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The	
  focus	
  of	
  Synthe.c	
  Biology	
  at	
  
the	
  JCVI	
  has	
  been:

The	
  SyntheGc	
  	
  Cell

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

Image credit: Childrin R Skary
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Image:	
  The	
  STERO	
  probes	
  A	
  and	
  B:	
  Credit:	
  NASA/JHU/APL	
  

1887-­‐1889

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

1995-­‐2010

2050	
  	
  	
  	
  ?
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Ini.al	
  Genome	
  Assembly	
  Strategy	
  	
  
(Using	
  “Gibson	
  Assembly”)

1/25 1/8 1/4 1/2 Whole

24kb 72kb 144kb 290kb 580kb

1 2 3 4

6kb

etc.
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A	
  Brief	
  Introduc.on	
  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

  Obligate Cellular Parasites, but can be 
grown in pure culture with very rich media.

 Very limited genetic tools available.
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A	
  Brief	
  Introduc.on	
  to	
  Mycoplasma

 816 KB580 KB

Mycoplasma genitalium Mycoplasma pneumoniae

Mycoplasma capricolum

Photo: F. Chris Minion

Mycoplasma mycoides 
capri

1007 KB 1001 KB
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Isothermal	
  Assembly	
  AKA	
  “Gibson	
  Assembly”

One	
  Large	
  
Target	
  Sequence

Many	
  Short	
  
segments	
  of	
  DNA	
  
with	
  overlapping	
  
ends

Add:	
  
•T5	
  exonuclease
•Phusion	
  DNA	
  polymerase
•Taq	
  Ligase
•Phusion	
  buffer	
  +	
  dNTPs	
  +	
  PEG
Incubate	
  50	
  °C	
  30	
  minutes
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CAGAGAACAGTCTGATCTGCTACTGACTAGCAGTCACTTTGGATGCTTAGGC

CAGTGAAACCTACGAATCCGTCAGAGAACAGTCTGATCTGCTACTGACTAGC

3'
5'	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5'

T5	
  Exonuclease	
  Degrades	
  5'	
  ends

GTCACTTTGGATGCTTAGGCAGTCTCTTGTCAGACTAGACGATGACTGATCG

GTCTCTTGTCAGACTAGACGATGACTGATCGTCAGTGAAACCTACGAATCCG

3'
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GTCACTTTGGATGCTTAGGCTCAGAGAACAGTCTGATCTGCTACTGACTAGC	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5'

single-­‐stranded	
  3'	
  ends	
  can	
  now	
  anneal

GTCTCTTGTCAGACTAGACGATGACTGATCGTCAGTGAAACCTACGAATCCG 3'
CAGAGAACAGTCTGATCTGCTACTGACTAGCAGTCACTTTGGATGCTTAGGC5'	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

GTCACTTTGGATGCTTAGGCAGTCTCTTGTCAGACTAGACGATGACTGATCG3'
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GTCTCTTGTCAGACTAGACGATGACTGATCGTCAGTGAAACCTACGAATCCGTCAGAGAAC
ACTAGCAGTCACTTTGGATGCTTAGGCAGTCTCTTGTCAGACTAGACGATGACTGATCG3'CAGAGAACAGTCTGATCTGCTACTG

3' 5' AGTCTGATCTGCTACTGACTAGC
5'CAGAGAACAGTCTGATCTGCTACTGACTAGCAGTCACTTTGGATGCTTAGGCAGTCTCTTGTCAGACTAGACGATGACTGATCG

GTCTCTTGTCAGACTAGACGATGACTGATCGTCAGTGAAACCTACGAATCCGTCAGAGAACAGTCTGATCTGCTACTGACTAGC

Phusion	
  DNA	
  polymerase	
  extends	
  the	
  3'	
  ends	
  to	
  fill	
  
in	
  the	
  single	
  stranded	
  region.

Taq	
  Ligase	
  closes	
  the	
  remaining	
  knicks.

	
  	
  	
  	
  	
  	
  	
  	
  "The	
  Gibson	
  Assembly	
  Song"
The	
  Cambridge	
  iGEM	
  Team	
  for	
  2010
hNp://www.cambridgeigem.org
hNp://www.gibthon.org
hNp://www.youtube.com/watch?v=WCWjJFU1be8

145.5	
  kb

339.5	
  kb

582	
  kb

436.5	
  kb

λ	
  
la
dd

er

FIGE
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½	
  molecule	
  assemblies	
  could	
  not	
  be	
  cloned	
  in	
  E.	
  coli

1/25 1/8 1/4 1/2

24kb 72kb 144kb 290kb

Approaching	
  size	
  limit	
  of	
  
cloning	
  into	
  E.	
  coli	
  (~300kb)

X
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Restric.on	
  digests	
  show	
  that	
  25	
  pieces	
  can	
  be	
  assembled	
  in	
  yeast	
  in	
  one	
  shot

M.	
  gen
Genome	
  
590	
  kb

Yeast	
  DNA
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Transforma.on-­‐associated	
  
recombina.on	
  (TAR)	
  cloning.

URA3
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•25	
  way	
  assembly

•Hundreds	
  of	
  colonies

•Screen	
  10

•1	
  of	
  10	
  correct
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Example10	
  kb	
  sub-­‐assembly

All	
  eleven	
  100	
  kb	
  sub-­‐assemblies

Schema.c	
  demonstra.ng	
  the	
  assembly	
  of	
  the	
  
synthe.c	
  M.	
  mycoides	
  genome	
  in	
  yeast
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Whole	
  Genome	
  Transplanta.on.

Mycoplasma	
  mycoides	
  

capri...	
  	
  	
  	
  IN	
  YEAST

1007	
  KB

1001	
  KB

Mycoplasma	
  capricolum

M.	
  mycoides	
  cells	
  
suspended	
  agarose	
  plug

Naked	
  M.	
  mycoides	
  
genomes	
  suspended	
  
agarose	
  plug

ProGnase	
  
K
	
  	
  	
  	
  &
Degrade
Yeast
DNA

Methylate	
  in	
  plug,	
  
Melt	
  plug,	
  and	
  
incubate	
  M.	
  
mycoides	
  DNA	
  with	
  
M.	
  Capricolum	
  cells	
  
in	
  PEG	
  and	
  Ca++

Cells	
  with	
  both	
  M.	
  
mycoides	
  and	
  M.	
  
Capricolum	
  genomes

SelecGon

Cells	
  with	
  only	
  an	
  
M.	
  mycoides	
  
genome
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CHEF	
  gel	
  restric.on	
  analysis

Mul.plex	
  PCR	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Watermark	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Sequences

Characteriza.on	
  of	
  the	
  JCVI-­‐syn1.0	
  transplants
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Image:	
  The	
  STERO	
  probes	
  A	
  and	
  B:	
  Credit:	
  NASA/JHU/APL	
  

•Steel	
  Lance	
  Construc.on.•DNA	
  assembly	
  by	
  invitro	
  recombina.on.
•DNA	
  assembly	
  by	
  yeast	
  recombina.on.
•Whole	
  genome	
  cloning	
  in	
  yeast.
•Genome	
  Transplanta.on.
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The	
  Apollo	
  Equa.on

1	
  Ton

1	
  Ton	
  of	
  equipment	
  
or	
  consumables	
  in	
  
space	
  

1	
  Ton	
  of	
  equipment	
  or	
  
consumables	
  launched	
  
from	
  the	
  Earth	
  into	
  
space

1	
  Ton
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Metal	
  ExtracGon:	
  "Bio-­‐Leaching"
•In	
  Situ	
  Resource	
  U.liza.on	
  is	
  a	
  way	
  to	
  break	
  the	
  Apollo	
  
Equa.on.

•Bio-­‐Leaching	
  	
  USING	
  NATURAL	
  BACTERIAL	
  
COMMUNITIES	
  has	
  been	
  used	
  on	
  Earth	
  for	
  decades	
  for	
  the	
  
extrac.on	
  of	
  Copper	
  and	
  Gold	
  from	
  low-­‐grade	
  ore.

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

This	
  picture	
  is	
  aNributed	
  to	
  “The	
  Science	
  CreaGve	
  
Quarterly”	
  (scq.ubc.ca)	
  and	
  Jane	
  Wang.	
  This	
  graphic	
  file	
  is	
  protected	
  
under	
  the	
  creaGve	
  commons	
  licence	
  

This	
  picture	
  is	
  aNributed	
  to	
  “BioMineWiki"	
  and	
  the	
  author	
  Anna	
  Bauer.	
  	
  
hNp://wiki.biomine.skellehea.se/wiki/index.php/Main_Page
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Bioleaching	
  bacterial	
  communi.es	
  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.

21Monday, January 17, 2011



Bioleaching	
  bacterial	
  communi.es	
  are	
  amenable	
  to	
  metagenomic	
  sampling.

Whole	
  genome	
  cloning	
  offers	
  the	
  
possibility	
  for	
  massively	
  up-­‐scaled	
  
metagenomic	
  sampling!
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Proposed	
  direc.on	
  of	
  experiments:

1.Using	
  asteroidal	
  and	
  lunar	
  s.mulants,	
  create	
  a	
  laboratory	
  analog	
  
to	
  tank	
  bioleaching	
  based	
  mining	
  opera.ons	
  in	
  space.

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

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

4.Use	
  TAR-­‐cloning	
  and	
  metagenomic	
  sampling	
  to	
  characterize	
  and	
  
sequence	
  the	
  best-­‐scoring	
  popula.ons.

5.Iden.fy	
  genes	
  of	
  interest	
  that	
  may	
  be	
  involved	
  in	
  the	
  libera.on	
  of	
  
desired	
  metals.
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This	
  was	
  a	
  massive	
  team	
  effort

Funding	
  from
SyntheGc	
  Genomics	
  Inc.
JCVI
DOE	
  GTL	
  program

•Algire,	
  Mikkel	
  
•Alperovich,	
  Nina	
  
•Assad-­‐Garcia,	
  Nacyra	
  
•Baden-­‐Tillson,	
  Holly
•Benders,	
  Gwyn	
  
•Chuang,	
  Ray-­‐Yuan
•Dai,	
  Jianli	
  
•Denisova,	
  Evgeniya
•Galande,	
  Amit	
  
•Gibson,	
  Daniel	
  
•Glass,	
  John
•Hutchison,	
  Clyde
•Iyer,	
  Prabha	
  
•Jiga,	
  Adriana	
  
•Krishnakumar,	
  Radha	
  
•LarGgue,	
  Carole
•Ma,	
  Li	
  	
  

•Merryman,	
  Chuck	
  
•Montague,	
  Michael	
  
•Moodie,	
  Monzia	
  
•Moy,	
  Jan	
  
•Noskov,	
  Vladimir
•Pfannkoch,	
  Cindi
•Phang,	
  Quan	
  
•Qi,	
  Zhi-­‐Qing	
  
•Ramon,	
  Adi
•Saran,	
  Dayal
•Smith,	
  Ham	
  
•Tagwerker,	
  ChrisGan
•Thomas,	
  David
•Tran,	
  Catherine	
  
•Vashee,	
  Sanjay
•Venter,	
  J.	
  Craig	
  
•Young,	
  Lei
•Zaveri,	
  Jayshree

•Johnson,	
  JusGn
•Brownley,	
  Anushka
•Parmar,	
  Prashanth
•Pieper,	
  Rembert
•Stockwell,	
  Tim
•SuNon,	
  Granger
•Viswanathan,	
  Lakshmi
•Yooseph,	
  Shibu
•Segall-­‐Shapiro,	
  Thomas
•Calvey,	
  Christopher
•Parmar,	
  Prashanth

24Monday, January 17, 2011



Image:	
  The	
  STERO	
  probes	
  A	
  and	
  B:	
  Credit:	
  NASA/JHU/APL	
  

Modular	
  parts	
  must	
  be	
  
characterized	
  in	
  space!
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Can	
  biology	
  be	
  the	
  des.na.on	
  for	
  

Copyright © 2007-2008 by Dave Jarvis
http://www.davidjarvis.ca/dave/gallery/
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