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FIG. 1. Dose-dependent effect of E. coli on the capacity of 5 x
10° human PMN to release granule marker activity over a 60-min
period. Three representative strains of E. coli are shown: MS
fimbriate strain 504 (A), MR(P) fimbriate strain SC (B), and nonfim-
briate strain AB (C). Data are expresseéd as the means * standard
deviations for three separate experiments with each strain using
PMN from different donors. Release of granule markers from
unstimulated cells was measured over a 60-min period (T).

time- (Fig. 2) dependent manner. Those strains possessing
type 1 (MS) fimbriae (n = 6) caused significant release of
marker enzymes from all three PMN granules (1° granule
marker, MPO [t = 9.4, P < 0.0005] and neutral protease
activity, measured as [*H]casein degradation (t = 12.0, P <
0.0005); 2° granule marKer, vitamin B,,-binding protein [t =
7.6, P < 0.0005]; 3° granule marker, N-acetyl B-D-glucosa-
minidase [t = 4.12, P < 0.001]). Those strains possessing
MR(P) fimbriae alone promoted significant release of only
the 2° granule marker (+ = 1.88, P < 0.05, n = 4). MS
fimbriate strains caused significantly greater release of all
three granule markers compared with release by MR fim-
briate strains (1°, r = 4.11, P < 0.005; 2°, t = 2.45, P < 0.025;
3°,t = 2.48, P < 0.025). Strains of E. coli bearing both type
1 (MS) and MR(P) fimbriae showed a pattern of release
identical to that of bacteria bearing type 1 (MS) fimbriae
alone (data not shown).

Bacterial phagocytosis by PMN monolayers. Five strains of
E. coli bearing type 1 (MS) fimbriae alone were phagocy-
tosed by between 33 and 100% in two separate experiments.
In contrast, four strains expressing MR(P) fimbriae alone
were phagocytosed by only 2 to 21% of PMN. One strain
expressing only type 1 (MS) fimbriae was not phagocytosed,
despite attachment, in either experiment.

PMN degranulation in response to stimulation with refer-
ence compounds. In a series of experiments under optimum
conditions of dose and time using a variety of particulate and
soluble compounds to stimulate PMN from several different
donors, only the calcium ionophore A23187 at concentra-
tions above 0.5 wM caused significant release of all granule
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marker proteins (1°, 7 = 1.90, P < 0.05; 2°, t = 5.68, P <
0.005; 3°, t = 3.55, P < 0.05). Other compounds stimulated
significant release of only the 2° granule marker (Fig. 3).

Neutral protease release from human PMN. Type 1 (MS)
fimbriate E. coli 504 and the calcium ionophore A23187
caused significant release of proteolytic activity against
[PH]casein (P < 0.05), [*HJelastin (P < 0.05), and [**C]
gelatin (P < 0.02) (Fig. 4). All the other stimulants examined,
except the MR(P) fimbriate E. coli SC, caused release of
significant quantities of only [*C]gelatin-degrading activity.
This MR fimbriate organism caused release of significant
quantities of vitamin B;,-binding protein alone (Fig: 1) in the
absence of release of gelatinase activity (Fig. 4).

The activity released against [*H]casein and [*H]elastin
from PMN stimulated with E. coli 504 or from sonicated
PMN was totally inhibited by S mM PMSF, a serine protease
inhibitor, but not by 5 mM EDTA, an inhibitor of metallo-
proteases (Fig. 5). Conversely, [**Clgelatin-degrading activ-
ity released by PMN was totally inhibited by S mM EDTA
but not by S mM PMSF. The inclusion of 1 mM PAMA
together with 5 mM PMSF did not increase the amount of
casein-, elastin-, or gelatin-degrading activity, indicating that
a metalloprotease with activity against these substrates was
not present in a latent form.

The release of a serine protease active against [*H]elastin
by PMN stimulated with E. coli 504 was confirmed by using
Trasylol covalently linked to Sepharose beads. In three
experiments, 95.5 + 3% (mean * standard deviation) of the
activity released from PMN stimulated by E. coli 504 was
bound to the Trasylol, of which 77 = 12% was recovered by
elution with 0.05 M sodium acetate, pH 5.0. After sonication
of control cells, 93 + 3% of the elastase activity was bound
by Trasylol, of which 97 = 4% was recovered after elution at
pH 5.0.

Bacterial hydrophobicity. E. coli strains which demon-
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FIG. 2. Time course of release of granule marker activity (MPO
[@], neutral proteinase [M], vitamin B,,-binding protein [A], and
N-acetyl B-pD-glucosaminidase [Q]) from 5 X 10° human PMN after
incubation with: (A) MS fimbriate strain 504, (B) MR(P) fimbriate
strain SC, and (C) nonfimbriate strain AB at a bacterium-to-cell ratio
of 200:1. Release of granule marker protein activity from unstimu-
lated cells was measured for times up to 60 min. Data expressed are
for triplicate samples in a single representative experiment.
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FIG. 3. Granule marker activity released from 5 x 10° human
PMN after incubation for 60 min with: (A) zymosan (5 mg/ml), (B)
serum-treated zymosan (5 mg/ml), (C) PMA (1 uM), (D) n-formyl-
methionyl-leucyl-phenylalanine (10 uM), or (E) calcium ionophore
A23187 (5 nM). Release of marker enzymes from unstimulated cells
was measured over a 60-min period (Tg,). Data expressed are the
means * standard deviations for three separate experiments for
each ligand using PMN from different donors. NAG-ase, N-Acetyl
B-D-glucosaminidase.
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FIG. 4. Neutral protease activity (expressed as a percentage of
the total activity released by cell sonication against [*H]casein,
[*H]elastin, and [**C]gelatin) released from 5 x 10° human PMN
after incubation for 60 min with: (A) PMA (1 puM), (B) A23187 (5
wM), (C) zymosan (5 mg/ml), (D) MS fimbriate E. coli 504, (E)
nonfimbriate E. coli AB, and (F) MR(P) fimbriate E. coli SC. Each
organism was incubated at a bacterium-to-cell ratio of 200:1. Re-
lease of neutral protease activity from unstimulated cells was
measured over a 60-min period (T¢,). Data expressed are the means
+ standard deviations for three separate experiments with each
ligand using PMN from different donors.
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FIG. 5. Release of neutral protease activity (expressed as a
percentage of total activity released by cell sonication against
[*H]casein, [*H]elastin, and [**C]gelatin) from 5 X 10° human PMN
after sonication (0) and after 60 min of incubation with MS fimbriate
E. coli 504 (B). (A) Total enzymatic activity; (B) activity in the
presence of S mM EDTA; (C) enzymatic activity in the presence of
S mM PMSF; (D) enzymatic activity in the presence of 5 mM PMSF
and 1 mM PAMA. Results expressed are the means + standard
deviations for three experiments using PMN from different donors.

strated >50% binding to Octyl Sepharose columns (the most
hydrophobic strains) stimulated significantly greater release
of all the granule proteins than did those strains which bound
less avidly to the column (<50%) (MPO and caseinase, P <
0.005; vitamin B,,-binding protein, P < 0.05; N-acetyl
B-D-glucosaminidase, P < 0.005) (Fig. 6).

DISCUSSION

Human PMN challenged with defined strains of E. coli
released significant amounts of 1° (elastase and MPO) and 3°
(N-acetyl B-D-glucosaminidase) granule marker proteins in a
time- and dose-dependent manner only when the strains
possessed surface MS (type 1) fimbriae. This pattern of
degranulation occurred whether these surface structures
were expressed alone or in conjunction with MR(P) fimbriae.
In contrast, those strains bearing MR(P) fimbriae alone did
not trigger significant release of 1° and 3° granule markers.
All strains examined, including nonfimbriate E. coli, stimu-
lated release of the 2° granule marker, vitamin B,,-binding
protein.

When the pattern of degranulation initiated by type 1 (MS)
fimbriate strains was compared to that produced by PMN in
response to a variety of soluble and particulate stimuli, only
concentrations of the calcium ionophore A23187 above 0.5
uM similarly triggered 1° and 3° granule marker release. All
the other stimuli tested triggered release of the 2° granule
marker, vitamin B,,-binding protein, as well as gelatinase
activity. The variety of stimuli examined were selected for
their capacity to activate cells via a number of different
transmembrane signals. n-Formylmethionyl-leucyl-phenyl-
alanine and zymosan (either opsonized or unopsonized) are
known to interact with different receptors or recognition
mechanisms on the cell surface (28, 33, 45), and the chemo-
tactic tripeptide is a potent stimulus of phospholipase C (28).

AlUN Wpred Ag 110z ‘g Areniga- uo /Bio wse rel//:dny woliy papeojumoq


http://iai.asm.org/
http://iai.asm.org/

820 STEADMAN ET AL.

50; 501
MPO Caseinase
40 401
2
2 30 30+
8 °
(=4
2 20- 20
5 . *
& . .
g 10 10
g + +
2 o0 . 0
(=4
o
o
5 100 507
2 Vit. B12 binding NAG-ase
o [ ]
2 S 40
2 75 ¢ .
8 n .
g . 304
g B3
- ¢ 201 . .
251 N
H
0- 0
<50 >50 <50 >50
%HIC-BL

FIG. 6. Correlation of the release of granule marker activity from
5 x 10° human PMN with bacterial surface hydrophobicity ex-
pressed as percent binding to octyl Sepharose (HIC-BL). Each
datum point represents the mean of triplicate samples from three
separate experiments using PMN from different donors.

PMA directly activates membrane-bound protein kinase C
(8), and the calcium ionophore A23187 acts nonspecifically
by promoting the influx of calcium into the cell (12). These
soluble stimuli directly or indirectly affect the movement of
calcium into or within the cell, whereas zymosan has been
shown to induce a calcium-dependent response only when
opsonized with immunoglobulin G (25). All these stimuli
activate the PMN respiratory burst to various extents (18).
In terms of degranulation, however, only high concentra-
tions of A23187 were capable of mobilizing all the granule
markers méasured, whereas at concentrations below 0.5 uM
only release of the 2° granule marker was detected. Thus,
even in the presence of receptor-ligand interaction or with
the activation of phospholipase C or of protein kinase C,
comprehensive degranulation does not necessarily occur,
emphasizing the unique nature of the activation of human
PMN by type 1 (MS) fimbriate E. coli strains.

In addition, the phagocytosis of E. coli strains expressing
type 1 (MS) fimbriae by PMN monolayers was significantly
greater than that of MR(P) fimbriate strains. However, a
single type 1 (MS) fimbriate organism consistently resisted
phagocytosis despite attachment to the PMN and caused a
degree of degranulation similar to that of the other type 1
(MS) fimbriate organisms studied. This finding, coupled with
the observation that phagocytosis of zymosan (whether
serum treated or unopsonized) results in the release of only
the 2° granule marker, indicates that comprehensive PMN
degranulation is not simply a response to phagocytosis per se
but occurs as the result of a specific surface interaction with
the MS fimbriate organism.
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Latent gelatinase activation could not be induced by
treatment with 1 mM PAMA, an organic mercurial com-
pound generally used to activate latent metalloproteases.
Although neutral proteases are distributed among several
intracellular compartments, activity against [*Hlelastin is
confined to the specific serine protease (elastase) residing in
the 1° granule (11), whereas gelatin-degrading activity may
be located in a separate secretory compartment (10). By
selective inhibition of released proteases with PMSF and
EDTA and by their degree of binding to Trasylol (covalently
bound to Sepharose beads), the contribution of either serine
or metalloproteases to the total neutral protease activity
(measured as activity against [*H]casein) was estimated.
Caseinase activity was totally inhibited by PMSF and could
not be increased by treatment with PAMA, confirming that
most of the neutral protease activity released by the PMN
was due to serine proteases. Concomitant inhibition of
specific activity against [*Hlelastin was also demonstrated
and confirmed the release of elastase, which could be bound
by Sepharose-bound Trasylol. The percentage of elastase
released correlated more closely with MPO release than did
total [*H]casein activity, confirming that activity against
[*Hlelastin was a true marker of 1° granule release. All
stimuli tested, except the MR fimbriate E. coli SC, caused
release of gelatinase activity, which was inhibitable by
EDTA but not by PMSF, suggesting that a metalloprotease
was released independently of the 1° and 3° granules. This
protease was not released after stimulation by two other MR
fimbriate E. coli strains despite a significant release of
vitamin B,,-binding protein. This fact supports the hypoth-
esis that this enzyme may reside in a separate, as yet
undefined, secretory compartment (10).

The degranulation response of the PMN has been shown
in vitro to be capable of degrading a variety of biological
substrates (9, 24, 29) through the activity of the released
proteases. Of the enzymes released, the neutral serine
protease, elastase, is considered to be potentially the most
likely protease to cause in vivo tissue damage (8, 21, 29). In
the present study, we have demonstrated that PMN degra-
nulation stimulated by defined E. coli strains appears to be
dependent on the phenotypic fimbrial expression of the
stimulating strain, that phagocytosis is not essential for
extracellular marker enzyme release, and that there is a
significant correlation between relative bacterial surface
hydrophobicity and the pattern of PMN degranulation. We
have previously discussed the importance of possession of
MS fimbriae and increased relative surface hydrophobicity
as virulence factors in the initiation of renal scarring by E.
coli (Topley et al., in press). That possession of such
bacterial properties also causes a unique pattern of human
PMN degranulation, particularly of the potentially harmful
1° granule products, provides further evidence that MS
fimbriate E. coli may have a causative role in the initiation of
the tissue damage which precedes renal scarring.

LITERATURE CITED

1. Adams, D. O. 1981. Neutral proteinases by [*H]-labelled casein,
p. 593. In D. O. Adams, P. J. Edelson, and H. S. Karen (ed.),
Methods for studying mononuclear phagocytes. Academic
Press, Inc. (London), Ltd., London.

2. Baugh, R. J., and J. Travis. 1976. Human leukocyte granule
elastase: rapid isolation and characterisation. Biochemistry
15:836-841.

3. Bentwood, B. J., and P. M. Henson. 1980. The sequential release
of granule constituents from human neutrophils. J. Immunol.

AlUN Wpred Ag 110z ‘g Areniga- uo /Bio wse rel//:dny woliy papeojumoq


http://iai.asm.org/
http://iai.asm.org/

VoL. 56, 1988

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

124:855-862.

. Blumenstock, E., and K. Jann. 1982. Adhesion of piliated

Escherichia coli strains to phagocytes: differences between
bacteria with mannose-sensitive pili and those with mannose-
resistant pili. Infect. Inmun. 35:264-269.

. Causten, T. E., and A. J. Barrett. 1979. A rapid and reproduc-

ible assay for collagenase using [1-'*C] acetylated collagen.
Anal. Biochem. 99:340-345.

. Cavalieri, S. J., G. A. Bohach, and I. S. Snyder. 1984. Esche-

richia coli a-hemolysin: characteristics and probable role in
pathogenicity. Microbiol. Rev. 48:326-343.

. Chick, S., M. J. Harber, R. Mackenzie, and A. W. Asscher.

1981. Modified method for studying bacterial adhesion to iso-
lated uroepithelial cells and uromucoid. Infect. Immun.
34:256-261.

. Costa-Casnellie, M. R., G. B. Segel, and M. A. Lichtman. 1985.

Concanavalin A and phorbol ester cause opposite subcellular
redistribution of protein kinase C. Biochem. Biophys. Res.
Commun. 133:1139-1144.

. Davies, M., A. J. Barrett, J. Travis, E. Sanders, and G. A. Coles.

1978. The degradation of human glomerular basement mem-
brane with purified proteinases. Clin. Sci. Mol. Med. 54:233-240.
Dewald, B., U. Bretz, and M. Baggiolini. 1982. Release of
gelatinase from a novel secretory compartment of human neu-
trophils. J. Clin. Invest. 70:518-525.

Dewald, B., R. Rindler-Ludwig, U. Bretz, and M. Baggiolini.
1975. Subcellular localisation and heterogeneity of neutral pro-
teinases in neutrophilic polymorphonuclear leucocytes. J. Exp.
Med. 141:102-119.

Estensen, R. D., M. E. Reusch, M. L. Epstein, and H. R. Hill.
1976. Role of Ca?* and Mg?* in some human neutrophil
functions as indicated by ionophore A23187. Infect. Immun.
13:146-151.

Fantone, J. C., and P. A. Ward. 1982. The role of oxygen-
derived free radicals and metabolites in leukocyte-dependent
inflammatory reactions. Am. J. Pathol. 107:397-418.

Freeman, B. A., and J. D. Crapo. 1982. Free radicals and tissue
injury. Lab. Invest. 47:412-426.

Glauser, M. P., S. M. Lyons, and A. 1. Braude. 1978. Prevention
of chronic experimental pyelonephritis by suppression of acute
suppuration. J. Clin. Invest. 61:403—407.

Gordon, L. 1., S. D. Douglas, N. E. Kay, O. Yamada, E. F.
Osserman, and H. S. Jacob. 1979. Modulation of neutrophil
function by lysosyme. Potential negative feedback system of
inflammation. J. Clin. Invest. 64:226-232.

Harber, M. J., R. K. Mackenzie, and A. W. Asscher. 1983. A
rapid bioluminescence method for quantifying bacterial adher-
ence to polystyrene. J. Gen. Microbiol. 129:621-632.

Harber, M. J., and N. Topley. 1986. Factors affecting the
measurement of chemiluminescence in stimulated human poly-
morphonuclear leucocytes. J. Bioluminescence and Chemilumi-
nescence 1:15-27.

Harber, M. J., N. Topley, D. E. Jenner, R. K. Mackenzie, R.
Steadman, J. M. Knowlden, and A. W. Asscher. 1986. Virulence
factors of urinary pathogens in relation to kidney scarring, p.
69-81. In A. W. Asscher and W. Brumfitt (ed.), Microbial
diseases in nephrology. John Wiley & Sons, Chichester, United
Kingdom.

Hughes, C., R. Phillips, and A. P. Roberts. 1982. Serum resis-
tance among Escherichia coli strains causing urinary tract
infection in relation to O type and the carriage of hemolysin,
colicin, and antibiotic resistance determinants. Infect. Immun.
35:270-275.

Janoff, A. 1978. Granulocyte elastase: role in arthritis and in
pulmonary emphysema, p. 390417. In K. Havemann and A.
Janoff (ed.), Neutral proteases of human polymorphonuclear
leukocytes. Urban & Schwarzenberg, Inc., Baltimore.
Kallenius, G., and R. Molby. 1979. Adhesion of Escherichia coli
to human periurethral cells correlated to mannose-resistant
agglutination of human erythrocytes. FEMS Microbiol. Lett.
5:295-299.

Keiser, H. D. 1980. The effects of lysosomal enzymes on
extracellular substrates, p. 431—467. In G. Weismann (ed.), The

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

3s.

36.

37.

38.

39.

41.

42.

PMN DEGRANULATION: TYPE I FIMBRIAE 821

cell biology of inflammation. Elsevier/North-Holland Publishing
Co., New York.

Lazarus, G. S., J. R. Daniels, J. Lian, and M. C. Buleigh. 1972.
Role of granulocyte collagenase in collagen degradation. Am. J.
Pathol. 69:565-578.

Lew, D. P., T. Andersson, J. Hed, F. Di Virgilio, T. Pozzan, and
0. Stendahl. 1985. Ca?* dependent and independent phagocy-
tosis in human neutrophils. Nature (London) 315:509-511.
Mantovani, B. 1975. Different roles of IgG and complement
receptors in phagocytosis by polymorphonuclear leukocytes. J.
Immunol. 115:15-24.

O’Hanley, P., D. Low, I. Ramero, D. Lark, K. Vosti, S. Falkow,
and G. Schoolnik. 1985. Gal-gal binding a-haemolysin pheno-
types and genotypes associated with uropathogenic Escherichia
coli. New Engl. J. Med. 313:414-420.

Ohta, H., F. Okajima, and U. Machio. 1985. Inhibition by
islet-activating protein of a chemotactic peptide-induced early
breakdown of inositol phospholipids and Ca?* mobilisation in
guinea pig neutrophils. J. Biol. Chem. 260:15771-15780.
Oronsky, A. L., and C. W. Buermann. 1978. Granulocyte
neutral proteinases in arthritis, p. 361-371. In K. Havemann and
A. Janoff (ed.), Neutral proteases of Human Polymorphonu-
clear Leukocytes. Urban & Schwarzenberg,Inc., Baltimore.
Orskov, L., F. Orskov, B. Jann, and K. Jann. 1977. Serology,
chemistry, and genetics of O and K antigens of Escherichia coli.
Bacteriol. Rev. 41:667-710.

Oseas, R., H. Young, R. L. Boehner, and L. A. Boxer. 1981.
Lactoferrin: a promoter of polymorphonuclear cell adhesive-
ness. Blood 57:939-945.

Ringel, E. W., N. A. Soter, and K. F. Austen. 1984. Localisation
of histamine to the specific granule of the human neutrophil.
Immunology 52:649—658.

Ross, D. G., J. A. Cain, and P. J. Lachmann. 1985. Membrane
complement receptor type three (CR3) has lectin-like properties
analogous to bovine conglutinin and functions as a receptor for
zymosan and rabbit erythrocytes as well as a receptor for iC3b.
J. Immunol. 134:3307-3315.

Slotki, I. N., and A. W. Asscher. 1982. Prevention of scarring in
experimental pyelonephritis in the rat by early antibiotic ther-
apy. Nephron 30:262-268.

Smith, G. P., and T. J. Peters. 1982. The release of granule
components from human polymorphonuclear leukocytes in re-
sponse to both phagocytic and chemical stimuli. Biochim.
Biophys. Acta 719:304-308.

Smith, T. W., Jr., and J. A. Roberts. 1978. Chronic pyelone-
phritis: an electron microscopic study in non-human primates.
Invest. Urol. 16:148-153.

Sussman, M., S. N. Abraham, and S. H. Parry. 1982. Bacterial
adhesion in the host-parasite relationship of urinary tract infec-
tion, p. 103-112. In H. Schulte-Wisserman (ed)., Clinical bac-
teriological and immunological aspects of urinary tract infec-
tions in children. Georg Thieme Verlag, Stuttgart, Federal
Republic of Germany.

Svanborg-Edén, C., L.-M. Bjursten, R. Hull, S. Hull, K.-E.
Magnusson, Z. Moldovano, and H. Leffler. 1984. Influence of
adhesins on the interaction of Escherichia coli with human
phagocytes. Infect. Immun. 44:672-680.

Svenson, S. B., G. Kallenins, R. Molby, H. Hultberg, and J.
Whitberg. 1982. Rapid identification of p-fimbriated E. coli by a
receptor specific particle agglutination test. Infection 10:209-
214.

. Takahashi, S., S. 1. Seifter, and F. C. Young. 1973. A new

radioactive assay for enzymes with elastolytic activity using
reduced tritiated elastin. The effect of sodium dodecyl sulphate
on elastins. Biochim. Biophys. Acta 327:138-141.

Vaisanen, V., J. Elo, L. G. Tallgren, A. Sutonen, P. H. Makela,
G. Svanborg-Eden, G. Kallenius, S. B. Svenson, H. Hultberg,
and T. Korhonen. 1981. Mannose resistant haemagglutination
and P antigen recognition are characteristic of Escherichia coli
causing primary pyelonephritis. Lancet ii:1366-1369.

Van Oss, C. J., and C. F. Gillman. 1972. Phagocytosis as a
surface phenomenon. I. Contact angles and phagocytosis of
non-opsonized bacteria. RES J. Reticuloendothel. Soc. 12:283-

AlUN Wpred Ag 110z ‘g Areniga- uo /Bio wse rel//:dny woliy papeojumoq


http://iai.asm.org/
http://iai.asm.org/

822

43.

STEADMAN ET AL.

292.

Weiss, S. J., and A. C. Regiani. 1984. Neutrophils degrade
subendothelial matrices in the presence of alpha-1-proteinase
inhibitor. J. Clin. Invest. 73:1297-1303.

. Williams, J. D., T. H. Lee, R. A. Lewis, and K. F. Austen. 1985.

Intracellular retention of the 5-lipoxygenase pathway product,
leukotriene B4, by human neutrophils activated with unopso-
nised zymosan. J. Immunol. 134:2624-2630.

INFECT. IMMUN.

45. Williams, J. D., N. Topley, H. M. Alobaidi, and M. J. Harber.

1986. Activation of human polymorphonuclear leucocytes by
particulate zymosan is related to both its major carbohydrate
components: glucan and mannan. Immunology 58:117-124.

. Wright, D. G., D. A. Brabove, and J. I. Gallin. 1977. The

differential mobilisation of human neutrophil granules. Effects
of phorbol myristate acetate and ionophore A23187. Am. J.
Pathol. 87:273-283.

AlUN Wpred Ag 110z ‘g Areniga- uo /Bio wse rel//:dny woliy papeojumoq


http://iai.asm.org/
http://iai.asm.org/

