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The negative pressure developed during cultivation
of hydrogen-oxidizing anaerobes such as methano-
gens made it difficult to isolate and tame these or-
ganisms in the laboratory. Each time the vessel was
opened to replenish the substrate, oxygen and bacte-
rial contamination could occur readily. When these
difficulties were overcome by use of a pressurized
atmosphere of hydrogen and carbon dioxide, con-
tamination was no longer a problem. [The SC/®
indicates that this paper has been cited in more than
270 publications.]
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With the discovery that coenzyme M (CoM) was a
growth factor for Methanobrevibacter ruminant-
ium, we had a classical microbial growth assay for
the new vitamin-coenzyme. Here was an opportu-
nity to define the distribution of this new vitamin in
the biological world. The state-of-the-art technique
at that time for cultivation of fastidious non-spore-
forming anaerobes was the Hungate technique,’
which involved the use of sterile rubber stoppers to
seal test tubes that contained sterile pre-reduced
medium. Considerable training and expertise were
required to successfully inoculate or transfer cul-
tures, for each time a tube with a negative pressure
was opened there was an opportunity for contami-
nation by oxygen or bacteria. To follow growth of a
hydrogen-oxidizing methanogen, it was necessary
to open each tube and replenish the gas atmosphere
by use of a gassing probe several times a day for a
period of five days. Only a few investigators, such as
Hungate and his students, were able to do this asep-
tically and without contamination.

1 suggested to a new graduate student, W.E. Balch,
that an exciting problem would be to determine the
distribution and role of this new vitamin in the
biological world. Since the growth assay by the
Hungate technique was poorly reproducible and
posed many problems, | suggested that growth of

the methanogen in a pressurized atmosphere might
provide a solution. Balch devised a method for pres-
surizing the hydrogen and carbon dioxide atmo-
sphere to two atmospheres so that a smooth growth
curve resulted. He used the tube developed by
Miller and Wolin,2 but replaced the serum vial seal
with a solid rubber stopper. After firmly being in-
serted, the stopper was cut off with a razor blade.
An aluminum seal was then crimped in place. After
many hundreds of rubber stoppers had been cut off
by razor blade, he constructed an apparatus in
which the tube or vial could be held while a knife
blade cut off the stopper in the manner of a guillo-
tine. But even this was tedious; so after several
thousand stoppers had been cut by guillotine, I sug-
gested that he design a stopper with a lip that could
simply be inserted and crimped in place. The injec-
tion mold for the stoppers was purchased on re-
search grant funds, and Bellco Glass agreed to mar-
ket the stopper. The “Balch stopper” became
popular and was widely adopted. The number of
new species of methanogens increased dramatically
after the introduction of this method. The success of
the method was largely due to the elimination of
variability among culture tubes of media. The me-
dium was dispensed into each tube in an anaerobic
Fréter chamber,3 and the stopper was added to each
tube before removal from the chamber. In this man-
ner, the starting atmosphere in each tube was iden-
tical, and the desired gas atmosphere was added by
means of a gassing manifold. This method was
widely adopted for growth of methanogens as well
as many other anaerobes,*5 and in the hands of Karl
Stetter became the method of choice for the isola-
tion of sulfur-dependent extremely thermophilic
archaebacteria.t

In Balch’s hands, the assay for CoM could rou-
tinely detect 10 pmol. After an exhaustive search of
animal, plant, and microbial tissues, the answer was
very clear: CoM was present only in methanogens
and not elsewhere in living organisms that we ex-
amined. We were disappointed, but the pressurized
atmosphere technique and the uniqueness of CoM
in methanogens later played important roles in the
discovery of the archaebacteria.
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