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Overview

To tackle the environmental problem of desertification, we envisioned a Continuous Greening Cycle in which engineered microorganisms
decompose dead plant matter into glucose through the action of cellulolytic enzymes. Thriving on this glucose, they then produce gamma
polyglutamica ¢ 1 €PGA),:a hygroscopic polymer that retains water in the soil. Using this water and atmospheric carbon dioxide, the plants
grow; this increased biomass eventually feeds back into the beginning of the cycle as dead plant matter. A net increase In total biomass in
obtained from the input of carbon dioxide with each turn of the cycle. Hence, the cycle will eventually spread to adjacent areas and we will
\get an automatically expanding greening effect! /
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Cellulose Degradation
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The first step in our cycle is cellulose degradation. For that, we need cellulases, a family of
enzymes that break b-glucosidic bonds in cellulose. In addition to cloning various cellulase

genes and BioBricking them, we investigated several ways of optimizing cellulolytic activity.

The second step Is production of the water-r et al ni ng S ubs ) ar
polyglutamic acid (also known as poly-o-g I ut a maR @A )eRGA1S a
sticky substance found in natto (a traditional Japanese fermented food
made from soybeans) and is naturally produced by Bacillus subtilis.
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Recombination of cellulolytic domains
We BioBricked catalytic domains from many cellulases and tried combining them in
different ways to obtain differing degrees of synergy.
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_ PGA has diverse applications including use as thickeners, humectants, carriers for
Chassis drug delivery, biodegradable fibers, highly water-absorbent hydrogels, biopolymer
We investigated effect of chassis on % flocculants, and heavy metal absorbers. Therefore, microbial production of PGA can
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Saccharomyces cerevisiae.

Polyglutamate synthetase
Three polyglutamate synthetase genes (pgsBCA) have been shown to be necessary

003 Cellulose binding module (CBM) and sufficient for extracellular production PGA in Escherichia coli. While B. subtilis, in
- Cellulose binding modules (CMBs) mediate close association addition to producing PGA, also secretes enzymes to biodegrade it, E. coli does not.
- e Petween insoluble cellulose chains and aqueous enzymes, Therefore, we postulate that overproduction of PGA can be done with E. coli.
ool =asc and are theorized to be important for optimal function. We We cloned the pgsA, pgsB, pgsC genes separately as BBa K392016,
0.005 cloned several CBMs in Silver fusion-compatible BioBricks for BBa_ K392017, and BBa_K392018 and submitted them to the Registry:.
0 . use in our cellulase constructs.
CanAttag  CenA+tag+CBM Confirmation of insert lengths by agarose gel electrophoresis

Extracellular expression
Since cellulose is extracellular, we tried attaching an assortment of secretion and cell-
surface display tags to the cellulases.
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Glutamate racemase

Glutamate racemase Is also important for PGA biosynthesis. Expression of pgsBCA
alone produced low quantities of PGA composed of only L-glutamate, while co-
expression of glutamate racemase gene (glr) increased both yield and D-glutamate
content of PGA.
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Tests | after reaction with DNS We cloned the glr as BBa _K392019 and submitted it to the Registry.
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‘ B o o Tl R ol 1 - Modeling ~
N e . . 2. 4 06 - A We constructed a rudimentary model using the biochemical engineering principle of
medium +E.coli  +E.coli(CeX)+E.coli(CenA) o4 i mass balance and Michaelis-Menten kinetics; check out our wiki for details
o2 I:.: A The model was incomplete due to too many unknown parameters; proper quantitation
T cerA | Cex  Negatve  Blank \ of these parameters may allow a proper simulation to be run /
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- 04 A Testing all our proposed ways of increasing cellulolytic activity
91:CenA Jos 013:Cex 02 A Completing the pgsBCA system and measurement of PGA production
93:.CenA+PelB 125:Cex+PelB | A Completion of model & simulation
\ CenA  CenA + PelBnegative Cex  Cex +PelB negative / A BioBricking & testing more yeast parts
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