OHIO AGRICULTURAL RESEARCH AND DEVELOPMENT CENTER

Metabolic engineering for enhanced furfural tolerance during cellulosic butanol fermentation by
glycerol-supplemented Clostridium beljerinckKii
Chidozie Victor Aqu?, Victor C. Ujor?, and Thaddeus C. Ezegjit”

The inability of Clostridium beijerinckii to efficiently utilize glycerol, currently experiencing a > 1o demonstrate that overexpression of _glycerol catabolic ars.gnal- of C. < i —o— C. beijerinckii_gldh

market glut due to increased biodiesel production is a major impediment to adopting glycerol pasteurianum (glycerol dehydrogenase) will enhance glycerol utilization and 3 £ —e— Control

metabolism as a strategy for increasing NAD(P)H regeneration to mitigate lignocellulose- furfural tolerance during the fermentation Of g!yce-rlol-supplemented and furfural- A) F 2 g 3 EE 5 (B)3 g/L furfural 5 ——
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lignocellulosic biomass hydrolysates (LBH). Therefore, metabolic engineering was pursued to _ o 3 3

enhance glycerol utilization in C. beijerinckii to improve NAD(P)H regeneration and butanol Mate“als and methOdS ; g

production in furfural-replete LBH. Towards this goal, glycerol catabolic arsenal from the “ ‘-' an O 2 2

hyper-glycerol utilizing bacterium, Clostridium pasteurianum was cloned and overexpressed ~2.2kb —p> . 1 1

In C. beijerinckii. Glycerol dehydrogenase (gldh), the first enzyme in the glycerol catabolic Padc/thi ~1.1kb —p> LTk 0 . , , 0 | . .
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pathway, catalyzes an NAD(P)H vyielding reaction, dehydrogenation of glycerol to
dihydroxyacetone (DHA) while the DHA kinase-catalyzed reaction vyields a glycolytic
iIntermediate (DHA phosphate). As a preliminary step, C. pasterianum gldh genes — dhaD1
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beijerinckii-gldh was.used to conduct batch acetone-butanol-ethanol (ABE) fermentation in a generation of fusion constructs (A). g 3 3
glucose-bgsed m_edlum supplemented with .glycerol and 2, 3, 4, 5, or 6 g/L furfural. Cell growth during fermentation of O 2 )
Fermentation profiles for all furfural concentrations show that C. beijerinckii-gldh accumulated (A) Lsh AmpR (B) LS A glucose+glycerol medium by furfural- .
significantly higher cell biomass (30 to 55%) when compared to the empty plasmid control. At challenged C. beijerinckii_gldh (B-E). 1
high furfural concentrations (5 and 6 g/L), butanol production by C. beijerinckii_gldh were | Fig. 3: Construction of recombinant plasmids for systematic over-expression of C. pasteurianum At 3, 4, 5 and 6 _g/L furfural- 0 0
10% and 46% higher, respectively, than the plasmid control. ABE concentration and | DSMZ 525 glycerol catabolic arsenal in C. beijerinckii NCIMB 8052. (A) dhaD1+gldAl, (B) challenge, cell growth increased by |
productivity increased by 40.2% and 39.1% with 6 g/L furfural, and glycerol utilization | dhaDl+gldAl+dhaK. In a preliminary step, C. beijerinckii was transformed with °1.5%, 55%, 46% and 30%, Time (h) Time (h)
increased by 44% to 70% for all furfural concentrations. Taken together, gldh overexpression | PWUR460_dhaD1+gldA1l to yield C. beijerinckii_gldh respectively, relative to the control.
In C. beijerinckii improved furfural tolerance and glycerol utilization in C. beijerinckii, thus, we o
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» Bioconversion of lignocellulosic-derived sugars to biofuels is hampered by microbial inhibitory compounds Molar ratio Glucise (36 g/L) +:G|yceer| (36.19/L) (lacks tjhe thiomsg%romoter o 2 2
that are co-generated with sugars during biomass pretreatment (Fig. 1). Improving microbial tolerance to This ratio ensures concomitant utilization and gldh insert) g 2 1 1
LDMICs is crucial to industrial-scale production of cellulosic biofuels and fine chemicals. of both substrates.
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» Catabolism of glycerol, a byproduct of biodiesel production, generates NADH, which is critical for detoxification 0 0
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clostridia (Fig. 2). Sample collection:
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V.\w’;\’\:j’\/\cy\ \ HO/\WO\ i { ggtgges ;th;niqoécetic beijerinckii_gldh. Overexpression of two glycerol dehydrogenase genes as a fusion protein increased butanol
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\ Hoe o production by 10% at 4 and 5 g/L furfural challenge and by 46% at 6 g/L furfural challenge. Similarly, ABE production
Depolymerized biomass: consists of oligo-, mono-and HCOOH 5_hvd thl i Phenolic and butyric acids : 0 L o .
disaccharides, and LDMICs. Furfural "y ‘;ﬁ‘:’;‘e Y Levulinicacid compounds Increased to 40% at 6 g/L furfural. The rate of furfural detoxification by C. beijerinckii_gldh after 2 h of challenge was

significantly higher (p<0.05) than the control (not shown).

Fig 1. Pretreatment of lignocellulosic biomass. A- Conditions and products; B — Generation of furanic and
phenolic MICs by the dehydration and degradation reactions of sugars and lignin during pretreatment. CO nc I us | ONnsS an d D| SCUSS | on
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Fig 2. Butanol production and furfural detoxification rely on NAD(P)H. Overexpression of a hyper-glycerol Also, ABE productivity increased by 40% at 6 g/L furfural challenge. ** p<0.05

catabolic arsenal from C. pastuerianum (glycerol dehydrogenases) generates excess reducing equivalents
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