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Phototactic behaviour of the archaebacterial Natronobacterium pharaonis
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Abstract

Natronobacterium pharaonis can react tactically to photo- and chemostimuli. It moves by rotation of a flagellar bundle which is monopolarly
inserted. Under sufficient oxygen supply the photophobic response of N. pharaonis has been measured. The resulting action spectrum matches the
absorption spectrum of the purified retinylidene protein psR-II. Retical synthesis could be inhibited by nicotine. Cells grown in the presence of nicotine
show a strongly reduced photoresponse, which could be restored by addition of retinal. These data identify psR-II as the receptor for negative

phototaxis.
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1. Introduction

The phototactic response of the halophilic
archaebacterium Halobacterium salinarium is mediated
by two retinal-dependent proteins, sensory rhodopsin I
(sR-I) and sensory rhodopsin II (sR-II). The combina-
tion of these pigments controlls the swimming behaviour
in such a way that the organisms are repelled by gradi-
ents of light from shorter wavelengths and are attracted
by light gradients above 520 nm (for a review see [1]).

An sR-II like pigment, psR-II, has been observed in
another archaebacterial species Natronobacterium phar-
aonis [2]. A comparison of the biochemical and photo-
chemical properties of both pigments sR-II and psR-II
revealed similarities between the two proteins and it
could also be shown that the cells exhibit a photophobic
response towards blue-green light [3]. From these exper-
iments it was concluded that psR-II acts as photorecep-
tor. However, a direct proof was not obtained. The
measurements of the phototaxis have been hampered by
the fact, that the cells have no ability to react in an
anaerobic milieu. Under the experimental conditions the
oxygen supply is rapidly depleted. Arginine, which has
been described as a fermentative energy source for H.
salinarium [4] and has also been used in a comparable
analysis [5], could apparently not be utilized by N. phar-
aonis [3].

In this communication a method for the analysis of the
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photoresponse is presented which overcomes the prob-
lems of oxygen consumption so that an action spectrum
could be measured. The data prove the function of the
retinal pigment in N. pharaonis by the comparison of its
absorption spectrum and the action spectrum for the
photophobic response of the cells. This is confirmed by
the observation that the photophobic behaviour is de-
pendent on retinal synthesis.

2. Materials and methods

2.1. Strain and cell culture
N. pharaonis isolate SP1/28 (hR", sR-II* and car®, kindly provided
by W. Stoeckenius) was grown aerobically for 48-72 h in a synthetic
growth medium [6] approximately to a density of 4 x 10° cells/ml.
Motile cells were selected by growing on synthetic medium soft agar
plates (0.15%) similar to the procedure described in [7].

2.2. Nicotine-grown cells and retinal reconstitution

For blocking the biosynthesis of retinal, cells were grown for 72-84
h on synthetic medium containing 3 mM nicotine (Sigma, Deisenhofen,
Germany) and then 1 ml was inoculated in 10 ml synthetic medium
containing 2 mM nicotine. After 72 h the cells were grown to the end
of the exponential phase.

For reconstitution of the photoreceptor one half of the culture was
incubated for 14 h with 2 mM retinal from an ethanolic stock solution
in a 25 ml Erlenmeyer flask at 40°C in the dark and shaking with 120
rpm. For comparison, the second half was treated with the same volume
of ethanol under identical conditions.

2.3. Sample preparation and measuring conditions

The cell suspension was transferred directly from the culture flask to
a 0.1 mm microscope slide chamber [5] filling it half and half by air. For
stability of the air—cell-suspension interface and to avoid uncontrolled
movement of the cells while focussing and positioning the sample, the
chamber is sealed with molten paraffin wax. For aquiring action spectra
the sealed cell suspension was adapted for at least 30 min to establish
a stable oxygen gradient and a constant local cell concentration. The
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individual data for the action spectra were obtained at a defined dis-
tance to the suspension-air-interface at constant aerotactic conditions
and cell concentrations.

An Orthoplan microscope at a primary magnification of 10- to 30-
fold was used and the data were analyzed as described earlier [5,8].

2.4. Electron microscopy

A drop of cell suspension was placed for | min on a 200 mesh copper
grid, which was covered by formvar. After removal of the drop with
filter paper, the grid was dried at room temperature, and shadowed with
a 2.5 mm carbon-platinum film at a 30°C angle, which was stabilized
by a 10-15 mm carbon backing film. Micrographs were taken with a
Zeiss EM 902 electron microscope at 80 kV.

3. Results and discussion

Blue-light-absorbing rhodopsins are found in at least
two different archaebacterial species, Halobacterium sal-
inarium and Natronobacterium pharaonis. While the
function of the halobacterial pigment as receptor for
photophobic response is well studied, the natrono-
bacterial system has, scarcely been analyzed.

First the motility apparatus of N. pharaonis was stud-
ied. Morphology and flagellation of cells can be analyzed
by electron microscopy as shown in Fig. 1 (upper part).
The rod-shaped cell body is about 0.7 um in width and
2 pum long. Cells with a length of 5 ym could also be
observed. The cells are motile by flagella, which are usu-
ally inserted at one pole of the cell. About eight flagella
are forming a bundle. In the lower part of Fig. 1 the
insertion of the single flagella into the cell body is shown
at a higher magnification. The morphology and flagella-
tion of N. pharaonis is very similar to that of H. salinar-
ium [9].

The chemotactic behaviour of the cells could be used
for the isolation of highly motile strains. Cells swarming
on soft agar plates are forming concentric rings after
about two days of inoculation (data not shown). The
cells respond chemotactically to spatial gradients gener-
ated by uptake and catabolism as already described for
eubacteria [10].

For the analysis of the phototactic behaviour special
experimental conditions had to be developed N. phar-
aonis became immotile after a few minutes under anaer-
obic conditions as they were found in the original exper-
imental set-up for the analysis of action spectra for pho-
totaxis [3]. In contrast to H. salinarium [4], arginine could
not serve as fermentative energy source for N. pharaonis
{3]. Thus, for the study of the phototactic behaviour the
creation of an aerobic milieu is necessary. The measuring
chamber was filled half with cell suspension leaving
enough air in the sealed chamber to provide aerobic
conditions for the cells in a window of about 100400 #m
for more than a day. A stable aerotactic profile devel-
oped after about 30 min. The cells accumulated in a
distance of about 300 ym from the air-liquid interface.
In the maximum of the profile the cells are adapted to
the local aerobic conditions. The observed aerotactic re-
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Fig. 1. Electron micrograph of N. pharaonis.

sponse is similar to the behaviour of H. salinarium [5,11]
but occurs faster. The cells in the aerotactic band that
has formed in a distinct distance from the air zone are
energized by oxidative phosphorylation. This aid allows
now the analysis of phototaxis under aerobic conditions
using the population method [5].

Natronobacterium are repelled by short-wavelength
light [3]. The resulting depletion of cells in the measuring
light spot can be recorded as increase in photomultiplier
current. Non-saturating light conditions were checked
using neutral density filters to ensure linearity of the
reaction in the analyzed region. A complete action spec-
trum under aerobic conditions could be gained by meas-
uring the response of the cells in a wavelength region
from 440 to 560 nm in 10 nm steps. In Fig. 2 the action
spectrum of the photophobic response of N. pharaonis is
plotted and compared with the absorption spectrum of
purified psRII-II [12]. The action spectrum corresponds
well to the absorption spectrum of the pigment in most
regions with a maximum at 500 nm and a shoulder at 470
nm. The intensity of the action spectrum in the range
between 465 and 490 nm is higher than the photoreceptor
absorption. The possibility that these points fall within
the error range seems unlikely, because systematically
five neighbouring points have higher intensities (as indi-
cated by the bars which mark the absolute deviation;
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Fig. 2. Action spectrum for repellent response of N. pharaonis. The
circles have been calculated as mean from four different measurements;
the bars represent the maximal measured deviation. The absorption
spectrum of psR-II (thick line) was taken from [12]; the spectrum was
normalized at 500 nm,

Fig. 2). The source of this discrepancy has to be studied
further. The absorption spectrum of psR-1I in the short-
wavelength region is slightly increased compared to the
action spectrum because of interferences by the y-band
of remaining cytochromes.

The shape of the action spectrum provides evidence
that the photophobic response is really mediated by psR-
I1. If this is true than the action spectrum should also be
dependent on retinal synthesis, because psR-II has been
identified spectroscopically and biochemically as reti-
nylidene protein [3,12,13].

The biosynthesis of retinal can generally be suppressed
by nicotine which has also been observed for N. phar-
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Fig. 3. Action spectrum of nicotine-grown N. pharaonis (open circles)
and nicotine-grown cells reconstituted with retinal (closed circles). In-
sert: measuring traces of the photophobic response at 500 nm for
nicotine-grown cells and reconstituted ones. 7y = photomultiplier cur-
rent. The arrows mark the illumination period.
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aonis. If the active pigment is a retinal-dependent protein
cells grown in a medium containing nicotine should
therefore show a loss of their light sensitivity. The pho-
toresponse should then be restored by exogenous addi-
tion of retinal, which allows a reconstitution of the recep-
tor pigment. In Fig. 3 it is demonstrated that this is also
observed for nicotine-grown N. pharaonis cells and reti-
nal reconstituted ones. Addition of retinal indeed re-
stores the phototactic response. Comparing the photo-
tactic activity of nicotine-grown cells and control cells a
reduction in responsiveness of about 70% could be
achieved. The remaining answer is due to still existing
psR-II molecules in the cell, because retinal synthesis
could not be totally blocked without inhibiting impor-
tant cell functions. The obtained reduced action spec-
trum for nicotine-growth cells has the same shape as the
spectrum for untreated cells. This is an evidence, that no
further retinal independent photosensor for phobic re-
sponse is present.

In H. salinarium the retinylidene pigment sR-I medi-
ates a positive response to orange-green light. Interest-
ingly, N. pharaonis shows no photophilic reaction in the
analyzed wavelength region. Furthermore, photochemi-
cal and biochemical analysis of membrane preparations
gives no hint for the existence of a second retinal-depend-
ent photoreceptor. Therefore, N. pharaonis seems to pos-
sess only one class of photoreceptor molecules, the reti-
nylidene pigment psR-II.
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