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Combining two genomes in one cell: Stable cloning
of the Synechocystis PCC6803 genome in the
Bacillus subtilis 168 genome

Mitsuhiro Itaya®*, Kenji Tsuge, Maki Koizumi, and Kyoko Fujita

Mitsubishl Kagaku Institute of Life Sdences, 11 Minamicoya, Machida-sh), Tokyo 194-8511, Japan

Edited by J. Cralg Venter, The ). Cralg Venter Institute, Rocklle, MO, and approved September 16, 2005 {receheed for review May 10, 2

Cloning the whole 3.5-megabase (Mb) genome of the pho

thetlc bacterium Synechocysils PCCE803 Into the 4.2-Mb genome of
the mesophilic bacterium Baciiius subulfs 168 resulted In a 7.7-Mb
composite genome. ‘We succeeded In such unprecedented large-
slze clonimg by progressively assembling and editing cont guous
DMA reglons that cover the entire Symechogestis genome. The
straln contalning the tweo ssts of genome grew only In the
B. subtilis culture medium where all of th g procedures were
carfed out. The high structural stabllity o cloned Synacho-
cystis genome was closely assodated with the symmetry of the
bacterial genome structure of the DMNA replication orlgin (orfic) and
Its termination (terc) and the exdushvity of synechogestis ribo-
somal RMA operon gemes (rnA and renB). Glven the significant
diversity In genome structure obssrved upon horlzontal DMA
transfer In mature, our stable laboratory-generated composlite
genome ralsed fundamental questlons concerning two complete
genomes in ong cell. Our magasize DNA doning method, desig-
nated megacloning, may be generally applicable to other genomes
or genome locl of free-living organisms.
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Complete Chemical Synthesis, Assembly, and Cloning of a Mycoplasma genitalium
Genome
Daniel G. Gibson, Gwynedd A. Benders, Cynthia Andrews-Pfannkoch, Evgeniya A. Denisova, Holly

Baden-Tillson, Jayshree Zaveri, Timothy B. Stockwell, Anushka Brownley, David W. Thomas, Mikkel A.

Algire, Chuck Merryman, Lei Young, Vladimir N. Noskov, John I. Glass, J. Craig Venter, Clyde A.
Hutchison III, Hamilton O. Smith*

The J. Craig Venter Institute, Rockville, MD 20850, USA.

*To whom correspondence should be addressed. E-mail: hsmith@jcvi.org

We have synthesized a 582,970 bp Mycoplasma genitalium The actual synthesis and assembly of this genome
genome. This synthetic genome, named M. genitalium presented a formidable technical challenge. Although
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Complete Chemical Synthesis, Assembly, and Cloning of a Mycoplasma genitalium

One-step assembly in yeast of 25 overlapping DNA
fragments to form a complete synthetic
Mycoplasma genitalium genome

Daniel G. Gibson®', Gwynedd A. Benders®, Kevin C. Axelrod?, Jayshree Zaveri®, Mikkel A. Algire®, Monzia Moodie?,
Michael G. Montague?, J. Craig Venter?, Hamilton O. Smith®, and Clyde A. Hutchison, llI€
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aThe J. Craig Venter Institute, Synthetic Biology Group, Rockville, MD 20850 and PThe J. Craig Venter Institute, Synthetic Biology Group, San Diego,

CA 92121

Contributed by Clyde A. Hutchison lll, October 30, 2008 (sent for review September 11, 2008)

We previously reported assembly and cloning of the synthetic
Mycoplasma genitalium JCVI-1.0 genome in the yeast Saccharo-
myces cerevisiae by recombination of six overlapping DNA frag-
ments to produce a 592-kb circle. Here we extend this approach by
demonstrating assembly of the synthetic genome from 25 over-
lapping fragments in a single step. The use of yeast recombination
greatly simplifies the assembly of large DNA molecules from both
synthetic and natural fragments.

in vivo DNA assembly | genome synthesis | combinatorial assembly |
yeast transformation | Mycoplasma genitalium | synthetic biology
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JCVI-1.0 genome. At the time, we wondered whether it would be
possible to assemble DNA fragments from earlier stages into a
complete genome in a single step in yeast.

The assembly intermediates from our construction of the syn-
thetic JCVI-1.0 genome provided a resource for exploring the limits
of yeast uptake and assembly. Here we report the successful
assembly of the entire synthetic genome from 25 A-series assem-
blies in a single step.

Results
Assembly of the M. genitalium Genome in Yeast from 25 Overlapping
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MB Available online at www.sciencedirect.com
SCIENCE @DIHEET'

ELSEVIER

Environmentally Controlled Invasion of Cancer
Cells by Engineered Bacteria

J. Christopher Anderson’-®, Elizabeth J. Clarke®, Adam P. Arkin'**
and Christopher A. Voigt*®
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Higher-Order Cellular
Information Processing with
Synthetic RNA Devices

Maung Nyan Win and Christina D. Smolke*
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-ngineering a mevalonate pathway in Escherichia coli
for production of terpenoids

Vincent J] Martin!'23, Douglas J Piteral3, Sydnor T Withers!, Jack D Newman! & Jay D Keasling!

Isoprenoids are the most numerous and structurally diverse family of natural products. Terpenoids, a class of isoprenoids often
isolated from plants, are used as commercial flavor and fragrance compounds and antimalarial or anticancer drugs. Because
plant tissue extractions typically vield low terpenoid concentrations, we sought an alternative method to produce high-value
terpenoid compounds, such as the antimalarial drug artemisinin, in a microbial host. We engineered the expression of a
synthetic amorpha-4,11-diene synthase gene and the mevalonate isoprenoid pathway from Saccharomyces cerevisiae in
Escherichia coli. Concentrations of amorphadiene, the sesquiterpene olefin precursor to artemisinin, reached 24 ug
caryophyllene equivalent/ml. Because isopentenyl and dimethylallyl pyrophosphates are the universal precursors to all
isoprenoids, the strains developed in this study can serve as platform hosts for the production of any terpenoid compound for

which a terpene synthase gene is available.
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‘ Human Cone Photopigment and More
Material Gerald H. Jacobs,!” Gary A. Williams,! Hugh Cahill,?3* Jeremy Nathans?3%3

'

Changes in the genes encoding sensory receptor proteins are an essential step in the

Article Tools evolution of new sensory capacities. In primates, trichromatic color vision evolved after
> Save to My Folders changes in X chromosome-linked photopigment genes. To model this process, we studied
» Download Citation knock-in mice that expressed a human long-wavelength-sensitive (L) cone photopigment in
» Alert Me When Article  the form of an X-linked polymorphism. Behavioral tests demonstrated that heterozygous
is Cited females, whose retinas contained both native mouse pigments and human L pigment,
» E-mail This Page showed enhanced long-wavelength sensitivity and acquired a new capacity for chromatic SBS l3th
discrimination. An inherent plasticity in the mammalian visual system thus permits the

> Submit an E-Letter . . , . Al ‘ I
. ; —— emergence of a new dimension of sensory experience based solely on gene-driven changes nua
» Request Permission To
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Use This Article in receptor organization. (-,Onfel'ence
» View PubMed Citation 1 Neuroscience Research Institute and Department of Psychology, University of California, &

Santa Barbara, CA 93106, USA.
2 Department of Neuroscience, Johns Hopkins Medical School, Baltimore, MD 21205, USA.
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Engineering Escherichia coli to see light

These smart bacteria 'photograph’ a light pattern as a high-definition chemical image.

Arselm Levskaya®, Aarom A, Chevaliert, Jeffrey
L. Tabort, Zachary Boodh Simpsond, Laura #&.
Laweryd, Matthew Levet, Eric A, Davidsond,
Alexander Scowrast, Ardrew 0L Ellingtonti,
Edward M. Marcotteti, Chrisiopher A, Vaoigt® 5|




A synthetic multicellular system for
programmed pattern formation

Subhayu Basu', Yoram Gerchman', Cynthia H. Collins’,
Frances H. Arnold’ & Ron Weiss'*

'Department of Electrical Engineering and *Department of Molecular Biology,
Princeton University, Princeton, New Jersey 08544, USA

’Division of Chemistry and Chemical Engineering, California Institute of
Technology 210-41, Pasadena, California 91125, USA
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Folding DNA to create nanoscale shapes
and patterns

Paul W. K. Rothemund'




Skeleton of Euplectella sp.:
Structural Hierarchy from the
Nanoscale to the Macroscale

Joanna Aizenberg,'® James C. Weawver,” Monica 5. Thanawala,’
Vikram C. Sundar,’ Daniel E. Morse,” Peter Fratzl’
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Massachusetts Institute of Technology

Team H.E.D. [Human Ecology Design]
Mitchell Joachim, Ph.D.

Lara Greden, Ph.D.

Javier Arbona, sNAMchs.

-

¢ __AEL N

- ..-_-"'_1'_. vy Tl —=




