DR SANJAY VASHEE

Synthetic
biology for vaccines
Working for the eminent J Craig Venter Institute, Dr Sanjay Vashee has grand aims of developing novel animal
and human vaccines using the Institute’s synthetic biology repertoire
opinion, we have been engaged in research of
this kind for quite some time. What is new about
synthetic biology is the scope and speed by
which organisms can be modified. Essentially,
it is possible to make genome-wide changes
very quickly.

Could you first discuss your background and
what prompted you to join the J Craig Venter
Institute (JCVI)?
I was born and raised in Zimbabwe but moved
to the US for my higher education. I received
my BS in Biochemistry from the University
of Illinois at Urbana-Champaign, Master’s in
Chemistry from Western Illinois University and
PhD in Biochemistry from the University of
Texas at Austin. After completing a postdoctoral
fellowship at the Johns Hopkins University
School of Medicine in February 2003, I was
presented with the opportunity to join the
Institute of Biological Energy Alternatives (IBEA),
one of several sister organisations created
by Dr Craig Venter at that time to work on
the synthetic cell. A few years later, the sister
organisations were merged to form the JCVI. I
joined IBEA because it afforded the opportunity
to take part in bold, innovative and paradigmchanging research. Also, I could not pass up the
chance to work with visionaries like Dr Venter
and Dr Ham Smith. I felt I would learn a great
deal from them for my own career.
How can synthetic biology be defined?
The common perception appears to be that
synthetic biology is a new field. But, in my
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Synthetic biology is hard to define. Depending
on whom you ask, it can be considered as using
engineering principles, such as using standardised
parts; parts that work in the same manner in
different organisms. Some examples include
regulated promoters that would function in the
same way in different organisms. The principles
would be similar to those used to build radios
and computers with resistors, transistors, etc.
as parts. Others consider synthetic biology as a
discipline that builds new complicated pathways
in organisms to make new products or easily
isolate difficult products.
What excites you most about the field?
Recently, given the availability of vast amounts
of genomic sequences, it is possible to consider
designing and creating organisms by selecting
which genes you may want to include in your
genome to give it the characteristics you need,
building the genome and creating the organism.
Of course, here, the creation of these organisms
would be for medicinal (vaccines) or industrial
(bioenergy) purposes. The proof of principle in
building a genome from scratch and ‘booting
it up’ to create a cell was accomplished by the
synthetic biology group, which I am a part of,
here at the JCVI. Although there remains a lot
of work to be completed to achieve a de novo
designed genome, it is exciting to begin to
consider the research projects that can allow you
to do so.
As a highly collaborative venture could you
give an insight into those involved and the
expertise they lend to the work?
My collaborators on the project are Dr Carole
Lartigue at the French National Institute for
Agricultural Research (INRA), France, and Dr Jörg

Jores at the International Livestock Research
Institute (ILRI), Kenya. Carole and I worked
together at the JCVI before she moved back
to her native France. As a postdoctoral fellow,
she was the main developer of the genome
transplantation method using Mycoplasma
mycoides subspecies capri (Mmc) as the genome
donor species and M. capricolum subspecies
capricolum (Mcap) as the recipient cell. Jörg
is a veterinarian by training, but has turned
his interest to understanding host-pathogen
interplay in diseases caused by members of
the mycoides family. He has been working on
developing cheap, reliable diagnostic tools
to easily detect these pathogens in the field.
Since he is based in Africa where these diseases
are most prevalent, Jörg is able to provide
current information on them and has access
to the affecting field strains. By transferring
cutting-edge technology to ILRI, we are also
empowering native researchers to be able to
work on problems that affect their regions.
Do you envisage contagious bovine
pleuropneumonia (CBPP) being fully
treatable in the future? Is there the
possibility that the disease could be
completely eradicated?
CBPP has now been recognised by organisations
such as the World Organisation for Animal
Health (OIE) and the Bill and Melinda Gates
Foundation as an important problem to conquer.
As such, we have been fortunate to recieve
funding from the National Science Foundation
(NSF) Basic Research to Enable Agricultural
Development (BREAD) programme (a joint
NSF and Gates Foundation initiative) to try to
use innovative technology to develop a vaccine
for CBPP. I think with adequate funding and
sustained research efforts by our group, as
well as a host of other researchers in the field,
we will gather the information and methods
to ultimately develop an effective vaccine,
although I doubt it will be easy. We and the
researchers in the field that I have met and
interacted with are committed to helping the
smallholder farmers affected.
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Feeding BREAD to bovidae
In a unique collaboration between the J Craig Venter Institute, French
National Institute for Agricultural Research and Nairobi-based
International Livestock Research Institute, a group is jointly working
on an National Science Foundation-funded project, BREAD: Toward
Development of a Vaccine for Contagious Bovine Pleuropneumonia. The
focus is on knowledge transfer between the institutes while developing
vaccines for a livestock disease affecting farming productivity in Africa
MYCOPLASMA MICROBIAL SPECIES have long
been an interest to the J Craig Venter Institute
(JCVI) scientists due to the unusually small
genome size of some species and, famously,
Mycoplasma mycoides subspecies capri (Mmc)
was the subject of the Institute’s ‘synthetic cell’.
Now, a National Science Foundation (NSF) Basic
Research to Enable Agricultural Development
(BREAD) project led by Dr Sanjay Vashee is
focusing on M. mycoides for other reasons; the
development of a novel vaccine for contagious
bovine pleuropneumonia (CBPP). CBPP is caused
by M. mycoides subspecies mycoides (Mmm) and
represents a costly livestock disease in many
African countries.
The disease is highly contagious and infects
bovidae (cloven-hoofed ruminants). Affected
countries are routinely excluded from
international trade and limited in their protein
nutrition sources. The best way in which smallscale cattle farmers can protect their herd is
by vaccination, and a vaccine does already
exist. However, it is plagued by problems as it
protects for only a short amount of time, has
to be transported and stored at 4 °C and is
expensive to use. There have even been reports
that the vaccine can revert to a pathogenic strain.
Evidently, a cheaper and more viable vaccination
option is required.
One huge stumbling block to the production
of an effective Mmm vaccine is the difficulties
encountered when studying the bacteria.
Mycoplasma species require complex growth
media and few current genetic tools are suitable.
However, due to previous work to develop the
synthetic genome – JCVI-syn1.0 – using Mmc, the

JCVI already has some of the necessary capability
to work with mycoplasma species and merely
needs to translate them into Mmm. This makes the
team perfectly poised to work on a CBPP vaccine.
COMPARING GENOMES
Firstly, this BREAD project aimed to begin
identifying potential virulence factors that can
be used in a vaccine to generate an immune
response. The group performed comparative
genomics on a cluster of M. mycoides subspecies,
enabling them to identify specific genes or
genetic traits that correlated with differences in
host tropism (infective specificity) and observed
clinical outcomes. Additionally, the researchers
proposed to genomically compare Mmm and
Mmc. They hypothesised that, as Mmm has far
more mobile DNA sequences than Mmc, this may
be causing antigenic diversity in Mmm. Further
to this, the group recently used next-generation
sequencing, specifically the state-of-the-art
Illumina sequencing platform, to sequence Mmm
and Mmc field isolates. The JCVI has placed itself
at the forefront of sequencing technologies by
numbering among the first organisations to
acquire one of the instruments. By analysing the
data generated from the sequencing, the team
hoped to identify surface proteins which may
serve as antigens and proteins unique to strains
containing strain-specific mutations.
INRA AND ILRI
A French National Institute for Agricultural
Research (INRA) group, led by Dr Carole Lartigue,
was to adapt the genetic tools that JCVI gained
from working with Mmc during the synthetic
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INTELLIGENCE
BREAD: TOWARD DEVELOPMENT OF A
VACCINE FOR CONTAGIOUS BOVINE
PLEUROPNEUMONIA
OBJECTIVE
To perform innovative basic scientific
research designed to address key constraints
to smallholder agriculture in the developing
world.

KEY COLLABORATORS
Dr Carole Lartigue, French National
Institute for Agricultural Research
(INRA), France
Dr Jörg Jores, International Livestock
Research Institute (ILRI), Kenya

FUNDING
National Science Foundation (NSF)
Basic Research to Enable Agricultural
Development (BREAD) Programme [a joint
initiative with the Bill and Melinda Gates
Foundation (BMGF)]

CONTACT
Dr Sanjay Vashee
Assistant Professor of Synthetic Biology
J Craig Venter Institute
9704 Medical Center Drive
Rockville, Maryland 20850
USA
T +1 301-795-7254
E svashee@jcvi.org
DR SANJAY VASHEE joined the J Craig
Venter Institute (JCVI) in Rockville, Maryland
in 2003 as a senior scientist in the Synthetic
Biology Group headed by Hamilton Smith.
He helped the Group develop methods
and synthetic genomics technologies that
led to the creation of a synthetic organism
based on Mycoplasma mycoides subspecies
capri. His research interests are using
synthetic genomics technologies to better
understand human and animal diseases
as well as develop vaccines for them. Prior
to joining JCVI, Vashee was a postdoctoral
fellow at Johns Hopkins University School
of Medicine where he was the first to
characterise the in vitro DNA-binding
properties of the human origin recognition
complex, the initiator protein of eukaryotic
DNA replication. Vashee holds a Bachelor’s
degree in Biochemistry from the University
of Illinois at Urbana-Champaign, a Master’s
degree in Chemistry from Western Illinois
University and a PhD in Biochemistry from
the University of Texas at Austin.
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cell project to working in Mmm. It was expected
that, as Mmc and Mmm are genetically similar,
the tools developed for Mmc would be easily
adapted to Mmm. To help transfer some of the
technological expertise to the International
Livestock Research Institute (ILRI) in Nairobi,
Kenya, an ILRI scientist was trained on synthetic
biology techniques at INRA. The group at
ILRI, led by Dr Jörg Jores, is currently using
these techniques on Mmc to probe the role of
carbohydrates in host-pathogen interactions.
Once these tools had been proven successful,
the group planned to knock out the identified
virulence genes using JCVI synthetic biology
technology. They hoped to create an avirulent
Mmm strain to use as a live vaccine. The mutants
generated were to be screened by in vitro tests
using bovine alveolar macrophages to ascertain
the ability of the mutants to interact with
the macrophages.
BUILDING ON THE GENETIC TOOLBOX
The final aim of the project was to contribute
to the JCVI’s tools for working on mycoplasma
species. Vashee looked into potentially
enhancing a vaccine candidate by creating an
Mmc strain with a ‘kill’ switch. Such a switch can
be encrypted by encoding a toxic gene in the cell
whose expression is controlled by a promoter
that can be ‘turned on’ by adding a certain
molecule to the cells. This, however, required
a tighter control of gene transcription in the
mycoplasma than has been achieved previously,
and Vashee’s team is currently looking to improve
this control. Additionally, the researchers are
creating a temperature-sensitive Mmc strain
which would further enable them to control the
pathogenicity of the putative vaccine. Vashee
explains the reasons for conducting this research
in Mmc: “Because Mmc already has genetic tools,

Overall, this BREAD project aims
to generate a significant body
of information on the tools for
working with the mycoplasma
strains, the virulence genes
and their toxicity

we are using it as a model system to test whether
rationally attenuated strains can be made, and
also expand its toolbox to be able to design
safety features such as a kill switch”.
AN INTERNATIONAL EFFORT
Overall, this BREAD project aims to generate
a significant body of information on the tools
for working with the mycoplasma strains, the
virulence genes and their toxicity. Additionally,
the groups will have created strains with reduced
pathogenicity, as well as non-toxic Mmc strains
expressing heterologous antigenic Mmm genes
and an attenuated Mmm strain. The created
strains can be then trialled as putative vaccines
in livestock and should ultimately have a positive
economic and nutritional impact on the affected
African countries.
Moreover, the project has in part transformed
the technical capabilities at ILRI and begun
a profitable collaboration between the three
institutes. The work will have expanded the
synthetic biology tools at JCVI and INRA
developed during work on the synthetic cell,
creating a more solid knowledge base for work
on other mycoplasma species. Finally, it is highly
beneficial to JCVI as, due to US regulations, the
researchers can only work on Mmc while INRA
and ILRI are able to translate this work in Mmm.
Without the collaboration, the JCVI researchers
would be unable to apply their technical
experience to advancing a CBPP vaccine. Vashee
sees the project’s potential as a model for
research on similarly complex diseases, and the
long-term outcomes will be the proof.

