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PROTEOLYTIC ACTIVITY OF PSEUDOMONAS AERUGINOSA

ON NEOPEPTONE AGAR MEDIUM
Cuenc-Cuuane TSENG

On the Neopeptone agar medium, Pseudomonas aeruginosa sho-
wed so characteristic pigment production and proteolytic activity
that it was easily differentiated from other bacteria. Using these
two properties on Neopeptone agar medium for isolation of Ps.
aeruginosa from clinical specimens, we got the same isolation rate
as that of using nalidixic acid cetrimide agar medium. For bio-
chemical identification of Ps. aeruginosa, Neopeptone agar medium
seemed to be more characteristic than Kovacs oxidase, cytochrome
oxidase, glucose oxidation and gelatin liquefaction tests and as
accurate as gluconate oxidation and nalidixic acid cetrimide agar
medium. For isolation of achromogenic strains of Ps. aeruginosa
and Ps. pseudomallei, the proteolysis on Neopeptone agar medium
showed better result than the other methods. These two colourless
strains can be differentiated each other by their ability of oxidizing
gluconate into 2-ketogluconate. Although the use of Neopeptone
agar medium for isolation of Ps. aeruginosa still requires some
improvement, its simplicity in preparation, easiness in handling
and cheap cost make the medium useful for clinical identification
of Ps. aeruginosa.

Neopeptone agar medium can also be used for isolation and
identification of Serratia marcescens by its reddish-purple pigment
production and proteolytic activity, and of Klebsiella by its mucous-
droplet colonies and white precipitate zones. Moreover, the medium
serves to identify various pigment-producing Staphylococci and to
show proteolytic activity of Bacillus cereus and Proteus species.

Since the wide use of antibiotics,
the clinical incidence of Pseudomonas in-
fection has gradually increased. There-
fore, it becomes an important problem
to develop simple and quick methods
for identifying Pseudomonas—Ps. ae-
ruginosa, Ps. pseudomallei, Ps. malto-
philia and Ps. stuteri@——from clinical
specimens.

The usual enterobacteria isolation
media such as EMB and MaConkey
are not satisfactory for the isolation
of Pseudomonas because of possible
overlooking of some strains and need of
reidentification. Although the nalidixic
acid cetrimide (NAC) medium has shown

excellent results for the isolation of Ps:
aeruginosa, it has some difficulty in
differentiating the achromogenic strains
of Ps. aeruginosa from other non-
pigment-producing bacteria that can
grow on this medium, and in isolating

the other pathogenic pseudomonas.

strains such as Ps. pseudomallei and
Ps. maltophilia that can not grow on
the same medium®. Many important
biochemical tests have been used for
identification and classification of
Pseudomonas@—2+4~7, however, it is still
necessary to find an suitable differentiai
medium for differentiate Pseudomoﬁas
from other related microorganisms.
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Production of water-soluble pig-
ments such as phenazine and pyo-
verdin® by pseudomonas is one of the
important characteristics for identi-
fication of this bacterium. Although an
excellent result of Sabouraud maltose
agar medium for the pigment production
of Ps. aeruginosa has been reported®,
King A and B media are usually used
for the test of pigment production. On
another extracellular substance—pro-
tease—especially of the Ps. aeruginosa
and Ps. myrogenes sp. there have been
many detailed studies®~1, Interested
in the pigment production and proteolytic
activity of Pseudomonas, the author
studied various media and found that
when cultured on the Neopeptone agar
(NA) medium, Ps. aeruginosa produced
bothawater soluble yellow-green pigment
and proteolytic enzyme. The present
study is to investigate the possibility
of using these characteristic pigmen-
tation and proteolytic activity on the
NA medium for the identification of Ps.
aeruginosa and to compare its accuracy
with other important biochemical tests.

MATERIALS AND METHODS

I. Organisms tested:

The suspected Ps. aeruginosa strains
were freshly obtained {rom clinical
materials of McCay Memorial Hospital.
The other bacteria used in this ex-
periment were the strains kept in our
department. All the strains subjected
to the tests were 18hr fresh cultures
on heart infusion agar slants (Difco).

{I. Biochemical tests:

(1) Gluconate oxidation test: A
large amount of freshly cultured strains
were grown in the gluconate-HCl
medium (Eiken) at 37°C for 6 hr. Then
3ml of 1% molybdic acid solution
(Eiken) and 0.2 ml of glacial acetic acid
were added and the mixture was heated
in boiling water for 5 min and then
quickly cooled. Deep blue coloring
indicated positive reaction.
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(2) Starch hydrolysis: One per-
cent of dissolved potato starch powder
(Wako Chemicals) was added to the
nutrient agar (Difco). Strains were
placed on these plates by spot-inoculation
and incubated at 37°C for 24-48hr. If
cloudy zones appeared around the
colonies on the clear medium, and after
flooding the plates with 9525 ethanol
the clear medium changed to white
precipitate and the cloudy zones became
clear, the test indicated positive starch
hydrolysis.

(3) Tween 80 hydrolysis:  One
percent of Tween 80 and 0.0125 of CaCl:
was added to the nutrient agar (Difco).
Strains were placed on these plates by
spot-inoculation and incubated at 37°C
for 48hr. Cloudy =zones around the
colonies indicated positive reaction.

(4) Arginine hydrolysis: The me-
dium consisted of peptone (Difco) 5gm,
yeast extract (Difco) 5gm, K.HPO,
2 gm, glucose 0.5gm and arginine-HCI
(Wako Chemicals) 3 gm in 1,000 ml of
distilled water. After inoculation the
medium (2 ml/tube) was kept in an
incubator at 37°C for 24hr and 0.25ml
of Nessler reagent®® was added to each
tube. Appearance of brown color in-
dicated a positive reaction.

(5) Protease production test: Three
percent of skim milk (Difco) was added
to the heart infusion agar (Difco). After
autoclaving, the plates were inoculated
with -band inoculation and cultured for
24 hr. Appearance of clear zones around
the colonies indicated production of
protease by the tested strains.

(6) Other tests: Gelatin liquefac-
tiont?®, Kovacs oxidase®®, cytochrome
oxidase(™, nitrate reduction®V, dextrose
oxidation» and carbohydrate fermen-
tation®®» tests were also included in
this experiment.

III. Culture media:

(1) Ncopeptone agar medium (NA
medium): The medium consisted of 2%
of neopeptone (Difco), 295 of lactose
(Difco) and 1.5% of agar (Difco). Al




the ingredients were dissolved in’ dis-

tilled water, autoclaved and then poured

into plates. This medium had adequate
cloudy opaqueness. Strains were band-
inoculated and incubated at 37°C for

24 hr for detection of their pigment

production and proteolytic activity.

(2) Nalidixic acid cetrimide (NAC)
agar medium (Eiken)®: After 24-hr
cultivation, the growth and pigment
production of the tested strains on this
medium were examined.

IV. Comparison of NA and NAC media
for isolation of Ps. aeruginosa
from clinical specimens:

After 24-hr propagation on brain
heart infusion broth (Difco), specimens
_ were inoculated directly onto the NA
and NAC media. The suspected colonies
i.e. colonies showing both pigment
production and proteolytic activity or
only proteolytic activity on the NA
medium, and those which produced
pigment on the NAC medium were
picked up and cultured on the usual
agar slants. The purified strains were
cultured again on the NA and NAC
media for confirmation. Then the bio-

chemical tests listed in II. were carried
out.

RESULTS AND DISCUSSION

Following. the classification of Bailey
and Scott® and the reports of several
other scholarse:524-20, out of 207
strains which showed positive proteolytic
activity, 206 strains were identified as
Fs; aeruginosa and one as Ps. pseudo-
mallei (Table 1). Two, strains were
negative in proteolytic activity and did
not produce brown pigment. They
might be classified as Ps. maltophilia.
Among the 206 strains of Ps. aeruginosa,
202 strains (98.1%5) were chromogenic.
Among the chromogenic strains, 197
produced water-soluble yellow-green
pigment and 5 produced brown pigment.
These proteolytic activity and pigment
production on the NA medium may
provide an auxiliary biochemical test
for the identification of Pseudomonas,
and this medium may also serve as a

screening medium for selecting Pseudo-

monas strains from clinical routine
cultures.

Table 1. Identification of Pseudomonas by cultural characteristics on Neopeptone ‘
agar medium and other biochemical tests. (209 strains)

Biochemical i
Characters Nuglfber Kovacs cg¥;g;e n(a;:gcoo); Gelatin| Glucose Growth i
s oxidase| . : s V2l ‘lique- oxi- ] Proteo-
strains oxidase|idation . .~ _lon NAC|Pigmen-| 3
s ¢ test oot Foot faction| dation BT lytic
Species g { activity
s { o02r | H(H) | + | HH) | H@E [ [ |
Ps. aeruginosa ; 1
4 |+ |+ [+ H@ | FHH [ S+
Ps. pseudomallei 1 +(+) + —(=) | ()| )| ()| =(=) +
Ps. maltophilia 2 +(%) + —(=) | +H(H) | (=) =(=) ]| =(H) =
* . QOut of 202 strains, 5 strains produced water soluble brown pigments.

‘(): Principal characteristics of pathogenic Pseudomonas as described in W. Robert Bailey
& E.G. Scott’s Diagnostic Microbiology, 3rd edition, p. 163, 1970.

strength accompained with their specific
activity of various’ pathogenic or non- pigment e, g. reddish purple (Serratia
pathogenic bacteria on the NA medium marcescens), yellow or white (Staphylo-
are shown in Table 2. Serratia mar- cocci). These two properties of Ps.
cescens, Bacillus cereus, coagulase- aeruginosa on the NA medium were more
negative Staphylococci and Proteus sp. characteristic than other microorgan-
showed proteolytic activity of different isms. Although some other bacteria

Pigment production and proteolytic
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can produce protease or pigment too, it
is easy to differentiate Ps. aeruginosa
from others by the shape of colonies
and its characteristic water-soluble
green-pigment.

The results of using NA medium
for isolation of Ps. aeruginosa from the
clinical specimens in comparison with
NAC medium are shown in Table 3.
From the total of 370 clinical specimens,
57 strains of Ps. aeruginosa were isolated

on both NA and NAC media. 11 strains
of suspected Ps. pseudomallei which
only showed proteolytic activity on NA
medium were also isolated. Other
bacteria found on the NA medium were:
6 strains of Serratia marcescens which
produced reddish-purple pigment and
proteolytic activity, 14 strains of proteus
sp. which showed weak proteolytic
activity, yellow or white colonies of
Staphylococci, and Klebsiella with

Table 2. Proteolytic activity and pigment production of various pathogenic
or non-pathogenic bacteria on Neopeptone agar medium

No. of Response on NA medium

St stzx;z;zras NO'SSFa&I;Ot(éyilgvtic Pigmentation
Serratia marcescens 39 39 (100) Reddish-purple
Coagulase-negative Staphylococci 387 56 (14.5) Yellow or white
Coagulase-positive Staphylococci 133 0 Yellow or white
Bacillus cereus 1 1 None
Proteus sp. 14 14 (100) None
Salmonella 51 0 None
Shigella 310 0 None
Klebsiella 94* v None
Escherichia coli 30 0 None
Corynebacterium xerosis 0 None
Candida albicans 1 0 None

* . Cloudy zone formation.

Table 3. Comparison of Neopeptone agar medium with nalidixic acid cetrimide
agar medium for isolation of Pseudomonas from clinical specimens

NA medium NAC medium
Kind of specimens Specimen :
Pigmentation P;%ttei?,li}tl;lc Isolated no. (Isolated no.)
{ + -+ 33 33
Sputum 89
- + 6 0
Pus 64 + + 10 10
Urine 107 + + 8 8
e + 2 2
Throat swab 47 {
— ' 4 0
Stool 20 + I- 1 1
+ - 3 3
Others 43 { -
— S 1
Total no. 370 63 57
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white precipitate and mucous-droplet
growth.

A special medium was used for the
successful isolation of Ps. pseudomallei
from clinical specimens®®. Thomason
et al.® reported that they identified
this bacterium on the slide by fluores-
cence antibody technique from the
mixed culture of many microorganisms.
In the present experiment NA medium
showed an excellent result for the
isolation of Ps. pseudomallei. As shown
in Table 4, out of 11 strains of suspected
Ps. pseudomallei, 7 (Ps. —11, 19, 40, 88,
93, 94 and 97) had the same properties
as those described by Bailey and Scott®
i.e. positive reactions to the tests of
Kovacs oxidase, dextrose oxidation,

gelatin liquefaction and carbohydrates
fermentation (glucose, sucrose, maltose
and mannitol in nutrient broth), no
growth on the NAC medium; no ox-
idation of gluconate to 2-keto-gluconate;
and no pigment production. They also
showed the following properties as
described by Yabuwuchi®: no growth
on 3% NaCl nutrient agar medium and
positive reaction to the tests of starch
hydrolysis, Tween 80 hydrolysis and
arginine dihydrolation. Ps. =128 strain
had properties partly similar to Ps.
aeruginosa and partly similar to Ps.
pseudomallei. Other 3 strains Ps. -67,
75 and 107 had rather confused bio-
chemical characteristics and could not
be identified.

Table 4. Biochemical characteristics of suspected Ps. pseudomallei
which showed proteolytic activity but no pigmentation
on the Neopeptone agar medium

mocremicat” <" Nutoom] o | s | s [P genuine
Kovacs oxidase o+ ¥ b8 + +
Cytochrome oxidase + + + + +
Gluconate oxidation - o - + =
Dextrose oxidation - + + +- +
Gelatin liquefaction - -+ 1 -4
Tween 80 hydrolysis - ot - i i
Growth on: NAC medium — — . = 4
3% NaCl medium — o + | I
7.5% NaCl medium - = + _ =
Starch hydrolysis B - - = =
Arginine dihydrolation & — — = +
Nitrate reduction — — — = i
Neopeptone agar medium:
pigment production & 1 o _ . +
proteolytic activity -+ L 4 + +
Protease production 34 4 + + +
Carbohydrates in nutrient
broth
Dextrose + i i i +
Lactose — I { - —
Sucrose -+ + = + .
Maltose + -+ + 4 5
Mannitol = + — 4 "
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The media now - generaly used for
biochemical identification and isolation
of Ps. aeruginosa are more OT less
unsatisfactory. For example, in the
Kovacs and cytochrome oxidase tests,
not enly Ps. aeruginosa but also other
bacteria such as Alcaligenes faecalis,
Aeromonas species and Flavobacterium
species can react positively. Gluconate
oxidation test offers more accurate resylt
for identifying Ps. aeruginosa but the
procedure is rather complicated®. NAC
medium is excellent for biochemical
identification and clinical isolation of
Ps. aeruginosa®, but since this medium
has no inhibitive effect on the growth
of some organisms such as Klebsiella
aerobactor species, they can not be
differentiated from the achromogenic
strains of Ps. aeruginosa. Especially
because the ‘growth of both Ps. pseudo-

" mallei and Ps. maltophilia is inhibited
on this medium, they will be missed
when using NAC medium for isolation
of Pseudomonas.

When NA medium was used as a
differential medium for Pseudomonas,
though its surface could often be covered
by Proteus species, the result for isola-
tion of Ps. aeruginosa was very good
as compared with NAC medium or other
biochemical tests, and it was also suitable
for the isolation of Ps. pseudomalléi.
Out of 263 strains (206 in Table 1 and
57 in Table 3) of Ps. aeruginosa isolated
from clinical specimens, 100925 were
proteolytic activity positive and 98.5%
were pigment-producing strains on the
NA medium. Compared with other
biochemical cha}racteristics especially
with gluconate oxidation and growth on
NAC medium, no doubt the NA medium
was better than NAC medium or other
biochemical tests for the isolation and
identification of Ps. aeruginosa, especial-
ly for isolation of its achromogenic
strains and Ps. pseudomallei.

NA medium also can be used for
the isolation or biochemical identification
of Serratia marcescens which produce
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purple-red pigment and proteolysis,
yellow and white pigment-producing
Staphylococci, and Klebsiella which
grow mucous-droplet colonies and pro-
duce white precipitate zones.
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