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The part which the study of various inhibi 

h. 

!ting and activating factors play in the investigation of 

the nature and action of enzymes is of considerable imp 

pottance. The experiments here may follow two courses - 

the first group deals with the influence of factors 

which exhibit strong action, such as KCN, CO, etc., 

all of them foreign to the living organism. This group 

gives clear effects of mainly inhibitory character in 

many catalytic pròcesses and serves as a very valuable': 

method of elucodation especially in the field of haem- 

catalyses. 

The second group is concerned with the in- 

fluence of substances which are normally present in the 

living organism, but apparently do not participate in 
1 

the course of enzymic reactions. Here the experiments are 

of a much more complicated character as the effects obtained 

=r.e not so strong and often it is very difficult to d 

fine the predominating influence among many 

occuring reactions. 

This group deals in the first place,with 

the study of influence of various inorganic salts, 

proteins and their derivatives on enzymic processes. 

simultaneously 
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Many experiments have already been done in this field 

and though sometimes it may be difficult to infer from 

the effects obtained in vitro whether a given factor 

plays any definite role inside the organism,much light 

haw been thrown on the subject by this method of inve- 

stigation. 

During the years 1937 -1939 the author h,s 

began a series of experiments on the influence of som 

simple substances, normally present in the living orga- 

nism, on enzymic processes. As an example of this kin 

of influence may be quoted the work of the author on 

the amylase in muscle extract ( E.M.Mystkowski,1937). 

In this extract two enzymic systems are present - amyL 

lolytic and glycolytic. The glycolytic system require 

phosphates for its action. In the absence of phosphates 

only amylase acts, causing the hydrolytic decompositi n 

of glycogen, but this takes place only if Cl- salts ate 

present. In the presence of phosphates the amylolytic 

system is 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 

simple substances as sodium chloride and phosphates. 

Many examples of such competition regulated by the 

nce of simple metabolites might be quoted and they pro- 

bably play a great part in metabolism. 

In these experiments the influence of chlo- 

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

énce/ 
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,ence on various oxidative processes has been examined 

by many authors. Wurster (I889 , cit. by Ba.udisch,I92 

found that hydrogen peroxide and the solution of e.. -na- 

phtylamine in acetic acid produced a dye only in the 

presence of sodium chloride. The same author found th t 

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(Mystkow4 

ski & Lasocka,I939, unpublished) that aldehyde dehydro- 

genase isolated from milk and inactivated by copper sul- 

phate may be reactivated by sodium chloride. The same 

was true for amylase. The last fact led us to consider 

whether the normal activation of amylase did not depend 

on the same influence of sodium chloride. The experiments, 

however, were not of decisive character. 

Another example where the influence of 

chlorides and other factors was examined was the oxida- 

tion of ascorbic acid in the presence of copper salts. 

The first part of this work was published in 1939 (My- 

stkowski & Lasocka,I939). 

The inhibition of ascorbic a:j_ oxidation 

by sodium chloride was first described by de Caro and 

Ciani (1934) and Kellie and Zilve (1935). Their state- 

ment however was not followed by any detailed examination 

of this influence. In our experiments it was found that 

among all salts examined ( Neel , KC1,CaC12 ,MgC12 , 

(CH3C00)2 mg , MgSO4 ,L12SO4 ,Na2SO4 ,KNO3 ,NaF) only 
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only chlorides have an inhibitory influence on the oxd- 
1 

dation of ascorbic acid.This inhibition takes place ir- 

respective of the cation. These results were confirmed 

by Mapson (1941). 

The action of sodium chloride appears to bé 

related to the catalytic action of copper, es was shown 

by the experiments in which the ralative concentrations 

of copper sulphate and sodium chloride were varied.The 

greater the concentration of copper sulphate, the greater 

was the concentration of sodium chloride necessaryto 

inhibit the catalytic action of copper. Amino acids d 

proteins exert a similar inhibitory action. Their ae ion 

depends on their binding power for copper. Two point 

however, must be emphasised here, namely that their bin- 

ding power is copper- protein complexes 

retain a certain catalytic activity. This limited bin 

ding power of proteins causes an almost uninhibited 

oxidation of ascorbic acid in a protein containing so u- 

tion if a great excess of copper sulphate is present. 

Natural copper- protein complexes such as are obtained 

from serum thus act on the one hand as feeble catalysts 

on the other hand they are still able to bind a certain 

amount of copper and can in this way act as an inhibito- 

ry factor in the oxidation of ascorbic acid. 

In the present paper we give further results 

obtained in the oxidation of ascorbic acid under the in- 

fluence of sodium chloride,proteins and tyr¢bsine in va- 

rious systems. The action of copper as an inorganic ca- 

talyst/ 
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talyst and as a component of certain enzymes was here 

examined. During the course of these experiments we had 

to examine several cther catalytic >ctivities of copper 

not connected directly with the oxidation of ascorbic, 

acid and these results are given here in brief. 

Methods 

The systems contained phosphate buffers in 

final concentration 0.1 - 0.15 M., ascorbic acid 3 -4 mgr, 

substences whose influence was to be examined up to the 

volume of I5 or 20 mis. The detailed composition of the 

systems is given in the appropriate tables. 

The systems were left in open conical 

flasks at 24° C ,if different temperatures were used 

it is indicated in the corresponding tables. After a 

given time samples were taken and after acidification 

with acetic acid, the remaining amount of ascorbic ac d 

was determined by titration with a solution of 2,6 -di 

!chloro- phenol- indophenol. In the experiments where th 

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 containing 8°f'o of 

trichloracetic acid and 2 metaphosphoric acid. 

To prepare an extract potatoes were either 

sliced with a knife or put through a meat mincer and 

then Emird in a mortar with double their volume of wa ter. 

After/ 



TABLE 1. 

0 NaC1 CuSO4 CuSO4 - NaC1 Feg X504)3 Fe2(SO4)3- NaC1 

30' 4 h. 30?' 4 h. 50' 4 h 30' 4 h. 30t 4 h. 30' 4 h. 

Na 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

5,7 57.1 - 885 +55.0 5,7 -90,0 10 -75p 74,3 +30.0 100.0 +75.0 OW +5.0 91,4 +6Q0 571 0 8R5 +55p 114 -80.0 171 -70.0 

6.0 62,8 +10p 88.5 " $,5 -840 20,0 -íí5p 70 N 100,0 " 60p " 914 " 62,ß +1Q,0 885 " 17.1 -70,0 280 -65.0 

B.4 +20A 885 " 8p " 20.0 " 7.W " lOQO " 628 + 1Q0 91,4 " 6U " 885 " 171 " 2010 " 

5he systems contained in 20 ml. s 5 mis. phosphate buffers M6/5 
3.5 mgr. of ascorbic acid 
NaCl 0.14 M. _5 
CuSO4 and Fe2 (SO4)3 2.5 x 10 

- 
M. 

1. - per cent decomposition. 
2. - per cent activation ( +) or ibhibition ( -). 



6. 

After a given time (as indicated in the corresponding 

tables) the solid particles were centrifuged off and 

the supernataAt fluid was used in experiments. A varia} 

ble amount of extract was 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 phor 

sphates. Cucumber juice was prepared according to Ste- 

wart and Me isle j ohn (1941). 

EXPERIMENTAL NTAL 

I.Inhibition of ascorbic acid oxidation by sodium chloride 

The oxidation of ascorbic acid in the prese ce 

of copper sulpha.te,ferrous sulpha:te,ferric sulphate and 

ferric chloride under the influence of sodium chloride 

was examined. The results of one typical experiment are 

given in table I. 

Table I 

This experiment shows great activation f 

the oxidation by copper sulphate. The increase of oxi a- 

tion in the presence of copper sulphate amounts to 30 

75 .The activation by ferric sulphate is quite insigìi- 

ficant and never goes beyond limits of experimental er- 

ror. In the systems containigg only the copper normal y 

present in d.idtilled :ester, inhibition caused by sodi 

chloride amounts to 65 -90 .Sodium chloride also decea- 

ses distinctly the activation caused by added copper sul- 

phate, this decrease beeing from 30 to 5 after 30 

mins and from 75 0 to 60 GA after 4 hrs. This decrease 

is/ 
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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 

and has been confirmed in this work. 

In the presence of sodium chloride no cataly- 

tic activity of Fe -salts was found. The inhibition by so- 

dium chloride occurs here as in systems without any a4ti- 

vators. In systems with Fe salts in concentrations 

greater that those indicated in the table I a small 

activation of ascorbic acid oxidation was found and of 

all Fe salts examined, ferric chloride showed the lar- 

gest activation. This activation is not due to the co- 

pper impurities in corresponding salts,as the degree 

of activation caused by them did not change after seve- 

ral recrystalli7ations. 

The increase in temperature of the reaction 

has comparatively little effect on the increase of the 

rate of ascorbic acid oxidation. In our experiments the 

oxidation at 24° and 97° was compared. Although the 

'crease of the velocity of reaction at 97° was not a reat 

one, the inhibition by sodium chloride was smaller(I3.6- 

425 y ) in comparison with the inhibition at 24° (88.2,A)ß 

The activation by added copper sulphate was at the same 

level (X3.0 - 25.0 %, as compared with II.? ,A at 24° ) . 

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

In experiments with the usual concentratio 

of copper sulphate (2.5 x I0 -5 M.) the red precipitat 

of cuprous oxide appears after a few minutes of ascor is 

acid/ 
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45 mins. 3 h. 30 mins. 3h. 30 mins. 

CuSO4 
concentr. 

NaCl mis. of p.c. 
concentr. 1 2 3 1 2 3 KMn04 inhib. 

1. 5x 10 -4M 

2. 

3. 

4. 

0 1.3 32.5 - 2.7 67.5 - 2.9 - 

0.13 M. 1.2 30.0 7 . 7 2.4 60 . 0 11.1 1.7 41.3 

0.4 M. 0.6 15.0 53.8 1.9 47.5 44.4 1.6 44.8 

0.65 1i. 0.4 10.0 69.2 1.0 25.0 62.9 1.5 51.7 

pH = 6.5 Composition of systems in 30 mis. : 3 mis. of phosphate buffers 
4 mgr. of ascorbic acid. 

1. - mgrs. of oxidized ascorbic acid. 
2. - per cent decomposition. 
3. - per cent inhibition. 
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acid oxidation at 97 °. In the system containing sodium 

chloride this precipitate does not appear. 

The amounts of cuprous oxide produced i 

ordinary experiments were to small to be determined q 

ntitatively so in a series of experiments much higher 

concentrations were used. At the concentration of copper 

sulphate 5 x ID-4 M. the precipitate of cuprous oxide 

appears even at 24 °. 

To detrmine the amount of cuprous oxide 

formed, the last stage of the Bertrand method for suga 

estimation was used. Cuprous oxide formed during the r - 

action was centrifuged off, washed with distilled water 

dissolved in a solution of ferric sulphate in concentra- 

ted sulphuric acid and then titrated with N /50 potassium 

,permanganate. The results in table 2 are given in mls 

of potassium permanganate used in titration. 

Table 2. 

In this experiment performed at 24° ,cu- 

prous oxide precipitate was visible after one hour.No 

strict parallel between the amount of ascorbic acid ot. 

xidized and cuprous oxide formed was found. Neverthele s, 

in general throughout the experiments the greater the 

rate of ascorbic acid oxidation, the greater was the a 

mount of cuprous oxide formed. The inhibition of oxi- 

dation of ascorbic acid by sodium chloride was always 

accompanied by the diminution or complete absence of 

cuprous oxide formation. Thus the inhibition of the o- 

xidation of ascorbic acid is accompanied by a similar 

inhibition/ 



TABLE 3. 

Salt used Cono. of CuSO4 
% oxidation 
after 5 hr. 

A oxidation in the 
presence of 5.7 x 10 -`' 
NaC1 after 5 hr. 

CuSO4 .5 H20 1.9 x 10-5 M 0 0 

" 9.5 x 10"5 Iii 63.6 27.2 

Anhydrous CuSO4 3.8 x 10-5 M 40.9 0 

" 1.9 x 10'4 M 100.0 45.4 

Concentration of ascorbic acid 8.5 x 10-4 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 0.570 acetic acid. 
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inhibition of Cull - Cui transformation. This effect 

is in analogy to the results obtained by Barron et al. 

(1936) who found that the copper catalysis of ascorbi 

acid by molecular oxygen is inhibited by CO. They con Ju- 

de that the metal in the course of oxidation undergoes 

a cyclic change from Cui' to Cu' and that carbon mono 

xide by combination with Cu' form inhibits the reaction. 

3. The influence of sodium chloride on copper cataly- 
sis in non -aqueous me.ia. 

The catalytic action of copper and the inhi!- 

bitory influence of sodium chloride on it are not li 

mited to aqueous systems. As all the components of th 

systems examined are soluble in absolute alcohol a s"- 

ries of experiments in the latter medium has been per "o - 

rmed.. The results of these experiments were published 

in ?Nature (1942) . 

It was found in these experiments that water 

present in alcoholic systems in concentration up to I..OA 

has no influence on the reaction. However to preveht 

the possibility of interference from this factor the 

catalytic action of CuSO4.5 H2O with the action of an 

drous copper sulphate was compared. The results are g 

in the following table. 

Table 3. 

This experiment shows that in absolut 

alcohol copper sulphate has the same catalytic effect 

in oxidation of ascorbic acid as in water. This oxida 

is proportional to the concentration of the catalyst. 

Also/ 

y 

ven 

ion 
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Also the influence of sodium chloride is analogous he-- 

re to that in water systems. 

This oxidation which must involve a di- 

re. Electron transfer,is also accompanied by the fo 

mation of cuprous oxide. In all the systems with suff 

ciently great concentration of copper sulphate the rek 

precipitate of cuprous oxide appears, which however m st 

undrgo further changes as it disappears after several 

hours. This last stage of reaction has not beeen fol o- 

wed quantitatively. 

4.The influence of sodium chloride on the peroxidase 
an ca a ase ac ivi ies o copper. 

The action of copper considered in the prey 

vious chapter deals with its only one catalytic meni 

festation 7 the oxidation of ascorbic acid by atmosph4rie 

oxygen. This reaction must therefore be considered as 

a type of oxidase catalysis in which copper acts as 

oxidase model. This type of copper catalysis is chata 

cteristic not only for oxidation of ascorbic acid,but 

belongs to the'large group of well known metal catalyses. 

This group comprides in the first place iron catalyse 

and secondly copper catalyses, the second group being 

much less known.The much weaker catalytic activity of 

copper in most reactions of this type as compared with 

iron has caused that not many biological reactions are 

known in which copper plays as important part as iron. 

Nevertheless many catalytic reactions with copper havá 

been described, especially oxidation of fructose(Mey e - 

hof/ 
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hof and Matsuoka,I924) and other sugars (Krebs,I927), 

eysteine and other sulphur containing compounds(War- 

burg, I927- Voegtlin,I926- Elvehjem,I93C and others). 

The role of copper in the oxidation of ascor- 

bic acid must be consideredruite separately in view 

of its uniquness in many respects,chiefly because of L.te 

,treater activity in this reaction in comparison with 

iron and secondly because of its participation in the 

structure of the enzymes oxidising ascorbic acid both 

directly and indirectly.'ilhether copper should be conSi- 

dered as a model of a "true" oxidase or rather of dehy- 

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

most appropriate explanation of this type of reaction 

was given by Szent- Gyorgyi(1938) whosw view will be 

mentioned later in this work. 

In the following chapter two other cata- 

lytic activities of copper will be discussed,namely p r- 

oxidase and catalase ones. 

The oxidation of ascorbic acid in the 

presence of hydrogen peroxide occurs with a much greaer 

velocity than the oxidation with molecular oxygen.But 

on the other hand,in systems containing hydrogen Perot 

xide it may be expected that the catalase action of copper 

may interfere with the peroxidase one and thus influence 

the oxidation of ascorbic acid.In the following series 

of experiments the mutual relationship of these two re- 

actions and the influence of sodium chloride on them ias 

been examined. This last reaction seemed to be of a tar - 

ticular interest, as it could elucidate whether the iihj- 

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

0u604 - 0.0002 M. H2O2 - 0.175 1 

b a01 - 04 . pH 8.5 

The systems have been kept at 600 for 60 mins. After this time 

the remaining hydrogen peroxide was determined by titration with 

KknO4 0 .I .Iv . 

Concentration Concentration ¡ decomposition 
of Cu04 of Natal of hydrogen 
dols kola peroxide 

0,0002 0 48.6 

0 0.4 60.0 

0.0002 0.4 68.6 

0 0 0 



12. 

bitory action of sodium chloride,found in oxidation of 

ascorbic acid by molecular oxygen,is of a general cha- 

racter and concerns all the catalytic activities of co- 

pper or whether it is limited only to this particular 

type of reaction. 

a)the catalase action of copper sulphate and sodium czlo- 
riUe . 

The experiments showing the influence o'" 

copper sulphate and sodium chloride on the decomposition 

of hydrogen peroxide were carried out by the titratio 

after a given time of the remaining H202 with the ai. 

of 0.1 N potassium permanganate. 

Table 4. 

During 60 mins at 60° no perceptible de 

composition of hydrogen peroxide occurred in the cont of 

system containing phosphates and hydrogen peroxide. I. 

system with copper sulphate 48.6 L of hydrogen peroxiiP 

has been decompsed, in system with sodium chloride - 

60.0 .The highest decomposition was found in system 

containing copper sulphate and sodium chloride,although 

the activation here is smaller than the sum of the acti- 

vations caused by each of these factors taken separat ly. 

This experiment indicates that not onl 

copper sulphate has a catalytic effect on the decompo( 

sition of hydrogen peroxide,but also that sodium chloride 

shows the same influence in the absence of added copper. 

This action of NaCl does not consist in activation of 

the traces of copper present in water used in these expe- 

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

in the poesence of added corner would be of a much 



TABLE 5. 

The systems contained phosphates in concentration 0.I M 

CuSO4 0.001 - 0.0025 M. H202 -- 0.175 N 

NaCl 0.4 1 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 KIvIn04 O.I.N. 

% decomposition of H202 

Concentration 
of CuSO4 
Mols 

Concentration 
of NaC1 
Mols 

37° 
24 hrs. 

700 
30 mins. 

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,than it was &etually found. 

The decomposition of hydrogen peroxide i 

creases greatly with the rise of temperature,as is shown 

in the following table 

Table 5. 

At 37° the decomposition of hydrogen peroxide 

even in the presence of copper sulphate is slow in com-F 

pparison tith the same reaction at 70° . During 24 hrs at 

37° and the concentration of CuSO4 0.01 M. 40.0;0 of hyl 

rogen peroxide was decomposed, about the same amount 

as decomposed at 70° during 30 mins. A difference of 

he same order was found in the presence of both active 

ators, copper sulphate and sodium chloride. Here agai 

their joined influence is amaller than the sum of the ac- 

tivations taken separately. 

Thus in the second type of catalytic action 

of c pper, the role of sodium chloride is entirely diflie - 

ent. In the oxidase action copper sulphate was inhibi- 

d by sodium chloride, here it is difficult to speak 

bout any influence of NaC1 on CuSO4 because the former 

hows by itself the same ad.tivity as copper.In all the 

ircumstances examined the joined effect of these two 

ctivating substances has been found smaller than the um 

Of their action taken separately. 

)the catalase action of copper sulphate in the presence 
ófTh öxTdT7ábTe substance. 

The o'p ect of the following experim 

was to examine the action of copper as catalase in the 

presence/ 

nts 
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presence of substances which would. readily undergo oxi- 

dation in these ex imental conditions. Thus it was n- 

tended to establish the mutual influence of these two 

simultaneous reactions. In connection with this first y 

the experiments of Karczag (1921) were repeated. This 

author found that in the presence of hydrogen peroxide 

certain dyes undrgo an oxidative decoloration under the 

influence of copper and iron salts.This reaction showed 

a great dependence on the temperature , especially when 

copper salts were used as catalyst. 

systems with methyl red 

The experiments of Karczag were repeated 

here with the difference that buffered systems '..ere used 

(pH range 5.0- 6.5) At the same time the influence of 

sodium chloride on this reaction has been examined. 

In these experiments two catalytic actions 

of copper may be etpected.As a model of peroxidase copper 

will catalyse the decoloration of methyl red, as catalase 

- the decomposition of hydrogen peroxide .The difficulty 

to find a suitable method which would allow toodpserve, 

both reactions simultaneously has caused that the following 

experiments have rather a semi -qualitative character. 

The catalase activity of copper may be 

followed by observing the evolution of bubbles of oxygen 

in systems containing phosphate buffers,copper sulphate, 

sodium chloride and hydrogen peroxide. This, however, . 

may be oserved only at higher temperatures. As was shown 

before(table 5) at 37° the decomposition of hydrogen per- 

oxide/ 
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oxide is slow, only above 50° it was possible to obs rve 

a very slow escape of bubbles of gas,bL!t still to slo 

to follow it in. an experiment. Above 70° the evolutio 

of Eas is quick enough to compare the reaction in pari 

ticular systems. 

When a solution of methyl red (final con - 

centration in the system about o.I0A) was added to the 

bufferdd CuSO4 - Ii 202 system and the whole was brought 

to 75° , no visible decomposition of hydrogen peroxide 

took place. Cgntrol systems without methyl red showed 

in the same time a violent decomposition of hydrogen 

peroxide. 

In systems with methyl red, instead of ga- 

.sing the dye undergoes decomposition, which is compi te 

in 15 mins. This decoloration is activated by sodium Ohlori 

de.The complete decoloration in systems with copper sul- 

phate and sodium chloride occurs 2 -3 times as quickly as 

in the absence of NaCl (5 mins instead of I5 mins).So- 

dium chloride alone does not show any appreciable activa- 

tion in this reaction. 

Thus the presence of an acceptor for o 

gen(methyl red) inhibits the evolution of oxygen from 

hydrogen peroxide or,in other words, the reaction of 

oxidation of the dye inhibits the catalase aet &tn of 

copper and shifts it lc\ t i c_s u peroxidase one. 

bistems with tyrosine. 

Similar results were obtained with tyrosine 

as a substrate for oxidation.These experiments were im- 

portant/ 

y- 



TABLE 6. 

The systems contained: 

phosphates 0.1 Li Nei)]. 0.2 M 

01160 4 
2 x 10+5 and 4 x 10 -5 ìrí tyrosine - 1 mgr. per system 

H202 0.25 N total volume 15 mis. 

Colour changes. 

Control 
-5 

C uS0 4 2 x 10 lit 

30 mins 

0 

+ 

at 37° 

1 h 30 mins 

t 

++ 

3 hr. 

+ 

+++ 

at 85° 

20 mins 40 mins 

++ +++ 

++++ o 

60mins 

++ 

0 

" 4 x 10-5 ñii 
++ ++++ ++++ 0 0 0 

N aC l 0 + ++ +.+ +++ 0 

C uS0 2 x 10 -5ìyi+ N aC l ++ ++++ ++++ 0 0 0 

Evolution of gas at 85° 

systems without tyrosine systems with tyrosine 

20 mins 40mins bOmins 20mins 40mins 60mins 

Control 0 t t 0 t + 

-5 
CuSO4 2 x 10 M t t + t + + ++ + 

4 x 10+5M + ++ ++ 0 + + +++ + 

N aC 1 t t ++ + + -t-+ t 

CuSO4 2 x 10-59ú-+'íYaCl ++++ + 0 ++ + +t-+ 0 
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Í 

portant also in view of the results obtained with asco- 

rbic acid oxidation in potato. 

The systems examined in this series of ex- 

periments contained phoppha.te.buffers, copper sulphate, 

sodium chloride, hydrogen peroxide and tyrosine. After 

a given time the colour caused by the products of tyro- 

sine oxidation was observed and the results 
were expre- 

ssed in t ,4'.. corresponding to faint pink colour, + ++ 4 
to dark brown almost black, while ++ and +++ correspond 

to the intermediate stages in colour. 

In the experiment given below, the sys- 

tems were left for 3 hrs in an incubator at 370, afte 

which time the flasks were ply_ ced in the water bath at 

85° .The changes in colour were observed during the fi 

period and again at intervals during the following pe- 

riod of intensive heating. The results are given in th 

table below. 

able 6. 

The stronegst development of colour was 

observed in systems with copper sulphate, and copper 

sulphate plus sodium chloride. The difference in CuSO4 

plays here an important role,the higher it was the mor e 

st 

rapid was the rate of colour changes.Control systems slop 

wed comparatively very slow changes in colour.During to 

subseaueht period of heating the systems passed their 

maximum of colour development and became colourless again. 

At 80° system containing copper sulphate in concentratl.on 

4 x IO -5 has developed its maximum of colour before the 

first/ 
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first comparison was male - in the table the colour in- 

tensity is marked 0 from the beginning of the experi- 

ment. These changes in colour follow the order observfed 

in the first part of these experiments,the strongest e o- 

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 subseáuent heating period the intensity of the 

decomposition of hydrogen _;peroxide is in close relation 

to the colour changes in that, that the appearence of 

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

ssed its maximum of colour. Whenever the reaction of oL 

xidstion of tyrosine is still in progress the decompo- 

sition of hydrogen peroxide does not take place. Only 

after this reaction has been finished the catalase one 

begins. The control system which never has reached the 

intensity of colour achieved in systems containing cata- 

lysts,shows only a small degree of decomposition of hy.. 

drogen peroxide. That the presence of tyrosine inhibits 

the second. catalytic function of copper- catalase one - 

is also shown by the comparison of the intensity of g 

sling in the corresponding systems of identical composi- 

tion but without tyrosine. The decomposition of hydrog 

peroxide in these systems, where there is no substrate 

for oxidation, is of a much greater intensity. 

The following conclusions may be drawn f 

these experiments. At 37° copper sulphate shows a pero 

xidase/ 

n 
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xidase action , the substrate tyrosine being oxidized 

proportionally to the concentration of the catalyst. 

The catalase action at this temperature is very slow 

and its manifestations are not perceptible. This is _n 

agreement with the previous experiments where by ti- 

tration with Klvin04 it was found that at this temepera+ 

tuie no perceptuble dedomposition of hydrogen peroxides 

should take place during the time the observations in 

this experiment have been made. At higher taeratures 

this peroxidase action is greatly increased, but simul- 

taneously the catalase action increases also and to such 

extent that finally it becomes manifest . This, how- 

ever takes place only in systems which have completed 

or are approaching the completion of peroxidase stage 

reaction. chloride activates the peroxidase 

action of copper, as for its influence on the catalasl 

action ,it is known from the previous experiments that 

it exerts this action by itself, so in this type of ex- 

periments Mt is impossible to draw any conclusions as 

to its influence. 

These experiments with tyrosine as a 

substrate for oxidation are in complete agreement wit 

the previous experiments with methyl red.In both case 

their presence inhibits distinctly the catalse action 

of copper. 

On the other hand in systems where t 

concentration of copper sulphate was considerably gre- 

ter than in experiments iuoted above no regular colour 

changes/ 
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changes were observed at higher temperatures and only 

aviolent decomposition of hydrogen peroxide was the ch r 

pteristic feature of the reaction. This type of experi ent 

cannot be considered as typical, because the colour de 

velopment depends on the concentration of copper sulph,- 

ve, and the rapid changes occurring in s-:-stems make im-Y 

Possible any correct observations. 

To summarize the resulta of this series 

of experiments it may be said that in systems containi 

oxidizable substrate the peroxidase action of coppe 

reva.ils and diminishes greatly the catalase action. 1 e 

her it is a complete inhibition or only a great diminU.- 

ion of cetalase action it is impossible to decide in 

hese experimental conditions. Contrary to the results 

btained with the oxidation of ascorbic acid,sodium ch ].o- 

ride shows an opposite effect in the reactions examine 

in this chapter. The peroxidase type of oxidation of m 

thyl red and tyrosine is activated by NaC1, the catela 

,crtion of copper is slightly increased in the presence 

of this substance but cannot be considered as activate 

by it, as NaCl itself shows a similar influence. This 

hows that although the inhibitory influence of sodium 

hloride is not of a general character,nevertheless it 

articopation in redox systems with copper as catalyst 

s very interesting. 

5.The oxidation of ascorbic acid in the presence of 
hydrogen peroxide . 

Two types of sodium chloride influence 

on oxidation/ 

e 



Systems without H202 

systems without systems with 0.5 
tyrosine mgr. of tyrosine 

TABLB 7. 

Systems with H202 
sys ems w fiout systems with Ü.b mgr.`& 

tyrosine tyrosine 

40' 90' 40' 90' _ 10' _ ,.._ 20' 10' 20' 

1.9 63.3 2.4 80.0 1.1 36.6 1.7 56.3 6. 1.0 33.3 1.8 60.0 0.1 3.3 0.9 30.0 

2.7 90.0 2.7 90.0 1.9 63 .3 2.6 86.6 7. 2.7 90.0 2.7 90.0 1.3 43.3 2.0 63.3 

?.7 90.0 2.7 90.0 2.4 80.0 2.7 90.0 8. 2.7 90.0 2.7 90.0 2.6 86.6 2.7 90.0 

D.8 26.6 1.5 50.0 1.6 53.3 2.3 76.6 9. 0.6 20.0 1.5 50.0 0.4 13.3 1.1 36.6 

D.9 30.0 1.8 60.0 1.7 56.3 2.6 86.6 10. 2.4 80.0 2.7 90.0 2.5 83.3 2.7 90.0 

systems contained in 15 ml.: 1.5 ml. phosphate buffers 
3 mgr. ascorbic acid. 

1. mgms. of oxidized ascorbic acid in the whole system. 
2. percentage of oxidized ascorbic acid. 

ontrol. -5 
uSO4 4 x 10 M 
uSO4 2 x 10'4d 
1101 0.2 M 
uSO4 4 x 10 "4, MaCl 0.2 M. 
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on oxidation with copper as catalyst were found in the 

previous chapter. One - oxidation of ascorbic acid by 

molecular oxygen was inhibited by sodium chloride, the 

second- oxidation of methyl red and tyrosine by hydro- 

gen peroxide was activated by NaC1.These results su- 

ggested therefore that in all reactions of peroxidase 

type the activating influence of sodium chloride should 

be expected. To examine this possibility a series of 

experiments was performed in which the oxidation of as- 

corbic acid. in the presence of hydrogen peroxide was 

examined. The results of a typical experiment are gi- 

ven in table 7. 

Table 7 . 

ks it'was mentioned before. the oxida- 

tion of ascorbic acid by hydrogen peroxide is a much 

quicker process than that by atmospheric 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¡4, oxidation 

after 40 mins. This oxidation depends on the concen- 

tration of hydrogen peroxide, which in these experim nt 

must be sufficiently low to avoid a to quick resctio 

in order to give suitable figures for comparison.In 

systems containing twice as large concentration of 

hydrogen peroxide as in experiment above, no ascorbic 

acid was found after IO mins in any of the systems. 

Copper sulphate activates greatly 

this oxidation. In the presence of H202 after IO mins 

90ji, of/ 
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90 jG of ascorbic acid has disappeared in systems con - 

taining 4 x10 '75 M. of copper sulphate as compared with 

33.3% oxidation in system without added copper. 

Similarly to the systems without hydro- 

gen peroxide, sodium chloride inhibits this oxidation 

although here this inhibition is smaller. This is shown 

especially in systems where besides copper sulphate 

also sodium chloride was present. In systems without 

hydrogen peroxide NaC1 lowers the oxidation by copper 

sulphate from 90 to 30 ¡», causing a true inhibition 

as compared with the control system(63.3 oxidation). 

In system without hydrogen peroxide only. a small decrea- 

seof oxdiation was found, without NaCI the oxidation 

reached 90 k, with NaCl. 80 c/b There was no true in- 

hibition in comparison with control system (33.3 ; oxi-- 

dation). Only a small inhibition was found in system 

with NaC1 but without added copper sulphate,the oxida -. 

tion here was 20p,in control 33.3;x. 

In our previous paper(Mystkowski&Laso- 

cka,l.c.) it was found that amino acids inhbit the oxi- 

dation of ascorbic acid by copper sulphate.'The same 

effect shows tyrosine in systems without hydrogen pero- 

xide.Its presence lowers the oxdiation to 36.6 ï» as 

compaared with 63.3'o in systems without tyrosine .The 

same inhibition was found in systems with added copper 

sulphete, although here it was much smaller. 

In the presence of tyrosine sodium chlq -. 

ride shows none of its ususal inhibition of the oxida-} 

tion 
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dation of ascorbic acid either in systems with hydro- 

gen peroxide as also in those without it. 

In the series without hydrogen pero- 

xide sodium chloride increases the rate of oxidation 

from 36.6A to 53.3 i).Thes same activating effect was 

found in systems containing hydrogen peroxide. 

The following conclusions may be drawn 

from these experiments, 

a)tyrosine inhibits the oxidation of ascorbic acid ir. 

all the systems examined (with 02 and with H202), 

b)sodium chloride inhibits the oxidation of ascorbic 

acid by hydrogen peroxide,similarly to the oxidation 

by atmospheric oxygen, 

c)tyrosine and sodium chloride present together show 

a smaller degr --e of inhibition than the sum of inhibit 

tion caused bythese two factors taken separately,and 

in some cases 

d)in the presence of tyrosine the influence of sodium 

chloride is reversed - activation of ascorbic acid o- 

xidation instead of inhibition. 

It has been shown before that sodium chl 

ride activates the oxidation of tyrosine by hydrogen 

peroxide. Here in the same type of. reaction -with copper 

es preroxidase model but with different substrate,an 

opposite effect has been met. Thus with the change of 

the substrste,the different effect of NaC1 influence 

makes this reaction similar to the oxidation of asco- 

rbic acid by molecular oxygen.knother reversion of th 

influence/ 



TABLE 8. 

The systems contained phosphates O. I M 

CuSO4 2 x 10 -5 

Ascorbic acid 1 mgr. per system NaCl 0.2 M. 

Tyrosine i mgr. per system. 

Total volume of each system 15 mis. pH 5.7 -- 6.4. 

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

pH Control CuSO4 CuSO4+ ascorb. 
acid 

Ascorb. 
acid. 

NaCla- ascorb. 
acid. 

6.4 0 0 + + -H- + ++ 

6.2 0 0 ++ + ++ 

6.1 0 0 + + ++ 

5.7 0 0 + + ++ 
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molecular oxygen could be proved. 

The formation of hydrogen peroxide an 

' is instantaneous decomposition by copper during the 

xidation of ascorbic acid was first postulated by Ba- 

ron,Klemperer and deMeio (1935).klso Robeznicks(1938) 

uggested that in the system ascorbic acid oxidase-as- 

corbic acid hydrogen peroxide is formed end served to 

the further oxidation of the substrate. Now it is genet 

ally accepted that during the oxidation of ascorbic al 

cid,hydrogen peroxide actually is formed(Hand &Chase 

Greisen, 1942). 

series of experiments was made to prole 

that tyrosine undergoes oxidation in systems a:corhic 

a .cid +tyrosine- atmospheric oxygen with copper sulphate 

as the catalyst. In these experiments the appearence ard. 

development of coloured products of tyrosine oxidation 

was observed.The results of one of such experiments ar 

iven in the following table. 

Table 8. 

In this experiment the production of colour 

.t different pI-i values(5 .7 - 6 .4 )was observed. No oxid 

ion of tyrosine was found in control systems containing 

phosphates and tyrosine. The addition of copper sulpha 

o this system had also no effect. In the presence of 

scorbic acid the colour appeared and was greatly incr a- 

ed in intensity by addition of copper sulphate .The acii- 

a.tion took place s,iso in the presence of sodium chloride 

This reaction is very slow, only after 

IO hrs at 370 it was possible to compare the intensity 

e 



25. 

of colour in the systems under examination. This very 

slow rate of the reaction,which could not be increase 

by changing the experimental conditions(pH,changes in 

concentration of particular components) caused that t 

postulated influence of the products of tyrosine oxid 

tion on the oxidation of ascorbic acid in the absence 

of hydrogen peroxide must be considered as hypotheti- 

cal and should be examined again with the aid of diffe- 

reflt methods. 

6.The oxidation of ascorbic acid in the presence of 
enzymic systems. 

In the previous chapters only 

the aspects of inorganic catalysis of ascorbic acid o- 

xidation were considered and the influence of various 

agents on this process examined. In the following cha- 

pter the influence of these factors on the enzymic oxi- 

dation of ascorbic acid has been examined. 

Szent- Gyorgyi(193I) was first to esta- 

blish that in cabbage leaf exists an enzyme capable of 

oxidizing ascorbic acid.Stotz,Harrer and King(1937)hav 

proved that the catalytic effect of plant juices on th 

oxidation of ascorbic acid depends on- copper- protein c 

talysis.In the following years two different mechanism 

dealing with oxidation of ascorbic acid in plants were 

recognized. One of them is an .enzyme causing direct ox.- 

dation -ascorbic acid oxidase, the second comprises a 

umber of enzymes which are responsible of oxidaizing 

scorbic acid but only indirectly,through substances 

which/ 
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which first undergo oxidation under the influence of 

corresponding enzymes and then in turn oxidize scorbic 

acid. Johnson and Zilve(1937) have found that in ca- 

bbage,cauliflower,cucumber and marrow the enzyme oxi- 

dizes ascorbic acid directly, thus belonging to the as- 

corbic acid. oxidase type, whereas in apple and potato 

phenolases,through their intermediate action are respon- 

sible for this oxidation. 

Silverblatt and King(1938) reported 

strong evidence of the copper- protein nature of enzymes 

oxidizing ascorbic a: eld.Lovett- Janison and Nelson found 

that ascorbic acid oxidase from summer squash is a copper 

protein compound contiining 0.15 of copper.Also Rama - 

sarma,Data and Doctor(1940) found that copper is an ac- 

tive constituent of ascorbic acid oxidase.The existance 

of ascorbic acid oxidase as a copper -protein compound 

in cucumber juice has been confirmed by Meikle john and 

Stewart(1941) . 

To the second type of enzymes oxidizing 

ascorbic acid belong many copper containing systems. 

Here belongs system described by Keilin and Hartree(1938) 

in which cytochrome is oxidized by indophenol oxidase 

and the former in turn oxidizes catechol,hydro.ÿuinone, 

p- phenylendiamine ,o-- phenylendiamíne and ascorbic acid, 

Anther system described by Keilin and Mann(1938) and 

found in mushroom- Agaricus campestris- oxidizes ascor., 

bic acid rapidly in the presence of traces of catechol. 

Also/ 
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lso la.ccase(Keilin and Mann,I939) is able to oxidize 

,scorbic acid in the preence of p- phenylendiamine but 

0,n.t of catechol. Kubovyitz (1938) 'showed that polypheno- 

lase from potato oxidaizes ascorbic acid similarly to 

the system described by Keilin and Mann in mushroom. 

^auber (Ì936) also postulated the pr Bence of carrier 

apable to undergo oxidation to quinone form in the oxil- 

ation of ascorbic acid by peroxidase- peroxide system 

n plants. 

Both topes of en^ymes mentioned i 

his short review contain copper , and it was interesting 

o see whether any similarities exist between catalyti 

ally active sopper of inorganic character and enzymic 

opper. Already Stotz,B.arrer and King(l.c.) exanined a 

umber of compounds which catalytic 

f copper. They found that both types of catalyses- by 

norgenic copper in the presenecc of proteins and enzy 

is copper are inhibited by added "copper inhibitors ". 

owever, in cauliflower, and cabbage juices this inhi- 

ition was smaller than in other systems. Experiments 

y Barron et al(1938) have shown that cabbage juice an 

Tuash juice were not inhibited by o-hydroxyquinoline 

.. n their enzymic activity. E.Stotz (1940) has shown that 

;lycine at pH 6.0 inihibits completely tha action of 

on- enzymic copper, but does not show any influence on 

he copper in the enzyme. 

In the following experiments tw 

lsnt extracts/ 
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extracts have been used- potato exract as typical for 

indirect enzymic oxidation of ascorbic acid and cucumF- 

ber juice as typical for direct oxidase activity. 

a)Potato extract 

At least two systems dealing with the oxidation of 

corbic acid were found in potato.First of them cause 

a very rapid disappearence of almost all of the ascor 

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

stroyed by grinding. 

An experiment showing this quick disappea- 

rance was performed as follows. Four pieces of freshlIr 

peeled potato,each weighing 18 grams were ground in 

amortar 

a) with 20 mis of IOC trichloracetic acid 

b) with 20 mis of distilled water 

e) with Iíß mis of distilled water 

d) with 20 mis of 5.0/ sodium chloride solution. 

To c) Io mis of 20.0 trichloacetic acid 

were added 2 mins after grinding. 

All samples were centriftged immediately 

after grinding and the ascorbic acid was determined 

in the supernatant -fluid.The following amounts were 

found 

a) I.I2 mgr of ascorbic ac. c) 0 

b) o d) 0 

Only a trace of ascorbic acid was found in the first 

sample after the second washing and none at all in all 

the remaining samples. 

This experiment shows that during 
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the time of grinding(3- 5 mins usually) the whole of 

ascorbic acid disappears from potato. In the system c 

trichloacetic acid added 2 mins after the end of grin- 

ding in a concentration equal to this in system a) wa 

not able to prevent this rapid disa._,i:earance -the whble 

reaction has been finished during the short period be- 

fore . 

Only when the grinding is effected in a 

strong solution of trichloracetic acid,ascorbic acid 

is protected from this rapid oxidation. Sodium chlori 

does not prevent this oxidation, hich suggests that 

the mechanism of the reaction must be different from 

the oxidation by inorganic copper and molecular oxyge 

Many facts speak in favour of the con 

ception that the quinones play the most important part 

in the oxidation of ascorbic acid in potato, although 

the picture is not yet completely clear. 

The formation of quinones in potato 

during and after its grinding is a very quick reaction. 

Already in few minutes after the grinding has been fig 

n_ished the pink colour of potato pulp appears. In theke 

experiments ,however, when trichloracetic acid was pr 

sent during the grinding or added shortly after the 

grinding (systems a) and c) in .the above experiment), 

no pink colour has appeared, nevertheless in system e 

the whole of ascorbic acid has been oxidaized.This fart 

indicates that the oxidation of ascorbic acid has bee 

finished in stem c) before the "red substance" from 

tyrosine/ 
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tyrosine oxidation has been formed. 

According to Raper(I(32) the first stage 

inin the oxidation of tyrosine is the formation of 3.4- 

-- dihydroxyphenylalanine (II) with subsequent oxidation 

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

CNoH C00t4 
~L O 

O 1.1 

"s 

000,43.011 0011 01.13,01.4 COOF{ 

Nt-iy 
NHy O 

O H 0 ' 
014 0 
11 1J 

ris Raper and Evans have shôwn this qui 

none must be considered as a strong oxidizing agent f 

ascorbic acid. The Tired substance" which represents t 

further step in this oxidation is due to an intramole- 

cular change, again with the subsequent oxidation to 

quinone form 

If 0 C HU 

HO CH COOH 
Ny 

1v 

o CHL 

e 1 COO 11 

NN 
V 

As the whole ascorbic acid disappear 

before the red substance comes into view the suggest on 

arose that these quinones are responsible for the oxi- 

dation of ascorbic acid. This has been proved by many 

experiments,im which the oxidation of ascorbic acid by 

quinones inhibits formation of the red substance.Ab- 

derhalden (1934,1936) first noticed that ascorbic acid 

inhibits the formation of dopa- quinone.Schaaf(1935) a d 

Evans/ 
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Evans and Raper(1937) have shown th ,t this inhibition 

does not depend on the influence on the enzyme but on 

the reduction from the stare of auinone. Similarly Ta 

ber(1936) found that on addition of p- phen7lendiamine 

to the horse -radish extract the coloured stage of the 

oxidation did not appear untill all the ascorbic acid 

was oxidized. In none of these papers ,however, the r - 

l. tion between the disappearance of ascorbic acid and, 

the production of colour was followed luantita,tively. 

In connection with this problem the follo- 

wing experiments have been done. 

Three pieces of potato,each Weighing IQ gr m 

were ground in the following media 

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

b) with 20 mis solution of ascorbic acid in phosphate 

buffers at the same pH as above,conta.ining 6.25 m r 

of ascorbic acid 

c) with 20 mis of bufferêd solution of ascorbic acid 

containing I2.5 mgr. 

After 5 mins the colour in a) was distinct - 

ly pink,b) and c) were colourless. After 30 mins system 

a) was of a dirty reddish colour, b) was faintly pin-c, 

c) showed only a trace of pink -almost colourless.Thi 

experiment was done at 16 °. 

Another similar experiment was done with 

the filtered water extract of potato. 30 firms of fresh- 

ly peeled potato were ground with 60 mis of phpsphate 

buffers/ 



TABLE 9. 

mgms. ascorbic acid left. % oxidation. 

30 mins. 1 h. 15 minn. 1 h. 15 mins. 

1. 0 0 0 

2. 1.6 1.04 83.4 

3. 2.3 1.52 87.8 
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buffers 0.2 M,pH 6.5 an filtered quickly through gla 

wool. From this extract threesystems were made,viz. 

a) 15 mis of extract and 5 mis phosph.buffers 

b) 15 mis of extract and 5 mis of buffered solution 

of ascorbic acid containing 6.25 mgrs 

c) I5 mis of extract and 5 mis of buffered solution 

of ascorbic acid containing i2.5 mgrs 

All systems were left in conical flasks 

at I7° .after this time ascorbic acid was determined 

in 5 mis samples after the additioh of 2 mis of 20 

trichloracetic acid. The results are given in the to 

Table 9 

The control system ,without ascorbic 

acid was distinctly pink after 3 mins,the colour gai- 

ning in strenght gradually. A trace of pink colour ap- 

peared in system c),containng 12.5 mgrs of ascorbic 

acid after I hr I5 mins when about 88.0; of ascorbic 

acid was oxidized. after 4 hrs both systems b) and e 

were pinkish and only a trace of reduction has been 

found in them. After 24 hrs all systems were black in 

colour,no trace of reduction was found anywhere. T}es 

experiments show that the oxidation of tyrosine in a 

ground potato tissue and in potato extract is inhibit 

by ascorbic acid, and only after almost all the asco 

bic acid has been oxidized the "red substance" begin 

to form. 

SS 

le 

The experiments given at the begi- 

nning of this chapter have shown that during the grin- 

ding 



TABLE 10. 

Potato extract - 200 grm.s. of potato to 6,140 ml. - 

Phosphates O. I M. 

N aCl 0.2 M. 

the colour development after 3 hrs. at 16° 

Without NaC1 With NaC1 

Ph Ph 

6.1 +++ 6.1 +++A- 

5.8 ++ 5.7 +++ 

5.4 + 5.5 ++-t- 
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ding the oxidation of ascorbic acid is not inhibited 

ba sodium chloride. The more detailed analysis of the 

influence of sodium chloride on these process was ma 

in the extracts from potato. First the influence of 

NaC1 on the development of red substance has been ex 

mined. 

Table IC 

This experiment shows that in a care- 

fully beffered extract the oxidation of tyrosine is n- 

creased by the presence of sodium chloride. It is ne 

cessary to emphasize the need for a very careful bu- 

ffering in these experiments,because of the great iae-, 

portance of pH,small changes of which may lead to re- 

sults which could not be compared with the correspon 

ding systems containing NaCl. 

This enzymic system behaves similar 

ly to those with inotganic copper in the presence of 

hydrogen peroxide as concerns the influence of sodium 

chloride. In both cases sodium chloride has an acti- 

vating influence on the oxidation of tyrosine. 

Also in a potato extract containingl 

sodium chloride and ascorbic acid the former substance 

has an activating influence on the development of colou 

Its influence on the rate of ascorbic acid oxidation. 

is ver7 difficult to ascertain. 

In the following experiment the oxi- 

dation of ascorbic acid in potato extract was compared 

with/ 



TABLE 11. 

Potato extract 200 gr. - (540 ml. 

Volume of each system 30 mis. 

Phosphates 0.1 M. 

NaC1 0.2 M. 

Ascorbic acid 5 mgms. per system. 

Genuine extract. 

pH 

Boiled extract. 

pH mgr.Asc. 
acid left oxidation 

mgr.Asc. 
acid left oxidation 

without) 6.2 2.6 48.0 6.3 4.5 10.0 

NaCi ) 5.6 2.9 42.0 5.7 4.4 12.0 

with ) 6.2 2.0 60.0 6.1 4.7 6.0 

NaCi ) 5.5 3.2 36.0 5.7 5.0 0 

Estimations made after i hr. 30 mins. 
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with the corresponding reaction in the same extract bust 

boiled for 20 mins and made up to the original volume 

afterwards. 

Table II 

The considerable dilution of the 

extract is responsible for a rather slow rate of both 

reactions,i.e. colour development and oxidation of as -' 

corbic acid. This has been done puposely,because if the 

reaction proceeded at a quicker rate it would be impo -: 

Bible to follow any of them - the rapid oxidation of 

tyrosine and Quick development of colour would obscure 

whole reaction. Tiie comparison with the boiled ex -' 

tract was made in order to show that the reactions oc 

curing in the unboiled one are of the termolabile,en- 

zymatic character. This reaction in1the boiled extract' 

is caused chiefly by the inorganic copper and probably 

small amount of quinones formed during the preparation, 

of the extract. 

In unboiled systems an activation of a.l- 

corbie acid oxidation was found at pH 6.2 and a slight 

inhibition( within the limits of experimental error, 

especially when considered that VI was slightly lowe 

here) at pH 5.5. The oxidation of tyrosine is distinc ly 

increased by sodium chloride. 

Tuis etperiment,however, is typical only 

at pH near the optimum for tyrosine oxidation and the 

little activation by sodium chloride is probably of a se- 

condary character,depending on the production of quine- 

ne s / 
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nes under the influence of sodium chloride. Others ex- 

periments performed at a lower ÿH(4.3 - 5.8) did not 

show such activation. Moreover in most of them no regu- 

lar relations between pH, concentration of NaC1 and t 

rosine and the rate of oxidation of asc::rbie acid cou 

be found. This is explained by a very complicated cha n 

of mutual reactions influences occuring in these syst ms. 

The oxid ̂tion of ascorbic acid would depend here on t 

rate of the formation of quinones from tyrosine diff rent 

at different pH values, on the rate of further oxidation 

of these quinones and on the influence of sodiu* chloride 

on both reactions.On the other hand it known here from 

the previous experiments that the oxidation of tyrosine 

is activated by sodium chloride but inhibited by the 

presence of ascorbic acid. 

In conclusion it may be said that the enry- 

mic system in ;potato shows certain characteristic fea- 

tures in relation to sodium chloride. Firstly the quick 

disappearance of ascorbic acid from potato during the 

grinding is not inhibited by sodium chloride. Secondly 

the oxidation of tyrosine is activated by this substa, ce, 

influence similar to that in inorganic systems oxidizi 

tyrosine and composed of copper sulphate,hydrogen pero 

xide and NaCl. Finally it has been shown that a very a 

vanced oxidation of ascorbic acid is essential for the 

oxidation of tyrosine,which reaction is beeing hold u 

at the stage of quinone leading to the formation of re 

substance by the ascorbic acid . 

e 

oi 

g 
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The existance of ascorbic acid in potato tuber shows 

that an intact structure is essential to prevent its 

oxidation. This is not an isolated fact, the existence 

of enzymes in living cells side by side with the corr s- 

ponding substrates is a problem which has been consid - 

red by many aurthors. Whether it is due to the proteo ion 

by special factors in the living cell or to the"spati 1 

separation" including absorption on different surface it 

is difficult to decide (discussion on it -Przyi.ecki, 

I935). Not without significance in the case of corbic 

acid is the access of oxygen. From the kitchen practice 

it is known Lhat to prevent potatoes from blackening 

after peeling it is necessary to keep them protected iy 

a layer of water.But even in these conditions quinones 

are formed and a considerable amount of ascorbic acid 

is oxidized (about 25 % during 24 hrs,Kramer(1942) an 
il 

own experiments). In the course of these experiments 

tha rate of oxidation of ascorbic acid in an unshaken 

system was much greater in broad conical flasks,wíth 

an easy access of air, than in the narrow test tubes. , 

This a7)plies not only to posato xtract but also to the 

systems with inorganic copper. 

As the second system capable of oxidiz ng 

ascorbic acid in potato were ,in_ this work, consider 

gamones formed during the second stage of tyrosine o 

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

bic acid from potato .Here belongs red substance and f 

ther products. Even in the extract inwhich the oxidat 

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

hrs/ 

d. 

i 
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TABLE 12. 

The systems contained in 15 miss 

Phosphates 0.1 M 

Cucumber Juice (AAO) 1 ml. 

Ascorbic Acid 4 mgms. 

NaCi 0.4 M 

pH 6.1 

Mgms. ascorbic 
System. Acid left after 30 mine. Oxidation 

1. With AAO 1.7 57.5 

2. With AAO + NaC1 1.7 57.5 

3. Without AAO 2.6 35.0 

4. " " with NaC1 3.8 5.0 



TABLE 13. 

0 CuSO4 N aC 1 

30' 90' 30' 90' 30' 90' 

System 1 2 1 2 1 2 1 2 1 2 1 2 

1. 

2. 

3. 

1,2 

1.7 

0.2 

31.6 

44.7 

5.2 

2.1 

2.8 

0.8 

55.2 

73.7 

21.1 

1.7 

1.7 

1.3 

44.7 

44.7 

34.2 

2.7 

2.5 

2.2 

71.1 

65.8 

57.9 

0.4 

1.8 

0.4 

10.5 

47.3 

10.5 

0.7 

2.7 

0.8 

18.4 

71.1 

21.1 

System 1. water + phosphate buffers. 

2. water + 2 m1s. of cucumber juice + phosphate buffers. 

3.water + 2 mis . of inactivated cucumber juice + phosphate buffers. 

Concentration of CuSO4 - 2.5 x 10 -5 M 

n 
" N&C1 - 0.14 M 

1. - mgrs. of oxidized ascorbic acid. 

2. - per cent decomposition. 
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24 hrs at 370 under t:oiu , )10,).f! of Hae 

7_aa2iJ1e3 a Mow oxidation of ascorbic acid takes place 

This oxidation was not inhibitsd by sodium chloride. 

b) cucumber juice 

Cucumber j iuce haw been taken as an 

example of the system where the oxidation of ascorbic 

acid takes place directly undr the influence of a spe 

cific oxidase. 

First the comparison of the influencl 

of spdiun chloride in systems containing scorbic acid 

oxidase with systems containing inorganic copper has 

been made. The results are given in table I2. 

Table I2 

In this experiment tha rate of oxida- 

tion by oxidase is about 40 j greater tahn in system 

without enzyme. The inhibition by sodium chloride was 

found only in inorganic system, in the presence of 

enzyme NaCl did not show any influence. 

In order to establish whether this 1 c 
of inhibition -did not depend on the presence in cucumber 

juice of substances which might interfere with the ac 

tion of sodiumchloride,an experiment was made where t 

oxidation in systems with active ascorbic acid oxidas 

was compared with systems containing the same amount 

f cucumber juice but inactovated by boiling. 

Table 13 

In this experiment the rate of oxidation 

in systems/ 
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in systeme containing boiled cucumber juice is lower 

than that in control systems without juice. In control 

system the oxidation reached 55.2 )4, ffter 90 sins, in 

system with boiled juice - 2I.I 

This fact can be explained by the bi .. 

ding of inorganic copper by the proteins presnet in 

boiled juice. The only factor responsible for oxidation 

of ascorbic acid in such systems is inorganic copper 

present in traces ih water. If this copper is inacti- 

vated by the binding with proteins,the activity of the 

system falls considerably. It has been shown (Mystkow -ki 

& Lasocka) that this factor has a considerable influe ce 

in systems with copper sulphate. By changing alterna- 

tively the concentrations of CuSO4 and preotins it was 

possible to increase or decrease the activity of the 

systems. Similarly, in the experiment above'wrhen the 

concentration of copper e..lphate was increased,the ac- 

tivity of boiled juice increased also,still,however,not 

to the sameddgree as in inorganic control system.The 

oxidation. in inorganic system with added copper sulpha e 

increased after ge mill from 55.2 fu to 7I.I ch, in syste 

with boiled cucumber juice from 2I.I to 57.9 ; in 

com?)a:rison with system without added copper. In system 

with active oxidase the addition of copper did not in- 

crease the activi t . It is luite probable that in sys- 

tems containing inactivated juice,copper bound to the 

en^ymic protein loses its properties as a result of 

the denaturation of the protein, and the whole system 

behaves / 



TABLE 14. 

The influence of e . albumin and Na01 on the oxidation of ascorbic 

acid by copper. 

The systems contained phosphates in concentration 0.1M 

1a01 0.2 M albumin 0.133A ascorbic acid 4 mgms per system 

total volume 15 mis p++ 6.1 

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

after deproteinisation with trichloracetic acid. 

-5 
After 20 hrs. CuSO4 was added to all systems in conc . 2.5 x 10 M 

and again the estimation of remaining ascorbic acid was made after 

1 hr. 

% oxidation of ascorbic acid. 

Control 

1 hr.45 mins 

50.0 

5 hrs 20 hrs 

100.0 100.0 

1 hr. after addition 
of CuSO4 

1 aCl 0 10.0 62.5 

Albumin 0 12.5 22.5 42.5 

NaCÌ + albumin 0 12.5 22.5 36.5 
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behaves like inorganic copper in the presence of non- 

specific protein. 

Sodium chloride dries not show any in 

hibitory effect either in systems with active or inac i- 

vated juice. This shows that the influence of NaC1 on 

oxidative reactions cannot be considered as a fact con- 

cerning all forms of catalytically active copper. Here 

the enzymatically active copper bound to a protein is 

resistent to this type of influence. 

It was interesting to examine whether 

this fact has more general significance,i.e. whether 

during the oxidation of ascorbic acid by copper the 

presence of a protein protects the catalyst against the 

influence of NaCl. For this purpose a series of experi- 

ments was performed,in which the oxidation of ascorbic 

acid was examined in systems containing phosphates,co- 

bper sulphate,sodium chloride and different proteins. 

Table 14 

In this experiment the oxidation is in- 

.ibited_ by protein to a much higher de -ree than by sodium 

chloride. The addition of sodium chloride to the syste is 

containing protein did not increase this inhibition 

ut if to this system,containing ascorbic acid already 

artially oxidized, copper sulphate was added, the inh bi- 

tion caused by albumin and sodium chloride :as sligh ly 

reater that in the presence of the protein alone.In 

11 experiments of this type, also with casein,never a 

complete/ 



The systems contained: 

phosphates 0.1 Bpi 

CuSO4 2 x 1C 

albumin 0.13% 

TABLE 15. 

ascorbic acid 4 mgms per system 

pH 6.1 

total volume 15 mis. 

mgms ascorbic acid 
left after 

30 mins ihrs 30 mins 

% oxidation after 

3 hrs 30 mins. 

1. Control 2.6 1.1 72.5 

2. CuSO4 2.1 0.1 100.0 

3. Albumin. 3.8 3.6 10.0 

4. Albumin + CuSO4 2.5 0.9 77.5 

5. Boiled albumin 4.0 3.9 2.5 

6. Boiled albumin +Cu30 2.6 1.1 72.5 
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complete summa ion of inhibitions was oll erved. The 

presence of sodium chloride in fairly high concentra- 

tions,as in experiment above, only slightly increased 

the inhibition caused by protein. th smaller concen- 

trations of sodium chloride,but sufficient to cause a9 

inhibition by themselves, no increase of inhibiton in 

the presence of protein was observed. 

Den&tured proteins have even greater 

inactivating power on catalytically active copper.This 

is bhown in the table below. In this experiment the 

comparison of inactivating power of the same protein 

(albumin) in native state and denatu_ ̂ed by boiling was 

made. 

Table I5 

These experiments show that the presence 

of protein modifies considerably the catalytic proper- 

ties of copper, firstly diminishing its catalytic actil- 

vity, secondly- by making it less sensitivy to the inhi- 

bitory. influence of sodium chloride. 

It is interesting that even in comparati- 

vely high concentrations of proteins,such as were used 

in some of these experiments, copper always retains some 

of its activity. This is in connection with the fact 

that theproteins have only a limited power for binding 

and inactivating added copper. Ba increasing sufficient 

tly the concentration of copper sulphate, it is possib e 

to restore the original activity of the system 

The fact that proteins diminish sensit 

vity of copper to the inhibitory influence of sodium 
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chloride, its complete lack of.inf luence in systems w'th 

active ascorbic acid oxidase may depend on this effect. 

This is substantiated by the similar lack of influence 

in systems with inactivated oxidise. 

mother factor which may be a:ls 

responsible for it, may be the way in which copper is 

bound with its protein carrier in the molecule of the 

enzyme. This special link may protect completely the :cr 

tive group of the enzyme from this type eh inhibitory 

influence. In favour of this conception speaks the lacy 

of influence of glycine on copper in ascorbic acid oxidase 

in opposition to the inhibitory effect on inorganic co 

Aper (Stott, I940). 

These facts and considerations ron 

cern only catalytically active copper present in as- 

corbic Abid'roxidase. Form the experiments described 

in first part of this work it is known that sodium 

chloride exerts quite a distinct influence on the cata- 

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/ inactivating influence on enzymic processes,both 

hydrolytic and Redd.x, 

ii/ catalytic action in many Redox processes. 

The catalytic action of iron in 

living/ 
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living orEanism is connected with its presence in a n tu- 

ber of enzymes. The role of copper in enz:7mic process s 

is not so well established,at least only veri few com 

pounds of an importance similar to tha of iron com- 

pounds are known_(. bowith ,I937,I938 . Meiklejohn & 

Stewart ,I94I ). Nevertheless the widespread presence 

of copper in tissues and its catalytic activity obser'ed 

in vitro suggest that its role must be' of considerabl: 

importance. 

On the other hand none of these metals re- 

sent in tissues have been found to have any definite 

role ,unless bound with some specific protein. 

The catalytic action of copper is 

very essily influenced by many factors. Having established 

that certain substances normally present in the tiss 

have a distinct influence on the oxidation of ascorbi 

acid, we have examined some diferent aspects of the 

talytic activity of copper. 

The oxidation of ascorbic acid by a - 

mospheric ox -gen in the presence of copper was found 

to be inhibited by sodium chloride,amino acids and pr - 

teins. 

es 

In the presence of hydrogen peroxide ow- 

ever, the catalytic action of copper is more complica 

ted by the fact that copper can act as a model not on y 

of peroxidase but also of catalase. It was found that the 

activity of copper depends on the kind of substrate !re- 

sent. Thus at higher temperatures the catalese +ctio 

of copper wss ;reatly diminished when the substrate 

svtttable/ 
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suitable for oxidation ;as available .The presence of e - 

ther methyl red or tyrosine,which undergo oxidation by 

H202 stopped almost completely the latter s catalase 

function.Both reactions,decomposition of H202 and oxidft.- 

tion of ruathyl red and't;Trosine are activated by NaC1. 

These experiments show that the catalytic action of Cu 

is of two kinds and changes according to the presence f 

different substrates and also that the influence of Na'1 

is of opposite chracter in two cases. 

The influence of amino acids on the catalytic 

action of Cu defends in the first place on their power 

to bind Cu.yrosine,however, shows another type of in- 

luence in connection with its role in redox reactions 

n the presence of tyrosine the course of ascorbic aci 

xidation is chanked by the action of the products of 

osi4e oxidation. In such systems two different reactions 

ake place- one,inhibited by sodium chloride and tyrosire- 

he oxidation by 02 and H2020 the second+ activated in 

ectly by NaC1- oxidation by luinones.The third possibi 

actor in this reaction is the competition of tyrosine with 

scorbic acid for oxygen and an inhibitory influence e u- 

ed by this mechanism.This factor is connected with re ox 

$?otentials of different parts of the system,and the final 

esult in such a system will depend on these potential 

and the concentration of components. 

The action of proteins on ascorbic acid oxidation 

s always of inhibiting nature. Our previous experimen s 

:nave shown,how this influence depends on the/ 

y 
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on the concentration of copper and protein. Although 

some copper- protein compunds obtained in vitro may 

show certain Troperties common with enzymes( Stotz,Ha- 

rrer and King,I937) their action in the oxidation of asco- 

rbic acid is smaller than that of corresponding concen 

tration of copper sulphate. 

The relation between the structure of 

copper - protein cómplexes and their catalytic activity 

is not known. From these experiments it is clear that the 

denatured proteins have a vreater inactivating power on 

the catalytic action of copper that the native proteins. 

This fact shows, that many "enzymic "properties of the 

copper protein complexes may depend on the colloidal 

state of the protein in solution. 

On the other hand in these complexes t 

catalytic activity of copper in regard to the oxidatio 

of ascorbic acid is not completely abolished. All similar 

complexes,e.g. those isolated by Keilin and Mann (1939 

ay be of some significance in biological catalyses,es 

Tally when their widespread occurence is considered. 

As an another example may be here the work by Ramasarm, 

eta and Doctor (1940) who also found that not all the 

opper present in vegetable juice is enz :Tmie. This co- 

per probably also may play part in catalyses of inorg.- 

ic type and non -specific character. 

The influence of sodium chloride on a.scdr- 

ic acid oxidation in systems containing enzymes is di-t 

ferent from that on inorganic copper. It is rather di4 

ficult/ 
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difficult to speak about this influence in rotato,as 

the oxidation of ascorbic acid here is of a.n indirect 

nature, and depends on the oxidation of another sub - 

stance -tyrosine. Thus all factors influencing oxidat 

of tyrosine will at the same time influence also the 

xidation of ascorbic acid. On ' the other hand it has 

found that the presence of ascrobic acid inhibits the 

oxidation 'of tyrosine. This chain of mutual influence 

causes that the picture of oxdiation processes in pot 

is still far from being clear. The enzymic system in 

tato dealing with the oxidation of tyrosine is activ' 

by sodium chloride. In cucumber juice, containing asc 

bic acid oxidase, no influence of sodium chloride in 

either direction has been found. 

The lack of influence of sodium chi 

ride on ascorbic acid oxidation in cucumber juice,th 

inactivation of of added copper by enzymically active 

juice and the transformation of of the latter into a 

inorganic system after the denaturation of present pro 

teins suggested as an explanation the difference betwe 

en7 mic and inorganic copper. This difference may cons 

either in the specifity of the enzymic protein or in t 

special form of binding of copper with the protein in 

the molecule of the enzyme. The importance of a spec 

form of binding, which does not exclude the first poss 

bility. is supported bymany facts. The -observations b;' 

Kobowitz(1938) on polyphenoloxidase and Meikle john and 

Stewart ( 1. c.) on. ascorbic acid oxidase show that co 

pper/ 

on 

een 

to 

ted 

r- 

en 

ist 

ial 

i- 
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pper preseht in enzyme does not undergo dial;sis 

as long as the Drotein is in a genuine state, but it is 

possible to splitt the enzyme molecule into these two 

components by a suitable treatment and reunite it aft 

wards with a complete restoration of its en?y.mic acti 

vity. Mystkowski( I942) has shown that the cataly sis 

by copper of ascorbic acid oxidation increases many tomes 

when copier is in complex with pyridine. This increas 

however, takes place only in alcoholic medium, in aqueous 

systems pyridine inhibits this reaction and the copy 

pyridine complex shos a much lesser activity than co 

pper alone. These observationssindicate that even if 

specific protein was not responsible for the differen4 

behaviour and especially greatly increased activity 

of copper in the molecule of the enzyme. the linkage 

of these two components is of greatest importance. 

The relation between tyrosine and asc r. 

bic acid in redox processes is also of a great interest. 

It has been known since the work of .àbderhalden (1.c. 

that these two substances form in vitro a redox systel, 

which as it has been found lately ( Sealock & Silbersein, 

1939, Levine, Marples & Gordon, I939, Rothman,I940) 

plays probably an imprtant role in living organisms. 

These relations in vitro of redox 

character has been confirmed in this work, both in in6r- 

ganic system as in potato, where the disappearance of 

ascorbic acid is a condition for the development of o e 

of the stages in torcbsine oxidation(red substance). I 

Has been also establushed that in the presence of ass r- 

bis 
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bic L cid a system is formed in ':phich,with copper as 

cptalyst,tyrosine undr oes oxidation. The possibility 

of participation of hydrogen peroxide formed during t e 

oxidation of ascorbic acid in this reaction has also .een 

discussed. 

The way in which chlorides influen e 

the catalytic activity- of copper is not known.In simp e 

systems, where the oxidation of ascorbic acid runs pa 

rallel to Cu Cu' transformation, the inhibitionof 

of the catalysis is accompanied by a diminution of cu 

rpous oxida formation. The suggestion put forward by 

Mapson( I942) that a formation of a copper- halide coal 

plex may be r- sponsible for that inhibition but reiui 

a sufficient concentration of NaC1 is substantiated b 

our previous experiments (1939) when it was found tha 

cupric chloride has the same catalytic effect and is 

larlyinhibited by sodium chloride,in concentrations c 

rresponding to those inhibiting similar concentration 

copper. sulphate. 

A more full explanation hase been sudeste 

I by Szent- Gyorgyl (1938) in his discussion in a serie 

of papers cocerning the mechanism of metal catalyses 

of ascorbic acdi and catechol oxidation. This authors 

idea is that oxygen and substrate for oxidation are c 

dinated on the atom of metal,inside which a shift of 

electrons occurs. A third rnolecule,which also can ent 

this complex on metal,may be able to modify the grope 

ties/ 

es 

IMO 

of 

or- 
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properties of the complex. Especially nitrogen contai 

molecules are able to serve as this "third molecule ". 

The influence of protein on copper cat 

se, the activity of copper- pyridine complexes,the beh 

.viour of copper as catalyst in alcoholic medium as al 

the influence of sodium chloride in catalyses examine 

in this work are in good agreement with these ideas. 

ing 

ly- 
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CONCLUSIONS. 

I.The oxidation of ascorbic acid.by molecular oxygen 

with copper as catalyst is inhibited by sodium chloride 

2.This type of catalysis and also inhibition takes 

place also in absolute alcohol. 

*he inhibition by NaC1 is parallel to Cull -Cu' trans- 

formation. 

4.Copper catalyses the decomposition of hydrogen pero 

xide ,this reaction is not inhibited by NaCl. 

5.NaCl shows an activating influence on the decomposi- 

tion of hydrogen peroxide. 

6.CoPper catalyses the oxidation of methyl red and ty- 

rosine by H202.NaC1 activates this catalysis. 

7.The decomposition of H202 in the presence of copper 

is inhibited by the presence of substrate suitable 

for oxidation by peroxidase mexhanmsm. 

8.The oxidation of acsorbic acid by H202 is catalyse 

by copper, this reaction is inhibited by NaCl. 

9.Tyrosine inhibits the oxidation of ascorbic acid b 

02 and H202 with copper as catalyst.On the other han 

the products of tyrosine oxidation oxidaize ascorbic ac 

I0.in the presence of tyrosine the influence of NaC1 

on ascorbic acid oxidation is reversed - activation 

instead of inhibiting.. 

H. The participation of quinones in acsorbic acid 

oxidation in inorganic systems has been examined. 

I2./ 
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I2.In rotato the luinones formed during the oxidation 

of tyrosine are the chief agent resÿonsible for the 

xida.tion of ascorbic acid. 

I3.The influence of ascorbic acid on the oxidation o 

tyrosine has been examined 

I4.Sodium chloride,probE.blr indirectly, activates th 

type of ascorbic acid oxidation. 

15. Ascorbic acid oxidase is not inhibited by NaCl. 

I6.2roteins inhibit the oxidation of ascorbic acid 

diminish the inhibitory influence 

eess. 

of NaC1 on this pr 

The author wishes to express his indebtedness to 

Dr.C.p.Stewart for his hospitality and help during 

this work. 
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