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ABSTRACT 

 Here we show a detailed study in which AOM sediment collected from Hydrate 

Ridge was amended with sodium molybdate and 15N-labeled ammonium under a methane 

headspace and incubated for 13 months.  Sulfide production along with sulfate depletion 

was monitored and supported the complete inhibition of sulfate reduction throughout the 

incubations.  Counts of aggregates hybridized with ANME- and bacterial-specific mono-

labeled oligonucleotide probes show that with time, there was a shift in the aggregate 

composition favoring ANME-only aggregates in inhibited incubations only, suggesting 

the bacterial partner may be decaying rather quickly in the absence of its primary ability to 

harvest energy, while ANME cells persist.  In order to determine if the remaining primarily 

ANME-only aggregates were still growing we used fluorescence in situ hybridization 

coupled to nano-scale secondary ion mass spectrometry (FISH-NanoSIMS) to quantify 

15N-ammonium incorporations in the aggregates after 7 months.  In non-inhibited controls 

15N-ammonium incorporation (avg. 5.6 atom%) was well above that of natural abundance 

(0.36 atom%).  However, in the inhibited treatment, aggregates showed an average of 0.58 

atom% 15N incorporation, which is not above the background value for potential abiotic 

adsorption of 15N-ammonium (0.60 atom%), suggesting little to no incorporation occurred.  

These data suggest that while the SRB decay and the ANME persist, the ANME are not 

able to synthesize new proteins and thus are not able to grow when sulfate reduction is 

inhibited. 
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INTRODUCTION   

 The anaerobic oxidation of methane (AOM) is responsible for recycling up to 80% 

of the oceanic methane production (Reeburgh, 2007).  This crucial biogeochemical process 

serves as a major sink for methane, a greenhouse gas with heat trapping capabilities up to 

20 times stronger than CO2 (Schiermeier, 2006).  Syntrophic aggregates of anaerobic 

methane-oxidizing archaea (ANME) and sulfate-reducing bacteria (SRB) appear to carry 

out the anaerobic oxidation of methane (Orphan et al., 2001a).  In the following putative 

pathway, sulfate serves as the electron acceptor for methane (Boetius et al., 2000; Iverson 

and Jorgensen, 1985): CH4 + SO4
2-  HCO3

- + HS- + H2O.  However, to date, neither 

ANME nor SRB involved in this reaction have been grown in pure culture, and thus the 

pathway for AOM, including the method for electron transfer, remains unclear (Knittel and 

Boetius, 2009). Indeed, Milucka and colleagues (2012) recently proposed a new pathway in 

which ANME-2 is capable of both the anaerobic oxidation of methane and reduction of 

sulfate to disulfide (or other S0 compounds), which is then scavenged by the SRB and 

disproportionated to sulfide and sulfate. 

 As sulfate-reducing bacteria were initially implicated as an agent responsible for 

AOM (Reeburgh, 1976), multiple studies have used sulfate reduction inhibitors such as 

molybdate or tungstate to validate and study dynamics of AOM (Alperin and Reeburgh, 

1985; Hansen et al 1998; Iversen et al., 1987; Nauhaus et al., 2005; Orcutt et al., 2008).  

Molybdate is a commonly used sulfate reduction inhibitor as it serves as a structural 
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analogue to sulfate (Reuveny, 1977) and several studies have demonstrated that it 

successfully inhibits the SRB community in a mixed enrichment culture including non-

SRB members (Lovely et al., 1982; Compeau and Bartha, 1985).  While earlier studies 

investigating AOM found little to no inhibition of methane oxidation by sulfate-reduction 

inhibitors (Alperin and Reeburgh, 1985; Hansen et al 1998; Iversen et al., 1987), Hoehler et 

al. (1994) point out that conditions of such studies may have led to an increase in 

methanogenesis, confounding the results.  More recent studies from different habitats 

report near to complete AOM inhibition (Nauhaus et al., 2005; Orcutt et al., 2008).   

 Due to the difficulties of getting the ANME/SRB consortia into pure culture, prior 

sulfate-reduction inhibition studies are based on bulk geochemical measurements in which 

they inhibit sulfate reduction in an entire community and measure the AOM of that 

community (Alperin and Reeburgh, 1985; Hansen et al 1998; Iversen et al., 1987; Nauhaus 

et al., 2005; Orcutt et al., 2008).  This allows us to see the effect of sulfate reduction 

inhibition on AOM as a whole it does not show what is happening to the AOM consortia 

on a cellular level, knowledge which could shed light on the dynamics of this symbiosis.  

Whether either partner in the symbiosis is able to persist, metabolize and grow in the 

presence of sulfate-reducing inhibitors remains unclear.    

 Tracking the effects of sulfate-reducing inhibitors on aggregate abundance and 

composition can be accomplished via fluorescence in situ hybridization (FISH) which can 

then be coupled to nano-scale secondary ion mass spectrometry (NanoSIMS) in order to 

measure growth in consortia incubated with 15N-labeled ammonium (Orphan et al., 2009). 

FISH-NanoSIMS allows the coupling of function with identity through the measurement of 

15N incorporation in individual cells or aggregates whose phylogenetic identity is 
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determined via FISH. Here we use a combination of geochemical studies, FISH, and 

FISH-nanoSIMS to study the effects of a sulfate reduction inhibitor on the metabolic 

processes and growth of the ANME and bacterial cells involved in AOM. 

 

METHODS 

Site Selection, Sampling and Processing: 

 Push core samples were collected in August 2010 (AT 15-68) from active methane 

seeps in Hydrate Ridge (Boetius and Seuss 2004) off the coast of Oregon using manned 

submersible Alvin. Push core PC9 was collected through a microbial mat (Hydrate Ridge 

South, AD4629, 44°N 34.09 125°W 9.14, 774 m water depth). Microcosm experiments 

from the top 0-3 cm of PC9 sediment were set up shipboard. Sediments were mixed 

approximately 1:3 with filtered seawater (sparged with argon) and aliquotted into 40 ml 

glass bottles (with butyl stoppers) with a 20 ml methane headspace (overpressured to 30 

psi). The sediment slurries were amended with 0 or 2 mM 15N-ammonium and 0 or 25 mM 

sodium molybdate and incubated anaerobically at 4-8 ºC.  Killed controls were amended 

with 2 mM 15N-ammonium and treated with formaldehyde (final concentration of 3.7%). 

Sediment samples were taken anaerobically via syringe at 0, 1, 3 and 7 months.  

 

Fluorescence in situ Hybridization (FISH) and aggregate counts:  

 Sediment samples were fixed in 2% paraformaldehyde for approximately 1 hour at room  

temperature, washed twice with phosphate-buffered saline (PBS; Pernthaler et al., 2008), 

once with 1:1 PBS: ethanol, resuspended in 100% ethanol and stored at -20°C.  For FISH 

analyses, 150 µl fixed sediment was brought to 0.9 ml in a TE (10 mM Tris-HCl and 1 mM 
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EDTA (pH 9.0)), 0.01 M pyrophosphate solution, heated in a histological microwave 

oven (Microwave Research and Applications, Carol Stream, IL) for 3 minutes at 60°C.  

Samples were then cooled to room temperature and sonicated on ice for 3 10 second bursts 

with a Vibra Cell sonicating wand (Sonics and Materials, Danbury, CT) at an amplitude 

setting of 3.0. Percoll (900 µl) was then added to the bottom of the 2 ml tubes, which were 

then centrifuged at 14000 rpm for 20 minutes at 4°C.  The supernatant was filtered onto a 

3.0 µm pore-sized polycarbonate filter (Millipore, Billerica, MA). A Cy3-labeled 

oligonucleotide probe targeting anaerobic methane-oxidizing archaeal clade ANME-2 

(Eel_MS_932; Boetius et al., 2000) and a FITC-labeled general bacterial probe (EUB338 

mix; Amann et al., 1995) were then used in a FISH reaction following the protocol outlined 

in Orphan et al (2001). Micrograph images were taken with a Deltavision RT microscope 

system (Applied Precision, Issaquah, WA). ANME/EUB and ANME-only aggregates were 

counted from a total of 50 aggregate-containing fields per sample.  Relative numbers of 

ANME-only aggregates are expressed as percent ANME-only of total hybridized 

aggregates. 

 

Fluorescence in situ Hybridization Nanoscale Secondary Ion Mass Spectrometry 

(FISH-NanoSIMS): 

 Five aggregates from an ammonium- and sodium molybdate-amended incubation 

(2 mM 15N-ammonium, 25 mM sodium molybdate, sampled at 7 months), and two 

aggregates from an ammonium-amended (2 mM 15N-ammonium, sampled at 7 months) 

incubation were examined; all incubations were inoculated with methane seep sediment 

slurries from a push core collected through a microbial mat in Hydrate Ridge (PC-9, 
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AD4629, AT 15-68).  

Fixed and washed sediment samples (150 µl) for FISH analysis were treated as described above  

and applied to a Percoll density gradient as described in Orphan et al (2002).  All samples 

were deposited onto custom cut indium tin oxide (ITO) coated glass and hybridized with 

Cy3- and FITC-labeled oligonucleotide probes Eel_MS_932 (Boetius et al., 2000) and 

EUB338 (Amann et al., 1995) and mapped for nanoSIMS analysis (Orphan et al., 2002; 

Dekas and Orphan, 2011). Clostridia spores (with known δ13C and δ15N) were spotted onto 

a blank section of a separate ITO coated glass square and used as standards during the 

analysis. Samples were analyzed using a CAMECA NanoSIMS 50L housed at Caltech, 

using a mass resolving power approximately 5,000.   

A primary Cs+ ion beam (0.5 to 1.5 pA) was used to raster over target cells, with a raster 

size ranging from 10 to 30 µm. Secondary ion images were collected at 256 x 256 pixel 

resolution with a dwell time of 3,000 to 8,000 ct/pixel over a period of 5 to 12 hours, 

resulting in 54 to 129 cycles, depending on target size. Due to time constraints, aggregates 

were not sampled through their entire Z planes. Clostridia spores were measured in ion 

image mode using the same range in ion beam current as a standard to ensure there were no 

matrix effects in the analysis. Several masses were collected in parallel including: 12C14N-, 

and 12C15N- using electron multiplier detectors. Resulting ion images were processed using 

the L’Image software (developed by L. Nittler, Carnegie Institution of Washington, 

Washington D.C.).  The reported isotope ratio for each aggregate was extracted from the 

image by identifying a region of interest (ROI) – the aggregate – within each image.  The 

aggregate edge was automatically defined in L’image by setting a lower threshold of 5% of 

the maximum value of 12C15N/12C14N counts within a given cycle.  If this automatic ROI 
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definition included non-aggregate elements from the surrounding area, the portion of 

the ROI that only contained the aggregate was traced manually and subsequently used as 

the final ROI. The ratio from the cycle with the highest 12C15N/12C14N was then collected 

from each aggregate. The 12C15N/12C14N  ratio is hereafter referred to as the 15N/14N ratio. 

 

Geochemistry: 

 In order to analyze sulfide concentrations in the microcosms at each time point, 

subsamples of the aqueous phase of incubated sediment slurries (the initial time point was 

taken from an aliquot of the original un-amended sediment slurry) were filtered via a 0.2 

µm filter and combined with 1 M zinc acetate at a 1:1 ratio. Sulfide concentration was then 

determined using a colorimetric Cline assay (Cline, 1969) measured on a 96-well format 

TECAN Sunrise spectrophotometer (TECAN, Männedorf, Switzerland).  

 In order to determine sulfate concentrations, subsamples of the aqueous phase of 

incubated sediment slurries were filtered via a 0.2 µm filter and frozen at -20˚C until 

analysis. Parallel ion chromatography systems operated simultaneously (Dionex DX-500, 

Environmental Analysis Center, Caltech) were used to measure ammonium, nitrate, nitrite 

and sulfate in the porewater samples.  A single autosampler loaded both systems’ sample 

loops serially.  The 10 µl sample loop on the anion IC system was loaded first, followed by 

a 5 µl sample loop on the cation IC system.  Temperatures of the columns and detectors 

were not controlled.   

Nitrite, nitrate and sulfate were resolved from other anionic components in the 

sample using a Dionex AS-19 separator (4x250 mm) column protected by an AG-19 guard 

(*4x50 mm).  A hydroxide gradient was produced using a potassium hydroxide eluent 



 

 

124 
generator cartridge and pumped at 1 mL per minute.  The gradient began with a 10 mM 

hold for 5 minutes, increased linearly to 48.5 mM at 27 minutes and finally to 50 mM at 41 

minutes.  10 minutes were allowed between analyses to return the column to initial 

conditions.  Nitrite and nitrate were determined for UV absorption at 214 nm using a 

Dionex AD25 Absorbance detector downstream from the conductivity detection system. 

Suppressed conductivity detection using a Dionex ASRS-300 4 mm suppressor operated in 

eluent recycle mode with an applied current of 100 mA was applied to detect all other 

anions, including redundant measurement of nitrite and nitrate.  A carbonate removal 

device (Dionex CRD 200 4 mm) was installed between the suppressor eluent out and the 

conductivity detector eluent in ports. 

Ammonium was resolved from other cationic components using a Dionex CS-16 

separator column (5x250 mm) protected by a CG-16 guard column (5x50).  A 

methylsulfonate gradient was produced using a methylsulfonic acid based eluent generated 

cartridge and pumped at 1 mL per minute. The gradient began with a 10 mM 

methylsulfonate hold for 5 minutes, then increased to 20 mM at 20 minutes following a 

non-linear curve (Chromeleon curve 7, concave up), increased further to 40 mM at 41 

minutes following a non-linear curve (Chromeleon curve 1, concave down).  10 minutes 

were allowed between analyses to return the column to initial conditions.  Suppressed 

conductivity detection using a Dionex CSRS-300 4 mm suppressor operated in eluent 

recycle mode with an applied current of 100 mA. 

Standard curves were generated for each species. For nitrate, nitrite, and sulfate, 

standard measurements were fitted to a linear curve; for ammonium, standard 

measurements were fitted to a quadratic curve.  Standard ranges were 10 µM to 2 mM 
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(nitrate, nitrite) and 500 µM to 32 mM (sulfate). Standard deviation of repeated 

injections of a standard (250 µM nitrate and nitrite, 8000 µM sulfate) throughout the 

analysis were 4.2 µM (nitrate), 5.8 µM (nitrate) and 113 µM (sulfate). 

 

RESULTS AND DISCUSSION 

Geochemistry 

 Sulfide production was measured as a proxy for sulfate reduction in four sets of duplicate  

incubations: Blank (no amendments), non-inhibited control (2 mM 15N-ammonium added), 

a killed control (2 mM 15N-ammonium; treated with formaldehyde at initial time point) and 

an incubation in which sulfate reduction was inhibited (25 mM sodium molybdate, 2 mM 

15N-ammonium).  The killed control and inhibited incubations exhibited little to no sulfide 

production over the course of 13 months, suggesting no sulfate reduction occurred in these 

samples (Figure 1).  The small increase in sulfide between the 0 and 1 month time points (< 

1 mM increase) may be an artifact of sampling; the initial time point was taken from an 

aliquot of the original un-amended sediment slurry and may thus vary slightly from the 

sulfide levels in the respective incubation bottles listed above. The blank and non-inhibited 

control incubations showed a large increase in sulfide (> 14 mM) from the 0 to 1 month 

time point.  Interestingly, all of these high sulfide accumulation incubations had instances 

of sulfide loss at various point between the 1 and 13 month time points. These data suggest 

that either 1. sampling error occurred and sulfide was lost due to abiotic oxidation or 2. 

some component of the incubation was able to oxidize sulfide in situ.  The latter may result 

from the likely presence of sulfur-oxidizing bacteria in the incubations, the sediment for 

which was collected from the top 3 cm horizons of a push core collected through a sulfur-
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oxidizing microbial mat.  Several species of sulfur-oxidizers can store nitrate 

intracellularly for use as a terminal electron acceptor in the sulfide oxidation reaction and 

thus would be viable in these anaerobic incubations (Preisler et al., 2007).  This metabolic 

reaction produces ammonium, which was seen to accumulate in the amendment-free 

“blank” incubations (the addition of 2 mM ammonium results in concentrations above the 

detection limit in other incubations) in which ammonium levels increase from 559 and 755 

µM ammonium at 1 month to 1463 and 1580 µM at 13 months in incubations Blank A and 

Blank B, respectively. 

 Sulfate depletion was also measured in three sets of the same duplicate incubations: Blank  

(no amendments), non-inhibited control (2 mM 15N-ammonium added) and an incubation 

in which sulfate reduction was inhibited (25 mM sodium molybdate, 2 mM 15N-

ammonium). The inhibited incubations show a near constant concentration of 

approximately 24 mM sulfate from the 1 to 13 month time points, suggesting no sulfate 

reduction occurred.  Blank and non-inhibited control incubations however show a depletion 

of sulfate below that of 0.8 mM after 13 months, suggesting the majority of the sulfate had 

been reduced.  

 

Change in aggregate abundance and composition over time 

As prior studies have estimated a doubling time of 3 to 7 months for ANME SRB aggregates 

(Orphan et al., 2009; Nauhaus et al., 2007), we conducted aggregate counts over a period of 

7 months (sampling at 0, 1, 3 and 7 months) in the control and inhibited incubations. Total 

aggregates counted (from 50 aggregate-containing fields per time point) in the control 

incubation increased with time from 438 at the initial time point to 705 after 7 months, 
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suggesting growth.  However, total aggregates counted in the inhibited incubation were 

much lower at 7 months (150) than at the initial time point (396).  The percent of ANME-

only aggregates (out of total ANME-containing aggregates) was initially low in both 

incubations (10% and 11% in control and inhibited incubations, respectively). Aggregate 

composition in the control sample showed a relatively slight shift towards ANME-only 

aggregates at 1 month (23%), which decreased at 3 (18%) and 7 (16%) months (Figure 2).  

The inhibited incubation revealed a more dramatic and continual shift towards ANME-only 

aggregates over time, with ANME-only aggregates comprising 83% of total hybridized 

aggregates at the 7 month time point. Whether the ANME-only aggregates were comprised 

of new growth or the previously existing ANME/bacterial aggregates in which the SRB 

cells decayed was unclear based on these data alone. If the ANME-only aggregates 

observed in the later time points were once ANME/bacterial aggregates it is interesting that 

the bacterial and not the ANME cells decayed. This would suggest that the bacterial cells 

do not survive when sulfate-reduction is inhibited whereas the ANME cells are at least able 

to persist under these conditions. NanoSIMS studies were subsequently done in order to 

determine if cells in the ANME-only aggregates were actively growing. 

 

FISH-NanoSIMS 

 Incorporation of 15N-labeled ammonium has been previously used as a proxy for protein  

synthesis in microbial populations at the community and cell-specific levels (Kruger et al., 

2008; Orphan et al., 2009). In order to determine if aggregates that persisted in the presence 

of a sulfate reduction inhibitor were growing, we performed FISH-NanoSIMS analyses on 

five such aggregates incubated with 25 mM sodium molybdate and 2 mM 15N-labeled 
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ammonium for 7 months.  Three of the aggregates from the inhibited incubation were 

ANME-only and had similar 15N incorporation values (0.56, 0.49 and 0.45 atom %; Table 

1).  We also examined, from the same incubation, two ANME/bacteria aggregates, one 

with approximately 1.3 ANME cells for every bacterial cell (0.43 15N atom %) and another 

with approximately 20 ANME cells for each bacterial cell (0.96. 15N atom %). While these 

incorporation values are above that of natural abundance (0.36 atom %), all but one are 

below the background value determined for potential abiotic adsorption of 15N-ammonium 

(0.60 atom %; Orphan et al., 2009), suggesting no growth had occurred. These data do not 

rule out the possibility that the aggregates are still carrying out unknown dissimilatory 

reactions.  

 Interestingly, the one aggregate that did show significant levels of 15N incorporation had a  

unique pattern of incorporation consisting of small hot spots of 15N (Figure 3). While 

ANME/SRB aggregates typically have an ANME:SRB cell ratio of 1:2 or 1:3 (Orphan et 

al., 2009; Nauhaus et al., 2007), this aggregate had a much higher ANME:bacteria ratio of 

20:1. Non-SRB bacteria have been reported previously in association with ANME 

(Pernthaler et al., 2008) and as the bacterial probe used in our study was a general one, it is 

possible the bacteria in this unusual configuration were not SRB, explaining the potential 

growth under sulfate reduction-inhibiting conditions.  

 A baseline level of 15N incorporation was also determined via measurement of aggregates  

incubated with 2 mM 15N-labeled ammonium in the absence of any inhibitors. The 

ANME/bacteria and ANME-only aggregates showed very similar 15N incorporation levels 

after 7 months (5.4 and 5.9 atom %, respectively; Table 1).  While these levels are lower 

(about an order of magnitude) than what has been previously published from studies of 
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similar AOM microcosms (Dekas et al., 2009; Orphan et al., 2009), they are still much 

higher than natural abundance (0.36 atom %) as well as the background value for potential 

abiotic adsorption of 15N-ammonium (0.60 atom %; Orphan et al., 2009), confirming 

growth in the control incubation. Between the 1 and 7 month time points we observed a 

decrease in sulfide production which could indicate sulfate reduction was not occurring and 

therefor growth (and 15N incorporation) would be limited.  This decrease in sulfide could 

also be explained by the likely presence of sulfide-oxidizing bacteria in the incubations (as 

discussed above).  If sulfide-oxidizing bacteria were active, this could lead to the 

production of ammonium (seen to accumulate in Blank incubations), which would dilute 

the 15N-ammonium incorporation signal. 

 

CONCLUSIONS 

 Anaerobic methane oxidation, serving as a sink for this potent greenhouse gas, is a 

crucial biogeochemical process and yet little is known about the dynamics that exist 

between the two partners which effect this process. Numerous studies have focused on the 

effects of sulfate reduction inhibitors on the AOM process as a whole (Alperin and 

Reeburgh, 1985; Hansen et al., 1998; Iversen et al., 1987; Nauhaus et al., 2005; Orcutt et 

al., 2008), but the effect of these inhibitors on the cells comprising the ANME/SRB 

consortia remained unknown.  In order to study dynamics of AOM we inhibited sulfate 

reduction and followed the metabolic processes of the microcosm community as well as the 

effect of aggregate composition and growth on a cellular level.  Here we show that while 

bacterial cells appear to decay, ANME-2 cells persist in the form of ANME-only 

aggregates, which are capable of little to no growth when sulfate reduction is inhibited.  
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ANME-1, -2 and -3 cells have been found without a bacterial partner (Knittel and 

Boetius, 2009; Orphan et al., 2002; Omoregie et al., 2008), suggesting an alternative 

metabolism may be possible for these archaea. Our data suggest the growth and 

metabolism of ANME-2 is tightly linked to the bacterial partner. A study by Nauhaus et al., 

(2005), showed the addition of molybdate completely inhibited AOM in ANME-2 but not 

ANME-1 dominated communities, suggesting growth independent of sulfate reduction may 

have occurred. Further studies on the effects sulfate reduction-inhibition on the growth 

ANME-1 may reveal alternative growth requirements for ANME-1 and -2. 
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Figure 1a.  

Sulfide production measured in 4 duplicate sets of incubations over 13 months.  Control 

incubations were amended with 2 mM 15N-ammonium; blank incubations had no 

amendments; inhibited incubations were amended with 2 mM 15N-ammonium and 25 mM 

sodium molybdate; killed controls were amended with 2 mM 15N-ammonium and treated 

with 3.7 % formaldehyde at the initial time point. 
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Figure 1b.  

Sulfate depletion measured in 3 duplicate sets of incubations over 13 months.  Control 

incubations were amended with 2 mM 15N-ammonium; blank incubations had no 

amendments; inhibited incubations were amended with 2 mM 15N-ammonium and 25 mM 

sodium molybdate. 
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Figure 2.  

Change in aggregate composition over time. ANME/bacteria and ANME-only aggregates 

were counted from samples taken at 0, 1, 4 and 7 months. Cy3- and FITC-labeled 

oligonucleotide probes Eel_MS_932 (ANME-2; Boetius et al., 2000) and EUB338 (general 

bacteria; Amann et al., 1995), respectively, were used in FISH reactions. Aggregates counts 

are expressed as the percent of ANME-only aggregates out of all ANME-only and 

ANME/bacteria aggregates counted (each point represents 50 aggregates-containing fields 

counted). 
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Figure 3. 

Corresponding FISH and ion micrographs of aggregates examined via FISH-NanoSIMS 

from the inhibited incubation, amended with 2 mM 15N-ammonium and 25 mM sodium 

molybdate and sampled at 7 months. Cy3- and FITC-labeled oligonucleotide probes 

Eel_MS_932 (ANME-2; Boetius et al., 2000) and EUB338 (general bacteria; Amann et al., 

1995), respectively, were used in FISH reactions. FISH micrograph lettering corresponds to 

aggregate name in Table 1. Scale bars in FISH micrographs represent 5 µm. 
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Figure 4. 

Corresponding FISH and ion micrographs of aggregates examined via FISH-NanoSIMS 

from the control incubation (no inhibitor), amended with 2 mM 15N-ammonium and 

sampled at 7 months. Cy3- and FITC-labeled oligonucleotide probes Eel_MS_932 

(ANME-2; Boetius et al., 2000) and EUB338 (general bacteria; Amann et al., 1995), 

respectively, were used in FISH reactions. FISH micrograph lettering corresponds to 

aggregate name in Table 1. Scale bars in FISH micrographs represent 5 µm. 
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