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Methanobacterium thermoautotrophicum
6MBTIUsing the whole genome shotgun approach, we completed the sequence of the entire 1.

genome of Methanobacterium thermoautotrophicum during 1997 (Journal of Bacteriology, 179,

7135-55,,. In the shotgun phase, we generated over 36,000 sequence reads (about 13 Mb, or 7.5-

fold genome coverage). The reads were assembled, and the resulting sets of overlapping

fragments were joined together by primer walking to generate new sequences extending out from

the ends of the contigs. Additional biochemical tools and computer programs were then used to

identi~ and fix mis-assembled regions, and to confirm the links between the assembled

sequences, allowing us to reconstruct the entire circular chromosome.

The resulting sequence was analyzed to identifi the genes encoded therein. Many of the genes of

Methanobacterium thermoautotrophicum encode proteins that are more closely related to

Eucaryal proteins (from higher plants and animals) than to Bacterial ones. This is especially true

of components involved in the cellular processes of transcription and translation, by which gene

sequences are expressed to produce protein products in the cell. Comparisons to the

Methanococcus Jannaschii genome revealed many similarities, but also many differences. Both

organisms contain a significant number of unique genes that are unrelated to any other known

genes. This finding underscores the high degree of complexity and genetic diversity present in the

biological universe. Some new genes involved in methanogenesis were discovered.

Clostridium acetobutylicum
Isolates of this C. acetobutylicum were identified prior to the First World War when rubber

shortages stimulated a search for microbes that could produce butanol for synthetic rubber

production. Commercial solvent production processes were pursued from the 1920s through the

1950s, but advances in the petrochemical industry led to their eventual abandonment.

Since that time, scientific interest in the solvent-producing Clostridia has continued. A great deal

of work has now been done to elucidate the metabolic pathways by which solvents are produced.

Many solvent-overproducing derivatives (strains) have been identified, and it is now possible to

pursue a rational approach to develop modified strains with industrially useful properties.

Genetic systems have been developed that allow genes to be manipulated in these organisms, and

strains have been successfully altered to grow on cellulose constituents that will not support the

growth of the natural strains. The complete genome sequence will be useful in the further

development of these organisms as natural bio-conversion factories for the chemical or fuel
industries. The organism is related to the pathogenic, species C’.botzdinum, C. tetani, and C.

per-ingens which cause the diseases botulism, tetanus, and gangrene, respectively.

The genome of C. acetobutylicurn ATCC 824, at 4.1 Mb, is more than twice the size of that of

Methanobacterium, reflecting the more complex lifestyle and metabolism of the organism. The

genome was sequenced by the whole genome shotgun approach, essentially as described above

but including several technological advances. The finishing phase involved exhaustive gap-closure

and quality enhancement work using a variety of biochemical methods and computational tools.

The complete sequences of the genome imd megaplasmid are available in Genbank (AEO01437,

and AEO01438).
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Summary of Completed Project

Reliable measurement of the content of dissolved organic carbon in seawater has been
difficult in the past and broad community achievement of this capability is the primary
goal of this research project. The difficulty in the analysis was due to problems with
oxidation of organic matter to carbon dioxide and measurement of the resultant carbon
dioxide. In both cases, the determination of complete oxidation and correction for
instrument or reagent blanks were interpreted in different fashions in various
laboratories. This project was able to build on the methods development efforts of a
number of investigators and then provide guidelines for many other analysts with
protocols and uniform blank and samples for comparison. Broad community
involvement and preknina~ good agreement is the result. The project is continuing so
that more thorough comparison of about 75-100 laboratories can be completed.



OCE92-00970 - How to Measure Dissolved O~anic Matter in Seawater

A steering committee has been assembled with which I communicate and we have met for
day long meetings in October 1991, October 1992, and August 1993. I have traveled to
laboratories of various analysts and consulted and worked with individuals on various instruments
to improve coordination among analysts. Prior to the spring 1992 cruises of the JGOFS
Equatorial Pacific (EqPac) program, I met with and shared drafts of a protocol that we
established to facilitate better sample collection and more routine analyses of DOC samples. In
May 1992, we were able to have three high temperature combustion (HTC) instruments and the
persulfate oxidation methods together in Bermuda for a comparison of instruments (Sharp et al,
1994a). During the spring EqPac cruises, replicate samples were collected by two individuals and
sent to me. After “blinding” the samples they were sent to 6 JGOFS analysts and raw data was
returned to me. All analyses were completed by December 1992 and we have been comparing
results (Sharp et al, 1994b).

A two stage intedaboratory DOC comparison has begun for broad community
participation. For the first stage, a “zero” C blank, an aged deep ocean sample, and the same
spiked with glucose have been sent as 3 known samples. These have been carefully analyzed by
HTC and the concentrations reported to all participants of the first stage. I have sent about 75
sets of these samples and continue to send more upon request. Analysts are asked to report
results to me with the promise of anomynity in this first stage. With summarizing of results from
the first stage and personal communication with the analysts, I feel that the second stage will be
more successful. For the second stage, a suite of unknown samples will be sent to all participants
with “zero” C blank and several known reference standards. Participants are being asked to
submit results and be willing to be identified with them. The second stage samples are planned
to be sent in January 1994, with results due to me in March or April.

Between the broad community comparison and several national meetings, I have been
able to develop a fairly good communications network with many of the active DOM analysts
internationally. I have established a bulletin board on Omnet (DOM.NEWS) and with that and
individual Internet mailboxes have facilitated fairly quick communications. Several individuals
have been very active in research on DON analysis and among them and through additional
analysis on our DOC samples, we are beginning to get some preliminary DON comparisons.
This will be a major direction in the renewal.

To keep others informed of progress in the comparisons, analysts with whom I have been
working and I have been active in national meetings. I chaired a special evening informal session
on DOM Measurements at the ASLO Aquatic %iences meeting in February 1992 in which
several JGOFS analysts participated. I prepared a po~ter p~esentation on Bermuda and EqPac
results (co-authored by analysts involved) for the April 1993 TOS meeting (poster hosted by Ed
Peltzer at meeting). I chaired a successful full day session on DOM, presented a co-authored
paper on the preliminary EqPac comparison results (several other analysts involved also
presented papers) at the June 1993 ASLO meeting. I chaired a special session on DOM at the
February 1994 AGU/ASLO Ocean Science meeting where I presented preliminary results of the
community comparison and I solicited papers from analysts involved.
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I have completed three papers on results, and have written an article for a newslette~

Sharp, J.H. 1993. Improving measurements of DOC in ocean waters. U.S. JGOFS News
41,8,15.

Sharp, J.H. 1993. The dissolved organic carbon controversy An update. Oceanography 6
45-50.
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