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1. INTRODUCTION  
 

The goal of nitrification in the MELiSSA loop is the oxidation of the ammonia present in 

the organic waste to nitrate, in order to provide a more suitable source for compartment 

IV. The strains selected to perform nitrification in the MELiSSA are Nitrosomonas 

europaea ATCC 19718 and Nitrobacter winogradskyi ATCC 25391, which perform the 

oxidation of ammonia to nitrite and nitrite to nitrate respectively.  

Due to the low growth rate nitrifiers require, immobilization of the co-culture on a 

substrate is necessary. In addition, a nitrifying biofilm will provide for the most 

appropriate biochemical engineering strategy, when treating the high nitrogen loads that 

will be present in the organic waste. Hence, an upflow cocurrent packed-bed bioreactor 

was used to achieve the biological oxidation of ammonia to nitrate (Gòdia et al., 2002) 

The factors contributing to the hydrodynamics of a packed-bed biofilm reactor were 

previously studied in order to characterize the liquid phase mixing. Residence Time 

Distribution (RTD) analysis performed in this reactor indicated a very close to perfectly 

mixed tank behaviour for the liquid phase, with only a small percentage of plug-flow 

(Pérez et al., 2004). Nevertheless, this small deviation was causing a gradient of biofilm 

thickness along the packed-bed due to the difference between the characteristic times of 

nitrification and mixing (Pérez et al., 2004).  

A mathematical model was used to describe the efficiency of nitrification in the packed-

bed (Pérez et al., 2005). This model did not include diffusion of substrates into the 

biofilm. However, even with this simplified approach the results obtained with that model 

pointed at a possible segregation of N. europaea and N. winogradskyi along the packed-

bed vertical axis.  

Several authors have observed a segregation of Ammonia Oxidizing Bacteria (AOB) and 

Nitrite Oxidizing Bacteria (NOB) in biofilm populations of artificial waste treatment 

systems, both on the microscopical (Schramm et al., 2000; Schramm, 2003; Okabe et al., 

1999) and on the macroscopical scale (Noto et al., 1998; Holben et al., 1998; Lydmark et 
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al., 2006). To investigate nitrifyers in biofilm systems, Fluorescent In Situ Hybridization 

(FISH) (Schramm et al., 2000; Lydmark et al., 2006), 16S ribosomal DNA cloning 

analysis (Okabe et al., 2002) or real-time quantitative polymerase chain reaction (RTQ-

PCR) (Kindaichi et al., 2006) were applied. 

In the present study, FISH was used on samples obtained from different heights along the 

fixed bed, in order to assess the relative distributions of N. europaea and N. 

winogradskyi. The use of FISH coupled with Confocal Laser Scanning Microscopy 

(CLSM) to study bacterial distribution in biofilms has been well reported in the literature 

and offered all the necessary probes and hybridisation conditions needed to perform the 

study described in this report (Thurnheer et al., 2004; Persson et al., 2002; Nogueira et 

al., 2002; Sakano et al., 2002).  

In technical note 78.91 an extensive description of all the techniques and protocols used 

for the study of the biofilm in compartment III upon stop of its operation was provided. 

An outline of the general trends, along with some qualitative results, was also presented 

in order to illustrate the extent of the biofilm studies performed in compartment III. A full 

report of the results obtained from the biofilm studies will be provided in the present 

technical note.   

 
2. QUANTIFICATION OF CLSM IMAGES 
 
A LEICA DM IRE2 inverted CLSM (LEICA Microsystems, Germany) was used for 

image acquisition. The microscope was fitted with a TCS SP2 AOBS confocal laser 

scanning system.  As described in TN 78.91, the different r-RNA probes that target cells 

with certain specificity are tagged with different fluorochromes that can be visualized 

with a fluorescence microscope. In this case the use of a CLSM makes it possible not 

only to detect and visualize the different fluorochromes, but also to obtain images at 

different depths of the sample, making it possible to obtain a series of images along the z-

axis of the biofilm in 10 µm section intervals. 
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The 256 gray-scale-level images obtained with the CLSM (Fig. 1A) for each 

fluorochrome were converted into binary images by manually selecting a threshold level 

using the Leica Confocal Software (Leica, Heidelberg, Germany) as the tool for image 

analysis. Thresholds were manually selected in order to enhance the accuracy in the 

quantification process (Yang et al., 2001), with the lowest intensity for each channel 

selected as the threshold value. Although automatic thresholding methods would provide 

higher reproducibility than manual thresholding, better accuracy is obtained by using 

manual thresholding.   

Thresholding was achieved by defining an intensity below which any pixel was assigned 

an intensity of 0 while the pixels above the threshold were assigned 256 and thus were 

taken into account to compute the area, as shown in Fig 1B. All gray levels below the 

threshold value were considered as background. The threshold was determined separately 

for the images corresponding to each fluorochrome, which were available as separate 

image files, for each series of images.  

   

 
Fig 1A. Images obtained by CLSM corresponding to 3 different fluorochromes and the intensity histograms. The 
histograms show the number of pixels counted for each intensity between 0 and 256. 
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Fig 1B.  Images obtained by CLSM corresponding to 3 different fluorochromes after thresholding. In the 
histograms it can be observed how all the pixels have been assigned an intensity of either 0 or 256.  
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Setting the threshold value allowed us to estimate the area covered by each one of the 

fluorochromes by counting the number of pixels that were assigned an intensity of 256, 

i.e. that have an intensity above the threshold. An histogram is presented (Fig. 1A, Fig. 

1B), showing the number of pixels counted at each intensity.  

The area of the binary images obtained after thresholding was estimated according to Eq. 

1 and the total biovolume of each channel was obtained by applying an integration 

method as described by Hendrickx et. al., 2004. 

j
ipixel

j
i N·AX =    (1)

        

where: 
• Xi: Area of each scanned position in a stack. The area of each section 

comprising a stack was determined separately and the data stored for 

integration.  

• Ni
j: Number of pixels above the threshold level  

• i: scanning position in the z direction starting (0<i<e) 

• e: number of scanned positions within a stack  

 

Numerical integration across the image stacks was applied to calculate the volume 

occupied by the cells stained by each one of the fluorochromes as described by Eq.2.   
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    where:  

• Vx
j: Total volume of a stack expressed in μm3 

• z: distance from the origin of the stack  
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• i: scanning position in the z direction starting (0<i<e) 

• e: number of scanned positions within a stack  

• Xi: Area of each scanned position  

 

3. PRESENCE OF EXTRACELLULAR POLYMERIC 
SUBSTANCES (EPS) IN THE BIOFILM  
 
 
Fresh samples were visualized with the CLSM after specific staining of cell nuclei and 

EPS. Syto13 or DAPI were used to target cell nuclei while a lectin probe tagged with a 

specific dye, (Con-A)-Texas Red, was used to target EPS. A full description of the 

protocols applied to perform these analyses was presented in TN 78.91. A number of 2-4 

samples harvested from different packed-bed fractions were analyzed using this method.  

EPS percentages estimated by CLSM image quantification ranged between 5% and 23% 

of the total sample biovolume. In Fig. 2 CLSM images obtained at different heights of the 

packed-bed are presented that confirm the presence of EPS in all the fractions of the 

packed-bed.  

Fraction F0  Fraction F2 
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Fraction F4 Fraction F5 

 
Fraction F7 

 

Fig. 2:  CLSM images corresponding to 5 different heights of the packed-bed: EPS (red, ConA-Texas Red) 
and cellular DNA (green, Syto13)  
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In Fig. 3 a slightly lower presence of EPS on the bottom part of the reactor can be 

observed. However, the percentages measured in the fractions F2, F4, F5, and F7 (heights 

comprised between 12 and 50 cm) did not point towards a clear trend of the EPS ratio 

along the packed-bed. An average value of 18% along the packed bed was estimated by 

quantification of the several image series obtained by CLSM.  

 
 
Fig. 3:  EPS content (black bars) and bacterial cells content (grey bars) as obtained by analysis of CLSM 
images from samples belonging to different heights of the fixed-bed reactor.  
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4. BIOMASS CONCENTRATION PROFILE 
 
A profile of total biomass concentration along the packed-bed was assessed by 

performing dry weight analysis of each of the eight fractions into which the contents of 

the reactor had been divided upon stop of the operation (Fig. 4). The porosity of the 

packed-bed was estimated by experimentally measuring the void fraction left by the 

Biostyr® beads with respect to the total reactor volume after the biomass had been 

separated from the beads. The porosity (0.39 mL void/ mL packed-bed) was used to 

estimate the total volumes of each one of the eight fractions, which were subsequently 

used to calculate the total biomass concentration to total fraction volume (Fig. 4) 

 
Fig. 4: Biomass concentration in the packed-bed as a function of the position along the vertical axis. A 
scheme with the fraction volumes in the packed-bed and a photograph of the reactor before dismantling is 
added to visualise the location of the different fractions. Reactor height is expressed as the average height 
of the packed-bed fraction from which the samples were obtained.  
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The estimated concentration profile was in agreement with previous observations (Pérez 

et al., 2004 & 2005) that pointed at a clear biomass accumulation near the feeding point 

of the reactor. This gradient is developed due to the fact that most characteristic times of 

the nitrification process are shorter than the mixing time in the bioreactor. Therefore, the 

mixing time is the controling parameter for biomass accumulation.  
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5. RELATIVE DISTRIBUTION OF N. europaea AND N. 
winogradskyi ALONG THE PACKED-BED 
 
To estimate the degree of coverage of N. europaea and N. winogradkyi as dominant 

ammonia-oxidizing and nitrite-oxidizing species in the packed-bed, a number of samples 

were taken from a few parts throughout the packed-bed reactor and were subjected to 

FISH-CLSM analysis. The relative amounts of the targeted groups of bacterial species 

were calculated as the percentage of the total eubacterial biomass (EUBmix) for all 

probes, with only two exceptions in which the total EUBmix biovolume could not be 

estimated,  as indicated in Table 5.   

Probes targeting Nitrosomonas species (NEU) (Wagner et al., 1995) or Nitrobacter 

species (NIT3) (Wagner et al., 1996) were combined in samples F0, F4 and F6 (Fig. 5).  

In samples taken from F0, the average amount of Nitrosomonas to total EUBmix 

biovolume (82±9%) and Nitrobacter to total EUBmix biovolume (10±2%) indicated a 

presence of other organisms of 15±9% of the total scanned volume (Table 5, Fig. 5D). 

In addition the relative percentages of NEU and NIT3 to the total biovolume of nitrifying 

bacteria (NEU+NIT3) were calculated (Fig. 8), showing a clear decrease in the relative 

abundance of Nitrosomonas to total nitrifying biomass with increasing height. In fraction 

F0 the relative percentage of Nitrosomonas was 82±5% while in fraction F2 only 44% of 

the total NEU+NIT3 biovolume was found to be Nitrosomonas. In fraction F4 the 

relative amount of Nitrosomonas was of 11% as estimated by the same probe 

combination and in fraction F6 the relative amount of Nitrosomonas biovolume was of 

5%. The decrease in the relative amount of Nitrosomonas along the vertical axis of the 

packed-bed can be qualitatively observed in the images presented in Fig.5, obtained at 

different reactor heights.  



MELiSSA 
 TECHNICAL NOTE 

 

This document is confidential property of the MELiSSA partners and shall not be used, duplicated, modified or 
transmitted without their authorization 

Memorandum of Understanding 19071/05/NL/CP 
15

 
 

 

 

 

 

 

 

 

 

 

Fig.5: FISH images obtained at different heights 

of the packed-bed. A) Image depicting 

Nitrosomonas (NEU, blue) and Nitrobacter 

species (NIT3, red) in a sample taken from 

location F0. B) Image depicting Nitrosomonas 

(NEU, blue) and Nitrobacter species (NIT3, red) 

in a sample taken from location F4. C) Image 

depicting Nitrosomonas (NEU, blue) and 

Nitrobacter species (NIT3, red) in a sample 

taken from location F6. D) Image depicting 

Nitrosomonas (NEU, blue), Nitrobacter species 

(NIT3, red) and total active bacteria (EUBmix, 

green) in a sample taken from fraction F0) 
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Qualitative analysis of FISH images using the GAM42 (γ-Proteobacteria) and CF319a/b 

(Cytophaga-Flavobacterium group) probes, targeting heterotrophic organisms most 

commonly spotted in nitrifying systems, showed in general very little presence of 

bacteria belonging to these taxa.  

Using the GAM42 probe on samples from the fractions F0, F1 and F4 revealed a presence 

of respectively 2.9%, 1.37% and 0.37% of cells belonging to the group of γ-

Proteobacteria (Fig. 6A). The CF319a/b was applied in samples F1 as well as in F4, 

resulting in the detection of respectively 0.13% and 0.34% of the total scanned biomass, 

visualising bacterial cells belonging to the Cytophaga-Flavobacterium group (Fig. 6B).  

 

 

Fig. 6: FISH images at different heights of the packed-bed. A) Image depicting the presence of bacteria 

belonging to the γ-Proteobacteria (GAM42a, blue) in the biofilm (EUBmix, green) in a sample taken from 

location F0. B) Image depicting bacteria belonging to the Cytophaga-flavobacterium group (CF319a/b, 

blue) in the biofilm (EUBmix, green) in a sample taken from location F4.  
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Hence, the contaminating organisms present in F0 most probably belong to other taxa. To 

estimate the presence of other ammonia-oxidizing bacteria in the biofilm the 

Nitrosomonas-targeting Nse1472 probe was used in samples taken from F0 and F4 (Fig. 

7) and were in good agreement with the biovolume in terms of percentage, detected using 

NEU (Table 5). This observation indicates that probably the most important ammonia-

oxidizing organism remained Nitrosomonas europaea or a closely related species.  

Although the FISH analysis could assess the dominance of the Nitrosomonas europaea 

and Nitrobacter winogradskyi in CIII, the absence of other AOB and NOB in CIII can 

only be confirmed with a more in depth community profiling study. However, this was at 

present beyond the scope of this study. 

 

Fig. 7: FISH images obtained at different heights of the packed-bed. A) Image depicting Nitrosomonas 

(Nse1472, blue) in the biofilm (EUBmix, green) in a sample taken from location F0. B) Image depicting 

Nitrosomonas (Nse1472, blue) in the biofilm (green) in a sample taken from location F4. 
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Table 5 - Relative abundance of N. europaea and N. winogradskyi along the vertical axis of the packed-bed 

as depicted by FISH (percentage related to total biovolume as estimated by EUB338mix except † for which 

the percentages are referred to total NEU+NIT3 biovolume).  (n) indicates the number of samples used to 

obtain the average value for each fraction. Scanned biofilm volume was taken into account in the 

calculation of average FISH percentages. 

 

N. europaea N. winogradskyi Fraction Height 
(cm) Abundance (%) Abundance (%) 

F0 4.7 NEU: 82 ±9 (3) 
Nse1472: 81 (1) 

NIT3: 10±2 (2) 

F1 10.4 - ALF1B:  17 (1) 
†F2 13.6 NEU: 44 (1) NIT3: 56 (1) 
F3 18.4 Nse1472: 44 (1) - 

F4 25.0 NEU: 11 (1) 
Nse1472: 34 ±23 (2) 

NIT3: 98 (1) 

F5 33.0 - ALF1b:60±13 (2) 
†F6 40.4 NEU: 5 (1) NIT3: 95 (1) 
F7 49.7 - - 

 

The efficiency of FISH is known to be strongly influenced by numerous factors: (i) the 

choice of probes and fluorochromes; (ii) the hybridisation temperature, (iii) auto-

fluorescence of some microorganisms or components of the sample matrix that might 

lead to false-positive or false-negative results (Dorigo et al., 2005).  

Probes with different degrees of specificity were selected that ranged from the very 

specific up to the very general (as widely addressed in TN 78.91). Nitrifying bacteria 

were thus targeted in a hierarchical cascade, and in addition some probes specific to 

groups other than those of Nitrosomonas and Nitrobacter were used in an attempt to 

obtain as much information as possible from the biofilm analysis.  

The quantification of FISH images was based on an area quantification method that 

unavoidably has a certain error. The error was minimised by combining the area 

estimations obtained with several samples when available, and the area estimated for 

each sample and presented in Table 5 is the result of averaging the estimations obtained 
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with different samples and weighing the obtained value with the total scanned volume of 

biofilm in each sample.  

In Fig. 8 the proportions of Nitrosomonas to total biofilm volume (Fig. 8A) and 

Nitrobacter to total biofilm volume (Fig. 8B) are presented as a function of packed-bed 

height. A decrease in the N. europaea proportion with increasing reactor height can be 

observed which is in good correlation with the predictions of the mathematical model as 

described in Pérez et al., 2004. 

 

 

A B

 
 
Fig. 8:  Relative distribution of N. europaea and N. winogradskyi along the packed-bed as depicted by 
FISH-CLSM analysis. A) Ratio between the amount of N. europaea and the total NEU+NIT3 biovolume.  
B) Ratio between the amount the amount of N. winogradskyi and the total NEU+NIT3 biovolume.  
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6. CONCLUSIONS 
 

• The nitrifying biofilm from compartment III pilot reactor was analyzed by means 

of a molecular-based technique that made it possible to obtain some relevant 

information regarding the biomass distribution along in the pilot reactor of 

compartment III after 4.8 years of continuous operation. 

• The increasing biomass concentration along the packed-bed was experimentally 

quantified confirming the observations of previous periods of operation for this 

reactor. 

• FISH analysis coupled with CLSM observation and subsequent quantification 

allowed us to experimentally assess the segregation of the two bacterial species N. 

europaea and N. winogradskyi along the packed-bed that had already been 

predicted by the mathematical model. The proportion of N. europaea shows a 

general trend to decrease with height in the packed-bed while the proportion of N. 

winogradskyi in the biofilm was found to increase with increasing height. 

• After 4.8 years of continuous operation N. europaea and N. winogradskyi are still 

the dominant strains in compartment III, which is important to assess the long 

term stability of the nitrifying compartment of the MELiSSA.  

• The characterisation of the nitrifying biofilm of the MELiSSA compartment III 

has provided experimental evidence on the relative distribution of the two 

bacterial strains involved in the nitrification process, increasing the knowledge on 

the system and thus being of great importance to control and improve the reactor 

performance.   
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7. LIST OF ABBREVIATIONS AND ACRONYMS 
 
AOB Ammonia Oxidising bacteria 

CIII MELiSSA compartment III  

CLSM  Confocal Laser Scanning Microscopy 

EPS Extracellular Polymeric Substances 

FISH Fluorescent In Situ Hybridization  

NOB Nitrite Oxidising bacteria 

RTD Residence Time Distribution  

N. europaea  Nitrosomonas europaea 

N. winogradskyi  Nitrobacter winogradskyi  
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9.  ANNEX 
 

All the CLSM raw images that were obtained from the FISH analysis as well as the 

images obtained from the analysis of fresh samples and used for the subsequent 

quantification, can be found in the DVD-R enclosed with the Technical Note document.  
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10. COMMENTS 
 
Comment Nr. Page/Paragraph Description of comment Answer Comment status 

1 General
Could you present all raw results obtained for all analyses in Annex for the sake of tracability? 
The TN should be more detailed than for a publication (i.e. presents all results).

All the images that were obtained from the FISH analysis and from the analysis of fresh 
samples have been included as annex information in digital format (a DVD has been 
enclosed). The images that were not relevant for the discussion have been omitted from 
the printed document to avoid unnecessary information but have been included in the 
annex. 

2 2. Quantification of CLSM images On which criteria did you define the appropriate intensity threshold for each fluorochrome? 

The threshold was set using the tools provided by the LEICA image analysis software, 
which allowed us to work with images from the different channels simultaneously. The 
background signal that was observed in all the channels and thus could not be attributed 
to each fluorochrome was set as the threshold. This procedure was repeated for each 
sample. 

3 2. Quantification of CLSM images
Could you justify that the fluorochrome selected have the same performances 
i.e. the level of intensity/cell density is similar for each fluorochrome selected? 

It is not possible to confirm that the intensities are similar for the different fluorochromes, 
or for the different samples, as the intensity also depends on the good performance of 
the hybridisation procedure. However, due to the quantification procedure used it is not 
necessary to have similar intensities in each channel: the fact that a threshold is set for 
each of the channels in every sample allows us to correlate this resulting "relative 
intensity" in each channel (the result of irradiating each fluorochrome with the correct 
wavelength by means of a laser) with the number of positive pixels and consequently 
with an area by knowing the pixel size, which is set up in advance. The areas with a 
positive signal (above the threshold) for each fluorochrome are computed for every layer 
and integratio finally leads to a biovolume occupied by each targeted species. It is the 
area computed from the relative intensities (related to the threshold) and not the 
absolute value of the intensity that leads to the quantification results. 

4 3. Presence of EPS in the biofilm
Could you present all results related to the quantification of EPS versus 
cell nuclei or justify the omissions? E.g. results with ConA and DAPI is missing for fraction 0. 

Only a few images that were representative of the obtained results were presented to 
avoid duplicate information. As the results obtained with DAPI and Syto 13 staining 
proved to be very similar (both are nucleic acid stains and thus specific to cell nuclei), 
only a few images have been presented as an example of the raw data from which the 
quantification was performed.  The results obtained from quantification of samples at 
different fractions of the packed bed have been included in Fig. 3 and all the available 
raw images used to attain these results have now been included as an annex (enclosed 
DVD). 

5 3. Presence of EPS in the biofilm Would you make clear the characteristics of Syto 13 and DAPI for the sake of clarity?

Both DAPI and Syto13 are nucleic acid stains that have different excitation and emission 
wavelengths. The information provided by both stains is similar, but the use of either one 
will depend on the application (e.g. DAPI is sometimes used as a counterstain to be 
used in combination with FITC fluorochrome, while Syto 13 can not be used for this 
application due to the similar emission wavelength). Both stains proved a good 
performance when used in fresh samples in combination with ConA-Texas Red to stain 
microbial EPS. 

6 3. Presence of EPS in the biofilm
Could you determine to proportion of live/dead cells along the column 
or would you have any preliminary results? 

It was not possible to estimate the proportion of live/dead cells in each fraction due to a 
time constraint. 

7 Page 11 Could you elaborate more on any expectation for an EPS ratio trend along the packed-bed?

The data obtained from quantification of the images obtained at different heights did not 
show a clear trend along the packed bed. The presence of EPS depends on several 
factors and it is difficult to hypothesize and elaborate on possible trends. 

TN 78.92: Biofilm studies in compartment III pilot reactor: Analysis and discussion of the results
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8 Page 11 Could you discuss the 18% value in relation with the existing model? 

The existing model allowed the prediction of some trends regarding the concentration 
and thus the relative distribution of the two bacterial species N.europaea  and 
N.winogradkyi  along the packed bed. The mathematical model cannot be used to make 
any predictions regarding the presence of EPS in the packed bed, as the processes 
related to the production of EPS by the cells were not implemented in the mathematical 
model. 

9 Page 11, Figure 3 Error - bar is missing
This issue has been corrected in Fig. 2 (page10). In addition the legend in Fig. 2 has 
been modified to clarify what can be seen in the images. 

10 Page 12 Could you describe the method applied to assess the porosity of the packed-bed? 

After the operation of the reactor was stopped and the biofilm samples taken, the 
remaining biofilm was detached from the substratum. The biomass was freeze-dried and 
the Biostyr beads were used to estimate the porosity of the bed.  The beads were put in 
a 1L test tube and water was added to fill the voids left by the Biostyr beads. The amount 
of water in relation to the total volume occupied by the packed substratum allowed us to 
estimate the porosity. 

11 Page 13 Could you give value on nitrification process speed versus mixing time? 

We cannot give a value for the nitrification process speed, however, what we intended to 
point out in this paragraph is the fact that most characteristic times involved in the 
nitrification process are higher than the mixing time, leading to a preferent growth of 
biomass on the lower sections of the packed bed. This trend had already been predicted 
by the mathematical model and the data presented in this Technical Note provide 
experimental evidence. 

12 Page 13 Can we correlate the data obtained with nitrification efficiency value along the packed-bed? 

There is no availability of experimental data of the liquid phase composition at different 
bed heights, only the overall efficiency of the nitrification process at the time the reactor 
operation was stopped could be measured.Therefore it is not possible to correlate the 
relative distribution of N. europaea  and N. winogradskyi along the packed bed with any 
possible nitrogen concentration gradients along the packed bed.  

13 Page 14
Could you make clear for which 2 fractions the total EUBmix biovolume 
could not be estimated and why? 

The two fractions whose EUBmix biovolume could not be estimated are fractions F2 and 
F6, as indicated in the legend in table 5, page 18 .The EUBmix probes where tagged 
with the FITC fluorochrome, which suffered severe photobleaching. Although the 
intensity of the laser beam was kept low, in some of the samples the phenomenon of 
photobleaching could not be avoided and the emitted intensity was too low to allow 
quantification of the EUBmix area. 

14 Page 14
The probe partitioning per fraction in Table 5 are different than the sample/probe combination 
presented in Table 10 TN78.91? Could you harmonize please?  

The information contained in Table 10 TN78.91 was simply a raw list of the probe 
combinations that we intended to perform and the combinations that were 
successfullycarried out. In Table 5 TN78.92 we intend to summarize the processed data, 
and hence the difference in the format. In Table 5 the quantification data obtained from 
the different probe combinations have been listed in two different categories, depending 
on whether they provide information on the amount of N. europaea  or N. winogradsky . 
We think it is important to list the processed data in such a way that they provide us with 
the information as required by the discussion and for this reason we would like to 
suggest to keep the format as it is, otherwise we think it could become confusing for the 
discussion.   
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14 Page 14
The probe partitioning per fraction in Table 5 are different than the sample/probe combination 
presented in Table 10 TN78.91? Could you harmonize please?  

The information contained in Table 10 TN78.91 was simply a raw list of the probe 
combinations that we intended to perform and the combinations that were 
successfullycarried out. In Table 5 TN78.92 we intend to summarize the processed data, 
and hence the difference in the format. In Table 5 the quantification data obtained from 
the different probe combinations have been listed in two different categories, depending 
on whether they provide information on the amount of N. europaea  or N. winogradsky . 
We think it is important to list the processed data in such a way that they provide us with 
the information as required by the discussion and for this reason we would like to 
suggest to keep the format as it is, otherwise we think it could become confusing for the 
discussion.  

15 Page 14
Could you provide detailed results concerning the presence of other organisms 
and their fraction 15%? How did you determine the 15% fraction?

The average value of 15% was determined by computing the total biovolume 
corresponding to the EUBmix probe that did not give a positive signal for either the 
Nitrosomonas  or the Nitrobacter specific probes, but was positive to EUBmix. This value 
was obtained as an average from different samples. Due to a time constraint it was not 
possible to perform an exhaustive FISH analysis with probes that targeted any possible 
contaminants in samples from every fraction of the packed bed, so it is not possible to 
elaborate more on any differences regarding the presence and identity of the 
contaminants. However, we think the results of this study are sufficient to conclude that 
the bacterial community was still dominated by the two original strains N. europaea  and 
N. winogradskyi , which is of great importance to guarantee the stability of the 
compartment. 

16 Page 15
In line with Comment 1, could you present images obtained with EUB probes 
combined with NIT3/NEU probes?

A new image has been added in Fig 5 (5D) in which the EUBmix stained area can be 
observed against the NEU (N. europaea ) and NIT3 (Nitrobacter species ) areas to 
illustrate the high proportion of N. europaea  and N. winogradskyi  present in the reactor. 

17 Page 16
Could you discuss the distribution of the contaminants among 
Nitrosomonas  and Nitrobacter and along the packed bed?

The FISH analysis of the samples obtained from compartment III was oriented at 
assessing the predominance of Nitrosomonas  and Nitrobacter after long term operation. 
Due to a time constraint regarding the availability of the CLSM facility, and due to the fact 
that all samples were obtained simultaneously (after stopping the reactor) it was not 
possible to perform an exhaustive search for other species in every fraction that allowed 
us to identify and quantify the possible contaminants. However, the results obtained 
allowed us to conclude that a very high percentage of the bacterial population present in 
the packed bed of compartment III belonged to the two original strains: Nitrosomonas 
and Nitrobacter . For this reason, the discussion in this Technical Note has been focused 
on the fact that the bacterial population was hardly altered after more than 4 years of 
continuous operation, with only a minor presence of other microorganisms. Further 
analyses would be required to identify and quantify the possible contaminants. 

18 Page 16, Figure 6 To which fraction of the column corresponds image B) (F1 or F4)?
Image 6B corresponds to a sample taken from location F4 in the packed bed. This issue 
has been corrected in the legend of Fig. 6 (p. 16)
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19 Page 20, Conclusions

Could you provide some conclusions, perspectives regarding the following points:
- rationales for distribution of N. winogradskyi  and N. europea  along the packed-bed
- repartition of N. winogradskyi and N. europea per fraction
- significance of contamination and perspective for maintenance of axenicity
- necessity to confirm the presence of the initially introduced strains and contaminants
- correlation of present results with existing model
- interest of a better characterization of the Melissa nitrifying biofilm
- 3D images of the 10 um biofilm intervals

repartition of N. europaea and N. winogradskyi along the packed bed and per
fraction: the contents of the packed bed were divided into a limited number of fractions
(8), which proved to be enough to see the possible trends in the proportion of both
species as shown in Fig. 8. As stated in the conclusions the results of the FISH analysis
reveal a trend of the N. europaea proportion the decrease with increasing height leading
to the profile of Fig. 8. Observing the profile within a fraction would be equivalent to
dividing the packed bed content into a higher number of fractions, thus providing more
data to be included in Fig 8, but the profile would be expected to be very similar.

Significance of contamination and perspective for maintenance of axenicity : the
fact that the reactor was operated for almost 5 years without any major contamination is
a good perspective for long term stability. To improve the long term operation of the
reactor several improvements have already been approved and will be implemented in
compartment III (TN 78.61).

In the conclusions the following paragraph has been added to make it clear that the
trend showed by the FISH results is in agreement with the model predictions: “FISH 
analysis coupled with CLSM observation and subsequent quantification allowed us to
experimentally assess the segregation of the two bacterial species N. europaea and N.
winogradskyi along the packed-bed that had already been predicted by the
mathematical model.”

Interest of better characterisation of the MELiSSA nitrifying biofilm: the
confirmation of the results of a segregation of the two bacterial communities are of great
importance as they contribute to increase the knowledge on the system and can
therefore help improve the operation of the reactor. A paragraph has been added in the
conclusions stating the importance of this characterisation: “The characterisation of the
nitrifying biofilm of the MELiSSA compartment III has provided experimental evidence on
the relative distribution of the two bacterial strains involved in the nitrification process,
increasing the knowledge on the system performance and thus being of great
importance to control and improve the reactor performance.”

Unfortunately we do not have any images where the 3D biofilm structure can be
observed, the biovolumes were numerically quantified but no images were generated. 
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