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I N T R O D U C T I O N  

Earlier studies (Pazmio 3t. Mtikinen, 1969) concerning the activity of aryl- 
aminopeptidases in liunian periodontal ligarnent have been carried out on 
nonrnarginal material obtained a l m t  from the area of inflammatiori. It is 
clear, however, that correspondly enzyme activity determinations from the 
marginal part of the ligamerit, close to  the focus of inflammation, would 
yield valuable information, particularly as different uminoprptitlase-lil~~~ 
enzymes have been suggested t o  he involved in the inflanima~orp pro' 
Due to a lack of information ahout the activity of such enzymes in the mar- 
ginal part of the ligarnent, this study was undertaken. 

There are, however, histochemical studies on gingival amiriopeptid 
activity ((h~intarell i ,  1962 ; Paun,io 3t. Miikinen, 1970). These papers have 
simply demonstrated the erizyine activity in the tissues only and no  conclu- 
sions about the possible changes in the activity of aminopeptidases in in- 
flammation could lie made nn the basis of the results obtained. 

M A T E R I A L S  A N D  M E T H O D S  

The periodontal ligament material was obtained from about 700 extracted 
human teeth which were stored at -2°C after extraction. The samples were 
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handled and divided into diseased and coritrol material as described earlier 
(Puunio & Miikinen, 1969). The marginal part (the epithelial attachment 
and the area ca. 2 mni below it) and the remaining non-marginal part (the 
area helow the rnarginal area, excluding, however, the most apical region of 
the root) were investigated in this study. Samples representing the whole 
ligarnerit material (marginal and non-marginal areas) were nsed when studying 
the effect of age on the enzyme activity only. 

Chemicals. All cheniicals used in this study were the same as descri1)erl 
previously (Miikinen, 1966, 1969; Paunio & M&inen,, 1969). 

Other methods. The determination of arylaminopeptidase activity arid 
protein concentration, as well as the methods used in column cromato- 
graphy, have been described in earlier publications (MGkinen, 1966, 1969). 
The azo-dye-binding property of various tissue proteins was also taken into 
corisideratiori in the determination of the enzyme activity (Puunio, Brusiirr & 
Miikincn, 1970). 

The effect of the following compounds on the rate of the enzyme reactions 
was tested : EDTA, sodium I'-chloromercuriahen/.oate (PCMR), and phenyl- 
niethsnesulphonyl flnoritle (PMSF). The concentrations of these conipounds 
in the reaction mixtures were as follows: 0.1 x M, 0.2 x M, and 
1 . 0 ~  10-4 M. In addition, the effect of Ca++ and Zn-'--'- ions (added in 
chlorides) was studied at the concentrations of 0.6 x M, 1.2 x M, 
and 3 . 0 ~  10-4 M. 

RESULTS 

1. f<ffict of u,gc', The effect of age on the rate of the hydrolysis of some 
N-L-u1~iinoacyl-2-n~i~~htliylamines catalyzed hy unfractionated enzyme pre- 
yarations is Iresentcd in Table I. It was seen that arylaminopeptidase activity 
of the control samples decreased with increasing age. This type of correlation 
was riot found in the diseased material, except for the hydrolysis of N-L- 
methionyl-2-naphthylamine. In samples representing the diseased material, 
the enzyme activity was lowest in the material representing the oldest age 
group. 

2. /Irylunzinol,~~~tida.sc activity i n  various parts qf the ligament. Tablc I1 
shows the results obtained when studying the arylaminopeptidase activity 
with unfractionated enzyme preparations separately derived from marginal 
and non-marginal parts of diseased an normal periodontal ligaments. The 
diseased material representing marginal samples displayed lower rates of 
hydrolysis than the control material, while in the preparations derived from 
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Table I. 

EjYec.1 of age on the arylaminopepidase actiaity of human periodontal ligament. 2-A'A = 

2-naphthylamine. Ala = alanine, nrg = arginine, leu = leucine, lys = lrsine and met = 
methionine 

Enzyme activity (pmoles of 2-NA per min and per mg protein 

Ala-2-NA Arg-2-NA Leu-2-NA Lvs-2-NA Met-2-NA 

Control Age group 104) 
tissue (years) - ~~ 

70-80 180 85 97 85 127 
6 0 4 9  183 90 121 0 5 147 
3 0 4 0  182 90 107 87 1.51 

~~- 

6 0 4 0  173 79 101 112 136 
30-40 191 81 112 89 145 
20 -29 203 96 119 95 163 

Diseased 
tissue 

'Table 11. 

Arylumiriope~~tidusr twtiirity in lzumun periodontal ligament material q f  uorioirs types, 
tested in 0.005 121 tris-ElCl IiuNer, pH 7.0. Suhtrate concentration: 0.166 mM. 2-NA = 

nrcphthylamin~e. (izl = m(irgina1, 1%' = non-mtrrginal) 

Enzyme actiLity (pniolrs 2-NA per min and pi ' i  m g  
protein Y lo4) 
Diseased Control Diseased Control 
\I \I N N 

~~ 2-NA of 

L-Alaninr 
L-Arginine 
Glyrine 
L-Hydroxyproline 
L-Isoleucine 
L-Leucine 
L-Lysine 
L-Methionine 
L-Ornithine 
L-Phenylalanine 
L-Tyrosine 

160 
74 
10 
1.7 
6.5 

60 
64 

17 
29 
10 

89 

~ 

190 
104 
14 
1.9 
7.8 

70 
93 

141 
18 
39 
12 

158 
69 
10 
4.3 
9.7 

80 
70 

123 
15 
3 1 
10 

148 
70 
8.0 
2.7 
7.3 

68 

111 
14 
28 

58 

8.4 
~ 

the non-marginal pdrt of the ligarrieiiti the rates of hydrolysis were sorile- 

what higher in tlir disedset! material than in the control material. In tlie 
non-marginal saniples the differences iri the erizymr dctivity Iwtbeen the 
tliieaied arid control material M crc riot so clear ~5 in the rnargiiial samples. 
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ls'ig. I .  I\lolecul;tr i*xclusion chromatography of ary1arninopeptid;isi.s of human Iwrioiiontal 
lipiincnt (iiiuginal part) acting on 1~-I~-methionyl-2-na~~~ithylarnine (---). N-L-alanyl-2 
naplithylainine ( -  - -)  and i~-I,-arginyl-2-naphthylaniine (-.-.-). A : experiment w-ith normal 
niatc.rial; I{ : experiment with diseased material. For both experiments the following details 
imply: Column: Scphadex (;-200 (65 cm x 2.5 em); elution buffer: 0.01 M tris-HCI, pH 7.0: 
sample: 1.3 nil: ternperature: $-4"C; fraction volume: 1.5 inl; hydrostatic pressure: 15 em. 
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k'ig. 2. hlolecular exclusion chromatography of ar)  larninoprptidascs of hurnan prriodonkd 
liganirnt (niin-marginal part). All cxperiinental details antl syr~l l~ols  antl thrir incaning arc 

thc same as in Fig. 1.  

'I'he marginal hainl)lei contained tlie follo\iinp ainoiiiits of 1)roteill (in rng 
per nil) : ( l i h e d d ,  1.3; control, 1.2. Tlie cwrresponding V ~ U C ~  for the i i o n -  

marginal \aniplei 11 ere 
3. Fi action at ion a r i d  chat ncterira t ion 0 f nrylamiiioptyit idt rs~ c .  Thc 

reiiilts froin molectilx e'iclu'ion c roiiiatogral)lly 011 S e I ) h d r \  G-SO0 gcl 

follows : dihe'isrtl, 0.7; control, 0.8. 



178 MATTI L. E. KNLUTTIIA &NU h A L l h O  h. hlxKINEN 

0.1 0 

0.05 

n 
In 
(v 
v) w 

0 

0.20 

0.10 

0 

- POOL I 

POOL I1 h 

3 4 5 6 7 8 9 PH 
Fig. 3. Effect of pH on the rate (in lo-' x M Inin-') of the hydrolysis oTN-L-alanyl-2-naplilti~l- 
arnine catalyzed hv eight different enzyme preparations ohtained as shown in Figs. 1 and 2. 
0-0, Control marginal; 0- 0, Control non-marginal; A--A, Diseased marginal: 

A -A, Discasrd non-marginal. 

with all four types of enzyme pre1)arations are shown in Figs. 1 and 2. Tlic 
following results require consideration: 

a) In general, two niain enzyme peaks with arylamiriopeptidase activity 
were encountered in the chrornalograrns ; 1)) In the first enzyme peak ohtained 
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Table 111. 
t h e  e l je f t  o j  some enzyme cijfectors on the rate of the h y d r o l y ~ i ~  oj N-L-nl~inyl-Z-nnptittiyl- 
nmine (0.166 mM) catalywd by hfferent arylaminopep!idnpe preparations obtarned$om 
himurn periodontal lsgament (Figs. I ~ n d  2). The ejfeect I F  gwen a n  snhibatcon caused 
by EDTA, PCMB, PMSF and Znn2+sons. or percentage tictivalion caused by Cal i  ions, ah 

tompnred to the effect observed without added ajjector (water instead). ( M  = marginal, 
N = non-marganal) 

-~ ~~ ~~~ ~ _ _ _ _  ~ 

Sephadex G-200 prak 1 Srphadrx G-200 peak I1 
~ -~ - ~ ~~~~ - ~~~ 

Concen- Diseased Control Diseased Control Diseasrd Control Diseased Control 
Affrctor tration (M) U 

EDTA 0 . 1 ~ 1 0 ~  67 
0.2x104 77 
1 . 0 ~ 1 0 - ~  89 

PC\III 0.1x 10-4 47 

1 . 0 ~ 1 0 ‘ ~  66 

PMSF 0 . 1 ~ 1 0 ~  50 
0 . 2 ~  61 

~ 

0.2 x 10-4 53 

1 . 0 ~ 1 0 4  87 

1 . 2 ~  10-4 69 
L’n2 0 . 6 ~  47 

3.0 < l o 4  90 

CaZ+ 0 . 6 ~  10 8 
1 . 2 ~  1 0 - 4  10 
.j.ox 10-4 20 

~ ~~ 

44 

65 
8 I 
93 

43 
52 
68 

45 
63 
02 

55 
65 
92 

12 
I1 
1 5 

N 

70 
80 
95 

54 
71 
117 

40 
67 
04 

60 
77 
98 

4 
13 
18 

N 

75 
82 
91 

41 
50 
70 

;w 

no 
62  

61 
74 
97 

15 
17 
20 

~ 

M 

87 
93 
97 

22 
25 
38 

27 
34 
54 

66 
80 
94 

r 

7 
11 

~~ 

M 

89 
95 
98 

20 
21 
41 

2 5 
:3 L 
54 

60 
86 
97 

10 
13 
19 

N 
- 

90 
91 
99 

20 
27 
30 
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39 
67 

73 
90 
99 

16 
16 
17 

- . . 

N 
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17 
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44 
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99 

1 5 
16 
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n7 

with marginal material the rate of the hydrolysis of i”uT-I.-arginy1-2-ria~)lit hyl- 
airline and N-L-inethiony1-2-iiaphthylai~iirie was lower in the diseased material 
than in the control material; c) In samples representing diseased 11011- 

marginal material both enzyme peaks displayed higher enzyme activity than 
in the control material, in spite of the opposite protein concentrations. 

The erizyrne pealis obtained were s t i l t  lied for seine enzymic properties : 
the effect of substrate concentration, ternperature, pH and affectors. The 
results obtained from all these experiments are surriinarized here. All exl’eri- 
inents were caried out with N-I,-alanyl-2-naphthylaiiiirie (0.166 mM) ant1 
with altogether eight enzyme preparations obtained from experiments shown 
in  Figs. 1 and 2. 

I. Effect. of etizynie arid siihstmte coiiceritration. Plots of the rate of the 
hydrolysis against enzyme conc.entratioii yieltletl linear curves, arid the 



Llic.lruelis-~le~iteii Iilots of the rate versiis the stibstrate concentratioti yieltletl 
alitiost typical 1iyperl)olic curves under the conditions eiriployed. 2. Tht, 
t4'fect of pH on the rate of liydrolysis of the suljstrate used showed that the 
optirnurn pH in all cases was close to 7.3, wlieri tested in the following buffer 
solutions : 0.025 M ~/~-tliriiethylglutarate huffer, 0.05 M tris-HC1 h f f e r ,  
and 0.025 M glycinate buffer. Typical hell-shaI)etl curves were obtaiiirtl 
iiitlicatiiig t w o  snccessive ioriizations (Fig. 3). 3.  The effect of teinperaturr, 
O I I  the rate of the reactions was appr~xirnately the sanie with all 1)reparatioiis : 
thr enzyme activity decreased gradually when tested i r i  temperatures ranging 
from 20°C to 50°C. 4. The effect of sotiic crizyiiie affectors is sliowi in 
Table 111. The strongest reduction in the rate of the hydrolysis was ol)taiiiecI 
in the presence of EDTA, 1)iit PCMB aiitl PMSE' also iuliil)itecl tlie eiizyrirc. 
reuc*tions. 

No significant tlifferetices in tlic inliibitiori patterns were found bctweeii 
tlie niargiiial arid iion-iiiargirial saniples iii the first enzyme peak. Yiis 
coiiccrns the second enzyme peak :is w d ,  althoiigli there were differences 
between the pattern of inhibition given b y  thcsc two crizyriic pealis. F'or 
eximple, the iiiliil>ition caiised hy PCMB and PMSF wiis stronger in t h c ~  
first enzyme peak than it1 t he second one. In all s:iiii~)Ies Zii2+ ioiis caustB(l 
potent reduction i i i  the rate of hydrolysis of N-L-alaiiyl-2-1ia~~htliylalliiii~~, 
\\bile Ca3 ions exerted slight activation, regardless of which of the t \ \ o  
enzyme [jeiilts w a s  stutlietl. 

DISCUSSION 

r 7  I IN: decreasc of the i~ryliirriiriopeptitlase activity of t he I)criocloiitul ligliiii(:iit 
with increasing age is e~irleiitly a natural change of the aging tissue. 'l'issiw 
changes concerning the diseases of the periodontiurn have sornetimes heen 
compared with the iioriiial wound healing process. Consequently, in perio- 
dontal diseases, the wound healing process docs not reach its final st.agc. 

(Schrrltz-Haudt & Lui idpis t ,  1962; Pau~iio, 1969). 
There are end products of microbiul rrieta1)olism and various tissue proteins 

in the focus area and its irrnriediate environnient, capable of reacting to the 
azo-(lye, used in arresting the enzyme reactions (Mtikinciz 31- Altihimw, 
1969; Paunio, Rrirsiin & Miikinen, 1970). 13ec;inse the different 
activities observed in tlie pr nt study were not cniised by the 
factor mentioned, they can only be ascribed to the different amount of the 
enzyme protein in tlic material studietl. N o  qualitative changes were seen 
to occur hetween the ~irylariiiriol)ri)ti(lase activity in diseased and  norrnal 
ties tie. 
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In the focws area (in inflarrierl gingiva and gingival pocket) ancl its (:lose 
proximity tlie inflammatory reactions are proniinerit. On the other hand, 
i n  lowtioris more distant from the focus area (in the middle and apical 1)arts 
of the I)eriodoiitiuiri) the healing process is at a more advanced stage. Tt 
lilts h e n  found that the ariinnnt of R N A  in the healing wound first decreases 
(inflani~nation stage), after which it again increases (synthetic stage) (Tsarlev, 
1963). These changes can perhaps lie compared with results obtained in the 
Imsriit study : the tlecrease in the synthesis of the enzyme proteins in thr  
iiiurginal area ancl the increase in the non-marginal area. 

All I lie enzymic properties of the arylamino1,cptidases revealctl were the 
snrrit:, regartlltiss of the natiirt: of thr tissue. These common 1)roperties 
inclutled tlie effcct, of snlrstrate coriceiitration, temperature, pH, and certain 
t~heiriical corii~~oiiiid on thc action of the enzymes as well as the fractionation 
Iiatierils O I I  Sepliatlex 1;-200 gel. Hence, it ccinld l x  c:oiicludetl that  the 
substrates stutlic.tl in  this paI)er (particularly ~~-L-alaiiy1-2-iia1,htliylaniirie) 
itre I i i u F t l y  hytlrolysetl b y  the same erizyincs in riornial and diseased tissue. 
No sfwcific inflanimatory peptidases were oLserved, althoiigh their pre- 
 sen(^ coiild ha\ e heen dernoiistraied liy other substrates or in other con- 
(liiioiis. 

.e> or 1,roteinases are 
cwnsitlerecl enzymes heing active after formation from iriactivc precursors, 
i he c~iizyriies revealed in tlie present and the previous (I’auuio 22 ~Wiikinen, 
1969) stn(1i~s would then lie coiistitiitivr. This is evident I)e(:ai~se the enzyrnes 
Ijreseiit iri iiiflairiinetl ligaments have heen found to l)e the same as in normal 
ligainent material. It is linown that influinrnation induces the formation of 
si)ec:ific: ~)roteolytic cnzyrries or canses their activation (Belqff dt- Petrrs, 
1945 ; liTlgur, 1947). Because tissne injury and bacterial inflammation in 
1 briiicipIe result in hasically similar bioc:liernical processes in the inflamed 
orea, it coiild he  cluestioned whether a part of the enzymes stnclied in the 
1 ,resent 1)al)er w d t l  still represent SO called inflainniatory h ydrolascs, 
wliicli arc! liberated from the tissue in estraction. 11y lmffer. However, in the 
1 iresviii cxperimeiits, tlieir concentration in the samples must have I1eei1 too 
sindl to  Iwrinit their detection in the presence of a large number of consti- 
tiitive c~izynies .  One exccption, is, however, most likely aniinopeptidase B. 
I t  is c*oiisitleretl a 1)el)tidase active in various inflammatory processes (Hopsu, 
If.. c i k z r r e r !  ’ 

lysis of K-L-arginyl- arid N-L-lysyl-2-na1)lit~iylarnine reported in this paper. 
Ikcaiise the workirig substrate was N-I,-alanyl-2-naphtliylarnine, which is 
riot liydrc\lyzetl Iry- aniinopeptidase R,  the involvenient of this erizyrrie in the 
1 wriotlontinrn rrniains to he investigated. However, it has heen shown to 

If i t  is assiinied that specific infhniniatory peptic 

22 Glcririer, 1966). I t  prohably caused most of tlie enzymic hydro- 
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orcnr in gingiva arid dental pulp (Mikinen & Puunio, 1970; Miikin(vi, 
Bummer & Scheinin, 1970). 
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S U M  M AHY 

Arylaminopeptitlase activity iii normal and diseased Iinman periodontal 
ligament was studied with several N-L-aminoacyl-2-naphthylaniines as sub- 
strates of which the hydrolysis of N-L-alanyl-2-naphthylamine was studied 
more closely. When whole ligament material ww+ si udied, the enzyme activii 
in control samples decreased with increasing age, while this type of a correla- 
tion was not observed in the diseased material esept for the hydrolysis of one 
substrate. When the liganients were divided into rnarginal a d  non-margiiial 
material, the diseased material representing rnarginal samples displayetl 
lower rat.es of hydrolysis than the control material. In the apical part tlw 
situation was the reverse. All enzyme properties investigated (fractionation 
pattern on Sephadex G-200 gel, effects of temperature, pH, substrate con- 
centration, and cheniical compounds) suggest that the  differences observed 
were due to different amounts of the same enzymes Imesent in the ligaments, 
rather than the involvement of diverse enzymes in normal and diseased 
tissue. The enzymes revealed with N-L-alaiiyl-2-naphthylamine were not 
considered to helong to so called inflammatory peptitlases or proteitiases. 

KCSUMC 

ACTlVITk DES AHYLAMINOPEPTIDASES DANS LE DESMODONTE IIUMAIN NOHhT4J. 

ET E N F L A M M ~  

L’activit6 des arylaminopeptidases dans le clesmo(lonte normal ou eriflarnirif: 
a Ct6 CtudiCe en utilisant coinme substrats plusieurs N-L-aminoacyI-2- 
tiaphtylamines, l’hydrolyse de la N-L-alanyl-2-naphtylarnine faisarit en 
particulier l’objet d’une Ctutle plus approfondie. Lorsque le rnatCriel CtudiC. 
provenait de desmodontes entiers, I’activitC enzymatique diminuait dam lex 
Pchantillons tCmoins lorsque l’dge augmentait, mais, dans le matCrie1 en- 
flammk, il n’a pas 6th constat6 de corrklation rle ce type, sauf en ce ( p i  
concerne l’hytlrolyse d’nn rles substrats. Imrsque les tlesmodontes orit ktC 
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I iartagPs et rkpartis eii tleus groupes : rnatkriel marginal et inathiel non- 
marginal, on a trouvi: pour le rnatkriel marginal enflanirnC qiie les niveaux de 
l’hydrolyse Ctaient plus bas que pour le mathriel tCmoin. Dans la partie 
apicale, la situation Ctait inverse. Toutes les propriCtCs enzymatiques CtudiCes 
(mode tle fractionnenierit siir gel Sephadex G-200, actions de la tempkrature, 
t l u  pH, de la concentration du substrat, et des prodnits chimiques) indiquent 
cpe les diffkrences observCes ktaient dues aux diffkrences dans les quantitks 
(lei; m&mes enxymes IirCsentes dans les desmodontes, plutot qu’ ii l’action 
cl’enzymes diffkrentes dans le tissu normal et enflammk. Les enzymes mises 
en Cvidence au moyen de la N-L-alanyl-2-naphtylamine n’ont pas 6t6 con- 
sid6rkes coninie appartenant aux peptidases ou protkinases aiiiflammatoiress. 

ZUSAMMENFASSUNG 

D I E  , A H Y  I.AMITIOPEPTIDASE.~KTIVIT;~T DER KLINISCH GESUNDEN BZW. ENTZUNDE- 

TEN WURZELHAUT 

[Jnter Anwenclung mehrerer N-L-Aminoasyl-2-Naphthylamine als Substrate 
ivurde die Arylaniinopeptidaseaktivitiit extrahierter Ziihne bei klinisch 
geaunden bzw. entziindeten Parodontien untersucht. 

Die Spaltung des N-L-Rlanyl-2-Naphtliylaniins u-urde dabei einer einge- 
lientlen Untersucliung unterzogen. An Hand der Kontrollproben wurde irn 
?laterial ails dem gesarnten Wurzelhautgebiet mit steigendern Alter der 
Patienten ein Absinken der Enzymaktivitaten festgestellt. Die betr. Korrela- 
tion war - von einem Substrat abgesehen - in Proben aus dem antzundeten 
Material nicht zii beohachten Nach Trennurig der Wurzelhaut in eineii 
marginalen und einen niclitmarginalen Teil wurde beirn Material aus dem 
marginalen Teil in den entziindeten Proben eine schwachere Enzymaktivitat 
als in tlen Kontrollproben, beim Material aus dem nichtmarginalen Gebiet 
jedocli ein nmgekehrtes Verhiiltnis der Enzymaktivitat wahrgenornmen. 

Siimtliche untersuchten Enzymeigenschaften (Fraktionierung mit Sephadex 
G-200 sowie die Wirkung von Temperatur, Substratkorizentration, pH-Wert 
iind einigen chemischen Verbindungen) weisen in die Richtung, dass die 
beobachteten Unterschiede der Enzymaktivitiiten wahrscheinlich eher von 
der nnterschiedlichen Menge gleicher Enzyme als von vollkommen ver- 
schiedenen Enzymen in klinisch gesundem und krankem Gewebe herzuleiten 
sind. Die N-L-Alanyl-2-Naphthylaminspaltenden Enzyme wnrden weder zu 
tlen sogen. Entzundungspeptidasen nocli zu den Entzundungsproteinasen 
geziihlt. 
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