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Synthetic biology is considered as an emerging research field that will bring new opportunities to biotechnology.
There is an expectation that synthetic biology will not only enhance knowledge in basic science, but will also have
great potential for practical applications. Synthetic biology is still in an early developmental stage in China. We
provide here a review of current Chinese research activities in synthetic biology and its different subfields, such as
research on genetic circuits, minimal genomes, chemical synthetic biology, protocells and DNA synthesis, using
literature reviews and personal communications with Chinese researchers. To meet the increasing demand for a
sustainabledevelopment, researchongenetic circuits toharnessbiomass is themostpursedresearchwithinChinese
researchers. The environmental concerns are driven force of research on the genetic circuits for bioremediation. The
research on minimal genomes is carried on identifying the smallest number of genomes needed for engineering
minimal cell factories and research on chemical synthetic biology is focused on artificial proteins and expanded
genetic code. The research on protocells is more in combination with the research on molecular-scale motors. The
research on DNA synthesis and its commercialisation are also reviewed. As for the perspective on potential future
Chinese R&D activities, it will be discussed based on the research capacity and governmental policy.
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1. China and biotechnology

Scientific research and development are in a fast growing pace in
China, particularly in the fields of applied sciences, such as sustainable
energy, nanotechnology and stem cells (Editorial, 2010). From the
historical point of view, the forces driving Chinese biotechnology
research are the need to fulfill agricultural demands and enhance
industrial production, and to provide health care to the 1.3 billion
people. Early biotechnology developments in China emphasized more
on research for agricultural applications but less for medical and
pharmaceutical ones (Chen et al., 2007). However, since the launch of
funding projects 863 and 973 Programs, the development and
utilization of molecular techniques in life science have become
common. The 863 Program, the State High Technology Development
Plan, took much of its shape from the US-American research system
used by the National Institutes of Health and the Department of
Defense. A government appointed panel of experts are responsible to
draw up research priorities, call for bids, and award contracts. The 973
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Program is a peer-reviewed funding for basic research. In the past Five
Year Programs, the Chinese government allocated more funding for
research & development (R&D). Some of these funding programs are
listed in Table 1, updated from Huang et al. (Huang and Wang, 2002).
This increasing expenditure on R&D resulted in an increase in science
and technology publications and patents. For example, in fiscal year
2008, statistic data from the Organization for Economic Co-operation
and Development (OECD), Science Citation Index (SCI) and World
Intellectual PropertyOrganization (WIPO) showed thatChinawas in4th
place in the gross expenditure in research and development (GERD),
2nd place in publications and 5th place in granted patents (Table 2).

Among research groups that are active in biotechnology, many are
engaged in genetic engineering, particularly metabolic engineering
with applications in the area of biofuels, bio-chemicals and bioreme-
diation. Taking an example from the Chinese Academy of Sciences
(CAS), which is a leading Chinese research institution, has prioritized
biotechnology research funding recently for “Basic Research on the
Key Process of Eco-Valued Products from Straw Resources” (973
Program), which focuses on research to harness biomass to increase
the added valued of agricultural productions. This may be based on
the fact China is a country of abundant and diverse biological
resources, as well as a wide range of climates. The unique geographic
and climate setting provides the possibility to produce biomass in
large quantity (Chen et al., 2007). Tomeet the food demand of its large
population, the Chinese government emphasized research in agricul-
tural biotechnology (Huang et al., 2004). This has made China the
leading country in crop breeding. Other achievements in biotechnol-
ogy are in medical science and pharmaceutical industry that has been
contributed to a small portion in the national economy (Chen et al.,
2007). Currently, the Chinese government sees challenges ahead in
the area of sustainable development and environmental remediation
(Louche et al., 2007). Developing modern technologies that enable
energy generated from sustainable resources, and industrial produc-
tion through environmentally friendly technologies, is important for
the sustainable development in China. Biotechnological approaches
developed to achieve these goals on a laboratory scale are no longer
difficult: the challenge is to covert these approaches into real
applications in an industrial scale. With synthetic biological techniques
becoming standard practice across the life sciences, one can expect that
new breakthroughs will be brought to the research in biotechnology.
2. China and SB

Similar to the situation in Western countries, synthetic biology (SB)
is an emergingfield in China that still lacks consensus in definition but is
Table 1
Overview of the important R&D funds for biotech in China.

Major fund Description

863 Program National High-tech R&D Program (86
Biotechnology is listed as one of its e

973 Program National Basic Research Program of C
research. It promotes research and in
science.

NSFC The National Natural Science Foundat
internationally accepted mechanism.
Program, or Major Program of NSFC.

National Key Technologies R&D Program Initiated in 1982 and implemented th
renovation and formation of new ind

Foundation for high-tech commercialization A special program supported by the S
Special Foundation for Transgenic Plant Research
and Commercialization

A 5-year program launched in 1999 b
China. The total budget of this progra

Key Science Engineering Program Started in the late 1990s under MOST
The Climbing Program A national program for key basic rese

* SDPC stands for the State Development Planning Commission. It is now part of the National
under the Chinese State Council.
**MOST stands for Ministry of Science and Technology of the People's Republic of China.
widely considered to bring new opportunities to biotechnology. The
lack of a well-accepted definition, however, does not seem to stop the
scientific community from pursuing SB, thereby leading to a quite
diverse area of science and engineering. In general, the following five
research activities reviewed in this section (listed in Box. 1) are usually
included in SB (Bedau et al., 2010; Benner and Sismour, 2005; Deplazes
and Huppenbauer, 2009; Luisi, 2007; O'Malley et al., 2008; Schmidt,
2009). In China, SB is in the list of future R&D plans (CAS roadmap).
There is an expectation that SBwill not only enhanceknowledge in basic
science, but will also have great potential for practical applications. This
review aims to provide an overview of current Chinese research
activities in SB and its different subfields (Table 3). It also provides a
perspective on potential future initiatives, using literature reviews and
personal communications with Chinese researchers. Thus, it can be
regarded as a review of the current development of SB in China, and an
indication that SB already exists as an emerging field with future
potential.

2.1. Genetic circuits

Design and construction of genetic circuits (the SB variant of
metabolic engineering) has been applied to a wide range of cellular
regulation processes. It is known that many cellular regulatory
mechanisms are encoded on the DNA level as regulatory motifs, such
as promoters, repressors, oscillators etc. Gene activity, including
transcriptional control and also post-transcriptional mechanisms,
can be closely regulated by intrinsic and external signals. The design
of tailored metabolic pathways to produce compounds of industrial
interest is one of the popular research topics in China. A couple of
research groups have worked on the modification of existing
biosynthetic pathways, while others tried to introduce biological
pathways into the model microbes. In most cases, the designed or
redesigned metabolic pathways were aimed to optimize the produc-
tive capacity of microbes.

2.1.1. Genetic circuits to harness biomass
China is a country with a population of 1.3 billion, and it also is a

developing country with rapid economic growth. The increasing pace
of industrialization of a country with such a large population will
result in an increased demand for energy. Electrical energy in China is
derived from fossil resources (mainly coal, but also partially from
petroleum and natural gas), and a relatively small portion comes from
sustainable resources (hydrogen, wind, solar and biomass). The
dominant transport fuel is obtained mostly by refining petroleum,
with only a very small part coming from biofuels. China produced
3 Program) was approved in 1986 to promote high technology R&D in China.
ight priority fields.
hina (973 program) was approved in 1997 to support basic science and technology
novation in major frontier fields of far-reaching and strategic importance, such a life

ion of China (NSFC) was established in 1986 to support basic science research through
Some biotech related research has been funded though the General Program, Key

rough 5 Five-year Plans. It has made remarkable contributions to the technical
ustries such as biotech.
DPC* since 1998 to promote application and commercialization of technologies.
y MOST** to promote the research and commercialization of transgenic plants in
m in the first 5 years is 500 million RMB.
** and SDPC* to promote basic research, including biotechnology.
arch projects, including biotechnology, which was initiated in the early 1980s.

Development and Reform Commission (NDRC), a macroeconomic management agency



Table 2
Gross expenditure on R&D (GERD), SCI publications in Science & Technology, and
granted patents by WIPO in 2008.

Country GERD Publication WIPO patent

M USD Rank Paper Rank Total Rank

China 64,893 4 77,813 5 48,814 5
Germany 94,973 3 90,556 2 53,903 3
Japan 166,915 2 93,691 1 239,458 1
UK 47,621 6 78,520 4 12,232 9
US 397,721 1 85,049 3 147,245 2

Table 3
SB research in China by subfield.

Subfield Active research topics Potentional
applications

Genetic circuit
(Section 2.1)

Genetically modifying biosysthesis
pathways for ethanol. Butanol and fatty
acids production

Biofuel production

Biosysthsis pathways for PHAs and fine
chemical products (riboflavin, succinate
and etc.)

Chemicals from
renewable resources

Biosensors to detect and/or degrade
insecticides, heavy metal, and etc.

Bioremedication

Genetic control elements, method for
unmarked genetic modification,
reporter-guided mutant selection,

Basic research

Minimal
genomes
(Section 2.2)

Building up database on microbial
metabolism, genentic parts for
physiological functions

Bioinformations for
rational designs

Identifing reduced genomes of
organisms of engineering importance
such as E. coli, P. putida and etc.

Chassie organisms

Chemical
synthetic
biology
(Section 2.3)

Unnatural proteins of special structure Basic research
Proteins containing unnatual amino
acids

Molecules with
designed properties

Protocells
(Section 2.4)

Using basic type of procells to study
energy conversion

Basic research

DNA based nanopore on protocells Drug delivery system
DNA synthesis
(Section 2.5)

Improving DNA synthesis methods Faciliating SB research
and
commercialization

Codon optimization Improving activities of
the molecules of
interest
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about 340 million gallons of ethanol in 2005, most of it derived from
corn. Several provinces have developed infrastructure for blending
and refuelling E10 (10% anhydrous ethanol and 90% gasoline) (Wang,
2005). The Chinese government is now encouraging ethanol produc-
tion from non-grain sources such as cassava, sweet sorghum, and
sweet potato, and it is supporting R&D on lignocellulosic ethanol.
Based on the roadmap of scientific development strategies from the
Chinese Academy of Sciences (CAS) “Innovation 2050: Technology
Renovation and the Future of China”, it is projected that 30% of the fuel
used should be biofuel derived from biomass in year 2050 (CAS
roadmap).

The Qingdao Institute of Bioenergy and Bioprocess Technology
(QIBEBT), located Qingdao, Shangdong, was co-founded by CAS, the
provincial government of Shandong and the municipal government of
Qingdao in 2006. This institute is intended to develop cost effective
and environmentally attractive products, processes and technologies
to generate biofuels from sustainable resources. It is one of the
primary national research institutes and focuses on the research and
development of biofuels and associated biological processes, with
startup funding of US$ 46 million (RMB 315 million) . It focuses on
research in catalysis and conversion for biofuel production, using SB
technology that includes metabolic engineering, enzyme engineering
and biological reaction engineering. One of their research interests is
designing genetic circuits in algae, by metabolic engineering, to
produce advanced biofuels and green chemicals. It is developing
“Green Synthesis Technology” to resolve aspects of energy consump-
tion and the pollution generated during the process of conventional
chemical synthesis. One of their approaches is to design new synthetic
pathways to generate bio-based chemicals, such as aromatic mono-
mers and free fatty acids. They also try to enhance the efficiency of
converting renewable carbon resources withmicrobial biocatalysts. In
one of their recent publications, a pretreatment of cellulose was
developed that used ionic liquids for enzymatic hydrolysis of wheat
straw. The pretreated wheat straw can then be easily fermented by
Saccharomyces cerevisiae to produce ethanol. A recent review paper
from this institute (Lu, 2010) stated that one of the research interests
of QIBEBT was to engineer cyanobacteria as a chassis organism for the
production of high energy density fatty acid-based biofuels by use of
SB based approaches, such asmetabolic engineering of genetic circuits
of the fatty acid pathway.

Another research institute, the Key Laboratory of Synthetic Biology
(KLSB) established by CAS in 2008, aims to design functional
biological parts to produce biomaterials and bioenergy through the
modification and synthesis of biological systems. One of the biofuels
Box 1
Subfield of SB.

• Genetic circuits (based on genetic engineering but using real
engineering principles)

• Minimal genomes (or minimal cells)
• Protocells (or synthetic cells)
• Chemical synthetic biology (or xenobiology)
• DNA synthesis (or synthetic genomics)
they have been working on is butanol. (Gu et al., 2009). Butanol is
produced along with acetone and ethanol in the ‘ABE’ fermentation by
Clostridium acetobutylicum. But this process has the drawback of low
yields due to the toxicity of butanol to the fermentative strains (Lee et
al., 2008). The researchers from KLSB redesigned the butanol
production pathway in C. acetobutylicum EA 2018, aiming to increase
the butanol ratio by eliminating the production of other by-products,
such as acetone. The acetoacetate decarboxylase gene (adc) was
inactivated by TargeTron technology, and an adc-disrupted mutant
(EA 2018adc) was generated. In this mutant strain, the butanol ratio
increased from 70% to 80% while acetone formation was dramatically
reduced. In addition to biofuel production, antibiotic biosyntheyic
pathways for rifamycin and vancomycin were also investigated in
some common industrial strains, such as Amycolatopsis mediterranei.
They proposed that GlnR of A.mediterraneimight be a global regulator
with a dual functional impact upon nitrogen metabolism and related
antibiotics production (Yu et al., 2007). Heterogeneous biosynthetic
pathways were also investigated in other industrial strains, such as
Streptomyces spp., in order to produce recombinant biomolecules.
Among them, recombinant microorganisms were constructed that
contained larger heterogenous genomes and that were capable of
secreting correctly-folded proteins into the growthmedium (Zhang et
al., 2008a,b). Besides being a better host organism than Escherichia coli
to produce proteins of eukaryotic origin, Streptomyces spp. are well
known to produce fine chemicals, such as antibiotics, antifungals, and
other bioactive compounds. A five-gene cluster cvhABCDE from
Streptomyces hygroscopicus 10–22 was identified by scientists from
KLSB. Within this cluster, CvhA was further characterized as a sensor
histidine kinase which negatively regulated morphological differen-
tiation in a sugar-dependent manner in S. hygroscopicus (Wang et al.,
2006a).

In addition to biofuels and important secondary metabolites,
chemicals derived from biomass are also among the main research
topics in China. The family of polyhydroxyalkanoate (PHA) is one of the
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Fig. 1. Increase in R&D expenditures (GERD) compared with those in year 2004 (Source:
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The SCI publications of Science and Technology (S&T) of the five selected countries were
obtained from the ISI Web of Knowledge. The annual increase of the publications was
calculated by its ratio to those in year 2004.
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most promising biodegradable polymers. To date, there are 100 different
monomer types of PHA. They can be produced in almost all bacteria in
the form of intracellular inclusions and make up to 90% of the dry cell
mass (Garcia et al., 2004; Haywood et al., 1990; Lee et al., 1999;Madison
andHuisman,1999;Yimet al., 1996).Unlikeother ‘degradable’polymers
such as those based on petrochemicals, poly-lactic acid (PLA) and starch
polymers, PHAs have useful natural properties and, therefore, it is not
necessary to sacrifice their biodegradability to improve their properties
further. PHAs alreadyhaveproperties similar to synthetic polymers, such
as polyethylene and polypropylene. PHAs can be blended into a large
number of copolymers that allows further engineering of the polymers
to yield desired properties for a wide range of applications. A research
group of Tsinghua University has worked on genetic circuits to enhance
the production of PHAs in engineered microorganisms such as E. coli,
Pseudomonas putida and Aeromonas hydrophila (Jian et al., 2010; Li et al.,
2010;Wei et al., 2009). In order to convert laboratory scale fermentation
to produce PHAs on an industrial scale, cellsmust be engineered tomake
them capable of growing in high density. It has been proposed that a
limited oxygen supply is a hurdle that cells face while growing to high
density. One possible solution was brought up by Jian et al. by con-
structing synthetic pathways that could be turned on in response to
micro- or anaerobic condition (Jian et al., 2010). This approach was
already applied to produce poly-3-hydroxybutyrate (PHB) (Li et al.,
2009). PHB is a type of polyester used to make heat tolerant and clear
packaging film, and it is produced by starch or glucose processing
bacteria. The synthetic pathways were constructed to enhance PHB
production from 29% to 48% of the cell dry weight under anaerobic
conditions.

The reconstruction and analysis of genome-scale metabolic net-
works have been set as one of the main topics of the research groups in
Tianjin University. A database of metabolic networks was built and
named, the GSMNDB (Genome-Scale Metabolic Network DataBase)
(GSMNDB). The genome-scale metabolic models of more than 50
microorganisms have been recorded. For certainmodel organisms such
as E. coli and S. cerevisiae, two or more metabolic models have been
included. The GSMNDB is to provide a central gateway to most of the
published metabolic network models. A tool termed DoriC has been
developed which can provide literature information and graphical
views of the replication origins (oriCs) regions of bacterial genomes
(Gao and Zhang, 2007). In addition, metabolic engineering approaches
have been applied in the designation of genetic circuits to improve the
production of chemicals from biomass, particularly the production of
riboflavin (Shi et al., 2009; Zhu et al., 2006, 2007) and succinate (Wang
et al., 2006b,c). DNA shuffling techniques have also been applied to
improve strains for industrial production (Gong et al., 2009; Zheng et al.,
2010).

2.1.2. Genetic circuits for bioremediations
Environmental pollution is an undesirable consequence of the

economic growth in China. It posts a serious threat to health and
sustainable development for the future. The development of cost-
effective, on-site methods for environmental monitoring and reme-
diation are critical to cope with increasing environmental problems.
Among the ongoing approaches developed for bioremediation, bio-
sensors based on synthetic biology technologies are quite attractive
because they can complement both laboratory-based and field
analytical methods for environmental monitoring. Future develop-
ments on more advanced engineered biosenors may enable the
monitor sensors to act as bioreactors to break down the target
molecules. There have been a wide range of biosensors that have been
reported for potential environmental applications (Harms et al., 2006;
Keenan et al., 2007; Rodriguez-Mozaz et al., 2004; Wei and Ho, 2009;
Zuo et al., 2009).

China has been, and is, facing a tremendous challenge to manage
environmental pollution. For example, it is estimated that by 2030 the
annual amount of solid waste will increase from about 190 million
tons in 2004 to over 480 million tons (Minghua et al., 2009). The
Chinese environmental office admitted that there is increasing
pollution of waterways in spite of continuous pollution control by
standard treatments (Ansfield and Bradsher; Xinhua). The social,
economical, and environmental impacts of pollution are significant. It
is hoped that the advent of synthetic biology will result in useful
applications to reduce environmental pollution.

Using synthetic biological approaches, genetic circuits could be
designed to enable the host organisms to have the ability to act as
biosensors and bioreactors to sense and break down environmental
pollutants. Several unique genetic circuits for environmental applica-
tions have been developed by Chinese research groups to degrade
environmental hazards, such as heavy metals, insecticides, phenols,
and arsenic.

Among these hazardous compounds, pesticides represent the great-
est target for bioremediation, because pesticides have been used
extensively in China. They function by means of interacting with a



808 L. Pei et al. / Biotechnology Advances 29 (2011) 804–814
specific biochemical target, either as a substrate (e.g., organophosphorus
insecticides or organophosphate hydrolase) or as inhibitors (e.g.,
dithiocarbamate fungicides or aldehyde dehydrogenase; organophos-
phorus insecticides or acetylcholinesterase). Several enzyme systems
such as organophosphorus hydrolase and acetylcholinesterase have
been investigated. The State Key Laboratory of Integrated Management
of Pest Insects and Rodents, Institute of Zoology, CAS is the leading
institute in China for bioremediation on environmental pesticides. One
of the approaches they applied is surface display of heterogeneous
molecules onhostmicrobes to enhance their ability to processpollutants
thoroughly (Jiang et al., 2001). In addition, genetic circuits of the twin-
arginine translocation (Tat) pathway and the ice nucleation protein
(INP) display system were applied, resulting in surface display of the
enzymes, organophosphorus hydrolase (OPH) and methyl parathion
hydrolase, used for the detoxification of pesticides. They also integrated
markers, such as fluorescent proteins, into their engineered strains to
enable themtobe tailored for futurefield applicationswith easydetection
(Yang et al., 2010).

The engineering of Rhodococcus erythropolis for bioremediation has
been investigated by a team from State Key Laboratory of Microbial
Technology, Shandong University. The microbes were engineered to
degrade dibenzothiophene, carbazole, and dibenzofuran to nontoxic
metabolites (Yu et al., 2006). The genetic circuit encoding enzymes
responsible for degrading carbazole to anthranilic acid was introduced
into the targeted microbes. It is believed that such engineered stains
have the potential for other applications in bioremediation.

Heavy metals can be highly toxic as environmental contaminants.
Heavy metals, particularly lead (Pb) and mercury (Hg), can cause a
number of adverse effects on health, and at certain concentrations can
lead to diseases or even death. A DNAzyme-based microarray method
was developed by Zuo et al. to detect multiple metal ions (Zuo et al.,
2009). The DNA substrates (Cu-Sub and Pb-Sub) of metal dependent
DNAzymes (Cu-Enz and Pb-Enz) were first immobilized on the surface
of aldehyde-coated slides. In the presence of Cu2+ and Pb2+metal ions,
the substratewas irreversibly cleaved into two fragments triggering the
releasing of a fluorescent-labelled probe (Cy3-probe). The cleavage
event was measured by the intensity of fluorescent signal. When no
metal ions were present, the Cy3-probe would remain hybridized with
the substrate resulting in a strong fluorescence signal, while in presence
ofmetal ions, cleavage resulted in aweakening of thefluorescent signal.
A control probe of Cy5 labelled was used as a reference for data
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Fig. 3. Increase in granted patents compared with those of year 2004 (Source: WIPO).
The issued patents of the five selected countries were obtained from the statistics
database ofWIPO. The annual increase of the patents was calculated by its ratio to those
in year 2004.
normalization. This method can detect heavy metal ions in aqueous
solution at parts-per-billion concentration, and be extended to carry out
multi-component detection that will provide further applications of
environmental monitoring. The host institute of this research group is
theStateKey Laboratory of BioreactorEngineering (SKLBE) of East China
University of Science and Engineering. It is a specified key laboratory
where research is focused on bioreactor engineering-related disciplines,
including bioprocess engineering (industrial scale fermentation),
metabolic engineering, biological catalysis and enzyme engineering,
and biomass energy and bio-based chemicals (SKLBE).

Synthetic microbial ecosystems will have wide applications in
bioremediation. Yet the interactions of organisms within these
systems need to be clarified due to their complex compositions and
structures. A recent study carried by researchers from Tianjin
University may provide a new approach to illustrate the complex
interactions within a system by construction of an artificial ecosystem
via SB (Hu et al., 2010). The interactions of the species within this
designed system are well defined. Two quorum-sensing signal
transduction circuits have been designed that simulate a synthetic
ecosystem and mimic the plausible response that a natural system
would have in the dynamics formed by changing environmental
factors. The synthetic ecosystem constructed through this study has
provided valuable insights in ecology, and may act as a chassis for
construction of more complex microbial ecosystems.

2.1.3. Genetic circuits for basic research
Positive and negative feedback loops are important genetic

elements in gene regulatory networks, acting as switches, oscillators,
and excitable devices. Genetic circuits that are a combination of
different feedback loops can act as more precise regulation modula-
tors. A minimal model system was developed in Nanjing University,
and its dynamics and performance advantage in response to stimuli
were explored in a unifying framework (Tian et al., 2009). This system
was tunable from mono-stability to bi-stability by increasing the
strengthof positive feedback, and thebi-stability regimewasmodulated
by the strength of negative feedback. The transitions from bi-stability to
excitability and oscillation were achieved by increasing the strength of
negative feedback, while the reverse conversion occurred by enhancing
the strength of positive feedback. In addition, this system was more
flexible than a single feedback loop that could produce robust oscillations
over a wider stimulus regime compared with a single time-delayed
negative feedback loop. It has been suggested that the coupled feedback
loops canact as toolboxes for engineeringdiverse functional circuits in SB.

A method for unmarked genetic modification was developed in the
methylotrophic yeast Pichia pastoris through a knock-out of the
endogenous genes (such as arg1 and met2) and a knock-in of the
targeted genes (a green fluorescent protein expression cassette) (Yang
et al., 2009). Site-directed mutagenesis on the ARG1 gene was also
performed in this study. Remarkably, all these genetic modifications
have been achieved without introducing unwanted selection markers.
In this approach, the E. coli toxin gene mazF was used as a counter-
selectable marker that was controlled by AOX1 promoter, and the
induced expression of MazF in P. pastoris halted cell growth. A genetic
module was constructed in which mazF and a zeocin resistance gene
acted as counter-selectable and active-selectable markers. When the
AOX1 promoter was activated, themarkers were recycled efficiently via
homologous recombination between the direct repeats. This method
allows the selectable marker gene to be recycled for multiple
modifications, a useful approach for other genetic manipulations in
the yeasts.

A reporter-guided mutant selection (RGMS) method was devel-
oped recently by a research team from Institute of Microbiology CAS
to facilitate the selection of mutants for over-expressing targets of
interest (Xiang et al., 2009). This protocol was applied to improve
clavulanic acid (CA) production in Streptomyces clavuligerus. In a
single-reporter design, the transcriptional activator ccaR for
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biosynthesis of CA was chosen as the target of interest, and neo
(resistance to kanamycin) as the reporter. Subsequently, a double-
reporter circuit was configured, in which a xylE-neo double-reporter
cassette was used to monitor ccaR expression in order to reduce the
high false positive rate of the single-reporter method. Up to 90% of
mutants selected by themodifiedmethod showed improvement in CA
titer. The RGMS approach can generate a pool of mutants with genetic
diversity and provide a library for further screening by inverse
metabolic engineering. The same approach can be applied to engineer
strains that produce biofuels and other molecules of interest.

After exposure to an antibiotic, it is common to find surviving
microbes, and this phenomenon may be due to phenotypic hetero-
geneity. A toxin–antitoxin (TA) module composed of two gene pairs,
hipA and hipB, was identified by researchers from Peking University,
and it was suggested that they are responsible for generating the
antibiotic resistant subpopulation (Lou et al., 2008). A simple genetic
regulation model was built to study the phenotypic heterogeneity.
This molecular model illustrated the emergence of a resistant strain,
suggesting that genetic circuits might be built to investigate the
molecular mechanisms of the phenotypes of microbes.

Synthetic genetic circuits for programming cell populations and
coordinating behaviour across a population have been studied by a
research group of the Third Military Medical University (Wang et al.,
2008). An artificial cell-to-cell communication system was studied in
mammalian cells, using nitric oxide signalling elements, by integrat-
ing nitric oxide synthesis with the c-fos promoter. The intercellular
messenger, nitric oxide, was synthesized by the engineered ‘sender’
cells, and it diffused into the environment and activated the c-fos
promoter of the receiver cells. Once the nitric oxide signal was received,
expression of a green fluorescence protein (GFP) reporter was activated
in the engineered 'receiver' cells. This sender–receiver systemwasunder
positive-feedback regulation, which resulted in population density-
dependentGFP expression in a quorum-sensing pattern. Itwasproposed
that such artificial cell-to-cell communication in mammalian cells could
serve as a versatile tool for regulated gene expression, and as a building
block for complex artificial gene regulatory networks for use in gene
therapy, tissue engineering, and other applications.

Microbial chemotaxis is the ability of motile microorganisms to
direct their movement in response to chemical gradients in the
environment. Flagellum rotation of E. coli is driven by a molecular
motor switch between two operational modes. Specific receptors,
which are located in the very beginning of the chemotaxis pathway,
are involved in the sensing of attractants and transducing the signal to
the motor to control its rotation mode. Essential features of the
chemotaxis pathway are the amplification rate, adaptation robust-
ness, relaxation time and feedback loop. The research team led by ZR
Sun has proposed a model of the chemotaxis dynamic pathway, in
which these essential features are assembled together by adapting
reverse-engineering methodology (Luo et al., 2010). Reverse engineer-
ing is the process of discovering the technological principles of a
device, object or system through analysis of its structure, function
and operation. It involves disassembly of the object, detailed analysis
of its workings, and the manufacture of a new object with similar
function to the original. The kinetic relationship between the input
and output in the wild type chemotaxis pathway was set as the
transfer function of a biological controller. The optimized transfer
function was applied to a designed pathway that was evaluated by
computational simulation. Their work provides an example that
reverse engineering is a powerful approach to abstract the design
principles from native pathways, and for designing new pathways
without knowledge of detailed pathway mechanisms.

2.2. Minimal genomes

One of the subfields of SB is research on minimal genomes that
contain only a minimal DNA sequence essential for life. The ideal
minimal genome will be composed only of genes that are essential for
the survival of the respective organism under defined conditions. The
non-essential genes and non-encoding regions are usually removed,
for example, genetic elements of alternative metabolic pathways or
those encoding responses to stress situations. It is believed that
minimal cells – built on minimal genomes – can serve as the efficient
platforms to develop microbes with new functions.

A minimal genome can be achieved via top-down approach by
trimming the existing genome. It is believed that cells of minimal
genomes can provide better chasses to host genetic components for
desired metabolic functions and efficient production of targets of
interest. Currently, several research groups in China are working on
minimal genomes, and most of them utilize top-down approaches.
Among them, a top–down approach was applied to obtain a reduced
Pseudomonas putida genome on strain K224. The engineered P putida
with reduced oxidation activities on fatty acids by deletingβ-oxidation-
related genes has then been used as a chassis for better production of
PHAs (Li et al., 2011; Liu et al., 2011;Wanget al., 2011). The genomeof E.
coli, one of the common engineered microbes for industrial application,
has been studied in order to map essential and non-essential genes for
the induced expression of an exogenous endonuclease gene. A research
group from Institute of Psychology, CAS has established a genetic
databaseMyBASE, for genomepolymorphismand gene function studies
of Mycobacterium (Zhu et al., 2009), and MethyCancer, a database of
human DNA methylation and cancer (He et al., 2008). This research
group alsoworked onmodeling the transcriptome, based on transcript-
sampling data (Zhuet al., 2008). In addition, they are oneof the very few
recipients currently funded by the Natural Science Foundation of China
(NSFC) to work on SB-related projects, including a project on minimal
genome research that is based on comparative genomics and large-scale
deletion of genome fragments. One of the international cooperation in
which the group participated was the 6th Framework Program of the
European Commission on PROgrammable BActeria CaTalYzing reSearch
(PROBACTYS). Another group from Tianjin University has built a
database of essential genes (DEG), to record the currently available
genes that are indispensable for the survival of an organism. The DEG
contains essential genes of a wide range of bacteria, such as E. coli, B.
subtilis, H. pylori, S. pneumoniae, M. genitalium and H. influenzae (Zhang
and Lin, 2009; Zhang and Zhang, 2008; Zhang et al., 2004). These
microbial genes can be used to construct a minimal genome as a
functional module, which would serve as a chassis for other research in
SB. Besides essential genes for prokaryotes, DEG contains genes of
eukaryotes as well, such as yeast, human, mouse, worms, fruit flies,
zebra fish and Arabidopsis thaliana. Furthermore, this database can
provide information for essential genes that can act as targets for drug
development.

Essential genes encode biological functions critical for cell survival.
Consequently, their null mutants are often difficult to obtain, thereby
impeding subsequent genetic and functional analysis. A theophylline-
responsive riboswitch that enables target gene expression to be
specifically “tuned” from low to high levels has been developed, and it
can be used to generate conditional hypomorphic mutants (Jin et al.,
2009). In this ligand-responsive riboswitch system, low levels of gene
activity in the absence of the ligand (theophylline) permit cell survival,
thus the gene activities can be investigated. While supplementing the
ligand, thenormal geneexpression levels andwild-type phenotypeswill
be restored. The team demonstrated that the gene encoding an RNA
bindingprotein (CsrA) for carbon storage regulation, csrA, is the essential
gene in E. coli that encodes a global regulatory protein CsrA. A mutant,
named switch-csrA, was constructed by placing the theophylline-
responsive riboswitch immediately upstream of the csrA ribosome
binding site. In the absence of ligand, the mutant switch-csrA produced
low levels of CsrA, resulting in the aggregation of cells. Theophylline
binding induced conformational changes in the riboswitch, thereby
activating it and resulting in an efficient csrA translation (i.e.,
autoaggregation did not occur). It revealed that autoaggregation was
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regulatedby theCsrAmodule via thepolysaccharideadhesin, poly-beta-
1,6-N-acetyl-D-glucosamine. The ligand-responsive riboswitches ap-
proach that they developed represents a new means to construct
conditional hypomorphic mutants to investigate the activities of
essential genes, which effectively complements traditional genetic
approaches.

2.3. Chemical synthetic biology (Xenobiology)

The SB subfields described above involve biochemical similarities to
natural life forms. However, the biochemistry of synthetic life could be
entirely different. Such systems arise from chemical SB, where the very
basics of life biochemistry are changed in order to create biological
systems that are truly different, both in metabolism and on the genetic
information level. Examples include altered or non-naturally occurring
bases within the DNA, a concept that involves entirely different genetic
information storagemolecules, so-called xeno-nucleic acids (XNA) that
cannot interact with naturally occurring DNA (Benner and Sismour,
2005; Herdewijn and Marliere, 2009; Marliere, 2009; Yang et al., 2006,
2007). Another example is the use of non-natural building blocks such
as non-canonical amino acids. More visionary ideas involve replacing
carbon with silicon in essential biomolecules. Other visions encompass
possible life forms that use not only non-natural elements but also
architectures entirely different from the genome–ribosome–protein
architecture of “life as we know it” (Schmidt, 2010).

Researchers from Peking University have synthesized several
unnatural proteins. Amonomer proteinhas been synthesized composed
of beta-alpha-beta folds (two parallel beta strands connected by an
alpha helix). Beta-alpha-beta structural motifs are commonly used
building blocks in protein structures containing parallel beta-sheets
(Liang et al., 2009). The beta-alpha-beta fold structure showed high
thermal stability. Prior to constructing the monomer protein, another
small protein, with an independent beta-alpha-beta structure (DS119),
was synthesized and its folding mechanism was studied by all-atom
molecular dynamics and coarse-grained simulations in order to
investigate its folding pathways and energy landscape. Results from
the structural studies revealed thatDS119was aparallel beta-sheet. This
group also works on designing unnatural protein-protein interaction
pairs (Liu et al., 2007). They have designed an algorithm for de novo
design of an unnatural protein–protein interaction pair by scanning the
Protein Data Bank for suitable scaffold proteins that can be used for
grafting key interaction residues and that can form stable complexes
with the target protein after additional mutations (Qi et al., 2010).

Proteins containing unnatural amino acids usually have new
chemical, physical, and biological properties. It has been shown that
proteins containing unnatural amino acids can have improved stability,
specificity, and catalytic properties. Tremendous efforts have beenmade
to incorporate unnatural amino acids into proteins, and to introduce
new functional groups through chemical or biosynthetic means (Wang
and Schultz, 2004). A research group from China Pharmaceutical
University (Nanjing, Jiangsu) has provided an example how this can
be done with biosynthetic pathways; involving the combination of
homology modelling and molecular docking for rational mutant design
(Chen et al., 2008). The Methanococcus jannaschii tRNA(Tyr)/tyrosyl-
tRNA synthetase pair has been engineered to incorporate unnatural
amino acids into proteins in E. coli. The amino acid binding site of M.
jannaschii tyrosyl-tRNA synthetase has been mutated to design novel
synthetases specific for unnatural amino acids, in this case, to corporate
p-acetyl-L-phenylalanine into proteins. Among 60 mutated aminoacyl-
tRNA synthetases, 15 of them showed binding ability to p-acetyl-L-
phenylalanine, of which two had considerable binding affinities. An
orthogonal tyrosyl suppressor tRNA/aminoacyl-tRNA synthetase sys-
temwas established to selectively incorporate p-azido-L-phenylalanine
into the ambernonsense codonTAGof uricase inE. coli (Sunet al., 2010).
It has been found that optimal suppressor tRNAs can optimize site-
specific modification of unnatural amino acids in target proteins by
substituting p-azido-L-phenylalanine for two Phe of uricase at position
170 and 281. These proteins were further modified as polyethylene
glycol (PEG) derivates for improving their pharmacological properties,
by reducing their antigenicity and immunogenicity. This approach was
based on a method developed by Schultz et al. for site-specific
incorporation of unnatural amino acids into proteins in vivo to obtain
mutant uricase carrying unnatural amino acids (Wang and Schultz,
2004; Xie et al., 2004).

2.4. Protocells

The research on protocells deals with the bottom–up approach to
construct synthetic cell-like vesicles assembled from non-living
chemical components (Hanczyc and Szostak, 2004; Mansy and Szostak,
2008;Mansy et al., 2008). Protocells can be designed to perform desired
cell functions within a stabilized internal cytoplasm-like environment
(Murtas, 2009; Rasmussen et al., 2004; Szostak et al., 2001). It has been
shown that protocells can be used to study energy conversion in cells
(Xu et al., 2010). The basic type of protocells is composed of a lipid
bilayer membrane and membrane proteins that can serve as a unique
platform to study the interaction of membrane receptors with the
molecules of interests (Zepik and Walde, 2008; Zepik et al., 2008).
Among all these membrane proteins, the ion channels play different
roles in cellular circuits. They form nano sized pores, which can only
work in the environment of a lipidmembrane. Researchers from Peking
University and Institute of Chemistry CAShave reported a syntheticDNA
based nanopore systemwhere the gates of single solid-state conical ion
channel-like nanopores can be controlled byDNA switches immobilized
inside the nanopores (Xia et al., 2008). The researchers found that the
high- (on-state) and low- (off-state) conductance states of a nanopore-
DNA system corresponded to the single-stranded and i-motif structures
of the attached DNA motors. This novel nanopore–DNA system, which
was gated by collective folding of structuredDNAmolecules in response
to an external stimulus, provided an artificial oscillatory counterpart of
protein nanopore channels. This DNA motor-driven nanopore switch
can be used to construct a protocell with more precisely controlled
functions. In the near future, the DNA molecules can be replaced by
other functional biomolecules, such aspolypeptides or protein enzymes.

2.5. DNA synthesis

In contrast to traditional recombinant DNA technologies, such as
plasmid based gene cloning, chemical synthesis of DNA is essential in
synthetic genomes and biosynthetic pathways of rational design, and
to create any new DNA sequence. DNA synthesis has been used
extensively in life science, for example, to study gene functions of
template DNAs that are difficult to obtain, or to optimize the codons of
genes to be expressed in heterogeneous systems. For example, the
reconstruction of the 1918 Spanish Influenza Pandemic Virus was
achieved by chemically synthesizing the genome without a template
(Tumpey et al., 2005). Recent innovations in chemical synthesis
technology have enabled the assembly of a whole genome, and the
creation of a bacterial cell controlled by a chemically synthesized
genome containing 1,077,947 base pairs ofMycoplasmamycoides JCVI-
syn1.0 (Gibson et al., 2010).

The prevailing synthesis methods are PCR-based and ligase-based
DNA synthesis (Liang et al., 2011). To enhance the power of these
methods, new synthesis and assembly techniques are needed to meet
the increasing demands of SB. A couple of research groups in China are
currently working on this topic. A PCR-based, two-step DNA synthesis
(PTDS) method for synthesis of long segments of DNA was modified
by Xiong et al. This involved synthesis of individual fragments of the
DNA of interest, 60mer oligonucleotides with 20 bp overlap to
produce DNA fragment of 500 bp in length, and PCR amplification to
assemble the entire sequence of the DNA of interest with the two
outermost primers. This modified method can produce DNA fragments
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of 5–6 kbwith high G+C contents within 5–7 days (Xiong et al., 2004).
The same research group also developed a method for assembly and
PCR-based accurate synthesis (PAS) of long DNA sequences. The PAS
protocol was developed based on the PTDS method with additional
steps, such as the purification on the synthetic oligonucleotides by PAGE
prior to the first PCR and error correction using an overlap-extension
PCR, if needed. The process took approximately 7 days to synthesize
DNA fragments up to 12 kb (Xiong et al., 2006). An isothermal DNA
synthesismethod-isothermal unidirectional elongationmethod (IUEM)
has been developed by Lin et al., which can synthesize DNA fragments
up to 300 bp for use as building blocks for the synthesis of longer DNA
sequences, which is an isothermal synthesis process and involves the
cooperation of three enzymes (Lin et al., 2007).

Besides research on DNA synthesis, codon optimization is another
topic of interest among Chinese researchers. Xylanase is an enzyme that
can degrade the linear polysaccharide beta-1, 4-xylan into xylose. The
hydrolysed product has broad applications in food processing. A codon-
optimized recombinant xylanase gene from Streptomyces sp. S38 was
synthesized and extracellularly expressed in P. pastoris (Fu et al., 2010).
Phytases catalyze the release of phosphate from phytic acid. These
enzymes are important to the farming industry. The synthetic genewith
codon optimization on phyCs (the gene encoding neutral phytase) has
yielded a 90-fold increase when expressed in P. pastoris (Zou et al.,
2006).

Directed evolution in vitro is a powerful molecular tool for
designing new biological parts. A few Chinese research groups are
using DNA synthesis methods to investigate the function of some
enzymes of interest. A strategy for directed in vitro evolution of
reporter genes, based on semi-rational design and high-throughput
screening, was developed by Xiong et al., and it involves DNA shuffling
and screening (Xiong et al., 2010). Such an approachwas applied in an
in vitro directed evolution strategy through DNA shuffling to
investigate beta-galactosidase of E. coli. Five mutants were obtained
resulting from two rounds of DNA shuffling and screening with higher
beta-glucuronidase activity than wild-type beta-galactosidase. The
sequencing on these mutants reveals variants at fourteen nucleic acid
sites, resulting in changes in ten amino acids (Xiong et al., 2007b). A
strategy of a semi-rational design of directed evolutionwas developed
of which a gene encoding the thermostable beta-galactosidase of
Pyrococcus woesei was chemically synthesized with optimized G+C
content and mRNA secondary structures. The synthetic sequence was
subjected to DNA shuffling, library construction and screening. One
mutant with higher activity was identified, and sequencing revealed
eight sites deduced from the original sequence. Subsequently, 16
degenerate oligonucleotideswere designed corresponding to the eight
amino acids, and used to screen in the second round of DNA shuffling.
Another mutated sequence was identified exhibiting a lower specific
activity (Xiong et al., 2007a).

To date, commercial DNA synthesis services are capable of synthe-
sizing DNA in lengths up to tens of kilobase. There are a few Chinese
companies, suchasGenerayBiotechology (http://www.generay.com.cn),
Sangon Biotech (http://www.sangon.com) and ShineGene (http://www.
shinegene.org.cn), which provide synthetic genes using PCR-based
technologies. Given the rapid development in synthesis techniques and
a reduction in cost, more Chinese research groups will utilize synthetic
genes and genomes obtained from Chinese companies.

3. Perspectives

The United States is in the lead position in SB research: they host
most of the research entities (institutes or universities), and conduct
most of the R&D activities (Synthetic Biology Project). Other global
players are Germany, Switzerland, France and UK (Pei et al., 2011).
China, however, has now a couple of groups active in research on SB.
Although SB has already been established in China, more funding is
needed to make China an internationally acknowledged player in the
field. In China, SB-related research started as early as the 1960s when
Chinese scientists made the first protein by chemical synthesis –

synthetic insulin (Kung et al., 1965). China has been a key participant
in the “Human Genome Project” and remains as one of the major
contributors to genome databases. Furthermore, China has been active
in the most of the emerging research fields such as genomics,
bioinformatics, nanotechnology, and lately, in the stem cell research.
China is one of the leading countries in the gross expenditure on R&D,
issued patents and scientific publications (shown in Figs. 1, 2 and 3). All
these have laid the foundation for the development of SB.

SB is still in anearly developmental stage, both internationally and in
China, and no consensus has been achieved regarding its exact
definition, as shown by our recent survey among Chinese researchers.
The driving force behind SB in Chinawas primarily scientific curiosity to
learn more about biological systems, and how they might be
manipulated and controlled through an engineering approach. One of
the goals of future SB research is to develop engineering principles for
biological systems. As knowledge of natural systems accumulates, SB
researchwillmove fromgenetic circuits to improved regulatory systems
for synthetic devices, and further to synthetic cells, eventually leading to
multiple cell systems. In natural systems, there are regulated in-
teractions between DNA, RNA, proteins and metabolites. Identifying
modular regulatory elements such as promoters and other regulators
has been essential to the progress of SB. There is considerable evidence
that genomic rearrangements and horizontal gene transfer have driven
the evolution of new biological capabilities. Similarly, the identification
of biological modules that confer new functionalities, when assembled
in different contexts, will drive the progress of SB (Schmidt and Pei,
2011).

In consideration of increasing environmental concerns and the
depletion of fossil fuel reserves, chemicals derived from biomass are
considered as the promising environmental and economic alterna-
tives. Many scientists believe that SB will contribute to the
conversion of biomass to useful biochemicals. There are high
expectations of SB to produce biofuels and biochemicals, and to
develop environmental and medical applications. In the 10th five-
year plan of China's National Key Technologies R&D Program,
research on the mechanism of microbial degradation of lignocellu-
lose was proposed to be further strengthened (SKLMT). Design and
reconstruction of lignocellulose-degrading microbes has been one of
the research priorities, including using the direct evolution technique
to improve the activity of cellulase and its enzymatic characteristics (e.g.,
alkali-resistance and surfactant-resistance). It indicates that more
research in China will be focused on applied science or industrial
biotechnology such as biocatalysts to reduce the cost of processing
cellulose biomass. Innovations in bioremediations from SB are also
widely expected.Within a couple of years, it is believed that applications
will be achieved in the medical sciences, such as reprogramming
mammalian cells for treatment purposes (i.e., tissue engineering,
improved cell cultures for medicine production, etc.). The latest release
from 973 Program confirmed that a multi-million dollar project on an
artificial synthetic cell factory,whichwouldbe fundedwith an estimated
yearly budget of 40 million CNY or 4.3 Mio Euros for two years with a
possibility for constitutive funding if evaluated positively by 2013
(Ministry of Science and Technology). The research on the minimal
genome of E coli and its synthesis has also gained support from 973
Program recently (Shanghai Institute of Life Science). A couple of other
proposals applying SB approaches, for the development of a microbial
chassie for antibiotics production and other biopolymers, had also been
proposed. The current GERD of China in year 2010 is 1.5% which is
projected to 2.5% in year 2020 (Editorial, 2011).With such an increase of
R&D expenditure, there is no doubt that more research will be funded
not only in the traditional disciplines but also in emerging ones like SB.

Technological innovations in the synthesis of nucleic acids and
DNA sequencing have accelerated the development of SB. The
synthesis of DNA, with any sequence and without a template, makes

http://www.generay.com.cn
http://www.sangon.com
http://www.shinegene.org.cn
http://www.shinegene.org.cn


812 L. Pei et al. / Biotechnology Advances 29 (2011) 804–814
possible the de novo synthesis of genes and even whole genomes. This
means that new biological functions can be designed and used for
research and application purposes. Technical advances of DNA
synthesis have increased the productivity and quality of the processes
with a continuous decrease in costs. A couple of companies in China
currently offer commercial DNA synthesis, which in the long termwill
reduce labor intense DNA synthesis in research laboratories. For
example, in the field of commercialized DNA sequencing, the Beijing
Genomics Institute (BGI) hired >1000 bioinformatics specialists and
purchased 128 HiSeq 2000 Illumina genome sequencers, thereby
doubling the world's sequencing capacity and turning China into a
major service provider in this sector (Editorial, 2011). One of
technology and platforms in BGI is oligonucleotide synthesis (BGI).
It can be expected that BGI and other Chinese biotech companies have
the potential to be one of the major providers of DNA synthesis in the
future.

With few private investors, the Chinese government plays an
important role in fostering innovations. The current funding for R& D
of SB in China is mainly through the government's Project 873, Project
973, or NSFC. In 2008, a dedicated research funding scheme for SB was
proposed to foster new research into the development of new biofuels
and biomaterials, as well as novel approaches to bioremediation and
medical applications. However, it was delayed due to the lack of
consensus definition of SB (personal communication). In addition to
funding from the state, provincial and municipal governments are the
other constant sources that contribute to the budget for research
(Editorial, 2011). Industry or private funding is more relevant in the
US, while there are only a few private sources in China. These include,
for example, the cooperation between Royal Dutch Shell Group and
QIBEBT (QIBEBT Project) and Boeing Inc. and QIBEBT for biofuel
(Pangea), and the China Petroleum & Chemical Corporation (Sinopec)
and Novozymes for cellulosic biofuel (WSJ). It has been reported that
the first industrial production of the 2nd generation of biofuel will be
commercialized in 2011 (Novozymes). In the roadmap of scientific
development developed by 300 scientists of CAS, 22 key scientific
issues have been brought up. Among them, synthetic life and SB, as
well as 20 other scientific issues, have been considered to be
important for energy resources, the environment, public health, and
traditional or non-traditional security (CAS roadmap).

As an emerging scientific field, SB is largely known only within
academia in China. Due to themedia coverage of the so-called “synthetic
bacteria” in 2010, the term, synthetic biology, has received public
exposure. The Chinese people tend to embrace new innovations easily
and may show great enthusiasm for SB, viewing it as a science with
tremendous potential. However, they are not aware of the associated
concerns of biosafety, biosecurity, and ethics. Debates on the societal
impact of emerging science in China are always delayed until the
maturation of the technology. For example, the now soaring public
concernsongeneticallymodified crops cameafter the official approvalof
its commercialization. To avoid the same scenario for future applications
of SB, it would be better to conduct SB research in collaboration with
social scientists, and in amanner of ongoing public engagement in order
to raise awarenesson thesocietal issues. Our continuingproject,which is
fundedbyFWFandNSFC, is aimed toprovidebetter scientific insight into
the challenges of SB to biosafety and risk assessment, and will address
some of the concerns on ethical, legal and social issues (ELSI). We will
look into the Chinese regulations for SB, and keep up to date with the SB
related activities in China.
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