Phospholipids of Bacteria
with Extensive
Intracytoplasmic Membranes

Abstract. Examination of the lipids
of three species of nonphotosynthetic
bacteria with extensive internal mem-
branes revealed phosphatidyl choline
(lecithin) in two species. In one of
these there was an unusual accumula-
tion of phosphatidyl N-dimethyletha-
nolamine. (The relation between lecithin
and membrane elaboration in micro-
organisms is discussed.)

Recent work indicates that most
species of bacteria do not contain phos-
phatidyl choline (lecithin) (/). These
studies have been almost entirely
confined to bacteria of the order Eu-
bacteriales (2). The fine structure of a
number of these organisms has been
examined and, with the exception of the
organelles called mesosomes, intra-
cytoplasmic membranes have generally
not been seen (3). Recently, extensive
internal membranes have been demon-
strated in Hyphomicrobium (4), Nitro-
socystis oceanus, and Nitrosomonas
europaea (5). In seeking some under-
standing of these structural differences,
we have examined the phosphatide com-
position of these organisms and have
found substantial amounts of phospha-
tidyl choline and its presumed precur-
sor phosphatidyl N-dimethylethanol-
amine in several strains of Hyphomicro-
bium, smaller amounts of phosphatidyl
choline in Nitrosocystis oceanus, but
none in Nitrosomonas europaea.

Four strains of Hyphomicrobium
were grown on a medium (No. 337)
containing methylamine (6) in 2-liter
indented flasks (500 ml per flask) on
a rotary shaker, at 30°C in the dark.
Nitrosocystis oceanus and Nitroso-
monas europaea were grown in 14-liter
vessels, without organic carbon sources,
on ammonium sulfate and other salts

(Watson, 6a) dissolved in filtered
seawater (Nitrosocystis oceanus) or
distilled water (Nitrosomonas eu-
ropaea) .

Lipids were extracted from the wet
cells with a mixture of chloroform and
methanol (2:1 by volume), washed, and
separated by column chromatography
on silicic acid. Phospholipids were then
chromatographed on thin layers of sili-
ca gel G, and lipid phosphorus was
estimated after digestion of samples of
the separated lipids (7).

After comparison of the migration
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of the phospholipids on thin-layer
plates with authentic standards, the
phospholipids were identified by paper
chromatography of the deacylation
products and of the free bases obtained
after hydrolysis of the lipids in 1N
HCI (7, 8) (Table 1).

In order to demonstrate the capaci-
ty of these organisms to synthesize
phosphatidyl choline, L-methionine-#C-
methyl (275 X 10%® count/min, 13.2
pc/umole) was added to 500-ml cul-
tures of each of the four strains of
Hyphomicrobium. Approximately 10
percent of the methyl carbon from L-
methionine (average, 31,000 count/
min) was incorporated into the lipids.
Essentially all of the incorporated
14C was found in the water-soluble pro-
ducts of hydrolysis in 1N HCIl. When
these products were examined by paper
chromatography in solvent 1 (8), two
radioactive spots were seen on the auto-
radiograms; these spots corresponded
with standards of dimethylethanol-
amine and choline. On paper chroma-
tography in solvent 3 (8) there was
one radioactive spot, and this corres-
ponded with both of these bases
(Ry = 0.58).

Nitrosocystis oceanus was grown in
14 liters of medium containing ©L-
methionine-*C-methyl (7.0 X 107
count/min). Approximately 6 X 107
count/min were found in the phospho-
lipids after column chromatography.
When separated by thin-layer chroma-
tography, 92 percent of the *C was
found in the lecithin band and 6 per-
cent in the band containing both the
phosphatidyl ethanolamine and the
phosphatidyl N-methylethanolamine
(7). After acid hydrolysis and paper
chromatography of the water-soluble
products, all of the radioactivity was
found in choline and N-methylethanol-
amine.

The results of the experiments with
L-methionine-1#*C-methyl indicate that
these organisms, like the agrobacteria
(I, 9), synthesize lecithin by the step-
wise methylation of phosphatidyl etha-
nolamine. However, it is not possible
with the information available to rule
out the existence in these organisms of
the pathway which utilizes cytidine di-
phosphate choline (10).

A number of differences in the lipids
of prokaryotic organisms (bacteria and
blue-green algae) and those of eu-
karyotic cells (fungi, protozoa, algae,
plants, and animals) have been ob-
served. Bacteria do not have sterols,

Table 1. Lipids of bacteria with internal
membranes.
Compo fnll);g '{10‘)_' Nitro- Nitro-
mpt - bium socystis ~ somonas
nen NQ-521% oceanus  europaea
Percentage dry weight
Lipid
content 10 20 18
Percentage free lipid
Phospho-
lipid 75 80 75
Percentage phospholipid phosphorus
PE! 22 67 78
PDME! 36 <1 <1
PCs 30 3 <1
Poly- :
glycerol
phos-
phatides 10 28 17

* The lipids of three other strains of Hyphomi-
crobium (H-526, M-552, and ZV-580) were ex-
amined in less detail. The phosphatide composi«
tions were qualitatively and quantitatively similar.
t Phosphatidyl ethanolamine. % Phosphatidyl
N-dimethylethanolamine. § Phosphatidyl cho-
line.

polyunsaturated fatty acids, and sphin-
golipids. Although phosphatidyl eth-
anolamine and polyglycerol phospha-
tides are usually found in bacteria,
phosphatidyl choline is rarely present
11).

With regard to membrane structure,
examination of thin sections of heter-
otrophic bacteria has usually revealed
only minor elaborations of the cyto-
plasmic membrane in comparison with
the complex intracellular membranes
of eukaryotic cells. The mesosomes
found in a number of gram-positive,
heterotrophic bacteria provide one ex-
ception to this general rule. On the
other hand, intracytoplasmic vesicular
structures observed in photosynthetic
bacteria several years ago are now
known to be a general feature of these
cells (3). Intracellular lamellar and ve-
sicular membranes have recently been
found in several autotrophic (5) and
aerobic organotrophic bacteria (4).
These features appear to differ in struc-
ture from the mesosomes of hetero-
trophic bacteria.

Although not all the bacteria with
extensive intracellular membranes con-
tain phosphatidyl choline, a large pro-
portion of those studied do contain
this phospholipid. In addition to our
finding of phosphatidyl choline in Hy-
phomicrobium and Nitrosocystis oce-
anus, it has also been found in substan-
tial amounts in Rhodopseudomonas
spheroides (12) and in two other
members of this genus, but not in
R. gelatinosa, Rhodospirillum rubrum
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(13), or Azotobacter agilis (14), which
also have internal membrane systems.
Phosphatidyl choline has also been
found in several species of Agrobacte-
rium (1), but no details of the mem-
brane structure of these organisms are
available. Since phosphatidyl choline is
the major phospholipid of the endo-
plasmic reticulum of higher organisms,
its presence in a number of bacteria
with extensive intracytoplasmic mem-
branes is suggestive of an important
role for this phospholipid in the elab-
oration of cytoplasmic membranes
15).
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Tetraethylammonium and Tetrodotoxin:

Effects on Cochlear Potentials

Abstract. Tetraethylammonium chloride, which is believed to decrease potas-
sium conductance, and tetrodotoxin, which apparently decreases sodium con-
ductance in nerve fibers, were introduced iontophoretically into the organ of
Corti or the scala media of guinea pig cochlea. The former depressed the direct-
current endocochlear potential and also the alternating-current cochlear micro-
phonics (the receptor potential of the ear), but tetrodotoxin was ineffective

except on the nerve impulses.

It is well known that endolymph of
the cochlear duct has a high concentra-
tion of potassium, nearly 30 times that
of the perilymph (7). The physiologi-
cal significance of this pattern of elec-
trolytes is not obvious, yet the rich-
ness in potassium seems indispensable
for the high sensitivity of the cochlear
microphonics (CM) (2). Further-
more, some experimental results show
that the CM responses may be modified
by increasing or decreasing the
endocochlear potential by external cur-
rent or by KClI injected into the scala
tympani (3).

Katsuki et al. (4) recently developed
the method of iontophoretic introduc-
tion of various pharmacological agents
in the vicinity of the cochlear hair
cells. Using the same technique, we ap-
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plied  tetraethylammonium  chloride
(TEA) and tetrodotoxin (in the citrate
buffer solution, in which tetrodotoxin
acts as a cation) to the hair-cell re-
gion in order to clarify the ionic
mechanism of cochlear responses. We
had a frog nerve preparation as a con-
trol on the effect of the iontophoretic
introduction of tetrodotoxin.

It has been reported that TEA pro-
longs the spike potential of myelinated
nerve fibers of vertebrates (5), of
muscle fibers of crustaceans and verte-
brates (6), and of giant axons of squid
(7); and experiments with Onchidium
neurons suggest that these effects of
TEA probably result from suppression
of the increase in K-conductance of the
treated cell membrane (8).

Tetrodotoxin is known to block im-

pulse activity in nerve and muscle fibers
(9) and is considered to be a block-
ing agent for the sodium channel in
the membrane (Z0). It has also been
shown that in two receptors, the crus-
tacean stretch receptor and the pa-
cinian corpuscle, tetrodotoxin acts se-
lectively on the all-or-none component
—that is, it blocks the action potential
but leaves the generator potential un-
affected. It follows that the spike and
the receptor-generator potential in these
two receptors are independent events
subserved by different mechanisms
an.

The CM responses and the neural
action potential (N;) were recorded
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Fig. 1. Effect of TEA on the cochlear mi-
crophonics; it was introduced iontophoret-
ically into the hair-cell region (TEA-HC)
and the scala media (TEA-SM) with a
current of 8 X 10°° amp for 10 minutes.
Ordinate, amplitude of microphonics as a
percentage of that of the control.
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Fig. 2. Effect of tetrodotoxin on the coch-
lear microphonics (CM) and the action
potentials (N:). Tetrodotoxin was intro-
duced iontophoretically into the hair-cell
region. 4, ampere. Ordinate, amplitude as
a percentage of that of the control.
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