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Pseudomonas aeruginosa cultured on deoxyribonucleic acid (DNA) media
containing Nissan’s heart extract or chicken heart extract could produce
extracellular deoxyribonuclease,- while on other DNA media with heart
extracts from cow, pig and mouse could not. Variation in the kind of
peptones in the DNA media did not make significant difference in this
activity, although some peptones caused cloudiness of the media. P. aeruginosa
did not need cation activators of chloride compounds to produce extracellular
deoxyribonuclease. On the modified Eiken’s DNA medium, gram negative
bacilli other than P. aeruginosa and Serratia marcescens, i.e. Klebsiella, Sal-
monella, Shigella, Escherichia coli and Alcaligenes did not produce deoxyribonu-
clease. The production of extracellular deoxyribonuélease activity on the
modified Eiken’s DNA medium can be used as a supporting test for biochemical
identification of P. aeruginosa.

Bacterial extracellular deoxyribonuclease is useful in bacterial identification and test for
pathogenicity "%, Thus, the deoxyribonuclease test is widely used in clinical laboratories.
Only a few species have been reported to produce extracellular deoxyribonuclease, such as
Staphylococcus aureus,t" Group A streptococci,<® Corynebacterium diphtheriae(™ Serratia marces-
cens® and Bacillus megaterium. Rothberg® examined production of extracellular deoxyribonu-
clease of enterobacterial species cultured on Difco’s DNA testing medium and obtained the
following results: 100% of 58 strains of S. marcescens, 8% of 117 strains of Proteus and one
of 7 strains of Alcaligenes produced extracellular deoxyribonuclease, 3 out of 59 strains of
Pseudomonas aeruginosa showed only slight extracellular deoxyribonuclease activity and all other
bacilli did not have this activity.

No satisfactory medium has ever been found for the production of extracellular deoxyri-
bonuclease by P. aeruginosa, therefore the authors have attempted to analyze the conditions of
extracellular deoxyribonuclease production, and found that P. aeruginosa cultured on the deoxyri-
bonucleic acid (DNA) medium containing special ingredients could produce extracellular de-
oxyribonuclease. This provides a very useful guide for identifying P. aeruginosa.

MATERIALS AND METHODS

The medium used for extracellular deoxyribonuclease production was a modified Eiken’s
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DNA medium.. Other commercially available DNA media such as Difco’s and Eiken’s were
also used for comparison. The major difference between Eiken’s and modified Eiken’s DNA
medium is that the latter contains Nissan’s heart extract instead of the heart infusion. The
ingredients of modified Eiken’s DNA medium are: heart extract (Nissan Chemicals) 19, poly-
peptone (Kyokuto Chemicals) 195, DNA (N.B.C.) 0.2%, NaCl 0.5¢;, CaCl, 0.049;, and agar
(Difco) 1.5%. All the ingredients were dissolved in distilled water, autoclaved at 121°C for
15 min and poured in petri dishes to make plates. P. aeruginosa was cultured on plates by band-
inoculation and after 24-hr incubation at 37°C, the cultures were flooded with 1.5N HCL A
clear zone around the colony streak greater than 2mm from the edge of colony indicates a
positive reaction. Adjacent to the clear zone a white hazy area is always present which results
from the action of HCI on the salts of DNA in the medium.

To study the influence of heart extract on the extraceilular deoxyribonuclease production of
P. aeruginosa, heart extracts from cow, pig, chicken and mouse were made by the method usually
used for making beef extract.(® One percent of laboratory-made heart extracts was substituted
for the Nissan’s heart extract in modified Eiken’s DNA medium.

To study the effect of various peptones on the production of extracellular deoxyribonuclease,
19 of various peptones was substituted for poly-peptone in the same medium.

One half percent of 0.01 M -solution of various chloride compounds was used instead of
calcium chloride in the same medium to find the relation between the cation of chloride and
extracellular deoxyribonuclease production by P. aeruginosa.

RESULTS AND DISCUSSION

Nineteen strains of P. aeruginosa selected from 246 strains kept in our department were
cultured on modified Eiken’s DNA medium, Eiken’s DNA - medium and Difco’s DNA testing
medium, respectively. -All the 19 strains on the modified Eiken’s DNA medium’ produced ex-
tracellular deoxyribonuclease, while only 2 strains on the Eiken’s were positive and all the strains
on the Difco’s were negative. This difference is probably due to the fact that Difco’s DNA
testing medium did not cont#in heart extract or infusion, and though Eiken’s DNA medium

_contained heart infusion, its origin was different from that of the modified one. This suggests
that Nissan’s heart extract probably contains some substance that stimulates P. geruginosa to pro-

duce extracellular deoxyribonuclease.

The results of substituting various heart extracts from different animals for the Nissan’s
heart extract in the modified Eiken’s DNA medium (Table 1) show that only the heart extract>
made from chicken could induce extracellular deoxyribonuclease production by P. aefuginosa:
It seems that both Nissan’s and chicken’s heart extract may contain the same special componerit$ *

Table 1. Effect of various heart extracts on deoxyribonuclease production

Result
Sources .
) + + =i
Heart extract (Nissan) 8 0 - 0
Beef heart for infusion (Difco) 0 6 .2
Pig heart extract - 0 8 0
Chicken heart extract 8 0 0
Mouse heart extract 0 0 8

+ zone of clearing greater than 2 mm from edge of colony
+ zone of clearing 1 to 2mm from edge of colony

— no clearing
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which are necessary for extracellular deoxyribonuclease production.

When we substituted various peptones for the poly-peptone in the modified FEiken’s DNA
medium, some of the peptones such as Bacto-peptone, proteose-peptone, neo-peptone and Bacto-
soytone, became cloudy after autoclaving but poly-peptone and Kyokuto-peptone did not (Table

'2). Although there was difference in the cloudiness of media, this did not affect the extracellular

deoxyribonuclease production. When 1.5 N HCl was added to the cloudy medium, clear zone
appeared showing the positive result, and the clear media became white precipitate but clear
zone still remained to show positive reaction. This indicates that the kind of peptones did not
make difference to the extracellular deoxyribonuclease production of P. aeruginosa.

Table 2. Effect of various peptones on deoxyribonuclease production

Speci No. of Number of positive strains
R ig;g:is Bacto- | Proteose-| Neo- Poly- |Kyokuto-| Bacto-
peptone | peptone peptone | peptone | peptone | soytone

P. aeruginosa 12 12 12 12 12 12 12
Serratia marcescens
(positive control) 6 6 6 6 6 6 6
Escherichia coli
(negative control) 6 0 0 0 0 0 0
Turbidity + H#t H — =5 +

The results of using various chloride compounds in the modified Eiken’s DNA medium
showed that P. geruginosa could produce extracellular deoxyribonuclease without cation or other
activators (Table 3). With some cations the production of deoxyribonuclease was increased
whereas in some others the production decreased.

Some gram-negative bacteria kept in our laboratory such as P. aeruginosa (246 strains
including 5 strains of achromogens), Klebsiella (45 strains), Salmonella (36 strains), Shigella (104
strains), Serratia marcescens (36 strains), Escherichia coli (4 strains) and Alcaligenes (6 strains) were

Table 3. Effect of cations on deoxyribonuclease production in 13 strains of
Pseudomonas aeruginosa

Leoxyribonuclease* I |' Deoxyridonuclease*
Chemicals i Chemicats ! T

- * - o+ = -
MnCl;+4H,0 12 1 0 LiCl g | 3 2
AICl, 10 3 0 CCl;»COOH 7 4 2
MgCl;+6H,0 9 4 0 HgCls 3 2 8
CaCl, 12 1 0 FeCly+6H,0 o 7 6
KCl 10 2 1 | zncn o | 1 12
NH,(CI 10 2 1 BaCl, I R *
PbCl, 9 2 2 None 10 2 1
SnCl,+5H:0 3 1

0.5% of 0.01 M of chloride compounds was used.
* + zone of clearing greater than 2 mm from edge of colony
+ zone of clearing 1 to 2 mm from edge of colony
— no clearing
** no growth
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cultured on the modified Eiken’s DNA medium to examine their extracellular deoxyribonuclease

pro

duction. Bacteria other than P. aeruginosa and Serratia marcescens showed negative results

(Table 4). This suggests that the deoxyribonuclease activity can be used for separating P.
aeruginosa from other bacteria. This is especially useful for non-pigment-producing strains of P.
aerugionsa to differentiate from gram-negative bacteria which do not ferment lactose or ferment
slowly. Thus, the extracellular deoxyribonuclease production of P. aeruginosa can be used as a
supporting test for biochemical identification of this bacterium.

Table 4. Survey of gram-negative bacteria for presence of deoxyribonuclease

Organism No. t%gtzgains Deoxyribonuclease
+ + -
P. aeruginosa 246 243 3 0
Klebsiella 45 0 45
Salmonella 36 0 36
Shigella 104 0 0 104
Serratia marcescers 36 34 2
Escherichia coli x 4 0 0
Alcaligens [ 0

+ zone of clearing greater than 1.5 mm from edge of colony
+ zone of clearing 1 to 1.5 mm from edge of colony
— no clearing

[=))
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