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Targeting methanogenesis with a

nitrooxypropanol bullet

Stephen W. Ragsdale®’

There is no substitute for dramatic reductions in
the emissions of CO, and other greenhouse
gases to mitigate the negative consequences of
climate change and, concurrently, to reduce
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Fig. 1. Our planet is sustained by the web of interconnected and interdependent
nitrogen, carbon, hydrogen, and oxygen cycles. The carbon cycle involves the
transformation of carbon dioxide into organic compounds by photosynthesis and
other reductive processes (green) and its return to the atmosphere (blue) through
respiration and various oxidative reactions. Anaerobic microbes like acetogens
and methanogens are masters of carbon dioxide activation and reduction. In the
final and rate-limiting step of methanogenesis, MCR reduces methyl-SCoM to
methane. This enzyme provides a rich fuel for man and microbe. However, the
oversupply of methane to the atmosphere contributes to climate change. As
recently reported in PNAS (3), targeting MCR with a NOP bullet leads to MCR
inactivation, which halts methanogenesis in pure cultures and in the mixed microbial
community of the rumen.

ocean acidification. Mitigation, although tech-
nologically feasible, has been difficult to achieve
for political, economic, and social reasons that
may persist well into the future.

National Research Council (1)

Climate change is a global problem with grave
implications: environmental, social, economic,
political and for the distribution of goods. It
represents one of the principal challenges facing
humanity in our day. ... There is an urgent need
to develop policies so that, in the next few years,
the emission of carbon dioxide and other highly
polluting gases can be drastically reduced, for
example, substituting for fossil fuels and de-
veloping sources of renewable energy.

Pope Francis (2)

Our planet is sustained by a web of interconnected and
interdependent cycles (Fig. 1). Methane, an important
component of the global carbon cycle, is widely used
as a fuel by humans and as a carbon and energy source
by microbes. Although invisible to our eyes, methane
casts a dark specter through its proficiency to trap in-
frared radiation from the sun. As greenhouse gases,
methane and carbon dioxide are recognized to be
the most potent contributors to global warming. In-
creases in the atmospheric levels of these gases have
been linked to the melting of glaciers, rising sea levels,
increasing global temperatures, and other dire effects
associated with climate change. Strategies to respond
to climate change include: mitigation by reducing
emissions or sequestering these gases from the atmo-
sphere; climate intervention (albedo modification, CO,
removal); or adaptation to the impending environmen-
tal, ecological, social, political, and economic destabi-
lization (1). Duin et al. (3), in an intriguing recent PNAS
article, describe a strategy to mitigate rising methane
levels by inhibiting the enzyme that catalyzes the bio-
synthesis of nearly all of the methane found on earth.
The enzyme is methyl-coenzyme M reductase (MCR),
which catalyzes the conversion of a methyl-thioether
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(methyl-coenzyme M, methyl-CoM) in the presence of a second thiol
cofactor (coenzyme B, CoB) to methane and the disulfide (CoMS-
SCoB) (Fig. 1). The heart of MCR is a nickel cofactor, called cofactor
Fa30, that is only active in the Ni(l) state, a state that is highly vulner-
able to oxidative inactivation. MCR and F430 are found only in metha-
nogens, strictly anaerobic microbes found in most oxygen-depleted
environments, including the human gut and the rumen of mammals
like cattle, sheep, and camels. Ruminants are responsible for
eructating up to 20% of worldwide methane emissions. Besides add-
ing to the greenhouse gas global warming potential, the energetic
cost of methane lost to the atmosphere decreases feed efficiency.
Duin et al. (3) ask two questions: (i) Is there a magic bullet that can
specifically inactivate MCR and, (ii) if so, can it target the MCR active
site to arrest growth and methane production by these microbes?
The overall strategy is standard; for example, our pharmaceu-
tical industry is largely based on chemicals that target metabolic
enzymes. Similarly, in the agricultural arena, an antibacterial
compound (monensin) that decreases methanogenesis (4) is fed
to nearly all feedlot cattle in the United States. This antibiotic
increases the production of beneficial fatty acids, like propionate
(4-6), which are metabolized by the animal. However, monensin is
relatively nonspecific and impairs beneficial processes, like acetic
acid formation by acetogenic bacteria (7, 8). Other antimethano-
genesis compounds that have been developed include 2,4-bis
(trichloromethyl)benzo[1,3] dioxins (9), an inhibitor of methanopterin
biosynthesis (10), and nitrogen oxides (nitrate, nitrite, NO, and N,O)
(11-14). Whereas the former two compounds have complex struc-
tures, the third is simple. Duin et al. (3) generated another simple
inhibitor: 3-nitrooxypropanol (NOP), a CoM substrate analog con-
taining a nitrogen oxide attached to a three-carbon alcohol.

The answer to the first question asked above is “yes.” Exposure
of MCR for only a few minutes at low micromolar levels of NOP led
to complete inactivation. Spectroscopic and X-ray crystallographic
experiments demonstrated that the compound specifically targets
the MCR active site. The second answer is a qualified "yes.” The
bullet does abruptly and specifically halt methane production
and growth; however, over time the methanogen can revive this
all-important enzyme, restoring growth and methane production.
Furthermore, rumen microbes are able to metabolize NOP. Another
potential limitation is that it requires 100-fold higher levels of NOP to
inhibit growth and methane formation in some methanogens than
in others.

Now more questions arise: Can and should this strategy be
tested as a food supplement in live animals to mitigate methane
emissions? How much does the transient and uneven nature of
this inhibition limit the use of NOP? Can the resilient rumen flora
mount an effective response and become resistant to NOP? Fur-
ther research is warranted to determine if this is a promising
strategy as part of a multifaceted approach to address the crisis
of an increasingly warming earth. Furthermore, it will be interest-
ing to determine how complete inhibition of methanogenesis in
the rumen affects animal health and feed efficiency.
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