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uMMARV Comparative studies were made on phospholipids from Baci/his
Megaterii, ?" strain 216, a megacin A producer, and a more immune mutant, strai

265.

The total yields of phospholipids from the two strains were similar on the basis of
bacterial dry weight.

The compositions of the components of the phospholipids of the two strains were
also similar.

The phDspholipase A of megacin A was found to be a phos holi ase A, .
The susceptibilities of the respective phospholipids from the two strains \\. ere also

quite similar. The patterns of the unhydrolyzed fatty acids of the two I so- hos-
phoglycerols were also the same.

These results do not explain the difference in the susceptibilities to me acin A of
the two strains.

The importance of the megacin specific inhibitor in jinmunit to me acin A is
discussed.

INTRODUCTION

Megacin A is an exceptional bacteriocin in the
following t\^o respects : I) it is an enzyme
(ph. sph. lip, ^, A), hydroly"ing pho^pholipid^
to Iy^. ph, ^ph. lipids (coati ,t a1. , 1966) and
2) it causes Iysis of sensitive bacteria (TVd-
novics et a1. , 1959). Bac!Tills megaterit, "I
strain 216 and some strains derived from it,
which all produced megacin A, were relatively
Insensitive to megacin A as compared to strain

KM (most sensitive indicator). Some strains
derived from strain 216 \\. ere more sensitive
than the parent, while others were less sensitive
(orhi at a1. , 1970). Thus. differ. nets in
sensitivity to megacin A seem to indicate that
these strains have different degrees of jin-
in unity to megacin A.

As described in the previous report (Ochi
et a1. , 1970), the bacteria with immunity to
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megacin A produce a nTegacin inhibitor, \\, hich
reversibly inhibits megacin activity or slows
do\\ n the turn-over rate of the phospholipase
A activity of megacin A rather than mactivat-
ing it. The degrees of immunity \\, ere roughly
proportional to the amounts of megacin in-
hibitor produced in the supernatants of the
cultures. in addition, the immunity is re-
tained by protoplasts and this immunity shows
high specificity for the phospholipase A of
megacin A but not for that of heated " Habu "

This highly restricted specificity in
the inhibition of phospholipase A activity by
the megacin inhibitor \\, as demonstrated on an
enzymic level for the activity of megacin A
and not for that of heated " Habu " venom

These facts suggest that Immunity to megacin
is due to production of the megacin Inhibitor.
However, before draw. Ing this conclusion,
another possibility must be examined, namely
that some fatty acids of phospholipids in the
cytoplasmic membrane of more immune strains
may have a low affinity for megacin A but not
for the phospholipase A of heated " Habu "

This paper describes results of studies
on the affinities of phospholipids of strains
with high and low immunity to phDspholipase
of megacin A.

venom

(1961) witlT the folio\^ing modifications : I)induction
it. as carried out using N-methyl-N'-nitro-N-nitro-
soguanidine (NG). 2) megacin A \\. as preci-
pitated by adding acetic acid instead of N-HCl
3) The DEAE cellulose column was eluted with a
linear gradient of NaC1 (0.2 A1-0.5 xi) in 5 initi
phosphate buffer (pH 7.0) instead of by the batch
Glution method.

venom.

4. Bacteii'a/ 11p!d PI coal allo, ,

A I 90 inoculunT of an overnight culture \\, as added
to fresh medium and incubated at 37 C \\. ith shaking

In the middle of the logarithmic growth phase, the
cells were centrifuged and washed twice with cold
saline

Bacterial lipids \\. ere extracted by the method of
Folch (1957) as follows. The bacterial cells \\. ere
put into more than 20 volumes of a cltloroform-
methanol mixture (2 : I vlv) and 1<ept at room tern-
perature o\. ernight \\. ith stirring. Then the mixture
was filtered and the filtrate \\. as mixed \\. ith a quarter

volume of saline (the proportions of chloroform,
methanol and water \\, ere 8 : 4 : 3 by \, o1ume)
The 10\^er cholorofornt layer \\. as separated and the
upper layer \\, as Teextracted t\^ice \\. Ith about a

volume of chloroform. The chloroformquarter

layers \\'ere combined, concentrated and used as the
bacterial lipid preparation

MATERIALS AND IVIETHODS

I. Bactei'in/ styn, ,is IISed

Bacilli, s ,"erro!ei!'nipi strain 216 (megacin A pro-
ducer). its mutant #265 (less sensitive to megacin
A, producing an inhibitor for megacin A) (Ochi at
a1. , 1970) and straii. KM (an indicator for megacin A)
\\'ere LISed

2. Med^^I'll

The P-Y medium described previously (Ochi at
a1. , 1970) \\. as used. it consisted of polypeptone
(Daigo Nutritive Chemicals Co. , Japan) 10 g, yeast
extract (Daigo Nutritive Chemicals Co. ) 5 g, NaCl
3 g, K, HPOj 0.73 g, KHgP0,0.27 g and HgO I liter
(pH 7.2)

3 . Prepo, nil'o71 of megaci, I A

Megacin A was prepared as described by Holland

5. Tnn! layei chi Dingtog, @phy (TLC) @11d prepa-
ratioi, of bac!ei, 'al phDspholi>Ich

Silica gel H (Merck) was used for TLC. Bac-
separated using thetenal phospholipids

solvent, diisobutyl ketone-acetic acid-\\ater (40 : 25 :
5 vlv!v) (A, Iannetti at a1. 1957). For location of
phospholipids either Dittmer's reagent (1964) or
methanol \\'as Lised. \\'hen plates were sprayed
heavily \\. itIT methanol, areas containing phospho-
lipids \\, ere seen as white spots.

After TLC, spots of phospholipid \\, ere located
by washing the resulting powder \\. ith chloroform-
methanol a : I, vjv) on a sintered glass filter
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\\, ere

6. T, alls, ,let/, yint!'o11 of phDsphol!?ich
After fraction ation of phospholipids by TLC,

the lipids \\. ere transmethylated by the method of
Bowyer at a1. (1963) \\. ith slight modification. The
powder from TLC containing phospholipids was
refluxed \\, ith 0.9 inI of conc. H, SO, in 15 inI of
methanol for 6 hr at 80-90 C \\, ith addition of

hydroquinone, as an antioxidant, and carborundum



chips, to prevent bumping. Then 20 inI of water
were added to the sample and the methyl esters of the
fatty acids were obtained by two extractions with
20 in I volumes of petroleum ether. The extracts
were washed twice with water and dried over a

mixture of anhydrous sodium sulfate and sodium
bicarbonate (4 : I, w w). Then, the samples were
concentrated in a rotary evaporator and subjected to
gas-liquid chromatography.

7. Gas-Itq"id chromatography (GLC)

The methyl esters of fatty acids were analyzed by
gas-liquid chromatography using a Hitachi Perkin-
Elmer gas chromatograph F6-D, equipped with a
hydrogen name ionization detector. A Golay co-
Iumn BDS (Hitachi) was used for gas chromato-
graphic analyses. It is a stainless-steel column
(0.50 mm 45 in) packed with butanediol succinate.
A stream of nitrogen at a pressure of 0.5 kgjcm' was
passed through the column.

8. Determin@tio, I of the acyl ester content

Samples of 0.4 in I were pipetted into 3 in I of
ethanol-ether (3 : I, vlv) and the acyl ester content
was assayed by the method of Stern at a1. (1953).

9. Determination of the phosphorus content of
phospho!zipids

Each phDspholipid sample was dried and its
phosphorus content was assayed by the method of
Bartlett (1959)

growth phase and washed successively with
saline and distilled water. Then thick cell

suspensions were made and the phospholipids
were extracted and estimated. Using sus-
pensions of the two strains of equal optical
density the dry weights of the cells were
similar. The total yield of phospholipids from
equal dry weight cells of the two strains were
also almost equal, as shown in Table I.

The bacterial lipids were separated by TLC
and the different phospholipids were identified
using Dittmer's reagent (1964) as spray. As

10. Chemicals

Sodium deoxycholate (Doc) was a product of
Matheson Coleman & Bell Co. N-Methyl-N'-
nitro-N-nitrosoguanidine (NG) was obtained from
the K & K Laboratory (New York, U. S. A. ). Stan-
dard samples of methylated fatty acids were products
of the Applied Science Laboratories Inc. (USA. ).

Phospholipase A of snake (Trimeresurus 1/@Do-
"ind, s) venom \\, as prepared as described previously
(Ochi at a1. , 1970)

TABLE I. Phospholt^id phosphorus tit the tauo
Sty@ZnS

Phosphorus of
phospholipid
("g/ing d, y cells)

RESULTS

I . Chemical coinstz't"tz'ons of the pho$phon7iids
of each sty@tm

Comparative studies of the total yields of
phospholipids from the two strains were made
on the basis of dry weight. The cells were
harvested in the middle of the logarithmic

Parent strain

Strain

0.65

Mutant # 265

0.68

FIGURE I.

a

OCHi, T. at al. Afii"ity of phospho!ibids to Megaci" A

TLC @1thOSpholjpidsf, Qin B. megate, mm.
B. megaterit, in strain KMa:

b: B. ", egate, farm st, @tit 276
c: mutant 365

2

b

3

4

C.
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shown in Fig. I, the phospholipids of the
parent strain and the mutant contained four
components and there was no difference bet~
ween the two. Moreover, these fom. coin-
ponents \\, ere Identical with those of B. mega-
tera'urn 1<M, the chemical nature of \\, hich had
been respectively identified by OP Den Kamp
et a1. (1965). So it seems likely from the TLC
plate that these phospholipids were (1) car-
diolipin (CL) (2) phosphatidyl-ethanolamine
(PE) (3) ph. ^phatidylgly. er. I (PC) and (4)
Iysyl-ph, sphatidylgly, ,rol (Iysyl-PC) in neo
Teasing order of Rf. value.

After location with methanol, the phDspho-
lipids were scraped off and extracted succes-
SIvely with 3 in I, 2 in I, and 2 in I of chloroform-
mathan, I a ^ I, vj, ). Th, ph. ^phorus
content of each sample was assayed as described
in the " Materials and A{ethods ".

As shown in Table 2, the third component
(PG) w, ^ th, in^jor ph. ^ph, lipid, and th. atto^
of the respective components in the two strains
were the same.

TABLE 2. Compost'11b"s of phospho!a^I'ds of
B. megatert'urn 216 and mutant #265

100

80

60

40

Component

a Ci5

20

ICi5

2

3

4

Total

ICi4

o

FIGURE 2. GLC of phosphaiidy/g!yce, 'DJ 11 o7, I B
Inegater, 117" 216

TABLE 3. Fatty acz'd coinposz'ttb"s of phos-
photz'dy/-glycerol 11.0m B. megatei. ium 216 and
"auto"t #265

Phosphorus content (%)

Parent strain Mutant # 265

17 17

22 22

48 49

13 12

100 100

n Ci4

2. Fatty acz'of contpo?rents of the phospho/,:pids
The bacterial phospholipids wetc separated

by TLC and located with methanol. Then
each phospholipid transmethylated as
described in the " Materials and Methods "

and subjected to GLC. As shown in Fig. 2
and Table 3, iso CTS and anteiso CTS fatty
acids were predominant in phosphatidylgly-
cerol and thc fatty acid constitutions of the
parent strain and the intitant were the same.

Though data are not shown here, the fatty

ICi6 n Ci6

Fatty acids

i C, ,
n C, ,

, C, *

, C, ,

i C, ,
" C, ,
" C, ,

Total

a Ci7

Area per cent

Parent strain Mutant # 265

7 6

2 2

17 16

53 54

4 4

9 10

8 8

100 100

was
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acid constitutions of the other three coinpo-
nents were almost the same as that of PG.

3. Chem, 'CUI bo, Id Icydro!yard by megaci'?I A
Th. thi"d .. inp, nont (PG) prep, red by TLC

was concentrated to dryness, resuspended in
0.1% Doc in 0.1 M T"I^ buffer (pH 7.5) and
used as a substrate suspension. It was mixed
with an equal volume of megacin solution (1000
units) containing 0004M CaCl, andincubated at
37C with shaking for 60 min. Then the lipid
was extracted by the method of Folch (1957)
and separated by TLC. The Iyso-compound

I, ISO ; a, anteiso ; n, normal



(Iyso phosphatidylglycerol) \\. as identified by its
Rf. It \\, as extracted and subjected to trans-
methylation as described in " \laterials and
A{ethods " and the methylesters \\ ere subjected
to GLC. For coinparisoi, the effect of the
phospholipase A of " Habu "
examined using 20 ,!Ig;'in I of purlficd heated
" Habu " venom in place of megacin A.

As sho\\'n in Fig. 3 and Table 4, shorter
chains \\. ere removed by megacin A or by

100

80

60

venom \\'as

phDspholipase A of " Habu " \triom. 'Thcsc
data Indicate that A 11\'drc1\'2.5megacin

phospholipids at the same position as " Habu "
\\', kin (1961) and ok"\."in, at ,Ivenom

(1965) have sho\\ n that this is CStcr bonds at thc
,-position. Therefore, thc phospholipasc A
of megaciii A Is a phosphclipa. c A*

+ Hydrofy'$1$ of respec/!te phoJPh0/1/1', A it!/h
,"fgttCtll ,

The four phospholIPIds were separated by,
TLC and concentrated to dryness. Each \\'as
then resuspcnded in 0.1y, Doc in 0.1 xi 'Fris
buffer (pH 7.5). After centrifuging the rill\-
lures at 4000 revi'min for 20 min, the super-
natants \\ ci. c used as substrate suspcnsioiis.

40

20

ICi5

a Ci5

o

FIG L RE 3. GLC of Iyso-phDsphn!I', 4.1g/j, tel'o1 pre-
pal'ed bj, 111egQC!',! H

n Ci4
IC 14

T'ABLE +. Folly ticz'd coinposi'lzh"s o1 Ij'so-
phosphu/!4.1g/^cero/ pi'epni'ed b}, n!egnci'n ,
find " H(1611 " teno"!

ICi6
n Ci6

Fatty itcids

aCi7

, C, ,

n C, ,

, C, ,
" C, ,

, C, ,
" C, ,
" C, ,

megac!n (final 1000 unit)

100

( ,,. )

willI nicgacin

' ~~~~ 2(PE), ~~~, 2(PE)
\ \ ~ ~ ~ ~ ~ - - - - - -* - - - - - - _ _ _ *

\

Arca PCI cent"

0.5

9.5

18

+

9

8

a Thc substrate is Iyso-coinpouitd, so fall^ acid
compositions are calculatcd taking the total yield
as 5096

Total

\ *
\\

\\ \,

\

\^ith " HabLi"
VCnOm

..-.

C
co

^

o
.

\

0.5

9

17

4.5

10

8

.-

e 50
co

co

50

\

>,

Q
<

\

I(CL)

'\. 4(Iysyl-PG)
.^,.

.-.~

\
\

50

\
.\ 3(PG)

.~J~ -
^ ^ -.,

o

FIGURE +

OCHi, T. et a1. ,4fi, 1111, o1 phDspho/,>I'ds 10 ,\/, griti, , a

10 20

incubation time at 37 C

HJ'th'o1ysi's of phD coh0/11/11$ by' illegnc!'11 a

30
min
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The acyl ester contents of the substrate sus-
pensions were estimated and adjusted to 0.1
at OD, ,, by th, math. d of Stern at a1. (1953).
The following experiments were carried out

The substrate suspension (phosphorus con-
tent ca. 10 14g) was mixed with an equal volume
of solution containing 2000 units of megacin A
and 0004 M CaCl and incubated at 37 C with

shaking. After 0, 10, 20 and 30 min. 0.4 inI
samples of the reaction mixture were pipetted
into 3 inI of ethanol-ether (3 : I vjv) and their
acyl ester contents were assayed. As shown in
Fig. 4, th* thi, d (PC) and f. u"th Uusyl-PG)
components were hydrolyzed easily by megacin
A. In these experiments also, we could find
no difference in the affinities of the respective

of the and theparent straincomponents
mutant. Thus the phospholipids of the parent
strain and the mutant seem to be the same,
in spite of the difference in the sensitivities of
these bacterial cells and protoplasts to me-
gadn A (phonpholip, *. AD.

When about ten times more megacin was
incubated with these substrate suspensions,

less susceptible phDspholipids (phosphatidyl-
ethanolamine and diphosphatidyl-glycerol)
were hydrolyzed completely giving Iysocom-
pounds. This means that no phospholipid
was not susceptible to phospholipase A, of
megacin and susceptible only to that of
" Habu " venom.

terz'"?, z strain KM are mainly shorter than C
acids while those at the or'-position are mainly
longer than C, , acids. As described in this
paper, phospholipase A, of " Habu " venom
also liberated fatty acids which were shorter
than C16 acids from phosphatidyl-glycerol and
Iysylphosphatidyl-glycerol of Batz'JIMs mega-
terz'I'm strain 216 and its derivative. Phospho-
lipase A of megacin A acts in the same way as
phospholipase A, of " Habu " venom. This
means, therefore, that phospholipase A of
megacin A is also a phospholipase A, .

The difference in the sensitivities to megacin
A of the parent strain 216 and the less sensitive
mutant 265 were studied as described in this

There was no difference in the coin-paper

positions of the phospholipids of these two
strains as determined by TLC after extraction
by th. math. d of F. I. h (1957). Fu"they
more, almost no difference was found in the
total yields of phospholipids on the basis of
optical density or dry weight of bacterial cells.
These data exclude the possibilities, that the
less sensitive mutant may contain another phos-
pholipid which is not attacked appreciably by
phospholipase A, of megacin A, or that it
contains less phospholipid in the cytoplasmic
membrane so that the phospholipid is less
susceptible to enzymatic attack even though
there was no difference in the component
phospholipids.

A third possibility is that there is a difference
in susceptibilities of the respective coin-
ponents in the parent and mutant strain to
phospholipase A, of megacin A. However,
these respective components of each class
showed the same susceptibilities. Moreover,
the nonhydrolyzed fatty acids in Iysophos-
phatidylglycerol from the two strains, prepared
from PG (the major component) by treatment
with megacin, gave the same patterns on gas-
liquid chromatography. Thus the result ex-
clude the third possibility.

From the above date it does not seem POS-
SIble to explain the difference in the sen-
sitivities to megacin A of the parent strain 216
and the less sensitive mutant 265 on an enzyme-

DISCUSSION

Witui (1961) demonstrated that the phospho-
lipase A of heated " Habu " venom mainly
liberated unsaturated fatty acids from egg
yolk lecithin. In egg yolk lecithin these acids
are mainly located at the 13-position (Tattrie,
1959). Okuy, in" (1965) .bt"in. d ^jinilar
results using cardiolipin from beef and human
heart. Therefore, phospholipase A of
" Habu " venom should be named phospho-
lipase A, (Van Deenen, 1966 ; Lennarz, 1970).
Using this enzyme, Higashi et a1. (1966)
showed that the fatty acids at the A-position of
phosphatidyl-ethanolamine of B@cz71"s ?neg@-
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substrateI evel. The difference seems to be
related to the abilities of the strains to produce
the megacin Inhibitor described by Ochi at al.
(1970)

Ozaki at a1. (1967) found that protoplasts
from the parent strain 216, which were more
Insensitive to megacin A than those of non-
megacinogenic mutants, still retained jin-

inunity when tested by protoplast-Iysis (TV6-
novics at a1. 1959). Moreover this immunity
was highly specific for phospholipase A, of
megacin A, not for that of heated " Habu "

They suggested that fattysome

acids in the A-position of phospholipids in the
cytoplasmic membrane might have a low
affinity for megacin A but not for the phos-
pholipase A, of " Habu " venom. The phos-
pholipids which are relatively in susceptible to

venom.

megacin A are phosphatidyl-ethanolamine and
diphosphatidyl-glycerol, as shown in this
paper. However they \\'ere completely hy-
drolyzed when a large amount of megacin A
were added. Thus this hypothesis is not
tenable, and the immunity seems to be related
to the production of a specific megacin in-
bibitor (Ochi at a1. 1970), \\, hich inhibits
megacin A but not phospholipase A, of
" Habu " venom. This requires further stud ,
especially in relation to the structure of the
cytoplasmic membrane.
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