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| The pert which the study of various inhibis+
ting and activating factors play in the investigation of

the neture aznd action of enzymes is of considereble im:

portance. The experiments here mey Tfollow two courses-
the first group deals with the influence of factors
which exhibit strong sction, such as KCN, CO, ete.,
all of them foreign to the living organism, This group
gi?eé clear effects of mainly inhibitory charsascter in| m
many catalytic processes end serves &s & very valuable
mebhod of elucodation especielly in the field of haem-
catalyses.

The second group is concerned with the in-
fluence of substances which afe normally present in the

living organism, but appaerently do not participate in

the course of enzymic reactions. Here the experiments &re

of & mueh more complicasted charascter ass the effects obtained

_]are not so strong end often it is very difficult %o de

fine the predomineting influence among meny simultaneously

loceuring reactions,

i This group desls in the first place,with

the study of the influence of varicus imorgeanic salts,i

proteins and their derivatives on enzymie processes.




| the effects obtained in vitro whether a given factor

1 gnece/

| simple substences as sodium chloride and phosphates._i

2o '

Meny experiments heve already been done in this field

and though sometimes it may be difficult to infer from

| plays eany definite role inside the orgenism,much lighj

| haWw been thrown on the subject by this method of inve-

stigation. 1
|
During the yeers 1937-1939 the suthor hfs

| began &a series of experiments on the influence of somé

simple substances, normally present in the living orga-
nism, on enzymhc processes., As an example of this kind
of influence may be quoted the work of the author on

the amylsse in muscle extract ( E.M.Mystkowski,I937).

In this extract two enzymic systems are present - amys
lolytic and glycolytic. The glycolytic system requirel
phosphates for its sction, In the absence of phosphates
only amylase gects, causing the hydrolytic decomposition
of glycogen, but this takes place only if Cl- salts are
present. In the presence of phosphates the amylolytic

gystem 1g completely suppressed and the glycolytic de=

|

.composition of glycogen takes place, This may be consi=

dered as a competition for the same substrate between
two enzymic systems, regulated by the presence of such
Many examples of such competition regulated by the prese-

nce of simple metabolites might be quoted and they pro-

bably play a greaet part in metagbolism. |

|
In these experiments the influence of chlo-

rides seemed to us to be of some interest.Their influ-




3. |

|
ence on various oxidative processcs has been examined |

by meny suthors. Wurster (I889 , cit. by Bsudisch,I920)
found that hydrogen peroxide and the solution of d-na=-
-phtylamine in acetic &scid produced a dye only in the
| presence of sodium chloride. The same guthor found that
'the oxidation of ammonium hydroxide to nitric acid by
hydrogen peroxide was greatly activated by the presence
of sodium chloride, These findings were confirmed by
Baudisch, ]
In our experiments it was found(Mystkowi

ski & Lasocks,I939, unpublished) thet aldehyde dehydro=-

genase isolated from milk end inactivated by copper sql—
phate may be reactivated by sodium chloride. The samel
was true for emylese, The last fact led us to consider
whether the normal asctivation of amylase did not depend
on the same influence of sodium chloride. The experiments,
however, were not of decisive charecter. \
Another example where the influence of |
chlorides and other factors was examined wes the oxidi—
tion of ascorbic acid in the presence of copper salts.

The first part of this work was published in I939 (My-

stkowski & Lasocka,I939).

The inhibition of ascorbic acid coxidation

1by sodium chloride was first deseribed by de Caro andl
%Giani (I934) and Kellie and Zilve (I935), Their state;
ment however was not followed by esny detailed examination
of this influence. In our experiments it was found th%t

among all salts exemined ( FeCl , KC1,CaClp ,MgCls

|
|
| (CHz000) Me , MgSO, ,I1,80, ,NesS0, ,KNOz ,NeF) onlyi
|
|
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only chlorides have an inhibitory influence on the oxfi-

dation of escorbic scid.Thig inhibition tekes place ir-

respective of the cation. These results were confirme
by Mapson (I1941I).

The action of sodium chloride appears to b

related to the catelytic sction of copper, es was shown

by the experiments in which the relative concentratio
of copper sulphate and sodium chloride were veried.Th
greater the concentration of copper sulphate, the gre
wes the concentration of sodium chloride necessaryto

inhibit the cetalytic asction of copper, Amino escids s

(]

ns

ater

nd.

proteins exert & similer inhibitory action. Their action

depende on their binding power for copper. Two pointg,

é however, must be emphasised here, namely that their bi

j ding power is limited end that copper-protein complex
| retain a certain catalytic activity. This limited bin
ding power of proteins causes an almost uninhibited
oxidation of sscorbic ecid in & protein cbntaining 80
tion if a great excess of copper sulphate is present.

Netural copper- protein complexes suech as are obtaine

1=

d

| from serum thus act on the one hand es feeble catalysts

on the other hand they are still able to bind & certs
amount of copper and can in this wsy ect &s an inhibi

ry factor in the oxidstion of ascorbiec acid.

in

to=-

In the pfesent paper we give further resul
obtained in the oxidation of ascorbic acid under the
fluence of sodium chloride,proteins and tyrtsine in v
rioué systems,., The action of copper as an inorgenic c

talyst/

ts
H, -

a,-




5. .
talyst and as & component of certaln enzymes was here‘
exemined., During the course of these experiments we ha
to examine several other catalytic sctivities of coppe
not connected directly with the oxidation of &ascorbie
acid and these results sre given here in brief.

Methods

final concentration O.I = 0.I5 M., ascorbic acid 3-4 m

volume of I5 or 20 mls., The detailed composition of th
I

systems is given in the appropriate tables. |

[}

isubstances whose influence wsas to be examined up to th

The wystems were left in open conical

flasks at 24° ¢ ,if different temperatures were used

it is indiceted in the corresponding tebles, After a

given time samples were teken and after ecidification
with acetic seid, the remaining amount of ascorbic saci
was determined by titration with a solution of 2,6-di=
chloro-phenol-indophenol. In the experiments where the
influence of temperature was examined the systems were
kept for a given period in water bath and then after

rapid cooling determinations were carried out.

|
In the experiments with proteins,potato ex-

tract,cucumber juice, the'deproteinization before the
‘titration was effected by a solution contasining 8% of
trichloracetic acid and 2% metaphosphoric acid.

To prepare an extract potatoes were either
sliced with a knife or put through a mest mincer and
then gmind in & morter with double their volume of wat

After/

The systems contained phosphsete buffers in

d

=

&1 ,
e

e

d

er.,



TABLE 1.

0 NaCl Cus0y | Cuso, = NaCl Fep (S04)3 Feg(S04)3- NaCl

30" 4 h. 30" 4 h. 30" 4 h. 30" 4 h. 30" 4h. 3o 4 b,

pH 1 2 1 e i e | il 2 1 Bai L 2 1 g .1 2 1 R - S
'5.7 57.1 - 885 +550 57 =900 143 -750 743 +300 1000 +750 600 +5.0 914 +600 57%L O 885 +550 114 -800 171 =700
BO 628 +100 885 " 85 -880 200 -650 743 " 1000 " 600 " 914 " 628 *100 885 " 171 -700 200 -650
B4 HBCORBEB LR ah LR RE0 " T4 N 1000 * 6Rp FtIQ0 914 " 628 * €@ * 17 % oo ¥

She systems conteined in 20 ml. : 5 mls. phosphate buffers M/5
3.5 mgr. of ascorbic acid
FaCl 0.14 M, =5
Cus0, and Fegy (804)3 2.6 x 10 ~ M.

1. - per cent decomposition
2. = per cent activation (+) or ibhibition (=).
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After a given time (as indicated in the corresponding
|

tables) the solid particles were centrifuged off and
the supernatent f£luid was used in experiments, A varias
| ble amount of extract wasc used according to the type

| of experiment in each system,in controls extract was re=-

placed by the same amount of water or solution of pho,

sphates., Cucumber juice was prepared according to Ste:

wart and Meiklejohn (I94I).

EXPERIMENTAL

I.Inhibition of ascorbic acid oxidsastion bz_sodium chloride
I

The oxidetion of ascorbic sgeid in the presence

{ of copper sulphate,ferrous sulphate,ferriec sulphate end
ferric chloride under the influence of sodium chlorid?
wes examined. The results of one typical experiment are
given in table I.

Table I

This experiment shows great : activation of
the oxidation by copper sulphate. The increase of oxida=-
tion in the presence of copper sulphete amounts to 30+
75% .The activation by ferriec sulphate is quite insigni-

| ficant and never goes beyond limits of experimental el-

|
| ror. In the systems conteinigg only the copper normaliy

5present in didtidled weater, inhibition caused by sodium

chlofide emounts to 65-90 % .Sodium chloride slso decrea-
ses distinetly the activation caused by added copper %ul-
phate, this decrease beeing from 30 % to 5 % after 30

ming end from 75 % to 60 % after 4 hrs. This decrease |
|
| is/




scid/
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is proportional to the concentration of sodium chlori+
|

| de and inversely proportional to the concentration of

copper sulphate,as it was shown in our previous paper |
snd has been confirmed in this work.
Tn the presence of sodium chloride no cately=

tic eetivity of Fe-salts was found. The inhibition hy!so-

' dium chloride occurs here as in systems without any aqti-

vators, In systems with Fe selts in concentrations
greater thah those indicated in the table I a small
setivetion of sscorbic scid oxidation was found and of

gll Fe salts emamined, ferric chloride showed the larJ

gest activation. This activetion is not due to the cJ-
pper impurities in corresponding salts,as the degreei
of sctivation caused by them did not chenge after se%e-
ral recrystallizations,
The increesse in temperature of the resction

hes comparatively little effect on the increase of the

rate of ascorbic acid oxidetion. In our experiments the

oxidation at 24° and 97° was compared. Although the in-
crease of the veloeity of reaction &t 97° was not a great
one, the inhibition by sodium chloride was smaller(I3.6=-

#25 % ) in comparison with the inhibition at 24° (88.%%)%

|The sctivation by added copper sulphate was at the saﬁe

level (I3.0 - 25.0 % &8s compared with II.7 % at 24° );

2.Correlation between appearance of cuprous oxide and
oxidation Of ascorbic acid.

In experiments with the usual concentration

of copper sulphate (2.5 x I0~° M.) the red precipitste

:of cuprous oxide appeers after a few minutes of ascorbic



TABLE 2.

45 mins.

2 he 30 mins., 3h. mins.
CusS04 NaCl Blg. 0f Pibs
concentr. concentr. 1 2 3 1 2 3 KMnOy4 inhib.
3 IS - I 10‘4H 0 1.3 32.5 - 2.7 67.6 - 2.9 -
2 " 0.13 M. l.2 30.0 Ly i 2.4 60.0 1l.1 Sl 41.3
3. . O.4 M. 0.6 15.0 53.8 1.9 47.5 44.4 1.6 44.8
4. » 0.65 M. O.4 10.0 69.2 1.0 25.0 62.9 1.5 51.7
PH = 6.5 Composition of systems in 30 mls, ¢ 3 mls. of phosphate buffers

1. ~
2 o
Se =

4 mgr.

of ascorbic acid.

mgrs. of oxidized ascorbic acid.
per cent decomposition.
per cent inhibition.
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scid oxidation at 97°. In the system containing sodium
chloride this precipitate does not appear.

The amounts of cuprous oxide produced in

ordinary experiments were to small to be determined gqua-

intitativelyﬂso in a series of experiments much higher

concentretions were used. At the concentration of copp%r

sulphate 5 x IE"4 M. the precipitate of cuprous oxide

‘appears even at 249,
| To detrmine the amount of cuprous oxid@
formed, the lest stage of the Bertrand method for suga}
estimetion was used, Cuprous oxide formed during the rF-
lection was centrifuged off, washed with distilled Wate#
dissolved in a solution of ferriec sulphate in concentre-
ted sulphuric acid and then titrated with N/50 potassi;m
permangenate. The results in table 2 are givem in mls :
of potassium permenganste used in titration. ;
Table 2. i

In this experiment performed at 24° ,cupi

prous oxide precipitate was visible after one hour.No

gtriect pgrallel between the amount of &scorbic szcid o

ixidized and euprous oxide formed was found, Neverthelegs,

lin gemeral throughout the experiments the greater the
‘rate of ascorbie ecid oxidation, the greater wes the am
mount of cuprous oxide formed. The inhibition of oxi=

idation of e&scorbic acid by sodium chloride was slways

|

iaceompanied by the diminution or complete absence of

| |
‘cuprous oxide formation. Thus the inhibition of the o=

Exidation of ascorbic scid is accompenied by a similar

:inhibition/

|

1

|
l ’
i



TABLE 3.

% oxidation % oxidation in the
Salt used Conc. of CuSO, after 5 hr. presence of 5.7 x 10
NaCl after 5 hr.

-3

CusO4 .5 Hg 1.9x10°u 0 0

. 9.5 x 10°% W 63 .6 27.2
Anhydrous CusO, 5.8 x 10™° M 40.9 0

. 1.9 x 10™* 100.0 45.4

Concentration of ascorbic acid 8.5 x 107% M

After 5 hr., the unchanged ascorbic acid was estimated by dichlor-
phenoindophenol titration in a 2 ml. sample diluted by addition of
10 ml. of 0.5% acetic acid.
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A Cu; trensformation, This effect |

is in snalogy to the results obtained by Barron et all.

inhibition of Cu

(1986) who found that the copper cetalysis of ascorbig
ecid by molecular oxygen is inhibited by CO. They con?lu-

; de that the metal in the course of oxidation undergoes

8 cyelic chaenge from Cu;i to cul end thet carbon mono

xide by combination with Cul form inhibits the reactipn.

3. The influence of sodium chloride on copper cataly
gl8 1n non-agueous medié.

The catalytic action of copper and the inhi

bitory influence of sodium chloride onm it &re not 1i

mited to agueous systems. As all the components of the
| systems examined are soluble in absolute alcohol a se=-
é ries of experiments in the letter medium has been perfo=-
| rmed. The results of these experiments were published
| in Wature (I942).
It was found in these experiments that water

present in aleoholic systems in concentration up to I.0%
has no influence on the reaction., However to preveht
the possibility of interference from this factor the
catalytic action of CuS04.5 Ho0 with the sction of anhy-

| drous copper sulphete was compared. The results are given

| in the following table,
Table 3.
This experiment shows that in absolute
alcohol copper sulphate has the same catalytie effect
in oxidation of ascorbiec acid as in water. This oxidafion

is prorortionel to the concentration of the catalyst.

| Also/




I0.

Also the influence of sodium chloride 1s analogous he
re to that in water systems.
This oxidation which must involve a di-|

| r2ct electron transfer,is also accompanied by the for-

mation of cuprous oxide. In all the systems with suffi-
ciently great concentration of copper sulphate the re%
precipitate of cuprous oxide appears, which however mPst
undrgo further changes &s it disappears after severali
hours. This last stage of resasction has not beeen follo=-
wed quentitatively.

4 ,The influence of sodium chloride on the peroxidase
and catalase 8CLivibies OX CGOpper.

The sction of copper considered in the pre:
vious chapter deals with its only one catalytic manie-
festation ¢ the oxidation of ascorbiec acid by atmospheriec
oxygen, This reaction must therefore be considered as
a type of oxidase catelysis in which copper acts &s an

oxidase model., This type of copper catalysis is chaba+

' eteristic not only for oxidation of ascorbic acid,but|
belongs to the large group of well known metal cat&lyées.
This group comprides in the first place iron e&talyse;,

end secondly copper catalyses, the second group being
' much less known.The much weaker catalytic activity of |
fcopper in most reactions of this type asc¢ compared wi{h
éiron hes caused that not meny biological reasctions are
known in which copper plays as important part ss iron.
Nevertheless many catalytic reactions with copper hav%

been described, especislly oxidetion of fructose(Meyer-

hof/
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nof End Mstsuoka,I924) snd other sugers (Krebs,I927),
egsteine and other sulphur containing compounds(War-
i burg,1927-Voegtlin,I1926~Elvehjem,1930 and others).
The role of copper in the oxidation of asgor-
biec acid must be consideréd gquite separately in view
of its uniquness in many respects,chiefly becsuse of its
creater sctivity in this resction in comparison with
iron end secondly because of its participation in the

strueture of the enzymes oxidising ascorbic acid both

directly end indirectly.Whether copper should be consi=-
dered as & model of & "true"™ oxidase or rather of dehI-

drogenase, will not be discussed here.lt seems that the

: most appropriate explsnation of this type of reaction|

i mentioned later in this work, - |

was given by Szent-Gyorgyi(I928) whosw view will Dbe

In the following chapter two other ca&a—
lytic esctivities of copper will be discussed,namely er-
oxidase end catelase ones. |

The oxidation of ascorbic acid in the

presence of hydrogen peroxide occurs with a muech greater

velocity than the oxidetion with molecular oxygen.But,

on the other hand,in systems conteining hydrogen pero:
% xide it may be expected that the catalase asction of cipper
mey interfere with the peroxidese one and thus influence
the oxidation of ascorbic acid.In the following seriei
of experiments the mutusl relstionship of these two ré-
actions and the influence of sodium chloride on them has
| been examined. This last reaction seemed to be of a ﬁar-

_ ; |
ticular interest, &s it could elucidete whether the inhi-

bitory/ i
|
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TABLE 4.

The systems contained phosphates in concentration O.I.M.

CusOy = 0.0002 M, HoOg = 0175 N

NaCl =~ 0.4 M. PH 6.5

The systems have been kept at 606 for 60 mins. After this time
the remaining hydrogen peroxide was determined by titfation with
Kunﬁ4 O«I.N.

Concentration Concentration % decomposition
of CuSOy of NaCl of hydrogen
Mols Mols peroxide
0.0002 0 48.8
0 0.4 80.0
0.0008 O.“ 6806

0 0 0
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bitory ection of sodium chloride,found in oxidation of

wscorbie acid by molecular oxygen,is of & generel chse
racter and concerns all the catalytic activities of cp-
pper or whether it is limited only to this particular
type of reaction.

a)the catalase sction of copper sulphate and sodium cn&o:

— e S e S e —— —— A m— e — ——— —— —— ———

The experiments showing the influence of
copper sulphate snd sodium chloride on the decomposition
of hydrogen peroxide were carried out by the titratioml
after a given time of the remsining Hp0p, with the =id
of 0.I N potassium permangenste.

Table 4.

During 60 mins at 60° no perceptible dew
compogition of hydrogen peroxide ocecurred in the control
system conteining phosphates and hydrogen peroxide., I
system with copper sulphate 48,6 % of hydrogen peroxide
| hes been decompsed, in system with sodium chloride - |
60.,0% .The highest decomposition was found in system
cont&ining copper sulphate and sodium chloride,although
the activation here is smeller then the sum of the &c%i-
vations caused by esch of these factors teken separat%ly.
This experiment 1indicates that not onl!
copper sulphete hes a catalytic effect on the decompoT
sition of hydrogen peroxide,but slso that sodium chl#ride
shows the same influence in the sbsence of added coppér.
Tuis asction of NaCl does not comsist in activation of

the traces of copper present in water used in these exXpe=

| riments., If it were so, the activation by sodium chloride

. in the presence of added copper would be of & much




T@LE 5.

The systems contained phosphates in concentration 0.I M

CuSO4 0.001 -~ 0.0025 M. H202 -~ 0,176 N
NaCl 0.4 M PH - 6,5

The systems have been kept at 37° or 70°, After the time given

in the table the remaining hydrogen peroxide was determined by
titration with KMnO4 O.I.N.

% decomposition of Hy0

2

Concentration Concentration 370 70°

of CuSO4 of NaCl 24 hrs, 30 mins,

Mols Mols

0.,0010 0 40,0 48.6

0.0025 0 42.8 65.8

0.0010 0.4 74,3 62.9

0.0025 0.4 80.0 65.8
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higher order,thean it was sctually found.

The decomposition of hydrogen peroxide in-
|

creases greatly with the rise of temperature,as is shown

in the following table
Table 5.

1
At 37° the decomposition of hydrogen peroxide

even in the presence of copper sulphate is slow in com

@arison tith the same reaction at 70° . During 24 hrs at

27° snd the concentration of CuSOs 0.0I M. 40.0% of hy-
drogen peroxide was decompesed, sbout the same asmount
was dedomposed at 70° during 30 mins. A difference of

the same order was found in the presence of both acti=

yators, copper sulphate end sodium chloride. Here again
their joined influence is amaller than the sum of the ac-

tivations teken separately.

Thus in the second type of catalytic action

pf copper, the role of sodium chloride is entirely difée-
rent, In the oxidase sction copper sulphate was inhibi=
ted by sodium chloride, here it is difficult to spesk

ebout eany influence of NaCl on CuS0O4 becsuse the former

phows by itself the same adtivity as copper.In zll the |

pircumstances examined the Jjoined effect of these two

ﬁctivating substences has been found smaller than the éum

bf their sction taken separately.

b)the catalese action of copper sulphate in the oreSﬁrqe
f;"an oxxdizablessubgtance, . - - o ceaeeae oo = T

— e — — e — — — m— — — — a—

The ohject of the following experlmants

was to examine the action of copper as catalase in the

presence/
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presence of substances which would readily undergo Oxi=

| dation in these experimental conditions. Thus it was in-

. tended to establish the mutusl influence of these two

| simultaneous reactions. In connection with this firstly

the experiments of Karczag (1921) were repeated. This

suthor found that in the presence of hydrogen peroxide

certain dyes undrgov an oxidative decoloration under [the

influence of copper end irom salts.This reaction showed

e great dependence on the temperature , especially wh
copper salts were used as catalyst.

systems with methyl red

The experiments of Karczag were repesa

here with the difference that buffered systems vere u

(pH renge 5.0~ 6.5) At the ssme time the influence of
sodium chloride on this reaction has been examined.

In these experiments two cetalytic ac

of copper may be ekpected.As a model of peroxidase co

ted

sed

tions

pper

will catalyse the decoloration of methyl red, as catalase

- the decomposition of hydrogen peroxide .The difficu
?o_find & suitable method whieh would sllow toodserve
ﬂééh reactions simultaneously has caused that the fo
experiments have rether a semi-qualitative character.

The cetalese activity of copper may

| followed by observing the evolution of bubbles of oxXy

gen

in systems containing phosphate buffers,copper sulpha&e,

sodium chloride and hydrogen peroxide. This, however,
mey be oserved only at higher temperatures., As was sh
before(table 5) at 37° the decomposition of hydrogen

oxide/

own

per=




I5. |
oxide is slow, only sbove 50° it was possible to observe

J
e very slow escape of bubbles of gas,but still to slo?

to follow it in an experiment. Above 700 the evolutio#

of gas is quick enough to compeare the resction in par:
ticular systems.

When a solution of methyl red (finsl ¢on-
centretion in the system sbout o0.I%) wes added to the
bufferéd CuSO4 - H202 system and the whole was brought
to 76° , no visible decomposition of hydrogen peroxide
took place. Cantrol systems without methyl red showed
in the same time a violent decomposition of'hydrogen
peroxide,

In systems with methyl red, instead of ga-
sging the dye undergoes decomposition, which is compléte
in I5 mins. This decoloration is activated by sodium c¢hlori
de.The complete decoloration in systems with copper sul-
rhate and sodium chloride ocecurs 2-3 times as quickly|as
in the absence of NaCl (5 mins instead of I5 mins).So+
diﬁm chloride slone does not show any appreciable activa-
tion in this resction.

Thus the presence of sn scceptor for OXy=
gen(methyl red) inhibits the evolution of oxygen from
hydrogen peroxide or,in other words, the resasction of,
oxidation of the dye inhibits the catalase mektdn of
cogpef and shifts it toveids & peroxidease one.

8Fstems with tyrosine.

|
Similar results were obtained with tyrosine
|
a8 & substrate for oxidation.These experiments were im-

portant/




- The systems contained:

phosphates O.l1 M

o 5
Cuso, 2 x 10 5and 4 x 10° M

3202 0.25 N

Control
-5
Cusoy 2 x 10 M
" 4x 100 m
FaCl

Cuso, 2 x 10~%+ Nacl

Evolution of gas at 850

TABLE 6.

Colour changes.

NaCl 0.2 M

tyrosine - 1 mgr.

total volume

30 mins 1 h 30 mins 3 hr. 20 mins 40 mins

0

+
++
0

i

at 370

; -
+t

i

++++

Control

Cuso, 2 x T
9 4 x 10™%

NaCl

Cus0, 2 x 10™2k+NaCl

systems with tyrosine

per system

15 mls.

+

T

T+t

++

++i+

++

vt

i+

at 85°

e wit e

0
0

¥

60mins

o L > MR >

systems without tyrosine

20 mins 40mins 60mins

0
t

C 2l gt o

it

2 2 7 g o

"

x

+

+

2.c
+

0

Se

0

A
ol
+

++

p -

i+
T
T+

i

+

+

20mins 40mins 60mins
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portant also in view of the results obtained with asc]—
i
rhiec scid oxidation in potato. }
|
The systems exsmined in this sertes of ex=-

periments contained phoppheate buffers, copper sulpheate),

sodium chloride, hydrogen peroxide and tyrosine, After

a given time the colour caused by the products of tyro

sine oxidation was observed end the results were expee-

csed in + , 4 corresponding to faint pink colour,4++4
to dark brown almost black, while#+ endss+ correspond
to the intermediste stages in colour.

In the experiment given below, the sys=-
tems were left for 3 hre in an incubator at 370, efter
'whieh time the flasks were pleced in the water bath at‘
850_.The chenges in colour were observed during the fifst
period end sgein &t intervals during the following pe-
riod of intensive hesting. The results sre given in the
teble below.

5 Lable 6.
The stronegst development of colour was

observed in systems with copper sulphate, and copper

sulphete plus sodium chloride. The difference in CuS0O4
!plays here an important role,the higher it was the more
;rapid wes the rate of colour changes.Control systems shoe
wed compersatively very slow chenges in colour.During the
subsequeht period of heating the systems passed their
meximum of colour development and beéame colourless ageain.,
At 80° system containing copper sulph=zte in concentration

4 x 1070 hes developed its meximum of colour before the

first/




175
firat comparison was mede - in the table the colour in-
tensity is marked O from the beginning of the experi=-
ment. These changes in colour follow the order obser;ed
in the first part of these experiments,the strongest co=-
loured systems become colourless first., At the same time
the intensity of escape of bubbles of gas was observed
in this experiment., During the period when the systems|

were kept at 37° no evolution of gas was observed.Du=

ring the subseguent hesting period the intensity of the
decomposition of hydrogen peroxide is in close relation
to the colour changes in that, that the sppearence of

bubbles of gas begins as a rule after the system has pa-

gsed its meximum of colour. Whenever the reaction of o
xidetion of Yyrosine is still in progress the decompo=
sition of hydrogen peroxide does not tske place. Only
after this reaction has been finished the catalase one
begins. The control system which never hss resched the
intensity of colour schieved in systens containing cate-

lysts,shows only a small degree of decomposition of hy

drogen peroxide, That the presence of tyrosine inhibits

the second cetalytic function of copper=- catalase one=|

is also shown by the comparison of the intensity of ga
gsing in the corresponding systems of identicsal composi=

tion but without tyrosine. The decomposition of hydrogen

peroxide in ?hese systems, where there is no substrate
for oxidetion, is of a muech greater intensity. !
The following conclusions mey be drawn féom
these experiments, At 370 copper sulphete shows a peroé

xidese/
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xidase actkon , the substrate tyrosine being oxidized
Ipropoftionally to the concentration of the catalyst.

| The cstalase setion et this temperature is very slow !
and its manifestations ere not perceptible, This is 1n
ggreement with the previous experiments where by ti=-
tration with KM’nO4 it wes found that at this temepera=-

ture no perceptuble dedomposition of hydrogen peroxide

should teke plsce during the time the observetions in

this experiment have been made, At higher temperstures
this peroxidase action is greatly increased, but simul-
taneously the catalase action increases also and to such
extent that finelly it becomes menifest . This, how-
ever takes place only in systems which have completed
or &re approaching the completion of peroxidase stage
' of resction. Sodium chloride activetes the peroxidase
action of copper, as for its influence on the catslase
ection ,it is known from the previous experiments thst
it exerts fhis action by itself, so in this type of ex=
periments 1% is impossible to draw eny conclusions as
to its influence.,

These experiments with tyrosine =s s

| substrate for oxidation are in complete agreement with
%the previous experiments with methyl red.In both cases

| their presence inhibits distinetly the catalse sction

of copper. -

On the other hand in systems where t%e
concentration of copper sulphate wss considerabdbly gre%-
ter tham in experiments juoted above no regular colour

;ehanges/
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Ehanges were observed at higher temperatures and only

cannot be comsidered as typical, because the colour dew

te, and the rapid changes occurring in systems mske ime
possible any correct observations.

To summerize the resulta of this series
of experiments it may be said that in systems containig
en oxidizeble substrate the peroxidase action of copper

prevails snd diminishes greatly the catalsse sction. Wh

ther it 1s a complete inhibition or only a great diminu
#ion of catalase ection it ie impossible to decide in
khese experimental condidbions. Contrary to the results
Bbtained with the oxidation of ascorbie acid,sodium chl
ride shows an opposite effeet in the reactions examined
in this chapter. The peroxidase type of oxidation of me
thyl red end tyrosine is sctivated by NaCl, the catalas
eotion of copper is slightly inereased in the presence
of this substence but cannot be considerdd as activated

by it, &s NaCl itself shows & similar influence. This

shows that although the inhibitory influence of sodium
chloride is not of a general charecter,nevertheless its
particopation in redox systems with copper aB ceatalyst

is very interesting, ' |

b.The oxidation of ascorbic acid in the presence of
aAydrogen peroxide .

Two types of sodium chloride influence

on oxidation/

|
[eviolent decomposition of hydrogen peroxide was the chara-

gteristie feature of the reaction, This type of experiTent

velopment depends on the concentration of copper sulphé-

S -

O-

e



TABLE 7.

Systems without Ho0o Systems with Hy0,
systems wivhout Systems with O.b systems without Systems with 0.5 mgr. or
tyrosine mgr. of tyrosine tyrosine tyrosine
40" 90" 40! 90! 10! 20! 10! 20"

——

o e3¢ a4 80i9 1.1 36.8 1.7 568 6. 1.0 35.8 1.6 60.0 0.1 B.5 9.9  so.e
3.7 90.0 2.7 90.0 1.9 63.3 2.8 86.8 7. 2.7 90.0 2.7 90.0 1.3 43.3 2.0 63.3
8.7 90.0 2.7 90.0 2.4 80.0 2.7 90,0 8. 8.7 90.0 2.7 90.0 2.6 86.6 £.7 90.0
B.e 26,6 1.6 500 1.6 53.5 2.3 76.6 9. 0.6 20.0 1.6 50.0 O.4 13,5 1.1  36.6
9.9 0.0 1.8 60.0 1.7 B6.3 2.6 86.6 10. 2.4 80.0 2.7 90.0 2.5 83.8 2.7 90.0

systems contained in 15 ml.: 1.5 ml. phosphate buffers
3 mgr. ascorbic acid.
l. mgms. of oxldized ascorbic acid in the whole system.
2. percentage of oxidized ascorbic .acid.

ontrol. -5
S04 4 x 10 M

EO.& 2 x 10-4y
801 0.2 M
us0y 4 x 10”°M, MaCl 0.2 M.
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on oxidetion with copper as catalyst were found in tﬁe
previous chepter. One = oxidation of ascorbic acid bﬁ

moleculer oxygen was inhibited by sodium chloride, t@e
second- cxidation of methyl red end tyrosine by hydr%-
gen peroxide wes sctiveted by NaCl.Thesé results su- |

gegested therefore that in all resctions of peroxidasJ
type the sctivating influence of sodium chloride should
be expected. To examine this possibility a series of
experiments was performed in whieh the oxidetion of gs-
corbic acid in the presence of hydrogen peroxide was

examined, The results of & typical experiment are gi=
ven in table 7.

Teble 7.

As it wes mentioned before. the oxida-
tion of ascorbic acid by hydrogen peroxide is a much
quicker process than that by atmospherie oxygen.In
control systems with hydrogen peroxide 60 ¢% of ascor-
bic acid was oxidized during 20 mins, the correspon-
ding control without peroxide showed 63,.3% oxidation
after 40 mins. This oxidetion depends on the concen=
tration of hydrogen peroxide, which in these experiment
must be sufficiently low to avoid & to quick resction
in order to give suitable figures for comperison.In

systems containing twice as large concentration of

hydrogen peromide as in experiment sbove, no ascorbi%

acid was found efter I0 mins in sny of the systems.
Copper sulphate activates greatly

this oxidation. In the presence of HgOgp after‘lo mins

90% of/
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90 % of ascorbic acid hes disappeared in systems con-
|
teining 4 x107° M. of copper sulphsate as compered with

33%.,3% oxidation in system without added copper. ;
Similerly to the systems without hydro%
| gen peroxide, sodium chlobide inhibits this oxidation‘
although here this inhibition is smaller., This is sh0+n
especially in systems where besides copper sulphste i
also sodium chloride was present. In systems without !
hydrogen peroxide NaCl lowers the oxidation by copper;
sulphate from 90 % to 30 %, esusing o true inhibition
as compared with the control system(63.3 % oxidation),
In system without hydrogen peroxide only & small decréa-
seof oxdiation was found, without NaCi the oxidation
reached 90 %, with NaCl- 80 % . There was no true in-|
hibition in comparison with control system (33.3 % oxi-
dation), Only & small inhibition was found in system |
with NaCl but without added copper sulphate,the oxdda%
tion here wes 20%,in control 33,3%. ;
In our previous paper(Mystkowski&Laso=

cka,l.c.) it was found that smino ascids inhbit the oxi-
|

dation of ascorbic acid by copper sulphate.The same !
effect shows tyrosine in systems without hydrogen perqg-

xide,Its presence lowers the oxdiation to 36.6 % as i
compaarsd with 63;3% in systems without tyrosine.Thei

|
same inhibition was found in systems with added copp%r

sulphete, although here it was much smaller.

In the presence of tyrosine sodium chlo=-

ride shows none of its ususal inhibition of the oxidaé
!

tion
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| dation of ascorbic acid either in systems with hydro=-
| gen peroxide &s also in those without it.
In the series without hydrogen perp=-
. xide sodium chloride increases the rate of oxidation
from 36.6% to 53,3 %.Thes same activeting effect was
found in systems containing hydrogen peroxide.

The following conclusions may be drewn
from these experiments,
a)tyrosine inhibits the oxidestion of ascorbic acid in
all the systems examined (with Os snd with Hg03),
b)sodium chloride inhibits the oxidation of ascorbic
acid by hydrogen peroxide,similerly to the oxidation
by atmospheric oxygen,

¢)tyrosine snd sodium chloride present together show

g smaller degr-e of imhibition than the sum of inhibis

tion ceused bythese two factors taken separately,and
in some cases

d)in the presence of tyrosine the influence of sodium
chloride is reversed - activation of sscorbic acid o=
xidetion instead of inhibition.

It has been shown before that sodium chlo-
ride sctivétes the oxidation of tyrosine by hydrogen
| peroxide. Here in the same type of reaction-with copper
28 preroxidase model but with different substrate,an
opposite effect has been met. Thus with the change of!
the substrste,the different effect of NaCl influence
mekes this resction similar to the oxidation of asco-

| rbiec escid by molecular oxygen.inother reversion of the

influence/
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The systems contained

Cusog 2 x 10
Ascorbic acid 1 mgr., per system
Tyrosine

Total volume of each system 15 mls, pH 5.7 - 8.4,

phosphates 0, I M

1 mgr, per system,

NaCl 0.2 M.

golour intensity in ( after 17 hrs. at 37°)

pH Control
6.4 0
6.2 0
6.1 0
5.7 0

Cuso
4

U R NG

cuso .+ ascorb,

4

+++

s

acid

Ascorb,

acid.

+

-+

g

NaCl+ ascorb.

acid,

++
4t
+

ot
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molecular oxygen could be proved.
| The formation of hydrogen peroxide and
its instentemeous decomposition by copper during the

oxidetion of ascorbiec scid was first postulated by Ba=-
rron,Klemperer and deMeio (I935).Also Robeznicks(I938)
suggested that in the system sscorbic acid oxidsse=ss=
corbic gcid hydrogen peroxide is formed end served to

the further oxidetion of the substrate., Now it is gene=
rally accepted that during the oxidation of ascorbic a=

cid,hydrogen peroxide sctuslly is formed(Hand &Chase
Greisen, 1942).

that tyrosine undergoes oxidation in systems escorhic

ecidstyrosine-atmospheric oxygen with copper sulphste
i

development of coloured products of tyrosine oxidation
wes observed.The results of one of such experiments are
given in the following table.
Taeble 8,

In this experiment the production of colour

to this system hed slso no effect. In the presence of

ascorbic scid the colour appesred and was greatly incre

vation took place elso in the presence of sodium chlori
This reaction is very slow, only after

I0 hrs at 37° it was possible to compare the intensity
of/

A series of experiments was mede to prowe

es the catalyst. In these experiments the appearence and

at different pH velues(5.7 - 6.4)was observed. No oxide=
tion of ftyrosine wes found in control systems containing

phosphates and tyrosine. The sddition of copper sulphete

Bl

sed in intensity by addition of copper sulphate.The acti=-

de

*‘:?K"ﬂ
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of colour in the systems under examinetiom. This very
slow rate of the reaction,which could not be increased
by changing the experimental conditions(pH,changes int
concentration of particular components) casused that the
postulated influence of the products of tyrosine oxidg-
tion on the oxidation of ascorbiec scid in the sbsence
of hydrogen peroxide must be considered as hypotheti-
cal and should be exsmined again with the aid of diffe-
rent methods.

6.The oxidation of ascorbiec acid in the presence of
eNnzZymic sSysSuems.

*

In the previous chapters only

the gspects of inorgenic catalysis of ascorbic acid o=
xidation were considered and the influence of various}
agents on this process examined. In the foliowing che-|
pter the influence of these factors on the enzymic 0xin
dation of ascorbic acid has been examined.
Szent-Gyorgyi(I193I) was first to esta=
blish that in cabbaege leaf exists sn enzyme capsble of

oxidizing ascorbic acid.Stotz,Harrer end King(I937)havs

o

proved that the catslytic effect of plant juices on the
oxidation of ascorbic acid depends on copper-protein ca-
telysis,In the following years two different mechanisms
dealing with oxidation of ascorbic secid in plants were
recognized. One of them is an enzyme ceusing direct oxi=~
daetion ~ascorbiec acid oxidase, the second comprises s
number of enzymes which are responsible of oxidaizing
28corbic acid but only indireetly,through substances

rhich/
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which first undergo oxidation under the influence of

corresponding enzymes and then in turn oxidize sscorbie

gcid, Johnson and Zilve(I937) have found that in ca-
bbege,cauliflower,cucumber end marrow the enmyme oxi=-
dizes escorbie acid directly, thus belonging to the asd

corbie acid oxidase type, whereas in apple and potato

phenolsses,through the®r intermediate action mre respon-

gible for this oxidation.

Silverblatt end King(I938) reported

strong evidence of the copper-protein nature of enz;ymes

oxidizing sascorbie eseld.Loveti~-Jenison and Nelson foun
thet ascorbic =cid oxidese from summer sguash is & cop
protein compound contiaining 0.Id # of copper.ilso Rama
sarms,Deta end Doctor(I940) found thet copper is an ac
tive constituent of ascorbic acid oxidase.The existand
of ascorbic scdd oxidese as & copper-rrotein compound
in cucumber Jjuice hes been confirmed by Meiklejohn and

Stewart(I941).

a

per

e

To the second type of enzymes oxidizing

gsceorbic scid belong meny copper contsining systems.
Here belongs system described by Keilin and Hartree(I9
in which cytoechrome is oxidized by indophenocl oxidese,

and the former in turn oxidizes cabechol,hydroquinone,

p=phenylendiamine,o-phenylendiemine and ascorbic acid,
Another system deseribed by Keilin snd Menn(I938) end |
found in mushroom-Agaricus cempestris~ oxidizes ascoré
bic acid rapidly in the presence of traces of catechol

Also/

38)



1so leccase(Keilin and Menn,I939) is sble to oxidize !
gscorbic gecid 1in the presence of p-phenylendismine buﬁ
t of catechol. Kubowitz (1928) showed thet polypheno%
gse from potato oxidaizes ascorbic acid similarly to
phe system described by Kellin and Mann in mushroom,

guber (I936) also postulated the prisence of carrier

eapable to undergo oxidation to quinone form in the oxi

detion of ascorbic gcid by peroxidsse~peroxide system

in plants.,

Both types of encymes mentioned iA
his short review contein copper , &nd it was interesting
o see whether sny similarities exist between cetalyti-
¢ally sctive sopper of inorganic character end enzymic
¢opper. Already Stotz,Harrer end King(l.c.) examined &
unber of compounds whiech inhibit the ceatalytic aetion
£ copper. They found that both types of catalyses- by
norgenic copper in the presenece of proteins and enzy-
ic copper sre inhibited by added "copper inhibitors",
However, in csuliflowsr, and cebbage juices this inhi-
_fixion'was smaller them in other systems, Experiments
by Barron et al(I1938) have shown that cabbage Juice and
quash juice were not inhibited by o=hydroxyguinoline
n their enzymie sctivity. B.Stotz (1940) has shown that
lyeine &t pB 6.0 inihibits completely the action of
on-enzymic copper, but does not show eny influenve on
he copper in the enzyme.

In the following experiments twg

lant extroets/
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extracts heve bean used- potato exrset as typical for

indireet enzymie oxidation of ascorbic acid and cucum
ber juice &s typicsl for direct oxidase activity.

g )Poteto extract

At lesst two systems dealing with the oxidation of as
corbic acid were found in potato.First of them causes

& very rapid diseppearence of almost all of the ascor

bic acid after the structure of the potato has been de-

stroyed by grinding. |

An experiment showing this guick disappee-

-

rance wes performed as follows. Four pieces of freshlj

o |

peeled potato,each weighing I0 grasms were ground in |

amorter

a) with 20 mls of I0% trichloracetic scid

b) with 20 mls of distilled wster
e) with IO mls of distilled water

' d) with 20 mls of 5.0% sodium chloride solution.

To ¢) Io mls of 20.0% trichloscetic acid
were added 2 mins after grinding.

A1l samples were centrifuged immediately
efter grinding and the ascorbic acid was determined
in the supernetant fluid.The following smounts were i
found

a) I.I2 mgr of asscorbic ac. c) 0 |
b) 0 a) o !.
Only & trace of sscorbic acid was found in the first

sample after the second weshing and none at all in all

the remeining samples.

This experiment ghows that durin
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the time of grinding(3-~ 5 mins usually) the whole of
ascorbic acid disappears from potato. In the system c¢))
trichloecetic acid added 2 mins efter the end of grin-

ding in 2 concentration equal to this in system a) was

not able +to prevent this rapid disaprearsnce =-the whple

reaction has been finished during the short period bew
FOTre .

- Only when the grinding is effected in a
strong solution of trichloracetic acid,sscorbic scid
is proteeted from this rapid oxidation., Sodium chloride
does not prevent this oxidation, which suggests that
the mechanism of the resction must be different from
the oxidetion by &norgenic copper and molecular oxygem.

Many facts speak in favour of the con;

ception that the guinones play the most important pari
in the oxidation of ascorbic ecid in potato, although
the picture is not yet completely cleear,

The formation of guinones in potato
during and after its grinding is & very quick reaction.
Already in few minutes after the grinding hes been fi%
nished the p;nk colour of potato pulp appears. In theée
experiments ,however, when trichloracetic scid was pre-
gent during the grinding or added shortly after the
grinding (systems 2) end c¢) in the sbove experiment),
no pink colour has appeared, nevertheless in system c)
the whole of ascorbic acid has been oxidsized.This fact

indiceates thet the oxidation of ascorbic acid has been

finished in system c¢) before the "red substance" from

tyrosine/
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tyrosine oxidation has been formed. l

According to Raper(I(32) the first stage

inin the oxidstion of tyrosine is the formation of 5.4—

~dihydroxyphenylalenine (II) with subsequent oxidatio#

|

to 3.4= quinone of phenylalanine (III)-dopa quinone |

CH, ¢H CO0H SHLCHCOOH i pfedetnds!
oMy o) [ P o VHy

oH OH =]

i u w

none must be considered as & strong oxidizing agént = ifs

escorbic acid. The "red substance" which represents the

further step in this oxidation is due to en intramole=
cular change, again with the subsequent oxidation to

quinone form

CHy o et
ﬂ ?
j0 CHCOOH 2 £r.CooM
NH N
v y

As the whole sascerbic escid disappears
before +the red substance comes into view the suggestl
arose theat these gquinones sre responsible for the oxif
dation of ascorbic acid, This hsas been proved by meny
experiments,im which the oxidation of ascorbic acid by

quinones inhibits formetion of the red substance .Ab=-

dernhalden (1954,1956) first noticed thet sscorbic acid

inhibits the formation of dopa-guinone .Scheaf(I235) end

Bvans/

As Raper end Evans have shown thig gqui-

r

on
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Evans end Raper(I937) have shown thet this inhibition

does not depend on the influence on the enzyme but on

the reduction from the stage of guinome. Similerly Tau-

ber(I936) found that on 2ddition of p-phenvlendiamine
to the horse-radish extract the coloured stage of the

oxidation did not appear untill all the ascorbiec acid

was oxidized. In nbne of these papers ,however, the rg=-

l=tion between the disappearesnce of ascorbic acid and

the production of colour was followed quantitatively.

In connection with this problem the follo=

wing experiments have been done.

Three pieces of potato,esch weighing 10 gram

| were ground in the following medis

a) with 20 mls phosphate buffers, 0.2 M, pH 6.5

b) with 20 mls solution of ascorbie ecid in phosphate

buffers at the sseme pH as above,containing 6.20 mgr

of ascorbic acid

¢) whth 20 mls of bufferdd solution of sgecorbie ascid

containing I2.5 mgr.

After 5 mins the colour in a) wes distine]

1y pink,b) end e¢) were colourless. After 30 mins system

a) wes of a dirty reddish colour, b) was faintly pink,

¢c) showed only a trace of pink -21most colourless.Thi

experiment was done at 162,

. 1
Another similar experiment wes done with

the filtered water extrset of potato. 30 grms of fres
ly peeled potato were ground with 60 mls of phpsphate

buffers/

-
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buffers 0.2 M,pH 6.5 end filtered guickly through glass

wool. From this extrsct threesystems were made,viz.
e) 15 mls of extract and 5 mls phosph.buffers
b) I5 mls of extract and 5 mls of buffered solution
of sscorbiec acid containing 6.25 mgrs
e¢) I5 mls of extract end 5 mls of buffered solution
of ascorbiec acid containing i2.5 mgrs
All systems were left in conical flasks
at I7° .After this time sscorbic acid wes determined

in 5 mls samples sfter the additioh of 2 mls of 20

trichloracetic acid, The results asre given in the table

Table 9

The control system ,without ascorbiec
scid was distinetly pink after 3 mins,the colour gai-
ning in strenght gradually. A trace of pink colour ap
peared in system c¢),containing I2.5 mgrs of ascorbic
acid after I hr 16 mins when g&bout 88.0% of ascorbiec
acid wasg oxidized., After 4 hrs both systems D) and ¢
were pinkish and only & trace of reduction has been
found in them, After 24 hrs all systems were bleck in
colour,no trace of reduction was found anywhere. Ijes

experiments show that the oxidation of tyrosine in a

A

L

ground potato tissue and in potato extract is inhibited

by escorbic aeid, and only after almost all the ascopr=-

bic scid hes been oxidized the "red substence" beging

| to form.
The experiments given at the begi-
mnming of this chapter have shown that during the grii

ding

[l ==




- . TABLE _10.

Potato extract - 200 grms., of potato to 640 ml, -
Phosphates ©, I M.

NaCl 0.2 M.

Without NacCl With NaCl
Ph Ph
g1 . et 8.1 +Ht+
5.8 ++ 5.7 bt

5.4 + 5.5 +++

the colour development after 3 hrs, at 16°
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|

l
ding the oxidation of ascorbic acid is not inhibitedé
ba sodium chloride., The more detailed anslysis of thé
influence of sodium chloride on thése process was made
in the extracts from potato. First the influence of
NaCl on the development of red substance hes been exa-
mined, |

Table IO

Thig experiment shows that in & care-
fully beffered extract the oxidation of tyrosine is L1~
creased by the presence of sodium c¢hloride, It is nei
cessary to emphasize the need for a very cereful bus
ffering in these experiments,because of the great im=
portance of pH,small changes of which mey lead to re+
sults which could not be compared with the correspon=
ding systems contsining NeaCl.

This enzymic system behaves similar=
ly to those with inotganic copper in the presence of
hydrogen peroxide &s concerns the influence of sodium
chloride. In both ceses sodium chloride has en acti=
vating influence on the oxidation of tyrosine.

Also in & potato extract containing

sodium chloride and ascorbic acid the former substance

has an activating influenve on the development of colou

Its influence on the rate of ascorbic acid oxiaationi

is very difficult to ascertain, |

In the following experiment the oxiﬂ
detion of sscorbiec scid in potato extract was compared

with/ |



TABLE 11.

Potato extract 200 gre = 640 ml.
Volume of each system 30 mls.
Phosphates 0.1 M.

NaCl 0.2 M.

Ascorbic acid & mgms. per system.

- Genuine extract. Boiled extract.
PH mgr.Asc. % PH mgr.Asc. %
acid left oxidation acid left oxidation
without) 6.2 2.6 48.0 6.3 4.5 10.0
NaCl ; 5.6 2.9 42.0 5.7 1.4 12.0
with ) 6.2 2.0 60.0 6.1 4.7 6.0
NaCl ; 5.5 3.2 36.0 5.7 5.0 0

Estimations made after 1 hr. 30 mins.




- ;

with the corresponding reaction in the game extract buﬁ

boiled for 20 mins snd made up to the original volume f

afterwards.
Table II
The considerable dilution of the
extract is responsible for a rather slow rate of both
reactions,i.e. colour development and oxidetion of 88~
corbic acid. This has been done puposely,because if the
reaction procecded at a quicker rate it would be impo=
=gible to follow eny of them - the rapid oxidation of
tyrosine end guick development of colour would obscure
the whole resetion, TEe comparison with the boiled ex-
tract was made in order to show that the resctions oc-
curing in the unboiled one are of the termolebile,en~
zymatic character. This resction in the boiled extract
ig ceused chiefly by the inorgaﬁic copper and probably
small amount of guinones formed during the preparation
of the extract.
In unboiled systems an sctivation of as-
ecorbic acid oxidation was found at pH 6.2 =nd a slight
inhibition( within the limits of experimentsl error,
especially when considered thet PH was slightly lowexn
here) et pH 5.5. The oxidetion of tyrosine is distinctly
inereased by sodium chloride.
T, is e#periment,however, is typical only
at pH neer the optimum for tyrosine oxidation and the
little activation by sodium chloride is probably of & se=

condary cherscter,ijepending on the production of guino=-

nesy/
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nes under the influernce of sodium chloride, Others ex!

periments performed at a lower pH(4.3 = 5.8) did not

show such sctivetion, Moreover in most of them no reg*-
lar relstions betweeh pH, concentration of NaCl &nd tﬁ-
rogine &nd the rate of oxidstion of ascorbic scid couid
be found. This is explained by a Very complicated chain

of mutuel resctioms influences occuring in these systems.
The oxidation of ascorbiec acid would depend here on the
rete of the formetiom of quinones from tyrosine different
et 'different pH velues, on the rate of further oxidetilon

of these guinones and on the influence of sodiug chlonide

on both reactions.On the other hend it known here from
the previous experiments that the oxidation of tyrosine
is activated by sodium chloride but inhibited by the
presence of sscorbic scid.
In conclusioh it may be said that the engy-
mic system in potato shows certain cheracteristic fea~
tures in relstion to sodium chloride, Firstly the guick
diseppearence of escorbic scid from potato during the

grinding is not inhibited by sodium chloride. Secondly

the oxidetion of tyrosine is sactivated by this substance,
influence similar to that in inorgenic systems oxidizing
tyrosine and composed of copper sulphate,hydrogen pero
xide snd NaCl. Finally it has been shown that a very ad=-
venced oxidation of ascorbic scid is essential for the
oxidstion of tyrosine,which reaction is beeing hold uF

at the stage of quinone lesding to the formation of re?

substance by the ascorbie ecid ¥
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| ther products. Even in the extract inwhich the oxidat

6 .

The existence of ascorbic acid in potato tuber shows

that sn intact strusture is essential to prevent its |

oxidetion, This is not &an isolated fact, the existangce

of enzymes in living cells side by side with the corres=

ponding substrates is & problem which has been conside-

red by maeny surthors, Whether it is due to the protection

by special factors in the living eell or to the"spatipl

separation” including absorption on different surfacep it

1
ig difficult to decide (discussion on it -Przyilecki,

1935). Not without significance in the case of =mcorbie

acid is the access of oxygen. From the kitchen practice
|

it is known thet to prevent potatoes from blackening

after peeling it is necessary to keep them protected by

a layer of weter.But even in these conditions quinone
are formed and & considerable smount of ascorbic acid
is oxidized (sbout 25 % during 24 hrs,Kramer(I942) an
own experiments). In the course of these experiments
thae rate of oxidetion of ascorbic acid in an unshsaken
system was much greater in broad conical flasks,with

an easy saccess of air, than in the narrow test tubes,

b

This applies not only to posate xtract but also to the

systems with inorgsnic copper.

As the second system cepable of oxidizi

ascorbiec seid in potato were ,in this work, consider

quinones formed during the second stage of tyrosine o3

dation,i. e, after the disappearsnce of the genuine as

BOT=-

bic scid from potato Here belongs red substence and fur-

of tyrosine has reached its end,e.g. incubeated for 24

hrs/

ion




The systems contained in 15 mls:
Phosphates 0.1 M

Cucumber Juice (AA0) 1 ml. PH 6.1
Ascorbic Acid 4 mgms.

i NaCl 0.4 M
Mgms. ascorbic %
System, Acid left after 30 mins. Oxidation
1, With AAO 1,7 57.5
2. With AA0 + NaCl X7 57.5
3. Without AAO 2.6 35.0

4. . " with NaCl 3.8 5.0




TABLE 153.

£ 0 CusoO, NaCl
30' 90" 30" 90' 30" 90!
System 1 2 1 2 1 2 1 2 i | 2 1 )
1. 1.2 31l.6 2.1 55.2 1.7 44.7 2.7 71.1 0.4 10.5 0.7 18.4
2. 1.7 44.7 2.8 73.7 1.7 44,7 2.5 65.8 1.8 47.3 2.7 71.1
Se 0.2 5.2 0.8 21l.1 1.3 4.2 2.8 657.9 O.4 10.5 0.8 21l.1

System 1. water + phosphate buffers. _
2. water + 2 mls. of cucumber julce + phosphate buffers.
3.water *+ 2 mls. of inactivated cucumber Juice *+ phosphate buffers.
Concentration of CuSO4 - 2.5 x 10°% u
" ® NaCl =~ C.l4 M

l. - mgrs. of oxidized ascorbic acid.

2. = per cent decomposition.
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24 hrs at 37° under toluene =nd coloured black of me

Lanines a slow oxidation of ascoebic acid takes place
This oxidation wes not inhipitsd by sodium chloride.

b) cucumber juice

Cucumber Jjiuce haw been tsken as an
example of the system where the oxidstion of ascorbiec
acld takes plece directly undr the influence of a spetr
cific oxidese.

First the comparison of the influence
of spdiun chloride in systems containing scorbic scid
oxidase with systems containing inorganic copper has
been mede. The results are given in teble I2.

Table I2

In this experiment tha rate of oxida=
tion by oxidese is about 40 % greater tehn in system
without enzyme. The inhibition by sodium chloride was
found only in inorgenic system, in the presence of
enzyme NaCl did not show any influence.

In order to establish whether this lgck
of irhibition did not depend on the presence in cucumber
juice of substences which might interfere with the acs+
tion of sodiumchloride,en experiment waes made where the
oxidetion in systems with sctive ascorbic acid oxidese
| was compered with systems containing the same amount
of cuecumber Jjuice but inactovated by boiling.

Tablé 13

In this experiment the rate of oxidation

in systems/
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in systeme conteining boiled cucumber Jjuice is lower
then thet in control systems without juice. In control
system the oxidation reached 55.2 % sfter 90 mins, in
system with boiled juice = 2I.1 % .

This fect cen be explained by the bin-
ding of inorganic copper by the proteins presnet in
]boiled Juice. The only factor responsible for oxidetidn
of &scorbic sacid in such systems is inorgsniec copper

present in treces ih weter, If this copper ic inscti=-

vated by the binding with proteins,the sctivity of the

& Lesocke) that this fector has a considerable influence
in dgystems with copper sulphate, By chsnging alterna-
it:’wely the concentrstions of CuS0, and preotins it was
possible to increase or decrease the aciivity of the
gystems. Similarly, in the experiment above ‘when the
concentertion of copper sulphate was increased,the sc~
tivity of boiled juice increesed slso,still,however,not
to the sameddgree as in inorganic control system.The
oxidation in inorganic system with added copper sulphate
inecreased afterb9@ mia from 55.2-® to 7I.I %, in system
with boiled cucumber juiece from 2I.I % to 57.9 % in
comparison with system without added copper. In system
with sctive oxidase the sddition of copper d4id not in-
crease the activigy . It is guite probable that in sys
tems conteining insctivated juice,copper bound to the
enzymic protein loses its propert;es as a result of

the denaturation of the protein, and the whole system

behaves /

system falls considerably. It has been shown (Mystkowski



TABLE 14.

The influence of agg_albumin and NaCl on the oxidation of ascorbic

acid by copper.

The systems contained phosphates in concentration 0.1 M

NaCl 0.2 M albumin 0.133% ascorbic acid 4 mgms per system
total volume 15 mls ph 6.1

The estimation of remaining ascorbic acid was made in 1 ml.,

after deproteinisation with trichloracetic acid.

-5
After 20 hrs. CuSO, was added to all systems in conc. 2.5 x 10 M

and again the estimation of remaining ascorblc acld was made after

I hr.
% oxidation of ascorbic acid.
1l hr.45 mins 5 hrs 20 hrs l hr. after addition
Control 50.0 100.0 100.0 -
Nacl 0 10-0 62-5 -
Albumin 0} 12.5 22.5 42.5

NaCl + albumin 0 12.5 22.5 36.5
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behaves 1like inorgsenic copper in the presence of non-
specifiec protein.

Sodium chloride ddes not gshow sny in-

vated Juice. This shows that the influence of NaCl on
oxidative resctions cannot be considered as a fact con
cerning all forms of catalytically eactive copper. Here
the enzymaticelly active copper bound to & protein is
resistent to this type of influence,

It was interesting to examine whether
this fact has more genersl significance,i.e. whether

during the oxidetion of ascorbiec acid by copper the

influence of NaCl. For this purpose a series of experi
ments waes performed,in which the oxidation of ascorbie
scid was examined in systems containing phosphates,co=
pper sulphete,sodium chloride and different proteins.

Table 14

presence of & protein protects the catalyst against the

conteining protein did not increase this inhibition

but if to this system,containing ascorbic scid slready

creater theh in the presence of the protein &lone.ln
rll experiments of this type, also with casein,never a

complete/

chloride. The addition of sodium chloride to the systems

pertielly oxidized, copper sulphate was added, the inhi

tion caused by albumin and sodium chloride was slight

hibitory effect either in systems with active or inscti-

1

In this experiment the oxidation is in-

hibited by protein to a much higher degree then by sodium

bi-

1y
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TABLE 15.

The systems contained:

phosphates 0.1 M ascorbic acid 4 mgms per system
Guso, 2 x 107° PH 6.1
albumin 0.13% | total volume 15 mls.
mgms ascorbic acid % oxidation after
left after
30 mins 3hrs 30 mins 3 hrs 30 mins.
1. Control 2.6 T 72.5
2. CusOy4 2.1 0.1 100.0
3. Albumin 3.8 5.6 10.0
4. Albumin + CuSO, 2.5 0.9 77.5
5. Boiled salbumin 4.0 5.9 2.5

6. Boiled albumin +Ou$04 2.6 l.1 72.5
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complete summa . ion of inhibitions was observed. The
presence of sodium chloride in feirly high concentra-
tions,as in experiment above, only slightly increzsed
the inhibition cesused by protein. With smaller concen-
trations of sodium chloride,but sufficient to cause &n
inhibition by themselves, no increase of inhibiton in
the presence of protein wes observed.

Denctured proteins have even grester
insetivating power on catalytically active copper.This
is Bhown in the table below., In this experiment the
comparison of inasctiveting power of the same protein
;(albumin) in netive state and denatured by boiling wes
mede.

Teble I5

These experiments show thet the presence
of protein modifies considersbly the cetalytic proper-
ties of copper, firstly diminishing its catalytic acti
vity, secondly- by maeking it less sensitivy to the inh
bitory influence of sodium chloride,

It is interesting that even in comparsti-
vely hish concentreations of proteins,such as were used
in some of these experiments, copper alwsys retains so

of its setivity. This is in conneetion with the fact

jthet theproteins heve only a limited power for binding
!and insctivating added copper. Ba increasing suffieien
tly the concentration of copper sulphate, it is possibd
to restore the original activity of the systemp

The fact that proteins diminish sensit

vity of copper to the inhibitory influence of sodium

i-

me

=
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chloride, its complete lack of influence in systems with
active ascorbic acid oxidsse may depend on this effect,
This is substantisted by the similar lack of influence
in systems with inactivated oxidsse.

Aother fector which mey be &£ls0
responsible for it, mey be the way in whicech copper is
bound with its protein carrier in the molecule of the
enzyme. This special link may protect completely the go-
tive group of the enzymé‘from this type ch inhibitory
influence. In favour of this conception spesks tﬁe lack
of influence of glycine on copper in sscorbic ascid oxidase
in opposition to the inhiblitory effect on inorganic co@
pper (Stotz, I1940).

These facts end considerations eon

cern only cetalytieally sctive copper present in as-

corbic aeidvoxidese. Form the experiments described

in first part of this work it is known that sodium

chloride exerts quite a distinet influence on the cats

lytically active copper in enzymes dealin with the oxi

dation of tyrosine.

DISCUSSION

The biological activity of copper,
like that of iron, comprises two groups of reactions.
i/ insctivating influence on enzymic processes,both
hydrol¥tic and Reddx,

ii/ eastalytic sction in meny Redox processes.
The catealytic esction of iron in

living/




iactivity of copper depends on the kind of substrate 3

\42-

living organism is connected with its presence in & num-

ber of enzymes. The role of copper in enzymic processas

is not so well established,at lesst only ver¥ few com=
pounds of an importance similaer to tha of iron come
pounds are known{ Navewihe ,I937,I938 , Meiklejohn &

Stewert ,I94I1 ), Nevertheless the widespresd presence

of copper in tissues and its catalytie activity observed

in vitro suggest that its role must be’ of considersable

importance.

On the other hand none of these metals pre-

sent in tissues have been found to have any definite
role ,unless bound with some specific protein,

The catalytic action of copper is

very eesily influenced by meny factors, Having establi

have a distinet influence on the oxidation of ascorbid

shed

 that certain substences normelly present in the tissues

acid, we hsve examined some different aspects of the da-

telytic activity of copper.

The cxidation of ascorbic acid by at=-

mospherie oxvgen in the presence of copper was found

to be inhibited by sodium chloride,amino ecids and pro-

teins.,
In the presence of hydrogen peroxide,h

ever, the catelytic action of copper is more complica-

ted by the faet that copper can act as a model not only

of peroxidase but also of catalage. It weg found that

sent., Thus at higher temperetures the catalase action

of copper wss greatly diminished when the substreate

sakteble/

OW=~

the

Lew



rectly by NaCl-oxidstion by guinones.The third possible

3

These experiments show that the catelytic action of Cu

45
sulteble for oxddation was sveilsble.The presence of efi-

ther methyl red or tyrosine,which undergo oxidation by
Hgog stopped almost completely the latter s catalase
function,.Both reactions,decomposition of H20p and oxida-

tion of mathyl red and:tyrosine are activated by NaGl.

is of two kinds &nd chenges according to the presance of
different gubstrates and also thet the influence of Na(l
is of opposite chracter in two cases.

The influence of amino acids on the catalytic-
action of Cu depends in the first place on their power
to bind Cu.Tyrosine,however, shows another tyre of in-
fluence in conneection with its role in redoi reactions,
In the presence of tyrosine the course of ascorbic acid
oxidation 1is changed by the action of the products of 1y
rosipe oxidetion. In such systems two different reactigns
teke place-one,inhibited by sodium chloride snd tyrosine-

the oxidetion by Og eand HgOp, the seconds activated indi-

factor in this reaction is the competition of tyrosine (with
bacorbice secid for oxygen end an inhibitory influence cgu-

sed by this mechanism.This fae;or'is connected with redox
potentials of different parts of the system,and the finsl
result in such & system will depend on these potentizsls
and the conecentration of components.
The action of proteins on ascorbie acid oxidatiion
is always of inhibiting nature. OQur previous experimentis

heve shown,how this infiuence depends on the/
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on the concentration of copper and protein. Although
some copper-protein compunds cbtained in vitro msey
show certein rroperties common with enzymes( Stotz,Ha-

rrer end King,I937) their ection in the oxidation of &agco-

rbic acid is smaller than that of corresponding concen
tration of copper sulphate.

The relation between the structure of
copper~ protein camplexes and their catelytic sctivity
is not known. From these experiments it is clear that fthe
denatured proteins have a greater inasctivating power on

the ceatalytic action of copper that thern nstive proteimns.

This fact showe, that many "enzymic "properties of the
copper protein complexes mey depend on the colloidal

state of the protein in solution. |
On the other hend in these complexes the
catalytic asctivity of copper in regard to the oxidation
of asceorbiec acid is not completely esbolished. All similar
complexes,e.g. those isolated by Keilin and Menn (1939),
mey be of some significence &n biological catalyses,espe=
cielly when their widespread occurence is considered.
As en snother example mey be here the work by Remasarma,
Deta snd Doctor (I940) who also found that not all the

copper present in vegetable juice is enzymice. This co=-

pper probebly slso may play part in cetalyses of inorga-
!
nic type e2nd non-specific character. |

|
The influence of sodium chloride on &ascor-

bic seid oxidation in systems containing enzymes is di-
cferent from thet on inorgsnic copper. It is rather dis

Pficult/
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difficult to spesk sbout this influemce in potato,ss
the oxidetion of &scorbic acid here is of an indirecf

nature, and depends on the oxidetdon of another sube

found that the presence of ascerobic acid inhibits the

oxidsetion of tyrosine. This chain of mutusl influencesd

bie scid oxidase, no influence of sodium chloride in

either direction hes heen found.

ride on ascorbic scid oxidation in cucumber juice,the
inactivaticn of of added copper by enzymiceally sctive

Juice and the transformation of of the latter into an

special form of bin@ing of copper with the protein in

the molecule of thet enzyme. The importance of & spec

bility. is supperted bymeny facts. The observations by

KYbowitz(I938) on polyphenoloxidase and Meiklejohn snd

Stewert ( L. e.) on ascorbie gcid oxidase show thet co

pper/

stance -tyrosine. Thues all fsctors influencing oxidation

of tyrosine will &t the seme time influence also the Q=

The lack of influence of sodium chlo=-

dinorgenic system after the denaturation of present pro=-

xidation of sscorbic ascid, On the other hand it haes Heen

L

causes that the pieture of oxdiation processes in potdto
is still far from being clear. The enzymic system in po-
tato dealing with the oxidation of tyrosine is sctivated

by sodium chloride. In cucumber Jjuice, containing sscar-

teins suggested ag an explenation the difference between
enzymie end inorgenic copper. This difference may congist

either in the specifity of the enzymic protein or in the

ial

form of bindirng, which does not exclude the first possi=-
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pprer preseht in enzyme does not undergo dialysis
es long as the protein is in & genuine state, but it is
pogsible to splitt the enzyme molecule into these two
components by a suiteble treatment snd reunite it after-
wards with & complete restoration of its enzymic actis+
vity. Mystkowski( I942) has shown thet the cataly sis
by copper of ascorbic ascid oxidetion increases many times

when copper is in complex with pyridine. This increase

however, trkes plsce only in &lcoholic medium, in agueous
systems pyridine inhibits this reaction and the copper=-
pyridine complex shows a much lesser activity than co.
pper slone. These obgervationssindiceate that even if a
specific protein was not responsible for the differen%
behaviour and especially greatly incressed activity ‘
of copper in the molecule of the enzyme. the linkage
of these two components is of grestest importance.
The relation between tyrosine and ascor-
bic 2¢id in redox processes is also of a great interest,
It has been known since the work of Abderhalden (l.c.)
that these two substences form in vitro a redox system,
which ag it hes been found lately ( Sealock & Silberstein,
1939, Levine, Merples & Gordon, 1939, Rothman,I940)
plays probably en impritant role in living orgsenisms.
These relations in vitro of redox
character hes been confirmed in this work, both in ingr-
ganic system as in potato, where the disappearance of
gacorbic scid is & condition for the development of one
of the stages in tordsine oxidetion(red substence), It
Has been also esteblushed thet in the presence of ascoep=-

bis
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biec scid & system is formed in which,with copper as
catalyst,tyrosine undrgoes oxidation, The possibility
of participation of hydrogen peroxide formed during the
oxidation of ascorbic aecid in this reaction has slso been
discussed.
The way in which chlorides influenge
the catalytic activity of copper is not known.In simple
systems, where the oxidation of &ascorbic ecid runs pas

rallell boitns o O

trensformation, the inhibitionof
of the catalysis is sccompenied by & diminution of cus

rpous oxide formastion. The suggestion put forward by

Mapson( I942) that a formation of a copper-hslide comd
plex mey be responsible for that inhibition but requires
a gufficient concentration of NaCl is substantisted by
our previous experiments (I93%9) when it was found that
cupric chloride has the same cetalytic effect and is gimi-
lerlyinhibited by sodium chloride,in concentrations co=
rresponding to those inhibiting similar concentrations of
copper. sulphate.

A more full ecplsnation hase been suggeste
by Szent- Gyorgyl (I938) in his discussion in a seriet
of papers cocerning the mechenism of metal catalyses
of ascorbic =cdi end cstechol oxidation. This authors
ides is that oxygen and substrate for oxidation &re coor-
dinated on the atom of metsl,inside whieh a shift of
electrons occurs. A third molecule,which slso can ent;r

this complex on metal,may be &ble to modify the proper=-

ties/
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properties of the complex, Especially nitrogen containing
molecules sre sble to serve a&s this "third molecule”,.

The influence of protein on copper c&tﬁly-
ge, the eectivity of copper-pyridine complexes,the beha-
viour of copper as catalyst in alcoholic medium as algo
the influence of sodium chloride in catalyses examined

in this work are in good sgreement with these ideas.,
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CONCLUSIONS.

I1.The oxidation of ascorbic seid by molesculsr oxygen
with copper as eatalyst is inhibited by sodium chloride
Z.This type of catalysis and also inhibition takes
place also in sbsolute aleohol.
fhe inhibition by NaCl is persllel to Cull-cu® trems-

formation.

4 ,Copper catalyses the decomposition of hydrogen pero

xide ,this reaction is not inhibited by NaCl.

1

5.NaCl shows an gotivating influence on the decomposi

tion of hydrogen peroxide.

6 .Cobper catalyses the oxidation of methyl red and 1ty
rosine by Hp0o.NaCl activates this catalysis.
7.The decomposition of Hy0p 1n the presence of copper
is inhibited by the presence of substrate suitable
for oxidation by peroxidase mexhsnksm.

8.The oxidation of acsorbic acid by H202 is catalysed
by copper, this resction is inhibited by NaCl.
9.Tyrosine inhibits the oxidation of ascorbic acid by
02 and Hzoz-with copper as catalyst.On the other hand
the products of tyrosine oxidetion oxidaize ascorbic |ac
I0.In the presence of tyrosine the influence of NaCl
on ascorbic acid oxidation is reversed - activation
instead of inhibitina.

II. The perticipation of quinones in acsorbic acid

oxidation in inorgenic systems has been examined.

I2:/
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I2.In potato the guinones formed during the oxidation
of tyrosine are the chief agent responsible for the ¢=
xidation of ascorbic acid.
I3.The influence of ascorbiec aéid on the omidetion of
tyrosine has been examined
I4.50dium chloride,probebly indirectly, sctivates this
type of sscorbic seid oxidetion.

I5. Ascorbiec acid oxidase is not inhibited by NaCl.
I6.Proteine inhibit the oxidation of ascorbic acid amd
diminish the inhibitory influence of NaCl on this pre¢

CESB.,

The euthor wishes to express his indebtedness to
Dr.C.P.Stewsrt for his hospitaelity aend help during

this work.,
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