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Abstract 
A method for dislodging cyanobacterial communities from feather mosses with the use of 
sonication has been tested with the purpose of applying it in a running PhD project at the 
University og Iceland that is assessing the diversity, abundance and N-fixating activity of 
moss associated cyanobacteria on feather mosses in arctic and subarctic ecosystems. The 
method was tested in order to be able to assess the abundance of cyanobacterial cells with 
the use of a counting chamber. The results from this experiment was however negative, as 
the sonication lysed the cyanobacterial cells, losing the fluorescence of the cells needed to 
identify them. The dispersion of the cyanobacterial communities along the moss shoots 
was also assessed, and the results showed most abundance below the apex, towards and in 
the non-photosynthetic part of the plant. These results are similar with results obtained by 
Björn Solheim and Matthias Zielke, and may be attributed to the fact that oxygen inhibits 
nitrogenase, and that the cyanobacteria is then found in parts of the moss where oxygen 
production is low.  





v 

Table of contents 
List of figures ...................................................................................................................... vi 

List of tables ....................................................................................................................... vii 

Acknowledgments ............................................................................................................... ix 

1 Introduction ................................................................................................................... 11 

2 Materials and methods ................................................................................................. 12 
2.1 Distribution ............................................................................................................ 12 
2.2 Sonication and abundance ..................................................................................... 12 

3 Results ............................................................................................................................ 13 
3.1 Distribution ............................................................................................................ 13 
3.2 Sonication .............................................................................................................. 14 

4 Discussion ...................................................................................................................... 17 

References........................................................................................................................... 21 
 

 



vi 

List of figures 
Figure 3.1 Abundance and distribution of cyanobacterial colonies…………………….... 14 
 
 



vii 

List of tables 
Table 3.1  Results of initial test of sonication. .................................................................... 14 

Table 3.2 Observation  after  ultracentrifuging…………………………………………..15 

Table 3.3 Cyanobacterial abundance on moss before and after sonication………………..15 

Table 3.4 Cyanobacterial abundance in pellets before  and  after  sonication…………..16 

 





ix 

Acknowledgments 
I would like to thank Ólafur Andrésson for invaluable help throughout this project and 
writing process, Ana J. Russi Colmenares for acceping me as her assistant and Ísak Már 
Jóhannesson for translation help. 





11 

1 Introduction 
Cyanobacteria-moss associations are considered to make significant contributions to N-
cycle in moss rich environment in the arctic tundra and boreal forests where nitrogen 
availability limits primary production (Lindo & Gonzalez, 2010; Rousk, Jones, & DeLuca, 
2013; Bjørn Solheim & Zielke, 2002). Yet not much is known about these associations and 
exactly how the mosses and cyanobacteria interact with each other. Little is also known 
about the potential role as primary contributors of plant available N to the Icelandic 
ecosystem, where mosses is a dominating component of many terrestrial ecosystems. A 
running PhD project, Interaction between moss and N-fix bacteria in Icelandic ecosystem 
at the University of Iceland, focuses on cyanobacterial associations with mosses in sub-
arctic and arctic ecosystems by looking at 4 species of feather moss, Racomitrium 
lanuginosum, Hylocomium splendens, Pleurozium schreberi and Sanionia uncinata from 
different locations in Iceland and Svalbard. 

One of the objects of the PhD project, carried out by Ana J. Russi is to assess N-fixation, 
abundance and diversity of the cyanobacterial communities associated with mosses. To 
assess the N-fixation activity, Acetylene Reduction Assay (ARA) will be used. For 
quantification, the traditional method of counting the cyanobacteria on the mosses in a 
fluorescent microscope can be carried out, but this is a time consuming method, and the 
cyanobacterial colonies tend to clump together, and are difficult to count. A reliable 
method for dislodging the complete communities of cyanobacteria from the mosses 
without damaging the cells would be very helpful; primarily for counting the cells using a 
counting chamber (haemocytometer) in the quantitative analysis of the cyanobacterial 
communities, and also for facilitating the DNA extraction process and dw report for the 
ARA. 

Methods have been tried for dislodging the cyanobacterial communities from the moss by 
shaking the shoots in a buffer solution, and by culturing the cyanobacteria. However, these 
methods have several disadvantages. It has not been possible to grow all cyanobacteria on 
agar, and although the shaking dislodged some of the cyanobacteria, many still remained 
on the moss leaves. Lindo & Whiteley (2011) described a sonication protocol, used for 
dislodging Scytonema spp. from various epiphytic moss species that were then enumerated 
with the use of a counting chamber (See also Jean et. al, 2012 for use of haemocytometer 
for quantification). The objective of this research project has been to replicate and 
standardise that sonication protocol, and the following research questions were formulated: 

1)  Where on the moss shoot, are the cyanobacterial communities most abundant? 

2) Is it possible to completely dislodge/dissociate epiphytic cyanobacterial 
communities from mosses without damaging the cyanobacterial cells? 

3) What are the most efficient and least damaging frequencies and time for 
sonication? 

4) What centrifugation force and time is necessary for good recovery of cells?  
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2 Materials and methods 
2.1 Distribution 
For assessing the distribution of cyanobacterial abundance on the moss shoot, 11 shoots of 
Sanionia uncinata collected at Eyvindastaðaheiði on 12/06/2013 and kept at -20ºC were 
revitalised at 4ºC under a light for minimum 24 hours and then examined for 
cyanobacterial colonies under a fluorescent microscope. The observed cyanobacterial 
abundance was recorded at intervals of 5 mm with a Leitz Weltzar with mercury 
fluorescent light at 100X. 

2.2 Sonication and abundance 
To initially test the method, 2 shoots of Racomitrium lanuginosum and 1 shoot of S. 
uncinata that had been kept on BG-110 agar. N-free medium for cyanobacterial culturing, 
exhibiting cyanobacteria were placed in centrifugation tubes in ~5 ml dH2O and sonicated 
at 5 second intervals up to 35 seconds at 25% amplitude, removing 0.5 ml of supernatant to 
Eppendorf tubes between the intervals. 10 µl of solution from the Eppendorf tubes was 
then examined under Leica DM 6000B fluorescence microscope. 

To further determine the centrifugation time necessary for good cell recovery, 2X3 shoots 
of S. uncinata were sonicated in ~3ml PBS with 0.1% Tween 20, pH 7.0 (PBST) for 30 
seconds at 25% amplitude. The moss shoots were removed and the tube centrifuged at 
6250 g for 10 minutes. 4 ml of supernatant was then removed from the tubes, and 10 µl 
from the bottom of the tubes examined under a microscope. The remaining 1 ml was 
moved to an Eppendorf tube and centrifuged at 20800 g for 5 minutes, and the 10 µl from 
the bottom of the tubes again examined. 

For finding the optimal sonication time and frequency, 1 shoot of revitalised S. uncinata 
was submerged in 3 ml PBST in 15 ml centrifugation tubes and sonicated at intervals of 10 
seconds. 0.5 ml supernatant was transferred to Eppendorf tubes between the intervals, and 
the 0.5 ml were replaced in the tubes. The procedure was repeated 3X3 times at 20, 25 and 
30% amplitude. The remaining cyanobacterial colonies on the shoots were recorded after 
30, 60 and 90 seconds total sonication. The Eppendorf tubes were centrifuged at 20800 g 
for 5 minutes, and then examined in a counting chamber (Marienfield Superior 2 chamber 
Haemocytometer).  
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3 Results 
3.1 Distribution 
The density of cyanobacteria was low near the apex, the youngest part of the moss shoot. 
Abundance increased downwards, and was highest towards the non-green part of the plant. 
No cyanobacteria were found in the lowest part of the shoots. The abundance varied 
considerably between the samples (Figure 3.1). 

 

 

 

 

 

Figure 3.1. Mean abundance and distribution of cyanobacterial colonies in 11 shoots of S. uncinata 
as observed under fluorescent microscope. Error bars (+-SD), the abundance varies much between 
the samples, but there is still a trend pointing towards higher abundance of cyanobacteria in the 
middle of the shoot, than the apex and bottom parts. 
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3.2 Sonication  
Cyanobacteria were observed in the H2O solution after the initial test of the sonication 
(with shoots where cyanobacteria had been cultured on BG-110 agar) at 25% amplitude 
(Table 1). We observed algae, moss fragments and loose cyanobacterial cells, as well as 
heterocysts, fragments of cyanobacterial filaments, and cyanobacterial colonies inside 
moss fragments. Some lysis was observed at >30 seconds sonication of S. uncinata. 

 

 R. lanuginosum S. uncinata 

5 sec. Algae and cyanobacterial 
colonies (Nostoc sp.) 
observed. No lysed cells 
observed. Moss fragments 

Cyanobacterial colonies 
present. Some in moss 
fragments. 

10 sec Some colonies, but chains are 
somewhat dispersed. No lysed 
cells observed.  

Heterocysts observed. Seems 
like chains break where 
heterocysts  

15 sec More algae than 
cyanobacteria. Anabaena sp. 
observed.  

no observations  

20 sec  Cells observed. No lysis.  no observations  

25 sec Cells observed. Chains very 
dispersed Nostoc chains. 

no observations  

30 sec Cells observed. No lysis.   Total dispersion of colonies. 
Moss fragments. Some lysis.  

35 sec Single cells. No lysis.  Some cell lysis. 

 

 
 
Table 3.1. Initial test of the sonication, using moss shoots with cyanobacterial colonies cultured 
on agar. Observation of cells in solution after sonication suggested that the method might work.  
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The promising result of the initial test suggested that the protocol might work, and we 
proceeded with samples that had not been cultured for cyanobacteria, and so had less 
cyanobacterial abundance. The centrifugation test shows that a g force of 6250 was not 
enough for good retrieval of the cyanobacterial cells. We then moved the solution to 
Eppendorf tubes to use a micro-centrifuge, and cyanobacteria were observed after 20800 g 
for 3 minutes (Table 2). 

Then we tested the effect of sonication time and amplitude. Table 3.3 shows how 
cyanobacteria were partially dislodged in 3 sample shoots, observed in microscope before 
and after 30 seconds of sonication. All samples had a decrease in cyanobacteria post 
sonication. 

• 10 µl of bottom product revised after 6250 g, 10 
minutes showed fragments of moss, but no 
cyanobacteria. 
 

• 10 µl of pellet examined after additional 20800 g 
centrifugation showed some cyanobacteria 

Table 3.2. Sonication of S. uncinata, observed cyanobacteria 
after ultracentrifuge at 20800 g.  

Table 3.3 Cyanobacterial abundance on three moss shoots before and after sonication 

 1a  1b  1c   

mm from apex  0 sec. 30 sec. 0 sec. 30 sec. 0 sec. 30 sec. av. loss  
of colonies 

0 - 5 1 3 1 0 0 1 -0.3 

6 - 10 11 18 9 4 5 7 -1.3 

11 - 15 13 14 12 12 5 3 0.3 

16 - 20 28 10 16 8 7 2 10 

21 - 25 11 6 26 8 7 3 9 

26 - 30 17 2 3 1 4 1 6.6 
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Nevertheless, no cells were observed in the wash solution after the time and frequency 
experiment was done on 11 samples of S. uncinata (Table 3.4), and the experiment was 
aborted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample 10 seconds 30 seconds 60 seconds 

Ia 0 0 0 

Ic 0 0 0 

IIb 0 0 0 

IIIc 0 0 0 

 

Table 4. Results from randomly picked samples post sonication at various intervals shows no cells in in pellet 
after centrifugation of wash solution. 



17 

4 Discussion 
As seen in Figure 3.1, the abundance of the cyanobacteria in the samples is low very near 
the apex, the youngest, greenest and most photosynthetic active part of the plant, and 
highest in the green, living part below the apex towards the brown, mostly dead part of the 
moss. This   is   similar   to   Bjørn   Solheim   and  Matthias   Zielke‘s findings on mosses from 
Svalbard (personal communication, March 5, 2014). It may suggest that the cyanobacteria 
are more active in the part of the moss where they are not in direct competition with the 
photosynthetic activity of the plant, as nitrogenase is inhibited by oxygen (Personal 
communication, Matthias Zielke, July 15, 2014). It must be taken into note that the sample 
size is very small, and that the recording of the observation was preformed primarily to test 
the method for application to a much bigger sample size in Russi's PhD project.  

The results of the sonication give somewhat varying results. The initial tests showed 
cyanobacterial cells after sonication (Tables 3.1 and 3.2), but although there was a decrease 
in observed cyanobacteria on moss shoots after 30 seconds sonication (Table 3.3) 
indicating that they were to some extent dislodged from the moss, there were no 
observable cells in the counting chamber (Table 3.4) in that experiment. This can indicate 
several things; the centrifugation might not have been sufficient for a good retrieval of the 
cells, or the cells might have been lysed in the sonication process, losing their 
fluorescence. The latter was confirmed by Lindo (Personal communication, March 14, 
2014). When she used the technique, she moved the solution to the counting chamber 
immediately after sonication, as the cells will still emit fluorescence for a brief time after 
lysis, while in our experiment we did all the sonication in one room, and later moved them 
to the microscope room, a process that took more than 15 minutes, suggested by Lindo to 
be the approximate time of the afterglow of the cells. The fact that cyanobacteria were 
observed on the moss shoot after 30 seconds sonication, may seem to contradict the 
conclusion of cell lysis, however this could also indicate that the gelatinous sheath that 
some cyanobacteria are bound to might contribute to resistance to physical damage. 

As for the samples in Table 3.1, they were shoots placed on agar for cyanobacterial 
culturing, and the mere abundance of the cyanobacteria in those samples relative to a moss 
shoot with non-cultured cyanobacteria might have contributed to the survival of some of 
the colonies. Table 3.2 on the other hand shows observed bacteria from sonication of non-
cultured bacteria, and suggests that it could have been interesting to proceed developing 
the method. The protocol was nevertheless abandoned after the suspicion of cell lysis for 
several reasons explained below. 

The study shows that the sonication protocol did not work as expected, and will not be 
applicable  to  use  in  the  further  research  with  Russi’s  samples.  It  may  be  possible  to  use  the  
technique on other moss or cyanobacterial species as proposed by Lindo (2011), but 
observation of cyanobacteria on the moss even after repeated, high amplitude sonication 
(Table 3.4) suggest that the method is unreliable for dislodging the complete communities 
of S. uncinata believed to be mostly Nostoc communities, and thus unsuitable for 
quantification of cells. The colonies that do come off seemed to be immediately dispersed 
from filaments into single cells (Table 3.1) even with low amplitude sonication, making 
the classification difficult, as the integrity of the filaments is an important trait for 
identification. Failing to observe fluorescent cells in the haemocytometer after the 
frequency experiment suggested that lysis occurred even at low amplitude. The protocol 
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was abandoned and no further testing done. More research is needed for developing 
methods for quantifying cyanobacterial communities on moss shoots, as the microscope 
observation technique is very laborious and time consuming. 
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