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Identify the ethanol and butanol tolerance traits in Lactic acid bacteria  

New and improved biocatalysts are needed to convert renewable lignocellulosic biomass into biofuels and chemicals.  Cost 
effective production of biofuel ethanol or butanol relies on developing robust microbes that tolerate end-product ethanol or 
butanol.  Ethanol or butanol tolerant microbes and genes can be used for metabolic engineering to increase ethanol or butanol 
production. To decipher ethanol tolerance, we started from our collection of microbes found in a fuel ethanol production 
facility. Individual strains were screened for growth in presence of ethanol. A novel lactic acid bacterium showing high 
tolerance to environmental ethanol concentrations was identified and deposited as Lactobacillus buchneri NRRL B-30929.  
This organism uses a mixture of five-carbon and six-carbon sugars available in lignocellulosic biomass materials. Complete 
genome sequence of B-30929 allowed proteomics analyses of ethanol stress responses by this unique strain.  We have identified 
20 specific proteins whose expression levels were changed in response to high ethanol vs 0 ethanol control. One of the genes 
(Lbuc_0921) highly expressed in response to ethanol encodes YajC protein, an 11 kDa integral membrane protein belongs to 
the secDF operon that is involved in export of proteins. The corresponding yajC gene was cloned and over-expressed in E coli. 
The recombinant strain produced YajC after Isopropyl β-D-1-thiogalactopyranoside induction and showed tolerance to 4% 
ethanol. This is the first report linking the yajC gene to ethanol stress and tolerance. 
Another approach to understand ethanol and butanol tolerance is through comparative genome analyses. Our collaborator 
Prof. David Mills at UC Davis has been well known for studying microbes during wine fermentation. One of the high ethanol 
tolerant strains that his lab studied is Oenococcus oeni PSU-1. Since both L. buchneri and O oeni strains have been characterized 
as ethanol tolerant, we decided to analyze the genomes of the two tolerant species. The emerging bioinformatics tool box 
allowed genome-wide comparison analyses of the two unique tolerant species with a dozen of other species within the lactic 
acid bacteria group that have already been sequenced. Computational analyses revealed that L. buchneri and O. oeni possess 
the pntAB locus that was absent in almost all other lactic acid bacteria genomes available at the time. Our hypothesis is 
that the pntAB locus contributes to the ethanol tolerance trait of these two distinct ethanol tolerant organisms. The pntAB 
locus, consisting of the pntA and pntB genes, codes for the NADP(H) transhydrogenase subunits. This membrane-bound 
transhydrogenase catalyzes the reduction of NADP+, and is known as an important enzyme in maintaining cellular redox 
balance. To follow up, the transhydrogenase operon from B-30929 and PSU-1 were cloned and analyzed. The L. buchneri 
LbpntB shared 71.0% identity with the O. oeni OopntB. The entire pntAB locus, expressed in Lactococcus lactis IL1403, led to 
a recombinant L. lactis carrying OopntAB with increased tolerance to ethanol (6%), butanol (1.8%) and isopropanol (1.8%). 
Ethanol tolerance comparison of recombinant E. coli strains carrying LbpntB and OopntB showed that LbpntB conferred 
higher ethanol tolerance (4.5%) and resulted higher biomass. This is the first study to uncover the role of pntAB locus on 
ethanol tolerance. These results are critical for genetic modifications to increase ethanol and or butanol tolerance in industrial 
biocatalysts.
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