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Mycoplasma laboratorium
Mycoplasma laboratorium is a planned partially synthetic species of bacterium derived from the genome of
Mycoplasma genitalium. This effort in synthetic biology is being undertaken at the J. Craig Venter Institute by a
team of approximately 20 scientists headed by Nobel laureate Hamilton Smith, and including DNA researcher Craig
Venter and microbiologist Clyde A. Hutchison III.

Mycoplasma
Mycoplasma is a genus of bacteria of the class Mollicutes in the division Tenericutes, characterised by the lack of a
cell wall (making it Gram negative) due to their parasitic or commensal lifestyle (extracellular and intracellular). In
molecular biology, the genus has received much attention. Apart from being a notorious and hard to eradicate
(immune to beta-lactam and other antibiotics) contaminant in mammalian cell cultures,[1] it has also been used as a
model organism: the second published complete bacterial genome sequence was that of Mycoplasma genitalium,
which has one of the smallest genomes of free-living organisms.[2] The M. pneumoniae genome sequence was
published soon afterward and was the first genome sequence determined by primer walking of a cosmid library
instead of the whole-genome shotgun method.[3] Consequently this species was chosen as a model for the minimal
cell project,[4] catalog the entire protein content of a cell.[5]
Pelagibacter ubique (an α-proteobacterion of the order Rickettsiales) has the smallest known genome (1,308,759
base pairs) of any free living organism and is one of the smallest self-replicating cells known. It is possibly the most
numerous bacterion in the world (perhaps 1028 individual cells) and, along with other members of the SAR11 clade,
are estimated to make up between a quarter and a half of all bacterial or archaeal cells in the ocean.[6] However, this
species was identified only in 2002 by rRNA sequences and was fully sequenced in 2005,[7] being an extremely hard
to cultivate species which does not reach a high growth density,[8] [9] therefore mycoplasma are used as a tool instead
due to their ease and speed of growth.
Additionally, as of November 2010, there are 1363 sequenced prokaryotic genomes in NCBI and 4 newly discovered
species have less genes than M. genitalium, but many essential genes are missing in Hodgkinia cicadicola , Sulcia
muelleri, Baumannia cicadellinicola (symbionts of cicadas) and Carsonella ruddi (symbiote of hackberry petiole
gall psyllid, Pachypsylla venusta[10] ) may be encoded in the host nucleus.[11]
species name

number of genes

size (Mbp)

Candidatus Hodgkinia cicadicola Dsem [12]

169

0.14

Candidatus Carsonella ruddii PV [13]

182

0.16

Candidatus Sulcia muelleri GWSS [14]

227

0.25

Candidatus Sulcia muelleri SMDSEM [15]

242

0.28

Buchnera aphidicola str. Cinara cedri [16]

357

0.4261

Mycoplasma genitalium G37[17]

475

0.58

Candidatus Phytoplasma mali [18]

479

0.6

Buchnera aphidicola str. Baizongia pistaciae [19] 504
Nanoarchaeum equitans Kin4-M [20]

540

0.6224
0.49
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Minimal genome project
The team started with the bacterium M. genitalium, an obligate intracellular parasite whose genome consists of 482
genes comprising 582,970 base pairs, arranged on one circular chromosome (the smallest genome of any known
natural organism that can be grown in free culture). They then systematically removed genes to find a minimal set of
382 genes that can sustain life.[21] This effort was also known as the Minimal Genome Project.
The team intends to synthesize chromosome DNA sequences consisting of these 382 genes. Once a version of the
minimal 382-gene chromosome has been synthesized, it is intended to be transplanted into a M. genitalium cell to
create M. laboratorium.
The resulting M. laboratorium bacterium is expected to be able to replicate itself with its man-made DNA, making it
the most synthetic organism to date, although the molecular machinery and chemical environment that would allow
it to replicate would not be synthetic.[22]
In December 2003, the team had reported a fast method of synthesizing a genome from scratch, producing the
5386-base genome of the bacteriophage Phi X 174 in about two weeks.[23] However, the genome of M. laboratorium
is about 50 times larger. In January 2008, the team reported to have synthesized the complete 582,970 base pair
chromosome of M. genitalium, with small modifications so that it won't be infectious and can be distinguished from
the wild type. They named this genome Mycoplasma genitalium JCVI-1.0.[24] [25] The team had also demonstrated
the process of transplanting a (non-synthetic) genome from one Mycoplasma species to another in June 2007.[26] In
May 2010 they showed that they were able to synthesize the 1,200,000 base pair genome of Mycoplasma mycoides
from scratch and transplant it into a Mycoplasma capricolum cell; the new genome then took over the cell and the
new organism multiplied.[27] The new organism was nicknamed Synthia.
The J. Craig Venter Institute filed patents for the Mycoplasma laboratorium genome (the "minimal bacterial
genome") in the U.S. and internationally in 2006.[28] [29] [30] This extension of the domain of biological patents is
being challenged by the watchdog organization Action Group on Erosion, Technology and Concentration.[31]
Venter hopes to eventually synthesize bacteria to manufacture hydrogen and biofuels, and also to absorb carbon
dioxide and other greenhouse gases. George Church, another pioneer in synthetic biology, holds that E. coli is a more
efficient organism than M. genitalium and that creating a fully synthetic genome is not necessary and too costly for
such tasks; he points out that synthetic genes have already been incorporated into E.coli to perform some of the
above tasks.[25] On June 28, 2007, a team at the J. Craig Venter Institute published an article in Science Express,
saying that they had successfully transplanted the natural DNA from a Mycoplasma mycoides bacterium into a
Mycoplasma capricolum cell, creating a bacterium which behaved like a M. mycoides.[32]
On Oct 6, 2007, Craig Venter announced in an interview with UK's The Guardian newspaper that the same team had
synthesized a modified version of the single chromosome of Mycoplasma genitalium using chemicals. The
chromosome was modified to eliminate all genes which tests in live bacteria had shown to be unnecessary. The next
planned step in this minimal genome project is to transplant the synthesized minimal genome into a bacterial cell
with its old DNA removed; the resulting bacterium will be called Mycoplasma laboratorium. The next day the
Canadian bioethics group, ETC Group issued a statement through their representative, Pat Mooney, saying Venter's
"creation" was "a chassis on which you could build almost anything". The synthesized genome had not yet been
transplanted into a working cell.[33]
On May 21, 2010, Science reported that the Venter group had successfully synthesized the genome of the bacterium
Mycoplasma mycoides from a computer record, and transplanted the synthesized genome into the existing cell of a
Mycoplasma capricolum bacterium that had had its DNA removed. The "synthetic" bacterium was viable, i.e.
capable of replicating billions of times. The team had originally planned to use the M. genitalium bacterium they had
previously been working with, but switched to M. mycoides because the latter bacterium grows much faster, which
translated into quicker experiments.[34] Venter describes it as "the first species.... to have its parents be a
computer".[35] The transformed bacterium is dubbed "Synthia" by ETC. A Venter spokesperson has declined to
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confirm any breakthrough at the time of this writing, likely because similar genetic introduction techniques such as
transfection, transformation, transduction and protofection have been a standard research practice for many years.
Now that the technique has been proven to work with the M. mycoides genome, the next project is presumably to go
back to the minimized M. genitalium and transplant it into a cell to create the previously mentioned M. laboratorium.

Bacterial genome transplantation
In order to propagate a synthetic genome the technique to transplant an intact whole bacterial genome into another
had to be developed. Oswal Avery's pioneering experiments in the 1940s showed that some bacteria could taken up
naked DNA[36] and with the advent of molecular cloning techniques DNA elements could be transformed into
competent cells, typically cloning vectors, around 5-20 kbp long, and even bacterial artificial chromosomes can be
maintained. In 2007, Venter's team reported that they had managed to transfer the chromosome of one species,
Mycoplasma mycoides to Mycoplasma capricolum by means of:
• isolating the genome of M. mycoides: gentle lysis of cells trapped in agar — molten agar mixed with cells and let
to gelled—, followed by pulse field gel electroporation and the band of the correct size (circular 1.25Mbp) being
isolated.
• making the recipient cells of M. capricolum competent: growth in rich media followed starvation in poor media
where the nucleotide starvation results in inhibition of DNA replication and change of morphology.
• polyethylene glycol-mediated transformation of the circular chromosome to the DNA-free cells followed by
selection.[37]
The term transformation is used to refer to insertion of a vector into a bacterial cell (by electroporation or heatshock),
here transplantation is used akin to nuclear transplantation.
The switch from M.genitalium to M.mycoides was spurred due to the faster growth of the latter [38]

Bacterial chromosome synthesis
It is possible to create DNA sequences chemically (Oligonucleotide synthesis) which is achieved by successive
rounds of deprotection and coupling of protected phosphoramidite nucleotides with geometrically decreasing yields
to length, making sequences longer than 1kb unfeasible. For longer sequences, DNA ligation is required. In 2008
Venter's group published a paper showing that they had managed to create a synthetic genome (a copy of M.
mycoides sequence CP001621 [39]) by means of a hierarchical strategy. [24] :
• Synthesis ->1kbp: The genome sequence was synthesised by Blue Heron [40] in 1078 1080bp cassettes with 80bp
overlap and NotI restriction sites (inefficient but rare cutter).
• Ligation -> 10kbp: 109 Groups of a series of 10 consecutive cassettes were ligatated and cloned in E.coli on a
plasmid and the correct permutation checked by sequencing, this would follow a geometric distribution with
expected number of trials of 10.
• Multiplex PCR -> 100kbp: 11 Groups of a series of 10 consecutive 10kbp assemblies (grown in yeast) were
joined by multiplex PCR, using a primer pair for each 10kbp assembly.
• Isolation and recombination -> secondary assemblies were isolated by means of the plug method above and
joining and transformed into yeast spheroplasts without a vector sequence (present in assembly 811-900).
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Synthetic genome
In 2010, using the methods described above, Venter and colleagues created a strain of Mycoplasma mycoides called
JCVI-syn1.0 with a synthetic genome.[41] Initially the synthetic construct did not work, so to pin point the error —
which caused a delay of 3 months in the whole project[38] — a series of semi-synthetic constructs were created.
Given the fact than the natural genome worked, the cause of the failed growth was an frameshift mutation in DnaA,
an replication initiation factor, which, once corrected, worked and was verified.[41]
The construction of a cell with a synthetic genome was done to test the methodology — allowing more modified
genomes to be created in the future. To minimize sources of failure, the genome was created using a natural genome
as a template. Due to the large size of a genome, apart from the elements required for propagation in yeast and
residues from restriction sites, several differences are present in Mycoplasma mycoides JCVI-syn1.0 notably an
E.coli transposon IS1 (an infection from the 10kb stage) and an 85bp duplication.[41]
However, the project has received heavy criticism as it claims to have created a synthetic organism. This claim arises
from the fact that the genome was synthesized chemically in many pieces (a synthetic method), joined together by
means of molecular biological techniques (an artificial method), and transplanted into the cytoplasm of a natural cell
(after a few generations, though, the original protein content is undetectable). The two species used as donor and
recipient are of the same genus as the more distant two species are, the less the correct protein interactions are
maintained, such as binding factors and binding sites, which mutate together (epistasis),[42] consequently, Paul Keim
(a molecular geneticist at Northern Arizona University in Flagstaff) notes that "there are great challenges ahead
before genetic engineers can mix match, and fully design an organism's genome from scratch" [38] due to this issue.
DNA is the template for protein construction and requires protein to do so, a chicken-and-egg conundrum solved by
the RNA world hypothesis, consequently synthetic naked DNA would require several protein to kick start a viable
cell. In 2002 a team led by E Wimmer synthesised a replication poliovirus (one of the largest viruses),[43] viruses,
however, duplicate by disabling and utilising host protein expression machinery. Furthermore, whereas DNA can
easily be amplified (PCR using Taq polymerase), ligated (ligase) and transcribed (T4 polymerase), current in vitro
translation kits utilise yeast extracts and a cell wall cannot be synthesised ex novo not even in a water-in-oil
emulsion. An interesting parallel of the requirement of protein to kickstart a cell's DNA is in mathematical models of
the cell cycle in mathematical biology, which, as they rely on a systems of ordinary differential equations to model
the cell cycle, require initial conditions to be set, which if not within the robustness range of the strain (wild-type or
multant) do not allow it to survive.[44]

Watermarks
A much publicised feature of the M. laboratorium is the presence of watermark sequences as an ultimate proof of the
achievement and as a publicity stunt — it's a common tradition in the semiconductor industry to have latin
inscriptions in unused portions of the microchip, visible only by electron microscopy. The 4 watermarks (present in
figure 1 in supplementary material of [41] ) are coded messages in the form of DNA base pairs, of 1246, 1081, 1109
and 1222 base pairs respectively, in natural peptides the 4 nucleotides encode in sets of 3 the 20 natural amino acids
by means of the universal genetic code. Each amino acid by convention is represented by a letter, but in nature there
is nothing which ties Alanine, a molecule, to the latin letter A, a vowel, so this convention was disregarded in the
latter watermarks. In the minimal genome organism the watermark were encoded as amino acids, with V as U, both
in reference to Latin inscriptions and the lack of a standard amino acid for U containing the names of the researchers:
• VENTERINSTITVTE
• CRAIGVENTER
• HAMSMITH
• CINDIANDCLYDE
• GLASSANDCLYDE
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In the synthetic organism, instead the Latin alphabet — which in English has 26 letters, which is covered only in
base 4 with 3 or more digits — was encoded by a undisclosed encoding. The encoding is fixed and 3 digits make an
uppercase letter or Ascii symbol, possibly randomly allocated (not Ascii table, frequency or keyboard order).[45] The
content of the watermarks is as follows:
1. watermark 1 an Html script which reads to a browser as text congratulating the decoder with an email link
(mroqstiz@jcvi.org) to click to prove the decoding.
2. watermark 2 contains a list of authors and a quote from James Joyce: "To live to err, to fall, to triumph, to
recreate life out of life".
3. watermark 3 contains more authors and a quote from Robert Oppenheimer (uncredited): "See things not as they
are, but as they might be".
4. watermark 4 contains yet more authors and a quote from Richard Feynman: "What I cannot build, I cannot
understand".

Concerns and controversy
Press coverage
The main controversy from the project is the undue amount of publicity it received from the press due to Venter's
showmanship, to the degree that Jay Keasling, a pioneering synthetic biologist and founder of Amyris says “The only
regulation we need is of my colleague’s mouth”.[46] The Vatican has not condemned the discovery, but claims it is
not a new life [47]
Cost
It is estimated that the synthetic genome cost US$40 million and took 20 people more than a decade of work.,[38]
despite the controversy, Venter has attracted over $110 million in investments so far for Synthetic Genomics, with a
future deal with Exxon Mobil of $300 million in research to design algae for diesel fuel[46]
Utility
Despite the funding for practical applications, as stressed by George Church, one of the main players in the field of
synthetic biology, a few changes are required to obtain useful organisms now, such as biofuel production or
bioremediation.[46] However, speculation of the distant future possible application is rife. Venter himself is prone to
such speculations such as “What if we can make algae taste like beef?”.[46] If it were possible to create a synthetic
cell without the use of preexisting recipient cells, however, many applications would be achievable which would be
otherwise unattainable, such as a completely overhauled bacterium that works in a logically controlled way—,
removing what has been described as 'evolutionary messiness'[48] — with lower mutation rates, categorical gene
arrangement (colinearity), with adding novel nucleotides to increase encoding, a feat achieved in vitro (PCR) or with
a completely novel genetic code, such as has been achieved by experiments in which a few additional non-canonical
amino acids were added.
Bioterrorism and bioterror
Craig Venter has funded ethical studies, but has been criticised by scientists for over-dramatising the risks of
bioerror or bioterrorism,[38] which are misunderstood by the general public. One argument regarding bioterrorism is
in regards to smallpox, which could be synthesised and insertion into existing related pox viruses could theoretically
be used to recreate the virus, which has been completely eradicated, except for in two BSL-4 laboratories and digital
genomes.[49] Most countries stopped vaccination programs for smallpox by the late 1970s, making a major part of
the current world population susceptible to the virus.[49] However, just like the 2001 anthrax attacks, the SARS virus,
Ebola scares in the west or other outbreaks scares the damages would be in reality limited and quickly contained.
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Similar projects
A team at the Hungarian Academy of Science, created a strain of Escherichia coli called MDS42 and sold under the
name of "clean genome" [50], where 15% of the genome of the parental strain (E. coli K-12 MG1655 ) were
removed to aid in molecular biology efficiency, removing IS elements, pseudogenes and phages, resulting in better
maintenance of plasmid-encoded toxic genes, which are often inactivated by transposons. [51] (biochemistry and
replication machinery were not altered)
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External links
• J. Craig Venter Institute: Research Groups (http://www.jcvi.org/research/)
• NCBI prokaryotic genome database (http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi)
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