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SUPPLEMENTARY METHODS
Site description and sampling

Kabuno Bay (KB, 1.58°-1.70° S, 29.01°-29.09° E; DR Congo) is a sub-basin of Lake
Kivu located in the East African Rift system. KB has a surface area of 48 km” and a
maximum depth of 120 m and is permanently stratified. Many physical and chemical
characteristics of the basin are related to its isolation from the main lake due to its 150
m wide and 10 m deep connection'. Further details on KB and Lake Kivu are published

2-11
elsewhere

. Water samples were collected at different depths during two sampling
campaigns conducted during 2012 covering both the rainy (RS, February) and the dry
(DS, October) seasons using either a battery-driven peristaltic pump connected to a
weighted-double conical intake through plastic tubing (for those depths corresponding
to the oxic-anoxic transition zone) or a 5-1 vertical Niskin bottle (Hydro-Bios; for the
rest of the depths). Water samples were processed immediately for chemical analyses or
subsequently stored in 4-1 plastic containers at 4°C for further processing for molecular

microbiology.
Physico-chemical analyses

Vertical depth profiles of temperature, conductivity, pH, and oxygen were measured in
situ with either Hydrolab DS5 (OTT Hydromet, Germany) or a Sea&Sun CTD90 (Sea
and Sun Technology, Germany) multiparametric probes. Photosynthetically Active
Radiation (PAR) was measured by means of a Li-Cor LI-193SA spherical quantum
sensor apparatus (Lincoln, NE, USA). Fe speciation was measured by ferrozine
method'>. CH, concentrations in the collected water samples were determined as
previously described”® via the headspace equilibration technique and gas

chromatography'*.

Water samples for NOx (i.e., NOs and NO; ) analyses were directly passed through
0.22 um pore size cellulose acetate syringe filters and stored frozen until analyses with
no preservative. NO, concentrations were determined following the sulphanilamide
coloration method" , whereas NOs3;  concentrations were measured after vanadium
reduction to nitrite and further quantified as previously described'>'. Samples for
Hydrogen (H,;) determinations were conducted by headspace equilibration

technique'”'®. Furthermore, acetate (CH;COO") concentrations were measured from
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frozen water samples collected during the DS sampling campaign by Ion

Chromatography using a Dionex Instrument as described here'.

Samples for the determination of the stable isotope composition (8"°C) of dissolved
inorganic carbon (DIC) were collected by gently overfilling 12 ml glass vial (Labco
Exetainer) preserved with 20 pl of saturated HgCl, (final conc., 0.45 mM). For the
analysis of 8°C-DIC, a 2 ml helium headspace was created and 100 pl of HsPO4 (99%)
was added into each vial to convert all DIC species into CO,. After overnight
equilibration, a variable volume of the headspace was injected into an elemental
analyser coupled to an isotope ratio mass spectrometer (EA-IRMS; Thermo FlashHT
with Thermo DeltaV Advantage). Calibration of 8°C-DIC measurements was
performed with certified reference materials (LSVEC and either NBS-19 or IAEA-CO-
1). Samples for the determination of the concentration and the stable isotope
composition (5"°C) of particulate organic C (POC) were obtained by filtering a known
volume of water on pre-combusted (overnight at 450°C) 0.3 um pore-size 25 mm
diameter glass fiber filters (Advantec GF-75) and kept frozen (—20°C) until processing.
Filters were decarbonated with HCI fumes for 4h, dried, packed in silver cups and
analysed on an EA-IRMS (Thermo FlashHT with Thermo DeltaV Advantage).
Acetanilide (6"°C = —27.65%0 + 0.05) and Leucine (8"°C = —13.47%o + 0.07) were used
as standards, and were calibrated in-house against certified standards (IAEA-CH-6).
Relative standard deviation for POC measurements was below 5%, and analytical
uncertainty for (natural abundance) 8'>C-POC measurements was typically better than

0.15%o.
Pigment analyses

Water samples for pigment analyses (2.0 to 3.0 1) were collected and subsequently
passed through 47 mm diameter Macherey-Niagel GFS filters (Diiren, Germany).
Chlorophyll (Chl)-related pigments were analysed by High Performance Liquid
Chromatography (HPLC) from 90% acetone (Fischer Chemical) extracts (10 ml final

. 20,21
volume) according to*"

. Identification and quantification of pigments were done
according to retention times and specific absorption spectra in the eluent solvents.
Calibration and Chl a quantification were undertaken by using commercial external

standards (DHI, Denmark). The complete separation and quantification of
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bacteriochlorophyll (BChl) pigments and homologues was determined from the total

area of the corresponding peaks and using appropriate molar absorption coefficients**.

Total cell abundances
Total cell abundances were quantified by flow cytometry as previously described’.
Simple isotope mass balance

The contribution of Chlorobium-derived carbon to the POC pool (%POCcuioropium) at a

given depth (z) was estimated via an isotope mass balance approach, as:

%POC chioronium = (100 x 8°C-POC, — 100 x 8"°C-POCpmy) / (8"*C-Chlorobium — 8"C-
POCy)

where §'°C-POC, is the 8'°C signature of the POC at the depth z, §"*C-POCwy (—27.5%o
+ 0.3, n = 3) is the 8"°C signature of the POC in the mixed layer, and 8"°C-Chlorobium
is the theoretical 8'"°C signature of the Chlorobium, estimated based on the isotope
fractionation factor for C fixation by Chlorobioum via the rTCA pathway (~12.2%o,>)
and the measured 8'°C-DIC in the chemocline (=5.3%o = 0.2, n = 5).

Light and dark CO; fixation

Photo- and chemoautotrophic bulk CO, fixation rates were quantified in 60 ml glass
serum bottles from selected depths covering the oxic-anoxic transition zone of KB
during both RS and DS. Serum bottles (eight per depth) were overflowed 3 times,
completely filled avoiding bubbles and then capped with butyl stoppers and crimp-
sealed with aluminium caps. The incubation set included clear (light) and dark
(aluminium foil covered) triplicate bottles. All samples were spiked with 1 ml of a *C-
DIC solution (99.8% NaH13C03 dissolved in lake water; final concentration 1mM,
equivalent to less than 8% of total DIC stock) through the septa. Additionally, one
HgCl,-killed bottle for each condition was incubated as a control without biological
activity. Each bottle was gently shaken and incubated for 24h at their corresponding
depths. After incubation, 40 ml sub-samples were passed through 0.3 pum pore-size
glass fiber filters (Advantec GF-75) to trace *C-DIC incorporation into the POC pool,
and 12 ml sub-samples were used to fill Exetainer tubes (LabCo) poisoned with 20 pl of
a saturated solution of HgCl, (final conc., 0.45 mM) to determine the exact "*C-

enrichment in the DIC pool in every bottle. Measurement of the 8'°C-DIC and &'"C-

4
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POC were carried out as described above. CO, fixation rates (umol 1" d') were

calculated as previously described” from dark and light bottles according to equations

(1) and (2):

(1) DarkCO, = [POC¢ x (%"*C-POC;— %" C-POC))] x [t x (%' C-DIC — %"C-
POC)]"

(2) LightCO, = [(POCs x (%"C-POC;— %"*C-POC})) x (t x (%"*C-DIC — %"*C-
POC;)))"'] - DarkCO,

where POC; is the POC concentration at the end of the incubation, %'>C-POC; and
%"3C-POCy are the initial an final percentage of '>C in POC, t is the incubation time and

%"C-DIC is the percentage of ">C in DIC after the addition of the tracer.
Bacterial Production

Bacterial production was estimated from tritiated thymidine (‘H-Thymidine)
incorporation rates*®. Briefly, 20 ml of water were incubated in gas tight serum bottles
with *H-Thy (ca. 80 Ci mmol'; ICN Pharmaceuticals) for two to four hours in the dark
at in situ temperature and at saturation conditions (ca. 50 nM of *H-Thy,”’). After
incubation, cold trichloroacetic acid (TCA; 5.0%, fin. conc.) was added in order to stop
*H-Thy incorporation and samples were kept cold until passed through 0.22 um pore-
size cellulose nitrate filters (Sartorius). Radioactivity associated with the filters was
estimated by liquid scintillation in a Liquid Scintillation Analyser Tri-Carb 2100TR
(Packard). Cell production was calculated from *H-Thy incorporation rates according to

. . 2
recent calibrations?®.
Fe-oxidation and reduction rate measurements.

Water samples from selected depths corresponding to those with maximum of turbidity
and red fluorescence signals were incubated either in situ or ex situ for Fe-oxidation and
reduction rate measurements. /n situ incubations were conducted by suspending
incubation vessels (25 ml glass syringes) at the depths of collection so the microbial
community experienced near in situ light conditions. Parallel vessels were incubated
under light and dark (aluminium foil for shielding) conditions, and changes in Fe-
speciation were monitored over time. Fe(Il) accumulation rates in the dark syringes
were used to calculate Fe reduction rates, whereas the difference in Fe(II) accumulation

between light and dark syringes was used to calculate Fe oxidation rates. Ex situ

5
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incubations were also conducted in glass syringes (100 ml) that were incubated under
15 pE m ™ s of light (supplied by 60 W incandescent light bulb) with the addition of
DCMU (3-(3,4-dichlorophenyl)-1,1-dimethylurea or DCMU, 0.55 mg 1), a well-
known inhibitor of photosystem II and oxygenic photosynthesis®’. Syringes were
subjected to alternating light and dark cycles. Rates of oxidation and reduction were

i . .. 3132
calculated from time course changes in Fe speciation® %,

Sulfate reduction rates
In situ sulfate reduction rates were determined using the *°S radiotracer technique®
Molecular analyses

Water samples (0.5 to 1.0 1) for nucleic acid extraction were processed, filtered and

34,35
4"

stored as previously describe . Genomic deoxyribonucleic acid (DNA) was

extracted from 0.22-pm filters and DNA extractions (ca. 50 pl at 60 — 250 ng pl™") from
each water depth were subsequently analysed by means of tag-encoded FLX-Titanium
amplicon pyrosequencing (TEFAP)*®*’

TX, USA). The archaeal and bacterial TEFAP (aTEFAP and bTEFAP, respectively)

at Research and Testing Laboratory (Lubbock,

were performed using previously described primers®’.

In order to obtain nearly full-length 16S rRNA gene sequences from pure cultures of
Chlorobi isolates from KB (see below), DNA was amplified with general bacterial

primers (27f — 1492r;***%) and sequenced at external facilities.
Pyrosequencing data analyses

Pyrosequencing data was analysed using Mothur®. Briefly data was decompressed and
sequencing errors were reduced by trimming flows (i.e., denoising) and sequences by
applying the following quality criteria: amplicons shorter than 200 bp in length, reads
containing any unresolved nucleotides and more than 8 homopolimers were removed
from the archaeal and bacterial pyrosequencing-derived datasets. Subsequently,
improved sequences were processed from individual files. Putative chimeras (checked
by using Uchime software*') and contaminants (understood as those unclassified or
misclassified sequences) were removed from our sequence collection files. Afterwards,
alpha- and beta-diversity analyses by OTUs and phylogenetic relationships were
conducted. For the taxonomic adscription of both aTEFAP and bTEFAP amplicons, the
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SEED alignment for archaea and bacteria from the SILVA databases was uploaded in
Mothur®® and a confidence threshold of 80% (bootstrap) was applied. Relative
abundances of retrieved phylogenetic groups and hierarchical visualization was

performed with Krona tool version 2-4*.
Phylogenetic analyses of the GSB community present in KB

bTEFAP sequences from KB water samples tentatively belonging to the Chlorobi
phylum and 16S rRNA gene sequences from KB isolates were subsequently analysed
for further taxonomic refinement. All sequences were aligned using the SINA aligner™®
and then imported into the latest SILVA 16S rRNA-ARB-compatible database
(SSURef-111 NR 98 04 08 12 opt v2.arb; http://www.arb-silva.de) in ARB*. Two

base frequency filters (“Termini” and “pos_var ssuref:bacteria”; positional variability
by parsimony) were applied to exclude highly variable positions before adding
sequences to the original database using the “parsimony quick add marked” tool from
ARB. Sequence identities of representative OTUs retrieved from water samples with
respect to both Chlorobium ferroooxidans strain KoFox and KB isolates were

determined by pairwise comparisons in BLAST analyses®.
Culture conditions

Water samples for culturing were collected from chemocline depths. Enrichment
cultures were initiated by supplementing lake water with a defined mineral media*.

Isolates were obtained from these enrichment cultures through multiple serial dilutions.
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Captions to Supplementary Figures
Supplementary Figure S1. Sample location map. Map showing the location of
Kabuno Bay, Sake river and hydrothermal spring sampling sites (red dots). Maps were

generated by hand-drawing using Adobe Illustrator” software.

Supplementary Figure S2. Kabuno Bay vertical profiles. Data in the upper panels are
from the rainy season (RS; February 2012) and lower panels from the dry season (DS;
October 2012). a and ¢: CH4 (light blue square), H, (grey dots), NOy (i.e., NO, + NO3")
(yellow dots) and CH3COO™ (white squares) concentrations; b and f: relative abundance
of bacterial OTUs grouped by putative activity (i.e., oxygenic phototrophs (Ox PhS,
brown dots), anoxygenic phototrophs (Anox PhS (GSB), light green dots), Fe or Mn
related bacterial OTUs (red triangles)); ¢ and g: relative abundance of archaeal OTUs
grouped by putative activity (i.e., ammonia oxidizing Archaea (AOA, yellow triangles),
acetoclastic methanogens (light blue diamonds) and hydrogenotrophic methanogens

(light blue dots)); d: *H-Thymidine uptake (nM *H-Thymidine h™', white triangles).

Supplementary Figure S3. Chlorobi and related groups diversity. Collapsed 16S
rRNA gene phylogenetic tree of the Chlorobi and related groups members detected in
KB (grey shadow). The number of sequences assigned to each phylogenetic clade and
the relative abundance (pie charts) of the retrieved sequences in each clade is indicated.
The tree includes sequences retrieved by pyrosequencing from all depths and seasons
(RS and DS), and also full 16S rRNA gene sequences from our KB pure culture. Pie
charts depict the OTUs retrieved from each water compartment (E stands for
epilimnion, C for chemocline and M for monimolimnion) and size is proportional to the
number of sequences (log transformed) from the OTUs ascribed to each cluster. The

scale bar indicates 0.10 fixed point mutation per nucleotide position.

Supplementary Figure S4. Kabuno Bay GSB sequence similarities. Box plots
summarizing sequence identities of representative KB OTUs with respect to both Chl.

ferrooxidans str. KoFox and to KB isolate.

Supplementary Figure SS. Pigment analyses. Example of a HPLC chromatogram
from a natural KB water sample (10.6 m depth, DS) showing the main BChl e
homologues (farnesyl esterified), the secondary homologues (non-farnesyl esterified)

and carotenoids (mainly isorenieratene and B-isorenieratene).
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Supplementary Figure S6. Fe oxidation rates from Kabuno Bay isolate. Fe(II)

oxidation rates for KB isolate incubated under high (black diamonds, 14.5 pE m s ™)

and low (grey diamonds, 0.64 pE m™ s ") light intensities.
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Supplementary table 1. Physico-chemical characteristics of Kabuno Bay and surrounding water inputs. Comparison of main physico-

chemical parameters measured in the Sake river and hydrothermal spring near Sake Bay in comparison to KB.

Kabuno Bay Sake River Hydrothermal spring
GPS coordinates 1°37.252' S, 29°2.976' E 1°34.078' S, 29°3.236' E 1°33.744' S, 29°2.836' E
Depth (m) Chemocline Deep waters Surface Surface
10.5-11.5 65.0 100.0 0.1 0.1
Altitude (m.a.s.l.) 1,463 1,463 1,463 1,515 1,485
Temperature (°C) 22.96 24.07 24.78 18.55 29.45
pH 6.25 6.1 6.1 6.05 6.32
Dissolved oxygen (mg 1™) 2.5 0.0 0.0 1.9 0
Conductivity (mS cm™) 3.27 6.58 7.48 1.29 5.20
CI' (mM) Na* 2.1 Na Na 15.3
SO (M) 485,61 0.7 Na Na 1,574
Fe (ID) (uM) 289,79 689 422 0 410

“Na, not analysed.



Sup Table 2 - Taxonomic afiliations Kabuno Bay
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1  Supplementary table 3. Microbial richness and diversity in Kabuno Bay.
2 Archaeal and bacterial richness and diversity estimates based on pyrosequencing
3 analyses from rainy (RS) and dry (DS) seasons in KB.
4
5
Richness Diversity
Water compartment # OTUs Coverage Chaol Shannon
February — RS
Archaea
Epilimnion 12 0.99 17 0.3
Chemocline 45 0.99 88 0.7
Monimolimnion 48 0.99 57 1.4
Bacteria
Epilimnion 776 0.85 1,825 54
Chemocline 1,095 0.86 2,837 5.3
Monimolimnion 1,225 0.82 2,859 6.2
October — DS
Archaea
Epilimnion 2 - 3 0.7
Chemocline 33 0.98 57 1.5
Monimolimnion 8 0.99 10 0.6
Bacteria
Epilimnion 109 0.90 2,674 5.2
Chemocline 1,917 0.87 4,784 6.4
Monimolimnion 56 0.94 106 33
6
7
8
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