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Introduction: Anaerobic modes of respiration are believed to have evolved in the oxygen-deprived conditions of early Earth. Iron reduction by bacteria under anaerobic conditions is considered to be one of the most primitive modes of metabolism [1]. Some members of these phylogenetically diverse microorganisms are capable of chemolithoautotrophic growth by utilizing  H2 and CO2 coupled with Fe (III) reduction. These iron-reducing bacteria are thought to have evolved very early on the Earth and thrive under extreme conditions. 

An abundance of iron oxides and CO2 on Mars makes iron reduction a potential metabolic pathway that could exist there [2]. The possibility of the presence of these anaerobically respiring bacteria in similar harsh environmental conditions, like those of the primitive Earth, is an exciting prospect and could lead to breakthroughs in our study of extra terrestrial life. An investigation into the energetics of iron reduction is essential to understanding this possibility. However, iron reduction in bacteria has not been studied in detail, and only in the last ten years has the scientific community focused attention on iron reduction. 

Iron reduction, as a mode of metabolism, involves formation of ATP by using ferric iron as the electron acceptor. ATP is generated by a transmembrane multiprotein complex called ATP synthase that utilizes the proton gradient created by the electron-transport chain in structures ranging from microbial cells to mammalian mitochondria. A typical ATP synthase has two domains: F0 and F1. The F0 domain sits on the membrane and the F1 domain is suspended freely. These domains are made of sub-units that account for different functions. The β-subunit is considered the catalytic subunit responsible for converting ADP to ATP in presence of a membrane proton gradient. 

A better charactization of the subunits of ATP synthase from extremophiles will lead to a better understanding of their evolutionary history as well as their modes of surviving in harsh environments. Caloramator celere is a novel Fe (III) reducing thermophile isolated from Yellowstone National Park, Wyoming, USA. It is an ideal organism for energetic studies given its comparatively fast rate of growth. atpD, a β-subunit gene in the atp operon of C. celere, is the primary focus of our initial studies. This gene is the most highly conserved of the atp operon genes. It is likely that the C. celere atpD gene will share sufficient sequence similarity with other, previously sequenced orthologs. This similarity can be exploited for the purpose of cloning (and ultimately sequencing) the C. celere atpD gene. This gene can then serve as a probe for the isolation of the entire atp operon.
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Fig. 1: Side view and cut view respectively of an ATP synthase complex with its sub-units.

Objectives: The objective of this project is to lay a foundation for studying the energetics of iron reduction by thermophilic bacteria, such as C. celere, and therefore improving our understanding of iron reduction. We will start by sequencing the genes comprising the atp operon of C. celere, encoding the ATP synthase. There are various steps that should be followed before being able to sequence a novel gene of a bacterium. These steps are:
· Prepare cultures of Caloramator celere in an anaerobic environment.

· Use the culture grown in the lab to extract DNA for investigation purpose.

· Use multiple sequence alignments utilizing related organisms to design PCR primers to amplify the atpD, a β-subunit gene of the ATP synthase of C. celere.

· Perform Polymerase Chain Reaction (PCR) to amplify, clone and sequence the novel ATP synthase.

Procedure and Observation: Culture preparation: Caloramator celere cultures were grown using an anaerobic media, under a headspace of H2/CO2, containing 0.33g of KH2PO4, 0.33g of NH4Cl, 0.33g of KCl, 0.33g of MgCl2.2H2O, 0.33g of CaCl2.2H2O, 2.0g of NaHCO3, 1ml vitamin solution and 1.2 ml of trace element solution per liter of H2O. 90mM amorphous Fe (III) oxide or 20mM 9, 10-anthraquinone 2, 6 disulfonic acid (AQDS medium) was added as electron acceptor. After autoclaving at 121oC for 1 hour the enriched cultures were grown at 60 oC.
Growth of the bacteria was confirmed by the anaerobic reduction of Fe (III) - forming a black precipitate (reported to be magnetite). Also, when AQDS, a substitute for Fe (III) was used as electron acceptor, bacterial growth was observed which resulted in the reduction of AQDS. AQDS, which initially was dark brown, became bright red. Inocula (5ml) of these cultures were introduced into fresh media following the above-mentioned procedure and stored for future use.

Multiple Sequence Alignment (MSA): Multiple sequence alignment is a powerful tool for identifying conserved and variable regions of related genes. Using data from the gene bank of NCBI, multiple sequence alignment of 38 ‘bacterial and Bacillales atpDs’ was performed using vector NTI® AlinX tool. This alignment was used to observe the highly conserved regions which were ideal for primer design as they corresponded to functionally and structurally important parts of the gene. These regions were used to design six primers. While designing the primers the following criteria were considered: The oligonucleotides were, in average, about 20-25 base pairs. The GC content was about 50-60 percent. The Tm was about 55-60 oC. There were no dimers or hairpin loops. If dimers or hairpin loops were present, the ones that had a positive or a fairly large dimer dG and loop dG respectively were chosen. The six primers thus chosen were:

atpD_476_F 5’-TTCGGTGGTGCCGGTGTAGG-3’

atpD_542_F 5’-CACGGTGG...TCTGTATTCGC-3’

atpD_935_F 5’-GCCGATGA…CTGACCCAGC-3’

atpD_957_R 5’-GCTGGGTC....AGTCATCGGC-3’

atpD_1272_R 5’-ACCGTAA….CGCTACGTGG-3’

atpD_1377_R 5’-CCAACTA…AATGCATCTTC-3’

These primers would be used to amplify the atpD of the Caloramator celere by PCR. The multiple sequence alignment was about 1400 base pairs long. The six primers could be used to amplify eight different portions of the sequence. The shortest combination was between atpD_935_F and atpD_1272_R, which was about 377 base pairs long. The longest combination was between atpD_476_F and atpD_1377_R, which was 940 base pairs long.

DNA Extraction: 5ml of the stored culture was grown in 250ml media and incubated at 62oC for about 48 hours. The culture was centrifuged and the supernatant was discarded. The pellet, which looked dirty yellow, was resuspended by adding and repeated pipetting 567µl of TE buffer. 30µl of 10% Sodium dodecyl sulfate (SDS) and 3µl of Proteinase K were added, mixed thoroughly and incubated at 37oC for one hour. 100µl of 5M NaCl solution was added and mixed. 80µl of CTAB/NaCl mixture was added and mixed. The mixture was then incubated at 62oC for ten minutes. 780µl of chloroform/isoamyl alcohol in the ratio 24:1 was added, mixed and the mixture was microcentrifuged for 6 minutes. To the supernatant, equal volume of phenol/chloroform/isoamyl alcohol in the ratio 25:24:1 was added, mixed and microcentrifuged for 6 minutes. To the supernatant 0.6 volume of isopropanol was added and mixed to get white precipitate-presumably DNA.

The precipitate was washed with 1ml of 75% ethanol and microcentrifuged for 6 minutes. The supernatant was discarded and the pellet was briefly dried in a lyophilizer. 50µl of TE buffer was added to resuspend the precipitate. The precipitate, however, did not readily dissolve in the TE buffer solution.

The DNA sample was run on agarose gel with 1kb marker, and to our dismay, expected DNA fragments were not observed. As a precaution, the culture was run directly on a gel to check if there was DNA in the culture. 50µl of culture, 50µl of phenol, 50µl of chloroform/IAA and 20µl of 6X loading buffer (LB) were mixed by vortexing for 30s and centrifuged for 3 minutes to crack up the cells and get some nucleic acids in the mixture. Expected results were not observed when the bluish-supernatant was run on a gel. The above results have impeded our efforts to run a successful PCR. Possible explanations include: a) insufficient cell density, b) inefficient cell lysis, and c) rapid degradation of the DNA in extracts.  Agarose gel electrophoresis reveals evidence of degraded DNA, in the form of streaks of ethidium bromide-stained material in the chromosomal DNA lanes, suggesting that degradation is at least part of the problem.

Ongoing Work: The Polymerase chain reaction (PCR) is a technique used to exponentially amplify a fragment of DNA. Currently we are working on extracting a DNA sample from the cultures and keeping it from degradation until a successful PCR is performed. As all our previous efforts have been futile, new methods are being tried so that we could perform successful PCRs. Once we come up with a technique that will enable us extract non-degraded DNA samples from the bacterial culture, the PCR primers designed using the multiple sequence alignment technique will be used to amplify the DNA extracted from the culture. Thus amplified DNA will be cloned into a plasmid vector and prepared for DNA sequencing. This will provide the first sequences of the ATP synthase genes of this unique microorganism.
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