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Biomass

Cellulose

Polymer of
B-(1,4)-glucan;
degree of polymerization
~300 to 15,000

Production: <35 to 50%
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. biopolymers |

Pplymer Short-chain
derived from branched, substituted
con.|feryl, coumaryl, @ polymer of sugars;
sinapyl alcohol degree of polymerization
~70 to 200

Ragauskasetal., 2006.Nature, 311: 484489



Recalcitrancef Cell Walll
Structure

Protein-Polysaccharide linkage?

Thestronginterchainhydrogen
bondingnetworkmakes
crystallinecelluloseresistanto
enzymatichydrolysis
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Access tahecrystalline
cellulosecoresof
microfibrils is restrictedby
acoatingof amorphous
celluloseand
hemicellulose
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Heteroxylans
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Isodityrosine Structural
bridge proteins

Saha, 2003. J. Ind. Microbiol. Biotechnol., 30: 27/291

Thestructural
complexityand

heterogeneityf cell-
wall constituentssuch
asmicrofibrils and

matrix polymers

contributeto the
recalcitrancdo
enzymeaction

Thehydrophobic
interactions
betweercellulose
sheetgnakes
crystalline
celluloseresistant
to enzymatic
hydrolysis
becauset
contributego the
formationof a
densdayer of
waternearthe
hydratedcellulose
surface



Model of the plant cell wall polysaccharide networks

(Picture by MSU-DOE Plant Research Laboratory Michigan State University).

The Plant Cell Wall
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Cellulosefibril may
containthreegroupsof
glucanchains
C1 (red) aresix crystalline
chains
C2 (green are 12
subcrystallinechainswith
smalldegreeof disorder
C3 (blue) are 18surface
chainsthatare
subcrystallinewith alarge
degreeof disorder

A

Holocellulose

Cellulose microfibril

Cellulose elementary fibril C H-bond network

Himmel et al, 2007. Nature, 315: 80807

Hemicellulosesre
closelyassociatedo the
surfaceof therigid
cellulosecrystalline
forming the microfibirl
network

Pectinsarecross
linked
polysaccharides
forming a hydrated
gelthatgluesthecell-
wall components
together



TheholocelluloseEnzymaticDesconstruction

Glucose

Reducing ends
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Pérezet al, 2002. Int. Microbiol., 5: 5363.




EnzymaticAttack on HolocelluloseStructure

endo-f-glucanase

A. B—gluoo?sidase ‘

OGO 000000000000y [B-1.4-glucos
LS f[|3'4'9"-'Y']

cellobiohydrolase =
cellobiohydrolase (GH7)

Cellulase

B-xylosidase  endo-B-xylanase

vov ¥

B o#
2 (v [B-1,4-xylosyl]
a-glucuronidas! /
a-arabinofuranosidase

Xylanase

endo-f-mannanase
(3 v
W [(p-1,4 mannosyl), + (5-1,4 -glucosyl)]
p-mannosidase a-galactosidase
Mannanase
a-galactosidase

a-arabinofuranosidase ::

D .
. [a-1.4-galacturonosyl], +
[(a-1,2-rhamnosyl), + (a-1,4-galacturonosyl),], P e Ctl n aS e
; [various sugars]
Figure 3
Simplified structures and sites of enzymatic attack on polymers from lig llul A cellulose chain fragment (A) is shown,
along with hypothetical frag: of the hemicellul xylan (B), gh (C). and pectin (D). Sites of attack of some of

the major enzymes acting on the respective material are indicated by arrows. The glycosidic bond type of the main-chain is
indicated in brackets to the right of each polymer fragment. Carbohydrates are indicated as circles, and the reducing end of
each main chain is marked by a line through the circle. White = glucose, green = xylose, yellow = glucuronic acid, red = arab-
inose, light blue = dark blue = gal: grey = galacturonic acid, and pink = undefined sugar residues. Acetate
groups are shown as triangles, phenolic groups as diagonals, and methyl groups as rombs.

Turneret al,, 2007. Microb. Cell
Fact., 6: 123




EnzymaticBreakdownof
Holocellulose

Effectiveconversiorof holocelluloseo fermentable
sugargequires

Sizereduction
Pretreatmemfracionatiort
EnzymaticHydrolysis

Non-linearity in the hydrolysisprocessiueto
variationsin theacesso glycosidiclinkagesand
terminalchainsavailablein differentregionsof
plantcell wall

* Thecharacteristicef holocellulosesubstrates
vary, dependingnthepretreatmenandorigin

> W




EnzymeCharacteristic$or
Conversiomf Holocellulose

1. A highercatalyticefficiencyin
iInsolublelignocellulosic

substrate$DP e DS,

2. Increasedastabllity atelevated
temperatur@andata certainpH;

3. Highertoleranceo endproduct
iInhibition;



An Overviewof Substrate
Modification

1. A reductionof substrate/iscosityandor
anincreasef reducingsugars

2. A changeof thetopographysurfaceand
hydrolysisratesof holocellulose



Enzymeaction

Changesn holocellulosecharacteristicsluring
enzymatichydrolysis

A nonproductivabindingof theenzymeonthe
surfaceof holocellulose

DynamicinteractiondetweenCBM, catalytic
domainandinsolublesubstraten the plantcell
wall

Enzymediffusion, adsorptiorandcatalysison
the surfaceof holocellulose

Heterogeneityf insolublesubstrate




Fungior Bacteri&

A Fungt producea complexmixture of
extracellularenzymeswith high
productivityandcatalyticefficiencyand
low cost

A Bacteria produceanenzymaticcomplex
associatedo cell wall



Parameterfor HolocelluloseHydrolysis

1) Mechanisnof hydrolysisaccordingo Koshland
model

2) Theroleof H,O

3) Sterichindrance

4) Synergisticactionof enzymesystems:
5) Endoand Exo activities

6) Primaryand secondanhydrolysis

/) Enzymepromiscuity



Retentionof Stereochemistry

Theterminal
HO 1 Clcarbon
"o hydroxyl is
& left in the b-
configuration

Coughlanetal., 1993. In: Hemicelluloseand Hemicellulases Portland Press pp. 5384



RetentionrMechanism

A Hydrolysisof holocelluloseby a doubledisplacement
reactionleads taretentionof anomericconfiguration

A Themechanisnof reactioninvolvesnucleophilicattack
(donationof H+) by anunionizedGlu or Asp residueon C-
1 of theincipientreducingsugar

A Theresultingglycosylfragmentdiffusesawayfrom the
activecentre

A Theoxocarboniumion intermediatgtheresidualfragmeny
IS stabilizedby covalentinteractionwith ionizedGlu or Asp

A Thereactionis completedy the addition(from watei of a
hydroxyl groupto the carboniumion anda protonto the
nucleophile



Inversionof Stereochemistry

Glu
(b) %
N
c \ ° ’i O 1
\ 0
HO Y ‘! g o

Theterminal Clcarbon
hydroxylislefti n U
configuration

Coughlanet al.,1993. In: Hemicellulose and Hemicellulases, Portland Press, pp.-B3




InversionMechanism

A Hydrolysisof holocelluloséby a single
displacementeactionleads tanversionof
anomericconfiguration

A Thereactioninvolvesthe participationof a
generahlcid (unionizedGlu or Asp) anda
general basadnizedGlu or Asp) In
catalysiswith attackby anucleophile
moleculeof water



A Water molecule could invade the space
underthe nonreducingchain end and thus
prevent it from reannealing into the
cellulosecrystal



Enzymaticapproach

A Degreeof crystallinity of celulose;
A Typeanddistributionof lignocellulose

A Inespecificadsorptiorof enzymein holocellulose
structure

A A decreasén theamountof enzymeassociated
with holocellulose

A Sterichindranceandaccessibilityto enzymatic
attack



Synergism

A It is observedvhenthe amountof product
formedby two or moreenzymescting
togetherexceedshe arithmeticsumof the
productdormedby theactionof each
iIndividualenzyme



Heterosynergy

A It is definedasthe synergistidnteractionbetweera
sidechain andmainchaincleavingenzyme

A Uniproductheterosynergy the action of the main
chain enzymefacilitates the releaseof substituent
by the sidechainenzymeor viceversa

A Byproductheterosynergythe extentof liberationof
substituentand of hydrolysis of the main chain
resulting from the actions of the combined
enzymes exceededthe sum os those observed
following theactionsof theindividualenzymes



Homoesynergy

A Thesynergisticor co-operativeinteractionbetweenwo
or more different typesof side chaincleavingenzyme
or betweentwo or more typesof main chaincleaving
enzyme

A It is observedwhen mixtures of two or more main
chaincleaving enzymes(by ende or exo-acting of
different specificities effect the release of greater
amounts of product than the sum of the products
releasedy theindividualenzymes

A It is usually consideredhat the action of one enzyme
providesthe substratdor the otheror allowsthe second
enzymeaccesdo Iits substrate



Antisynergy

A The action of one type of enzymepreventing
theactionof asecond

A Some enzymescleave main chain linkages
only In the vicinity of a particular type of
substituent

A The prior removal of the substituentby the
relevant side chaincleaving enzyme would
preclude action by the specific main chain
enzyme

A Is it possibleto occurin viva?



Exampleof Synerqgism

Heterosynergistic interactions in the hydrolysis of

feruloylxylan (a) and arabino-xylan (b) by fungal

Fig. 2.
enzymes
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Coughlaretal., 1993. I'HemicelluloseandHemicellulases53-84.



PrimaryandSecondary
Hydrolysis

A Primaryhydrolysisoccurson the surfaceof solid
A Secondanhydrolysisoccursin theliquid phase

A Differencesn substrateccessiblity DP and
chainendavailability for differentregionsof
holocellulose



EnzymePromiscuity

A ﬁOnethatdoesthingsit iIsnotexpected o do o

A

A

AMost enzymeactivesiteshavegreatchemicalpotential litteredwith
potentialcatalyticgroup® ( D Heanschéag

Enzymesandtheir ability to catalyzea spectrunof reactionswith
differentsubstrateandvaryingefficiency

Enzymesexhibitbothhighly efficient nativeactivitiesandlessefficient
butstill biologically activitiesagainsta wide variety of nonnative
substrates

N | facilitates enzymeevolution becausenew catalytic functions can
evolve from those that already exist weakly in existing enzymes
(SteveReuland

Highernonnativeactivity canconfera substantiafithessadvantage

Promiscuousctivitiessharehe mainactivesitefeaturesvith the
nativeactivity, includingsubstratgositioningandmechanism



nFunctional promiscuity can result from different conformationsin the
ensemblecatalyzingdifferentreactions with the nativeactivity catalyzed
by the moststable(groundstatg conformatiom (proposedyy Wroeetal.,

2007 HFSPJ., 1: 79-87.

Box 1. Types of enzyme promiscuity

o Enzyme condition promiscuity

Shown by enzymes with catalytic activity in various reaction

conditions different from their natural ones, such as anhydrous

media, extreme temperature or pH.

e Enzyme substrate promiscuity

Shown by enzymes with relaxed or broad substrate specificity.

¢ Enzyme catalytic promiscuity

Shown by enzymes catalyzing distinctly different chemical transfor-

mations with different transition states. Enzyme catalytic promiscu-

ity can be either:

{i) accidental — a side reaction catalyzed by the wild-type enzyme;

(ii) induced — a new reaction established by one or several
mutations rerouting the reaction catalyzed by the wild-type
enzyme.

Hult andBerglund 2007. Trendsin Biotechnology25: 231-238

A mutation that increases
the stability of a nonnative
conformationincreasesits

occupancy into the

ensembleand the activity

corresponding to  this

conformation

Conformational
changenablethe
sameenzymeto
accomodatdalifferent

substrates



RobustnesandPlasticity
N Gr Eaallitator®

Robustenessf enzymenativefunction

activity is notdecreasedly alargeamount

for the nativeactivity
Plasticitytowardenzymepromiscuoudgunctions

activity is substantiallymprovedfor other
promiscuousctivities

Whenamicrorganisms facedwith newchallengesanenzyme
canimproveits activity towardsa newsubstrater new
reactionwhile mantaininga high level of nativefunction
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Current Opinicn in Chemical Biclogy

Possible routes to new function acquisition. Under selection, a weak,
promiscuocus activity of a protein with an axisting function (blue circie)
gradually evolves. By the end of this process, which typically requires
many generations of mutation and selection, the “‘new’ function has
traded off with the original one (green circle). However, the dynamics of
this process may vary. The gain—oss of the new versus old function, and
the conversion of one “specialist’ protein into another, may trade-off
Enearly {(dashed line), or follow either concave or convex routes. Results
of numerous directed evolution experiments indicate that the convax
route (‘weak negative trade-offs’) is the more lkely one — large
increases in the promiscuous function under selection (‘new function’)
are accompanied by significantly smaller decreases in the original
function (Tabie 1). By virtue of gaining a ‘new’ function without losing the
original one (and often gaining other new functions not selected for), the
Intermediates of these routes are "generalsts’, and their evolution can
therofore proceed prior to gene duplication. By contrast, the concave
route implies that gene duplication is a necessary prerequisite, because
acquisition of even low levels of the ‘new” function is accompanied by
large losses of the original one. This route is observed in the laboratory,
in particular under a dual selection, for gain of a new function and loss of
the old one.

Khersonskyetal., 2006.
Curr. Op.Chem Biol.,
10: 498508



An exampleof xylanasewith relaxedspecificity

TABLE 2

Substrate specificilies of two xylanases from Penicillivm capswlatiim

Substrate Main chain linkage XynA XynB

relative activity"

Ohat spelts xvlan (soluble) f-1,4 100.0 100.0
Oat spelts xvlan (insoluble) fi-1,4 37.3 3.6
Wheat straw xylan (soluble) fi-1,4 67.9 95.6
Wheat straw xylan {insoluble) f-14 93.7 180.3
Rhodymenia palmata xylan f-1,4 (82%); 5-1,3 (18%) 124.4 123.0
Cellulose (filter paper) p-1.4 i) (0

CM-cellulose B-14 i 233
Barley f-glucan B-1.4 (73%); B-1,3 (25%) 4.9 BO4
Pneumococcal RS 111 alternating ff-1,4 and #-1,3 il 1.0
Laminarin f-1,3 0 18.7
Lichenan B-14 (65%); B-13 (35%) 0 5.0
Polygalacturonate x-14 0 l

" The samples of XynA and XvnB used had 10.4 and 5.3 [U-ml~ ', respectively, as measured with soluble oat spelts xylan as substrate.
These values were arbitrarily assigned as representing 1007, activity in each case.

Filhoetal., 1993. J. IndBiotechnol, 11: 171180



Whatto expec?

A This greatly increaseshe chancesof successfully
achievinga novel function without disrupting the
old one

A An enzymeevolving a new function mustmantain
a high level of fitness throughoutits evolution
otherwisat will beconstrainedy selection

A Extracellularenzymescan be exposedo reactions
conditionsand substratesn the cell wall structure
thatwill challengetheir specificity andmight force
them to handle substratesand catalyzereactions
thyewerenotinitially designedor, is it possibl&




OutstandindQuestior!

A Does enzymepromiscuity actually play a role in natural
evolutior?

A i When a needfor new enzymaticfunction arises nature
recruits existing enzymesthat promiscuily bind the new
substrate or catalyzethe new reaction and then tinkers
with their activesiteto fit the newsubstrateandreactiorn

A Consequencegrom above new family members have

diverged from existing ones yielding the large and
functionallydiverseenzymefamilies



Strategiegor Improvingthe Propertieof
Individual HolocelluloseDegradingenzymes

1. RationalDesign pasednknowledgeonthe
enzymestructureandmechanisnof catalysis

2. DirectedEvolution(theimprovedenzymesare
selectedhfterrandommutagenesiandor
molecularrecombinatioi

3. Theactionof enzymesninsolublesubstrates
yieldinganimprovedhydrolysisrateor higher
holocellulosedigestibility




Wild type
Cellulase Components

Reconstitute @-“’* endos
hul
oi;::: é exosR
QQQ @‘-\ expsNR

Q

B-Gase
Improved cellulase @
components

Rational Design Directed Evolution

X

Fig. 1. Scheme of cellulase engineering for non-complexed cellulases, Endos, endoglucanases; exosR, exoglucanases acting on reducing ends;
exosNR, exoglucanases acting on non-reducing ends; B-Gase, |3-glucosidase.

Screen or select on
solid substrate

Zhangetal., 2006 Biotechnol Adv., 24: 452
481



Ultrafiltration

A ltisis atechniquefor separatinglissolvedmoleculesn
solutionon the basisof sizewhich meanghatmoleculedarger
thanthemembrangooresizeratingwill beretainedatthe
surfaceof themembrane

A Theability of holocellulosedegradingenzymego passthrough
ultrafiltration membranesvith low-molecularweightcut off
values

A Compactstructureof holocellulosedegradingenzyme



Purification Scheme by Ultrafiltration

Crude Extract from liquid and solid cultures

}

‘ Centrifugation ‘

!

‘ Ultrafiltration (PM 300) ‘

/\

Retentate Ultrafiltrate

\ / |

‘ Xylanase, CMCase and Total Protein

‘ Retentate Ultrafiltrate
| Xylanase, CMCase and Total Protein Ultrafiltration (PM 50) I
l Retentate Ultrafiltrate |
‘ Xylanase, CMCase and Total Protein Ultrafiltration (PM 30) |
Retentate | | Ultrafiltrate

S~ —

[ Xylanase, CMCase and Total Protein ‘




XYLANASE ACTION IN
CELLULOSE PULP

ATTACK OF A CELLULASE-FREE
XYLANASE

PULP FIBER

XYLOSE RELEASE

LIGNIN RELEASE

XYLAN
CELLULOSE
LIGNIN

IANS




A ConformationaPlasticityof Xylanase




Glycosilation

A An importantenzymaticstrategyto
surviveduringextracellulaholocellulose
breakdown

A A thermaltolerancestrategy



A b-Glucosidasérom Humicolagrisea

EMC PM TE IE PM

205.000

116.000
97.400
68.000

46.000
©30.000

FIGURA 32 - Eletroforese em gel de poliacrilamida (gradien-
te de 4,5 - 12%), sob condigdes desnaturantes,
do extrato do meio de cultura e fragdes I e II
de beta glucosidase extracelular. Gel corado
pelo Coomassie Blue G-250. Quﬁntidades de pro-
teinas submetidas a eletroforese: fragdo I ex-
tracelular (IE): 10 ug; fragdo II Iextracelular
(IIE): 8,4 ug; extrato do meio de cultura
(EMC): 25 ug. Marcadores de peso molecular
(PM): anidrase carbdnica (30.000 -daltons),
ovalbumina (46.000 daltons), albumina bovina

© (68.000 daltons), fosforilase b (97.400 dal-
tons), beta-galactosidase (116.000 daltons) e
miosina (205.000 daltons).



b-Glucosidase

EMC pMm TIE IE PM

205.000

116.000

97.400
68.000

46.000

30.000

FIGURA 33 - Gel, descrito na figura 32, submetido a colora-

¢do pelo reagente de Schiff.



An EnzymaticComplexfrom Penicillium
capsulatum

Connelly et al, 1991. Enzyme Microb. Technol., 13: 47077.



Properties

A Dimer with subunitof 135kDa

A Eachsubunitis composeaf threeenzymes
b-glucosidasg Db-laminarinase and Db-
glucanase

A Eachsubunitis a single protein with three
domains eachdisplyaingone of the above
activities



Mechanisnof Action
A EndoactiorandExoaction

A The products of the endoacting b-glucanaseand b-
laminarinasareimediatelyacteduponby the exoactingb-
glucosidase€omponento yield glucose

A Oligomeric productsreleasedrom glucanor laminarin by
the b-glucanaseor Db-laminarinase component of the
complex are cleaved at a faster rate by the exoacting
glucosidase

A The function of the complexin vivo is to assurethe rapid
conversionof b-glucansor laminarin to a product i.e.
glucosethatis readilyassimilabldoy thefungus

A An enzymecomplex with the ability to effect complete
conversion of polysaccharidesto their monomeric
constituent may also have considerable industrial
application



Secretomeor Exoproteome

The populationof geneproductsthatare
secretedrom thecell



In PDA
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Narrow range pH gradient
(sugar caneasthe carbon source)
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Protein identification MS/MS
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Mascot SearchResults

Protein View

Matchto: Q6RKQ1 AURPU Score:45
Alpha arabinofuranosidase(EC 3.2.1.55). Aureobasidium pullulans. Found
in searchof DATA.TXT Nominal mass(M,): 5241Q Calculatedol value 5.35

NCBI BLAST searchof

againstir Unformatted

for pastinginto otherapplicationsTaxonomy
Links to retrieveotherentriescontainingthis sequencérom NCBI Entrez

Number of Hits
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http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CDD_SEARCH=on&CLIENT=web&COMPOSITION_BASED_STATISTICS=on&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&I_THRESH=0.001&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&QUERY=MRSRTNIALGLAATGSLVAAAPCDIYQNGGTPCVAAHGTTRALYDSYTGPLYQLKRGSDGTTTDISPLSAGGVANAAAQDSFCKGTTCLISIIYDQSGRANHLYQAQKGAFSGPDVNGNDNLAGAIGAPVTLNGKKAYGVFISPGTGYRNDEVSGTATGNEPEGMYAVLDGTHYNDACCFDYGNAEISNTDTGNGHMEAVYYGNNTIWGSGSGSGPWLMADLENGLFSGQGTKQNTADPSISNRFFTGMVKGEPNQWALRGSNAASGSLSTYYSGARPTVGGYNPMSLEGAIILGIGGDNSNGAQGTFYEGVMTSGYPSDATEASVQANIVAAKYATTSLNTAPLTVGNKISIKVTTPGYDTRYLAHTGATVNTQVVSSSSATSLKQQASWTVRTGLGNSGCYSFESVDTPGSFIRHYNFQLQLNANDNTKAFKEDATFCSQTGLVTGNTFNSWSYPAKFIRHYNNVGYIASNGGVHDFDSATGFNNDVSFVVGSSFA&SERVICE=plain&SET_DEFAULTS.x=9&SET_DEFAULTS.y=5&SHOW_OVERVIEW=on&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://www.matrixscience.com/cgi/getseq.pl?MSDB+Q6RKQ1_AURPU+seq
http://www.matrixscience.com/cgi/getseq.pl?MSDB+Q6RKQ1_AURPU+seq
http://www.matrixscience.com/cgi/getseq.pl?MSDB+Q6RKQ1_AURPU+seq
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=5580
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=5580
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=5580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=protein&doptcmdl=genpept&tool=mascot&term=AAR87863[accn]
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=5580
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=5580
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?lvl=0&id=5580

Narrow pH gradient (47) 1% sugarcane bagasse

20.1-

14.




Conclusions

A T. harzianunsecretome displayed differefDE profiles
INn response to pure and carbon sources

A Protein identification was not achieved by peptide mass
fingerprinting
A Protein spots are presently being identified by MS/MS in

order to correlate enzyme activity with secretome
composition



Biorefinery
A StrateaidBrazilianProiect

PROCESSING
TECHNOLOGIES

various combined

Crops and grains (starch,
lignocellulosics)

Lignocellulosics (celiolose,
hemicellulose, pectin)

Municipal solid waste

Bio-processes
Chemical processes
Thermal processes

Physical processes

Fuels (solid, liquid and gaseous)

Chemicals (pharma, speciaities,
commaodities)

Materials (polymers)

ethanol |lintermediates

bioplastics

lsurfactants

biodiesel || oils, fatty acids

detergents

adhesives

biogas | | lubricants

dyes, pigments, inks

Turner etal., 2007. Microb.Cell Fact., 6: 1-23

A biorefineryis a facility that
integrates biomass conversion
processes and equipment to
produce fuels, power, and
chemicals from biomass
www.nrel.gov/biomasiiorefine
ry.htmil



o . A bidrefiner0 I s a
B I O refl n e ry relatively new term
referring to the
conversion of biomass
feedstock into a host of
valuable chemicals and
energy with minimal
waste and emissions.
http://www.biovisiontec
h.ca/biorefinery.htm
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End-of-life biomaterials



BiomassConversion

QOverview

Cellulase
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Hydrolysis 3) Ethanol
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(1) L = = == Soluble CS == Lignin and
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Merino and Cherry, 2007. Adv. Biochem. Engin./Biotechnol.,

108: 95120.
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Strategiedso makethebiorefinery
processingnoreeconomical

Incresingcommerciakenzymevolumetricproductivity
Producingenzymesisingchepersubstrates

Producingenzymepreparationsvith greaterstability for
specificprocesses

Producingenzymeswith higherspecificactivity on solid
substrateg$Ex: cellulosebreakdownn the solid phasedy
Endo andExo-glucanases ratelimitng step

Improvementn enzymeperformance
Reductionn enzymeproductioncost
Increasan sugaryields



Benefitsfor Developmenbf Technologies for
ConvertingAgriculturalandForestyResidues
to Fermentablé&ugars

mprovedstrategicsecurity
Decreasedradedeficits
Healthierruraleconomies
mprovedenvironmentaguality;
TechnologyExports

A sustainabl@nergyresourcesupply
Zhangetal., 2006.Biotechnol Adv., 24: 452481.
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Biorefinery Euroview

A TheBIOREFINERY EUROVIEW project aims
atpreparing for future EU research and
technological development activitiesincluding
monitoring, assessment activities in the field of
biorefineries and the implications for agriculture
and forestry policy.

A http://iarpolefr.nexenservices.com/biorefinery/pub
lic/index.html



Biotechnology 2008

“MEnday 15 September — Wednesday 17 September, 2008
3 Hotel Bloom!, Brussels, Belgiom

A This inaugural event will feature two workshops and a forum with
approximately 30 leading speakers who will assess the prospects for
industrial biotechnology in Europe, through presentations, question
andanswer sessions and panel discussions. Bringing together a senior
and international group of biotechnology producers, chemicals and
plastics suppliers, biomass anidrefineriesend users from a wide
variety of industries and academia, EFIB2008 will provideptréect
meeting place for science, industry, policymakers and investors of
industrial biotechnology. As more companies arecognisinghe
potential of industrial biotechnology and developing a strong interest
In bioproductsnew opportunities are opening finganisation the
know.



Table 1. Types of lignoceliulosic materials and their current uses.

Lignocellulosic material

Residues

Competing use

Grain harvesting
Wheat, rice, oats barley and com

Processed grains
Corn, wheat, rice, soybean

Fruit and vegetable harvesting

Fruit and vegetable processing

Sugar cane other sugar products
Oils and oilseed plants

Animal waste

Forestry-paper and pulp
Harvesting of logs

Saw-and plywood waste

Pulp & paper mills

Lignocellulose waste from communities

Grass

Nuts, cotton seeds, olives, soybean etc.

Straw, cobs, stalks, husks,

Waste water, bran,

Seeds, peels, husks, stones,
rejected whole fruit and juice

Seeds, peels, waste water, husks,
shells, stones, rejected whole fruit
and juice

Bagasse

Shelis, husks, lint, fibre, sludge,
presscake, wastewater

Manure, other waste

Wood residuals, barks, leaves etc.

Woodchips, wood shavings, saw
dust

Fibre waste, sulphite liquor

Old newspapers, paper, cardboard,
old boards, disused furniture
Unutilised grass

Animal feed, bumnt as fuel,
compost, soil conditioner
Animal feed

Animal and fish feed, some
seeds for oil extraction

Animal and fish feed, some
seeds for oil extraction
Burnt as fuel

Animal feed, fertiliser, bumt fuel

Soil conditioners

Soil conditioners, burnt

Pulp and paper industries, chip
and fibre board

Reused in pulp and board
industry as fuel

Small percentage recycled,
others burnt

Burnt

Howard et al, 2003. African

J. Biotechnol. 2: 602619




Lignocelluloseas a Sourcef Holocellu

Lignocellulosic feedstock

|

Cellulose Hemicelluloses Lignin
Hexose Pentoses Hexoses
- Xylose - Galactose
- Glucose - Arabinose - Mannose
- Rhamnose - Fucose
- Glucose
Recombined strains
(e.g. Z. mobilis,
E. coli; S. cerevisiae)
BIOETHANOL Electriony
cogeneration

Neveset al., 2007.
DBPBMB, 1: 14
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Productsf LignhocelluloseConversion

'

Fermentation

e

v

Lignocellulose ‘ *

No pretreatment pretreatment

Vo

—» Animal feed

Single cell protein

v

Human or animal

nutrition

food & chemical
manufacturing

Lignocellulolytic —» Saccharification
enzymes l

v \

glucose mannose Xylose Phenolic

‘ | compounds
Fermentatlon Xylitol Furfural  Benzene

v

SCP

v

[ v v v v

Alcohols  methane Enzymes Microbial Fine chemicals Antibiotics
¢ ¢ polysaccharide
Petrochemicals, fuel *
Food and feeds

Howard et al, 2003. African J. Biotechnol. 2: 605619



SomeConclusiont

A An effectivehydrolysisof holocelluloserequiresa hetere
andhomosynergistiactionof differenthydrolases

A It is crucialanoptimizationof hydrolasesction specially
In theinsolublephaseof holocellulose

A GenomicEnzymology dirategyfor understandinghe
Interplayof structureandfunction requiringcorrelated
functionalandstructuralcharacterizatiow



NThere are more things
and earth, Horatio,
Than are dreamt of in your
phil osophy. o
Hamlet, scene v , William
Shakespeare



My researclgroup!







