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Abstract  

Most microbial cells cannot be cultivated in lab environment which forced researchers to 

develop culture – independent methods of microbial analysis. Many microbial cells forms 

aggregates, biofilm, consortia and microbial mats that hinder accessibility of single cells in 

single cell studies. This project focused on single cell isolation from sediment and sludge 

samples using chemical, mechanical and combination detachment followed by differential 

centrifugation and density gradient recovery. Recovered cells were analysed and identified 

with fluorescence in situ hybridization, PCR, MDA, real-time PCR. Combined chemicals 

treatment yielded more abundant microbial cells. Centrifugation is suitable to recover 

higher quantity of microbial cells. Fluorescence microscopy of detached microbes, after 

hybridization by oligonucleotide probes conjugated with horseradish peroxidise, showed 

the presence of diverse bacteria and archaea in sediment and sludge samples. The PCR and 

real-time PCR screening of genes nirK, nirS, nosZ, nifH, AOB amoA, and AOA amoA 

revealed the presence of microbes which play a role in nitrogen cycle. 

Keywords: aggregates, biofilm, consortia, sludge, sediment, density gradient  

 

Abbreviations 

T = Tween 20  

PVP = Polyvinylpyrrolidone  

S = Sodium pyrophophate  

TP = Tween 20 + polyvinylpyrrolidone  

TS = Tween 20 + sodium pyrophosphate  

PS = Polyvinylpyrrolidone + sodium phosphate  

PTS = Polyvinylpyrrolidone + Tween 20 + sodium pyrophosphate  

DAPI = 4’, 6 – diamidino -2- phenylindole 

UWWTP = Uppsala Waste Water Treatment Plant 

MDA = Multiple displacement amplificaton  

 

1. Introduction 
1.1.Cell and cell study 

A cell is the smallest functional unit of life with unique characteristics. The specific 

characteristics of each cell such as metabolism, reproduction, movement, morphology, and 

interaction with other cells and its environment are determined by the interactive properties 

of biomolecules (Sweedler & Arriaga 2007). Overall behaviour of the microbial 

population/community is the sum of each and every cell’s contribution. Investigation of a 

single entity within vast microbial communities can lead to discovery of novel molecules 

and microbes and even to the identification of new species. 

Morphological and molecular properties of individual cells can be studied by isolation of 

single cells from environmental or clinical samples. Physiological, morphological and 

molecular investigation of single cells allows the researcher to avoid bias from variation of 

abundance in microbial community (Carlo & Lee 2006). It is also a good approach to trace 

the heterogeneity within microbial populations (Carlo & Lee 2006). Microbes show 

genetic, biochemical, physiological and behavioural diversity within their community. 

Genetic and biochemical heterogeneity in microbes can be the result of mutation, of 

integration of mobile genetic material into DNA, chromosomal duplication, inheritance of 

unproportional genetic material, difference of transcription and translation pattern as well 

as microbial age difference. Physiological heterogeneity results from the age difference 
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among individual microbes in the population while behavioural heterogeneity emanates 

from mutation or random gene expression (Brehm-Stecher & Johnson 2004). 

Microbial cells have the potential of aggregating in surface associated and planktonic 

forms. They produce extracellular biopolymers which aid them to attach to particles or 

substrates during adverse environmental conditions (Vu et al. 2009). Some microbes 

attached to surfaces undergo cell differentiation to develop biofilms (Donlan, 2002; Davey 

& O’toole 2000). Free floating microbial aggregates have been found in waste water 

treatment (Bossier & Verstraete 1996). 

Therefore, the first and most important process in a single cell study is to detach and 

isolate intact cells from particles or cell aggregates without altering the cells’ morphology 

and in some cases viability. 

1.2. Cell detaching and recovery techniques  

In a single cell study, isolation of microbes from an environmental sample is critical as 

well as challenging. Different methods are used to detach microbial cells from particles 

and biofilm (Amalfitano & Fazi 2008). Chemical treatment, enzymes, mechanical 

treatments by shaking and sonication, as well as the combination of chemical and 

mechanical methods are some of the techniques used (Morono et al. 2013; Eichorst et al. 

2015; Böckelmann et al. 2003). Sonication could also initiate the formation of cell 

aggregation when inappropriate pulse and amplitude are applied (Bazou et al. 2012). 

The detached cells need to be treated with a suitable purification technique that yields high 

quality and quantity of the cells from suspension. Differential centrifugation and density 

gradient centrifugation can be used for purification of cells. Density gradient centrifugation 

is the technique in which sample with detached cells is layered on density gradient reagents 

such as nycodenz or histodenz (Morono et al. 2013). Microbes can then be separated and 

sorted according to their buoyant density (Inoue et al. 2007). 

Microbial composition of detached and purified sample is used in downstream single cell 

analysis. The first downstream single cell analysis is in situ hybridization that will be 

discussed in detail in section 1.3. The second technique is single cell sorting with 

Fluorescence activated flow cytometry (FACS) followed by the multiple displacement 

amplification (MDA) which will be discussed in section 1.4. Finally, specific gene 

screening and sequencing will be applied. 

1.3. Fluorescence in situ hybridization and catalyzed reporter deposition 

There are different techniques to analyze detached and purified cells. One method is 

fluorescence in situ hybridization (FISH) with a specific probe followed by microscopy. 

FISH involves the hybrid formation between single-stranded endogenous RNA or DNA 

with complementary fluorescent tagged RNA or DNA probe (Gall 2015). FISH can be 

applied for the identification, enumeration and localization of microbes in environmental 

samples (Moter & Göbel 2000). It targets rRNA nucleic acids to investigate single cells 

and the phylogeny of microbial community (Amann et al., 1995, Amann & Fuchs 2008). 

Specific probes enable researchers to identify and classify microbes in environmental 

sample into the domain- or species levels without culturing (Manz et al. 1992; Greuter D, 

Loy A, Horn M 2015). Some bacterial communities in environmental samples were 

identified and categorized with aid of monolabelled probes in situ hybridization (Glöckner 

et al. 1996). Advanced technique of hybridization which needs horseradish peroxidase 

(HRP) labelled oligonucleotide probes and tyramide signal amplification applied to detect 

microbes in environmental samples (Pernthaler et al. 2002).This method is called catalyzed 
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reporter deposition- fluorescence in situ hybridization (CARD-FISH). It is different from 

FISH by cell permeablization, peroxidase inactivation and amplification as depicted on 

figure1.  

 
Figure1: Main steps of CARD - FISH. Permeabilization of fixed cells allows HRP-

labelled probes to enter and form a hybrid with its target; here it is rRNA within the cell. 

Signal amplification is achieved via a tyramide conjugated with a fluorochrome. 

1.4. Cell sorting 

The techniques used to isolate single cells from purified suspensions are called cell sorting. 

Some of techniques are fluorescence - activated flow cytometry (FACS), laser capture 

microdissection, manual cell picking, random dilution, or microfluidics (Gross et al. 2015). 

Fluorescence- activated flow cytometry is a cell sorting technique based on laser excitation 

(Bonner et al. 1972). As depicted on figure 2 environmental samples were treated before 

sorting. The isolated single cell is used in molecular analysis such as DNA amplification 

by multiple displacement amplification (MDA), PCR, real-time PCR and sequencing. 

 

Figure 2: Schematic workflow of fluorescently activated single cell sorting by flow 

cytometry. 

1.5. Genes involved in nitrogen cycle 

Gene screening with PCR and real-time PCR is used to investigate the composition of a 

microbial community. The presence of genes for specific proteins or enzymes also shows 

the identity of microbes in the given microbial community. In this study the genes involved 

in the nitrogen cycle were screened to confirm detachment.  

 

Nitrogen is a basic element of many vital molecules in living organisms. These molecules 

include proteins, nucleic acids and humic acids (Adam et al. 2016). Humans, other higher 

animals and microbial communities play a role in altering the composition of reactive and 

nonreactive forms of nitrogen. The reactive forms of nitrogen are nitrous oxide (N2O), 

nitrate (NO3), nitrite (NO2), ammonia (NH3) and ammonium (NH4). Reactive forms of 

nitrogen potentially affect the atmospheric quality and diversity in ecosystem. 
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Consequently, reactive forms of nitrogen recycle back to nitrogen (N2) by the nitrogen 

cycle (Adam et al. 2016). 

 

The nitrogen cycle comprises nitrogen fixation, nitrification, denitrification and 

ammonification as summarized in figure 2. Nitrogen fixation is the process of converting 

dinitrogen (N2) to ammonia (NH3) by free living and symbiont microbes using an enzyme 

called nitrogenase. Nitrification is the conversion of ammonia to nitrate by microbes 

possesses an enzyme called ammonia monooxygenase. Denitrification is the conversion 

of nitrate to dinitrogen (N2) and released it back to atmosphere. The microbes involved in 

this process have enzymes called nitrate, nitrite and nitrous oxide reductase. The process 

in which nitrogenous organic matter changed to ammonia is called ammonification 

(Herbert 1975). 

 

Figure 3: Summary of nitrogen cycle with the key enzymes and final products of each part 

of the cycle  

 

1.6. Purpose of the study 

The purpose of this study is to  

 develop skill to perform FISH/CARD-FISH, sample collection, handling and 

storing by fixation, cell detaching, purification, microscopic cell visualization, 

quantification and cell sorting. 

 identify effective chemical and mechanical techniques suitable to detach intact cells 

from sediment and, sludge. 

 identify phylogeny of microbial community using molecular methods such as 

FISH/CARD-FISH. 

 develop skill to extract DNA, screen protein coding genes by PCR and real-time 

PCR. 

2. Materials and method 
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2.1. Sampling sites 

Sediment and sludge samples were collected from different sampling sites: sediment 

samples from Uppsala city forest (Stadsskogen in Swedish), Lake Erken, Lake Plåten and 

sludge samples from Uppsala waste water treatment plant. 

Stadsskogen is a forest that protected as nature reserve and serves as recreational site in 

Uppsala county (uppsala kommun 2014). It is the forest with mixed trees, ponds and pools. 

It draws attention of researchers who are interested in microbial community and other 

environmental issues since it is easily accessible and rich in natural resources. There are 

water-filled stone pits which were used as quarrying sites formerly (uppsala kommun 

2014). Among those pits Valltjärn (Henning site) is used as sampling site for single cell 

and protist investigation in Uppsala University. Valltjärn is the pond located in the 

Stadsskogen near vallstigen (figure 3). 

 

Figure 4: Uppsala Stadsskogen and Valltjärn pond from the website 

www.upplandsstiftelsen.se .  

Erken is a lake located north east of Stockholm in Norrtälje County at 59’85ºN, 18’57ºE. 

It has surface area of 25 km
2,

, mean depth 9 m and maximum 2l m (Rydin 2000) (Anon 

n.d.). It is a research site under the Uppsala university evolution and limnology department 

(Elisabeth Långström n.d.). Lake Plåten is also located in Norrtälje County near to Lake 

Erken at 59’ 86 º N, 18’54 º E. However, Plåten has 0.02km
2
 area and average depth 2.9 

and maximum 5.8 m (http://www.smhi.se/klimatdata/hydrologi/sjoar-och-vattendrag) 

BMC 

http://www.upplandsstiftelsen.se/
http://www.smhi.se/klimatdata/hydrologi/sjoar-och-vattendrag
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Figure 4: Location of sampling site: lake Erken and lake Plåten: a. Relative location of 

lake Erken in Sweden, b. Enlarged lake Erken and relative location of Lake Plåten and c. 

Location of Lake Plåten (https://www.google.se/maps/place/Erken/Plåten). 

Two sludge samples were collected from Uppsala waste water treatment plant. 

Sampling was done from two tanks: Activated sludge from aerated tank and surface sludge 

from non-aerated tank. 

2.2. Sampling method 

Water with decomposed organic matter and sediment was collected from the Stadskogen 

pond called Valltjärn. In winter season, the pond was covered with ice so we drilled two 

holes situated at the opposite edge of the pond by random location. The water with 

decomposed organic matter was sampled with bottles and 25-30 ml water was poured in 50 

ml falcon tubes from each hole. Back in the lab, one half of the samples were fixed with 50 

% ethanol and the second half were fixed with 2 – 4 % formaldehyde. Then the samples 

were stored at -80
ο
 C. 

The sediment sample from Lake Erken was collected with an Ekman grab. Sediment 

sampling was done at 19.5 m water depth. The sediment sample was homogenized and 

three replicates were fixed with formaldehyde (2 % final concentration) and ethanol (50 % 

final concentration) then stored in an ice box. Three untreated replicates of the sample 

were stored in a box without ice.  

The sediment sample from Lake Plåten was collected with a sediment corer at a water 

depth of approximately 3 m. Then it was treated the same way as Lake Erken sediment 

sample. After arrival at lab all untreated samples were stored at 4ºC while fixed samples 

were stored at -80ºC. 

Activated and surface sludge samples were collected into clean glass bottles. Sludge 

samples were transported to the lab where half the volume of each sludge sample was fixed 

with ethanol and formaldehyde as described above and stored at -80˚C. Unfixed sludge 

samples were used for cell detachment process. 

2.3. Cell detachment from particles  
Chelating chemicals are commonly used to detach cells from substratum (Morono et al. 

2013). In this study polyvinylpyrrolidone, Tween 20, and sodium pyrophosphate were used 

as cell detaching reagents. Mechanical cell detaching techniques requires movement of 

c a b 

https://www.google.se/maps/place/Erken/Plåten
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particles to remove intact cells from substratum. This could be accomplished by shaking 

the whole sample or using ultrasound wave emission from an ultrasonicator. 

Method 1. Chemical cell detachment (Adapted from Eichorst et al., 2015) 

Formaldehyde fixed or unfixed Stadskogen pond samples were poured in tubes labeled 

with a chemical abbreviation and then the respective chemicals were added based on the 

concentration in table 1. The samples were stirred for 30 minutes at room temperature. The 

suspension in each tube was divided into three tubes: the first sample was stored at -20˚C 

for future processing, the second sample was purified by differential centrifugation and the 

third sample was purified with density gradient centrifugation (table 2) 

Unfixed fresh samples collected from Lake Erken, Lake Plåten as well as aerated and non-

aerated tanks of Uppsala Waste water treatment plant were treated with chemicals 

following similar procedure used above for Stadskogen pond samples. 

 

Table 1: Cell detaching chemicals and their concentration adapted from 

Chemicals Abbreviation 
0.35% wt/v polyvinylpyrrolidone PVP 

0.5% v/v Tween 20 T 

3m M sodium pyrophosphate S 

0.35 % wt/v PVP + 3 mM sodium pyrophosphate PS 

0.5 % v/v Tween 20 + PVP TP 

0.5 % v/v Tween 20 + 3m M sodium pyrophosphate  TS 

0.35 % wt/v PVP + 0.5 % v/v Tween 20 + 3 mM sodium 

pyrophosphate 

PTS 

 

Method 2. Sonication: mechanical technique to detach cells from soil, sediment, 

biofilm and other particles (adapted from Fazi et al., 2005) 

Sonication is a technique used to lyse cells permanently or open the cell membrane for a 

short period of time to let in or out materials. It is also used to detach cells mechanically 

from particles (Amalfitano & Fazi, 2008, Kallmeyer, Smith, Spivack, & D’Hondt, 2008). 

Half the volume of the formaldehyde-fixed Stadskogen pond sample was washed with 1x 

PBS prior to sonication. Unwashed and washed samples were sonicated by an 

ultrasonicator probe of 13 mm diameter (Vibra cell ultrasonic, chemical instrument AB) 

placed in an ice bath outside the sample tube. The sonication parameters were 3x10s pulse 

cycle and 50% amplitude. 

Unfixed fresh sediment from the Stadskogen pond, Lake Erken and Lake Plåten were 

activated and surface sludge samples were sonicated with parameters stated above.  

Method 3. Combination of chemical and mechanical  

Fixed washed or unwashed and unfixed samples were treated with chemicals (table 1) and 

sonication parameters as in method 2. 
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Table 2: Summary of detachment and recovery methods used to process samples 

Treatments Recovery methods 

Chemicals  

Centrifugation 

Filtered 

Stored 

 

Histodenz 

Filtered 

Stored 

Sonication  

Centrifugation 

Filtered 

Stored 

 

Histodenz 

Filtered 

Stored 

Chemicals + sonication  

Centrifugation 

Filtered 

Stored 

 

Histodenz 

Filtered 

Stored 

 

2.4. Recovery of detached cells  

Supernatant from differential centrifugation was transferred to sterile tubes and pellets 

were discarded. After density gradient centrifugation, the clear upper layer and turbid 

lower layer of supernatant were transferred into separate tubes while pellets along with 

nycodenz or histodenz were discarded. Suspension of each sample was filtered on 

polycarbonate filter paper with 0.2µm pore size. The filter papers with recovered cells 

were sliced and fixed on slide with DAPI and Citifluor. 

a. Histodenz density gradient purification 

Equal volumes of sample were layered on histodenz (1.42 g/ml) and then centrifuged at 

14,000xg for 90 minutes at 4
ο
C. Two layers (upper and lower) of supernatant were pipetted 

to two different sterile tubes. Pellets and histodenz were discarded.  

In the purification of microbes from activated and surface sludge, two concentrations of 

histodenz were used. More concentrated histodenz (1.42 g/ml) was placed in tubes and less 

concentrated (1.2 g/ml) was layered slowly on the surface. The suspension of detached 

cells was layered on the less dense histodenz surface cautiously and then centrifuged in the 

same way mentioned in above paragraph.  

b. Centrifugation  

Suspension of detached cells was placed in tubes and centrifuged for 10 minutes at 300 -

1000 x g. The supernatant was pipetted in to sterile tubes and the pellet was discarded. 

The supernatant of all treatments were filtered on polycarbonate filter papers with 0.2µm 

pore size and stored at -20˚C for further analysis.  

2.5. Analysis of detached cells 

Fluorescence in situ hybridization and catalyzed reporter deposition  

Based on work flow of CARD- FISH protocol (figure 1), cells on the filter were incubated 

with lysozyme solution for an hour at 37
ο 
C to permeate them. The permeable microbial 

cells’ rRNA were hybridized with different horseradish-peroxidase conjugated probes; 

EUB338, NON338, GAM42a, BET42a, ARC915, ALF968, CFB563 and then amplified 
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with tyramide-flourochrome. The temperature used for hybridization and amplification was 

46
ο
C.The filters were washed, dried and fixed on slide with DAPI embedding mix. The 

slides were stored at -20˚C (Pernthaler et al. 2002). Then the cells were observed under a 

fluorescence microscope at x1000 magnification power 

Table 3: Lists of probe used in CARD-FISH  

probes Sequences  Target  Targeted  Literature 

EUB338 GCTGCCTCCCGTAGGAGT 16S(338-355) Most Bacteria Amman et al 1990 

ARC915 GTGCTCCCCCGCCAATTCCT 16S (915–934) Archaea Stahl and Amman 1991 

BET42a GCCTTCCCACTTCGTTT 23S (1027–1043) bataproteobacteria Manz et al 1992 

GAM42a GCCTTCCCACATCGTTT 23S (1027–1043) gammaproteobacteria Manz et al 1992 

CFB563 GGACCCTTTAAACCCAAT 16S  Flavobacteria Weller et al 2000 

ALF968 CGTAAGGTTCTGCGCGAATT 16S Alphaprotoebacteria Alm et al 1996 

NON338  ACTCCTACGGGAGGCAGC EUB338 antisense Negative control  Alm et al 1996 

 

Microscopy  

Untreated fresh samples collected from the Stadsskogen pond, Lake Erken, Lake Plåten 

and sludge from Waste water treatment plant were smeared on slides and then covered 

with a cover slip. The cells in the samples were microscopically analyzed at different 

magnification powers and documented as images.  

Filters with recovered microbial cells were on slides with DAPI embedding mix. The 

morphology and abundance of microbes were analysed and quantified using an inverted 

Leica DiM8 microscope with fluorescent light at x1000 magnification power. Images were 

documented with a camera. Quantification was done by counting DAPI (blue) stained and 

FITC (green) within the grid. The total cell count is the sum of all DAPI stained from 

different field of view. 

Fluorescent activated cell sorting (FACS) and multiple displacement amplification 

(MDA) 

Fluorescent activated cell sorting (FACS) and whole genome amplification of single cell 

by multiple displacement amplification (MDA) was done at the SciLifeLab facility for 

Microbial Single Cell Genomics.  

Lake Erken sediment and activated sludge treated with PTS and sonication for cell 

detachment and recovered with centrifugation were selected for single cell sorting. 

Microbial cells recovered from Lake Erken and activated sludge were stained with 1x 

SYBR Green fluorescent nucleic acid dye for 15 minutes in the dark at 4˚C.Then the cells 

were sorted in to UV- treated plates with 96 wells containing 1µl 1x PBS buffer per well. 

Single cells were sorted into 78 wells while 15 cells were sorted into 6 wells as positive 

control. Twelve wells were left as negative control. Each plate with sorted cells was 

covered with sterile foil and stored at -80˚C. 

The sorted cell was lysed with 1µl lysis buffer D2 in each well and spinned down for 1 

minute at 1000xg. The sample was incubated for 5 minutes at room temperature. Then the 

1µl STOP buffer was added to each well and spinned down. 

Whole genome amplification or multiple displacement amplification (MDA) was started 

by preparing master mix. The reagents in table 3 were mixed by vortexing (Rinke et al. 

2014). 
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Table 4: MDA master mix for 15µl reaction volume  

Reagents  Volume in µl 

Phi29 0.4 

10x buffer for Phi29 1.5 

25 mM dNTP  0.24 

0.5 mM Hexamers  1.5 

1M DTT  0.15 

DMSO 0.75 

SYTO 13 0.0015 

water  7.46 

The master mix was placed on an ice bath and UV-treated with 2J. Then light sensitive 

STYO 13 was added to 0.5µM final concentration.  

MDA master mix (12µl) was added to each well with lysed cell. The plate was covered 

with optical seal and spinned down. Then the plate was incubated at 30˚C for 16 hours in 

Chromro 4 qPCR machine (Bio-Rad) or a FLUOStar Omega plate reader (BMG). The 

Phi29 was inactivated by incubating the MDA reaction sample at 65˚C for 10 minutes. 

Finally, MDA product was diluted with nuclease free water at 1:40 ratio. The MDA 

product was used as a template PCR and real time PCR screening. 

2.6. Molecular analysis  

DNA extraction  

Untreated samples collected from the Stadsskogen pond, Lake Erken and Uppsala waste 

water treatment plant were centrifuged at 14,000xg for 20 minutes at room temperature. 

Pellets of every sample (0.25 g) were placed in bead tubes of fastDNA spin kit for soil (MP 

Biomedical, LLC, and France). All samples were homogenized with FastPrep-24(Nordic 

biolabs) for 40 second at 6.0 m/s to lyze the cells. Then DNA was recovered following the 

DNA spin kit protocol. Concentration of DNA was measured by Nanodrop. The DNA 

quality was analysed on an 0.8% agarose gel.  

PCR 

Targeted region of extracted DNA was amplified with bacterial, archaeal, and universal, 

nitrite reductase (nirK/S), nitrous oxide reductase (nosZ) and ammonia mono-oxygenase 

(AOB/AOA amoa) and nitrogenase(nifH) primers (table 6). The reaction volume was 

prepared according to the concentration in table 5. 

Table 5: Reagents for PCR in 20µl 

Reagents  Final con x1  

H2O  12.6 

10Xbuffer  x1 2 

10 mM dNTP  0.2 mM 0.4 

25 mM MgCl2  2 mM 1.6 

Forward primer 10µM 0.3 µM 0.6 

Reverse primer 10µM 0.3 µM 0.6 

Taqpol 5ꭒ/µl  0.2 

DNA   2 

 

The reaction mix amplified with thermal condition in table 7 and 5µl product was loaded 

on agarose gel. The products were illuminated with UV light in hood. Then the results 

were documented as picture.  
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Table 6: Sequences of different primers and their products size 

Table 7: Lists of primers and their thermal conditions  

 

 

 

 

 

 

 

 

 

 

 

 

xx melting temperature  

 

primers  Product size   Sequence (5'___3') 

16S bacterial 450bp  

BACT_341F   CCTACGGGNGGCWGCAG 

BACT_805R   GACTACCAG GGTATCTAAT 

16S archaeal 500bp  

A519  AGGAATTGGCGGGGGAGCAC 

A1017R   

universal 800bp  

A519  AGGAATTGGCGGGGGAGCAC 
U1391R  ACGGGCGGTGWGTRC 

nirK    164bp   

nirK876  ATYGGCGGVCAYGGCGA 
nirK1040  GCCTCGATCAGRTTRTGGTT 

nirS   413bp  

nirScd3af  GTSAACGTSAAGGARACSGG 
nirSSR3cd   GASTTCGGRTGSGTCTTGA  

nosZ   267bp  

nosZ2F  CGCRACGGCAASAAGGTSMSSGT 
nosZ2R  CAKRTGCAKSGCRTGGCAGAA 

AOB amoA   491bp  

amoA-1F  GGGGTTTCTACTGGTGGT 
amoA-2R  CCCCTCKGSAAAGCCTTCTTC 

AOA amoA   635bp  

Arch-amoAF  STAATGGTCTGGCTTAGACG 
Arch-amoAR  GCGGCCATCCATCTCTATGT 

nifH   

nifH2-fwd  TGYGAYCCNAARGCNGA 
nifH-R6  GCCATCATYTCICCIGA 

Nh21F  GCIWTYTAYGGNAARGG 

nifH1-rev  ADNGCCATCATYTCNCC 
nifH2-fwd   360bp TGYGAYCCNAARGCNGA 

nifH1-rev  ADNGCCATCATYTCNCC 

nifH3   489bp ATRTTRTTNGCNGCRTA 
Nh21F  GCIWTYTAYGGNAARGG 

primers  Thermal condition for PCR 

 95˚C for 3 min  

 35 cycles (95˚C for 30s + xx˚C for 30s + 72˚C for 1 min) 

 72˚C for 10 min 

16S bacterial 4˚C forever  

BACT_341F +   BACT_805R xx = 55˚C 

16S archaeal  

A519 +  A1017R xx = 60˚C 

universal  
A519 + U1391R xx = 60˚C 

 95 ˚C for 10 min 

 335 cycles (95˚C for 1 min + xx˚C for 4s + 72˚C for 1 min) 

 72˚C for 3 min , 4˚C forever  

nirK   

nirK876 + nirK1040 xx = 57˚C 

nirS  

nirScd3af + nirSSR3cd xx = 57˚C 

nosZ  
nosZ2F + nosZ2R   xx = 60˚ C 

 95˚C for 5 min  

 35 cycles (94˚ C for 45s, xx˚C for 60s and 72˚C for 60s) 

 72˚C for 15 min  

 4˚C forever  

AOB amoA  

amoA-1F + amo A-2R  xx = 53˚C 

AOA amoA  

Arch-amoAF + Arc-amoAR xx = 53˚C 

nifH  
nifH2-fwd + nifH-R6 xx = 44˚C 

Nh21F + nifH1-rev xx = 46˚C 

nifH2-fwd + nifH1-rev xx = 46˚C 
nifH3 + Nh21F  xx = 41˚C 
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Real-time PCR  

The reagents and sediment from Stadsskogen and Erken as well as sludge DNA were 

mixed for real-time PCR according to table 8. Then gene nirS, nirK, and nosZ were 

amplified(table 9) in Roche 480 light cycler. The products were loaded on gel to compare 

the bands with peak values on fluorescence. 

Table 8: Reagents and amount for 10µl volume reaction  

Reagents  Amount in µl 

Master mix LightCycler 480 SYBR I 

Master 

5 

Forward primer  0.3 

Reverse primer  0.3 

DNA  2 

Water  2.4 

 

Table 9: Thermal conditions for real-time PCR  

 

 

3. Result  
Intact microbes were detached from sediment and sludge samples chemically and 

mechanically. Detached microbes were recovered by differential and density gradient 

centrifugation. DAPI stained recovered cells were investigated with fluorescent 

microscopy. 

3.1. Cell detachment  

Detached microbial cells were harvested with differential and density gradient 

centrifugation. There is a difference in layers and supernatant of both recovery methods. 

Density gradient centrifugation aided with histodenz (1.42g/ml) forms four layers: an 

upper clear layer and lower turbid, pellet and histodenz layers. The sludge sample was 

recovered with two layers of histodenz (upper 1.2 g/ ml, lower 1.42 g/ml). The supernatant 

of density gradient recovery is not homogenous as in differential centrifugation. The 

supernatant of density gradient showed two layers: the upper clear layer and lower turbid 

layer as depicted on figure 5. 

 

Programme  Temp. Time 

Activation 95˚C  15 seconds  

Amplification 60 ˚C  30 seconds  

Melting curve 72˚C  30 seconds  

Cooling 4˚C Forever  
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Figure 6: Recovery methods used during sample purification: a. centrifugation at 300-

1000xg and b. density gradient centrifugation aided with nycodenz/histodenz (1.42 g/ml). 

Stadsskogen pond 

Different chemicals and sonication was used to detach microbial cells from Stadsskogen 

pond sample. Detached cells were purified by differential and density gradient 

centrifugation and filtered. Chemical detachments were imparted colour on purified 

samples when compared to sonication. Samples detached with sodium pyrophosphate and 

Tween20 or their combination showed darker or yellowish suspension after recovery. On 

contrary, polyvinylpyrrolidone detached sample were colourless or cloudy like sonicated 

or untreated samples.  

Analysis of untreated and unstained Stadsskogen pond sample with a bright field 

microscope showed a variety of microbial population at different magnification powers. 

The most visible microbes are ciliates, dinoflagellates, algae, diatoms, planktonic cell 

aggregates and choanoflagellates. Additionally, microscopic analysis of DAPI stained 

untreated Stadsskogen pond sample revealed the presence of microbial aggregates wrapped 

with transparent sheath, long ladder like filamentous microbes, parallel oriented tiny rod, 

and sickle shaped cells.  

Samples treated with combined chemicals (polyvinylpyrrolidone + Tween20, 

polyvinylpyrrolidone + sodium pyrophosphate, Tween20 + sodium pyrophosphate, and 

polyvinylpyrrolidone + Tween20 + sodium pyrophosphate) especially with sodium 

pyrophosphate yielded abundant cells with diverse morphology while polyvinylpyrrolidone 

(PVP) and combination of PVP and Tween20 yielded a small cell harvest. Moreover, cell 

aggregates with transparent sheath were disrupted in sodium pyrophosphate and combined 

chemical treatment but not in PVP or PVP and Tween20. 

The most preferred detaching chemical treatment is polyvinylpyrrolidone, Tween20 and 

sodium pyrophosphate which separates high quantity of cells from sediment, plant litter 

and other particles. Sonication yielded low abundance of microbes however it is one of the 

detachment methods with no chemical input that interferes in downstream process. As 

depicted in figure 6, lower layer of density gradient recovered samples showed blurry 

spots, jelly like matter, and soil particles among microbial population. Microbial cells 
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harvested from upper layer of density gradient centrifugation relatively low in quantity but 

clean. 

 

Figure 7: DAPI stained microbial cells recovered from the formaldehyde fixed 

Stadsskogen pond sample after detached by combination of chemicals: 

polyvinylpyrrolidone, sodium pyrophosphate and Tween20 (PTS) and sonication (SON). 

The scale bar is 10 µm. 

Lake Erken and Lake Plåten  

Lake Erken and Lake Plåten untreated fresh sediment smear were placed on slides and 

observed under the microscope. Varies kind of diatoms, algae, flagellates, radiolarian and 

unidentified microbes were visible in both samples. No ciliates or cell aggregates were 

observed in the Stadsskogen pond sample.  

Unfixed fresh sediment samples collected from Lake Erken and Lake Plåten were treated 

with chemicals and sonication to detach intact microbial cells. The detached cells were 

purified by differential centrifugation and density gradient aided with histodenz. As 

depicted in figure 7, combined chemical treatment (PTS) followed by centrifugation 

yielded more cells. However, microbial community harvested from Lake Erken and Lake 

Plåten sediment lacked long filaments, cell aggregates, and sickle shaped cells. The 

microbial cells that were recovered from the upper and the lower layer of the density 

gradient lack the quantity and quality for single cell sorting. The quality of recovered 

microbial cells could be evaluated with the morphology each cell and associated 

extracellular/nonliving particles. Mechanical detachment yielded less quantity of microbial 

cells when compared to chemical detachment. It yielded more cells in the upper layer of 

Lake Erken than of Lake Plåten.  
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Figure 8: Fluorescence microscopy of DAPI stained microbial cells recovered from Lake 

Erken and Lake Plåten sediment. PTS stands for chemical detachment 

(polyvinylpyrrolidone, Tween20 and sodium pyrophosphate) and SON stands for 

mechanical detachment by sonication. The detached microbial cells were purified by 

centrifugation and density gradient. The scale bar is 10 µm. 

Sludge  

Smears of untreated fresh activated and surface sludge were placed on clean slides then 

observed under a bright field microscope. The microscopic analysis revealed the presence 

of the filamentous microbes which formed mesh like structures.  

Unfixed fresh activated and surface sludge samples were treated chemically and 

mechanically to detach intact cells, then purified with differential centrifugation and two 

layers of histodenz. Combined chemicals polyvinylpyrrolidine, Tween 20 and sodium 

pyrophosphate (PTS) accompanied with centrifugation yielded more abundant cells than 

density gradient purification. Fluorescence microscopic analysis of histodenz layers of 

both activated and surface sludge showed many aggregates and chains of microbes. Fewer 

cells were recovered from activated sludge in comparison with surface sludge (figure 8). 

Surface sludge contains high quantity of large cell aggregates and filamentous in both 

detachment techniques. In sonicated surface sludge, more conspicuous aggregates and long 

filaments were visible. 
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Figure 9: DAPI stained cells recovered from activated (AS) and surface (SS) sludge. The 

cells were detached with chemicals polyvinylpyrrolidone, Tween 20 and sodium 

pyrophosphate (PTS) and sonication (SON).AS-PTS and AS-SON stands for microbial 

cells detached from activated sludge with chemical and sonication respectively. SS-PTS 

stands for chemically detached cells and SS-SON represents microbes detached by 

sonication from surface sludge. The scale bar is 10µm. 

3.2 CARD-FISH and quantification  

CARD-FISH with oligonucleotide probes was done to detect chemically and mechanically 

detached microbial cells from samples of the Stadsskogen pond, Lake Erken and Uppsala 

waste water treatment plant. Morphological different microbial cells were hybridized in 

each sample. In the Stadsskogen pond and sludge samples cocci, rods and filamentous 

microbes while in Lake Erken rods and cocci cells showed a positive signal for EUB338 

probe. Microbes hybridized with probe ARC915 showed result in all samples even though 

the morphology of microbes varies from sample to sample. In all samples very few cells 

hybridized with probe NON338 which was used as antisense of probe EUB338 (figure 9, 

11, and 13).  

Cells recovered with centrifugation and density gradient from sample of the Stadsskogen 

pond treated with PTS were hybridized with EUB338, GAM42a, BET42a, and NON338. 

Microscopic investigation showed that more microbial cells were hybridized with EUB338 

than with other probes. Very little unspecific hybridization was observed on the sample 

hybridized with the NON338 probe as depicted on figure 9. 
 

a b 
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Figure 10: Cells detached from Stadskogen pond sediment with PTS, then purified by 

centrifugation a and b, density gradient reagents; c and d upper layer, e and f lower layer of 

density gradient recovered cells. The micrographs with DAPI represent all cells and FITC 

or green for bacterial cells or cells hybridized with probe EUB338 or NON338.The scale 

bar is 10 µm. 

Oligonucleotide probes ALF968, CFB563, and ARC915 were used to hybridize 

formaldehyde-fixed washed and unwashed Stadsskogen samples. Probe ALF968 

hybridized large coccus cell aggregates and sickle shaped microbes while probe ARC915 

hybridized rods and coccus microbes. Probe CFB563 targeted rod shaped microbes 

especially tiny rods usually oriented in parallel position to each other. A sickle-shaped 

Alphaproteobacteria and tiny parallel rod Flavobacteria from the Stadsskogen pond 

sample are notable microbes. 
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Figure 11:.Formaldehyde fixed untreated Stadsskogen pond sample was centrifuged and 

filtered. Then the cells on filters were hybridized by probes ARC915, ALF968, CFB563 

and NON338. The scale bar is 10 µm 

 

Microbial cells detached and recovered from Lake Erken sediment sample were treated 

with CARD-FISH protocol using probe EUB338 and NON338. Microscopic visualization 

of both samples revealed the presence of cocci and rod shaped microbes hybridized with 

probe EUB338. There were no or very few cells hybridized by NON338. 

 

Figure 12: Microbial cells of Lake Erken sediment sample treated with chemical 

detachment then purified by centrifugation and filtered a and b. Mechanical (sonication) 

a b 
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followed by centrifugation yielded microbial cells labelled as c and d. In blue DAPI 

stained cells, in green hybridized with respective probe EUB338 or NON338. The scale 

bar is 10 µm. 

Lake Erken microbial cells detached by sonication and the combination of 

polyvinylpyrrolidone, Tween20 and sodium pyrophosphate (PTS) were hybridized with 

probe ARC915. There were cocci and rod shaped hybridized archaeal cells in both 

samples.  

 

Figure 13: Microbial cells detached with combined chemicals-PTS (a) and mechanical-

sonication (b) from Lake Erken sediment was hybridized by archaeal probe ARC915. Blue 

(DAPI) stained represent all cells, green (FITC) represent cells hybridized with probe. The 

scale bar is 10µm. 

Microbial cells detached and recovered from activated and surface sludge collected from 

UWWTP were treated with CARD-FISH protocol using probe EUB338 and NON338. 

Chemically detached microbial cells from activated and surface sludge showed similar 

result for probe EUB338 that targeted most bacteria while filamentous forms were more 

dominant in sonicated activated sludge. As PTS and sonicated showed difference in their 

cell densities when DAPI stained microbes visualized under fluorescent microscope, their 

hybridized cells showed the difference. Few cells were visualized in the sample hybridized 

with probe NON338 (see figure 13).  

 

 

 

 

 

 

a 
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Figure 14: Microbial cells hybridized with probe EUB338 and NON338 using the CARD-

FISH protocol. Microbial cells recovered from chemically (PTS) and mechanically 

(sonication) treated and purified by centrifugation from activated and surface sludge were 

used. Activated sludge microbial cells were labelled as a and b for chemically detached; c 

and d mechanically detached. Microbial cells harvested from surface sludge microbes were 

labelled as e, and f for chemically detached; g, and h for sonicated. Total microbial cells 

are DAPI stained cells (blue) while FITC (green) represent cells hybridized by probes 

bacterial cells. The scale bar is 10µl.  

 

Microbial cells recovered from activated and surface sludge samples were treated with 

CARD-FISH protocol using the ARC915 probe which targeted most archaeal populations. 

Fluorescence microscopic analysis showed cocci, rod and filamentous microbes in 

sonicated sludge (figure 14).  



Uppsala university  Aster Assefa  

22 

 
Figure 15: Microbial cells harvested from activated and surface sludge labelled as AS and 

SON respectively. PTS stands for chemicals and SON for sonication detachments used to 

isolate intact cells. DAPI stained or blue cells represent total microbial cells while FITC or 

green fluorescence shows the archeael cells. 

Chemically detached microbes from the formaldehyde fixed Stadsskogen pond sample 

were hybridized with probe EUB338, GAM42a, BET42a and NON338. A total count of 

each treatment is the sum of all cells with DAPI stain. The maximum percentage of 

bacterial cells is 18% of polyvinylpyrrolidone detached microbial cells. Combined 

chemicals detachment yielded more abundant microbial cells however low percentage of 

cells hybridize with probe EUB338,GAM42a,BET42a(figure 15). 

   

Figure 16: Abundance of microbial cells hybridized with the general bacterial probe 

EUB338. Abbreviated chemicals are polyvinylpyrrolidone = PVP, Tween20 and sodium 

pyrophosphate = TS, polyvinylpyrrolidone and sodium pyrophosphate = PS, Tween20 and 

polyvinylpyrrolidone = TP polyvinylpyrrolidone, Tween20, and sodium pyrophosphate = 

PTS and sodium pyrophosphate = S  
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3.3 Molecular analysis 

DNA extraction  

DNA was extracted from the Stadsskogen pond, Lake Erken, Lake Plåten sediment and 

sludge from UWWTP. DNA was of good quality except for Lake Plåten from which the 

DNA was degraded (figure 16). 

  

 

Figure 17: Agarose gel 0.8% in TAE buffer loaded with 200ng extracted DNA from 

different samples: L is lane of DNA ladder in both gels. Lanes on gel (a) loaded with DNA 

extracted from: Stadsskogen pond sediment in lanes 1 and 2, Lake Erken sediment lanes 3 

and 4, Lake Plåten sediment lanes 5and 6. Lanes on gel (b)labelled as AS and, SS stand for 

DNA extracted from activated and surface sludge samples respectively while the suffix 1 

and 2 shows replicates. 

PCR  

The targeted regions of DNA extracted from the Stadsskogen pond, Lake Erken and Lake 

Plåten was amplified with bacterial, archaeal and universal primers. The PCR products of 

bacterial and archaeal 16S primers were approximately 500bp (figure 17 a and b) while 

PCR product of the universal primer is estimated to be 800bp (see figure18 c) for DNA 

extracted from the Stadsskogen pond and Lake Erken sediment. DNA extracted from Lake 

Plåten showed no band or lacked PCR products for all primers (figure 17). The PCR 

product of DNA extracted from environmental samples is correlated with DNA quality 

(figures 16 and 17). 

 

Figure 18: The PCR product of DNA extracted from Lake Erken, Lake Plåten and 

Stadskogen sediment. Gel a, b, and c was loaded with 5µl PCR product amplified with 

bacterial 16S; archaeal16S, and universal primers respectively. Lane L: DNA ladder, lane 

1 and 2 DNA from Stadskogen pond sediment, lane 3 and 4 DNA extracted from Lake 
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Erken, lanes 5 and 6 DNA extracted from Lake Plåten, lane 7 E.coli DNA as positive 

control(no positive control in figure b). 

Molecular screening of nitrogen cycle genes was done using PCR and qPCR amplification 

of specific region of DNA (20ng) extracted from Lake Erken and the Stadsskogen pond 

sediments. The primers targeted nitrite and nitrous oxide reductase, nitrogenase and, 

ammonia-oxidation genes. Unspecific bands were observed in PCR products of nirS, nirK. 

Arch-amoA and nifH primers. The PCR product of nosZ primer with Stadsskogen showed 

unclear band.  

 

Figure 19: The PCR products amplified with nirS, nirK, nosZ, bacterial amoA, Arch-

amoA and nifH primers. Lanes 1,3 and 5 represent PCR product of DNA extracted from 

Stadsskogen pond sediment; lanes 2,4,6 is loaded with the PCR product of DNA extracted 

from Lake Erken; lane 7 is negative control and L stands for DNA ladder in both gels. In 

gel a. primer used for lanes 1 and 2 nirS, 3 and 4 nirK, 5 and 6 nosZ. Gel b. lanes 1 and 2 

bacterial amoA, 3 and 4 Arch-amoA, 5 and 6 nifH primers were used. 

Real-time PCR  

Real time PCR was done to confirm the genes screened with PCR and takl the problem 

with other upstream problems. The product was analyes by gel elctrophoresis. The bands 

on gel were correlated with the qPCR information of thermo cycler.  

DNA extracted fromLake Erken sediment was amplified with bacterial 16S, nirS , nirK, 

nosZ primers those targeted specific regions. The produt of each primer was good in size 

but unspecific weak bands were in the product of nirS, nirK and nosZ(see figure19)

 

Figure 20: Agarose gel loaded with qPCR product of DNA extracted from Lake Erken 

sediment and amplified with bacterial 16S, nirK, nirS and nosZ primers. L stands for DNA 

ladder for both picture. The lanes labelled with 16S were loaded with qPCR product 
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amplified with forward and reverse primers targeted bacterial 16S r RNA. The lanes 

labelled with nirS, nirK and nosZ were loaded with qPCR products of forward and reverse 

primers of respective genes. Plus sign(+) stands for positive control and minus sign(-) for 

negative control.  

The DNA extracted from Stadsskogen, Lake Erken sediment samples and UWWTP sludge 

was amplified with bacterial 16S, AOB,nirK, nirS and nosZ.The primer for 

ammoniamonooxygenase showed no result for stadskogen sample (figure 20 a) 

 

Figure 21: PCR products of DNA extracted from Stadskogen pond, Lake Erken sediment 

and sludge , L stands for DNA ladder, gel a AOB primer 1-5, 16S rRNA 6-9, nirk 10-12 

Gel b nirk1, 2 negative control, nirS 3-6, nosZ 7-10 and negative control 11 and 12.  

Sorted single cell, MDA, and real-time PCR screening of amplified DNA  

The microbial cells detached by PTS and sonication from Lake Erken and activated sludge 

samples were selected for single cell sorting with FACS. The sorted cells were lysed then, 

the whole genome amplification (MDA) was done. The amplified genome was screened by 

real-time PCR using bacterial 16S rRNA and nirS primers.  

Amplified genome of single cell sorted from Lake Erken was used as template in PCR 

screening of bacterial 16S rRNA and nirS genes. The screening for bacterial 16S rRNA 

showed positive result for 17 and 15 wells from 78 wells, 6 and 5 from 6 of positive 

control wells, 1 and 0 from 12 negative control wells of plate with sonicated and PTS 

respectively. The nirS gene screening showed positive for 7 out of 78 wells, 1 from 6 of 

positive control wells and 1 from 12 of negative control wells of plate with sonicated, and 

10 out of 78 wells, 3 from 6 of positive control wells  and 0 for all negative control wells 

of plate with PTS treated sample.  

Genome of single cell sorted from sonicated and PTS treated sample was used in real- time 

PCR. Screening of bacterial 16S rRNA gene was showed positive result for 21 and 11 of 

78 single cell wells, 6 out of 6 positive wells, 2 out of 6 positive wells, 0 out of 12 negative 

wells and 0 out of 12 negative wells of plate with sonicated and PTS activated sludge 

respectively. 

4. Discussion 

In a single cell study, individual cells should be assessed. Therefore, advancement of 

chemical and mechanical cell isolation or detachment techniques is needed. The purpose of 

this project was to develop suitable methods of intact cells isolation and recovery which 

yields clean and maximum number of cells. 

The efficiency of detaching and recovery methods was evaluated with abundance of 

microbial cells isolated from environmental samples and investigated in a step wise 
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downstream single cell analysis. Microscopy of microbes stained by DAPI or by 

fluorochromes conjugated to oligonucleotide probes showed the morphology and 

abundance of recovered cells. PCR, real-time PCR and sequencing was used to identify 

microbes based on their molecular constituents. Finally, the effect of each step in single 

cell study could be described. 

Cell detachement  

Analysis by fluorescence microscopy showed that the combined chemicals detachment 

yielded abundant cells than single chemical treatment. Combine three chemicals; 

polyvinylyrrolidone, Tween 20 and sodium pyrophosph (PTS) followed by centrifugation 

yielded very high quantity of microbial cells. After this treatment filamentous and 

aggregates of microbial cells were rarely observed. This indicates that the PTS disrupt 

large portions of aggregates and filamentous forms of microbes. Overall cell detachment 

result align with previous method (Kallmeyer et al. 2008). Detached microbes abundance 

is relative which does not align with the absolute percentage(Morono et al. 2013).  

Mechanical (sonication) cell detachment yielded very few cells for all samples. There were 

aggregated and long filamentous microbial cells in the sonicated samples. Most cell 

aggregates and filamentous microbes were clearly visible in the DAPI stained surface 

sludge sample collected from the UWWTP. Sonication may encourage some cells to form 

aggregates when the procedure is performed at a certain pulse and amplitude 

(Vanherberghen et al. 2010, (Bazou et al. 2012). In waste water treatment plants formation 

of planktonic cell aggregation is happened due to environmental stimuli (Bossier & 

Verstraete 1996). 

Purification of detached cells from particles is challenging. There may be smaller particles 

which can interfere in single cell analyses. Some microbes could be settled in pellets due to 

their density. Recovery via centrifugation at 300-1000xg for 10 minutes then yielded 

abundant cells. In contrast, density gradient centrifugation at 14000xg for 90 minutes at 

4˚C yielded few cells. The effect of speed, time of centrifugation and osmotic pressure of 

density gradient reagents should be further considered. The cells recovered by 

centrifugation and the lower layer of histodenze were found to be accompanied by plant 

litter and some light particles.  

 

Microbes recovered from upper layer of density gradient centrifugation were clean than 

centrifugation or lower layer for all samples. Microscopic analysis of the upper layer of 

density gradient centrifugation showed the lack most of the quantity and diversity of cells 

for further investigation of microbial communities. Additionally, unfixed samples yielded 

less diverse few microbial cells which lead to the low probability of sorting minority 

microbial population during cell sorting by FACS. 

 

Fixation of cells with formaldehyde gives a more stable morphology than ethanol-fixed or 

unfixed cells. However, washing the sample is needed to avoid the effect of formaldehyde 

on further processes which may reduce the abundance of the cells. Unfixed microbial cells 

showed morphological distortion during density gradient recovery which could the result 

of high centrifugation speed 14000xg for longer times (90 minutes). 

 

In situ hybridization with specific probes revealed the presence of bacteria, archaea in the 

Stadsskogen pond, the Lake Erken- and UWWTP samples. Microscopy of the Stadsskogen 

pond samples hybridized by probes EUB338, BET42a, GAM42a, ALF968, CFB563 and 

ARC915 showed the presence of bacteria and archaeal communities. Waste water 
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treatment needs diversified microbes which metabolically degrade and convert organic 

molecules into useful or environmentally safe molecules. Morphological and molecular 

analysis of UWWTP sludge showed the presence of organisms from different domains of 

life (Kallistova et al. 2014). Fluorescence microscopy of archaeal probe hybridized 

activated sludge sample showed rectangular archaea which resemble metanosaeta that have 

been characterized earlier (Fredriksson et al. 2012) while filamentous archaea are abundant 

in the surface sludge sample. Quantification of bacterial cells showed very low percentage 

in PTS detached from Stadsskogen which does not align with previous work (Pernthaler et 

al. 2002). This is the indicator of interference of chemical cell detachment in downstream 

cell analysis. 

 

Lake Erken sediment has less filamentous microbes than the Stadsskogen pond and waste 

water samples. In situ hybridization with 16S rRNA targeted oligonucleotide of bacterial 

and archaeal probes showed morphologically different microbes.  

 

Molecular analysis 

Special kits or treatment are used to extract DNA from environmental samples to reduce 

the effect of inhibitory substances such as humic acids on PCR and real-time PCR. Good 

quality DNA was extracted from the Stadsskogen pond, Lake Erken sediment and Uppsala 

wastewater treatment sludge samples while DNA extracted from very dark and sticky 

sediment of Lake Plåten was degraded to less than 500bp. Consequently, Lake Plåten DNA 

could not give result in PCR when amplified with bacterial, archaeal and universal primers. 

PCR screening of 16S rRNA enables us to identify the domain microbial community in 

environmental sample (Baker et al. 2003). Molecular analysis with 16S rRNA primer of 

bacteria and archaea showed the presence of bacteria and archaea in the sediment and 

sludge samples.  

 

Molecular investigation of genes which express basic enzymes needed in nitrogen cycle 

was performed with PCR and real-time PCR using the specific primers for dinitrogen 

reductase; nifH, nitrite reductases; nirK/nirS, nitros oxide reductase, nosZ and ammonia 

monooxygenase AOB/AOA amoA.  

 

Screening of ammonia monooxygenase gene revealed the presence of ammonia-oxidizing 

microbes in different samples except for the Stadsskogen pond sample. This finding aligns 

with previous research that confirmed the existence of ammonia-oxidizing bacteria 

(Almstrand et al. 2013) and archaea in environmental samples (Bartossek et al. 2012), 

(Könneke et al. 2005). The presence of ammonia-oxidizing archaea in UWWTP sludge is 

confirmed with PCR gene screening which align with previous work (Mussmann et al. 

2011, Park et al. 2006). 

5. Conclusion 

Combined chemicals detachment especially with sodium pyrophoashate yielded abundant 

and morphologically diverse microbial cells. However, the recovery method may affect the 

effectiveness of detachment due to the presence of particles and other impurities. 

Polyvinylpyrrolidone, Tween20 and sodium pyrophosphate detach a high quantity of 

microbial cells from sediment and sludge. 

Lake Plåten sediment yielded degraded DNA. The inhibitory compounds in the sediment 

may interfere with the DNA extraction kit or the sediment may contain compounds that 

could degrade DNA to a smaller pieces. The properties and types of compounds in Plåten 

sediment and the surrounding environment need further investigation.  
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The expression level of each genes involved in nitrogen cycle should be investigated to 

identify the most active and dominant microbes under different environmental conditions. 

However, gene expression rate was not done since was not aim of this project  
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