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INTRODUCTION 

The action of enzymes on disulphicle bonds is often coupled with the siniiil- 
taneous oxidation of NADH, or NhDPH,]). The enzymes involved act on 
reclnced N A D  or NAUP using tlifferent coinpourids (e.g., tlisulphide com- 
pounds) as acceptors. Cystine rediictase (NADH,:L,-cystine oxitlorrdiictase, 
EC 1. 6. 4. 1) lias been demonstrated in plants and yeast (Romano &Nickerson, 
1954); glutathione rediictase (NRD(P)H,:glutatliione oxidoreductase, EC 
1. 6. 4. 2 )  has been shown to occur in animal tissues, plants, yeast and 
bacteria (Mapson tk Goddard, 1951 ; Rn.clrc,r, 1955; Ra,ll 85 Lehnin,grzr, 1952; 
,Szczuki & Werkman, 1960; uan Hqnirigrrr S: Pirie, 1953), as well 3 s  lipo- 
arnide dehydrogenase (NAI)1-T,:lipoamide ositloreductase, EC 1. 6. 4. 3)  
(Bum &L Burma, 1960; Huger & Grmsalus, 1953; n/r(~ssey, 1960; Snuuge, 
1957; Straub, 1939). These t h e e  enzymes are all flavoproteins. In additio:i, 
there is also protein disi~lphide reductase (reducetl-nTAD(I'):I,roteirldi- 
sulphide oxidoreductase, EC 1. 6. 4. 4) which LrenLs tlisirlphicle bonds in 
protrin m:ilecules. There are also several other oxidoreductases affecting 
the enzymic reactions of su lp l~ur  containing compounds, e.g., those acting 
on sulpliur groups of donors (sub group 1. 8.) or acting on H,O, as acceptors 
(sub groiip 1. 11.) (Florkin K. StBtz, 1965). 

Recently, cystatliionases (l.-l~n~noserine hydro-lyase, dearninating, EC 
4. 2. 1. 15) from Nr~cirospora and liver have been shown to catalyze the 

1) 4J)hroiations: N l l l  = nirotinamide-nrleninc dinutleot;tle; NADP = nicotinnm~dr- 
adenine dinncleotidr ph iqha te .  
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degradation of cysteine to pyruvic acid, ammonia, and tliiocysteine (Flavin, 
1962; Cavullini, DeMarco, Mondovi & Mori, 1960; J'lavin & Slaughter, 
1964). The enzyme preparations from Neurospora can utilize L-cystine ds a 
substrate. More recently, the clcavage of L-cystiiie to pyruvic acid and 
thiocysteine, by soluble enzyme preparations froin Brassica species, has been 
demonstrated (Tishel & Muzelis, 1966; Muzelis, Beinaer & Crczvling, 1967). 
This enzyme requires pyridoxal-5-phosphate for activity. 

The enzymic cleavage of disulphide bonds in human oral tissues, or in 
oral cavity in general, may be important since it is known that human dentine 
and enamel contain cystine, although at low concentration (Eastoe, 1963; 
Weidmann, 1965). In addition, the keratins, major components of slcin and 
other epidermal structures, contain variable amounts of the sulphur contain- 
ing amino acids. The oral cavity also contains a variety of sulphur-containing 
compounds derived from food, micro-organisms, etc. The enzymic trans- 
formations of such compounds constitute a portion of oral biochemical 
processes. This investigation, then, concerns the existence and the charac- 
teristics of those enzymes acting on L-cystine and related compounds in the 
human mouth. 

MATERlALS AND METHODS 

1. Chemicals 
[35S]L-Cystine and [3-14C]DL-cystine hydrochloride (specific activity 39.5 
mC/mmole and 43 mC/mmole, respectively) were purchased from The 
Radiochemical Centre (Amersham, England). The following compounds 
were obtained from K & K Laboratories (Plainview, New York, N. Y., USA): 
L-djencolic acid, L-cystine dimethyl ester dihydrochloride, L-cystine diethyl 
ester dihydrochloride, DL-cystathionine, DL-lanthionine, l(+)meso-lan- 
thionine, mrso-cystine, L-cysteic acid, cysteamine hydrochloride (,!I-mercapto 
ethylamine), and L-homoserine. The following compounds were obtained 
from Mann Research Laboratories, Inc. (New Yorlc, N. Y., USA) : S-methyl- 
L-cysteine, 0-phospho-DL-serine, 0-methyl-DL-serine, 0-phospho-DL-threo- 
nine, and the following from Flulca AG (Buchs SG, Switzerland) : L-cysteine, 
L-cystine, DL-homocysteine, DL,DL-allocystathionine, and taurine. S- 
Methylglutathione was purchased from Calbiochem (Luzern, Switzerland), 
and L-cystine di-2-naphthylamide (bis(2-naphthylamide) L-cystine) from 
Kocli-Light Laboratories, Ltd. (Colnbrook, England). Of the coenzymes 
used in this study, pyridoxine hydrochloride, thiamine, and riboflavine were 
obtained from Hoffman-La Roche & Co. (Basel, Switzerland), NADPH, 
from C. F. Boehringer & Sohne GmbH (Mannheim, Germany), and pyridoxal- 
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5-phosphate from Flulca AG. Unless otherwise stated, all of the other reagents 
were obtained from E. Merck AG (Darmstadt, Germany). In 'I'ahle I the 
structure of the substrates used is giveii. All of the commercial preparations 
were used with no further purification. 

2. Estimation of L-cystine cleaving activity 
At the beginning, three separate nietliods for assaying cystine (and cysteine) 
cleaving activity were to be considered: to measure the H,S, ammonia and 
pyruvic acid produced. Obviously these products could be produced from 

Table I 
Structure of the compounds used as substrates for various enzyme preparations in the study. 
For some substrates only one oJ the stereoisomers is shown, although a mixture of them 

was used in the experiments (see list in Materials section). 
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cystine (and from cysteine) in more than one way and could undergo secon- 
dary reactions. With crude preparations the methods may thus measure the 
activity of more than one enzyme. Because preliminary experiments had 
shown that ammonia and H,S rapidly undergo secondary reactions, the 
measurement of pyruvic acid was selected to estimate cystine cleaving 
activity. Also the latter compound did participate in secondary reactions, 
but it also accumulated in the reaction mixtures at higher concentrations 
than H,S and ammonia. However, due to the secondary reactions, the results 
obtained by measuring pyruvic acid do not give strictly comparable results 
with different enzyme preparations. 
a) Keto acid method. The reaction mixture was composed of the following 

ingredients: 0.5 ml of buffer-substrate solution, 0.1 ml of enzyme solution, 
and 50 p.1 of water or proper enzyme activator or other solution containing 
the compound to be tested. Throughout the work, 0.01 M tris-HC1 buffer, 
pH 7.2 was used. The reaction mixtures were incubated for different periods, 
depending on the activity of the enzyme preparation involved; the exact 
incubation time is given with each experiment in RESULTS. The substrate- 
buffer solutions or suspensions were made as described by Mazelis, Beimer, 
and (:reveling (1%7), to a concentration of 0.01 M. In cases of insoluble 
substrates, homogenous suspensions were prepared from them, and these 
suspensions were then used as such in the reaction mixtures where the 
compounds also remained undissolved, forming saturated solutions. Enzyme 
reactions were stopped by adding 0.5 ml of 10 yo trichloroacetic acid. The 
resultant mixtures were centrifuged where necessary. In these centrifugations, 
the Laboratory Centrifuge Universal Junior I11 was used at 4500 rpm (3100 g) 
for 10 min., at room temperature. The supernatant fluids were assayed for 
pyruvate colorirnetrically by the total keto acid method of Friedemunn and 
Haugen (1943). Yyruvic acid (Fluka AG) was used as a standard. 

b) I~se  of labclled compounds. The enzymic cleavage of [*5S]Lcystine 
and 3-14C]D1A-cystine was estimated in the following way. 5 mg of unlabelled 
L-cystine was first weighed into the bottom of small test tubes. Most of this 
cystine remained undissolved in the reaction mixture. Thus it was ascertained 
that the reaction mixture had been saturated with cystine during the ex- 
periment. 50 p1 of 0.01 M tris-HC1 buffer, pH 7.2, was then added to the 
tubes, followed by 50 p l  of enzyme solution. Finally, 5 pl of labelled cystine 
solution was put into the tubes, and the contents were well mixed and incu- 
hated for various time periods. The 5 pl of labelled compounds had been 
obtained from a solution made by suspending the commercial cystine pre- 
parations (altogether 0.5 mc of both 14C- andSWabelled) in 1 ml of water 
at 25OC Due to the low solubility of cystine in water, about 5 mg/100 ml 
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water for DL-cystine and about 11 mg/100 ml water for L-cystine (Duwson 
et al., 1962) ,it was calculated that the 5 pl amount of labelled cystine solutions 
corresponded to an increase of only 0.5-1.0 ,ug in the total cystine content 
of the reaction mixtures. It is to be noted that, when these labelled cystine 
solutions were added to the reaction mixtures, the latter already were satu- 
rated by cystine. Hence it was approximated that 0.5-1.0 pg of the labelled 
compounds had been precipitated in the reaction mixtures. Labelled cystine 
from the undissolved part was then randomly dissolved in the reaction 
mixture in the course of the reaction and picked up by the enzyme molecules. 

After these processes the slightly turbid mixtures were rapidly centrifuged 
in a Universal Junior I11 centrifuge. The clear supernatant solutions were 
then kept in an ice bath, after which these reaction mixtures were analyzed 
on thin layer plates (20 x 20 cm) coated with a Silica Gel G layer (thickness 
0.35 mm), adhering closely to the instructions of Runderuth (19M). 25 pl 
of the clear reaction mixtures were applied in small quantities to the plates, 
at 3 cm distances from each other, with the aid of a heating fan. The plates 
were then developed with 96 yo ethanol so that the front of the solvent came 
within 15 cm of the applied spots. The amino acids were made visible with 
the modified ninhydrin reagent of Moffat (1959). The radioactivity on the 
plates was finally estimated with a thin layer scanner and a methane gas 
flow counter (Laboratorium Prof. Berthold, Wilbad, W.-Germany). Special 
blank tubes were prepared by replacing the enzyme solution with water or 
by omitting the 5 mg amounts of substrate. These mixtures were then han- 
dled in the above way. 

A general recommendation can be made for oxidizing an amino acid 
mixture with performic acid before chromatography (Hirs, 1956), in order 
to convert cysteine and cystine into the more stable cysteic acid. By omitting 
such an oxidation, several autoxidation products are formed from cysteine 
and cystine. A portion of the experiments in this study were performed 
without this procedure, while in another portion the oxidation with performic 
acid was done in the following manner. The enzyme reactions involved 
were stopped by adding 4 ml of performic acid. The mixtures were then 
allowed to stand for 15 min. at room temperature, and the performic acid 
was then removed by repeated freezedrying (thrice). The residues were 
finally dissolved in 0.1 ml of water, and aliquots of 25 pl were applied to the 
thin layer plates as previously related. The performic acid had been prepared 
by treating 90 ml of formic acid with 10 ml of 30% hydrogen peroxide for 10 
min. at room temperature. The resultant product was then used immediately. 
By this procedure all of the uncleft cystine, and the cysteine possibly formed 
during the reaction, was oxidized. Hence any lowering of the cysteic acid 
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peak on  the thin layer plates could be used as an indication of enzyme activity 
causing cystine to cleave to other compounds than cysteine, e.g., to pyruvic 
acid. The formation of lteto acids was also estimated hy studying the thin 
layer plates after chromatography in UV-light. 

c) Estimation hy arrrino acid ancllysis. The reaction mixtures with L- 
cystine as substrate were also analyzed on a Beckman Unichrom Amino 
Acid Analyzer in order to determine the consumption of L-cystine during 
the reaction. No attempt to identify the other ninhydrin positive compounds 
in the amino acid analyses was made due to the consiclerable alterations in 
the amount and nature of the reaction products resulting from the crudeness 
of the enzyme preparations used. These experiments were set up  in the 
following way. 5 mg of 1,-cystine was weiglied into the bottom of small test 
tubes. 1.0 ml of 0.01 M tris-HCI buffer, pH 7.2 ,  was then added, followed 
by 0.5 nil of enzyme solution. In the blank tubes the enzyme solutions were 
replaced with water. These reaction mixtures were incuhated for 3 hr. at 
37OC, and the reactions were stopped by adding 2 ml of 1 yo picric acid. 
The quantitative precipitation of the proteins in the mixtures was a 
by adding more picric acid, allowing the precipitates to form for one honr. 
The precipitates were then spun down in the Universal Junior I11 centrifiigc, 
and the yellow ant1 clear deproteinized solutions were passed through a 
Dowex@ 2 x 8 or 2 x 10 column (Pluka AG) according to standard methods 
used in amino acid analysis (Beckman Unichrom Amino Acid Analyzer, 
Instruction Manual, 1966). The obtained colourless solutions were finally 
freeze-dried, and the residues were dissolved in 2 ml of 0.01 N HC1 and 
then analyzed for their cystine content with the Analyzer. 

3. Enzyme preparations from the oral cavity 
In  this investigation the lceto acid forming activity of the following samples 
obtained from the human oral cavity was studied : whole saliva, parotid saliva, 
bacterial plaque, carious dentine, and normal dentine. The bacterial 1)laqiie 
means, in this case, that whitish material which was easily removed from 
the surface of the teeth when collecting whole saliva by paraffin stirnulnt ion. 
The whitish material remained as a pellet at the bottom of the centrifuge 
tube when a whole saliva sample was eentrifiiged. Lhcterial plaque was also 
collected from the surface of teeth with an excavator. This material may 
have had a composition differing from that obtained from whole saliva, 
because the latter, centrifuged material originated from other oral surfnt:es 
as a result of the chewing of paraffin. Carious dentine means here that 
dentine obtained from extracted teeth with advanced caries. All of the 
aqueous enzyme preparations ohtairied from tlieae materials were stored 
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at --20cC, between experiments. The erizyme preparations were dilutc-d in 
proper ratios with cold water just before use. 

A detailed description of malting the enzyme preparations is presented in 
the following. 

Whole saliva was collected from four persons (2 male, 2 female) by stimulating the secretion 
with paraffin (m.p. 52 "C). N o  attention was paid to the clinical condition of the dentition of 
the persons. The material was allowed to run into test tubes placed in an ice bath and cen- 
trifuged immediately thereafter at 19500 rpm (45900 g) for 10 min. at 4 ' C  in rotor SS-34 
of the Sorvall Superspeed RC-2B centrifuge. Throughout this work the centrifugal forces 
quoted were average figures. The pellet was preserved for further handling. The supernatant 
fluids were stored at -20°C. When a sufficient amount of centrifuged whole saliva had 
been obtained in daily collections, the samples were thawed and pooled. The evident turbidity 
was removed hy centrifugation at 19500 rpm (45900 g) for 10 min. at 4"C, and the supernatant 
fluid was then designated as the whole saliva supernatant. 

The pellets obtained after centrifuging the pooled whole saliva samples were suspended 
in cold (about 4°C) 0.01 M tris-HC1 buffer, pH 7.2 (about 1 ml per the original 10 ml volume 
of collected saliva), so that several 10 ml suspensions were obtained. These 10 ml suspensions 
containing oral micro-organisms (and some epithelial cells) detached from the surface of 
the teeth, the tongue and the oral mucosa through the rubbing action of chewing paraffin, 
were treated for 10 min. with the MSE ultrasonic disintegrator (Measuring & Scientific Equip- 
ment Ltd, London, England), 100 B'att Model, using a titanium probe, end diameter 19 mm. 
During the treatment the sample was kept in ice to prevent over-heating. The resultant solution 
was centrifuged at 19500 rpm (45900 g) for 20 min. at 4"C, and the supernatant fluid was 
designated the enzyme preparation representing whole saliva sediment and is later called 
Bacterial Plaque I. This kind of enzyme preparation may be claimed to represent only such 
soft bacterial plaque which is easily removed from oral surfaces. Thus in addition, as mentioned 
earlier, bacterial plaque was collected directly from the surface of the teeth with an excavator. 
This material was obtained from four persons, altogether about 0.2 g at a time, and it was 
immediately suspended in 1 ml of cold (about 4°C) 0.9 y, sodium chloride solution. The 
suspension was centrifuged in glass tubes at 14500 rpm (23500 g) for 15 min. at 4 "C, and the 
clear supernatant fluid was designated as an enzyme preparation representing an extract 
which contained products of bacterial metabolism, e.g. cxtracellular proteolytic enzymes, 
and is later called Bacterial Plaque 11. 

The parotid saliva was collected from four persons, using the Carlson-Crittenden device 
(Shannon, Prigmore & Chauncey, 1962). The parotid saliva collected in this way was always 
completely clear and did not require any centrifugation. The enzyme preparations from the 
carious and healthy dentine were prepared from extracted teeth. After extraction, the teeth 
were stored for about 10 days at 4 "C before further treatment. The carious areas of the teeth 
were detached with a cyrette, and the fragments obtained were ground for 10 min. at room 
temperature in a porcelain mortar into as fine particles as pnssihle and treated for 3 hr. with 
0.01 M tris-HC1 buffer, pH 7.2, stirring the mixture with a magnetic mixer at  about 4%. 
10 ml of buffer was used for each 2 g of dry material. The extracts were centrifuged at 19500 
rpm (45900 6) for 10 min. at 4%, and the supernatant solutions were designated as enzymr 
preparations obtained from carious dentine. The hard normal dentine was crushed in a per- 
cussion mortar of steel. The resultant fine powder was then treated as above, and the final 
supernatant fluids were designated enzyme preparations representing the activity in normal 
dentine. 
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4. Enzyme preparations from cultivated micro-organisms 

For this investigation 10 different micro-organism species or strains were 
chosen. A number of them were related to those constantly occurring in the 
human mouth. The test organisms are listed in Table TI together with certain 
informations on their source and cultivation. The final cultivations were 
performed under identical conditions in order to allow a reliable comparison 
of the results. All cultivations were carried out at 37°C. The lactobacilli 
were maintained as stab cultures in P-agar*, then transferred from this to 
7 ml of Bacto-Micro Inoculum Broth** and cultivated for 24 hr. without 
aeration. The contents of the 7 ml tubes were finally transferred, aseptically, 
into 500 nil of pre-warmed TSHGA-medium***. Other test organisms 
were maintained as slope cultures on P-agar and transferred from these 
into 5 ml tubes of the TSHGA-medium, where the cells were cultivated for 
24 hr. as lactobacilli. The corit.ents of the 5 ml tubes were then transferred 
aseptically into the 500 ml  TSHGA-medium, as above. 

All of the test organisms were grown in the 500 ml  TSIIGR-medium for 
4--24 hr. as indicated in Table 11. Growth was followed turbidimetrically 
with a Klett-Summrrson colorimeter employing filter No. 62. The incubations 
were stopped when the growth had clearly reached the middle of the expo- 
nential growth phase. This was ascertained in preliminary experiments. 
The growth mediums were aerated (except in t.he case of Str. salivarius, 
which did not grow well under aeration) by agitating the medium with a 
mixer (Heidolph Laborriihrer, Typ RZR, Heidolph Elektro KG, Kelheim/ 
Donau, Germany) using a steel propeller at 150 rpm. 

The cells were harvested from the growth medium by centrifugation at 
19500 rpm (49500 g) for 10 min. at 4°C and washed twice with 5 ml  of cold 
(about 4°C) 0.9 yo NaCl solution in the centrifuge tubcs. After pouring 
off the last washing solution, 2-7 ml of cold 0.01 M iris-HC1 buffer, pH 7.2, 
(1 ml per the original turbidity reading of 20 obtained with the colorimeter) 
was added to the pellet, and the cells were suspended in it. The resultant 
suspension was then treated with the MSE ultrasonic disintegrator, as earlier 

* The solid P-agar was composed of  the following ingredients per 1000 ml distilled water: 
1 0  g Sacto-peptone, 3 g yeast extract, 1.5 g meat extract, 20 g agar. The pH of the medium 
was ad,jiisted to 6.5-6.6 and the medium was autoclavized for 20 min. at 121°C. 

*:& The Bacto-3licro Icoculiini Broth was made by rehydrating 37 g of the commercial medium 
in 1000 nil distilled watei. The medium was autoclavized fnr 15 min. at 121 "C. The frequency 
of tiansfers using these solid mediums varied from 4 to 5 weeks. The cultures were maintained 
at 4 %  between transfers. 

***  The TSHGA-medium rontained the following ingredients per 1000 nil distilled water: 
5 g sucrose, 5 g Bacto-tryptone, 10 g glucose, 5 g lactose, 5 g yeast extract, 2.5 g gelatine, 
and 0.7 g ascorbic acid. The pH of the medium was adjusted to 6.7--6.8. 
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Table I1 
List of micro-organisms used in the study and some details about their cultivation. The 
first column gives the names of the test organisms and the second column the length of the 
incubation time in the f i na l  cuLtivation in 500 ml of TSHGA medium. In the other columns 

further details on the cultivations are given. 

Organism 

Mg cells 
(dry weight) 

Final pH 
Length of the in m1 Of Turbidity of the 

growth second incuba- growth me- reading 

mediumc tion time (hr.) dium at the reached 
end of culti- 

vation 

Streptococcus salivariusa 24 0.25 110 4.5 
Streptococcus pyogepes ATCC 663613 4.1 0.20 78 4.5 
Streptococcus pyogenes (haemolyticus) 

ATCC 9342b 6.5 0.19 80 4.3 
Streptococcus sp. ATCC 985413 4.5 0.22 103 4.8 
Lactobacillus fermenti ATCC 933813 9.0 0.18 82 5.3 
Lactobacillus lactis ATCC 8000b 4.8 0.20 90 4.5 
Lactobacillus casei ssp. rhamnosus ATCC 

7469h 8.0 0.15 50 5.3 
Escherichia coli 113b 3.0 0.32 115 5.4 
Escherichia coli 154b 5.0 0.21 88 5.2 

aIsolated and cultivated from human whole saliva at the Institute of Dentistry, University 
of Turku, Turku, Finland. 
bSupplied by Apteekkitavaraintarkastuslaboratorio, Helsinki, Finland. The numbers refer 
to the American Type Culture Collection (ATCC) numbers, and in the case of the Eschetichias 
to numbers given by the supplier. 
CMeasured at 37 'C with glass electrode just before harvesting the cells. 

described. The supernatant solutions finally obtained were used as enzyme 
preparations and stored at -20 "C between experiments. The clear growth 
mediums were not saved for investigation because it was found that their 
cystine cleaving activity was rather low. 

5 Dry weight of micro-organisms 

The dry weight of the micro-organisms studied was determined from one 
10 ml sample from the same growth phase from which the cells had been 
harvested for enzyme studies. The drying was conducted with centrifuged 
pellets [at 23500 g (1400 rpm) at 4°C for 10 mixi., washed thrice with cold 
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0.9 yo NaCl] at 65°C until a constant weight w a b  reached. For most test 
organisms a colorinieter reading of 100 (with the Klett-Summerson colori- 
meter) corresponded to 0.2-0.3 mg dried cell$ per 1 ml growth medium. 

6. Column chromatography 

The gel filtrations w-ere conducted on SephadexB columns. In the preparation 
of gels and in conducting the fractionations, the instructions of the manu- 
facturer (Pharmacia, Uppsala, Sweden) were followed. DEAE-cellulose 
chromatography was carried out on columns packed with a product of 
Sclileicher & Schiill (Dassel/Kr. Einbeck, Germany). A fraction of 200-230 
mesh was sieved from the commercial p -eparation. In  preparing the material, 
in packing the columns, and in conducting the fractionations, the instruc- 
tions presented by Peterson and Sober (1962) have been foIlowerl. 

7. Determination of protein concentration 

In this investigation the protein concentrations were determined using the 
Fob-Ciocalteu method (Lu I me, 1963). Bovine serum albumin (crystallized 
and lyophilized, Sigma Chemical Company) was used as a standard. 

RESULTS 

When preliminary experiments had shown that centrifuged human whole 
saliva possessed enzymes capable of forming lteto acids from L-cystine, a 
number of other oral enzyme preparations were also tested. The results 
are given in Table 111, which shows that the enzyme preparation made 
by ultrasonic treatment from whole saliva sediment (Bacterial Plaque I) 
displayed the highest enzyme activity. This was evidently due to the occur- 
rence of micro-organisms capable of synthesizing enzymes which transformed 
L-cystine into a variety of degradation products, among others to keto acids. 
‘This formation of keto acids (presumably pyruvic acid) from L-cystine may 
be said to have talcen place with a simultaneous, or subsequent, formation 
of inorganic sulphate, ammonia, and some S-containing compounds not 
yet positively identified. The activity of various oral enzyme preparations 
cleaving L-cystine seemed to be rather low in most cases. Hence any end 
product of this cleavage reaction, except of lceto acids, was present in the 
reaction mixture in rather low quantities, or else was rapidly transformed to 
other compounds. In addition, attempts to purify the enzyme(s) involved in 
these transformations failed, as is discussed later in more detail, probably 
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Table 111 
Ability of various oral enzyme preparations to form keto acids from L-cystine. The reactions 
were carried out for 3 hr. in 0.01 M tris-HCl buffer,pH 7.2, with 0.01 M L-cystine and without 
the presence of added pyridoxal-5phosphate. The enzyme activity is expressed as pmoles of 

pyruvic acid formedper min. and per mg protein ( x 10”). 

Source of enzyme preparation Activity 

Supernatant fluid of whole salna 61 1 
Parotid saliva 280 
Whole saliva sediment (Bacterial Plaquc I) 5800 
Plaque extract (Bacterial Plaque 11) 605 
Extract of carious dentine powder 390 

10 Extract of normal dentine powder 

because of their insignificant rate of appearance in the oral cavity and 
especially because of their low stability. These are the reasons why, when 
using crude and complex enzyme preparations, identification of the exact 
end products was not possible. Hence, only the terms opyruvic acid forming 
activity)), or oL-cystine cleaving activity)) are used. 

Because the observed enzymic formatioil of keto acids would be expected 
to require the prticipation of a coenzyme, some possible compounds were 
studied, i.e., NADPH,, pyridoxal-5-phosphate, and pyridoxine (all tested 
at 0.77 x M). Only pyridoxal-5-phosphate increased the rate of the 
formation of pyruvic acid. In addition, several other compounds not expected 
to activate the cleavage of L-cystine were also investigated in order to deter- 
mine their possible effect on the reaction. These compounds and their 
concentrations in the reaction mixtures were as follows : thiamine HC1 
(0.77 x M), rihoflavine (4.0 x M), nicotinic acid (0.77 x M), 
p-zminobenzoic acid (0.77 x M), calcium panthotenate (0.77 x 10” M), 
and NADP (0.77 x M). These compounds had no effect on the formation 
of pyruvic acid. The efficiency of pyridoxal-5-pkospliate as a coenzyme in the 
keto acid formation may, however, be dependent on the structure and nature 
of the substrate when a crude enzyme preparation was used. For example, 
the formation of keto acids from DL-lanthionine, meso-cystine and L-djencolic 
acid took place at different rates, depending on the presence or absence of 
the added coenzyme in the reaction mixture. The formation of lceto acids 
(measured as pyruvic acid) from these compounds was increased, using 
pyridoxal-5-phosphate, by 10, 30, and 75 yo, respectively. 
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When it had been found that pyridoxal-5-phosphate increased the rate 
of the formation of lteto acids from L-cystine and L-djencolic acid, the effect 
of EDTA (at several concentrations ranging from 0.166 x M to 0.83 x 
10-3M in the reaction mixture) and certain metal cations ( i . ~ .  Fef++,  Cr+++,  
Al+++, aridCu+ ions, at 0.166 x 10-5 M, in the form of metal chlorides) 
was tested with a dialyzed enzyme preparation. A portion (2 ml) of an enzyme 
preparation obtained from Bacterial Plaque I by ultrasonic treatment was 
dialyzed for 24 hr. against 10 1 of water at +1 "C. The faint turbidity formed 
during the dialysis was removed by centrifugation at +1"C. An equal 
amount of undialyzed enzyme preparation from the same original lot was 
studied as well. Subsequent experiments with these preparations showed 
that EDTA did not inhibit the reaction at any of the concentration used. 
An inhibitory effect of about 5 or 10 yo was occasionally obtained, this 
being explained as an unspecific effect. Further, the metal salts tested had 
no clear effect either. The most clearly observed result was a lowering, by 
30 to 40 percents, of the activity in the enzyme preparation, this evidently 
being due to  protein denaturation. The results seem to indicate that the 
formation of keto acids do not involve in this case the initial formation of 
a metal chelate of a Schiff's base between catalyst and substrate. The formation 
of such a base may not be, however, an absolute requirement, as will be 
shown in the discussion. It seems certain, on the basis of the results, that the 
observed formation of keto acids is also due to an enzyme, and not only, for 
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Fig. 1. Efferts of various concenmations of pyridoxsl-5-phosphate on the enzymic deavage 
of L-cystine by enzyme preparations obtained hy ultrasonic treatment of whole saliva sediment 
(Bactorial Plaque I). Incubation time: 3 hr. The concentrations of p)'ridoxal-5-phosphate have 
been given as p.4 (p-kctivator). The enzyme activity is given in extinction (this concerns 

Figs. 2--4 as well). 
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example, to a non-enzymic catalysis by the coenzyme itself. Such a non- 
enzymic cleavage of L-cystine and L-djencolic acid did occur, caused by 
pyridoxal-5-phosphate, but these effects were taken into account in appro- 
priate blank tubes. 

I t  was also found necessary to test the effect of various concentrations of 
pyridoxal-5-phosphate. The results from such experiments are given in 
Fig. 1, which shows that the enzyme preparations made by ultrasonic treatment 
from oral micro-organisms (from Bacterial Plaque I) evidently already 
contained considerable amounts of activating compounds, e.g., pyridoxal- 
5-phosphate. However, the added coenzyme clearly induced even higher 
enzyme activity. 

When the effect of the enzyme concentration was studied (Fig. 2), it 
appeared that the rate of the cleavage of L-cystine was found to be directly 
proportional to the amount of the enzyme present in the reaction mixture. 
The cleavage of L-cystine was also found to be linear with time. This is 
shown in Fig. 3. Dependence of the rate of the cleavage on various con- 
centrations of L-cystine is given in Fig. 4. It is seen that, under the conditions 
given, a saturation of the enzyme was obtained when the initial amount of 
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AMOUNT OF E N Z Y M E  (p l )  

Fig. 2. Dependence of the cleavage of L-rystine on the quantity o f  enzymc preparation (thp 
same enzyme preparation as given in the legend to Fig. 1). Incubation tinre 3 hr. 
o in the presence of 2 x M p)ridoxal-5-phosphate. 0 in the ahaenre of added coenzyme. 
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Fig. 3. Rate of cleavage of L-cystine hy the same enzyme preparation mrntioned in the legend 
to Fig. 1. o i n  the presence of 2 x M pyridoual-5-phosphate. 0 in the abscnce of 

added roenzynie. 
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Fig. 4. Dependence of the rate of rleavagr of L-cystine on snhstrate concentration. The same 
enzyme preparation was used as given in  the legend to Fig. 1. Incubation time 3 hr. 



STUDIES ON ORAL ENZYMES 457 

L-cystine in the reaction mixture was 0.15 mg and that substrate inhibition 
occurred at higher substrate concentrations. The above experiments (Figs. 
1 4 )  were carried out with an enzyme preparation obtained by disintegrating 
the whole saliva sediment (Bacterial Plaque I) with ultrasonic treatment. 
Similar results were obtained also with enzyme preparations obtained by 
extracting excavated plaque by buffer (Bacterial Plaque 11). 

The formation of keto acids from L-cystine and several related compounds 
by two enzyme preparations obtained from whole saliva is given in Table IV. 
The cleavage of L-djencolic acid and L-cystine and some closely related 
compounds (ie., meso-cystine, DL-lanthionine, l(+)nwso-lanthionine, and 

Table 1V 
Formation of keto acids from various L-cystine related compounds using two oial  enzyme 
preparations. The reactions were carried out for 6 hr. in 0.01 M tris-HCI buffer, p H  7.2 
using 0.01 M substrate concentrations (without added pyridoxal-5-phosphate). The results 

are given a s  iimoles of pyruvic acid formed per min. and  per mg protein ( x lo6).  

Substrate Source of the enzyme preparation 

Whole saliba supernatant Bacterial Plaque 1 

L-Cystine 
meso-Cystine 
L-Cystine diethyl ester 

525 4,350 
568 5,230 
568 450 

L-Cystine dimethyl ester 21 19 

L-Cysteine 165 434 
L-Cystine di-2-naphthylamide 139 563 

DL-Homocysteine 
L-Cysteic acid 
Cysteaniine 

128 564 
201 564 
165 216 

Taurine 
0-Phospho-DL-serine 
0-Methyl-DL-serine 

201 547 
0 43 

460 1,040 

0-Phospho-DL-thrconine 367 800 
DL-Lanthionine 201 5,500 
1( + )meso-Lanthionine 220 5,200 
L-Djencolic acid 881 10,000 

~ ~~~~~ 

DL-Cystathionine 498 3,777 

S-Methyl-L-cysteine 155 1,521 
DL, DL-Allocystathionine 553 3,480 

S-Methylglutathione 460 690 
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DL-cy>tathionine) was most rapid. When using L-djencolic acid it was found 
that the amount of pyrutic acid, estimated in pmoles per min. and per mg 
protein (about 0.01 pmoles), was always the highest of all the compounds 
tested. When calculating that the reaction was carried out for 360 min. and 
with an initial amount of 0.5 pmoles of L-djencolic acid in the reaction 
mixture, it was found that the amount of enzyme in the reaction had produced 
about one pmole of pyruvic acid from one /mole of L-djencolic acid. It was 

Table V 
Formation of keto acids from various compounds related by their structure to L-cystine 
using enzyme preparations from various micro-organisms. The reactions were carried out 

in the absence of added pyridoxal-5-phosphate for 6 hr. in 0.01 M tris-HCl buffer, pH 7.2 
using 0.01 M substrate concentrations. The results are given as pmoles of pyruvic acid 

formedper min. andper mgprotein ( x lo6). 

Substrate Source of the enzyme preparation 

L-Cystine 608 200 950 90 130 306 893 430 
meso-Cystine 638 244 1,300 58 239 234 1,345 565 
L-Cystine diethyl ester 38 16 68 19 35 134 8 233 
L-Cystine dimethyl ester 105 48 65 10 46 225 218 295 
L-Cystine di-2-naphthylamide 181 34 46 76 93 190 167 286 
L-Cysteine 0 0 0 0 0  0 0 78 
DL-Homocj steine 58 35 33 82 60 0 116 157 
L-Cysteic acid 43 30 37 18 44 190 77 308 
Cystearnine 0 35 50 0 15 162 69 192 
Taurine 354 538 103 45 54 252 141 365 
0-Phospho-DL-serine 0 0 0 0 0  114 38 250 
0-Methyl-DL-serine 322 46 138 121 44 408 638 319 
0-Phospho-DL-threonine 64 31 92 31 55 255 0 265 
DL-Lanthionine 1,190 362 1,710 105 119 360 2,060 740 
1( +)meso-Lanthionine 1,100 350 1,620 95 170 370 2,010 660 
L-Djencolic acid 2,708 1,050 5,820 130 98 127 5,860 3,390 
DL-Cystathionine 611 105 582 77 37 676 514 466 
DL, DL-Allocystathionine 434 123 384 24 53 210 532 467 
S-Methyl-L-cysteine 537 119 710 67 35 475 710 607 
S-Methylglutathione 128 15 0 50 63 229 140 314 

a, b. These markings refer to Table I. 

358 
460 
120 
169 
447 

0 
101 
161 
228 
447 
92 

406 
484 
448 
390 
566 
369 
368 
484 
850 
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interesting to find that the forniation of lteto acids from other closely related 
compounds was only approximately half of that formed from L-djencolic acid. 

L-Djencolic acid and 1,-cystine were also the most rapidly cleft substrates 
when the keto acid-forming activity of several crude bacterial enzyme pre- 
parations was studied (Table V). As stated earlier, some of these micro- 
organism.; are related to those commonly occurring in the human mouth. 
Thus the test organisms selected served merely as examples of the general 
ability of various bacteria to form enzymes capable of cleaving L-cystine and 
related compounds. Due to  the evident differences of the bacterial enzyme 
preparations involved, the results may not be strictly compared with each 
others. However, it seemed that Str. pyogenes 6636 and I,. lactis possessed 
considerable enzyme activity under the conditions :et up. It is also to he 
noted that although the solubility of meso-lanthionine is 0.022 g in 100 ml 
of water at 25"C, while that of the DL-form is 0.15 g under the same con- 
ditions (Greenstein & Winitz, 1961), the cleavage of both was almost the 
same (this is revealed in Table IV as well). Hence, more substrate was dis- 
solved in the reaction mixture from the undissolved portion of the meso 
form as it was transformed by the enzymes, permitting equal rates of cleavage 
with the two substrates, despite of differing solubilities. 

The formation of lteto acids from L-cystine was inhibited by L-cysteine, 
although the concentrations for the appzarance of that phenom-non had 
to be rather high, i.e. about equimolar concentrations of the substrate 
(at almost M). The same inhibition was found also with dithiothreitol. 
No inhibition by L-cysteine and ditliiotlireitol was found in the concentration 
range 0.8 x 10.5 M to 1.6 x 

It was thought that free cysteine or other compounds with a thiol group 
would ark- in measurable amounts in the cleavage of L-cystine. Hence many 
of the reaction mixtures were also titrated spectrophotometrically with 
p-chloromercuribenzoate according to Benesch & Beizesch (1954). Howzver, 
no increese in the amount of SH-groups was found. 'This may have its ex- 
planation in other reactions, where the evidently formed cysteine, for exam- 
ple, was rapidly utilized to form other sulphur compounds. Experiments 
carried out for the detection of inorganic sulphate, with slight modification 
of Antonopoulos (1962), revealed that the use of L-cystine as substrate for 
a disintegrated plaque enzyme preparation (Bacterial Plaque I) caused the 
formation of inorganic sulphate in the reaction mixture. This formation of 
sulphate was not shown to be stoichiometric and varied to a certain extent, 
depending on the enzyme preparation used. 

Several attempts to form pyruvic acid from L-cystine were made in order 
to show it to be stoichiometric with the disappearance of the substrate. 

hl. 
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Fig. 5. 
a tenth 
Figure 

.................. - ..................... ~ .................. - ............. - ...... 
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TIME (HOURS) 

Productiun of keto acids, measured as pvruvic acid, from 0.5 pmoles of L-cystine (i.e. 
of that used in the experiments of Fig. 3). The (lotted line in the upper part of the 
represents the initial amount of L-cystirie in the reaction mixture. The lower line 

desrrii7es the forrnntion of pyruvic acid. See text for details. 

These resulted in failure. The failure is thought to be due, in part, to the 
crudeness of the enzyme preparations used. The formed ltcto acid, e.g., 
pyruvic acid, might have been raI)idly utilized by other enzymes to form 
other products. This is also shown in Fig. 5 which indicates that the pyruvic 
acid formed in these experiments never reached the double (1.0 pmoles) 
value of pmolrs of L-cystine initially present (0.5 pmoles) in the reaction 
mixture, if it is assunied that two pyruvic acid molecules are formed from 
one molecule of L-cystine. Nor had it rcached evcn the half (0.5 /.moles), 
if it is assumed that only one molecule of pyruvic acid is formed from one 
L-cystine molecule. Inasmuch as all the undissolved substrate disappeared 
during most of the reactions studied, it may be stated that products other 
than pyruvic acid were also formed, or that the pyruvic acid was itself con- 
sumed as it was liberated at the active site of the enzyme molecules. Attem1)t.s 
to detcct the formation of ammonia during the enzymic reaction?, by the 
method of Searsy rt al. (1961), failed too, apparently for the same reasons 
as above. 
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An attempt was made to fractionate the keto acid forming enzyme(s) (in 
Bacterial Plaque I) by DEAE-cellulose chromatography and Sephadex gel 
filtration with G-100 and G-200 gels. These experiments did not produce 
any positive results, only low activity was obtained in some of the fractions 
after DERE-cellulose chromatography, with L-cystine as a substrate and 
pyridoxal-5-phosphate as a coenzyme. The activity of these fractions proved 
to be too low to perinit closer study. The same can be said of the Sephadex 
gel filtrations. 

The results obtained by analyzing reaction mixtures with L-cystine as 
substrate, using an  amino acid analyzer, are given in Fig. 6, which shows 
that the substrate was indeed consumed dnring the reaction by enzymic 
catalysis. Several other unidentified ninhydrin-positive peaks (not shown) 
were also obtained. The relative amoiint of compounds correlated to these 
peaks was modified in terms of the nature of the plaque enzyme preparation 
and the conditions used. 

The experiments with labelled cystines are documented in Figs. 7-9. 
In Fig. 7 it is shown that [3-14C]DL-cystine and [35S]L-cystine had been 
broken down by an enzyme preparation obtained by disintegrating plaque 
micro-organisnis with ultrasonic treatment. Two points are to be noted in 
Fig. 7. First, a portion of the substrate had already spontaneously hrolceri 
down, probably to cysteine or cysteic acid; this is seen from the curves 
describing the suhstrate blank. Second, the enzyme blank (actually not a 

Fig. 6. Patterns showing thr  consumption of L-cystine by enzymes from a Bacteridl Plaqllr I 
preparation (the same as given in the legend to Fig. 1). 1: pattern given b r  the ieaction niix- 
ture: 2: pattern giien by m,mnc; 3 :  pattern given bv substrate. The ordindte is ninhydrin 
color as recorded contimiourly w i t h  thP amino acid analwer. The highrct peaks represent 

r y h n e .  
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I*'ig. 7. Radioscans of the reaction mixture containing L-cystine as substrate, pyridoxal-5- 
phosphate (25 1'1 of 0.25 inhZ solution), and enzyme solution (Racterial Plaque I) analyzed 
Iiy thin layer chromatography. lnrubation time: I. hr.; development distance (ethanol: water): 
15 cni. The instriinient settings were: operation voltage 3010 V; time constant 3 see.; sensitivity 
4 0 0  niV: measuring range 30 pps; scanning specd 600 nim/hr.; slit width 2 mm, without 
window. A: experiment with [14C]DL-cystir~e; 1A: substrate h n k  (omitting the eiizyme 
Imt containing both labelled and unlahelled aubstrate). 2A: reaction mixture; 3.4: renzvrne 
IdankP (omitting the 5 mp amount of unlabelled L-cvstine, but still containing the 5 pl  
amount of the labelled substrate). B: experiment with I,-cvstirie, 1, 2, and 3, as abovc. 
111 83, the critirc lal~rlled su1)strate was ronsidered to have been hroken down, hence the 

high peaks. 

blank mixture, since still containing labelled cystine) gave the clearest 
result; evidently all of the labelled cystine had been cleft during the reaction. 
Thc essential reaction mixtures containing the unlabelled substrate (5 mg) 
hat1 seemingly low reaction rates because the labelled cystine molecules were 
randomly picked up by the enzyme. Still, as a matter of fact, even here 
the cleavage of L-cystine was certainly more rapid. Most of the reacting 
cystine molecules were unlabelled and were therefore not detectable by the 
thin layer scanner. It was also found that the distribution of various labelled 
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Fig. 9. Effect of 
enzynie concentra- 
tion. Radioecans of 
reaction mixtures 
containing L-cysti- 
ne as subitrateand 
varying amounts 
of enzynie prrpa- 
ration (Bacterial 
Plaque I) analyzed 
by thin laver chro- 
matography. Xo 
coenzyme via5 ad- 
ded. The labelled 
wibstrate was ['%I 
DL-cystine, and 
the reaction were 
stopped by perfor- 
rnir acid as descri- 
bed in the Methods 
eertion. Amounts 
of enzvnie added: 
1. 11lank (watcr 
instead of enqme) ; 
2: 5 pl;  3: 20 pi; 
4: 50 pi. Other 
details as for rig. 6. 
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transformation of LA-cystine to various cleavage products. When the reaction 
mixtures were treated with performic acid before chromatography, the 
cystine cleaving activity in all cases was seen to lower the radioactivity of 
the cysteic acid spots on the thin layer plates. On the other hand, this lowering 
was accompanied by the appearance of radioactivity in areas where pyruvic 
acid had been assumed to be present (based on comparison of Rf values). 

Fig. 7 shows that the substrate already contained at least three 14C-labelled 
compounds which were also stainable by ninhydrin. In  these experiments 
95 yo ethanol was used as solvent and performic acid oxidation was not 
carried out before the chromatography. Simultaneous experiments with 
commercial preparations of cysteine revealed the same spots : the lowest 
at the application spot; the middle one as an extended spot above the former, 
corresponding cystine; and the highest one as a sharp-edged area, possessing 
an Rf value of about 0.7, evidently corresponding to cysteic acid. It is clear 
that the conimercial cysteine preparations contained cystine and cysteic 
acid, or else they were formed during the incubation (without enzyme or 
coenzyme) or during the chromatography. However, in all of the experiments 
with labelled cystines, the presence of enzymes in the reaction mixture 
caused an increase in the radioactivity of that compound possessing the 
highest Rf value (about 0.7). In  the solvent systems used in the study (96 Yo 
ethanol: water, 63:37, w/w, and n-butano1:acetic acid :water, 60:20:20:, 
w/w/w; results with the latter are not shown) both cysteic acid and pyru- 
vic acid possessed rather similar Rf values. These were then used as an 
indication of the formation of either or both of these compounds in the 
enzyme reactions. 

DISCUSSION 

Cysteine and cystine may be important in the oral cavity because of the 
ease with which a pair of sulphydryl groups of cysteine can be oxidized to 
give SS- bonds of cystine, and vice versa. In the constantly varying conditions 
of human oral cavity, possibilities always exist for this reversible reaction. 
For example, all cells in general, including micro-organisms, contain glu- 
tathione which reacts rapidly in its oxidized form, as well as nonenzymically, 
to cysteine, forming cystine and reduced glutathione. Oxidized glutathione 
is formed, for example, in reaction to ascorbic acid. It could be thus claimed 
that in the oral cavity also reduction of cystirie to cysteine is accomplished 
by the reversible reaction just mentioned. The cleavage of the disulphide 
bond of cystine through the action of other reducing agents (cyanides, 
heavy metals, etc.) is also to be considered. 
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It has been thought that no enzyme is required to catalyze an enzymic 
interconversion of cystine to cysteine. Still, so-called disulphide reductases 
(EC 1.6.4.1) may create this reaction in the oral cavity just as they (lo in 
plants and yeast (Ronmno & Nickerson, 1954). The existence in the oral 
cavity of such an enzyme, however, was not significantly proven by the 
present results. It is known further that this eiizynic requires the cooperation 
of a reduced coenzyme, e.g. reduced NADP. The experiments with reduced 
NADP, presented in Fig. 8, niay in part support the action also of a tlisulphitle 
reductase, whereas those given when presenting the results with various 
coenzymes do not. Tliis ambiquity cannot, of course, he explained easily ; 
still it may very well be a consequence of the use of different enzyme perepa- 
rations. 

The main sources of the keto acid-forming activity seemed to be the soft 
bacterial plaque on the teeth and the masses of micro-organisms on other 
oral surfaces. These enzyme reactions occur in a variety of niicroorganisrris, 
as also shown by the exainples in this paper (Table V).  In the deeper layers 
of this bacterial plaque, cysteirie (arid hence also cyatirie) can be converted 
anaerobically by several routes, among which: the desulphydrase (EC 4.4.1.1) 
reaction arid via transamination (EC 2.6.1.3) with subsequent desulphuration 
of the keto acid. As for the cysteine desulphydrase reaction (EC 4.4.1.1), 
it has been shown that the actual substrate is cystine, which is always present 
in soliltions of cysteine, where even traces of cystine catalyze the desulphura- 
tion of cysteiiie (Flanin, 1962 ; Cavtrf h i ,  Mondovi, DrMarco ik Scioscita- 
Santoro, 1962; Cauallini, DeNIarco, Mondovi & Mori, 1960; Thibcrt, 
Dirderich & Kosicki, 1967). 

The aerobic formation of pyruvic acid frorn cysteine via the cysteine 
sulphinic acid pathway (EC ,4.1.1.29) has been ilernonstrated in animal 
tissues (Brrgeret, Chata,gner & Frornageot, 1956; S6rbo & Hr~ymrLn, 1957), 
but it may operate also in micro-organisms, e.g. on the surface layers of 
Idaque. 

It is worth observing that the metal cations tested had no effect on, nor 
did EDTA inhibit, the formation of keto acids from cystine when pyridoxal- 
5-phosphate was added to the reaction mixture. The formation of a Schiff’s 
rnetul chelate may not, as well, be an absolute requirement. It has been 
shown, for example, that pyridoxal phosphate also forms the prosthetic 
group of a-glucan phosphorylase (EC 2.4.1.1). Pyridoxal phospliate is at- 
tached to this eiizyme through its aldehyde group, but  without forming a 
Schiff’s base. l h e  phosphate group is important for the action of the erizynie, 
but it is not exchanged during the reaction (IZhpworth,  Jansz, Brown & 
Cori, 1958; Kent, Krebs & Fisher, 1958). HrrLunstein (1960) also concludes 



STUDIES ON ORAL ENZYMES 467 

that the experimental evidence of the involvement of metals in activating 
pyridoxal-5-phosphate enzymes is highly contradictory. Further, Muhler 
and Cordes (1966) state that most pyridoxal dependent enzymatic reactions 
do  not require metal ions for activity. Finally, Thihert, Diederich and Kosicki 
(1967) have shown that in a model system I>-cysteine reacts even in the 
absence of added metal. An explanatioii of this sort remains a strong possi- 
bility for the results obtained in this study. 

It should be remembered that cysteine and cystine certainly form only 
a small portion of pyruvic acid found in saliva and plaque, more being 
formed from other amino acids occurring in higher amounts, i.e. from 
glyciue, alanine, arginine, valine, glutaniic acid, etc. Thus the role of the 
present enzyme reactions in saliva and plaque must not be over-estimated, 
their relative signifigance depending on the amount of proper substrates 
available. However, as a producer of H,S, tlie cleavage of cystine and cysteine 
in the ordl cavity is constantly noticeahle. Another possible role of these 
enzymes, the action as protein disulpliide reductases in the degradation of 
oral tissues, remains to be investigated. 

In  conclusion, the cleavage of cystine, suggested on tlie basis of the results 
in this study, may be pictured as: 

CH, - S - S - CH, 
I I + K O  

NH,-CH-COOH NH,-CH-COOH---' 
0 
I /  

CI-I,- C- COOH+NH,+HS-S-- CHS- CH- COOH 
I 
NHz 

The corresponding reaction with cysteine would be 
CHE-SH 0 

I + H,O II 
NH,-CH-COOH ---+ NH, + CH,-c-COOH + 11,s 

When cystathione is the substrate, it is concerted by cystathionase to 
cysteine, ammonia and a-ketoglutaric acid. All of these enzymic reactions 
require pyridoxal-5-phosphate as coenzyme. I n  addition, the evident involve- 
ment of reduced nicotinarriide-adenine dinucleotide phosphate must then 
be considered. 
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SUMMARY 

The enzymic cleavage of L-cystine and 18 other related compounds was 
studied with enzyme preparations obtained from the human oral cavity and  
from certain cultivated micro-organisms related to  those constantly occurring 
in the human mouth. The cleavage of the substrates was measured 1) by a 
keto acid method ; 2) by using labelled cystines, determining the reaction 
on thin layer plates with a thin layer scanner and methane gas flow counter; 
and 3) by determining the consumption of L-cystine by the enzymes using 
an amino acid analyzer. The keto acid-forming activity was highest in the 
bacterial plaque. Lower activity was found in centiifuged whole saliva, 
parotid saliva, and carious dentine. Practically no activity was found in 
normal dentine. Of the microorganisms, a strain of Str. pyogenes and 
L. lactis possessed considerable L-cystine cleaving activity. Pyridoxal-5- 
phosphate was found t.o act as a coenzyme in the reactions, hut no evidence 
for the initial formation of a metal chelate of a Schiff’s base between the 
catalyst and substrate was observed. The most rapidly cleft substrates by 
all of the enzyme preparations studied were L-cystine, L-djencolic acid 
rneso-cystine, DL-lanthionine, 1( +)meso-lanthionine, and DL-cystathionine 

RBSUMB 
Etudes sur les enzymes buccaux. VII. Action du phosphate du 5-pyridoxal 
sur la dissociation de la L-cystine et de  cornpos6s apparent&, par des pr6- 
parations enzymatiques provenant de la cavit6 buccale humaine e t  de cer- 
tains micro-organisnies. 

La dissociation enzymatique de la L-cystine et de  18 autres composbs 
apparent& a CtC Ctudihe au moyen de  prkparations enzymatiques provenant 
de la cavit6 buccale humaine et  de la culture de certains micro-organismes 
apparent& i ceux qui sont constamment pr6sents dans la cavitC buccale 
humaine. La dissociation des substrats a CtC mesur6e 1) par m6thode cCto- 
acide; 2)  en utilisant des cystiries marqukes, la rCaction 6tant d6terminCe 
sur plaques de couches minces avec un  appareil i balayage pour couche 
mince et un  compteur 21 dCbit de gaz m6thane; 3) en dkterminant la destruc- 
tion de la L-cystine par les enzymes en utilisant un analyseur d’amino-acides. 
C’est la plaque microbienne qui pr6sentait 1’ activitC de formation d’acide 
cCtonique la plus ClevCe. Une activit6 plus basse a 6t6 trouvCe dans la d i v e  
totale centrifugke, dans la salive parotidienne et dans la dentine carieuse. 
Dans la dentine normale, on ne trouvait pratiquement pas d’activit6. Parmi 
les micro-organismes, une souche de Str. pyogenes et  L. lactis poss6daient 
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m e  activitk de dissociation de la L-cystine considkrable. Le phosphate du 
5-pyridoxal agissait comnie coenzyme dans les rCactions, niais on n’a pas 
observk de preuve de  la formation initiale d’un complexe mCtallique chClatC 
d’une base de Schiff entre le catalyseur et le substrat. Les substrats qiii Ctai- 
ent dissociks le plus rapidement dans toutes les prkparations enzymatiques 
Ctudikes Ctaient la L-cystine, l’acide L-djencolique, la mbo-cystine, la DL- 
lantliionine, la 1 (+)rne‘so-lanthionine et la DL-cystathionine. 

ZUSAMMENFiSSUNG 

Ihtersuchungen iiber Enzyme in der Muiidhohle VTI. Pyridoxal-5-Phosphat 
abhangige Abspaltung von L-Cystin und nahe verwandten Verbindungen 
durch Enzympreparaten der Mundhiihle und gewissen Mikro-organismen. 

Die enzyniatische Abspaltung von L-Cystin und 18 nahe verwandten 
Verbindungen wurde mit Enzympraparaten untersucht, die aus Mundbak- 
terien und gewissen den Mundbakterien ahnlichen Mikroorganismen eiitnom- 
men wurden. 

Die Urltersuchung erfolgte 1) durch Ketosaureverfahren, 2) durch An- 
wendung von niarkierten Cyst inen mit einer nachfolgenden Keaktioiismessung 
durch Diinnschichtplatten mit Hilfe von Diinnschicht-Scanner und 3) durch 
Messung des Abnehmens der Cystin wegen der Enzymtatiglieit mit eineni 
Aminosaureanalyzator. Die starkste Aktivitat in der Ketosaurenbildung 
wurde in der Bakterienplaque festgestellt. Die Aktivitiit war scliwiicher im  
zentriftigierten Speichel, ini Parotisspeichel und im ltariosen Dentin. I m  
gesunden Dentin uurde pralttisch keine Aktivitat festgestellt. Von den 
untersuchten Milcroorganismen besass ein Balcterienstand von Str. pyogenes 
und L. lrlctis eine erheblich grosse Menge I,-Cystin abspaltender hktivitat. 
Fiir die enzymatische Bildiing von Ketosauren war die Gegenwart von 
Pyridoxal-5-Phosphat in der Realitionsmasse erforderlich. Dafiii aber, 
dass zwischen dem Enzym und dem Siibstrat eine der Schiff’schen Base 
Bhnliche Metallchelatbildung eritstanden sei, wurden lieine Beweise erzieh. 
In allen untersuchten Substraten spalteten sich L-Cystin, I,-Djenliolsaure, 
meso-Cystin, DL-Lanthionin, l(-t)meso-L,anthionin, und DL-Cystathionin 
am schnellsten all. 

ADDENDUM 

While this paper was in press, studies on the disnlphide reductase of Achromo- 
bacter starkei by Ruiz-Herrera, Arnezcua-Ortcga and Trujillo was published 
(J. Biol. Chem. 243: 4083-4088 (1968)). The enzyme was purified appr. 
90-fold. Their success suggests that it might be possible to purify an oral 
disulphide reductase after such an enzyme has been reliably identified in 
the human oral cavity. 
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