
Author’s Accepted Manuscript

Bioconversion of methane to C-4 carboxylic acids
using carbon flux through acetyl-CoA in engineered
Methylomicrobium buryatense 5GB1C

Shivani Garg, Hao Wu, James M. Clomburg,
George N. Bennett

PII: S1096-7176(17)30391-9
DOI: https://doi.org/10.1016/j.ymben.2018.06.001
Reference: YMBEN1421

To appear in: Metabolic Engineering

Received date: 16 October 2017
Revised date: 31 May 2018
Accepted date: 1 June 2018

Cite this article as: Shivani Garg, Hao Wu, James M. Clomburg and George N.
Bennett, Bioconversion of methane to C-4 carboxylic acids using carbon flux
through acetyl-CoA in engineered Methylomicrobium buryatense 5GB1C,
Metabolic Engineering, https://doi.org/10.1016/j.ymben.2018.06.001

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/ymben

http://www.elsevier.com/locate/ymben
https://doi.org/10.1016/j.ymben.2018.06.001
https://doi.org/10.1016/j.ymben.2018.06.001


1 
 

Bioconversion of methane to C-4 carboxylic acids using carbon flux through 

acetyl-CoA in engineered Methylomicrobium buryatense 5GB1C 

Shivani Garga,b1, Hao Wub1, James M. Clomburga, George N. Bennettb* 

aDepartment of Chemical and Biomolecular Engineering, Rice University, Houston, 77030 

bDepartment of BioSciences, Rice University, Houston, 77030 

 

*Corresponding author, email: gbennett@rice.edu 

 

ABSTRACT 

Methane, the primary component of natural gas, is the second most abundant greenhouse gas 

(GHG) and contributes significantly to climate change. The conversion of methane to industrial 

platform chemicals provides an attractive opportunity to decrease GHG emissions and utilize 

this inexpensive and abundantly available gas as a carbon feedstock. While technologies exist 

for chemical conversion of methane to liquid fuels, the technical complexity of these processes 

mandate high capital expenditure, large-scale commercial facilities to leverage economies of 

scale that cannot be efficiently scaled down. Alternatively, bioconversion technologies capable 

of efficient small-scale operation with high carbon and energy efficiency can enable deployment 

at remote methane resources inaccessible to current chemical technologies. Aerobic obligate 

methanotrophs, specifically Methylomicrobium buryatense 5GB1, have recently garnered 

increased research interest for development of such bio-technologies. In this study, we 

demonstrate production of C-4 carboxylic acids non-native to the host, specifically crotonic and 

butyric acids, from methane in an engineered M. buryatense 5GB1C by diversion of carbon flux 

through the acetyl-CoA node of central ‘sugar’ linked metabolic pathways using reverse β-

oxidation pathway genes. The synthesis of short chain carboxylic acids through the acetyl-CoA 

node demonstrates the potential for engineering M. buryatense 5GB1 as a platform for 

bioconversion of methane to a number of value added industrial chemicals, and presents new 

opportunities for further diversifying the products obtainable from methane as the feedstock.  
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