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UMMARY  Phospholipase A-deficient mutants were isolated from Escherichia coli
B/SM as follows. Replica plates were incubated to allow formation of colonies
and then overlayed with soft agar containing washed sheep erythrocytes, lecithin
Cat**, colistin, lysozyme and streptomycin. 'The mutant colonies were detected as
colonies without hemolytic zones. Two or three cycles of treatment with mutagen
and selection were necessary for their isolation. The mutants obtained could grow
in a synthetic medium with glucose as the sole carbon source, and their phospholipid
compositions were similar to that of the parent. They also gave the same agglutina-
tion titer as the parent with rabbit antiserum against the parent strain.
They supported the growth of all members of the T-series of bacteriophages as
effectively as the parent. Some hemolytic substance was produced from either
lecithin or bacterial constituents when the mutants were infected with T even phages,

but not with T odd phages.

When the parent strain was infected with either T1 or T4, free fatty acids (FFA)

were produced in the cell debris.

Only a trace of FFA was formed in the debris of

one of these mutants on infection with T4 and no FFA was formed on infection

with T1.

INTRODUCTION

In 1970, we isolated phospholipase A-deficient
mutants of Vibrio parahaemolyticus to analyze
the hemolysins and phospholipid-degrading
enzymes of this organism (Yanagase et al.,
1970). During studies on alteration of phos-
pholipid in the surface structure of Escherichia
coli in the immune bactericidal reaction
(Inoue et al., 1974a, b), a similar mutant was
required. E. coli is known to possess mem-
brane-bound phospholipase A enzyme which is

not released extracellularly, while V. para-
haemolyticus  produces extracellular phos-
pholipase A, which can easily be detected.
Recently Ohki et al. (1972) described a phos-
pholipase A-deficient mutant of E. coli K12.
To isolate this mutant they treated a detergent-
sensitive mutant of E. coli with mutagen and
then selected mutant colonies which could not
support growth of a fatty acid auxotroph.
However, this mutant seemed unsuitable for

141



our purposes because its detergent-sensitive
character, derived from the parent, might
produce some inherent modification of the cell
envelope and so complicate interpretation of
results.

The principle of our selection procedure is
based on the lytic effect of polymyxin anti-
biotic plus lysozyme on Gram-negative bacteria
(Warren et al.,, 1957) and on the hemolytic
activity of lyso-compounds produced by
phospholipase A from phospholipid (Fig. 1).
The treatment with mutagen and selection had
to be repeated several times probably because
this organism has more than one kind of
phospholipase A.

MATERIALS AND METHODS

1. Bacteria

E. coli B/SM, stain 1-1 was obtained by selecting
spontaneous mutants resistant to streptomycin from
E. coli B, strain Hershey. It can grow in medium
containing up to 500 pg/ml of streptomycin. E.
coli K12, W3110(2) and W3110 were used as the
source of the phage and as the indicator, respectively,
in studies on the sensitivity of the mutants to Z phage.

2. Bacteriophages

Bacteriophages T1, T2L, T3, T4D, T5, T6 and
T7 were obtained by courtesy of Dr. A. Matsushiro,
Department of Microbial Genetics, Research In-
stitute for Microbial Diseases, Osaka University.

3. Culture Media

Tripticase soy broth (TSB) (BBL, Cockeysville,
Md.) and modified Tris glucose medium (Echols et
al., 1961) containing 0.1%, glucose were used. Bac-
teria were labelled with C, by growing them in
Tris medium containing 0.039%, unlabelled glucose
plus 0.5 pCi/ml of ¥C-[U]-glucose (specific activity
=5.0 mCi/m mole).

4. Extraction of lipids and thin-layer chromatography
(TLO)

Lipids were extracted by the method of Bligh
and Dyer (1959). The lipid fractions were applied
to silica gel on an aluminum sheet (5553, E. Merck
AG, Darmstadt, Germany). The gel was developed
with chloroform-methanol-water (65: 25: 4, by vol.).
For two dimensional analysis chloroform-methanol-
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7M ammonia water (60:35: 5, by vol.) was used as
the first solvent system and chloroform-methanol-
acetic acid (65: 25: 8, by vol.) as the second solvent
system.

Autoradiography was carried out by exposing the
sheet to Fuji X-ray film, medical, Kx (Fuji Photo
Film Co., Tokyo) for 5 to 7 days.

5. Materials

14C_Phosphatidylethanolamine (¥C-PE) was pre-
pared from !*C-labelled E. coli B/SM. The lipid
fraction extracted from the labelled bacteria was
separated on TLC. The silica gel in the area cor-
responding to the spot of PE on the autoradiogram
was scraped off. The PE was extracted with chloro-
form-methanol mixture (1:1, v/v) and purified by
rechromatography.

HC.-[U]-Glucose (specific activity=>5.0 mCi/m
mole) was obtained from Daiichi Pure Chemicals,
Tokyo. Colistin (polymyxin E) was purchased
from Banyu Pharmaceutical Co., Tokyo. Strepto-
mycin sulfate was obtained from Takeda Chemical
Industries, Osaka. Egg~white lysozyme (3 Xcry-
stallized) was purchased from Sigma Chemical Co.,
St. Louis, Mo. N-Methyl-N'-nitro-N-nitroso-
guanidine was obtained from K & K Laboratory,
New York, N.Y. Egg volk lecithin was obtained
from Sumitomo Chemical Co., Osaka. Purified
phospholipase A from ‘ Habu ” (Trimeresurus flavo-
viridis) venom was provided through courtesy of Dr.
R. Murata, National Institute of Health of Japan,
Tokyo. Rabbit antiserum against E. coli B was
obtained by immunizing rabbits with a suspension
of bacteria killed by heating it at 56 C for 60 min.
The antiserum was inactivated by heating it at 56 C
for 60 min and stored in the frozen state at —20 C
without addition of any preservative.

RESULTS

1. Isolation of wmutants deficient in  phos-
pholipase A

Fig. 1 shows an outline of the procedure for
isolation of mutants.

An overnight culture of the parent strain,
E. coli B/SM, strain 1-1, grown in trypticase
soy broth (TSB) at 37 C was diluted 1/20 with
fresh TSB. After incubation at 37 C for 2 to
3 hr with mechanical shaking, the bacteria were
harvested by centrifugation, and washed twice
with 0.1 M Tris-maleate buffer, pH 6.0. They












is very interesting to see if a phospholipase A-
deficient mutant of E. coli B can produce
phospholipase A when it is infected by a
bacteriophage.

The three mutants and the parent strain
were all streaked on 8 TSB agar plates and
incubated at 37 C for several hours. Then
each plate was covered with 7.5 ml of soft
TSB agar containing 2x10® washed sheep
erythrocytes/ml, 50 pg/ml of egg yolk lecithin,
0.01 m CaCl,, 200 pg/ml of streptomycin and
either 5 to 10x 106 phages/ml of one of the
T-series bacteriophages or 100 pg/ml of egg
white lysozyme plus 2,000 U/ml of colistin.
The plates were further incubated at 37 C. A
hemolytic zone appeared around the parent
strain 1-1 on all the plates. None of the
mutant strains caused hemolysis on plates with
T odd phages (T1, T3, T5 or T7) or with
colistin plus lysozyme, but caused definite
hemolytic zones on plates with T even phages
(T2, T4 or T6). Tig.4 shows the results with
T6 and T7. It is uncertain whether this
hemolysis observed around the mutant strains
is the result of phage-induced phospholipase A,
However, it is very interesting that the hemo-
lysis occurs only with T even phages, because
it is well known that the metabolism of bacteria
infected with T even phages is different from
that of bacteria with T odd phages.

One of these mutant strains, D4PLAL, and
the parent strain were uniformly labelled with
HMC by culturing them in 0.039%, glucose Tris
medium containing 0.5 xCi/ml of C-[U]-
glucose at 37 C for 16 hr with vigorous
aeration. After washing with Tris buffered
saline, they were infected with T1 and T4
bacteriophages at m.o...=5.0 and at a con-
centration of 2x10° bacteria/ml. Uninfected
bacteria served as controls. After shaking at
37 C for 5 min, the bacteria were separated
from the medium by centrifugation at 13,400 g
for 5 min in the cold. The bacteria was then
resuspended at a concentration of 4x108
bacteria/ml in TSB containing 200 pgg/ml of
streptomycin at 37 C and put in a flask
equipped with a branched cuvette as a sidearm.
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The flasks were incubated at 37 C with constant
shaking. The optical density of the bacteria
was measured in a Coleman Jr. II spectro-
photometer, Model 6/20 at about 20 min in-
tervals from the time of their transfer to TSB
(Fig. 5). After 60 min, the bacteria were
centrifuged, and lipids were extracted from
the supernatants and sedimented cells by the
method of Bligh and Dyer (1959). These
lipid fractions were chromatographed as
described in the Materials and Methods.

As shown in Fig. 6, FFA was found in the
debris of the parent strain after infection with
either T1 or T4. A trace of FFA was also
found in the supernatant fractions. No FFA
was found in the supernatant or debris of the
mutant after infection with T1 and only a
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FIGURE 5. Luysis of the parent and one of the mutant
strains after infection with T'7 or T4 bacteriophage.

Time is measured from the time of transfer of bac-
teria to TSB after centrifugation to separate unab-
sorbed phages. A(1), mutant strain D4PLAL in-
Jected with T1; A(4), strain D4PLAL infected with
T4; Alc), strain D4PLAL without phage; B(T),
parent strain 1-1 infected with T1; B(4), strain 1-1
infected with T4; B(c), strain 1-1 without phage. See
text for details.






the mutant strains infected with T even phages
but not T odd phages, as shown in Fig. 4,
suggest that T even phages, but not T odd
phages, might induce new phospholipase A in
the infected bacteria. However, only a trace of
FFA was detected in the debris of one mutant
infected with T4, while a dense spot of FFA
was observed in the lipid fraction of the debris
of the T4-infected parent strain, although the
turbidities of the two strains decreased simi-
larly. Further investigation is required on
this.

Phospholipids are degraded by bacterial
phospholipase A during both the immune
bactericidal reaction and lysis of phage-
infected bacteria. However, the degradation
products remain in the debris of phage-
infected bacteria, while they are released into
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the surrounding medium during the immune
bactericidal reaction. The degradation seems
to be mainly due to the activity of the same
bacterial enzyme in both cases, because the
mutant deficient in this enzyme produces
little or no degradation products. The reason
for the difference in distribution of the degrada-
tion products is unknown. Further investiga-
tions on this problem might throw some light
on the mechanism of formation of complement-
lesions and of lysis of phage-infected bacteria.

ACKNOWLEDGEMENT

The authors wish to express their appreciation to
P

Dr. R. Murata for his valuable gift of purified phos-

phase A from “ Habu” (Trimeresurus flavoviridis)

venom.

Escherichia coli by the immune bactericidal
reaction. I. Release and degradation of pho-
spholipids from damaged bacteria. Biken J.
17: 127-134.

Inoue, K., K. Yano, and T. Amano. 1974b. Chemi-
cal studies on damages of Escherichia coli by the
immune bactericidal reaction. II. Release of
phosphatidylethanolamine from a phospholipase
A-deficient mutant of E. coli during the immune
bactericidal reaction. Biken J. 17: 135-140.

Josslin, R. 1971. The effect of phage T4 infection
on phospholipid hydrolysis in Escherichia coli.
Virology 44: 94-100.

Ohki, M., O. Doi, and S. Nojima. 1972. Mutant of
Escherichia coli K-12 deficient for detergent-resis-
tant phospholipase A. ]. Bacteriol. 110: 864-869.

Warren, G. H., J. Gray, and J. A. Yurchenco. 1957.
Effect of polymyxin on the lysis of Neisseria cagar-
rhalis by lysozyme. J. Bacteriol. 74: 788-793.

Yanagase, Y., K. Inoue, M. Ozaki, T. Ochi, T.
Amano, and M. Chazono. 1970. Hemolysins and
related enzymes of Vibrio parahaemolyticus. 1.
Identification and partial purification of enzymes.
Biken J. 13: 77-92.





