The aim of sequencing a genome is to identify so far unknown genes and their
function. So called single nucleotide polymorphisms (SNP) are responsible for
the diversity of organisms. By re-sequencing Rhodobacter sphaeroides and a sub-
sequent SNP analysis we try to understand experimental variations of hydrogen
production rates among strains from different laboratories. We focused our analy-
sis on SNPs of chromosome 1 and 2 as well as the five plasmids.

About 80% of the worldwide energy demand is covered by non-renewable fos-
sil fuels. This results in emission of pollutants and global warming. Hydrogen
(H,), produced by renewable energy sources that often show daily or seasonal
fluctuations, is an ideal future energy carrier.’ Hydrogen is clean and releases
huge amounts of energy per weight when combusted or used in fuel cells. By
biological fermentation, hydrogen can be produced with renewable substrates as
starting material." Some photosynthetic bacteria like Rhodobacter sphaeroides
are capable of producing hydrogen from organic waste by photofermentation.
R. sphaeroides belongs to the class of proteobacteria™ and it is ubiquitous in
soil"l. It has various pathways for energy production, e.g. aerobic and anaerobic
respiration or anoxygenic photosynthesis.” The strain 2.4.1 has two chromosomes
and five plasmids (A-E)." The organism was sequenced for the first time in 2001
by the University of Texas."



Rhodobacter sphaeroides (DSM-No 158) was grown as batch culture in standard
medium as a pre-culture at 30°C and later as main-culture at 27°C, pH 7 in a
1 litre bioreactor. Vitamins and carbon sources were added to the media. Both
cultures were illuminated by halogen lamps. The cells were harvested by cen-
trifugation, resuspended in RNAlater (life technologies, Darmstadt) and frozen
at —80 °C until the next processing step.

DNA was extracted and isolated using the MasterPure™ Complete DNA and RNA
Purification Kit (epicentre, Hessisch Oldendorf). Samples were thawed and placed
on ice. 1 pl Proteinase K and after that 300 ul Lysis Solution Tissue & Cell
were added. The tubes were mixed until the pellet was dissolved and homog-
enised at 65 °C for 2 minutes and subsequently incubated for 1 minute at - 20 °C.
250 pl MPC Protein Precipitation Reagent were added and the mix centrifuged
for 10 minutes at 14 100 rcf. The upper clear phase was added to a new tube
with 500 pl ice-cold Isopropanol, inverted 40 times and again centrifuged for
15 minutes at 14 100 rcf. Subsequently, the supernatant was removed and pellet
dried for 1 minute at 65 °C. 50 pl of TE buffer and 2 ul RNAsecure (life technolo-
gies, Darmstadt) were added and the samples were resuspended for 15 minutes
at 65 °C.

The isolated DNA had to be exempted from RNA contamination. We used RNase
CocktailTM Enzyme Mix (life technologies, Darmstadt) and incubated for 30 min-
utes at 37 °C. The sequencing was performed by Illumina MiSeq (1 x 150 nt) at
Eurofins Genomics (Ebersberg).

For genome data analysis (starting with fastq files), we solely used open source
software. After a first assessment of quality by FastQC" we trimmed and clipped
the sequence files by FastX-Toolkit'i. The indexing and mapping to the refer-
ence sequence from NCBI (NZ_AKVW01000001.1) was performed with Bowtie2™,
SAMTOOLS* converted the incurred SAM- to a BAM-file which was sorted and
indexed afterwards. From the resulting Fasta-file a consensus sequence was cre-



ated by BLASTing, which delivered a textfile with SNPs. We compared the result-
ing sequences with the reference sequences from the NCBI Nucleotide database
[http://www.ncbi.nlm.nih.gov/nuccore/484336764].

For a first insight into changes of genome sequence we focused our analysis on
SNPs of chromosome 1 and 2 as well as all five plasmids (A-E). We found a total
of 222 SNPs. This SNPs caused 71 changes in genes (see table 1).

SNP gene unchanged genes SNP in genes
chromosome 2 0 1708 1708 0
pasmid B 0 209 209 0
plasmid D 83 200 188 12
total 222 8601 8540 71

Due to their importance in metabolism, we searched for changes in proteins, spe-
cifically by base substitutions. Some enzymes showed an amino acid substitution
caused by a SNP. We found intergenic SNPs, which can be neutral or have an in-
fluence on expression if they are located for example in a promotor region. These
can influence transcriptomic regulation. Genic SNPs can be neutral too, or lead
to the substitution of amino acids that may affect enzyme activity (see figure 1).
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By re-sequencing the genome of Rhodobacter sphaeroides we found a total of
222 SNPs. Thereof, 71 SNPs caused changes in protein coding genes. We focused
further analysis on enzymes which are only located on chromosome 1. Within
some enzymes, the SNP caused an amino acid substitution.

Our longterm aim is the optimisation of Rhodobacter fermentation for hydrogen
production. A theoretical approach is shown in figure 2. By co-cultivating green
algae and R. sphaeroides, hydrogen can be produced efficiently from carbon di-
oxide and light.
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