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ENRICHMENTS FOR PHOTOTROPHIC BACTERIA AND CHARACTERIZATION -
BY MORPHOLOGY AND PIGMENT ANALYSIS

D. Brune

Introduction

The purpose of this investigation was to examine several
sul fide-containing environmentse for the presence of phototrophic
bacteria and to obtain enriched cultures of some of the bacteria
present. The field sites were Alumn Rock State Park, the Palo
Alto salt marsh, the bay area salt ponds (see map 1), and Big
Soda Lake (near Fallon, Nevada). Bacteria from these sites were
characterized by microscopic examination, measurement of in
vitro absorption spectra, and analysis of carotenoid pigments.

Field observations at one of the bay area salt ponds, in
which the salt concentration was saturating (about 30 percent
NaCl) and the sediments along the shore of the pond were ravered
with a gypsum crust, revealed a layer of purple photosynthetic
bacteria under a green layer in the gypsum crust. Samples of
this gypsum crust were taken to the laboratory {oc measure light
transmission through the crust and to try to identify the purple
photosynthetic bacteria present in this extremely saline
environment.

Materials and Methads

Water samples from Alum Rack State FPark and from the Falo
Alto salt marsh were collected in small screv-cap bottles or
tubes. Pieces of the gypsum crust from the salt pond were placed
in plastic bags. Water :amples taken from different depths in
Big Soda Lake using a sampling battle were transferved toc 150 ml
glass botties and te S00 ml and 1 liter plastic bottles that were
completely filled and kept on ice during transportation to the
T shoratory.

In order to stop the maverent aof motile bacteria and to
compress the bacterial cel'l'sc _z2ing examined into one focal plane.
agar slides were used for wmicroscopic examination. The agar
slides were prepared as follows (Dr. D. Caldwell, personal
communication):
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1. Difco bacto agar was dissoved in boiling Hz0
to form a 0.75 percent sclution.

2. The (.75 percent agar wes poured into 250 ml flasks
to a depth of about | c¢cm and allowed to solidify.

3. Salte were dialysed from the agar by washing with 3
changes of distilled H20 over a 24 hour period

while swirling on an orbital shaker.

4. A layer aof clean micrcscope slides was placed on a
clean, wet surface. {Hater under the slides and on the
edges of touching, adjacent slides i1nhibits seepnge of
agar around and under the slidec.)

S. The agar was melted by autoclaving and poured over
the slides to a depth or about 3 mm.

6. A glass plate was placed a few inches above the
slides to protect them from gathering dust and the slides
we,"e allowed to dry over night.

7. The slidecs were then separated and stored in a box at
room temperature foar future use.

Water samples from the study areas were used to i1noculate a
culture medium for green and purple sul fur bacteria prepared as
described by van Gemerden and Reeftink (17933). [Pure bacterial
cultures provided by Dr. R. Guerrero were also grown 1n this
medium. NaCl (3 percent) was added to the medium for bacteria
from the Falc Alto salt marsh. Samples of gypsum crust
containing a distinct purple laver were placed in the same
culture medium modified by including autoclaved water from the
salt pond (S00 ml/1 of medium), thus givina a final salt
concentration of about 15 percent. 7o discourage the arowth af
algae and cyanobacteria i1n this medium the i1noculus was
1lluminated through a filter made from Z layers of red and 2
layers of blue cellulose acetate. This filter absorbs visibile
light required for algai and cyanubacterial growth but transmits
infrared light used i1n bacterial photosynthesis. The
transmission spectrum of this firlter is shown in Figure I[I-1.

Absorption and transmicssion spectra were obtained us:ing a
Varian Techtron wmodel 635 UV-Vis spectrophotometer equipped with
an Y=Y recorder. Two methods were examined tor obtaining 2Zn
vivo spectra of photosynthetic sulfur bacteria. In the
cimplecst method, cells in agqueocus suspension were placed 1n the
sample cuvette and water i1n the reference cuvette. The cuvettes
were oriented so that the measuring beam of lhe spectrophotometer
passed throughn tihe frosied rather than the clear glass faces ot
the cuvettes. This minimised the effect of light scattering bv
the bacterial ceils by imposing a larger and nearly i1dentical
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Figure II-i. Transaission spectrum of cellophane filter.
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scattering on the light beams passing through the reference and
sample cuvettes.

In the other method {(Trueper and Yentsch, 1947), the
bacterial cell suspension was loaded intoc a syringe. The
bacteria were then collected by forcing the suspension through a
Swinney filtration device with a fiberglass or millipore filter.
Pieces of aluminum foil with rectangular slits about 1S am » 4 mm
were placed over the windows separating the speztrophotometer
sample compartment from the photomultiplier compartment, with the
slits aligned sec that the reference and meesuring light beams
passed through them. The filter with the callected bacterial
cells was taped over the slit on the sample side while an
identical filter moistened with distilled water was taped over
the sl1it on the reference side of the spectrophotometer.

Pieces of the gypsum crust from the salt pond sediment were
prepared for light absorption measurement as follows. Loose
particulate matter on top of the crust and black mud below the
crust were removed by washing with tap water. Sections of crust
about 1 cm x 2 to 2.5 cm were cut ocut using a hack saw blade.
Four distinct layers seen in cross section through the gypsum
crust could be observed. The uppermost laver was tan and about 2
mm thick. Under this was a green layer of similar thickness.
Below the green layer was a thinner, somewhat irregular purple
layer, and below this a very irregular, rather crumbly black
layer. Using sand paper on the 1| cm x 2-2.5 cm blocks, it was
possible to remove layers from the lower surface selectively and
thus to obtain slabs consisting of the tan and green layers and
the tan layer only. @An attempt to obtain the purple layer only
by removing the layers above was unsuccessful, although it was
possible to obtain discontinuocus patches of the purple layer
attached to a green layer backing. Spectra of these layers were
obtained by placing them in the sample cuvette holder of the
spectrophotometer or taping them over a siit on a piece of
aluminum foil taped over the window of the spectrophotometer
sample compartment. (A piece of white tissue paper was placed
over the window to the pnotomultiplier on the reference side of
the sample compartment to partly offset light scattering by the
gypsum crust.)

Carctenoids were extracted from bacterial cells and
separatecd by thin layer chromatography as described by Montesinos
et al (1983) with minor modifications. Chromatography was
performed on both neutral alumina (Merck Type E, &0 F 254) and
silica gel (Merck Kieselgel 60) plates without activation by
heating prior to use. Colored spots were scraped fraom the
chromatography plates and extracted with about 1 ml of acetone.
After centrifugation to sediment thez powdered silica gel or
alumina, the liquid was decanted and placed in a microcuvette (1
cm pathlength, 0.6 ml volume) for measurement of the absorption
spectrum.

93



Cells from Big Soda Lake used for carotencid determination
were collected by centrifugation from 1 liter of water collected
from a depth of 20 m. The extract from the purple layer of the
gypsun crust was made using a culture somewhat enriched in purple
sul fur bacteria by growth under infrared illumination. This was
not a pure culture, however, and also contained some filamentous
cyanobacteria.

Carotenoids from these natural samples were chromatographed
gimultaneously with extracts of known carotenoid composition from
cells of Thiocapsa rosecpersicine, Rhodopseudomonas capsulata,
Chronatium vinosuw, and Thiocystis gelatinosa for
compariscn. These extracts were provided by Dr. R. Buerrera.

Results and Discussion

Figures II-2 through I1I1-5 show the in vivo absorption
spectra of 4 species or purple sulfur bacteria. These spectra
were obtained using the first of the methods described, although
similar spectra could be obtained using the second method (cells
collected on filters). The first method is generally preferable
with pure cultures because of its simplicity. The second method
is useful, however, for concentrating cells fro. .arge dilute
samples (e.qg., the bacterial plate from Big Soda Lake) or samples
in which settling of bacterial cells from an aqueous suspension
prevents using the first method.

Figures II-2 through II1-5 demonstrate that the absorption
spectra of the pure cultures of purple sulfur bacteria differ
significantly in wavelength, which ranges between 800 and 200 nm
and between 430 and 550 nm. Light absorption between 800 and 900
nm is due ta bac’eriochlorophyl (8chl a). Differences in
absorption in this part of the spectrum are due to different
interact: .1 of Bchl a molecules with each other and with
proteins (Thornber et al., 1978). Differences in absorption from
430 and S350 nm is due to the presence of different carotenoids.
Although the absorption spectrum of a bacterial species depends
on culture conditions, particularly light intensity (Thornber et
Jd., 1978), Figure II-5 demonstrates, that absorption spectra may
be characteristic enough to distinguish bacterial species.

The absorption of an enriched culture of a green sulfur
bacterium obtained from a Palo Alto salt marsh water sample is
shown in Figure 1I-6. The absorption maxima at 7356 and 457 nm
are characteristic of Bchl ¢ (Pfennig, 1978). The cells
failed to grow without NaCl added to the culture medium.
Microscopic examination showed spherical cells about 1 um in
diameter. This green bacterial species was identified as
Prosthecochloris aestuarii.

The absorpticn spectrum of a green sul fur bacterial culture
obtained from Alum Rock State Park is shown in Figure 11-7. Bchi
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Figure 11-5. Absorption spectrum of Thiocystis gelatinosa.
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Figure II-7. Absorption spectrum of Chlorobius limicola.
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¢ 15 the principle phatosynthetic pigment. (An absarption

band at 855 na 15 due to the presence of unidentified purple
photaosynthetic bacteria in the culture.) No added salt was
required fur graowth. The cells were short rods, often joined end
to end to form chains. On this basis these bacteria were
identified as Chlorobium limicola.

The absorption spectra of the “an upper layver of the gypsum
crust and of this layer together with the adjacent reen layer
are shown 1n Fiqures II-8 and 11I-9. The absorption spectrum of
the green layer alone was Jbtained from another piece of the
crusts 1t was practically i1dentical to the spectrum in Figure
I[1-9. The gvpsum ~rust itself absorbs shart wavelength light
very strongl,; and becomes increasingly transparent with
increasing wavelength (Fagure 1I-8). This crust is sufficiently
transparent to red light to permit growth of cyanobacteria, which
contribute a prominent absorption peak (about 675 nm) in the red
part of the spectrum. PBoth filamentous and coccoid cyanabacteria
were cbserved during microscopic examination of scrapings froam
the gypsum crust. The filamentous form g—ew profusely in
bacterial culiure mediue with about 135 porcent NaCl. The tan and
green layers together absorb most of the incident light at
wavelengths below about 700 nm but are transparent to longer
wavelength (1nfrared) radiation. The ability of Bchl to absorb
infrared light clearliy 1= important for the growth of purple
sul fur bacteria in the gypsum crust.

The relatively high transmission of infrared light by the
gypsum crust makes this natural light filter rather similar to
the artificial filter constructed from red and blue cellophane
tFig. II-1). Bacterial cultures grown by illumination through
this artif:- -.al filter were dominated bty purp.ie sulfur bacteria
while a control culture grown in unfiltered light was completely
overgrown by cvanocbacteria. Thus the artificial filter mimics
the natural filter i1n providing a light environment which
selectively encourages tt=2 growmth of purple sulfur bacteria in
the presence of cyanaobacterial competitors.

Attempts to obtain a continous piece of the purple bacterial
layer large enough to obtain an absorption spectrum were
unsuccessful. However, the absorgtion spectrum of a porticn ot
the green laver with discontinuous purple patches adhering to 1t
1s shown 1n Fi1q. II-10. Infrared absorption bands at about 850
and 795 nm, tyri1cal of Bchl a i1n purple photaosynthetic
bacteri1a, are present in this spectrum.

Figure 11I-11 shows the absorpcion spectrum of pnotosythetic
bacterial cel! s taken from a plate located 20 m below the surfae
of Big Soda Lake. Tao obtain this spectrum cells fram 1 liter of
lale water were concentrated to a volume of about 2.5 ml by
centri1fuging and resuspending. This spectrum strongly resembles
the absorption spectrum of a pure culture of Thiocystis
gqelatinosa (Fi1g. 1I-8), except tor the presence of a small
absorption band at about 675 nm. This absorption peaks at 675
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Figure II-11. Absorption spectrum of the bacterial Plate sample
from Big Sods Lake.
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nm, apparently due to the green algae observed on microscopic
examination of the bacterial sample from Big Soda Lake. These
algae, clusters of cells enclased in a thick gelatinous sheath,
were tentatively identified as Oocystzs sp. When a portion

of the bacterial sample was centrifuged on a percoll density
gradient, a heavy band of purple bacterial cells collect at a
density of 1.030 g/cm™, and a lighter unidentified purple

band at 1.020 g/cm®. The green algae separated into a

sti1ll lighter band having a buovant density of 1.017

g/cm®,

Althougn the similarity of the abscrpticn spectrum ot the
bacterial cells from Big Soda Lake to that of a pure culture of
Thiocystis gelatinosa sugqgests that the daminant organism in
the bacterial plate 1s 7. ¢gelatincsa, this evidence is not
conclusive. A definitive identification ot the dominant bacteria
species in the plate at the time of sampling is of particular
interest, si1nce a previous study (Clcern et al., 1983) reported
that Ectothiorfodospzra vacuolata was the dominant organism
in the bacterial plate two years ago. To further characterize
this bacterial sample, carotenoids were extracted, separated by
thin layer chromatography, and i1dentified on the basis of their
Ff wvalues and abscorption spectra.

These results and the resulis of similar e.periments of
chromatographic ceparation on sil:ca gel and alumina were
performed using purple sulfur bacteria that grew out of the
gypsum crust and are shown 1n Tables I and II. Carotenoids on
the plates were identifred from their ! 3ysorption spectra after
entraction 1nto acetone or petroleum e: ier. These spectra were
cumpated with published spectral data (vocd, 1973) and with
spectra of okenone, rhodoupin, and spirilloszanthin in petroleum
ether provided bv Dr. R. Guerrero.

The =ample from Big Soda Lalke contained only a single
carotenord 1dentified as okenone. The spectrum of okenone
extracted from this sample 1s shown in Figure [I-12. An
identical spectrum was cbtained for ockenone from the Thiocvsiéirs
yelatinora extract. the RHf values for okenone trom the Rig
Soda Lale sample and from the Thiocystis goiatinosa extract
wore different on alumina. (An excessive amount of olenone was
protatly applied 1n the 7., gelatinesa entract so that the
cal vent was unable to dissolve and transport all of it
simul taneausiy) .

The estract from the bacteria abtained from the gypsum crust
centained =pirilloxanthin and two cther maj;or carotencids. The
absorption spectrum of spairilloiianthin from 7Thiocaprsa
rexfopersicina 1s shown i1n Fiqure II-13. The spsctrum of
spir1llotanthin from the bacteria under the qQypsum crust was
.dentical. One of the other major carctenoids appeared as a
vellow spot which ran slightly ashead of spirailloxanttan on the
chromatograms. «This carotenord was not completely separated
from sprrirllosanttan on alumina.) The other major carotenuid was
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a very tightly ads. led (Rf=0) orange pigment. The absorption
spectrum of this orange carotenoid is shown in Figure II-1§.
Neither the yellow nor the orange carotencid was identified. It
is passible that one or both of these are cyanobacterial
pigments, since the culture from which the extract was made still
contained cyanobacteria and the initial extract in 90 percent
ace.one contained about 40 percent as much Chl a as Bchl

a8, judging fram the absorption spectrum of the extract.

Although an extract from Chromatium vinosum was used as
the standard for rhodopin, the spot for spirilloxanthin in the
chromatograms of the €. vinosum .xtract was slightly larger
than the spot for rhodopin. An absorption spectrum obtained from
the spot identified as rhodopin is shown in Figure II-16.

To complete the identification of the bacterial cells
obtained from Big Soda Lake, they were examined microgcopically
and are described as follows: Individual cells that contain
intracellular sulfur globules were spherical and about 2-3 um
in diameter. Slime capsules surrcunded the cells that occur as
diplococci, tetrads, and larger clumps. Gas vacuocles were
absent; motility was not observed., FPigments were Bchl a
and ckenone. Except for the lack of motility, these
characteristics describe Thiocystis gelatinosa, which may be
immobile in natural samples (Pfennig and Trueper, 1974). These
bacteria ware therefore identified as Thiocystis gelatinosa.

The bacteria grown from the gynsum crust were also examined
microsocpically and may be described as follows: Cells,
containing intracellular sulfur globules, were thick rods (3-4
um wide and 6-9 um long3 dividing cells sometimes more
than 10 win long). Individua! cells were colorless; clumps
were pink—-viclet, Cells fao 'med large aggregates, but individual
cells were motile, especially when the aggregates were disrupted.
Slime capsules and gas vacuoles were absent. The cells occur in
highly saline environments and were gqrown in medium with 15
percent NaCl. Bchl a, spirilloxanthin, and 2 unidentifisd
carotenoids were found in en extract from an enriched culture.
On the basis of these characteristics, these bacteria were
probably Chronmatium buderi, although the carotenoid present
in described strains of Chromatium buderi is rhodopinal
rather than spirilloxanthin (Pfennig and Trueper, 19745 Trueper
and Pfennig, 1978). Rhodopin has a single absorption maxkimum at
498 nm (Good, 1973) and therefores cannot be one of the
unidentified carotenoids.
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Figure [I-15. Absorption spectrua of

orange carotenoid (Rf = Q)
from bacteria in gypsum

crust(in 90% acetone.
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Rhodapsaadomonas ceapsalats Chrosetius vinosus
Thiocapsa roseopersicina (Rhodopin standard)
(Spirilloxanthin standard) (Bpirilloxanthin should
be present)
Rf  Color Identity Rf Color Identity [ R¢ Color Identity
] Blus Bchl 87 0.49 Pale yellow gn.d. o Blue Bchl a?
0.62 Pink Spirilloxanthin | 0.66 Pink Spirillonanthin?] 0-44 Peach Rhadopin
0.73 Pale yellow N-d. 0.60  oink EBpirilloxanthin
Thiocystis gelatinose Big Soda Lake Sample Gypsua Crust Purple Bacteria
(Ckenona standard)
RE Color Identity
Rf Color Identity | o Color Identity | © Orange n.d.
0.48 Pink Okenone | o s Pink Okenone 0.62 Pink gpirilloxanthin
0.73 VYellow n.d.

(Several other faint bands
were also cbserved.)

n.d. Not deteramined

? The spot was not examined spectroscopically, but a likely
identity is suggested.

Table II-1. Separation of bacterial carotenoids on silica gel

with Rf values, colors of aobserved spots and the identities o+
the spots listed under each bacterial species.
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Thiocepss resespersicina. Abedepssedesenes cepsulate  Chresetius vinosus

Color ldentity "¢ Coler 1grntity "t Color Sdantity
fNlus Behi A? 0.42 Paach Sede 0 Nue Bchl a?
e —;.r:f.!.l.w:.:.:.r.l 0.78 Pink Spir.liemamtiin?] 0.48 Peach Rhodapin

0.78 Pink OGpirilloxanthin
aiscystis gelatinose Sie Suda Lake Sasple Oypsus Crust Purple Bacteria
R¢ Colar ldentity pn¢ Coler identity Re Color Identity
0.49-0.47¢ Pink Okanons 0.77 Pink Okenone [ Orange n.d.
0.04 vyellow n.d.

¢ The spot was & saear, prodably bacsuse an eucess of
pigaant was applied.

n.d. Not deterained

? The spot was not enasined spectroscepicsally, but a likely
“nnuty‘ is suggested.

Table 1I-2. Separation of bactarial carotenoids on alumina with
Rf values, colors of cbserved spots and the identities of the
spots listed under wach bacterial species.

106



2 oG
References ORIGINAL PAGE (S
T OF POOR QUALITY
Cloern, J.E., Cole, B.E., and Oremland, R.S., 1983. Seasonal
changes in the chemistry and biology of a meromictic lake
(Big Scda Lake, Nevada, USA), Hydrobiologia, 10&:
195-206.

Bood, T.W., 1975. Microbial carotenoids. In Handbook of
Microbiology Vol. 11l, Microbial Products (A. I, Laskin
and M. A. Lechevalier, eds.), CRC Fress, Boca Raton, Fla,
pp. 7S5-83.

dontesinos, E., Guerrero, R., Abella, C., and Esteve, 1.,
1983. Ecology and physiology of the competition for light
between Chlorobiunm limicola and Chlorobium
phacobacteroides in natural habitats, Appl. Environ.
Microbiol., 46:1007-1016.

Pfennig, N., 1978. General physiology and ecology of
photosynthetic bacteria. In The Photosynthetic Bacteria
(R.K. Clayton and W.R. Sistrom, eds.), Plenum {fress, N.Y..
pp. 3-18.

Pfennig, N. and Trueper, H.6., 1974. The phototrophic
bacteria. In BRergey’s Hanual of Determinative
Bacteriology (R.E. Buchanan and N.E. Gibbons, eds.),
Williams and Wilkins Co., Baltimore, Md., pp. 24-64.

Thornber, J.P., Trosper, T., and Strouse, C.E.. 1978.
Racteriochlorophyll in vivo: relationship of spectral
forms to specific membrane components. In The
Photosynthetic Bacteria (R.K. Clayton and W.R. Sistrom,
eds.), Plenum Press, New York, pp. 133-160.

Trueper, H.6. and Pfennig, N., 1978. Taxonomy of the
Phodospirillales. In The Photosynthetic Racteria (R.K.

Clayton and W.R. Sistrom, eds.), Plenum Press, New York, pp.

19-27.

Trueper, H.G. and Yentsch, C.S.. 1967. Use of glass fiber
filters for the rapid preparation of in vivo absorption
spectra of photosynthtic bacteria, J. Bacteriol.., 24:
1253-12536.

van Gemerden, H. and Beeftink, H. H., 1983. Ecology of
phototrophic bacteria. In The Phototrophic Racteria:
Anaerobic Life in the Light (J.S5. Ormerod, ed.). Hlackwell
Scientif.c Publications, Oxford, England, pp. 146-1835.

107



