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Identification of Pathogenicity of Pseudomonas
Aeruginosa by Caseinase Test
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ABSTRACT

According to their respohses on 2% skim milk heart-infusion agar
plate, Pseudomonas aeruginosa were classified into three groups. The A
group made a clear zone of complete hydrolysis around the colony and a
cloudy precipitate zone immediately around the clear zone; the B group
had only a cloud precipitate zone around the colony and the C group did
not have caseinolytic activity. The distribution of 48 clinically isolated strains
in A, B and C groups was 72.9%, 20.8% and 6.3%, respectively.

Comparing the mortality of mice challenged with bacterial cells and
the exotoxin products, we found that A and B groups had similar virulence
and the C group did not have pathogenicity. By NTG-treated caseinase-
deficient mutants, we also proved that the infectivity and toxigenic)'ty were
related to their producing ability of caseinase, but had no relationship with
that of lecithinase, elastase, DNase, and with their pyocyanin. production.
The injection route also affected the virulence of P. aeruginosa to mice.

Key words: Pseudomonas aeruginosa, virulence, caseinase, toxi-

genicity.

Pseudomonas aeruginosa is widely cystic fibrosis and serious lung infection(s"
distributed in our environment. They are 6). The pathogenic factors come from
the normal flora in mammalian intestine many extracellular products, such as exo-
and also found on the human skin. It is toxin; protease; hemolysins; pyocyanin
an opportunistic pathogen and a leading and endotoxin etc.(1:6-13)
cause of infection in hospitalized patients, The presence of lecithinase- and
when host defenses have been decreased elastase was often used to identify the
by serious illness and aggressive chemo- pathogenic strains of P, aeruginosal.”'l,sl;
therapy“""). P. aeruginosa could cause Serological typing, phage typigg and pyocin
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typing have been used for epidemiological
investigations and discussion of the dif-
ferences between P. aeruginosa strains.
We have reported that the presence of
caseinase in Staphylococcus aureus and
S. epidermidis was closely associated with

(7, so we planed to

its pathogenicity
use the clinically isolated P. aeruginosa
to study their hydrolytic activity on the
skim milk heart-infusion agar. Then we
would discuss the relationship between their
caseinase producing ability and pathogenesis
to mice. By using the NTG-treated caseinase-
deficient mutants, we found that the
caseinase producing ability was closely
related to their invasiveness and toxigenicity
to mice. So we might use the caseinase
producing ability to observe the pathogene-
sis of P. aeruginosa. 1t was a simple and
convenient method of identification and

could replace animals experimental.
MATERIALS AND METHODS

Tested strains

The Pseudomonas aeruginosa were
obtained from Taipei Municipal Chung-Hsing
Hospital’s clinical specimen (1985), isolated
by nalidixic acid cetrimide agar (NAC;
Eiken) and identified by the following

biochemical  characters according to
18)

)’

Koneman et al.' these biochemical
test include the producing ability of
indophenol oxidase, lysine decarboxylase,
ornithine decarboxylase and arginine
hydrolase; the oxidations of maltose,
mannitol and gluconate; nitrate reduction;
pyocyanin production (Pseudomonas P & F

media were used; Difco); the ability of
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growing on 42°C in nutrient broth. The
identified bacteria were kept in semisolid

nutrient medium (Difco).

The measurement of lecithinase, elastase,
DNase and caseinase

The lecithinase testing medium was
prepared with NaCl 5.0 g, K,HPO, 5.0 g,
Bacto-agar 15.0 g, egg yolk 100 ml, distilled
water 900 ml. After incubation at 37°C
for 48 hrs, strains of positive lecithinase
formed a zone of insoluble precipitate in
the medium surrounding the bacterial
colonies(14:15,19-20)

The measurement of elastase was
carried out according to Hedeberg’s elastase
agar tube method(1®). The medium composi-
tion was elastine-Congo red (Sigma) 1%,
NaCl (Wako Chemicals) 0.85% and agar
(Difco) 1.5%. The medium was dissolved
by heating before dispensing in Durham’s
tube (15 mm high). After autoclaving, the
preparation was mixed well and cooled
immediately to prevent the precipitation
of elastine. 0.1 ml of 18-hrs heart-infusion
(Difco) culture broth was inoculated on
the tube surface. After incubation at 35°C
for 72-hrs, a positive test of elastase
was development of a clear zone which
was clearly different from the original
red particles.

DNase testing medium was prepared
with heart extract (Nissan Chemicals) 1%,
polypeptone (Kyokuto Chemicals) 1%, DNA
(N.B. Co.) 0.2%, NaCl (Wako Chemicals)
0.5%, CaCl, (Wako Chemicals) 0.04%
and agar (Difco) 1.5%. All the ipgredients
were dissolved in distilled water, autoclaved
at 121.5°C for 15 min and poured into



petri dishe to make a DNase testing agar
plate. P. aeruginosa was cultured on plates
by band-inoculation. After 24-hrs incubation
at 37°C, the cultures were flooded with
1.5 N HCI. A clear halo around the colony
streak greater than 2 mm from the edge of
colony indicated a positive reactionm).

The skim milk heart-infusion agar
was used for the test of caseinase(”).
Skim milk (Difco) and heart-infusion agar

(Difce) were autoclaved separately, mixed

well and then poured into petri dishes to

make 2% skim milk heart-infusion agar.
After 24-hrs incubation, the formation
of a clear zone or cloudy precipitate halo
around the bacterial colonies indicated
positive for caseinase production.
The induction of caseinase mutants(22)

The parental strain was cultured in
heart-infusion broth (Difco) for 18 hrs,
and then washed with sterile normal saline
for 3 times. The bacteria suspension (The
MacFarland
nephelometer Standards No. 2) was treated

concentration was about

with  N-methyl-N"-nitro-N-nitrosoguanidine
(Sigma; NTG) 50 pg/ml of 30 minutes. The
NTG was dissolved in 0.2 M Tris-maleate
buffer pH 6.4. After NTG treatment, the

7/ Cgroup
/ i °
Bacteria
colony

Fig. 1. Diagram illustrating caseinolytic activit

B group

Bacteria colony
Cloudy zone
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bacteria were washed again with sterile
normal saline for 3 times and then ino-
culated on 2% skim milk heart-infusion
agar. The caseinase negative colonies were
selected and reinoculated on the skim
milk medium to confirm the caseinase-
deficient mutants.

Method for serological typing

P. aeruginosa antisera (Denka Seiken
Co. LTD. Japan) was used. Serological
procedure should be applied using slide

agglutination test.

Test of pathogenicity to mice

The tested strains were cultured in
HI broth (Difco) for 18 hrs. The supernatant
was intravenously injected into mice’s tail
and numbers of death animals within a week
were recorded. The bacteria pellet was
washed with sterile normal saline for 3

times and suspension with different concen-

trations was made to challenge mice intra-

venously and intraperitoneally. LDso Wwas
calculated by Reed-Muench method(23).

RESULTS

The distribution of enzymes involving

A group

o %Bacuria colony

Cloudy zone* Clear zone

0o ©

y of Pseudomonas aeruginosa reacting ditterently on

skim milk HI agar plate. Group A makes a clear zone of complete hydrolysis around the
colony and a cloudy precipitaté zone around it; Group B forms a cloudy zone around the
colony and Group C has Ao observable enzymatic activity.
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Table 1. Distribution of Pseudomonas aeruginosa with Caseinolytic
Activity on 2% Skim Milk Heart-Infusion Agar

Caseinolytic activity

Other extracellular enzyme activity (%)

*

bzroulp Strains (%) Lecithinase DNase Elastase

A 35 (72.9) 28 (80.0) 26 (74.3) 20 (57.1)

B 10 (20.8) 3(30.0) 6 (60.0) 4 (40.0)

c 3(6.3) 1(33.3) 1(33.3) 2 (66.7)
Tested

R 48 (100.0) 32 (66.7) 33 (68.8) 26 (54.2)

* Caseinolytic activity of Pseudomonas aeruginosa reacting differently on 2% skim milk HI agar plate. Type
A makes a clear zone of complete hydrolysis around the colony and a cloudy precipitate zone around it;
Type B forms a cloudy zone around the colony and Type C has no observable enzymatic activity.

Table 2. The Serological Type of Pseudomonas aeruginosa

Caseinase

Group (%)

activity ) Untypable
B C D E F H | J K L M N
Agroup 0 171 0 6 2 1 2 0 2 3 1 0 12
(n=35) (2.9) (2.9) (17.1) (5.7) (11.4) (2.9) (5.7) (5.7) (8.6) (2.9) (34.3)
B group 0 1 0 1 3 0 0 2 0 0 0 0 0 3
(n=10) (10.0) (10.0) (30.0) (20.0) (30.0)
Cgroup 0 0 0 0 0 0 0 0 0 o0 0 0 0 3
(n=3) (100.0)
Total 0 2 1 1 9 2 1 4 0o 2 3 10 18
(N=48) (4.2) (2.1) (2.1) (18.1) (4.2) (2.1) (8.3) (2.1) (6.3) (2.1) (37.5)

Pseudomonas aeruginosa antisera (Denka Seiken Co. LTD. Japan) was used. Serological procedure should

be applied using slide agglutination test.

caseinase, lecithinase, DNase and elastase in
Pseudomonas aeruginosa was showed in
Table 1. According to the presence of
caseinolytic activity, P:. aeruginosa was
classified into three groups (Fig. 1). The
A group made a clear zone of complete
hydrolysis around the colony and a cloudy
precipitate halo immediately surrounding
colonies on skim milk HI agar. The B group
had only cloudy zones surrounding colonies
and the C group did not have caseinolytic
activity. The 72.9% of P. aeruginosa was
mainly in A group. The ratios of B and C
groups were 20.8% and 6.3%, respectively.
The activity of lecithinase, DNase and
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elastase were higher in A group. All strains
of clinically isolated P. .@eruginosa had
pyocyanin producing ability. Therefore
this ability had no relationship with toxicity.

The serological typing of P. aeruginosa
(Table 2)

After sero-typing by Denka Seiken
P. aeruginosa antisera, 30 strains (62.5%)
were typable and 18 strains were untypable
(37.5%). Typable strains mainly distributed
in E (18.1%), G (8.3%) and I groups (8.3%),
A, J, and N groups were not identified.
According to caseinase activity, the distri-

butions of sera-typable and untypable strains
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in A and B groups were very similar, but all suspension was shown in Table 4. The mice
untypable strains were in C group. The LDsy of caseinase A group distributed

relationship  of serological typing and between 0.28 mg/kg and 11.23 mg/kg. In

elastase was shown in Table 3. The per cent B group, the LDso was from 1.15 mg/kg
of elastase positive strains in A, B and C to 4.48 mg/kg. The pathogenicity was the
groups were 57.1, 40.0 and 66.7. weakest in C group, its LDso was from

71.29 mg/kg to 103.75 mg/kg. It seemed

The relationship between caseinase activity '
that the extracellular substances did not

and toxicity to mice

The toxicity of washed bacteria cells influence P. aeruginosa pathogenicity to

Table 3. The Relation of Elastase Production to Serological Typing in
Pseudomonas aeruginosa

Caseinolytic Serological typing
“activity
(group) Typable Untypable Total strains
A 12/23 (52.2)# 8/12 (66.7) 20/35 (57.1)
B 2/7 (28.6) 2/3 (66.7) 4/10 (40.0)
C 0 2/3 (66.7) 2/3 (66.7)
Total strains 14/30 (46.7) 12/18 (66.7) 26/48 (54.2)

#The denominator indicates the number of tested strains; the numerator the number of elastase producing
strains; figures in parentheses show the percentage. .

Table 4. Virulence of Pseudomonas aeruginosa to ICR Mice with Intravenous Injection
According to Caseinolytic Activity on 2% Skim Milk Heart-Infusion Agar

Mortality (%)*
Caseinolytic activity **

Dose
administered A group B group C group
(mg/ke; iv) "
LT D) L DE) L(=) D) L(=) D) L) D(+) L(+)D(+) L(+)D(*) L(=)S(un)
E(+) S(E) E(+)s() E(+) s(E) E(-)S(E) E(-)S(E) E(-)s(L)  E(+)S(un) E(-)S(Un)
160.00 100 100
80.00 20 60
40.00 100 100 100 100 100 100 0 0
20.00 100 100 100 100 100 100 0 0
10.00 100 100 80 40 100 80 0 0
5.00 100 100 60 0 100 60 0 0
2.50 100 100 0 0 100 20
1.25 100 80 0 0 80 0
0.63 80 20 0 0 20 0
0.31 60 0 0 0 0 0
0.16 20 0 0 0. 0 0
0.08 0 0 0 0 0 0
LD,, (mg/ke) 0.28 0.88 5.00 11.23 1.15 448 103.75 71.27

*The results were observed for a week. Each group consisted of 5 ICR mice (9; 16-20 gm body weight). LD, was
calculated with Reed-Muench method.
**Types of caseinolytic activity’see table 1 foot notes.
+Abbreviation: L: Lecithinase production; D: DNase production; E: Elastase production and S: Serological typing
(0-ag). +: -: Production ability (positive and negative).
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mice. In caseinase A group, the iv LDgg
was 0.88 mg/kg in lecithinase, DNase and
elastase positive strain, the LDsy was 5.00
mg/kg, 0.28 mg/kg in only lecithinase
positive strain, or DNase negative strain
and the LDsp was 11.23 mg/kg in both
lecithinase and DNase negative strains. The
caseinase B group had the similar pheno-
menon. In C group, the LDsq of lecithinase,
DNase and elastase all positive or all negative
were 103.75 mg/kg and 71.27 mg/kg,
respectively. Table 4 showed that the
production abilities of lecithinase, DNase and
elastase were not parallel to their pathogeni-
city to mice, but the caseinase activity was
closely related to their pathogenicity.
The LDso of sera untypable strain (0.76
mg/kg; the result was not shown in table)
had the similar result with typable strains
(LDso: 0.28 mg/kg - 11.23 mg/kg) in group
A, so the serological typing and the patho-
genicity did not have parallel relationship.
The pyocyanin pigmentation also did not
relate to their pathogenicity.
The toxicity of culture supernatant to
mice (Table 5)

18 hrs HI broth culture was filtrated

through millipore membrance and iv injected

into mice (20 ml/kg). The mortality of
mice was from 60.0% to 100% in caseinase
groups A and B. The mortality was zero
in C group. So, if the washed bacterial cell
suspensions were virulent to mice, their
supernatant also had toxicity. The exotoxin
producing ability may be a very important

pathogenic factor in P. geruginosa.

The isolation and biologic characteristics
of the caseinase-deficient mutants

2650 colonies were selected from
2% skim milk HI plates, and four caseinase-
deficient mutants were obtained. These
mutants were characterized by growth
in NAC agar plates, 42°C incubation, sero-
logical typing and other biochemical tests.
Moreover, the mutants were tested for the
production of DNase, lecithinase, elastase
and pyocyanin. The mutants had almost
the same biologic characteristics as the
parental strain except the ability to produce
caseinase, elastase and pyocyanin (Table
6). These mutants also showed the same
antigenicity with slide agglutination method.
Virulence of P. aeruginosa parental strain-
113 and mutant-1 and 4

For determination of the LDsg,

Table 5. Toxicity of Culture Supernatant of Pseudomonas aerugonosa
to ICR Mice with Intravenous Injection

Group*

Enzyme activity
Lecithinase DNase

Mortality (%)

Elastase (20 mi/kg; 1V)

>
| 1 ++

++ | +

100.0
100.0
60.0
80.0

+ 1+ +

+

60.0
= 100.0

C +

|+ |+ +

+ 0
T 0

The results were obsgrved for 1 weeks. Each group consisted of 5 mice (ICR strain; 9; 16-20 gm).
*Types of caseinolytic activity see Table 1 foot notes.
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Table 6. Biological Characteristics of Pseudomonas aerugonosa-
113 and Mutant Strains

. Aeruginosa

Test.ed Lecithinase DNase Caseinase Pyocyanin Elastase Serok?gical
strains typing
Ps.-113 +++ +++ +++ +++ +++ | group
(parental) .
Mutant-1 +++ +++ + = - | group
Mutant-4 +++ +++ - — + | group
Table 7. Mortality among Mice Used in Tests for Determination of the
LD+, of Pseudomonas aeruginosa Parental Strain 113 and
Mutant Strains when Administered 1V and IP
Infecting Mortality (%)#
route, dose
administered Paren.tal Mutant-1 Mutant-4
(mg/ke) strain
1\ (PD%o% 0.88mg/kg) (DY 8.02mg/kg) (DY 89.80mg/kg)
80.00 100 100
40.00 100 100 40
20.00 100 100 0
10.00 100 60 0
5.00 100 20 0
2.50 100 0 ‘
1.25 80 0
0.62 20 0
0.31 0
0.16 0
P (LDg: 0.73mg/kg) (LDsoi 3.54mg/kg) (LDgo: 71 27mg/kg)
" 80.00 100
40.00 100 100 60
20.00 100 100 0
10.00 100 100 0
5.00 100 80 0
2.50 80 20 0
1.25 60 0
0.62 60 0
0.31 20 0
0.16 0 0
0.08 0

#The results of mortality were observed for a week. LD, was calculated with'Reed-Muench method.
Each group consisted of 5 ICR mice (about 16-20 gm of body weight).

0.73 mg/kg by the ip route, the LDso
values of mutant-1 and -4 were compared
with those of parental . strain (Table 7).
The virulence of the caseinase-deficient

parental strain-113 and mutants were

injected iv or ip into ICR mice weighing
1620 gm (Table 7). The LDso of wet
washed cells suspension of parental strain-

113 was 0.88 mg/kg by the iv route and much less than

mutants was found to be
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Table 8. Toxicity of Culture Supernatant of Pseudomonas aeruginosa
Parental Strain-113 and Mutants when
Administered Intravenous Injection

18-hr HI broth culture supernatants

Strains
20 ml/kg 10 ml/kg 5 ml/kg
Parental strain-113 5/5 (100)% 5/5 (100) 2/5 (40)
Mutant-1 5/5 (100) 1/5 (20) 0/5 (0)
Mutant-4 0/5 (0) 0/5 (0) 0/5 (0)

#The denominator indicates the number of mice inoculated and the numerator is the number of mice died;

figures in parentheses show the percentage.

that of parental strain. The LDy, of mutant-
1 was 8.02 mg/kg by iv route and 3.54
mg/kg by ip route, but the LDs, was 89.80
mg/kg and 71.27 mg/kg respectively in
mutant-4. These results also suggest that
the caseinase production in P. aeruginosa
is important in determining lethality to
mice. Administration route may also affect
the virulence of P. ageruginosa to mice.

Toxicity of culture supernatant of
P.  aeruginosa parental strain-113 and
mutants to mice was showed in Table 8.
The mice mortality for parental strain
was 40.0% with 5 ml/kg of supernatant,
mortality value for mutant-1 was 20.0%
with 10 ml/kg of supernatant and for
mutant-4 was 0% with 20 ml/kg of super-
natant. Comparing the toxicity of parental
strain-113 and mutants, we found the
caseinase-deficient mutants were much less
virulent than the parental strain. These
results showed that the caseinase in P.
aeruginosa was correlated with the virulence
and exotoxin production.

DISCUSSION

For the isolation and identification

of  Pseudomonas aeruginosa, NAC and
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cetrimide agar were used as selective media;
Neopeptone agar, Sabouraud maltose agar
and Pseudomonas P & F agar were used for
pigmentation identification. But for the
determination of its pathogenicity or
toxigenicity, there is still no proper method
except animal experiment now. The sero-
logical typing and pyocine typing did not
show any direct relationship with the
virulence of P. ageruginosa. How can we
find a quick and simple method to deter-
mine the virulence of clinically isolated
P. aeruginosa?

The lecithinase production was often
used to identify pathogenic bacteria, such
as Clostridium and glucose non-fermentation
gram-negative bacteria. Hugh and Gilardi(14)
have reported that lecithinase production
ratio in P. aeruginosa was 10.0%, P. fluo-
rescens 92.0%. Tsail29) used 10% EYGA
medium and found that the lecithinase
positive ratio of P. aeruginosa in Taiwan
was 92.0%. We inoculated 48 clinically
isolated strains on 10% EYGA medium and
the lecithinase positive ratio was 64.6%,
lower than Tsai’ report. According to the
classification of caseinase activity (Table
2), the caseinase A group had higher
lecithinase positive ratio, 80.0%. But the



lecithinase production did not relate to
the virulence of P. aeruginosa. For example,
the bacteria cells iv LDso of lecithinase,
elastase and DNase positive strains in
caseinase A group was 0.88 mg/kg; the
mice mortality was 100.0% after 20 ml/kg
iv injection with the culture supernatant.
But for the lecithinase, elastase and DNase
all positive strains in caseinase C group,
the LDso and mortality were 103.75 mg/kg
and 0%, respectively. (Tables 4 and 5).

The measurement of elastase activity

could be applied to identify the patho- .

genicity of P. aerug/‘nosa(\u'w).' Chen(24)
had reported that the elastase positive ratios
of clinically isolated strains and environ-
mental strains were 87.2% and 85.7%.
This time our result was only 54.2%, lower
than Chen’s report. According to the classi-
fication of caseinase activity, the elastase
positive ratios of A, B, and C groups were
57.1%, 40.0% and 66.7%, respectively.
From Table 5, we could also find that there
was no direct relationship between the
elastase production and the pathogenicity

of P. aeruginosa. So we could not use the

elastase production to evaluate the patho-

genicity of P. aeruginosa, either.

The relations of DNase and pathogeni-
city had been reported by many bacterio-
logists, especially for Staphylococcus
aureus'?5) We had found that Nissan’s
heart extract DNA medium could induce

(21). For

P. aeruginosa to produce DNase
the 48 clinically isolated strains, the DNase
positive ratio of A, B and C groups was
74.3%, 60.0% and 33.3%, respectively.
From Table 5, we could also find that

DNase production could not be used to

Caseinase Activity of Ps. Aeruginosa

evaluate the pathogenicity of P. aeruginosa.
Hasegawa and Kondo(26) had com-

-pared the virulence of Staphylococcus

aureus caseinase and bound coagulase-
deficient mutants and parental strains.
They - thought that caseinase producing
ability was related to the pathogenicity of
S. aureus. The hydrolytic activity of S.
aureus or S. epidermidis on skim milk
medium had been used to identify their

(7, By the caseinolytic activity

virulence
on 2% skim milk HI agar, we classified P.
aeruginosa into ihree groups: A group
had a clear halo around the colony and a
cloudy precipitate zone immediately around
the clear halo; B group formed only a
cloudy halo surrounding the colony and
Group C had no observable. enzymatic
activity. In the 48 clinically isolated strains,

35 strains belonged to A group (72.9%),

10 strains belonged to B group (20.8%)
and C group had only 3 strains (6.3%).

- As for their toxicity (Table 5), the bacterial -

cells and culture supernatant of A group
showed the highest virulence, and the C
group which did not have caseinase activity
almost had no virulence. The caseinase
was the extracellular product closely related
to the pathogenicity and toxigenicity of
P. aeruginosa.

Two major proteases have been
isolated from culture fluids of P. aeruginosa
“‘8). Both of these enzymes have been
implicated to be iﬁ\portant virulence factors
during colonization("). They contribute
to the breakdown of physical barriers of
the host, as well as enhancing bacterial
proliferation by supplying amino acids

and peptides from tissue proteins(27).
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The results in animal experiments that
have used purified proteases implicated
them as being responsible for hemorrhages

in internal organs(zs), degradation of corneal

(29)

proteoglycans'“?/ and increase in mortality

(30), Additionally, in vitro studies have

shown degradation of fibrinogenm)

(32)

, com-

plement components and immuno-

(33) The pigment pyocyanin may

globulins
contribute to the overall disease process
through- its effect on the oxygen up-take
of tissue cells, including leukocytes(34).

The virulence of the caseinase mutants
to mice was much weaker than that of
parental strain-113. Mutant-1 lost pyocyanin
and elastase p'roducing ability while its
caseinolytic activity was still kept but de-
creased clearly; Mutant-4 lost caseinase but
possessed elastase activity (Table 6). Com-
paring their virulence (Tables 7 and 8),
we found that the losing of elastase and
pyocyanin production did not influence
the pathogenicity and toxigenicity of P.
aeruginosa. Ohman et al,(35-36) also showed
that while exotoxin A was important in
establishing infection, but elastase was not
required. But the losing or decreasing of
ability to elaborate caseinase activity re-
sulted in concomitant loss of virulence: of
caseinase-deficient mutants. So the caseinase
activity might be applied to identify the
pathogenicity and toxigenicity of P.
aeruginosa.

The infecting route of P. aeruginosa
will influence their pathogenicity to mice.
For parental strain-113 (Table 7), the iv
LDso was 0.88 mg/kg, but the ip LDsq
was 0.73 mg/kg. For Mutant-1 and -4,
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the ip injection route also showed stronger
infectivity. We know that the pathogenic
factors of P. geruginosa included exotoxins,
proteolytic enzymes, leuckocidin, hemolytic
substances, exoenzyme S, lipopolysac-
charide, exopolysaccharide, and some cell
surfaces components etc!H513)yf P,
aeruginosa was injected by iv route, the
bacteria would be cleared out very soon
by reticuloendothelial system (RES); while
by ip injection, P. aeruginosa would have
enough time to produce virulent factors
mentioned above that protect the bacteria
from leukocytosis and destruct or inhibit
host’s vital organs. So host’s RES functions
are very important against P. aeruginosa
infection, especially for those compromised

patients.
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DRERMEERE KIRFERFEEZHR
Fe¥ ¥42* HEX Zpr

HIEG R4 i A8 BB Bk LIRS 448, ( skim milk) 2 KHES S 3 BY » EDABE 52
2 HRBHEREABEVESZBR ( 72.9% ) » BREELARSZ #sE ( 20.8 %) KC#
R RESH(6.3% )%

7 T MBS RO AR B A K R M R RO IR IR T B % - Hi ICR #/hNEaRZ LD, 251E
A B if 0.28 mg / kg~ 11.23mg / kg, BE1.15mg /kg~4.48mg / kg, KCH
71.27mg / kg~ 103.75mg / kg ( Table 4 ) o Li#H#k ( 20 mg / kg ) WIRIEHMKE » AR
BB SE1-%7E 60-100% 2 » T C BERIMESET- ( Table5 ) o ik S R IEHERE 2 IR B
B o 2 5 KB B o IR IE R » ABFIDIARELL 65.7 % » TESMGHNE RGE - HA
~ D~ J %N RifEsdk - o BEOR R ZmAE R » CRIKETBIESTE » UBHEAES Y
Az 0 ABHE 57.1 % » BB 40.0 ZRCEE 66.7 % » IPRENGHS K5 iR B MRS > ISt 5y
B RAR 80.0 %K% 74.3 % » BB 30.0 %% 60.0 % » RCH 66.7 %% 66.7 % o

PIN-methyl-N’ -nitro-N- nitrosoguanidine g 2 k& % it = 824 ( caseinase-
deficient mutants) B fHgE ML Hlk o P8BSk 1 962 25 LK 2 81 6145 pyocyanin B 1)
BEBMEERN SN » R RS ML » IR 4 SHIIH5% B S & % & pyocyanings 4
RE 77 » (BRI & BE Y o HHH M BRI e N AR R R ML 2 4 » B AR E S R e
H#2ZLD,, 55128 # 0.88mg / kg % 0.73mg / kg WE 15 28.02mg /kgk 3.54
mg / kg 4 52 89.80mg / kg K 71.27 mg / kg ; BRI SR @5 B RIS gt/
B R R o XDIIIRHE 512 LD, RSB b 1 985055 9. 1 /2 B3 Rk 4 5855 102. 0% » DI
JiE R S 2 SR M A ZE 4.8 18 % 97.6 % 5 HHIEE |- ik dIRE R R /NG RS B S BIE R
BRI ml /kg HESHRFHSETSR R 40.0 % » BB 1982010 ml / kg S ZFE1-HE 20.0 %
» fAESERK 4 SRR £ 20 ml / kg i SR OV AR/ T RBETS o

DL b2 s S0 S0 o e A 2 I 2 T B L S b e B S R IR R AR O BRER: o i IP Tt
N M ~ 380 R g B 2 S A 4% B W K py ocy anin S FEA- A7 R M AR B v SR Y 4R B2 R0 -
Il 7553 RUFR AT RIRBRER o i hT e SR M5 Mk 2 B 2 S AR 5 B S i J B Rl > — o
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