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INTHODUCTION 

In Irevious publication (Pumio rt nl., 1968) it was shown that enzymes 
were capable in liberating phosphate from human dental enamel. I n  these 
publication it has been discussed that enzymes could be a primary factor 
in the degradation of dental enamel arid dentine in carious processes. The 
hydrolysis of N-L-~~lienylalanyl-2-nal,hthylamine was one of the interesting 
degradation processes obtained in preliminary unpublished studies performed 
uitli model catalysts at our ldboratory. This study is dealing with the demon- 
stration of this enzyme activity in the plaque, a fractionation of crude plaque 
material into components, capable in hydrolysing-N-L-phenylalanyl-2-naph- 
thylamine, ant1 a partial characterization of enzymes involved. 

MATERIALS AND METHODS 

Cheniicals. All chemicals used in this study were obtained from E. Merck 
AG (Darmstadt, Germany) if not otherwise stated. 

Substrate. Throughout the study N-L-phenylalanyl-2-naphthylamine was 
used. In some experiments N-L-prolyl-2-naphthylamine was also used. The 
substrates were supplied by Mann Research Lahoratories Inc. (New York, 
N.Y., U.S.A.). 
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Lnzyrnc> prcparutiori, Plaque inaterial was collected from different per- 
sons coming to the clinic. The plaque was collected into iced 0.154 M NaCl 
solution. The saline plaque mixture %-as then cold (+3"C) centrifuged for 
20 minutes at 20.000 x g (Sorvall model RC-2B). The supernatant obtained 
was collected and the pellicle was discarded. Different enzynie preparations 
obtained from different persons were then pooled. 

Determination of the hydrolysis of N-L-1~henylaltiny1-2-nu1~hth~laniiric 
and N-Lyrolyl-2-naphthylarnine. The method was based on measiireinent 
of the color intensity produced by diazoniuni salt coupling of enzymatically 
liberated 2-naphthylamine. The procedure used has been described earlier 
(MGFrinen, 1969). Color absorbance was read at 525 nip. Hitachi-Perkin 
Elmer UV-VIS Spectrophotonieter was used throughout the study. In  the 
experiments performed with certain enzyme affectors the liberated 2-naph- 
thylamine was was coupled by the Bratton-Marshall reaction (1939). 

The qffect of p H  on the hydrolysis (fl N-L-~)ht.n.3;lalan,yl-2-na1)hthyl- 
arnine. Following buffer solutions were used covering a pH range from 
3.6 to 12 : /3,/3-dimethylglutaric acid-NaOH, glycine-NaOH, and boric acid- 
borax. The enzyme solution was added to the incubation mixture as in usual 
activity assays consisting of buffer solutions of different pH values. 

Gel filtration. Pooled enzyme solution was freeze dried to  reduce the 
original volume to the tenth. The concentrated enzyme solution was then 
gel filtered through Sepl-ladex@ G-100 columns (Sephadex G-100, fine, 
supplied by Pharmacia Fine Chemicals, tJppsala, Sweden). The enzynies 
were recovered by assaying the enzyme activity MTith N-L-phenylalanyl-2- 
naphthylamine as substrate as described earlier in this study. 

The stability of the enzyme preprution, to various p H  changes. The 
occurrence of irreversible destruction of the enzyme preparation studied 
was tested by exposing the enzyme preparation to a range of pH values at 
37°C for 30 min, followed then by a testing of the activity after adjustment 
of the pH values to the pH optimum value of the tested substrate. The 
method is principally the same as described by Mukintx (1969) for rat liver 
aminopeptidase B and is the following: 1)laqiie enzyme preparation was 
first dialysed against a twenty fold volume of water for 24 hours in order to 
remove excess buffer. Enzyme dilutions, having different pH values, were 
prepared by pipetting 1 pl of undiluted enzyme solution to the bottom of 
a 6 ml  test tube. Thereafter 100 pl of 0.0014 M universal buffer (Rritton & 
Wellford, 1937) was added of varying pH values. One p l  enzyme s o h  
tion was then discharged on the bottom of the test tube by means of one 
microliter syringe equipped with 0.01 pl graduation. (Shandon Scientific 
Company Ltd, London, England). The enzyme solutions were then incu- 
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bated at 37°C for 30 minutes in tubes sealed with parafilm. After tlir in- 
cubation, the other components of the usual reaction mixture (0.3 rill of 
0.05 M B,B-dirnethylglutaric acid buffer, 0.5 ml substrated solution, and 
0.1 ml water) were added. The reaction mixtures were then again inculxitecl 
at 37°C for different length of time given in more details in the results. The 
enzyme activity was determined in the usual way described elsewere iri the 
paper. The experiments were performed separately in two sets of experi- 
ments with different substrate concentrations also given in the results. At 
the same time the usual pH dependence cnrve was determined as described 
earlier in reaction mixture containing 0.05 M ,8,/3-dimethylglutaric acid 
buffer of different pH values (also shown in the results), 0.1 ml substrate, 
0.1 ml water, and 0.1 ml enzyme solution. Corresponding experiments wen: 
performed with both N-L-phenylalanyl-2-naphthylaniine and N-L-prolyl-2- 
riaphthyla mine as substrates. 

The effect of various compounds on the rate of hydrolysis of N-L-phenyd- 
alanyl-%-naphth?.lamine. The following compounds were studied (given 
with their abbreviations and sources) : dithiotreitol, DTT (Calbiochem, Los 
Angeles, California, 1J.S.A.); 1-1-tosylamido-2-phenylethylchloromethyl ke- 
tone, TPCK, (Mann Research Laboratories) ; phenylmethanesulphonyl fluo- 
ride, PMSF (Mann Research Laboratories) ; N-ethylmaleimide, NEM (Man11 
Research Laboratories) ; diphenylcarbamyl chloride, DPCC (Mann Re- 
search Laboratories) ; and L-cysteine-HC1 (Sigma Chemical Company, St. 
Louis, Mo., U S A . ) .  In addition to these compounds CaCl,, MgCI,, CuCI,, 
NaF, MnCl,, and Na,EDTA were tested. The compounds were dissolved 
in the incubation buffer to form a M stock solutions, except for DPCC 
which was dissolved in acetone to form a lo2 M solution. The enzyme as- 
says were carried out as described earlier, but now in presence of an in- 
creasing concentration of the compound to be studied. The concentration 
of these cornpounds in the reaction mixtures is given in the results. In  the 
affector experiments performed with PMSF liberated 2-naphthylamine was 
coupled by the Bratton-Marshall reaction. Appropriate blanks were allways 
included, for instance to rule out a possible effect of the cornpountls nt t  

the substrate. 
Desa.lting of the enzyme preparation by using Sephadex G-25 gel f i l tra- 

tion. The pooled enzyme solutions after Sephadex G-100 gel filtration were 
transfered into 0.005 M ,!l,,!I-dimethylglutaric acid buffer, pH 6.6, by gel 
filtration through Sephadex G-25 13 cm x 2 cm columns (Sephadex G-25, 
fine; Pharmacia Fine Chemicals). 

Column chromatography on substituted celluloses. DEAE-cellulose (Carl 
Schleicher & Schiill, Dassel / Kr. Einbeck, Germany) with the particle size 
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200--230 mesh was used in these experiments. All fractionations were per- 
formed at  +2"C. Different fractionations were performed at  different pH 
values to search for the optimal conditions for the fractionation of the en- 
zymes. 

Deterniin,tztion of the inhibition constant Ki. The apparent inhibition 
constant Ki was determined according to the plotting method described by 
Dixon (1953). In this method l/vi (vi = rate of the reaction in the presence 
of the inhibitor) is plotted as the function of the inhibitor concentration (I). 

lletrrinination of sodium. The NaCl concentration in the elution buffer 
of the DEAE-cellulose ionescliange chromatograph was determined by 
measuring the amount of sodium in the collected fractions. This was per- 
formed using a standard method for sodium determination applied atomic 
absorption spectrophotometers (Perkin Elmer Manual). Perkin-Elmer Atom- 
ir Absorption Spectropliotometer, Model 303, was used. 

HESULTS 

Dctermination qf p H  optirnuin .for the hydrolysis c?f N-L-phenylalanyl- 
3naphthylamine with crude enzyme prrparution. The effect of pH on the 
rate of hydrolysis of N-L-phenylalanyl-2-naphthylamine was tested in 0.05 
M P,P-dimethylglutaric acid buffer of different pH values. The experiments 
revealed that the most favorable pH value was located around pII 6.6 with 
the crude enzyme preparation. 

Sephadex G-100 gel filtration. Figure 1 reveals the distribution of the 
enzyme activity (hydrolysis of N-L-phenylalariyl-2-naplithylarnine), giving 
three activity peaks when the fractionation was performed in 0.05 M P,P-di- 
methylglutaric acid buffer, pH 7.0. Three enzyme preparations were pre- 
iiared from the different activity pealts by pooling (which fractions were 
pooled is indicated in Figures). 

The stebility uf the enzyme prepuratioi~ towards p H  changes. The results 
obtained on the stability of the enzyme preparation, pooled after Sephadex 
G-100 gel filtration, can be seen in Figure 2. The alteration of pH causes 
lowering of the tested enzyme activities of the enzymes derived from all the 
enzyme preparations when tested at two substrate concentration levels, 
resulting in a lowered rate of hydrolysis of the substrates both above and 
under the pH optimum values. Figure 3 showes the results obtained from 
corresponding experiments performed with N-L-prolyl-2-naphthylamine. It 
is apparent that no lowering of the enzyme activity could be obtained. The 
enzymes of both Pool I1 and I11 were not able to hydrolyse this substrate 
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Fig. 1. Sephadex G-100 gel filtration of human dental plaquc enzymes capable of hydrolysing 
N-L-phenylalanyl-2-naphthylamine. Column: 85 cm x 2.8 cm; hydrostatic pressure 20 cm; 
fraction size collected 2 ml; flow rate 3 ml/h; huffer 0.05 M /I, &dimethylglutark acid pH 
7.0; temperature i 2 " C ;  sample applied to the column: 5 ml enzyme solution. The fractions 
from 15 and 30 were pooled to obtain Pool I, and the fractions from 35 -50 were poolctl to 

ohtain Pool 11. and the fractions from 125 and 140 were pooled to obtain Pool 111. 

at all. The pH dependence curve performed with N-L-~~rolyl-2-riaphtliyl- 
amine as substrate (Fig. 3) showes an unusual distribution of the experi- 
mental points, resulting in a flattened pH curve when tested in 0.05 M 
B,B-dimethylglutaric acid buffer. 

The effect qf various compounds on the enzyme activities. Of the inany 
compounds tested only some affected the enzymes. Ca2+. ions were the 
only ions capable in activating the enzymic hydrolysis of N-L-phenylalanyl- 
2-naphthylamine by the enzymes of Pool I and 111. The enzymes of Pool 11 
were on the other hand inactivated by these ions (Fig. 4 B). Cysteine did 
inactivate the enzymes of Pool I1 leaving the enzymes of the Pools I and 
111 unaffected (Fig. 4 C). EDTA ions showed an similar effect, Pool I ant1 
I1 were inactivated by this affector leaving the enzymes of Pool 111 un- 
affected (Fig. 4 D). Figure 4 A shows the results of the inhibitory effect 
of Mnzf, Znz-'-, and Cu2'- ions on the enzymes derived from Pool 11. Cuz 
ions were the strongest inhibitors, demonstrated in the Figure, only by 
two experimental ]joints because of the selected ion concentrations in the 
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Fig. 2. The stability of the eizymes of Pool I (A), Pool 11 (B), and Pool 111 (C) towards pH 
changes. Detailed method is described i n  text. The rate of hydrolysis (v) of N-L-phenyl- 
alanyl-2-naphthylamine, tested at twro different substrate concentration levels (0.34x 
M, 5 ; and 0.67 x M ,  a), is expressed as the molar change of liberated 2-napthylamint. 
i n  the reaction mixture per minute. Usual pH dependence curves (A) were performed in 
0.05 ;I! p. /?-dimethylglutaric acid buffer and final 0.83 x 44 substrate concentration. 

Incubation time 22 hours. 
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Fig. 3. The stability of the enzymes of Pool I towards pH changes. Detailed method is de- 
srrihed in text. The rate of hydrolysis (v) of N-L-prolyl-2-napthylaniine, tested at two dif- 
ferent substrate concentration levels (0.83 x lo3, 0 ; and 0.83 X lo4 M, +), is expressed 
as the molar change of liberated 2-napthylamine per minute. Usual pH dependence time 
(A) was performed in 0.05 M p, p-dirnethylglutaric acid I ~ ~ f f e r  and a final 0.83 x M 

substrate concentration. Incubation time 4 hours. 
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Fig. 4. A. The effect of CuL+ (0), Zn2+ (a), and MnL+ (A) ions on the rate of hydrolqsis 
of 1V-L-phenylalanyl-2-naphthylarnine by the enzymes of Pool 11. Incubation time 16 hours. 
B. The effect of Ca2r  ions on the rate of hjdrolysis of N-L-phenylalanyl-2-naphthylamine 
by thr  enzymes of Pool I (0), Pool I1 (0), and Pool 111 (A). Incubation time 19 hours. 
C. The effect of EDTA on the rate of hydrolysis of N-L-phenylalanyl-2-naphthylan1ine bv 
the enzymes of Pool I (0), Pool I1 (a), and Pool I11 (A). Incubation time 19 hours. 
D. The effect of L-cysteme on the rate of hydrolysis of N-L-phenylalanyl-2-naphthylamine 
by the enzymes of Pool I (0), Pool 11 (a). and Pool I11 (A). Incubation time 16 hours. 
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Fig. 5. DEAE-cdlulose chromatography performed on the enzyme solution tlerii c.d from 
Pool 1, obtained after Sephadex G-100 gel filtration. Column: 10 cm x 2 cm; hydrostatic 
pressure 150 cm; fraction size collected 2 ml; buffer 0.005 M p, p-dimethylglutaric acid 
pH 6.6, with an addition of a linear salt gratiation (Oh1 M) with the same buffer containing 
1 RI NaCI; sample, enzyme solution transfered into 0.005 M /I, B-dimethylglntarir aricl- I)uf- 

fcr, pH 6.6, by gel filtering thrniigh Sephadex (;-25. 

0 2 0  40 60 80 160 180 
Fract ion n u m b e r  

Fig. 6. DEAE-cellulose chromatography performed on the enzyme derived from Pool I1 
formed after Sephadex GI00 gel filtration. Column: 10 em x 2 cm; hydrostatic pressnre 
150 cm; fraction size collected 2 ml; buffer 0.005 M p, /hlimethylglutaric acid pH 6.6, with 
an addition of a linear salt gradiation with the same buffer containing 1 M NaCI: sample 
enzyme solution transfered into 0.005 M p, B-dimethylglutaric acid huffer, pH 6.6 h y  gel 

filtering through Sephadex (2-25. 



F R A C T I O N A T I O N  O F  HUMAN DENTAL I’L?IQUE ENZYMES 51.3 

I‘ 

,/‘ 
I - 

u 
V 
c 
Q n 

- 
0 
0 

n 
0 

- 3  
0 
n 
3 

c 

L 
0 
VI 

o 
n 
v 

u 

x 
N 

E 

W ’ O  
0 20 40 60 80 160 180 
Fraction num bcr 

Fig. 7. DEAE-cellulose chromatography performed on the eniyme derived from Pool I I I 
formed after Sephadex G-100 gel filtration. Coltimn: 10 cm x 2 cm; hydrostatic prrss~rrr  
150 cm; fraction size collected 2 ml; buffer 0.005 bl 0, p-dimethylglutaric acid, pH 6.6. with 
an addition of a linear salt gradiation with same buffer containing 1 M NaCl: sample enzymr 
solution transfered into 0.005 M 0, P-diniethylgrlutaric acid huffer, pH 6.6. 11y gel filtrring 

through Sephadex G-25 .  

reaction mixture, and Mri2 ions the weakest inhibitors of these enzymes. 
The other tested compounds showed no effect on the rate of hydrolysis of 
N-L-phenylalanyl-2-naphthylamine by any of the tested enzyme p r e ~ ~ a r a -  
ti or is. 

DEAE-cellulose ionexchangc chromatography on the pooled rnz,j.nit’ 
preparutions. The enzyme preparations obtained after Sephadex G-100 
gel filtration were transfererl into 0.005 M /?,/I-dimethylglutaric acid by gel 
filtration through Sephadex G-25. Figures 5, 6, and 7 show the distribution 
of these enzymes capable of liycirolysing the working suhstrate after DEAE 
ionexchange chromatography. All enzymes of all pools were eluted off the 
columns by about the corresponding NaCl concentration values in the elu- 
tion buffer. The ionexchange chromatography of these enzymes without 
prior transfering the enzyme into less concentrated elution buffer showetl 
in all cases only one enzyme peak. Similar results were obtained when the 
enzymes were fractioned in presence of calcium in the elution buffer. 

DISCCSSION 

The chromatographic methods used in this study revealed a number of 
enzymes capable in hydrolysing the working substrate N-L-phenylalanyl- 
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2-naphthylamine. Sepliadex G-100 gel filtration gave three different enzyme 
peaks, all of them having different ICd values, and having the same specific 
enzynie activity. This suggests of an existence of at least three different 

sing this activity. The studies performed on the stability of 
the enzyme preparations towards pH changes showed, however, a rather 
similar behaviour, showing similar irreversible changes of the enzymes 
studied. These results suggest then that these enzymes could be the similar 
liy some iniportant properties. During the course of this study it could also 
he noted that the fractionated enzymes were extremely instable. Storage 
of the enzymes at f4"C resulted in a rapid loss of the tested enzyme activity 
from one day to an other supporting further the instability of the enzymes. 
The optimum pH was in all experiments around 7. These values should be 
interpreted with some precaution because a possible nonsaturation of the 
substrate in the enzymic reaction could exist at the different tested pH 
values. A nonsaturation of the substrate could result in a similar distribu- 
tion of the experimental points in the Figures 3 A, U and C. The enzymes 
of Pool I were the only ones capable in liytlrolysing the other tested sub- 
strate N-L-prolyl-2-naphthylamine. This enzyme activity showed a firm 
stalpility towards pH changes which was not the case with the experiments 
performed with the main working substrate. The pH dependence curve for 
the rate of hydrolysis of N-L-prolyl-2-naphtliylamine is not ordinary bell 
shaped (Fig. 4) rather flattened off along the tested alkaline pH values. 
An enzymic behaviour like this suggests that the dissociation of enzyme 
substrate complex in the alkaline region evidently takes place through two 
differently protoriatetl forms of the complex resulting in a higher rate of 
the hydrolysis at pH values above 8. A corresponding behaviour of the 
enzymes has already heen reported by Mukinen (1966, 1969), on enzymes 
clerivrd from human whole saliva acting on N-L-prolyl-2-naphthylamine. 

Of the metal cations only Ca2- ions did activate the enzymes of Pool I 
ant1 111, whereas the enzymes of Pool I1 were inhibited by these cation, 
suggesting that the enzymes of hoth Pool I and I11 could be metal dependent 
reqniring Cas '- ions in the enzymic hydrolysis reaction. EDTA, on the 
other hand, did inhibit the hydrolysis reaction of the enzymes of Pool 11. 
This could be interpreted is such away that the inhibition of the enzymes 
of this Pool could not be based on a clielation of some important cations 
for the hydrolysis reaction, since both Ca2 '- ions and EDTA ions produced 
the same effect on the enzyme reaction. 

The wide range of the enzyme affectors were chosen for this study it! 
terms of their known effect on proteolytic enzymes. DTT and L-cysteine 
usiially activate so calletl SH-enzymes, NEM is known to inhihit the cor- 
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respoding enzymes, and TPCK reacts with a-chymotrypsine by histidine 
alkylation (Schorllnzan &- S ~ U L C ,  1963). DPCC and PMSF also react with 
the active site of proteolytic enzymes, for example, chymotrypsine (ErZungrr 
rt ul . ,  1963 and Gold, 1965). 

Of all the enzyme affectors selected for this study only L-cysteine did 
inhibit the enzymic reaction of the enzymes of Pool I1 and I11 leaving the 
enzymes of Pool I unaffected, suggesting that SH-groups would not be of 
primary importance in the hydrolysis reaction. L-cysteiiie probably reduces 
the tlisulphide bridges important for the maintenance of the structure of 
the active enzyme, followed by a loss of the important configuration. 

All other affectors seemed to be inactive towards the enzymic hydrolysis 
reaction of N-L-plienylalanyl-2- naphthylamine. 

A further fractionation of the enzymes after Sephadex G-100 gel filtra- 
tion with DEAE-cellulose ionexchange chromatography showed that these 
enzymes could be fractioned in several components having this specific 
activity. IIowever, the activity of the enzyme preparation were constantly 
to low to perinit any closer investigation. 

Acknowledgements. This investigation was supported by a grant from the National Research 
Council for Medical Sciences of Finland and the Finnish Dental Society. 

SUMMARY 

Huinm dental plaque was collected from different persons into 0.154 M 
NaCl solution and centrifuged. The enzymes dissolved in the saline solu- 
tion Mere then fractioned ljy gel filtering through Sephadex G-100 accord- 
ing to tlieir ability to hydrolyse N-L-phenylalanyl-2-naphthylamine. Three 
different enLyme pools (I, TI, and 111) were obtained having this specific 
dctiwity. All the tested enzymes were extremely instable and they showed 
irreversible changes (reduction of activity) towards pH changes. Of the 
many different compounds and ions tested, only Ca2' ions had an activat- 
ing effect on the rate of hydrolysis of the substrate by the enzymes of Pool I 
and 111. These enzymes behaved like metalloenzymes requiring Caaf ions 
in their hydrolysis reaction. 

The results obtained in the experiments performed with L-cysteine re- 
vealed further that none of the tested enzymes would be typical SH-enzymes. 
Disnlphide bridges are probably important in the maintenance of the struc- 
ture of the artive enzyme5 of Pool 11. 
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A further DEAE-cellulose ionexchange chroiiiatograpliy revealed that 
the tested enzyme prepar~tions could be fractionated into sekeral compo- 
nents haling this specific actii ity. However, no wperimenti could he per- 
formed on these enzymes, liccause of evtrcrnely 1 o ~  enzyme activitics. 

R i s  LI M k 
FRACTIONNEMENT DES ENZYMES DE L A  PLAQVE BACTiHIENNE DES‘1’41KE I f L S 1 I N E  

IIYDKOLYSANT L A  N-L-PFlCR.Yl,ALANYL-,3-NAPHLY L 4  hl INE 

Des prPli.vernents de plaque bactPrienne clentaire hnmaine proventint de 
tliffkrentes personnes ont 6t6 recueillis dans iine solntion tle NaCl 0, 154 h4 
et centrifugks. Les enzymes dissous tlans la solution saline oii t  ensuite Pt6 
fractionries par filtration sur gel siir Sephatlev G-100 suivant leiir aptitude 
i hydrolyser la A7-L-phCnylalanyl-2-naphtylarrline. On a olitenii trois pools 
diffCrents rl’enzymes ayant cette activitk spPcifique. Tous les enzyines test& 
Ptaient extr6merrient instahles et pr6sentaient cles modifications irrkersihles 
(recluction tle l’activitk) lors des cliangements tie pH. Parini les noni1)reur 
coinposCs et ions test&, s e d s  les ions Ca2+ 1)rovc)quaient line ac,tivation de la 
vitesse de l’hytlrolyse dn siilistrat par les enzymes t l u  pool I e t  (l it  pool 111. 
Ces enzymes se comportaient cornme rles niCtallo-enzymes, les ions Ca2 ’- 
6tant nkcessaires A leur reaction tl’hytlrolysc. Les rksultats o1)terius daiis les 
essais faits avec la L-cystkine ont tle plus inis en liimih-e qu’mciin tles enzy- 
mes testks ne serait typique tlu groupe SH. Les p i t s  disulfiire sont 1)robal)le- 
ment importants pour le inaintien tle la structrire tles enzynies actifs (111 1)ool. 
11. 

La chromatographie par kchange tl’ions siir UEAE-cellulose a tle plus 
inontrC que les pr6parations enzymatiques test6e.s pouvaient &tre frac.t,ioiinkes 
en plusieurs constitnants ayant cette acticvit P spPcifique. Cepenclant, il n’a 
pas 6tk possible de faire tl’expCriences siir ccs elmymet;, e n  raison tle leiir 
activitC enzyrnatiqur ex t rhemen t  faible. 

ZUSAMMENFASSUNG 

FRAKTIONIEHC‘NG UND EINIGE EIGENSCIIAFTEN YON ENZYMEN I N  DEK 

MENSCHLICIIEN PI.AQUE D I E  N-I.-PHENYI,ALANYL-~-N-2PHTIlYI.AMlNE HYDKO- 

LYSIEREN 

\‘‘on verschiederien Personen wurden Plaques in eine Liisung vori 0.154 M 
NaCl gesamnielt iind zentrifngiert. Daraiif wnrclen (lie in der Salzliisiing 
liefindlichen Enzyme durcli Sephadex G-100 Filtration nach ihrer Fiihig- 
keit N-L-Plie1iylalanyl-2-Na~~htliylamin zn hyclrolysieren, fraktioniert. Man 
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erhielt tlrei verxchiedeiie Enxymgruppen (1, I1 und 111) mit dieser spezifi- 
schen Aktivitiit. Alle untersucliten Enzyme waren ausserst unstabil und 
zeigtcn irreversible Veranderungen (Aktivitiitsverminderung) bei pH-Ande- 
rung. \;on den vielen gepriiften Verbindungen und Ionen hatte nur  CaZi 

eine aktivierende Wirliung auf die Menge des Substrates, das durcli die 
Enzyme tler Gruppe I u n c l  I1 liydrolysiert wurde. Diese Enzyme verhielten 
sich wie Aletalloenzynie, die Ca2+ Ionen fiir ihre Hydrolyse Reaktion be- 
ntitigen. 

Die Resultate tler Experimente, die Init L-Cystein gemaclit wurden er- 
wiesen ferner, class l<eines der gepriiften Enzyme ein typisches SH-Enzym 
ist. \< errnutlich sind Disulfidhriiclien wichtig fiir die Erhaltung der Struk- 
tur tler aktiven Enzymgruppe 11. 

Eine weitere DEAE-Ioneriaustausclichroniat~gra~~hie zeigte, chss die ge- 
testeten Enzympriiparate in verschiederie Komponenten, welche diese Ei- 
genachafien liahen, fraktioniert werden kiinnen. Mit diesen Enzymen konn- 
ten alwr wegrii ihrer nietlrigeri Aktivitiit lieirie Versuche angestellt werden. 
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