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ABSTRACT: The field of synthetic biology encompasses the design and construction of new biological parts, devices, and systems, as well as the re-design of existing, natural biological systems for useful purposes.  Although synthetic biology is a relatively new field, regulations applied to more traditional biological research already apply to synthetic biology and its products. This regulatory landscape was brought about by the advent of recombinant DNA technology, which has been used in research for decades. It is because most, but clearly not all, synthetic biology research involves the use of recombinant DNA (or completely synthetic DNA that is identical in sequence to DNA from several organisms). Below we discuss the rules and regulations surrounding the use of synthetic technology, the real-world interpretation and implementation of these rules and regulations, and future considerations for biosafety in this growing field. First, we describe each relevant guideline and regulation along with its relevance to synthetic biology research. Second, we review the applicability of each regulation and the consequences associated with non-compliance. Finally, we highlight future considerations for the regulation of synthetic biology.
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PART I

A DIGEST OF FEDERAL REGULATIONS

NIH Guidelines

While they are not always invested with binding regulatory authority, the National Institute of Health Guidelines for Research Involving Recombinant DNA Molecules (NIH Guidelines), are perhaps the most relevant feature of the regulatory landscape, as they are the regulations with which the vast majority of researchers are most familiar. The NIH Guidelines for working with recombinant DNA
 are intended to specify safety practices and containment procedures including the creation and use of organisms and viruses containing recombinant DNA defined as “(i) molecules that are constructed outside living cells by joining natural or synthetic DNA segments to DNA molecules that can replicate in a living cell, or (ii) molecules that result from the replication of those described in (i) above.”
 Institutions involved in conducting or sponsoring any recombinant DNA research funded in part, or whole, by the NIH are required to adhere to the guidelines. In addition, funding from other federal agencies or private sources may often be contingent on compliance with the guidelines. Indeed, the NIH Guidelines are widely regarded as de facto standards within the research community and are often implemented by researchers who would otherwise not be obligated to do so.

  
Under the guidelines, experiments involving recombinant DNA are classified into six categories, based upon the number of regulatory hurdles they are required to clear to receive approval.  The most dangerous experiments require IBC (Institutional Biosafety Committee) approval, RAC (Recombinant DNA Advisory Committee) review and NIH director approval prior to initiation of a proposed experiment.  Non-exempt experiments considered the least dangerous only require IBC notice which can be given simultaneous to initiation of the proposed experiment.   See Table 1 for more detailed information on experiments that fall into each of the six categories listed below. 
· Experiments that require IBC approval, RAC Review, and NIH Director approval prior to initiation of the proposed experiment

· Experiments that require NIH/OBA and IBC approval prior to initiation of the proposed experiment

· Experiments that require IBC and IRB approval and RAC review prior to research participant enrollment

· Experiments that require IBC approval prior to initiation of the proposed experiment

· Experiments that require IBC notice simultaneous with initiation of the proposed experiment

· Exempt experiments
IBC Approval: All non-exempt experiments involving recombinant DNA require Institutional Biosafety Committee (IBC) review where they are evaluated to ensure the containment levels, facilities, procedures, practices, and training and expertise of personnel involved in the research are in compliance with the NIH guidelines.  When no senior regulatory committee is involved, the IBC is also responsible for setting containment levels (as specified by the NIH) when whole plants or animals are used, reviewing recombinant DNA research to insure compliance with the NIH Guidelines, and adopting emergency plans covering accidental releases and personnel contamination resulting from recombinant DNA research. It is the responsibility of the IBC to report any significant problems with, or violations of the NIH Guidelines to the appropriate institutional official. 
RAC Review: The Recombinant DNA Advisory Committee (RAC) functions to provide recommendations and advice to the Director of the NIH on the conduct and oversight of potentially dangerous research involving recombinant DNA.  Experiments requiring RAC review must be performed using the containment levels assigned by the committee.  Furthermore RAC has the authority to approve or deny experiments considered as Major Actions (see Table 1) under the NIH Guidelines.

	Table 1.  Required Actions Under NIH Guidelines by Experiment Type

	Experiment Type
	NIH Guideline Section
	Required Actions

	Experiments involving the deliberate transfer of a drug resistance trait (that could compromise the use of the drug to control disease agents in humans, animals, or plants) to microorganisms that are not known to acquire the trait naturally
	Section III-A-1-a - “Major Actions”
	IBC approval, RAC Review, and NIH Director approval prior to initiation of the proposed experiment 

	Experiments involving the cloning of toxin molecules with LD50 < 100 nanograms/kilogram body weight
	Section III-B-1
	NIH/OBA and IBC approval prior to initiation of the proposed experiment

	Experiments involving the deliberate transfer of recombinant DNA, or DNA or RNA derived from recombinant DNA into one or more human research participants
	Section III-C-1
	IBC and IRB approval and RAC review prior to research participant enrollment

	Experiments using Risk group
 2, 3, 4 or restricted (select) agents as host-vector systems
	Section III-D-1
	IBC approval prior to initiation of the proposed experiment

	Experiments in which DNA from Risk Group 2, 3, 4, or restricted (select) agents is cloned into nonpathogenic microbes
	Section III D-2
	IBC approval prior to initiation of the proposed experiment

	Experiments involving the use of infectious DNA or RNA viruses or defective DNA or RNA viruses in the presence of helper virus in tissue culture systems
	Section III-D-3
	IBC approval prior to initiation of the proposed experiment

	Experiments involving whole animals
	Section III-D-4
	IBC approval prior to initiation of the proposed experiment

	Experiments involving whole plants to propagate such plants, or to use plants together with microbes or insects containing DNA or for other experimental purposes (e.g., response to stress). 
	Section III-D-5
	IBC approval prior to initiation of the proposed experiment

	Experiments involving more than 10 liters of culture
	Section III-D-6
	IBC approval prior to initiation of the proposed experiment

	Experiments involving the formation of recombinant DNA molecules containing no more than two-thirds of the genome of any eukaryotic virus
	Section III-E-1
	IBC notice simultaneous with initiation of the proposed experiment

	Experiments involving whole plants not previously covered in Section III-D-5
	Section III-E-2
	IBC notice simultaneous with initiation of the proposed experiment

	Experiments involving transgenic rodents
	Section III-E-3
	IBC notice simultaneous with initiation of the proposed experiment

	Exempt experiments
	Section III-F-1, Section III-F-2, Section III-F-3, Section III-F-4, Section III-F-5, Section III-F-6
	N/A


The NIH has set up risk groups for microbial agents used in recombinant DNA research. These risk groups classify agents according to their relative pathogenicity for healthy human adults. An explanation of each risk group is given in Table 2. Using the risk group classifications the NIH has put forth guidelines specifying appropriate safety precautions that must be taken when using recombinant DNA with each group of agents. These guidelines are discussed briefly below.
 
	Table 2. NIH Risk Groups

	Risk Group
	Description
	Examples

	RG1
	Agents not associated with disease in healthy adult humans
	asporogenic Bacillus subtilis or Bacillus licheniformis

	RG2
	Agents associated with human disease which is rarely serious and for which preventive or therapeutic interventions are often available
	Listeria, Staphylococcus aureus, Microsporum, Entamoeba histolytica, Mumps virus

	RG3
	Agents associated with serious or lethal human disease for which preventive or therapeutic interventions may be available
	Yersinia pestis, Histoplasma capsulatum, Yellow fever virus, TME agents

	RG4
	Agents likely to cause serious or lethal human disease for which preventive or therapeutic interventions are not usually available
	Ebola virus, Lassa virus, Equine morbillivirus


The guidelines regarding the NIH Risk Groups require that experiments involving the introduction of recombinant DNA into organism belonging to Risk Group 2, Risk Group 3, or Risk Group 4 (including defective viruses in the presence of a helper virus) be conducted at biosafety level 2, level 3, and level 4 respectively. Experiments involving the transfer of DNA from Risk Group 2 or 3 agents into a non-pathogenic (Risk Group 1) organism may be performed under BL2 containment. Importantly, the NH guidelines state that, when transferring DNA from Risk Group 4 agents into nonpathogenic organisms, experiments should be performed under BSL4 containment until demonstration that “only a totally and irreversibly defective fraction of the agent’s genome is present in a given recombinant” at which time containment can be downgraded to BL2. Furthermore, the NIH recommends that experiments that are likely to enhance pathogenicity or extend the host range of viral vectors under conditions that permit a productive infection should be evaluated further and consideration given to increasing the BSL level by at least one.


Although the NIH risk groups only encompass microbial agents, guidelines also exist for experiments involving whole plants and animals. When experiments involve whole animals in which the animal’s genome has been altered or which involve viable microbes containing recombinant DNA (other than viruses that are only vertically transmitted) that are tested on whole animals, a minimum containment of BL2 or BL2-N
 is required.  However, cases where the introduction of recombinant DNA into animals might lead to the creation of novel mechanisms or increased transmission of a recombinant pathogen or production of undesirable traits in a host animal containment conditions should be tightened.  When experimenting with animals that contain sequences from viral vectors that do not lead to transmissible infection as a result of complementation or recombination in the host animal, BL1 or BL1-N containment may be used.


The NIH recommends BL3-P or BL2-P+
 biological containment for many experiments involving recombinant DNA and whole plants.  Experiments under this containment level include:  those involving “most exotic infectious agents with recognized potential for serious detrimental impact on managed or natural ecosystems when recombinant DNA techniques are used, infectious agents with recognized potential for serious detrimental effects on managed or natural ecosystems” in which there exists “the possibility of reconstituting the complete and functional genome of the infectious agent by genomic complementation in planta” and, experiments with “microbial pathogens of insects or small animals associated with plants if the recombinant DNA-modified organism has a recognized potential for serious detrimental impact on managed or natural ecosystems.”
 BL3-P containment is recommended for experiments involving sequences encoding “potent vertebrate toxins introduced into plants or associated organisms” while BL4-P containment should be used when working with readily transmissible exotic infectious agents that have “the potential of being serious pathogens of major U.S. crops” when in the presence of their specific vectors.


Notably, under the NIH Guidelines, synthetic DNA segments which are likely to be expressed to yield a potentially harmful polynucleotide or polypeptide (e.g., a toxin or a pharmacologically active agent) are considered as equivalent to their natural DNA counterpart. However, if the synthetic DNA segment is not expressed in vivo as a biologically active polynucleotide or polypeptide product, it is exempt from the NIH Guidelines. Other NIH exempt experiments include: “Those that consist entirely of DNA segments from a single non-chromosomal or viral DNA source, though one or more of the segments may be a synthetic equivalent”; “those that consist entirely of DNA from a prokaryotic host including its indigenous plasmids or viruses when propagated only in that host (or a closely related strain of the same species), or when transferred to another host by well established physiological means”; “Those that consist entirely of DNA segments from different species that exchange DNA by known physiological processes, through one or more of the segments may be a synthetic equivalent.”; “Those that do not present a significant risk to health or the environment, as determined by the NIH Director, with the advice of the RAC, and following appropriate notice and opportunity for public comment.”
 

EPA, USDA and FDA Regulations

While the NIH has guidelines address research involving recombinant DNA, the EPA, USDA and FDA work together to regulate the use and commercial production of genetically modified microbes, plants, and food and drugs. Unlike the NIH guidelines, the EPA, USDA and FDA regulations apply primarily to the products of synthetic biology research that will be used for commercial purposes.  

EPA:
 The EPA regulates the development and production of “new”
 microbes “for commercial purposes” created via trans-generic
 recombinant genetics under authority from the Toxic Substances Control Act (TSCA) (15 U.S.C. 2615).  Anyone intending to “manufacture, import, or process” microorganisms for commercial purposes is required to file a either a Microbial Commercial Activity Notice (MCAN) or a TSCA Experimental Release Application (TERA) which are used when a specific test involving release of the microorganism into the environment is planned. MCAN’s must be filed with the EPA at least 90 days before use of the microbe at which time the EPA has 90 days to review the submission in order to determine whether the new microorganism may present an unreasonable risk to human health or the environment. Research that is conducted without a connection to commercial funding and is in compliance with the NIH guidelines does not require a MCAN be filed but does require a TERA application if the researcher plans to conduct a field test.
  TERA applications must be filed with the EPA at least 60 days prior to initiating field trials.
   
 “Commercial Purposes” are defined to include any activities “with the purpose of obtaining an immediate or eventual commercial advantage for the manufacturer, importer, or processor” and covers the usage of “any amount of a microorganism or microbial mixture”.  Commercial distribution, including test marketing, product research, and development of an intermediate are also covered by these regulations.  

Notably, the regulations also apply to “substances that are produced coincidentally during the manufacture, processing, use, or disposal of another microorganism or microbial mixture, including byproducts that are separated from [it]…and impurities that remain in [it].”  Furthermore “mobile genetic elements”, defined as any “element of genetic material that has the ability to move genetic material within and between organisms…. Includ[ing] all plasmids, viruses, transposons, insertion sequences, and other classes of elements with these general properties” are regulated as well.
  

Entities making MCAN or TERA submissions to the EPA under these regulations are required to submit information allowing the microorganism to be “accurately and unambiguously identified”, including taxonomic designations “for the donor organism and the recipient microorganism to the level of strain, as appropriate.  These designations must be substantiated by a letter from a culture collection, literature references, or the results of tests conducted for the purpose of taxonomic classification.”  The submitting entity is furthermore required to provide, upon the EPA’s request, data supporting the taxonomic designation, including “the genetic history of the recipient microorganism…documented back to the isolate from which it was derived.”
  Submitters are moreover directed to provide “supplemental” information incorporating both phenotypic
 and genotypic
 information.
  

As with the NIH guidelines, the EPA regulations have also introduced certain exemptions. These exemptions apply to experiments regulated by another federal agency and those contained within a structure such as a greenhouse
, if researchers maintain records demonstrating eligibility. Interestingly, most academic researchers are exempt from this record keeping requirement provided their institution is in mandatory compliance with the National Institutes of Health (NIH) "Guidelines for Research Involving Recombinant DNA Molecules". Likewise, the EPA has determined some organisms to be associated with low risk with respect to the characteristics of the recipients. These organisms are eligible for Tier I or Tier II exemptions given the users certify that they meet certain eligibility requirements. To qualify for an exemption, research must be conducted using one of the ten recipient microorganisms listed as exempt and the genetic material must meet certain criteria for toxicity, stability, and poor mobilization. 

Furthermore, the researcher must certify they meet containment procedures, including killing the microorganism. If exempt there is no review by the EPA; the manufacturer need only certify that they meet these requirements.
 This exemption is most commonly used by manufactures of specialty and commodity chemicals, particularly industrial enzymes.
 “These exemptions could be very relevant to synthetic biology.  Any manufacturer who inserts synthetic DNA into one of the eligible microorganisms and meets other criteria could use this exemption instead of an MCAN.”
 
In addition to commercial microbes, the EPA also regulates pesticides, including genetically engineered pesticides under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). “With regard to biotechnology, EPA's jurisdiction under FIFRA covers regulation of the new substance and DNA in the plant when it is pesticidal in nature”
 (such as the introduction of gene that codes for the toxin from Bacillius thuringiensis into maize). Researchers wishing to gather data necessary to grant registration under Section 3 of FIFRA for a pesticide not registered with the Agency or a new use of a registered pesticide may apply for an Experimental Use Permit. Within 120 days of receiving the application and all supporting data the EPA must grant or deny the application.
 Before a pesticide can be marketed in the United States, the EPA must evaluate the product for possible risks to human health, risks to non-target organisms and environment, potential for gene flow and the need for insect resistance management plans.

USDA-APHIS:
 The Animal and Plant Health Inspection Service (APHIS) of the USDA regulates the introduction (importation, interstate movement, and release into the environment) of genetically engineered organism (including plants, insects, or microbes) that may pose a risk to plant or animal health. Depending on the plant, introduction may require an APHIS permit or APHIS notification. 

Notification is a streamlined version of the permit process but cannot be used for the introduction of all modified plants, nor can it be used for other introduction of other organisms regulated by APHIS. To make use of the notification procedure the release must be fully terminated in one year and plants being introduced must meet the six eligibility criteria listed in Table 3. Furthermore, introduction must be in accordance with all six specified performance standards found in Table 4. If the plant does not meet the criteria for notification, or if the engineered organism is not a plant, the applicant must follow the full permitting process. Note that most industrial research in synthetic biology involving the introduction of a plant, animal or insect would require full permitting because it does not meet the third criterion for exemption from notification: “The introduced genetic material does not produce an infectious or toxic entity or encode products intended for pharmaceutical or industrial use.”

The permit process is similar to the notification process however more detailed information such as how the field tests will be performed, and how the organism will be moved may be required. APHIS reviews the information provided in the permit application to ensure that the organism will not pose harm to the surrounding environment. If there is a “high risk for a new plant variety to outcross with a weedy relative,”
 APHIS may not authorize a field test or may, in conjunction with granting a permit, impose additional regulations to ensure the organism is handled safely and is properly confined. When enough evidence exists that a modified organism does not pose any greater risk than an equivalent unmodified organism, APHIS may grant the organism an unregulated status. Once receiving this status the modified organism may be “introduced into the United States without any further APHIS regulatory oversight.”

Although APHIS does not regulate the use of contained transgenic organisms, the unauthorized or accidental release of such organisms violates APHIS regulations. It is the responsibility of the researcher to ensure that unauthorized releases do not occur; therefore, APHIS encourages anyone working with transgenic organisms to abide by the NIH guidelines or other similar protocols.
 

	Table 3: APHIS Notification Eligibility Criteria


	The recipient organism is not listed as a noxious weed nor considered by APHIS to be a weed in the area of release

	The introduced genetic material is ‘stably integrated’ in the plant genome

	The function of the introduced genetic material is known and its expression in the regulated organism does not result in plant disease

	The introduced genetic material does not produce an infectious or toxic entity or encode products intended for pharmaceutical or industrial use

	The introduction does not pose significant risk of creating new plant viruses

	The plant has not been modified to contain sequences from human or animal pathogens


	Table 4: APHIS Notification Performance Standards


	Shipping and maintenance at destination should not lead to release of viable plant into the environment.

	Caution must be taken to avoid inadvertently mixing the regulated plant with non-regulated plant materials of any species which are not part of the environmental release

	Regulated plants and plant parts must be maintained in such a way that the identity of all material is known while it is in use, and the plant parts must be contained or devitalized when no longer in use.

	No viable vector agents may be associated with the regulated plant.

	At the conclusion of the field trial no regulated plants or offspring may persist in the environment. 

	Upon termination of the field test, no viable material shall remain which is likely to volunteer
 in subsequent seasons, or volunteers must be managed to prevent persistence in the environment


FDA:
 The FDA regulates all plant-derived foods and feeds, including those altered using recombinant DNA techniques. Unlike the EPA and APHIS which have unique regulations specifically designed to address the area of synthetic biology, the FDA regulates food items that may be made via synthetic biology within the existing framework of acts including those relating to the safety of food products derived from new plants and those relating to food additives.
 If a substance added through recombinant DNA techniques does not differ from other approved additives no premarket food additive approval is required, although the product still must meet all safety regulations related to food products derived from new plants. If, however, the food produced through the use of recombinant DNA techniques “contain substances that are significantly different from, or are present in food at a significantly higher level than, counterpart substances historically consumed in food,”
 the new substances may not be generally regarded as safe and may require regulation as a food additive. Furthermore the introduction of proteins that are potential allergens into foods where that particular allergen is not naturally found may require special labeling or be prohibited by the FDA. 
 Additionally the FDA is aided by the EPA when evaluating residual pesticides created through biotechnology in food and animal feed.  The Federal Food, Drug, and Cosmetics Act requires EPA to set tolerances, or exemptions from tolerances, for the allowable residues of pesticides in food so as to ensure they do not pose a danger to human health.
   

“FDA recognizes that whether there is a change in the legal status of a food resulting from a particular rDNA modification depends almost entirely on the nature of the modification, and that not every modification accomplished with rDNA techniques will alter the legal status of the food.” For this reason the FDA does not require premarket approval for all foods developed using recombinant DNA technology (however development of the product often falls under the regulatory authority of APHIS or the EPA.) Likewise, food developed using this technology does not, necessarily, require special labeling. 

Although not required for food products created using recombinant DNA technologies, the FDA has made available a consultation process that allows developers to “actively consult with the FDA regarding their new plant varieties.” It is the FDA’s belief that the developers of all rDNA food commercially marketed in the US have consulted with the agency prior to marketing said food.

Department of Commerce Regulations

The Department of Commerce, Bureau of Industry and Security, has licensing authority over dual-use items.
 These regulations are based on the list developed by the Australia Group
 and are enforced (under the same classification system) in each member nation.  

Of particular interest is the control of the export of genetic elements that “contain nucleic acid sequences associated with the pathogenicity” as well as those that contain nucleic acids coding for any of the toxins or any sub-units of a toxin. 
  A strict interpretation of this law would require a license for the export of any oligonucleotides or synthetic genes that contain sequences associated with pathogenicity. 

It is worth noting that unlike many other portions of the EAR, the ECCNs governing the export of dangerous human, animal, and plant pathogens and toxins (along with the genetic material associated with them) remain in force regardless of the intended destination of the export.  In other words, exports to Canada, the EU, or Japan require that the exporter undergo the same licensing as if it intended to export to China or Saudi Arabia.  Furthermore, Commerce Regulations covering biologicals (Category 1C) have no “Low Value Shipment” authorized.
 That is, a shipment of pathogens or genetic material will fall under the regulations regardless of its value. For other controlled items, like manufacturing equipment, the item must be worth at least a certain value for Commerce Department Regulations to apply.  

Furthermore, even if all exports of dual-use biologicals (such as genetic material “associated with pathogenicity” from ECCN-listed agents) were to immediately cease, the Department of Commerce would likely continue to exercise regulatory authority over many if not all synthetic biology research through its control over “deemed exports” of technology (broadly defined in this context to mean “specific information necessary for the ‘development,’ ‘production,’ or ‘use’ of a product” controlled under the EAR) 
 via the transfer of expertise to a non-resident foreign national (including those in the United States under H-1B work visas). As in the case of “physical” exports, the “exporter” is required to seek an export license. “Exporters” are exempted from this requirement if the technology transfer occurs in the course of “fundamental research” that is pursued without a specific practical aim or with the intention of publication in the scientific or academic literature.
 However, research and development conducted by private corporations, or funded by corporations, in which the findings are reviewed with the intent of controlling the results to be released in the open literature are considered proprietary and are subject to the licensing requirement.

Of note, the law governing dual-use exports under Commerce control has expired in August 2001 and the regulations are being governed by an emergency powers Act. 

Select Agent Rules (SAR)

Although not specifically aimed at regulating synthetic biology, the Select Agent Rules ((42 C.F.R. Part 73, 7 C.F.R. Part 331, and 9 C.F.R. Part 121
) contain language that makes them applicable to the field. These regulations, published jointly by the US Departments of Health and Human Services (HHS) and Agriculture (USDA) in the Federal Register,
  draw upon authority established by Congress through the Antiterrorism and Effective Death Penalty Act of 1996
, the USA PATRIOT (Uniting and Strengthening America by Providing Appropriate Tools Required to Intercept and Obstruct Terrorism Act)
 of 2001, and the Public Health Security and Bioterrorism Preparedness and Response Act of 2002
. The primary goal of the Select Agent program is to regulate the possession, use, and transfer of a specified list of select agents and toxins
 that are considers as potentially severe risks to human, animal or plant health, or to animal or plant products. However, the rules also apply to “Genetic Elements, Recombinant Nucleic Acids, and Recombinant Organisms” derived from them.  This formulation is subsequently defined as: “Nucleic acids that can produce infectious forms of any of the select agent viruses listed in paragraph (b) of [§ 73.3]”, “Recombinant nucleic acids that encode for the functional form(s) of any of the toxins listed…if the nucleic acids: Can be expressed in vivo or in vitro, or are in a vector or recombinant host genome and can be expressed in vivo or in vitro”, and “select agents and toxins…that have been genetically modified.”
  Consequently, it would appear that the Select Agent Rules are not intended to regulate the use, possession, or transfer of synthetic genetic fragments that are unable, by themselves to produce a functional form of a listed agent or toxin (such a DNA oligos or synthetic genes.) However synthetic biology technology used to create functional infectious agent or toxins appear to fall under the Select Agent Rules.  

Section 73.18 of the Select Agent Rules confers upon the HHS Secretary the authority to order surprise inspections of the facilities and records of any registered entities (including the ability to copy any records relating to activities covered by these regulations), to ensure compliance with the Rules.  HHS is further authorized to inspect and evaluate the premises and records of any entity applying for registration, prior to the issuance of a certificate of registration.  According to recent correspondence with CDC officials, the CDC alone has conducted over 630 inspections since 2003 to ensure that entities are following appropriate safety and security measures, as spelled out in the regulations.  All CDC-registered entities have been inspected at least once.  In 2006, CDC conducted 242 inspections to register or re-register entities.  Approximately 30 inspectors (both civil servants and contractors) are currently employed by the CDC Division of Select Agents and Toxins to perform these inspections.
  

APHIS inspection procedures are similar to those of the CDC, though APHIS inspectors are not “centrally located within [the] Select Agent Program.”
  While CDC inspectors are based within the CDC Select Agent Program and write the inspection reports as well as perform the inspections, the approximately 50 APHIS inspectors complete standard checklists and submit them to the APHIS Select Agent Program for review.  The contents of these checklists are then incorporated into inspection reports generated within the APHIS Select Agent Program.
PART II

APPLICABILITY OF EXISTING REGULATIONS AND NON-COMPLIANCE PENALTIES
In the section above we have discussed regulations and guidelines that affect those working in the area of synthetic biology. Although these regulations exist on paper, not all appear to be enforced (or even enforceable). Furthermore, the NIH guidelines (which are the most comprehensive set of guidelines for experiments involving synthetic biology) are not imposable for all individuals that may work in the field of synthetic biology. Below we discuss the level of enforcement of each of the regulations as well as the repercussions associated with non-compliance.

NIH Guidelines

While difficult to enforce, many of the NIH guidelines regarding the use of recombinant DNA molecules can be followed by investigators wishing to comply. Although some grey areas surrounding the guidelines exist, the NIH director may aid in the interpretation of NIH guidelines for experiments not specifically addressed by the guidelines Note that although many experiments involving synthetic biology involve the manipulation of DNA and therefore may be subject to NIH regulation, there are plenty of experiments involving synthetic biology that would be classified as exempt. Noncompliance with NIH guidelines may result in penalties for both the violator and the institution that supports the violator even if the violator is not a recipient of NIH funding. Penalties may include; suspension, limitation, or termination of financial assistance for the violators NIH-funded research projects and similar penalties for other NIH funded recombinant DNA research at the same institution. Alternatively researchers at the violator’s institution may be required to obtain prior NIH approval of any or all recombinant DNA projects at the institution. As mentioned above, these guidelines are not enforceable for researchers that are not affiliated with an institution that receives NIH funding, furthermore much of the enforcement of these guidelines are left up to the individual institution’s biosafety committee.

EPA Regulations

The EPA conducts both regularly scheduled and surprise inspections of MCAN and TERA-filing companies.  According to recent conversations with EPA officials, the agency currently employs approximately 30 inspectors each in four of the EPA TSCA Biotechnology program’s 10 regional offices (2, 4, 5, and 8).
,
  Every MCAN or TERA-filing company has been inspected at least once.  Inspections however, are restricted by statute (15 U.S.C. § 2610) from extending to “financial data, sales data (other than shipment data), pricing data, personnel data, or research data” (other than data required to verify compliance).  In the event that violations are discovered in the course of an inspection, companies may be subject to civil penalties of up to $25,000 for each violation of the regulations.
 Note that there is no assurance that non-registered facilities are in compliance as these facilities are not subject to inspection. 

Although this regulation covers many research activities performed using private funding, if research is conducted without a connection to commercial funding and is in compliance with the NIH guidelines, the EPA only needs to be involved if the researcher plans to conduct a field test.
 

APHIS regulations

Compliance with APHIS regulation is sought via education and outreach to developers of genetically engineered organisms as well as though inspections of field sites. A percentage of Notification Fields are inspected annually. Moreover, all permitted fields are inspected at least once and pharmaceutical and industrial field tests are inspected up to seven times, including before and after a field trial.  If the APHIS inspector concludes that the test field does not meet standards immediate corrective actions must be taken. While minor infractions may be corrected without disturbing the test plot, serious incidents (such as unauthorized or accidental releases) may require “destruction of research plots, quarantine of harvested crops, formal corrective action plans, or other long-term measures.”

Serious infractions or record of several small incidents, may lead to an investigation by the APHIS’ Investigative and Enforcement Services (IES). Identification by IES of serious infractions may lead to civil penalties including fines up to $500,000 and the possibility of criminal prosecution. 

Commerce Department Regulations

The issuance of an export license from the Commerce Department requires that all relevant information on the item to be exported and the end user have been submitted by the exporter and the completion of a thorough government review of proposed export.  In practice, the licensing process typically takes from six to eight weeks.
 Unless a license has been approved, the shipment of an item requiring such a license is illegal. The text of this rule implies that those involved in synthetic biology based businesses, such as companies that make and sell oligonucleotides, probably violate this rule on a daily basis when they ship synthetic DNA from pathogens. Customs and Border Protection has primary responsibility for the investigation of export violations and will likely be the first to investigate when an item is found to lack the necessary paperwork.  In addition the Office of Export Enforcement within the Department of Commerce, Bureau of Industry and Security may also investigate and file charges for an illegal export.  In either case, criminal and or civil charges may be filed and could involve large fines, prison time and/or the denial of all export privileges.

The review process typically must be completed within 30 days of the agencies’ receipt of the export application for review. This timeframe, combined with the technical difficulties discussed above make this rule not well suited for use with some aspects of synthetic biology such as the oligonucleotide industry.

Due to the number of export applications received by BIS (about 12,000 yearly), NPC has restricted their review to a few areas of concern such as exports to the People’s Republic of China. It is consequently difficult to imagine this review program being substantially extended to cover exports of dual-use biologicals such as synthetic nucleotides, total orders for which number in the tens of millions each year, even if the industry first determines which few percent of products exported match sequences from controlled pathogens. 

Furthermore, informal discussions with some industrial and academic biologists, revealed that few, if any, have obtained an export license for the export of these dual use synthetic products.  In fact, most scientists we interviewed had never heard of these regulations. Even if the Commerce Department were to enforce these regulations on biologicals, given the difficulty, without destructive testing, of identifying the dual-use nature of the products, it would be nearly impossible for customs inspectors to identify an illicit package unless the shipper declares the contents accurately.  

Select Agent Rules

In the event that suspicion of a safety or security violation arises, whether in course of inspections, or by some other means (such as a tip), the regulatory authorities are able to apply administrative, civil, and/or criminal penalties upon violators.  Upon revocation or suspension of a certificate of registration, the entity is required to “immediately stop all use of each select agent or toxin covered by the…order…safeguard and secure each select agent or toxin…from theft, loss, or release, and comply with all disposition instructions issued” by the relevant lead agency.
  Regarding civil penalties, the Office of the Inspector General of the Department within HHS (and its analogue within USDA) is delegated authority to conduct investigations and to impose civil money penalties against any individual or entity for violations of the Select Agent Rules, as authorized by the Public Health Security and Bioterrorism Preparedness and Response Act of 2002.  Civil penalties may be pursued in conjunction with criminal ones.

In the event that a suspicion of criminal misconduct arises on the part of CDC/APHIS or the Inspector s General of HHS and USDA, the case will be referred to relevant officials with the FBI.
  Criminal penalties for violations of the Select Agent regulations are defined under Title 18 Section 175b of the US Code.  Possession without registration of a select agent or toxin is punishable by up to five years’ imprisonment and/or a fine.  Transfer to unregistered persons (if the transferor knows, or has reasonable cause to believe recipient is unregistered) is punishable by up to five years’ imprisonment and/or fine.  

Furthermore, the transport or shipment (excluding “duly authorized” US Government activity) of select agents or toxins via interstate or international commerce (or the receipt of select agents or toxins through interstate or international commerce) is punishable by up to 10 years’ imprisonment and/or fine.
  Section 175 of Title 18 of the US Code prescribes criminal penalties of fines and/or imprisonment for up to 10 years, for the possession of “any biological agent, toxin, or delivery system of a type or in a quantity that, under the circumstances, is not reasonably justified by a prophylactic, protective, bona fide research, or other peaceful purpose”.
  Possession of such materials for “use as a weapon” is, for its part, punishable by a fine, life imprisonment, or both.
  

Although individuals and institutions registered to possess Select Agents appear to be well regulated, synthetic biology may allow non-registered persons access to these agents. Companies that produce custom DNA to order are not required under current law to determine what they are making or to screen who they are shipping the products to as the Select Agent rules do not apply to synthetic genetic fragments that are unable, by themselves to produce a functional form of a listed agent or toxin. However, possession of such synthetic fragments could allow unauthorized individuals to create prohibited microbes or toxins. Individuals doing so would be in violation of the Select Agent rule and would therefore be subject to criminal charges, if there activity was discovered. 

PART III 
FUTURE CONSIDERATIONS
Although regulations governing the use, sale and transport of some biological synthetic products exist, many of these regulations are still in there infancy and far from perfect. Where regulations exist, they often focus on the use of recombinant DNA or the transfer or use of microbes (or microbes derived from them) from set lists. That being said, synthetic biology challenges the utility of lists. Although it may seem like the height of sophistry, these laws do not define what Bacillus anthracis is and how it differs from Bacillus cereus. Both can cause illness in people (albeit B. anthracis causes more serious illness) so fall under the definition of biological agent. Potentially, a researcher modified B. cereus by adding into it all genes that B. anthracis has that B. cereus does not and deleting from it all genes that B. cereus has and B. anthracis does not. Since the genes from B. anthracis themselves are not regulated (not even the genes that encode anthrax toxins are listed, unlike in other toxogenic bacteria), and this modified organism isn’t technically derived from B. anthracis, this organism probably would not be considered B. anthracis even if, after all manipulations, the final strain resembled B. anthracis more than any other organism. This situation becomes even more complex if the researcher was careful not to modify the B. cereus strain with exact copies of B. anthracis genes, but used modified genes that encoded the same amino acid sequence via a different DNA sequence.  Although this example strains the boundaries of scientific possibility, similar experiments with viruses on the list (and their close relatives) can be achieved in several laboratories today.  Some regulations depend on the behavior of the agent partially address this problem; for example, the NIH guidelines classify agents by their ability to cause disease in humans. For completely novel agents or for highly modified versions of existing agents it is difficult to determine their place on this list, especially for agents that cause disease only in humans. 

Although the above discussion primarily pertains to those trying to subvert list-based controls, and not legitimate researchers, the action of government to prevent this subversion could lead to more burdensome regulations that may interfere with research in synthetic biology. For example, some commenters have suggested that viral select agents be defined by sharing a quantum of genetic information with (presumably canonical) viruses on the list. For example, one commenter on the Select Agent Rule suggested controlling any synthetic or natural piece of nucleic acid “comprising at least 15% of the genome of the select agent”.
 The government wisely chose not to adopt this suggestion because it would regulate viral fragments founds in several laboratories performing basic molecular investigations of viruses.  Similar problems arose when the regulations attempted to produce a molecular definition of variola major.
 

Another proposal is to define an organism using a few genes that are potentially dangerous and regulating all organisms with these genes. This system too has flaws. We are not currently able to identify all genes associated with pathogenicity or how genes work together to cause harm. In many cases a gene that causes pathogenicity in “organism A” may be harmless when inserted into “organism B.” If organisms are defined by a few genes, it is likely that many harmless bacteria will be subject to regulation. Furthermore, because a gene may only be recognized as being critical for pathogenicity after the writing of a rule, the rules must either be constantly updated or be quickly obsolete. 


Further complicating the issue of regulation is the possibility of a unique completely synthetic organism. Although at the time this manuscript was written such an organism has not been constructed, the possibility for creating such an organism exists. Regulation of organisms that do not yet exist is fraught with challenges. Should all unique synthetic organisms be regulated or only potentially dangerous organisms? How can one determine if a unique synthetic organism is dangerous? Because the introduction of any new organism into an existing ecosystem can have adverse effects on indigenous species, the introduction of a seemingly harmless synthetic organism into the environment could have similar effects. Furthermore, synthetic organisms may possess the ability to transfer genetic material (assuming they have any that can be transferred) with non-synthetic organisms. 

Synthetic biology has great promise for curing diseases, creating fuels and solving countless other problems we currently face. Unfortunately, the improper or malicious use of such technology creates a need for regulation.  One of the greatest challenges facing those who create such regulations will be weighing the costs and benefits of each rule and developing an effective enforcement system. Well crafted regulations will account for the changes synthetic biology will foster while not unduly hindering beneficial research.  
� 	Information in this section was taken from “NIH Guidelines for Research Involving Recombinant DNA Molecules”, April 2002 unless otherwise noted.


� 	Defined as either “molecules that are constructed outside living cells by joining natural or synthetic DNA molecules that can replicate in a living cell, or…molecules that result from the replication of those described above.”  “NIH Guidelines for Research Involving Recombinant DNA Molecules”, April 2002, Section I-B.  “Definition of Recombinant DNA Molecules”.


� 	NIH Guidelines for research involving recombinant DNA molecules (NIH Guidelines). April 2002. http://www4.od.nih.gov/oba/rac/guidelines_02/NIH_Guidelines_Apr_02.htm#_Toc7261549.


� An explanation of the NIH Risk Groups is provided below.  


� 	A full list of NIH guidelines as well as exemptions can be found at: �HYPERLINK "http://www4.od.nih.gov/oba/RAC/guidelines_02/NIH_Guidelines_Apr_02.htm"�http://www4.od.nih.gov/oba/RAC/guidelines_02/NIH_Guidelines_Apr_02.htm�.  


� 	BL2 and BL2-N refer to biosafety level two and biosafety level two-animals respectively. Standard practices for BL2  can be found at : �HYPERLINK "http://www4.od.nih.gov/oba/RAC/guidelines_02/Appendix_G.htm"�http://www4.od.nih.gov/oba/RAC/guidelines_02/Appendix_G.htm� and standard practices for BL2-N can be found at http://www4.od.nih.gov/oba/RAC/guidelines_02/Appendix_Q.htm#_Toc7256324.


� 	BL2-P and BL3-P refer to biosafety level two-plants and biosafety level three-plants respectively. Standard practices for BL2-P can be found at: �HYPERLINK "http://www4.od.nih.gov/oba/RAC/guidelines_02/Appendix_P.htm" \l "_Toc7255954"�http://www4.od.nih.gov/oba/RAC/guidelines_02/Appendix_P.htm#_Toc7255954� and standard practices for BL3-P can be found at: http://www4.od.nih.gov/oba/RAC/guidelines_02/Appendix_P.htm#_Toc7255970.


� 	Section III-D-5-e of the April 2002 revisions of the NIH Guidelines for Research involving Recomvinant DNA molecules. http://www4.od.nih.gov/oba/RAC/guidelines_02/NIH_Guidelines_Apr_02.htm


� 	Section III-D-5-c of the April 2002 revisions of the NIH Guidelines for Research involving Recomvinant DNA molecules. http://www4.od.nih.gov/oba/RAC/guidelines_02/NIH_Guidelines_Apr_02.htm


� 	A list of natural exchangers that are exempt from the NIH guidelines can be found at: �HYPERLINK "http://www4.od.nih.gov/oba/RAC/guidelines_02/APPENDIX_A.htm"�http://www4.od.nih.gov/oba/RAC/guidelines_02/APPENDIX_A.htm�.


�	Unless otherwise noted information in this section came from: Environmental Protection Agency 40 CFR Parts 700, 720, 721, 723, and 725 Microbial Products of Biotechnology; Final Regulation Under the Toxic Substances Control Act; Final Rule. April, 11, 1997.  http://www.epa.gov/fedrgstr/EPA-TOX/1997/April/Day-11/t8669.pdf


� 	Defined as “those microorganisms formed by deliberate combinations of genetic material from organisms classified in different taxonomic genera” at the United States Regulatory Agencies Unified Biotechnology Website: �HYPERLINK "http://usbiotechreg.nbii.gov/roles.asp"�http://usbiotechreg.nbii.gov/roles.asp�. 


� 	Interview with Thomas Crosetto of EPA TSCA Region 5 (IL,IN,MI,MN,OH,WI), July 26, 2007.


� 	Personal communication with Jim Alwood, Chemical Control Division, EPA. February 19. 2008.


� 	40 CFR § 725.1


� 	40 CFR § 725.3


� 	40 CFR § 725.12 (a) 


� 	Phenotypic information is defined as “pertinent traits that result from the interaction of a microorganism’s genotype and the environment in which it is intended to be used and may include intentionally added biochemical and physiological traits”.  40 CFR § 725.12 (b) (1)


� 	Genotypic information is defined as “the pertinent and distinguishing genotypic characteristics of a microorganism, such as the identity of the introduced genetic material and the methods used to construct the reported microorganism.  This also may include information on the vector construct, the cellular location, and the number of copies of the introduced genetic material.”  40 CFR § 725.12 (b) (2)


� 	40 CFR § 725.12 (b)


� 	In personal communications with Jim Alwood, Chemical Control Division, EPA. February 19. 2008, it was stated that a greenhouse is not considered to be acceptable for containment of microbes. 


� 	Personal communication with Jim Alwood, Chemical Control Division, EPA. February 22, 2008. 


� 	FACT SHEET Microbial Products of Biotechnology: Final Regulations Under the Toxic Substances Control Act. http://www.epa.gov/oppt/biotech/pubs/pdf/fs-002.pdf 


� 	Personal communication with Jim Alwood, Chemical Control Division, EPA. February 22,2008.


� 	U.S. Environmental Protection Agency: EPA’s Regulations of Biotechnology for Use in Pest Management. http://www.epa.gov/pesticides/biopesticides/reg_of_biotech/eparegofbiotech.htm


� 	Federal Insecticide, Fungicide, and Rodenticide Act [As Amended Through LL. 110-94, Enacted October 9, 200].


� 	Unless otherwise noted, information in this section was taken from United States Department of Agriculture Animal and Plant Health Inspection Service’s Biotechnology website: �HYPERLINK "http://www.aphis.usda.gov/biotechnology/index.shtml"�http://www.aphis.usda.gov/biotechnology/index.shtml�.


� 	USDA's Biotechnology Notification Process: Biotechnology Regulatory Services, March 2005 http://168.68.129.70/lpa/pubs/fsheet_faq_notice/fs_brsbiotechnotif.html


� 	USDA’s Role in Federal Regulation of Biotechnology. Jan 10, 2006. http://www.ncsl.org/programs/agri/biotechfinal.htm


� 	United States Department of Agriculture Animal and Plant Health Inspection Service’s Biotechnology website: http://www.aphis.usda.gov/biotechnology/submissions.shtml


� 	USDA-APHIS Biotechnology Regulatory Services User’s Guide: Notification. Biotechnology Regulatory Services Animal and Plant Health Inspection Service United States Department of Agriculture. Riverdale, MD. Feb. 2008. 


� 	USDA's Biotechnology Notification Process: Biotechnology Regulatory Services, March 2005 http://168.68.129.70/lpa/pubs/fsheet_faq_notice/fs_brsbiotechnotif.html


� 	USDA's Biotechnology Notification Process: Biotechnology Regulatory Services, March 2005 http://168.68.129.70/lpa/pubs/fsheet_faq_notice/fs_brsbiotechnotif.html


� 	Volunteer plants result from natural propagation, as opposed to growing after being deliberately planted.


� 	Information in this section was taken from  �HYPERLINK "http://www.fda.gov/OHRMS/DOCKETS/98fr/011801a.htm" \o "U.S. Food and Drug Administration"�www.fda.gov/OHRMS/DOCKETS/98fr/011801a.htm�, Draft Guidance, “Foods Developed Through Biotechnology”, Jan 17, 2001.


�	FDA's Policy on Foods Derived From New Plant Varieties.  http://www.nal.usda.gov/pgdic/Probe/v2n3/fda.html


� 	Premarket Notice Concerning Bioengineered Foods. January 18, 2001.  �HYPERLINK "http://www.cfsan.fda.gov/~lrd/fr010118.html"�http://www.cfsan.fda.gov/~lrd/fr010118.html�


� 	Premarket Notice Concerning Bioengineered Foods. January 18, 2001.  �HYPERLINK "http://www.cfsan.fda.gov/~lrd/fr010118.html"�http://www.cfsan.fda.gov/~lrd/fr010118.html�


� 	EPA's Regulation of Biotechnology for Use in Pest Management. June 2003. http://www.epa.gov/pesticides/biopesticides/reg_of_biotech/eparegofbiotech.htm


� 	Dual-use biologicals controlled by Commerce under the Export Administration Act are listed under Export Control Classification Numbers (ECCNs) 1C351 (“Human and zoonotic pathogens and toxins”), 1C352 (“Animal pathogens”), 1C353 (“Genetic elements and genetically-modified organisms”), 1C354 (“Plant pathogens”) and, 1C360 (“Select agents not controlled under ECCN 1C351, 1C352, or 1C354) found in Supplement No. 1 to Part 774 of the Export Administration Regulations (EAR).  


� 	“The Australia Group (AG) is an informal forum of countries which, through the harmonisation of export controls, seeks to ensure that exports do not contribute to the development of chemical or biological weapons.” The Australia Group. http://www.australiagroup.net/en/index.html


� 	These regulations are controlled by 1C351 a. to d., 1C352, 1C354, and 1C360,  ECCN 1C353, Supplement No. 1 to Part 774 of the Export Administration Regulations.  


�	Joe Chuchla, former Director, Nuclear Technology Division, Bureau of Export Administration (now Bureau of Industry and Security), Department of Commerce, personal communication, September 19, 2007. 


�	�HYPERLINK "http://www.bis.doc.gov/DeemedExports/DeemedExportsFAQs.html%2323"�http://www.bis.doc.gov/DeemedExports/DeemedExportsFAQs.html#23�


� 	EAR Part 772, page 4


� 	�HYPERLINK "http://www.bis.doc.gov/DeemedExports/DeemedExportsFAQs.html%2323"�http://www.bis.doc.gov/DeemedExports/DeemedExportsFAQs.html#23�


�	http://www.selectagents.gov/resources/42_cfr_73_final_rule.pdf


�	These regulations represent the “final rule”, superseding the “initial final rule” first promulgated in December 2002.


�		http://thomas.loc.gov/cgi-bin/query/z?c104:S.735.ENR:


�		http://www.selectagents.gov/resources/USApatriotAct.pdf


�		http://www.selectagents.gov/resources/PL107-188.pdf


�		Information is available at www.selectagents.gov/resources/salist.pdf


�		42 CFR Section 73.3


� 		From Correspondence with Lori Bane, Compliance Officer, CDC Division of Select Agents and Toxins, various dates.


� 	From Correspondence with Lori Bane, Compliance Officer, CDC Division of Select Agents and Toxins, August 6, 2007.


� 	Interview with Michael Bias, CBI Coordinator, EPA TSCA Region 2 (NJ, NY, PR, VI) on July 19, 2007.


� 	EPA TSCA Biotechnology Program Contacts (very out of date) are available here: �HYPERLINK "http://www.epa.gov/opptintr/biotech/pubs/biocontx.htm"�http://www.epa.gov/opptintr/biotech/pubs/biocontx.htm�


� 	15 U.S.C. § 2615


� 	Personal communication with Jim Alwood, Chemical Control Division, EPA. February 19. 2008.


� 	Information in this section was taken from �HYPERLINK "http://www.aphis.usda.gov/biotechnology/compliance_main.shtml"�http://www.aphis.usda.gov/biotechnology/compliance_main.shtml� unless otherwise noted.


� 	From conversations and correspondence with Joe Chuchla, former Director, Nuclear Technology Division, Bureau of Export Administration (now Bureau of Industry and Security), Department of Commerce, May 25, 2007 – June 11, 2007.


� 	42 CFR § 73.8


� 	Should suspicion of criminal activity arise, CDC/APHIS would be expected to immediately suspend registration and to contact the FBI through a well-defined and robust liaison system.  However, to the best knowledge of our contacts at the FBI WMD Directorate and the CDC Select Agent Division, suspicion of criminal misconduct has yet to arise in the course of CDC or APHIS investigations of Select Agent Rule violations.  (From interviews and correspondence with Lori Bane of CDC and Tracy Rice of FBI).


� 	18 U.S.C. § 175b


� 	18 U.S.C. § 175 (b)	


� 	18 U.S.C. § 175 (c)


�		Federal Register, Vol 70 No 52, p13298; March 18, 2005. 


� 	Enserink, M. “Unnoticed amendment bans synthesis of smallpox virus” Science 307 (5715) 2005. 
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