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Introduction Development of new synthesis technologies Synthesis and Biochemical Characterization
_ _ _ _ Out of the 200 enzymes that were selected for characterization, 25 have been

Advla nees 1 next-genﬁratlon sec:uencm_g technotlolgles h?ve enabled The high cost of current DNA synthesis approaches, based on standard phosphoramidite synthesized to date (Figure 4A). These genes were cloned into E. coli expression
>INGIE genomes as Wett as Lomprex SnvITOnImentat sampres . oligonucleotide synthesis chemistry, has precluded the use of synthetic genes in large- vectors, and protein expression was induced. Most predicted enzymes showed some
(metagenomes) to be comprehensively sequenced on a routine basis. scale functional characterization studies. level of expression in the soluble fraction (Figure 4B). Enzymatic activity was then
Bl(r)]l_nrrorwatlcs arr:g!?]/sm Otf Ithe resufltu:g d§e?%enfl?g_r(]jatirle;/eril_?lg , The recent development of ‘programmable mask-less array” (Nimblegen) and ‘in-situ measured over a range of temperatures (Figure 4C) and pH values (figure 4D). Many
continually expanding catalogue of predicted proteins ( IHHON a3 nucleotide inkjet printing’ (Agilent, Figure 2) technologies, which direct the parallel enzymes were active over a range ot conditions.
of April 2011), 75% of which are associated with functional annotation : : : : :

COG. Pfam. Enzvme. K ) Th ‘edicted proteins cover th synthesis of thousands of short oligonucleotides onto a solid support, enable substantial A

( . Pfam, Enzyme, Kegg, etc). These predicted proteins cover the efficiency improvements and cost reduction.

=

We have developed a protocol for full-length gene synthesis based on the use of ‘ink-jet’ ;: selfennnnn BBERplpec-o
oligo arrays. In addition, we have developed and validated protocols for for performing
clone screening for synthesis validation using the PacBio sequencing technology.

full spectrum of known pathways and functional activities, including
many novel biocatalysts that are expected to significantly contribute to
the development of ‘clean technologies’ including biomass
degradation, lipid transformation for biodiesel generation,
Intermediates for polymer production, carbon capture, and B
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Systematic survey of GH1 enzymes CHSARNRRSIRER g
Translating sequencing data (digital information) into biochemical GH1 enzymes participate in the last step of biomass breakdown whereby cellobiose (or oH
molecules that can be assayed for function remains challenging cellotriose) Is converted to glucose (Figure 3A).
and represents a major bottleneck for fully exploiting the To survey the diversity of GH1 enzymes in nature we searched the NR and CAZy D
expanding gene catalogue. databases for matches against the pfam domain 00232. We identified 2319 predicted
Synthetic biology methods, including the in-vitro synthesis of GH1 proteins which could be grouped into ~1000 using a 90% homology filter. .
genes Iin a template-independent manner, bridge the gap between We built a multiple sequence alignment and phylogenetic tree (Figure 3B) of all . —
digital information and biochemical characterization. predicted proteins and applied the MaxPD algorithm to select 200 representatives that £ pH
cover the maximum sequence space. This set was selected for synthesis and g mpH:
The aim of the project is to develop high-throughput and low-cost characterization. < " pH
methods for gene synthesis and to apply this technology for the
synthesis and characterization of genes involved in biomass A

degradation, starting with ~200 GH1 enzymes.

This project is part of the LBNL Carbon Cycle 2.0 initiative. Figure 4: Gene synthesis and biochemical
characterization. A. Gene-synthesis B. Protein expression

C. Temperature profile D. pH profile

Cellobiose
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Specific Goals
« Development and validation of novel gene-synthesis pipeline. * We developed a pipeline for high-throughput gene-  synthesis
« Discovery of novel GH1 enzymes. Incorporating new technologies such as “ink-jet’ oligo printing
« Biochemical characterization of enzymes (substrate specificity, Glucose and PacBio sequencing technology.

thermostability, salt-resistance) * \We selected a set of highly diverse predicted GH1 enzymes for
» Generation of a dataset for Structure-Activity Relationship (SAR) functional characterization.
» Optimization of GH1s for cocktail for different industrial settings. « Initial data has shown good levels for protein expression,

Figure 3: Selection of GH1 candidate genes. A. Shows main GH1 activity. solubility and activity over a range of conditions.

B. Shows phylogenetic tree of all known GH1 enzymes. Selected proteins

are marked by red outer dots.  The fact that diverse temperature and pH optima have been

observed validates the phylogenetics driven approach.
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