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Abstract 

Bacteria have been found to be numerous in the atmosphere (1*10
4
 cells/m

3
) where they can induce 

ice nucleation and impact cloud formation and atmospheric chemistry. They have been shown to be 

metabolically active, oxidizing compounds such as methane. Besides methane, methanol is also 

relatively abundant in the atmosphere with concentration ranging from 1-10 ppbv over land. Thus 

methanol could in a similar fashion to methane serve as a carbon substrate for bacteria. 

Methylobacterium is a gram-negative α-proteo bacteria belonging to the polyphyletic group 

Methylotrophs and is capable of using methanol as sole carbon and energy source. 

Methylobacterium have been shown to relatively abundant in clouds and thus could maybe have an 

impact on the global methanol budget. To be able to infer anything about Methylobacterium’s 

impact on atmospheric methanol it is necessary to investigate its activity in an environment with 

methanol as sole carbon and energy source. In order to investigate the activity of Methylobacterium 

on methanol, cultures of Methylobacterium was grown on a minimal medium containing 0.5% 

methanol as sole carbon and energy source. Growth was monitored by measuring the optical density 

(OD) of the medium while simultaneously extracting samples for gene expression analysis, cell 

count and measurements of methanol concentrations using high pressure liquid chromatography 

(HPLC). The gene expression of MDH was measured at three time points during growth, once in 

the stationary phase (T1), the mid exponential phase (T4) and the stationary/death phase (T7). The 

expression was used as a proxy for activity and inferred by measuring the expression of the large 

subunit of MDH (mxaF), using RT-qPCR. The RT-qPCR findings were compared to a growth 

curve combined with the cell count to calculate the number of mRNA’s per cell. I found that the lag 

phase and exponential phase had similar concentrations of 0.1 and 0.08 copies/cell respectively, 

while the stationary/death phase had only 0.02 copies/cell. The methanol measurements on the 

HPLC did not reveal any correlation between methanol concentrations and gene expression. These 

findings suggest that Methylobacterium is expressing the MDH protein in response to the methanol 

medium and not as a housekeeping gene. 
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Resume 

Bakterier er blevet påvist at være talrige i atmosfæren (1*10
4
 celler/m

3
),

 
hvor de kan inducere 

isdannelse, skydannelse og influere den atmosfæriske kemi. De er ligeledes blevet påvist at være 

aktive og oxidere stoffer som metan. Foruden metan er metanol relativ hyppig forekommende i 

atmosfæren med koncentrationer mellem 1-10 ppbv over land. Metanol kunne således fungere som 

karbon- og energikilde for bakterier i atmosfæren i stil med metan. En sådan bakterie kunne være 

Methylobacterium, som er en gram-negativ α-proteo bakterie tilhørende den polyfyletiske gruppe 

metylotrofer. Methylobacterium er i stand til at leve med metanol som eneste karbon- og 

energikilde. Methylobacterium er blevet påvist at være relativ abundant i skyer og kunne derfor 

have en effekt på det globale metanol budget i atmosfæren. For at kunne forbinde 

Methylobacterium til metanoloxidation i atmosfæren er det nødvendigt at undersøge dets aktivitet i 

et miljø med metanol som eneste karbon- og energikilde. For at undersøge denne respons på 

metanol, blev kulturer af Methylobacterium vokset på et minimalt medium med 0,5 % metanol som 

eneste karbonkilde. Væksten blev målt som optisk densitet (OD), mens prøver blev udtaget til 

analyser af genekspression, celle tælling og målinger af metanolkoncentrationer via high pressure 

liquid chromatography (HPLC). Genekspressionen blev målt på tre tidspunkter i vækstforløbet: i 

lagfasen (T1), den eksponentielle vækstfase (T4) og den stationærefase/dødsfasen (T7). 

Ekspressionen blev brugt som en proxy for aktiviteten, og blev udledt ved at måle ekspressionen af 

den store underenhed af MDH (mxaF) ved brug af RT-qPCR. RT-qPCR resultaterne blev 

sammenholdt med vækstkurven kombineret med celle tællingen. Mine resultater viste, at der i 

lagfasen og den eksponentielle vækstfase var næsten samme koncentration på 0,1 og 0,08 

copier/cell, mens der i den stationærefase kun var 0,02 kopier/celle. HPLC målingerne viste ingen 

sammenhæng mellem metanolkoncentrationerne og bakteriernes antal eller aktivitet. Disse 

resultater tyder på, at ekspressionen af MDH bliver induceret af metanol og at denne derfor ikke 

bliver kontinuerligt udtrykt som et husholdningsgen. 
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1. Introduction 

In this section of the report I present some of the background leading up to my Master thesis. I 

briefly describe the abundance of bacteria in the atmosphere and their impact on atmospheric 

chemistry. Next I describe the abundance and distribution of methanol in the atmosphere followed 

by a brief introduction to the ecology and abundance of methylotrophs in the atmosphere. Next I 

introduce the concepts behind gene expression and give a short description of some the most 

commonly used methods to investigate the expression. Lastly I explain my aim with this master 

thesis listing my hypothesis and giving a short description of which methods I use to investigate 

them. 

1.1 Bacteria in the atmosphere 

Bacteria abundance in the atmosphere has been shown to be numerous and the highest abundance 

over land was found to be at least 1*10
4
 cells/m

3 
(Bauer et al., 2002).  However, measurements 

made over the Caribbean and the Atlantic Ocean suggested that concentrations here were lower than 

over land by a factor of 100-1000 (Griffin et al., 2006; Prospero et al., 2005).  

Bacteria in the atmosphere originate from all surfaces such as plant leaves, soil and rock and are 

being lifted up into the atmosphere by wind where they can remain for several days before being 

deposited by precipitation as rain, hail or through direct deposition to surfaces (Jones and Harrison, 

2004).  

Studies have suggested that microorganisms in the atmosphere are active and could have an impact 

on cloud and air chemistry (Amato et al., 2005; Ariya et al., 2002; Deguillaume et al., 2008). 

Furthermore, studies have shown that microorganisms could have an impact on cloud formation 

(Bauer et al., 2003) and act as ice nucleation inducers, which was first described by Maki et al. 

(1974).  

The two main organic carbon sources in the atmosphere are methane and methanol with methane 

being most abundant. Studies  have shown that methanotrophic bacteria have a considerable impact 

on the global atmospheric methane budget by limiting the amount of methane released from 

sediments to the atmosphere and by consuming atmospheric methane (Oremland and Culbertson, 

1992). Although the study by Oremland and Culbertson (1992) was not performed on bacteria in the 

atmosphere, it shows the potential for microorganisms to affect chemical species in the atmosphere. 

1.2 Methanol in the atmosphere 

Methanol is the second most abundant organic carbon source in the lower troposphere next to 

methane with methanol concentrations of 1-10 ppbv in the continental boundary layer and around 
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0.1-1 ppbv in the outer troposphere (Heikes et al., 2002; Jacob et al., 2005; Singh et al., 1995). It 

originates mainly from plants who contribute >80% of the total atmospheric methanol (Heikes et 

al., 2002). Once in the atmosphere methanol can react with OH• to form formaldehyde and HO2• 

and these in term participate in the formation of tropospheric ozone (Macdonald and Fall, 1993).  

1.3 Ecology and abundance of methylotrophs in the atmosphere 

Methylotrophs are a polyphyletic group of microorganisms capable of utilizing C1 compounds such 

as methane and methanol as electron donor and carbon source(Green, 2006). They are widespread 

in both terrestrial and aquatic environments. Methylotrophs use the ribulose monophosphate-

pathway or the serine pathway as carbon assimilation pathway(Green, 2006).  

Santl-Temkiv et al. (2013) investigated the distribution of bacterial species in storm clouds by 

cultivating bacteria populations from hail collected during hailstorms. The cultivable bacterial 

distribution was skewed towards the bacterial groups γ-Proteobacteria, Sphingobacteriales and 

Methylobacterium. One of the most abundant bacteria found was Methylobacterium, which is able 

to grow on methanol as sole carbon and energy source (Vuilleumier et al., 2009). Methylobacterium 

is capable of oxidizing methanol into formaldehyde using the enzyme methanol dehydrogenase 

(MDH) the formaldehyde is then processed through the serine pathway for biomass incorporation. 

Methylobacterium can also oxidize methanol into CO2 for energy (Green, 2006). Methylobacterium 

is an α-proteo bacteria first described by Patt et al. (1976) and it is a methane-oxidizing, pink 

pigmented, gram-negative bacteria commonly associated with plant surfaces (Dourado et al., 2012; 

Knief et al., 2010; Madhaiyan et al., 2012; Raja et al., 2008).  

1.4 Theory behind gene expression 

To investigate the activity of an organism such as Methylobacterium and its potential impact on 

atmospheric methanol, it is necessary to understand the mechanism behind methanol oxidation. To 

be able to oxidize methanol, Methylobacterium needs the protein MDH (Green, 2006). MDH 

consists of a number of smaller subunits, one of them being the large subunit mxaF (Amaratunga et 

al., 1997). Thus, measuring the expression of mxaF reveals insights into the activity of the 

Methylobacterium when grown with methanol as sole carbon and energy source. To determine this 

activity it is important to understand the mechanisms behind gene-expression. 

The kinetics scheme of gene expression is illustrated in Figure 1. First, the gene is transcribed into 

mRNA, which is then translated further into protein. 
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Figure 1: The kinetics scheme of gene expression where k1 is the transcription rate of mRNA, g1 the degradation rate of mRNA, k2 

the translation rate of mRNA and g2 the degradation rate of protein. 

K1 and k2 are the transcription rate and the translation rate, respectively and g1 and g2 are the 

degradation rates of mRNA and the protein, respectively. The transcription rate (k1) of the gene, the 

translation rate (k2) of mRNA and the different degradation rates (g1 and g2) are controlled by a 

multitude of mechanisms and enzymes. The transcription rate can be controlled by the amount of 

enzyme present either by repression or induction. Repression is when the end product (the protein) 

represses the transcription of new mRNA in the presence of sufficient amounts of protein, while 

induction is when the enzyme is only being transcribed if the substrate, which the enzyme degrades, 

is present(Madigan et al., 2012). The substances that repress or induce transcription are called co-

repressors and inducers. When co-repressorers are present in sufficient amounts it will block the 

transcription while an inducer will initiate transcription (Madigan et al., 2012). In addition, an 

activator protein can help induce the transcription by binding to an activator-binding site and 

thereby allow the RNA polymerase to bind to the promoter and start transcription (Madigan et al., 

2012).  

The degradation rate (g1) of mRNA is usually very quick with half lives ranging from a few 

seconds to a few minutes (Regnier and Arraiano, 2000; Taniguchi et al., 2010).The degradation is 

mediated by both endo- and exo-nucleases as well as degradosomes which are multi-complex 

enzymes (Py et al., 1996; Regnier and Arraiano, 2000).  

The translation rate (k2) can be repressed in much the same way as transcription by riboswitches. A 

riboswitch is mRNA that binds a certain metabolite at the 5´ end creating a loop that prevents 

translation of the mRNA (Madigan et al., 2012).  

The degradation rate of protein (g2) is usually much slower than for mRNA ranging from minutes 

to hours (Koch and Levy, 1955; Taniguchi et al., 2010). As a result of these differences in 

degradation rates and translation/transcription rates the relationship between mRNA and protein is 

stochastic (Elowitz et al., 2002; Paulsson, 2004). 
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1.5 Methods applied to the investigation of gene expression 

Genes encoding enzymes linked to bacteria from various functional groups have been used as 

markers for these groups. Methods such as microarrays, stable isotope probing, reporter genes and 

quantitative polymerase chain reaction (qPCR) have been developed to detect and measure 

expression of these genes (Cho and Tiedje, 2002; Jaluria et al., 2007; Saleh-Lakha et al., 2005; 

VanGuilder et al., 2008).  

1.5.1 Miccroarrays 

The Microarray method consists of a multi-well plate. Each well contains small fragments of cDNA 

called probes. These probes are complementary to the target gene and they will bind to it if present. 

The mRNA from a sample is transcribed to cDNA and labeled with a dye. When the target cDNA 

binds to the probe, the dye emits fluorescence, which can be measured and the intensity and color of 

the florescence reveals how much of the target cDNA is binding and how well it binds. This method 

is good for analyzing several different genes in a population but is not well suited for single gene 

expression studies (Cho and Tiedje, 2002; Jaluria et al., 2007) 

1.5.2 Stable isotope probing 

Stable isotope probing (SIB) involves the labeling of a substrate known to be metabolized by the 

bacteria under investigation. The heavier isotopes will accumulate in the organism and a rate of 

uptake can be calculated. This method was demonstrated on Methylobacterium by Radajewski et al. 

(2000) using 
13

C labeled methanol. However SIB requires long incubation periods to enable the 

organism to take up the substrate and the results can therefore not be reliably used to infer gene 

expression at a given time point (Saleh-Lakha et al., 2005). 

1.5.3 Reporter genes 

Reporter genes are gene encoding fluorescent proteins that can be cloned into an organism and 

thereby coupled to the gene under investigation. When the gene is transcribed, the reporter gene is 

being transcribed as well and the following fluorescence can be measured and quantified. This 

method requires cloning and growth on selective medium, which makes it difficult to use on natural 

samples (Saleh-Lakha et al., 2005). 

1.5.4 RT-qPCR (qPCR) 

The last method is reverse transcriptase qPCR (RT-qPCR) which is a highly sensitive method for 

detecting small amounts of mRNA in samples. RT-qPCR and PCR in general was enabled by the 

discovery of thermo stable Taq polymerase, which made it possible to amplify DNA from various 

environmental samples at high temperatures (Madigan et al., 2012). The RT-qPCR is based on 
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normal PCR with the addition of a fluorescent dye to the PCR mixture. The fluorescent dye binds to 

DNA product and the resulting fluorescence can be measured and quantified by comparing to a 

standard curve constructed using known concentrations of the target gene (VanGuilder et al., 2008). 

This method has previously been used to investigate the expression of the genes encoding the MDH 

protein including the subunit mxaF (Zhang and Lidstrom, 2003).  

2. Objectives and hypotheses 

The relative high concentrations of methanol in the atmosphere presented in section 1.2 could 

possibly serve as a growth substrate for an organism like Methylobacterium. Given the abundance 

of Methylobacterium in the atmosphere presented in section 1.3, it might be possible that they could 

have an impact on the global methanol budget similar to how methanotrophic bacteria impact the 

global methane budget (Oremland and Culbertson, 1992). The aim of this master thesis is to 

investigate the response of Methylobacterium to methanol by developing and verifying a method to 

investigate the gene expression of the mxaF gene in Methylobacterium grown on a methanol 

medium as a proxy for activity. 

To conduct and outline the study I made the following hypothesis:  

  The expression of the mxaF gene would be induced in Methylobacterium grown on 

methanol medium. 

 The gene expression would increase during the exponential growth phase and begin to 

decline in the stationary phase. 

These hypotheses will be tested using RT-qPCR to investigate the expression of the mxaF gene in 

combination with High Pressure Liquid Chromatography (HPLC) to measure the methanol 

concentrations during the growth experiments. 
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3. Materials and methods 

This section of the report elaborately describes the methods used in this Master thesis. Furthermore, 

it entails a description of the organism under investigation (Methylobacterium) and the various 

materials used during the experiments. 

3.1 Bacterial strains 

The study organism Methylobacterium is a Gram negative bacteria belonging to the α-

Proteobacteria. Methylobacterium is normally associated with plants, but is also found in soil and in 

the sea (Dourado et al. 2012). Methylobacterium has the ability to oxidize single carbon compounds 

such methanol by using the serine pathway (Green, 2006). 

Two strains of Methylobacterium were used in this study, H5.115 and H9.96. The study organisms 

were collected from forty two hailstones collected after a thunderstorm over Ljubljana, Slovenia in 

the late afternoon of May 25th, 2009.  As described by Santl-Temkiv et al. (2013). The two strains 

were chosen because they were representatives of the two most abundant Methylobacterium OTUs 

in the storm cloud.  

3.2 Growth conditions  

The bacteria were kept by weekly re-streaking on new R2A plates and grown at room temperature. 

A new sterile disposable inoculation loop was used for each transfer while creating an upward air 

current by having a Bunsen burner running. This prevented air born bacteria to settle on the plates. 

Both strains were tested for growth on liquid R2A medium and a defined methanol medium 

containing 1.62 g/l of NH4Cl, 0.2 g/l MgSO4, 2.9 g/l K2HPO4•3H2O, 1.1 g/l NaH2PO4•H2O, 0.2 g/l 

CaCl2, 1 ml Trace Metal solution (10 ml HCL (25 %; 7.7 M), 1.5 g FeCl2*4H2O, 70 mg ZnCl2, 100 

mg MnCl2*4H2O, 6 mg H3BO3, 190 mg CoCl2*6H2O, 2 mg CuCl2*2H2O, 24 mg NiCl2*6H2O, 36 

mg Na2MoO4*2H2O, 990 ml dH2O), 1 ml Vitamin mix (40 mg 4-Aminobenzoeacid, 10 mg 

D(+)Biotin, 100 mg Nikotinacid, 50 mg Ca(+)Pantothenat, 150 mg Pyridoxin hydrochloride, 30 mg 

Folat, 1.42 g Sodiumhydrogenphosphate (10 mM), 1 L dH20), 1 ml Thiaminchloride solution (100 

mg Thiaminchlorid, 3.9 g Sodiumdihydrogenphosphate (10 mM), 1 L dH2O), 1 ml B12 vitamin 

solution (50 mg Cyancobalamin (B12), 1L dH20) and 5 ml Methanol as sole carbon source.  

All media and stock solutions were sterilized by autoclaving. The methanol medium was made by 

first autoclaving NH4Cl and the buffer, K2HPO4•3H2O and NaH2PO4•H2O, mixed in 500 ml MilliQ 

water. Simultaneously stock solutions of MgSO4 (40 g/l) and CaCl2 (40 g/L) were autoclaved 

separately to avoid precipitation of divalent cations.  



 
12 

 

The Stock solutions of MgSO4 and CaCl2 were then added through a 0.22 µm sterile filter to the 500 

ml water containing the buffer solution and NH4Cl. Vitamins and trace metals were likewise added 

through a 0.22 µm sterile filter. Methanol was added with a disposable serological pipette. The 

whole medium was then finally filtered through a 0.22 µm sterile filter into a 500 ml bottle for 

further use. This very thorough sterilization was due to contamination problems in the early stages 

of the growth experiments. 

A sample of the finished medium was taken out and pH was measured on a pH Meter 28. The pH 

could be adjusted to around pH 7 using hydrochloric acid. However this did not prove necessary.  

Initially, both strains were grown in 16 ml Hungate tubes containing 10 ml medium, with 6 ml head 

space, at room temperature in a small rack. This was later changed to 8 ml medium and 8 ml head 

space. The strains were finally added to especially constructed 250 ml Erlenmeyer flask with a test 

tube attached on the side. This was to avoid oxygen limitation while still allowing Optical Density 

(OD) to be measured on a Novaspec II. 

3.2.1 The theoretical oxygen limitation 

Theoretical oxygen limitation was calculated by estimating 20% oxygen and 25°C. Assuming all 

the methanol would be oxidized the moles of oxygen needed for this was calculated by looking at 

the stoichiometry of the reaction. 

                    

The moles of oxygen present in 8 ml head space was calculated using equation 1. 

      
   

   
 

Were p is the pressure, V the volume, R the gas constant and T the temperature. 

3.3 Growth curve 

40 ml of medium were added to an Erlenmeyer flask in a Holten LaminAir clean cabinet to 

minimize contamination. The flasks were inoculated with Methylobacterium from R2A plates using 

a sterile disposable inoculation loop. The cell material was gently scraped from one of the R2A 

plates (being careful not to get R2A medium onto to loop). During this procedure, a Bunsen burner 

was used to create updraft to avoid any unwanted bacteria to get into the medium. The Erlenmeyer 
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flasks containing medium and bacteria were incubated at 21°C on a KS 501 digital shaker table at 

100 rpm to ensure a good gas-exchange between the headspace and the medium. 

OD was measured on a Novaspec II at 600 nm to be able to construct a growth curve while 

simultaneously taking out samples for both analyses of methanol on HPLC and for DNA/RNA 

extraction. The samples for DNA/RNA extraction were frozen using liquid nitrogen and stored at -

80°C, while the samples for methanol were put directly into a -20°C freezer. 

During the exponential growth phase samples were taken out to perform cell counts. Using a 

Petroff-Hauser counting chamber 10 squares were counted for each sample and an average cell 

number was calculated. Each square had a volume of 0.00025 mm
3
. This gave a rough estimate of 

the number of cells in a sample and was used to approximate the number of cells at a given OD on 

the growth curve. 

After each growth curve experiment was finished a sample was taken out and plated onto 3 R2A 

plates to check for contamination. The samples were taken out by a sterile disposable syringe and a 

drop was added to a plate and spread out with a sterile inoculation spreader. 

3.4 Detection of mxaF gene by PCR 

Polymerase Chain Reaction (PCR) is a method used to amplify a targeted segment of DNA. First a 

PCR master mix is prepared in a sterile Eppendorf tube. The master mix is then divided into PCR 

tubes and the template DNA is added. The DNA is separated into single strands during the 

denaturation step by heating followed by annealing step were the primers in the PCR mixture bind 

to the now single stranded DNA.  The temperature is increased and a polymerase then makes a copy 

of the DNA extending it from the primer. This cycle is then repeated and for each cycle the amount 

of DNA is doubled. 

To be able to detect the gene responsible for methanol oxidation, Methanol Dehydrogenase (MDH) 

specific primers for the large subunit mxaF, mxa f1003 (GCGGCACCAACTGGGGCTGGT) and 

mxa r1561 (GGGCAGCATGAAGGGCTCCC) (McDonald and Murrell, 1997) were used. They 

were tested on both strains on PCR to see if the gene was present. The reaction was carried out in a 

Veriti 96 Well Thermal cycler with 30 cycles of 95°C for 30 sec, 55°C for 30 sec, and 72°C for 39 

sec and a final extension at 72°C for 10 min. The PCR master mix was prepared in a sterile 1.5 ml 

Eppendorf tube adding 9 µl dH2O, 1.5 µl BSA, 0.5 µl of each primer and 12.5 µl Taq Master Mix 

RED containing 75 mM Tris-HCL, 20 mM (NH4)2SO4, 2 mM MgCl2 0,1% Tween 20®, 0.2 mM 
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dNTP and 0.025 units/µl Taq DNA polymerase. The master mix was divided into PCR tubes in 

aliquots of 24 µl and 1 µl of DNA extract was added. The PCR products were checked on a 1.5 % 

(wt/vol) agarose gel for size and purity. The gel was run for 30 min at 120 V and stained for 30 min 

in a SYBR Gold bath to visualize DNA under UV exposure. 

3.4.1 Gradient PCR 

Subsequently, a gradient PCR was ran on both strains to check for the optimal annealing 

temperature. The temperatures used were 50°C, 52.5°C, 55°C, 57.5°C and 60°C. The same PCR 

setup as described above was used the only difference being the temperature. The products were 

checked on a 1.5 % (wt/vol) agarose gel for size and purity to estimate which temperature had been 

most effective. 

3.4.2 DNA extraction for PCR analysis 

DNA from the cultures was extracted using Fast DNA SPIN Kit for Soil
TM

.
 
This kit effectively 

extracts DNA without using harmful compounds such as phenol of chloroform.  First 0.5 ml of the 

culture was added to the provided Lysing Matrix E tube. 978 µl of Sodium Phosphate Buffer and 

122 µl of MT buffer were added and the tubes put in Tissue Lyser LT instrument for 30 seconds. 

The MT buffer enables complete sample homogenization and protein solubilisation. The tubes were 

then centrifuged for 30 seconds at 14000xg and the supernatant was transferred to clean tube. 250 

µl of PSS reagent was added and mixed by hand shaking this helps co-extracted proteins 

precipitate. The tubes were centrifuged a second time at 14000x g for 5 minutes and the supernatant 

transferred to a clean 15 ml tube. 1 ml of the Binding matrix solution was added and the tubes were 

inverted a couple of times allowing the DNA to bind to the matrix. The tubes were then left in a 

rack for 3 minutes allowing the matrix to settle. 500 µl of the supernatant was discarded taking care 

not to disturb the settled binding matrix. 600 µl of the remaining mixtures was then transferred to a 

SPIN
TM

 filter and centrifuged for 1 minute at 14000x g. The flow through was discarded and any 

remaining sample was added and spun down a second time. 500 µl of SEWS-M wash solution was 

added and centrifuged for 1 minute at 14000x g. The flow through was discarded, the catch tube 

replaced and the SPIN
TM 

filter was centrifuged again for 2 minutes at 14000x g to dry the matrix. 

The SPIN
TM

 filter was placed in a new catch tube provided in the kit and air dried for 5 minutes. 

Finally 50 µl of DES (DNase/Pyrogen Free Water) was added and the matrix gently stirred with the 

pipette. After centrifugation for 1 minute at 14000x g the eluted DNA had been transferred to the 

catch tube ready for analysis. 
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3.5 RNA extraction 

Two different RNA extraction methods were tested for the qPCR analysis. Mobio RNA Powersoil® 

Total RNA Isolation Kit and an extraction protocol developed by Mark Lever which simultaneously 

extracts DNA and RNA (Lever, in prep. 2014). Both protocols are designed for extraction from soil 

samples so small adjustments to the protocols were necessary. Both extraction methods use a 

combination of chemical and mechanical lysis to maximize the efficiency. 

For the extraction with RNA PowerSoil® Total RNA Isolation Kit 0.5 ml of sample was used. The 

samples were taken from the -80°C freezer and thawed on ice. The 0.5 ml of sample was added to 

the provided 15 ml bead tube together with 2.5 ml of the bead solution, 0.25 ml of SR1 Solution, 

0.8 ml of SR2 solution and 3.5 ml phenol:chloroform:isoamyl alcohol. The bead solution is a buffer 

solution that helps disperse the cells in the sample, SR1 is cell lysis solution containing SDS that 

helps break down fatty acids an lipids while SR2 is a precipitation solution that removes non-DNA 

organic and inorganic materials. Phenol:chloroform:isoamyl alcohol maximizes lysine efficiency 

and yield. The tube was placed on a vortexer for 15 minutes, which was followed by a 

centrifugation step for 10 minutes at 2500x g. The upper aqueous phase was transferred to a clean 

15 ml tube and 1.5 ml of SR3 solution was added. Solution SR3 is second precipitation solution 

further remove protein and cell debris. The tube was vortexed briefly and incubated at 4°C for 10 

minutes. After another centrifugation at 2500x g for 10 minutes the supernatant was transferred to a 

new 15 ml tube taking care not to disturb the pellet. 5 ml of SR4 solution was added and mixed with 

the sample by vortexing prior to 30 minutes incubation at room temperature. The tubes were then 

centrifuged for 30 minutes at 2500x g, the supernatant was discarded and the nucleic acids were 

dried by inverting the tubes on a paper towel for 5 minutes. SR4 is 100% isopropanol which 

precipitates nucleic acids. The pellet was then resuspended in 1 ml of SR 5 solution and transferred 

to a RNA Capture Column, which was placed in a 15 ml collection tube. The RNA Capture Column 

was previously prepared by adding 2 ml of solution SR5 and allowing it to gravity flow through the 

column. The sample was then allowed to flow through the column and washed with 1 ml of SR5 

solution. SR5 is a proprietary salt solution it resuspends nucleic acids precipitated with SR4 and 

equilibrates the RNA capture column. Now the RNA Capture Column was put in a new 15 ml 

collection tube and added 1 ml of solution SR6 which was allowed to gravity flow through. SR6 is 

also a proprietary salt solution that allows for the preferential release of RNA from the column. The 

eluded RNA was transferred to a 2.2 ml Collection Tube, added 1 ml of Solution SR4 and incubated 

for 10 minutes at -20°C. The 2.2 ml collection tubes were then centrifuged for 15 minutes at 13000x 
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g, the supernatant removed and the pellet left to dry by inverting the tubes for 10 minutes on a paper 

towel. Finally the pellet was resuspended in 100 µl of the SR7 solution. The SR7 solution is simply 

RNase/DNase free water used for the resuspension of the extracted RNA. The sample was now 

ready for further analysis. 

The other extraction method that I tested was developed by Mark Lever and simultaneously extracts 

DNA and RNA (Lever, in prep. 2014). This protocol was designed for nucleic acid extraction from 

marine sediments so small changes compared to the original protocol were made. First, a cell lysis 

solution was prepared by mixing 30 mM Tris-HCL, 30 mM EDTA with 1% Triton X-100 and 800 

mM guanidium hydrochloride. The pH was adjusted to 10.0 by 5M NaOH. A 10X TE buffer was 

made by mixing 300 mM Tris-HCL with 100 mM EDTA. The cell lysis solution and the 10X TE 

buffer were autoclaved twice. 

For each extraction 0.5 ml of the sample were put in an 15 ml Falcon tube and 0.1 ml of 10 mM 

dNTP solution was added. This saturates surfaces with dNTP’s decreasing the adsorption of DNA 

to these surfaces.  0.5 ml of lysis solution was added to the tube and exposed to a freeze-thaw cycle 

(incubation at -80°C for 40 minutes followed by an incubation step at 50°C on a thermoshaker 

running at 600 rpm for 1 hour). The lysis solution chemically lyses the cells while simultaneously 

denaturing proteins. 1 volume of 24:1 chloroform:isoamyl alcohol was added to the supernatant, 

mixed by vortexing for 10 seconds and centrifuged for 10 min at 10000x g at 4°C on a Heraeus 

Multifuge X3R. Chloroform:isoamyl alcohol removes residual proteins, lipids and detergents. The 

supernatant was transferred to a new 15 ml falcon tube and the wash was repeated once. Then 0.1 

volumes of 5M NaCl were added along with LPA to a final concentration of 20 µg/ml. This was 

mixed by inverting and spun down. 1.5 volume of isopropanol was then added. The samples were 

incubated at -20°C freezer over night. NaCl precipitates the DNA in the presence of >60% ethanol 

by binding to its backbone, LPA helps to increases precipitation and pellet formation. The next day 

the samples were centrifuged for 30 minutes at 4°C at 10000x g. The supernatant was removed and 

the pellet washed with 1 ml 70% ethanol and centrifuged for 5 min at 14000x g. The supernatant 

was removed and the pellet dried in a pre-heated SpeedVac set to 50°C for 5-7 minutes to evaporate 

the PCR inhibitor ethanol. The pellet was then resuspended in 100 µl molecular grade water and 

divided into two 1.5 ml Eppendorf tubes with 50 µl in each. 

Both samples were cleaned up using Norgen CleanAll DNA/RNA Clean-up and Concentration 

Micro Kit. 
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The DNA was cleaned by first adding 50 µl molecular grade water to the extract for a total volume 

of 100 µl. The 500 µl binding solution was added and the mixture was added to one of the provided 

columns assembled with a collection tube. The column was centrifuged for 1 minute at 14000x g, 

the flow through was discarded and 500 µl of wash solution was added. This was followed by 

centrifugation for 2 minutes at 14000x g, the flow through was discarded and the remaining wash 

solution was removed by another centrifugation step for 1 minute at 14000x g. The column was 

assembled with a 1.7 ml elution tube and 50 µl of elution solution was added the column was 

centrifuged for 2 minutes at 200x g and 1 minute at 14000x g. The DNA was stored at -20°C before 

quantified by qPCR. 

The RNA was cleaned by likewise adding molecular grade water to the sample up to a total volume 

of 100 µl. 250 µl of binding solution were added to the sample and mixed by vortexing. 200 µl of 

95-100% ethanol was mixed with the sample and then the mixture was introduced into the column 

assembled with a collection tube and centrifuged for 1 minute at 14000x g. The flow through was 

discarded, 500 µl of wash solution was added and the tube was centrifuged for 1 minute at 14000x 

g. The wash step was repeated the second time and the wash solution was removed by 

centrifugation for 2 minutes. The column was placed in a fresh 1.7 ml elution tube and 50 µl elution 

buffer added. The columns were centrifuged first for 2 minutes at 200x g followed by 1 minute at 

14000x g.  

The eluded RNA was treated with ambion TURBO DNA-free
TM

 Kit to remove any co-extracted 

DNA. This was only done on half of the sample though so it would be possible to compare the 

DNA content in treated and untreated samples and evaluate the efficiency of DNase. First 0.1 

volumes 10x TURBO DNase BUFFER and 1 µl TURBO DNase was added to each sample and 

gently mixed. They were incubated on an Eppendorf Thermomixer comfort for 30 minutes at 37°C. 

After the incubation 0.1 volume DNase inactivation reagent was added and mixed well. The 

mixture was incubated for 10 minutes at room temperature and centrifuged for 1.5 minutes at 

10000x g. The Cleaned RNA samples were stored at -20°C for analysis within 24 h or at -80°C for 

long-term storage. 

The reverse transcription of the RNA samples was done using an Omniscript® Reverse 

Transcription Kit. The RNA samples were thawed on ice. 12 µl RNA sample was added to a master 

mix containing 2 µl 10x Buffer RT, 2 µl dNTP (5mM of each dNTP), 2 µl Oligo dT primers (10 

µM), 1 µl RNase inhibitor (10 units/µl) and 1 µl Omniscript Reverse Transcriptase. Initially random 
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hexamers were used as primers, which was later changed to using mxa r1561 for more specific 

transcription. The mixture was incubated for 1 hour at 37°C on an Eppendorf Thermomixer 

comfort. The cDNA was now used for qPCR analysis right away or stored at -20°C for later use.  

This combination of treatments yielded three different sample types to run on the qPCR: 1) DNase 

treated RNA, 2) DNA and 3) cDNA all from the same time points. Although samples were 

collected throughout the growth curve, 3 time points were chosen for the qPCR analysis: one in the 

lag phase (T1), one in the exponential growth phase (T4) and one in the stationary phase (T7). 

Including DNase treated RNA made it possible to check if the signal from cDNA samples was due 

to RNA and not from co-extracted DNA. 

3.6 Construction of qPCR standards 

A series of standards with known concentrations were prepared for performing the qPCR analysis. 

This was done by preparing plasmids containing targeted section of the mxaF gene. First, four 

replicates of each strain were grown on R2A plates and their DNA was extracted with Fast DNA 

SPIN Kit for Soil
TM

. 

The mxaF genes were amplified from all samples by PCR using the specific primers mxa f1003 and 

mxa r1561. The PCR mixture was made in the same way as described previously and the PCR 

reaction was carried out in a Veriti 96 Well Thermal cycler with 30 cycles of 95°C for 30 sec, 55°C 

for 30 sec, and 72°C for 39 sec and a final extension at 72°C for 10 min. The PCR products were 

checked for size and purity on a 1.5% (wt/vol) agarose gel.  

The amplified mxaF gene was inserted into a pGEM-T vector and cloned into E. coli, strain JM 

109. The clones were then grown on agar plates containing ampicilin and X-gal to check if the 

clone had received plasmids containing the insert.  

First, the DNA was ligated with the pGEM-T vector by mixing 5 µl 2x Rapid Ligation Buffer, 1 µl 

pGEM®-T vector (50 ng/µl), 3 µl DNA extract and 1 µl T4 DNA Ligase (3 U/µl). The mixture was 

incubated at room temperature for 30 min. and stored overnight at 4°C. Next step was the 

transformation of the plasmid into competent E. coli cells. 2 µl of the ligation reaction was pipetted 

into a 1.5 ml tube and stored on ice. 50 µl of competent cell solution was added to the tube and 

mixed gently followed by 2 minutes on ice. The mixture was then heat shocked for 45-50 s in a 

42°C water bath and put back on ice for 2 minutes. Finally 950 µl SOC medium was added and the 

cells were incubated at 37°C for 1.5 hours. 
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After incubation 80 and 150 µl of cell suspension from each tube was put onto two agar plates 

containing ampicillin, IPTG and X-Gal and spread with a sterile Drigalski spatula. The plates were 

incubated overnight at 37°C. 

The Agar plates were made using an LB medium containing 10 g/l Tryptone, 5 g/l Yeast extract and 

5 g/l NaCL. The LB medium was added 100 µg/ml ampicillin, 0.5 mM IPTG and 80 µg/ml X-Gal. 

The pGEM®-T vector contains a gene for ampicillin resistance and the lacZ gene. The E. coli 

themselves are not resistant to ampicillin so only the ones successfully cloned with the pGEM®-T 

vector will be able to grow on the agar plates. Furthermore, the lacZ gene should be interrupted by 

the inserted DNA sequence if successfully ligated and thus prevent the breakdown of X-Gal. E. Coli 

containing a pGEM®-T vector containing an insert should therefore appear white one of the plates, 

and the E. Coli cloned with a pGEM®-T vector without a DNA insert should appear blue due to the 

breakdown of X-Gal by the lacZ gene producing a blue dye. 

Samples from all clones that formed white colonies were sent to Macrogen for sequencing. 

Macrogen uses the Sanger sequencing method to determine the nucleotide sequence of a given 

sample. A nucleotide blast search was preformed with the sequences using the online database 

Blast® to check if the amplified DNA corresponded to the mxaF subunit (National Center for 

Biotechnology Information, 2014). Blast® compares the entered sequence to at vast database of 

sequences and gives a % value of similarity making it possible to identify unknown sequences or to 

confirm the presence of a given sequence as in this case. A Protein blast was likewise preformed to 

check the similarity of the encoded protein since small differences in nucleotide sequence could still 

yield the exact same protein. 

The DNA was extracted from the clones using Fast DNA SPIN Kit for Soil
TM

 as described 

previously and amplified by PCR using the same setup as already described. The PCR product was 

checked on a 1.5% (wt/vol) gel for size and purity.  

The DNA concentrations were checked using Qubit
TM

 High sensitivity (HS) assay. Qubit
TM

 uses a 

fluorescent probe to bind to DNA comparing it to two standards with known concentrations. The 

assay makes it possible to measure DNA concentration in a given sample, as the amount of light 

released is proportional to the amount of DNA present.  The samples are measured on a Qubit® 2.0 

Fluorometer. 200 µl of Qubit
TM

 working solution was prepared for each sample by mixing 1 µl of 

Qubit
TM

 dsDNA HS reagent with 199 µl Qubit
TM

 dsDNA buffer. 5 µl of sample was then mixed 

http://blast.st-va.ncbi.nlm.nih.gov/Blast.cgi
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with 195 µl Qubit
TM

 working solution in 0.5 ml Qubit
TM

 assay tubes. Besides the two samples with 

known concentration that are normally used for Qubit
TM

 quantifications to make a standard curve, a 

100 bp ladder was used to verify the reliability of the standard curve. 

Out of the 4 clones carrying the right insert one was chosen for the standard (H5-2). The plasmid 

concentration was checked on Qubit
TM

. 25 µl aliquots of the standard were made after diluting the 

extracted plasmid sample 50-times in dH2O. After several test runs the DNA concentration of the 

standards were checked again on Qubit
TM

. 

The copy number pr. µl was calculated first using the original measurements of the plasmid 

concentrations. This was done using equation 2). 

  
                                

                    
    

The Later measurement was taken on the already 50 diluted samples and therefore calculated by 

using equation 3). 

  
                                

                    
 

 

3.7 Quantification of mRNA and DNA by qPCR 

Quantitative polymerase chain reaction (qPCR) is a quantitative method for determining the amount 

DNA or in this case the amount of mRNA in a given sample. I achieved this by using SYBR green, 

a fluorescent dye, which binds to double stranded DNA. SYBR green makes the sample light up 

proportionally to the amount of double stranded DNA present. This is measured by the qPCR 

machine after each amplification sample. Comparing the fluorescence of a sample to a standard 

curve with known concentrations it is possible to quantify the amount of double stranded DNA in 

the sample.  

The qPCR was performed on a Stratagene Mx3005P machine. Following an initial denaturation 

step at 95°C for 10 min, all PCR amplifications were performed using 40 cycles of 95°C for 30 s, 

55°C for 30 s and 72°C for 30 s. Fluorescence readings were taken at 87°C to avoid the interference 

of primers dimers. A melt curve analysis was performed following every run to confirm product 

specificity. The products were checked for size and purity on a 1.5% (wt/vol) agarose gel. 
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The gene copy number per cell was calculated. This was done using the linear regression equation 

obtained by plotting the cell count number against the OD measurements. Using a given OD value 

as x in this equation yielded a concentration of cells in number/µl at that particular OD.  This 

number was then compared to the copy number given by the qPCR giving a copy number/cell. To 

account for the dilutions and up-concentrations of RNA extract during the extraction procedure the 

final copy number/ cell was divided with the dilution factor 3(se Appendix for calculations). 

The qPCR was first used on samples from one of the first growth curves using the two different 

extraction methods described previously. This was done in order to establish, which extraction is 

most effective. 

After deciding on an extraction method the qPCR was used on a number of samples from the last 

successful growth curve. In the process the standard concentration were checked again to make sure 

it did not change.  

Initially the plan was to run triplicates of each strain through the qPCR analysis but due to time 

constraints only one qPCR run was successfully made using samples from growth curve H9-2. 

Following the qPCR the RNA and samples were measured on Qubit
TM 

using the high sensitivity 

(HS) RNA assay to further verify the extraction.  

3.8 Methanol measurements on HPLC 

The methanol content in the medium was measured using a Liquid chromatography (HPLC). These 

measurements were made from samples taken at the same time points as the samples for the qPCR 

analysis to be able to compare them. The HPLC uses high pressure to make the sample mixed with 

a solvent pass through a column of adsorbent material. Each component in the sample will react 

differently with the adsorbents in the column and therefore exhibit different flow rates. This enables 

a detector to measure the different components. When compared to a standard curve of known 

concentration quantification is possible. A standard curve  was made using 99% methanol diluted 

into standards of the following concentrations, 10 mM, 20 mM, 50 mM, 70 mM, 100 mM, 150 mM 

and 200 mM. Using a UHPLC Ultimate 3000 HPLC the flow was set to 0.6 ml/min with a column 

temperature of 65°C and a solvent of 0.005 M H2SO4. The column used was the HPX-87H from 

Bio-Rad. All 7 samples from the H9-2 growth curve were measured on the HPLC and compared to 

the growth. 
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4. Results 

4.1 Growth experiments and growth curves 

The pH of the methanol medium was measured each time a new batch was made. No adjustment 

was necessary as the pH was around 6.7-6.9.  

The first test runs showed only very little to no growth in the Hungate tubes kept at room 

temperature. The setup was changed to the Erlenmeyer flasks. When incubated at 21°C on a Shaker 

in the Erlenmeyer flasks visible growth appeared after 3-5 days, giving the medium a pink colour, 

which was due to carotenoids produced in cells.  

Oxygen is used to oxidize methanol in the ratio of 2:3 as shown in the reaction: 

                    

In 8 ml of medium with a methanol content of 0.98 mmol, 1.47 mmol of oxygen is required for the 

total oxidation of methanol. To find out how much oxygen was available to the bacteria in the 

Hungate tubes equation 1) was used. 

1)  
   

   
 

             

      
 

   
       

 
    

 

            
    

       
   

     
      

                         

The growth curves measured using the Erlenmeyer flasks, are shown in Figures 2, 3 and 4. 
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Figure 2: OD measurements from three replicates of strain H9.96 (denoted H9-1, H9-2 and H9-3) growing on methanol medium. 

Arrows indicate sampling time points and T1, T4 and T7 annotates the sample points used in the RT-qPCR analysis. 

From the growth curve a doubling time estimate for each replicate was calculated using an 

exponential function fitted to the part of the growth curve where the bacteria were growing 

exponentially. For Strain H9.96 this yielded a doubling time between 14 and 19 hours as shown in 

table 1. 

Tabel 1: shows the calculated doubling times of the three growth curves of strains H9.96. 

Strain Doubling time 

H9-1 14,75 hours 

H9-2 18,53 hours 

H9-3 15,44 hours 
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Figure 3: OD Measurements from three replicates of strain H5.115 growing on methanol medium. Arrows indicate sampling time 

points. 

Strain H5.115 however did not exhibit a clear exponential growth phase (Figure 3) and hence no 

meaningful doubling time could be calculated. The peak optical density measured for strain H9.96 

was 0.262 and 0.611 for Strain H5.115.  

The growth curve on R2A medium looked very different from the growth curves on methanol 

medium as shown in Figure 4. 

 

Figure 4: OD measurements for all replicates of both strain H5.115 and strain H9.96 growing on R2A medium. Arrows indicate 

sampling time points. 
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Both strains grew faster on the R2A medium with doubling times ranging from 7-10 hours as 

shown in table 2. 

Table 2: show the calculated doubling times of all strains grown on R2A. 

Strain Doubling time 

H9-1 9,59 hours 

H9-2 6,99 hours 

H9-3 7,41 hours 

H5-1 7,27 hours 

H5-2 7,18 hours 

H5-3 7.41 hours 

 

Strain H9.96 reached a higher peak optical density of around 0.5 when grown on R2A medium but 

the strain H5.115 only reached an OD of 0.545, slightly less than on Methanol medium. 

The cell numbers as a function of OD are shown in Figure 5. A linear regression model was used to 

describe the relationship (equation 4). 

                        . 

In some cases the cells were clumped together making it difficult to make an accurate cell count. 

Furthermore, in some cases they seemed to adhere to the cover glass of the Petroff-Hauser counting 

chamber like a bio film making the distribution very uneven. Samples were briefly vortexed before 

the cell count to avoid too much clumping. 
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Figure 5: The number of cells pr µl as a function of OD. To the right the linear regression model for the relationship is shown.  

4.2 Identification of mxaF by PCR  

The first PCR run with the specific primers mxa f1003 and mxa r1561 showed band around 500-

600 BP corresponding with the length of the amplified section of the mxaF gene of 557 bp (figure 

6). 

 

Figure 6: Agarose gel from the first PCR run. The gel shows clear bands in all samples at around 500 bp (marked with an arrow). 
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4.2.1 PCR gradient 

The gradient PCR showed a good amplification across the whole temperature range although no 

amplification occurred at 52.5°C and only a band in one of the wells at 55°C. Based on the 

literature and the little to no difference between the temperatures a temperature of 55°C was chosen 

for the RT-qPCR.  

4.3 qPCR Standards 

Four white colonies were chosen for plasmid extraction and sequencing. The DNA extracts 

measured on Qubit showed DNA concentrations of 106-228 ng/µl (Table 3). 

Macrogen sequences revealed a 95-97% match with mxaF gene for Methylobacterium, as shown in 

Table 3, for three of the samples.  

Table 3: The results of Blast search with different plasmid sequences. The % similarity with known sequences of the mxaF gene, the 

protein translation similarity and the query cover for both the mxaF gene and Protein are shown. 

 

Forward Reverse 

Strain H5-2 H5-3 

diluted 

H9-3 

diluted 

H9-4 H5-2 H5-3 

diluted 

H9-3 

diluted 

H9-4 

Similarity with mxaf subunit 95% 96% 97% 97 95% 96% 97% 97% 

Query cover 99% 99% 99% 99% 99% 99% 99% 99% 

Protein translation similarity 99% 99% 99% 99% 99% 99% 99% 99% 

Query cover 99% 99% 99% 99% 99% 99% 99% 99% 

Plasmid concentration ng/µl 132  180 228 106     

 

Primer matched well to both the sequence of strain H9.96 and strain H5.115 showing a mismatch of 

only 1-2 bp (Figure 7-8). 
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Figure 2: The sequence of the plasmid containing the mxaF insert from strain H9.96 aligned with the primers. There were two 

mismatches for primer mxa f1003 and no mismatches for primer mxa r1561. 

 

Figure 3: The sequence of the plasmid containing the mxaF insert from strain H5.115 aligned with the primers. There were three 

mismatches for primer mxa f1003 and no mismatches for primer mxa r1561. 

 

Qubit
TM

 measured the original concentration of the standard to be 132 ng/µl and the plasmid size 

with insert was 3557 bp. Using equation 2) this gives: 

   
                                

                    
      

         
  

  
     

           
     =6.77*10

8
 copies/µl 

Later the plasmid stock solutions were measured giving a concentration of 0.98 ng/µl. Using 

equation 3) this gives: 

  
                                

                    
 

                     

           
           copies/µl 
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Using the created standards I obtained standards curves with an R
2
 of 0.998 and an efficiency of 

94.6% (Figure 9). 

 

Figure 9: Shows a standard curve obtained using the created standards. The R2 is 0.998 and the efficiency is 94.6%. 

 

4.4 Tests for RNA extraction efficiency 

The RT-qPCR/qPCR run on the two different DNA/RNA extraction protocols showed that only the 

in-house protocol (Lever, in prep. 2014) had successfully extracted DNA and RNA from the 

samples (Figure 10) 
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Figure 10: Amplification plots for both RNA extraction methods tested. The red and the blue curves are the cDNA samples for the in-

house extraction protocol (Lever et al., in prep.), which shows some cDNA present. None of the other samples showed any cDNA 

present. 

 

The Threshold (ct) values in table 4 shows that the in-house protocol was more efficient as all the ct 

values are around 19 compared to the samples extracted with the Mobio kit, where no amplification 

took place. Only two out of the nine cDNA samples extracted with the Mobio kit has a ct value and 

it is higher than the ct value for the samples extracted with the in-house protocol and therefore less 

efficient. Ct values for all the samples are displayed in table 4. 
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Table 4: shows the ct values for all the samples in the qPCR with the two different RNA extractions. It shows ct values within the 

standard curves for all replicates of samples using Marks extraction protocol while only two of the samples using The Mobio 

extraction kit show a ct value. 

Sample ID Ct 

cDNA T3 Mark 19.31 

cDNA T3 Mark 19.1 

cDNA T3 Mark 19.14 

cDNA T6 Mark 19.62 

cDNA T6 Mark 19.32 

cDNA T6 Mark 19.22 

cDNA T3 Mobio 21.09 

cDNA T3 Mobio 21.17 

cDNA T3 Mobio No Ct 

cDNA T6 Mobio No Ct 

cDNA T6 Mobio No Ct 

cDNA T6 Mobio No Ct 

Standard 1 5.57 

Standard 2 8.9 

Standard 3 12.35 

Standard 4 15.38 

Standard 5 17.99 

Standard 6 21.2 

 

 

The DNA extracts that were co-extracted with the in-house protocol were also analyzed with qPCR 

and showed ct values within the standard curve as shown in table 5. 

Table 5: shows the ct values measured on qPCR for the DNA samples extracted using the in-house protocol.  

Sample Ct 

DNA T3 Mark 23.68 

DNA T6 Mark 22.84 

S1 9.67 

S2 11.94 

S3 15.91 

S4 18.2 

S5 21.42 

S6 24.22 

S7 25.45 

S8 25.77 
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The contamination check on agar plates revealed that the samples used were contaminated. The 

contaminant was present in much lower densities than Methylobacterium forming only a few 

colonies on the plates covered by growing Methylbacterium.  

The gel showed vague bands in the two cDNA samples at around 500 bp from the in-house 

extraction protocol(Lever, in prep. 2014). The remaining samples didn’t show any bands on the gel.  

The results from the amplification plots and the gel are further backed by the dissociation curve. 

This shows the two cDNA samples from the in-house protocol coming up in the same area as the 

standard curves (Figure 11). 

 

Figure 11: The dissociation curves from all samples in the RNA extraction test run. 

 

4.5 Simultaneous RT-qPCR on mRNA extracts and qPCR on DNA extracts 

The RT-qPCR showed only very little cDNA. DNA samples and DNase treated RNA samples 

likewise showed only very little to no DNA present. All values were below the last standard or in 

between to last two standards (Table 6).  
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Table 6: Ct values for all samples in the qPCR run on extracts collected during different growth phases of H9.96. It also shows the 

calculated gene copy number pr µl.  It shows that only the concentration of cDNA T1, cDNA T4 and DNA T7 fell within the 

concentrations covered by the standard curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mRNA copy number for each cDNA sample was calculated using equation 4) obtained from 

the cell counts figure 5. 

 

Well Name Ct 

(dR) 

Quantity 

(copies) 

Corrected for 

dilution 

cDNA T1 21.92 6.88E+03 2.29E+03 

cDNA T4 21.18 1.13E+04 3.77E+03 

cDNA T7 22.36 5.13E+03 1.71E+03 

cDNA K 22.09 6.15E+03  2.05E+03 

DNase T1 26.17 3.93E+02 1.31E+02 

DNase T4 26.66 2.83E+02 9.44E+01 

DNase T7 26.85 2.48E+02 8.27E+01 

DNase K 26.56 3.02E+02 1.01E+02 

DNA T1 24.5 1.21E+03 4.03E+02 

DNA T4 24.05 1.64E+03 5.47E+02 

DNA T7 22.69 4.10E+03 1.37E+03 

DNA K 25.89 4.73E+02 1.58E+02 

Negativ control 25.63 5.67E+02 2.29E+03 

S 10^6 6.6 2.51E+08  

S 10^5 9.32 2.51E+07  

S 10^4 13.17 2.51E+06  

S 10^3 16.78 2.51E+05  

S 10^2 20.06 2.51E+04  

S 10^1 23.34 2.51E+03  
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Table 7: Shows the cell number/ml and the calculated mRNA copies/cell at each of the three different time points. 

Sample Cells/mL mRNA copies/cell 

T1 2.3*1E7 0.1 

 

T4 4.5*1E7 0.08 

 

T7 7.5*1E7 0.02 

 

 

The Agarose gel showed no bands in the DNA samples and in the DNase treated RNA samples. It 

did however show clear bands around 500bp in the cDNA samples (Figure 12). 

 

Figure 12: The gel run on the qPCR product. It shows clear band around 500 bp in the three wells containing the cDNA samples but 

no bands in either DNA or DNase treated RNA samples. 

RNA measured on the samples used for the qPCR using Qubit
TM

 was below the detection limit. 
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4.6 Measured methanol concentrations by HPLC 

The HPLC showed no significant drop in the methanol concentration in the first 6 samples. 

Correlated with the growth curve it is clear to see that there is no significant decrease in methanol 

concentration during the exponential growth phase but at approximately 20-30% decrease in the last 

sample (Figure 13). The 20-30% is estimated on the basis of 122 mM as starting concentration and 

122-94.687 = 22.39%. 

 

Figure 13: Methanol concentrations together with the cell number per ml of the culture H9-2 as a function of time. 
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5. Discussion 

This section entails discussions concerning different factor that could have influenced the measured 

growth, possible errors in regards to the RT-qPCR and the RNA extraction as well as an elaborate 

discussion about a variety of factors that could influence the gene expression. Furthermore, I 

discuss possible ways of estimating different measures for activity such as transcription rates of 

Methylobacterium given the result presented in section 4. I also included a short discussion 

concerning the inconsistencies with the methanol measurements and finally some concluding 

remarks summing up what I have found and its possible implications. 

5.1 Growth on methanol 

The growth experiments in this study clearly showed that both strain H5.115 and Strain H9.96 were 

able to grow on methanol as sole carbon and energy source. Another study done on 

Methylobacterium  by Sy et al. (2001) showed doubling times of around 9 hours when grown on a 

minimal medium similar to the one used here with 0.5% methanol at 37°C. I calculated the doubling 

time for strain H9.96 to be between 16-18 hours when grown at 21°C. The increased doubling time 

fits well with what would be expected. When lowering the temperature by 10 degrees the metabolic 

rates are approximately halved according to the Q10 factor. Difference in strains and experimental 

setup could easily account for the remaining difference in doubling time.  

Growth of the strain H9.96 followed an exponential function though the peak OD may be higher 

than 0.261 as one data point is missing (section 4.1, Figure 2). For this experiment the peak OD is, 

however, not important since only one time point from each of the growth phases was used for RT-

qPCR and the stationary growth phase has been followed. If OD measurements had been made at 

larger intervals a better looking growth curve could probably have been constructed and a more 

realistic peak OD measurement would have been revealed. 

In contrast to strain H9.96 strain H5.115 exhibited almost linear growth (section 4.1, Figure 3). This 

is likely a result of growth under suboptimal conditions. Methylobacterium could be changing 

growth substrate from e.g. residual R2A medium, which could have been accidentally transferred 

with the bacterium. Other growth factors such as suboptimal pH or temperature conditions could 

also account for this type of growth but since it was only observed once during numerous growth 

experiments under the exact same conditions this is likely not the case.  
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The linear growth exhibited by strain H5.115 was not looked into further as it was not an integral 

part of this master thesis and thus quantifications of mxaF mRNA with RT-qPCR was only done on 

samples from strain H9.96. 

Growth on R2A medium was faster than growth on methanol medium with a doubling time of 

around 7-10 hours when grown at 21 °C. R2A grown cultures were studied to examine whether the 

MDH gene was continuously expressed and not as a result of methanol induction. During the early 

stages of the project R2A samples were run simultaneously with methanol samples but due to 

problems with constructing a standard curve and very low concentrations of mRNA in general I 

later focused on the methanol samples. None of the RT-qPCR runs on R2A medium was 

quantifiable as the standard curves were very poor and thus are not included in this report.  

During the early stages of the experiment the growth conditions were changed from 16 ml Hungate 

tubes to the 250 ml Erlenmeyer flasks with a test tube attached to the side. As illustrated by the 

calculations in section 4.1 the bacteria were severely oxygen limited, which was the reason for 

switching to containers with a larger headspace. They were simultaneously changed from growing 

at room temperature to growing at 21°C. This likely slowed down the growth of Methylobacterium 

and thereby could also have affected the rate of gene expression. The temperature itself is also 

known to affect the gene expression (Gu et al. 2010). Gu et al. (2010) found that prokaryotes 

growing at low sub-optimal growth temperatures had less stable mRNA than if grown at higher 

more optimal temperatures and since Patt et al. (1976) reported the optimal growth of 

Methylobacterium to be between 25-30°C this would possibly have influenced the stability of the 

mRNA. 

As mentioned in section 4.1 Methylobacterium was in some cases clumping together making it 

difficult to make a viable cell count. This was however solved by extracting a small volume of 

sample and vortexing it briefly to disperse the cells. It should be mentioned that a cell count 

performed using a Petroff-Hauser counting chamber is an estimate, but this should suffice for the 

purpose of this master thesis. 

5.2 Possible sources of error in the RT-qPCR and qPCR experiments 

PCR and qPCR on targeted genes have in previous studies been used to identify and quantify 

functional groups of bacteria, such as methylotrophs in ecological samples. The mxaF gene has 

been amplified using PCR on environmental samples using the same primer set as I used in the 
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study (McDonald and Murrell 1997, Lau et al. (2013)). Nishio et al. (1997) amplified the 16S rRNA 

genes of seven species of the genus Methylobacterium using PCR on genomic DNA. PCR on 

genomic DNA and 16S rRNA is comparatively easy to do as the rRNA is relatively stable in the 

cells compared to mRNA (Nishio et al., 1997). These investigations however only determined the 

presence and abundance if methylotrophs but did not reveal anything about their metabolic state as 

determined from the presence of the mxaF mRNA level in the cells.  

5.2.1 RNA extraction 

When the RNA concentrations in the extracts were measured on Qubit
TM

 the concentrations were 

below the level of detection. This suggests that the extraction was inefficient either because of an 

error during the procedure or simply because of the way it was done.  

When extracting RNA it is important to work clean and relatively fast as RNA is very fragile and 

easily degraded due to its single stranded nature. It should therefore be kept in a freezer for storage 

and thawed on ice when needed for analyses. RNases are ever present and pose a risk to the 

extracted RNA. A study by von Wintzingerode et al. (1997) highlights some of the common pit-

falls when using PCR for rRNA analysis among them the emphasis on RNases rapidly degrading 

the RNA. Prolonged period of heating increases RNAse activity compared to when stored on ice 

and thus should be avoided. During the extraction prolonged periods of heating occurred and this 

might have degraded some of the RNA in the samples though all surfaces and instruments used 

were kept clean with Anti Rnase
TM

 at all times.  

Some crucial steps during the extraction could cause inhibition of the PCR reaction if not performed 

carefully or thoroughly enough e.g. remainders of ethanol, isopropanol or phenol. Loffert, D. et al. 

(1997)  reported that in the presence of 5% ethanol PCR reactions were significantly inhibited and 

Katcher and Schwartz (1994) observed inhibition of the DNA polymerase in the presence of phenol 

compounds. Great care was taken during the extraction procedure so this is unlikely. However, it is 

important to keep in mind as it illustrates the difficulty of the extraction procedure. Although 

ethanol and chloroform themselves can interfere with the PCR reaction they are important 

components in the extraction as they greatly decrease other inhibitory substrates (Wiedbrauk et al., 

1995). 

Another question raised regarding the extraction procedure was whether cells of Methylobacterium 

are difficult to break during nucleic acid extraction. This however does not seem to be the case as 
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several other studies successfully extracted both RNA and DNA using commercially available 

extraction kits (Nishio et al., 1997; Paszczynski et al., 2011; Zhang and Lidstrom, 2003).  

5.3 Dynamics of gene expression 

5.3.1 DNA/mRNA correlation 

Little to no DNA was measured on the qPCR, which further suggests that the extraction was not 

good. According to Mette Damgaard (2014) the relation between mRNA and DNA should 

theoretically be only 1 mRNA each 10
5
 gene copy. Since I got a clear reading in the cDNA samples 

it could point DNA contamination. However, contamination of cDNA samples with DNA was 

checked after every DNase treatment and it confirmed that DNA was removed efficiently. DNA 

contamination was therefore not responsible for the high levels of mRNA that I observed. 

As all samples were processed at the same time, I assume that any analytical error that was 

introduced during the extraction and cleaning procedure was of the same order. Thus, it is possible 

to compare the results obtained for the different samples to each other since the ratios of the 

expression levels should be valid. 

5.3.2 Protein/mRNA correlation 

Although no studies could be found on the quantitative relation between mxaF mRNA and MDH 

protein in Methylobacterium several studies have investigated general mRNA and protein 

abundance correlation in model organisms, such as E. coli. Taniguchi et al. (2010) used a 

combination of FISH staining and RNA sequencing to investigate to the mRNA abundance relative 

to protein abundance and found Pearson’s correlation coefficient of between 0.54-0.71. They 

explain the low correlation with the difference in half-lives of Protein and mRNA. Most mRNA 

have half-lives of only of few minutes compared to protein half-lives that are typically longer than 

the cell cycle. Therefore, mRNA shows a picture of recent expression whereas protein abundance 

shows the accumulated expression history. This argument is strengthened by the low protein 

degradation rates found by  (Mandelstam, 1958) and (Koch and Levy, 1955). In my study I look 

only at the mxaF mRNA concentration and thus only get a picture of the recent gene expression.  

The gene expression is further complicated by the different expression rates characteristic for 

different stages of growth. I found a high relative MXA gene expression with mRNA 

concentrations of 0.1 copies/cell for the lag phase, 0.08 copies/cell in the exponential growth phase 

and 0.07 copies/cell for the stationary phase. Rolfe et al. (2012) showed using Salmonella enterica 

serovar Typhimurium as model organism that during the lag phase transcription was being up-
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regulated to adjust to the new environment. The major physiological processes occurring during lag 

phase, exponential growth phase and stationary phase were very different from each other. They 

show that the transcription rates were higher in both the exponential growth phase and the lag phase 

compared to the stationary phase (Rolfe et al. (2012). Similarly, I found that Methylobacterium had 

a relatively high mRNA concentration the lag phase (T1) and exponential growth (T4) phase and a 

relative low concentration in the stationary phase (T7) suggesting a higher transcription rate in the 

lag and exponential phase. 

Weiner et al. (2003) likewise only found 0.1 copies of mRNA per cell. They suggest a number of 

sources for error such as inefficient cDNA synthesis, calculation of cell number, loss of RNA 

during isolation and the qPCR itself. 

Inefficient cDNA synthesis is not a likely source of error in this study since RNA concentrations 

were very low (measured by Qubit
TM

) and almost no DNA was detected during the qPCR 

experiment. Since cDNA could be detected by qPCR, this suggests that the RT reaction was 

efficient in synthesizing a detectable amount of cDNA. 

5.3.3 mRNA stability 

Besides the efficiency of Reverse transcriptase and possible over or under estimations of cell 

numbers, the difficulties connected to the RNA extraction as described by von Wintzingerode et al. 

(1997) could explain the low concentrations of mRNA observed. Another factor influencing the 

amount of mRNA is the relatively short half-lives of mRNA. Regnier and Arraiano (2000) state that 

the half-life of bulk E. coli mRNA is 2.4 minutes at 37°C. Using a combination of microarrays and 

two step RT-qPCR Bernstein et al. (2004) found similar median half-lives for bulk mRNA in E. coli 

of between 2.1-6 minutes when grown at 30°C. This would suggest that the mxaF mRNA is rapidly 

being translated into protein and then degraded and hence I only observe a very small amount of 

mRNA in any sample at a given time point. Classic text book gene expression is described as being 

controlled by repression of the product in this case MDH (Madigan et al., 2012). This fits well with 

the low protein turnover as the need for new mRNA to be translated into protein would decrease 

with over time. However Maier et al. (2011) found only a moderately correlation between mRNA 

expression patterns and protein abundance in Mycoplasma pneumonia and thus suggest that the 

gene regulation is largely decoupled from the protein dynamics. They also found relatively high 

turnover rates for proteins suggesting that the translation efficiency is more important in regards to 

the protein abundance than protein turnover rates. Thus, an organism such as Methylobacterium 

could uphold a relatively high abundance of the MDH protein with only a low number of mRNA. 
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The mRNA half-lives are determined by the degradation rate. RNA is degraded by both endo- and 

exo-nucleases which can form multi enzyme complexes called degradosomes as described by Py et 

al. (1996). (Hundt et al., 2007) found relative long mRNA half-lives with median degradation rate 

of 10 minutes in the slow growing archea Halobacterium salinarum they proposed that the short 

mRNA half-lives observed for E. coli would be due to the faster growth rates. In principle these 

observations suggest that the rate of growth could influence mRNA stability. Thus, a relatively slow 

growing organism like Methylobacterium with doubling times of 18 hours would have longer 

mRNA half-lives. Steglich et al. (2010), however, observed a median mRNA half-life of 2.4 

minutes for a slow-growing marine cyanobacterium Prochlorococcus with generation times of 

around 24 hours. Their results indicate that there is no correlation between generation times and 

mRNA turnover rates. They argue that the fast mRNA turnover could be an adaptation to be able to 

rapidly adjust to changing environmental factors. 

Others have suggested that the position of genes relative to the transcription initiation site seems 

important for the stability of mRNA(Steglich et al., 2010), Genes positioned further away from the 

transcription initiation site have more stable mRNA transcripts (Steglich et al., 2010). Amaratunga 

et al. (1997) investigated the mxaJ gene in Methylobacterium extourquens thereby revealing the 

composition of the gene cluster containing mxaF: mxaFJGI(S)ACKLD. They showed that the part 

containing MXAFJGI is being transcribed from the mxaF end. Meaning that mxaF is positioned at 

the beginning of the operon. This indicates that mxaF mRNA should be relatively stable. Bernstein 

et al. (2004) suggest that the function of the gene encoded by the transcript is a determinant in 

whether the transcript is degraded by the degradosome and therefore faster. This is further backed 

up by Gu et al. (2010) who investigated the stability of mRNA in relation to its proximity to the 

translation initiation site. They found that mRNA from genes positioned closed to the translation 

initiation site were less stable than mRNA from genes positioned further away. 

5.4 Estimation of activity and gene expression 

Because the RT-qPCR reveals the mRNA concentrations of one time point and thus only provide a 

snapshot of the activity. A couple studies have formulated equations to calculate as well as 

measured the different rates involved in gene expression(Chen and Zhao, 2005; Johnson and 

Quayle, 1964). Given the stochasticity of the relations between DNA, mRNA and protein, it is 

questionable how well these describe what is going on a single cell level. 
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Chen and Zhao (2005) formulated based on the kinetics of gene expression an equations able to 

calculate an estimate of transcription rate over a given time period: 

   
         

       

           
 

Where kp is the transcription rate, g1 is the decay rate of mRNA, m is the mRNA concentration at 

time t, m0 the mRNA concentration at time 0 and Δt the time elapsed. This equation is based on the 

assumption that the transcription is constant during the time period, which may not hold true in 

some cases. Several studies have found sub-populations of bacteria with increased metabolic 

activity in exponentially growing batch cultures. Strovas and Lidstrom (2009) demonstrated using a 

GFP probe that 14-28% of the exponentially growing batch cultures of Methylobacterium 

extorquens AM1 consisted of larger more metabolically active cells. Kalyuzhnaya et al. (2008) had 

in a previous study using the redox dye Redox Sensor Green shown that 15-25% of cells from mid-

exponential phase in batch cultures growing on methanol did not exhibit detectable staining and 

thus had low or no metabolic activity. These results suggest a highly differential metabolic activity 

between cells growing in a clonal population exposed to the same conditions meaning that the more 

active sub-population would increase over time and thus change the transcription rate of the total 

population. Furthermore, a small percentage of cells constitutes for a large amount of the mRNA 

detectable on qPCR. This could suggest that rough estimates of transcription rates such as the one 

described by Chen and Zhao (2005) do not actually estimate the true transcription of the single gene 

but rather a rough median transcription rate of the whole population.  

 

 In order to apply this equation on strain H9.96 in an effort to assess the median transcription rate of 

the population, a number of assumptions are necessary. First, I have to assume that the amount of 

mRNA is rather constant at around 0.08 copies/cell. Next I have to assume a degradation rate. Here 

I use the median half-lives of E.coli described by Bernstein et al. (2004) of 2-6 minutes. This yields 

transcription rates between 0.0096-0.0264 copies*min
-1

*cell. The transcription rate of the Lac Z 

gene and infB gene in E. coli was previously investigated (Vogel and Jensen, 1994). They found a 

transcription time of between 60-85 seconds much faster than the calculated transcription rate in 

this study, which was between 37-104 minutes. Although the transcription rates calculated in this 

study most likely gross underestimation due to inaccurate knowledge of mRNA concentrations and 

degradation rates, the lower transcription rates could also be explained by the slow doubling times 
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of Methylobacterium. Vogel and Jensen (1994) found that the elongation rate for the transcripts 

decreased by 40% when the growth rate decreased by a factor of 4. Since E.coli exhibited doubling 

times of 20-160 minutes which is much faster than doubling times measured for Methylobacterium 

of around 18 hours this could partly explain the huge difference in transcription rates. 

Johnson and Quayle (1964) investigated the oxidation rate of the MDH protein and found a rate of 

0.576 µmol *h
-1

*mg
-1

 protein. Considering the time span between T1 and T4 of approximately 56 

hours and taking the half-lives of protein ranging from minutes to more than a cell cycle, it is 

doubtful that this rate can be used to estimate the amount of protein present at a given time. Further 

analysis of protein content and more detailed measurements of mRNA would have been necessary 

to apply this knowledge to my findings. 

5.5 Problems with measuring methanol concentrations 

The HPLC measurements of methanol concentrations showed a large variation between samples 

and were not sensitive enough to follow the decrease in methanol concentration following the 

increasing abundance of Methylobacterium (section 4.6).  

When plotted with the growth curve (section 4.6) it looks as if Methylobacterium  is not using the 

methanol but since this is the only available carbon source in the medium this is unlikely. To be 

able to explain this, a number of standard curves should have been made and the standard deviation 

calculated. This was not done due to time constraints. Bio-Rad report standard deviations ranging 

from 4.1%-7.6% (BioRad). Assuming these standard deviations are applicable to methanol 

measurements it is not enough to explain the variation in the measurements assuming a starting 

concentration of around 123 mM. The last measurement (T7) shows a drop in methanol 

concentration, which implies that the methanol is being used.  

To investigate the consumption of methanol that was assimilated into biomass some theoretical 

calculation were made. The theoretical consumption of methanol was calculated using a conversion 

factor suggested by (Bratbak and Dundas, 1984) 0.22 g C/cm
3
 and an estimated cell volume of 

1x10
-18

m
3
.  

For the sample T4 with and OD of 0.13 the total number of cells was calculated using equation 4 

from section 4.1. 
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At this point, three samplings had taken place extracting approximately 3 ml of medium each time. 

Therefore, from the original 40 ml only 31 ml would remain. 

       
     

  
                           

Each with a volume of 1x10
-12 

cm
3
. The total bio volume would be: 

                                    

Converted into g carbon: 

    
  

   
                                  

Knowing the stoichiometry of general biomass incorporation using methanol: 

             
                    

This means that 17 mole of methanol are used to produce 6 moles of biomass which is equal to 618 

g biomass. To simplify the calculation, I assume that half of the total biomass is carbon so 309 g 

carbon pr 17 moles of methanol given 0.055 moles methanol required pr one g biomass carbon 

produced. The estimated 0.000308 g biomass carbon in the Erlenmeyer flask would thus have 

required 0.000308*0.055=0.000017 moles of methanol or 0.017 mmol. Assuming a start 

concentration of 122 mM methanol in the medium this would give a total of 0.122 mmol/ml giving 

40ml*0.122mmol/ml=4.88 mmole in total. This would only account for a consumption of 

approximately 0.425 mM, which is well within the theoretical standard deviation 4.1-7.6 % of the 

measurement accuracy and would thus not be detectable given the current analytical settings of the 

HPLC system. 

Given these relatively low concentrations assimilated for biomass incorporation it becomes evident 

that the drop in methanol concentration in the last sample (T7, Section 4.6) is not the result of 

consumption by Methylobacterium but more likely evaporation of methanol. 
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6. Concluding remarks 

The RT-qPCR revealed the highest mRNA concentrations in the lag phase with a small decline in 

the mid exponential phase suggesting an up regulation of the gene expression. This could suggest 

that the expression was induced by the methanol medium and that it is not being constitutively 

expressed as a housekeeping gene. 

Furthermore the RT-qPCR results suggest the expression of mxaF in Methylobacterium is relatively 

constant throughout the exponential growth phase and not increasing as hypothesized.  

In the stationary phase it looks like the expression has stopped either due to repression by large 

amounts of MDH protein or due to other factors affecting the translation efficiency such as the 

general composition of sub-populations meaning that a greater part of the total bacterial population 

would be old cells less efficiently expressing the gene. 

The theoretical calculations on the transcription rates suggest that the activity of Methylobacterium 

is rather low although this transcription rate might not be a good measure for activity given the 

stochastic relationship between mRNA and protein. 

Further studies on the expression of mxaF are needed in order to reveal true activity of 

Methylobacterium growing with methanol as sole carbon and energy source. Here protein 

abundance measurements and possibly a measure of oxidation rate of methanol should be included 

to give a stronger measure for activity. 
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Appendix 1 

Supplementary materials:  

Calculations of doubling times for strain H9.96 growing on methanol 

H9-1: y=0.014e
0.047x

, T2=ln(2)/0.047 = 14.75 Hours 

H9-2: y=0.0167e
0.0374x

, T2=ln(2)/0.037 = 18.53 Hours 

H9-3: y=0.0141e
0.0449x

, T2=ln(2)/0.0449 = 15.44 Hours 

Calculations of doubling times for strain H9.96 and strain H5.115 growing on R2A medium 

H9-1: y = 0.022e
0.0723x

, T2=ln(2)/0.0723 = 9.59 Hours 

H9-2: y = 0.0144e
0.0991x

, T2=ln(2)/0.0991 = 6.99 Hours 

H9-3: y = 0.0056e
0.0936x

, T2=ln(2)/0.0936 = 7.41 Hours 

H5-1: y = 0.0073e
0.0954x

, T2=ln(2)/0.0954 = 7.27 Hours 

H5-2: y = 0.0061e
0.0965x

, T2=ln(2)/0.0965 = 7.18 Hours 

H5-3: y = 0.0051e
0.0936x

, T2=ln(2)/0.0936 = 7.41 Hours 

Calculations of dilution during RNA extraction followed by reverse transcriptase (RT)  

First the 0.5 ml sample was up-concentrated to at extraction volume of 0.1 ml giving a factor of 5. 

Afterwards the RT diluted 12 µl sample in a total volume of 20 µl giving a dilution of 12/20. 

This gives a total up-concentration of (12/20)*5=3 

  

 

 


