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The focus of Synthetic Biology at
the JCVI has been:

The Synthetic Cell

"Synthetic" # "Artificial"

Synthetic Cell= A cell
operating off of a
genome that is 100%
the result of human
design decisions.
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1995-2010

2050 °?

1887-1889

1930 The tower lost the title of
the world's tallest structure
when the Chrysler Building was
completed in New York City.
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6kb

Initial Genome Assembly Strategy
(Using “Gibson Assembly”)
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A Brief Introduction to Mycoplasma

» Small Genomes: 0.5-1.5 million base-
pairs.

= Alternate Genetic Code: Instead of being
a stop codon, UGA codes for Tryptophan.

= No Cell Wall G

= Obligate Cellular Parasites, b&t can be
grown in pure culture with very rich media.

= Very limited genetic tools available.
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Mycoplasma mycoides Mycoplasma capricolum
capri
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Isothermal Assembly AKA “Gibson Assembly”

Many Short

Add:

*T5 exonuclease

*Phusion DNA polymerase
*Taq Ligase

*Phusion buffer + dNTPs + PEG
Incubate 50 °C 30 minutes

v

segments of DNA
with overlapping
ends

One Large

Target Sequence

Monday, January 17, 2011



GTCTCTTGTCAGACTAGACGATGACTGATCGTCAGTGAAACCTACGAATCCG 3'
CAGAGAACAGTCTGATCTGCTACTGACTAGCAGTCACTTTGGATGCTTAGGC §!

L}
3 GTCACTTTGGCGATGCTTAGGCAGTCTCTTGTCAGACTAGACGATGACTGATCG
5' CAGTGAAACCTACGAATCCGTCAGAGAACAGTCTGATCTGCTACTGACTAGC

T5 Exonuclease Degrades 5' ends
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GTCTCTTGTCAGACTAGACGATGACTGATCGTCAGTGAAACCTACGAATCCG 3'
CAGAGAACAGTCTGATCTGCTACTG §'

1
3 GTCACTTTGGATGCTTAGGCAGTCTCTTGTCAGACTAGACGATGACTGATCG
5' AGTCTGATCTGCTACTGACTAGC

single-stranded 3' ends can now anneal
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"The Gibson Assembly Song"
The Cambridge iGEM Team for 2010

http://www.cambridgeigem.org
m http://www.gibthon.org
- http://www.youtube.com/watch?v=WCW,jJFU1be8
: m |y ;
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GTCTCTTGTCAGACTAGACGATGACTGATCGTCAGTGAAACCTACGAATCCGTCAGAGAACAGTCTGATCTGCTACTGACTAGC
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582 kb—

Phusion DNA polymerase extends the 3' ends to fill 436.5 kb
in the single stranded region. 339.5kb—

Taq Ligase closes the remaining knicks.
145.5kb—

FIGE
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% molecule assemblies could not be cloned in E. coli
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Restriction digests show that 25 pieces can be assembled in yeast in one shot

M. gen
Genome
590 kb

Eagl
Y +
/A Mg
630.5kb — 1. !
533.5kb — |
436.5kb —
339.5kb —
242.5kb —
145.5kb —
48.5kb — ‘ Yeast DNA
—
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Transformation-associated
recombination (TAR) cloning.
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A. Homologous recombination B. Vector recircularization
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24kb » 580kb
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Schematic demonstrating the assembly of the
synthetic M. mycoides genome in yeast
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Whole Genome Transplantation.

Mycoplasma mycoides

capri... IN YEAST

o °° > > >
d [} ° o Protinase Methylate in plug, Selection
(o] K Melt plug, and
S (o] I© ¢ & incubate M.
° o o ° o o Degrade mycoides DNA with
o o 0 Yeast i M. Capricolum cells
o o o o DNA / in PEG and Ca++
o O
o
. —
M. mycoides cells Naked M. mycoides Cells with both M. Cells with only an
suspended agarose plug genomes suspended mycoides and M. M. mycoides
agarose plug Capricolum genomes  genome
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Characterization of the JCVI-syn1.0 transplants

CHEF gel restriction analysis

Strain igest ent # and size (kb
WT Ascl No si
WT BssHII 4) 668 (5)419
Syn235| Ascl (1) 685(2) 233 (3) 160 }
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*DNA assembly by invitro recombination. *Steel Lattice Construction.
*DNA assembly by yeast recombination.

*Whole genome cloning in yeast.

*Genome Transplantation.
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The Apollo Equation

© ©
1 Ton ] 1 Ton
N

1 Ton of equipment 1 Ton of equipment or
or consumables in consumables [aunched

space from the Earth into
space
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Metal Extraction: "Bio-Leaching"

*In Situ Resource Utilization is a way to break the Apollo
Equation.

*Bio-Leaching USING NATURAL BACTERIAL

COMMUNITIES has been used on Earth for decades for the
extraction of Copper and Gold from low-grade ore.

*It is now being adapted to other elements such as Cobalt.

. Phosphate
+ ammonium

f Solids are
removed and
gold is extracted

This picture is attributed to “BioMineWiki" and the author Anna Bauer. This picture is attributed to “The Science Creative
http://wiki.biomine.skelleftea.se/wiki/index.php/Main_Page Quarterly” (scg.ubc.ca) and Jane Wang. This graphic file is protected
under the creative commons licence

Monday, January 17, 2011 20


http://www.scq.ubc.ca/
http://www.scq.ubc.ca/
http://creativecommons.org/licenses/by-nc-sa/2.5/
http://creativecommons.org/licenses/by-nc-sa/2.5/

Bioleaching bacterial communities are amenable to metagenomic sampling.

*Acidophilic biofilm from the
Richmond mine at Iron Mountain.

*Near-complete genomes recovered
without culturing due to extremely
small number of species present.

articles

Community structure and metabolism
through reconstruction of microbial
genomes from the environment
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Bioleaching bacterial communities are amenable to metagenomic sampling.

ARSH4 ¢ yne

Hooks

,-\/.——\/_._/\/

/ \

Genomic DNA

A. Homologous recombination B. Vector recircularization

ARSH4 (pne

Geonomk DNA Tasert

5.FOA" 5.FOA"

Whole genome cloning offers the
possibility for massively up-scaled
metagenomic sampling!

Monday, January 17, 2011

22




Proposed direction of experiments:

1.Using asteroidal and lunar stimulants, create a laboratory analog
to tank bioleaching based mining operations in space.

2.Populate the laboratory analog(s) with undefined bacterial
communities from nature.

3.Score different populations for their capability to liberate desired
metals from the simulants.

4.Use TAR-cloning and metagenomic sampling to characterize and
sequence the best-scoring populations.

5.ldentify genes of interest that may be involved in the liberation of
desired metals.
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J. Craig Venter
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Modular parts must be
characterized in space!
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