Contents

CONLFIDULOPS o.onuveveeeeenneirineenisuinsisiossseersrssascssesssssresssisssssssessassanens cerenestesnnesrann xiii
FOreWord.........uuueeeeueeneinnennicsurenseecssnenenennescssessssssosnissnsssasessesssses cesrersnssnisaeisanes xvii
Part 1: Direct Microbial Conversion of Biomass to Advanced Biofueis............. 1
Chapter 1: Feedstock Engineering and Biomass Pretreatments: New Views
for a Greener Biofuels Process ............covverirsnveverenncsennencenessssanes veveeeranes 3
Feedstock Engineering Aiming to Provide More Pretreatable
and Digestable BIOTNASS .....ccvueviveieiniiiriiiiirircririniinissessnnssssssssesssssisssssessseseesseees 3
In Planta Engineering for Reduced Recalcitrance Traits .......c.ccovvvvermrninirinscscscrieeenns 5
Mild and Green Pretreatments of Biomass for Lower Toxicity
in Lignocellulosic Hydrolysates and Solid ReSIidUES .........ccevvuviiiiuiviiiinincncnnecnncns 7
A New Concept of Tailored Chemoprocessing for Individual Microorganisms.......... 8
Building Unified Chemobiomass Databases and Libraries of Chemicals.................... 9
CONCIUSIONS ...ovevveeriienretrcceiiin s b bbb bbb b 10
ACKNOWIEAZMENLS ....coveiriieririictiiriniesneeeisire st s se e sas e es 11
RELETENCES 1...oververenrereeeerrereieeerieseenee st sssesr et sb e bbbt n s 11
Chapter 2: Hydrocarbon Biosynthesis in Microorganisms ............ccocvsersisasscsssissesnns 13
INOQUCHON ...coveeeveirereee ittt et r s a e st bbbt snn b nenaes 13
Microbiology and Hydrocarbon Products ..........cevveiiennniennnnniinieeennen, 14
Enzymes and Mechanisms of Hydrocarbon Biosynthesis ..........ccecevvvveererinirceveininnnne 15
Ole-Catalyzed Synthesis of Long-Chain Olefins..........cocevivvieevniriinnccinnenne. 15
The Chemistry of the Ole Gene Products .......coieiviriiiieinisnniiinens 18
OIBA ..o crae et ba et eb bR b bR bt 19
DD ....utrreneierereeireae sttt sa e a e e e e SRR b e 24
OIEC ..eeeeereeeere et sess b ssse s e b ss s s R bR s R s bR SRR 25
OIEB ..ottt e e bR bR s a R bR s 25
Aldehyde Deformylating Oxygenase (Formerly Decarbonylase).......cccccvvrnvninne.. 26
Alpha Olefins via Cytochrome P450..........ccoommmiinniiininieneneeeninieieecnes 27
Alpha Olefins via a Polyketide-Type Pathway .......cocovuvuereieeeeeseesinnniiininiencsenecnns 28
CONCIUSIONS ....vverveereveerecmeueacermiriarscanesssssssssssssessssnssstinsatssssestasassstsenesstsistsssssnenereseanas 28
RETETEICES . ...vevveerreerenrtnerirenerststerreesessses st esnt e s s ssss b s s s ana e st e s e e st oot sasmsnstsstsnanarasasesas 29



vi Contents

Chapter 3: Perspectives on Process Analysis for Advanced Biofuel Production.......... 33
TETOMUCHON «..veveeeereereeeessssressseisaresesseessesssssnssssasnnasssnssstesesstissssarasasssasnuttasessssnssssssisiooss 33
Overview Of Process ANALYSis.........covvvireerieesinimnininininiessssst et 34

ACTODIC BIOPIOCESS «.vcvvurivmsimirnirisssesseneseensssensnsssr st sttt sttt s 39
Process Design DELAILS........corirverineestsentesenmiiisiirissss s sttt e 39

Aerobic Bioprocess DISCUSSION. .....oeueurerersisvioniiiiiinmsnsisssiscennetssnsnssssssrsssnacese 46
ANAETODIC BIOPIOCESS ....uvvvirimenriiresecsenesseras sttt sttt sns st 48
Process Design DEtails.........couerreierenenneninniecieiiiestss s 48
Anaerobic Bioprocess DiSCUSSION.......coveeveireiisrcrstcnisnisn st 50
Consolidated BiOPrOCESSING .......u.vererererrrsreesnrestentnecnisssnisresns s sssasss e 52
Process Design DEtails.......ocviuriviemnirenieesieinnieeicseeensitn s 52

CBP DISCUSSION «vveeivuveerviriereseseereeseesssneeeessosssssissmsserssasssasseessssssssssssssssssssssesssestsses 53

Data Gaps, Uncertainties, and Research Needs ... 55
COMCIUSION. . eieviirreeeeeresssreestersesseseseseneesasnmrmnermeresesstsssestsrassrssssassasasasssanasessetsassssssasnns 56
ACKNOWIEAZMENL.......eerreeeircniiriiretireiitinte e ettt s st s s nesassnststsasasssnas 57
REFETEINICES «.onvivivirrrreereveeerniressenssessessesetesesnnsaseesaesorsstssissostorsessnnuennunssssssaassostessasossss 57
Part 2: Biomass Structure and Recalcitrance ................ceeeeeaneec. ceessseansnsenes 61

Chapter 4: Tailoring Plant Cell Wall Composition and Architecture

for Conversion to Liquid Hydrocarbon Biofuels..................ueeneeeearensansns 63
Biomass Feedstocks are Already an Abundant Resource.......ccveevveiiencennnininnininniinins 64
Chemical Structure and Physical Properties of Lignocellulosic Biomass ................. 64

Biochemical, Chemical and Pyrolytic Conversion Pathways Provide

Alternative Routes to FUEIS ..o sttt 66
Tailoring Biomass for Downstream Conversion Processes.......ccccceeevereneerseereereceenne 68
Adding Value to Plant Biomass Through Modification of Lignin...........ccccecveveruennane. 69
Redesigning Cellulose Microfibrils for Ease of Disassembly........ccccceveeveveivenennnenne 72
Modification of Accessory Proteins for Altering Cellulose Microfibril Structure ..... 73
Modifying Xylan Composition and Architecture in the Interstitial Space................. 73
Modulating Gene Expression Networks to Alter Lignin and Carbohydrate
Composition and ATChItECLUTE..........cccueutreverereerereisteerere e eere st e re s esesserssrenesrsaens 75
CONCIUSIONS .uvviniiiciiieccerctntnrere e sres e e sttt s st e s st e reoaee s e e e essneseesseesesesnesnens 76
REFETENCES ...ttt et e st e ee e e e e seesan 76
Chapter 5: Processive Cellulases .................ccuuueeuuun... seeereesasressacsasnsressrtonteseserarerne 83
ACKNOWIEAZMENLES ...t eierte ettt e e e e e et e seseone 88
RETETENCES ..ovieiinit ittt ettt et e se e et s et sens e 88
Chapter 6: Bacterial AA10 Lytic Polysaccharide Monooxygenases Enhance
the Hydrolytic Degradation of Recalcitrant Substrates ................u. ... 91
Substrate Recalcitrance and Cellulase MiXtULES ........c.oveevevevuerereneenesoeooeoeoeoeoooooee 91
Lytic Polysaccharide MONOOXYZENASES ...........v.veueereerereeeeereeeeeseseeesoeeoeooeoeeseoseeens 97
CONCIUSION. ..ottt s s e 106
ACKNOWIEAGIMENLS ...ttt es e e eeeeeeseeeeeseoesee 107
References



Contents vii

Chapter 7: New Insights into Microbial Strategies for Biomass Conversion ............ 111
INEOAUCHON vttt ettt ettt sttt s s bt sss s nsens s ses 111
Distinct Enzyme Synergy Paradigms in Cellulolytic Microorganisms.................... 112

Free ENZyme SYStemS ........ccccvuivirmeeinretectninisennneress st eee et sessesssssonsosenes 112

Self-Assembling, Highly Aggregated Enzyme Systems...........cccoeurvevnereerviverennnnes 116

Multifunctional Enzyme SYStemS .........covercenieinieierierereereseesessesssssssssssesssseseas 117
New Cellulose Digestion Strategies Promoting Interspecies Synergism................. 118

Cellulose Deconstruction by Cellulosomes: An Efficient and

Complementary Deconstruction Mechanism.........o.coveeriereenrercreininnnnesncsessssenes 119

The Hyperthermophilic Cellulase from Caldicellulosiruptor bescii CelA

Degrades Cellulose by Several Complementary Mechanisms............cccovecverernens 120
FULUTE PEISPECHIVE ..ceeeruviiriniiiiriincnierteniiieesssstesnetesetesssssessssevaneesssseesssssesesssnasssssnenn 121
ACKNOWIEAZMENLS ....ccoremiiiiriiiiriiirneeneeeiiees ettt reeesesrennaseesesseesareesssesssssensssaseserenas 125
REFEIENCES coviviiiiiiieeeeentretn ettt e re st e s e s e e essre e ens 125

Chapter 8: New Paradigms for Engineering Plant Cell Wall Degrading Enzymes .... 129
INEOAUCHON ...ttt e ee st cts e et e rass e s s saneaesaeseanasasenens 129
Engineering of Single ENZYMES .........ccccceevmiiiiiiiiiiccecccincsnic s 131
Cellulosome Engineering .......coovvcvireriiienernninniiineenies s scsessstesesesenes 132

Mini-CellUIOSOMES ......cecivieiiiieeeee e ceeeesrn ettt ce s srat et neseas 132
Designer CellUlOSOMES ........ccuvevvieienieneiinriniiiee et sessensaseneses 134
Cellulosome-Inspired COMPIEXES .....ccccoeiririiiiniiinincecnentsseesstsessrestsssssesersresesessess 136
Multifunctional Enzyme Design .........coceveiriiimiiiiinccriiiinnnncenncniiesiens 137
Cell Wall-Anchored Paradigms........cccovveeerirminnniiiinciinensen s 139
Reflections and PErSPECHIVES ......ccovevciverreeciirinininiiiiseiennesescssuncsssssensisessseseses 141
ACKNOWIEAZMENLS ..ottt ettt s s e s sissasassenens 144
RETETEICES vevurereereereeirreecerrereeitcte et ee st b s b e s s s ransbsabsbeaesesbonnon 144

Part 3: Fuels from Fungi and Yeast ..........ceeee..uneeurruecnnnees ceeeserensene R K.Y |

Chapter 9: Expression of Fungal Hydrolases in Saccharomyces cerevisiae............ 153
INTOAUCHON c.vvveeeveeeeeeerieeeraereceneiiesteeressanreeee s raasres ittt st r e b abe e s araesbssesnsanseneonton 153
Cellulose and Hemicellulose Structure and Hydrolysis........cocccovevimiiniiicniennnecnnnes 154
Expression of Fungal Cellulases in Saccharomyces cerevisige ..................vvuenni.. 157
Expression of Xylan Hydrolases in Saccharomyces cerevisie ...............ouucvvuinne. 163
Expression of Mannan Hydrolases in Saccharomyces cerevisiae....................c..... 167
DHSCUSSION 1vivvverreeereirsreeeseermessestriasresseeasssaerressstsssssistscsaenssssesssesssosssessmssesssesnsasssses 168
RETEIEICES tevvivvienrrreeeeireecierserenesateeeseesnseessassessestststssssessessssnessnsassssessssestaranesesnons 169

Chapter 10: Identification of Genetic Targets to Improve Lignocellulosic
Hydrocarbon Production in Trichoderma reesei Using Public

Genomic and Transcriptomic Datasets...............coeeeesseessossaroseasassonces 177
BaCKEIOUNA ....cvevenrerececieciiirinnceterene e sttt 177
Materials and MEtROAS ...o..ovveverenrerieirrvinnecrrrennii s ssrsssessesssnsassnssnans —— 179

Trichoderma reesei Protein Function Annotation and Pathway Reconstruction......179

Trichoderma reesei Microarray and RNA Sequencing Dataset Collection
and Transcriptomic ANALYSES .........coovverireretsiinnemmcnss e 179



viii Contents

Results and DISCUSSIONS ...cvevrrreerisressesssreisssassnnsssseressmssssssasasssssesssanssssssnss conesennens 181
Identify Target Genes for Metabolic Engineering by Genomic Metabolic
Pathway ADALYSIS «...c.oveuirmrresscssrcessisisieiniimississsss s s s sass sonsesenes R 181
Identify Target Genes for Metabolic Engineering by Transcriptomic Analysis ....... 184
Investigate Transcriptional REGUIALOTS.......c.c.cviiurmmmiiinseisescnucsninnnssminsnsnnen e 188
Identify Promoters with Different Strength for Metabolic Engineering................ 189
Conclusions and PETSPECHIVES.....ccovureeererisersuesseeniesissisiimressssssssssssensssssenssssisinnsee 191
ACKNOWIEAGIMENL. ......eeriuinisiairirssissssssssnsseesesens sttt s s st st sttt 192
REFETEIICES 1vvvereereeaaeeeeesereosessissssasessssssssrssesssnsessesssssessasmassssessesosstessssosssnnnessesssssensonnss 192
Chapter 11: Production of Ethanol from Engineered Trichoderma reesei ..ccoeeveeees 197
TOETOAUCTION v.vvrvverveeeeesesreeeeseesiesesssesstessnseeesesiesessnsastorssstansannasssrssnsnsnnnnssssosesssessssssess 197
Trichoderma reesei Produce Ethanol from Biomass SUgars......cccouuuiiecniniesnnenens 198
The pH during Fermentation Affects Ethanol Yield.........ccoooviiviiiiiincniiinnnnns 199
Sugar Used during Growth Phase Affects Xylose Fermentation ...........coeeueeeieeeiens 200
Direct Conversion of Cellulose to Ethanol..........ocviiininnnnieisncninrnicesicnsninsenen 201
Enhancing Ethanol Synthesis by Metabolic Engineering .............coeevvicccnivinininins 203
IDISCUSSION ...vvivveirrreessnsnreressriresseseesessesssresses s snensaresesttosersessnsssrsssssssssesasassssnsssesenssess 204
ACKNOWIEAGMENL......c..eririiiciinriiririrteie ettt s e e s eestsass 206
REFETEIICES ...vevverreerneerererrersreesseseestsaneseeanssenennertesesisstsbsestssibnasasassasasssssssnssseosssssonne 206
Chapter 12: Remaining Challenges in the Metabolic Engineering of Yeasts
fOr BIOfUEIS «......ueeenneeereeirrvaannnnnnnrennnnenneeiecirecsnananene tesessansessessrrnens 209
Introduction—Yeasts as the Catalyst for Biomass Consumption and Biofuel
PrOQUCHION ...veeenenerererneeererieseeeestsseincresenesee s arsassseseesasesessessannnnneassssessnsesasstssenses 209
Metabolic Engineering—An OVEIVIEW......cc.uuumrrrrrrcerrenireensesnreseeeseraeesesersresesssssone 211
Enzyme and Pathway ENgineering......cccoeeeriercimmencnirininiioninnieciennssiensninens 212
Gene Expression ENgINEETing ......ccocvvvvveiimiiiiieercniiinieieitniisinsenaesnssosisssssnssnsseene 214
Engineering the Metabolic Network—Classical Strain Engineering
and Systems BIOIOZY .ccc.eeeirrriciiititeee ettt sstescnr s s eren e s e sane e sanene 215
Computational Tools—Predictive Models for Metabolic Engineering.................... 216
Beyond GIUCOSE ...couveviiiiieinrerieriietnsetcnie s eeeeseesetsesessesstesseesasssssssssesorsonsenranesson 216
Beyond Bioethanol ...ttt enne 221
Beyond Current Capability.........ccccecrecerrerrnnnrninerreresnresneneresseeeesssesessssssessessensen 223
Beyond Saccharomyces Cerevisiae...............uu.ouimonnnrinisireessessreeseesseessessseseesasns 225
Beyond Current Yield, Titers, and Production Rates.......cc.oevveereeeeeeeeeeeeeeeeeserssesns 227
CONCIUSION....cvetiticttitieetccccc ettt s te e an s e e e ssese s sesensos 229
RETEIENCES ....oveitetcc et e e st e e s st 230
Part 4: Fuels from Bacteria.............cceeuueeenueeereeeressnsenannns cesesesnesrsennssssann ..239
Chapter 13: New Tools for the Genetic Modification of Industrial Clostridia .......... 241
INEOQUCHION oot 241
Transfer of Exogenous Genetic Material ... 242
BIECHOPOTALON. ... . c.evveeveeeeeesesssennneeeesseeses oo oo
OO 243
...................................................................................................... 243

Restriction-Modification Systems

............................................................



Contents ix

Clostridial VECtOr SYSEIMS ....cvvveervvreeruerrrereareriisnsieinnneissesesesesessesssssssssssessesssssesesss 245
Forward Genetics by Random MUutagenesis. ........vuueuereeerererereereresesereresnsnssssnesenns 250
Random Mutagenesis by Chemical and Physical Mutagens ..........cc.coconnnsensenenns 251
Random Mutagenesis by Biological MULAZENS .........cccecerevvereeermvererererernininneienens 252
ReVETSE GENELICS «..vviiiiiniciiiriti ettt e s e s e s e e nebssessabe s s sens 256
Recombination-Independent Methods (Group II Introns) .............ccoeeeemmvereverennnns 256
Recombination-Based Methods (Allelic EXChange)........c.ooveeevvcrvirvceniinnineinenone. 260
Other Advanced Genetic TOOIS.........ccouevveeiiiiriinicinneeeccteeee e ssssssesrsesene 269
Counter (Negative) Selection Markers........ccovcuviiirirrerenrensaeesesseieesssesnisessesseses 269
Inducible Gene EXPIEssiOn .......ccecviereereeerniiiineininirersssssaesseesssseensesseresssssssesessssas 272
CONCIISION.....c.oivtiriniitiiccri sttt e st seressnra s san 275
ACKNOWIEBAZIMNENLS .....vvnieevririiirceteesceesttsncsvsieistscarincstssssensensrssesassrasssinssssssrssns 276
REEIENCES ....covrinriiiiiiniiirrtti et e sa e 276
Chapter 14: Outlook for the Production of Butanol from Cellulolytic Strains
Of ClOStridia . ...cccecneiiiiiscrcncrannirereeneiinnniicsssssssssssassenssssssisnssssose 291
INTOAUCHON ...cuverireiiriiterrcnicetrcec e ettt et et srsesbsasansnas 291
Cellulolytic Clostridia and the CelluloSOME .........c.cevurerinrrcrererieinnresrinennereneneens 291
Clostridium thermocCelltm .................oovevenmmiiiiniivniisienrenressesesieenessssnsessessesesaes 292
Clostridium CelULOIYEICUML.........ue.eeeeeeeeeeccerrinrereccenenres s seerarasseesersiesessssssenns 293
Other Cellulolytic HOSES ...c.cevveerereenreririniiiiiieesireseessssssstenecsesessinesesesnssesses 293
Microbial n-Butanol- and Isobutanol-Producing Pathways .............cocoeviiiniininncns 294
Microbial 7-Butanol Pathways............cccecieereicnninnrcnntenetesenneniessesissessesssssenas 294
Microbial Isobutanol Pathways...........cccuveerinresisininniesseestessesesosinessessssenenes 298
Progress toward Butanol CBP in Cellulolytic Clostridia...........o.o.covevvinvccnennee. 301
Isobutanol CBP in Clostridium cellulolytiCum ............coueeevveeenneenverreveinreresrnnnene 301
Toward Isobutanol CBP in Clostridium thermocellum ..........c...oovvvimeevcrcneecne. 302
Clostridium acetobutylicum Cellulosome Development ...........cccecovvivirerecrnnncrnnne 302
CONCIUSIONS 1.vveerevvieereerireeiitiitrtinirestt st e re st st ss s s ae e s s s nessansssersbe s ransensas 302
ACKNOWIEAZMENL....c.ceiiviiiiiriiiiitieirctes s e 303
RELEIEICES «.vvveevviieeeeneeriiiiieiiiicst st s a s s s s 303
Chapter 15: Influence of Particle Size on Direct Microbial Conversion of
Hot Water-Pretreated Poplar by Clostridium thermocellum............ 307
INITOQUCHION ..veeeeeeeeeceeecirrirssitcetccenreeeser e s s e ss s s s na s b sas st enebere bt 307
Materials and MethOdS ........covvivenrveinieciiiiniiiiirsie s 308
Microorganism and Fermentations .........cc.cveeeeiniessieesiesienesssssnnninesennaes 308
SUDSIEALE ...cvveeeieveeetenrirrereise st essrasaae ssesanmesssrossereasaessarense s sbansossesbebssasbssensrsossaess 308
Compositional ANALYSIS c.cv.civiiieiieriesretennt sttt 309
Digestion Assay and ANalySiS.......c.ccccerrrerrienimmnninirscsnss st 309
X-Ray Diffraction Measurements.........cocecveereiiinieisssesnetsennsnencscionsinnisanissenas 310
GIOWHh STUAIES....veeveririreeceritiresseesee et e e st sitensbas st s b s snaeseasesasbesnarasannrens 310
Nitrogen Analysis for Carbon:Nitrogen Ratio .........c.veccvenieiiineniiiininicneenn. 311
RESUIS 1.vvveerveiieeseseeeserearrer e trraseesersessassnerssrassastatiserssessbenansnasasssnesaretsstansrssssassnns 311
Optimizing Growth Media for C. thermocellum Growth on Cellobiose,
Avicel, and POPIAT ...ttt 311

Particle Size Comparison (Poplar vs AVICEl) ...c.oiivirenieinccnicnniiininen 313



x Contents

COMCIUSION . evveneereeveeeeaoeeeesrsssoreressneeasestossanansssnsnusessnessismrsossastaoasessessiasressarentensiississ g };
ACKNOWIEAZINENLS ......eoerviminiirirninesseseissesstsansss st sttt st s e s st es o8
REFETEIICES ceveveveeeereeessreresseesesesessrsessessossesssssansasssessentsrsmansrssnsatssssasnntssssutiatssssssasises
Chapter 16: Clostridium thermocellum: Engineered for the Production
OF BIOEERANOL. ......oorvruneerrareennneaasssssenisarssinesnisneasocssesssesnessnanaranns 321
Biotechnological Interest in Clostridium thermocCellum .........oocvvceveeeveesisinniininnens 321
C. thermocelum CharacteTiSTICS ...occrerverissrvrerierainnmssssssstsscisannrrasansasssesssssesine 321
ECology and ISOLALES.......c.c.cveuimrineirrsrciesseseestescestisssstssssssss st es s sssasara s sansnesess 322
Physiology, Metabolism, and Ethanol TOIerance .......cowrnerirecesncnnsninninnnns 323
GENOIME SEQUENCES ...enverreuererrereiessesersresessssssasssstsssesaemsisssssiastsasssassssssrsssasssesisssinsssass 325
Transcriptomics and PrOLEOIMCS ....eovurvrersirtinamnenrrniitnireiisn s 327
C. thermocellum Genetic Tools and Metabolic Engineering........occceeveevvercnnnienns 328
OULLOOK .....cvvvivierreecerveeeeee e sessseessatsseesre s e s s ba s sesaa st e b s s s sesnssesa bt s e sesanasssstnensanenass 330
ACKNOWIEAZIMENL.....eeveereeerenerieietiiriirites s tsssssrssss st stertst st ssseat s et e seusstsassssanssesaes 330
RELETENCES 1vevererirreierrrrrernreareriereireestsstesisesessesssstoresrtassatastasserenssassesssansesasssessussinsns 330
Chapter 17: Omics Approaches for Designing Biofuel Producing Cocultures
for Enhanced Microbial Conversion of Lignocellulosic Substrates ........ 335
INETOQUCHION ...vvveeveeeereeeerieceteseesereenensesressreessssnne s e estesesesbsrsesb e b e s e e e s srabearassasrantsbans 335
Synergistic Cocultures for Fermentation of Lignocellulosic Substrates.................. 336
Predicting Synergistic COCUMUIES ........c.covvviiiiiiiininisinienteinese st 337
Taking Advantage of “Omics” to Understand Microbial Complementarity .......... 337
Complementarity in Glycoside Hydrolases and Hydrolysis of Complex
SUDSITALES 1..viveceneeereeeeirecretsin et sttt s st s bae e e s e smesmesbssbsrarenbons 338
Carbohydrate Utilization in FIrmicutes ..............ccoevevniieneniiieeeeeeesesieecnseseeseeses 344
Nutrient Complementation in Cellulolytic Coculfures ...........ccocvveeeiiviriinveerreennnns 347
Regulation of Microbial Interactions: Quorum Sensing..........ceeeevvrevverrvereseenrenens 355
CONCIUSIONS ...oviriiiiiiirircciiii sttt e s et e st et e ree et sonee s resseassssnsoreesesseseenes 358
RETEIENCES ...cvvviieieecct ettt s e e s r e e e s e b e s s nne 359
Chapter 18: Engineering Synthetic Microbial Consortia for Consolidated
Bioprocessing of Lignocellulosic Biomass into Valuable Fuels
ANA CREMUCAIS «.o....oennoeneeneneeeianeevanearannrssnenaecseeeeeesenansssssanesssessessns 365
INEOAUCHON .ttt s s s s sas e se e senene 365
Engineering Single Microorganisms to Enable CBP ..........ccccoveveeerueverrereeersrerrennn. 367
Engineered Synthetic Microbial Consortia for CBP...............oveveeveeveeversieeseesresenns 369
Synthetic Consortia of Saccharification and Fermentation Specialists.................. 369
Other Synthetic Microbial Consortia for CBP.......cccvovveeereeeeeeeeoeeeoeoeooeoeooeeoo 372
Emerging Methods for Designing and Regulating Synthetic Microbial
CONSOTHA «1vvvrvrrrinteni ittt veiees ettt ettt et teeeee e eessne s s s e s e esesseseseseend 373
Synthetic Cell-Cell SIgNAlING.........voveueuvivrineeereereeereeseeseeee e eeeeeeso 374
SYDthetic BCOLOGIES........c.uiumimeiirireeietctteee e reeeee s ee et 375
Elucidation for ENGINEering ........cvvvuveruiveuiuieereeeeeeeeereeseossesesoeseeoeoeoeoooeeooeeeeooo. 378
Concluding REMATKS ..ottt ceeeeeesesseses e eooeoeoeeeoeeoeeesoo 379

References

.......................................................................



Contents xi

Chapter 19: A Route from Biomass to Hydrocarbons via Depolymerization

and Decarboxylation of Microbially Produced Polyhydroxybutyrate.....383
INEOAUCHION c..cvviiiiiiiiet ittt ee s esaseeseaeestesessne s e messsaneesasssaensensosesns 383
EXperimental SECION ....ccciieriririererrrernreerternerrereseesenesseseessessssnnesssessssonsssnsesesnons 386
Chemicals and Catalysts ......ccorirerrerrrerreeenserceninenenineeseeressnasssossrsssirsssoseessissssses 386
Stainless Steel TUDE REACIOT......covvreeeervieecrrrrrneerreseesteneseee e eseereesesessseseesseenes 386
GaS ANALYSIS...cccvuveerriererieriernineresiesreesaeesseresteeeresssestssrsasessnsssesbassssasrosesasrersasseoness 387
PHB ANALYSIS ..ccoueeieienierieneieiereirieree st e esreeesesesssesseenesessaesesssnssassbosssissssessessasses 387
Microbial Production of PHB ......c.cccccviieiiiinicvnneniesccnienniiissesnines 388
Results and DiSCUSSION .....coccrcerrcreeerierneiiinin it sssres s sessisssiossassonsen 388
Thermal Decarboxylation of Crotonic Acid .........cccocoevreeeencricnvinsinnenininnn 388
Thermal Depolymerization and Decarboxylation of Commercial PHB................ 389
Microbial Production of PHB .....cccccooiiiriincccicctittcnnisnneneesees 389
Thermal Depolymerization and Decarboxylation of PHB Containing
Bacterial CellS .....uvevirercirererereneriere e ee et eesesernessrsenesanesestsstsssssstssresensaerorsnsensrssens 392
CONCIUSIONS «.vveiervererrrerrecrieereisssrsseaerassaesseseessmesstsniesestotetessossasssnsenssssrssnnsrenesssrssontons 392
ACKNOWIEAZIMENL.....c.oetiviiiiinirniietitetesr e sies e sts ettt e esas s s b s e s s 393
RETEIENCES c.vevveeeererrrreeeeerrrrrerrerreereeaeseeesseesssrtsesressistsrersstontsasssnesessessessneresasionsasssonns 393



