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Tancg 3. Iridescence, Pyocyanin, and Pyocin Types
of Selected Strains of Pseudomones ceruginosa.

Source Strain Iridescence' Pyocyanin® Pyocyunin Pyocin
Production Production  Type*
(iron)
KSU Iab K240 stimnlated ++ +-4 8-17-39.577
stock 8/39
poreine K15 none + -- 8-17-39577
autopsy 8/39
chicken K12G entire — +++ 8-39-8/39
bovine Kil0G  none ++ ++ 8.39.8/39
intestine
equine KI19G piited +-+-+ +++ 8.26-577
auntopsy
bovine K11G none ++ ++ 8-26-577
brain
procine K13G entire — +++ 8-26-30.52
auLopsy 283.577-8/39
canine K366 entire — +++ 8-10-39-52-
urine . 283577584~
593.8/3%
canine ear K50G entire — — 8-10-39-52
exudate 577.8/39

Entire iridescence refers Lo a film of iridescent material over the whole colony.
Pitted relers to iridescence in pils on the coleny. Stimvlated refers to iridescence
formed when grown in the presence of glyeerol.

“Pyoeyanin formed on 2 percent glycerol-nmirient agar.

*Pyocyanin formed on 2 percent glvecrol-nuirient agar with 0.00] pereent ferrie sul

fale.

‘I'yocin test strains used by Darrell and Wuhba (6).

TamLE 4. The number of cells in colonies with

and without the iridescent material.

Strain

colomy iridescent" % viable non-
age (hy) culture iridescent’
culture
K12G 60 156 x 107 32 I85x 107
72 213 x 107 33 259 x 1{°
K15G 48 90 x 107 71 127 x 107
72 202 x 107 9 222 x 10

*Average values of two trials.
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whereag strain K19G formed the
iridescent material only in pits with-
in the colonies. These data showed
that if the iridescent material was
the result of lysis, it was less than
14 of the population, when compared
with the same culture grown on
media that inhibited this substance.
It should be noted that the viable
count increased with the age of the
colonies (Table 3), indicating that
the cells were still multiplying and
not totally lysed. Colonies isolated
from these iridescent cultures dis-
played the iridescent material and
had the same pyocin tyvpe as the
parent culture.

Culture Viability. Four different
strains on nutrient agar slants were
examined during a 50 day period at
30C for viability. Two cultures were
iridescent straing and two cultures
were non-iridescent strains. All cul-
tures were viable after the 50 day
period, all retained the same pyocin
types and all retained their ability
or inability to form the iridescent
material. From these results it was
clear that non-irtidescent wvariants
did not take over the iridescent cul-
tures and therefore the cells capabie
of producing the iridescent material
wera viable,

Isolation of Non-iridescent Cul-
tures from Iridescent Sirains. Meth-
ods used to cure bacterial cells oth-
er than P. aeruginose of episomal
elements failed after several trials
1o cure straing K12G or K19G of
their pyvocin types or the iridescent
phenonmenon.

Although non-iridescent colonies
of the iridescent straing weve igolat-
ed by streaking the culturcs on nu-
trient agar with 10 meg/ml de-
methylchlortetracyeline (Lederle
Laboratories, Peart River, New Jer-
sey), these were probably variants
in the parent culture. These isolates
retained the same pyocin type as the
parent culture and did not revert to

the iridescent form even after 1 year
continuous transfer on nutrient agar
slants.

Nutritional Reguirements for the
Iridescent Material, Fourteen select-
ed strains were heavily inoculated on
a mineral salts agar base which in-
cluded adequate iron to permit
growth and a useable carbon source.
One strain, K50G would form the
iridescent material only if the me-
dium contained profein, anthranilate
or tryptophan and glycerol. This
organism was not a mutant requir-
ing tryptophan or anthranilate for
growth. With the exception of this
sirain, the organisms that produced
the iridescent material formed this
material on the same media as non-
iridescent cultures producing pyocy-
anin. Sodium acetate, sodinum pyru-
vate, sedium glutamate and alanine
usually supported the production of
the iridescent material,

DiscussioN

Wensinck et al.,, (1967} showed
that the iridescent material was es-
sentially a pure substance that could
be controlled by the iron concentra-
tion of the medium, Iron added to
aerated liquid culture media is need-
ed by some strains of P. aeruginosa
for longevity of these cultures
{Weinburg and Goodnight, 1970).
Qur results of the iridescent colonies
grown on solid mediza indicated that
the majority of the cells in colonies
were alive and these colonies were
capable of increasing in size with
time. All colonies that werc formed
from cells of the iridescent colonies
also displaved the iridescent phe-
nomenon and had the game pyocin
type as the parental culture, Even
though the colonies of one strain
were completely covered with the
iridescent malerial, the cells under
this substance were still capable of
formiing colonies. The strains of P.
aeruginosa used in this particular
experiment were chosen at random,
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however, all iridescent cultures of
this organism may not have the same
survival patierns because P, qeru-
sinosa cultures are olten lysogenic
(Paterson, 1965). The purpose of
this study was to show that the iri-
descent material covering a colony
did not mean the culture had total-
ly lysed.

Pyocyanin appears to be an al-
ternative secondary metabolite to
the iridescent material when iron is
present in the appropriate medium.
Organisms that formed the irides-
cent materiz]! did so on the same
medium as the non-iridescent cul-
tures produced pyocyanin. Strains
that produced large amounts of pyo-
cyanin were invariably capable of
forming the iridescent material, how-
ever, a few strains produced only
the iridescent material and were
apyocyanogenic.

In addition to the iridescent ma-
terial and pyocyanin, P. aeruginosa
produces other secondary metabolies
including oxychlororaphin, phena-
zine-1-carboxylic acid and the aeru-
ginosing {Holliman, 1961: Chang
and Blackwood, 1968; Kocka, 19692),
The formation of these substances
depend upon several variables: aera-
tion (Holliman, 1969), pH (Zierdt,
1971, temperature (Kocka, 1969),
iron concentration (Wensinck et al,
1567), the stage of growth; Kocka,
1969) and the carbon source (Berk,
1963; Wenginck ¢t al., 1967; Kocka,
1969) .

The function of these substances
has not conclusively been determin-
ed, although Mann (1970) and
Korth (1971) indicated that pvocy-
anin and phenazine-1-carboxylic acid
function as redox agents. It is not-
able that the formation of these sec-
ondary metabelites is favored in
non-aerated or static conditions and
that the carbon source iz a deter-
mining factor as {0 which secondary
metabolite will be formed.

27

Since a single strain of P. aeri-
ginosa is capable of forming all or
several of these secondary metablo-
lites previously mentioned (Chang
and Blackwood, 1968; Kocka, 1969)
depending upon the euliural condi-
lions, those substances may act as
a detoxification mechanism in the
phases of growth after logarithmic
growth.

LiTERATURE CITED

Berk, R. 8. 1963. Notritionzl studies on
the “auteplagoe™ phenomenon in Psewus
domonas aeruginosa. 1. Buacteriol, 86:
728-734.

Berk, R. S. 1966. Nurritional requirements
for sutoplaque production in APT
strains of Prendomonas geruginose.
Canad. J. Mivrobiol, 12:371-373.

Burns, C. M. and J. 0. Hagris, 1953. The
influence of sodium potassiom and am-
monium ion on the rvespiration of dzo-
tobacter chroococcum as related to the
composition of the grewth medium.
Soil. Sci. Proe. 17:245-256.

Bunyex, M. O, J. J. R, Cavppers and B.
A, Kacres. 1948 The mineral require-
menls for pyocyanin production, Cun,
J. Res. €, 26:15.22,

CHang, P, C. and A, C. Brackwoon, 1968,
Simultaneous bicsynthesis of pyoeyanin,
phenazine-l-carboxylic  acid and  oxy-
chlororaphin irom fabeled sobstrates by
Pseudomonas aeruginoese Mac 436, Can-
ad, I. Biochem. $6:925-929.

Dargerr, II. H. and A, H. Wansa. 1964,
Pyocine-lyping of hospital strains of
Psendomonas aeruginosa. J. Clin. Path-
ol. 17:236.242.

Dox, P. A, and M. Van Dexn Enpe. 1930,
A preliminary study of bacteriophage
of Pseudomonar weruginvsa. J. Hyg.
{Camb.) 48:196.14,

Gieies, R R. and J. R, W. Govan. 1966,
Typing of Psewdomeonas pyecyanee by
pyocine production. J. Pathol. and Bae-
teriol, 91:339.345,

Haprey, P, 1924, Trunsmissible lIysis of
Bacillus pyocyaneus. J. Inf. Dis. 34;260
304,

Hmora, Y. 1957, Arlificial elimination of
the F factor in Baet. eoli K17. Nature.
178:92,

Hmora, Y. 1960, The effect of acridine
dycs on mating type faclors in Escher
ichiz coli. Proc. Nall. Acad, Sci. (US.)
46 :57-04,



28 TRANSACTIONS ILLINOIS ACADEMY OF SCIENCE

Kocka, I E. 1969. Phenazine plgmr-nts,
the iridescent phenomenon and pyovins
of Pseudomenas geruginosa. Phb. dis-
sertation, Kansas State University, Man-
hattan, Kansas.

MacDoxarp, J. C. 1963, Biosynthesis of
pyocyanine. Can. J. Microbiol, 9:809-819.

Seaman, E, E. Tawmy and J. Msrmun
1964. Indacible phages of Bacilfus sub-
tilis. Biochemisiry. 3:607.613.

SiEpkA, G. and R. Zact. 1960. Some re-
marks on the autolysis of Pseudomonas
geruginosd, Antonie van Leeuwenhoek.
26:193.208,

Ssuar, J. A, H. C. Dexierx and J. N.
Cogrzee. 1968. Properties of a Proteus
morgannt hacteriocin, J. Gen. Micrebiol.
54:67-75.

Warrra, A, H and J. H. Daeeere. 1965,
The identification of atypical-strains of
Pseudomonas aeruginose. J. Gen. Micro-
biol. 38:329-342.

Warxer, P. T. J. C. P. 1950. The irides.
cent phenomenon of Pseudomonas pyo-
cvaned. Brit, J, FKxptl. Pathol. 31:242-
257.

WeLLs, I €. 1952, Antibiotic substances
produced by Pseudomonas ueruginose.
Synthezsis of Pyo 1b, Pyo le and Dyo
111. J. Biol. Chem. 193:371-340.

WeNsicwk, F., A, Van Dacen and M.
WrenEna, 1967, Iridescent muterinl and
the effect of iren on its produetion by
Pseadomonas aeruginose. Antonic van

Leeuwenhoek. 33:73.86.

Ziceor, C. H. 14971, Awvlolytic nalure of
irideseent lysis in Psendomonas aeru-
ginosq. Antonie van Leeuwenhoek. 37:
319-337.

Manuscript received 53 February, I973.



