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Synthesis of 1:1'= dicarbazyl.

the oxidation of carbazole gives two dicarbazyls, r.Dp.

2.

o . 3 . :
220° and 265 respectively, ond also an amorphous cocpound. ..

The dicarbazyl of mepe. 220°has been shovn te be WN'-

R .

Q
dicarbazyl "% The dicarbazyl, meps 265 nay be 1:1'-
dicarbazyl, and synthecis ef 1:l'~ dicarbazyl will prove if
this is s0.

3.

was tried using 2t2'% diaminodiphenyl in place of benzidense.

the rmethod used Tor the synthesis of 3:5'= dicarbazyl

Under no condition of experiment could a condensation product

of 2:2'= diaminodiphenyl and O-chloronitrobenzens be isolated.

Method A.

4)

A synthesis has been attempted according to the scheme =

0O O™ — FORC Jz 1)
—mw (O30, — (™8O, m)
¢ ( (NH \/Lujii J Quu//\é_g/“\ _"C ’

le) Porkin & Tucker, J.CeSe., 119, 218 (1921).

2.) Tucker & lLicLintock, JeCeSe, 1927, 1214.
Bs) Tucker, JeCeSe, 1928, 3033,

4.) Compare Ullnann, Abs., 1904, 728.
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The compounds (1), (11) and (111) were obtained, but on reduction
of (111) a pure product could not be isolated, which is due %o

the instability of the amino compound to atmospheric oxygen.

Experimental.

NN'-Di-(2:4~dinitrophenyl )= 2:2'«diaminodiphenyl. (1).

| Bzgidiaminodiphenyl (20g.), l-chloro-2:4~ dinitrobenzene (75ge.)

and dry potassium carbonate (30g.) were heated together with
vigorous stirring, on an cil bath at 140° for Tour hours.
(The potassium carbonate prévents the decomposition of 2:2'=
diarminodiphenyl which takes place very readily at 140° in the
presence of hyfirochloric acld, te give carbazole and ammonia.)
Whilst the melt was stilll hot,benzene (250c.c.) was added and
when cooi, the insoluble portion was filtered off and washed
with more benzene until the inswluble portion was free fraﬁ
1+¢hloro~24+divit vwbenzene.

fhé resildue was mow washed several times with water to remove
potassium chloride amd potassium carbenate, and there resulted
a fairly pure condensatiom product, which melted at 220-2225
(Yield 45g 80%). yhis was oryatallised from benzene, in
which it is mearly imsoluble in the cold, but reasonably soluble
when het, and from which it crystallises in yellow orange crystals,
MeDe 228, This compound 1s Iinseluble in alcohol and ether,

soluble im chloroform, benzene, toluense, :acetic acid and acetone,

(FQUIld: ) 16’30 03481?0@38 requires N-lS.Gﬂ.)
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it iﬁ : ‘

Recent work on the condensation of 2:2'~ diaminodiphenyl
and E#Chbdré#béeﬁﬂ#U©benzene has given differeﬁt results to
these described above }qf Two compounds m.De 1773178°and
21612170are described. the compound mepe 177gi7§>is held to
be ¥EY-Di~(2:4~dinitrophenyl)=R:2'~diamninodiphenyl, but thhs
does not agree with the work described above, where thz mepe
of this compound was found to be 228 ‘the conditions fsed
varied considerably as im the above experiments a ‘larger excess
of l=chloro-2:4~dinitrobenzene was used, potassium carbonate
was present and the experiments were carried out on an il
bathe

work on the cdndensétien of 2iR'-dlaminediphenyl and l-chlero~-
2=nitro~4~@yanobenzene has shown there to be three cempounds
formed (Page 12):= a carbazole derivative, a compound from
the condensation of one melecule of 2:2'~diaminodiphenyl with
one molecule of l-chloro-g2~nitro~4-@yanobenzene, and a compound
from the condensatlon of one molecule of 2:2'-diaminodiphenyl
with fwc molecules of l=chloro-g~nitro~4~cyanobenzene., Three
such compounds are of murse possible with 1-chlore-2:4-
dinitrobenzemé,‘and it is therefore possible that the compound
MePe 177-17¢ is mot as described but is formed by the con=
densation of one molecule of 2;3'-diaminodiphenyl with ene
molecule of l=-chlore~2id~dinitrobenzene., Lt must be meted

that this compound has a similar nitrogen content.

le) Le Fovre, J«GeSe, 1929, 737.



4.
Its melting point also appears to agree with this structure,
as the melting point is lower than the melting point of the
carbazole derivative, which was the case in the amalagous
compounds from the 2:2'=diaminodiphenyl and l-chloro-g2-nitro-
4~cyanobenzene;condensation.

KEN'-Di~(2~amino~4-nitrophenyl )-2:2'~dianinodiphenyl.

the above tetra nitre compound (30g.) (1) was carefully
powdered and added to a mixture of rectified spirits (150 cc¢)
and -88 armonia (50 cecs) in a flask fitted with a reflux.
Hydrogen sulphide was now passed through the mlxture umntil it
was saturated, and them the flask was heated on the water bath
for 15 minutes; allewed to cool, agaim saturated with hydregenm
sulphide and then agnlm heateds Reductlion took place and the
product of reduction dissolved in the alcohol, givimg a deep
red solution. uater the alcohol became saturated amd the
reduced cempound separated as a dark red solid. the inteorw
mittent passing eof hydregem sulphlde and heating was repeated
gix times, after which the contents ef the flask were poured
into water, which precipitated all the reduced compound. The
solid was mew Pilltered eff and the amine extracted as the
hydrochleride by repeated treatmemt with 10% hydrochleric aclde

Frem the hydrochloride solution the free base was pre- |
cipitated with ammonia, and the free base was filtered eff,
dried on poureus plate, anqﬂhen taken up im bemzeme frem which
it orystallised on cooling in small deep red erystals. It was

recrystallised from benzemes It gives small bright red

crystals, mep.125°(Yileld 1gg.: 45%) .
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This compound is very readily soluble in benzeme, acetone,
acetic acid, chloroférm; soluble in alcohol, Methyl akcohol
and ether. Benzene is the only solvent from which it crystall-
ises satisfactorily. (Found: X 18.5, C24H200@N6 requires

X 18.4%).
Di- (5-nitro-1:2:3-benztriazolyl)-2:2'~diphenyl.

the above compound (10g) (11) was dissolved in acetic acid
(50 ccs) and coarsely powdered sodium nitrite (3g) was added
then the whole was heated to bollinge. 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. ¥Thisicompoumd was orystallised from methyl alcohol
in which it is omly slightly soluble (1 in 100). It does mot
crystalllise satisfactorlly from any solvent, since it comes
out as an almost amorphous, yellow powder. sy repeated
crystallisation from methyl alcohol a compound which melted
about 140bwas finally obtained.

This cempourd is very soluble in acetic acid and acetone;
gsoluble 1m berzens and chloroform; and sparingly soluble in
methyl amnd ethyl alcohel. Heated em a spatula 1t explodes.
(Yield 9.5g.:90%) (Found: N,y 23.1. 0248140488 requires
N. 23.4%4)

severai attempts were made to reduce (111) te give (1V).

In all cases the reduction appeared to go but im me case ceuld
a pure preduct be got. Among the methods tried were, using
tin/
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/tin and hydrochloric acid, zinc and acetic acid, a method
using iron amd hydrochlorig acid ?9 » and a method using sodium
polysulphide.

using all the above methods or almost black solid was got
which could mot be induced to crystallise from any solvent,
althoﬁéh it was soluble in most solventa. 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 im pale yellow crystals from acetic
acid. This compound appeared to be the acetyl derlvative,

On filtering off,however,it almost immediately turmed black
in the air, probably due to oxidation.

since the acetyl derivative is so unstable to atmospheric
oxygen, it is only to be expected that the base should alse
be umstable, as acetyl derivatives are as a class much mere
stable than the bases frem which they are derived. ‘this
instabllity must be dué to the large mumber of mitrogen atoms
in the meleculs. 1t is Just possible that the reduction may
alse have reduced the -N=N- group in the molecule, which

certainly weuld make the compound very easlly oxidised.

Methed B.
vhe difficulties emcountered in Method A were due te the

presence of the extra mitro groups. 1these were present emly
to render the chlorimes sufficiently reactive to make the

condensation/

l.) Re Wintorn West, J+CeSe, 1925, 194.
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/condensation possible. 1t has been shown how difficult it is
to get rid éf these groups. 1t i apparent that if it were
possible to use a compound in place of the l=-chloro-g:
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 weghould have an easier synthesis.

l-chloro=2-nitro~4-carboxybenzene was tried, but in spite

of repeated attempts, no condensation product sould be isolated.
1)

according to Brewin and Turner _ . cyano groups activate the
chlorine atem, and it was found that l-chloro-2~mitro-4-
cyanobenzerne condemses with B:S'fdi-aminodiphenyl to give three
distinct products. wune of these campéunds is formed by the
conderisation of one molecule of 232'%=diaminodliphenyl with one
molecule of l=chlore-g=nitro~4=cyamobenzene, one by the cone
densation of one molecule of 212'~diaminodiphenyl with two
molectiles of l~chlero~@-mitro=4~cyanobenzeme, and the third

by the loss of ammomnia from the first mamed compound.

the follewing scheme for the symthesis ef 1lgl'=dicarbazyl

was suggestedts

1.) JQGQSQ"" 192‘, 332,
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the compounds (1), (11), (111) and (1v) were obtained but
the final step could not be carried out, in spite of repeated
attempts and variation of conditions of experiment. 1t is
difficult to account for this failure, but the presence of the
carboryl groups in the molecule may pe the cause.

vompound (111) when heated gave off a gas and a colourless
compound resulted which was not the starting materisl, and was
therefore apparently 1l:1'-di-S=cyarocarbazyl. ‘he yield of
this compound was so small that this method is umpractical,

vompound (1) when hydrolised with concentrated hydrochloric
acid gave a compound which was apparently NN'-di=(2=nitro-4e=
carborylphenyl )~2:2% diaminodiphenyl. when hydrolised with
sodium hydroxide in alcohol solution, there resulted twe
compounds = l-hydroxy-g2-amino=4 carboxylbenzene (due te fissure
of the molecule) and NN'-di(R2-amime~4~carboxylphenyl )~2:2'~

diaminodiphenyl.



Qe
Attempts to remove the carboxyl groups from NN'=di-(g2-nitro-

4-carboxy1phenyl)-2:2'-diam@nodiphen 1 and NN'=di-(2=anino=
4~carboxylph eny])-wle:;:;- W it this appears that
the great difficulty throughout the synthesis is the removak
of the carboxyl groups. in addition/the passing to the
carbazole nucleus appears to be much more difficult than in
analagous compounds, which must be due to stericsl reasons,
Heating of 1:1'~di-becarboxycarbazyl, which could be ebtained
by hydrelysis ef the product of heating of 2:2'dimx(B=cyano~
1:2:34benztriazelyl )=diphenyl, may give l:1l'=dicarbazyl, and

this method appears to be the omly possible means which has mot

been attempted.

Experimental.,

Synthesis of l=chloro-g~mitro-dmcyancbenzene,

L}

the method given by’ulaus and stieb91]9. for the preparation
was found umsatisfactery. 1this method comsists of the mitwation
of the sulphate ef pmchloramilime, or reduction of l=chloro
2¢4=dinltrobenzene, to give I-chloro-g«nitro~deaminobenzene

and the subsequent replacement of the amino group with cyaneo

by Sandmeyer's‘method.b thls gave exceedingly poor ylelds of
1~chloro—B—nitro-4¥cyanobanzene, principally because the

Samdmeyer gave emly a 10% yleld.

lo) Ber, ?_Q_o 1379.
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A method starting with p=chlorbenzoi¢ acid has proved much
better. HNitration gave l-chloro-2-nitro=4-carboxybenzene
which with phosphorus pontachloride gave the acid chloride,
which with ammonia gave the acld amlde, and it finally gave

the cyano compound‘ﬁywktreatment with phosphorus pentoxide.

€1 1 (1 [
(\ N LN Yo ™
\rﬁox(LD \copon(m \Cgl Ew/m,lbll)
—> (u\f .
~

1-chloro-2-nitro~4~carboxybenzene (11).

rinely powdered p~chlorbenzoic acid (25g.) was added to
fumirg mitric acid (48 cc.) amd then the beaker was heated
until all the p=chlorobemzoic acid dissolved. 1the whole
was now poured'into water and the l=chloro~2-nitro=4-carboxys
benzene separated. Yield 86%). This was crystallised
from alcohol m.p. 17¢i1782

Zenitro=4~chlorobenzamide (111).

This compound was prepared by adding the corresponding
acid chloride to ammonia.

an attempt was made to prepare the acid chloride by
heating the acid with a slight excess of thiomyl chloride.
¥o acid chloride resulted because whem ammonia was added mo

precipitate was obtaineds wun evaporation of the anmoniacal
solution/
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/solution a water soluble compound separated which contained
sulphur,. A possible explanation of this is that the thiomyl
chloride reduced the nitro group, ®&nd then condensed with it

3-nitro~4-chlorobenzamide was finally prepared by the
following methodeses l-chloro~g2-nitro-4~carboxybenzene
(50g.) was added to a flask contalning phosphorus pentachloride
(58g.) vn shaking a vigorous reaction set in, and much hydro-
chloric aqid was evolved.  Tthe whole of the comtents of the
flask went into solution in the pheosphorus oxychloride formed
in the reaction. when the reaction had subsided, the flask
was heated on the water bath for am hour and them the phesphorus
oxychloride was distilled off om the water bath umder reduced
pressure. pry carbom tetrachloride (80cc) was added, amd then
the whole of the comtemts of the flask wetre poured imte & large
beasker containing -88 ammomia (300 cc.)e The acld amide which
separated was filtered off, well washed with water, amd then
dried and freed from‘carbén tetrachloride by heating in am opem
basim om a water bath. (Yield 43g.:87%).

the filtrate was made acid With hydrochloric acid and some
unchgnged l-chloro-2=mitro=4-carboxybenzene was recovered.

the acld amlde was crystallised from water, 100 parts water
dissolvimng 2 parts of the compoumd. 1t crystalllises from

0
water ir small colourless needles, me.p. 151—1523
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This compound is easily seluble in alcohol and benzene, |
very sparingly soluble in carbon tetrachloride, and more
soluble in chloroform. (Kound:N 14.1. C7B503N2C1 requires
N. 14.07%).

1-chloro-2-nitro-4~cyanobenzene «(1V)

3-nitro-4=chlorobenzamide (5080) was heated on'an oil
bath to 170 and to the molten amide phoephorus pentoxlde
(75g.) wa.s édded, 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 pewtexide, . . sodium carbomate was
row added to take up the phosphoric acid, and after stamding
for 12 hours the mnitttle was filtered off. 41t was crystallised

from rectified spirits, m.p. 101  (Yield 37g.:85%).

yordomnsation of 2:2'~diaminodiphenyl with l-chloro-genitro~

4~ cyanobonzens.

2t2'=dianinodiphoryl (9g.), l=chloro-2-mitro~4=cyamobenzene
(30g.), dry potassium carbemate (15g.) and xylene (150 cgc.) were
heated together for eighteeﬁ hours om an 511 bath urder a
reflux condemser at 140°with vigorous stirring, varben
diexide was evolved showing that a comdemsation was takimg
placee

‘*he xylene was them distil;ed off, the residue washed with
water to remove potassium salis, amd alcohol (200 ce.) was added
and them the flask was heated om the water bath. the alcoholic

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

The so0lid mow remaining was extracted three times with
benzenre (100 cc), and from the extracts there crystallised out
yellow meedles (B). (Iield 14g). ‘the residue was noﬁ ©Xp
tracted three times with glacial acetic acid (200 cg) and from
the extracts a brick red compound crystallised out (C). (Yield

1.88)0
(a) ﬁ-(Q—nitro—ﬁ-cxanophenyl)-2:2'—diaminodiphenz} - +he compound

crystallising‘frolrthe above alcoholic extract was purified
by boiling with animal charceal im alcochol. it crystallises
in large brick red platee from alceohol 0 o 141 +his compound
is easily soluble 1n«pegz@ne,/acetoge, alcohel, chleroform but
only sparingly soluble im ether. it is soluble im dilute
acids. Heated witp:1Qchlero—2~nitro—4-cyanobenzene it gives
compourds B amd 0. (Foumd:N 17.0« Gl9H1402N4 requires N.17.0%i.
(B)‘!—(a-nitro-d-cyanophenxllcarbazole. - the compound crystall-

ising from the above bemzeme extracte was recrystallised from
benzene from which it orystallises im fine yellow meedles mepe
229% yhis compound 18 seoluble in benzeme, acetic acid and
acetone, but omrly sparingly soluble in alcohel. 1t 18 ine
soluble im dilute acids. (Found:N 13.6. Gl9H1llOEN3 requires

N 13.4%4).
(0) NN'-pi~(2-mitrow4=cyanopheryl)-238'~dlaminediphenyl = the

compound from the acetic acld extract was recrystallised several
times from glacial acetlic acid im which it is soluble onmnly
with/
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Jwith difficulty, and from which it crystallises in brick red
plates mepe. 242°. 1t is soluble in acetone and acetic scid
but omly sparingly soluble in other solvents. (FoundsC. 65.8:
H. 3v4! N 17.9. C26H1604N6 requires C.65.8% H.3.4: N.17.6%).
In the above condemsatiom the ylelds o%&%hree coﬁpounds vary
very much with the cornditions of experiment. The above
described method gives the maximum yield of (0) which was the
desired producte Heating to a higher temperature gives more
of (B) and im the absemce of potassium carbomate the product
is almost all B. with some A. With imefficlient stirring the
yield of @ falls and with meo stirring an exceedimgly poor yleld
of ¢ results. . '

NN '-di~(2~-anino~4-cyamophenyl )~2:2'~diaminodiphenyl.

The above compound (@) (15ge) was added to acetic acid
(50ce.). and iron fii\ings (4g.) wore them added im small portions,
the mixture beimg heated on the water bath.’ The acetic acld
solution became colourless. Meatimg was contimued for half
an~hour after the reaction appeared to stop. Water was added,
drop by drep, to the acetic acid solutiom, until a very slight
permanent white precipitate remﬁ}ned, and then the solutliorn was
extracted with ether. The ether extract was yashed with water
until free from acetic acid,and drled over sodium sulphate.

The ether seolutiom was them heated gemntly and petroleum ether
(80-80°") was added until a slight precipitate was obtalmed amd
on allowing to oéol the anino compound came out im pale yellow
crystals. it was recrystallised from a mixture of ether amd

petroleum/
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/petroleum ether, m.p. 175-190 (with decomposition). This
compound is soluble inm alcohol, ether, benzene;but only slightly
soluble in petroleun ether. (Yield 2.8g% 65%). (Found: N,
20e7. C26B20N6 requires N.20e2%).
Di- (5-cyano-1:213-benztriazlyl)-2:2'=diphenyl.

The aboge compound (2ge.) was dissolved'in dilute hydrochloric

acld (100 cce 10% HO1l) and finely ground sodium mitrite (1lg.)
was gradually added and the solutiom was boiled. After boiling
for ten minutes, and allowing to cool, the so0lid was filtered
off. (1.3g.) This was crystallised from agqueous acetic acid
from which it comes out im small pale yellow crystals.m.p. 2630.
This compound is soluble im acetone amd acetic acid but omly
slightly soluble im alcohol, bemzeme and ether. (Found: N,25.9.
C26H14NS requires n.aa.é%).

DI~ (5-cgrbog-1:2:3-bonztriaxolyl)=2s2'~diphenyl.

The above compound (lg.) was heated at 160° . in a sealed
tube, for three hours, with alcoholic sodium hydroxide (2g.NaOH
im 10cc alcohol). To the products of reaction, hydrochloric
acld was added until acld, and the so-obtalmed white solid was
filtered off. This was purified by makimg the sodium salt agaim
and reprecipitatimg with acid. (The sodium salt is omly very
sparingly soluble im water)., ‘this compound is almost ine
soluble in the comnon solvents, and so camnot be crystallised
from any solvemt. As obtained it is a pure white powder,

wimelted/
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Q
Jfunmelted at 330 . (pound: K.17.4. (R6H1604N6 requires N.17.6%).

Attempts to comvert Di~(5-carbuxy-1:2:3 benztriazolyl)-2:2'-

diphenyl into 1l:1'-dicarbazyl - The above compound (0.5g.) was

heated im a small dry flask with a small flame, and the flask was
kept shakem. The so0lid im the flask blackemed but did mot melt.
After some heating the solid exploded leaving a cake of carbomn,
from which mothing could be extracted by benzene or other solvents.
When heating was stopped before the compound exploded it was

found that no action had taken placee.

The above compound (0.2g) was mixed with soda=-lime (1lg.) and
the mixture was heated as before. HNo apparent explosiom occurred
but on washing with water, drying, and extracting the residue
with solvents, mothing was obtained.

The above compoumd was them heated im wax to 4000. The
compound charred a Iittles Or removing the wax with petroleum
ether, a residue was obtaimed ﬁhich was found.to consist of the
unchanged compound.

The above methods were repeated several times but mo product

of reaction could be isolated.

Decomposition of Di-(B-cyamo-1:R33-benztriazolyl)-2:R'~diphenyl.

Di~(B-cyano=~1:2:3-benztriazolyl )=2:R'~diphenyl (lg.) was heated
for half=ar~hour im a small tube immersed im wax at 3800. Slight
charring eccurred. The product was extracted with acetic acid
and bolled with amimal charcoal. FPFrom the acetic acid selutiom,
a pure white compoumd came out, om coolirg. %This compoumd was

recrystallised/
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/recrystallised from acetic acid in which it was much less soluble
than Di-(5~cyano-1:2:3-benztriazolyl)-2:2'-diphenyl, m.p. 298~
300 . on adding water to the mother liquor unchanged starting

mnaterial was obtained. There was rot emough product for

analysis,

Hydrolysis of NN'=di«(2-nitro-4-cyanophenyl)-2:2'«diamino-

diphenyl - Ni'~dim= (2-nitro=4~cyanophenyl )~2:2'=dianino~
diphenyl (1g.) was heated for two hours with 80% sulphuric acid
(50 cc.)e The product obtained was very soluble in water amnd

was found to comtainr sulphur, which was mot removed by boilimg
with dilute hydrochloric acid. It is apparent that the compound
had beern sulphonated.

Using comcemtrated hydrochloric acid and boiling for two hours
it was found that NN!di-(R=-mitro=4=cyanophenyl )=2:2'-=diamino-
diphenyl was mot hydrolised. Heating to 150° in a sealed tube
with dilute alcohol saturated with hydrochloric acid this
compound was returmed unaltered. Or heatimg to 250° however,
hjdrolysis occurred ard a very deep red compound resulted.

This compound could mot be satisfactorily purified as it would
not crystallise from any of the recogmised solvents. It was
soluble in benzene, acetic acid, mitrobemzeme and acetone.

This compound heated im a wax bath gave off a gas but the residue,
when extracted, with acetlic acld, gave an extract from which me

definite compound could be isolated.
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NN'~di- (2-nitro-4-cyanophenyl )-2:2'=diaminodiphenyl (1g.)

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 im 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 was

recrystallised from alcohol twice, mepe. 1980. This compound
is evidently l-hydroxy-R-amimo-4 carboxybemzeme, which would be
obtained by fissure of the diphemylamine grouping by the alcoholic
sodium hydroxide. (This type of fissure has been previously
noted or similar compoumds.) The reductiom of the mitro

group is also to be expected. The first obtaimned product was
probably NN!'di~ (R-amino-4-carboxyphemyl)=2:2'-diamimodiphenyl.
It was purified by boiling with charcoal in alcohol, and was
obtaimed fairly pure, as a yellowish microcrystallime compound.
Urmelted at 300°. Heated in paraffim it appeared to decompose
as it charred slightly, but mo defimite product of reaction was
isolated.

Method Q.

Azo bemzene gives whem dissolved in ether amd treated with

atomised potassium a compourd which has a formula approximatinmg

1)

to CGHENRK~NKO6HS, CO6HON=NUEHE. . .-

1t/

1.) BGI‘. 1914‘,‘ ﬂ, 4850
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It was thought that phenazone should give a similar compound
which would condense with o-chloronitrobenzene, and make the

following syntheslis possible:=

/

1

KX

s Dy L
‘aliel g@}]

ﬁ?{%m%}ﬂ o
=E R

N/ _/

A purple compound was got when phenazone was treated with
atomised potassium. No condemsation product with this and

o=chloronitrobenzene could be isolated.

Experimental.

rhenazone (Diphenylemeazone).

Azobenzene can be obtalined by the electrolytic reductlom
of mitrobenzene, in good yields. similar reductiom of 2:2'-

dinitrodiphenyl /
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dinitrodiphenyl was tried to prodiice phenazone. Ko reduction
product was obtained.

Phenazone was prepared in the way givem by Dobbile, rox,
and aﬂgge.x%)

Phenazore (2g.) was dissolved im ether (850 cc.) and potassium
(1ge.) was &tomised in toluene (25 cc.). These were mixed
and shaken together, and a purple solid separated which was
probably di-potassium phemazone. o=chlormnitrobenzene (8g.)
was now added and the flask heated under a reflux condemser
on a water bath for half-an-hour. The ether was mow distilled
off and a very little alcohol added to destroy the remaining
potassium. MNore alcohol was added im order to extract the
unchanged phenazone and o-chlormitrobemzeme. No residus
resulted, amd so 1t appeared that the comdemsatiom had met
taken place. The alcoholic solutiom was taker dowm but the
first thing to crystallise out was the phemazome, thus showing

there to be mo condensatidn product in the alcohol.

1.) JeCoeSe, 1911, 1617.
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The Action of Mspthyl Magnmesium lodide on Methyldiphenylene

Acetate. = Acting on methyldiphenylene acetate wiﬂh an excess

of methyl magnesium iodide (4 mols.) ought, according to the
general reactioms of Grigndrd reagents, to give 9=-fluorenyldimethyl
carbinol. Hone of this latter compound could be isolated from
the product of reaction, and mo evidence of its formatiom in

the reaction was obtained. Three compoumds were isolated from
the product of reaoﬁion MePo 1410, 470 and 570 respectively, and .
evidence of the presemce of a fourth compound was obtained as
there was obtained small quantities of an oxime, by treatimg

the product of reactiom with hydroxylamine.

The compound m.p. 141° was obtaimed omly irm Very small
quantities and its comstitutiom could mot be ascertaimned. It
gave mo &éxime with hydroxylamine. The compound m.p. 47° was
fourd to be 9g=methylfluorenme, and it formed the bulk of the
product of reaction. The compound Mm.pPe 37° proved to be a
hydro~carbon, and is either 9=-ethylfluorene or 9-n-propylfluorense.
As the difference im amalysis for these compounds is small, and
the resulﬁs obtained lay betweem those required for 9~ethylfluoreme
and 9-m=-propylfluorene, the exact comstitutiom of the compound
could mot be ascertained. ]

By varylimg the amount of methyl magmesium lodlde used im the
reaction different results were obtained. When two Mols. of
methyl magnesium iodide were used mo compourd m.p. 141’ could
be 1solated, although the yields were decidedly lower: the
remaimnder of the product of reaction was chiefly umchanged

starting/
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/starting material. whem eight Mols. of methyl magresium iodide
were used the product of reaction was almost idemtical with that
obtained using four Mols.

Distilling off the excess methyl iodide after the formation
of the Grigrard reagent, had mo apparent effect on the result
of the reaction, and 9-methylfluorene was still found to be the
principal product. The explanation of the reactioms involved
in this process is difficult. The umexpected results appear
to be due to the active hydrogen atom in the starting compound.
The reduclng action of methyl nagnesium iodide is of course well
established, which is sufficient to explain the formatiom of
compound m.pe. 37°. The formatiom of 9-methylfluorene is mofe
difficult to explaine. Dipherylerme-methyl acetate gives O
methylfluorene by loss of carbom dioxide, but this omly takes
place at temperatures much above those used im the reactionm,
and in the subsequent vacuum distillations. ‘The ketone formed,
whose presemce could omly be shown by formation of its oxime,
was probably 9=fluorene-methyl ketone. The formation of the
compound mepe 141° camnot be expléined since the identity of

the compound has mot beem established.

Experimental.
MethxldiphenyleneAAcetate - ¥luoreme-9-carboxylic acld (20g.)

was boiled for two hours om the water bath, with methyl alcoheol
(80 cc,) contaimimg five per cemt hydrochloric acid. Methyl
alcohol (30 cc,) was mow added, amd om allowing to cool the ester

crystallised/
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Jerystallised out. It was recrystallised from methyl alcohol

m.p. 67°.  (Yield, 18g: 847%).

The Action of Methyl Magnesium Bodide om Methyldiphemylene Acetate.

lagneslum (7g.) was covered with sodium dried ether (45 cga)
and methyl lodide (45ge.) was gradually added, the flask being
immersed in cold water. When the reaction had subsided
nethyldiphenylene acetate (15g.) was added im small pQrtions,the
addition takihg half=an-hour. Durirg the addition much gas was
evolved, and a s80lid came out of solution. The flask was finally
heated for an hour on the water bath to complete the reaction.

When cold the magmesium compoumds were decomposed with dilute
sulphuric acid, ard them the 0il formed was extracted with ether.
The ether solution was dried over sodium suiphate, the ether
distilled off, and the remaimring o0il distilled umder sixteenm
millimetres pressure and was collected between l75°and 185°.
The distillate was put im ice but could not be irduced to
crystallise. A llttle petroleum ether was added amnd on scratching
the sides of the vessel a small quantity of a compound crystallised
out. un purification by crystallisatiom from alcochol this
compound was' obtaimed im fine pale yellow mesdles m.p. 1410.
Whem treated with hydroxylamine it was returmed umchamged.

The above mother liguor could not be imduced to yield amy more
crystals, and the petroleum ether was therefore distilled off.
The o0il was now boiled with hydroxylamine in the usual maxner
for the formation of an oxime, but the bulk of the o0il remained

unchanged, and omnly a very little of am oxime was obtained.

This/
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/This oxime was very easily oxidised by atmospheric oxygen and
a good melting point could mot be obtained.

The olil from the above was now dried by dissolving in ether
and drying over sodium sulphate. It was then distilled im
vacue and fractiomsted. The first fraction (195-179° /lemm)
was redistilled, and the second fractiom (179-185 /lémm) was
similarly treated. The fraction distilling at the lowewr:
temperature was dissolved in alcohol and on keeping in a
refrigerator overmight yielded crystals of 9~methylfluorene
(36780 )

The other fractiom was similarly treated, and after two days
in the refrigerator a very little of a compoumd . . crystallised
oute By adding a little water and placing agaim in the row
frigerator more of the compound was obtainred, This compound
was recrystallised from agueous alcohol by dissolvimg in alcohol
and adding water to the alcoholic solutidn, which was kept at
5°%. unmtil a very slight milkimess remainmed. The solutior was
now heated gently umtil the milkiness disappeared, and them the
solution was put im a refrigerator overmight, whenm the compound
crystallised in fine colourless meedles,m.p. z7°. (Yield l.2g.)
(Found: C,98.5¢ H.7e5. Cl5H1l4, (9-ethylfluoreme) regquires
C92.8: He7.2%. O01l6H18(9-m-propylfluorens)requires ¢ 98.3:

H 7.7%).
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The Dehydrogenating enzymes of milk,
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1. CiE
1)
schardlnger's dlscovery that fresh cows' milk has the property

of dpcolorising methylene blue in the presence of formgldehyde gave
rise to many researches, principally to examine the possibility of
the use of this decolorisation in the deterninatiom of the bacterial
content of milk. It was finally proved by Trommsdorffg)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.

Hilk was later found to bring about the aerobic oxidation of
aldehydes to écide, and the dismutation of aldchydes to acids and
alcohols. H. Wielandg)attributed all three actions = 1. the aerobic
oxidation of aldehydes to aclds, 2. the anaereblc reduction of
methylene blue and 3. the ansereblc diemutation of aldehydes te
acids and alcohols, te one enzyme =~ a dehydrase.

The Schardinger.enzyme has been isolated from milk in varying
states ofsgurity bj #opkins and his school in Gambridge4? by Bach

6)
in Moscow and later in Munich by Wieland and Rosenfeld .

1) ¥. Schardinger, 8. z. Untersuchung.der gahrangs-u. Genuss-
Bakt. mittel, 5, 1113 (1902).

2) 4bl.feu.Paras.,1. 49, 291 (1909).

3) ser. 48, 3327 (1915); 47, 2086 (1914).

4) M. Dixon and S. Thurlew, Bioch,Jl., 18, 971 (1924).

5) B. Sbarsky u. D,Michlin, Biochem, Zs., 155, 485 (19825).

8) Ann, 477, 32 (1929).



1) &
fhe further important biological discovery by Hopkins , that the

Schardinger”enzyme brings sbout the okidation of the purine béses,
zanthine and hypoxanthine, geve rise to further researches on this
ENZyme. the Cambridge and the Moschw schools have produced a
large amount of work on the nature of these enzyme actions, with i
the result that there has been a big increase in the knowleflge of
these actions.
2) A

1the recent work of Wieland and Rosenfeld has definitely proved
the mechanism of the exidation of xanthine and hypoxaﬁthine to uric
acilde. the process is essentially a dehydregenation, the function
of the enzyme being to activate the hydrogen of the hydrated forms
of the bases, t0 render theﬁ capable of removal by an oxidising
agent, the function of which therefore is only that #f hydrogen
accepters the formation of hydrogen peroxide, as the dehydre=
genation thcerys)damands, was definitely proved.

a study has been made of the corresponding dehydrogenation of

aldehydes in order to establish the true nature of the mechaniam

of the process. in this work ample use has been/

1) weG.Morgan, Q.P.Stewart and F.G.Hopkins, Proc. Roy. Soc.Ldn.,
94, 109 (1922).

2) lec. cit.
477, (1922).
3) H. Wieland, Ber.,55, 3689 (1922); Ergebnms. d. Physiel.,




/made of the methods used in the corresponding experiments on
the purinébbaées; | | ~

work has been éompleted to establish the relationship between
the anaerobic dismutation of aldehydes to acids and alcoﬁels,and
the aerobic dehydrogenation to acids, which wielandl)first'showéd
to be brought about by fresh cows! milk with salicylaldehyde, and
which 5aohg)found was also brought about by nis enzyme preparstion
from butter=-milk.,

wxperimental evidence has been gathered bearing on the question
of the distinct nature or identity of Aldehydras® and xanthine
dehydrase, which subject is not yet quite clear. uin addition,
further experiments have besen carried out,which,it is hoped, add

to the previeus kmowledge ef the dehydrogenating enzymes of milk.

"l) 1loc. cit.
2) Ae. Bach, U.K. Wikolajeff, plochem, Zs., 169, 105 (19286).




The General Properties of the Dehydrases of milk and the Question
of the ldentity or Distinct Nature of Aldehydrase and xanthlne

Dehydrase.

Mathod of iegsurement.

The methylehe blue method first used by Thunbergl)and later by
Dixon and Thurlowz)in thelr studies on the kinetics of the dshydrom
genation of aanthine and Eypoxanthine, and still later by Wieland
and Rosenfelésj has be en used. vhis methodAmeasursment is depene
dent on the fact that the time of decolorisation of a given quantity
of methylene blue 1s dependent on the quantity of enzyme present.

+he technique of the last-mentioned authors has been used, and
only one slight modification has been introduced. 1t 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 aereblic dehydrogenation of xanthine
~which is accompanied by destruction of emnzyme.

the convenient standards of enzyme content - Aldehydrase and
Xxanthine Dehydrase, adopted by Wieland and Resenfeld, have also
m

been used. De.4& cc. of 50 salicylaldehyde has,however,bsen used

in the measurement of aldehydrase. <whe unit of quantity/

1) <. Thuhberg, ncand, Arch. Phys.,35, 163 (1917).
2) loc. cit.

3) Loc. cite.



Bof'
/quentity of salicylaldehyde pehydrase therefore, is the amount eof

enzyme, that in the presence of 0.4 cc. 50 salicylaldehyde, at p E =
840, in a total volume of 5.cc., at 57°, decolorises 1 ce.c. OFf

n
T000 methylene blue in 5.0 minutes.

Bnzyme Preparation.

1)
the CGream preparation of Wieland and Rosenfeld has been used

in the ooﬁrse of this worke

the yields of enzymes obtained were similar .to those obtained
by the original authors, and the stability of the enzymes of this
preparation, attributed to the preparation, has been verified. une
preparation when kept 6 months still cohtained 65% of its original

enzyne content.

Further Purification of GQream Preparation.

when a solution of cream preparation was breught éo P B = 5.5,1t
was noticed that a slight precipitatioq;of'protein'oocurred, whidh
incfeased in quantity as the acidity'indreased. ‘the precipitate it
was found contained the greater part of the enzyme, and a method forr
the further purification of the enzymes has been devised, making use

of this peecipitation.

150 mg. of cream preparation was@@issolved in 12 ce.c. of water,

at 37°. To the solution 3.6,6./

1) Loc. cit. : *
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o] _ ;
/3.C.C. of & acetate buffer, p B= 4.5, was added and the solution
shaken for two minutes at 37°._ the precipitéted prbtéin was centr&-
fuged off, and was wasghed once with 10 c.c. Of distilled water to
which several drops of the above mernt ioned buffer had been added.
The solid w@s again oentr&fuged off« The, thus obtaihed, paste was
dissolved in 10.:2.ce. OF %b phosphate buffer, p B= 8.0, in which it wa:
easily soluble.

the results of three typical purifications are given.

Pable 1.

A. B. C.

Dry welght of cream preparation

used. 150 mge 150 mge 150 mg.
X. | 81.0 81.0 8&.8
Tota} dehydrase content. Sa. 28.7 057
ry welght of product. 2.0 mg. 556 mge | 570 mge
Totzl dehydrase content. X. B2.9 67 .2 745
} Sa.23e7 24:0 2545

A preparation is thus obtained which is twice as active as the

cream preparation. 4in the process abeut 20% of the enzymes are lost.

This preparation contains very littls 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 unsatisfactery/



The adsopption of the whey mnzymes by p.gaclin and p.Alumina.

7 uixoh‘and Kadomaljobtained«a'purification of the anZymes of whey
by dissolving the precipitatevobtained by half saturating whey with
armonium sﬁiphate in water, and aWsorbing the enzymes with kaolin
at p H= 5.0, the enzymes were eluted from the kaolin with sodium
carbonate solution. Those authors were only interested in the
xanthine dehydrese. wieland and Rosenfeld2 also studied the
adsorption of the cream enzymes by Kaolin and Alumina.

A study of the adsorption of xanthine dehydrase -. - 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.ce of skimemilk at 37°, 0.5 g. of Birk's Junket Powder,
dissolved in 10 c.c. of water, was added. fhe milk was shaken to
ensure complete mixing of the rennet.‘ %he milk was kept 10 minutes
at 57°,then removed from the thermostéat and 6n cooling the curd set.
The cuéd was broken up with a glass red and the casein was centré-
fuged off. The whey thus obtained contained nearly all the

dehydrases contained in the skim~milk. (2 c.c. skimemilk contained “

2e44X. and 0.89 Sa.: 2 CeCe Whey contained 2.38xX. and 086 5a8.)

1) Loce. cite.

2) Loc. Cite
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To 40 c.c. vhey 0.5 1 acetate buffer, p H=4.5 was added giving a final
P H=560 ‘di)c.c. of a Kaolin‘suspension (1.0 o.c.=50'ﬁg. kaolin)
made up to 24 ce.c. with water, was added and the mixture was shaken
for 3 minutes. 'the kaolin was now centréfuged off, and the solution,‘
~after being brought back to p H=8.0, with %b armonia, was measured
for xanthine dehydrase and aldehydrase. <this was repeated using
increasing guantities of.adSOTbent. All adsorptions were carried

out in ecual solution volumes, by decreasingkhe water as the voluue

of the kaolin suspension increased.

Table 2.
o, Kaolin used in adserption. o [ =200 400 [800 ]1000 | 1200

x.in total adsorbed solution. [EB. 3. | 5240 | 372 (279 | 0.8 | 2.5

. adsorbed by kaolin. « 0 1.3 | 16.1 |25.4 |45.5 | 50.8
. ¢ adsorbed. 0 204 30.1 4"7.3 106 95.3

Sa. in total adsorbed solution.fpl7. 8 181 | 14,3 | 845| 2.7 0.8

Sa. adsorbed by kaolin. 0 1.7 3.5 | 043161 | 1740

% pe. adgorbed. i . 0 9.6 1947 [ERe3 [SBe0 | 9545

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

The adBorption with 200 mg. of kaolin brought about very little
adsorption of enzyme, but a distinct purification of the whey
resulted, for it becane nmuch clearer. <Fhis adsorption appears to
remove principally the heavier protein bodies, with which the do=
hydrases are not associateds  PRor experiments with whey it is

therefore advisable to run this preliminary adsorption.




the kaolin centréfuged from the expsrinent where 1000 mg. of

to stand for 10 minutes.  The kaolin was agoin centré#uged off

n
roolin was used, was treated with 10 c.c. BO anmonia, snd allowed

and again eluted with ths same anount of a monia solutions

twvo slutions were measured for the dehydrases after being brought to

m
p H.=8.0 with T0 acetic acid.

Fuble 3.
1st BElutione. gnd Elution
X. Eluted. 52 27
*X. in original whey eluted. 08 Sel
Sa. Eluted. - - 2e8 l.2
7 Sa. in original whey eluted. 123 67

A very ikcomplete elution of the dehydrases from the kaolln is
therefore obtained. The elutions are moreover, the same with both

the dehydrases, for the difference found is within the bounds of the -

exp erimental error.

B. Alumina.

To 10 ce.c. of whey, at P.H.=5.0, which had previously been

adsorbed with kaolin (200 mg.kaolin to 40 c.c. whey) 15 mg. of

alumina contained in & c.c. of water was added.

The solution was

shaken for 3 minutes and then the alumina was centrefuged off.

solution after being brought to p M.=8.0 with 10 amnonia, was

measured for the dehydrasess. ‘this was repeated with increasing

gquantities of alumina.




rl.alunina wsed in adsorption 0 15 20 45
¥. in total adsbrbed solution 119 Se5 5a0 4.0
x. adsorbed by aluming 0 3ed 69 7 e9
/X adsorbed k 0 | 28.6 5840 6685
Sa. in totzl adsorbed solution 4.2 Bel Ced 1.8
sa. adsorbed by alunmine 0 lal ] 1.9 2e%
’ 3a adsorbed . 0 | 26.2 45,3 57 20

As with ksaolin no distinct preferative adsorption of either
zenthine dehydrase or aldehydrase is noticabie, although a slightly
stronger adsorption of xanthine dmeliydrase was perhaps obtained. The
diffzrence recorded hdwever, is not great enough to denote a définite
difference in the adsorptions. 7
Attempts to slute the dehydrases from the alumina with %b ammoniea

vere unsuccessfuloe

the above adsorption éxperiments with kaolin and alumina'must be
regarded as evidence in favour of the identi;y of xanthine dehydrase
and aldehydrase, for no distinct differencesin the adsorptions bj
either kaolin eor alumina were obtained, and further the elutions of

the two dehydrases from kaolin were similar.

The increase in Enzyme Activity of Milk.

in the course of this work it was noted that milk obtained fresh
from the cow had a'very low dahydrase content, measured with méthylane
blue, but that the activity increascd 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

naximum activity for several weeks.




1l.

rable 5. 3ilk po.l. (6. %X1.1929.)
oyurs after milking. 2 8 30
X. contalned 1B 1 c.c. 0.76 094 PINE)
Sa,., contalned in 1 CCe 1.07 - 1.10
Teble 6o  1ilk ¥0e1ll.(21.1.1230).
Hours after mllVlng 4 28 52
n.contained 1 1eCCo 099 3045 SebH
Sae. contained 1n 1 c.cl leld 1.41 1l
voble 7. 1ilk ¥0.111.(30.1V.1930).
Hours arter milking 4 7 10 26 51
X. containe  in 1 C.Ce|0e®B | 1401 | 1,18 | 1480 | 2470
Sae contzlned 1In 1 c.cl0e75] 0079 0«86 1.08 | 1.08
Table 8. Milk No.l¥.(l.V. 1930).
Houre after mllklng 4 26 51 100
x. contained In 1 C.C.] 0476 1.14 2 50 2+60
Sa. contelned 1n 1 CeChOe74 - 1.04 .03
Table 9. Milk No.V. (B.V.1930).
ours after milking 4 9 29 50 73 98 170
X. contained 10 1 C.C.| 042 [Oe78 |0e03 | To1D | 1.80 | R.I8]| ZeIB
Sa. contained 171 1 C.ClhOe6% |0e78 078 - - 087 -
Table 10. wuilk No.Yyl. (17.V1.1930).
ours after milking 4 11 29
X.contained 111 2 C.C. 1657 Relb 4.16
Sa . contalned 1n 2 CeCl 1.29 1.66 1,75
Toble 1l. Kilk No.Yll (20.V1.1930)
Hours after milking 3 7 11 28
e CONTaiNed 1N 2 CeCe 1,29 1.62 T.02 4.556

the milks 1 ~ V1 were obtained from the Veteégry Oollege attached

to uunich University. The milks 1 and 11 were from one cow.

The milks 111, 1V, V, and V1 wepe also obtained from one cow, but

a different cow than milks i and 11. The milk V11 was from one

cow and was obtained from an entirely different source (Nederling}‘
Tn all the cases the milks were treated immediately after milking
that the

with thymol, and in milk V toluene was also added, so

increase/




12.
/increase in activity camnnot bo attributed to bacterizl action.
Yorz of the a.bove'mil}ts were artificially ‘oooled.i sefore each
neasurenent the nilks were shaken until homogerfpus, s0 that true

semples were obtzsined.

S

Y

2.0

Dehydrase Activity
S

& |

50 100
Time in Houwrs

Figels The increase in enzyme activity of nilk on standing.

1¥X. and 1Vsa., increase in xanthine dehydrase and aldehydrase in
nilk No.lV. (Table 8.) vX.and ¥V sa., @fncrease in xanthine

dehydrase and aldehydrase in milk No. V. (Table 9.).



The mlilks examined vary censiderably, both in thé aﬁount of the
increase and in the time the milké take to reach the maximum ace
tivity. All the milks however, show a very big increase in xanthine
dehydrase, and a smaller yot apparent increase in aldehydrase. The
increase in xanthine dehydrase activity goes slowly at the start
and increases in velocity affer some hours. This increase in énzyme
activity is a property of all milks, forumilks obtained from different
cows, from different quarters, and at different seasons of thé,yeqi, %

all showed thils phenomenon.

uilks from various sources got at different times, have boeen found .
to have very similar maximum dehydrase actikvitlies. Nine milks out of
ten measured have had xanthine dehydrase contents between 2.,18X dnd |
270X in 1 CeCa fﬁe, tenth milk had an abnormally high dshydrase
content of 351X in 1 c.c. The abnormally low xanthine dehydrase

1) v
contents recorded by Wieland and Rosenfeld of 1.45X, 430X, and

1.22X in 2 ce.c. are undoubtedly due to the milks having'been'meaeured?
before they had reached thelr maximum activities. ‘A similar cone
stancy of the aldehydrase contents of various milks has been noted.
From eight milks measuréd, seven had aldehydrase contents between
0486 Se. and 1.10 Sa. in 1 6scss The eighth milk had 1.4l Sa. in

1 cece, and it is Qf,intereét that it was the same milk which showed

s

the abnormally high-xanthine dehydrase content.

1) Loce cite



skim-milks obtained by centrefuging off the cream from full

nilk within two hours of the time of milking were exanmined.

Table 12. skime=milk from 1ilk ]1,(6.X1.1929).
Eours afteor milking Z %3 98
X .CONTainGed 10 © CeCe Tell 137 T72
pa.. contained in 2 C.Cs 0.88 089 -

Table 13. skim-nilk from Milk 1l.(21.1.1930).
Hours after milking 4 28 52
X. contained 1In 2 C.Ce 173 2e45 2050
Sae. cOntained 1n 2 CaCe 0483 094 0+94

A definite increase in the dehydrase activity is therefore also
shown by skimenilk. |

2 g. of cream which had been centrefuged from Milk 111 within 2
hours of milking was made up to 20 ce.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 250 X. to 5.56 X. in

1 c.c. and the aldehydrase rising from 1,51 sa. to 1671 Sa. in 1 c.c.
The cream from milk Y was similarly treated £0 thé above cream.

The increase in dchydrase content was ogrefully followed,

Table 14e wroum from mMilk yl. (17.v1.1930).

Hours after centrbfugin 1] 2 2 | 52 5 8% .
X. conteined in 1 CeCe Pe49 | =~ 1085 | 1453 | ~ 12430
Sa. contalned in 1 CeCe - 1101} - - 157

A large increase in the activitles of both dshydrases is therefore

obtzined, in such cream suspensions. The velocity of the increase

ic much greater than in milk.




Experinents to determine the cause of this increase in enzyme
activity were carried out on Milk V11, which was an average milke.
Like all the recorded milks, this milk was obtained from one cow,
and was not artificially cooled. thynol was added shortly after
nilking. |
Exp.l. Through 10 c.c. of this milk, at room temperattire, pure
nitrogen was slowly led for 3 hours. fhe Xanthine Dehydrase before
and after this treatment was measured. A similar eiperiment passing'
alr slowly instead of nitrogen was also completed.

Ae 1n 240 cece milk before treatment with N2 and air~ 1.29.

Xe in 240 ce.c. milk after treatment with ¥2 ~ le35.

Xe in 20 Cece milk after treatment with air - 1430

the passing of the above gaaest'appears to have inhibited the
normal increase In dahydréee activity, for the’niik bjgétanéing would
have increased iﬁ activitf?l.ss X. in 2 c.c. (This figure is derived
from the graph of dehydrase activity pletted against the time after
milking of the examined milk). |
Expe.2e Through 10 c.c. of milk, at room temperature, air was led
very quickly for 2 hours. The strong égitation caused butter te

be formed. The xanthine dehydrase was measured before and after.

Xe in 2.0 c.c. original milk ; - 1,90
X. in 2.0 c.c. after.passing air quickly - 4,54

A strong increase im activity is thus brought about. The butter
formétion is undoubtedly the cause.
Exp.3. milk was shaken in an atmosphere of air, and alsoc in a
nitrogen atmosphere, obtained by passing nitrogen through the milk
for 10 minutes. fhe milks were shaken simultaneously for 20

ninutes. .




xe 1N 2,0 cac. unshaken milk - 1,90,
Ae 1NN 240 CeCe shaken with air - 454
X. in 2.0 ce.c. shaken with N2 - 4,85
¥o definite butter formétion vwe.8 apparent to the naked eye, but
under the microscope the shaken milks were observed to have much
bigger fet particles than the unéhaken milk, and therefére shaking
produced a coagulation of the fat particles.
EXp. 4s 240 ceCe Of milk was treated with nitregen for 5 minutes.
The milk was novw boiled in vacuum at 37°for 2 minutes. The vacuum
was released with nitrogen and reevacuated, agd again released with

nitrogen. The, thus-obtained, oxygen-free milk was shaken vigerously
®

on a machine for 60 minutes.

Xe in 240 c.ce original milk - 2408
X. in 20 c.c. after evacuation = 2.04
A. in 240 ¢.ce. after shaking : - B&70

ihe experiment definitely proves that oxygen plays no part im

enzyme activity. Bvacuation as above has no effecte.

*

unly one explanation can bé.given to explain the phenomenen.
The enzymes contained in milk 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. a8 the
nilk 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 forCéd from the fat, z2nd are thus capable ef exarci.ﬁh-a,,,'Z
ing their normal activities. wsrisk agitation causes coagulation |

of the fat particles, anqkherefore accelerates the normal increase

in activity.



Milks obtained from thres different dairies and measured
within 6 hours of milking, contained 4.35 X, 5415 X. and 5,00 X.
in 2 ce.c. respectively. 4ll the milks when kept 2 days showed
no tendency to increase in activity. the activities shown
compare with the maximum activities of the other milks examined.

The law demands that milk for sale be artificially cooled.

The nmilk vhen obtained from the cow is immediately brought to the
temperature of tap water (106) by allowing it to flow slowly
hrough coolers. A milk obtained from the Veéinary Collegge
vhich had been cooled in this way measured within 3 hours showed
5400 X. in 2 c.c. and even after 2 days was found to have re-
nained unchangeds

this artificial cooling of milk causes the increase in dehydrase
activity to go very much more quickly than it normally does. In
% 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
milke. 4in this cooling therefore some change in the physical state
of the fat particles eccurs.

The Effect of various Factors on the Dehydrases.

A. The effect of the concentration of substrate on the reaction
velocIly of the dehydrogenation oi Xanthine and sSallcylaldehyde.
Tho reaction veloclty in the presence oif both substirates.

A. Xanthine.
1) 2)
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 amd verified.

1) Bioch, J1, 18, 976 (1924).
2) Loc. Cit.
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Xenthine dehydrass hazs sud a strongyaffiniﬁy for its substrate
thet the maxinum activity is reached a2t very small substrate con-
centraticns, 1the addition of more substrate reduces the velocity,
probably due to the adsorptive blocking of the enzyme.surface by
zanthine molecules, at & certain concentration an activity is
reached, which 1s 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.

the cffect of substrate conentration on the reaction velocity
has b2on studied with three different amounts of cream preparstion.
The experiments were done by the methylene blue decolorisation

method, at p f.= 8.0, 37°, in a total volume of & Gace -

Table 15.
goles Xanthine 1215° [2x10° | #x10° | ex10° |.6X10 | zexio
.1n 10 mg.cream pre=
parations: 4.55 | 4.00 | 5.37 | 3.03 | 74.92 1487
Xe 1N 745 Mg.Crear pre=
paration 3018 |2.88 | 2.15 1265 | 1.24 120
. in 5 mg. cream pre=
paration 2.22 | 2.02 | 1.62 1.02 | 0.79 ? 2.74
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Flg.2. The effect of substrate concentration on the activity of

xanthine dehydrase. l. 10 mg. cream preparation, lle. 7.5 mge.
cream preparation, 1ll. & mg. cream preparation (Table 15.)>
B. Salicylaldahyde and p.anisaldehyde.
The effect of concentration of Salicylaldehyde on activity of
aldehydrase in oreaﬁ preparation has formerly been madel. This was

repeated using skimemilk as enzyme material. pH.=280, 37, volume=J§cc.

Table 16 |
1moles sallicylaldehyde | @X10 © | 4X10 | 8X10 0| 1.6X10 3 |B.RX10 3|
Sa.in c.c. skim-milk 0.R8 606!. 080 0.78 050

A similar series of experiments were carried out with p.snis-
aldehyds. the sklm-milk used was slightly more active than that
used for the salicylaldehyde experiments as 8 c.c. contained 0.94
Sa. a8 compared with 0,80 Sa. in the former milk. p H.=8,0, 37°,

total volume = B C.Ce

Ta.l_aj_Le 17 — -
oles p. anisaldehyde 4X10~° | 8x10 ¢ 1,6x107° 3.2410°°
JA. in 2 C.0. Skim-milk | Oe25 0+40 048 0.46

1) neWieland and nse.Rosenfeld, Loc.clt.
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V. ¥anthine and Salicyleldehyde.

In th2 hope of sho }w at Xenthine dehydrose and Aldchydrase are
:lotinet enzyrmes, expsrincnts vere carried out with nized subsirates
Tor chould tkhe Zuzimes be distinct thoen in the presence o both
substrates both enzymes should function and thus show increased
zetivities with methyvlens blue.

the Tollowing experiments were carried out with egual aquantities

\LT‘, dl’alk)un

1

the effect of

Salicylaldchyde (Table 158).

1.

Ani

saldehyde

of crouwn preparation (10 ng.) o D m.=%2e0, 37 , in 2 totwl volume

¢ B CaCo vhe substrates were 2di2d with the methylence blue.
Teble 18.

oles Xontiine  foxi0*] 2xic | ex107%f sx107 2x107 oxio-t

10165 Solicvialdensde 0 | 2X10-Y 4x10%] . X Xi075.2X10~

Dehydrase cotivity

5.38

5100

4,54

3057

3023




" mable 19.

$

5x1077

foles Xanthine 58107 | 5x10| 5410 5x107
p'oles Salicylaldehyde | 1X10~¢] 2X10% €XI0% BXIOW T:8XIU
shydrase activily Be72 | 645 Delb Ze 17 De /0
yablke 20.
lioles Xanthine 0 1x10 | 2x107% 4x107™Y ex107Y 1.6310
froles Salicylaldshydef4aiO C | 4X10 °| 4X10 -9 4X10 °] 4X10-Y] 4%10-0
lgeh;'ar s8¢ ACthlty 1.92 5.40 4.54 3¢50 2e8B Pl
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proceeded, namsl:,

i1t iIs evident however,

inhibits the

that the addition of

nct increcse in dehydrase activity is noted by adding

actlon ol xzanthinc dshydrase,

inhibits the action of aldehydrase.

in the

possible that two partially inhibited reactions

zanthine dshydrogenation inhibited by salicyl-

aldshyde and salicylaldehyde dehydrogenation inhibited by xanthine,

the combined effect of which was to give times of decolorisation’

of methylene blue, comparable with those obtained using only one

substrate.

de

Xanthine and Acetaldshyde.

the following
acetaldchyde together.

blue,

experiment was carried out’using xanthine and

The substrates vere added with the methylene

o
P a.-=8e0, at 37 , in a total volume of 5 cc.
Table 21.
bioles xanthine 2x10 °| B 2x10 ~°
oles Acetaldehyde 0 1X10 74 1X10~4
ehydrase activity 5e72 5+ 56 770

An apparent increase in dehydrese 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 aldeh

ydI‘aBe.

|

PN A ,’
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This experiment is good evidence for the distinct nature of =
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/xanthine dehydrase and aldehydrase.  hould these enzymes be
identical it is difficult to explain how the above obtained resukt
is possible.
B. The effect of sodium bicarbonate on the dehydrases contained
in whey and cream preparatlon. .

1)
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. ihese results have also
been obtained. ‘

10 60 c.c. of whey, 1le6 g. NaHCO was added and allowed to stand
at 37" for 10 minutes. ror measurement the solution was brought to
P ne=8,0 with %’primary phosphate.

Table 22.

X Sa. |%sa.l X. |%X. | Sa. |%Sa.

o0 C.C., WhHOy before NaH(0O)2.65 105 089] 100 [12.05[100 [ 0+88 100
e CeCe W, ey aif'ter NaHO R¢70 10io§*00ﬁ 0919 9603 Qe °

—

80 mg. of cream preparation was dissolved 1n § c.c. of thymol
vater and O.6.g. NaHCO, added. ‘the solution was kept at $7° for
m
15 minutes, and was then bpought to p H.=80 with § K B, P 0, for

measurement.
Table 23.

z. g. S‘. S‘Q
6 c.c. (6 mg) before uancgla.ei 100 1.06 10
E. c.C. (6 mg) after NaHOO, |R+50 7.8 1.08 .

~A very great dlfference between the enzymes in whey and cream
Preparation is apparent, for with cream preparation no destruction
of the aldehydrase was obtained.

In brder to find if the aldehydrase of whey is actually destroyed
by »aHOO, or 1ts actlion merely inhibited, a sample of whey which had
been treated with the above quantity of NaHOO, was added to three/

1) uLoc. oit,.



/three times its velume of pure acetone. The precipitated enzyme
bearing protein wés redissolved in %b phosphate buffer p x=é.o.
Te solution obtained contained 14.6% of the original xantﬁine
dehydrase and only 1% of the originafﬁéehmdrase. ;Ehewyiﬁlds of the
dehydrases are so poor that this experiment.has little valué, but
since the yield of xanthine dshydrase was much greater than alde=
hydrase it would appear that actual destruction ef the aldehydrase
is produced by K&B 00,

1he dehydrases of whey are less stable than those in cream
preparation in other wayse. On standing for 24 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 b§ evacuation.~

G. The Effect of Hydrogen Peroxide on the Dehldraaes
of Creanm Preparation.

The effect of hydrogen peroxide on xanthine dehydrase was
measured by Wieland and Rosenfeldl)and separately by Bernheim and
Dixongz The Method used in both cases was similar. To the enzyme
solution, buffef, hydrogen peroxide and xanthine were added. After
Pssing nitrogen for some time the solutions were evacuated and
methylene blue added. The time of decolorisation was noted and
allowing for the re-oxidation of the leuco methylene blue by
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

iﬁ?ndd?owever, that when the substrate was added with the methylene
0C. Cit

. ) F Beraheim e. M.Dixon , Bioch. J1., 2%, 115(1923),
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[nethylene blue, inste d of at the beginning of the experiment,

that concentrations of hydrogen peroxide of 5X16¢(m. had practically

no effect on the time of decolorisation,

1X10° m. had little effect.

and sven

concentrationsof

The caucse of this great difference

produced by adding the xanthine with the methyiene blue, instead of

ch

at the beginning, 1is a

.

S E

‘o enzyme solution

present inexplicdble.

phosphate buffer, p HR.=840, and hydrogen

peroxide were addede. 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 tire of descolorisation noted.

Table 24.

it} : )
substrate = 0e2 Ce.ce 10 xanthine; total volume = & CeCe; Temp.= 37 o
boncentration of B2082 0 8X10 “m, 1%10 3
» 6.94 5.88 ® *
» Inhiblition by HRB2 - 155 22

Similar experiments were carried out with acetaldehyde as

substrate.

Table 25.

m
substrate = 0.4 ce.c.l acetaldehyde; p H.=8,0; total volume 5 c.C.

Temp = 37 ° .

voncentration of K202 0 5X10*m 1%10°m
Aa. 12.0 IT7 Ry

? inhibition by H@OR ~ 6.0 1163 -

L4

It is apparent that concentrations of even 1X10 ° m.B202 have little

effect on either xanthine dehydrase or aldehydrase, for in the

above experiments the larger times of decolorisation in the presence

.O0f hydrogen peroxide, must have at least been partially due to re

oxidation of the leuco methylene blue by hydrogen peroxide.

90

&« i - o~
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25.

A more careful study of the effect of hydrogen peroxide on the-
dehydrases has been completed. To prevent the measurements being
-dlsturbed by hydrogen peroxide, catalase was added in the following
exporiments, just before the solutlons were measured for the
dehydrases. It was thus possible to determine accurately the
actual destructlion of the dehydrases by hydrogen peroxide.

To 25 mge. oream preparation dlssolved in 8.5 c.c.?b phosphate
buffer,‘p H.=8,0, and 2.5 c.c.%'phosphate buffer pesHe= 840, 5 CeCo
g‘aaoz was added. The solution was kept 100 minutes at 37°. 1
cesc. Of a solution of catalase (100 mg.catalase in BO 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 2.8 c.c. of the solution was used which contained 5 mge
of cream preparation.

This experiment was repeated with diminishing concentrations

of hydrogen peroxide.

Table 26.
voncemtration H202 30 We | 10 me | 10 WM. ] 10°me-] 10 M| O
[«.In 2,2 c.c. solutlon 04+10 1,0 2.26 2eb7 . Z.50 |
fercentage present 59 52-1 8840 100 100 -
TRLER: 8.8 C.C, BOIULIon| 0,002 | 0s72 | 096 | 0499 | 1,08 [1.08 |
ercentage present 9.0 70 6 94l 98.1 | 100 -
Fig.4. The effect of hydrogen
peroxide on the dehydrases of oream
) preparation. 1l. Effect on xanthine
z dehydrase, 1ll. effect on aldehydrase
< (Table 26.)
']
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It is only when the concentration of hydrogen peroxide
reaches 10 m. that destruction of enzyme occurs. At 10 m. the
destruction is almost complete. Xanthine dehydrase is destroyed
somewhat more qulckly than aldehydrase, but the difference is not

great.

The effect of evacuation on the enzymes of cream preparation,
skim-mITk, full milk and whe 8y «

Uream Preparation.

In the estlmation of the enzymes by the‘nethylene blue method,
the solutlions are evacuated for 1 minute in order to remove the
last traces of oxygen from the solution. 1t was noticed that
when the solutions of cream preparations were kept in vacuum for
longer periods, that the time of decolorisation of the methylene
blue became greater, It appeared that during evacuatlon under
these conditions that there occurred either a destruction of
enzymes or an inhibition of their actlons.

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

The following experiments were carried out in order to ascertain
the caﬁse of the change in the enzymes. In all experiments the

same amounts of enzyme solution were used.



EXp. a. Through 1C mge. of cream preparation dissolved in.llcac.
?b phosphate buffer, P B=8,0, and 2.8 c.c.%'phoéphaté bﬁffer,

P H.= 8.0, in a Thunberg tube, nitrogen was passed for 3 minutes.
A microburette, containing a mixture of five parts-ofl%bo methylene
blue to one part of %bo xanthine, was introduced into the rubber
stopper. 1the soclution was evacuated for 1 minute, the vacuum
released with nitrogen, and re-evacuated. A steady stream of
nitrogen was now allowed to enter and 1.8.c.c. of the methylene
blue—xanthiﬁe nixture was allowed to run in. the time of decolor-
isation of the methylene blué was noted. This is the normal method
for the estimstion of xanthine dehydrase, and no inhibition or
destruction of enzyme occurs using this method.

Exp.b. This experiment was carrieéxgxactly as experiment a.

except that, after the second evacuation, the solutlon was allowed
to stand 10 minutes in vacuum, before the addition of the methylgné'
blue-xanthine mixture. whilst standing this mothylene bluéQl
xanthine mixture below the tap boiled and 1-2 drops of this mixture
entered the solution. |

Exp. Q. Nitrogen was passed ﬂhrough the enzyme and buffer mixiture

for 3 minutes, and then a gléss rod was introduced into the rubber

stopper instead of the burette. The solution was evacuated for

1 minute, released with nitrogen, re~evacuated and allowed to stand
- 4

10 minutes,. the vacuum was now released with nitrégen,—the giaas B

rod removed and the bdrette inserted. $he tube was now evacuated .
and the methylene-blue-xanthine mixture immediately added.  Fhis
differs from Exp.b. in that during the long period ef evatiation

no methylene blue~xanthine mixture coﬁld enter the enzyme solution,



ggg.d. Io.the enzyme solution 2 drops of the methylene blue;i
xanthine mixture was added, and the experimeht ﬁas“then cérried

out in the same way as EXp.Ce

Exp.e. 1o the enzyme solution 2 drops of methylene blue was added
but no xanthine. The exXperiment was now carried out in exactly

the same way as HKXD.Ce

Exp.f. 1o the enzyme solution 1 drop of %bo xanthine was added,

and the experiment carried out'in the same way as EXp. Ce

Exp. g. 10 the enzyme and buffer solution 0.2 c.c. %bo xanthine

was added, and nitrogen passed for 3 minutes. 1he solution was
evacuated for 10 ninutes, the vacuum releascd with nitrogen, and

then the burette containing %boo methylene blue inserted. 1he
solution was re-evacuated and then 1 c.c. of methylene blue run

in immediately.

Exp.h. Exp. g. was rqpeated but instead of 248 c.c. buffer solutien
only le8 c.c. was added sad 1 c.c. of a catalase solution(4’?c.;.)
Expe. 1. The usual enzyme and buffer solution was evacuated for

m |
10 minutes and then 0.2 C.c. 100 xanthine was added. wnitrogen

was passed for 3 minutes, the burette containing ?bOO methylene
blue inserte@, the soiution evacuated and then 1 c¢.c. of methylehe
blue run in.

Exp. ko« To the enzyme and buffer solution 1 drop of %b salicylf
aldehyde was addeds MNitrogen 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—xanthiné,’
mixture inserted, the .tube re~evacuated and le2 C.ces Of the

methylene blue~xanthine mixture added.



, ) o E
Exp.l. Z=Exactly as Bxp.k. excopt thet 3 drops of B0 salicylaldehyde
was added instead of 1 drdp. -
Bxp.rie EBxp.l. was repeated but instead of 2.8 c.c. buffer solution
s 1 (2
only 1.8 ceCe was added and l.c.c. of =2 catalase solution CeC 4.

Table 27.

8 b c d e | T h i k m
5.90] 5.08| 5.5212.57 | 5e12 |3.00 Ry 6405 |1.02 13‘.7“26'."73 204

100 | 5547190068140 218760 |54e8 | 58102 J173]303|12.9[49.8

In Exp.b., where 1«2 drops of the mixture of methylene blue and
xanthine entered the tube durins the long period of evacuation,
the enzyme activity was reduced to almost half of the original
activity.

wXpec. shows 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. Ixp.d. shows the effect of the
deliberate addition of this quantity of methylene blue-xanthine
mixture.
Expee. and pxp.f. show that xanthine ls 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
Exp.l. show that salicylaldehyde has a similar effect to xanthine,
but Exp.m. shows that catalase in this case produces only partial
Protection of the enzyme.

Exp.i. is important for it shows that ten minutes evacuatien
Produces some change in the enzyme that renders 1t very sehsitive

to later inhibition by xanthine.



_ 30.
the probable cause of the forsgoing results is the production
of‘traces of hydrogen peroxide, by-the dehydrozenation of the small
traces of xanthihe with the traces of oxygen, which are unavoidably

present, as hydrogen acceptor. the concentration of hydrogen
peroxide thus formed cannot.be more than 10 %m., which concentration
has been shown to be harmmless to the enzymes under normal conditionse.
It therefore appears that evacuation produces some change in the
enzyme that makes it very sensitive to poisoning by hydrogen
peroxide.
| 1)

wieland and Haussmann showed that evacuation of a catalase
solutioh 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 preparstion. the preserving action of catalase may be due
to its power of decomposing hydfogen peroxide, but it is also
possible that catalase prevents some change in the physical state
of the enzyme, perhaps byvfunctioning as a protecting celloid.

A m
Skin-milk. To 2 CeCe OF gkimwmilk 1.8 c.c.b5 phosphate buffer,

D H.=8,0 was added. - Nltrogen was passed for $ minutes and then

a burette containing five parts of 2600 methylene blue to ome part
of 160 xanthine was inserted iata the stepper. The seolution

was Qvacuated for 1 minute, the Vacuum released with nitrogen, rem

evacuated and allowed to stand 10 minutes, as before 1«2 drops of

the methylene blue~xanthine mixture dropped into the solutiene !hé.
enzyme content was now estimated by adding 1.2 c.c. of the nethylene
blue~xanth1ne mlxture.

1) Annyp44s, 181 (1925).
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X % X Sa e 75: S8 e
e CeCe. Srin~-nillk without .
standing in vocuunm 1.908 100 069 100
Pe0 CeCe SkKinenilk alter
10 minutes in vacuun 2e0b 10352 0«69 100

No destruction of the enzymes of skim-nilk t8. thersfore produced
by evacuation under these conditions. the enzymes are arparently
protected by sonething contained in skim-milk., This nay be cotalase

or csome proteciing proteing,

Full 1ilk,
2.0 CeCeo OFf Pull milk was treate: in exactly the same way as
the siim=milk.

" Tabke 29. '

X. g X.

Ce0 CeCe Tull milk without

standing in vacuum 1.49 100
2e0 CoCe tull millt after
standing 30 nins.ln vacuun 1.37 9260

Full milk apperehtly resembles skimemilk in its bchaviour.

2,0 c.ce Of whey, obtained from skimemilk by coagulation of the

casSein with rennin, was treated in the same war ag the skim=milke.
2 o

Table 20 .
X, % Xe
s0 C.C, whey measured without
standing in vacuum _ 2« O % 100
Pe0 C.Ce Whey measured after
standing 10 nins.in vacuun 0 0

The whey enzynes appear to be evenmore sensitive to evacuation

than even those in cream preparation.
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t of galcium Chloride and Apxmmonium Carbonate on the
of Wheye.

+1 was thought possible to obtaln a purification of the cnzynes
of whey by adsorbing them on calcium carbonate, dissolving the
adsorbent in‘aoetate buffer and precipitating the enzymes from this
solution with acetone. A good enzyne preparation was not obtained
by this method, but a more important result was forthcominge. It
was found that the addition of the ammonium carbonate and celciunm
chloride to whey produces complete inhibition of thc xanthine
dehydrase, but has little effect on the aldehydrases. Wwhen,however,
the protein from this xanthine dehydrase inert solution are pres
cipitated by acetone and redissolved the xanthine dehydrase regains
its activity. |

90 40 c.c. of whey, which had previously been treated with 200
ng. o?kkolin to remove the heavier proteins (Soln:A), 8 c.c. of &
freshly prepared saturated solution of smmonium garbonate was added.
2 c.c. Of a calcium chloride solution (1 c.c.=118 mg.ll) was added
gradually, the solution being shaken meanwhile. A heavy precipitate
of calcium darbonat% éeparated. The flask was shaken 3 minutes
and then the calcium carbonate was centréfuged off.

* fhe enéymes in the rémainingisélution (seln.B)were measured. In

the measurement soms: balczum ‘phosphate was precipitated -duie to the

presence of a little calcium in the solution.

m o 5
the calclum carbonate was dissolved in 18 c.c.T acetate buffer,

P B-—4.5 and this solution (Soln.C) was brought to p l.=8.0 wi%h
(‘)Qb Ba

0, and (b) 0 ammonia, for measurement.
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X. % X. S8 e _LZ; S8 e

a0 CsCs 0OF whiey _
(Solution A.) 2458 100 038 100
20 CeCa OF €agd3
adscrbed solution
(solution B.) 0 0 0,815 3508
o0 C.Cc. 0T Call7
solution in acetate
buffer (Solution C.) | De07 2e3 0.19 17.3
brought to p B.=2.0
mith m sodium borate
20
1.0 c.c. OFf Cal03
solution in acetate
buffer (Solution Ca.) | 0.055 | 1.8 0.18 16.5
brourht to P H.=8.0"
vith n arvaonia.
To

The solution B. was also found to be inactive against hypoxanthine.

To B0 c.c. Of solution B. 150 c.c. of acetone, previously
purified by boiling with permangonate, was added. The precipitated
protein wes centréfuged off and washed with a mixture of & c.c. water

and 15 c.Ce acetonec. After dpying in a vacuum dessfcator the pro=

cipitate weighed 560 nge

250 mg. of this dry preparation was treated with 10 c.o.%b phosphat
buffer, p He=8.0 for 15 minutes at 37°and was then centréfuged. The
solution was measured for enzymes.

Table 32.

Xo Z/i . S % Sa-

20 Ce.Cc. Of above
solution. 1.05 ehel 0 +345 212

Solution C. was treated with acetone in the same way as Solution B.
but the solid obtained was found inactive. gkectro~dialysis of
Solution G, to remove calcium salts also brought about destrud ion

of the enzymes.

The Sodution B, therefore oo ntains xanthine dehydrase the action of/*



Jfof vhich is in some way, inhibited. It was proved that ammonium

carbonate is not the inhibiting fadtor,for the addition of ammonium
carbonate to whey produces no inhibition. | |

2 c.c. Of ammonium carbonate solution wzs added to 10 c.c. of
whey and after heating for 10 minutes at 57° 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 édsorbing 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 8.8eCe 0f ammonium carbonate
solution and 2 c.c, calcium chloride solution. After removal of
the calcium carbonate, 5 o.c.%'phosphate buffer, p R.=8,0 was
added, and after being kept at 37°for 5 minutes the calcium phosphate f

was centrefuged off. The solution was treated with three times its

volume of acetone as before, washed once and dried (dry weight=

570 Bg.) 250 mg. of this dyy preparation was dissolved in 10 c.c.
e _

T0 phosphate buffer; p Re=8.0, centrefuged and measured.
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mable 33.

Xe % X Sa. % Sa.

2e0 C.C. WHOY 210 100 087 100
2«0 CoCe sOlution

efter treatment withl 0 0] CebB0S 5840

- a3 _

.75 ce.Ce sO0lutlion

after treatment withi 0 0 0.42 48.3
hosphate buffer

2e0 C.C. solution

pf dry preparation | 0,89 2363 | 00318 20 o 2

The cause of this peculiar effect of ammonium carbonate and
calcium chloride cunnot 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
actibwity. This physical change could be reverséd by redissolving
the protein precipitafied 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 1s adsorbed by the xanthine dehydrase producing a blocking
of the enzyme surface, and a consequent loss in aétivity. wWhen
the precipitated protein is redissolved in phosphate'buffer the
substance would no longer be present. 1t is impossible however,

to say what could produce the adsorptive blocking.

The Question of the identity or distiﬁot nature of aldehydrase
and Xanthine dehydrase. N

whether the dehydrogenationsof xanthine and "alﬁaﬁydes are
brought about by the same enzyme, or whether thgénzymes are dise
tinct in character has not yet been definitely proved. Wielénd
and Rosenfeldl)advanced expe?imental evidence favoﬁrihg the distinct

n§ture of the enzymes. Fhey found that the proportiéns of alde- /
1) Loc.cit. _




~ than the aldshydrases This appears to be possible only if xanthine

| 36, &
/aldehydrase to xanthiné»dehydfase varied with the different samples‘
of milk,-cream, skim-milk, ﬁhej, or'enzymé préparatibn measured.
By adsorption on various adsorpents of these enzymes; these authors
also founq that tﬁe proportions of aldehydrase to xanthine dehydrase
adsorbed, varied, which,of course, is only possible if aldehydrase.
and xanthine dehjdrase are distinct enzymes.

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

The experiments on the adsorption of the enzymes of whey with
kaolin and alumina (p.7) are definifely in favour of the view that
the enzymes are identical, for the adsorption of xanthine4dehydrase
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 ro-

garded as evidence in favour of this view, for although a slightly

stronger destructive effect on xanthine dehydrase was obtained,

the difference was not great.

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

found that the xanthine dehydrase content increased very much more

dehydrase and aldehydrase are distinct. ‘the experiments with mixed

substrates (pe.20) also favour the view that the enzymes are disting
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.31) is inexpliclble if aldehydrase and

xanthine dehydrase are ldenticale.



A general survey of all the experimental evidence which has

- been gathered on‘this> subjecnt points defin-iteiy ‘to' the‘ vi'éw“ that
. the enzymes a‘re distinct in character.' It appears,howéver, that
iﬁey are associat.ed with the same,or similar, proteins, for which
reason they are exceedingly difficult to separate by selective |

adsorption or by other methods.

m.t. .

e AR i | et v a5
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Part L

The lutase of Cream Preparation snd the Question of its Identity
with Aldehydrase.

1)
as was first discovsred by Wieland , cows'! milk has the property

of beinging about the dismutation of salicylaldehyde imtd salicylic
aclid and salicyl alcohol. Under aerobic conditions the direct
dehydrogenation of aldehyde to acid is the principal reaction, but
the dismutation also proceeds to some extent. Undsr anaerobic
conditions the disnutation alone vroceedse

path)found that his enzyme preparation from butter-milk could
also bring about the Usmnizzaro reaction with saliéylalddhyde.

vhe dehydrogenetion and dismutation were attributed by Wieland
to the action of the sane ferment - aldéhydraseo soth 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 hydrogen acceptor. .
" OH) C=0
0y U Hl0) C20

CH, 08) ¢ B CHOH) & e
> GH, 0D + ¢ HJOR)CH,O

The dismutation of salicylaldehyde, and to. a gréater extent of
acetaldehyde, by cream preparation, have been studied. Mutase and
aldehydrase have been shown to be identical as is demanded by the
abdve mentioned theory.

1) Loc. cit.

2) Loc. cite




' 1he Dismutation of galicylaldehydes
. Using cream preparation, purified by precipitation from an aqueous
solution, by acetate buffep P He=4.5, and redissolving the precipitatei‘
in water, an enzyme solution was obtained, which contained so little
buffering materials that it was possible to titrate minute quantities
of salicyllic acid therein, in the preéence of salicylaldehyde, with
béryta.
the addition of baryta to a solution of salicylaldehyde produces
a solution the p H of which is from 8.0 tc 8.4, due to the formation
of the barium salt of salicylaldehyde. It is only in the presence
of an excess o 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 ahd salicylaldehyde,
and after a given time to titrate the excess baryta with sallcylic
acld solution. in the digmutation galicylic acid was formed which
was immediately neutralised by the barium salt eof salicylaldéhyde,;@
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 sélicylic 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 dismutation
| 70 500 mg. of cream preparation disselved in B0 c.c. of water .. .

: m
) CoCoT acetate buffer, p B.=4.,6 was added. After 8 minutes atw;

the precipitated protein was centréfuged off. <This was washed tii#%;@

1

with 10 c.c. of water. rhe precipitate was now dissolveﬂ 1n’ 12 C-Gm
. ,

water and-a few drops’ ef Tb ammonia was added until’%,; “Just alkeline |
to methyl red. 1he solution thus obtained contained 6.1 sa.in 1 c.c.l
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Throu:h 3 c.c. OF this solution (18.3 sa.) in a Thunberg tube,
placed in a thorﬂostat at 37° , nitrogen was led for 3 minutes.

The solution wes then evacuated to boiling Tor 1 minute, the vacuum

released with nitrogen, re~evacuated snd again released with nitrogen.
‘ o
In a strong strean of nitrogen 10 c.c. 50 salicylaldehyde was added
n

and then 1 c.c.20 baryta. the tube Was'kept at 57° Tor 1 houra

oiultsneously with the above experiment a control experiment was
run uBing 3 c.c. of the sane enzyme solution, which had previously
besn boiled for 10 ninutes over a Punsen to ensure complete de-

struction of the enzymes. ‘this control experimsnt was carried out

exactly as the above experiment. 10 the control experiment 2 drops

of methyl red solution was added and then the solution was titrated
with %bo salicylic acid until a slight redness was obtained. the
solution from the experiment ﬁith unboiled enzyme solution was now
titrated with %bo salicylic acid until the same coloration was
obtalnede. tvhe difference in the titrations gave the amount of'%bo
salicylic acid formed in the dismutation of salicylaldehyde.
murther experiments were carried out allowing 2 and 4 hours for
the reactions to procesd. A further series of experiments was carri1

out at 50°.

:able 840

. . , . - . gt
Experiments carried out at 7 , using 18.3 Sa and 10 c.c.Eb salicyl~ .
3ldehyde in a total volume of 14 c.Ce.

Tine allowed at 37° 80 ninutes | 120 minutes | 240 minutea.—]ﬁ
C.c.nm Salicylic acld re- R
100 cquired for control 5.60 560 2«60
C.Coln Salloyllc acid re= ‘
100 quired for exporiment| 5.20 610 41327
C.c.m Salicylic acld formed| 0.40 v 000 0«
100 :
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‘_{’Qb le 35
e A . P, 3 m o
Exporinents corrisd cul ol QO ucing 12.3 Sa. wnd 10mCc.ce. Sallcyl=
2ldhrde in 2 tot: 1 volume of 14 CeCo

Time allowed ot 50° 30 minuvteo | 30 ninutes 120 minutest
c.c.m Galicrllc ~ci. To=- -
Ibo guired for control 570 5,70 : 5.60
C 0. Solioylic Gold To- T
To0 ocuired for exverinent| 5.15 4.35 4.70
c.c.ri_ Snlicylic ccid formed CebE Ceib 0090
0C .
.mw.k S -~

g

B Salieylic acid formed

' — w1 ®
Time w Mnytes . =~ =~~~

wig. 5. BSalicylic acid formed by the diswutation of Salicylal-
. - . o
dehyde usings 13 enzymes of crean preparation l. at 37 (Pable 34).

7 o

11. at 50° (Teble 35).

Th: dismubtaotion of salicylaldshyde is therefore brought about
by tlie cnzymes of cream preparation and crean preparution therefore
contains the mutase contained in milk and in the preparation of Bach.

The dilsmutation proceeds more quickly at 50° than at 37°a

The Dismutation of Acetaldehyde.

In the enzyme solution used in the dismutation experiments with
salicylaldehyde it wns found that small guantitlies of acetic acidb
could be estinated 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 salicylaldehydes. A method was therefore/
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/%hersfore obtained Tor tns study of the disuutetion of acetaldehyd: “
by the creaﬁ prepafatioh~anzmnés; | |
p 5 c.c. of enzyme solution containing 18.0 Sa., in a Thunberg
tube, 4 c.c. of water was added and 2 drops of a 1% alcoholic |
solution of phonolphthalein. Through this solution pure nitro-
gen was passed for 3 minutes, the sojution boiled by evacuation
for 1 minute -and the vacuum released with nitrogen. The solution
was re-ovacuated and the vacuum again releésed with nitrogens. in
& stfong stream of nitrogen 1 c.c %‘acetaldahyde was added and a
micro burette containing %b baryte then introduced into the
-stopper. paryta was added until = very slight coleration occurred
(This required about 0.28.Ce and was due to the unavoidable presande'

of acetic acid in the acetaldehyde.) 04085 G.c. OF baryta.Was.now

added and a distinckt redness in the solution was obtained whidh

ek R

gradually disappeared as acetlc acld was formed by the dlsmutatiqn
of the acetaldehyde. On decolorisation more baryta was added. This
was continued until no further decolerisation of the phenelphthalein
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 decolorise

ation of the phenolphthalein occurred but after: 30 minutes nb further

decelorisation was noticeable. The baryta added in the control oxm
periment amounted to only about 10% of the baryta required in the
dismutation experiments. . In caloulating the amount of thé diféi"g

mutation this was allowed for.
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©
TXP.1l &e G rrizd out ot 37 usis 12 zo. 4o congontretion of
m  acotsldchrac snd e botol velu o7 10 Cc.C.
10
T™hle 38.
ine in minutes. 225) B2 127 (287 | 287 |320 |1260 1470 {1780 {2700
C.71 2Ccaotlce ocid
100 Tound. 0 eb7 0B85 [1eld|1ad2]1e71 2600 GenB | 5e685 5603 % a3
ontrolled =mount
f acetic aclid. 0e627J0650 1074 12a02] 1631 |1e60 |2e98|3e6525[53e5% (3690

BXp.1.ha Repent of Exp.l &

1) 145 298 1140 40 50
0«57 e85 | 1014 5el2 3 e B3
um7 0«50 Je74% 2e7TR e %8

BxD o 7]. Corricd out at 37%using 18 Sa. in = concentration of
n ccetaldehyde an’ & totsl volume of 10 C.Ce
5
Pable 38.
ire in minutes 40 97 155 1200 2700

c.c.? acotlic acid

TOO fTounde. 0 e87 C eS8 1.14 4,13 4.46
pontroll ed amount
of acetic acid. 0627 0630 0.7 |- 3.78 4.06

d

i

.

etic Q¢

A

c.c i

1000 - 2000
Time i Minutes

Fig., 6. The fornmation of acetic acid by the dismutation of

m
acetaldehyde using crean preparation. l. a. With 10 acetaldshyde
(Table 36) 1.b. ulth 7 aoctaldehyde (Table 37.) 11.with n
acetaldehyde (Table 3 s? 5
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TP el T o 37 woino 13 go. in coene nwvrotion ¢f
= acabnldol tot 1 velu ol 10 c.c.
10 ,
™ hle 36.
ine in minutes. 206 | B2 127 287 |78 S0 1260|1470 [17580 (2700
,C.Tl 2Cotic ocld
100 found. DeB7]10e85 1014 [1ed42]1a7Ll 2600|3036 %65 (536053 |4e30
ontrolled zmount
f &Cetic 8101(3.0 0027 C o 20 Oo74 102 1.31 1060 ~e08 |35 Se5% Se20
ﬁ;}:pol.b. Rep@‘_ut o __’;.."7"0.1 e
able 37,
i3 in naiy 35 145 295 1140 40 50
CaCoit  2COT
Too  © 0eB7 | 0eB85 |1.14 5e12 3 e85
Cenitrolled ’
scetic acll. Ol 0«50 [ 0e74 Ze78 Bbe 48
P . - o . . o
BxXp.1lle Corricd cut at 37 using 18 Sa. in = concentration of
n ccetaldehyde an? & totel volume of 10 C.Ce

wble 38,

irme in minutes

7 | 188 |

9 1200 2700
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1000 2000
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Fig. 6. The fo

acetaldehyde using crean preparation.

(Table 36)
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acetaldehyde (Table 3

tion of acetic acid by the disnutation of
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With 10 acetaldehyde
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T8
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iin mo acetaldehyde (Table 1l.With m
51
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"

Fro: th= b

@]

ve expoerinents it is arporant thot the dlsnutation
of acetaldehyde'proceeded with a diminishing vélo’cify, ‘d.ue to the
' wleted af“ter 4000
minutes. in the experiments l.and 11. thic solutions were measured
_ m o Y
by adding 1 c.c.B phosphate buffer, p He= 8.0 and 1 c.c.%ooo nethrlene
blue, and nmeasurins the time of dscolorisation of the methylene blue.
In ezxperinent l.a. 0+80% of the original aldehydrase was Cfound and in
11, 0.48%. +Fhis shows that the destruction of nutase was a,coomp,an»ied'
by a destruction of aldehydease.
the anounts of the dismutations in the experiients l.a, 1l.be and

11. were sim‘ilar, but the speed of dismutation in 11 Was.greatest -
here the aldchyde concantration was twice that in 1 a. and 1 be

This increase in reaotioxj velocity with increasec in‘ concentration
agrees with the requiremen’bs of the dehydrogenation ﬂleory.

| other experiments exactly the same as experiments 1 a. and."l b.
were carried out. After vérying times during which the dismutation
had been allowed to proceed, the amounts of aldehydrase present 1n're:ae
- - n
estimated, by adding 1 Vc‘.o.% phosphate buffer p He.=8.0, 2eC.Ce Tooo
methylene blue, and measuring the time of decelorisation. For each

determination a complete new dismutation experiment was necessary.

Iable 39.

Watatioh resction 20’ | %00° 1080’
of original aldehydrase found presentsd.® | 39.8 15,2

areful comparison of the results with the destruction of mutase

as shown in the graphe 1 a. and 1 b., [Fig. 6) shows definitely that
the destruct ion of al@ehydrase and mutase proceed at very simllar

8peeds.



At the beginning 6f the reactions there appear to be big de- o
atruotions‘of enzyﬁes; due, apparently; to tihie presence bf.tréces of
oxygen, for the graphs sﬁéw that the rate of“formation of acetic
acid &uring the first 60 minutes is abnormally high. the only
reésonable explanation that can be tendered, is that}traces of oxygen
cause the dehydrogcnation of acetaldehyde, which type of dehydrogenatior
proceeds very qukckly and whiohlisbacoompanied by a big destruction
of enzyme%) after a short time all the oxygen appears to be gsed up
and the dismutationsthen proceed normally. 4 destrud ion of enzyme
amounting to B0-35% of the total is apparently brought about in the
early stages of the experiments by these traces of oxygen.

the destruction of aldchydrase subsequently 1s directly proportional |
to the acetic acid fermed, which in turn is proportional to the amount
of mutase destruction, so that the destructien of aldehydrase and

mutase proceeds at similar speeds, which seems only possible if mutase

and dehydrase are the same enzyme.

The Effect of Oyanide on (a) the Anaerebic drogenation of
Acetaldanlde with Methylene blue, (b) the diemutation o?fAceualdenlde.

(a) The anaerobic dehydrogenation with methylene blue.
2)
vizxon measured the effect of the addition of HCN on the dchydrow

genation of acetaldehyde using methylene blue as hydrogen accqptor.

Results similar to those obtained by Dixon have been obtained uaing

oream preparatlon.

o 1 C+C. Cream preparation contalnlng 10 mg. dry preparatieﬁu

80 much E'phosphate buffer, p He= 8.0 was added in order to givo a 1

final solution of & c.c. nitrogen was paseed for 8 ninutoe and then/
- @

1) See pe4d. g) Bioch, J1. 21, 840 (1927).

A e . -
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/ulen ths solutlion was sevacuated Tor 1 minute, released with nitro~-
gen, re-evacuated and thén a miiture of methylene bluse, acefaidahyde,
and HCN which had previously been allecwed to stand 15 minutes to allow
time for the formation of cranhydrin, and which contained 1 o.o.%boo

m n
methylene blue, 0.8 c.c.? acetaldehyde and the quantity 10 HON
required to give the desired cyanide conementration, was run in, The

time of decclorisation of the methylene blue was taken. The

Q
temperature was 37 .

Table 40.
& i m m
Jyanide concentrationy O 1000 Boo 250 . 100
PFER 4,08 | 4,00 | B.6% | 2098 2el%
~ % Ade 100 Ol | S5e8 | 7365 87 60|

n _
To00 Cyanide has therefore no inhibiting action on the ansercbic

m
dehydrogenation of acetaldehyde whilst 100 has only a very small
irhibiting action. .

(b) The Dismutation of Acetaldehyde.

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

the effect of HOR on the dismutation of acetaldehyde by cream
preparation has been studied. Lt has been found that %bo HCN has
& considerable inhibitingleffegt but §b0 HON has 1ittlo effec@.

the experiments were garried out in exactly the same way as in the
previous dismutation experiments. %’acet&ldahyde and:%b HCN solutions
were mixed in the preoportions required to give the desired aoatalddhyéi

and cyanide concentrations in the final selutions. ”rhisvmixture iéa

allowed to stand for 16 minutes before being added te the anmercbic
seluttion of enzymse. the further proceedure was iiaétly-as“in'the

foregoing experiments.
1) piochem. Zs., 166, 454 (1926).



pxperiment 1. gontrol experinent.

]
Carried out at 37 wi

47.

th 18 sa.

Concentration of acetaldehyde =m . Total volume=10 c.c. No HCH.
10
Teble 41.
vime in nminutes 35 145‘7 205 1140 40 50
c.c.g_acetic acld Tound 0«37 0.88 1.14 Bel? 3e88
100
ontrolled amount of acetic
acid. |o.27 | 0.50 0474 2472 3 e48
gxp.ll.a. Carried out at 37°with 18 Sa. Concentration of acctaldehyds
315' goncoentration of HUN=B00. wotol volwie = 10 C.Ce
Tebhble 42,
vire in minutes 45 130 300 1200 2700
C.C. 1 ACELLC acid Tound pDeby 085 T.14 Sel & % o G
180
bontrolled armount oi acetic
acid. On27 0«50 0074 Lo 3002
EXpell.be wmepeat of ll.a.
Tine in minutes 35 1 120 1140 4050
c.c.mm  acetlic acid Tfound 057 0«85 285 3067
00
sontrolled anount of acetld
acid, 0-87 050 2-45 5.27

kxp.lll.a. Carried out ot 37°with 18 Sa.

Concentration of acetald

-m . vyoncentration of HCK = m Totzl volume = 10 ce.Ce
*T0 Tco. = :
Table 44,
vime in minutes 30 75 9200 1500 4350
C.C.11 GC6LLC acid tound [0«b7 |Oe85 T.14 T.42 1.82
100
Lontrolled amount of acetlc
: 2cide |0.27 {04850 0.74 1,02 1e42
BXpelll.b. Hepeat of lll.a.
Table 45,
Tine in minutes 35 90 1000 2000 4350
C.Coll acetic acid Tound 0.57 | 0.85 l.s14 le43 1l.78
100
bontrolled amount of
acetlc acid. 0.27 | 0450 0e7% 1,03 1.36




48. .
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1000 2000 3000
Tiwme, m Minutes :

Fic. 7. the effect of c3ﬁu1i3 on tho disputation of acetzldshyde.

l. with no COyanide (Table 4ls) 1ll.a. with500 cyanide (Table 42.)

m
111l.a. with To0 ¢yanide (Table 44.).

p,:

a coemparison of the effect of cyanide on the anaerobic dehydro-
genation with methylene blue, and the disuutation of acotaldehyde
m
shows that the effects are very similar. 800 cyanide has very
m
little effect in both reactions, but 'ZITOO has, in both reactions,
an aiparent inhibiting action. The inhibition of the dismutation

1s somewhat stronger, which is most probably due to the much longer

time that the snzyue is under the influence of the cyanide.



The aerobic dehydrogenation of acetaldehyde.

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

To the enzyme solutlon 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
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
pink witn paryte. A strong stream of coz-fregf;vas then passed through
the solution, and %0 baryta was added as the phenolphthalein was

decolorised,

Exp.l. wvarried out at 37 with 18 Sae Concentration of acetaldehyde=
m . ‘total volume = 10 c.cC. .

T&ble 460 —

rtime In minutes 9 18 ) [ 169 410
c.c.m acoétlc acld

100  found. 0e57 | 0e85] 1.14 | 1.4R 1,71 | 1,60.
Lontrolled amount
of acetlc acid. 027 0e50! 0.7¢ 1,08 l.31 1,40,

x], ] 1400
1L

3

D

£

cﬁlO

=

S

5

20.9]

]

=3

S

100 200 300 £00 500 600

Time in l‘lmutes —

slg.8. Aerobic dehydrogenmation of acetaldehyde. l. sXpel.(Table 48.)
1lexxp, 1ll.(Table 47.)




Expelle nepeat experiment. as Expe.l.

Table 47,
iime In minutes E 14 32| 97 ] %0 1400
c.c.m acld found
T00 057 0.85 |1.14 ledR 1,71 177
vontrolled amount o
lscetlic acid. 1 027 0«50 0474 | 1,08 1.31 1le37

the above enzyme solutions after the aerobic dehydrogenation
wollld proceed no further were made oxygen free, by the usual method.
more acetaldehyde was added and the solutlions were kept at 57" for
18 hours. wo further formation of acetic acid could be detected
and the solutions no longer contained mutase.

a comparison of the aeroblic dehydrogenation of acetaldehyde and
the dismutation shows that the aercobic dehydrogenation goes very
nuch more quickly and is complete in several hours, whilst the
dismutation goes very much more slowly and requires several daya
to reach completion. 1the acetlc acld formed by the dismutation
is almost three times that produced in the aerobic dehydrogenation.

Bachl)found that more salicyllic acld resulted from the anaerobic
dismutation of salicylaldehyde than in the aeroblc reaction, using
an enzyme preparation from butter-milk, "1eland2)found, worklng
with raw milk, that the aerobic reaction produoedlthe more sallicylic
acld. the production of the greater quantity of salicylic acld in
the aerobic dehydrogenation of sallcylaldehyde with milk, 1is
apparently due to the kmown protective actlons of oaialase and
casein on the enzyme, allowing the enzyme to functlon for a greater
time,

1) Loc. ocit,

R) woc. oit.
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The Question of the Identity of Aldshydrase and Llutaseé.

the foregoing experiments must bé regarded gs definite proof of
the identity of aldehydrase and mutase. <he three following pleces
of experimental evidéncé appear to be conclusive,
l. In the diemutation of acetaldehyde it has been showm that there
is a gradmal decrease fn mutase and an equal gradual decrease in -
dehydrase content. purther when the dismutation would proceed no
further, it was found that no aldehydrase, necsured against methylene
blue, could be found. that is, that as mutase functions there is a |
gradual destruction of not only mutase, but dls§ aldehydrase.
2. 1n the aerobic dehydrogenation of acetaldehyde it ﬁas found that
when aldchydrase had been destroyed, that the enZyme solution no
longer contained mutase. ‘Therefore the functiening of aldehydrase
not only brings about the destruction of aldshydrase;, but alse mutase.
8« The effects of cyanide on aldehydrase, measured against methylene
blue and the effect on the dismutation of acetaldahyde are very
similar. . '

The mechanisms of the dismutatien and aerebic dehydrogenation
of aldehydes are therefore most probably the same, both being
dehydrogenations of the hydrated form of the aldehyde; in the
dismutation another melecule of aldehyde is hydrogen acceptor whilat
in the aerebic dehydregenation oxygen plays the part of hydrogen

accepter.
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Part 3

The Reacticn Mechanlsm of the Aerobic Dehydrogenstion of

Aldehzdes.

in the aerobic dshydrogsnation of xsnthine and hppoxunthine, it
1)
wag shown by Wieland and Rosenf=1d that the reaction is a true

dehydrogenation. Une molecule oﬁ oxygen gives with one molecule
of xanthine, one molecule of urigfﬁzd one molecule of hydrogen
peroxide.

it has been shown that the aerobic dehydrogenation of &ldchydes:

proceeds in the same way, being true dehydrogenations.

- AOH ,OH
070 B0y (T =2 —(Lo THO
\H

The formation of hydrogen peroxide has been proved both directly
. . L

and indirectly.

The destruction of enzymes in the aerobic dehydrogenation of
Xanthine, sallcylaldehyde and acetaldehyde; and Eée protective
action of Catalase theéeroon. _

1t has been noted by seweral observers that in the aerobic
dehydrogenation of xanthine and salicylaldehyde that a désiructioh
of ehzyme occurs. Catalase has been shown to protect the enzymes
in the aerobic dehydrogenation of xanthine, the function of catalase

being to debompose the destruct ivm hydrogen peroxide formed in the

reaction as it is formed.
vhe actual destructions of aldehydrase and xanthine dehydrase
brought about by the aerobic dehydrogenation of the above mentiened

substrates havebesn measured. For the fifst time the ef?ect of

catalase on the aerobic dehydrogenatlon of aldahydss has been studied.
1) Locecite
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FXpels 40O 4 C.C. Ccrec praparsition sclution contaiﬁing Beld X
n
and 2,14 Sa. ST C.Cuy '3 c.c. 5 phosphate buffer, p H.=8.0 were
added gnd 1 TUC xenthine. the sclution was shaken for 15
- minutes in air at 57°. 1 c.c. of a catalase colution (1 c.c.=

sclution kont at

S

2 ng. catalase properstion) wes added and the

]

f 57°for 5 nminutes. The xanthine dohydrase and aldchydrase were
now measured with nethylenc blue in the usual way. OCatslase was
added to destroy the hydrogen peroxidse formed, which,because
of its power of oxidising lenco methylene blue, would interfere
with the cstimations.
Exp.2. Uarried out as Exps.l, only 0.5 c.c.%bo xenthine added,
and 3.5 c.C. g‘pnonﬂhate buffoer D W.=R+0, in order "o keep
solution volumes the sane.
Exp.3. To the same quantity of enzyme 3.5 o.c.%'phosphate buffer,
P He= 8.0, and 0.9 o.c.%b salicylaldehyde were added. The selution»
was shaken in air for 15 minutes at 37°. 1 c.c. of catalase
solution was added and after § minutes at 37 the enzymes were
measured. |

m v
Exp.4. Uarried out as EXp.3, only 0.6 c.c.25 acetaldehyde added
inétead of B.5 c.c.%b salicylaldehyde.
Exp.B. To 4 c.c. of the same enzyme solution 3.0.0.%‘phosphate
buffer, p H.= 8.0 and 1 c.c. of catalase were added. 1 cec. %bo

xanthine was now added and the solution shaken under air fer 20
mlnutes at 37O. The enzymes were then ﬁeasured.

EEE;_' Carried out as ExpeBs. Only 0.5 c.cC Eb salicylalddhyde
added instead of the xanthine and a oorrespondingly greater
quantity of pheosphate buffer.
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n

Exp.7. yarried out as Exp.5, only with D5 c.c.B acetaldehyde

and no xanthins,

Table 48 .
Mo 'y <%20 5. é_: 5.~ 60 7‘
11l 2.25 CoCofle80 [5e@4 [0e77 | o238 | 487 [2e538 |4asl?

e original X. PB5eR2 B7.0 [15.0 | 4645 | 950 | 4942 |9540
2.1N 225 CaCRO 85| 145|052 le56 e B4 1.50 240
original Sa..] 3563] 60 o‘1 21.6 | 8448 | 970 B8Re3 |99 46

A wery 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. vatalase 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 dehygdrases, for the protective action of cat;lase nust be due
to its destroying hydrogen peroxide as it is formed. With
acetaldehyde it appears that hydrogen peroxlde is alone responss
ible for the destruction of enzymes. With salicylaldehyde it
appears that two facteors are responsible, for catalase only
partially protects the eﬁzymes. It is very probable that salicyl=
aldehyde itself has a destructive action on the enzymes because
6f its pnenelic 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 fermed.

The Effect of Methylene blue on the aerobic dehydrogenation ef
Salicylaldehyde and Anisaldehyde.

Leyco methylene blue has the property of reducing peroxides,
and therefores baecense ef thise property should have a similar/



56,

/similar protective action to catalase on the enzymes, in the aerobic

dehydrogenation of aldehydes.

in the Barcroft apparatus enzyme was shaken with saltdylaldehyde

and anlsaldehyde with air, +he effect of the addition of methylene

blue to this aerobic dehydrogenation was studled. in all the E

following experiments the enzyme was added from side vessels so that

[—

the reaction was followed from the beginning. +the temperature was 87%

.

Table 49.
leA. T.Be [ IT¢A. IT.B. | TTI.A.[TIT.8.] IV.&.] IV.B.
C.Co.CI'oaM . 360 3.0 30 360 30 3.0 306 il
reparation.(3sa) | (3Sa) | (35a)!| (3Sa) | (4Sa) |(4Sa) | (4Sa) |(4sa) i
CsC.m BBl
cylaldehyde|1.0 | 1.0 | 1.0 | 1.0 - - - - |
«C.ll PhO8= i
hate buffer 3.5 3¢5 4.0 4.0 leb 1,6 2.0 20
=8¢0
C.C.N methyj
IOO 005 0.5 - - 005 005 - -
ene blue
Xygen abe :
Borbed x10°M§0476 | 0o80| 0e35] 0438] 1.47 | 1.47 | 0.78 | 0480
=
i
Q
1
-
2
=
[
®
7
Q

salicylaldehyde and anisaldehyde.

blue,

blue (Table 49.)

e qime in Minutes ) L o
Fig.9. The effect of methylene blue on the aserobic dehydrogenation of

200

300

leA. Salicylaldehyde with methylene
1leA. Sallcylaldehyde without methylene blue.
aldehyde with methylene bluee.

llleA. Anis~

1Ve.A. Anisaldehyde without methylene

g
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The protective action of methylene blue in the above re-
actions is very strong. This protective actlon is most probably

due to the action of methylene on the formed peroxides.

The Aerobic Dehydrogenatlon of aldehydes and the effects of
oatalase and cerous hydroxide on the Dehydrogenations.

The estimation of 208 using Ce (OH).

1)
Wieland and Rosenfeld first used cerous hydroxide for

the estimation of the hydrogen peroxide formed in enzymatlc
reactions. The method of estimation of the ceric peroxide
formed, used by the above authors has beeﬁ?iroved. The method
formerly used was to add potassium lodide and sulphuric acid

t0 the cerlc peroxide and titrate the liberated iodine with
thiosulphate. Only about 60% of the expected quantity of
hydrogen peroxide was found by this method. Using pure ceric
pebtdxide a similar deficit has been obtained, the cause of which
has been traced to the interaction of ceric salts and: hydrogen
peroxlde giving oxygen. Even in the presence of potassium

lodide this reaction camn proceed.

2 Ce(0H), 008 2= 20e™ + U0, +°-
20 + 1,0, 20e™ + 0t -~
Because of this secondary reaction no accurate estimation of
ceric/

1) Loc. cite. .
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‘/ceric peroxide is possible by this method,

1wo methods have besn found to give fheoretical results in the
estimation of pure ceric peroxide. The addition of permanganate
and sulphuric acidl)to the ceric peroxide in the Barcroft appar-
atﬁs and estimating the oxygen evolved, gave theorctical results.
The second methed used was to decompose the ceric psroxide with
acetate buffer p B.=4.0, in the presence of catalase. The catalase

destroyed the hydrogen peroxide as it was formed and the reaction

proceeded thusi=

2 (ol0R), 005 — R Lo + 02 -~

The ceric salt was now estimated by maling strongly acid with
sulphuric acid, adding potassium icdide and titrating the liber =
ated lodine 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 ceric peroxide in the presence
of enzyme, due to a strongevelution of gas resulting from the
action of permanganate and sujphuric acid on enzyme preparation
ltselr.

Fhe catalase method has given good results in the presence of
oream preparation,

From the enzyme solution the ceric peroxide and the adsorbed
énzyme were centrefuged off. This was washed once with water.

SRR ) R. Schwarz. u.H.Giese,z.a.CH.,1768,217 (1928).
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fo the precipitate 3 c.c. of a catalase solution containing 4
mg. catalase per c.c. and 3 c.c.%'aoetate buffer, p Be=4.0 were
added. +vhe mixture was kept for 1 hour at 57oand the brown colour
of the ceric peroxide pradually changsd to the yellow colour of
ceric salts -~ oxygen was evolved. A Tew dpops of potassiun iodide
solution was added and then sulphuric acid until the solution was
- strongly acid. After allowing to stand 1 minute at room temperw
ature the liberated iodine was titrated with ?bo thiosulphate
solutions

. ~ -5
Using this method it was found possible to estimate 1X10

H202, the experimental error being less t.an 10/.

The Aerobic pehvdrogenation of Acetaldehyde.

The absorption of oxygen in the aerobic dehydrogen/of acetalde=
hyde was measured. the influence of catalase on this reaction
and also that of Ce(On)3 were studied. Y¥he experiments were
carried out with cream preparation at p He= 8.0 and 10.5: which
temperature was maintained by running a strong stream of tap. water
through the thermestat. The enzyme solution was in all cases
run in from a side vessel, so that the absorptions werezfollowed

from the time of mixing. ‘ . i
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'!‘&ble 50 e
Exp.l.a, 1llea. and 1lll.a. carried out with one enzyme solution.
Expeleb, Il.b. and 11l.b. with a different solution. remperature=
10e6°
1. 11, 111,
e De Be Do J_a.. ;.P'
c.C.cream preparation 1.0 1.0 [0 1160 1.0 1.0
(7858 )|(84558 )|(7e252 J (6558 )K7.258)| (Be5Sa) |
o.c.§_aceta1ddﬁ§ae 0.6 0¢85 o5 ] Oe Oe
c.Co.catelase solution
(4 mg/c.ce) - - 2¢0 2,0 - -
°'°'%b°°m(soa)3 - - - - 240 20
c.c.m Na,B O, - - - - Re0 B0
c.c.m phosphate buffer
P _H.=8,0 2.0 | 2,0  [2,0  [8e0 - -
C.Co WaLOY 2eb 45 2e 25 25 3
DXyzen absorbed & 10 Me 320 | 2.98 (308 |2.61 2471 | 1.86
n%gz found by estimation - - - - 2e3 1.68
% theory X 107My - - - 86 91
E original aldehydrase
ound at end of Exp. - 6 - 100 - -
|
50 B Tt
= = b}
v ma g
2 < 1
< 3 |
=t 220 o
2 Z , 2
I <2 H
o S !
[ - i
3 < {
5 |
s o q
oLy gﬁp , ;‘
- ;
A i
(@]
100 200 300 100 . 200 30

. Twe w Miautes
Fig.10. The aeroblc dehydrogenation rig.ll. Repeat of experiments l.a.

Tune 1 Minutes

of acetaldehyde. l.a.with phosphate ll.a.« lll.a.using less ferment.
buffer alone (TabTe 50.) 1ll.a.with I.b. with phosphate alone. ll.b.

catalase.
0. )

11l.a.with ue(OF);(Table

with catalase. 1lll.s.with 03_(03)3
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In the dehydrogenatlon of acetaldehyde in the absence of cerous
‘hydroxide ahd cétalase (Exp.;,a. and‘},b.) there is a destruction of
enzyne és 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 5% of the original enzyme was found in the
solution by estimation with methylene blue. |

In the presence of catalase (Expe.llea. and 1l.b.) the oxygen ab-
sepption broceeds 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. ihe cause of the difference between the
experiments with and without catalase must be due to the formation of
bhydrogen peroxzide in the dehydrogenation, which in the sbsence of
catalase brings about the destruction ef enzyme, but which in the
presence of catalase is-immédiatély decomposed before it can affect
the enzyme, 1he greater velocity of oxygen uptake at the start

shown in the absence of catalase is not due to the ddhydrogenafien

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.

the experiments with cerous hydroxide (Expla. and Explb.) prove
definitely that hydrogen peroxide is formed in the aerebic dehydro~
genation of acetaldshyde. As the experiments proceeded éhe white
cerous hydrexide suspension gradually changed to the yellow-brown
ceric peroxide, due to the interaction of cereus hydrexide and. the
hydrogen peroxide formed. the estimation of the hydrogén peroxide
fbrmed was done by centrefuging off the cerium precipitate, washing

i1t once with water and estimating the ceric peroxide present by the/



61,

' /the catalase Hethed previously described. fhs hydrogen peroxide
foﬁnd was nearly fhé theoretical éuantityvrequiréd 5y the dahjdfogan-
ation theory. whe deficiency of about 10% is most probably dué to som:
hydrogen peroxide réacting with acetaldehyde before cerous hydroxide.

yhe speed of the reaction in the presence of cerous hydroxide ié

slow compared with the speeds with catalase and with neither catalase
nor cerous hydroxide. 1his is undoubtedly caused by the adsorption

of the enzyme on the cerous hydroxide, for a similar diminutitn ef

enzyme activity was obtained by adding the same gquantity of cerous
hydroxide to the anaserobic dehydrogenation of acetaldehyde using
methylene blue as hydrogen acceptor. In this anaerobic feaction the
addition of cerous hydroxide feduoed the velocity eof the reaction te
35.,0% of its velocity in the absence of cerous hydroxide.

the aerobic dehydrogenation in -the presence of'éerous hydroxide

proceeds at a practically uniform speed showing that the ceboug
hydroxide has a protective action on the enzyme. <this is évidéntly Ea
due to its combining with hydrogen peroxide and thus‘remeving it from

the solutien.”

The Aerobic Dehydrogenation ef formaldehyde. ¥
the follcwing experiments were carried out in exactly the same way |
a8 the corresponding experiments with acetaldehyde. three times
the enéime quantity used in experiments with acetaldehyde was used .
in these expériments. the enzyme solution was again added from thek

side vessels.
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oxygen from hydrogen peroxide. in these experiments however, there

in the absence of both oatalase and cerous hydroxlde (Pxp. 1.;.
aﬁd 1.b ) there is nggln a very quick destruction of enzyme. unly
% of the original aldehydrase, estlmated by the methylene blue
ﬁethod{ was found at the end of the experiment showing the destruction
of enzyme to be almost mmplete.
With catalase (Exé.;i.a. and 1l.be) the absorption again starts more

slowly than in the ahsence of catalase due to the regeneration of

is a very considerable diminution in the speed of absorption as the
reaction proceeds which was not so in the corresponding experiments
with acetaldéhyde. vhis is due to a destruction ef enzyme in the
dehydrogenation of formaldehyde even in the presence of catalase for

only 26% of the original enzyme was found at the end of the reaction.

It is apparent however that catalase had a decided pretective actien

even with formaldehyde, a8 is shown by the graphs and also by 08=

timation of the enzymesdat the end of the reéctions. this destructien
of enzyme in the presence of catalase is prsbably aaus%d.by a poiscni
action ef rormaldahyde iteelfy on either the catalase or more prebably
on the aldehydrase. | . £
ihe experiments with cereus hydrexide (Exp.lll.a. mnd 1ll.bs) e
a very :trong rosemblance to the cerrespending experiments with
gcetaldé;}de. ~ ahe formation ef a yellow~brown coloration preceeded
with the"absorptien ef%oxygah, showing the formation ef ceric peroxi&f.
At the end of‘the experiment the ceric peroxide was estimated by the
Gatalase nethod, and the amount of hydrogen ﬁgroxlde this rqpresantnd
was agalin found to be nearly the theoretical quaﬁtlﬁy. Again the- h
deficiency may have been due to the interaction of hydr&gen pﬁi’exidb

and rormaldehyde.,v hi- 1nh1b1tion of the reaction ny cerous hydrexide
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is again probably due to th= adsorption 6f the enzyme on ths cerous
hydroxide, Tor the anaerobic dehydrogenation of Tormaldehyde with
nethylene blus as hydrogen acoéptdr wgs inhibited to Ssﬁ of its
activity by the presence of cerouc hydroxide. thot ccrous hydroxide

has a protecting action on the aldehydrase is sho.n by the unifomrm

speed with which the reaction proceeds.

The Aerobic Dehydrogenation of benzaldshyde.

vhe 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 vwith Tormaldehyde was
used. as eldehydrase has a much greater affinity for benzaldshyde
than for acetaldehyde and formaldehyde it was possible to work with
much smaller concentrations of benzaldehyde. fhe enzyme solution
'was again added frém the side vessels.

Table 52

EXpelefe, llea. and 11ll.a. carried out with the same enzyme solution.
Expelebe, Ileb. and 111.b. carried out with a different solution.

Temperaturs = 10.5%

1. 110 111.
. e Do Se D Qe De
C.Ce enzyme solution [ 3.0 3«0 30 3.0 30 30
I (21.65a)|(10.55a)(21.608)(19.552)(21.682)(12.55a)
C.C.50 senzaldchyde 1.0 1.0 1.0 1.0 1.0 1.0
c.c. catalase solu~
tion Mmgs/eq) - - 240 240 - -
C.C Gey SOu)s - - : - - 240 240
- 80
IC « C o% Balnk 0,7 - - - - 200 2.0
c.c.rp phosphate buffer
5 P HO: 800 .O 2;0 2.0 2.0 - -
c.c. water 2e0 20 - - - =
Oxycen absorbed xl0 M.101 | 0.85 0«80 063 | 1.93 |ledl
M202 Tound by es~
tination x10°M. - - - - 1.35 |1le25
% theory - - - - 74 89
» aldehydrase found
Bt _end of experiment |~ 32 - 78 - -
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Fige.l4. The serobic dehydrogenation Fig.15e Repeat of experients

of benzaldchyde. lsa. with phosphate l.a. 1ll.a. and lll.a. with less
buffer alone (PablefR), 1l. a. with Terment. 1l.bs. With phosphate
catalase (Table 52), 111.a. with (Table B2) 1l.b. with catalase
Ce (OH), (Table 524). - (Table 52), 1ll.be with

Ge(OhbstTable 524)e

- in the absence of both catalase and UQ(OH)S(Exp.A,a. and 1l.b.)
the oxygen absorption starts with a conslderable spéed but the speed
diminishe& very quickly. This is due to two factors; first to the
destruction of enzyme and also to the decrease in‘substrate COY1C Oll=
tration. with‘this experiment the principal of these fuctors is the
destruction of enzyme Tor at the end of the experiment only 327 of
the original enzyme was founde.

In the presence of catalase (Exp.llea. and ll.b.) the absorption
again begins more slowly than in the experiments without catalase
due again to the regeneration of oxygen from hydrogen peroxide.
Azain as the reactlion proceeds a dilminution in speed is noted, but
in this case the principal factor is the decrease in substraﬁe

concentratign. In Expe.lle.a. practically all the added aldehyde was

used up, for 80% of tne thooretical quantity was absorbed and about /



NI

10% of the aldahyde,must héve'gndergone‘the Bannizzérenaétion,
S0 that the aldehydé concentration could not have beem more than
10% of thé'original‘concentration. the anaercbic dehfdrogenation
of benzaldehyde with methylens blue as hydroven acceptof soes nuch
mere;slowly in such concentration of benzald shyde, = jxhe finding
bof 79% of‘the original[enzymé‘at the end of experimant 1lebe
definitely shows that catalase protects the aldehrdrase.

wlth cerous hydroxide (Exp.lllea. and 1l1l1,b.) the fo:mation‘of
hydrogen peroxide in the dshydrogenation was again definitely
found. #he yelloﬁ-brownish coloration of ceric peroxide was
obtained, and the subsequent estimation of the peroxide gave resulté
which agree with the requlrements cf the dehydrOgenation theory.
!he deficiency again recorded is. prvbably due to the oxidatian ef
bentalddhyde with hydrogen peroxid@.w w1th benzaladhyds no 1nhib-
ition of the dehydrase is predueed by cerous hydroxide, which is
peﬁhaps due te the dehydrase having E-3 high‘: a£fini§y toerdnzalde-
hyde than for acetaldahwle and remaz.ﬁ‘f oA

- oereus hydroxide has a stroeng prd}eeting action on the enzyme
for thb roaction preceeded almost to cemplation and the diminutien
2& raactien velocitg.oan be Eﬂlly oxpléined by the diminution in

mej ég’fmtra.te cencmm;usn. ys L
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in the absence bf both catalase and cerous hydroxide (Ezp.i.and
1.b.) the oxygen absorption starts ver& quicklyvbﬁt véry soon stops.
A very quick destruction of enzyme feéults for fhe décrease in
substrate conoéntration cannot explain the stopping of tﬁe reaction,
The finding of only O.Bﬂ'of the orizinal enzyme, at the end of the
experiment, shows that the destruction of Eﬁzyme is almost ocomplete.

with catalase present (Bxpel}.a. and il.b.) the absorption of
oxygen begins more slowly due again to regeneration of oxygen from
hydrogen peroxide. As the reaction pfooeeds the velocity of re=
action becomes less, but not so guickly as in the experimsnts withe
6ut catalaso. the protective action of catajase is proved by the
finding of 347 of the original enzyme at the end of the reaction.
As with Benzalddhyde and farmaldnhjde hewever the prétectien is
not comp;ete. it appears that ealicylaldahyde itself has a
destructive action on the enzyme. the differénce bbtwééh the

expnrlhents l.a. and 11 a. and }.b. and 11.b. are due entirely teo

the amounts of enzyme used. owing to the - aller smounts of
enzyme used in experlments lebe and ll.b. the protective actien of
catalasa is more apparent. |

uiﬁh cerous hydrtxide (Exp.;;%fa.and 111.b.) the formation ef
hydr@gen per@xide was again preved. the amount of ceris peroxide
fangeq in the experiment, was very nearly thas theoretical amdunt
reqﬁi;ed'faf‘ghe ddhydrégenation theory, for in experiment 1lll.a.
87% w;sffeund and in a similar experiment run simultaneously 89%
of tha theoretical was Tound. the protecting action of cereus

hydroxide is very apparent fer in experiment lll.a. the reaction went

:
almest to cémpletion ¥hereas in zxpertment l.e. nha@é nb corwus m%
hydroxide was present, the reaction went to only about half way. "
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the experlments vhich follow were carried out in exoctly the
2 28 those with salioylaldenyae.
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The experiments with Anisaldehyde are very similar te those
with benialdéhyde and salicylaldahfde. in the absence ofrcatalase
end cerous hjdroiide‘(Exp.l,) there is a rapid destruction of
enzfme, as 6nl§ 2§2% of the original éldehydrase was found at-the
end of the experiment.

with Uatalase (Exp.ll.) although a considerable destruction of
‘aldehyégitook place, the destruction was not so rapid, and at the
end 36.5% persisted. the acbual speed of the oxygeam absorption is
agailh less, because of the regeneration of oxygen from hydrogen
peroxide. ihe oxygen abeorbed in Experiment 1l. is the theoretical
guantity. |

with cerous hydréxide (Exp.;;l:a. and 1lll.b.) the formation of
hydrogen peroxide was again.manifésted. The estimation of the ceric
peroxide again gave theoretlcal results. 1the protective actian
of cerous hydroxide is very apparent by comparison ef the experiments
le.and 1118. and 111 b. the oxygen uptakes 1n';;;fa. aﬁd 1ll.b. are
nearlj the theoretical qu&ntity for the aniéiiddhyde added.

the forma£ion’of hydrogen peroxide in fhejdshydrogenation of
five-aldehydes has therefore been proved. 1t must therefore be
teken that hydregen peroxide 1s:always formed in the enzymatic asercbic
déhydrggenatioﬁ"éf’aiddhyHeBQ ihe reaction must therefore proceed
aécording to wieland's1ddhydrogénation theory. iherprotective
actions of catalase ana béréus hidroxide in these aerobic dehydro=
genatlons also agree with the theory that it is hydregen pefoxidé

that is the destroying facter in these dehydrogenations.
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The EZffcct of Cronidc on the rerobic dshydrogenation of aldshydcs.
- 3 3 1)
biologicnl oxidntion postuletes that iron

the Warburg theory of
plays a part in thwe oxidation, i{ acting as ocn oxygon sctivator.

lence in fovour of this theory is that cranide

’T

The principal evid
inhibits scveorel enzymatic oxldations, thich Warburg attributes te
the action of cranide on iron salts. Wiclan: attbibutes the in-
hibitin  action of cranids to its o¢fTfzct not on tho dehydrossnating
enzymes, but on catelarwe, hich is prasent in living cells, and which
acts as a protscilve enzyme to thie dshydrases by decompesing hydfogen
peroxide ag it is forrmed. Ln the absence of catalase there is an

accunulation of hydrogen peroxide, which brings about destruction

0

the effect of the addition of @ anide to tlhie aerobic dehydro-
genation of several uldehydes has beon studieds The experiments
were carried out in the Barcroft apparatus. The aldshydes were
previousiy nixed with the HON solution, and the mixture was allowed
to stand 15 minutes to allow time for the formation of the 6yan—
hydring . The enzjnc solutions were added from side vescelss
Table 55.

All experlmsnts carried ouf with the same enzyme solution (1 c.c.=
3 Tenper re = 10486%, I -~

& b Te Tal b T e 1 &5 | %

¢sCecream preparation 140 [1¢0 |10 [340 | 3.0 3.0 | 3.0 30
c.c.macetaldehyde  Peb PS5 PS5 | ~ - - - -
Ce c.%?or“?lddhyde - - - 0«5 105 P.5 - ~
c.c.in Benzaldehyde - - - ~ - - 1.0 1.0
o.c.%ZHCK |- 0.16 P.8 |~ Pp.18 D& |- 0.16

C‘C-gphOSp.buff.pn=8.0 2:0 260 2«0 2 o0 .0 P.0 6] 2.0
5

CesCewater 4.5 Ke34 B.7 eSS 234 107 20 1.84
OXygen absorbed X105M.| 2028 2048 1.00 D.55 1.0 0.7§Tb.78 0.75 |
1) sioch.zaB471 (1927). ‘
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. ’
the offect of HCN on the %eroblo dehydrogenation by methylene
-~ v . , .
blue, of the above substrates was measured. ithe method used was

to add the aldehyde-cyanidemixture, vhich lad praviously been

e}

allowed to stand, to the methylarc blue,and to add this mixiture
to an anaerobic solution of Wie enzyme, and notse the tins of dow
colerisation. The concsntrotions of aldchydes and cyanide were

exactly the same a5 those used in thie above aserobic experirents.

Peble B57. renperature 870.
Al dehyde. AcetaldehydepFormaldehydes peonzaldehyde
Concentration of Qyanldes O|m [m Ofm |m 0 Im
_{ Boo| Too}  |Boo jT00 Boo
dehvdrase found. 10 5|91 | 63 6'54%.5 {23 . . Red] Lo
» inhibition by cyanide. | = 14 |40 | ~146 |64 - 4

The inhibitions produced by cyanide in the anaerobic and aerebic
dehydrogenations are very similar, in both types of dehyara-
genations, cyanide ha8d8 a much stronger ini:ibiting action wiﬁh
formaldehyde as substrate, than with elither acetaldehyde er
benzaldehyde as substrates. <The inhibitiens preduced.oven with
formaldehyde as substrate are not strong compared with the action
of cyanide on 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
pPresence of formaldéhyde as compared with the other aldehydes, is
difficult to explain. According to Warburg's theory similar
iphibitigns by cyanide in the dehydrogenation 6f the aldehydes
must be bxpeoted, and according to this theory, the cyanide has
an effect on the enzyme itself. 1t is probable that the inhibit ng
action of cyanide is due to an adsorptive blocking of the enzyme
by the oyaﬁige.



| 74.
The effect of hydrogen percxide on the aerobic de;lﬁrogenatlon
of aldehydes. :

In the aercbic dehydrogenation of aldehydes and in s2veral other
aerobic dehydrogenations there is a destruction of enzyme. in the
presence of catalase the destruction is not so great and in several

dehydrogenations (xanthine,acetaldehyde) there is no destruction
1)
of the enzyne. the dehydrogenation theory sattributes this -

destruction of enzyme to the hydrogen peroxide formed in the
3 J g

- dehydrogensation.
the effect of hydrogen peroxide on xanthine dehydrase and
2)e
aldehydrase has already been discussed it was found that

1316§m, B202 has very littlé effect on the anasYdbic dchydrogenations
of both xanthine and acetaldechyde. actual destruction of the
enzymes .was only brought about by concentrations of hydrogan"
peroxide of 10413.
the effect of the addition of hydregen perex1de on the aerobic\
Adehydrogenation of acetaldsehyde, formaldehyde and benzaldehyde “
has been studied. i1he enzyme seolution, buffer and hydrogen peroxide

were introduced into the Barcroft vessels and the substrates were

added from the side vessels,

]) Loc. cit.
2) See p.23
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woncentrations of 1xld§m. hydrogen peroxide have therefore very
1ittle offoct on the aboveldeﬁydrogenatiéns but & certain amount
of inhibition is apparenﬁ. :with ledﬁm. hydrogen perbxide a very
strong inhibition is noticeable. 1t is noteworthy that with
benzaldehyde the inhibition is much stronger than with the aliphatic
aldehydes, for it is also the case that in the aerebic dehydro=
genaﬁion of benzaidehyde thét the enzymé is more quickly destroyed.
Itktherefore appears that hydrogen peroxide is the destroying facter
in both cages. 4t 13 possible that the stronger deétruction of
enzyme in the aerobic dshydrogenation of benzaldehyde than with
acetaldehyde and formaldehyde is due to the 1atter'aldéhgdes giving
peroxides with the hydfogen peroxide and thus destroying its tonic
effect.

in the experiments le.ce. 1lec. and lll.c. catalase solution was
added at the end of the experiments. after the evolution of oxygen
had stopped, the experimentswerse continued for one heur but ne further
absorption of oxygen resulted. the added hydroéen peroxide had |
therefore brought about destructioﬁ of the aldehydrase, and not only
the temperary inhibition of its action.

the destructions neted by the addition of hydrogen perexide
are not so great as must be expected if hydrogén peroxide is the
only factor which preduces destruction of enzyme, in the aerobic

dehydrogsnation of aldehydes. in the aerobic dehydrogenstion of

e i i AN e

benzaldshyde for instance (kxpelllea.) no greater a cdncentratién"k'

of hydrogen than 1%15°m. ocourred. the addition of hydrogen
peroxide to this molecular concentratien (Exp.lll.b.)qalthaughyit L

had a considerable déstreying action, it did net cempletsly déstrey
the enzyme..



It appears that hydrogen'perexide'added‘differs from hydregen
‘peroxide for&ed in s déhydregendtion;4iﬁ ité deétrﬁctieé aétion,
Ip is pbssible for thisuﬁd bé so, for ﬁhen thé hydrogen.peroxide
13 formed in a dehydfogenation, it must be formed on the surface
of the eﬁzyme, and so an immediate destruction of enzyme can thus
~eccur.

these experiments show that hydrogen peroxide has a striong

. ingibiting effect on the aerobic dehydrogenation bf aldehydes,
and it 1s therefore very probable that hydrogen peroxide is the

destroying factor in these dehydrogenations,
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Summary.

A further purification of the cream'preparatioﬁ of Wieland

and Rosenf®ld: was carried out.

it was found that the actions of the enzymes in fresh cows'
miik are paftially inhibited, and that it is only when the fat
particles of the milk coagulate that the maxinmum activity is
attained.

The dehydrases of cream_preparation were shown to be sensitive
to evacuation.

wurther evidence has been obtained to prove that xanthine
dehydrase and aldehydrase are'distinct.enzymeé.

Gream preparation has been shown to contain mutase, and te

be capable of bfinging about the dismutation of salicyléldahyde
and acetaldehyde; B ‘

The aldehydrase and mutase of cream preparation have been
proved identicale. . ' o *

the aerebic dehydrogenatien of aldehydes has been fully
studied, and has been shown te preceed accoerding to the
dehydrogenation theery of Wicland.

i s L



