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Microbial Communities and Microprofiles of Bulfido
and Oxygen of Alum Rocdv Sulfur Springs

U. Fischer
Introduction
Microbial Community of Alum Rock Spring Field Gite

The microbial community of Alum Rogck sul fur spring site 3 was
studied along one branch of the main stream and between the two
branches, 150 cm distant from the saurce. The community at the zource
(samp’e J) was dominated by oreen sulfur photosynthetic bacte-ia of
the genus Chiorob2am. At 15-335 cm from the sowrce {(samples 1 and
H) dominance in the community shifted to the genus Fflexibacter at
the surfacz ot the wmat 2nd purp’e sulfur bacteria of the genus
Chromatium undernecth., At 50-80 cm (gamples G and F) colatless
sulfur—oxidizing bacteria of the genus Thiothrix began 1o appear.

At 100 to .50 cm {samples D and E), the surface of the mat was str)l
daminated by fle '2bacter but underneath dominance shifted to

purple suliur bacteria as above, as well as cyanaobacteria of thc genus
gscillatoria and Pseudonabaena. The measurements of

temperature along the stream showed nc significant graaiznt. bte
nelieve that community variations are controlled more by sulfide than
temperature. The temperature along the stream was 29°C at

positions J and I, and 28°C at positions E and D. &t position

L, which was shaded, the temperature decreased to 19<C.

Ten ml aof the overiying water were taken at oosition G and fixed
immedistely with 20 »al of 2 percent In—-acetate to determine the
sul fide concentration by the methylene bilue method. A sulfide
concentrat on of 106 ull was caiculated for the overlying water.

Iscletion of Cyanobacteria

Samples from positions E and L of the Alum Rock sulfur spring
gite 3 were taken to isnlate cyanobacteria. The samples were placed
on agar plates {(containing the standard mineral medium BS 11 and 2
percent agar) and incubated at 27<C at a light intensity of
15-20 ubt m~= sec—*. After 3 Jdays single
cyanobacterial colonies were transferred onto fresh pial 2¢ and the
microorganisms were studied under the microscope. This procedure was
repeated several times, until only a singie cyanobactrium species was
detected by microscopic cbservations. From pocsition E an
Oscillatoria species, S5 um in width, was isclated {(with some
heterotrophic bacteria).

The Gscillatoria sp. was transferred from the plates o 10 mi
af liquid RG 11 medium and grown for S days under the same conditions
as descrioed above for the plates. Then 5 ml of this preculture were
transirarred to 100 ml of liquid BG 11 medium and allowed to grow tor S
days., Some draps of this culture suspens:on were mounted on an agar
slide as a preparation for photmicron aphs using & ?-risg
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Fhotomicroscope 1II. The filamentous cyanobacterium Oscirllatoria

is i1llustirated in Figure IV-19a. To determine whether the organism
contains phycocyanin, an epifluor 2scence microscope with a 530 nm
interference filter for the excatation light and a cut-ot+f ti1lter at
680 nm for the emitted light was used. she red color 1n the
cyanobacterium ig due primarily to excitation of phycocyanin.
Synechocystis did not grow i1in a li-uid medium. For
photomicrographs, some coloniex of Synechocystis were taken

directlv from the agar plate and mounted on an agar slide. The
morphology is shown 1n Figure IV-19b. The presence of phycocyanin 1n
Synechocystis as detected by 1te red color 1s also demonstrated by
the use nf an epiflucrescence aicroscope (Figure IV-19d).

Materials and Methade
Culture Medium for Cyancbacteria

Far the culti- ation of cyanobacteria; the mineral medium, BO L1.
descrided by R.opka et al., (i1979) was used. Distilled water s
replaced by Alum Rock spring water. \

\
EG 1! mediuvm <1 13 _.em)

NanOs: 1.5 g

KaHrOs . 3Hz352 2,04 ¢

MgS0s.7H20: ©.G7S ¢

CaCla.2H=0: 0,036 y

LCitric ac.d: 0.006 g

Ferric ammonium citrate: 0.006 3

EDTA {discdiua magnesium waltl: <.001 g
NaxC0s: 0.02 g

Trace elsment =s=clution?l 1 ml

Alum Rock Spring water: 1000 ml

Gfter autoslaving and cooling, the medium had a pH of 7.4. fFor
aerabic growth of cvanabacteria a UGU ml Erlenmeyer tlash contcaning
100 ml of medium was used.

For the enricl.nent and isolatiov. of cyanobacteria on solid med: s,
20 g ot agar were added to the B0 il .nedium.

Compasition cf Trace Element Solution
(Rippka et al., 1979

Ingredient Admounit (g/! distilled water:
HxiFO= £.86

Ml . 4H20 1.8t

inS0a. 710 D, 222

NazMola. . 2H4202 0,370

Cusla.SH20 DAMIN Y

":D (F’D:}) D 6H20 4:),(,:494
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Figure IV-19. (A) Oscillatoria sp. isolated from Alum Rock

spring, 7 em = 10 umi (B) Synechocystis sp. isolated
from Alus Rock spring. 4 sm = 10um.




Artaerobilc Growlth ot Cyanobacteria in the Fresence of Suifrze

Anaerabic growth in the presence of sulfide ot 1solated
cyvanaobacterial strains from Alum Rock sulfur springs was achieved in 8
ml screw-cap test tubes. The tubes contained the standard BG 11
medium described above and, in addition, difterent concentrations of
sultide. Each of the tubes was inoculated with 1.5 aml {about 20
percent) of an anaerobically grown liguid culture.

Preparation cf a Sultide Stock Solution (6.25 mM)
{(Modifire: After Ffennig and Trueper, 1981)

NanS. 9H.a0 0.735 g
Na={C0x 0.5 g
Distilled water 50 ml

The solution was autoclaved and atter cooling was partially
neutralized with 2 ml of a sterile M Ha80,4 solution.
{The carbonate was added to increase the growth vield of the

cyanobacteria.?
Culture Medium “or 7&H.o08hrix

Fer the enrichment and 1sos ition of Thiothrix species of Alum
Rock «pring on agar plates, | uvsed the following medium (Wiessner,

19811} :

Fer 1 liter:

NH4C1 S50 ma
K.2HPQO, 100 ma
CaS0a.2H=0 2 mg
MgSUa. 7H20 140 mg
£nS0a.7H=-0 g.1 mg
MN50a. 4H=20 0,02 mg
HxEBOs U.1 g
Co (NO=) o, 01 mg
NaMoOa . 2H=0 O.01 mg
Cu504.5H20 Q. 0005 mg
FeSls. 7H=0 7 mg
EDTA (Naz—-salt) 9.2 mg
Na-acetate 17 mg
Na=5,9H=0 300 mg
agar 12.5 g

Adjust the pH of the medium to about 7.0
Important: feS0a and EDTP must be mixed separately and
added to the medium after a short period of boiling.

culture Medium for Flexibacterium.
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For the enrichment and isolation of flexibacteria species of
Alum Rock sulfur springs only agar plates were prepared. The medium
used was Number 273 Vy/2 agar medium (Reichenbach and Dworkin, 1931).

The medium contained per 140 ml:

Baker’s yeast 0.5 g
CaCl-o 0.1 g
Agar 1.5 g
Cyanocobal amine S50 ug

pH is adjusted to 7.2
Absorption Spectra of Cyanobacteirial Chlorophyll

Absorption spectra were determined in a Varian Techtron double
beam spectrophotometer model 635, connected to a recorder.

In vivo spectra were cbtained by suspending cell material in
90 nercent sucrose to avoid settling of whaole cells in the cuvetts.
In vitro spectra of chlorophylls were obtained by extracting wet
cell material either in 100 per cent methanol or acetone. The cell
material was harvested by centritfugation (12,000 rpm for 10 minutes)
in a Sorvall RC2-B. 7To the pellet, 5 ml of methanol or acetone were
added and then allowed to stand in the dark at 4°C for 10
minutes before the suspension was centrifuged the same way a second
time. The supernatant was used to determine the absorption spectra or
extracted pigments. All spectra were recorded in the range of 750 nm
to 350 nm.

Field Experiments with Oxygen and Sulfide Microelectrodes

To study the microprofile of oxygen and sulfide in an Alum KRock
sulfur spring (see profiles of salt ponds and marsh site), handmade
microelectrodes (Fig. IV-2) were attached to a micromanipulator which
was held in place on a stand. Frofiles were abtained with
microelectrodes from the overlying water and from the microbial mats,
with measurements taken at 100 um or 250 um i1ncrements. In
addition, in the overlying water, sulfide concentration was determined
by the methylene blue method (below) and oxygen was determined using
the method of Winkler (below).

Sul+ide Determination by the Methylene Blue Method

Determination of sulfide used the methog of Fachmayr (1%«U) as
modified by Tru.per and Schlegel (1%64).
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The assay was done in 100 ml volumetric flasks which contained:

10 ml Alum Rock spring water
20 ml 2 per cent Zn-acetate*
10 ml DMFD-solution®
C. & ml FAS-solautions

a.B.=1 for preparation, see below

This reaction mixture was shaken vigurously and allowed to stand
for 10 minutes at room temperature. The ftlashk was then fr1lled up to
1530 ml with distilled water. The absorption was measured at &70 nm
against a blank without Alum Rock spring water.

Freparation of (a) Zn-acetate, (b) DMFD and (=) FAS eclutions:

&) In-acetate! 20 g In-acetate were dissclved 1n 100G ml distillea

-

water and 1-2 drops of acetic acid were added.

b) DMFD: 2 g dimethyl-p-phenylene-diamine chloride were suspended 1in
200 m] distilled water. Then 204 ml of concentrated

H2504 were carefully added. Distilled water was added

to make a 1 liter solutiun which was stored 1n a {000 ml volumetric
flask wraoped with aluminum foil.

€) FASI S0 g NHaFei(S0a)z.12Hau were

digsoclvea .. 100 ml distilled water bv adding 1U ml concentrated
H250a4. Tne solution was then filled up to 5799 ml with

dicetilied water and kept in a 300 ml volumetiric ftiask wapped with
aluminum +oil.

Results
Isplation of Thiothrzx and Flexibacter

o attempt to enrich or isclate 7hiothrin or Flevitacosr
from Alum Roc sulfur spring on agar plates was successful.

Absarbance ZSpectra of lsolated Cvancbacteria

To determine the composition of the pigments +rom the i1solated
cyanobacteria strains, absorbance spectra were taken from whole cells
or - utracted pigment preparatione. Three major groups of plgments are
normallyv present in cvanobacteria: chlorophyll a, biliproteins, and
carotenoids, The in vivo spectrum (Fig. IV-20) of the i1solated
Oscillatoria strain shows mavima at &8O nm and 435 nm, 1ndicating
chlaorophyll a {(for isclated Synechocystaxi agd nm and 445
nm, Fiqg. IV-21), at 632 nm i1ndicating phyvcocvanin (for
Synechaocystis at 432 nmi, and at 488 nm ndicating carotenc:de
(for Jynechocystis at B0V nm).

Wherr the pigme ts of Osxcillatorie and Lynechocyrtis were

extracted by methanol or acetone, the absorptl an maxima were more
distinct and were shifted towards shorter wavsiengths., This is
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Figure IV-20. Absorbance spectrum of Oscillatoria.
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Figure IV-21. Absorbance spectrum of Synechocystis.

2G6



1llustrated 1n Figures IV-22 and 24 for Oscillatoria and for
Synechocystis 1n Figures IV-23 and 28.

Anaerabic Growth of uscillatorza in the Precence of Sulfide

Some cyanobacteria perform odygenic or anoxygenic photosynthesise
in the presence of sulfide. Cyanobacteria of Alum Rock sulfur springs
may be able to carry ocut photosynthesis when sulfide is present.
Attenpts were made to determine how isolated dscillatoria grow
under anaerobic conditions with different sulfide concentrations. The
anaerchbic growth experiment was carried out as described in the
Methods section. The sultide concentration ranged from O to 4 mM.

The control contained no sulfide. For aerobic growth conditions, one
screw-cap test tube contaired only 1.5 ml of the cell suspension and S
ml of the BG 11 medium. The inoculated 8 ml screw cap test tubes were
incubated for 5 days at 27°9C and 15-20 uE m—=

secT?, The result 1s shown i1in Table IV-7 (see end of preceding
subchapter).

During the S days after the i1noculation period the generatiorn of
a gas, probably oxygen, was aobserved i1n the culture tubee containing 0O
to 0,05 M suliide. Under these growth conditions, Uscillatoria
hao a dark green color and showed very good growth at the bottom of
the culture tubes. At higher sulfide concentrations (from 0.1 to 1
mM) the color ot the culture was more or less light green and the
oroanisms formed a thin loever from the bottom to the surface. The
cuiture expozed to 4 mM sul fide did not grow, sank down to the bottom
of the tube, and showed & yellow-brownish color two days after
inoculation. Whether this dscillatorza strarn shows the same
behaviouwr concerning photosynthesis found for Uscillatoria
izanetica from Sclar Lake remains to be studied.

Microprofile of an Alum Rock Sulfuwr Spring

The distribution of sultide and odygen in the overlying water and
microbial mat at Alum Rock spring si1te 2 was measured with handmade
microelectrodes. This sulfuwr spring was choosen for measurements
because it was egasy to place the tripod with the micromanioulator and
microelectrodes directly 1n front of the spring. Since the mat of the
=pr 1ng was growing on a vertical rock cubstrate., it was necessary ta
inszert the mcocroelectrodes more or lese horizontally into the mat.

Thr ee protiles ot oiygen and sulfide were taken across the spring,
S-10 um Jdown from the top of the source. The main stream in the
middle uf the spring nad a white color and the community was
comparable Lo that of spring site 3 at positions H and J. The borders
on both sides of the main stream had a dark green color and the
community wae nearly the came as that described +or positions € and D
4t the spring site 2. In the overlying water the suifide

concentr ation was determined by the methylene blue method (see Methods
section above) along the stream. From Figure IV-24 it can be seen
that there /i< a decrease in sultide concentration from the top, at the
enurce, to the bottom. Light intensity decreases from &0 «E

m~=2 gec~! at the top tuo %0 o m~?2

sec”? at the bottom. From the tup to the ground there is a
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Figure IVY-22. Absor. ance spectrum of Oscillaloria.
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Figure IV-23. Absorbance spectrum of Synechocystis.
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Figure IV-25. Absorbance spactrum of Synechocystis.
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Temperature
(Celsius) 23
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Figure IV-26. Sulfide, light intensity, pH, and temperature in the

main stream of Alum Rock (at site 2). Air temperature
28 by the spring (in the shade).
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Figure 1V-28. Oxygen and sulfide in the overlying water and
microbial mat (border of the mdin stream, green). Alum Rock,
aite 23 10 cm L 2low top of spring.
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. Figure 1V-29. Oxygen and sulfide at a microbial mat (border of the
main stream, green). Alum Rock, site 2¢ 5 cm below top of
spring.
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temperature difference of 2°C. The pH increases from 6.2 to

4$.37. In the overlying water of the main stream (white color of the
mat), an enormous increase in sulfide was measured with depth, while
in the mat a low decrease was measurable (Figure IV-27). By contrast,
the oxygen concentration decreased rapidly in the first S00 um of

the mat. One explanation for this steep decrease in oxygen in this
part of the mat is that a predominantly heterotrophic community is
present, with only a small number of cyanobacteria producing oxygen
during photosynthesis. The other profiles were taken at the border of
the main stream, in very well developed (dark green) cyancbacterial
mats (Fig. IV-28 and 29). The oxygen concentration decreases very
slowly during the first 500 um of depth because of the oxygenic
photosynthesis activity of cyanobacteria, the dominant organisms at
this part of the sprina. The sulfide concentration in the mat
increases with depth when oxygen decreases.
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