 
obtained fairly pure, as a yellowish microcrystalline compound. 
Unmelted at 300°. Heated in paraffin it appeared to decompose 
as it charred slightly, but no definite product of reaction was 
isolated.
Method 0.

Azo'^benzene gives when dissolved in ether and treated with
atomised potassium a compound which has a formula approximating

.to O0H5NK-NKO8H5, C8H5H=HO0H5. .
It/

1.) Bar. 1914,' 47, 485.



It was thought that phenazone should give a similar compound 
which would condense with o-chloronitrobenzene, and make the 
following synthesis possible

A purple compound was got when phenazone was treated with 
atomised potassium* No condensation product with this and 
o-chloronitrobenzene could be isolated*

Experimental* 
rhenazone (Diphenyleneazone).

Azobenzene can be obtained by the electrolytic reduction 
of nitrobenzene, in good yields. similar reduction of 2:2*- 
dinitrodiphenyl/



20•

dinitrodiphemyl was tried to prodice phenazone. No reduction 
product was obtained,

Phenazone was prepared in the way given by Dobbie, jrex* 
and )

Phenazone (2g.) was dissolved in ether (50 c.c.) and potassium 
(lg,) was itomised in toluene (25 o.c.)» These were mixed 
and shaken together, and a purple solid separated which was 
probably di-potassium phenazone, o-chlomitrobenzene (3g,) 
was mow added and the flask heated under a reflux condenser 
on a water bath for half-an-hour. The ether was now distilled 
off and a very little alcohol added to destroy the remaining 
potassium. More alcohol was added in order to extract the 
unchanged phenazone and o-chi omit rob enz one. No residue 
resulted, and so it appeared that the condensation had not 
taken place. The alcoholic solution was taken down but the 
first thing to crystallise out was the phenazone, thus showing 
there to be no condensation product in the alcohol.

1.) J.C.S., 1911, 1617.



21.

The Action of Methyl Magnesium iodide on Methyl diphenyl ene 
Acetate. - Acting on methyl diphenyl ene acetate with an excess 
of methyl magnesium iodide (4 mols.) ought, according to the 
general reactions of Grignard reagents, to give 9-fluorenyldimethyl 
carbinol. Hone of this latter compound could be isolated from 
the product of reaction, and no evidence of its formation in 
the reaction was obtained. Three compounds were isolated from 
the product of reaction m.p. 141°, 47° and 37° respectively, and 
evidence of the presence of a fourth compound was obtained as 
there was obtained small quantities of an oxiAe, by treating 
the product of reaction with hydroxylamine.

The compound m.p. 141° was obtained only in very small 
quantities and its constitution could not be ascertained. It 
gave no fcxime with hydroxylamine. The compound m.p. 47° was 
found to be 9-methylfluoreme, and it formed the bulk of the 
product of reaction. The compound m.p. 37° proved to be a 
hydro°carbon, and is either 9-ethylfluorene or 9-n-propylfluorene. 
As the difference in analysis for these compounds is small, and 
the results obtained lay between those required for 9-ethylfluorene 
and 9-n-propylfluoreme, the exact constitution of the compound 
could not be ascertained.

By varying the amount of methyl magnesium iodide used in the
reaction different results were obtained. When two Hols, of

omethyl magnesium iodide were used no compound m.p. 141 could 
be isolated, although the yields were decidedly lowers the 
remainder of the product of reaction was chiefly unchanged 
starting/
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/starting material. when eight Mols. of methyl magnesium iodide 
were used the product of reaction was almost identical with that 
obtained using four Mols.

Distilling off the excess methyl iodide after the formation 
of the Grignard reagent, had no apparent effect on the result 
of the reaction, and 9-methylfluorene was still found to be the 
principal product. The explanation of the reactions involved 
in this process is difficult. The unexpected results appear 
to be due to the active hydrogen atom in the starting compound. 
The reducing action of methyl magnesium iodide is of course well 
established, which is sufficient to explain the formation of 
compound m.p. 37°. The formation of 9-methylf luorene is more 
difficult to explain. Diphemylem e-methyl acetate gives 9* 
methylfluorene by loss of carbon dioxide, but this only takes 
place at temperatures much above those used in the reaction, 
and in the subsequent vacuum distillations. The ketone formed, 
whose presence could only be shown by formation of its oxime, 
was probably 9-fluorene-methyl ketone. The formation of the 
compound m.p. 141° cannot be explained since the identity of 
the compound has mot been established.

Experimental.
Methyl diphenyl eme Acetate - jfluorene-9-carboxylic acid (SOg#) 
was boiled for two hours on the water bath, with methyl alcohol 
(80 cc.) containing five per cent hydrochloric acid. Methyl 
alcohol (30 q.c.) was now added, and on allowing to cool the ester 
crystallised/



£3*
/crystallised out. It was recrystallised from methyl alcohol 
m.p. 67 °. (yield, 18g: 84$).

The Action of Methyl Magnesium godide on Methyl diphenyl ene Acetate.
Magnesium (7g.) was covered with sodium dried ether (45 c a ) 

and methyl iodide (45g*) was gradually added, the flask being 
immersed in cold water. When the reaction had subsided 
methyldiphenylene acetate (15g.) was added in small portions, the 
addition talcihg half-an-hour. During the addition much gas was 
evolved, and a solid came out of solution. The flask was finally 
heated for an hour on the water bath to complete the reaction.

When cold the magnesium compounds were decomposed with dilute 
sulphuric acid, and then the oil formed was extracted with ether. 
The ether solution was dried over sodium sulphate, the ether 
distilled off, and the remaining oil distilled under sixteen 
millimetres pressure and was collected between 175*amd 185°.
The distillate was put in ice but could mot be induced to 
crystallise*. A little petroleum ether was added and on scratching 
the sides of the vessel a small quantity of a compound crystallised 
out. urn purification by crystallisation from alcohol this 
compound Was'obtained in fine pale yellow needles m.p. 141°.
When treated with hydroxylamine it was returned unchanged.

The above mother liquor could not be induced to yield any more 
crystals, and the petroleum ether was therefore distilled off.
The oil was now boiled with hydroxylamine in the usual manner 
for the formation of an oxime, but the bulk of the oil remained 
unchanged, and only a very little of an oxime was obtained.
This/



/This oxime was very easily oxidised by atmospheric oxygen and 
a good melting point could not be obtained.

The oil from tie above was now dried by dissolving in ether 
and drying over sodium sulphate. It was then distilled in 
vacuo and fractionated. The first fraction (If 5-173° /l6np,) 
was redistilled, and the second fraction (179-185 /lQmjn.) was 
similarly treated. The fraction distilling at the lower', 
temperature was dissolved in alcohol and on keeping in a 
refrigerator overnight yielded crystals of 9-methylfluorene 
(3.7g.)

The other fraction was similarly treated, and after two days 
in the refrigerator a very little of a compound , crystallised 
out. By adding a little water and placing again in the re
frigerator more of the compound was obtained. This compound 
was recrystallised from aqueous alcohol by dissolving in alcohol 
and adding water to the alcoholic solution, which was kept at 
5 0 until a very slight milkiness remained. The solution was 
now heated gently until the milkiness disappeared, and then the 
solution was put in a refrigerator overnight, when the compound 
crystallised in fine colourless needles,m.p. 37°. (yield l.&g.) 
(Pounds C,98.5s H.7.5. C15H14, (9-ethylfluorene) requires
C9£.8s H.7O10H10(9-m-propylfluorene) requires Q 98.3s
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1)
Schardinger*s discovery that fresh cowsf milk has the property "$

of decolorising methylene blue in the presence of formaldehyde gave
rise to many researches, principally to examine the possibility of
the use of this decolorisation in the determination of the bacterial

2)content of milk. It was finally proved by Trommsdorff that this
property of milk is independent of bacterial action, but that it is
due to the presence of an extracellular enzyme in the milk.

Milk was later found to bring about the aerobic oxidation of
aldehydes to acids, and the dismutation of aldehydes to acids and

3)alcohols. H. Wieland attributed all three actions - 1. the aerobic
oxidation of aldehydes to acids, 2. the anaerobic reduction of
methylene blue and 3« the anaerobic dismutation of aldehydes to
acids and alcohols, t© one enzyme - a dehydrase*

©re Schardinger enzyme has been isolated from milk in varying
states of purity by Mopkins and his school in wanbridge , by Bach 

5) 6)in Moscow and later in Munich by Wi eland and Rosenfeld •

1) W* Schardinger, ZS- z. Untersuchung.der Rahrangs-u. Qeituss-
mittel, 5, 1113 (1902).

2) Zbl .f^i.Paras., 1. 49̂  291 (1909). ""
3) »er. 3327 (1913); 47, 2085 (1914).
4) M. Dixon and S. Thurlow, Bioch, Jl., 18, 971 (1924)*
5) B. Sbarsky u. D,Michlin, Bio chan, ZS., 155, 485 (19 85)*
0) Ann, 477, 32 (1929).



The further important biological discovery by Hopkins , that the' 
Schardinger enzyme brings about the oxidation of the purine bases, 
xanthine and hypoxanthine, gave rise to further researches on this 
enzyme. xhe Cambridge and the MosGfew schools have produced a 
large amount of work on the nature of these enzyme actions, with 
the result that there has been a big increase in the knowledge of 
these actions.

The recent work of Wi eland and Rosenfeld has definitely proved

acid. The process is essentially a dehydrogenation, the function 
of the enzyme being to activate the hydrogen of the hydrated forms 
of the bases, to render them capable ©f removal by an oxidising 
agent, the function of which therefore is only that if hydrogen 
acceptor. The formation of hydrogen peroxide, as the dahydro-

a. study has been made of the corresponding dehydrogenation of 
aldehydes in order to establish the true nature of the mechanism 
of the process* in this work ample use has been/

% t

1) h.G.Morgan, (j.P.Stewart and F.Q.Hopkins, Proc. Roy. Soc.hdn.,
9£, 109 (1923).

2) loc. cit.
3) H. Wi eland, Her., 55̂  3039 (1922); grgebttf*. d. Physiol.,

2)

the mechanism of the oxidation of xanthine and hypoxanthine to Uric

H£Cf,



^nade of the methods used in the corresponding experiments ©n
the purihe bases.

work has been completed to establish the relationship between
the anaerobic dismutation of aldehydes to acids and alcohols,and

1)the aerobic dehydrogenation to acids, which Wieland first showed 
to be brought about by fresh cows* milk with salicylaldehyde, and

a )which aach found was also brought about by his enzyme preparation 
from butter-milk.

jixperimental evidence has been gathered bearing on the question 
of the distinct nature or identity of Aldehydrase and xanthine 
dehydrase, which subject is not yet quite clear. m  addition, 
further experiments hare been carried out,which,it is hoped, add 
to the previous knowledge of the dehydrogenating enzymes of milk.

'1) loc. cit.
2) A. Bach, u.K* likolajeff, * loch am, ZS*, 169, 105 (1925).



part 1.
The general Properties of the Dehydrases of milk and the Question 
of the Identity or Distinct Nature of Aldehydrase and &anthine 
Dehydrase. !
Method of Measurement.

1)The methylebe blue method first used by Thunberg and later by 
2 )

Dixon and Shurlow in their studies on the kinetics of the dehydro-
genation of .xanthine and Hypoxanthine, and still later by Wieland 

(3) ofand Rosenfeld , has been used® xhis methodAmeasurement is depen
dent on the fact that the time o^ decolonisation of a given quantity 
of methylene blue is dependent on the quantity of enzyme present® 

xhe technique of the last-mentioned authors has been used, and 
only one slight modification has been introduced® it was found 
advantageous in the estimation of xanthine dehydrase to add the 
substrate with the methylene blue, and not at the beginning®
This precaution prevents the aerobic dehydrogonation of xanthine 
which is accompanied by destruction of enzyme.

xhe convenient standards ©f enzyme content - Aldehydrase and
Xanthine Dehydrase, adopted by Wieland and Rosenfeld, have also

m
been used. 0*4 cc. of lb salicylaldehyde has,however,been used 
in the measurement of aldehydrase. xhe unit of quantity/

1) T. Thuhberg, bcand, Arch. Phys., 55, 103 (1917).
2) loc. cit.
3) Loc. cit.



/quantity of salicylaldehyde dehydrase therefore, is the amount ©f
m

enzyme, that in the presence of 0.4 cc. 50 salicylaldehyde, at p H =
8.0, in a total volume of 5 c.c., at 37°, decolorises 1 c.c. of 
n
T000 methylene blue in 5.0 minutes.

Enzyme Preparation.
1)•ihe Gream preparation of Y/ieland and Rosenfeld has been used 

in the course of this work.
i*he yields of enzymes obtained were similar -to those obtained 

by the original authors, and the stability off* the enzymes of this 
preparation, attributed to the preparation, has been verified, une 
preparation when kept 8 months still contained 85^ of its original 
enzyme content.

Further Purification of Gream Preparation.
when a solution of cream preparation was brought to p H = 5.5,it 

was noticed that a slight precipitation of protein occurred, which 
increased in quantity as the acidity increased, fhe precipitate it 
was found contained the greater part of the enzyme, and a method for 
the further purification of the enzymes has been devised, making use 
of this precipitation.

150 mg. of cream preparation we^^issolved in 12 c.c. of water,
* . - - i

at 37°. l‘o the solution r'!'

1) Loc. cit.



/3.C.C. of ¥ acetate buffer, p H= 4.5, was added and the solution 
shaken for two minutes at 37° • xhe precipitated protein was centri
fuged off, and was washed once with 10 c.c. of distilled water to 
which several drops of the above mentioned buffer had been added.
The solid was again centrifuged off. The, thus obtained, paste was

m
dissolved in 10-c.c. of To phosphate buffer, p H= 8.0, in which it wat 
easily soluble.

The results of three typical purifications are given.
Table 1.

A. B. C.
Dry ’weight of cream preparation

used.
Total dehydrase content. Sa.

150 mg* 
81.0 28.7

150 mg. 
81.0 
28.7

150 mg. 88.8
30.5Dry weight of product.

Total dehydrase content. X-Sa.
59.6 mg.
52*9
23*7

55*5 mg. 
67.S 
24.0

57.0 mg.
74.5
25.5

A preparation is thus obtained which is twice as active as the 
cream preparation, in the process about 20$ of the enzymes are lost. 
This preparation contains very littlae buffering materials, compared 
with cream preparation, and considerable use has been found for it 
on account of this.

when dried this preparation loses 30$ to 35$ of its enzyme content, 
and the so-obtained powder dissolves only partially in phosphate 
buffer p H = 8*0. This dry preparation is therefore unsatisfactory/



The afl&Qgption of the whey gyigymes by jj,^aolln and s .Alumina.
yixon and Kadoma obtained a purification of the enzymes of whey 

by dissolving the precipitate obtained by half saturating whey with 
ammonium sulphate in water, and a&sorhing the enzymes with kaolin 
at p n= 5*0. Ihe enzymes were eluted from the kaolin with sodium 
carbonate solution, Those authors were onn interested in the
xanthine dehydrase. wieland and Rosenfeld also studied the 
adsorption of the cream enzymes by Kaolin and Alumina.

a study of the adsorption of xanthine dehydrase a s compared 
with that of aldehydrase by the above adsorbents was carried out, 
to find if it was possible to definitely prove the distinct nature 
of these two enzymes*

A* Kaolin.
To 200 c.c. of skim-milk at 37°, 0*5 g. of Birk,a Junket Powder, 

dissolved in 10 c.c. of water, was added. Tile milk was shaken to 
ensure complete mixing of the rennet. The milk was kept 10 minutes 
at 37°#then removed from the themostAt and on cooling the curd set* 
The curd was broken up with a glass rod and the casein was centrfc* 
fuged off. The whey thus obtained contained nearly all the 
dehydrases contained in the skim-milk. (2 c.c. ski»*iailk contained 
2.44X.and 0.89 Sa.: 2 c.c.* whey contained 2.38X.,and 0*88 sa»)

IT

1) Loc. cit.
2) noc. Git.



To 40 c.c. whey 0.5 T  acetate buffer, p H=4.5 was added giving a final
p M=5*0. 400 c .c . of a Kaolin suspension (1.0 c.c.=50 mg. kaolin)
made up to 24 c.c. with water, was added and the mixture was shaken
for 3 minutes. The kaolin was now cenfcrfefuged off, and the solution,

2.after being brought back to p H=8.0, with 10 ammonia, was measured 
for xanthine dehydrase and aldehydrase. This was repeated using 
increasing quantities of adsorbent. All adsorptions were carried 
out in equal solution volumes, by decreasinĝ /bhe water as the volume 
of the kaolin suspension increased.

Table 2.

mg. Kaolin used in adsorption. 0 2 00 400 800 1000 1200

X.in total adsorbed solution. 55. 3 • 52 .0 57 .2 27 .9 9*9 2 .5

X. adsorbed by kaolin. 0 1 .3 16 .1 2 5 *4 4 3 .5 5 0 .8

% X. adsorbed. 0 2 .4 30 .1 47*6 81 .6 9 5 .3

Sa. in total adsorbed solution. 17. 8 16 .1 1 4 .3 8 .5 2 .7 0 .8

Sa. adsorbed b.y kaolin. 0 1 .7 3 .5 9 .3 1 5 .1 17.0

% ba. adsorbed., xiu . — CL... 9 .5 19 ,7 52 « 5 85 .0 9 5 .5

Xanthine dehydrase and aldehydrase are therefore adsorbed by kaolin 
in the same proportions* for the above noted differences are Within 
the bounds of the experimental error.

The adsorption with 200 mg. of kaolin brought about very little 
adsorption of enzyme, but a distinct purification of the whey 
resulted, for it became much clearer. This adsorption appears to 
remove principally the heavier protein bodies, with which the de
hydrases are not associated. For experiments with whey it is 
therefore advisable to run this preliminary adsorption.



•jjie kaolin centrfcfuged from the experiment where 1000 ng. of
n

kaolin was used, was treated with 10 c.c. 50 ammonia, and allowed
to stand for 10 minutes# The kaolin was again centrifuged off
and again eluted with the sons amount of a: monia solution# The
two elutions were measured for the dehydrases after being brought to 

m
p fi.=S.Q with To acetic acid#

Sable 3.
1st Elution. 2nd Elution.

X. Eluted. 5.2 2.7
fsX. in original whey eluted. 9.8 5.1
Sa. Eluted. 2*2 1.2
% Sa. in original whey elutec . 12.3 6.7

A very incomplete elution of the dehydrases from the kaolin is 
therefore obtained# She elutions are moreover^ the same with both 
the dehydrases, for the difference found is within the bounds of the 
experimental error.
B# Alumina.

To 10 c.c. of whey, at p.|i^5.0, which had previously been
adsorbed 'with kaolin (200 mg.kaolin to 40 c.c. whey) 15 mg. of
alumina contained in 5 c.c. of water was added. The solution was
shaken for 3 minutes and then the alumina was centrefuged off. Then
solution after being brought to p H.=8.0 with To ammonia, was 
measured for the dehydrases. This was repeated with increasing 
quantities of alumina.



mg.alumina used in adsorption 0 15 90 45
X. in total adsorbed solution 11.9 8.5 5.0 4.0
a . adsorbed by alumina 0 3.4 6.9 7.9
%X adsorbed 0 28.6 58 .0 60.5
Sa. in total adsorbed solution 4. 2 3.1 2.5 1.8
Sa. adsorbed by alumina 0 1.1 1.9 2.4
% 8a adsorbed 0 26*2 45.3 57*0

as with kaolin no distinct preferative adsorption of either 
xanthine dehydrase or aldehydrase is noticable, although a slightly 
stronger adsorption of xanthine dahydrase was perhaps obtained* The 
difference recorded however, is not great enough to denote a definite 
difference in the adsorptions.

, n
Attempts to elute the dehydrases from the alumina with lb ammonia

were unsuccessful*
‘ihe above adsorption experiments with kaolin and alumina must be 

regarded as evidence in favour of the identity of xanthine dehydrase 
and aldehydrase, for no distinct differences in the adsorptions by 
either kaolin or alumina were obtained, and further the elutions of 
the two dehydrases from kaolin were similar*
The increase in Enzyme Activity of Milk.

m  the course of this work it was noted that milk obtained fresh 
from the cow had a very low dehydrase content, measured with methylene 
blue, but that the activity increased greatly as the milk stood, and 
it was only after several days that the milk reached its maximum 
dehydrase content* provided the milk was kept fresh it retained this 
maximum activity for several weeks*



11*yaPle 5. Milk fto.̂ . (6. XI-1929.)
Hours after milting. 2 8 30X. contained iif l c.c. 0.76 0.94 2 . 22Sa. contained in 1 cc. 1.07 -- - 1.10

Table 6. uilk Ho. 11_. (21.1.1930 ).
lours after milking 4 28 52a. contained to l.cc. 0.99 3.45 o.51Sa. contained in 1 c.c . 1 . l4 1.41 i.4i

Table 7. Milk Ho.111.(30.IV.1930).
Hours after milking 4 7 10 26 51X. contained in 1 c.c. 0.06 1.01 1.16 1.30 2.*70Sa. contained in 1 c.c .0.75 0&7 9 0.86 1.08 1.08

Table 8. Milk Ho.ljr. (l.V. 1930).
Hours after milking 4 _1 26 51 100
a. contained In 1 c.c. 0.76 1.14 2.50 £•66
Sa. contained in 1 c.c .0.74 - i .o 4 4.0 3

Table 9* Milk No.£. (5.V.1930).
Hours after milking 4 9 29 50 73 9© 170x- contained in 1 c.c. 0.4& 6.7S 6.93 1.15 .i : w ■ £.1©' ~ S.18Sa. contained In 1 c.c • 0 .64 6.73 0.78 - - 0.87 -

Table 10. milk Ho.]&. (17.VI.1930 ) .
lours after milking 4 11 29X.contained in 2 c.c. 1.37 2.14 4.16
Sa. contained in 2 c.c . 1.29 1.66 1.75

Table 11. Milk No.yil (20.VI.1930).
lours a,fter milking 3 7 11 28x. contained in 2 c.c. 1.29 1.62 1.92 4.55

jqxhe milks 1_ VI were obtained from the Vete^ary College attached 
to Munich University. The milks and 11 were from one cow.
The milks 111, IV, V, and VI weee also obtained from one cow, but 
a different coy: than milks _1 and 11. The milk Vll was from one 
cow and. was obtained from an entirely different source (jfederling). ' 
In all the cases the milks were treated immediately after milking 
with thymol, and in milk V toluene was also added, so that the 
increase/



/increase in activity cannot be attributed to bacterial action*
None of the above mill's were artificially cooled. before each 
measurement the milks mere shaken until homogenous, so that true 
samples were obtained.

a>

n

100
Time in Hours

Fig.l. The increase in enzyme activity of milk on standing. 
ltX. and IVSa., increase in xanthine dehydrase and aldehydrase in 
milk No.IV. (Table 8.) VX.and V sa., increase in xanthine 
dehydrase and'aldehydrase in milk No. V* (Table 9.).



The milks examined vary considerably, both in the amount of the 
increase and in the time the milks take to reach the maximum ac
tivity. All the milks however, show a very big increase in xanthine 
dehydrase, and a smaller yet apparent increase in aldehydrase. The 
increase in xanthine dehydrase activity goes slowly at the start 
and increases in velocity after some hours. This increase in enzyme 
activity is a property of all milks, foremilks obtained from different: 
cows, from different quarters, and at different seasons of the yeafc, 
all showed this phenomenon.

milks from various sources got at different times, have been found ;
- ito have very similar maximtnl dehydrase activities* line milks out of I 

ten measured have had xanthine dehydrase contents between 2.1SX and 
2.70X in l c.c. The tenth milk had an abnormally M
content of 3.51X in 1 c*c* The abnormally low xanthine dehydrase

D  jcontents recorded by Wieland and Rosenfeld of 1*453^ 4*£OX, and i
1.22X in 2 c*c. are undoubtedly due to the milks having been measured | 
before they had reached their maximum activities. A similar con
stancy of -the aldehydrase contents of various milks has been noted. 
Prom eight milks measured, seven had aldehydrase contents between *
0.80 Sa. and 1.10 Sa* in 1 0^0-*. The eighth milk had 1*41 Sa. in 
1 c.c., and it is of interest that it was the same milk which showed ■.

S - ’

the abnormally higlr xanthine dehydrase content.

1) Loc. cit



bkim-milks obtained by centrifuging off the cream from full 
milk within two hours of the time of milking were examined.

Table 12, skim-milk from Milk 1.(6.XI. 1929).
Hours after milking .."4 43 96X.contained in 2 c.c. 1.11 1.3* i'.7It»a. contained in 2 c.c. 0.6& 0.69 -

Table 13. skim-milk from Milk 11.(21.1*1950)>
Hours after milking 4 28 52X. contained in 2 c.c. 1.73 2.46 2.50Sa. contained in 2 cac. 0.83 0.94 0.94
A definite increase in the dehydrase activity is therefore also 

shown by skira-milk.
2 g. of cream which had been centrifuged from Milk 111 within 2 

hours of milking was made up to 20 c.c, with distilled water con
taining thymol. This suspension when measured immediately and 
measured the next day showed a big. increase in enzyme activity, 
the xanthine dehydrase content rising from 2*50 X. to 5.56 X. in 
1 c.c, and the aldehydrase rising from 1.51 sa. to 1*71 Sa. in 1 c.c.

The cream from milk W  was similarly treated to the above cream. 
The increase in dehydrase content was carefully followed.

Table 14. wream from Milk *1. (17.¥1*1930)•
Hours after centrifuging 1 2 ■- ■ - Q 3*
X. contained in 1 c.c. - 0 .85 1.55 mt 2. 50
Sa. contained in 1 c.c. - 1.01 — - 1.57
A large increase in the activities of both dehydrases is therefore 

obtained, in such cream suspensions. The velocity of the increase 
is much greater than in milk.



Experiments to determine the cause of this increase in enzyme 
activity were carried out on Milk Vll, which was an average milk. 
Like all the recorded milks, this milk was obtained from one cow, 
and was not artificially cooled. Thymol was added shortly after 
milking.
Exp. 1. Through 10 c.c. of this milk, at room temperature, pure
nitrogen was slowly led for 3 hours. The Xanthine Dehydras© before
and after this treatment was measured. A similar experiment passing
air slowly instead of nitrogen was also completed.

a - in 2.0 c.c. milk before treatment with M2 and air* 1.29.
A. in 2.0 c.c. milk after treatment with M2 - 1«35.
X. in 2.0 c.c. milk after treatment with air - 1.30
The passing of the above gases appears to have inhibited the

normal increase in deJpydraSe activity, for the milk by OBtanding would
tohave increased in activity^1*55 X. m  2. c.c. (This figure is derived 

from the graph of dehydrase activity plotted against the time after 
milking of the examined milk).
Exp.2. Through 10 c.c. of milk, at room temperature, air was led
very quickly for 2 hours. The strong agitation caused butter to
be formed. The xanthine dehydrase was measured before and after.

x. in 2.0 c.c. original milk - 1.90
X. in 2.Q c.c. after,passing air quickly * 4.54
A strong increase in activity is thus brought about. The butter

formation is undoubtedly the cause.
Exp.3. i&ilk was shaken in an atmosphere of air, and also in a 
nitrogen atmosphere, obtained by passing nitrogen through the milk 
for 10 minutes. The milks were shaken simultaneously for 20 
minutes. *



X* in 2.0 cac. unshaken milk 
a. in 2.0 c.c. shaken with air 
X. in 2.0 c.c. shaken with 92

1.90.
4.54
4.65

9o definite butter formation was apparent to the naked eye, but 
under the microscope the shaken milks were observed to have much 
bigger fat particles than the unshaken milk, and therefore shaking 
produced a coagulation of the fat particles.

.0 c.c. of milk was treated with nitrogen for 5 mhautes.
t>The milk was now boiled in vacuum at 37 for 2 minutes. The vacuum

t

was released with nitrogen and re~evacuated, and again released with
nitrogen. The, thus-obtained, oxygen-free milk was shaken vigorously
on a machine for 60 minutes..

X. in 2.0 c.c. original milk - 2*06
X. in 2.0 c.c. after evacuation - 2.04
x. in 2.0 C.c. after shaking - 6*70
•Hie experiment definitely proves that oxygen plays no part in

enzyme activity. evacuation as above has no effect.

unly one explanation can be given to explain the phenomenon.
The enzymes contained in ailk immediately after milking, appear to 
be adsorbed on the fat particles, or are in some way associated with 
them, in such a way that their activities are inhibited. as the 
milk stands there is a coagulation of the fat particles, accompanied 
by a reduction in the surface of the fat, with the result that the 
dehydrases are forced from the fat, and are thus capable of exercis
ing their normal activities. arisk agitation causes coagulation 
of the fat particles, an^fcherefore accelerates the normal increase 
in activity.



Milks obtained from three different dairies and measured
within 6 hours of milking, contained 4.85 5.15 X. and 5.00 X.
in 2 c.c. respectively. All the milks when kept 2 days showed
no tendency to increase in activity. xhe activities shown
compare with the maximum activities of the other milks examined.

The law demands that milk for sale be artificially cooled.
The milk whan obtained from the cow is immediately brought to the
temperature of tap water (10 ) by allowing it to flow slowly

erthrough coolers. A milk obtained from the Vet^nary College 
which had been cooled in this way measured within 3 hours showed 
5.00 X. in 2 c.c. and even after 2 days was found to have re
mained unchanged.

ihis artificial cooling of milk causes the increase in dehydrase 
activity to go very much more quickly than it normally does. In 
5 hours or less the change is complete, whilst the uncooled milk 
requires days to reach its maximum activity. The artificial 
cooling of milk is known to change the creaming properties of the 
milk, in this cooling therefore some change in the physical state 
of the fat particles occurs.
The Effect of Various Factors on the Dehydrases.
A. The effect of the concentration of substrate on the reaction
velocity of the dehqrdrogenation of xanthine and salicylaldehyde.
file reaction velociiby In the presence of both substrales.

A. Xanthine.
rj s)Dixon and Thurlow , and Wieland and Rosenfeld studied the 

effect of the concentration of xanthine on the speed of dehydro
genation. This work has been repeated aad verified.

i) "Biooh. Jl., IS, 97t('9H).
2.) Loc. cit.



xanthine dehydrase has such a strong affinity for its substrate 
that the maximum activity is reached at very snail substrate con
centrations. xhe addition of more substrate reducea the velocity,^ */ *

probably due to the adsorptive blocking of the enzyme. surface by 
xanthine molecules. At a certain concentration an activity is 
reached, vdiich is unaltered by the addition of more xanthine; at 
this concentration it is possible that the complete surface of the 
enzyme is covered with xanthine molecules.

xhe eff ect of substrate cones ntration on the reaction velocity 
has been studied with three different amounts of cream preparation. 
The experiments were done by the methylene blue decolonisation 
method, at p 8.0, 37°, in a total volume of 5 c.c* -

Table 15*
Moles Xanthine m o ‘ ®ao ft&LO 8X106 ..L.6X10 r32X10
X.ih 10 mg.cream pre

paration* 4.55 4.00 3.37 3*03 ^4*92 1.87
x. in 7*5 mg.cream pre 

paration 3.18 2.82 1*65 1.24 1*20
X. in 5 mg. cream pre

paration 2«22 2.02 1*62 1*02 0.79 ? 8.74
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Fig*£* lb© effect of substrate concentration on the activity of
xanthine dehydrase* 1* 10 mg* cream preparation, 11* 7 .5 mg*
cream preparation, 111* 5 mg. cream preparation (Table 15*)

B. Salicylaldehyde and p.anisaldehyde.
The effect of concentration of Salicylaldehyde on activity of

1)aldehydrase in cream preparation has formerly been made • This was 
repeated using skim-milk as enzyme material* pH.-8.0, 37°, volume ̂  5c.c.

Table 16*
Moles salicylaldehyde SXKP 8xi0~e 1*0X10’* 3.8X10Sa.in c.c. skim-milk 0*£8 0*61 0*80 0*70 0*50
A similar series of experiments were carried out with p.ania- 

aldehyde. xhe skim-milk used was slightly more active than that 
used for the salicylaldehyde experiments as £ c.c. contained 0*94 
Sa. as compared with 0*80 Sa. in the former milk* p h.^Q.O, 37°, 
total volume » 5 c.c.

Table 17*
oles p. anisaldehyde 
•A. in £ c.c. skim-milk

4X10 ! 8X10^ 1.0A1O'* 3*£a 10~"
0.25 1 0*40 0.48 0*40

1) n.Wieland and a.Rosenfeld, i>oc«clt.
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The effect of substrate concentration on ,ctivity of
aid hydrase. Salicylaldehyde (Table 10). 11. p Anisaldehyde
(Table 17).

Xanthine and Salicylaldehyde.
t o bagIn ~no hope or showA t-iiat Xanthine dehydrase and Aldehydrase are 

distinct enzymes, experiments were carried out with mined substrates 
feshould the jiiẑ ss be distinct then in the presence of both 
substrates both enzymes should function and thus show increased 
activities 'with nethy 1 one blue.

‘The following experiments were carried out with equal quantities 
of cream preparation (10 mg.) at p jj.=3.0, 37°, in a total volume 
of 5 c.c. The substrates were added with the methylene blue.

Table 18.
holes Xanthine 2X10 ̂ 2X10“ ̂ 2X10 2X10^ 2X10** 2X10holes Salicylaldehyde 0 2Xlb-*» 4x10-* 8X10"* 1*6X10* 3.2'tlO^
Dehydrase activityft/ 5.88 5** 00 4̂ -54 3.92 3.57 3.23



fable 19.
Holes Xanthine 5X10"f -if5X10 ' 5X10 5X10~7 5X10doles Salicylaldehyde ixla-t 2X10"* nsxim “t ;6x i o tDenydrase activitv—------n------ -------  ■ -  -■ ft - - ■ ■ 5.7£ 6.£5 5.16 4.'i7 T . 7 U  “

Table 2C •

Moles Xanthine 0 ixio~fc 2X10 ~ ̂ 4X10 8X10“* 1.6X10boles Salicylaldehyde fcio-1" 4JC10“fc 4X10 4X10 4x1b'1, 4X10*5
Dehydrase Activity 1.92 5.40 4.54 5.50 2.6^ ”2 . W -

Ho distinct increase in dehydrase activity is noted by adding 
two substrates, it is evident however, that the addition of 
salicylaldehyde strongly inhibits the action o -o ■iCon r i oi i ino dehydrase, 
and that xanthine inhibits the action of aldehydrase. in the 
experiments it is possible that two partially inhibited reactions 
proceeded, nan sly,the xanthine dehydrogenation inhibited by salicyl
aldehyde and salicylaldehyde dehydrog©nation inhibited by xanthine, 
the combined effect of which was to give times of decolonisation 
of methylene blue, comparable with those obtained using only one 
substrate.

d. Xanthine and Acetaldehyde.
The following experiment was carried out^using xanthine and 

acetaldehyde together. The substrates Y?ere added with the methylene 
blue, p £.=8.0, at 37 , in a total volume of 5 cc.

Table 61*
boles xanthine 2X10 e 2X10
boles Acetaldehyde 0 1X10 1X10**
Dehydrase activity 5.72 5.56 7.70
An apparent increase in dehydrase activity is thus obtained# The 

activity is not however the sum of the single activities, which must 
be due to the inhibitory action of acetaldehyde on xanthine dehydrase 
and of xanthine on aldehydrase.

This experiment is good evidence for the distinct nature of xanthij



88.
/xanthine dehydrase and aldehydrase. Jiould these enzymes be 
identical it is difficult to explain how the above obtained result 
is possible.
£• The effect of sodium bicarbonate on the dehydraaes contained in whey and cream preparation. '

Wieland and Rosenfeld found that the action of sodium bicarbon
ate on whey was to destroy the action of aldehydrase, but to have 
little effect on the xanthine dehydrase. xhese results have also 
been obtained.

xo 60 c.c. of whey, 1.5 g. XaHCO-was added and allowed to stand
at 5?° for 10 minutes. *or measurement the solution was brought tom
p a.=8 .0 with 5 primary phosphate.

Table 22 •
X. <X. Sa. jfca. X. Sa. <Sa.p.O c.c. whey before HaMCO, 2.05 100 0*89 100 2.05 100 0.46 100B.O c.c. whey after naSOO*. 8*70 101.8 o.4o 44.9111.97 96.A o .s d l4 4 .g

50 mg. of cream preparation was dissolved in 5 c.c. of thymol
water and 0.5»g. H&HC03' added. The solution was kept at 37° form
15 minutes, and was then bix>ught to p H.=8*0 with F K H z P 04 for 
measurement.

Table 83*
t. a*. *S*. I3*5 c.c. (5 mg' before JlaHCQ, 8. 88 100 l .o e ioo !

3*5 c.c. (5 mg! after *aH00., 8.64 97.8 1 .06 w.r.. 1
A very great difference between the enzymes in whey and cream

preparation is apparent, for with cream preparation no destruction 
of the aldehydrase was obtained.

In order to find if the aldehydrase of whey is actually destroyed 
fey aaHC05 or its action merely inhibited, a sample of whey which had 
been treated with the above quantity of KaHOO^ was added to three/
1 ) iioc. oit.



/three times its volume of pure acetone. The precipitated enzyme
m

bearing protein was redissolved in To phosphate buffer p E-©*0.
The solution obtained contained 14.6$ of the original xanthine

. al-dehydrase and only 1$ of the original^©h$dfase. ;Tkeyialds of the
dehydrases are so poor that this experiment has little value, but 
since the yield of xanthine dehydrase was much greater than alde
hydrase it would appear that actual destruction ©f the aldehydrase 
is produced by 005 •

The dehydrases of whey are less stable than those in cream 
preparation in other ways. On standing for 84 hours at room 
temperature 25-35$ of the enzymes in whey are destroyed, whilst 
with enzyme preparation less than 10$ are destroyed. The whey 
enzymes are also more sensitive to destruction bf evacuation. •

G. The Effect of Hydrogen Peroxide on the PehydraBes 
of Orearn Preparation.

The effect of hydrogen peroxide on xanthine dehydrase was
i)measured by Wieland and Rosenfeld and separately by Bernheim and

s)Dixon • The Method used in both cases was similar. To the enzyme 
solution, buffer, hydrogen peroxide and xanthine were added. After 
pissing nitrogen for some time the solutions were evacuated and 
methylene blue added. The time of decolonisation was noted and 
allowing for the re—oxidation of the leuco methylene blue fey 
hydrogen peroxide, it was possible to estimate the inhibition 
caused by the hydrogen peroxide. Both workers found that complete 
inhibition was brought about by concentrations of hydrogen peroxide 
Of 5X10'* m.

This work was repeated and similar results obtained* It was
found however, that when the substrate was added with the methylenel)Loc. cit.
JO E Bernteim a. Dixon, BiocL JL, ££,113(19£8)._____________ _



. 24$ '
/nethylene blue, instead of at the beginning of tie experiment,
that concentrations of hydrogen peroxide of 5X10 m. had practically
no effect on -the time of decolonisation, and even concentrations of
ljtld3 m. had little effect. The cause of this great difference
produced by adding the xanthine with the methylene blue, instead of
at the beginning, is at present inexplicable*

m
To enzyme solution S’ phosphate buffer, p and hydrogen

peroxide were added. After nitrogen had been passed for 3 minutes, 
the solution was evacuated for 1 minute, released with nitrogen 
and re-evacuated* The methylene blue-xanthine mixture was now 
added, and the time of decolonisation noted.

Table 24.
m obubstrate = 0*2 c.c. To xanthine; total volume = 5 c.c#; Tsmp.= 37 •---------------------J—

Uoncentration of H202 0 BXk O V lx io “’ m
X. 6.94 Ml* '

ft Inhibition by H2D2 m 15. 8 22.0
Similar experiments were carried out with acetaldehyde as 

substrate.
Table 25.

m
substrate = 0.4 c.c.l acetaldehyde; p H^S.O; total volume 5 c*c. 

Temp.= 37°.
concentration of K2B2 0 5 X 1 0 m lXlo"3 m

Aa. lS.5 j. 1 • 7 ii .1
% inhibition by H®0S 6.0 11.3

It is apparent that concentrations of even 1X10 m.HSOS have little 
effect on either xanthine dehydrase or aldehydrase, for in the 
above experiments the larger times of decolonisation in the presence 
of hydrogen peroxide, must have at least been partially due to re
oxidation of the leuco methylene blue by hydrogen peroxide.



25.
A more careful study of the effect of hydrogen peroxide on the

dehydrases has been completed# To prevent the measurements being
disturbed by hydrogen peroxide, catalase was added in the following
experiments, just before the solutions were measured for the
dehydrases# It was thus possible to determine accurately the
actual destruction of the dehydrases by hydrogen peroxide#

m
To 25 mg# cream preparation dissolved in 2#5 c.c.To phosphate

m
buffer, p H#-8#0, and 2.5 c.c.F phosphate buffer p#H#= 8#0, 5 c#c# 
m
F H202 was added# The solution was kept 100 minutes at 37° • 1
c.c. of a solution of catalase (100 mg.catalase in 60 c.c.) was now 
added# The solution was now left 10 minutes at 37° after which time 
it gave no yellow coloration with titanium sulphate. The dehydrases 
were now estimated with methylene blue in the usual way# For each 
estimation 2 .2  c.c. of the solution was used which contained 5 mg# 
of cream preparation#

This experiment was repeated with diminishing concentrations
of hydrogen peroxide#

Table 26#
concentration H202 l C T ^ a V ' 10'%. 10'%; JLc p m . ; l c r W ' 0
a. In 2 *2 c.c. solution o # i o l . » 8 . 8 6 8 . 8 7 8 . 8 7
Percentage present 3.9 54.1 88.0 100 1 8 6 -
oa.ln 2#2 c.c# solution 0.092 5 . 7 8 0.98 0.98 1 .06 1 . 6 2
Percentage present 9.0 1 7 6 . 6 94.1 96.1 100 -

Fig#4. The effeot of hydrogen 
peroxide on the dehydrases of cream 
preparation. 1# Effect on xanthine 
dehydrase, 11# effect on aldehydrase 
(Table 26#)

(=K 01.



It is only when the concentration of hydrogen peroxide
~3 -1  _ “reaches 10 m. that destruction of enzyme occurs. At 10 m/‘ the

destruction is almost complete. Xanthine dehydrase is destroyed
somewhat more quickly than aldehydrase, but the difference is not
great.

The effect of evacuation on the enzymes of cream preparation. 
slclm-milk, full milk and whey.

Oream Preparation.
In the estimation of the enzymes by the methylene blue method, 

the solutions are evacuated for 1 minute in order to remove the 
last traces of oxygen from the solution. it was noticed that 
when the solutions of cream preparations were kept in vacuum for 
longer periods, that the time of decolonisation of the methylene 
blue became greater. It appeared that during evacuation under 
these conditions that there occurred either a destruction of 
enzymes or an inhibition of their actions.

The destruction of aldehydrase obtained was always similar to 
the destruction of xanthine dehydrase and it was therefore re
garded as sufficient to make a full study of the destruction 
of xanthine dehydrase.

The following experiments were carried out in order to ascertain 
the cause of the change in the enzymes. In all experiments the 
same amounts of enzyme solution were used.



gxp. a. through 10 mg. of cream preparation dissolved in 1 cac. 
m m
TO phosphate buffer, p H=S.O, and 2.8 c.c.If phosphate buffer,
p ja.= 8*0, in a Thunberg tube, nitrogen was passed for 3 minutes.

mA microburet'te, containing a mixture of five parts of 1^00 methylene
m

blue to one part of TOO xanthine, was introduced into the rubber 
stopper. -ihe solution was evacuated for 1 minute, the vacuum 
released with nitrogen, and re-evacuated. A steady stream of 
nitrogen was now allowed to enter and 1.2-c.c. of the methylene 
blue-xanthine mixture was allowed to run in. The time of decolon
isation of the methylene blue was noted. This is the normal method 
for the estimation of xanthine dehydrase, and no inhibition or
destruction of enzyme occurs using this method.

outBap.b. This experiment was carried^exactly as experiment a. 
except that, after the second evacuation, the solution was allowed 
to stand 10 minutes in vacuum, before the addition of the methylene 
blue-xanthine mixture. whilst standing this methylene blue- 
xanthine mixture below the tap boiled and 1-2 drops of this mixture 
entered the solution.
Exp. Q. Hitrogen was passed through the enzyme and buffer mixture 
for 3 minutes, and then a glass rod was introduced into the rubber 
stopper instead of the burette. *lhe solution was evacuated for 
1 minute, released with nitrogen, re-evacuated and allowed to stand 
10 minutes. ihe vacuum was now released with nitrogen, the glase 
rod removed and the burette inserted. the tube was now evacuated 
and the methylene*blue-xanthine mixture immediately added. fhia 
differs from Exp.b. in that during the long period of ©variation 
fto methylene blue-xanthine mixture could onter the ehzyme solution.



Bxp,d. xo the enzyme solution 2 drops of the methylene blue*
xanthine mixture was added, and the experiment was then carried 
©ut in the same w a y  as Exp.c.
Bxp.e. xo the enzyme solution 2 drops of methylene blue was added 
but no xanthine. The experiment was now carried out in exactly 
the same way as Kxp.c.

m
Bxp .f. xo the enzyme solution 1 drop of TOO xanthine was added,
and the experiment carried out in the same way as Exp, c.

m
Exp» g. xo the enzyme and buffer solution 0*2 c.c. Too xanthine
was added, and nitrogen passed for 3 minutes, xhe solution was
evacuated for 10 minutes, the vacuum released with nitrogen, and

n
then the burette containing 1000 methylene blue inserted, xhe 
solution was re-evacuated and then 1 c,c, of methylene blue run 
in immediately,
&££. •h. Exp. g. was repeated but instead of 2,8 c.c, buffer solution

/4 mg,. \
only 1.8 c.c. was added arid 1 c.c. of a catalase solutionv ̂ "eTc./

The usual enzyme and buffer solution was evacuated form
10 minutes and then 0.2 c.c, TOO xanthine was added. nitrogenn
was passed for 3 minutes, the burette containing T000 methylene 
blue inserted, the solution evacuated and then 1 c.c. of methylehe 
blue run in.

m
. k. To the enzyme and buffer solution 1 drop of 5) salicyl

aldehyde was added. nitrogen was passed for 3 minutes and the 
solution was evacuated for 10 minutes. The vacuum was released 
with nitrogen, a burette containing the methylene blue-xanthine 
mixture inserted, the .tube re-evacuated and 1*8 c.c* of the 
methylene blue-xanthine mixture added.



. 29. *m ' '
Sxp .1. Exactly as Bxp.k. except that 3 drops of 50 salicylaldehyde
was added instead of 1 drop,
Bxp .n. Sxp.l. was repeated but instead of 2.8 c.c, buffer solution

(4.mg> \
only 1.8 c.c. was added and l.c.c, of a catalase solution \ -*'- c.cJ.

Table 27.
a b c d e f h .i * X; m
5.90 S.2& 5.35 2.37 5.12 3 .22 0.34 6.05 1.02 1.79 6.M 2.94Ll 100 55.7. 90.0 40.2 87.0 54.8 ] 5.8 102 17.3 30.3 12.9 49.3
In Exp.b., where 1-2 drops of the mixture of methylene blue and 
xanthine entered the tube during the long period of evacuation, 
the enzyme activity was reduced to almost half of the original 
activity.

Exp.c. shOY's that the small quantity of the methylene blue- 
xanthine mixture which entered the tube in Exp.b. played a part 
in the destruction of enzyme, for when this was avoided no 
appreciable destruction occurred. Exp.d. shows the effect of the 
deliberate addition of this quantity of methylene blue-xanthine 
mixture.
Bxp.e. and Exp.f. show that xanthine is the destroying factor of 
the methylene blue-xanthine mixture.
Exp.g. shows that the destruction is increased by increasing the 
quantity of xanthine.
The protective action of catalase is shown in Exp.h. Exp.k. and 
Bxp.l. show that salicylaldehyde has a similar effect to xanthine, 
but Sxp.m. shows that catalase in this case produces only partial 
protection of the enzyme.
Exp.i. is important for it shows that ten minutes evacuation 
produces some change in the enzyme that renders it very sensitive 
to later inhibition by xanthine.



The probable cause of the foregoing results is the production 
of traces of hydrogen peroxide, by the dehydrogenation of the small 
traces of xanthine with the traces of oxygen, which are unavoidably 
present, as hydrogen acceptor. xhe concentration of hydrogen 
peroxide thus formed cannot be more than lCT̂ ra., which concentration 
has been shown to be harmless to the enzymes under normal conditions 
It therefore appears that evacuation produces some change in the 
enzyme that makes it very sensitive to poisoning by hydrogen 
peroxide.

i)wi eland and Maussmann showed that evacuation of a catalase 
solution destroyed the catalase, probably because during evacuation 
a coagulation of the enzyme particles occurs. it is possible that 
some similar change in the physical state of the enzyme occurs with 
cream preparation. xhe preserving action of catalase may be due 
to its power of decomposing hydrogen peroxide, but it is also 
possible that catalase prevents some change in the physical state 
of the enzyme, perhaps by functioning as a protecting colloid.

' ~"N\ aSkim-silk. To @ c.c. of skim-milk 1,8 c.c.F phosphate buffer,
P H.-8.0 was added. nitrogen was passed for 5 minutes and then

n
a burette containing five parts of T000 methylene blue to o$e part

m ■
of TOO xanthine was inserted i&th the stopper. The solution 
was evacuated for 1 mihute, the vacuum released with nitrogen, re* 
evacuated and allowed to stand 10 minuted, as before 1-S drops ©f 
the methylene blue-xanthine mixture dropped into the solution* The 
enzyme content was now estimated by adding 1,& c.c* of fh e methylene 
blue-xanthine mixture.
1) Anny445» 181 (1985).



Tab 1 e 28.

X. < X. Sa. / sr Sa •
2*0 c.c. skim-milk 'without 
standing in vacuum 1.98 100 0.69 100
2*0 c.c. skim-milk after 
10 minutes in vacuum 2.05 10 3,2 0.69 100

No destruction of the enzymes of skim-milk is . therefore produced
by evacuation under these conditions. The enzymes are apparently 
protected by something contained in skim-milk. This nay be catalase 
or some protecting proteins.

Full Hilk.
2.C- c.c. of full milk was treated in exactly the sane way as 

tli e s k i n- milk.
Table 29•

X. i X.
2*0 c.c. full milk without
standin.r; in vacuum 1.49 100
2*0 c.c. full milk af’ter 
standing 30 ruins.in vacuum 1.37 92.0

Full milk apparehtiy resembles skim-milk in its behaviour*

2*0 c.c. of whey, obtained from skim-milk by coagulation of the 
casein with rennin, was treated in the same way a3 the skim-milk*

Table 20.
X. . 1>. X.

2*0 c.c. whey measured withou 
standing in vacuum

t
2.04 100

2.0 c.c. whey measured af̂ ter 
standing 10 mins.in vacuum 0 0

The whey enzymes appear to be even more sensitive to evacuation 
than even those in cream preparation.



3fc.
The Effect of Calcium Chloride ana Ammonium Carbonate on the 
jgizymas of Whey.
±t was thought possible to obtain a purification of -the enzymes 

of whey by adsorbing them on calcium carbonate, dissolving the 
adsorbent in acetate buffer and precipitating the enzymes from this 
solution with acetone. A good enzyme preparation was not obtained 
by this method, but a more important result was forthcoming. It 
was found that the addition of the ammonium carbonate and calcium 
chloride to whey produces complete inhibition of the xanthine 
dehydrase, but has little effect on the aldehydrase. when,however, 
the protein from this xanthine dehydrase inert solution are pre
cipitated by acetone and redissolved the xanthine dehydrase regains 
its activity.

To 40 c.c. of whey, which had previously been treated with 200 
mg. o^&fcolln to remove the heavier proteins (So1t\. a ), 8 c.c. of a 
freshly prepared saturated solution of ammonium carbonate was added. 
2 c.c. of a calcium chloride Solution (1 c.c.=118 mg.CaO) was added 
gradually, the solution being shaken meanwhile. A heavy precipitate 
of calcium carbonate separated. The flask was shaken 3 minutes 
and then the calcium carbonate was centrifuged off*
* The enzymes in the rraainlng solution (Soln.B)were measured. In 

the measurement some balcium phosphate was precipitated due to the 
presence of a little calcium in the solution.

l a 
the calcium carbonate was dissolved in 16 c.c.T acetate buffer,

P H*=4.5 and this solution (Soln.O) was brought to p H.=8*0 with ' 
n n . . . . . .

(%)lb Ha^i^O and (b) To ammonia, for measurement.



X. i x. Sa. # sa.2.0 c.c. of whey 
(Solution A.) 2 . 08 100 0 . u>S 100

2Lo c.c. oi (JaQQ5 
adsorbed solution 

(Solution B.) 0 0 0.(115 55.8
1.0 c.c. of CaCus 
solution in acetate 
Duffer (Solution 0.) 
Drought to p H--S.0 
with n sodium borate 

20

0007 2.5 0.19 17.5

1.0 c.c. of 0a003 
solution in acetate 
Duffer (Solution C«^ 
brought to p n •=©.0 
with n ammonia.

To

0.055 1.8 0.18 16 . 5

The solution B. was also found to be inactive against hypoxanthine.
To 50 c.c. of solution B. 150 c.c. of acetone, previously 

purified by boiling with permanganate, was added. The precipitated
iprotein was centrifuged off and washed with a mixture of 5 c.c. water 

and 15 c.c. acetone. After dyying in a vacuum desfttcator the pre
cipitate weighed 560 mg.

m
250 mg. of this dry preparation was treated with 10 c.c.To phosphat

obuffer, p H«=B.O for 15 minutes at 37 and was then centrifuged* The 
solution \Tas measured for enzymes.

Table 52.
X. _ £ x. Sa. £ Sa.

2.0 c.c. of above 
solution. 1*05 24.2 0.345 21.2

Solution 0. was treated with acetone in the same way as Solution B. 
but the solid obtained was found inactive. iilectro-dialysis of 
Solution 0. to remove calcium salts also brought about destrudt ion 
of the enzymes.

The Solution B. therefore oo ntains xanthine dehydrase the action of/



/of which is in some way, inhibited. It was proved that ammonium • ^
carbonate is not the inhibiting facto^ for the addition of'ammonium
carbonate to whey produces no inhibition.

2 c.c. of ammonium carbonate solution was added to 10 c.c. of
owhey and after heating for 10 minutes at 37 and allowing to stand 

2 hours at room temperature no inhibition of the xanthine dehydrase 
was produced.

The precipitation of calcium phosphate in the measurement of 
Solution B. could possibly have caused the absence of the action 
of xanthine dehydrase, by its completely adsorbing the enzyme. The
following experiments, where the calcium in Solution B. was re
moved by the addition of phosphate, before the precipitation of 
the proteins with acetone, prove that the precipitation of calcium 
phosphate in the measurement of solution B. adsorbs very little 
xanthine dehydrase.

40 c.c. of whey was treated with 8.9*o. of ammonium carbonate
solution and 2 c.c, calcium chloride solution. After removal of

m
the calcium carbonate, 5 c.c. 5* phosphate buffer, p H.=S*0 was ■

o iadded, and after being kept at 37 for 5 minutes the calcium phosphate j
was centrifuged off. The solution was treated with three times its
volume of acetone as before, washed once and dried (dry weigh t=
570 mg.) 250 mg. of this djry preparation was dissolved in 10 c.c. \
m m |
lb phosphate buffer, p centrifuged and measured.



ffable 55.
X. f. X. Sa. # Sa.2.0 c.c. whey 2 »10 100 0*87 1002*5 c.c. solution 

after treatment with 
CaC03 0 0 0.505 58.0

2*75 c.c. solution 
after treatment with 
phosphate buffer 0 0 0.42 48.3
2*0 c.c. solution 
of dry preparation 0*89 23*3 0.318 20.2

The cause of this peculiar effect of ammonium carbonate and 
calcium chloride cannot be determined. Some change in the 
physical state of the xanthine dehydrase, such as coagulation of 
the enzyme particles, may occur, accompanied by a loss of enzyme 
activity. This physical change could be reversed by redissolving 
the protein precipitated by acetone, in buffer solution, which 
would explain the reactivation of the xanthine dehydrase* A 
simpler explanation is that in the solution B. there is something 
which is adsorbed by the xanthine dehydrase producing a blocking 
of the enzyme surface, and a consequent loss in activity. When 
the precipitated protein is redissolved in phosphate buffer the 
substance would no longer be present. It is impossible however, 
to say what could produce the adsorptive blocking.

The Question of the identity: or distinct nature of aldehydrase 
and Xanthine dehydrasel ' — — —

Whether the dehydrogenations of xanthine and aldehydes are 
brought about by the same enzyme, or vfhether th^6nzymes are dis
tinct in character has not yet been definitely proved* Wieland

1)and Rosenfeld advanced experimental evidence favouring the distinct
nature of the enzymes* They found that the proportions of aide- /
1) Loc.cit•
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/aldehydrase to xanthine dehydrase varied with the different samples
of milk, cream, skim-milk, whey, or enzyme preparation measured.
By adsorption on various adsorbents of these enzymes, these authors 
also found that the proportions of aldehydrase to xanthine dehydrase1/
adsorbed, varied, which, of course, is only possible if aldehydrase. 
and xanthine dehydrase are distinct enzymes.

It appears necessary to summarise the experimental evidence 
recorded on the foregoing pages, bearing on thms subject.

The experiments on the adsorption of the enzymes of whey with 
kaolin and alumina (p.7) are definitely in favour of the view that 
the enzymes are identical, for the adsorption of xanthine dehydrase 
was always similar to that of aldehydrase, the differences recorded 
being almost within the range of the experimental error. The 
destructive effect of hydrogen peroxide (p.«23) must also be re
garded as evidence in favour of this view, for altKough a slightly 
stronger destructive effect on xanthine dehydrase was obtained* 
the difference was not great.

In favour of the view that the enzymes are distinct more experi
mental evidence has been gathered. The increase in the enzyme ^
activity of milk (p.10) is perhaps the most important. It was 1

ifound that the xanthine dehydrase content increased very much more 
than the aldehydrase. This appears to be possible only if xanthine J

: A, ; Hdehydrase and aldehydrase are distinct. The experiments with mixed 3
substrates (p.SO) also favour the view that the enzymes are distinct^
The complete inhibition of the action of xanthine dehydrase, and
not of aldehydrase, by the addition of ammonium carbonate and
calcium chloride to whey (p*3l) is inexplicable if aldehydrase and 
xanthine dehydrase are identical.



A general survey of all the experimental evidence which has 
been gathered on this subject points definitely to the view that 
the enzymes are distinct in character. It appears,however, that 
they are associated with the same, or similar, proteins, for which 
reason 'they are exceedingly difficult to separate by selective 
adsorption or by other methods.
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part 2.

The Mutase of Cream Preparation and the Question of its Identity 
with Aldehydrase.
-----------------------   i)

as was first discovered by wieland , cows* milk has the property
of bringing about the disrnutation of salicylaldehyde imtib salicylic
acid and salicyl alcohol. Under aerobic conditions the direct
dehydrogenation of aldehyde to acid is the principal reactiop, but
the disrnutation also proceeds to some extent. Under anaerobic
conditions the disrnutation alone proceeds.

2)
0ach found that his enzyme preparation from butter-milk could 

also bring about the Uannizzaro reaction with salicylaldehyde.
The dehydrogenation and disrnutation were attributed by Wieland 

to the action of the sane ferment - aldehydrase. *oth reactions 
were regarded as dehydrogenations of the hydrated form of the 
aldehyde. under aerobic conditions oxygen is the hydrogen acceptor, 
whilst under anaerobic conditions the aldehyde itself plays the part
of trtr :S.„ .ccoptor. L  l L M  C-0

: On "  'Ml

cttt,(oH) c;" uhJph)
OH.

The disrnutation of salicylaldehyde, and to. a greater extent of 
acetaldehyde, by cream prepa-ration, have been studied. Mutase and 
aldehydrase have been shown to be identical as is demanded by the 
abive mentioned theory.
1) Loc. cit.
2) Loc. cit.



fhe Disrnutation of Salicylaldehyde.
Using cream preparation, purified by precipitation from an aqueous 

solution, by acetate buffer p H»=4.5, and redissolving the precipitate 
in water, an enzyme solution was obtained, which contained so little 
buffering materials that it was possible to titrate minute quantities 
of salicylic acid therein, in the presence of salicylaldehyde, with 
baryta.*

The addition of baryta to a solution of salicylaldehyde produces 
a solution the p H of which is from 8.0 to 8.4, due to the formation 
of the barium salt of salicylaldehyde. It is'only in the presence 
of an excess cf baryta* that a strongly alkaline solution is obtained* 

The procedure adopted for this work was to add a known quantity 
of baryta to an anaerobic solution of enzyme and salicylaldehyde, 
and after a given time to titrate the excess baryta with salicylio 
acid solution# in the disrnutation salicylic acid was formed which 
was immediately neutralised by the barium salt of salicylaldehyde, s© 
that no appreciable change in the p M occurred in the course of the 
reaction. The difference between the salicylic acid-required to 
give methyl red a certain colour, and the salicylic acid required 
to give methyl red the same colour in a control experiment, carried 
out exactly in the same way except that a boiled enzyme solution was 
Used, gave the quantity of salicylic acid formed in the disrnutation* 

to 500 mg. of cream preparation dissolved in 50 c.c. of water . .J;m  If
& c.c.T acetate buffer, p H*=4*5 was added* After & minutes at'87*',*J* 
the precipitated protein was centrifuged off. This was washed
*ith 10 c#c. of water. The precipitate was how dissolved in IS c.c*;:

n £ _
frater and a few drops'of To ammonia was added until . c Just alkaline
to methyl red. The solution thus obtained contained 6.1 sa. in 1 c.c.



Through 5 c.c, of this solution (18.3 sa.) in a Thunberg tube,
oplaced in a thermostat at 37 , nitrogen was led for 3 minutes.

The solution was then evacuated to boiling for 1 minute, the vacuum
released with nitrogen, re-evacuated and again released 'with nitrogen.

m
In a strong stream of nitrogen 10 c.c. 50 salicylaldehyde was added

n oand then 1 c.c.”50 baryta. The tube was kept at 37 for 1 hour.
simultaneously with the above experiment a control experiment was 

run using 3 c.c. of the same enzyme solution, which had previously- 
been boiled for 10 minutes over a bunsen to ensure complete de
struction of the enzymes. This control experiment was carried out 
exac tly as the above experiment. to the control experiment 2 drops
of methyl red solution was added and then the solution was titrated 

m
with Too salicylic acid until a slight redness was obtained. The 1
solution from the experiment with unboiled enzyme solution was now ;

m 1
titrated with Too salicylic acid until the sane coloration was

m
obtained. The difference in the titrations gave the amount of TOO 
salicylic acid formed in the disrnutation of salicylaldehyde.

further experiments were carried out allowing 2 and 4 hours for 
the reactions to proceed. A further series of experiments was carri© 
out at 50° «

Table 34. .j
0 SExperiments carried out at 57 , using 18.3 Sa and 10 c.c.50 salicyl

aldehyde in a total volume of 14 c.c.
oTine allowed at 57 00 minutes 120 minutes 240 minutes.

c.c.m Salicylic acid re- 
100 auired for control 5.60 5.60 5.60.......^s.c.m Salicylic acid re- 
100 quired for experiment 5.20 5.10 4.85c.c.m Salicylic acid formed 
100

0.40 0.75



Time allowed at 50° 30 minutes 30 minutes 120 minutes
c.c.n Salicylic acid ro- 

T00 quired for control 5.70 5.70 5-60
c.c.n Salicylic acid re-

T00 quired for experiment 5.15 4.95 ... « 0 1 i__c.c.n Salicylic acid formed i 0.55
._,.:x°o . • . ... .... 1..... . .

o . 0 or 0*90

CD

100

Fig- 5* Salicylic acid formed by the disrnutation of Salicylal
dehyde using the enzymes of cream preparation 1. at 37° (Table 34)•
11. at 50° (Table 35).

The disrnutation of salicylaldehyde is therefore brought about 
by the enzymes of cream preparation and cream preparation therefore
contains the mutase contained in milk and in the preparation of Bach.

0 oThe disrnutation proceeds more quickly at 50 than at 37 «

The Disrnutation of Acetaldehyde.
In the enzyme solution used in the disrnutation experiments with, 

salicylaldehyde it was found that small quantities of acetic acid 
could be estimated in the presence of acetaldehyde, by titration with 
baryta usin;; phenolphthalein as indicator- A much sharper end
point was obtained than in the corresponding experiments with 
salicylic acid and salicylaldehyde. A method was therefore/



/therefore obtained for the ctudy of the disputation of acetaldehyde 
by the cream preparation enzymes.

‘ip 5 c.c. of enzyme solution containing 18.0 Sa., in a Thumb erg 
tube, 4 c.c. of water was added.and 2 drops of a 1 alcoholic 
solution of phenolphthalein. Through this solution pure nitro
gen was passed for 3 minutes, the solution boiled by evacuation 
for 1 minute-and the vacuum released with nitrogen. The solution
was re-evacuated and the vacuum again released with nitrogen, in

n
a strong stream of nitrogen 1 c.c.T acetaldehyde was added and a

n
micro burette containing Q0 baryta, then introduced into the 
stopper. jjaryta was added until a very slight coloration occurred 
(This required about 0.&8.C* and was due to the unavoidable presence 
of acetic acid in the acetaldehyde.) 0.05 c.c. of baryta, was now 
added and a distinct redness in the solution was obtained which. |

' ' ■ Igradually disappeared as acetic acid was formed by the disrnutation 
of the acetaldehyde. On decolorisation more baryta was added. This 
was continued until no further decolorisation ©f the phenolphthalein 
occurred, which only was the case after 3 days.

A control experiment was run as above using boiled enzyme 
solution. At the beginning of the experiment some slight decolori^ 
ation of the phenolphthalein occurred but after 30 minutes no further
decolorisation was noticeable. The baryta, added in ‘the control ex*

■ ■ 'A
periment amounted to only about 10j£ of the baryta- required in the / 
disautatiou experiments* In calculating the amount of the £1®%, 
mutation this was allowed for*
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tl a cot al dehn* d e and a total volur. e of 10 c.c.
To

T bi o 36 •
tine in minutes. 85 52 127 257 587 520 1200 1470 17 SO 2700
j.c.n acetic acid 
100 found. 0.57 0 .85 1.14 1.4-2 1.71 2.00 3. 36 3.65 3.93 4. 39

controlled amount 
if acetic acid. 0.27, 0 .50 0.74 1.02 1.31 1.60 2.96 3.25 3.53 3.99

Exp.l^.b. Bepeut of Exp.jla.
Table 37.

Ti: ’ 0 in minut es 35 145 295 1140 4050
c.c.m acetic acid 

TOO found. 0.57 0.85 1.14 3.12 xli m &&
Controlled amount of 
acetic acid. 0.27 0 • 50 0.74 •2.72 8 • 48

Exp•11• Carried cut at 37°using 18 Sa. in a concentration of 
m aceTaldehyde and a total volume of 10 c.c.
5

Tab 1 e 88 •
rime in minutes 40 97 155 1200 2700
c.c.n acetic acid 

TOO found. 0.57 0.85 1.14 4.18 4.46Controlled amount 
of acetic acid. 0.27 0 • 50 0.74 • 3.78 4.06

o

1000
Time in Minutes

k*ig« 6. The formation of acetic acid by the disrnutation of
jn

acetaldehyde using crean preparation. T. a. With~10 acetaldehyde
(Table 36) l.b, ,ith E acetaldehyde (Table 37.) u.With m 
acetaldehyde""(’Table 887. . 5
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od:tp. a. C rried out at 37 Uoir:; 13 3a. in :: cone ntr ticm cf 

n ocotaldohyde and a tot . l velum a of 10 c.c.
To

Table 36.
rimc in minut es . 25 52 127 257 387 520 1260 1470 17 SO 2700
j.c.n acetic acid 

100 found. 0.57 0 .85 1.14 1.4-2 1.71 2.00 5 » 36 3.65 •:5 *93 4.39
controlled amount 
>f acetic acid. 0.27, 0 .50 0.74 1.02 1.31 1.60 2.96 3.25 3.53 3.99

Exp._l.b. Repeat of Exp.jl a.
Table 37.

fine in minutes 35 145 295 1140 4050
c.c. m ac e t i c a c id 

TOO found. 0.57 0 .85 1.14 3.12 O . 3d
Controlled ar:.ount of 
acetic acid. 0.27 0 • 50 0.74 2.72 :5.48

Exp. 11* Carried out at 37°using IB Sa. in a concentration of 
n aceTaldehyde and a total volume of 10 c.c.
5

Tab 1 e 3S •
Tine in minutes 97 155 1200 2700

►EL

o

1000
Time In Minutes

l?ig. 6. The formation of acetic acid by the disrnutation of
m

acetaldehyde using cream preparation. L. a. WithTLO acetaldehyde
(Table 36) l.b, ,/ith “ aostaldeil?de (Table 37.) n.with m
acetaldehyde (’Table 38;. . 5
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From. ths above exporinants it is apparent that the disrautation

of acetaldehy&e proceeded with a diminishing velocity, due to the
destruction of mutase which destruction was completed after 4000
minutes* in the experiments JL.and JL1. the solutions were measured

m n
by adding 1 c.c.F phosphate-buffer, p H.= 8.0 and 1 c.c.ToOO methylene
blue, and measuring the time of decolonisation of the methylene blue.
In experiment l.a. 0.80^ of the original aldehydrase was found and in
11* 0.48^. This shows that the destruction of mutase was accompanied
by a destruction of aldehydrase.

the amounts of the dismutations in the experiments l̂ a, L̂.b. and
11. were similar, but the speed of dismutation in Id was greatest -
here the aldehyde concentration was twice that in 1 a. and 1̂ b.
This increase in reaction velocity with increase in concentration
agrees with the requirements of the dehydrogenation theory.

Other experiments exactly the same as experiments 1̂ a* and 1 b.
were carried out. After varying times during which the dismutation
had been allowed to proceed, the amounts of aldehydrase present were

m ' n
estimated, by adding 1 c.c.B’ phosphate buffer p H*-8.0, S.c.c. T000

methylene blue, and measuring the time of deoolorisation. For each
determination a complete new dismutation experiment was necessary. •

Table 39.
tgime of Dismutation reaction ISO' 300* 1080' srgo’j
& of original aldehydrase found present 54*0 39.8 i5.S — o o .

Oareful comparison of the results with the destruction of mutase 
as shown in the graphs l a. and 1 b., (?ig. 8) shows definitely that 
the destruct ion of aldehydrase and mutase proceed at very similar 
speeds.



At the beginning of the reactions there appear to be big de~ j
structions of enzymes, due, apparently, to the presence of traces of . 
oxygen, for the graphs show that the rate of formation of acetic 
acid during the first 60 minutes is abnormally high* The only 
reasonable explanation that can be tendered, is that traces of oxygen 
cause the dehydrogenation of acetaldehyde, which type of dehydrogenatior 
prooeeds very quickly and which is accompanied by a big destruction
©f enzyme. After a short time all the oxygen appears to be used up 
and the dismutations then proceed normally* a destrucb ion of enzyme 
amounting to SO-35^ of the total is apparently brought about in the 
early stages of the experiments by these traces of oxygen*

The destruction of aldehydrase subsequently is directly proportionali 
to the acetic acid formed, which in turn is proportional to the amount 
of mutase destruction, so that the destruction of aldehydrase and 
mutase proceeds at similar speeds, which seems only possible if mutase 
and dehydrase are the same enz,yme.

the Effect of Cyanide on (a.) the Anaerobic pehydrogenation of 
Acetaldehyde with Methylene blue, (t>) the AiBmutation of Acetaldehyde*

juixon measured the effect of the addition of HON on the dehydro
genation of acetaldehyde using methylene blue as hydrogen acceptor.
Results similar to those obtained by Dixon have been obtained using 
cream preparation*

so much ‘5* phosphate buffer, p H*- 8*0 was added in order to give a 
final solution of 5 c.c* . Nitrogen was passed for 3 minutes and then/

1)

(a) ffhe anaerobic dehydrogenation with methylene blue

to 1 c.c. cream preparation containing 10 mg. dry preparation., w
m

l) See 8) Bloch, 31. SI, 840 (1937).



/then the solution was evacuated for 1 minute, released with nitro
gen, re-evacuated and then a mixture of methylene blue, acetaldehyde, 
and HON which had previously been allowed to stand 15 minutes to allow

n
time for the formation of cyanhydrin, and which contained 1 c.c.TbOO

m m
methylene blue, 0.5 c.c.T acetaldehyde and the quantity 10 HON
required to give the desired cyanide concentration, was run in.. The
time of decolonisation of the methylene blue was taken* The
temperature was 57 °.

Tab 1 e 40 • In m m
Cyanide concentration 0 1000 Soo 250 • 100

iia • 4.0& 4*00 3.62 2.98 2.74
# Aa. 100 98 *1 88.8 7i*3 at.o

m
T000 Cyanide has therefore no inhibiting action on the anaerobic

m
dehydrogenation of acetaldehyde whilst TOO has only a very small 
inhibiting action*
(£) The Dismutation of■ Acetaldehyde.

Neuberg and Windisch found that HON has no effect on the dis
mutation of acetaldehyde by the acetic acid bacteria.

The effect of HON on ih e dismutation of acetaldehyde by creamm
preparation has been studied. it has been found that TOO MGN has

m
a considerable inhibiting effect but 5b0 h GN has little effect.

The experiments were carried out ih exactly the same way as in the
m m

previous dismutation experiments. T  acetaldehyde and To HON solutions
were mixed in the proportions required to give the desired acetaldefay^
and cyanide concentrations in the final solutions. This mixture wan \

- |
allowed to stand for 15 minutes before being added to the anaerobic
Bolutfcion of enzyme. The further proceedhre was okadtly as In the
foregoing experiments.

l) is loch @09 • Zs., 155, 454 (19S5 ) .
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oKxp8riment 1. ^ontrol experiment. Carried out at 37 with 18 sa. 

Concentration of acetaldehyde • Total volune=10 c.c* Ho HCW.
10

Table 41.
xieie in minutes 35 145 295 1140 4050

c.c.m acetic acid found 
100

0 .5 7 0 .8 6 1 .1 4 3 .1 2 3 .88

Controlled amount of acetic
acid. |o .2 7 0 .5 0 0 .7 4 2 .7 2 3 .48

a&xp.11.a* Carried out at 37 with 1© Sa. Concentration of acetaldehyd 
i E10 Concentration of HCH=500. Total volu:.c = 10 c.c.

Table 42.
Time in minutes 45 130 300 1200 2700

c.c. m acetic acid found 
ICO

3.5? 0.85 1.14 2.74T ' 3 . 42
controlled amount of acetic

acid. 3.27 0.50 0.74 2.34 3.02
jjixp. 11.b . *epeat of 11.a.

Table 43.
Time in minutes 35 120 1140 4050

c.c.m acetic acid found
Too

0 .5 7 0 .8 5 2 .8 5 3.6?
controlled amount of acetic

acid. 0.27 0 .5 0 2 .4 5 3.27
Kxp.111.a. Carried out at 37°with 18 S&. Concentration of acetaldehyd 
» . concentration of HCH = m Total volume = 10 c.c.
*10 Too .

Table 44.
lime in minutes 30 75 900 1500 4350

c.c.m acetic acid found 
100

o . CJl <1 0.85 1.14 1.42 1.82
controlled amount of acetic

acid. |0.27 0.50 0.74 1.02 1.42
isxp.lll.b. itepeat of 111.a.

Table 45.
Time in minutes 35 90 1000 2000 4350

3.c .m acetic aci d founc 
100 ‘

0.57 0.85 1.14 1.43 1.76
controlled amount of 

acetic acid. 0.27 8.O 0.74 1.03 1.36



1000 2000 3000
Time v in Minutes

Fig. 7 • xhe effect of cyanide on tiio dismutation of acetaldehyde.
n

with no Cyanide (Table 41*) 11 .a. with500 cyanide (Table 42.)
" "  m
111.a. with TOO Cyanide (Table 44.).

ii comparison of the effect of cyanide on the anaerobic dehydro
genation with methylene blue, and the disnutation of acetaldehyde

m
shows that the effects are very similar. 500 cyanide has very

m
li ttle effect in both reactions, but 100 has, in both reactions, 
an apparent inhibiting action. The inhibition of the dismutation 
is somewhat stronger, 'which is most probably due to the much longer 
time that the enzyme is under the influence of the cyanide.
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The aerobic dehydrogenation of Acetaldehyde.

The aerobic dehydrogenation of acetaldehyde was followed, in the 
same way as the dismutation, by titrating the acetic acid formed.

To the enzyme solution containing 18 Sa. 2 drops of phenolphthalein 
was added. Nitrogen was passed for 3 minutes and the solution evacu
ated for 1 minute, the vacuum released with nitrogen, re-evacuated and

m
then again released with nitrogen. 1 c.c.T acetaldehyde was added
in a strong stream of nitrogen and the solution was brought to a pale

airpink witu oaryta. A strong stream of 00-free was then passed through
Ai .n

the solution, and ISO baryta was added as the phenolphthal ein was 
decolorised.

parried out at 37°with 18 8a. Concentration of aoetaldehyde= 
m . Total volume = 10 c.c.
To

Table 46.
Time in minutes 9 'HB 38 62 159 -  a s -  ■ -  ■

c.c.m acetic acid 
TOO found. 0.57 0.85 1.14 1.48 1.71 1.60.

controlled amount 
of acetic acid. 0.27 0.50 0.74 1.08 1.31 1.40.

6005005002.00

Time in Minutes
100

rig.8. Aerobic dehydrogenation of acetaldehyde. 1* oxp.l^ (Table 46*) 
l l . j ts x p .  11. (Table 47*)



50.
Exp# 11 > «epeat experiment. as Exp.l^

Table 47.
xime in minutes 14 38 97 360 1400c.c.m acid found 
TOO 0.57 0.85 1.14 1.48 1.71 1.77controlled amount of 

acetic acid. 0.87 0.50 0.74 1.08 1.31 1.37
xhe above enzyme solutions after the aerobic dehydrogenation

woftld proceed no further were made oxygen free, by the usual method.
More acetaldehyde was added and the solutions were kept at 37°for
18 hours. xto further formation of acetic acid could be detected
and the solutions no longer contained mutase.

a comparison of the aerobic dehydrogenation of acetaldehyde and
the dismutation shows that the aerobic dehydrogenation goes very
much more quickly and is complete in several hours, whilst the
dismutation goes very much more slowly and requires several days
to reach completion. xhe acetic acid formed by the dismutation
is almost three times that produced in the aerobic dehydrogenation. 

i)Bach found that more salicylic acid resulted from the anaerobic
N

dismutation of salicylaldehyde than in the aerobic reaction, using
2)an enzyme preparation from butter-milk. ..iel&nd found, working 

with raw milk, that the aerobic reaction produced the more salicylic 
acid. xhe production of the greater quantity of salicylic acid in 
the aerobic dehydrogenation of salicylaldehyde with milk, is 
apparently due to the known protective actions of oatalase and 
casein on the enxyme, allowing the enzyme to function for a greater 
time.
1) L.OC. clt.

8) JjOC. oit.



The Question of the Identity of Aldehydrase and Mutase.
xhe foregoing experiments must be regarded as definite proof of 

the identity of aldehydrase and mutase. xhe three following pieces 
of experimental evidence appear to be conclusive.
1. Xn the dismutation of acetaldehyde it has been shown, that there 
is a gradual decrease in mutase and an equal gradual decrease in 
dehydrase content. Further when the dismutation would proceed no 
further, it was found that no aldehydrase, measured against methylene 
blue, could be found. xhat is, that as mutase functions there is a 
gradual destruction of not only mutase, b#t alsS aldehydrase.
2. ±n the aerobic dehydrogenation of acetaldehyde it was found that 
vfhen aldehydrase had been destroyed, that the enzyme solution no 
longer contained mutase. therefore the functioning of aldehydrase 
not only brings about the destruction of aldehydrase* but also autase 
S. The effects of cyanide on aldehydrase, measured against methylene 
blue and the effect on the dismutation of acetaldehyde are very 
similar.

Xhe mechanisms of the dismutation and aerobic dehydrogenation 
of aldehydes are therefore most probably the same, both being 
dehydrogenations of the hydrated form of the aldehyde; in the 
dismutation another molecule of aldehyde is hydrogen acceptor whilst 
in the aerobic dehydrogenation oxygen plays the part of hydrogen 
acceptor.
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Part g.
The Reaction Mechanism of the Aerobic Dehydrogenation of 
Aldehydes.

in the aerobic dehydrogenation of xanthine and hypoxanthine, it
1)was shown by Wieland and Rosenfeld that the reaction is a true

dehydrogenation* une molecule of oxygen gives with one molecule
acidof xanthine, one molecule of urio and one molecule of hydrogen 

peroxide.
it has been shown that the aerobic dehydrogenation of aldehydfe®? 

proceeds in the same way, being true dehydrogenations.

-Cf °  - c $  - l >  o® +  # A

The formation of hydrogen peroxide has been proved both directly
4 i; ' ..

and indirectly.
The destruction of enzymes in the aerobic dehydrogenation of 
xanthine, salicylaldehyde and acetaldehyde# and tne protective
action of Catalase thereon!

It has been noted by several observers that in the aerobic
dehydrogenation of xanthine and salicylaldehyde that a destruction
of enzyme occurs. Gatalase has been shown to protect the enzymes .
in the aerobic dehydrogenation of xanthine, the function of catalase
being to decompose the destruct ieB hydrogen peroxide formed in the
reaction as it is formed.

The actual destructions of aldehydrase and xanthine dehydrase
brought about by the aerobic dehydrogenation of the above iiientloned
substrates ha-rebeen measured. For the first time the ejffect of

*

catalase on the aerobic dehydrogenation of aldehydes has been studied 
1) Loc.cit.



Exp»1» To 4 c.c. cream preparation solution containing 5.IS X
m

and 2.14 Sa. per c.c., '3 c.c. 5 phosphate buffer, p H.=8.0 were
added and 1 c.c.^O xanthine. xhe solution was shaken for 15

ominutes in air at 37 . 1 c.c. of a catalase solution (1 c.c.=
2 Eg. catalase preparation) was added and the solution kept at 
o37 for 5 minutes. The xanthine dehydrase ana aldehydrase were 

now measured with methylene blue in the usual way. Catalase was 
added to destroy the hydrogen peroxide formed, which*because 
of its power of oxidising leuco methylene blue, would interfere 
with the estimations.

m
Exp.2. Carried out as Exp.l, only 0.5 c.c.ToO xanthine added, 

n
and 3.5 c.c. 5 phosphate buff or p j$.=3*0, in order o keep 
solution volumes the same.

m
Exp.3. To the same quantity of enzyme 3*5 c.c.5 phosphate buffer,

m
p b #s3 ©#q , and 0.15 c.c.So salicylaldehyde were added. The solution 
was shaken in air for 15 minutes at 37°• 1 c.c. of catalase

osolution was added and after 5 minutes at 37 the enzymes were 
measured.

m
Exp.4. Carried out as Exp.3, only 0.5 c.c.^5 acetaldehyde added

m
instead of B*5 c.c.5o salicylaldehyde. m
1SXP.5. To 4 c.c. of the same enzyme solution S.c.c.F phosphate
buffer, p H.= 8.0 and 1 c.c. of catalase were added. 1 c.c. TOO
xanthine was now added and the solution shaken under air for 00
minutes at 37°. The enzymes were then measured.

m
Bxp.6. Carried out as Exp.5. Only 0.5 c.c.5o salicylaldehyde 
added instead of the xanthine and a correspondingly greater 
quantity of phosphate buffer.
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Exp*7. o^rried out as gxp.5, only with £.5 c.c.B’ acetaldehyd© 
and no xanthine.

Table 48*
Ex]d • t* 2. 3. 4. 5. 6* 7*
SC*m 2*25 c»c • 
% original X.

L.80
35.2

3.44
37.0

0.77
15.0

2.38
46*5

4.87
95.0

2 . 53 
49 .2

4.8?
95.0

Sa.in 2.25 c.*c 
% original Sa* lO .85 35.3

1.45
60.1

0.52
21.6

1.5664.8
2.34
97.0

1.50 
62 . 3

2.40
99.6

A tfery strong destruction of enzyme is therefore produced by 
the aerobic dehydrogenation of all the above substrates. The 
destruction of xanthine dehydrase and aldehydrase are in all cases 
similar* gatalase produces complete protection of the enzymes 
with xanthine and acetaldehyde, 'whilst with salicylaldehyde the 
protection is only partial.

Those experiments are strong evidence in favour of the theory 
that hydrogen peroxide is formed in the aerobic dehydrogenation 
of dehy^Lrases, for the protective action of catalase must be due 
to its destroying hydrogen peroxide as it is formed. With 
acetaldehyde it appears that hydrogen peroxide is alone respons
ible for the destruction of enzymes. With salicylaldehyde it 
appears that two factors are responsible, for catalase only 
partially protects the enzymes. It is very probable that salicyl- 
aldehyde itself has a destructive action on the enzymes because 
of its phenolic nature, and if that is so then catalase plays the 
same part in the dehydrogenation as it does with acetaldehyde, 
namely, it decomposes hydrogen peroxide as it is formed.

The Effect of Methylene blue on the aerobic dehydrogenation of 
Salicylaldehyde and Anlsaldohy&e.

ueuco methylene blue has the property ©f reducing peroxides, 
and therefore because ef this property should have a similar/
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/similar protective action to catalase on the enzymes, in the aerobic 
dehydrogenation of aldehydes#

in the Barcroft apparatus enzyme was shaken with sal&ftylaldehyde 
and anisaldehyde with air. xhe effect of the addition of methylene 
blue to this aerobic dehydrogenation was studied. ±n all the 
following experiments the enzyme was added from side vessels so that 
the reaction was followed from the beginning. xhe temperature was 57°.

Table 49.
l.A. T.BV 1I.A* “ 1T.1V .n iT A .' TTTTb ." " m r “ T T * . ... "c.c.cream 

preparation.
2*0
3Sa)

3.0
(3Sa)

3.0
(3Sa) 3.6

(SSa)
3.0
(4Sa)

3.0
(4SaJ

3.0
(4Sa)

3.0
(4Sa)c.c.m sal* 

icyl aldehyde 1.0 1.0 1.0 1.0c.c.m phos-
5bphate buffer 

p H.=8*0 3*5 3*5 4.0 4.0 1.5 1.5 8.0 8.0
o.c.n methyi

Toolene blue 0*5 0.5 - - 0.5 0.5 - -
oxygen ab
sorbed a 10̂ J4<0.76 0.80 0.35 0.38 1.47 1.47 0.73 0.80

u
Ti © <S2 V o co
2 © to
x  O

111A

‘1A.

dlA.

J
100 300100 Time m h i nates ___________Pig.9# The effect of methylene blue on the aerobic dehydrogenation of

salicylaldehyde and anisaldehyde* 1*A* Salicylaldehyde with methylene 
blue* 11 .A* Salicylaldehyde without methylene blue* lll.A* Anis- 
aldehyde with methylene blue* IV.A. Anisaldehyde without methylene 
blue (Table 49*)
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The protective action of methylene blue in the above re
actions is very strong. This protective action is most probably 
due to the action of methylene on the formed peroxides.

The Aerobic Dehydrogenation of aldehydes and the effects of 
catalase and cerous hydroxide on the pehydrogenatlons.

The estimation of &308 using ue (OHL*
1)Wieland and Rosenfeld first used cerous hydroxide for 

the estimation of the hydrogen peroxide formed in enzymatic 
reactions* The method of estimation of the eerie peroxide

imformed, used by the above authors has been^proved* The method
formerly used was to add potassium iodide and sulphuric acid 
to the cerio peroxide and titrate the liberated iodine with 
thiosulphate. Only about 80$ of the expected quantity of 
hydrogen peroxide was found by this method* Using pure oeric 
pefcdxide a similar deficit has been obtained, the cause of which 
has been traced to the interaction of eerie salts ati,& hydrogen 
peroxide giving oxygen. gven in the presence of potassium 
iodide this reaction can proceed*

aCe(OB),0OH £Ce“" +■ 2 H A

£Ce'"’ -t-HA-- > £Ce"' + 0*+ —

Because of this secondary reaction no accurate estimation of 
cerio/

1) Loc. cit*
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/eerie peroxide is possible by this method*

Two methods have been found to give theoretical results in the 
estimation of pure eerie peroxide, The addition of permanganate

i)and sulphuric acid to the eerie peroxide m  the Barcroft appar
atus and estimating the oxygen evolved, gave theoretical results. 
The second method used was to decompose the eerie peroxide vfith 
acetate buffer p H.=4.0, in the presence of catalase. The catalase 
destroyed the hydrogen peroxide as it was formed and the reaction 
proceeded thus:-

* W o h )5 o o h  — > * + " ‘

The eerie salt was now estimated by making strongly acid with 
sulphuric acid, adding potassium iodide and titrating the liber - 
ated iodine with thiosulphate. The resulting titration represented 
only one third of the original hydrogen peroxide, for two thirds 
was lost as oxygen.

The method using permanganate and sulphuric acid was found 
unpractical for the estimation of eerie peroxide in the presence 
of enzyme, due to a strong evolution of gas resulting from the 
act ion: of permanganate and sulphuric acid on enzyme preparation 
itself.

The catalase method has given good results in the presence of 
or earn preparation.

Prom the enzyme solution the eerie peroxide and the adsorbed 
enzyme were centrfefuged off. This was washed once with water.

. - 1) R. Schwarz. u.H.Giese, Z. a. PH., 176,217 (19SS).
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To the precipitate 3 c.c. of a catalase solution containing 4

m
mg. catalase per c.c, and 3 c.c.Y acetate buffer, p H»~4*0 were

oadded, xhe mixture was kept for 1 hour at 37 and the brov.n colour
■of the eerie peroxide gradually changed to the yellow colour of
eerie salts - oxygen was evolved, a few drops of potassium iodide
solution was added and then sulphuric acid until the solution was
strongly acid. After allovring to stand 1 minute at room temper**

n
ature the liberated iodine was titrated with TOO thiosulphate 
solution.

Using this method it was found possible to estimate 1X10 H  
S.202, the experimental error being less tnan 10■/••

The Aerobic Dehydrogenation of AcQtaldehyde.
The absorption of oxygen in the aerobic

hyde was measured. xhe influence of catalase on this reaction
and also that of Ce(0ii)3 were studied. The experiments were

ecarried out with cream preparation at p H,= 8*0 and 10*5, whfcch 
temperature was maintained by running a strong stream of tap. water 
through the thermostat. The enzyme solution was in all cases 
run in from a side vessel, so that the absorptions were followed 
from the time of mixing.

dehydrogen/of acetalde-



59.xable 50
Exp.l.a. ll.a. and 111.a. carried out with one enzyme solution. 
Exp.T.b. 11«b. and lll.b. with a different solution. remperature= 
10.5“ . 1. 11. ■"in . *a . b. a. b. a. b •c.c.cream preparation 1.0

7.8Sa)
1.0
(6.5Sa)

1.0
(7.2Saj

1.0
(6.5Sa)

1.0
(7.8Sa)

1.0
(6.5Sa)c.c.m acetaldehyde 0.5 to.o 0.5 0.5 0.5 0.5

c.c.catalase solution 
(4 Bg/c.O. ) — 2.0 S.Oc.c.m ue, (SO,

So 3
— mm *■ 8*0 2.0

c.c.m Ha-B^O^
20

m mm ** S.O 6.6

c.c.m phosphate buffer 
B  P h.=8.0 S.O 2.0 s.o s.oc.c. water 4.5 4.5 S.5 S.5 8.5 s .b[)xygen absorbed a lO'5*!. 3.80 2.93 3.6a s.a i 8.71 1.85a SO 2 found by estimatior 

i t  theory x 10~5n
l - *■ 8.5%

86
1.69
91

% original aldehydrase 
found at end of Exp. mm 5 100 .. mm

rua, o

100 .  ̂200 Time in Hiuutes 100 . woTime' m hi mites
Fig.lO. The aerobio dehydrogenation uig.il. Repeat of experiments l.a< 
of acetaldehyde. l.a.with phosphate 11.a.a. 111.a.using less ferment, 
buffer alone (Table 60.) ll.a.with Tib. with phosphate alone. 11.b. 
catalase. lll.a.with ue(OfiT(Table with catalase. 111.a.with ue (0H)„ 
50.)   3



In the dehydrogenation of acetaldehyde in the absence of cerous 
hydroxide and catalase (Exp.l^a. and l^b.) there is a destruction of 

| enzyme as is shown by the diminishing speed with which the reaction 
proceeds, and also by measurement of the enzyme at the end of the 

| experiment, for only bfs of the original enzyme was found in the 
solution by estimation with methylene blue.

In the presence of catalase (Bxp.ll.a. and ll.b.) the oxygen ab- 
i eepption proceeds more slowly, but it continues with a uniform speed 

right to the end of the experiment. At the end of the experiment, 
estimation by the methylene blue method showed that no destruction of 
enzyme had taken place. i.he cause of the difference between the 
experiments with and without catalase must be due to the formation of 
hydrogen peroxide in the dehydrogenation, which in the absence of 
catalase brings about the destruction of enzyme, but which in the 
presence of catalase is immediately decomposed before it can affect 
the enzyme. xhe greater velocity of oxygen uptake at the start 
shown in the absence of catalase is not due t© the dehydrogenation 
speed being greater, but is due to half of the absorbed oxygen in the 
experiment with catalase,being regenerated by decomposition of the 
hydrogen peroxide.

xhe experiments with cerous hydroxide (Expiita. and Exp®).) prove 
definitely that hydrogen peroxide is fomed in the aerobic dehydro
genation of acetaldehyde. As the experiments proceeded the white 
cerous hydroxide suspension gradually changed to the yellow-brown 
eerie peroxide, due to the interaction of cerous hydroxide the
hydrogen peroxide formed. xhe estimation of the hydrogen peroxide 
formed was done by centrefuging off the cerium precipitate, washing 
it once with water and estimating the eerie peroxide present by the/
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/the catalase fietfoed previously described, *|*he hydrogen peroxide 
found was nearly the theoretical quantity required by the dehydrogen
ation theory. T h e  deficiency of about 10$ is most probably due to som ; 
hydrogen peroxide reacting with acetaldehyde before cerous hydroxide.

*xhe speed of the reaction in the presence of cerous hydroxide is 
slow compared with the speeds with catalase and with neither catalase 
nor cerous hydroxide. This is undoubtedly caused by the adsorption 
of the enzyme on the cerous hydroxide, for a similar diasdnutibn ©f 
enzyme activity was obtained by .adding the same quantity of cerous 
hydroxide to the anaerobic dehydrogenation of acetaldehyde using 
methylene blue as hydrogen acceptor. In this anaerobic reaction the 
addition of cerous hydroxide reduced the velocity of the reaction to 
35*0$ of its velocity in the absence of cerous hydroxide.

The aerobic dehydrogenation in -the presence of cerous hydrojd.de . t 
proceeds at a psactically uniform speed showing that the cerous 
hydroxide has a protective action on the enzyme. This is evidently 
due to its combining with hydrogen peroxide and thus removing it from 
the solution.

3he Aerobic Dehydrogenation of formaldehyde.
The following experiments were carried out in exactly the same way 

as the corresponding experiments with acetaldehyde. Three times 
the enzyme quantity us#& in experiments with acetaldehyde was used 
in these experiments. The enzyme solution was again added from the 
side vessels. .
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T ,h± : 51.
Exp • 1.a, 11. s,. a.n̂  111.a.. carried cut with the same enzyme solution* 
Exp .l.b . lOL.b • and 111*-; * with a differ out solution* T a x  jrcture 
= 10*8° .

1. 11. 111.
s* # b. a. | b • a * | b .

c.c. enzyme solution
rn • f 01

c.c.T Formaldehyde 
c.c.Catalase sol
ution (4 ngj/e.c) 

c.c.m £e (60. )
50

c.c.m l!a7B, 0V
Toc . c .tipho spha t e buff ©r
HIT P M •“© oO

c.c. water

3.0 
1.0.Sa 
' 0.5

mm

2.0 
2*5

3.0 )(!•:•. 5 oa 
0.5

2.0 
O  C/I • Kuf

1 3.0 | ) (21.8Sa 
0.5
2.0

2.0
0.5

3.0
)(19.oda 
0.5
2.0

2.0
0.5

3.0 1 
) (21.6 2c
0 « 5

2.0 
2.0

0.5

3.0 
)(lC.5t>{0.5

2.0
2.0

mm

0.5
Oxygon absorbed X lÔ fc 2.77 2.51 3.35 3.16 1.91 1.54
k L202 found by esti; r -  

tion AlO’̂tl. 
i thsory

- - - - 1.38
73

1.25
SI

fs aldehydrase found at 
end of experiment. mm 3 mm 26 mm

na *

Time in ftU ime in
Pig.12• The aerobic dehydrogenatTon Fig.13. Repeat of experiments
of Formaldehyde* l_*a. phosphate 
buffer alone (Table 51) hi*a. vritl. 
catalase (Table 51) 111.a* with
fce (oh)3 *

l_.a. ll*a* and 111»a. using less 
foment* l.b. with phosphate alone 
(Table SlTT ll_.b. with catalase 
(Table 51) 111.b.with 0© (OH ) • I



j.n the absence of both catalase and cerous hydroxide (sxp.l.a. 
and 1/b.) there is again a very quick destruction of enzyme, unly 
*&f* of the original aldehydrase, estimated by the methylene blue 
method, was found at the end of the experiment showing the destruction 
©f enzyme to be almost complete.
With catalase (Exp.ll.a. and ll.b«) the absorption again starts more 
slowly than in the absence of catalase due to the regeneration of 
oxygen from hydrogen peroxide. in these experiments however, there 
is a very considerable diminution in the speed of absorption as the 
reaction proceeds which was not so in the corresponding experiments 
with acetaldehyde. xhis is due to a destruction ©f enzyme in the 
dehydrogenation of formaldehyde even in the presence of catalase for 
only of the original enzyme wa^ found at the end ©f the reaction.
It is apparent however that catalase had a decided protective action 
even with formaldehyde, as is shown by the graphs and also by es
timation of the enzymes at the end of the reactions. This destruction 
of enzyme in the presence of catalase is prefeafely caused bjr a poisoning 
action ©f formaldehyde itself*^ ©n either the catalase or more probably 
on the aldehydrase.

The experiments with cerous hydroxide (gap.111.a. and lll.b.) show' '
a very strong resemblahce to the corresponding experiments with
acetaldehyde. *he formation ©f a yellow-brown coloration proceeded
wjith the abOor’ption of oxygen, showing the formation of eerie peroxid© *
At the end of the experiment the eerie peroxide was estimated by the

«

catalase method, and the amount of hydrogen peroxide this represea&od * 
was again found to be nearly the theoretical quantity. Again the 
deficiency may have been due, to the interaction of hydPtgen pji*©xi(fe 
and f«m$ldohydO;* -...a&fe ~inhibition of the reaction t|y cerous hydroxide I
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is again probably due to the adsorption of the enzyme on the cerous 
hydroxide, for the anaerobic dehydrogenation of -formaldehyde with 
methylene blue as hydrogen acceptor Yras inhibited to 53'ft of its 
activity by the presence of cerous hydroxi.de. That cerous hydroxide 
has a protecting action on the aldehydrase is shown by the uniform 
speed with which the reaction proceeds.

The Aerobic Dehydrogenation of benzaldehyde.
The following experiments -with benzaldehyde were carried out in 

the same way as those with acetaldehyde and formaldehyde. The 
quantity of enzyme used in the experiments with formaldehyde was 
used. as aldehydrase has a much greater affinity for benzaldehyde 
than for acetaldehyde and formaldehyde it was possible to work with 
much smaller concentrations of benzaldehyde. The enzyme solution |
was again added from the side vessels. !

Table 58. jExp.l.a., ll.a. and 111.a. carried out with the same enzyme solution.
axp.T.b., TT.b. and 11 l.b. carried out with a different solution. j_  ■■■ "— rnmm .. _ ____O  mmtmmmmrn

1• 11. 111.
• a. b. £t • b • a. b.

c.c. enzyme solution 
n (2 

c.c.50 eenzaldehyde 
c.c. catalase solu
tion igyc.c.) c.c.m USolSO^)

50c.c.m iia B. 0-
3b * hc . c .m pho sphat e buff e 
5 p H.= 8.0 c.c. water

3.0 1.6Sa)
1.0
m*

Ml

r»
2.0
2.0

3.0 
(19.5Sa)
1.0

m

2.0
2.0

3.0 
(21.68a)
1.0
2.0

2.0

3.0 
(19.53a)
1.0
2.0

2.0
Mi

3.0(21.6Sa]
1.0

2.0
2.0

mm

3.0
(19.5ba)
1.0
■*

2.0
2.0

MB

Oxygen absorbed a IO"^ .1.01 0.83 0.80 0.63 1.83 1.41
fci202 found by es
timation a I O  H. 

ic theory
- - -

mm

1.3574
1.25
89

% aldehydrase found 
at end of experiment 32 78 m MB



ita ; “loo" 
Time m Minutes

soo ime m M m  utes
Pig«14. Hie aerobic dehydrogenation pig.15• Repeat of experinents
of benzaldehyde. l.a. with phosphate l.a. ll.a. and 111.a. with less
buffer alone (Tabled), 11. a. with Ferment. l*b. with phosphate
catalase (Table 52)* 111 .a. with (Table BSjFll.b. with catalase

(Table 52)* lll.b. withCe (0H)3 (Table 52. )
Oe(Oii}? (Table 52.).

in the absence of both catalase and Ue(OH)5 (Exp.l̂ .a. and l^b.) 
the oxygen absorption starts with a considerable speed but the speed 
diminishes very quic&ly. This is due to two factors; first to th e 
destruction of enzyme and also to the decrease in substrate concen
tration. With this experiment the principal of these factors is the 
destruction of enzyme for at the end of the experiment only 32/ of 
the original enzyme was found.

in the presence of catalase (Exp.ll.a. and 11.b.) the absorption 
again begins more slowly than in the experiments without catalase 
due again to the regeneration of oxygen from hydrogen peroxide.
Again as the reaction proceeds a diminution in speed is noted* but 
in this case the principal factor is the decrease in substrate
concentration. In Exp.ll.a. practically all the added aldehyde was
used up* for QOft of -{qie theoretical quantity was absorbed and about/



10$ of th© aldehyde must have gadergone the Sannizzarowaction, 
so that the aldehyde concentration could not have been more than 
10$ of the original concentration, ihe anaerobic dehydrogenation 
of benzaldehyde with methylene blue as hydrogen acceptor goes much 
more .'slowly in such concentration of benzaldehyde* ihe finding 

of the original, enzyme at the end of experiment 11.b. 
definitely shows that cats,lase protects the aldehydrase#

aith cerous hydroxide (Exp.111.a. and lll.b#) the formation of 
hydrogen peroxide in the dehydrogenation was again definitely 
found, irhe yellow-brownish coloration of eerie peroxide was f
obtained, and the subs ear ent estimation of the peroxide gave results 
which agree with the requirements :&£" the dehydrogenation theory, 
fhe deficiency again recorded Is probably duo t© the oxidation of : 
frehialdehyde with hy&rogen peroxide, with benzai&ahyd© no inhib-' f 
ition ©f th© dehydrase is producedby cerous hydrfcxide^ which is j 
|>erhaps due to the dehydrase having Ma higher^ affinity for^-boinzalde
hyde than for acetaldehyd© and formaldehyde.
• Serous hydroxide has a strong protecting action on the enzyme 

for*' thb reaction proceeded almost 1 o completion and the diminution■5 f j . . • ''
tti rehction velocity can be fully explained by th© diminution in



Trio Aorobic pohygrogor?a tlon of galicylaldo':.ydo.
0Tho following e:q? cfciments were carried out ot 37 in the Bancroft 

apparatus. The onzyiic solutions wore added fron the side vessels
Table 53.

iiiXp a 1 • a • 11 • a • arc. s.• carrieo. one j. oil tue sv j' e ons'un solus
Eup.T.b. W . b .  and JJI.i. oanl ed cut with ore-third the quant It”
of enzyme used in Ezp.l.a. ll.a. and ill.a. xouperature = 37o

1-L • 11. 111.
• ot • h . b . • b.

c.c. enzy1:- e r,rorar sio Y 3.0 1.0 3.0 1.0 xj .0 *1 u\J_ * <Jf .55a) (®3a) (!- o kZ>a) (5Sa) (15ba) (5Sa)
c . c . 50 Salicyiaid d ;; 1v; i. 5 1 • 5 1.5 1.5 1.5 1.5
c .c .catalase solution

(4 m g ./u t) - - 2.0 2.0 - -
c . c n w e j s o *  ) - - — - 2.0 2.0

50
c.c.m Na aBik07 - - - - 2.0 2.0

20
c .c .mphosphate buff er

5 p H*—o.0 2.0 2.0 2.0 2.0 - -

c.c. water 2.0 4.0 - 2.0 - 2.0
oxygen absorbed JlO^M* f .4 9 0.52 1.12 0.73 2.52 1.29
n202 found b3" estimaticm

x io 5k - - - - 2.19
p theory - - - - 87 -

% aldehydrase found at
end of experinent. 0'. 6 34J& mm - -

o

m

100 ZOO
Time in UmiLtes 

i*-ig• 16.The aerobic dehydrogenat^on
of Salicylaldehyde. l^.a.with phos
phate buffer alone (Table 55.) ' *
ll.a. with catalac e added(Tab•53)
TTl.a. with Oe(CB)_ added (Table53)   3

, loo ‘ xoo ! ' !
___________ Time m M.invites _
Fig*17.Hepeat of experiments l.a.
ll.a. and 111.a. using less f er- 
. went. .l.b .with phosphate buffer 
alone (Table 53) ll.b.with cata- 
laae added (Table 5 3 ) .  lll.b. 
with Oe(OH), added (Table BS) ♦w



in the absence of both catalase and cerous hydroxide (Exp. 1.and 
_l.b.) the oxygen absorption starts very quickly but very soon stops.
A very quick destruction of enzyme results for the decrease in 
substrate concentration cannot explain the stopping of the reaction. 
The finding of only 0.6$ of the original enzyme, at the end of the 
experiment, shows that the destruction of enzyme is almost complete.

with catalase present (Exp.ll.a. and 11.b .) the absorption of 
oxygen begins more slowly due again to regeneration of oxygen from 
hydrogen peroxide. As the reaction proceeds the velocity of re
action becomes less, but not so auickljr as in the experiments with
out catalase. The protective action of catalase is proved by the 
finding of 34$ of the original enzyme at the end of the reaction.
As with Benzaldehyde and formaldehyde however the protection is 
not complete. it appears that salicylaldehyde itself has a 
destructive action on the enzyme. The difference between the
experiments l.a. and 11_ a. and Ĵ .b. and 11.b. are due entirely to
the amounts of enzyme used. owing to th© Stealler amounts ©f
enzyme used in experiments l̂ .b. and 11.b. th© protective action of
catalyse is more apparent•

teith cerous hydroxide (Exp.112. a.and lll.b.) the formation of 
hydrogen peroxide was again proved. The amount of cerict peroxide 
formed in the experiment, was very nearly th» theoretical amount 
required for the dehydrogenation theory, for in experiment 111.a.
87$ was’found and in a similar experiment run simultaneously 89$ 
of the theoretical was found. xhe protecting action of cerous 
hydroxide is very apparent for in experiment 111.a. the reaction wont
almost to completion ghereas in jgxpcriment l*a. wh©3N» no cerous 
hydroxide was present, the reaction went to only about half way.
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*1510 Aerobic pehydrog nation of Anisaldohyde.

■jiie experiments which follow were carried out in exactly the 
sane way as those with salicylaldehyde.

Tab!e 54•
All experinonts carried out with the saa.e enzyme solution# 
yonoerature 57°._____ _________  -________

111.
1. 11. a • b.

c . c • enzyr!e solu tion 
c . c . n An is&ldeliy de

Fo
c.c.catalase solution 

(4 ngf/cd 
c.c.i 

50
c.c.n IfaB, 0?

■20 K
c .c.mphosphate buffer 

5 p H.—8.0
c.c.water

3.0(15oaJ
0.0

2.0

2.0 
2.0 *•

o. 0 (1 o t>a)
2.0

2.0

2.0'

2.0

3.0{15Sa) 
2.0

2.0

3.0{l5Sa)
2.0

2.0
■*

mm

oxygen absorbed AlÔ fcl 2.S& .1 2.04 3.58 3.56
cx2oS found by estima
tion -M 3.44 3.52
fv theory - - 93 91

X aldehydrase found at 
end of exp erinent. 2.2 36.5

ioo SoTime in Minutes
rig. 18. Aerobic dehydrogenation of anisaldehyde. 1. with 
phosphate buffer alone. 11#with. 0atalase. Ill a.with 0e (oa).
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The A or ob ic pehydreg©nation of A^saldohyde.
•the experinents which follow were carried out in exactly

sane way as those v:-ith salicylaldehyde,
T- .el a 54.

All experiments car riel cut ar n n  rzn O rn syr.e solution,
u WUi v 1 .

111.
1. 11. ct • b 9

c • c . enzyn e r,o 1 u tion 
c . c.n Ani s&liehyde 

50
c .c .catalase solution

(4 ■ : ; / ©
c .c .m Cez(S O X

50
c .c .rn IfaB, 07 

20
c . c .inpho sphat e buffer 

5 p H.—S.O 
c.c. water

3.0(15oa)
2.0

2.0

2.0
2.0 *.

3.0(152a)o n

2.0

2.0

2.0

3.0(l5Sa) 
2.0

2.0

3.0 £15Sa)
2.0

2.0
m*

oxy.r on absorbed xlO^M .2.B&.. 2.04 3.58 3.S6
on o -P EX r-JJ rj -
tion

oundjby estir.a- 
\10Tff A - ?.44 3.52

T?.
ena X̂-L-LUj

"Too iooTime in Minutes
jpig. IB. Aerobic d©hydrogenation of anisaldehyde. 1. with 
phosphate buffer alone. 11.with Catalase. Ill a.with Oe (os),



She experiments with Anisaldehyde are very similar to those 
with benzaldehyde and sal icyl aldehyde. xn the absence of catalase 
and cerous hydroxide (Exp.l.) there is a, rapid destruction of 
enzyme, as only 2.2$ of the original aldehydrase was found at'the 
end of the experiment.

with Oatalase (Exp.11.) although a considerable destruction of 
aldehyde^ took place, the destruction was not so rapid, and at the 
end 30.5^ persisted. xhe actual speed of the oxygen absorption is 
agaih less, because of the regeneration of oxygen from hydrogen 
peroxide. xhe oxygen abeorbed in Experiment Id. is the theoretical 
quantity.

with cerous hydroxide (gxp.lll.a. and lll.b.) the formation of 
hydrogen peroxide was again manifested, ihe estimation of the eerie 
peroxide again gave theoretical results. xhe protective action 
of cerous hydroxide is very apparent by comparison ©f the experiments 
l*and 11I&. and 111 b. xhe oxygen uptakes in 111.a. and lll.b. are 
nearly the theoretical quantity for the anisfcldehyde added.

xhe formation of hydrogen peroxide in the dehydrogenation of 
five aldehydes has therefore been proved. xt must therefore be 
taken that hydrogen peroxide is always formed in the enzymatic aerobic 
dehydrogenation of aldehydes. xhe reaction must therefore proceed 
according to Wieland*s dehydrogenation theory. xhe protective 
actions ©f catalase and cerous hydroxide in these aerobic d©hydro* 
genatlons also agree with the theory that it is hydrogen peroxide 
that is the destroying factor in these dehydrogenations.



xhe Marburg theory of biological oxidetion postulates that iron 
plays a part in the oxidation, it acting as an oxygon activator.
The principal evidence in favour of this theory is that cyanide 
inhibits several enzymatic oxidations, which Warburg attributes to 
the action of cyanide on iron salts. wieland attributes the in
hibit in action of c-yanido to its effect not on tho dehydrogonating 
enzymes, but on catalase, ahicli is present in living cells, and which 
acts as a protective enzyme to the dehydrases by decomposing hydrogen 
peroxide as it is formed* in the absence of catalase there is an 
accumulation of hydrogen peroxide, which brings about destruction 
o f the dehy dra de s•

xhe effect of the addition of qranide to the aerobic dehydro
genation of several aldehydes has been studied. The experiments 
were carried out in the Barcroft apparatus. The aldehydes were 
previously mixed with the HON solution, and the mixture was allowed 
to stand 15 minutes to allow time for the formation of the cyan- 
hydriru * The enzyme solutions were added from side vessels.

Table 55»All experiments carried out with'the same enzyme solution (1 c.c.=
i 11. VI" ...& b e a. h t a•.

c.c.oream preparation 
c .c.macetaldehyde • 

•
01 
o 1.0

3.5
1.0
0.5

3.0 3.0 3.0 3.0<M 3.0
-L

c . c .mFo mal dehy de
T

- - - 0.5 0.5 3.5 - -
c . c .m B enzaldehyde 

50
— — •MM - - - L.O 1.0

c.c.m HCB
To - 0.16 0 .8 - 3.16 3.8 - 0.16

c . c .mjphosp .buff .pa=8.0 2.0 2.0 2.0 2.0 2.0 2.0 3.0 2.0U
c.c.water 4.5 4.34 3.7 2.5 2.34 1.7 2.0 1.84Oxygen absorbed xl05M.Trrr— :----wr---r--- —J 2.25 2.48 1.99 d h~.q% 1.95 0.78 0.78 0.75
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X

iria

o

100 iU)o
T im e in  H  m u tea

300 100 2,00 
Time in Minutes

500

Fig *19. The effect of cy anide on 
the aerobic d ohy dr o g on a ti on of 
acetaldehyde and benzaldelude•
1. a • ac ot ad dehy do vntbout HOXf, _! .b.
acotalTohydo vith a a CK,

500 r_
I.e.- acetaldohyde nlth.100 Ho» 
T n  • a • b enzal dohydowithout HOT! • 
lll.b . bonzaldohyde i t h ^
JttCN. (Table 55.)

Fig. 20. c effect of cyanide 
on fiie aerobic dohydroc era lion 
of fora:aldehyde. 11. ai eithout 
itCIT, ll_.b .with m HCJJ, 1 I.e. ni th
in HC1I. 500 (Table 55.)Too
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The effect of HCK on the aerobic dehydrogenation by methylene

■s'
blue, of the above substrates was measured. ihe method used was 
to add the aldehyde-cyanide mixture, which had previously been 
allowed to stand, to the methylan e blue, and to add this mixture 
to an anaerobic solution of the enzyme, and note the time of de
colonisation. The concentrations of aldehydes and cyanide were 
exactly the sane as those used in the above aerobic experiments.

Tab1e 57» Temperature 87
Aldehyde'. Acetaldehyde »Fo rmaldehy de• uenzaldehyde.

Concentration of Cyanide. 0 m
Foo

m
Too

0 El
500

m
Too

0 m
Boo

Aldehydrase found. io.5 9.1
14

6.3
40 .

G»5
46 64

2.F
m

S.2 
4% inhibition by cyanide.

The inhibitions produced by cyanide in the anaerobic and aerobic 
dehydrogenation3 are very similar. ±n both types of dehydro- 
genations, cyanide Jiad a much stronger inhibiting action with 
formaldehyde as substrate, than with either acetaldahyde ©r 
benzaldehyde as substrates. The inhibitions produced even with 
foimaldehyde as substrate are not strong compared with the action 
of cyanide ©n other enzymes, and it appears that iron can play no 
part in the enzyme action.

'why there should be a much stronger inhibiting action in the 
presence of formaldehyde as compared with the other aldehydes, is 
difficult to explain. According to Warburg’s theory similar 
inhibitions by cyanide in the dehydrogenation of the aldehydes 
must be expected, and according to this theory, the cyanide has 
an effect on the enzyme itself, it is probable that the inhibiii ng 
action of. cyanide is due to an. adsorptive blocking of the enzyme 
by the cyanide.
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The effect of hydrogen peroxide on the aerobic d ©hydrogenation 
of aldehydes*

In the aerobic dehydrogenation of aldehydes and in several other
aerobic dehydrogenations there is a destruction of enzyme. m  the
presence of catalase the destruction is not so great and in several
dehydrogenations (xanthine,acetaldahyde) there is no destruction

i)of the enzyne. i'he dahydrogenation theory attributes this
/

destruction of enzyme to the hydrogen peroxide formed in the
dehydrogenation.

The effect of hydrogen peroxide on xanthine dehydrase and
S ) •aldehydrase has already been discussed it was found that

1XL0 331 • B202 has very little effect on the an&Bfbbic dehydrogenation 
of both xanthine and acetaldehyde* Actual destruction of the 
enzymes ,was only brought about by concentrations of hydrogen

-ftperoxide of 10 i.
The effect of the addition ©f hydrogen perexide on the aerobic 

dehydrogenation of acetaldahyde, formaldehyde and benzaldehyde 
has been studied* xhe enzyme solution, buffer and hydrogen peroxide 
were introduced into the Barcroft vessels and the substrates were 
added from the side vessels*

l )  Loc. cit. 
JU See •p.̂ S
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Tatal3 58. j. ;rp 3re,tur-a= 10.5°.

% c.c. enzyme solution ~7.0Sa•
la. r b . 1 . lia. if:. u c . Ui a . fii'. j

.

|G3
c . G . crean proparation. i r,__ • a, 1.0 1.0 -‘•C 2 • 0 *12 •1J r- r\rJ • id C- 9 4e • O
c . c •ripho sphat e buff or

5 p M.=S.O r\
. • ir • ‘‘J rf w • a r► w • 1J t.'j • 22 C - f~\ o g\ n(-.j 9 ir 2.0

c . c .n H202 
50

■■ .4 2.0 — 0.4 3.0 — 0 .4 2.0
c • c •water 4.5 4.1 ! i* • O 2 • 5 2.1 0.5 2.0 1.0 —

c . c .macetaldohydo T C • 5 0 • 5 0.5 - — — — —

c . c • r f o m  a 1 d ohy d e 'T — — bf * G 0 . O be • G — — —
r\. c .n benzaldehyde 

50
— — — — *- 1.0 1.0 1.0

u gen abeorbed.X 1 “%• £.63 rg .13 D .97 1.6© 1.42 0 • 99 0.7 $ O.ol 0.11.

ina. ]

*1XLC.
100 100 

Time m. fimutes

o

100
Time m  Minutes*.

Pig,.21. The effect of hydrogen Pig.22. The effect of hydrogen
peroxide on the aerobic dehydrogen- g>er oxide on the aerobic deleg
ation of acetaldehyde. l.a. without drogenation of formaldehyde 
hydrogen peroxide, ll.b. with 1X10” and benzaldehyde. l_l.a. form- 
H202. 3b*c. with SaICT̂ ei JS02 jTable aldehyde without hydrogen 
53.) peroxide. l_l.b# with lXlcT mH20 2. _11. c • wi th 5X10”̂  m *H20 2.

Ill.a. benzaldehyde without 
hydrogen peroxide, lll.b. with 
1X10%.H202. 111. c .""with 5Xl6*m 
n202. (Table 5S.).
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-3concentrations of 1X10 rn. hydrogen peroxide have therefore very 

little effect on the above dehydrogenations but a certain amount 
of inhibition is apparent, with 5X10 n. hydrogen peroxide a very 
strong inhibition is noticeable. it is noteworthy that with 
benzaldehyde the inhibition is much stronger than with ih e aliphatic 
aldehydes, for it is also the case that in the aerobic dehydro
genation of benzaldehyde that the enzyme is more quickly destroyed.
It therefore appears that hydrogen peroxide is the destroying factor 
in both cases, it is possible that the stronger destruction of 
enzyme in the aerobic dehydrogenation of benzaldehyde than with 
acetaldehyde and formaldehyde is due to the latter ^Idei^des giving 
peroxides with the hydrogen peroxide and thus destroying its tonic 
effect.

±n the experiments l.c. ll.c. and lll.c. catalase solution was 
added at the end of the experiment®. after the evolution of oxygen 
had stopped, the experiments we® continued for one hour but no further 
absorption of oxygen resulted. xhe added hydrogen peroxide had 
therefore brought about destruction of the aldehydrase, and not only 
the temporary inhibition of its action.

xhe destructions noted by the addition of hydrogen peroxide 
are not so great as must b© expected if hydrogen peroxide is the 
only factor which produces destruction of enzyme, in the aerobic 
dehydrogenation of aldehydes. in the aerobic dehydrogenation og 
benzaldehyde for instance (isxp.lll.a.) no greater a concentration

—3of hydrogen than 1X10 a. occurred. xhe addition of hydrogen
peroxide to this molecular concentration (gxp.lll«b.) although it
had a considerable destroying action, it did not completely destroy 
the enzyme.



It appears that hydrogen peroxide added differs from hydrogen 
peroxide formed in a dehydrog©nation, in its destructive action. 
It is possible for this to be so, for when the hydrogen peroxide, 
is fomed in a dehydrogenation, it must be formed on the surface 
of the enzyme, and so an immediate destruction of enzyme can thus 
occur.

ihese experiments show that hydrogen peroxide has a strong 
inhibiting effect on the aerobic dehydrogenation of aldehydes, 
and it is therefore very probable that hydrogen peroxide is the 
destroying factor in these dehydrogenations.
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Summary.

1. A  further purification of the cream preparation of Wieland 
and Bosenffeldi was carried out.

2m it was fouhd that the actions of the enzymes in fresh cows*
milk are partially inhibited, and that it is only when the fat 
particles of the milk coagulate that the maximum activity is 
attained.

55. The dehydraees of cream preparation were shown to be sensitive 
to evacuation.

4. * u r t h e r  evidence has been obtained to prove that xanthine 
dehydrase and aldehydrase are distinct enzymes.

5. wrea® preparation has been shown to contain mutase, and t©
be capable of bringing about the dismutation of salicylaldehyde 
and acetaldehyde.

8. *!he aldehydrase and mutase of cream preparation have been 
proved identical.

7. xhe aerobic dehydrogenation of aldehydes has been fully 
studied, and has been shown to proceed according to the 
dehydrogenation theory of Wi eland.


