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Abstract 
 
Filamentous, heterocystous cyanobacteria Nostoc punctiforme are capable of nitrogen 
fixation and photoautotrophic growth. Differentiation from vegetative cells to 
heterocysts can be performed under the nitrogen starvation. In filamentous strains, all 
uptake-hydrogenases locate in the heterocysts. 
 
In this project, immunoblotting techniques (Western blots) and mature fractionation 
methods were utilized. HupL specific antibodies and GFP-specific antibodies were 
used to target specific parts of uptake-hydrogenase in HupS-GFP-fusion strains (SHG) 
of Nostoc punciforme. After translation, the SHG can express HupS-Linker-GFP and 
HupL separately. 
 
Uptake-hydrogenase most probably locates at the cell walls and the thylakoids 
membranes of sub-cellular compartments of cyanobacteria simultaneously, and 
locates in soluble fraction in micro-scale. The amount of uptake-hydrogenase in the 
cell walls is significantly more than that in thylakoids membranes. The signal from 
HupL is weaker than the signals from HupS in thylakoids membranes. 
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1. Introduction 
 
Cyanobacteria, one of the most ancient groups of microorganisms, is a diverse group 
of photoautotrophic prokaryotic organisms and can be found from wide areas 
including aquatic (from fresh to salty water), terrestrial and extreme environments 
(Whitton et al., 2002). All of them are able to perform oxygenic photosynthesis 
(Kumar et al., 2010). Due to the fossil fuel depletion, developing renewable energies 
becomes a hot point in order to counteract global warming and to improve our life 
(Betenbaugh et al., 2008). The genomes of cyanobacteria have been gradually 
uncovered since 1996, including the genome of Nostoc punctiforme, identical with 
American Type Culture Collection (ATCC) 29133, which has facilitated the 
application of cynobacteria in developing bio-energies. In recent years, cyanobacteria 
have been involved in a number of studies because of its ability of producing 
molecular hydrogen which is deemed to be a future renewable energy carrier from the 
renewable energy sources sunlight and water (Angermayr et al., 2009).   
 
1.1 Diversity of cyanobacteria and heterocysts 
 
Cynobacteria display three morphologically distinct groups, including unicellular, 
filamentous and colonial forms. Some filamentous strains are able to differentiate 
vegetative cells to heterocysts under nitrogen deplete conditions, which lead to 
nitrogen fixation performed by nitrogenase (Tamagnini et al., 2007). The Nitrogenase 
is oxygen labile, and two mechanisms have found towards the purpose of protect it, 
spatial or temporal sepration of N2 fixation and O2 evolution (Fig.1) (Tamagnini et al., 
2005). Heterocystous strains can utilize the heterocysts to create a micro-oxygenic 
environment for N2 fixation and H2-uptake.  
 

 
 
Figure 1. Two different mechanisms to separation of N2 fixation and photosynthesis in 
filamentous cyanobateria  (Tamagnini et al., 2005).  
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The strain ATCC 29133, the objective strain in this article, is a filamentous 
nitrogen-fixing cyanobacterium, which can differentiate heterocysts under nitrogen 
limited conditions. The heterocysts have a stronger cell wall compared with 
vegetative cells, which provide the basic method for separating these two kinds of 
cells. The modalities of them can be referenced from the similar filamentous strains 
(Nostoc PCC 7120) (Fig.2). After the sonication in separation steps, the heterocysts 
appear as seen below (Fig 3) when vegetative cells are degraded. The terminal ends of 
the heterocysts lost after sonication. 
 

 
 

Figure 2. The modalities of vegetative cells and heterocysts of Nostoc PCC 7120 (Kumar et al., 
2010). The heterocysts are distinguished from vegetative cells in bigger size, which are partitioned 
by several vegetative cells have obvious connection at the terminals. 
 

 
 

Figure 3. The configuration of heterocysts under the light microscope. The heterocysts display two 
empty spaces at the two terminals after the treatment with sonicating. 
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1.2 Production of hydrogen in cyanobacteria 
 
Most of cyanobacteria can fix nitrogen into ammonia. The reduction of N2 to NH3 is 
accompanied by the reduction of protons to hydrogen, which is a ATP-dependent 
process (Fay, 1992). The overall reaction can be shown as (Tamagnini et al., 2002):  
 

  

 
Molecular hydrogen is a by-product of the nitrogen-fixation which is catalyzed by 
nitrogenase (Holmqvist et al., 2009; Rees et al., 2000). Only 75% of electrons are 
transferred to the reduction of nitrogen, and the rest 25% of electrons are involved in 
the production of molecular hydrogen which is a waste product of nitrogen-fixation. 
However, the molecular hydrogen can be recaptured by a hydrogen-oxidizing system, 
which is performed by uptake-hydrogenase (Margheri et al., 1991). 
 
1.3 Uptake-Hydrogenase in Nostoc puntiforme  
 
Nitrogenase and uptake-hydrogenase are two enzymes which are directly involved in 
production and consumption of H2 (Tamagnini et al., 2002). The Uptake-hydrogenase 
shows sufficient uptake-capacity to re-capture all of the H2 released during the process 
of nitrogen-fixation (Margheri et al., 1991). 
 
1.3.1 The structure of uptake-hydrogenase 
 
The uptake-hydrogenase has never been isolated from cynobacteria. However, it is 
homologous to other hydrogenase isolated form prokaryotes. The uptake-hydrogenase 
possesses two ensured subunits in different sizes, including HupS and HupL 
(Lindberg et al., 2000). HupS is the small subunit (35kDa) involved in electron 
transfer. HupL is the large subunit (60kDa) including the active site (Tamagnini et al., 
2007). Since HupS and HupL are soluble proteins (Tamagnini et al., 2007) and a 
number of physiological and biochemical evidences show that uptake-hydrogenase 
has the property of a membrane-bound enzyme (Houchins et al., 1981; Lindblad et al., 
1990), a domain HupC is hypothesized. The putative HupC is realized that it should 
play a role in anchoring the HupSL heterodimer to membrane (Tamagnini et al., 
2007). 
 
1.3.2 The role of uptake-hydrogenase  
 
So far, Uptake-hydrogenase has been found in all of nitrogen-fixing strain which have 
investigated in cyanobacteria (Schmitz et al., 2002; Tamagnini et al., 2002). The main 
role of uptake-hydrogenase in cyanobacteria is of re-captureing the molecular 
hydrogen produced by nitrogen-fixing processes by nitrogenase and to re-utilizing the 
electrons from H2 (Tamagnini et al., 2007). Three benefits of this re-cycle system 
have been mentioned. Firstly, it releases ATP when the oxyhydrogen catalyzed by 
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uptake-hydrogenase, these parts of ATP can be re-used to minimize the loss of energy. 
Secondly, the process removes the oxygen and keeps it away from nitrogenase, which 
protects the nitrogenase. Finally, it provides electrons for various cell functions 
(Tamagnini et al., 2007). 
 
1.3.3 The localization of uptake-hydrogenase 
 
The localization of uptake-dydrogenase in sub-cellular compartments of 
cyanobacteria has not been identified so far. The suggestion of the localization is that 
uptake-hydrogenases probably locate at the side of cytoplasmic membrane or the 
thylakoids membrane (Eisbrenner et al., 1978; Tamagnini et al., 2002; Vignais et al., 
2001). Some techniques including Western blots and laser scanning confocol 
microscope have been applied to detect the locating of uptake-hydrogenase in 
sub-cellular compartments of cyanobacteria (Camsund et al., 2011). 
 
1.4 The application of the HupS-GFP-fusion strains 
 
The HupS-GFP-fusion strains of ATCC 29133 (SHG) have been examined in earier 
article (Camsund et al., 2011). The localization of HupS-GFP is specific to 
heterocysts. The mature heterocysts can be found by fluorescence under laser 
scanning confocal microscopy. The size of HupS-linker-GFP should be 62.5 KDa 
proved as follow (Fig 4). The strains in this current article is the same one (SHG) but 
GFP-specific-antibodies were utilized to detect the localization of HupS-linker-GFP. 
 

 
 

Figure 4. The gfp-modified hup-operon construct on the pSUN119 (Argueta et al., 2004)Shuttle 
vector (the pSHG plasmid) and its expression in Nostoc punctiforme ATCC 29133 (the SHG 
culture) (Camsund et al., 2011). (a) After expression, the HupS-linker-GFP can be separated with 
HupL because of the function of hairpin. (b) This gel shows the expected size of HupS-linker-GFP 
(62.5 KDa) in II. 
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1.5 Aim of the study 
 
Although the function of uptake-hydrogenase is known to be connected with the 
activity of nitrogenase, the localization of it in sub-cellular compartments is still 
debated. In order to accomplish a thorough study to the uptake-hydrogenase in 
cyanobacteria, several diverse aspects of it should be understood including its 
localization. In this current study, the fractionation method for heterocysts was used to 
separate the cells into several parts and immuno-blotting techniques were applied 
mainly into identify the location in which part the uptake-hydrogenase is located.  
 
2. Materials and Methods 
 
2.1 Strains, culture conditions and samples 
 
The SHG strain that is a GFP-fusion (Stensjo et al., 2011) strain mutated from one 
type of cyanobacteria named Nostoc punciforme ATCC 29133. SHG was cultivated in 
BG110 medium [BG11 (Stanier et al., 1971) without sodium nitrate] buffered with 
5mM MOPS constant bubbling with carbon dioxide enriched air and continuously 
stirred by magnets. The temperature of the growth room was controlled at 26℃ and 
the room was kept in continuous light. The cyanobacteria was pre-cultured in 400ml 
BG11 with antibiotics (0.01mM Neomycin) for 4-5 days, and then transferred to the 
batch cultures. The batch was grown for another 4-6 days in BG110 with 5mM MOPS 
before the cells were harvested. The change in the media induces nitrogen starvation, 
which makes some of the vegetative cells differentiate into heterocysts. From the total 
volume of the batch-culture 4×1.5 liter, heterocysts were isolated (see below) and 
from the heterocysts thylakoids membranes were purified. 
 
2.2 Isolation of heterocysts from the filaments of Nostoc.p 
 
The protocol for isolation of heterocysts is modified according to the methods from 
the original article (Cardona et al., 2009), with two different degrees of the isolation 
methods which can be distinguished with using sonication or without sonication. Due 
to the sonication way is an acute isolation method which can digest the terminal 
structure of heterocysts as well as vegetative cells (Fay et al., 1971), probably it can 
affect the yield of uptake-hydrogenase. This problem also will be discussed in the 
result part. The key buffer is called incubation buffer (0.4 M sucrose, 50mM 
HEPES/NaOH, 10 mM NaCl, 10 Mm EDTA, pH 7.2). It was combined with 
lysozyme (about 1.5mg/ml) to incubate harvest cells for 1 hour at 37℃ before 
sonication. It also was utilized to degrade the fraction from vegetative cells and a 
small part of heterocysts to get the purpose of isolation and purification of 
heterocysts. 
 
 
 



 9 

2.3 Purification of thylakoids membranes from heterocysts 
 
The protocol for purification of thylakoids membranes from hetrocysts is also 
dependent the same article (Cardona et al., 2009), modified with the different the 
pressure of N2 as 150 bars. The machine used is also the same one mentioned in the 
article, which is a Parr cell disruption vessel-model 4639. Disruption buffer (0.8 M 
sucrose, 5mM CaCl2, 5mM MgCl2, 10mM MES/NaOH, 1mM PMSF, pH 6.35) was 
used to promote the disruption of cells in the disruption bomb.Thylakoid washing 
buffer (0.8 M sucrose, 20mM Cacl2, 20Mm MgCl2, 10mM Mes/NaOH, pH 6.35) used 
in experiments in order to wash the thylakoid membrane pellets out. PMSF must be 
dissolved in 1ml of DMSO and add to the buffer before experiment. This step needs 
to centrifuge the third tube at 48000 rpm for 1 hour at 4℃, be noticed with keeping 
balance. 
 
The final available sample to which the whole heterocystes were separated includes 
four parts,   total heterocysts (broken cells), cell wall fraction, thylakoids membranes, 
soluble fraction from cytoplasm, separately (Fig.5). The whole harvest process and 
the purification of thylakoids membranes were performed necessarily at 4℃ in dim 
green light. All the samples must be storaged at -80℃. 
 

 
Figure 5. Sythematics of the process for purification of thylakoids membranes. Broken cells are 
the total heterocysts after the disruption in bomb; the pressure should rise to 150 bar per time. In 
the second tube, the cell walls pellet is the sample called cell walls fraction above. The thylakoids 
membrane is the pellets at the bottom in the third tube. Soluble fraction is the supernatant of the 
third tube. 
 
2.4 The measurement of protein concentration 
 
Before loading samples by gels, the measurement of protein concentration is a 
necessary step to help consider the dilution times of samples. The measurement used 
1ml coomassie protein assay reagent (Thermo) mixed with 20µl bovine serum 
albumin (BSA). BSA with four different concentration, 0.2µg/µL, 0.3µg/µL, 0.6µg/µL, 
0.9µg/µL, was measured in three replicates in order to construct a standard curve. If 
the concentration of samples is over 1µg/µL, the samples should be diluted and be 
measured again. Every sample should be measured in triplicate.  
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2.5 SDS-page 
 
SDS-page was applied for separating proteins. Different concentration of acrylamid 
gels was used (12% or 12.5%). The 12.5% separation gel and 5% stacking gel led to 
satisfactory separation in the experiments. The recipe is shown as follow (Table 1). 
The sample loading buffer was used as table 2. 
 
Electrophoresis was performed at room temperature (24℃) by voltage at maxims 
200V and by electrical current at 40mA per gel for one and a half hour. Boil the 
samples at 95℃ for five minutes, which denatures the samples more and help them 
running well. All of the samples loaded on the gel had the same concentration. 
 
Table 1. The substances for making two small 12.5% acrylamid gels 
 

Compounds 12.5% Separation gel 5% Stacking gel 
dH2O 3.05ml 3.385ml 

1.5M Tris-Hcl pH 8.8 2.5ml - 
0.5M Tris-Hcl pH 6.8 - 0.7ml 

30% akrylamid (37.5:1) 4.170ml 0.830ml 
20% (W/V)SDS 50μl 25μl 
5%(W/V)APS 50μl 50μl 

TEMED 10μl 10μl 
Total volume 10μl 5μl 

 
Table 2. The substances for sample loading buffer (5×loading buffer for total volume 
5ml) 
 

Compounds Volume/ Weight 
dH2O 2.1ml 

0.5 M Tris, pH 6.8 0.625ml 
87% Glycerol 1ml 

20%SDS 4.170ml 
Beta-mercaptoethanol 0.5ml 

Bropophenol blue 2.55mg 
 
2.6 Western blots 
 
The Western blots procedure was by the similar steps described in the article 
(Bjerrum et al., 2001). After transfering separated protein from gels to Hybond ECL 
nitrocellulose membranes, the GFP anti-body [Anti-GFP, rabbit IgG fraction 
(Invitrogen)], the HupS antibody [Anti-HupS, rabbit IgG fraction (Invitrogen)] and 
the HupL [Anti-HupL, rabbit IgG fraction (Invitrogen)] antibody were incubated in 
PBS-tween solution for two hours. They were used 1:5000, 1:1500, 1:1000 dilutions, 
separately. Then, the second antibody [Immun-Star Goat Anti-Rabbit (GAR)–HRP 
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Conjugate (Bio-Rad)] was used to target the three former antibodies, which lasted one 
hour to incubation. Finally, the signal detection was performed by Immun-Star HRP 
Substrate (Bio-Rad) running with ChemiDoc XRS system and chemoluminescence 
Western blotting ECL detection reagents (GE Healthcare, Sweden).  
 
The blocking step need to utilize the 5% milk power with PBS-Tween (0.05%) to 
block the Hybond ECL nitrocellulose membranes for 2 hours. Before first-antibody 
and second-antibody incubation, the membranes have to wash three times by 
PBS-Tween, every time lasts half hour. The solutions were used in experiments 
shown as bellow (Table 3). 
 
Table 3. The solutions involved in Western blots 
 

Name of the solution Components 
Phosphate buffered saline solution 

(PBS),pH7.3 
 
 

Second dimension electrophoresis running 
buffer 

 
Tris/Glycine or Towbin electro-blotting 

transfer buffer 

1.4mM KH2PO4 

8mM Na2HPO4 
140mM NaCl 
2.7 mM KCl 

25mM 
192 mM glycine 

0.1%SDS 
25mM Tris 

192 mM glycine 
10% methanol 

0.1% SDS 
 
2.7 Coomassie stain  
 
After SDS-page, coomassie stain is another method to obtain the different sizes of 
protein. Distinguished with Western blots, all the proteins available in the samples can 
be visualized directly on a gel by coomassie staining. This method was applied as the 
second-check together with Western blots. All of the solution used in experiments 
need to prepare immediately to guarantee their validity. The coomassie stain protocol 
can be found on the website [1]. The used solutions reference the table 4. 
 
Table 4. The solutions used in coomassie stain 
 

Name of the solution Components 
Gel-fixing solution 

 
Gel-washing solution 

 
Stain solution 

50%(v/v)ethanol 
10%(v/v) acetic acid 

50%(v/v)methnol 
10%(v/v) acetic acid 
20%(v/v)methanol 

10%(v/v) acetic acid 
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3. Results 
 
For localization of the HupS-GFP fusion protein, Western blotting was performed 
using extracts from total hetreocysts (TH), cell walls fraction (CF), thylakoids 
membranes (TM) and soluble proteins (SP). In some times of experiments, the CF 
was washed into two parts: insoluble cell walls fraction (ICF) and soluble cell walls 
fraction (SCF). 
 
The total samples from one batch-culture are only enough for Western blots one time, 
because of the collected volume of thylakoids membranes is very small. The 
concentration of proteins in the loading samples for SDS-page was controlled at about 
0.1µg/µl diluted with loading buffer to final concentration that is about 0.08µg/µl. In 
different gels, the loading buffer and acrylamid gels varies little with the 
concentration, which will be mentioned below. It probably led to different results 
performance, which will be discussed in the discussion part. 
 
3.1 The efficacy of three different antibodies 
 
The GFP anti-body [Anti-GFP, rabbit IgG fraction (Invitrogen)], the HupS antibody 
[Anti-HupS, rabbit IgG fraction (Invitrogen)] and the HupL [Anti-HupL, rabbit IgG 
fraction (Invitrogen)] antibody were the three first antibodies applied in Western blots. 
The membranes incubated with GFP anti-body and HupL antibody always showed 
positive results, which reflected the successes of tracing to the target proteins by 
specific antibodies. Unfortunately, the results for the HupS-antibody were not steady, 
only one of five was successful. Most gels incubated with HupS-antibody were totally 
empty or vague.  
 
3.2 The localization of HupS -GFP in sub-cellular compartments of 
cyanobacteria 
 
The membrane of Western blots shown below (Fig.6) was transferred from 12% 
acrylamid gel of SDS-page. The loading samples mixed with 12.5µl 5×loading 
buffer (diluted 5 times in the final mixed samples) was boiled at 95℃ for 5 min. The 
total volume was about 62.5µl; the concentration of sample was diluted with loading 
buffer to 0.08µg/µl. Before laoding, the cell walls fraction (CF) was washed once by 
washing buffer (mentioned in methods), which were separated into two parts, 
insoluble cell walls fraction (ICF) and soluble cell walls fraction (SCF). 
 
Figure 6 shows the Western bolt using GFP specific antibody. On the membranes, the 
five columns and the ladder are visible clearly. In the columns of TH, ICF and SCF, 
unfortunately, the bands of GFP-HupS do not appear. A possible explanation is that it 
was degraded during the loading process for unknown reasons. Even so, the strong 
band in TH and the weak band in SCF between 35kDa and 28kDa show that are some 
amount GFP exsits. Due to that the HupS is a soluble protein (Tamagnini et al., 2002), 
this can explain that the column of ICF doesn’t show any bands. TM and SP, show 
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positive bands between 72kDa and 55kDa, which looks like the correct size for GFP 
-HupS. A correct band for GFP is also shown in SP. Although the size is not at 27kDa, 
the similar result have been shown in the previous article in (Camsund et al., 2011). 
However, because we do not observe some of the expected bands, from this gel we 
can only conclude that the GFP-HupS is found in the cell walls, thylakoids 
membranes and soluble proteins.  
 

 
 

Figure 6. Western blot using GFP-specific antibodies. The expected size of GFP is 27kDa, the 
GFP-linker-HupS is 62.5kDa (Camsund et al., 2011). TH: total heterocysts ICF: insoluble cell 
walls fraction SCF: solubale cell walls fraction TM: thylakoids membranes SP: soluble proteins 
 
Then, a similar experiment was repeated to collect more data of the localization of the 
uptake-hydrogenase under the same conditions, with the only difference being that we 
used 12.5% acrylamid gels. The obtained blots then only showed the GFP-HupS 
locates in TH and CF, but not TM and SP. 
 
Sonication is an acute method for digestion to isolate heterocysts from the filaments. 
This method is also able to digest the terminal structures of heterocysts (Fay et al., 
1971). In order to retain the putative uptake-hydrogenase that may be located in the 
terminal structures, the sample was separated into two parts to harvest. 
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In the first cell sample,heterocyst isolation was performed as previously, using 
sonication. In the second part, sonication was omitted. This treatment should leave all 
heterocyst structures intact. Figure 7 shows a Western blot using the GFP antibodies, 
for the sonicated and non-sonicated samples. 
 
In this experiment, the final concentration of loading buffer is more than 1 time (about 
1.3×loading buffer). The mean of the final concentration of protein in every loading 
sample is about 0.78µg/µl. The final samples were boiled at 95℃ for 5 min. In figure 
7, two groups of the samples shows there are signals bands in SP, TM, CF and TH, 
which display with the correct size (62.5kDa) for GFP-HupS. Another size is seen at 
35kDa probably GFP disconnected from HupS. The sonicated samples and the 
non-sonicated samples show similar results. In SP and TM of non-sonicated samples, 
the loading sample stagnates more at the beginning than that of sonicated samples, 
which will discussed in discussion part. One reason for this is probably that the 
HupS-GFP fusion proteins aggregate in the cells. In the non-sonicated samples, these 
aggregates are not broken to the same extent as in the sonicated samples. Another 
reason is the uptake-hydrogenase is probably a membrane-associated proteins, the 
uptake-hydrogenase of non-sonicated may be stack in membranes. 
 

 
Figure7. Western blots using GFP-specific antibodies. The different two groups of samples were 
loading. One is sonicated samples, the other is non-sonicated samples. TH: total heterocysts CF: 
cell walls fraction TM: thylakoids membranes SP: soluble proteins 
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3.3 The localization of HupL in sub-cellular compartments of cyanobacteria 
 
The blot shown in Figure 8 was incubated by HupL-antibodies. The concentration of 
loading buffer to the final samples for figure 8 is as same as it in figure 6.  In figure 
8, strong signal bands are seen from TH and SCF. The bands have the excepted 
positions between 72kDa and 55kDa. The bands seen at lower MW might be the 
degraded HupL. In TM, there is a weak signal which shows there are a little bit of 
HupL also in thylakoid membranes. From this experiment we can clearly see that the 
HupL protein is assonicated with the cell wall fraction, and that it can be obtained by 
a mild washing step, thereby leaving it in the “soluble cell wall fraction”. 
 

 
 

Figure 8.Western blot using HupL antibody. The excepted size of HupL is 60kDa for HupL. TH: 
total heterocysts ICF: insoluble cell walls fraction SCF: solubale cell walls fraction TM: 
thylakoids membranes SP: soluble proteins 
 
4. Discussion 
 
4.1 The effect of the culture period and different situations 
 
The SHG is sensitive to light. The lights with lampshades are suitable for growth of 
Nostoc punctiforme, which avoids appearance of the clusters of cyanobacteria. The 
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period of culture is better to last 6 days than 4 days, because the concentration of cells 
is a crucial element to the successful experiments. After cultivating 6 days, the 
solution of cells should be appear the color of dark green without any big clusters. 
 
4.2 The effect of the different loading situation for samples 
 
In the SDS-page gel in Figure 7, the concentration of loading buffer is bigger than that 
in figure 6 and 8. However, it shows more positive and clear result, even if there are 
some samples that were been loaded. It probably infer that the GFP-linker-HupS can 
be denatured better in denser concentration of loading buffer, because there are more 
SDS and beta-mercaptoethanol to improve the denature of uptake-hydrogenase. Under 
the same conditions, the membrane of HupL appears weak bands or empty, which 
shows the probability of that HupL is easier degraded than HupS.  
 
The temperature is another important element for denaturing proteins to improve 
loading samples, that why another group of samples boiled at 95℃ for 5min or 
10min. However, the results show totally same. 
 
4.3 The effect of the antibody for Western blots 
 
The antibodies should be kept in refrigerator. Even so, they are easily contaminated. If 
utilizing the bad antibodies, it would lead to unsuccessful Western blots directly. 
Before incubation of antibody, the step of surveying the quality of antibody is 
necessary. The simple method is to smell antibodies, the contaminated one is smelly. 
So, once finding the bad antibodies, a fresh change has to do. 
 
5 Conclusions 
 
In the beginning of this project we hoped that the SHG strain where the HupS-GFP 
protein is expressed could be used to localize the uptake hydrogenase. However, from 
our results in that strain it seems like an amount of GFP, or HupS-GFP, expressed in 
the heterocysts is not specifically localized. The localization of uptake-hydrogenase 
can be related to the cell wall and the thylakoids membrane, although HupS and HupL 
are soluble proteins. However, the amount of uptake-hydrogenase from the cell wall 
should be more than that from thylakoids membranes. The signals from blots using 
HupL antibodies are always obviously weaker in TM compared with the signals from 
the HupS-GFP construct. This is partly due to the over-expression of the HupS-GFP 
fusion protein in this mutant strain.  
 
When we refrained from sonicating the cells, the thylakoid membrane and soluble 
protein fractions contained large amounts of protein that could not enter the SDS-gel 
(Figure 7, right). After sonication, more protein gave a positive signal in the total cell 
extract (Figure 7, left).This indicates that the GFP-constructs form insoluble 
aggregates in the cells. On the other hand, the HupL antibody was used on the native 
protein in a wild type strain. It showed positive signals in the soluble part of the cell 
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wall fraction. This part is where future efforts should be directed to isolate the uptake 
hydrogenase. 
 
In order to obtain more believed data, the culture of Nostoc punctiforme should be 
controlled and more experiments should be repeated in the future. 
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