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Abstract

Ruminant livestock contribute significantly to global greenhouse gas emissions. This is
due to microorganisms, known as methanogens that generate methane from hydrogen and
carbon dioxide during feed fermentation in the rumen. Mitigation strategies are being
developed to reduce methane emissions from ruminants. However, inhibiting methane
production may cause accumulation of unused hydrogen in the rumen, which may slow
down rumen fermentation and affect animal productivity. Homoacetogens, microbes
known to reside in the rumen, can use hydrogen and carbon dioxide to form acetate.
Homoacetogens could take over the role of ruminal hydrogen disposal following
inhibition of methanogens. The aims of this study were to quantify the involvement of
alternative hydrogen utilisers, such as homoacetogens, in hydrogen or electron utilisation.
Chemical compounds were screened to identify specific inhibitors of methanogens (BES,
acetylene), and both methanogens and homoacetogens (chloroform). Homoacetogenesis
was measured via incorporation of *CO, into '*C-acetate using a short-term in vitro
assay. This short-term in vitro assay measured and confirmed the occurrence of
homoacetogenesis in sheep rumen fluid, and it accounted for 1.67% of electron utilisation
in fresh rumen fluid. Homoacetogenesis increased in the assay when BES was added,
suggesting homoacetogens could increase their activity in the absence of methanogens.
Homoacetogenesis decreased with the addition of chloroform, which is known to partially
inhibit homoacetogens. Methane formation was inhibited by acetylene in an in vitro serial
batch fermentation inoculated with sheep rumen fluid. Homoacetogenesis did not
increase, but the homoacetogens were able to grow and maintain themselves as the rumen
material was repeatedly diluted and supplemented with fresh feed. Their activity
accounted for 2.32% of electron utilisation. To study their significance in the rumen,
methane formation was inhibited in sheep using acetylene. Homoacetogenesis increased
and accounted for 6.53% of electron utilisation. However, propionate appeared to be the
major electron sink (58-88%) in the absence of methanogenesis both in vitro and in vivo.
In the future, knowledge of these hydrogen-utilising microorganisms could be used to
divert hydrogen or electrons into more beneficial end-products, leading to the transition
from a normal methane-producing rumen to an equally or even more productive low

methane one.
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With a few exceptions (to avoid confusion), standard SI units are not defined here.

ACS
ATP
atm
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FAD
FTHFS
g

AG®’
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GC-FID
GC-MS
GC-IRMS
2GenRFV

GHG
GP

Ha
HPLC
HMM
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acetyl-CoA synthetase

adenosine triphosphate

atmosphere

2-bromoethanesulfonate

base pair

bovine serum albumin

methane

chloroform

coenzyme M

carbon dioxide

carbon monoxide dehydrogenase

concentration, concentrated

deoxynucleotide triphosphate

dimethylsulfoxide

ethylenediaminetetraacetic acid

flavin adenine dinucleotide

formyltetrahydrofolate synthetase

gravity

Gibb’s (free) energy change

gas chromatography

gas chromatography with flame ionisation detector
gas chromatography mass spectrometry

gas chromatography with isotope ratio mass spectrometry
GCXAL-CPY-rumen fluid-vitamin mix with double
concentrations

greenhouse gases

general purpose diet
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high performance liquid chromatography

hidden Markov model
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kJ/mol

Ks
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Ltd.

M

min
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N2
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NADPH
NAD(P)H
NaHCO;3
NoSubRFV
PCR

psi

qPCR
QIIME
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RF
RMO02
rpm
rRNA

Smin
SPME
SD
SEM
TAE
U/ul

v/v

Vmax

profile hidden Markov model software
isopropyl B-D-1-thiogalactopyranoside
kilojoules per mole

half saturation constant (also referred to as Monod’s constant)
Luria-Bertani

limited

molar

minutes

mass-to-charge ratio

nitrogen

nicotinamide adenine dinucleotide
nicotinamide adenine dinucleotide phosphate
NADH or NADPH

sodium hydrogen carbonate

rumen fluid vitamin mix with no added growth substrates
polymerase chain reaction

pounds per square inch

quantitative real-time polymerase chain reaction
quantitative insights into microbial ecology
Rumen Cluster C

rumen fluid

rumen medium number 2

revolutions per minute

ribosomal ribonucleic acid

dissolved substrate concentration

minimum threshold substrate concentration
solid-phase micro extraction

standard deviation

standard error of the mean
tris-acetate-EDTA

units/microlitre

volume per volume

relative rate of metabolism

maximum rate of metabolism
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VFA volatile fatty acid(s)

w/v weight per volume
wW/W weight per weight
X-gal 5-bromo-4-chloro-3-indolyl-f-D-galactopyranoside
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Aha ’

Aha

A*
A**
13A

13Aha

Br
Bib’

Bhb

foa
oo
Ha
2H

m/z

Mathematical abbreviations

amount of acetate produced

amount of acetate formed from fermentation

amount of acetate produced from homoacetogenesis (VFA inter-
conversion uncorrected)

amount of acetate (unlabelled and labelled) produced via
homoacetogenesis (VFA inter-conversion corrected)

13C-acetate

13C,-acetate

amount of excess labelled acetate

amount of '*C-labelled acetate produced via homoacetogenesis

amount of butyrate produced

amount of butyrate formed from fermentation

amount of butyrate produced from homobutyrogenesis (VFA inter-
conversion uncorrected)

amount of butyrate (unlabelled and labelled) produced via
homobutyrogenesis (VFA inter-conversion corrected)

BC;-butyrate

13C,-butyrate

13Cs-butyrate

13C4-butyrate

amount of excess labelled butyrate

amount of 3C-labelled butyrate produced via homobutyrogenesis
fractional amount of '*C-acetate converted to '*C-butyrate

fractional amount of '*C-acetate converted to '*C-propionate

fractional amount of '*C-butyrate converted to '*C-acetate

fractional amount of *C-butyrate converted to *C-propionate

fractional amount of '*C-propionate converted to *C-acetate

fractional amount of '*C-propionate converted to '*C-butyrate

amount of hydrogen formed from fermentation

two reduced protons, representing two electrons

mass-to-charge ratio

amount of methane formed from fermentation
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pr
13p

I ALferm
FAUferm
BLferm
rBuferm
rCO2 Lferm
rCO2 uferm
IPLferm
rPuferm
r'3CO,
R1

Rio

R2

R20

R3

Rao

R4

Rao

\'%

Xa

Xb

XXVi

mole percent excess for any species containing i labelled carbons
mole percent excess for any species containing no labelled carbon
mole percent excess for any species containing one labelled carbon
mole percent excess for any species containing two labelled carbons
mole percent excess for any species containing three labelled carbons
mole percent excess for any species containing four labelled carbons
amount of propionate produced

amount of propionate formed from fermentation

13C-propionate

13C,-propionate

13C;-propionate

amount of excess labelled propionate

ratio of 3C/"2C in acetate in fermentations with NaH'*CO;

ratio of 3C/2C in acetate in fermentations with unlabelled NaHCOs
ratio of 13C/!2C in butyrate in fermentations with NaH'*COs

ratio of '*C/!2C in butyrate in fermentations with unlabelled NaHCO;
ratio of "*C/!2C in CO; in fermentations with NaH'*CO3

ratio of '*C/!2C in CO; in fermentations with unlabelled NaHCO;
ratio of '*C/!C in propionate in fermentations with NaH!3COs

ratio of 1*C/!2C in propionate in fermentations with unlabelled NaHCO3
ratio of excess of dissolved *COx relative to control without NaH'*CO;
selected ion peak area ratios for ions m/z 108:107 for sample
selected ion peak area ratios for ions m/z 108:107 for control
selected ion peak area ratios for ions m/z 109:107 for sample
selected ion peak area ratios for ions m/z 109:107 for control
selected ion peak area ratios for ions m/z 110:107 for sample
selected ion peak area ratios for ions m/z 110:107 for control
selected ion peak area ratios for ions m/z 111:107 for sample
selected ion peak area ratios for ions m/z 111:107 for control

amount of valerate formed from fermentation

fraction of acetate coming from CO-

fraction of butyrate formed from homobutyrogenesis





