“Trojan Horse” Strateqy for Deconstruction

of Biomass for Biofuels Production
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production of microbial enzymes added during processing,

The application of eneymes and microorganisms for the sustainable production of chemicals, bio-
polymers, materials and fuels from renewable resources as part of efforts to move towards “green

chemistry” offers great opporfunities for new and novel enzymes. While the majority of the indus-

trial enzymes known to date have been derived from bacteria and fungi, archaea, which repre-
senl the third domain of life, are incresingly finding applications in biotechnology, Most of the
archaeal spedes idenfified o date have been from extreme environments (condifions that mimic

Testbeds for Actuator Testing

Cmir imitial vesthed for aciwator evalualion = Ar.ihidupﬁib which is a
small ﬂnmrmg plant from the cabbage and mustard family and one of the
maselee] organisms for studyving plant biology, 11 was the first plant genome
sequenced, has a life cycle of & weeks allowing multiple generations to be
wevaluated over a short time, Mol only are phenotypic changes in the plant
easily observed but there are well-established molecular and growth

those of industrial processes). These environments such as geothermal and deep-sea volcanic sites bechniques for handling the plant under laboratory conditions, thus making e
(B0-121 *C), polar regions {20 *C), acidic solfatara fields (pH < 4), alkaline springs (pH > 8) and it a very useful model system; and information gleaned from these studies Arabicapsis
hypersaline Lakes (2-5 M NaCl) have been shown te be teeming with life forms that have unique are readily applicable to Poplar — a bio-energy feedstock, -

hiotechnological impaortamdce.

As a slarting point we are working with two eneymes. The endoglucanase S50 1949 and CelA
encoded by 8. solfataricus and A, acidocaltlarius respectively. Prior to synthesizing the genes we
performed extemnsive hicinformatics analysis on the open reading Frames (ORE), remaving oy plic
splice sites and optimized the codon preferences for robust expression in hio-energy crops.

These enrymies therefore provide the target actuators for Trojan Horse deconstruction strategy.
The substrate range, operational pH and temperatures of these archaeal enzymes make them
promising candidates To optimize bioconversion of recalcitrant cellulose 1o fermentable sugars by
running the process of saccharification at lower pH and higher temperatures as well as serve as a
micklel systems for analysis of the process,
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Currently, almost all of domestic ethanal production is from corn-derived starch, which in itseli

is a high value energy food and feed commodity. An alternative is lignocellulosic biomass (e.g.,
grasses, wond, agricullure waste etc.), which is renewable, cheags and readily available to the fume
of 50-biflion tons per year.

Biomass is converted o fermentable sugars for biofuels production using prefreatments, which
disrupts cellulose cross-links {e.g., lignocellulose), thereby allowing exogenously added recombi-
nanl microbial enzymes to access cellulose for “deconstruction” into fermentable sugars, The low
activity and high costs of recombinant deconstruction enzymes and cumbersome pretreatment
steps are the major econamic shorlcomings of biomass refineries.
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Our seconi testhed in Brachypodium distachyon(L) which has many
qualities thal make it a model for functional genomics studies in temperate
grasses, cereals, and dedicated biofuel crops such as Switchgrass. These at-
tribmates inclhede small genome diploid accessions, a shorl lile coyde, and simple
growth requirements.

We are also testing the actuator fransiently in Nicofiana using agro-infiltration,

Brachypadium
distactryaniLi

We were able o localize and
detect GIP in the apoplast using
the GRP signal sequence
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Preliminary Results

We identified and synthesized two enzymes after performing extensive bioinformatics analysis on
the e rl:mll'nﬂl frames (OB, We remonved 1;'r'|.-||||i1' upli{1= sibos 1,1;,||Hmi..u,-1:f the codon III‘l“I-I'E-
ences for robust expression in bio-energy crops.

The ORFs have been cloned for free expression in the cytoplasm as well as targeted expression fo
the apoplast in Arabidopsis as well as Brachypodium. The genes have also been cloned as fusions
with GFF which enables localization of the ensymes.,

The GFP-expressing actuators were transformed into Arabidopsis using Agrobacterium and the
resuliing plants were evaluated for expression of GFR

The promoter and targeting signal localizes the protein to its expected location.
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P ro bl Em Engineered Biomass Advantages ! :‘
Comsolidated bioprocessing f
Production of renewable biofuek to displace fossil fuels currently consumed in the transportation ] ) .
sector is a pressing multi-agency national priority (DOE/USDASEERE). Currently, nearly all fuel Steps and cost reduction : 1
ethanol is produced from corn-derived starch. Dedicated *energy crops® and agricultural waste T S L FER
are preferred long-term solutions for renewable, cheap, and globally available biofuels as they g £
aveid some of the market pressures and secondary greenhouse gas emission challenges currently R 1=
facing corn ethanol. These sources of lignocellulosic biomass are converted o fermentable I;:
suigars using a variely of chemical and thermochemical pretreatments, which disrupt cellulose DEM Sources Extoemopddles =
and lignin cross-links, allowing exogenously added recombinant microbial enzymes to more LT 1hite Aol Hydrobhesmelysis Sesmesiy Fiber Explesis . -
efficiently hyidrodyze the cellulose for “deconsiruction”™ into glucose. This process is plagued Traatments =
with inefficiencies, primarily due to the recalcitrance of cellulosic biomass, mass transfer issues peeml e} s ) em—— ) _E:ﬁih
during deconstruction, and low activity of recombinant deconsiruction enzymes. Cosls are also Bt tarial B, ¥ J kT | i
high due to the requirement for enzymes and reagents, and energy-intensive and cumbersome Niched  Teaggmyed 1 0T O0 1T T R o
pretreatment steps. g #
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R&D Approach [
One potential solution to these problems is found in synthetic biology; we propose o engineer A C IE!{J [or E{j”I"" truction
plants that seff-produce a suite of cellulase enzymes targeted to the apoplast for cleaving the — —_ =
linkages between lignin and cellulosic fibers; the genes encoding the degradation enrymes, abo Sremcter ”
known as cellulases, are obtained from extremophilic organisms that grow at high temperatures
(60100 "0) and acidic pH levels (<5). These enzymes will remain inactive during the life cycle | | | T _-_
of the plant but become active during hydrothermal pretreatment i.e., elevated temperatures. i
Deconstruction can be infegrated info a one-step process, thereby increasing efficiency (celluloses
cellulase mass-transfer rates) and reducing costs. Our proposed disruptive technologies address | T |';"’"“'“"“' mm. b
biomass deconstruction processes by 4.1H~|:-|.u|'.'|ing transgenic plants encoding a suite of enzFymes - i 1
used in cellulosic deconstruction, The unique aspects of this technology are the rationally engi- The actuatir i driven by a strong constitutive promoter and containg an fntron. Cellulase genes
necred, highly productive extremophilic enrymes, largeted 1o specific cellular locations (apo- were cloned for free expression in the cytoplasm as well as targeted to the apoplast using a signal 48
P"ﬁ'ﬂ am‘l their dormancy durmg. pormial Iﬂﬂ"t prﬂlr‘t‘rﬂ!ll:ln. which become Trojan horses during -'i.l-!t!_llrl'hl'l‘- irom rice. We dlluu coms e ted Il'u:-l'nl.h. A fusion with GFE. We are using Agrobacierium :' :
pretreatment conditions. We have been leveraging established Sandia’s enryme-engineering and to introduce ““‘ actuator info the model and h":"':'"E’H"" plants and use a “1"""5"':"1‘_' marker to
il'!'ll-:'l[',im capabilities. Our technical ﬂl.lprl'.ll-:'ll‘h not onky targets o il b e e e s enable selection of plants [l‘!.ll v irEl'-l.-n -urr{-d{dully transformed, The actuator without the . =
problem during biomass degradation bul also eliminales the costs asociated with industrial-scale bl Rilees Eine ieen il And LPE Sggnall Juce e s experis) 1=




