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Degradation of immunoglobulins is thought to be an important factor in the 
causation of periodontal diseases by hindering local host defenses and by pro
viding nutrients to the periodontal microflora. In this study we characterized the 
proteolytic activity against human immunoglobulin G (IgG) of 20 strains of 
Prevotella intermedia and Prevotella nigrescens isolated from periodontal pockets 
and oral abscesses. IgG degradation was studied by sodium dodecyl sulphate-poly- 
acrylamide gel electrophoresis. All strains degraded IgG within 48 h after growth 
in trypticase-yeast extract medium (TY) supplemented with 0.3% IgG. Incorporat
ing IgG in TY broth enhanced bacterial growth. Protease profiles (zymography), 
which revealed the presence of 1-4 IgG-degrading proteolytic bands in bacterial 
cell extracts, became more complex after growth in the presence of IgG. A 38- 
kDa pro tease capable of degrading IgG non specific ally was present in almost all 
strains. The proteolytic activity was mainly located on the surface of the cell 
envelope. Two strains of P. intermedia and P. nigrescens ATCC 33563 were selected 
for further studies, Bacterial cell suspensions in phosphate-buffered saline com
pletely degraded human IgG, IgA and IgM within 24 h. This activity depended 
on reducing conditions and was inhibited at temperatures above 50°C. The pH 
optimum of immunoglobulin degradation was at pH 7. Strains cultured at 42°C 
showed a markedly reduced capacity to degrade IgG. Inhibition studies revealed 
that breakdown of IgG was caused by a cysteine protease(s). The capacity of 
P. intermedia and P. nigrescens to degrade immunoglobulins may explain their 
association with polymicrobial oral diseases.

In the history of oral microbiology, 
many organisms have been implicated 
in periodontal diseases (22, 23). One of 
these is the anaerobic black-pigmented 
bacterium Prevotella intermedia, which 
can be found throughout the oral cav
ity This microorganism has been iso
lated frequently from odontogenic ab
scesses (31), saliva (15), the tongue and 
both healthy and diseased subgingival 
sites (2). Although its precise role in the 
infectious process remains unknown, it 
is becoming increasingly clear that P. 
intermedia is one of a group of micro
organisms that may cause oral disease
(28, 32, 33),

The biochemical and genetic hetero
geneity of P. intermedia has long been 
known (19). A decade ago, a new spe
cies, Prevotella corporis (12) and re
cently another species, Prevotella i tig re- 
scens, were proposed (18). Further 
studies revealed that P. intermedia and 
P. nigrescens have different surface pro
teins and may have a different preva
lence of isolation site (5).

Although P. intermedia may be less 
virulent than P orphyr omonas gingivalis
(30), it produces an array of virulence 
factors (21), of which the capacity to 
degrade immunoglobulins is thought 
to be important. Bacteria with this
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ability can provide themselves (8, 1 1 ) 
and other bacteria (27) with nutrients 
while simultaneously impeding host 
defense (3, 6). Several laboratories 
have isolated and characterized P. 
gingivalis proteases (4, 7, 20, 29), but 
less attention has been paid to those 
of P. intermedia.

The aim of our study was to deter
mine number and type of proteases 
and to characterize the immunoglob
ulin-degrading activities of P. interme
dia and P. nigrescens. The ability of 
these organisms to utilize human IgG 
as a nutrient for growth was also 
studied.
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Material and methods
Bacterial strains and cultivation

>

The bacterial strains used in this study 
are listed in Table 1. They represent 
type strains, other clinical isolates and 
isolates from serum degrading consor
tia from batch and continuous culture 
enrichments of subgingival plaque on 
human serum (25, 26).

All microbiological procedures were 
carried out in an anaerobic chamber at 
37°C in an atmosphere of 80% N2, 10% 
C 02 and 10% H2. Bacteria were precul
tured in Todd-Hewitt broth (BBL 
Microbiology Systems, Cockeysville, 
MD), supplemented with yeast extract 
(1.5 g/1), hemin (10 mg/1) and vitamin K 
(1 mg/1) or in a Trypticase (17 g/1; Difco 
Laboratories, Detroit, MI), yeast ex
tract (1.5 g/1) medium (TY) containing 
NaCl (5 g/1), K2HP04 (2.5 g/1), K N 03 
(1 g/1), hemin (10 mg/1) and vitamin K

(1 mg/1). Unless stated otherwise, 18-h 
cultures were used for the determi
nation of protease activities.

Identification of P. nigrescens

Colonies of P. intermedia were tenta
tively identified using the Rapid ID 32A 
system (Bio-Merieux SA, 69280 Marcy 
I’Etoile, France). P. intermedia and P. 
nigrescens strains have been dis
tinguished by van Steenbergen and co
workers (Amsterdam) using multilocus 
enzyme electrophoresis (18), since the 
Rapid ID 32A system cannot discrimi
nate between them. Briefly, 3-day cul
tures of P. intermedia and P, nigrescens 
on blood agar plates were harvested 
with cotton wool swabs and resus
pended in 0.1 M Tris-HCL (pH 7.5). 
Cell suspensions were sonificated for 
30 s with an amplitude of 20 fim (on 
ice; Soniprep 150, MSB, Loughbor

ough, UK), and cellular debris was re
moved by centrifugation. After electro
phoresis of supernatants using native 
PhastGel 8-25% polyacrylamide gels 
(PhastSystem; Pharmacia, Uppsala, 
Sweden), glutamate dehydrogenase and 
malate dehydrogenase were visualized 
using a staining solution containing 0.1 
M Tris (pH 7.0), 20 mg/ml glutamate, 
10 mg/ml L-malic acid, 5 mg/ml nicota- 
mide adenine dinucleotide, 0.04 mg/ml 
phenazine methosulfate and 0,02 mg/ml 
thiazolyl blue tétrazolium. Species dif
ferentiation was done by comparing the 
electrophoretic mobilities of glutamate 
dehydrogenase and malate dehydrogen
ase with those of type strains.

Preparation of cell fractions

We studied the proteolytic activities of 
various fractions of P. intermedia and 
P. nigrescens cultures. Cells (I) and

Table J. Origin of bacterial strains used

Organism Strain Source* Isolation site Isolated from Clinical isolate**

Prevotella intermedia ATCC 25611 Holdeman empyema human yes
NY 363 ter Steeg periodontal pocket human no
NY 365 ter Steeg periodontal pocket human no
NY 460 Mikx gingival sulcus dog yes
NY 647 Mikx gingival sulcus human yes
NY 648 Mikx gingival sulcus human yes
NY 652 Jansen periapical abscess human yes
NY 653 Jansen periapical abscess human yes
NY 654 Jansen periodontal abscess human yes
NY 655 Jansen periodontal abscess human yes
BMH McBride unknown human yes

Prevotella nigrescens ATCC 33563 Holdeman Vincent’s gingivitis human yes
NY 646 Jansen extraction abscess human no
NY 649 Jansen extraction abscess human no
NY 650 Jansen extraction abscess human no

* NY 651 Mikx gingival sulcus human yes
* BH 18/23 Bowden gingival sulcus human yes

S PRO-2 Grenier periodontal pocket human yes
S19g Sixou gingival sulcus human yes
T9 Grenier gingival sulcus human yes

Other bacteria
Porphyromonas asaccharolytica NY 432 Mikx gingival sulcus dog yes
Porphyromonas endodon taiis ATCC 35406 van Steenbergen infected root canal human yes
Porphyromonas gingival is ATCC 33277 Coykendall gingival sulcus human yes
Fnsobacterium nucleatum NY 373 ter Steeg periodontal pocket human* • . no
Peptostreptococcus micros NY 370 ter Steeg periodontal pocket human no

NY 656 Jansen periapical abscess human no
Prevotella oralis NY 367 ter Steeg periodontal pocket human no

* Bowden: G. Bowden, Oral Biology, University of Manitoba, Winnipeg, Canada. Coykendall: À. L. Coykendall, Oral Diagnosis, University 
of Connecticut Health Center, Farmington, CT. Grenier: D. Grenier, GREB, Université Laval, Québec, Canada. Holdeman: L. V. Holdeman, 
Anaerobic Microbiology, Virginia Polytechnic Institute and State University, Blacksburg, VA. Jansen: H. J. Jansen, Preventive Dentistry, 
University of Nijmegen, the Netherlands. McBride: B. C. McBride, Oral Biology, University of British Columbia, Vancouver, Canada. Mikx: 
F. H. M. Mikx, Preventive Dentistry, University of Nijmegen, the Netherlands. Sixou: J. L. Sixou, UER Odontologie, Université de Rennes, 
France, ter Steeg: P. F. ter Steeg, Preventive Dentistry, University of Nijmegen, the Netherlands, van Steenbergen: T. J. M. van Steenbergen, 
Oral Microbiology, Free University, Amsterdam, the Netherlands.
** Strains are either clinical isolates, including type strains, or are derived from batch and continuous culture enrichments of subgingival 
plaque on human serum.
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supernatant s (II) were obtained by cen
trifugation for 30 rain at 10,000xg. 
Cells were resuspended in prereduced 
phosphate-buffered saline (PBS, 100 
mM, pH 7.2). Extracts (III) were pre
pared by resuspending the cells in a 1/5 
volume o f  PBS and broken by ultra
sonic treatm ent (2x30 s, on ice, 30% 
duty cycle, ou tpu t 5; Soniiier cell dis
rupter, B ranson Sonic Power Co, Dan
bury, CT). Unbroken cells and cellular 
debris were then removed by centrifuga
tion at 10,000 X g  for 20 min. Outer 
membranes (IV) were obtained as de
scribed by Boyd & McBride (I). Cells 
from a 18-h 200-ml THB culture were 
harvested by centrifugation at
10.000 Xg  a t 4°C. After washing twice, 
bacterial cells were resuspended in 20 
ml 50 mM  Tris buffer pH 8.6 contain
ing 5 mM  ED TA  and sheared using a 
26-gauge needle. Cell suspensions were 
shaken (80 rpm ) at 4°C for 48 h with 
glass beads (150-212 jam diameter), and 
debris was removed by centrifugation at
10.000 Xg\ Supernatants were ultracen
trifuged at 100,000 Xg for 2 h at 4°C,
and the outer membrane fraction in the 
pellet was resuspended in PBS,

SDS-PAGE

Analytical sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis 
(SDS-PAGE) was carried out using a 
Mini-PROTEAN II system (thickness
0.075 cm; BioRad Laboratories, Rich
mond, CA) using 12.5% polyacrylamide 
resolving gels and Laemmli’s buffer sys
tem (16), Samples contained 5 pg of 
protein and  were boiled for 5 min in 
the presence o f 2% SDS, 0,5% 2-mer- 
captoethanol, 20% glycerol, and 50 jxgf 
ml bromophenolblue. After electro
phoresis, the protein bands were stained 
with Coomassie Brilliant Blue R-250. 
Reference proteins used were myosin 
{200 kDa), phosphorylase b (97.4 kDa), 
bovine serum albumin (68 kDa), oval
bumin (43 kDa), carbonic anhydrase 
(29 kDa), /Mactoglobulin (18,4 kDa) 
and lysozyme (14.3 kDa) (BRL, Gai
thersburg, M D).

Enhancement of growth

Growth stimulation was studied by 
supplementing trypticase-yeast extract 
broth with 0 3 %  human immunoglob
ulin G (IgG) (TY/IgG). Bacteria were 
inoculated up to 2% in TY or TY/IgG 
and growth enhancement was recorded 
longitudinally by measuring the in

crease in optical density at 660 nm. The 
breakdown of IgG was determined by 
SDS-PAGE. Growth enhancement of 
P. intermedia ATCC 25611 was also es
timated in TY and TY/IgG with a re
duced trypticase content of 0.7%.

Determination of proteolytic activity

Growth assay. To study proteolytic ac
tivity against IgG, the strains listed in 
Table 1 were cultured in TY/IgG. After
48 h, supernatants (10,000xg, 10 min) 
were analyzed by SDS-PAGE.

Zymography. The profiles of proteolytic 
activities (zymograms) of 19 P. interme
dia and P. nigrescens strains were deter
mined by electrophoretic analysis of cell 
extract from 1 S-h THB cultures using 
10% SDS-polyacrylamide gels contain
ing covalently linked IgG or bovine 
serum albumin. Proteins were cova
lently bound to linear polyacrylamide 
(BDH Chemicals, Poole, UK) accord
ing to the protocol of Kelleher & Juli
an o (13). After electrophoresis, gels 
were gently washed for 30 min in 50 
mM PBS (pH 7,2) containing 1% Triton 
X-100, washed twice and finally incu
bated for 24 h at 37°C in PBS with 20 
mM dithiothreitol (DTT). Gels were 
stained for protein with Coomassie 
Brilliant Blue, After destaining, the pro
teolytic activities became visible as clear 
bands against a blue background.

Tube assay. The breakdown of IgG, 
IgA or IgM was investigated by in
cubating immunoglobulins (0.5 mg/ml), 
under anaerobiosis at 37°Q in 100 mM 
PBS (pH 7.2) and bacterial cells (final 
bacterial absorbance at 660 nm (>4660) 
was 0,3) or culture supernatant. Degra
dation of the immunoglobulins was de
termined by SDS-PAGE.

Thermal stability
\ t

The heatstability of proteolytic activity 
was determined by incubating cell sus
pensions in PBS for 30 min at 20°, 37°, 
40°, 50°, 60° and 70°C, prior to adding 
IgG.

4

pH optimum

The effect of pH was studied by in
cubating cells and IgG in a 100 mM so
dium citrate-phosphate buffer (pH 3, 4,
5, 6 and 7) or 100 mM PBS (pH 7, 7.2, 
7.5, 8 and 8.5).

Effect of protease inhibitors

Various pro tease inhibitors have been in
corporated in the IgG-degradation assay 
to determine their effect on the proteo
lytic activity. Inhibitors used and their fi
nal concentrations are as follows; iodo- 
acetamide (10 mM), trans-epoxysuccinyl- 
L-leucylamido(4-guanidino)butane (E64) 
(25 /¿g/ml), benzamidine (10 mM), phe- 
nylmethylsulfonylfluoride (PMSF) (2 
mM), N-tosy 1-L-pheny 1-alanine-chloro- 
methylketone (TPCK) (2 mM), Na-p-to- 
syl-L-lysine-chloromethylketone (TLCK) 
(10 mM), antipain (25 /¿g/ml), leupeptin 
(25 /¿g/ml), chymostatin (125 /¿g/ml), 
soybean trypsin inhibitor (125 fig/ml), 
soybean trypsin-chymotrypsin-inhibitor 
(125 /¿g/ml), pepstatin A (125 /¿g/ml), be- 
statin (125 ¿¿g/ml), ethylenediaminetetra
acetate (EDTA) (10 mM) and SDS (10 
mM), All protease inhibitors were ob
tained from Sigma Chemical Co. 
(St.Louis, MO).

Aminopeptidase activities

Aminopeptidase activities were char
acterized using nitroanilide-linked pep
tides (Sigma Chemical Co.). Cells at a 
final A 66o in the assay of 0.2 were anaer
obically incubated in PBS for 8 h at 
37°C with 220 /¿g/ml of the following 
peptides: Af-a-benzoyl-DL-arginine-p- 
nitroanilide (BAPNA; trypsinlike ac
tivity), glycyl-L-proline-/?-nitroanilide 
(GPPNA; glycyl-prolyl peptidase activ
ity), N-succinyl-L-alanyl-L-alanyl-L-pro- 
lyl-L-phenylalanine-p-nitroanilide (SA- 
APPPNA; chymotrypsin-like activity) 
and A^-succinyl-L-alanyl-L-alanyl-L-ala- 
nyl-/?-nitroanilide (SAAAPNA; elas- 
tase-like activity). The peptidase activi
ties were recorded semiquantitatively 
and by an increase in A4q5. In the ab
sence of peptidase activity, the assay 
mixture remained colorless (“ — ^405 
< 0 .1), whereas weak or strong activi
ties, resulted respectively in a faint yel
low (“± ”; 0.1 <A405 <0.4) or yellow 
(“ + ”; A 405 ^0.4) color.

Results

Our 20 test strains could be unambigu
ously separated into 11  strains of P. in
termedia and 9 strains of P. nigrescens 
(Table 1). No prevalence of either bac
teria was found with regard to isolation 
site. All strains of P. nigrescens and P. 
intermedia degraded IgG in the growth 
medium within 48 h. However, strains 
of the latter species were generally more
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Table 2. Percentage of growth stimulation and protein degradation* observed after growth in 
TY broth supplemented with 0.3% IgG. Mean values (n~2) are presented

Organism 24 h
(%)

48 h
(%)

72 h
(%)

96 h
(%)

A P. intermedia
ATCC 25611 52 130 126 100
NY 655 26 88 83 NT
IgG degradation + + + + + ■+• ■+* +

P. nigrescens
ATCC 33563 8 39 32 NT
S PRO-2 50 136 83 NT
IgG degradation + ”1" + NT

B P. intermedia
ATCC 25611 25 50 68 77
IgG degradation + + +

A: TY with 1.7% trypticase. B: TY with 0.7% trypticase. NT: not tested. * Breakdown of 
IgG as detected by SDS-PAGE; ±; little breakdown; + : partial breakdown; + +  : complete 
breakdown.

active (Table 2A). P. gingivalis and Por- 
phyromonas endodontalis, which were 
used as positive controls, also degraded 
IgG. No degradation was observed 
after growth of Prevotella oralis, Prevo

tella asaccharolytica, Fusobacterium nu- 
cle atum and Peptostreptococcus micros 
strains. Strains of the latter 2 species 
acted as negative controls.

The growth of P. intermedia and P.

Ec
o(0
CD
<

Time (days)

—0.7% T (A) -*-0.7% T/IgG (B) 
-e- 1.7% T (C) -*■ 1.7% T/IgG (D)

Fig. 1, Growth of P. intermedia ATCC 25611 (A660 nm) in trypiicase-yeast extract broth with 
and without 0.3%) human IgG. Bacteria were cultured in TY medium containing 1.7% or 0.7% 
trypticase. Error bars (duplicate experiment) have been included.

nigrescens was enhanced by incorporat
ing IgG into TY broth (Table 2). The 
degree of stimulation varied from strain 
to strain. The cell yield of P. intermedia 
in TY with a reduced trypticase content 
of 0.7%, but supplemented with IgG, 
exceeded that in normal TY broth 
(1.7% trypticase) with no IgG (Fig. 1, 
lines B and C). The growth rate was, 
however, lower. Presumably, growth 
rate was decreased due to a lower con
centration of amino acids and peptides, 
which are nutrients that can be readily 
taken up by the bacteria. In media with
0.7% or 1.7% trypticase (Fig. 1, lines B 
and D), IgG was completely degraded 
(Table 2). These results indicate that the 
degradation products of IgG were used 
for growth.

The pro tease profiles (zymograms; 
Fig. 2A) revealed that 16 strains elabor
ated at least one or two (in 13 strains), 
but sometimes up to 4 different bands 
with proteolytic activity against IgG. 
The enzymatic activities varied strongly 
between strains. Both nonspecific and 
what are tentatively called “specific” 
IgG-degrading activities were detected 
(Table 3), The proteolytic activity of the 
crude cell extract was found in the 
membrane fraction, which indicated 
that the activity was not due to soluble 
pro teases. Similar proteolytic profiles 
were obtained if the preparations of 
outer-membranes were analyzed, sug
gesting that proteases were located on 
the surface of the cell envelope. The 
molecular weight of the pro teases 
ranged from 38 kDa up to 200 kDa. A 
nonspecific 38-kDa protease was found 
with almost all strains (15 strains of 16). 
The proteolytic activities were present 
despite the growth of the organisms in 
the absence of IgG.

The growth of strains in TY broth 
with IgG to induce the production of 
IgG-degrading pro teases or to increase 
their activity changed the enzymatic 
profile, which suggested that there had 
been induction of IgG-degrading pro
teases (Fig. 2B). From 1 to 5 proteolytic 
activities against IgG were detected 
with all 17 strains tested, including 3 
strain found negative when grown in 
THB. In addition, the number of strains 
exhibiting more than one IgG-degrad
ing pro tease increased from 13 of 19 
(68%)) to 15 of 17 strains (88%). Nearly 
all (96%) of these proteolytic activities 
were found to be nonspecific and 
showed a stronger activity against IgG 
than against bovine serum albumin. 
Most strains of P. Intermedia exhibited



142 Jansen et ai

TWM

MM

Fig. 2. Proteolytic profiles of P. intermedia and  P. nigrescens on IgG-conjugated polyacryl
amide gels, Cell extracts (25 /./I) have been prepared of strains cultured for 18 h in either THB

;G (gel A) or in TY  medium supplemented with 0.3% aspecific human IgG (gel B). 
Gels have been developed for 24 h in PBS containing .20 mM dithiothreitol, Lane 1; P. interme
dia NY 460. Lane 2; P. intermedia BM H. Lane 3; P. intermedia NY 652. Lane 4; P. inter media 
N Y  648. Lane 5; P. nigrescens ATCC 33653,. Lane 6; P. nigrescens NY 652.

stronger enzymatic activities 
l a G  and bovine serum albumin than■•w

strains o f  P, nigrescens.
T he  proteolytic activities of P. inter

media strains N Y  365. N Y  653 and P. ni-
r

grescetis ATCC 33563 against immuno-
tucu in more 

detail. All 3 strains completely deera

by oxygen or at temperatures above 
50°C. Oxygen-inhibition was reversible

IgG, IgA  and IgM within 20 h (Table 4). 
T he  proteolytic activity was found to be

cell-bound, which was not 
affected by aging of the cells u p  to 4 
days, in a time-follow s tudy  breakdown 
o f  IgG was analyzed after 0.5, 1, 2 , 3. 4, 
6 . 8 and  24 h. The  am oun t of protein

, but acc
:w

ik .« . -

The proteolytic activity was inhibited

incorpor
ation of 10 mM dithiothreitol in the as
say mixture. Breakdown of  IgG was 
most efficient at pH  7..7.2, but no activ
ity could be detected at pH-valtt.es of 4 
and below or above 8 ,

Zymograms showed that IgG- and 
bovine serum albumin-degrading activi
ties were lower in strains grown at 42°C 
than at 37°C, but no differences were 
observed in proteolytic activity or enzy
matic profile between, strains grown at
30°C and 37°C

The pro tease inhibitors iodoacetam- 
ide and E64, which inhibit cysteine p ro 
teases, effectively prevented IgG break-

down (Table 5), N o  effect on pro teo ly tic  
activity was observed with agents inhib
iting serine, met alio and  a sp a r t ic  p ro 
teases.

A m ino  peptidase activities (Table 3)
were recorded using 
peptides with 8 s trains of P. intermedia  
and 4 o f  P. nigrescens. Ail 12 strains 
tested exhibited glycyl-proiy! hydrolytic  
activity, a lthough this activity varied  be
tween strains,. Three strains of P. nigres- 
ceiis had  weak chv mo trypsin-like activ
ity. but none o f  the strains showed t ry p 
sin-like or elastase-like activities.

Discussion

M icroorganisms in the gingival sulcus 
are immersed in a flow o f  serum-derived 
tissue exudate known as gingival crevic- 
ular fluid. T h e  protein com posit ion  of

is
hum an serum, and it conta ins  im m u n e-

•*

globulins IgG , IgA a n d  IgM a t  m ean  
concentrations o f  14.6 g/1, 1.6 g/1 and 
1.2 g/1 respectively (9). These proteins 
are available in adequa te  a m o u n ts  and 
are potential substrates for bacteria l  
growth, in par t icu la r  for an o rgan ism  
such as P, intermedia t h a t  generates e n 
ergy a n d  ob ta in  cellular c a rb o n  from  
peptides and am ino  acids.

In a previous study, we d em o n s tra ted  
the ability o f  Porphyromonas a n d  Pré
vôt el la species to use IgG  as the  sole 
source o f  am ino  acids while g row ing  in 
a chemically defined m ed ium  ( 11),

. we■e, usine a nc
detected growth enhancem ent o f  P. in
termedia and P. nigrescens by up  to 
130%. A lthough  previous studies a t  our  
lab (10, I L 27) and elsewhere (8 , 14, 
24), have reported the growth e n h a n c e 
ment an d  breakdow n o f  im m u n o g lo b 
ulins by P . intermedia , charac te r iza t ion  
of the proteolytic activity has n o t  been 
described before.

The hydrolysis of im m unoglobu lins  
was extensive and  occurred w i th o u t  the

This suggested that the  im m u n o g lo b 
ulins were rapidly  degraded in to  frag
ments too  s m a l l  or too  low in c o n c e n 
tration, to be detected by SD S-PA G E.

to di [Terences in 
m ethod, we were not able to confirm  
the cleavage o f  IgG into Fc and F a b  as

Steeg et a I. (27). M ost  
strains o f  P. intermedia  degraded  IgG  
more quickly th an  P. nigrescens, which 
was in agreem ent with h igher enzym atic  
activities observed in the  zym ogram s.

The proteolytic activities of P. inter-
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Table 3. Molecular mass and specifity* of IgG-degrading proteolytic bands, observed in polyacrylamide gels with covalently bound IgG, from 
P. intermedia and P. nigrescens, grown in either THB or TY medium with 0.3% IgG. Peptidase activities** against chromogenic substrates 
GPPNA and SAAPPPNA have also been included

Proteolytic profile from strains grown in Peptidase activity

THB TY/IgG
Species Strain MW (kDa) specificity MW (kDa) specificity GPPNA SAAPPPNA

75 IgG 180 n +
P. intermedia NY 363 38 n 38 n

150 n 200 n 4. _
NY 365 38 n 38 n

NY 460 ND 60 IgG + —

100 IgG 120 n +
NY 647 38 n 38 n

160 n
• 90 IgG 80 n

NY 648 38 n 38 n

200 n +
80 n

200 n 45 n
100 n 40 n

NY 652 38 n 38 n

200 n +
150 n 80 n
90 n 45 n
70 IgG 40 n

NY 653 38 n 38 n

200 n +
180 n

130 IgG 90 n
NY 654 38 n 38 n

150 11
130 IgG 80 IgG

NY 655 38 n 38 n

ISO n
100 n 90 n

BMH 80 n 70 n

180 n + -
160 n 80 n

P. nigrescens ATCC 33563 38 n 38 n

NY 646 38 n NT

200 n + ±
NY 649 38 n 140 n

200 n
140 n

NY 650 38 n 38 n

200 IgG
120 IgG 200 n

NY 651 38 IgG 38 . n

BH 18/23 ND 38 • n

200 n
S PRO-2 ND 140 n

200 n 200 n
S19g 38 n 140 n

200 n
T9 38 n NT

ND: not detected; NT: not tested; * IgG=“specific”, degradation of IgG, but not bovine serum albumin; n 
and bovine serum albumin. **Peptidase activities as determined by an increase in optical density (^405); -  
activity (0.1<^405<0.4); +=strong activity (^405“ 0,4).

nonspecific, degradation of IgG 
no activity (^ 405—0.1); ±=weak
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IgG IgA ___________  IgM

6 h 20 h 6 h 20 h 6 h 20 h

Heavy Light Heavy Light Heavy Light Heavy Light Heavy Light Heavy Light 
Strain chain chain chain chain chain chain chain chain chain chain chain chain

P, in tennedia
N Y  365 C P  C C P P C C P P C C
NY 653 P N  C C  P P  C C  P P  C C

P. nigrescens
ATCC 33563 C P C C  C C C C  P P C C

* Degradation of immunoglobulins determined by SDS-PAGE; N: no degradation; P: partial degradation; C: complete degradation.

media and P. nigrescens were mainly 
found to be cell-associated and are 
located on the surface of the cell envel
ope. Minor hydrolysis of IgG was ob
served with culture supernatants, but 
accumulation of a 33-kDa fragment as 
reported by Grenier et al. (8) using a 
ten-fold concentrated culture super
natant was not detected. The location 
of proteases on the outer membrane 
seems reasonable given that the growth 
of P. intermedia and P. nigrescens de
pends on the uptake of peptides and 
amino acids derived from the break
down of proteins.

The molecular weights tentatively as
signed to the various enzymatic activi-

Table 5. Effect of protease inhibitors on 
degradation of IgG by P. intermedia NY 365 
and NY 653 and P, nigrescens ATCC 33563

Protease inhibitors 
(final concentration)

Effect on 
degradation

Cysteine
Iodoacetamide (10 mM) +
E64 (25 /¿g/ml) H-

Cysteine/serine
TLCK (10 mM) +
TPCK (2 mM) +
Chymostatin (125 ¿/g/ml) +
Antipain (25 //g/ml)
Leupeptin (25 /¿g/ml)

Serine
PMSF (2 mM) —

Benzamidine (10 mM) —

Trypsin inhibitor (125 /¿g/ml) —

Chymotrypsin-trypsin 
inhibitor (125 //g/ml)

Aspartic
Pepstatin A (125 /¿g/ml) 

Metallo
Bestatin (125 /¿g/ml) —

EDTA (10 mM) —

SDS (10 mM) —

no inhibition; ±: partial inhibition; +: 
complete inhibition.

ties were similar in each preparation. 
However, they do not necessarily reflect 
the molecular weights of the mono
meric forms of the proteases, as 
samples were not boiled in SDS prior 
to electrophoresis. In addition, one or 
more of the pro teases might represent a 
modified form, for instance due to par
tial digestion, and not a different pro
tease.

Proteolytic profiles obtained from 
strains cultured in medium without IgG 
revealed that nonspecific and what are 
tentatively called specific IgG-degrad- 
ing proteases were present with P. inter
media and P. nigrescens. By growing the 
strains in medium with IgG, the num
ber of IgG-degrading bands was in
creased and nearly all proteolytic bands 
exhibited nonspecific protease activities. 
It is likely that many of the specific 
IgG-degrading proteases, detected after 
growing strains in medium without 
IgG, were actually nonspecific, having 
an activity against bovine serum albu
min too low to be detected in our zymo
grams. Culturing strains in the presence 
of protein (IgG) thus increased the level 
and/or activity of the proteases. To 
truly identify specific IgG-degrading 
proteases, the activity should be tested 
against a large number of proteins.

Inhibition studies with the sulfhyd- 
ryl-blocking reagents iodoacetamide 
and E64 and the oxygen-protective ef
fect of the reducing agent dithiothreitol 
showed that breakdown of IgG by cells 
of P. intermedia and P. nigrescens was 
due to cysteine proteases. Inhibition ob
served using TLCK, TPCK, antipain, 
leupeptin and chymostatin might indi
cate the presence of serine proteases, 
but specific serine protease inhibitors 
could not prevent complete breakdown 
of IgG. Hence, serine, metallo and as
partic proteases appear not to be im
portant in IgG degradation, but final 
proof for their absence should come

from inhibition studies on the individ
ual proteolytic activities of the organ
isms.

The proteases of P. gingivalis have 
been well characterized, and 8 distinct 
proteolytic activities have been found 
(7). The characteristics of the pro teases 
from P. intermedia and P. nigrescens 
described in this study were very similar 
to those of P. gingivalis. Most enzy
matic activities of P. gingivalis were cell 
envelope-associated cysteine proteases 
with molecular weights ranging from 
29-110 kDa. Their pH optima and 
thermal stability were also similar to 
those of P, intermedia. In addition, 
both species are able to degrade a var
iety of tissue (2 1) and serum proteins
(10). Six of 8 P, gingivalis proteases ex
hibited a strong trypsin-like activity, 
which was not detected with either P. 
intermedia or P. nigrescens, The mol
ecular weights of the other two pro
teases were below 38 kDa, which is the 
weight of the smallest protease ob
served with P, intermedia and P. nigres
cens.

Culturing P. intermedia and P. nigre
scens at temperatures above their opti
mal growth temperature of 37°C re
duced growth yield and proteolytic ac
tivities. A similar result was observed by 
Mateos et al. (17), who studied the ef
fect of growth temperature on the viru
lence of Aeromonas hydrophila.

We found glycyl-prolyl peptidase ac
tivity with P. intermedia and, in con
trast to a study of Shah & Gharbia (18), 
also with P. nigrescens, Hence, this cri
terion is of little value in discriminating 
between these two species.

We have demonstrated that P. inter
media and P. nigrescens possess a var
iety of proteases that nonspecifically de
grade IgG. These proteases are likely to 
be involved in breakdown by the organ
isms of an array of tissue and serum 
proteins (10, 21, 24), including im
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munoglobulins, complement, iron-han- 
dling proteins and protease inhibitors. 
The breakdown of these proteins, thus 
undermining host defense, stimulating 
tissue degradation as well as bacterial 
growth, may explain the association of 
P. intermedia and P. nigrescens with 
periodontal infections.
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