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A Study ©f the optical Activity of 
some Derivatives of Lactic Acid*



A very considerable amount of research work has been carried 
out on the estets of Tartaric acid with a view to arriving at some 
relation between optical activity and chemical constitution, the 
presentation of the characteristic diagram being one of the chief
results. Lactic acid appeared to offer an interesting line of

/study, since it contains only one/carbon atom, and since many ofA
its derivatives are liquid, requiring no solvent to enable their 
optical rotations to be studied. On the other hand,of oourse, 
their low boiling nature in many oases limits the temperature range 
over which work can be carried out. it seemed desirable to work 
with one asynmetric carbon atom, since the influence of several 
asynmetric units on the rotary powder is as yet little understood.

Patterson and Forsyth studied the optical behaviour of some 
derivatives of Lactic acid as regards the influence of solvents
and temperature change. At that time,however, the work was carried

ofout using light A only one oolour (yellow D light), but on account 
of the interest of derivatives of lactic acid in regard tt rotation 
dispersion, this work was repeated with light of six different 
colours, and some addition derivatives were included.

1) J. 1913, 103 8864.



Optically active compounds of lactio acid have been prepared
in several ways; by fractional hydrolysis of the menthyl esters

X)
(McKenzie and Thomson) ; By the standard method of resolution
using aotive bases suoh as quinine (Jungfleisoh) , Strychnine

3) 4) §)
(Purdie and Walker) , Morphine (Irvine and Patterson), the beet
results being obtained by- the use of morphine and by crystallisation

6) 7)
of the zinc ammonium lactate (Purdie and Purdie and Walker )• The
method adopted for the preparation of the active starting produot
was a modification of the methods of Purdie and Walker, and
Patterson, loo.cit.

The starting material for the work to be described was
commercial lactic acid syrup. The rotations of suoh syrups are
often considerably higher than that of pure active lactic acid
itself, this being due to the presence of lactlde which possesses
a high rotation. It is interesting to note that the lactide may
exist in the cis and trans forms,

CH3 V . °  -  COv
H y N CO — 0 / S H ’ Cti( XC0 —  0 7 V H .

Both the d and 1 lactides obtained from the cis form have been 
prepared by Jungfleisoh and/



1)Sodohot . it will be seen that the trans modification has a pseudo 
symmetrical structure, and can only exifct in the inactive form.
Up to the present, the trans form has not been isolated, the 
cis-trans conversion having proved unsuccessful# It is suggested 
that the preparation of the compound could be brought about in the 
following manner. By the action of ethyl d-chloropropionio acid 
on the silver salt of 1-lactio acid, ethyl d lactyl-l-laotate (T) 
could be prepared, and this on losing alcohol should give the 
trans•laotide (11)

A sample of the commercial lactic acid which showed a reason
ably high rotation, indicative of a fair excess of the d or 1 isomer, 
having been obtained, this was first converted into zinc lactate, 
the impure active zinc lactate being separated off by fractional 
crystallisation, and purified by conversion into the zinc ammonium 
salt# Active zinc lactate cannot be readily purified by crystallis
ation, since the inactive material is less soluble, and comes out 
of solution first# The active zinc ammonium lactate,on the other 
hand, is less soluble in ammonia solution than inactive zinc lactate, 
and under certain conditions can be purified by repeated/

CH. CP Agooc H CH, 0 -  CO V /H
r
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crystallisatlon. inactive zino laotat© forms no double salt with 
inactive ammonium lactate*

The conversion of the zinc lactate into zino ammonium lactate 
was at first done by partly converting the ©rude zinc lactate into 
ammonium lactate by means of ammonium sulphide, and filtering off 
the precipitated zinc sulphide* The difficulty,however, of getting 
rid of excess ammonium sulphide, the sulphur attendant on its de
composition, and the pollution by hydrogen sulphide fumes given 
off by the ammonium sulphide suffered by other supplies of zinc 
lactate in the course of preparation, were disadvantages to this 
method. The zino was therefore precipitated as carbonate with 
ammonium carbonate, and this method was found to be more satis
factory.

Prom the moderately active lactic acid syrup, by means of 
the zinc ammonium salt, methyl lactate was prepared, and from it, 
the methyl esters of x-acetoxyprop ionic acid, *-methoxypropionic 
acid, x-monochloroacetoxypropionic acid, x-dichloroacetoxypropionic 
acid, x-triohloro^cetoxypropionic acid, x-benzoyloxypropionic 
acid, x-o-nitrobenzoyloxypropionic acid, and x-chiorosulphynjl- 
propionio acid, were obtained, and the rotations of these sub
stances examined for six different colours of light over a
considerable range of temperature.

1)Preuderiberg showed that the four hydroxy acids, 1-lactlc, 
1-glyceric, d-malic, and d-tartaric all possess the same relative 
configuration/,
1J Ber. 1914, 2037.



tli© hydrogen atoms, the hydroxyl, and the carboxyl groups attached
to the asynmetric carbon atom having a similar spatial arrangement
on the molecules of these compounds. These relationships were
proved by means of reactions which were known to have no effect
on the spatial arrangement of the groups on the asymmetric carbon
atom. Again, comparison of the rotatory powers of these acids and
their simple derivatives showed them to bear similar regularities. 

1)ulough > by a study of the influence of solvents on the rotatory 
power of these acids, their esters and their salts, pointed out 
the similarity in character. He suggested the method of deter
mining the relative configuration of similar hydroxy acids with 
reference to d« tartaric acid. Wood and Nicholas showed the 
relationship between the position of the region of anomolous 
rotatory dispersion exhibited by optically active compounds and 
the configuration of the groups attached to the asymmetric carbon 
atoms, compounds of A*configuration having the anomaly (when 
realisable) always occurring in the positive region of rotation,
and the crossing of the x axis taking place in one way only., 

da
so that 3x is positive.

The results of this work are in agreement with those of the 
above workers, and show that the lactic acid, which in the 
homogeneous condition is dextrorotatory, but which forms a/

1) J. 1918, 113, 588*
2) J. 1988, 1718.



-6-
strongly laevorotatory lactide, is configuratively related to the 
1-tartrates, and should therefore be called 1-lactic acid# It 
was previously referred to as d-lactic acid# The lactic acid with 
which Patterson and Forsyth worked should accordingly be called 
d-lactic acid, since it was the isomer which showed relationship 
to d-tartaric acid* In this connection it may be noted that the 
configurational sign of the lactic acid contained in all samples 
of the commercial syrup examined (the rotations of which were 
mainly due to lactides) was that of the rotation of the syrup 
itself# That is, laevorotatory syrups contained 1-lactio acid 
in emcees# Although in the experiments recorded in the sequel, 
the isomer that should be regarded as 1-lactic acid was used, the 
sign has been invented in all figures to make the results com
parable with those for the d-tartratfcs #

various suggestions have been put forward for a better nomen
clature for optically active compounds in general# Wohl and 

1)Freiidenberg suggested that 1-lactic acid should be written ^l^) 
lactic acid", but this is open to the objection of ambiguity 
unless the conditions of the positive rotation are more accurately 
stated# It refers in this case to the rotation of lactic acid

9in the homogeneous condition at a temperature of 85 ; for sodium 
light, but at other temperatures, in other colours of light, and 
in certain solvents the rotation could probably be negative#
Again the symbol "d (+)

1) Her. 1983, 56, 309



tartaric11 acid refers to a different condition of the active
substance, being applicable to aqueous solutions of tartaric acid
at the ordinary temperature. in the homogeneous condition, at
about room temperature, ordinary tartaric acid would be probably

1)laevorotatory, at least for red and yellow light • A more definite
t°nomenclature is therefore necessary such as *1 (-fhomoC.-s ) lactic

t*
acid? or *1 (-• p = x [solven^) lactic acid11, but this, though itA.
may be definite, lias the disadvantage of being somewhat clumsy.
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m  Pig* !• are shown temperature-rotation curves for the two 

colours of light, red (X « 6718 AU ) and violet (A= 4358 Alt ), the 
curves for the latter being heavily drawn, and those for the 
former, lightly* Bach set of ourves may therefore be taken by 
itself, uurves for the other colours of light were unnecessary, 
since in all cases examined, they were distributed fairly evenly 
between the two extremes shown. In order to facilitate the com
parison between the lactates and the tartrates, ourves for methyl
tartrate and its monoaoetyl derivative, for the same colours of

1)light, taken from a  recent paper by Wood and Nicholas are included. 
There are three different scales on the diagram. That on the left 
margin above the zero line is applicable to all the curves in the 
upper part of the diagram (including those for methyl-tartrate and 
acetyl tart rate) the scale for the chlorosulphinyl derivative being 
shown on the right hand margin. The scale on the part of the 
diagram below the zero line applies only to the benzoyl and the 
nitrobenzoyl derivatives*

it is apparent from the curves that they resemble fairly 
closely those for the corresponding tartrates, the ourves for methyl 
lactate itself showing the same type of curvature as do those for 
the tartrates. At higher temperature,the curves for methyl lactate 
progress in such a fashion as at least to sufcfeest the possibility 
of a maximum at a moderately high temperature in ^ust the same way 
that the corresponding curves for ethyl tartrate intersect at 
ordinary temperature and proceed to a maximum/

I) J. 1988, 1698.



at high temperature. perhaps some idea of the behaviour of methyl 
laotate at high temperature could be obtained by a study of solutions 
in quin^aline or in other such solvents which are known to have the 
power of elevating the rotation of ethyl tartrate. It will be seen, 
that whereas the methyl tartrate curve for violet light lies below 
the corresponding curve for red light, the opposite is the case 
for methyl lactate, it is however to be noted that the two curves 
for methyl tartrate tend to intersect at high temperature, whilst 
the two curves for methyl lactate tendtto intersect and clearly

0would, at some fairly low temperature in the neighbourhood of -100 • 
In other words, the region of anomalous dispersion for the simple 
tartariChesters occurs at a high temperature, and that for the 
simple lactic esters, if it exists, would be found at a low 
temperature,: ®tx addition the temperature range in the case of the 
lactates would appear to be greater than that of the tartrates.

When methyl lactate is converted into methyl acetoxypropionate,
the change is accompanied by a considerable decrease in rotation,
but the noticeable feature about this compound is that the rotation
is very little affected by change of temperature within the range
under examination. This would point to the presence of maxima
or minima, since it is in the neighbourhood of such regions that 
da
Ix is a minimum.

When the atefcoxy group is replaced by chloroacetoxy, there is 
a slight decrease in specific rotation and the ourves show negative 
temperature coefficients.



With the production of the di-chloroacetoxy derivative, there 
is a further decrease in specific rotation, and the rotations show, 
in part of the range under examination, definite positive temperature 
coefficients in contrast with those of the mono-chloroacetoxy com
pound where the temperature coefficient is negative. From the 
rotation values for the di-chloroacetoxy derivative, it will be seen 
that maxima are shown for all colours of light, the tendency being 
for their occurrence at higher temperature with decreasing wave
length as has been shown to be the case with homogeneous ethyl-d- 

1)tartrate •
Again in the case of the tri-chloroacetoxy compound, the 

rotations all show positive temperature coefficients.
Taken in general therefore, it will be noticed from the curves, 

that whereas the derivatives having considerable negative rotations 
show a rapid increase in rotation —  become less negative —  with 
rise in temperature, those with intermediate rotation such as 
methyl lactate itself, whose curves would probably reach maxima 
at temperatures in the region of 150 , show comparatively small 
changes in rotation. The tendency then appears5that going in order 
through the series methyl lactate, methyl trichloroacetoxypropionate, 
methyl di-chloroacetoxypropionate, methyl mono-chioroacetoxypropion- I 
ate, methyl acetoxypropionate, there is a progression from/ |

Patterson* J* 1916, 109, 1145*



those derivatives exhibiting positive temperature coefficients, 
through those exhibiting maxinia, to those showing negative 
temperature coefficients.

The methoxy and the chlorosulphinyl derivatives had the highest 
rotations of the substances examined, and it will be seen that the 
positive temperature coefficient of methyl lactate is in these 
substances converted into a negative temperature coefficient, the 
rotations rapidly diminishing as the temperature rises, and 
suggesting the existence of a minimum at still higher temperatures.

Again, just as in the case of the tartrates, an exactly 
opposite behaviour is shown by the benzoyl and the nitrobenzoyl 
derivatives. The introduction of the benzoyl radicle lowers the 
rotation greatly at ordinary temperatures, and the curves then adsume 
a form very similar to that shown on Fig.l. for the corresponding

9

lactates in which the curves apparently tend to intersect at high 
temperatures. This behaviouw is still more obvious and pronounced 
in the case of the nitrobenzoyl derivatives.

The curves in Pig. 1. having been shown to possess a behaviour 
in general agreement with that of the d-tartrates, it is for this 
reason that they are considered analagous to those for the derivatives 
of d-tartaric acid, and therefore that the particular set shown are 
those of d-lactic acid. It will be seen that the lactic acid 
syrup which was used in this work, and which possessed in the crude 
syrup a negative rotation?is actually 1—lactic acid.



Taking into consideration all these curves, it would appear
1)that the general temperature-rotation ourves for the lactates 

are very similar to those for the tartrates (Fig#2*) ; at low 
temperatures, the rotations should have high negative values, with 
increasing temperaturd, the rotations should become less negative, 
pass through a region at which they intersect one another, reach 
maximum values, and ultimately tend again towards minimum values*

Fig. 2.

The region of visibly anomalous dispersion was not actually
2)reached in any of the above cases, but it has been shown by ulough 

to exist in solutions of methyl lactate in water. Now it would be 
expected from the appearance of these curves that the intersection 
of the violet and the red curves for methyl lactate, which would 
occur at a low temperature in the homogeneous ester, should come 
into the region of ordinary temperatures in a solvent possessing 
the power of depressing the/
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th© rotation of the ester. Ethylene di^bromide considerably 
depresses the rotation of ethyl tartrate,and therefore, a solution 
of methyl lactate in ethylene dibromide was examined, and as 
ejected, data was obtained which afforded evidence of visibly 
anolamous dispersion. The results are shown in Pig.3.

*7'em perd.tvi'e..
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Characteristic D ih g ra m  fo r  D erivatives o f  d -Lactic  A c id . 
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Fig* shows a. characteristic diagram drawn from data coll@ct@d 
during the course of tĥ | work# In the whole perhaps the results 
do not lie quite so well upon straight lines as has been found for 
many other compounds. This is especially the case for violet light 
notably, but also that for blue requires a decided curvature to fit 
the experimental points.
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The scale in the main part of pig.4, is much too small for the 
data for methyl lactate in the homogeneous condition' and in 
solution in ethylene dibromide,to be represented, and therefore 
a small characteristic diagram for these two conditions is inset 
in the‘ larger one. It will be seen from this that the region of 
anomalous dispersion which is not quite reached on the homogeneous 
ester is reached in the. solution in ethylene dibromide. It appears 
from this diagram that by cooling homogeneous methyl lactate, the 
rotation for green and violet would become identical at the 
rotation value of 4*5*5°which would be the rational zero for 
these two colours.



Experimental. I
several samples of commercial lactic acid syrup from different

sources were examined with a view to obtaining a supply which showed
18°

a fairly high rotation. Samples having rotations of x (100 mm.)-« 
18c c 5461

4*2.41— -x (100 mm.) *-4.27 were received, it being decided to
5461

use that supply possessing the highest negative rotation. Un
fortunately, this material could not be supplied in sufficient
quantity, so a syrup having rotation cc (100 mm.)*—  3»47 was

5461
used. The preparation of the zinc lactate was carried out as 
follows:- 900 c.c. of water having been heated almost to boiling,
750 c.c. of lactic acid syrup was intrdduced, the mass being 
vigorously stirred, ay this means, hydrolysis of the lactide was 
brought about .When the mixture was boiling, 426 g. zinc oxide were 
added slowly with stirring, and the solution was boiled till 
neutral, the bulk of the liquid being maintained by the addition of 
more water at intervals. This process took about 8 hours. The 
solution was then allowed to cool, and the inactive zinc lactate 
which crystallised out was removed by filtration. On concen
trating the filtrate and allowing to stand, the active zinc lactate |
crystallised. The bulk of inactive zinc lactate was extracted with 
several 2 - litre portions of boiling water till the extracts showed 
no appreciable rotation. On concentrating these extracts after |
cooling and removal of inactive zinc lactate, more active salt was |
obtained, this being added to the main portion of active zinc j
lactate. f



-17-
In this manner, about 278 g. active and 900 g« inactive zinc 
lactate were obtained, so that the original lactic acid syrup must 
have been composed of about 62$ of the laevo and 58$ of the
dextrorotatory form. The purest sample of zinc lactate obtained

17°
showed a rotation of <X -*0.S9 (o * 2*5$ 1 = 200 mm.)

5461
The next stage in the process was the conversion of the zino 

lactate into zinc ammonium lactate. 100 go zinc lactate prepared 
as above were dissolved in 500 c.c. water, 40 g. ammonium carbon
ate dissolved in 180 c.c. water were added, and the precipitated 
zinc carbonate filtered off. The filtrate in boiling deposited 
more zinc carbonate which was also removed by filtration after 
any excess ammonium carbonate had been destroyed by boiling.
To this solution of ammonium lactate, 160 g./(40 g. less than was 
required to convert all the ammonium lactate into the double salt) 
dissolved in 750 c.c. water were added. On evapprating and 
allowing to cool, small crystals of zinc ammonium lactate were 
deposited. The mother liquor after being concentrated, was seeded 
with a few crystals of pure active zinc ammonium lactate, and on 
standing further crops were obtained* Mother liquors from further 
preparations were treated in the same manner till no more zinc 
ammonium laotate was deposited. it is important that the first 
crystallisation should be carried out from a solution containing 
excess of ammonium lactate, otherwise, the tendency is for the 
zinc laotate to crystallise instead of the double salt. It was 
also found/
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that solutions of specific gravity 1.20 gave the best yields 
of the double salt.

The zinc ammonium lactate so obtained was recrystallised fromS
dilute ammonia solution !T(120 c.c. being used to dissolve 100 g.

25°salt), till the product showed a rotation of p( (200 mm.) - 1.90°
5461

for a solution of 1.60 g. in 20 c.c. of dilute ammonia (300 c.c. 
concentrated ammonia and 1000 c.c. distilled water; Patterson and 
Forsyth(loc.cit.) From 2 litres of lactic acid syrup, 400 - 450 g. 
of pure zinc ammonium 1 -lactate could be obtained in the above 
manner.

Methyl TLirLactate:
!j ■ i)The ester was prepared by the methods of Purdie and Irvine

- - 2)and Patterson and Forsyth , the zinc ammonium lactate being 
previously carefully dried in an air oven till it had lost a 
weight equivalent to slightly more than 2 mols of water of 
crystallisation. The methyl alcohol had been purified by standing 
over quicklime and by distillation. The pure ester boiled at 47°/ 
15 mm., the yield being 60$.

The rotation of the preparation was then examined as shown 
below. Rotation of methyl l-*lactate.
Densities determined:

t 17.6 0 28.3° 40.4 79.6 #* • 100°
d 1.096 1.091 1.071 1.025 1.002.

1) J. 1899, 75, 484.
2) loc.cit.
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A = 6716 A.U. Red light ( Tj )

t 0° 22.3° r 39.9* ■ " S O * -r 86.05 r 100 6oc(10O mm«] -10.35 10.49 11.16 11.48 11.98 21.41 12.73
-5.76 5.83 6.39 6.70 7.13 7*57 7.05

-CM) ... . -5.99 6.11 6.65 6.97 7.41 7.87 8.27

A = 6234 A.U. Bed light ( A  )

t - 7.5° 0° 22.0° 39.9° 56.7° 80.05* 100°
(X(160 mm. ]-11.75 11.93 12.58 13 • 13 13.72 14.23 14.66M -6.53 6.68 7.20 7.69 8.17 8.68 9.16

W -6.79 6.96 7.48 8.00 8.50 9.03 9.51

A =s 5790 A.U. yellow Light (y.)

I - 9° 0° 21.9° 39.9° 58.7° 80.056 100°
X(160 mm.'-13.18 13.53 14.35 . 15.08 15.73 16.35 16.87

m -7.32 7.58 8.22 8.79 9.36 10.02 10.53
w -7.62 7.88 8.55 9*15 9.74 10.43 10.97

A « 5461 A*li. Green Light (g.)

r ........ - 10* 0 0 21.9 0 39.9 * 58.7° 80.9fc6 ioo°
K(160 mm • 1-14*33 14.09 15.79 16.64 17.39 18.15 18-74

OJ -7.95 8.29 9.04 9*70 10.35 11.08 11*69
-8.27 8.63 9.40 10.08 10.77 11-52 12.15

A » 4918 A*U. Blue Light (b.)

F~ - 7.5° 0° 22 0° 39 9° 58 7 0 80 05° 100°
-16.45 16.90 18.31 19.48 20.56 21.50 22.37

M -9.15 9.47 10.48 11.36 12.25 13.11 13-97
[Ml -9.52 9.84 10.90 11*82 12*74 13.65 14-53
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A = 4358 A*U. Violet Light (v.)
t -10° 0° 21.9° 39.9° 58.7° 80.95° 100°*(160 mm.) 17.49 18.57 20.83 22.58 24.23 25.79 26.99

03 -9.71 10.40 11.93 13.17 14.42 15.73 16.86[M] -10•98 10.82 12.43 13.69 15.00 16.37 17.54
Methyl 1-fc-Acetoxypropionate.

This substance was prepared by adding slowly 32 g. (twice 
theoretical amount) of pure acetyl chloride to 21 g* methyl lactate. 
When the action became quiet, the mixture was heated to boiling under 
reflux for 1§- hours, and the excess acetyl chloride removed on the 
water bath* The product was repeatedly fractionated under reduced 
pressure through a Sydney Young fractionating column till no change 
in the rotation after successive distillations was observed. The 
methyl acetoxypropionate boiled at 68°/ 13 mm* and was obtained as 
a colourless liquid with a faint odour. Yield was 80^ of theoretical

Rotation of Methyl 1-x-Acetoxypropionate.
Densities obtained:
i 18.8° 20.4° 39.6° 67° 80° ioo*
d 1.089 1.0866 1.0677 1.0350 1.0204 0.9983

F".......n 0* 15.0° 41.3° 58.8° 76.8° 100°
K(160 mm.' -26.64 26.13 25.37 24.85 24.27 23.66

W -40.03 39.83 39.74 39.71 39*49 39.51
M -58.44 58.15 58.00 57-95 57*65 57*65



- 2 J L -  
r 2.

t 0° 15.0° ' 41.3° 58 ,8 0 ' 76.8° 100°t*(160 mm. )-31.04 30.44 @9.59 28.87 88.36 87.72[*] — 46•64 46.41 46.33 46.13 46.16 46.2803 -68.09 67.80 67.65 67.35 67.45 67.60

y*

T ....... 0° 15.4° 41.3° 58.8° ^6.8° 100°
dC(160 mm. )- 36 * 32 35.71 34.61 33.92 33.21 32.41

W -54.56 54.47 54.21 54.21 54.06 54# 11
[M] -79.65 79.60 79.80 79.80 78.95 79.00

g*

T " 0° 15.4° 41.3° 58.8° 76.8° 100*
K (160 n&Q •)— 41.12 40.47 39.25 38.51 37.77 36.83

w -61.78 61.78 61-47 61.54 61.48 61*50
[m ] — 90•25 90.10 89.90 89.95 89.80 89*85

b.

I 0» 15.0° 41.30° 58.8° 76.8° 100°
IX(160 mm# )-51.00 50.03 48.94 48.08 47.37 46.25

LixJ -76.62 76.27 76.65 76.83 77.10 77.81
M 1-111.75 111.35 111.80 113.25n - 112.45 112*55

v*

5---- 0“ 15.4° 41.3° 58. ©• 76.8° 100°
*(160 BEffla. -66 * 59 65.58 64.15 62. 97 61.92 60.71

W -100.03 100.02 100.47 100.06 100.78 101.35
[IM] -146.10 146.10 146.70 146. 10 147.10 .148.00
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Methyl 1-K-uhloroacetoxypropionate.

The mono-chloroacetyl chloride used in this preparation was 
prepared by the action of thionyl chloride on mono-chloracetic acid. 
Phosphorus pentachloride cannot be used ovfing to the difficulty of 
separating the product of the reaction from the phosphorus oxy- 
chloride formed, both substances having boiling points very near 
one another.

The mono-chloracetic acid and the thionyl chloride were boiled 
under reflux till no more hydrogen chloride was liberated, and 
the product fractionated through a Sydney Young column, the portion 
boiling at 105°- 106°being retained.

The chloroacetyl chloride prepared as above was heated under • 
reflux with twice the theoretical quantity of methyl lactate for 
four hours, and the product fractionally distilled under reduced 
pressure through a column till no further change in rotation 
was observed. The methyl l-«-monochloroaoetoxypropionate was a 
colourless liquid of b.p. 110°/15 mm. Yield was theoretical. 
Analysis of the product gave Cl, 19.65#. calculated result is 
19.77#.

notation of Methyl l-x-Chloroacetoxypropionate.
Densities determined:
t" 80.5 0 40.5° 41.5° 59.85° 80.0° 100°
d 1.8581 1.8887 1.2864 1.8064 1.1830 1.1598

^  | 0* "2l,3 * 39.^5* 59.0 * 1 80.0 100*
Dc (60 mm.j-27.50 87.01 25.88 85c04 24.80 23.01
M  1-55.91 55.99 35.07 34.58 34*09 34*35
Lm] 1-65.00 65.15 63*45 68 <59 61.70 08.15.



— JdO—

r 2.

t r 0° 21 a 3 0 1 39.75° 59.0 0 rnsrn5“ ioo°tX(60 mm.) -32.12 31.21 30.24 29.29 28.28 27.64M -41.95 41.58 40.98 40.45 39.84 39.72
-75.90 75.22 74.17 73.20 72.08 _ 71.88

y*

t 0* 2l. 3 ° 39.75° 59.0° 80*0 ° 100°
IX(60 mm, ]-37. 63 36.55 35.44 34.47 33.26 32.31
[D C ] -49.15 48.70 48.02 47.60 46.86 46.42
ini -88.95 88.10 86.85 86*10 84.78 84.00

g*

% ....... 0° 39.75° 59.0 * 80.0° 100°
*(60 mm.)-42.64 41.43 40 22 39.08 37.75 36.79
U] -55.69 55.19 54.50 53.96 53.18 52. 87
CM] -100.75 99.90 98 65 97.73 96 *30 95*75

b.

T.. 1 0° 21.3° 39,75* 59.06 80.0 * 100°
<x(60 mm.'-53.26 51.78 50.46 48.89 47.26 45.98
M -69.56 68.98 68.37 88 *51 66.58 66.08
[m] -125.80 124*80 123.65 122 .15 120.45 119.55

v*

t 0° 21.3° 39.75° 59.0° 80.0° 100°
{*•(60 mm# -69.70 67*91 66.40 64.79 62.67 61-27
w -9104 90.48 89.97 89.47 88.29 88.04
M -164.55 163.75 162.80 161*95 159.70 159.25
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Methyl l-*t-|)iohloroacetoxypropionat©.

This was prepared from methyl lactate and dichloroacetyl 
ohloride (b.p. 107°- 108°) in exactly the same manner as was the 
monochloroacetoxy derivative from chloroacetyl chloride. The 
colourless product boiled at 115°/ 15 mm* Yield of impure ester 
was theoretical. Analysis gave 01, 33.27$. Theory requires C\,
33-OS/fc. Methyl

Rotation of^l-fit-Dichloroacetoxypropionate.
Densities determined:

t 22.0° 39.0* 60. 5® 81.5“ 100°
d 1.3315 1.3105 1.2842 1.2852 1.2359

r 1.

T" --- [ 0° J 21.0° 39.0° 59.5° 79.0° %00° 1
lX(60 mm. )-20.33 20.35 20.07 19.78 19.24 18.68
M —24.94 25.46 25♦33 25.575 2ft. 43 25.19
(MI -53.68 54.74 54*89 55.00 54.08 54.03 1

r 2

£. 0° 21-0^ 39*0° 5&.5 ° n 79.0s ioo°
(X(60 mm. )-23.74 23.83 23.57 23.07 22.59 21.99

— 29 *13 29.82 29.97 29.925 29.86 29.67
-62.63 64.11 64.44 64*35 64.20 63.79

y*

t--- .-- 217U5“ 3y.o° 7— 597(7 8“ ‘ — 79V 0 &-- — iotr?----
&(60 mm* )-27. 86 28.03 27. 61 27.12 26.57 25.93
w -34.18 35.07 35. 11 35.175 35-105 34*965

-73.49 75.40 75*49 75.64 75.51 75-19



i £1.6 0 3b.0° r 59.5° r tb,Q‘ lob*
(X(60 mm*] ■31»64 31*80 31.41 30.87 30 .30 * 89.49
M -38. 88 39.79 39.95 40.05 39.91 39.76
03 -83 • 46 85*55 85.89 86.11 85*81 85.49

b.

z 0° 21.0° 39. 0 * 59.5 0 79.0 0 100*
[*(60 mm*] -39.87 39.67 39.28 38.65 38.15 36.98
®Q -48.18 49.64 49*96 60*14 50 • 41 49.87
ftf] -103.6 106.7 107.4 107 * © 108*.4 107.8

v.

t 0" 21,0° 39.0° 59.5° 79*0° 100°
K(60 mm*] — 51. 63 52.28 52.17 51.48 50/48 49.51
M -63.36 65.41 66.345 66.78 66.71 66.77
J U L  - -136.3 140.6 142.6 143.6 143.4 143.6

methyl l-x-Trichloroaoetoxypropionate*

The triohloroaoetylohlor3.de used in this preparation was 
obtained in the same manner as monochloroaoetyl chloride, from 
trichloracetic acid* The product was fractionally distilled, that 
portion boiling at 117°- 118°being retained.

To prepare the methyl trichloroacetoxypropionate, the acid 
chloride was boiled under reflux with twice the theoretical 
quantity of methyl lactate till no more hydrogen chloride was 
liberated (about 3 hours)* The product was fractionally distilled 
through a column under reduced pressure till no change in the/



rotation of the distillate was observed. The ester boiled at
o116 / 13 mm. Yield of impure product was theoretical.

analysis gaveCl, 42.40$. Theory requires 01,42.69$.

Densities determined?
t 21.5° 4o*o° 59.0° 81.5° 100°
d 1.3919 1.3678 1.3416 1.3219 1.2893

Rotation of Methyl l-m-Trichloroacetoxypropionate.
r 1

T 0* 20. 5 * .0® 59.06 86 .5 0 166 o
t*(60 mm.'1-14-18 14* 19 14.04 13.93 13.82 ■ 13.69
01 —16* 64 16.97 17.13 17.31 17.52 17.73
CKI -41. 52 42.34 42.74 43.19 43.71 42.24

r 2.

r~ I 0° 20 • 5° " '4ITor r 59.0° 80.5° 100°
K(6Q mm.)-16.60 16*58 16.49 16.57 16.22 16.07
M 1-19.48 19 .83 20.12 20.33 20.57 20.79
[ M l 1-48.60 49.48 50.19 50.72 51*32 51.87

y»

% ---- - 1 0° 20.5° 41.0° 59.0° 80.5° 100°
ix(60 mm. )-19.45 19.45 19.36 19.23 19.14 18. 91
M -22.81 23*26 23.62 23.89 24.27 24.45

-56*91 58.03 58*93 59.61 60.55 61.00
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g*

T " “ 0° 26.5° 41.0° 59.0° ■. scr.w " ioo6p<(0O mm. ]-22*06 22.06 21.96 21.83 21.78 21.49
W -25.88 26.39 86.79 27.12 27.54 87.79

, M -64.57 65.84 66.84 67.66 68.78 69 .34

b.

t ■' "'I 0° 20 5° 4l.0° 69.0° 80.5° ioo°
(X(60 mm*'>-27 • 59 27.46 27.52 27.36 27.23 27.02
V*] — 38.13 32*34 33.58 33.99 34.52 34*93
[KJ -80.18 81.00 83.85 84.80 86.13 87*15

v*

T  --- J o° 20.5° 40.0° 59,0° 80.5° 100°
Cr(60 mm. >-35,53 35.95 35*39 35.95 38.90 35.74
m -41.68 43.00 43.73 44.66 45.51 46.80
CM! 1-104.0 107.5 109.1 111.4 113.5 118.3

Methyl l-OC-MQthoxypropionate

the ester was prepared according to the method of Furdie and
1)Irvine , and was finally purified by fractional distillation 

through a column under reduced pressure. it had b.p. 38°/13 mm.

Hotation of Mathyl 1-oc-Methoxypropionatfce.
Densities determined:

15.6 V 24.5° 42* 0° v-;; 49*5° 61»50 } ^3* 5 Q 89V01d 1.0039 0*9953 0-9765 0-96775 0-9555 10-9408 0-9225 }



t T £5"‘-- ■■ 25*0° •'. .. &076a W . 7 P . £ lo6°
k(60 mm . 1-41*70 38.74 37.85 35.71 33.83 32.10
w "*•08 . 14 64.96 63 ‘51 62*29 60.37 58*82
w -81.05 77*34 75*58 74.10 71*85 69.99

r 2

1 ------- -“ (5”i — 85.0 0 40.0 r .. 75’. 0°" " 'TW-.. .
ft(60 mm. 1-48*63 45.25 43.72 41.59 39.91 37.88
M -79.46 75.88 74.55 78.54 71.22 69.48
w -94.55 90*30 88.75 86*30 84.78 82.59

y*

..... - 0-0 - 25.0° 45: 0“°" ” 60.0* 8o*o5 I0 0 0
ft(60 mm* -57.17 53.32 51.26 48.78 46*20 44.16
W -93.42 89.40 87*41 85*09 82.53 80.93
- M -111.20 106.40 103*90 101.25 98.20 96.22

g*

1------ 0* 25.0° 40.(5° 60.0° 60.0 ° lo6°
(X(60 mm* -64.94 60* 58 58.30 55.89 52.55 50. 31
&Q —10 6 • 12 101.57 99.41 96.45 93.87 92.19
. M -126.80 120.90 118.25 114.60 111.70 109.70

b.

1T~ ■ ■ “ 25.0° “ 40.0* 60.0 6 70.0’ loo 0
K(80 anu -81*48 75.38 72.95 69. 98 66.08 63*23
w -133.14 126*39 1240 38 122.06 117*98 115.88
£2— -159.35 150.40 148.10 145.20 140.35 137*95



— <557—

1---
K(60
w[MJ

0 s 25-0° 40.0° 60.0°
.)-107» 86 100.61 90.98 92.08
-176.24 168.7 165-36 100.51
-809.85 800,70 190.80 191-00

6 0.6 ° I5CT 
87.05 83. 67

150,57 153.35
186-30 182.50

yjaethyl l-x-Benzoylo^r&pionate.
The ester was prepared by boiling methyl lactate with twice the 

theoretical amount of redistilled benzoyl chloride for about 3 hours 
under reflux# The product was then fractionated from a Olaisen
flask under reduced pressure till the rotation was constant. The

0product boiled at 145 /15 mm. and waB a colourless viscous liquid 
with a faint agreeable odour. Yield was 85$ of theoretical.

Rotation of Methyl 1-x-Benzoyloxypropionate.
Densities determined:

£ " 16.56 1 80.85° 40.0° 60.0° 80.25°
t 1.1474 1.1443 1.1860 1-1068 1.0878

TB®—
1*0703

r 1

i 0° 18,0° 40*0° 01.5° 805° 100*
*(60 mm* ] 9.32 8.66 7.90 7*08 6.482 5.83
w + 13,36 18.59 11.69 10.68 9.84 9.10
MJ + 27.79 26 * 20 25.48 28.23 80.46 18.92

r 8

i 0° 18. bo 1 46.0° 61*5°
*,(60 mm*) +11.54 10.82 9.79 8.85 7.99 7.88
[«l ■f 16.55 15*73 14*49 13.35 12.25 11.26

4-34 .48 32.78 31*6 87.39 25 .49 23.44
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y*

i
mm«)

15.5" 40.6® 0T.S« 86.5® r loo®
He o + 14.09 13.88 IS .64 11.20 10.17 9.185
M 4 SI, 00 SO.14 18.57 16.98 15.59 14.334
m 443*80 41.82 38.01 35.35 31.85 S9.47

g*

t ‘ 0 15.5° 40.6b 01.5° 80.5° 100°K(0O mm*) + 17*90 16.98 15.87 13.69 12.40 11-20
M + 25.76 24.64 88.00 20163 19#01 17*48
J W ..-.- 4 53 *45 51.28 47*05 48*85 39.55 36.41

b.

V 0* 15.5° 40.6° 61.5° 66.5® " 100°
ix(eo nun*)+ 26.17 84.75 22.27 19.92 18.08 16.321X1 +37,53 35*92 32.97 30*08 27*72 25*40
W + 78.10 74.70 68.00 62 • 42 57.00 52.80

v.

% 6 15.5° 40.0° 01.5° 80.5° 100^
H qo mm,) + 42.98 40.27 30.18 32.47 29.85 26.56r«] + 61*65 58*44 53.55 48.94 44.85 41,45
M + 128.30 121.55 111.30 103.50 93.50 86.25

Methyl 1-fc- o-Nltrob enzoyloxypropionat e.

0— Hitrobenzoyl chloride (7 g*) end methyl lactate (© g*) were 
boiled gently in a flask fitted to an air condenser for 8 hours, 
and the unchanged methyl lactate was distilled off under reduced 
pressure* The residue consisting of impure product which distilled 
at 140°- m o ° /& mm* was dissolved in ether, and shaken with a
concentrated/
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solution of sodium carbonate to free it from excess nitrobenzoyl
chloride. After removal of the ether, the product was distilled

0 o .several times, the portion boiling at 175 - 180 /16 mm* being 
retained. vn standing, the ester solidified,and was crystallised 
several times from 40°- eo^petroleum ether in which it is slightly

o ^soluble, it had m.p. 36 - 37 and was in the form of colourless 
plates. Yield of impure ester was 70$ of theoretical. Analysis 
found: N, 5*67$* (calculated: H, 5.53$*

Rotation of Methyl l-»-o-Nitrobenzoyloxypropionate. 
Densities determined:
r ~ 25.5 • 42.0U 00.0° ’ 88*0 1006
d 1.2692 1.8537 1.8367 1.8177 1.2009

r 1
t 14.0° 1 25.0° ^ 40.6° 00.0° 81.25”̂  100°
IX (40 mm*) + 15.95 14.97 13.61 11.91 10.18 8.98
M + 31.14 89.47 27.08 24.08 20.90 18.69
EMI + 78.78 74.56 68.51 60.93 52*90 47.88

r 8

1 ---
K(40
MO \1

HLT.O °~ 84.0° 40.0° 60.0° 81.25° 100°
+ 20.37 18.90 17.19 15.01 12.89 13.38
+ 39.76 37.18 34.20 30.34 26.47 23.66
+ 100*58 94.08 86.52 76.77 06.97 59.86

7*

(K(40 mm*)
I M ____

14.0° 84.0° 40.0° 60.0° 80.0’ 100°+ 26.30 24. 53 21,99 19.36 16.72 14*83+ 51.34 48.26 43.74 39*14 34.30 30.87+138*91 122*10 110-70 99*02 86.78 78.11
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go

t TOT®' .. 24,0° 66.0° ..TH.72F ”“'1
Ot (40 m m .'+ 48.93 46.28 41.89 37.06 31.90 28.35
m + 95*58 91.06 83.35 74.92 65.50 59.02
,0*1 + 841* 68 230.39 210.87 189.52 165.71 149.31

b*

f" 14.0 * 84*0° 40.0° 60.0° 81.85° 100°
tf(4Q mm.) + 48.93 46\ 88 41.89 37.06 31.90 28.35
w + 95.52 9i.or 83.35 74.92 65.50 59 *02

+ 241.68 230.39 210 .87 189.52 165.71 149.31

v*

i” 14.0° 84.0° 40.0' 60.0° 81.85° 100°
k(40 mm.) + 97.08 88,55 79.45 70,14 55.79 47.04
w +189. 39 174.28 158.07 141-79 114.55 97. 98
w +479.91 440 *78 399.91 358*73 289.81 247.77

Methyl K-m-ITitrobenzoyloxypropionate,
Methyl lactate (8 go) was boiled under reflux with m-nitrobenzoyl 

chloride (7 g.) until no more hydrogen chloride was evolved (about 6 
hours). The excess methyl lactate was distilled off under reduced 
pressure, and on further distillation a product came over at 180°- 
196*/ 8 mm. An ether solution of this substance was shaken with sodium 
carbonate solution, and after removal of the ether, the residue was 
fractionated. The rotation of the product however gradually diminished 
apparently on account of racemisation* oeveral further attempts were 
attended with the same result. Analysis of the product gave a, 5.85$. 
Calculated N, 5 <53^o

it seems curious that the m—nitro—derivative should undergo 
racemisation, whilst the corresponding o-oompound seemed to be quite 
stable.



The higher boiling point of the m-compound seems scarcely sufficient 
to account for this.

The preparation of 1-fc-p. nitrobenzoyloxypropionate was 
attempted in the same manner as indicated above for the O-and m- 
nitrobenzoyl derivatives, but the methyl lactate, and the p- 
nitrobenzoyl chloride did not seem to react with one another at all, 
the methyl lactate being recovered from the reaction mixture un
changed. The use of large excess methyl lactate, thejfemployment of 
higher temperatures, and prolonged heating made no appreciable 
difference in the final result* The effect of pyridine on the 
condensation at 0°and 100°was also tried without success.

m  ethyl 1- x- ohlor o sulphiny Iprop iona t e •
1)This ester was prepared by Franfeland and earner*s method for 

the ethyl derivative. The product, purified by fractional distill
ation through a column, boiled at 89^13 mm. .analysis of the ester 
showed 01* 18*13$; S, 17*64$. Theoretical; 01, 19.03$; S, 17-80$.

It has been pointed out that methyl x-chlorosulphinylpropionate2)
1. should contain an asymmetric sulphur atom which might influence 
its rotation. Several compounds containing trivalent sulphur of 
the type 11 have already been resolved.

CHj ■ CM CO O HjC R
o o * s  —  *'o=s-ci v
I. »•

With regard to the configurational nature of the chlorosulphinyl 
group in the compound examined, nothing can at present/

*) J • 1914, 105, 1101.
2) Philips, 171985, 187, 8558.Harrison, Kenyon and philips, J. 1980, 8079.
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Rotation of l-x-uhlorosulphinylpropionate. 
Densities determined:
i 19* 5° 40.0° 59.5° 80.0° 100°
d 1*3480 1*3165 1*8988 1.8645 1*8414

r 1

i ■“64 ’16.0° J 86. 5 * ...’T s w P 60.00 ‘ 8<L 6* ISO*"'K(00 mm.) -130- 76 131. 33 187. 79 188.98 iae.86 109. 80 104.33
C»] -166- 84 168.57 159.70 155.91 150.83 144.66 139.94[m] -311. 3 303.3 898.0 890.9 881 >4 869. 5 861.1

r 8

¥ 6 0 16-6° 86*5° 48.0° 60 .6° S6.0° i6oa
>((60 mm.' -162. 51 158.40 154.81 145.50 138.88 130.50 123*49
M -198. 86 196-08 192.73 184.50 178 .47 171.70 165*80m -369. 9 365*8 359.6 344.8 333 .0 380-3 309 .3

y*

T —  .... — J5"0- ■ 15*5° 26.5° 41.5° 60 .0° 8 0 .0 ‘ loO*
ft(60 mm. 1-194.04 186*19 180.72 175.34 164.58 155.69 147. 34
M -836.72 230. 34 225-80 219.80 212 .43 804.84 197. 81
OQ -441,7 429.7 421*4 410.1 396.3 382.2 369*1

g*

T------- 0* 15.58 86.5° 41. F" 00.6* 80.0° 100°
K (60 mm , ' -823. 66 214.85 808.33 199.85 189.66 179.35 166*81
M -272.86 265*80 260 * 36 253.41 244*800 235.96 223.96

-509.1 495-9 485.7 478.8 450.7 440.2 417*8



-35-
k *______________________________________@t H o*— T6.0t z e w 42 " 60 .0° 80.0’ 100°ec (60 mm • -288.88 278-70 267-57 258.73 245.30 231.51 218.01

M -351.68 345«07 334.40 328.17 316 - 60 304.59 292.70
[*1 -656.1 643.8 623 .9 612.3 590.7 568-3 546-1

i "0* 15. 5* 26.5° 42.O’ 60 .0° 80. 0° 100°
<x (60 mm. -402 .95 386.19 375.15 358. 90 340 .88 321.45 304.42
M- -491 .59 477.77 463.84 455. 22 439 .97 422.92 408.71[Kj -917 »2 891‘4 874*7 . 849 *3 820 .3 789.0 762.8

anllide of 1 - lactic acid.

This preparation was carried out am described by nischoff and
1)Walden • 10 g. methyl lactate and 9 g. Aniline were heated together

under reflux at 150°- 160° for 0 hours. The unohanged substituents 
being removed by distillation. 5 g. methyl lactate were recovered. 
The brown residue was dissolved in benzene, washed with water and 
dilute hydrochloric acid, and boiled with animal charcoal. on 
removal of the benzene, repeated attempts at purification by 
crystallising ended in failure, and the boiling point, 250° /l3 mm. 
was so high that the risk of racemisation was considered too great 
for purification by distillation.

o~ Toluidide of 1-lactic acid.

C-Toluidine, and the requisite quantity of methyl lactate were 
heated together for varying periods of time, and it was found that 
the reaction required 10 hours heating before it took place to any 
appreciable extent. The brown residue left after heating one such 
preparation for 12 hours was freed from unchanged substituents,

1) *nn. 1894, 879, 73.



taken up in benzene, washed with dilute hydrochloric acid, and boiled 
with animal charcoal. The yellow oil left on removal &£ the benzene

O owas crystallised from alcohol and 60 - 80 petroleum ether m.p. was 
59°.

un examination it was found that the rotation of the products
18°

obtained in the above manner was very small ( K (100 mm.)+0.1O - 
18° 5461
K (100 mm*) +■ 0.15$ ( 0*70 g. in 10 c.c. benzene), and with a view
5461to ascertaining if the substance had racemised 1*5 g» were heated
with 6 c.c. dilute hydrochloric acid for a considerable time to bring
about hydrolysis. The resulting solution was neutralised with
zinc carbonate, and the o-toluidine A m o v e d  with benzene. The
aqueous solution of zinc lactate so obtained was evaporated to

%dryness oft the water bath and dissolved in dilute ammonia. The
highest rotation obtained for such zinc lactate was,

18° •!\ (100 mm.) - 0*86 •
5461For comparison with this, the rotation of the theoretical amount of 

zinc 1 -lactate obtainable from 1.5 g. o-toluidide was dissolved in 
ammonia of the strength previously used, and the rotation was

18°
oc (100 mm.) - 1*20 
5461It was therefore concluded that the substance had undergone racemis- 

ation.
To minimise the risk of racemisation, the preparation was 

attempted at lower temperature, but the two reactants were in all

cases recovered unchanged.
jan attempt waB also made to isolate the p. nitranilide of 1—

lactic acid, but continued heating of methyl lactate and p.nitraniline
together over long periods of time was in sufficient to cause anyy



reaction to take place.

Methyl 1-Lactate in Ethylene Dibromide, 
p a S.3043

Densities determined:

t 20.5* 39.0* 59-5° 80 *5° ioo*
a 2.1193 2-0819 2.0402 1.9963 1.9577

t :&3ri DOr 2 • M y GO g Mb Mv
21.0° 0.00° -0.05° t-o.oer ■to. 10° +1.04' +4.97°
30 • 0 -1.56 -1.085 -0.49 -0114 +1.08 +3.7643.0 -1.27 -1.31 -1*85 -1.085 -0.57 +0.95549.0 •m —2.21 ■a -2.05 m *0.91
59.5 -2.17 —2 • 21 -2.27 -2.62 -1.61 +0,21
70.0 -2.44 -2.70 -2.89 -2.98 -2 <61 -1.17
80 < 5 -2.75 -2.40 -4.13 —4.02 -2.63 - 2.65
90*0 -2.44 -S»54 -3*71 -4.00 -3.32 -3.54
100° -3*09 -3.535 -4*42 -4.70 -5.03 -4*67

The data for the characteristic diagram (based on[V|g.) were 
taken from smoothed cmrves drawn from the above figures for r 2, 
g. and v« and were as follows (before inversion, see page 6«)

L*J r 2 -0.05- -0.95* -1.7° - 2.4° -3 >15"
0*J g« 4-0.10 -100 -2-00 -300 -4.00
0*1 v. *5.00 *2.60 + 0.80 -0 .95 -8-6 0



Part 11*

The Dehydrogenation of succinic Acid 
and Aldehydes by Animal Tissue*



a *

introduction.
i)

Thtoberg in 1909 made the discovery that succinic acid was
able to increase the respiration of surviving muscle in as far as

2)the oxygen requirement was concerned. Battelli and S t e m  , who 
took up a study of this phenomenon were able to show that the property 
of oxidising succinic acid was possessed in varying degree by most 
animal tissue, and they gave the name wsuecinoxydone" to the enzyme 
responsible, pointing out that it was very resistant to washing of 
the tissue with water, being closely bound up with the oellulae 
structure. m  the oxidation of the succinic acid, oxygen was taken 
up, but no formation of carbon Dioxide occurred. italic acid was 
postulated by Battelli and Stem as the product of the reaction.

3),
The real course of the prooess, however, was established by Einbeok

)who found that the primary reaction product of the succinic acid was
not Malic acid, but Fumario acid, a second enzyme, Fumarase, catalys
ing the formation of Malic acid from Fumaric acid* This view has

4) 5) 6)
been accepted by Battelli and stem , a*0. Dakin , and Thunberg .

1 
a
3
4
5
6

1910| 35, 163, 1917; 40, 1, 1900.

Skand, Archiv, Phys. 22, 430, 1909.
Bioch. Z. 30, 172, 1910*
Ber. 90, 301, 1914*
Bioch. Z. 31, 478, 1911. 
jnl. Biol. Chem. 58, 183, 1923.
skand. Archiv. Phys. 84, 23, 1910; 85, 87, 1911; 33, 223,
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1)

biegfried was able to show that succinic acid.is a product of
the physiological decomposition of protein, and this view is generally
accepted now, the succinic acid being probably formed through the

S)
breaking down of Amino acids (D.H.Moyle )• This worker suggests
that buccinic acid may also occur in the decomposition of fatty acids
and carbohydrates.

The isolation from tissue of the Succinodehydrase, as the enzyme
3)

is called, is attended with many difficulties. E. Ohlsson was able
to obtain an active preparation by extracting the minced flesh with 
m 4)
T5 sodium phopphate solution, and Widmark by the ubo of 1.5^ sodium
carbonate solution. The ferment isolated by these methods,however,
was found to be susceptible to shaking, and to lose its activity
very easily on coagulation of the associated protein. accordingly,
therefore, for most of the work reported here, the source of the
enzyme was minced muscle which had been thoroughly washed with water
so that the " self-respiration” of the flesh was reduced so far as
to be negligible. By this means, results obtained with the same
enzyme preparation coui&d be reproduced in a satisfactory manner.

5)aattelli and Stern in their study of the buccinic acid
6)

oxidation used oxygen as the hydrogen acceptor, whilst Thunberg 
and his school employed the anaerobic method, with methylene blue 
as acceptor. Thunberg postulated the enzyme as being of a/

1) ser. SI, 585, 1895/96.
8) Bloch. Jnl. 18, 551, 1924.
3) Skand. Archiv. Phys. 41, 77, 1921.
4) Ibio. 44, 200, 1923.
8) loc. cit.
6) loc.cit.
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1 )

/ a  d e h y d r a s ©  n a t u r e  a c c o r d i n g  t o  t h e  $ i e l a n d  t h e o r y ,  a n d - q u i t e

s p e c i f i c  f o r  t h e  s u b s t r a t e  S u c c i n i c  a c i d ,  Meanwhile, t h e  i d e n t i t y

o f  t h e  S u c c i n c P d e h y d r a s e  a n d  t h e  M S u e c i n o x y d o n e *  h a d  n o t  b e e n
2 )  3 )

e s t a b l i s h e d ,  b u t  t h i s  w a s  d o n e  b y  F i s c h e r  a n d  H a h n  a n d  H a a m a r n i

w h o  p r o v e d  t h e  i d e n t i t y  o f  t h e  r e a c t i o n  p r o d u c t s  i n  t h e  t w o  c a s e s ,

t h u s  s h o w i n g  t h a t  i n  b o t h  r e a c t i o n s ,  t h e  s u c c i n i c  a c i d  w a s  b e i n g

a c t e d  o n  b y  t h e  s a n e  e n z y m e — t h e  S u c c i n o d e h v d r a s e -  F i s c h e r  f o u n d

t h a t  t h e  d e h y d r o g e n a t i o n  u n d e r  a n a e r o b i c  a n d  a e r o b i c  c o n d i t i o n s

l e d  t o  t h e  f o r m a t i o n  o f  2 5  -  3 0 ^  F u n a r i c  a c i d ,  a n d  7 0  -  7 5 ^ >  M a l i c

a c i d ,  c a r b o n  d i o x i d e  b e i n g  f o r m e d  o n l y  t o  a  v e r y  s l i g h t  e x t e n t *
4  )

i t  w a s  p o i n t e d  oufcfc b y  T h u n b e r g  t h a t  t h e  d e h y d r o g e n a t i o n  o f

S u c c i n i c ,  a c i d  w i t h  o x y g e n  a s  h y d r o g e n  a c c e p t o r  i s  v e r y  s u s c e p t i b l e

t o  t h e  i n f l u e n c e  o f  c y a n i d e ,  t r a c e s  o f  w h i c h  i n h i b i t  t h e  r e a c t i o n

c o n s i d e r a b l y *  s t r a n g e l y , h o w e v e r ,  i n  t h e  r e a c t i o n  u n d e r  a n a e r o b i c

c o n d i t i o n s  i n  p r e s e n c e  o f  m e t h y l e n e  b l u e  w h i c h  l e a d s  t o  t h e  s a m e

p r o d u c t s ,  s u c h  a n  i n f l u e n c e  i s  n o t  a p p a r e n t ,  T h i s  d i f f e r e n c e  i n
5 )

b e h a v i o u r  i n  t h e  £ w o  c a s e s  w a s  t a k e n  b y  B a c h  a n d  M i c h l i n  a s

e v i d e n c e  a g t  i n s t  t h e  i d e n t i t y  o f  t h e  t w o  e n z y m e s  c o n c e r n e d ,  a n d

t h e  p o s s i b i l i t y  o f  t h e i r  b e i n g  t w o  S u c c i n o d e h y d r a s e s  w a s  s u g g e s t e d .
6)

W i e l a n d  a n d  F r a g e  , h o w e v e r ,  b y  m e a n s  o f  a  c l o s e  s t u d y  o f  t h e  K i n e t i c s '  

o f  t h e  t w o  r e a c t i o n s  j u s t i f i e d  t h e  v i e w  d e d u c e d  f r o m  t h e  r e s u l t s  

o f  F i s c h e r .

1 )  B e r ,  55, 3 6  3 9 ,  1 9 2 2 ;  P h y s i a l .  2 0  , 4 7 7 ,  1 9 2 2 *

2 )  B e r .  6 0 ,  2 2 5 7 ,  1 9 2 7 -

3 )  Z e i t s c h .  f *  B i o l -  8 6 ,  6 2 3 ,  1 9 2 7 $  8 7 ,  1 0 7 ,  1 9 2 © *

4 )  l o c *  c i t .

5 )  H e r -  6 0 ,  8 2 7 ,  1 9 2 7 .

6 )  A n n .  4 7 7 ,  1 ,  1 9 2 9 .
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1 )

I n  t h i s  c o n n e c t i o n  0 .  W a r b u r g  p o s t u l a t e d  t h a t  t h e  i n h i b i t o r y

i n f l u e n c e  o f  c y a n i d e  o n  o x i d a t i o n  p r o c e s s e s  i s  d u e  t o  t h e  e f f e c t

o n  t h e  o x y g e n  a c t i v a t i n g  c o m p o n e n t  o f  t h e  s y s t e m s ,  a n d  h e  p r o d u c e d

t h e  T h u n b e r g  o b s e r v a t i o n  a s  p r o o f  o f  t h e  p r e s e n c e  o f  a c t i v a t e d

o x y g e n  o n  t h e  S u c c i n i c  a c i d ,  o x i d a t i o n .  w a r b u r g ,  e x p l a i n i n g  t h e

d i f f e r e n c e  b e t w e e n  t h e  e f f e c t  o f  c y a n i d e  o n  t h e  a n a e r o b i c  a n d  t h e

a e r o b i c  o x i d a t i o n s , p u t  f o r w a r d  t h e  v i e w  t h a t  i n  c o n t r a s t  w i t h  t h e

o x i d a t i o n  b y  m e a n s  o f  o x y g e n ,  t h a t  u s i n g  m e t h y l e n e  b l u e  c a n n o t

r e a l l y  b e  c o m p a r a b l e  w i t h  b i o l o g i c a l  o x i d a t i o n  p r o c e s s e s ,  a n d  t h a t

r e s u l t s  o b t a i n e d  b y  t h i s  m e t h o d  a r e  n o t  a p p l i c a b l e .
S)

p h i s  v i e w  6 f  W a r b u r g  i s  o p p o s e d  b y  W i e l a n d  w h o  p u t  f o r w a r d  

t h e  t h e o r y  t h a t  B i o l o g i e s . !  o x i d a t i o n s  p r o c e e d  j u s t  a s  w e l l  w i t h o u t  

o x y g e n ,  m u c h  l e s s  a c t i v a t e d  o x y g e n ,  a l l  t h a t  i s  r e q u i r e d  b e i n g  a  

s u i t a b l e  h y d r o g e n  a c c e p t o r  w h i c h  t a k e s  u p  t h e  h y d r o g e n  a c t i v a t e d  

b y  t h e  p a r t i c u l a r  e n z y m e  r e s p o n s i b l e .  A c c o r d i n g  t o  t h e  w i e l a n d  

t h e o r y ,  a l l  b i o l o g i c a l  o x i d a t i o n s  l e a d  t o  t h e  f o r m a t i o n  o f  

h y d r o g e n  p e r o x i d e ,  t h e  f u n c t i o n  o f  t h e  c a t a l a s e  b e i n g  t o  d e s t r o y  

t h i s  a s  i t  i s  f o r m e d .  x h e  e x p l a n a t i o n  o f  t h e  T h u n b e r g  o b s e r v 

a t i o n  i s  g i v e n  a s  b e i n g  d u e  t o  t h e  p o i s o n i n g  o f  t h e  c a t a l a s e  b y  

t h e  c y a n i d e ,  t h e  d e h y d r a s e  a c t i o n  b e i n g  t h e n  i n h i b i t e d  i n  t h e  

a e r o b i c  p r o c e s s  b y  t h e  h y d r o g e n  p e r o x i d e  u p o n  w h i c h  t h e  c y a n i d e  

p o i s o n e d  c a t a l a s e  i s  u n a b l e  t o  a c t .  U s i r g  m e t h y l e n e  b l u e  a s  

h y d r o g e n  a c c e p t o r ,  s i n c e  n o  h y d r o g e n  p e r o x i d e  i s  f o r m e d ,  t h e  

c a t a l a s e  a c t i o n  d o e s  n o t  c o m e  i n t o  p l a y ,  a n d  t h e  c y a n i d e  i s  

t h e r e f o r e  w i t h o u t  i n j u r i o u s  e f f e c t  o n  t h e  s y s t e m .

1 )  B i o c h .  Z .  1 7 7 , 4 - 7 1 .

2 )  l o c . c i t .
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i l l  t h e  f o l l o w i n g  w o r k ,  a n  a t t e m p t  w a s  m a d e  t o  t h r o w  s o m e  

l i g h t  o n  t h e s e  p r o b l e m s .

E n z y m e  M a t e r i a l .

A s  t h e  s o u r c e  f o r  t h e  p r e p a r a t i o n  o f  a  s u i t a b l e  e n z y m e  

c o n t a i n i n g  m a t e r i a l ,  t h e  m u s c l e  o f  t h e  l e f t  v e n t r i c l e  o f  h o r s e  

h e a r t  w a s  u s e d  ( W i e l a n d  a n d  F r a g e ,  l o c . c i t • ) .  A s  s o o n  a s  p o s s i b l e  

a f t e r  t h e  s l a u g h t e r  o f  t h e  a n i m a l ,  t h e  h e a r t  m u s c l e  w a s  w a s h e d  

w i t h  t o l u e n e  s a t u r a t e d  w a t e r ,  f a t  a n d  s i n e w s  r e m o v e d ,  a n d  t h e  

‘r e m a i n d e r  p u t  t h r o u g h  a  f l e s h  m i n c e r  t h r e e  t i m e s .  T h e  f r e s h l y  

d i v i d e d  t i s s u e  w a s  t h e n  w a s h e d  w i t h  t o l u e n e - s a t u r a t e d  d i s t i l l e d  

w a t e r  t i l l  n o  m o r e  p r o t e i n  w a s  d e t e c t e d  i n  t h e  w a s h i n g s ,  a n d  

f i l t e r e d  o f f .  T h e  a m o u n t  o f  w a s h  w a t e r  u s e d  w a s  a b o u t  25 t i m e s  

t h e  w e i g h t  o f  t h e  m i n c e d  f l e s h ,  i n  t h i s  m a n n e r ,  i n  i j -  h o u r s  

a f t e r  t h e  s l a u g h t e r  o f  t h e  a n i m a l ,  a  l a r g e  s u p p l y  o f  n o  l o n g e r  

r e s p i r i n g  t i s s u e  c o n t a i n i n g  a b o u t  1 8 J &  d r y  w e i g h t  c o u l d  b e .  o b t a i n e d #  

T h i s  m a t e r i a l  w a s  v e r y  a c t i v e  a s  r e g a r d s  s u c c i n o ' " ' d e h y d r a s e  

c o n t e n t ,  a n d  i t s  a c t i v i t y  w a s  n o t  l o s t  o n  d r y i n g .  T h e  p r e p a r a t i o n  

w a s  k e p t  i n  i c e  u n d e r  t o l u e n e ,  a n d  I n  t h i s  m a n n e r  w a s  f o u n d  t o  

r e t a i n  i t s  a c t i v i t y  a t  a  m o r e  o r  l e s s  c o n s t a n t  l e v e l  d u r i n g  t h e  

s e c o n d  t o  t h e  t e n t h  d a y  a f t e r  t h e  p r e p a r a t i o n .  A f t e r  t h e  f i r s t  

d a y ,  i t  w a s  a l w a y s  f o u n d  t h a t  t h e  a c t i v i t y  h a d  s u f f e r e d  a  c o n 

s i d e r a b l e  d e c r e a s e ,  a n d  a f t e r  t h e  t e n t h  d a y ,  a  g r a d u a l  s i n k i n g  i n  

a c t i v i t y  s e t  i n ,  a  p r o c e s s  w h i c h  w a s  a t t e n d e d  b y  c o a g u l a t i o n  o f  

p r o t e i n  i n  t h e  S u p e r n a l a n d  t o l u e n e - w a t e r  l a y e r  c o v e r i n g . t h e  

f l e s h .  u0 i n j u r i o u s  e f f e c t  d u e  t o  t o l u e n e  c o u l d  b e  d e t e c t e d / .
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H e u u l t s  o b t a i n e d  w i t h  t h e  s a n e  p r e p a r a t i o n  c o u l d  b e  r e p e a t e d ,  b u t  

l a r g e  v a r i a t i o n s  w e r e  n o t e d  o n  m a t e r i a l  p r e p a r e d  f r o m  d i f f e r e n t  

s o u r c e s *  a  r e s u l t  y ( h i c h  i s  o n l y  t o  b e  e x p e c t e d  ^ c o n s i d e r i n g  t h e  

d i f f e r e n c e  i n  t h e  c o n d i t i o n s  s u c h  a s  a g e ,  h e a l t h ,  a n d  n a t u r e  o f  

t h e  a n i m a l s  f r o m  w h i c h  t h e  h e a r t s  w e r e  o b t a i h e d .  I n  e x p e r i m e n t s  

o n  t h e  i n h i b i t i o n s  o f  r e a c t i o n s  o f  t h e  e n z y m e ,  c o n t r o l  e x p e r i m e n t s  

w e r e  t h e r e f o r e  m a d e ,  i n  w h i c h  t h e  n o r m a l  c o u r s e  o f  t h e  r e a c t i o n s  

w a s  s t u d i e d ,  a n d  b y  t h i s  m e a n s 9 s i n c e  t h e  r e s u l t s  w e r e  r e l a t i v e l y  

t h e  s a m e ,  c o m p a r a b l e  e f f e c t s  c o u l d  b e  o b t a i n e d .

T h e  D e p e n d e n c e  o f  t h e  A c t i v i t y  o f  t h e  E n z y m e  
o n  o u t s i d e  I n f l u e n c e s *  '

u
A c c o r d i n g  t o  A h l g r e n  t h e  o p t i m u m  t e m p e r a t u r e  f o r

S u c c i n o d e h y d r a e e  i s  4 7 ° * *  4 ® , °  a n d  f o r  h o r s e  m u s c l e ,  t h e  t e m p e r a t u r e

c o e f f i c i e n t  i s  c o n s t a n t  b e t w e e n  5 4 -  -  a n d  4 6  • T h e  t e m p e r a t u r e
0u s e d  i n  t h e  w o r k  d e s c r i b e d  h e r e  w a s  3 7 ,  t h i s  b e i n g  m a i n t a i n e d  c o n 

s t a n t  b y  m e a n s  o f  a n  e l e c t r i c a l l y  h e a t e d  a n d  c o n t r o l l e d  t h e r m o s t a t .

T h e  h y d r o g e n  i r m  c o n c e n t r a t i o n  f o r  t h e  o p t i m u m  a c t i v i t y
S ).

of the d e h y f l r a e e  a c c o r d i n g  t o  6 . 0 ! h l s s o n  i s  a t  S . 6  -  8 * 7 ?

a n d  d e p e n d e n t  o n  t h e  t e m p e r a t u r e ,  s o  t h a t  a t  l o w e r  t e m p e r a t u r e s  

t h e  o p t i m u m  i s  m o v e d  t o w a r d s  t h e  a l k a l i n e  r a n g e .  . L e h m a n  

f o u n d  i t  a t  7 . 3  -  t f . 9 ,  w h i l e  W i e l a n d  a n d  F r a g e  g a v e  i t  a t

7 . 3  t o  7 . 8 ,  d e p e n d i n g  o n  t h e  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e .

T h e  e n z y m e  i s  h o w e v e r  s t i l l  Q u i t e  a c t i v e  i n  t h e  a c i d  r a n g e ,  

r e t a i n i n g  2 5 /  o f  i t s  a c t i v i t y  a t  £ , - H . 6 * 3 ,  b u t  i n  t h e  a l k a , l i n e  s i d e  

i t  l o s e s  i t s /

1 )  S k a n d .  A r c h i v .  P h y s .  1 9 2 5  S u p p l e m e n t .

2 )  l o c .  c i t .

3 )  tso t . H o t i s *  1 9 2 2 ,  2 8 9 *
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a c t i v i t y  m o r e  q u i c k l y , b e i n g  d e s t r o y e d  c o m p l e t e l y  a c c o r d i n g  t o  

O h l d s o n  a t  £ H . 9 . 5 .

As h a s  b e  . n  s h o w n  b y  W i  s i  a n d  a n d  F r a g e  ( l o c . o i t .  ) b y  a  s t u d y  

o f  t h e  r e a c t i o n  v e l o c i t y  i n  a  B a r c r o f t - W a r b u r g  a p p a r a t u s ,  t h e  r a t e  

o f  r e a c t i o n  i s  s o m e w h a t  g r e a t e r  u s i p g  p u r e  o x y g e n  t h e n  i n  a i r .

I t  w a s  a l s o  s h o v / n  b y  t h e s e  w o r k e r s  t h a t  t h e  v e l o c i t y  i s  o n l y  t o  a  

s l i g h t  e x t e n t  d e p e n d e n t  o n  t h e  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e .

C o m p a r i s o n  o f  t h e  E f f e c t  o f  C y a n i d e  o n  t h e  S u c c i n o -  
d e h y d r a s e  a n d  t h e  C a t a l a s e  A c t i o n .

T h e  m e a s u r e m e n t s  i n  t h e s e  e x p e r i m e n t s  w e r e  m a d e  b y  m e a n s  

o f  t h e  B a r c r o f  t - W a r b u r g  a p p a r a t u s ,  i n  w h i c h  t h e  v e s s e l s  w e r e  f i t t e d  

w i t h  s n a i l $ t d e  t u b e s ,  f r o m  w h i c h  o n e  o f  t h e  r e a c t i n g  s u b s t a n c e s  

c o u l d  b e  i n t r o d u c e d  i n t o  t h e  m a i n  p a r t  o f  t h e  v e s s e l  w h e n  t h e  

c o n t e n t s  h a d  r e a c h e d  t h e  t e m p e r a t u r e  o f  t h e  t h e r m o s t a t ,  ay t h i s  

m e a n s ,  e r r o r s  d u e  t o  e x t r a p o l a t i o n  f o r  t h e  a m o u n t  o f  o x y g e n  e v o l v e d  

a n d  t a k e n  u p  d u r i n g  t h e  t i m e  t h e  r e a c t i n g  s u b s t a n c e s  w e r e  a t t a i n i n g  

t h e  b a t h  t e m p e r a t u r e ,  w e r e  a v o i d e d .  T h e  a p p a r a t u s  h e l d  1 2  v e s s e l s  

w h i c h  w e r e  s h a k e n  a t  5 7 ° ,  c o n t r o l  e x p e r i m e n t s  b e i n g  m a d e  f o r  t h e  

s e l f  r e s p i r a t i o n  o f  t h e  e n z y m e  m a t e r i a l ,  t h e  t e m p e r a t u r e  a n d  b a r o 

m e t r i c  c h a n g e ,  e n d  t h e  n o r m a l  u n i n h i b i t e d  r e a c t i o n .  T h e  v o l u m e sn
o f  t h e  v e s s e l s  w e r e  c a l c u l a t e d  a c c o r d i n g  t o  W a r b u r g  •

For the experiments on the d e h y d r a s e a c t i o n ,  the v e s s e l s
m

c o n t a i n e d  9 . 5  g .  e n z y m e  m a t e r i a l ,  4 « » 0  c c *  1 5  p h o s p h a t e  b u f f e r
I

s o l u t i o n  ( P . H . 7 . 4 ) ,  t h e  r e q u i s i t e  a m o u n t  o f  1 0  H y d r o g e n  Cyanide
m

s o l u t i o n , a n d  i n  t h e  s m a l l  s i d e  t u b e s ,  2 . 0  c c .  1 0  s o d i u m  s u c c i n a t e  

s o l u t i o n .  S m a l l  c u p s  i n s i d e  t h e  v e s s e l s  h e l d  0 . 1  c c .  5 0 / a  p o t a s s i u m  

h y d r o x i d e  s o l u t i o n  w h i c h  a b s o r b e d  a n y  c a r b o n  d i o x i d e  w h i c h  m i g h t  

b  e  e v o l v e d .  T h e  t o t  a 1  v u l u n e  /



o f  t h e  c o n t e n t o  o f  e a c h  v e s s e l  w a s  1 0  c c .  T o  e q u a l i s e  t h e  

t e m p e r a t u r e ,  t h e ,  v e s s e l s  w e r e  s h a k e n  f o r  s e v e r a l  m i n u t e s  w i t h  o p e n  

t a p s ,  t h e n  t h e  t a p s  h a v i n g  b e e n  c l o s e d ,  t h e  s o d i u m  s u c c i n a t f c  

s o l u t i o n  w a s  r u n  i n  f r o m  t h e  s i d e  t u b e s  a n d  r e a d i n g s  o f  t h e  o x y g e n  

u p t a k e  t a k e n  a t  r e g u l a r  i n t e r v a l s .

1. 11. i l l . IV.
U  o n  c  e n t  r  a  t  i  o  n  

o f  H  * C  .■ H  • 0 n n n
l O T 5 0 0 2 0 0 .

T a b l e  1 ,
O x y g e n  U p  t  a h  e  c m n r .

T i m e  ( m r a - • ) 1 * 1 1 1 1 1 . I V .

1 5 5 S 6 4 5 2 8 1 4 -

5 0 9 2 6 9 7 6 5 rr rr
o o

4 5 1 0 5 3 1 5 8 7 0 5 1

6 0 1 1 1 2 2 3 0 1 6 0 7 0

9 0 1 1 2 6 3 8 5 2 5 5 1 0 0

1 2 0 1 1 2 6 6 1 5 3 6 0 1 4 0

1 5 0 8 4 0 4 6 0 1 8 0

I S O 9 7  0 6 0 0 2 3 0

2 1 0 M* ***

2 4 0 1 0 8 0 8 4 5 3 2 0

5 0 0 1 0 9 0 9 9 0 4 4 0

5 3 0 w* io SSO

3 6 0 art im 5 8 2

T h e o r e t i c a l 1 1 2 0  ’ 1 1 2 0 1 1 2 0 1 1 2 0



In h ib it io n ' Succinode  
by H0N; |

A c t io n

The curves drawn from the results are shown above (Pig#l)» 
The results are in agreement with those 01 Wieland and Fpage (loo, 
cit•) It will be seen that in the uninhibited reaction, the rate 
of dehydrogenation is at first linear^gradually falling oxf with 
decreasing substrate concentration. Fron the cuurse of• die in
hibited reaction, it is apparent that the inhibition aoes noo 
remain constant for any one concentration of cya^de, but that it 
gradually decreases as the reaction proceeds. Tnis is specially 
noticeable in the'cases oflSbO and loo .HOI where the recovery 
from the initial effects of the HCH is very marked. it is difficult 
to reconcile these results with the view that the inhibition pro
duced by cyanide on the suecino/"'cLehydrase action is not due directly 
to the effect of cyanide on the suecinodehydrase, buo bo die

hydrogen /
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p e r o x i d e  w h i c h  t h e  c y a n i d e  i n h i b i t e d  o a t a l a s e  i s  u n a b l e  t o  

r e m o v e  f r o m  t h e  r e a c t i o n *  I f  t h i s  w e r e  t h e  c a s e  o n e  w o u l d  e x p e c t  

t h e  r a t e  o f  t h e  n o r m a l  a n d  i n h i b i t e d  r e a c t i o n s  t o  b e  t h e  s a n e  a t  

f i r s t ,  a n d  t h e n  t o  f a l l  a w a y  g r a d u a l l y  i n  t h e  i n h i b i t e d  r e a c t i o n s  

a s  t h e  h y d r o g e n  p e r o x i d e  a c c u m u l a t e d .

I t  i s  t o  b e  n o t e d  t h a t  a l t h o u g h  t h e  e f f e c t  o f  c y a n i d e  

i s  c o n s t a n t  f o r  a n y  o n e  e c i z y m e  m a t e r i a l ,  i t  v o . r i e s  w i t h  t h e  

d i f f e r e n t  p r e p a r a t i o n s ,  t h i s  b e i n g  d u e  t o  i n d i v i d u a l  d i f f e r e n c e s  

i n  t h e  e n z y m e  s u r f a c e s  i n  t h e  v a r i o u s  m a t e r i a l s .  O n l y  w i t h  t h e  

p u r e  e n z y m e ,  f r e e  f r o m  a c c o m p a n y i n g  p r o t e i n  c o u l d  t h i s  e f f e c t  he 

e x c l u d e d .

T h e  e x p e r i m e n t s  o n  t h e  c a t a l a s e  a c t i o n  w e r e  c a r r i e d

o u t  w i t h  t h e  s a m e  m a t e r i a l ,  a n d  i n  p r e c i s e l y  t h e  s a m e  m a n n e r  a s

t h o s e  f o r  t h e  d e h y d r a . s e ,  b u t  i n  t h i s  c a s e  i n s t e a d  o f  s o d i u m

s u c c i n a , t 4  s o l u t i o n ,  t h e  s i d e  t u b e s  a t t a c h e d  t o  t h e  B a r c r o f t
m

v e s s e l s  h e l d  5 2 . 0  c c .  o f  W  h y d r o g e n  p e r o x i d e  s o l u t i o n  m a k i n g

t h e  c o n c e n t r a t i o n  o n  t h e  t o t a l  1 0  c c ,  o f  l i q u i d  i n  e a c h  c a s e  
mT s o .

1 . 1 1 * 1 1 1 . I V .
r—  ~

V I . V l l .

U o n c e n t r a t i o n  
o f  M C $ « 0M

n
1 0 0 0

ft
5 0 0

n
- 2 0 0

n
1 0 0

a
7 5

n
5 0 .

C o m .  o x y g e n  e v o l v e d .



Table 2*
T i m e  T m i n . , '  1

T h e o r e t i c a l

i b i t i o n  o f  ^J,y HCN

IIjB  1 tutt-



and. a c c o r d i n g  t o  B o n a ,  
n

p i  e g  e l  a n d  h a k a h a r a  , t h e  p r e s e n c e  o f  TOO aCH i s  s u f f i c i e n t  t o  

i n h i b i t  i t s  a c t i o n  c o m p l e t e l y .  A l t h o u g h  t h i s  w a s  n o t  f o u n d  f o r  

t h e  c a t a l a s e  c o n t a i n e d  i n  t h e  p r e p a r t i t i o n  u s e d  f o r  t h i s  w o r k ,  y e t  

t h e  e f f e c t  o f  t h e  c y a n i d e  w a s  q u i t e  m a r k e d .  T h i s  d i f f e r e n c e  i n  

r e s u l t s ,  a n d  t h e  c o m p a r a t i v e  p a s s i v i t y  o f  t h e  c a t a l a s e  i n  t h e  

p r e p a r a t i o n  i s  p r o b a b l y  d u e  t o  t h e  p r o t e c t i v e  i n f l u e n c e  o f  p r o 

t e i n  c o n t a i n e d  i n  t h e  e n z y m e  m a t e r i a l ,  a n d  p e r h a p s  a l s o  t o  t h e  

l a r g e  a m o u n t  o f  c a t a l a s e  p r e s e n t .  I t  w i l l  b e  s e e n  h o w e v e r , f r o m

t h e  r e s u l t s  ( P i g . S . j  t h a t  t h e  p r e s e n c e  o f  5 0 0  H C B  i s  s u f f i c i e n t  

t o  r e d u c e  t h e  r a t e  o f  r e a c t i o n  t o  a b o u t  l / 3  o f  i t s  n o r m a l  v a l u e ,

a n d  t h a t  5 0  c a u s e s  i t  t o  b e  t w e l v e  t i m e s  a s  s l o w .

T h e r e  d o e s  n o t  a p p e a r  t o  b e  a n y  r e l a t i o n s h i p  b e t w e e n  t h e  

i n h i b i t i o h  o f  t h e  c a t a l a s e  a s  s h o w n  a b o v e  a n d  t h e  c o r r e s p o n d i n g ,  

i n h i b i t i o n s  o b t a i n e d  f o r  t h e  s u c c i n o d e h y d r a s e  a c t i o n ,  b u t  i t  m u s t  

b e  r e m e m b e r e d  t h a t  t h e  t w o  c a s e s  a r e  n o t  q u i t e  a n a l a g o u s ,  s i n c e  t h e  

b e h a v i o u r  o f  c y a n i d e  i n h i b i t e d  c a t a l a s e  w h e n  u n d e r  t h e  i n f l u e n c e  o f  

h y d r o g e n  p e r o x i d e  a d d e d  d i r e c t l y  m a y  n o t  b e  s i m i l a r  t o  t h a t  w h e n  

t h e  h y d r o g e n  p e r o x i d e  i s  f o r m e d  o n  t h e  e n z y m e  s u r f a c e  a s  a  p r o d u c t  

o f  t h e  d e h y d r o g e n a t i o n  o f  s u c c i n i c  a c i d  b y  t h e  s u c c i n o d e h y d r a s e .

w i t h  a  v i e w  t o  s h o w i n g  t h a t  h y d r o g e n  p e r o x i d e  i s  f o r m e d  o n  t h e  

d e h y d r o g e n a t i o n  o f  s u c c i n i c  a c i d  b y  s u c c i n o d e h y d r a s e ,  t h e  u s e  o f  

c e r o u s  h y d r o x i d e  w a s  t r i e d .  T h i s  m e t h o d  o f  i d e n t i f y i n g  a n d  

e s t i m a t i n g  t h e  h y d r o g e n  p e r o x i d e  f o r m e d  b y  d e h y d r o g e n a t i n g  e n z y m e s

w a s  a p p l i e d  s u c c e s s f u l l y  b y  W i e l a n d  a n d  B o s e n f e l d  i n  c o n n e c t i o n

w i t h  X a n t h i n e  d e h y d r a s e ,  a n d  i t  w a s  t h o u g h t  t h a t  u n d e r  s u i t a b l e

c o n d i t i o n s  a n  a p p l i c a t i o n  c o u l d  b e  f o u n d  i n  t h e  i n v e s t i g a t i o n  o f  t h e  
s u c c i n o d e h y d r a s e  a c t i o n .

n

n

1)

1 )  A n n .  4 7 7 ,  6 9 ,  1 9 2 9
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g e r o u s  h y d r o x i d e  w h i c h  i s  i t s e l f  c o l o u r l e s s  , r e a c t s  w i t h  

h y d r o g e n  p e r o x i d e  t o  f o r m  t h e  y e l l o w - b r o w n  e e r i e  p e r o x i d e , t h u s

3 Ce (OH) + m  9 2 Cc. (OH) 00H + SH 0,
3 £ 2 3 g

a n d  w h e n  t h e  r e a c t i o n  i s  c a r r i e d  o u t  a t  p . f i  8 . 0 ,  t h e  c o n d i t i o n s  

a r e  s u c h  t h a t  a u t o x i d a t i o n  o f  t h e  c e r o u ^ J i y  d r  o x i d e  d o e s  n o t  t a k e  

p l a c e .
A s s u m i n g  t h e  i n h i b i t i o n  p r o d u c e d  b y  c y a n i d e  o n  t h e  s u c c i n o 

d e h y d r a s e  t o  b e  d u e  t o  t h e  e f f e c t  o f  c y a n i d e  o n  t h e  c a t a l a s e  

r a t h e r  t h a n  d i r e c t l y  - o n  t h e  s u c c i n o d e h y d r a s e  i t s e l f ,  i t  w a s  t h o u g h t  

t h a t  b y  c a r r y i n g  o u t  t h e  r e a c t i o n  i n  t h e  p r e s e n c e  o f  h y d r o g e n  

p e r o x i d e  a n d  c e r o u s  h y d r o x i d e ,  d u e  t o  t h e  h y d r o g e n  p e r o x i d e  b e i n g  

r e m o v e d  f r o m  t h e  r e a c t i o n  b y  t h e  c e r o u s  h y d r o x i d e ,  t h e  r e a c t i o n  

c o u l d  b e  i n d u c e d  t o  t a k e  i t s  n o r m a l  c o u r s e ,  o r ,  i n  o t h e r  w o r d s ,  

t h a t  t h e  c e r o u s  h y d r o x i d e  w o u l d ,  b y  t a k i n g  t h e  p l a c e  o f  t h e  

c a t a l a s e ,  a l l o w  t h e  u n i n h i b i t e d  c o u r s e  o f  t h e  r e a c t i o n  t o  p r o c e e d .  

A l t h o u g h  s u c h  c o n d i t i o n s  c o u l d  n o t  b e  r e a l i s e d ,  d e f i n i t e  p r o o f  o f  

h y d r o g e n  p e r o x i d e  f o r m a t i o n ,  a n d  a l s o  e v i d e n c e  o f  t h e  i n h i b i t o r y  

a c t i o n  o f  h y d r o g e n  p e r o x i d e  o n  t h e  s u c c i n o d e h y d r a s e  a c t i o n  w a s

o b t a i n e d .

P r e p a r a , t i o n  o f  t h e  u e r i i i m  R e a g e n t .
E lA n  50 s o l u t i o n  o f  c e r o u s  s u l p h a t e  w a s  b r o u g h t  t o  p.H 8.0 b y  

t h e  a d d i t i o n  o f  t h e  r e q u i s i t e  a m o u n t  o f  b o r a t f e  b u f f e r  s o l u t i o n  

p H 9.24, a n d  t h e  w h i t e  p r e c i p i t a t e  o f  c e r o u s  h y d r o x i d e  s o  o b t a i n e d  

w a s  u s e d  i n  t h e  f o l l o w i n g  e x p e r i m e n t s .  T h i s  r e a g e n t  w a s  n o n -  

a u t o x i d i s a b l e ,  a n d  w h e n  t r e a t e d  w i t h  h y d r o g e n  p e r o x i d e  a s s u m e d  a  

y e l l o w - b r o w n  c o l o u r  d u e  t o  t h e  f o r m a t i o n  o f  e e r i e  p e r o x i d e .  M i e n  

s h a k e n  i n  a  B a r c r o f t  a p p a r a t u s  w i t h  t h e  e n z y m e  p r e p a r a t i o n ,  t h e n
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/ w i t h  s o d i u m  s u c c i n a t e  s o l u t i o n ,  a n d  f i n a l l y  w i t h  h y d r o g e n  c y a n i d e ,  

n o  t r a c e  o f  o x y g e n  u p t a k e  w a s  a p p a r e n t  i n  a n y  c a s e .

C o n t r o l  e x p e r i m e n t s  w e r e  f i r s t  c a r r i e d  o u t  t o  s e e  i f  i t  w e r e  

p o s s i b l e  t o  o b t a i n  t h e  f o r m a t i o n  o f  e e r i e  p e r o x i d e  w h e n  h y d r o g e n  

p e r o x i d e  w a s  a d d e d  t o  t h e  e n z y m e  p r e p a r a t i o n  i n  t h e  p r e s e n c e  o f  

c y a n i d e *  T h e  f o l l o w i n g  r e s u l t s  w e r e  o b t a i n e d .  T h e  s t r e n g t h  o f  

t h e  h y d r o g e n  p e r o x i d e  u s e d  w a s  d e t e r m i n e d  b y  *  i d  c m  w i t h  

p o t a s s i u m  p e r m a n g a n a t e  s o l u t i o n .  T h e  r e a c t i o n  w a s  c a r r i e d  o u t  

a t  3 7 °  a n d  t h e  B a r c r o f t  v e s s e l s  w e r e  f i l l e d  a c c o r d i n g  t o  t h e  t a b l e  

s h o w n  b e l o w .

E n z y m e  P r e p a r a t i o n

i.

0 o 5 g

H y d r o g e n  p e r o x i d e  s o l u t i o n  l O O c c .  2 . 0
m

c c .  C e  ( S O  ) s o l u t i o n  5 0  
2 4  3

co. B o r a t f c  b u f f e r  s o l u t i o n
n

cc. HCH 10
cc• H O .

2

c o m .  O x y g e n  evolved.
T i m e  ( l a i n . )

jp TJ—

2  o  O p  H 8  o 0  

0.2
5 . 3

11.
0 . 5 g .

2.0 
2.0

; . 0 p H 9 . 2 4

0.2
3 . 3

111.
0 . 5 g .

4 . 0

. 2  o O p f g . O  

0.2
3 . 3

IV.

0  • 5 g  •

4 . 0

2.0

2 , « 0 p H 9  . 2 4 i  

0.2
1 . 3

2 4 2 6 1 0 1 1 0

5 7 0 1 2 1 5 8 1 3

© 9 3 1 2 1 7 7 1 6  ,

1 0 - 1 8 6 1 9

1 5 9 6 1 2 1 8 9 1 9

9 9 1 2 1 8 9 1 9  !

3 0 1 0 4
1 1 7

1 2 i s a
---

1 9 .
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A t  t h e  e n d  o f  t h e  e x p e r i m e n t ,  the contents o f  v e s s e l s  1 1

a n d  I V .  w e r e  y e l l o w  i n  c o l o u r  d u e  t o  t h e  e e r i e  p e r o x i d e  f o r m a t i o n ,

a n d  i t  i s  e v i d e n t  f r o m  t h e  r e s u l t s  t h a t  t h e  a f f i n i t y  o f  c e r o u s

h y d r o x i d e  f o r  h y d r o g e n  p e r o x i d e  i s  g r e a t e r  t h a n  t h a t  o f  t h e  c a t a l a , s e

w h e n  c y a n i d e  i s  p r e s e n t  a t  t h e  a b o v e  c o n c e n t r a t i o n .  O w i n g  t o  t h e

r e d u c i n g  p r o p e r t y  o f  t h e  f l e s h  i n  t h e  e n z y m e  p r e p a r a t i o n ,  a n d  t h e

p r e s e n c e  o f  f u n a r i c  a c i d  f o r m e d  i n  t h e  d e h y d r o g e n a t i o n  o f  s u c c i n i c

a c i d  w h e n  t h i s  s u t s l r d t e  w a s  p r e s e n t ,  t h e  a p p l i c a t i o n  o f  t h e  u s u a l

m e t h o d s  ( b y  p o t a s s i u m  p e m a n g a t e  o r  i o d o m e t r i c a l l y ) o f  e s t i m a t i n g  |

t h e  c o r i c  perdxide f o r m e d  w a s  n o t  p o s s i b l e .  T h i s  d i f f i c u l t y ,

h o w e v e r  w a s  a v o i d e d  b y  t h e  u s e  o f  t i t a n o u s  c h l o r i d e  i n  a c i d

s o l u t i o n ,  a  d e f i n i t e  v o l u m e  o f  t h i s  r e a g e n t  b e i n g  a d d e d  t o  t h e

r e a c t i o n  m i x t u r e  a t  t h e  e n d  o f  t h e  e x p e r i m e n t ,  a n d  t h e  e x c e s s  J

t i t r a t e d  w i t h  f e r r i c  i r o n  s o l u t i o n  t i l l  i h  e  b r o w n  c o l o u r a t i o n

w i t h  p o t a s s i u m  r h o d a m i d e  w a s  o b t a i n e d * .  I n  h i *  a n d  1 V «  o f  t h e  a b o v e
n

e x p e r i m e n t s  u s i n g  5 0  s o l u t i o n s  o f  t h e s e _ r e a g e n t s ,  t h e  t h e o r e t i c a l  

a m o u n t  o f  h y d r o g e n  p e r o x i d e  w a s  f o u n d  i n  c o m b i n a t i o n  w i t h  t h e  c e r o u s  

h y d r o x i d e  a t  t h e  e n d  o f  t h e  e x p e r i m e n t .  i

T h e  i n v e s t i g a t i o n  o f  t h e  s u c c i n o d e h y d r a s e  a c t i o n  i n  t h e  p r e s e n c  

o f  c e r o u s  h y d r o x i d e  a n d  c y a n i d e  g a v e  t h e  f o l l o w i n g  r e s u l t s .  T h e  

B a r c r o f t  v e s s e l s  w e r e  f i l l e d  a c c o r d i n g  t o  t h e  T a b l e  s h o w n  b e l o w .

; ' ; ' . i

II
^ . !!

; f

\
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Table 3.

1. 11. 111. IV. V. VI.
Enzyme preparation • 0 • 5g. 0. 5g • 0.5g. 0.5g. 0.5g. 0.5g.
op.Borate buffer 2.0 2.0 2.0 2.0 2.0 2.0

solution. pa 8.0 PH 9.24 PH 9.24 pH 8.0 Pa 9.24 pa 8.0m
op.50 Ue (SO )

2 4 3 - 2.0 2.0 - 2.0
solution, 

op.Sodium succin
ate solution.m 

N 12i
2.0 2.0 2.0 2.0 2.0 2.0

oo.To HCH. mm mm 0.1 0.1 c*.

o o . to

oo. a 0 
8

5.5 3.5 3.4 5.4 3.3 5.3

Gmm. Oxygen.

Time (min.) 1. 11. 111. IV. V. VI.
15 378 324 39 21 58 12
30 726 653 82 45 107 18
45 950 908 135 78 154 30
60 1146 1242 152 84 193 45
90 1365 1540 225 132 261 66
120 1470 1610 281 180 316 90
180 1575 1640 384 275 414 141
240 1610 1650 489 369 515 198
50 0

Theoretical.
1625
1792.

1653 560 508 584 234



Succinode
presence



A t  t h e  e n d  o f  t h e  e x p e r i m e n t ,  i h  e  f l e s h  p a r t i c l e s  i n  v e s s e l s  

1 1 1 ,  a n d  I V .  w e r e  y e l l o w  i n  c o l o u r  i n  c o n t r a s t  w i t h  t h o s e  i n  t h e  

o t h e r  v e s s e l s ,  s h o w i n g  a p p a r e n t l y  t h a t  t h e  o e r i c  p e r o x i d e  w a s  

a b s o r b e d  i n  t h e  e n z y m e  m a t e r i a l .  I t  w i l l  b e  s e e n  f r o m  t h e  c u r v e s  

( j ? - i g . o . ) d r a w n  f r o m  t h e  d a t a  o b t a i n e d ,  t h a t  a l t h o u g h  i n  t h e  p r e 

s e n c e  o f  c e r u i m  h y d r o x i d e  a n d - c y a n i d e  t h e  t h e o r e t i c a l  o x y g e n  u p 

t a k e  w a s  n o t  r e a l i s e d ,  y e t  a  l a r g e  i n c r e a s e  o v e r  t h e  u p t a k e  w i t h  

c y a n i d e  a l o n e  w a s  o b t a i n e d  a n d  a g a i n  i t  w i l l  b e  s e e n  t h a t  w h e n  

b o t h  a r e  p r e s e n t ,  t h e  c y a n i d e  h a s  p r a c t i c a l l y  n o  i n f l u e n c e  o n  t h e  

o x y g e n  u p t a k e .  I t  w i l l  a l s o  b e  o b s e r v e d  t h a t  t h e  c o u r s e  o f  t h e  

n o r m a l  r e a c t i o n  i n  p r e s e n c e  o f  c e r o u s  h y d r o x i d e  ( j L l )  s h o v e s  a n  

i n c r e a s e d  v e l o c i t y  t o w a r d s  t h e  e n d  o f  t h e  r e a c t i o n  o v e r  t h a t  o f  

t h e  r e a c t i o n  w i t h o u t  c e r u i n i  h y d r o x i d e  ( . 1 ) ,  a  p h e n o m e n o n  w h i c h  i s  

d i f f i c u l t  t o  e x p l a i n  u n l e s s  b y  a s s u m i n g  t h a t  t h e  c e r o u s  h y d r o x i d e  

i s  p r o t e c t i n g  t h e  s u c c i n o d e h y d r a s e  i n  s o m e  w a y  -  n a m e l y ,  b y  r e 

m o v i n g  h y d r o g e n  p e r o x i d e  w h i c h  t h e  c a t a l a s e  ^ w e a k e n e d ,  b y  t h i s  t i m e ,  

i s  u n a b l e  t o  d o  q u i c k l y  e n o u g h  t o  p r e v e n t  i t s  i n h i b i t i n g  i n 

f l u e n c e  o n  t h e  s u c c i n o d e h y d r a s e .



1

■jhe above experiment was repeated with new enzyme material, 
and the hydrogen peroxide estimated as described above. The 
Bancroft vessels were filled according to the table.

1 . 1 1 . 1 1 1 . l v  ♦ V . V I . V l l . v  1 1 1  *

E n z y m e  preparation *0.5g 0 • 5 g 0 # 5§ • 0 . 5g • B . 5g * 0 . 5g . 0 • 5g * 0. 5g»
Ce.Borate buffer 

solution.
2*0 2 . 0 2.0 2.0 2 . 0 2 . 0 2.0 2 . 0

O e .  5 0  Oe ( £ 0 4 )
2 3 

solution.
m

2*0 2.0 2 . 0 2.0 2.0 2.0
'

U o . 1 0  S o d i u m  
s u c c i n a t e  s o l u f c .  

n

■» WNt 2.0 2.0 2.0 2.0 2.0 2.0

0 0 . 1 0  H C I  s o l u f a f e . - - - *m 0 . 2 0 . 2 0.2 0.2
0 0 .  E 2 0 5*5 5 . 5 3 . 5 3.5 rrO  e Q 3.3 5.5 5.3

£mm. Oxygen Table 4.

Time (Minsg) 1. 11. 111. IV. V. VI. Vll. vlll.
15 324 340 89 78 62 57
30 . m * 582 647 165 141 147 145
45 - 890 955 218 ±94 238 236
60 1145 1210 279 244 316 322
90 *■< 1630 1704 574 328 485 496

120 - 1960 1985 463 412 645 672
150 m - 2155 2140 548 490 818 850
ISO M» 2215 2190 632 563 980 1019
240 - m * 2260 2235 802 721 1324 1380
300 p m - 2260 2235 950 863 1642 1709
360

®ieoretical*
~n w m

2240.
1081 998 1930 1985.



Succinodehydrase A ctio n -in  Presenci 
0e(C5)3 and HON.

I n  t h e  e s t i m a t i o n  o f  t h e  h y d r o g e n  p e r o x i d e  1 .  a n d  1 1 .  w e r e

u s e d  a s  c o n t r o l s ,  t h e  e e r i e  p e r o x i d e  i n  V .  a n d .  v l . b e i n g  d e 

t e r m i n e d .

1 . 1 1 . V  . n

c c . .  H  * H 2 0 2  
f o u n d .  0 . 0 1 7 0 . 0 A 7 0  .069 0 . 0 6 4 .

c c .  H . H 2 0 2  
p r e s e n t - 0 . 0 5 2 0 . 0 4 7

e q u i v a l e n t  
e m n  . o x y g e n . - - 2 9 3 2 6 5

^  o f  o x y g e n  
t a k e n  u p  u s e d  
i n  H 2 0 2  f o r m 

a t i o n .
- - 3 1 . 7 2 6 . 6  •

i t  w o u l d  a p p e a r  f r o m  t h e  a b o v e  r e s u l t s  t h a t  t h e  e n z y m e  p r e -



nodehydrase

- 2 0 -

/preparation is not so susceptible to the influence of cyanide 
as the one previously used, since this time in the presence of 
cerium hydroxide and cyanide the oxygen uptake was considerably 
less than when cyanide alone was present, it will be seen,however, 
from the curves in Pig.4. that when both were preseht (V.) the 
initial velocity of reaction was slightly greater than when only 
cyanide was added (Vll.). The results obtained with the first 
preparation were repeated,however,with the second preparation using 
larger quantities of cyanide. Each determination was made twice, 
the results being only shown for one series, since they were, 
within the experimental error, the same.



fable 5*

1. 11. 111. IV . V. VI. Vll. Vlll, IX.
Enzyme preparation. 0 • 5g • 0 .5g 0• 5g 0 .5g 0.5g 0.5g 0.5g 0.5g 0.5g
ac .Borate buffer 

solution. 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
m

c.c.50 cerium 
sulphate soln. - 2*0 2.0 - - 2.0 - 2.0 -
m

c,c.To sodium 
succinate. - 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
9

c.c.10 HCH. - - 0.2 0.2 - 0.4 0.4 1.0 1.0
G.C . M20 * 5.5 3*5 3.3 5.3 5.6 3.1 5.1 2.5 4.5
pmm. Oxygen.

Time (mine •)
1. 11. )V. V Vl. Vll. Vlll. IX.

15 - 279 54 28 225 60 36 60 12
30 - 516 108 116 432 111 84 117 46
45 789 159 192 661 171 145 162 77
60 mm 1032 213 271 881 216 198 210 107
90 - 1492 314 432 1510 309 316 291 171

120 - 1805 398 590 1625 387 428 363 223
150 - 1998 476 741 1842 463 538 429 278
180 - 2080 555 865 - - - 496 337
210 - 2140 - 1056 2062 603 765 - -
240 - 2160 694 1195 2102 648 890 612 438
300 - 2180 795 1440 2140 746 1095 708 521.

Estimation of hydrogen peroxide.

1. 11. 111. IV. V. 1vi. via . VIH. IX.
oo.Jf H202 found. 
cc.N H202 present, 
equivalent cmm. 
oxygen.

0.0l7 0.035
0.018

q> u* 
hr to
0 

o
1 • 

•
p 

o <3.68*
0.020

0.03& 
0 .021

0.054
0.037 mm

f>. 051 
0.034

0.04?
0.030

% of 02 taken up 
ttsed in formationof H2 0 2. ee.e 27.5 27.0
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I t  w i l l  b e  s e e n  f r o m  t h e  r e s u l t s  t h a t  a g a i n ,  a s  i n  t h e  o a s e

o f  t h e  f i r s t  e n z y m e  p r e p a r a t i o n ,  t h e  a m o u n t  o f  c y a n i d e  w i t h i n  t h e  
n  n

l i m i t s  o f  5 0 0  t o  T O O  i n  s  110 e f f e c t  o n  t h e  o x y g e n  u p t a k e  i n  t h e  

p r e s e n c e  o f  c e r o u s  h y d r o x i d e .  T h i s  c o u l d  b e  d u e  t o  t w o  r e a s o n s ,  

F i r s t l y ,  t h e  c e r o u s  h y d r o x i d e  m i g h t  p r e v e n t  t h e  a c t i o n  o f  t h e  

c y a n i d e  d u e  t o  s o m e  p r o t e c t i v e  e f f e c t  e x e r t e d  b y  i t  o n  t h e  e n z y m e  

s u r f a c e ,  o r  s e c o n d l y ,  t h e  c a t a l a s e  a c t i o n  h a v i n g  b e e n  e x c l u d e d  

d u e  t o  t h e  c y a n i d e ,  t h e  i n h i b i t i o n  c o u l d  b e  d u e  t o  t h e  a d s o r p t i o n  

o n  t h e  e n z y m e  s u r f a , c e  o f  t h e  e e r i e  p e r o x i d e  f o r m e d ,  t h e  a c t i o n  o f  

t h e -  s u b s t r a t e  b e i n g  t h u s  i n h i b i t e d .  I f  t h e  f i r s t  w a s  t h e  c a s e ,  

t h e n  o n e  w o u l d  e x p e c t  t h a t  t h e  c e r o u s  h y d r o x i d e  w o u l d  a l s o  i n h i b i t  

t h e  a c t i o n  o f  t h e  s u b s t r a t e  -  a  c o n d i t i o n  w h i c h  i s  n o t  i n  a g r e e 

m e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  w h e n  t h e  r e a c t i o n s  i n  t h e  p r e s e n c e  

a n d  a b s e n c e  o f  c e r o u s  h y d r o x i d e  w e r e  c o m p a r e d  ( F i g » § . )  O f  t h e  

t w o ,  t h e  s e c o n d  c o n d i t i o n  i s  t h e  m o j p t e  p r o b a b l e .  F r o m  t h e  a p p e a r 

a n c e  o f  t h e  r e a c t i o n  m i x t u r e  a t  t h e  e n d  o f  t h e  e x p e r i m e n t s  w h e n  

b o t h  c e r o u s  h y d r o x i d e  a n d  c y a n i d e  w e r e  p r e s e n t ,  i t  c o u l d  b e  s e e n  

t h a t  t h e  e e r i e  p e r o x i d e  w a s  f o r m e d  o n  t h e  s u r f a . e e  o f  t h e  e n z y m e  

p r e p a r a t i o n ,  a n d  t h e  c o n s t a n t  r e s u l t  (Q7fs) f o r  t h e  a m o u n t  o f  

h y d r o g e n  p e r o x i d e  f o r m e d  w o u l d  a p p e a r  t o  b e  i n  a g r e e m e n t  w i t h  t h i s  

c o n c l u s i o n .

T h e  i n c r e a s e d  u p t a k e  o f  o x y g e n  i n  t h e  p r e s e n c e  o f  b o t h  c e  r o u s  

h y d r o x i d e  a n d  c y a n i d e  a t  c e r t a i n  c o n c e n t r a t i o n s  o f  c y a n i d e  o v e r  

t h a t  w h e n  c y a n i d e  a l o n e  i s  p r e s e n t ,  a n d  t h e  f a c t  t h a t  i n  e v e r y  

c a s e  w h e r e  h o t h  a r e  p r e s e n t  t h e  i n i t i a l  r e a c t i o n  v e l o c i t y  i s  

g r e a t e r  t h a n  w h e n  c y a n i d e  a l o n e  i s  p r e s e n t  w o u l d  p o i n t  t o  t h e  

f a c t  t h a t  h y d r o g e n  p e r o x i d e  h a s  a n  i n h i b i t o r y  e f f e c t  o n  t h e  

s u c c i n o d e h y d r a s e  a c t i o n ,  a n d  t h a t  t h i s  i s  t h e  r e a s o n  f o r  t h e

d i f  f  f i T ^ n n  ft /



/ d i f f e r e n c e  b e t w e e n  t h e  a e r o b i c  d e h y d r o g e n a t i o n , a n d  t h e  a n a e r o b i c  

d e h y d r o g e n a t i o n  i n  p r e s e n c e  o f  m e t h y l e n e  b l u e  w i t h  r e g a r d  t o  t h e  

e f f ec  t  o f  c y a n i  d e ,

T h e  r e a s o n  w h y  n o  g r e a t e r  r e s u l t s  t h a n  27f# w e r e  o b t a i n e d  

f o r  t h e  a m o u n t  o f  h y d r o g e n  p e r o x i d e  f o r m e d  i s  n o t  c l e a r .  O n e  

w o u l d  e x p e c t  t h a t  w i t h  i n c r e a s i n g  a m o u n t s  o f  c y a n i d e ,  t h e  a m o u n t  

o f  e e r i e  p e r o x i d e  w o u l d  a l s o  i n c r e a s e .



—

qhe influence of C a r b o n  Mon°xide o n  the 
Succinodehydrase action.

i)
K e i l i n  f n o n  a  s t u d y  o f  t h e  a c t i o n  o f  c a r b o n  n o n o x i d e  o n

i'
c e r t a i n  o x i d i s i n g  e n z y m e s  f o u n d  t h a t  t h e  a c t i o n  o f  t h e  i n d o p h e n o l

o x i d a s e s  o f  b o t h  y e a s t  a n d  m u s c l e  a n d  t h e  o x i d a t i o n  o f  c a t e c h o l

b y  t h e  o x y g e n a s e  o f  the p o t a t o  w a s  s t r o n g l y  i n h i b i t e d .  H y d r o g e n

c y a n i d e  i n  t h e s e  c a s e s  w a s  a l s o  f o u n d  to h a v e  a  strong inhibitory
2 )

a c t i o n *  H a l d a n e  s h o w e d  t h a t  t h e  i n h i b i t o r y  e f f e c t  o n  t h e  

a c t i v i t y  o f  m o t h s  a n d  c r e s s  p l a n t s  w a s  p r o b a b l y  d u e  t o  t h e  p o i s o n 

i n g  o f  a n  o x i d a t i o n  c a t a l y s t  p r e s e n t  i n  t h e  c e l l s .  A g a i n  
/

W a r b u r g  p o i n t e d  o u t  t h e  a n a l o g y  b e t w e e n  t h e  i n h i b i t i n g  e f f e c t

o f  c y a n i d e  a n d  c a r b o n  m o n o x i d e  o n  t h e  r e s p i r a t i o n  o f  y e a s t *

p o s t u l a t i n g  t h a t  i n  b o t h  c a s e s  t h e  i n h i b i t i o n  w a s  d u e  t o  t h e

e f f e c t  o n  the i r o n • c o n t a i n i n g  o x y g e n  t r a n s p o r t i n g  c o m p o n e n t  o f

t h e  r e s p i r a t o r y  f e r m e n t  r e s u l t i n g  i n  i t s  i n a c t i v a t i o n .  U p  t o

t h i s  p o i n t  i t  s e e m e d  t h a t  t h e  c a r b o n  m o n o x i d e  a n d  t h e  c y a n i d e
%

a n t  i n  a  s i m i l a r  w a y *  t h e  c y a n i d e  o f  t h e  t w o  h a v i n g  t h e  m o r e  

m a r k e d  e f f e c t ,  f a i r l y  l a r g e  a m o u n t s  o f  c a r b o n  m o n o x i d e  b e i n g "  

n e c e s s a r y  t o  p r o d u c e  r e s u l t s  o b t a i n e d  w i t h  s m a l l  a m o u n t s  o f  

c y a n i d e .  D i x o n  4 )  h o w e v e r ,  s h o w e d  t h a t  t h e r e  w a s  n o  s u c h  i n 

h i b i t i n g  e f f e c t  o f  c a r b o n  m o n o x i d e  o n  t h e  d e h y d r o g e n a t i o n  o f  

a l d e h y d e s ,  b y  t h e  a l  d e h y d r a  s e  p r e s e n t  i n  m i l k ,  a n d  o n  t h e  s u c c i n i c  

a c i d  o x i d a t i o n  b y  t h e  f e r m e n t  c o n t a i n e d  i n  m u s c l e .  I n  t h e  f o l l o w 

i n g  w o r k ,  t h e  e f f e c t  o f  c a r b o n  m o n o x i d e  o n  t h e  s u c c i n i c  a c i d  

d e h y d r o g e n a t i o n  w a s  a g a i n  c a r r i e d  o u t  u s i n g  a n o t h e r  e n z y m e  m a t e r - *  

i a l ,  a n d  e m p l o y i n g  a  d i f f e r e n t  t e c h n i q u e ,  f r o m  t h a t  u s e d  b y  

S i x o n  i n  h i s  r e s e a r c h .

1 )  H a t u r e ,  1 1 9 ,  6 7 0 .  5 )  H i o c h .  Z «  1 7 7 ,  4 7 1 .
Nature,

119, 552: Ri nr.h . .71 _ O l  4d 1 O i l  \ Q 9 J 7



The S e r b 011 n o n o x i d e  w a s  p r e p a r e d  i n  t h e  u s u a l  w a y  b y  t h e  a c t i o n  

o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  o n  d o m i c  a c i d ,  t h e  g a s  e v o l v e d  

b e i n g  p u r i f i e d  b y  p a s s i n g  t h r o u g h ,  s t r o n g  s o d i u m  h y d r o x i d e  s o l u t i o n  

s t r o n g  s u l p h u r i c  a c i d ,  a l k a l i n e  p o t a s s i u m  p e r m a n g a n a t e  s o l u t i o n *  

a n d  w a t e r .  T h e  e x p e r i m e n t  w a s  c o n d u c t e d  i n  t h e  B a r e r  o f  t - W a r b u r g  

a p p a r a t u s ,  t h e  v e s s e l s  b e i n g  p r o v i d e d  . w i t h  s m a l l  s i d e  t u b e s  w h i c h  

c o u l d  b e  d o s e d ' b y  m e a n s  o f  g r o u n d  g l a s s  s t o p p e r s .

V a r i o u s  m i x t u r e s  o f  c a r b o n  m o n o x i d e  a n d  a i r  w e r e  i n t r o d u c e d  

i n t o  a  l o n g  g r a d u a t e d  g a s  c y l i n d e r ,  a n d  t h e  B a n c r o f t  v e s s e l s  h a v i n  

b e e n  c h a r g e d  a s  n o t e d  b e l o w ,  w i t h  t h e  e x c e p t i o n  o f  t h e  s o d i u m  

s u c c i n a t ©  s o l u t i o n ,  t h e  g a s  m i x t u r e  w a s  l e d  t h r o u g h  t h e  v e s s e l s  

f r o m  t h e  c o n t a i n i n g  c y l i n d e r  f o r  1 5  m i n u t e s ,  s o  t h a t  t h e y  c o n 

t a i n e d  t h e  s a m e  p r o p o r t i o n  o f  a i r  a n d  c a r b o n  m o n o x i d e  a s  h a d  b e e n  

p r e s e n t  i n  t h e  c o n t a i n i n g  c y l i n d e r - .  A t  t h e  e n d  o f  t h i s  t i m e ,  

t h e  g a s  b e i n g  s t i l l  a l l o w e d  t o  p a s s ,  t h e  s o d i u m  s u c c i n a t e  s o l 

u t i o n  w a s  i n t r o d u c e d  t h r o u g h  t h e  s i d e  t u b e s ,  t h e  s t o p p e r s  r e p l a c e d  

a n d  t h e  a p p a r a t u s  • l o w e r e d  i n t o  t h e  t h e r m o s t a t #  w h e n  t h e  t e x p e n a 

t u r e  o f  t h e  c o n t e n t s  o f  t h e  v e s s e l s  h a d  r e a c h e d  t h a t  o f  t h e  

t h e r m o s t a t ,  r e a d i n g s  o f  t h e  o x y g e n  u p t a k e  w e r e  t a k e n  a i t  r e g u l a r  

i n t e r v a l s .  A  c o n t r o l  e x p e r i m e n t  w i t h o u t  c a r b o n  m o n o x i d e  w a s  m a d e  

i n  e a c h  c a s e .
m

t e a c h  B a n c r o f t  v e s s e l  h e l d  0 . 5 g  e n z y m e  p r e p a r a t i o n ,  4  c c . 1 5
m

p h o s p h a t e  b u f f e r  s o l u t i o n  p  H . 7 # 4 ,  a n d  5  c c .  5 0  s o d i u m  s u c c i n a t e  

s o l u t i o n ,  t h e  t o t a l  v o l u m e  b e i n g  m a d e  u p  i n  e a c h  c a s e  t o  1 0  c c .  

w i t h  d i s t i l l e d  w a t e r  s a t u r a t e d  w i t h  t o l u e n e *  

i h e  g a s  m i x t u r e s  w e r e  a s  f o l l o w s : -
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1 . 1 1 . 1 1 1 . I V . V . V I . V l l .

V o l u m e  71 o f  
a i r 1 0 0 $ 8 0 8 0 5 0 5 0 2 5 2 5

O a  r b  o n  M o  n o x i  d e  -  
1

2 0 2 0 5 0 5 0 7 5 7 5

C u m .  O x y g e n .
T a b 1 e  6 »

T i m e  ( M i n s . ) 1 . 1 1 . 1 1 1 . <J o V . V I . v l l .

1 5 4 6 7 5 5 1 3 5 0 1 9 6 2 1 8 1 7 3 1 5 2

S O 8 5 1 7 0 4 6 8 0 4 4 4 5 1 3 3 3 0 3 2 0

4 5 1 0 1 0 9 4 2 9 3 8 7 2 2 6 9 4 5 0  9 4 9 9

6 0 1 0 4 6 1 0 0 0 1 0 1 9 8 2 5 8 3 9 6 6 4 6 6 4

7 5 1 0 8 7 1 0 5 0 1 0 4 3 8 3 7 9 0 3 7 1 1 8 0 7

9 0 1 1 0 1 1 0 7 0 1 0 6 5 9 3 7 9 5 2 8 8 1 9 0 9

1 2 0 1 1 0 4 1 1 0 7 1 0 6 7 1 0 0 0 9 8 5 9 5 7 9 8 4

1 5 0 1 1 0 4 1 1 0 7 1 0 6 7 1 0 1 0 IM 9 8 5 1 0 1 1

1 8 0 - - - 1 0 2 9 9 9 7 1 0 0 7 1 0 3 8

2 1 0 J - - 1 0 4 0 1 0 2 5 1 0 3 5 1 0 3 8

2 4 0 - - - 1 0 4 0 1 0 2 5 1 0 3 5 1 0 3 8

T h e o r e t i c a l . 1 1 2 0 .  - - - - - - 5*-
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I t  w i l l  f e e  s e e n  f r o m  I n  e  r e s u l t s  t h a t  a l t h o u g h  t i e  r e a c t i o n  

v e l o c i t y  f a l l s  o f f  w i t h  d e c r e a s i n g  o x y g e n  c o n c e n t r a t i o n ,  i n  e v e r y  

c a s e  t h e  t h e o r e t i c a l  o x y g e n  u p t a k e  i s  o b t a i n e d *  h o  i n h i b i t i n g  

i n f l u e n c e  d u e  t o  t h e  p r e s e n c e  o f  c a r b o n  m o n o x i d e  i s  a p p a r e n t *

A f u r t h e r  e x p e r i m e n t  w a s  t h e n  c a r r i e d  o u t  w i t h  t h e  s a m e  

e n z y m e  m a t e r i a l *  i n  t h i s  c a s e  p u r e  c a r b o n  m o n o x i d e  w a s  p a s s e d  

f r o m  t h e  g e n e r a t i n g  f l a s k  i n t o  t h e  B a r c r o f t  v e s s e l s ,  s o d i u m  

s u c c i n a t f c  s o l u t i o n  a d d e d ,  a n d  t h e  r e a c t i o n  m i x t u r e  s h a k e n  u p  

f o r  1 3 5  m i n u t e s  u n d e r  a n  a t m o s p h e r e  o f  c a r b o n  m o n o x i d e *  A t  t h e  

e n d  o f  t h i s  t i m e ,  a  s t r e a m  o f  a i r  w a s  q u i c k l y  p a s s e d  t h r o u g h  

t h e  v e s s e l s  t o  expel t h e  c a r b o n  m o n o x i d e ,  a n d  t h e  a c t i v i t y  

m e a s u r e d  i n  t h e  u s u a l  w a y *
—1 ^ *  n o r m a l  e x p e r i m e n t  w i t h  5  c c .  5 0  s o d i u m  s u c c i n a t e  s o l u t i o n .

1 k  a n d  1 1 1 , a s  1 .  i n  a n  a t m o s p h e r e  o f  c a r b o n  m o n o x i d e  

l V * c o n t r o l  e x p e r i m e n t  t o  w h i c h  t h e  s o d i u m  s u c c i n a t f t  w a s  n o t

a d d e d  t i l l  t h e  c a r b o n  m o n o x i d e  w a s  e x p e l l e d  f r o m  11*  a n d  1 1 1 *



Oxygon, fab 1 e 7 •

r ~  . . . . .
.‘i m e  ( n i n s 0 ) 1 . 1 1 . 1 1 1 . I V .

1 5 4 2 8 5 - 7

S O 8 2 0 5 * " 1 2

4 5 9 7 8 5 - 1 4

6 0 1 0 1 9 5 - 1 6

9 0 1 0 8 5 1 5 *5 1 4

1 2 0 - 1 5 y- 1 9

1 5 5 0 0

1 5 0 3 4 4 3 8 4 4 5 9

1 6 5 6 8 9 7 5 2 7 4 4

1 8 0 8 5 1 9 1 4 8 6 3

1 9 5 8 7 7 9 9 8 9 3 6

2 1 0 9 4 - 1 1 0 3 4 9 7 1

2 2  § 9 5 6 1 0 5 5 9 8 9

2 4 0 0 6 5 1 0 6 4 1 0 1 1

2 5 5

f k e o r y 1 1 2 0 .

9 8 7 1 0 6 4 1 0 2 6 .



I f ,  a s  W a r b u r g  b e l i e v e s ,  t h e  a c t i o n s  o f  c y a n i d e  a n d  c a r b o n  

m o n o x i d e  a r e  a n a l a g o u s ,  w e  n i g h t  e x p e c t  t h a t  s o m e  i n h i b i t i o n  o f  

t h e  s u c c i n o d e h y d r a . s e  a c t i o n  d u e  t o  c a r b o n  m o n o x i d e  v / o u l d  b e  a p p a r e n  

T h e  r e s u l t s  g i v e n  a b o v e  s h o w  d e f i n i t e l y  t h a t  t h e  c a r b o n  m o n o x i d e  

h a s  n o  s u c h  e f f e c t *  i n  f a c t ,  a s  i s  s h o w n  i n  f i g *  7 ,  e v e n  a f t e r  

t h e  e n z y m e  p r e p a r a t i o n  h a d  b e e n  s h a k e n  i n  a n  a t m o s p h e r e  o f  p u r e  

c a r b o n  m o n o x i d e  f o r  o v e r  t w o  h o u r s ,  i t  w a s .  s t i l l  a s  c a p a b l e  o f  

d e h y d r o g e n a t i n g  s u c c i n i c  a c i d  a s  a n o t h e r  s a m p l e  o f  t h e  e n z y m e  

p r e p a r a t i o n  w h i c h  h a d  b e e n  s h a k e n  f o r - t h e  s a m e  l e n g t h  o f  t i m e  

i n  a i r ,  T h e  n e g a t i v e  v a l u e s  i n  c o l u m n  1 1 1 *  a b o v e  a r e  p r o b a b l y  

d u e  t o  s m a l l  q u a n t i t i e s  o f  CQ2  e v o l v e d  b y  t h e  e n z y m e  p r e p a r a t i o n ,  

s i n c e  t h e  u s u a l  s m a l l  a m o u n t  o f  p o t a s s i u m  h y d r o x i d e  w a s  n o t  i n 

t r o d u c e d  i n t o  t h e  s m a l l  c u p s  o f  t h e  B a r o r o f t  v e s s e l s  o w i n g  t o  t h e  

d a n g e r  o f  c o m b i n a t i o n  w i t h  t h e  c a r b o n  n o n o x i d e .

I f  i t  i s  a s s u m e d  t h a t  t h e  a c t i o n  o f  c a r b o n  m o n o x i d e  a n d  

c y a n i d e  a r e  a n a l a g o u s  i n  s o  f a r  a s  t h e i r  i n h i b i t o r y  a c t i o n  i s  

d u e  t o  t h e i r  e f f e c t  o n  t h e  i r o n  c o n t a i n i n g  o x y g e n  t r a n s p o r t i n g  

s y s t e m ,  t h e n  i t  w o u l d  f o l l o w  f r o m  t h e  a b o v e  r e s u l t s  t h a t  t h e  v i e w  

t h a t  a n  i x o n  c o m p l e x  i s  t h e  o x y g e n  c a r r i e r  i n  t h e  s u c c i n o d e h y d r a s e  

a c t i o n  d o e s  n o t  h o l d .  ± t  i s  a p p a r e n t  t h a t  t h e  a c t i o n  o f  c y a n i d e  

i s  u p o n  s o m e  m e c h a n i s m  o f  t h e  d e h y d r o g e n a t i o n  p r o c e s s  u p o n  w h i c h  

t h e  c a r b o n  m o n o x i d e  h a s  n o  e f f e c t ,  a n d  f r o m  t h e  r e s u l t s  o f  t h e  

w o r k  d o n e  o n  t h e  i n f l u e n c e  o f  c y a n i d e ,  i t  w o u l d  a p p e a r  ' t h a t  t h e  

o a t a l a s e  i s  t h e  s u s c e p t i b l e  p a r t  o f  t h e  s y s t e m .
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T h e  i n f l u e n c e  o f  q u i n o n e  a n d  g y d r o q u i n o n e  o n  

t h e  s u c c i n o d e h y d r a s e  a c t i o n .

x h r o u g h  t h e  i n a b i l i t y  o f  q u i n o n e  t o  a c t  a s  h y d r o g e n  a c c e p t o r  

i n  t h e  a c t i o n  o f  8 u c c i n o d e h y d r e . s e ,  W i e l a n d  a n d  P r a g e  ( l o c .  © i t . )  

were led t o  a  s t u d y  o f  t h e  e f f e c t  o f  q u i n o n e  a n d  h y d r o  q u i n o n e  

o n  t h e  e n z y m e  p r e p a r a t i o n  o b t a i n e d  f r o m  h o r s e  h e a r t  r n u s c l e .

T h e y  f o u n d  t h a t  q u i n o n e  c a u s e d  a n  i n h i b i t i o n  o f  t h e  s u c c i n i c  a c i d  

d e h y d r o g e n a t i o n ,  a n d  w a s  a t  t h e  s a m e  t i m e  s t r o n g l y  a b s o r b e d  o n  

t h e  t i s s u e .  H y d r o q u i n o n e ,  w h e n  a d d e d  t o  a  s o l u t i o n  c o n t a i n i n g  

t h e  e n z y m e  p r e p a r a t i o n  a n d  s u c c i n i c  a c i d  w a s  f o u n d  i n  s o m e  c a s e s  

t o  c a u s e  a n  i n c r e a s e ,  a n d  i n  m o s t  c a s e s ,  a  c o n s i d e r a b l e  d e c r e a s e  

i n  t h e  o x y g e n  r e q u i r e m e n t ,  a l t h o u g h  t h e  f o r m a t i o n  o f  q u i n o n e  

c o u l d  b e  d e t e c t e d  I n  t h e  r e s u l t i n g  m i x t u r e .  These f a c t s  w e r e  

f u r t h e r  i n v e s t i g a t e d  i n  t h e  f o l l o w i n g  w o r k .

m  r o q u i n o n e  a s  H y d r o g e n  D o n a t o r .

T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  u s i n g  t h e  B a r c r o f t - W a r b u r g  

a p p a r a t u s ,  t h e  u s u a d  w a s h e d  m u s c l e  p r e p a r a t i o n  b e i n g  t h e  s o u r c e  

o f  t h e  e n z y m e .  T h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t s  w e r e  t h e  s a m e  

a s  p r e v i o u s l y  r e p o r t e d ,  e x c e p t  t h a t  t h e  h y d r o g e n i o n  c o n c e n t r a t i o n  

w a s  c h a n g e d  o v e r  s l i g h t l y  t o  t h e  a c i d  s i d e  ( p  M  6 . 8 )  i n  v i e w  o f  

t h e  s u s c e p t i b i l i t y  o f  h y d r o q u i n o n e  t o  a u t o x i d a t i o n  i n  a l k a l i n e  

s o l u t i o n .

E a c h  v e s s e l ,  w i t h  t h e  e x c e p t i o n o  o f  V d * *  t o  w h i c h  n o  e n z y m e  

w a s  a d d e d ,  h e l d  0 . 5  g  e n z y m e  p r e p a r a t i o n .  1 .  i s  t h e  c o n t r o l

e x p e r i m e n t  f o r  t h e  s u c c i n o d e h y d r a s e  a c t i o n ,  t h e  c o n c e n t r a t i o n
—  0o f  s o d i u m  s u c c i n a t f t  b e i n g  5 0 ,  T  =  3 7  »
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X t  i s  a p p a r e n t  f r o m  t h e  a b o v e  r e s u l t s  ( f a b l e  8 * )  t h a t  t h e

c o u r s e  o f  t h e  r e a c t i o n  w i t h  h y d r o q u i n o n e  g o e s  v e r y  s l o w l y  a t

f i r s t ,  e v e n  i n  c a s e s  w h e r e  a  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  o f

h y d r o q u i n o n e  i s  p r e s e n t ,  t h a t  a  m a x i m u m  v e l o c i t y  i s  r e a c h e d  a n d

m a i n t a i n e d  f o r  a  c o n s i d e r a b l e  t i m e ,  t h e  r e a c t i o n  g r a d u a l l y

b e c o m i n g  s l o w e r  t i l l  n o  m o r e  o x y g e n  i s  t a k e n . u p .  I n  s o m e  c a s e s

o n l y  i s  t h e  t h e o r e t i c a l  o x y g e n  r e q u i r e m e n t  o f  t h e  a d d e d  h y d r o q u i n o n e

s a t i s f i e d .  W h e r e  t h e  o r i g i n a l  c o n c e n t r a t i o n  o f  t h e  a d d e d  h y d r o -

q u i n o n e  i s  a b o v e  Too, o x y g e n  i s  t a k e n  u p  t i l l  t h e  p o i n t  I s  r e a c h e d
m

i n d i c a t i n g  t h a t  T O O  h y d r o q u i n o n e  h a s  b e e n  o x i d i s e d ,  w h e r e  t h e

o r i g i n a l  c o n c e n t r a t i o n  o f  t h e  h y d r o q u i n o n e  i s  b e l o w  t h i s  f i g u r e ,

t h e  t h e o r e t i c a l  o x y g e n  u p t a k e  a s s  r e a c h e d .

A s  i s  s h o w n  b y  c o l u m n s  Vll a n d  Vlll, q u i n o n e  h a s  a n  i n h i b i t o r y

e f f e c t  o n  t h e  h y d r o q u i n o n e  o x i d a t i o n .  S i n c e  i t  c a n  b e  s h o w n  t h a t

q u i n o n e  i s  f o r m e d  i n  t h i s  r e a c t i o n ,  i t  w o u l d  a p p e a r  t h a t  t h i s

c o m p o u n d  i s  r e s p o n s i b l e  f o r  t h e  i n h i b i t o r y  e f f e c t  w h i c h  p r e v e n t e d

t h e  h y d r o q u i n o n e  i n  s o m e  c a s e s  f r o m  b e i n g  c o m p l e t e l y  o x i d i s e d *
m

F u r t h e r ,  i t  w o u l d  a p p e a r  t h a t  T O O  q u i n o n e  I s  t h e  a m o u n t  n e c e s s a r y  

t o  b r i n g  t h e  r e a c t i o n  t o  a  s t a n d s t i l l .  R e p e a t e d  e x p e r i m e n t s  g a v e  

t h e  s a m e  r e s u l t s  a n d  c o n f i r m e d  t h i s  v i e w .

T h e  I n f l u e n c e  o f  C y a n i d e  o n  t h e  D e h y d g p g e n a t i o n  o f  H y d r o 
q u i n o n e .

I n  view o f  t h e  f a c t  t h a t  t h e  a u t o x i d a t i o n  o f  h y d r o q u i n o n e  

i s  n o t  s u s c e p t i b l e  t o  c y a n i d e  p o i s o n i n g ,  t h e  d e h y d r o g e n a t i o n  o f  

h y d r o q u i n o n e  w a s  c a r r i e d  o u t  i n  p r e s e n c e  o f  a d d e d  a m o u n t s  o f  

h y d r o g e n  c y a n i d e .  T w o  d i f f e r e n t  e n z y m e  p r e p a r a t i o n s  a  a n d  B  w e r e  

u s e d ,  e a c h  v e s s e l  c o n t a i n i n g  0 . 5  * g .  e n z y m e  p r e p a r a t i o n .  1 .  r e 

p r e s e n t s  t h e  c o n t r o l  e x w e r i m e n t  c o n t a i n i n g  E L  s o d i u m  s u c c i n a t e ,100
P  U =  6 * 8 ,  T  =  3 7  ° *



1 . 1 1 . 1 1 1 . I v  . V . V I . V l l o

H y d r o q u i n o n e  
c o n e .

H C I  c o n c .

m
2 5

: m  
2 5

n
loo

n
2 5

n
1 0 0 0

m
Too

m
1 0 0

n
2 0 0

m
Too
n

5 0 0 .

d m m .  O x y g e n . T a b l e  9 .

T i n e  ( m i n s . ) 1 . 1 1 . i n . tv. V . V I . V l l .

1 5 3 6 0 5 2 2 4 0 0 0 2

3 0 7 2 2 1 7 9 4 2 8 0 2 9 1 5 2 4

4 5 9 4 1 4 0 7 9 0 1 2 6 6 8 2 6 3 5

6 0 1 0 4 3 5 0 6 i l l 1 4 5 1 6 1 3 5 4 5

9 0 1 1 1 8 7 1 3 1 7 0 2 0 1 5 9 4 4 3 6 1

I S O 1 1 4 0 8 2 2 2 2 3 2 5 0 5 5 7 4 7 7 2

1 5 0 smt 8 7 9 2 6 6 2 9 2 6 7 1 5 8 1 0 6

1 8 0

T h e o r e t i c a l •

1 1 7 0

1 1 2 0 .

9 1 7 3 1 4 3 3 5 7 2 0 6 0 1 5 8

ogenat ionby Hydrogen Cyanid
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i n  c o n t r a s t  w i t h  t h e  v a l u e s  o b t a i n e d  b y  V / i e l a n d  a n d -  F r a g 0 

( l o c . c i t . )  f o r  t h e  i n f l u e n c e  o f  c y a n i d e  o n  t h e  d e h y d r o g e n a t i o n  

o f  h y d r o q u i n o n e ,  t h e  a b o v e  f i g u r e s  ( T a b l e . 9 « )  s h o w  t h a t  s y s t e m  i s  

m u c h  m o r e  s u s c e p t i b l e  t o  t h e  i n f l u e n c e  o f  c y a n i d e  t h a n  t h e  

s u c c i n i c  a c i d  d e h y d r o g e n a t i o n .

S u c c i n i c  A c i d  a n d  H y d r o q u i n o n e  a c t i n g  t o g e t h e r  
a s  S u b s t r a t e .

*

T h e  e f f e c t  o f  h y d r o q u i n o n e  a n d  s o d i u m  s u c c i n a t e  & o & i n g  t o 

g e t h e r  a s  s u b s t r a t e  a n d  t h e  i n f l u e n c e  o f  q u i n o n e  o n  t h e  s u c c i n i c  

a c i d  a n d  d e h y d r o g e n a t i o n  w a s  t h e  s u b j e c t  o f  t h e  f o l l o w i n g  w o r k .
o

0 o 5  g .  e n z y m e  p r e p a r a t i o n .  p . H  T  =  5 7  *

V o l u m e  o f  s o l u t i o n  i n  a l l  c a s e s  w a s  1 0  c c «

G o n e e n t r a t i o n 1 . 1 1 . 1 1 1 . I V . V . V I . V l l . V l l l .

S o d i u m  S u c c i n a t e m m m m m m m m
5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0

H y d r o q u i n o n e m
@ 5

m
5 0

m
1 * 5 0

m
5 0 0

m
1 0 0 0

-

Q u i n o n e m* m

V

MM ** m
5 0

m
2 5 0 .
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Table 10.

T i m e  ( r n i n s  • ) 1 . 1 1 . 1 1 1 . i v . V . V I . V l l . V l l l

1 5 5 8 0 3 8 5 6 5 8 7 5 1 6 7 2 6 8 1 0 0

3 0 9 8 2 5 6 6 9 2 5 1 1 6 4 1 0 2 9 1 0  5 2 0 1 7

4 5 1 3 9 5 8 2 8 1 1 1 8 1 6 4 0 1 4 4 7 1 4 7 8 0 4  b

6 0 1 6 0 3 1 1 0 0 1 2 5 0  - 2 0 2 0 1 7 8 0 1 8 2 5 0 6 2

9 0 2 1 3 5 1 4 9 2 1 6 4 1 2 3 8 5 2 1 4 5 2 2 5 0 0 9 8

1 2 0 2 3 1 8 1 7 3 1 1 9 4 8 2 6 1 8 2 3 0 0 2 4 0 2 0 1 2 2

1 5 0 2 3 2 7 1 8 2 0 2 1 1 5 2 7 4 5 2 3 8 4 2 4 9 0 0 1 3 9

1 8 0

T h e o r e t i c a l 2 2 4 0 .

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

With small quantities of hydroquinone it is apparent that w h e n  

both hydroquinone and succinic acid are acting together, the re
action takes place- without injurious effect to either of the systems, 
the theoretical oxygen requirements for both substrates being
satisfied;when,however, the concentration of hydroquinone reaches

m
values greater than TOO, the inhibition becomes marked, and the 
oxygen uptake decreases with increasing quantity of hydroquinone,
The inhibitory effect of quinone on the succinic acid dehydrogenation 
pointed out by Wieland and Frag© (loc.cit,) is shown by^biie results 

in H i  and Vlll (Tab,10.)
A comparison of the effects of quinone on the two systems shows 

that the succinic acid dehydrogenation is the more susceptible.
This may be taken as evidence that the two systems are quite di s a 
tinet from one another, and that different enzymes are responsible.



A s  a  f u r t h e r  demonstration o f  t h e  f a c t  t h a t  t h e  c o m p l e t e  
r n

dehydrogenation o f  TOO h y d r o q u i n o n e  w a s  s u f f i c i e n t  t o  i n h i b i t  

c o m p l e t e l y  t h e  s u e o i n o dehydras9  r e a c t i o n ,  t h e  f o l l o w i n g  e x p e r i m e n t  

was c a r r i e d  o u t .  A  n e w  e n z y m e  p r e p a r a t i o n  w a s  u s e d .
o0*5 g. e n z y m e  p r e p a r a t i o n .  p.H 6.8, T = 37 •

1 . 1 1 . 1 1 1 .

H y d r 0 q u i n o n e  

c o n c e n t r a t i o n .

m
1 0 0

m
1 0 0

T h e  B a r c r o f t  v e s s e l s  f i l l e d  a s  i n d i c a t e d  a b o v e  w e r e  s h a k e n

at 37°f o r  t w o  h o u r s ,  w h e n  t o  e a c h ,  s o d i u m  s u c c i n a t f c  s o l u t i o n  was
m

a d d e d  s o  t h a t  t h e  c o n c e n t r a t i o n  w a s  5 0 ? a n d  t h e  o x y g e n  u p t a k e  

m e a s u r e d  i n  t h e  u s u a l  ’w a y .  V o l u m e  o f  s o l u t i o n  i n  e a c h  c a s e  w a s  

l O  c c «

t e a .  O x y g e n .  T a b l e  1 1 .

T i m e  ( m i n s . ] 1 . 1 1 . 1 1 1 .

1 5 5 4 1 2 0 2 1

3 0 7 6 6 4 8 5 3

4 5 1 0 3 0 7 1 7 3

6 0 1 2 3 6 9 2 9 0

9 0 1 5 4 0 1 2 1 1 1 3

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

T h e o r e t i c a l • 2 2 4 0 .

i t  c a n  b e  s e e n  f r o m  t h e  r e s u l t s  t h a t  w h e n  t h e  s u c c i n a t S t  w a s  

a d d e d ,  t h e  d e h y d r o g e n a t i o n  o f  t h e  h y d r o q u i n o n e  h a d  b e e n  s u f f i c i e n t  

a l m o s t  c o m p l e t e l y  i n h i b i t  t h e  s u e c i n o d e h y d r a s e  a c t i o n .



- 37-

i n  o r d e r  t o  f i n d  i f  t h e  e n z y m e  p r e p a r a t i o n  l o s t  i t s  a c t i v i t y  

t o w a r d s  s u c c i n i c  a c i d  a n d  h y d r o q u i n o n e  a t  t h e  s a n e  r a t e ,  t h e  f o l l o w 

i n g  e x p e r i m e n t  w a s  c a r r i e d  o u t .  A  p r e p a r a t i o n  o f  t h e  e n z y m e  m a t e r i a l  

w a s  p r e s e r v e d u n d e r  t o l u e n e  i n  a n  i c e  b o x  a t  0 ° ,  a n d  t h e  a c t i v i t y  

t o w a r d s  t h e  t w o  s u b s t r a t e s  m e a s u r e d  f r o m  t i m e  t o  t i m e ,  u n d e r  t h e  

u s u a l  c o n d i t i o n s ,  b y  m e a n s  o f  t h e  b a r c r o f t - W a r b u r g  a p p a r a t u s .  T h e  

f o l l o w i n g  t a b l e  s h o w s  t h e  r a t e s  o f  d e c r e a s e  i n  a c t i v i t y .  0 * 5  g  e n z y m e  

p r e p a r a t i o n  w a s  u s e d  i n  e a c h  c a s e  a n d  v o l u m e  o f  s o l u t i o n  w a s  1 0  c c .

T a b l e  1 2 *

H o .  o f  d a y s  a f t e r  
p r e p a r a t i o n  o f  
e n z y m  e  m a t  e r i  a l .

. .. . . . . .  -i ■■■« ■ "«■!
Cjm . O x y g e n  m 
t a k e n  u p  b y  5 0  
h y d r o q u i n o n e  a f t e r  
1 2 0  m i n s .  a t  p  H  6 . i
a n d  3 7 0 «

..—  - - - - - - - - - - - -  - - - - - - - - -
f i m m .  O x y g e n  t a k e n  
u p  b y  m  s o d i u m  

5 0
s u c c i n a t e  a f t e r  1 2 0  
r a i n .  a t  p  b  6*8 &  3 7 °

4 1 0 2 5 2 2 8 0

a 9 6 0 2 1 0 0

6 9 4 0 2 1 4 0

ii 9 8 0 4 - 4 0

1 7 6 6 0 1 4 0 .

... ... h
i t  i s  e v i d e n t  t h a t  t h e  a c t i v i t y  t o w a r d s  s u c c i n a t e  f a l l s  a w a y  

very much more■ r a p i d l y  t h a n  t h a t  t o w a r d s  h y d r o q u i n o n e ,  t h e  l a t t b r  

m a i n t a i n i n g  t h e  s a m e  v a l u e  f r o m  t h e  4 t h  t o  t h e  1 1 t h  d a y  a f t e r  t h e  

p r e p a r a t i o n  o f  t h e  m a t e r i a l ,  i t  w o u l d  t h e r e f o r e  a p p e a r  t h a t  t h e r e  

Q - r e  t w o  d i f f e r e n t  e n z y m e s  c o n c e r n e d  i n  t h e  t v / o  c a s e s ,  a , n d  t h a t  o f  

t h e  t w o ,  t h e  e n z y m e  r e s p o n s i b l e  f o r  t h e  h y d r o q u i n o n e  d e h y d r o g e n a t i o n  

i s  t h e  m o r e  s t a b l e .  T h e  c o n c l u s i o n  t h a t  t h e r e  a r e  t w o  d i f f e r e n t  

© h z y m e s /



/ e n z y m e s  i s  also supported by the fact that the extent of -the i n 

h i b i t i o n  produced b y  c y a n i d e  is not the sane in the two systems, 
i n  order to find if the e n z y m e  p r e p a r a t i o n  w a s  able i n  the

p r e s e n c e  o f  h y d r o q u i n o n e  t o  b r i n y  a b o u t  t h e  d e h y d r o g e n a t i o n  o f  s u c h
v

s u b s t a n c e s  a s  M e t h y l  g l y o x a l ,  p y r u ^ . c  a c i d  a n d  a c e t i c  a c i d ,  q u a n 

t i t i e s  o f  t h e s e  s u b s t a n c e s  w e r e  s h a k e n  w i t h  t h e  e n z y m e  p r e p a r a t i o n  

a n d  v a r y i n g  a m o u n t s  o f  h y d r o q u i n o n e  i n  the Bancroft a p p a r a t u s  a t  

57" a n d  p . M  0 * 8 «  I n  n o  c a s e  h o w e v e r ,  w a s  a n y  i n f l u e n c e  a p p a r e n t  

o n  t h e  o x y g e n  u p t a k e  d u e  t o  t h e  p r e s e n c e  of t h e s e  s u b s t a n c e s .

T y r o s i n e  a n d  o t h e r  p h e n o l i c  s u b s t a n c e s  
a s  H y d r o g e n  D o n a t o r s ,

i)
I t  h a s  b e e n  s h o w n  b y  v a r i o u s  w o r k e r s  i n c l u d i n g  B a c h  , O n s l o w  

2 )
a n d  H o b i n s o n  , a n d  m a n y  o t h e r s  t h a t  t y r o s i n a s e  i s  c a p a b l e  o f  

o x i d i s i n g ,  b e s i d e s  t y r o s i n e ,  s u c h  o t h e r  c o m p o u n d s  a s  c a t e c h o l ,  

p - c r e s o l ,  d i - h y d r o x y - p h e n y l  a l a n i n e  a n d  h y d r o q u i n o n e .  i n  v i e w  o f  

t h i s ,  i t  w a s  t h o u g h t  p o s s i b l e  t h a t  t h e  a c t i o n  o f  t h e  e n z y m e  p r e 

p a r a t i o n  u s e d  i n  t h i s  w o r k  m i g h t  b e  d u e  t o  t h e  s o - c a l l e d  t y r o s i n a s e  

a c t i o n ,  a n d  t h e  f o l l o w i n g  s e r i e s  o f  e x p e r i m e n t s  w a s  c a r r i e d  o u t .  

V a r y i n g  q u a n t i t i e s  o f  c a t e c h o l ,  p  c r e s o l ,  d i - h y d r o x y p h e n y l a l a n i n e  

a n d  t y r o s i n e  w e r e  s h a k e n  w i t h  t h e  e n z y m e  p r e p a r a t i o n  I n  a  B a r c r o f t  

a p p a r a t u s  a t  p  H  6 . 8  a n d  3 7 %  t h e  f o l l o w i n g  f i g u r e s  s h o w i n g  t h e  

g r e a t e s t  e x t e n t s  t o  w h i c h  o x i d a t i o n  o f  t h e  v a r i o u s ,  s u b s t a n c e s  w a s  

a p p a r e n t  a f t e r  a  p e r i d d  o f  5  h o u r s .  A l l  p r e p a r a t i o n s  e x a m i n e d  

s h o w e d  t h e  n o r m a l  a c t i v i t y  t o w a r d s  h y d r o q u i n o n e ,

O a , t e c h o l  1 0 ^

p  c r e s o l  10f#

T y r o s i n e  2
■ a n

- 2 ,  3 ,  d i - h y d r o x y p h e n y l a l i n e  n i l .
^  B l o c h .  Z e i t .  6 0 ,  221 ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2) alonh. Jhl,.42Q, *325



i t  w o u l d  a p p e a r  t h a t  t h e  a c t i v i t y  t o w a r d s  h y d r o q u i n o r e  i s

n o t  c a u s e d  b y  t y r o s i n a s e ,  t h e  e n z y m e  r e s p o n s i b l e  b e i n g  a p p a r e n t l y

s p e c i f i c  f o r  t h e  h y d r o q i n o n e .  I t  m a y  b e  n o t e d  i n  t h i s  c o n n e c t i o n ,  
1}

t h a t  B e r t r a n d  w a s  a b l e  t o  e f f e c t  a  s e p a r a t i o n  o f  n a c c a s e  a n d  

T y r o s i n a s e  o c c u r r i n g  i n  Russula d e l i c a .  i h e  l a c c a s e  w a s  s h o w n  t o  

b e  s p e c i f i c  f o r  h y d r o q u i n o n e  a n d  p y r o g a l l o l ,  b u t  h a d  n o  e f f e c t  o n  

t y r o s i n e .

i n  c o n t r a s t  w i t h  t h e  r e s u l t s  o b t a i n e d  a b o v e  f o r  t h e  s i m u l 

t a n e o u s  d e h y d r o g e n a t i o n  o f  h y d r o q u i n o n e  a n d  s u c c i n i c  a c i d  w h e n  

b o t h  t o g e t h e r  w e r e  p r e s e n t  a s  s u b s t r a t e ,  t h e  p r e s e n c e  o f  c a t e c h o l  

w a s  f o u n d  t o  h a v e  a  v e r y  c o n s i d e r a b l e  i n h i b i t o r y  e f f e c t  o n  t h e  

d e h y d r o g e n a t i o n  o f  s u c c i n i c  a c i d .

i i a c h  B a r c r o f t  v e s s e l  h e l d  0 . 5  g  e n z y m e  p r e p a r a t i o n ,  p  H  6 . © ,

T  =  5 7 °  •

C o n c e n t r a t i o n 1. 11. 111. I V . V .

Sucoinatft .. m m pm m
s o d i u m B b 5 0 5 0

C a t e c h o l m m m m m
5 0 5 0 8 5 0 8 5 0

1 )  B u l l .  S o c .  C h e m .  S e r i e  3  B d . 1 5 ,  3 6 1 *  1 8 9 6

2) B u l l .  S o c .  C h e m .  S e r i e  3  B d . 1 7 ,  621 ,  1 8 9 7 ,



f c m m .  O x y g e n .

4.0"" 
Table 13.

Tine (mins.) 1. 11* 111. I V . V .

15 165 88 27 133 S

30 328 163 54 26© 11

45 506 198 81 402 17

60 670 226 102 524 23

90 952 267 152 695 4-3

120 1182 304 191 791 55

1 5 0 1370 338 253 873 72

180
Theoretical.

1525
2240.

570 254 ©61 85.



M e t h y l  ( j l y o x a l ,  A c e t i c  A ^ i d  a n d  p y r u v i c  A c i d
a s  H y d r o g e n  D o n a t o r s .

1)
T o e n i e s s e n  w o r k i n g  o n  t h e  p r o d u c t s  o f  o r g a n i c  o x i d a t i o n  

b r o u g h t  a b o u t  b y  p h y s i o l o g i c a l  p r o c e s s e s  t a k i n g  p l a c e  i n  t h e  b o d y  

o f  a  d o g  w a s  a b l e  t o , i d e n t i f y  s u c c i n i c  a c i d  a n d  f o r m i c  a c i d  a s  t h e  

p r o d u c t s  f o r m e d  b y  t h e  o x i d a t i o n  o f  p y r u v i c  a c i d .  I n  t h e s e  e x p e r i 

m e n t s ,  c o n d u c t e d  i n  v i v o ,  d e f i n i t e  q u a n t i t i e s  o f  p y r u v i c  a c i d  w e r e  

i n j e c t e d  i n t o  t h e  a n a e s t h e t i s e d  a n i m a l ,  t h e  s u c c i n i c  a c i d  a n d  

f o r m i c  a c i d  b e i n g  d e t e c t e d  a n d  e s t i m a t e d  i n  t h e  u s u a l  w a y .  T h i s  

d i s c o v e r y  g a v e  r i s e  t o  a  t h e o r y  f o r  t h e  b r e a k i n g  d o v / h  o f  h e X o s e s  

i n  a n i m a l  m e t a b o l i s m ,  t h e  p r o c e s s  b e i n g  r e p r e s e n t e d  a s  f o l l o w s : -

S U G A R  — > * £ch3Co£hoJ -— k 2 £ch^C ocoowj

COOHI "c' OOM |
CO1 CO\
CHa ’"M? cuzI
CM,1 * 1Cqi CO1COOMCOOH

COO H l
CM-2.I
CUn 

-> 1 coow 
+
COO M 
I
CO ON

Jne.t'Hyl £>lyoxdl 

C o w

f>yruvic dcid.

“Hi
CoOH 

CW 4H2° o h o h\l — < f -— y
CM CH2» . I
COO H COOK

COOM
COM(I
CMI
COOM

- v

0OOM
ICOIch3 
4 CO,

The process was assumed to be continuous with repeated form
a t i o n  and breaking down of pyruvic acid*

In view of the above, the minced muscle of horse heart, both 
in the washed and unwashed condition, was heated with varying 
amounts of methyl glyoxal, pyruvic acid and acetic acid in a 
Barcroft apparatus at p H 7*4 and 37 to find if any oxida,tion

i) Klin* Wochenschrift 211, 1930*
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/ o f  t h e s e  s u b s t a n c e s  t o o k  p l a c e .  ' w i t h  q u a n t i t i e s  o f  n e t h y l

n  n
g l y o x a l  v a r y i n g  f r o m  5 0  t o  2 5 0  a n d  t h e  u s u a l  0 * 5  g  m u s c l e  t i s s u e ,  

n o  u p t a k e  o f  o x y g e n  w a s  a p p a r e n t  a f t e r  4  h o u r s .  With p y r u v i c  a n d  

a c e t i c  a c i d s  u s i n g  w a s h e d  t i s s u e ,  t h e  r e s u l t s  w e r e  a g a i n  n e g a t i v e ,  

b u t  w i t h  t h e  u n w a s h e d ,  m u s c l e ,  a n  o x y g e n  u p t a k e  e q u i v a l e n t  t o  a b o u t  

&fs> a n d  2 r e s p e c t i v e l y  o f  t h e  a d d e d  s u b s t r a t e s  w a s  o b t a i n e d .  T h i s  

h o w e v e r ,  w a s  t o o  s m a l l  t o  a d m i t  i d e n t i f i c a t i o n  o f  t h e  p r o d u c t s .

T h e  P r e s s  L i q u o r *

W i t h  a  v i e v z  t o  o b t a i n i n g  a  m o r e  s u i t a b l e  e n z y m e  c o n t a i n i n g  

m a t e r i a l  t h a n  t h e  p r e v i o u s l y  u s e d  f l e s h  p r e p a r a t i o n ,  a  p r e s s  

l i q u o r  was p r e p a r e d .  T h e  l e f t  v e n t r i c l e  o f  h o r s e  h e a r t  i m m e d i a t e l y  

a f t e r  t h e  s l a u g h t e r  o f  t h e  a n i m a l  w a s  m i n c e d  t h r e e  t i m e s ,  w r a p p e d  

i n  l i n e n ,  a n d  s u b j e c t e d  t o  a  p r e s s u r e  o f  5 0 0  Kg. p e r  s q .  c m .  f o r  1  

h o u r  i n  a  s t e e l  p r e s s .  D u r i n g  t h e  o p e r a t i o n ,  t h e  r e c e i v e r  f o r  t h e  

l i q u o r  w a s  k e p t  a t  0 °  i n  i c e ,  a n d  a f t e r  c e n t r i f u g i n g  o f f  a n y  s o l i d  

n a t t e r ,  t h e  b l o o d  c o l o u r e d  s o l u t i o n  w a s  s a t u r a t e d  w i t h  t o l u o l ,  a n d  

p r e s e r v e d  a t  0 °  t i l ] j u s e d .  i n  t h i s  m a n n e r ,  f r o m  5 0 0  g .  m u s c l e ,

1 6 0 - 1 8 0  g *  o f  l i q u o r  c o u l d  b e  o b t a i n e d .

T h e  p r e s s  l i q u o r  w a s  n o t  s o  a c t i v e  a s  a n  e q u a l  w e i g h t  o f  t h e  

p r e v i o u s l y  u s e d  e n z y m e  p r e p a r a t i o n ,  a n d  h a d  t h e  d i s a d v a n t a g e  o f  . 

h a v i n g  a  c o n s i d e r a b l e  s e l f - r e s p i r a t i o n .  A l s o ,  t h e  a c t i v i t y  t o w a r d s  

s u c c i n i c  a c i d  d e c r e a s e d  v e r y  q u i c k l y ,  b e i n g  r e d u c e d  t o  o n e  h a l f  o f
• o

t h e  o r i g i n a l  a c t i v i t y  a f t e r  s t a n d i n g ,  2 4  h o u r s  a t  0  u n d e r  t h e  

p r e s e n c e  o f  t o l u e n e ,  i n  t h e  c a s e  o f  h y d r o q u i n o n e , h o w e v e r ,  t h e  

d e c r e a s e  i n  a c t i v i t y  w a s  n o t  s o  m a r k e d ,  a n d  a f t e r  f a l l i n g  s l i g h t l y  

d u r i n g  t h e  f i r s t  2 4  h o u r s ,  i t  w a s  m a i n t a i n e d  a t  a  f a i r l y  c o n s t a n t  

l e v e l  f o r  s e v e r a l  d a y s .  T h i s  i n c r e a s e  i n  a c t i v i t y  t o w a r d s  s u c c i n i c  

a < 5 i d  w a s  a l w a y s  a c  c o m p a n i e d  b y  t n e  p r e c i p i t a t i o n  o x  q u a n t i t i e s  o f  j
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/ o f  p r o t e i n  w h i c h  t h e m s e l v e s  s h o w e d  n o  a c t i v i t y ,  • t h i s  b e i n g  p r o b a b l y  

a  m a n i f e s t a t i o n  o f  t h e  p h e n o m e n a  a l r e a d y  p o i n t e d  o u t  i n  t h i s  f i e l d  

b y  O b i s s o n ,  7 / i  d r a n k ,  s e n d  G - r o n v a l l  ( l o c . c i t . )  w h o  f o u n d  t h a t '  t h e  

s u c c i n o d e h y d r a . s e  w a s  u n s t a b l e  i n  s o l u t i o n ,  i t s  a c t i v i t y  b e i n g  l o s t  

d u e  t o  t h e  c o a g u l a t i o n  o f  e i t h e r  t h e  e n z y m e  i t s e l f  o r  t h e  a s s o c i a t e d  

p r o t e i n ,

T h e  a c t i v i t y  o f  p r e s s  l i q u o r s  m a d e  i n  t h e  a b o v e  m a n n e r  v a r i e d  

c o n s i d e r a b l y  a c c o r d i n g  t o  t h e  c o n d i t i o n  o f  t h e  s t a r t i n g  m a t e r i a l ,  

b u t  t h e  f o l l o w i n g  r e s u l t s  o b t a i n e d  u s i n g  o n e  p r e p a r a t i o n ,  w e r e  

g e n e r a l  f o r  t h o s e  e x a m i n e d .  T h e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  o n  

t h e  B a r c r o f t - W a r b u r g  a p p a r a t u s  o n  t h e  s a m e  d a y  a s  t h e  p r e s s  l i q u o r  

w a s  p r e p a r e d .  A t  t h e  e n d  o f  t h e  e x p e r i m e n t s ,  t h e  B a n c r o f t  v e s s e l s  

w e r e  i n  e v e r y  c a s e  o b s e r v e d  t o  c o n t a i n • q u a n t i t i e s  o f  c o a g u l a t e d  

p r o t e i n ,

5 . 0  c c .  p r e s s  l i q u o r  u s e d .  IV a n d  V l l l  h e  hi 0*5 g .  o f  p r e v i o u s l y  

u s e d  ¥ 9 , 3 1 1 6 1  m u s c l e  p r e p a r a t i o n  f r o m  t h e  s a m e  s o u r c e . )

T  =a 5 7 ° .

p  H  o f  s u c c i n i c  a c i d  7 * 4 .

p  H* o f  h y d r o q u i n o n e  6 . 8

V o l u m e  o f  s o l u t i o n  i n  e a c h  c a s e  w a s  1 0  c c .

Concentration 1 . 1 1 . 1 1 1 . I V . V . V I . VII. V l l l .
Sodium m rn in

S u e oinat £ 5 0 5 0 mm 5 0 mm •m MM im

Hydroquinone a* mt rq
5 0

m
5 0

m
5 0 .



fiac. Oxygen, ‘ Table I4

jd ro q u in o m
L iq u o r.by Pressquor

Time (min* 1 1. 22. 111. I V . V. VI, Vll. Vlll.

15 630 625 4 465 84 40 0 0

3 0 1340 1114, 15 852 179 30 0 13
45 1862 1646 84 1552 4-53 304 27 ry 0 i o

60 2125 2010 60' 1727 616 533 59 ■ 136
' 90 2360 2270 141 1995 900 310 95 468
120 2 5 4 0 2366 2 8 7 2113 1030 1 0 2 0 144- 729
150 2820 2469 535 2130 1230 1175 294 919
130 3 2 4 0 2 6 5 4 1032 2247 1364 1290 5 8 4 1049
2*40 4410 2392 1 8 0 5 2 2 0 2 1 5 3 0 1435 1413 1120 .
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M a k i n g  a l l o w a n c e  f o r  t h e  s e l f - r e s p i r a t i o n ,  i t  w o u l d  a p p e a r  

t h a t  0 . 5  g .  f i f  t h e  u s u a l  f l e s h  p r e p a r a t i o n  ( d r y  w e i g h t  0 . 1  g o )  

i s  o n l y  s l i g h t l y  l e s s  a c t i v e  t o w a r d s  s u c c i n i c  a c i d  a n d  h y d r o q u i n o n e  

t h a n  5 . 0  o c .  o f  t h e  p r e s s  l i q u o r  ( d r y  w e i g h t  0 . 3 '  g . )  i t  w i l l  b e  

s e e n  f r o m  t h e  c u r v e s  ( P i g s . 1 0  a n d  1 1 . )  t h a t  t h e  s e l f  r e s p i r a t i o n  

1 1 1  a n d  V I 1  i n c r e a s e s  r a p i d l y  a f t e r  6 0  m i n u t e s ,  m a i n t a i n i n g  a  

l i n e a r  v e l o c i t y  d u r i n g  t h e  r e m a i n d e r  o f  t h e  t i m e  u n d e r  o b s e r v a t i o n .  

C o r r e s p o n d i n g  t o  t h i s  i n c r e a s e  i n  t h e  s e l f  r e s p i r a t i o n ,  t h e r e  i s  a n  

i n c r e a s e  i n  t h e  s p e e d  o f  u p t a k e  o f  o x y g e n  i n  t h e  e x p e r i m e n t s  i n  

w h i c h  s o d i u m  s u c c i n a t f t  i s  p r e s e n t ,  ' t h i s  p h e n o m e n o n  i s  h o w e v e r  

a b s e n t  i n  t h e  c a s e s  w h e r e  h y d r o q u i n o n e  i s  a d d e d ,  a  f a c t  w h i c h  c a n  

b e  a c c o u n t e d  f o r  b y  t h e  i n h i b i t o r y  a c t i o n  o f  t h e  q u i n o n e  f o r m e d  a s  

a  p r o d u c t  o f  t h e  d e h y d r o g e n a t i o n  o f  h y d r o q u i n o n e .  i t  w i l l  b e  

n o t i c e d  f r o m  t h e  r e s u l t s ,  t h a t  i n  t h e  c a s e  o f  s u c c i n a t i ,  a  c o n - ,  

s i d e r a b l e  q u a n t i t y  o f  C o g  w a s  e v o l v e d ,  w h i l e  w i t h  h y d r o q u i n o n e ,  

s u c h  a n  e f f e c t  w a s  o n l y  a p p a r e n t  t o  a  v e r y  s l i g h t  d e g r e e ,  t h i s  

d i f f e r e n c e  a g a i n  b e i n g  p r o b a b l y  d u e  t o  t h e  i n h i b i t o r y  a c t i o n  o f  

t h e  f o r m e d  q u i n o n e .

B y  q u i c k l y  d r y i n g  t h e  p r e s s  l i q u o r  i n  a  v a c c u m  d e s i c c a t o r  

o v e r  c a u s t i c  s o d a  a n d  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  a  l i g h t  b r o w n  

c o l o u r e d  p r o d u c t  w a s  o b t a i n e d ,  w h i c h  o n  b e i n g  g r o u n d  t o  a  f i n e  

p o w d e r  i n  a  m o r t a r ,  w a s  f o u n d  t o  h a v e  a  n e g l i g i b l e  s e l f  r e s p i r a t i o n ,  

a n d  t o  r e t a i n  t h e  a c t i v i t y  q u i t e  s a t i s f a c t o r i l y .  T h e  a c t i v i t y  

t o w a r d s  s u c c i n i c  a c i d , h o w e v e r ,  w a s  n o t  q u i t e  s o  g r e a t  a s  t h a t  o f  

i b e  c o r r e s p o n d i n g  a m o u n t  o f  p r e s s  l i q u o r ,  a n d  c o n s i d e r a b l y  l e s s  

t h a n  t h a t  o f  t h e  d r y  p r e p a r a t i o n  o b t a i n e d  f r o m  0 . 5  g .  o f  t h e  

P r e v i o u s l y  u s e d  f l e s h  p r e p a r a t i o n .



5  c o .  p r e s s  p i q u o r  g a v e  0 ^ 2 9  g .  d r y  m a t e r i a , ! .

0 . 5  g .  w a s h e d  m u s c l e  p r e p a r a t i o n  g a v e  0 * 1  g .  d r y  m a t e r i a l 0 

T h e  B a n c r o f t  v e s s e l s  w e r e  f i l l e d  a s  f o l l o w s : -  

1 _ .  0 * 5  g «  w a s h e d  m u s c l e  p r e p a r a t i o n .

I I .  0 * 1  g .  d r y  m a t e r i a l  f r o m  1 .

I I I . 5 * 0  c c *  p r e s s  l i q u o r .

I V .  5 e 0  c c .  p r e s s  l i q u o r .

V *  0 . 2 9  g *  d r i e d  p r e s s  l i q u o r .

j i i a c h  v e s s e l ,  w i t h  t h e  e x c e p t i o n  o f  I V ,  w h i c h  w a s  t h e  c o n t r o l
2Le x p e r i m e n t  t o  d e t e r m i n e  t h e  s e l f  r e s p i r a t i o n ,  h e l d  5 * 0  s o d i u m  

s u c c i n a t d ,  p  a w a s  7 . 4 ,  T, 3 7 ° .

V o l u m e  o f  s o l u t i o n  i n  e a c h  c a s e  w a s  1 0  c c .  

C a n .  O x y g e n .  T a b l e  1 5 .

T i m e  ( m i n .  ) 1 . 1 1 . 1 1 1 . I V . V .

1 5 5 2 5 4 0 © 4 3 1 3 2 0 5

*  3 0 6 3 5 7 1 3 7 9 3 © 3 3 6

4 5 1 0  5 3 1 1 2 4 1 3 2 6 2 © 5 6 4 '

6 0 1 4 1 4 1 5 0 2 1 7 7 0 6 0 7 4 6

9 0 2 0  3 0 2 0 2 7 2 1 4 © 1 3 2 1 0 6 1

1 2 0 2 2 6 7 2 5 7 0 2 2 6 © 2 7 1 1 2 9 6

T h e o r e t i c a l . 2 2 4 0 .

X t  i s  i n t e r e s t i n g  t o  n o t e  t h e . u  w h e r e a s  t h e  d r y i n g o f  t h e  

w a s h e d  m u s c l e  p r e p a r a t i o n  w a s  a t t e n d e d  b y  a n  i n c r e a s e  i n  t h e  

a c t i v i t y ,  i n  t h e  c a s e  o f  t h e  p r e s s  l ± c j u o r ,  a  c o n s i d e r a b l e  i e —  

d u c t i o n  w a s  t h e  r e s u l t .  -J-t w o u l d  a p p e a , r  t h a t  t h e r e  i s  s o m e  

d i f f e r e n c e  i n  t h e  s t a t e  i n  w h i c h  t h e  e n z y m e  o c c u r s  i n  o h e  t w o  

o a s e s ,  a n d  i n  v i e v r  o f  t h i s  i t  w a s  t h o u g h t  t h a t  i f  t h e  e n z y m e  c o u l c
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/be s e p a r a t e d  f r o m  p a r t  o f  a s s o c i a t e d  p r o t e i n ,  i t  n i g h t  h e

o b t a i n e d  i n  a  m o r e  s t a b l e  f o r m .  A t t e m p t s  w e r e  t h e r e f o r e  m a d e  

u s i n g  t h e  p r e s s  l i q u o r  t o  s e e  i f  i t  w e r e  p o s s i b l e  t o  e f f e c t  a  

p u r i f i c a t i o n  b y  p r e c i p i t a t i o n  a n d  a b s o r p t i o n  m e t h o d s .

Attempts a t  P u r i f i c a t i o n  o f  S u c c i n o d e h y d r a e e .

w i t h  a  v i e w  t o  o b t a i n i n g  a  m o r e  a c t i v e  a n d  p u r e r  f o r m  o f

t h e  s u c c i n o d e h y d r a s © ,  a  s e r i e s  o f  e x p e r i m e n t s  w e r e  c a r r i e d  o u t

u s i n g  t h e  p r e s s  l i q u o r  a s  t h e  s t a r t i n g  m a t e r i a l .  i i i e  t r e a t m e n t

a n d  t e s t i n g  o f  t h e  v a r i o u s  p r o d u c t s  u n l e s s  o t h e r w i s e  s t a t e d ,  w a s

d o n e  o n  t h e  s a m e  d a y  a s  t h a t  o n  w h i c h  t h e  h o r s e  h e a r t  h a d  b e e n

o b t a i n e d ,  a n d  t h e  p r e s s  l i q u o r  w a s  p r e p a r e d  a s  s o o n  a s  p o s s i b l e

a f t e r  t h e  s l a u g h t e r  o f  t h e  a n i m a l .

x>j p r e c i p i t a t i o n  o f  t h e  c e n t r i f u g e d  p r e s s  l i q u o r  w i t h  a n

e q u a l  v o l u m e  o f  a c e t o n e ,  p r o d u c t s  w e r e  o b t a i n e d  w h i c h  w e r e

• a c t i v e  * t o w a r d s  h y d r o q u i n o n e ,  b u t  i n a c t i v e  t o w a r d s  s u c c i n i c  a c i d *
#*

u s i n g  a n  e q u a l  v o l u m e  o f  / s a t u r a t e d ,  a m m o n i u m  s u l p h a t e  s o l u t i o n ,

i t  w a s  f o u r t d  t h a t  t h e  s u c c i n o d e h y d r a s e  c o u l d  b e  p r e c i p i t a t e d ,  ’w h i l e

t h e  e n z y m e  r e s p o n s i b l e  f o r  t h e  d e h y d r o g e n a t i o n  o f  h y d r o q u i n o n e

r e m a i n e d  i n  s o l u t i o n .

1 0 0  c c .  o f  t h e  p r e s s  l i q u o r  w e r e  t r e a t e d  w i t h  1 0 0  c c .  s a t u r a t e d

a m m o n i u m  s u l p h a t e  s o l u t i o n ,  t h e  p r e c i p i t a t e  c e n t r i f u g e d  o f f ,  a n d

m a d e  u p  t o  3 0  c c .  v / i t h  d i s t i l l e d  w a t e r .  I n  1 a n d  1 1 1  o f  t h e

f o l l o w i n g  e x p e r i m e n t s  m a d e  o n  t h e  B a n c r o f t  a p p a r a t u s ,  1  c c .  o f

t h e  a b o v e  s u s p e n s i o n  w a s  u s e d .  1 1  a n d  I V  s h o w  f o r  c o m p a r i s o n

t h e  v a l u e s  o b t a i n e d  w i t h  5 . 0  c c .  o f  t h e  o r i g i n a l  p r e s s  l i q u o r .
m

l y  a n d  1 1  h e l d  5 0  s o d i u m  s u c c i n a t e  p  H  7 . 4 .
EL

i l l  a n d  I V  h e l d  5 0  h y d r o q u i n o n e  p  H  6 . © .

V o l u m e  o f  s o l u t i o n  i n  e a c h  c a s e  w a s  1 0  c c .



.$nn« o-ygen. Table 16.

—  -  ■■
T i n e  ( m i n e

r ~  ■
3 . }  I # 1 1 . 1 1 1 . I V «

1 5 2 3 1 4 5 1 0 5 1

5 0 4 4 - 1 7 q c ;/ U 0 86
4 5 6 9 1 1 3 2 6 0 2 4 0

6 0 8 0 1 1 7 7 0 2 4 7 4

9 0 1 2 3 © 2 1 4 S 1 1 8 4 7

1 2 0 1 4 4 0 2 2 6 7 2 3 1 1 7 5

1 5 0 1 5 6 0 2 2 7 5 3 5 1 2 0 5

I S O 1 6 4 9 2 2 8 3 4 2 1 2 9 3 .

T h e  f i g u r e s  s h o w n  i n  c o l u m n  1 1 *  w e r e  o b t a i n e d  b y  s u b t r a c t i n g  

’t h e  u p t a k e  o f  o x y g e n  r e p r e s e n t i n g  t h e  s e l f  r e s p i r a t i o n  o f  5  c c .  

o f  p r e s s  l i q u o r  f r o m  t h a t  o b t a i n e d  w h e n  s o d i u m  s u c c i n a t f e  w a s  

p r e s e n t .

I n  v i e w  o f  t h e  a b o v e  r e s u l t s ,  i t  w a s  t h o u g h t  t h a t  w a s h i n g  

t h e  p r e c i p i t a t e  e n z y m e  w i t h  s m a l l  a m o u n t s  o f  d i s t i l l e d  w a t e r  

m i g h t  a f f e c t  a  s e p a r a t i o n  o f  t h e  a s s o c i a t e d  a m m o n i u m  S u l p h a t e ,  

b u t  ' w h e n  t h i s  w a s  d o n e ,  i t  w a s  f o u n d  t h a t  a l t h o u g h  a  c o n s i d e r a b l e  

p u r i f i c a t i o n  o f  t h e  e n z y m e  w a s  o b t a i n e d ,  t h e  p r o d u c t s  w e r e  v e r y  

u n s t a b l e .  o n  b e i n g  d r i e d  o r  a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  o f ,  

t h e  a c t i v i t y  d e c r e a s e d  v e r y  r a p i d l y ,  a n d  i n  t h e  c a s e  o f  s o l u t i o n s ,  

c o a g u l a t i o n  o f  t h e  p r o t e i n  a c c o m p a n i e d  b y  i n a c t i v a t i o n  o f  t h e  

© n z y m e  c o u l d ,  n o t  b e  p r e v e n t e d #

P u r i f i c a t i o n  o f  t h e  e n z y m e  b y  a b s o r p t i o n  f r o m  t h e  p r e s s  

l i q u o r  u s i n g  v a r y i n g  a m o u n t s  o f  K a o l i n  a t  p  H  4 * 6  w a s  e h  s o  t r i e d ,  

b $ t t  a g a i n  t h e  i n s t a b i l i t y  o f  t h e  e n z y m e  w a s  m e . d e  a p p a r e n t *  T h e  

e n z y m e  w a s  a b s o r b e d ,  a n d .  c o u l d ,  b e  S l u t e d  w i t h  n  a r
QUif Q / 5 0 i - m n o n i a  s o l u t i o n



/quite’satisfactorily, but tbs a c t i v i t y  of the solutions so 
obtained d e c r e a s e d  r a p i d l y  o n  standing a s  w a s  experienced a b o v e  

i n  the c a s e  of t h e  ammonium S u l p h a t e  precipitates It w o u l d  

a p p e a r  t h a t  t h a t  t h e  s u c c i n o d e h y d r a s e  c a n  o n l y  e x i s t  i n  a  s t a b l e  

f o r m  w h e n  a t t a c h e d  to t h e  c e l l  s t r u c t u r e ,  a n d  t h e  a c t i v i t y  o f  t h e
a. ' -> d r i e d  p r e s s  l i q u o r  a l r e a d y  n o t e d  i s  n o  d o u b t  d u e  t o  t h e  a c t i v i t y  

e  o f  t h e  e n z y m e  a t t a c h e d  t o  c e l l s  p r e s e n t  t h e r e i n .



THE DEHYDROGENATION OP ALDEHYDES BY 
_________  ANIMAL TISSUE.___________

SCHMIEDEBERG ^  in XQ81 found that surviving kidney had
the power of oxidising salicylaldehyde into* salicylic acid, and

2 )JACOBI 7 who verified this work, also showed that the property 
was possessed by various other organs including, liver, kidney, 
lungs, and spleen. Later PARNAS and BATTELLI and STERN
pointed out that these organs also possessed the power of bringing 
about the Cannizzaro reaction, and to the enzyme responsible, Parnss 
gave the name "Aldehydmutase", while Battelli and Stern identified 
it with the Schmiedeberg enzyme. Further relations between the 
"Aldehydrase", and the "Aldehydrautase" were not forthcoming till 
WIELAND ; postulating that the mutase*reaction was only a form of 
the aldehydrase reaction in which the hydrogen acceptor was another 
molecule of aldehyde

«£ R,-Ĉ  OH +• K - C - 0  — > Rr + CC^H
H H

showed, using milk in a study of
(1) the Cannizzaro reaction with Salicylaldehyde in 

absence of oxygen,
(2) the Schardinger reaction with methylene blue,
(3 ) total oxidation in presence of oxygen,

1) A.Pth. 14, 208, 1881.
2) Ibid 22, 386 , 1891-
3) Bioch 2 . 28, 274, 1910.
4) Bioch 2. 29, 130, 1910.
5) Ber. 42, 2085, 1914.
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that the progressive inactivation of the ferments concerned in each 
case followed the same course. It is therefore postulated that 
there is no acceptor specificity for the aldehydrase, and that the
same ferment which dehydrogehates aldehydes in presence of oxygen 
performs the schardlnger reaction, and the Cannizzaro reaction.

With a view, therefore, to comparing the actions of the 
enzyme in animal tissue responsible for the direct oxidation of 
aldehydes and the disproportioning of aldehydes into the alcohol 
and acid, it was proposed to examine thebe two actions, the first 
by the usu^l methods depending on the rate of decolourisation of 
methylene blue in presence of aldehyde ,or the oxygen requirement of 
the aldehyde as measured on the Bar croft-Warburg Apparatus, and the 
second by means of titrating the acid as it was formed under 
anaerobic conditions according to the Cannizzaro reaction.

Preparation of Suitable Ehzyme Material.

Knowing the heart to be associated with sugar metabolism 
it was thought possible, though no mention of this could be found in 
the literature, that aldehydrase might be present there.
Accordingly the press liquor from horse heart prepared as described 
previously was examined for the presence of aldehydrase using the 
Bareroft-Warburg apparatus,

Each vessel held 5.0 cc. press liquor, the quantity of 
aeetaldehyde necessary to give the concentrations noted on 
following page, and 4.0 cc. ^  phosphate buffer solution ph.8.0, 
the total volume of solution being made up in each case to 10 cc.
with/
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owith toluene saturated distilled water. Temperature was 37 •

I II III IV.
Concentrationof m m m
Acetaldehyde. ^0 20 50

Cmm. oxygen. Table 17.

Time (min). I II III IV.

15 2 4 6 7
30 26 32 33 38
45 46 56 61 63
60 74 80 86 90
90 122 126 137 160

120 170 174 168 232
160 262 252 272 521
240 306 298 322 1020.

It is evident from the above results that acetaldehyde 
inhibits very strongly the self respiration of the press liquor.
It cannot however be concluded that the aldehyde is not being 
dehydrogenated, as the effects due to the self respiration and the 
presence of aldehyde may not be additive. It may be that the 
aldehyde is adsorbed on the surface of the ensymes, thus preventing 
the action of the substrates responsible for the self respiration.

An attempt to find if the press liquor contained 
aldehydrase was also carried out using the method depending on the 
time of decolourisation of methylene blue in an atmosphere of 
nitrogen. With acetaldehyde, positive results were obtained, but 
for salicylaldehyde, the time of decolourisation was exactly the 
same/
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same as that for the press liquor alone without added substrate.
This negative result with acetaldehyde may be explained by the slow 
rate of reaction of this substrate.

Experiments made with a view to following the course of 
the 6annizzaro reaction as catalysed by the aldehydrase # by titrating 
the formed acid with Barium hydroxide solution showed that the press 
liquor was unsuitable for a study of the reaction by this method 
being too highly buffered, and too deeply coloured.

The press liquor was however shown to contain the enzyme 
capable of promoting the Cannizzaro reaction by means of the 
following experiment. 100 cc. of fresh press liquor, saturated 
with toluene, were introduced into a round bottomed flask fitted 
with a rubber stopper containing two tubes with stopcocks. The 
flask was placed in a thermosiat at 37°, and freed from ozygen, by 
repeated evacuation and filling with nitrogen. 1.055 g. salicy
laldehyde dissolved in 160 cc. f5 phosphate buffer solution, ph.8.0, 
were introduced, and evacuation and filling with nitrogen repeated. 
After 24 hours, the reaction was stopped by the addition of go cc.
J sulphuric acid, and the reaction mixture extracted for 12 hours 
with ether. The ether extract was then examined for salicylaldehyde, 
salicylic acid and salieyl alcohol according to the method of 
Wleland ^  . The separation was not carried out quantitatively, 
as It was found that the salicylaldehyde could not be completely 
extracted/

1) Ber. 1914, 47, 2085.



extraeted from the reaction mixture, but 0,012 g. salicylic acid 
and a trace of the alcohol were isolated and identified.

Washing of minced horse heart muscle was found to remove
the aldehydrase , as the suceinodehydrase containing preparation used 
earlier in this work was incapable of catalysing the dehydrogenation 
®f aldehydes either according to the fiannizzaro reaction or, with 
uptake of oxygen, into the corresponding acid.

Liver having been shown to contain considerable quantities 
of aldehydrase by various workers including Parnas and Battelli and 
Stern (loc.cit.), it was thought that a preparation better suited 
f®r a study of the enzyme could be made, Accordingly, half an hour
after the slaughter of the animal, a piece of horse liver was minced

mthree times, and shaken for 1 hour with an equal weight of
phesjihate buffer ph .6.2 (the hydrogen ion concentration of horse 
Hirer) under presence of toluene • Th& activity of the liquid 
obtained after centrifuging towards salicylaldehyde and acetaldehyde 
was then determined at ph.S.O and 37° by means of the Bancroft 
apparatus.

Each vessel held 2 cc. phosphate solution extract and 
4.9 cc. phosphate buffer solution ph.S.O, the total volume being 
Wade mp to 10 cc. with toluene saturated water.

Cone.acetaldehyde 

Cone. *alicylaldec/de - ^  ^

I ZZ III If V fl
«*> *p — m 1 a

10 20 50
a m
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Cmm.ozygen, Table 18.

Time (min.). I II III IV V VI

15 0 4 8 ‘
r-r-T---
117 117 94

30 6 8 13 197 186 151
45 24 11 20 248 226 182
60 44 15 24 261 259 211
90 53 18 ‘ 26 339 293 270

120 68 22 35 360 372 324
130 123 28 42 457 468 414

It will be seen from the results, that again, as in the 
corresponding experiment made with the press liquor from horse heart, 
the effect of salicylaldehyde was to inhibit the self respiration, 
but on the other hand, in this case acetaldehyde caused an increase 
in the oxygen uptake . It would appear also that the course of the 
reaction with acetaldehyde is attended with a large decrease in the 
activity of the enzyme. Again, however, as in the case of the press 
liquor from horse heart, in spite of the inhibition of the self 
respiration, the Cannizzaro reaction could take place.

100 cc. of the above phosphate extract, saturated with
toluene, were added to 1*0 g. salicylaldehyde dissolved in 150 cc. 
m phosphate buffer solution ph.8.0, in the absence of oxygen, and 
the reaction mixture was allowed to stand for 16 hours at 37°. On 
treating the ether extract of the resulting product according to the 
method previously used, 0.04 g» salicylic acid, and 0.01 gm. 
s&llcyl^lcohol were obtained and identified.

With a view to obtaining an enzyme preparation which would 
Possess no self respiration, the use of acetone as a precipitating 
agent was tried. Fresh horse liver having been minced three times, 
was/
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was extracted for 1 hour on a shaking machine with an equal weight 
of toluene saturated water. The aqueons solution was then cent
rifuged off, precipitated with acetone, and the precipitate, having
been washed with 25$> aqueons acetone, was dried in a vacuum 
desifccator. Prom 100 cc. aqueons extract of liver, 8 g. dry 
precipitate would be obtained, and this preparation was found to 
retain its activity for several days when preserved under light 
petroleum ether B.P. 20° - 40°.

The activity of the aqueuns extract of liver and the 
acetone precipitate when determined on the Barcroft apparatus gave 
the following results:-
I and II contained 5.0 cc. aqueous extract.
Ill, IV, V, VI, VII, VIII contained 0.5 g. acetone precipitate. 
Volume of solution in each vessel was 10 cc. pH.8.0, T, 37° •

III IV VI VII VIII
Acetaldehyde
concentration 20 20 2020

concentration 200500 500 200

emm. oxyge n . Table 19.
Time (min.) I II III IV V

y  m i m — mm m  »

VI VII VIII

15 516 129 245 12 236 3 225 0
30 787 192 310 24 296 6 279 0
45 1014 246 361 44 340 9 318 0
6o 1150 283 390 51 371 14 345 3
90 1371 356 471 77 435 24 395 6
120 1535 430 527 94 478 35 441 10
150 1661 502 575 110 529 48 489 15
180 1755 604 617 133 561 64 528 20
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It is evident from the foregoing results that by 
precipitation with acetone, a considerable decrease in the self 
respiration was effected, allowing the course of the aldehydrase 
reaction to be studied more closely. It will be seen that the 
reaction goes very quickly at first, falling away rapidly at the 
end of the first 15 minutes. The reason for this is not obvious, 
and whether it is due to destruction of the enzyme it is not 
possible to say. The figures in columns VI and VIII show that 
cyanide at the concentrations used is without appreciable effect 
on the dehydrogenation.

Further attempts at isolation of the enzyme were 
unsuccessful. Quantities of the aquetos extract of minced liver 
were shaken with pure olive oil at pH, 8.0, but the residue left 
after extracting with ether the curd-like substance which separated 
on centrifuging, and the remaining solution were found to be 
inactive, the enzyme having*probably been destroyed by the shaking.

Adsorption of the enzyme from the aquenusextract of liver 
with^fciolin at ph. 4.6 was also carried out, but treatment of the 
kaolin with g jq  ammonia solution, and t| q  phosphate buffer solution 
pH. 8.0 failed to elute the enzyme in sufficient quantity to make 
the method of practical value. It would appear that the 
Oxidases as a class are not so suited to purification by 
adsorption methods as the other classes of enzymes, and their 
purification will always be attended with difficulty till a new 
method is discovered which is applicable where the usual methods 
are not.



Concentration of Substrate and 
 Rate of Reaction*_____

The effect of concentration of substrate on the rate of 
reaction of acetaldehyde and salicylaldehyde was determined using 
the Thunberg method employing the time of decolourisation of 
methylene blue, according to the improved method described by 
Wieland and ROSENFETjD ^  . The enzyme material was obtained by
extracting the acetone precipate prepared as described above with a

n msolution containing equal volumes of Jqq ammonia solution and X5

phosphate buffer solution ph.8.0 10 cc. of the extracting
solution per 1 g. of enzyme material were used. It is to be noted
that precipitation of the enzyme by bringing this solution to ph.4.6
with acetate buffer resulted in its inactivation.

In each of the following tests 5*0 cc. extract were taken, 
and toluene water was added so that in each case the total volume 
after adding substrate and methylene blue amounted to 10 cc. The 
same enzyme material was used throughout the experiment.

Table 20.

acetaldehyde
concentration

m
8 /5

m
12.5

m
25

m
50

1m
100

Time of decolonisation of l'45n 1»20b 50" 1 f30" 2*50"

Salicylaldehyde 
concentration 4l7

m
625

m
1250

m
2500

m
5400

Time of decolon
isation of 1 mg. M.S.

S'SQ" 4 f35" 2 f50" 3*10* 3 f40"



\cetdlo(e.lt-yde,

Sdliĉhldek̂de,.

Acehdldehyde

^c tltc y jd ld e h yd e5000 4-000
Aldehydrase and Concentratreact

;ubstrat
Prom the results (Fig.12), it can be seen that definite

optimum concentrations exists for both aldehydes examined, the rate
of reaction falling more quickly at concentrations above thafc. at
those below the optimum. This is especially marked in the case of
salicylaldehyde where the velocity of reaction remains almost

m m
constant between the concentrations 1250 an(i 5400* Again it will 
be seen that at the optimum concentration of both substrates, the 
reaction with acetaldehyde proceeds almost three times as quickly 
as that with salicylaldehyde.
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The Cannizzaro Reaction.

An attempt to follow the course of the 6annizzaro reaction 
was carried out using the enzyme preparation obtained by extracting
the acetone precipitate of the aqueous extract of liver, prepared as

ndescribed above, with ^qo ammonia solution, 5 g. of the solid being
treated with 30 ccs. of ammonia solution.

4 Thunberg tubes were filled according to the table shown
below.

I II III IV
Enzyme
solution

Y5 phosphate 
buffer solution 
ph. 8.0
Toluene saturate 

water
Phenor'phthale in

5.0 cc

d
4.0 cc 
1 drop

5.0

4.0 cc 
1 drop

5.0

2.0 cc 

0.6 cc.

5.0

2.0 cc. 

0 .6 cc

The tubes were placed in a thermostat at 37°. After 
repeated evacuation and filling with nitrogen, tubes I and II were 
titrated with §0 Barium hydroxide from 2 cc, burettes placed in the 
stoppers, till the red colouration indicating that the hydrogen ion
concentration of pH. 8,0 had been reached. A stream of nitrogen

rostill being passed into tubes I and III, 1 cc. ^ acetaldehyde 
solution was introduced and the pH. of I again brought to 8.0 by 
the addition of a few drops of Ba(0H)g solution from the burette. 
The/



The nitrogen stream was then stopped, and at regular intervals, 
baryta solution was added to I and II so that the red colouration
of the phenol^phthalein was maintained. The following table shows 
the results,.

Table 21.

Time (min.). 150 144055 375 500
Tube I cc. go Ba(0H)

Tube II (control) 
cc 2L Ba(0H)

0.660.18 0.84 0.94

!o  Ba(0H^ 0.460.41 0.45

acetic acid 
formed

cc
0.18 0.28 0.31 0.48 0.52 0.5

40̂  80Q 1200.Canni^aro React ion with Ace talddhy.de «-f— -
Although the reaction might not have been completed after 

1440 minutes, it could not be followed any further owing to the 
precipitation of protein which obscured the colour of the phenol- 
phthalein. The destruction of the enzyme responsible for the 
Cannizzaro reaction was however shown to be attended by the 
destruction/
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destruction of that responsible for the dehydrogenation of aldehyde
with methylene blue as hydrogen acceptor by a comparison of the
activity of the enzyme in tubes III and IV. These tubes having
been kept at 37° alongside tubes I and II served as a control for
the activity of the enzyme after the cannizzaro reaction had taken

mplace, and 1 cc, i acetaldehyde having been introduced into tube 
IV, the times of decolourisation of 1 cc. (1 Mg.) methylene blue 
were determined in the usual way.

Ill IVTime of decolourisation
(min.) 151 2 f50w

A control experiment without acetaldehyde was not decolourised in 
45 minutes.

The above can be taken as evidence that the two actions 
of aldehydrase are brought about by the same enzyme.


