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Convention on the Prohibition of the Development, Production and Stockpiling
of Bacteriological (Biological) and Toxin Weapons and on Their Destruction
(1975)

Key provisions of the Treaty include obligations on States parties:
to never under any circumstances acquire or retain biological weapons (Article 1);

> to destroy or divert to peaceful purposes biological weapons and associated
resources (Article I);

to not transfer, or in any waX assist, encourage or induce anyone else to acquire or
retain b|olog|cal weapons (Article Il

to take any national measures necessary to implement the provisions of the BWC
domestically (Article IV);

to consult bllaterally and multilaterally to solve any problems with the implementation
of the BWC (Article V);

to request the UN Security Council to mvestlgate alleged breaches of the BWC and
to comply with its subsequent decisions (Article VI);

to assist States parties which have been exposed to danger as a result of a violation
of the BWC (Article VII);

to do all of the above in a way that protects and encourages the peaceful uses of
biological science and techndlogy (Article X
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BOMBLETS

MGM-29
Sergeant Missile
(135 km range)

Source: Wikipedia
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{ @08  FEDERAL SELECT AGENT PROGRAM

‘ SELECTAGENTS & TOXINS
|

Federal Select Agent Program > Select Agents and Toxins > List

SELECT AGENTS AND TOXINS LIST

The following biological agents and toxins have been determined to have the potential to pose a severe
threat to both human and animal health, to plant health, or to animal and plant products. An attenuated
strain of a select agent or an inactive form of a select toxin may be excluded from the requirements of the
Select Agent Regulations. Here is a list of excluded agents and toxins.

HHS and USDA Select Agents and Toxins
7CFR Part 331, 9 CFR Part 121, and 42 CFR Part 73

HHS SELECT AGENTS AND TOXINS

Abrin

Bacillus cereus Biovar anthracis*

Botulinum neurotoxins®

Botulinum neurotoxin producing species
of Clostridium*

Conotoxins (Short, paralytic alpha conotoxins
containing the following amino acid sequence
X1CCXaPACGX3X XX CX7)

Coxiella burnetii

Crimean-Congo haemorrhagic fever virus

Diacetoxyscirpenol

OVERLAP SELECT AGENTS AND TOXINS
Bacillus anthracis*

Bacillus anthracis Pasteur strain
Brucella abortus

Brucella melitensis

Brucella suis

Burkholderia mallei*

Burkholderia pseudomallei*

Hendra virus

Nipah virus

Rift Valley fever virus

Venezuelan equine encephalitis virus®

Eastern Equine Encephalitis virus®
Ebola virus*
Francisella tularensis*

USDA SELECT AGENTS AND TOXINS
African horse sickness virus

R o

USDA

Key Points:

This is the primary
means for US biosecurity
regulation

Requires individual
clearance from DOJ,
institutional approval
Should not be
considered the only law
enforcement tool for
biological agents.
Challenged by synthetic
biology and also nature.
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Synthetic biology

* The design and construction of new biological parts, devices, and
systems and the re-desng{_n of existing, natural biological systems for
useful purposes. (syntheticbiology.org)

* “Collectively refers to concepts, approaches, and tools that enable
the modification or creation of biological organisms...” NAS 2018.

» Convergence of engineering, biology, chemistry, computational
power.

» Term applies tools (such as CRISPR) as well as the field.
* Ushering in a new era for biology.

Aims to make biology easier to engineer
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Industrialization of biology

* Industrialization = formation of
industries in a country or region, on
a wide scale. e.g., the Industrial
Revolution of the 18t and 19t
century.

* Replacing chemical engineering
processes, or resource- intense
harvesting from nature. e.g.
medicine, tires, adhesives,
flavorings (including vanilla and
saffron), detergents, cosmetics,
and mining.
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Personalization of biology

* Personalized medicine e.g. CAR-T

* Tools are accessible, powerful
« CRISPR
* Gene synthesis and gene sequencing
» Ancestry.com, 23andme, PatientsLikeMe

 Applications may be personally and immediately relevant
* What is in your food?
» Which dog owner isn’t picking up after their pet? Or, personalized pets.

People can use biology to answer their own questions.
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Amateur biology/citizen science

 IGEM: International
Genetically Engineered
Machine competition.

* DIY Bio

« Community laboratories:
44 across the US and
Canada, 31 in Europe, 17
in Asia, South America,
and Oceana
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An Institution for the Do-It-Yourself Biologist
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Bioweapons concerns

» There are many biosecurity vulnerabilities with “ordinary”
microbiology-- synthetic biology and other emerging
biotechnology add to them.

* However:
» More people who have access to these technologies than ever before;

* Misuse may not require pathogen access (and biosecurity regulatory
system is largely built on access control).

Norms against illegal weapons
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Dual use research

* Dual use: advances that lower the barriers to misuse

» Dual use research of concern: “Life sciences research that, based on
current understanding, can be reasonably anticipated to provide
knowledge, information, products, or technologies that could be
directly misapplied to pose a significant threat with broad potential
consequences to public health and safety, agricultural crops and
other plants, animals, the environment, materiel, or national security.”

« Conundrum: Legitimate scientific inquiry, often with medical benefits,
and not everyone sees the risks and benefits in the same way.
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Scientific activities which may lead to

DURC

» Enhance the harmful consequences of a biological agent or toxin.

» Disrupt immunity or the effectiveness of an immunization without clinical and/or agricultural

justification.

» Confer to a biological agent or toxin, resistance to clinicall
or therapeutic interventions against that agent or toxin, or

methodologies.

0 evade detection

¥ and/or agriculturall¥ useful prophylactic
acilit

ate their ability

* Increase the stability , transmissibility, or the ability to disseminate a biological agent or toxin.

« Alter the host range or tropism of a biological agent or toxin.

» Enhance the susceptibility of a host population.

* Generate a novel pathogenic agent or toxin, or reconstitute an eradicated or extinct biological

agent.
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Expression of cereolysine AB genes in
Bacillus anthracis vaccine strain
ensures protection against
experimental hemolytic anthrax
infection

AP. Pomerantsev®, N.A. Staritsin, Yu.V. Mockov and LI, Marinin

sin AR gones from Bacillus cereus VKM.RI6S have heen oy
thracis strains: vinulens H-7 (PXO1, PXO2), vaccine STI-1 (P 2
(withot i1s own plosmids). Expression was achieved by cloning the gene iwh

copy number plasmid pE1%d. This construct was inegrated with host genomes in
amplified formt. Gold hamssers were vaf

anthracis 711 and 221 swains and o
Gobd hamsters vaccinaied with 221 sl 78

immunisation protected against the H-7 @PLOS ONE
nant strain. §T1-1 recambinant swain p
s the recombinant 1-7 sirains. The resul
wenic properties of B, anthragis due 0
Elsevier Scienee Lid, RESEARCH ARTICLE

Construction of an infectious horsepox virus
vaccine from chemically synthesized DNA
fragments

Ryan S. Noyce', Seth Lederman®, David M. Evans'*

Veciogy, Unwersty of
Alberta, Edmarton, Alberta, Canada, 2 Toeis Pharmacesicals, Inc.. New York, Naw Yok, Ueved St of
Amarica

L))

Abstract

Edward J

horses and malecular analyses show that modem vaccin@ virus (VACV) strans share com-
y HPxXV) of modem
os HPXV- a suporior aher

native. Since y and ly speci

Boeenaccess

Identification, Characterization, and
Natural Selection of Mutations Driving
Airbome Transmission of A/H5N1 Virus

Martin Linster, - Sander van Bohsemen, ' Miranda de Graaf,' Eefjs J.A. Schrauwen,’ Pascal Lexmond,'
Bonjamin Minz, Theo M. Bestebroer, Jan Baumann,” Debby van Riel,' Guus F. Rmmelzwaan,'
Albart D.M.E. Osterhaus,' Mikhail Matrosovich,” Ron AM. Fouchier,'* and Sander Herfst!
igpad hoal of Molecular Medicine, Erasmus Medical Genter, 3015GE Rotterdam, the Nethedands
ity, 35043 Marburg, Germany

SousaL oe Vimouoey, Feh, 2001, p. 12051210 Vol 5, Ne. 3

ATSHEOUSMA D DOE WL TIHIVLT 11N 1800
Copyegin © 2001, Americas Sociey for Micmobicloy. Al Rights Resered.

Expression of Mouse Interleukin-4 by a Recombinant
Ectromelia Virus Suppresses Cytolytic Lymphocyte Responses
and Overcomes Genetic Resistance 1o Mousepox

RONALD 1. JACKSON,** ALISTAIR J. RAMSAY.* CARINA 1. CHRISTENSEN,? SANDRA BEATON,
DIANA F. HALL 'Y xom TAN A RAMSHAW
Fest Avimal Comsrol Cooperative Research Ceuse, CSIRT Susisinable Eromaterer” anad Division of bnenasiology ased
et Binloy, Jobm Comin Slan of Meabcal Hesearch, tussolions Naciomal Ciersi” s , Awwrzba

Recehed 25 July 200 Accepues 13 November 200

Cenetic resistance 1o clinical mousepux (ectrumelia vinus) varies amsag inbred labscatory mice and is
charscterized by an eBective satural killer (NK) response and the early omses of 3 streag COS* ciotsxic
T_lymghecyte (CTL) respanse in resiciant mice. We hane imvestigated the infhsence of virus expressed momse
intericukiach 1141 vm 1h cell-mediate resgons during nlecion. 1 was ohserved it expecsiion of 114 by
a thymidine kingsc-pasitive ectromclia views suppressed cyiolyiis respeases of NK and CTL and the expressin
of gamams imterferun by the lattes. Censtically resistant mice infected with the 114 expressing virus develo
symptoms of acule mousepos acvempanied hy high mortality, similar to the disease seen when genetically
sensitive mice are infected with the virulent Moscom sirain. Sirikingly, infoctien of recently smmusized
penetically resistant mice with the vins expressing 114 alss resulied in sgmificant mortality i ts fulminant
mousepan. These data therefore suggest that virus-encoded 114 not oaly suppresses primary antiviral cell-
mediaied immune respenscs bust abso can imhibit the cypressian of immune memory respnscs.
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There is strong interest in managing
DURC

* Yet: Misuse by whom and to what degree?

* Dual use research of concern can be identified, but can the
risks and benefits be truly quantified?

* More likely they will be experiment-dependent, context-dependent, and
time-dependent

* Not all nations will balance the risks and benefits the same way

* Consensus will remain difficult, particularly as experts view the
threat differently

* Who decides?
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Framework for Assessing Relative Concern

SCIENCE!

Ease of use
= Rate of development
+ Barriers to use
* Synergy with other technologies

CONSENSUS STUDY REPORT

N\

' BIODEFENSE | |

IN THE AGE OF ,(J - Production and delivery
* Scope of casualty

SynthEtiC [ + Predictability of results

Level of Concern
about the Capability

* Access to expertise
+ Access to resources
* Organizational footprint requirements

Biology

Deterrence and prevention capabilities
= Capability to recognize an attack
= Attribution capabilities
= Consequence management capabilities
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Analysis of the Complete Genome of Smallpox Variola Major Virus Strain Bangladesh-1975

ROBERT F. MASSUNG,* LI-ING LIUt4 IIN QL JANICE C. KNIGHT* THOMAS E. YURAN,*
ANTHONY R. KERLAVAGE,t+ JOSEPH M. PARSONS,* J. CRAIG VENTER, 1%
AND JOSEPH J. ESPOSITO*!

*Division of Viral and Rickettsial Diseases, National Center for Infectious Diseases, Cenlers for Dissese Contro/ and Prevention,
Atlanta, Geargia 30333 thational Institute of Neurological Disorders and Stroke, National Institutes of Heaith,
Bethesds, Mardand 20852; and $The institute for ic A A, i g, Mary 20878

Recaived D 6 1983 February 17, 1994

* “nobody anticipated that... advances in
genome sequencing and genome synthesis
would render substantial portions of [variola]
accessible to anyone with an internet
connection and access to a DNA
synthesizer.”

* — World Health Organization (2010)
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Synthetic biology and safety

» Not associated with any accidents to date

« Categories for concern:
* “outside the laboratory” applications
» Experience of practitioners
» General concern that biosciences could lead to bioerrors

* Need for more data
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US National Competitiveness

 Synthetic biology born in the US, but other nations are investing
heavily.
* NIH: “erosion of the competitive position of the US life sciences
industry over the past decade.”
» China will overtake US in R&D spending by 2020

JOHNS HOPKINS CENTER FOR HEALTH SECURITY

Department of Defense

“There are few highly-experienced program managers in the
Department, few leading scientists, and even fewer individuals in
uniform with deep knowledge of the [synthetic biology] field. The
lack of uniformed expertise is particularly troubling.”

TECHNICAL ASSESSMENT:
SYNTHETIC BIOLOGY

Office of Technical Intelligence
w Office of the Assistant Secretary of Defense for
Research & Engineering
I January 2015
Distribution A: Approved for public release; distribution is unlimited
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Boosting and Safeguarding the
Bioeconomy

NGINEERING * MEDICINE

CONSENSUS STUDY REPORT
Summary of Recommendations on

SA F EG U A R D I N G The US Bioeconomy: Maximizing
Opportunities for Economic Growth

and National Security with Biology

August 12,2019

SUMMARY OF THE 2019
WHITE HOUSE SUMMIT ON
AMERICA’S BIOECONOMY

JOHNS HOPKINS
BLOOMBERG SCHOOL
of PUBLIC HEALTH

OFFICE OF SCIENCE AND TECHN( e
Center for Health Security
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NEWS

DoD Announces Request for
Information for a New Manufacturing
Innovation Institute Dedicated to
Synthetic Biology

0000

September 30, 2019 | Department of Def | O A ion, Bi f: ing, Composit Design, E Y,
Education, Energy, 10T, Impact, Innovation, Materials, Network, Photonics, Process, Security, Sustainability,
Workforce

The Department of Defense is announcing a request for information (RFI) to identify partnership opportunities for a
new Manufacturing Innovation Institute dedicated to synthetic biology, or SynBio, for non-biomedical applications. The
SynBio institute aims to deliver new capabilities by "scaling-up” critical bio-manufacturing processes and related
biotechnologies in partnership with industry and academia. Responses to the RFI will gauge interest and scope
technology focus areas to pravide commercial- and defense-relevant products and applications through the

institute. The RFI signals DoD's continued commitment toward public-private partnerships that facilitate collaboration,
leverage existing resources and encourage co-investment in manufacturing technologies with broad commercial and
defense applications.
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Why does it matter?

+ For the economy

 For our nation’s security:
* NSS 2015:“A strong economy, combined with a prominent US presence in the global
financial system, creates opportunities to advance our security.”
» DoD applications

* Lost opportunities in earlty ﬁovernance and direction of synthetic biology
applications; scientists af the leading edge are setting norms and
expectations

+ Germline edits— “designer babies”

* Gene drives— to eradicate mosquitoes
» De-extinction

* What will be next?

JOHNS HOPKINS CENTER FOR HEALTH SECURITY

Awards Overview
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Are you using synthetic biology products?
SOM::::‘NDGF::TTER WHOPP:R
\
L
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Vegan dairy group Perfect Day valued at Ready For Meat Grown From Animal
$440m in funding round Cells? A Startup Plans A Pilot Facility

Group raised $140m in round led by Singapore’s Temasek

JOHNS HOPKINS CENTER FOR HEALTH SECURITY
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How This Startup Is Using Bacteria to
Grow Bricks From Scratch

North Carolina-based startup BioMason has found a way to create
masonry without heat or clay.

in f

a ByKevin J. Ryan e W @whereskR

\ISSPIDER SILK THE

PERFI]HMANCE FABRIC OF THE
FUTURE?

Genomatica makes nylon precursor from
sugar
Milestone for renewable intermediate marks waypoint for commercial scale up

JANUARY 29, 2020 | APPEARED IN VOLUME 98, ISSUE 5
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From Jason Kelly, CEO of Ginkgo Bioworks
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From Jason Kelly, CEO of Ginkgo Bioworks

JOHNS HOPKINS CENTER FOR HEALTH SECURITY

biology is nanotechnology

that works

Ling ————>

Pig ——>

M8 ring ———

Crig —>

From Jason Kelly, CEO of Ginkgo Bioworks
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What can we do?

The US should pursue maintain competitiveness in S&T, including in
synthetic biology.

* Fund basic research with minimal fluctuations from year to year;

* Fund STEM educational initiatives;

* Institute financial incentives to discourage synthetic biology companies and
other biotechnology companies from locating offshore;

» Develop the workforce through training programs;
* Ensure that women are targeted for advancement in STEM fields; and

* Encourage foreign students who receive their PhDs in the US in technical
areas to stay in the US, by receiving green cards enabling them to work here.

» Consider the holistic cost of products for procuring US government contracts
and making technology investments, which would demonstrate savings for
biotechnological approaches

+ Consider the security benefits of distributed manufacturing.
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What must we prepare for?

* In 2012, when listing tasks to be accomplished during his
administration, Russian President Vladimir Putin included “the
development of weapons based on new physical principles:
radiation, geophysical wave, genetic, psychophysical, etc.”

* In 2017, Putin spoke of the dangers associated with the creation of
“genetically-modified superhuman soldiers” that will be “worse than a
nuclear bomb.”

* In 2020, Putin said, “As one energy specialist used to say, the Stone
Age ended not because people ran out of stones but because new
technologies came along. The same applies to defense, probably, at
some point nuclear arms will not be the most effective weapon or will
become obsolete.”
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