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[bookmark: _Toc158983455]Decision
The Gene Technology Regulator (the Regulator) has decided to issue a licence application to use genetically modified (GM) Pichia pastoris (yeast) for precision fermentation to produce bovine milk, chicken egg and spider silk fibre proteins. It qualifies as Dealings involving the Intentional Release (DIR) of genetically modified organisms (GMOs) into the Australian environment under the Gene Technology Act 2000 (the Act). 
[bookmark: _Hlk144975981][bookmark: _Hlk144721994][bookmark: _Hlk144975929]The applicant, Cauldron Molecules Pty Ltd (Cauldron) proposes to produce a range of recombinant proteins using various strains of Komagataella phaffii (previously known as Pichia pastoris[footnoteRef:1]). P. pastoris is a non-pathogenic yeast that is widely used in the biotechnology industry to produce recombinant proteins for pharmaceutical or food enzyme use. The proposed application is to optimise the large-scale fermentation process and characterise GM yeast used to produce recombinant animal proteins from a non-animal source. The GM yeast will incorporate a protein expression cassette to produce a recombinant protein. The incorporated genes will encode for proteins in their native form. The production process will involve fermentation of GM yeast cultures in large volumes (approximately 12,500 L per tank) at Cauldron’s purpose-built protein production facility in Borenore, New South Wales. The recombinant proteins will be purified and will not contain any GM yeast. [1:  Host name Pichia pastoris will be used for this application.] 

[bookmark: _Toc342042135][bookmark: _Toc47536735][bookmark: _Toc291151777][bookmark: _Toc274904727][bookmark: _Toc209859548]The Regulator has prepared a Risk Assessment and Risk Management Plan (RARMP) for this application in accordance with the Act and corresponding state and territory legislation, and finalised following consultation with a wide range of experts, agencies and authorities, and the public. The RARMP concludes that the proposed trial poses negligible risks to human health and safety and the environment and that any risks posed by the dealings can be managed by imposing conditions on the release.
[bookmark: _Toc158983456]The application
	Project Title
	[bookmark: _Hlk146099292][bookmark: _Ref63860401]Fermentation and processing of recombinant proteins using genetically modified Pichia pastoris[footnoteRef:2] [2:  The title of the project as supplied by the applicant is ‘Precision fermentation of alternative proteins’. ] 


	Parent organism
	Pichia pastoris

	Genetic modifications
	Insertion of expression cassette for producing bovine milk, chicken egg and spider silk fibre proteins. The expression cassette may also contain:
· [bookmark: _Hlk146099612]antibiotic selectable marker gene that confers resistance to a specific antibiotic to enable selection for the GM yeast
· secretion signal peptide to facilitate secretion of proteins
· constitutive or inducible promoter to facilitate expression of introduced sequences
· tags such as epitope or polyhistidine to detect and purify the recombinant proteins

	Principal purpose
	To optimise the fermentation process and characterise GM yeast during production of animal proteins.

	Previous releases
	There has been no previous application in Australia for these GMOs.

	Proposed limits and controls

	Proposed duration
	5 years

	Proposed location
	Cauldron facility in Borenore

	Proposed controls
	· Laboratory strains of yeast will be used in the production which require specific media and growth conditions.
· Molecular characterisation for multiple generations will be undertaken to assess genetic stability and copy number.
· GM yeast will be fully transformed, i.e. vector plasmids will not be present.
· Fermentation will take place in closed systems and transfer of fluids will be aseptic.
· Transport of viable GM yeast will follow the Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs.
· Viable GM yeast will be decontaminated via steam sterilisation or chemical disinfection.
· Staff handling the GM yeast will undergo licence specific training.
· Stringent manufacturing practices and quality control procedures will be followed to ensure that GM yeast does not remain in the environment. 
· The production facility is located in a region where there are no oak or chestnut trees in the proximity, which are the sources of wild-type P. pastoris.
· Only decontaminated and denatured (where antibiotic genes are present) GM yeast slurry may be used for animal feed preparations or as soil conditioner.



[bookmark: _Toc342042136][bookmark: _Toc47536736][bookmark: _Toc158983457]Risk assessment
The risk assessment process considers how the genetic modifications and proposed activities conducted with the GMO might lead to harm to people or the environment. Risks are characterised in relation to both the seriousness and likelihood of harm, taking into account information in the application (including proposed controls), relevant previous approvals and current scientific/technical knowledge. Both the short- and long-term impacts are considered.
Credible pathways to potential harm that were considered included exposure of people or other organisms to the GM yeast, and the potential for persistence or dispersal of the GM yeast. Potential harms associated with these pathways included allergenicity to people, and environmental harms due to the potential for the GM yeast to spread in the environment.
The risk assessment concludes that the proposed dealings pose negligible risks to human health and safety and the environment. No specific risk treatment measures are required to manage these negligible risks.
The principal reasons for the conclusion of negligible risks are that the viable GM yeast will not be used for human food or animal feed, and that the proposed limits and controls will effectively minimise exposure to and dispersal of the GM yeast. 
[bookmark: _Toc47536737][bookmark: _Toc158983458][bookmark: _Toc209859549][bookmark: _Toc342042137][bookmark: _Toc291151778][bookmark: _Toc274904728]Risk management
The risk management plan describes measures to protect the health and safety of people and to protect the environment by controlling or mitigating risk. The risk management plan is given effect through licence conditions. 
[bookmark: _Table_of_contents]As the level of risk is considered negligible, specific risk treatment is not required. However, since this is a limited and controlled release, the licence includes limits on the location and duration of the release. Controls are included to prohibit the use of the viable GM yeast in human food and animal feed, to minimise dispersal of the GM yeast from the production facility, to transport GM yeast in accordance with the Regulator’s guidelines, and to destroy GM yeast at the end of the protein production process.  
In addition, there are several general conditions relating to ongoing licence holder suitability, auditing and monitoring, and reporting requirements which include an obligation to report any unintended effects.
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Summary 	III
[bookmark: _Toc47536738][bookmark: _Toc158983459]Table of contents
Summary of the Risk Assessment and Risk Management Plan	I
Decision	I
The application	II
Risk assessment	III
Risk management	III
Table of contents	IV
Abbreviations	VI
Chapter 1	Risk assessment context	1
Section 1	Background	1
1.1	Interface with other regulatory schemes	2
Section 2	The proposed dealings	2
2.1	Proposed limits of the dealings (duration, location, scale, people)	2
2.2	Proposed controls to restrict spread and persistence of the GMO in the environment	3
2.3	Details of the proposed dealings	3
Section 3	Parent organism	7
3.1	Classification	7
3.2	Characteristics	7
3.3	Genome	8
3.4	Life cycle	8
3.5	Pathogenicity and toxigenicity	8
3.6	Reservoir	8
3.7	Environmental stability and decontamination	8
3.8	Risk Group and containment	9
3.9	Properties of P. pastoris expression system	9
Section 4	The GMO - nature and effect of the genetic modification	10
4.1	Development of GM yeast	10
4.2	Expected properties of the GM yeast	17
Section 5	The receiving environment	17
5.1	Presence of related fungal species in the receiving environment	17
5.2	Presence of similar genes or products in the environment	17
Section 6	Previous authorisations	18
Chapter 2	Risk assessment	19
Section 1	Introduction	19
Section 2	Risk identification	20
2.1	Risk source	20
2.2	Causal pathway	21
2.3	Potential harms	22
2.4	Postulated risk scenarios	22
2.5	Risk scenario 1	25
2.6	Risk scenario 2	27
Section 3	Uncertainty	28
Section 4	Risk evaluation	29
Chapter 3	Risk management plan	31
Section 1	Background	31
Section 2	Risk treatment measures for substantive risks	31
Section 3	General risk management	31
Limits and controls on the release	31
Other risk management considerations	33
Section 4	Issues to be addressed for future releases	35
Section 5	Conclusions of the consultation RARMP	35
References..	36
Appendix A: Summary of submissions from prescribed agencies on the consultation RARMP	41
Appendix B: Summary of submissions from the public on the consultation RARMP	44





	
	
Table of Contents	V
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	CMP
	Cow milk protein

	CMPA
	Cow’s milk protein allergy

	DAFF
	Department of Agriculture, Fisheries and Forestry

	DIR
	Dealings involving Intentional Release

	DNA
	Deoxyribonucleic acid

	EFSA
	The European Food Safety Authority

	EWP
	Egg white protein

	FDA
	Food and Drug Administration

	FSANZ
	Food Standards Australia New Zealand

	GM
	Genetically modified

	GM yeast
	GM P. pastoris

	GMO
	Genetically modified organism

	GRAS
	Generally Recognised as Safe

	GTTAC
	Gene Technology Technical Advisory Committee

	HGT
	Horizontal gene transfer

	IATA
	International Air Transport Association

	IBC
	Institutional Biosafety Committee 

	kDa
	Kilodalton

	kL
	Kilolitre

	L
	Litre 

	OGTR
	Office of the Gene Technology Regulator

	ppm
	Part per million

	Production facility
	Non OGTR certified area of the Cauldron’s purpose-built protein facility

	RAF
	Risk Assessment Framework

	RARMP
	Risk Assessment and Risk Management Plan

	the Act
	The Gene Technology Act 2000

	the Regulations
	The Gene Technology Regulations 2001

	the Regulator
	The Gene Technology Regulator

	TSD guidelines
	Regulator’s Guidelines for Transport, Storage and Disposal of GMOs

	US
	The United States
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[bookmark: _Toc202859546][bookmark: _Toc301341825][bookmark: _Toc446425382][bookmark: _Toc47536741][bookmark: _Ref62051078][bookmark: _Ref135232606][bookmark: _Toc158983462]Background
An application has been made under the Gene Technology Act 2000 (the Act) for Dealings involving the Intentional Release (DIR) of genetically modified organisms (GMOs) into the Australian environment.
The Act and the Gene Technology Regulations 2001 (the Regulations), together with corresponding State and Territory legislation, comprise Australia’s national regulatory system for gene technology. Its objective is to protect the health and safety of people, and to protect the environment, by identifying risks posed by or as a result of gene technology, and by managing those risks through regulating certain dealings with GMOs.
Section 50 of the Act requires that the Gene Technology Regulator (the Regulator) must prepare a Risk Assessment and Risk Management Plan (RARMP) in response to an application for release of GMOs into the Australian environment. Sections 50, 50A and 51 of the Act and sections 9 and 10 of the Regulations outline the matters which the Regulator must take into account and who must be consulted when preparing the RARMP.
The Risk Analysis Framework (RAF) (OGTR, 2013) explains the Regulator's approach to the preparation of RARMPs in accordance with the Act and the Regulations. The Regulator has also developed operational policies and guidelines that are relevant to DIR licences. These documents are available from the Office of the Gene Technology Regulator (OGTR website).
Figure 1 shows the information that is considered, within the regulatory framework, in establishing the risk assessment context. This information is specific for each application. Risks to the health and safety of people or the environment posed by the proposed dealings are assessed within this context. Chapter 1 describes the risk assessment context for this application.
[image: ]
[bookmark: _Ref256168805][bookmark: _Ref147305109]Summary of parameters used to establish the risk assessment context, within the legislative requirements, operational policies and guidelines of the OGTR and the RAF.
In accordance with Section 50A of the Act, this application is considered to be a limited and controlled release application, as the Regulator was satisfied that it meets the criteria prescribed by the Act. Therefore, the Regulator was not required to consult with prescribed experts, agencies and authorities before preparation of the RARMP.
Section 52 of the Act requires the Regulator to seek comment on the consultation RARMP from agencies - the Gene Technology Technical Advisory Committee, State and Territory Governments, Australian Government authorities or agencies prescribed in the Regulations, Australian local councils and the Minister for the Environment - and from the public. The advice from the prescribed experts, agencies and authorities and how it was taken into account is summarised in Appendix A. Ten public submissions were received and their consideration is summarised in Appendix B.
[bookmark: _Ref425251282][bookmark: _Toc475694691][bookmark: _Toc47536742][bookmark: _Toc158983463]Interface with other regulatory schemes
 Gene technology legislation operates in conjunction with other regulatory schemes in Australia. The GMOs and any proposed dealings conducted under a licence issued by the Regulator may also be subject to regulation by other Australian government agencies that regulate GMOs or GM products, including Food Standards Australia New Zealand (FSANZ), the Australian Pesticides and Veterinary Medicines Authority, the Therapeutic Goods Administration, the Australian Industrial Chemicals Introduction Scheme and the Department of Agriculture, Fisheries and Forestry (DAFF). 
The DAFF regulates products imported into Australia to protect Australia from biosecurity risks. Under the Biosecurity Act 2015, the importation of biological material such as live GMOs requires a permit from the DAFF.
[bookmark: _Toc202859548][bookmark: _Ref233341201][bookmark: _Toc301341827][bookmark: _Toc47536743][bookmark: _Ref57107423][bookmark: _Ref135308926][bookmark: _Ref147233940][bookmark: _Ref147234677][bookmark: _Toc158983464]The proposed dealings
Cauldron Molecules Pty Ltd (Cauldron) is seeking authorisation to carry out precision fermentation using genetically modified (GM) Pichia pastoris (referred to as GM yeast from hereon) for production of animal proteins. The overall aim of the project is to establish culture conditions and the fermentation process using GM yeast to produce three different classes of proteins at volumes greater than 100 L. For this, the applicant will:
· establish culture conditions to produce various proteins (bovine milk, chicken egg and spider silk fibre) either in a batch or continuous culture; and
· characterise the GM yeast during culture.
The dealings involved in the proposed protein production process are to:
(a) grow, raise or culture the GMO;
(b) use the GMO in the course of manufacture of a thing that is not the GMO:
i.  to produce recombinant proteins for analyses;
(c) conduct the following experiments with the GMO:
i. to optimise the scale-up fermentation process; and
ii. to characterise GM yeast; 
(d) transport the GMO;
(e) dispose of the GMO; 
and the possession (including storage), supply and use of the GMO for the purposes of, or in the course of, any of these dealings.
[bookmark: _Ref56778381][bookmark: _Toc61015620][bookmark: _Ref146809631][bookmark: _Ref147908917][bookmark: _Toc158983465][bookmark: _Hlk82594882][bookmark: _Toc47536744][bookmark: _Ref57107502][bookmark: _Ref57107516][bookmark: _Ref57107551][bookmark: _Ref57107555][bookmark: _Ref57107559][bookmark: _Ref57107567][bookmark: _Ref57107597][bookmark: _Ref57107659][bookmark: _Ref57107711][bookmark: _Ref58746028][bookmark: _Ref61527344][bookmark: _Ref67313111]Proposed limits of the dealings (duration, location, scale, people)
The protein production process is proposed to take place over a five-year period from the date of issue of the licence. 
The protein production process will involve fermentation of GM yeast cultures in large volumes (approximately 6,500 L to 12,500 L per tank) at Cauldron’s purpose-built protein production facility (‘production facility’ will be used from hereon) in Borenore, New South Wales. The applicant is proposing to run eight single batch cultures and eight continuous flow cultures. A total volume of approximately 504 kL will be cultured per annum. 
Only trained personnel will conduct dealings with the GM yeast.
[bookmark: _Ref137118656][bookmark: _Toc158983466]Proposed controls to restrict spread and persistence of the GMO in the environment
The applicant has proposed a number of controls to restrict the spread and persistence of the GMO in the environment. These include:
[bookmark: _Hlk146445094]Laboratory strains of yeast will be used in the production which require specific media and growth conditions.
Molecular characterisation for multiple generations will be undertaken to assess genetic stability and copy number.
GM yeast will be fully transformed, i.e. vector plasmids will not be present.
Fermentation will take place in closed systems and transfer of fluids will be aseptic.
Transport of viable GM yeast will follow the Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs.
Viable GM yeast will be decontaminated via steam sterilisation or chemical disinfection.
Staff handling the GM yeast will undergo licence specific training and wear appropriate personal protective equipment (PPE) including coveralls, P2 mask and gloves, when required.
Stringent manufacturing practices and quality control procedures will be followed to ensure that GM yeast does not remain in the environment. 
The production facility is located in a region where there are no oak or chestnut trees in proximity, which are the sources of wild-type P. pastoris.
Only decontaminated[footnoteRef:3] and, where antibiotic genes are present, denatured[footnoteRef:4] GM yeast slurry may be used for animal feed preparations. [3:  Decontaminate means a physical and/or chemical process which removes, kills or renders non-viable the GMOs used in the facility but does not necessarily result in sterility.]  [4:  Denature means, a physical and/or chemical process which renders, in the context of genes, DNA and its proteins non-functional.] 

[bookmark: _Ref80863049][bookmark: _Toc158983467]Details of the proposed dealings
[bookmark: _Ref79484114]The protein production process involving culture of GM yeast in volumes of no more than 25 L per vessel is classified as an exempt dealing (Schedule 2, Item 4 of the Regulations). Culture of GM yeast in volumes of more than 25 L per vessel in a OGTR certified PC2 Large Scale Facility (PC2 LS facility) will be covered under a notifiable low risk dealing (NLRD) authorisation (Schedule 3, Part 2, 2.1(f) of the Regulations). This DIR application is for a protein production process where more than 25 L per vessel of GM culture will be produced in a non-OGTR certified facility (‘’the production facility’’). 
[bookmark: _Ref147785930]The GM yeast will be either manufactured overseas or within Australia by applicant’s clients and will be supplied or imported in a purified form as a dry powder or in the form of a stab culture. This work will be regulated as an exempt dealing or a NLRD authorisation. Under these authorisations, frozen cells will be recovered from the purified powder or stab culture by culturing the GM yeast in media followed by seeding into 500 ml flasks. These cultures will be subsequently expanded to a 90 L culture in a 150 L vessel. During the culture expansion, the GM yeast will be verified for integration of the gene expression cassettes and for the absence of plasmid sequences. The GM yeast will be characterised by repeat sequencing of approximately 12% of the genome covering the integration site at regular intervals to assess genetic stability over 50 generations. Finally, the production strains will be sequenced to characterise the exact copy number and the insertional location. 
The GM yeast will be stored at the PC2 LS facility in liquid nitrogen. The cultures would be handled/transported in accordance with the Regulator’s Guidelines for Transport, Storage and Disposal of GMOs.
[bookmark: _Ref133504478]Protein production process
The proposed protein production process will be conducted in three sequential parts:
1. Validation of the GM yeast during production;
2. Protein expression in fermentation culture tanks (fermenters); and
3. Purification of the expressed protein.
Once, the GM yeast is characterised (paragraph 17), the 90 L culture volume with a desired cell density and purity will be inoculated into a 6.5 kL of culture in a 10 kL fermenter tank outside the PC2 LS facility and then to 12.5 kL maturation vessels (Figure 2).
[image: Process flow diagram for batch and continuous flow protein production]
[bookmark: _Ref147319115]Process flow diagram for batch and continuous flow protein production (Source: Cauldron) 
The final step involves downstream purification of the expressed protein which involves separation of cells by centrifugation, microfiltration, ultra-filtration and a drying step (Figure 3).
[image: Schematic showing downstream processing of the expressed proteins produced via fermentation]
[bookmark: _Ref147319188][bookmark: _Hlk147240754]Downstream processing of the expressed proteins produced via fermentation (Source: Cauldron).
The final formulation will be tested by negative colony formation for absence of viable GM yeast, as well as testing for chemical and microbiological parameters.
The GM yeast and any ingredients used during the manufacturing process will be food grade ingredients which have a long history of safe use.
Fermentation cultures that do not meet the defined physico-chemical and microbiological testing criteria will be decontaminated and discarded. The fermenters and their contents will be heat sterilised or decontaminated chemically and/or the contents will be transferred to holding tanks for chemical decontamination.
The applicant has in place manufacturing systems such as Hazard Analysis Critical Control Point and Quality Management System to ensure compliance. There is a primary focus on food safety and the final product undergoes rigorous scrutiny to meet high quality standards without any impurities including viable GM yeast. 
Purified proteins will be supplied to the applicant’s clients in dry powder form and GM yeast will not enter human food. The decontaminated GM yeast slurry may be used for animal feed preparations or as a soil conditioner. If antibiotic resistance genes have been used, the GM slurry must also be denatured before use. Insertion of antibiotic resistance genes serve the purpose of GM yeast selection during the initial stages of development in the laboratory. The final intended uses of the purified proteins are in nutritional products, egg substitutes and fibre industry and therefore it may be used for human consumption following approval by FSANZ. For this the applicant will work with their clients to meet regulatory requirements with FSANZ.
Properties of the fermenters
The fermenters proposed to be used for the protein production will be constructed from 316 grade stainless steel. Therefore, these tanks will be highly resistant to corrosive acidic and alkaline environments and will allow for chemical disinfection and steam sterilisation.
The fermenters will form part of a closed system (this is a system for growth, processing and/or storage of large scale cultures of GM yeast within an enclosed vessel or vessels and transfer lines). The tanks will have ports for inoculation, media input, sampling, and air vents. All inputs will be sterilised either by filtration through a 0.2 µM membrane or by subjecting to heat treatment at 121oC for 15 minutes. Additionally, there will be multiple retractable and fixed probes for monitoring culture parameters that can be operated aseptically, and steam sterilised after use. 
Training of staff
All staff will undergo core procedural and safety training regarding fermentation operations, section specific training and the individual job specific training. The training protocols will be documented in a training record form.
Staff will receive a licence specific training package which will contain relevant information on GM yeast. Signed statements will be recorded indicating that they have read, understood and agree to be bound by the licence conditions. 
[bookmark: _Ref66352797]Transport and storage of the GMO
The applicant has stated that transfer of GM yeast culture between the PC2 LS facility and the outdoor production facility will be either by transfer vessel or stainless-steel piping. During transit, the transfer vessel will be maintained under pressure which is then connected to fermenters for aseptic transfer of culture medium. Alternatively, the GM yeast will be transferred through stainless-steel pipelines. Before, the transfer, both the pipeline and the fermenter will be steam sterilised. The pipelines are fitted with flanges across the PC2 LS facility which serve as a facility containment barrier that can be closed. 
The GM yeast will be stored in fermenters in the production facility or in a PC2 LS facility.
[bookmark: _Ref80791785]Disposal of the GMO
[bookmark: _Hlk138074783]Decontamination of GM yeast and waste containing GM yeast will be achieved either by autoclaving at ˃121oC for 60 minutes or chemical disinfection by 1% (w/v) Virkon for 10 minutes. 
The fermenters and the stainless-steel pipelines will be steam sterilised before and after culture runs. Validation of effective decontamination will be confirmed by culturing samples on nutrient agar culture plates for seven days and by adding methylene blue indicator solution to observe yeast colonies under an optical microscope.
The applicant expects 25% of the culture volume to be wet yeast biomass slurry waste after the centrifugation and filtration step. The GM yeast slurry will be passed through a heat exchanger run at ˃65oC and held for 60 minutes at ˃65oC in a holding tank. This is known to effectively kill yeast. 
Where the GM yeast has antibiotic resistance genes (used as a selectable marker), the applicant has proposed to use a combination of heat and pH to effectively denature the antibiotic resistance gene proteins and DNA. Studies have shown that DNA integrity is significantly compromised when subjected to alkaline pH. A correlation was observed between increase in pH (pH 7 to pH ˃ 13) and a reduction in PCR amplification of target DNA (Bivehed et al., 2023). Where protein production is induced, the GM yeast slurry will be collected in a separate jacketed vessel. The pH will be raised to ˃10 and held for 60 minutes at ˃70oC. The pH will be readjusted to between 7 and 8 before disposal. Alternatively, where protein production is not induced, the pH will be raised to ˃10 and passed through a heat exchanger where the temperature is raised to 121oC for a minimum of 60 seconds. The pH will be readjusted to between 7 and 8 before disposal. Successful decontamination of GM yeast will be verified during the initial culture cycles by plating samples on agar plates for seven days as mentioned above followed by a viability test. The GM yeast will remain in the vessels until test results are negative for viable GMOs. This decontaminated and denatured (where antibiotic resistances genes are present) GM yeast waste would either be composted and used as a soil conditioner,it may be dried on site and used in animal feed preparations or disposed of by a waste contractor. 
Accountability and Monitoring
The applicant has in place a documentation system that ensures that testing data and certificate of analyses is maintained for all batches of cultures. The testing parameters include physico-chemical parameters during culture and microbiological specifications including absence of GM yeast in purified protein.
Contingency plans
Dedicated spill kits will be co-located next to each fermenter which will contain absorbent material, PPE and decontamination solution. In the event of a small spill or leak, the spill will be treated with a chemical disinfectant such as 1% available chlorine for 20 minutes. In case of large spills, the drains lead to a small sump with level sensors which activate pumps to transfer the liquids to a concrete tank or 3 x 22 kL holding tanks for chemical inactivation. 
If any material is found outside the production facility, the material will be placed in a double sealed container and transported to the Cauldron facility for destruction. The location’s Global Positioning System (GPS) reading will be recorded, and the surrounding area will be inspected for any GM material. The storage and destruction location of the GM material will be documented.
The project supervisor will consult the compliance team and inform the IBC and the Regulator of the incident such as a spill or exposure to the GM yeast.
[bookmark: _Toc47536745][bookmark: _Ref57119182][bookmark: _Ref80709308][bookmark: _Ref80768913][bookmark: _Ref80771761][bookmark: _Ref80776449][bookmark: _Ref80776486][bookmark: _Ref135232876][bookmark: _Ref137640919][bookmark: _Ref137651926][bookmark: _Toc158983468]Parent organism
[bookmark: _Toc94337968][bookmark: _Toc97019190][bookmark: _Toc121209907]The parent organism of the GM yeast is P. pastoris, also known as Komagataella phaffi. All the strains proposed to be used by the applicant are classified as K. phaffi (Barone et al., 2023). The characteristics of the parent organism provide a baseline for comparing the potential for harm from dealings with the GM yeast. The relevant biological properties of P. pastoris will be discussed here.
[bookmark: _Toc158983469]Classification
P. pastoris belongs to the genus Pichia within the family Saccharomycetaceae (Suh et al., 2006). P. pastoris was reclassified as genus Komagataella following phylogenetic analysis of the genome sequence (Yamada et al., 1995; Kurtzman, 2005), yet it is still commonly referred to as Pichia.
[bookmark: _Toc158983470]Characteristics
P. pastoris is a non-pathogenic single-celled yeast that occurs in decaying wood of trees (Enache-Angoulvant and Hennequin, 2005; Suh et al., 2006). Its unique feature is that it can metabolise methanol as a carbon source in addition to other sources, such as glucose, glycerol and ethanol, but cannot use lactose (Rebnegger et al., 2016). The ability to utilise methanol is mainly through the tightly regulated methanol inducible promoter alcohol oxidase (AOX1) and the methanol utilisation pathway genes (MUT genes). Glucose, glycerol and ethanol, when used in the culture medium, act as strong repressors of AOX1 which gets derepressed when these alternate carbon sources are depleted and subsequently induced when methanol is introduced (Ahmad et al., 2014; Ata et al., 2021).
P. pastoris is used in laboratory research and biotechnology industries as a popular choice for expressing heterologous proteins and as an ingredient in stock feed. It has a long history of safe use. It is also used to produce human food ingredients such as enzyme processing aids, sweeteners, and nutritive substances (FSANZ, 2020).
P. pastoris is an obligate aerobe with a strong preference for respiratory growth (Walsh and Martin, 1977; Bernauer et al., 2020). Optimum growth occurs at 28.9°C and pH 6.9 (Chang et al., 2006).
[bookmark: _Toc158983471]Genome
The genome of P. pastoris has been sequenced and annotated. It is approximately 9.43 Mbp and organised into four chromosomes encoding 5,313 genes (De Schutter et al., 2009).
[bookmark: _Toc158983472]Life cycle
Cells of P. pastoris exist in both haploid and diploid states. The yeast normally exists in vegetative haploid form and reproduces by budding. However, under limited nitrogen availability, mating-type (MAT) genes are expressed which transform the haploid cells into mating forms which results in diploid cells. These diploid cells undergo meiosis to form haploid ascospores which in turn give rise to the haploid vegetative forms. P. pastoris is a homothallic fungus, wherein a single haploid cell is able to produce cells with both a-type and α-type genotypes.
Prolonged nitrogen limited conditions are required for induction of sporulation which is unlikely to occur in a cell culture environment (Ata et al., 2021). Under optimum culture conditions, P. pastoris cells double approximately every 60 - 120 minutes (Karbalaei et al., 2020).
Under adverse environmental conditions such as carbon source limitations, and pH variation, some cells may undergo a morphological switch to filamentous multicellular forms. These different morphological phenotypes may be able to adapt to environmental changes for better survival (Ata et al., 2021).
[bookmark: _Ref148952154][bookmark: _Ref148952195][bookmark: _Toc158983473]Pathogenicity and toxigenicity
P. pastoris is a non-pathogenic and non-toxigenic yeast. 
Since P. pastoris is widely used in vaccine development, a study was conducted to profile its safety. Intravenous injection of P. pastoris in mice led to dissemination of P. pastoris to various tissues but did not induce a cell-mediated response or increase in the level of circulating antibodies. This indicates its safe profile in the development of vaccines (Becerril-García et al., 2022).
P. pastoris has been tested for toxigenicity in animal models as feed preparations. In broiler chicks fed with additional yeast supplement, it was found to have a beneficial probiotic influence as compared to control chicks fed with non-supplemented diet (Gil de los Santos et al., 2012; Gil de Los Santos et al., 2018). In another study, similar beneficial probiotic effects were noted in mice administered with P. pastoris through an intragastric route (Birmann et al., 2021). However, it is not clear from these studies whether the yeast was able to colonise the gut of these animals.  
FSANZ has approved several processing aids, additives and nutritional products that have been produced using P. pastoris. One such example is the soy leghemoglobin produced via P. pastoris fermentation to be used as a meat analogue product (FSANZ, 2020).
[bookmark: _Toc158983474]Reservoir
In nature, P. pastoris is commonly associated with the decaying wood of trees and soft tissue of succulent plants (Mortimer, 2000; Chang et al., 2006).
[bookmark: _Toc158983475]Environmental stability and decontamination
Information relating to environmental stability and decontamination of P. pastoris is scarce. Hence, information relating to its well-studied distant relative Saccharomyces cerevisiae is used as a guide. Both P. pastoris and S. cerevisiae are single celled yeast with chitinous cell wall. They belong to the same family: Saccharomycetaceae. 
S. cerevisiae is an anhydrobiote which is able to survive desiccation for at least six months (Tapia and Koshland, 2014). S. cerevisiae is effectively decontaminated by direct application of isopropyl alcohol or 0.3% peracetic acid (Korukluoglu et al., 2006). Quaternary amine compounds and aldehydes may be effective, depending on concentration and incubation time of the compounds.
The effect of hypochlorite on S. cerevisiae depends on solution pH, concentration and incubation time (Hays et al., 1967). S. cerevisiae was destroyed after 30 seconds exposure to 25 parts per million (ppm) (0.0025% v/v) hypochlorite in solutions buffered at pH 5 or 8.5 (Hays et al., 1967). Growth of S. cerevisiae on solid medium was completely inhibited at 3000 ppm sodium hypochlorite, while viability was lost in over 80% of cells when incubated for 15 minutes in 50 ppm sodium hypochlorite solution buffered at pH 6 (Kwolek-Mirek et al., 2011). In contrast, Korukluoglu et al. (2006) reported that a chlorine-based commercial disinfectant used concentrations of 0.5–2% did not effectively decontaminate S. cerevisiae within in 14 days.
Likewise, Korukluoglu et al. (2006) found that iodophor (iodine) concentrations of 0.5–1% did not effectively decontaminate S. cerevisiae, while Hays et al. (1967) observed that S. cerevisiae was non-viable after 15 seconds at 6 ppm (0.0006%) iodophor.
The minimum inhibitory concentration of ethanol towards S. cerevisiae is approximately 13% (Kampf, 2018). The maximum concentration of ethanol reported to be tolerated by S. cerevisiae is 25%. Effective fungicidal activity against food-borne yeasts was reported following exposure to 70% ethanol for 5 minutes (Kampf, 2018). 
Based on decontamination methods effective for S. cerevisiae and that single celled yeasts have cell wall made of chitin, it is expected that P. pastoris would also be decontaminated using these methods.
[bookmark: _Toc158983476]Risk Group and containment
The Australian Standard 2243.3:2022 Safety in Laboratories Part 3: Microbiological safety and containment (Standards Australia New Zealand, 2022) does not provide a classification for P. pastoris. However, according to the criteria listed in the Australian Standard, P. pastoris can be classified as a Risk Group 1 organism.
The American Type Culture Collection (ATCC) classifies the methylotrophic yeast P. pastoris as Biosafety Level 1, for organisms that are not known to cause disease in healthy adults (American Type Culture Collection, 2023). P. pastoris dried yeast is permitted to be used as an additive to the feed formulation of broiler chickens as a source of protein (US FDA, 2023a).
The Public Health Agency of Canada also classifies P. pastoris as a Risk Group 1 organism (Public Health Agency of Canada, 2023). Given this, PC1 containment and work practices are considered appropriate when working with the wild-type organism.
P. pastoris has been given the status as Generally Recognised as Safe (GRAS) by the US FDA (US FDA, 2017) and Qualified Presumption of Safety (QPS) by the European Food Safety Authority (EFSA) for use in enzyme production (EFSA, 2023).
[bookmark: _Toc158983477][bookmark: _Hlk129248053]Properties of P. pastoris expression system
As mentioned above (Section 3.2), P. pastoris is a methylotrophic non-pathogenic yeast which can metabolise methanol as a carbon source. There are several reasons for P. pastoris being established as a popular tool for research and in expression of heterologous proteins (Vinayagamurthy et al., 2007; Karbalaei et al., 2020; Gao et al., 2021):
It possesses a regulatable AOX1 promoter;
Expression cassettes can be integrated into the yeast genome at specific sites;
It can reach very high cell densities in simple media consisting of methanol;
High heterologous protein yields can be achieved up to >20g/L;
Minimal endogenous proteins are expressed and heterologous proteins can be secreted into the supernatant leading to high purity of heterologous protein;
Being a eukaryote, heterologous proteins can be expressed close to their native forms comprising post-translational modifications; 
It is very similar to the well-studied S. cerevisiae, a well known research and biotechnology industry model, the techniques of which are translatable to P. pastoris; and
The cultures are easy to maintain, easy to scale-up and the growth requirements are inexpensive.
Despite these advantages, like with any other expression systems, P. pastoris has some limitations (Karbalaei et al., 2020):
Transformation efficiencies are relatively poor requiring large quantities of plasmids for successful transformation; and
Heterologous protein production using methanol as sole carbon source could result in methanol toxicity to the yeast.
[bookmark: _Toc209859572][bookmark: _Ref220914220][bookmark: _Ref220920025][bookmark: _Ref256776892][bookmark: _Toc274904750][bookmark: _Toc291151800][bookmark: _Toc309054004][bookmark: _Toc309833696][bookmark: _Toc311188357][bookmark: _Toc377743562][bookmark: _Toc47536749][bookmark: _Ref135232741][bookmark: _Ref135232903][bookmark: _Toc158983478][bookmark: _Ref191716974][bookmark: _Toc194221362][bookmark: _Toc195684934][bookmark: _Toc209859574][bookmark: _Ref236199314][bookmark: _Toc274904753][bookmark: _Toc291151804]The GMO - nature and effect of the genetic modification
The applicant proposes to conduct precision fermentation to produce three classes of proteins (bovine milk proteins, chicken egg proteins and spider silk fibre) using GM yeast. 
The purpose of this application is to optimise the fermentation process and characterise the GM yeast during fermentation to produce different animal proteins. The GM yeast will be constructed by the applicant’s clients from commercially available P. pastoris strains and vector plasmids. It has been observed that the optimal strain for production of a recombinant protein differs based on the target protein (Brady et al., 2020). Hence, the proposal to use different strains and plasmids will allow for optimisation of expression of the three classes of recombinant animal proteins.
[bookmark: _Toc158983479]Development of GM yeast
To generate GM yeast, the expression cassettes carrying genes of interest will first be inserted into commercially available expression vector plasmids which will be multiplied in a suitable host.  The expression cassette will then be excised from the plasmid and the linearised cassette will be introduced into the yeast.  P. pastoris will be stably transformed with the linearised cassette by homologous recomibination using standard methods such as electroporation. Integration into the yeast genome will be via homologous recombination. These GM yeast will be fully transformed and validated for integration of the expression cassette and for the absence of any unintegrated plasmid vector by the applicant’s clients prior to their supply to the applicant. 
In addition to the transgenes for expression of bovine milk, egg white and spider silk fibre proteins, the expression cassette may also contain: 
· constitutive or inducible promoter (e.g., methanol inducible AOX1) to facilitate expression of introduced sequences;
· antibiotic selectable marker genes that confer resistance to specific antibiotics limited to zeocin, hygromycin, ampicillin, or kanamycin to enable positive selection for the GMO;
· secretion signal peptide (e.g., alpha factor) to facilitate extracellular secretion of proteins into the supernatant; and
· tags such as epitope or polyhistidine to detect and purify the recombinant proteins.
The applicant has provided an example of an expression cassette coding for bovine β-lactoglobulin protein of 275 amino acids with an approximate molecular weight of 30.4 kDa (Figure 4). The expression cassette may contain the following genetic elements:

	Genetic element
	Function

	Methanol regulated P. pastoris Alcohol Oxidase 1 (AOX1) inducible promoter
	Expression of recombinant protein

	Alpha factor signal peptide
	Facilitates extracellular secretion of the expressed protein into the culture medium 

	Bovine β-lactoglobulin
	Expression of recombinant protein

	c-Myc epitope
	Detection of the recombinant protein

	Poly-histidine tag
	Purification of the recombinant protein

	Antibiotic selection marker
	Positive selection of the GM yeast

	Termination sequence
	Termination signal of transcription


[image: A diagram of a dna sequence

Description automatically generated]
Example vector map for the expression of the β-lactoglobulin protein (Source: Cauldron)
 The antibiotic resistance gene may not be removed from the GM yeast prior to scale-up fermentation. 
[bookmark: _Ref149033573][bookmark: _Hlk132976156]Features of introduced genes
Though the proteins proposed to be expressed in their native form have a long history of safe use as food and fibre, some of them are known to be dietary allergens. Milk and egg proteins are listed among the nine major food allergens by US FDA (US FDA, 2023b) and among the top ten major food allergens in Australia (AIFS, 2023; FSANZ, 2023). The introduced genes, their structure and function are summarised below.
Bovine milk proteins
Milk is an essential nutrient source for new-born calves before they are gradually weaned to a solid diet. It is considered a complete diet as it provides all nine essential amino acids. Milk also provides immune protection and immunomodulatory effects during development of the calf’s immune system. Broadly, there are two types of proteins present in the bovine milk: casein which comprises approximately 80% of the proteins and whey which forms approximately 20%. Casein proteins are relatively insoluble in water while the whey proteins form the soluble component (Davoodi et al., 2016). The source and properties of the bovine milk proteins expressed by the GM yeast are listed in Table 1.
Chicken egg proteins
Egg is mainly composed of eggshell (9-12%), egg white (60%) and yolk (30-33%). Egg white comprises of 90% water and 10% protein and is a major nutrient source for developing embryos. Egg white protein (EWP) comprises mainly of ovalbumin (54%), ovotransferrin (12%), lysozyme (3.5%) and ovomucin (11%). The source and properties of the chicken egg proteins expressed by the GM yeast are listed in Table 1.
[bookmark: _Ref147788980]Spider silk proteins
Spiders generate seven different types of silk from seven different glands. They have diverse functions, mainly to capture prey, escape from predators and forming a protective egg sac. The glands and the type of silk they produce are listed below:
Major ampulate gland – dragline silk – Dragline silk is highly tensile comparable to steel. It is used to make the main frame of the web and to drop in order to escape.
Minor ampulate gland – auxiliary spiral thread – it is elastic
Flagelliform gland – core capture spiral
Aggregated gland – sticky aqueous coating
Pyriform gland – cement 
Aciniform gland – wrapping prey
Cylindrical gland – egg sack
Spider silk proteins are not considered allergenic (Römer and Scheibel, 2008). The source and properties of the spider silk fibre proteins expressed by the GM yeast are listed in Table 1.
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	[bookmark: _Hlk149652723]Class 1: Bovine Proteins - Source organism Bovine (Bos taurus)

	Protein
	Molecular weight
	Properties and Function
	Allergen

	Whey proteins
	

	[bookmark: _Hlk149648410]β-lactoglobulin
	18.4 kDa
	β-lactoglobulin is a small protein of 162 residues. It exists mainly in dimeric form but can form multimeric aggregates under various conditions. It is the major whey protein found in ruminant milk, accounting for 65% of whey protein. It is absent in human milk. It plays a role in transport of small molecules and micronutrients (Jensen et al., 2022). It is a known major food allergen when not in a bound state with a micronutrient.
	Yes

	
α-lactalbumin
	14.1 kDa
	α-lactalbumin consists of a single peptide chain of 123 amino acids joined by 4 disulphide bonds. It accounts for 25% of whey protein. Its main role is in the regulation of lactose biosynthesis (Jensen et al., 2022) and its essential amino acid composition is crucial for new-born nutrition. It is a calcium binding protein and shares similar structure to lysozyme indicating an antimicrobial function. It is a known major milk allergen in some people.
	

	Bovine lactoferrin (bLf)
	80kDa
	Bovine lactoferrin is an iron-binding glycoprotein which belongs to the class of transferrin proteins. Its main function is to transfer iron to cells and stabilise iron levels in blood. FSANZ allergenicity assessment of bovine lactoferrin as a fortifying ingredient in infant formula, stated that it may be allergenic on the basis that some individuals have IgE antibodies to bovine lactoferrin (FSANZ, 2023).
	

	Casein Proteins

	- Casein (S1 and S2)

	20–25 kDa
	Casein proteins belong to the phosphoprotein family. The casein proteins aggregate to form micelles of approximately 100 µm. The outermost layer of the micelles is composed of -caseins which are negatively charged and hence repel each other to form a colloidal suspension in an aqueous medium. β-Casein is the major casein protein found in ruminant milk and occurs in two genetic variant forms A1 and A2.
	Yes

	β-Casein (A1 and A2)

	
	
	

	 casein
	
	
	

	Class 2: Chicken Egg Proteins - Source organism chicken (Gallus gallus domesticus)

	Egg white proteins

	Ovalbumin (Gal d 2)
	45 kDa
	Ovalbumin is a glycoprotein which consists of 386 amino acids (Abeyrathne et al., 2013). Ovalbumin mainly functions as a nutritional source for the developing embryo (Li et al., 2022). Other than being an excellent nutrient source, it is a known major allergen (Li et al., 2022).
	Yes

	Ovomucoid (Gal d 1)
	23 kDa
	Ovomucoid is a large glycoprotein and has antimicrobial properties (Caubet and Wang, 2011). Ovomucoid is known as a trypsin inhibitor thus causing indigestion; and the most significant allergen among EWP (Caubet and Wang, 2011).
	

	Ovotransferrin (Gal d 3)
	76 kDa
	Ovotransferrin is a metal binding monomeric glycoprotein belonging to the transferrin family. It is a single 686 amino acid peptide (Abeyrathne et al., 2013) and forms two homologous lobes (as a result of a gene duplication event) each joining a single iron atom. It comprises 13% of total EWP. The main function of ovotransferrin is homeostasis and transport of iron levels (Legros et al., 2021). It is the least allergenic protein among EWP.
	

	Egg shell membrane proteins

	Type 1 Egg collagen protein Col1A1 and Col1A2; collagen X (COL10A1)
	NA
	These proteins collectively crosslink to form eggshell membrane proteins. They form a foundation for the formation of the calcareous eggshell and an effective barrier that prevent bacterial infection (Du et al., 2015; Han et al., 2023). 
Eggshell membrane, though unutilised has been shown to improve skin health due to its collagen content (Yoo et al., 2015). A water soluble hydrolysate food product derived from eggshell membrane proteins was evaluated as safe for consumption (EFSA et al., 2018). The elastic and semipermeable properties of eggshell membrane proteins could have potential uses in industrial, nutraceutical, and biomedical applications (Yoo et al., 2015). Since they are not utilised, allergenicity data is not available for these proteins.

	Not known

	Fibrillin-1 (FBN1)
	~320 kDa
	
	

	Cysteine rich eggshell membrane protein (CREMP)
	NA
	
	

	Class 3: Silk Fibre - Source organism Orb weaver Spider (Nephila calvipes)

	Major ampullate spidroin 1 (MaSp1 or MaSp2)
	250 kDa
	Dragline silk is composed of two types of proteins: MaSp1 and MaSp2, with a molecular weight of 250 kDa each (Römer and Scheibel, 2008). They are large proteins with a highly repetitive core region bordered by non-repetitive N and C-terminal domains. This arrangement renders formation of β-sheets thus giving highly tensile properties comparable to steel (Ramezaniaghdam et al., 2022). It is used to make the main frame of the web and to drop in order to escape.
	No

	Minor ampullate spidroin1 and 2 (MiSp1 and 2)
	250 kDa
	MiSp1 and 2 have elastic properties and form the core spiral of the web which stabilises the main frame. They have similar biomechanical properties as MaSp (Ramezaniaghdam et al., 2022).
	

	Flagelliform protein (Flag)
	360 kDa
	Flag silk is highly elastic which can withstand the impact of a flying insect. The proteins are composed of repetitive and spacer motifs which form a spring like helix that give elastic properties (Ramezaniaghdam et al., 2022).
	





[bookmark: _Ref149659840]Allergenicity of the proteins associated with the introduced genes 
As shown in Table1, the bovine milk and chicken egg proteins expressed by the GM yeast are known allergens and can result in allergic reactions. Allergic reactions are a type of adverse effect, resulting from sensitization to a chemical, followed by an allergic response upon subsequent exposure. Allergenicity is the potential for a chemical to be recognised by the body as a foreign substance and to elicit a (disproportionate) immunological reaction. 
The severity of allergic reactions depends on the allergen quantity, the exposure route, and the duration of treatment (Robles and Motheral, 2014). Clinical symptoms generally start within minutes and could result in different symptoms such as skin rashes, vomiting, and difficulty breathing. Food allergies are generally triggered by ingestion but can also be trigged by skin/dermal contact and inhalation. These route of exposure and their role in allergic reactions in response to proposed proteins have been described below.
Exposure via ingestion
Cow milk proteins (CMP) can elicit adverse immune reaction known as cow’s milk protein allergy (CMPA) (Solinas et al., 2010). CMPA is characterised by allergic reactions such as anaphylaxis, asthma, rhinitis, atopic dermatitis, urticaria and gastrointestinal disorders (Docena et al., 1996). Both whey (β-lactoglobulin and α-lactalbumin) and casein proteins (β-casein) are considered major food allergens (Lam et al., 2008).
Infants get sensitised to CMPs by developing antibodies specific to individual proteins with prevalence ranging from 2 to 3% (Bar-On et al., 2022; Jensen et al., 2022). Tolerance usually develops as children mature and consequently is less prevalent occurring in less than 0.5% of adults  (Bar-On et al., 2022; Jensen et al., 2022). As cited in a review, the allergy eliciting threshold to provoke a response in allergic children was 30 mL milk (Allen et al., 2007). 
Allergy to eggs arises due to hypersensitivity to egg proteins, predominantly EWP and is especially common among children. It is the second most common allergy after CMPA. As in CMPA, children acquire tolerance to EWP allergies as they age. Prevalence ranges between 0.5 to 2.5% of young children (Rona et al., 2007). Like milk allergies, egg allergies decrease with age, although there have been a small number of cases of adults developing egg allergies (Unsel et al., 2007; Cremonte et al., 2021). As cited in a review, the allergy eliciting threshold to provoke a response in 50% of allergic children was 2000 mg of egg white (Allen et al., 2007).
Among the CMP, casein proteins are known to be major allergens. In an observational study involving 80 milk-atopic patients (3 months to 25 years, mean age: 6.19 years), casein, β-lactoglobulin and α-lactalbumin antigen specific antibodies were tested. All patients were tested positive for casein; 10/80 tested positive for β-lactoglobulin and 5/80 were positive for α-lactalbumin (Docena et al., 1996).
Exposure via dermal contact
Upon direct exposure to milk proteins via dermal contact, allergic reaction such as contact dermatitis (i.e., itchy rash) and contact urticaria (i.e., immediate swelling and redness of the skin) could occur. 
In an observational study with children known to have cow’s milk allergy, milk was applied to children’s cheeks or exposed to milk via skin prick test. The study showed that exposure to milk in some children resulted in contact urticaria (Schichter-Konfino et al., 2015). In another study, contact dermatitis was observed in response to casein protein and was found to often be associated with impaired skin (e.g., suffering from eczema) (Nakonechna et al., 2019; Jensen et al., 2022). 
A 16 year old boy experienced allergic reaction (such urticaria-angioedema, cough, bronchial obstruction) after accidental skin contact with cow milk (Liccardi et al., 2004). There are also other studies where skin contact with cow’s milk in infants, children and adults have resulted in severe systemic symptoms (Jarmoc and Primack, 1987; Tan et al., 2001; Ramirez and Bahna, 2009). 
Due to being in the vicinity of uncooked fish or egg, a 6 year old boy with multiple food allergies experienced contact urticaria (Ramirez and Bahna, 2009). Similar, other studies have indicated that contact with egg could result in an allergic reaction (Yamada et al., 1995; Caubet and Wang, 2011).
Exposure via Inhalation
Different studies have demonstrated that oral inhalation of milk proteins could result in an allergic reaction (Robles and Motheral, 2014; Bar-On et al., 2022). In one study, 9-year-old boy with asthma and milk protein allergy experienced shortness of breath due to the presence of lactose in an asthma inhaler (Robles and Motheral, 2014). Similar observations to the previous study (such as contact urticaria around lips, angioedema, shortness of breath) were also observed in children and adults with asthma and CMPA in response to oral inhalation of lactose (Sa et al., 2011; Bar-On et al., 2022).
Similar to CMPA, EWP allergies can be induced via inhalation. Upon exposure to egg aerosols or egg proteins, bakery workers experienced allergic respiratory symptoms and inflammation of eyes and their skin prick tests showed positive results for EWP (Leser et al., 2001; Escudero et al., 2003).
[bookmark: _Toc158983480][bookmark: _Ref191289522][bookmark: _Ref191289538][bookmark: _Ref187133049][bookmark: _Toc169061700]Expected properties of the GM yeast
 The applicant has proposed to use commercially available strains of P. pastoris and protein expression vectors for stable integration of expression cassettes into the P. pastoris genome (GM yeast). As these strains will be tested for stability under exempt or NLRD dealings, the GM yeast used for large scale fermentation is expected to stably express desired animal proteins. Some of these proteins produced by the GM yeast are known food allergens. 
The GM yeast with constitutive promoters are expected to express proteins under all suitable culture conditions. However, the GM yeast with inducible promoters are expected to express proteins in the presence of an inducer.
Due to the presence of antibiotic resistance genes in the GM yeast, the yeast may have a selective advantage in the presence of the antibiotic.
[bookmark: _Ref191119091][bookmark: _Toc291151811][bookmark: _Toc309054012][bookmark: _Toc309833704][bookmark: _Toc311188365][bookmark: _Toc377743567][bookmark: _Toc46243660][bookmark: _Toc47536753][bookmark: _Toc158983481][bookmark: _Toc219529474][bookmark: _Ref233512151][bookmark: _Ref233520982][bookmark: _Ref235515052][bookmark: _Toc159907353]The receiving environment
[bookmark: _Toc291151812][bookmark: _Toc309054013][bookmark: _Toc309833705][bookmark: _Toc311188366][bookmark: _Toc377743568]The receiving environment forms part of the context in which the risks associated with dealings with the GMOs are assessed. Relevant information about the receiving environment includes abiotic and biotic interactions of the organism with the environment where the release would occur; production practices for the organism; presence of organisms that are sexually compatible with the GMO; and background presence of the gene(s) used in the genetic modification (OGTR, 2013).
The GM yeast to be used for the protein production process will be developed from laboratory P. pastoris strains which only grow under conducive culture conditions. In the event of a spill or leak, they are unlikely to survive in the environment and form a self-sustaining population. 
[bookmark: _Toc377743569][bookmark: _Toc46243662][bookmark: _Toc47536755][bookmark: _Ref57119212][bookmark: _Toc158983482][bookmark: _Toc169061702][bookmark: _Ref190155019][bookmark: _Ref190670449][bookmark: _Ref190670474][bookmark: _Ref190670740][bookmark: _Ref191365337][bookmark: _Ref191365347][bookmark: _Ref191716941][bookmark: _Ref191956918][bookmark: _Ref206392980][bookmark: _Toc219529476][bookmark: _Ref227915152][bookmark: _Ref227997583][bookmark: _Ref227997971][bookmark: _Ref235845124]Presence of related fungal species in the receiving environment
[bookmark: _Ref270935195][bookmark: _Toc291151816][bookmark: _Toc309054017][bookmark: _Toc309833709][bookmark: _Toc311188370]P. pastoris is commonly found in decaying wood and succulent plants (Mortimer, 2000; Chang et al., 2006). The natural hosts such as oak or chestnut trees are not present in the vicinity of the production facility. Hence, it is unlikely that the GM yeast will interact with wild-type yeast.
[bookmark: _Toc158983483]Presence of similar genes or products in the environment
The genes and their proteins for bovine milk, chicken egg and spider silk are ubiquitous in the environment. Also, the antibiotic resistance genes proposed in the application are naturally present in soil bacteria.
[bookmark: _Toc46243664][bookmark: _Toc47536757][bookmark: _Ref67493452][bookmark: _Toc158983484][bookmark: _Toc311188371]Previous authorisations
The GM yeast has not been previously authorised for fermentation trials in Australia. However, several similar dealings have received Generally Recognised as Safe (GRAS) status in the United States. Most recent of these are GRAS No. 1056 for production of β-lactoglobulin and GRAS No. 967 for production of egg-white using P. pastoris.


[bookmark: _Toc301341849][bookmark: _Toc46243667][bookmark: _Toc47536760][bookmark: _Ref57119450][bookmark: _Ref57119486][bookmark: _Ref57119506][bookmark: _Ref67492223][bookmark: _Ref67492419][bookmark: _Toc158983485]Risk assessment
[bookmark: _Toc301341850][bookmark: _Toc446425406][bookmark: _Toc46243668][bookmark: _Toc47536761][bookmark: _Ref147234434][bookmark: _Ref147234460][bookmark: _Toc158983486]Introduction
[bookmark: _Ref298160107][bookmark: _Ref298160103]The risk assessment identifies and characterises risks to the health and safety of people or to the environment from dealings with GMOs, posed by or as the result of gene technology (Figure 5). Risks are identified within the established risk assessment context (Chapter 1), taking into account current scientific and technical knowledge. A consideration of uncertainty, in particular knowledge gaps, occurs throughout the risk assessment process.
[image: Outlines the process used for risk assessment]
[bookmark: _Ref55545144]The risk assessment process
The Regulator uses a number of techniques to identify risks, including checklists, brainstorming, previous agency experience, reported international experience and consultation (OGTR, 2013).
Risk identification first considers a wide range of circumstances in which the GMO, or the introduced genetic material, could come into contact with people or the environment. This leads to postulating plausible causal pathways that may give rise to harm for people or the environment from dealings with a GMO. These are risk scenarios.
Risk scenarios are screened to identify substantive risks, which are risk scenarios that are considered to have some reasonable chance of causing harm. Risk scenarios that could not plausibly occur, or do not lead to harm in the short and long term, do not advance in the risk assessment process (Figure 5), i.e., the risk is considered no greater than negligible.
Risk scenarios identified as substantive risks are further characterised in terms of the potential seriousness of harm (Consequence assessment) and the likelihood of harm (Likelihood assessment). The consequence and likelihood assessments are combined to estimate the level of risk and determine whether risk treatment measures are required. The potential for interactions between risks is also considered.
[bookmark: _Toc301341851][bookmark: _Toc46243669][bookmark: _Toc47536762][bookmark: _Toc158983487]Risk identification
Postulated risk scenarios are comprised of three components (Figure 6):
i. the source of potential harm (risk source)
ii. a plausible causal linkage to potential harm (causal pathway)
iii. potential harm to people or the environment.
Source of 
potential harm
(a novel GM trait)
Potential harm to
an object of value
(people/environment)
Plausible causal linkage

[bookmark: _Ref475973580][bookmark: _Toc34906266] Components of a risk scenario
When postulating relevant risk scenarios, the risk context is taken into account, including the following factors detailed in Chapter 1:
· the proposed dealings;
· the proposed limits including the extent and scale of the proposed dealings;
· the proposed controls to limit the spread and persistence of the GMO; and
· the characteristics of the parent organism(s).
[bookmark: _Ref490461333][bookmark: _Ref496597381][bookmark: _Toc46243670][bookmark: _Toc47536763][bookmark: _Toc158983488]Risk source
The sources of potential harms can be intended novel GM traits associated with one or more introduced genetic elements, or unintended effects/traits arising from the use of gene technology.
As discussed in Chapter 1 Section 4, the GM yeast will be modified by inserting bovine milk, chicken egg or spider silk genes. The intended effect of insertion of these genes is to express them to produce animal proteins from a non-animal source. These introduced genes are considered further as a potential source of risk.
The introduced tags such as poly-histidine and epitope tags, and selectable antibiotic markers, are routinely used in the protein production process to identify the GM yeast (i.e., selection of the GM yeast) and to identify and purify the expressed proteins. The antibiotic selection markers used in the laboratory are not usually used as therapeutics. They are not considered as a direct source of risk in the proposed dealings. 
It is noted that a large volume of GM yeast slurry is generated that may carry antibiotic resistance genes. If released into the environment, this could potentially result in horizontal gene transfer (HGT) resulting in antibiotic resistant organisms. Though HGT is considered a rare event in eukaryotes (Gonçalves and Gonçalves, 2022) such as yeast, as a cautionary approach, the GM yeast where antibiotic resistance genes are present is proposed to be denatured  as well as decontaminated before it could be used in the preparation of animal feed, as soil conditioner or disposed as waste.
The introduced genes are controlled by introduced regulatory sequences such as promoters and termination sequences, and secretion signal peptides. These sequences are DNA that is not expressed as a protein, so exposure is to the DNA only and dietary DNA has no toxicity (Society of Toxicology, 2003). Hence, the introduced regulatory sequences will not be further considered as sources of potential harm for this application.
Unintended effects due to the process of genetic modification
Genetic modifications have the potential to cause unintended effects in several ways. These include insertional effects, where the introduced genetic elements are randomly integrated into the host’s genome. These effects, such as interruptions, deletions, duplications or rearrangements of the genome, can lead to altered expression of endogenous genes as reviewed in plants (Schnell et al., 2015). As mentioned in paragraph 17, prior to conducting dealings in the production facility, the strains will be assessed and characterised in small volumes within the PC2 LS facility for more than 50 generations to demonstrate stable integration of the expression cassette and genetic stability. Each protein production strain of the GM yeast will be fully sequenced before selecting the desired GM yeast for the proposed protein production process. This would ensure that there are no unintended disruptions to other endogenous genes. Hence the potential for the processes of genetic modification to result in unintended effects will not be considered further.
The Act does not regulate activities with GM products, which are defined as a thing (other than a GMO) derived or produced from a GMO. Examples include purified recombinant proteins. Therefore, risks posed during handling and use of the purified proteins after separating them from the GM yeast will not be considered further in this risk analysis. However, risks posed by exposure to the proteins in the course of conducting dealings with the GM yeast are considered.
Risks arising from cross-contamination of production equipment, leading to unintended expansion of the GM yeast and protein expression while culturing other organisms, or product contamination at downstream processing stages, will not be considered further. Fermenters and processing equipment undergo cleaning processes after each use and are sterilised before initiating a new culture.
[bookmark: _Toc46243671][bookmark: _Toc47536764][bookmark: _Toc158983489]Causal pathway
The following factors are taken into account when postulating plausible causal pathways to potential harm:
· the proposed dealings with the GMO;
· proposed limits, including the extent and scale of the proposed dealings;
· characteristics of the parent organism;
· potential effects of introduced or deleted gene(s) on the properties of the organism;
· routes of exposure to the GMOs, the introduced gene(s) and gene product(s);
· potential exposure to the introduced gene(s) and gene product(s) from other sources in the environment;
· the receiving environment; 
· spread and persistence of the GMOs (e.g. dispersal pathways and establishment potential);
· potential for gene transfer to sexually compatible organisms
· gene transfer by horizontal gene transfer (HGT); and
· unauthorised activities.
Although all of these factors were considered, some are not included in the risk scenarios below as a plausible pathway to harm could not be identified.
As discussed in Chapter 1 Section 3, under extreme conditions such as nutrient depletion, P. pastoris resorts to formation of mating-types which produce diploid cells. These diploid cells have the ability to sporulate. Similarly, P. pastoris under extreme conditions has been observed to form invasive morphological phenotypes, possibly to adapt to environmental changes for better survival (Ata et al., 2021). However, culture conditions proposed by the applicant are not conducive for sporulation or for modified phenotypes. Hence, the potential for spread through spore formation or through morphological adaptions will not be considered further.
The commercially available strains proposed to be used in the application are laboratory adapted P. pastoris strains that can only grow under optimal conditions. As a result, these strains are unlikely to grow in the environment in an event of escape. Moreover, the wild-type P. pastoris, are typically found in trees such as chestnut and oak, which are not found in the vicinity of the production facility. Hence, the potential of gene transfer to sexually compatible organisms or homologous recombination will not be considered further.
As discussed in Chapter 1 Section 3, P. pastoris does not produce any toxins and is not considered pathogenic. Hence, harms relating to toxicity and pathogenicity will not be considered further. Similarly, the potential for reversion of the GM yeast to the parental phenotype is not a plausible pathway to harm because the parent organism is not pathogenic or harmful (Chapter 1 Section 3). Therefore, reversion will not be considered further.
Oral ingestion of the GM yeast as a causal pathway will not be considered as the staff will be wearing a face mask when handling the cultures which will prevent accidental ingestion and the trained staff will not consider the culture contents as food which will preclude intentional ingestion. Moreover, as discussed in (Chapter 1, Section 4.1.1.4), the quantities of allergen required to be consumed to elicit an allergic response is higher than that which would be consumed accidentally.
The Act provides for substantial penalties for unauthorised dealings with GMOs or non-compliance with licence conditions, and also requires the Regulator to have regard to the suitability of an applicant to hold a licence prior to the issuing of the licence. These legislative provisions are considered sufficient to minimise risks from unauthorised activities. Therefore, unauthorised activities by the applicant will not be considered further.
[bookmark: _Toc453825264][bookmark: _Toc534809825][bookmark: _Toc37145972][bookmark: _Toc46243672][bookmark: _Toc47536765][bookmark: _Toc158983490]Potential harms
The introduced genes encode for animal proteins. Therefore, the potential harms that will be considered are:
risks to people undertaking this dealing from exposure to the GM yeast; and
risks to people and the environment from an unintentional release of GM yeast.
[bookmark: _Toc46243673][bookmark: _Toc47536766][bookmark: _Toc158983491]Postulated risk scenarios
[bookmark: _Hlk137641249]Two risk scenarios were postulated and screened to identify any substantive risks. These scenarios are summarised in Table 2 and discussed in depth in Sections 2.5 – 2.6.
In the context of the activities proposed by the applicant and considering both the short and long term, neither of the two risk scenarios gave rise to any substantive risks.
[bookmark: _Ref191117258][bookmark: _Ref222561300][bookmark: _Ref376429439]Summary of risk scenarios from the proposed dealings with GM yeast
	Risk scenario
	Risk source
	Possible causal pathway
	Potential
harm
	Substantive risk
	Reasons

	1
	GM yeast secreting animal proteins
	Fermentation of GM yeast expressing the introduced genes

Exposure of people at the production facility via inhalation of aerosols or contact

Expression of proteins

	Allergenicity in people
	No
	1. The limits and controls of the proposed protein production process would minimise exposure of people to the GM yeast.
1. The production facility will be limited to one location.
1. The facility will have restricted access.  
1. Closed system equipment include probes for monitoring culture parameters; ports for inputs and sample collection limit exposure to GM yeast.
1. Transfer of fluids via stainless steel piping or through aseptic transfer vessels, will prevent people from getting in direct contact with GM yeast.
1. The GM yeast is not expected to colonise human gut and form sustainable population, so any effect will be transitory.
1. The introduced proteins are ubiquitously present in the environment and many in the human diet.

	2
	GM yeast secreting animal proteins
	Culture of GM yeast expressing animal proteins

Escape of GM yeast into the environment via:
· Leakage from culture tanks or pipes
· During sample collection
· Transport of slurry or GMO waste

Presence of GM yeast outside the production facility

Establishment and persistence of GM yeast in the environment
	Adverse effects in people or animals
	No
	1. The proposed limits and controls would minimise the likelihood of dispersal of the GM yeast.
1. Closed systems will prevent animals getting into contact with GM yeast.
1. The culture tanks and pipes will be regularly inspected for any leakage.
1. The GM yeast are developed from laboratory strains which require a conducive culture environment and hence, are not likely to persist in the environment. 
1. It is not expected that the introduced genes would confer any selective advantage to the GM yeast to establish and persist in the environment. 
1. Decontaminated and denatured (where antibiotic resistance genes are used) slurry will be tested for the absence of GMOs and antibiotic resistance genes, if relevant.
1. All GMO containing waste will be autoclaved or chemically disinfected before being disposed of.
1. Transport according to TSD guidelines
1. There are no flowing waterways nearby the facility that would facilitate the GM yeast from escaping and spreading in the environment in case of any extreme weather event.


[bookmark: Chapter_2_2_1][bookmark: _Ref61527090][bookmark: _Toc158983492][bookmark: _Toc190509008][bookmark: _Ref191460068][bookmark: _Toc209859590][bookmark: _Toc274904769][bookmark: _Toc291151823][bookmark: _Toc309054024][bookmark: _Toc309833716][bookmark: _Ref341344175][bookmark: _Toc376438177][bookmark: _Toc377743578]Risk scenario 1
	Risk source
	GM yeast secreting animal proteins

	Causal pathway
	Fermentation of GM yeast expressing the introduced gene

Exposure of people at the production facility via inhalation of aerosols or contact

Expression of proteins

	Potential harm
	Allergenicity in people


Risk source
The source of potential harm for this postulated risk scenario is the GM yeast, which secretes animal proteins.
Causal Pathway
The GM yeast will be cultured at the production facility during which time animal proteins will be expressed. 
[bookmark: _Hlk147302299]People working at the production facility may be exposed to GM yeast and the expressed protein via direct contact with the GM yeast culture solution or by inhalation of aerosolised GM yeast resulting in exposure to expressed proteins causing allergenicity. This would be most likely to occur when people are working with GM yeast, e.g., while monitoring culture conditions, during separation of the GM yeast and the supernatant or during failure of closed systems, e.g., over pressurisation resulting in bursting of a fermenter and leakage or spill during transfer of GM yeast to a fermenter. 
As mentioned in Chapter 1, Section 2.3.1, culture medium can be aerosolised by bubbles bursting in foams or in aerated fermenters. This could lead to inhalation of aerosolised GM yeast. Spills or leaks during culturing, harvest or post-harvest cleaning may lead to dermal contact of people with GM yeast.
As mentioned in Chapter 1, fermentation will be carried out using a closed system which will have probes for monitoring culture parameters; filtered gas exchange vents, ports for inputs and sample collection, thus preventing the need to open the system. Further, transfer of fluids will be via stainless steel piping or through aseptic transfer vessels. Moreover, staff working with the GM yeast will be trained and will wear appropriate PPE, which includes face masks and gloves. All these measures will prevent people from aerosol exposure or from direct contact with GM yeast cultures.
Allergy to milk and egg proteins is most common in young children and decreases rapidly with age (Allen et al., 2007; Jensen et al., 2022). Young children will not be present in the production facility. The most common route of exposure to these allergenic proteins is via the diet. As stated in paragraph 128, ingestion of the GM yeast expressing the milk and egg proteins is highly unlikely to occur as GM yeast will be cultured in closed systems and appropriate PPE will be worn. 
The production process will be restricted to one location and for five years from the date of issue of the licence. Access to the production facility would be only given to authorised and appropriately trained people. This means that a limited number of people would be in the production facility or handling the GM yeast.
As mentioned in Chapter 1, GM yeast from this protein production process would not be used for human food and only decontaminated yeast slurry would be used as a soil conditioner or in animal feed preparation. The GM yeast will be decontaminated either by exposure to heat or chemicals. Decontamination methods would be tested for their efficiency in the initial stages. This would limit the exposure of people to viable GM yeast. 
In the event of a spill or leakage, spill kits placed adjacent to the fermenters would be used. The spill kits contain absorbent material, PPE and decontamination solution. This could be deployed quickly to soak up and kill the GM yeast. In case of large spills, the drains lead to a small sump with level sensors which activate pumps to transfer the liquids to a concrete tank or 3 x 22 kL holding tanks for chemical disinfection. 
These measures are expected to minimise exposure of people to GM yeast during a spill or leakage. 
Overall, the proposed limits and controls minimise the potential for exposure of GM yeast to people working at the production facility.
Potential harm
In the case of exposure to GM yeast expressing bovine milk and chicken egg proteins, a range of allergic symptoms could occur (Chapter 1, Section 4.1.1.4). The most common symptoms reported in allergic individuals as a result of bovine milk and chicken egg consumption are anaphylaxis, asthma, rhinitis, atopic dermatitis, urticaria and gastrointestinal disorders. An allergic reaction is expected to occur rapidly, over the space of minutes to hours. Treatment ranges from antihistamines, epinephrine, glucocorticoids, and inhaled beta-agonists. Anaphylaxis is a systemic, rapid onset hypersensitivity reaction (Cardona et al., 2020). While anaphylaxis is a serious condition that may require hospitalisation, fatal and near-fatal events are rare (Umasunthar et al., 2013; Turner et al., 2017). An analysis of data from 1970 European children in 10 countries with anaphylaxis to food, there were a total of 5 fatal anaphylactic reactions, with 2 attributed to cow’s milk and none to eggs (Grabenhenrich et al., 2016). In fact, out of a total of 134 children reported to have egg allergy, none experienced life-threatening anaphylaxis.
The standard of care for anaphylaxis is an intramuscular injection of adrenaline (epinephrine) to reduce the risk of death (Prince et al., 2018).
As discussed in Chapter 1, Section 4.1.1.3, spider silk fibre proteins are not known to be allergens and P. pastoris is not known to be toxic or pathogenic, therefore, exposure of people to GM yeast expressing spider silk protein is unlikely to result in harm to people.
People are generally exposed to bovine milk and chicken egg proteins as they form part of their daily diet, and a very small proportion of adults have allergic reactions to them. However, people who have allergies to the bovine milk and chicken egg proteins could have an allergic reaction through direct contact or from the inhalation of aerosolised GM yeast (Chapter 1, Section 4.1.1.4). 
Given the widespread consumption of bovine milk and chicken egg proteins, it is highly unlikely that a person would not be aware of their allergy and would protect themselves against exposure to these proteins. The applicant has further advised that no current staff have any allergies or food intolerances to proteins proposed to be used under this licence application.
 Conclusion
Risk scenario 1 is not identified as a substantive risk due to limited potential for exposure to the GM yeast, their introduced genes, and their encoded proteins and the low prevalence of contact or inhalation allergies to these proteins (Chapter 1, Section 4.1.1.4). Therefore, this risk could not be considered greater than negligible and does not warrant further detailed assessment.
[bookmark: _Ref147233778][bookmark: _Toc158983493]Risk scenario 2
	Risk source
	GM yeast secreting animal protein

	Causal pathway
	Culture of GM yeast expressing animal proteins

Escape of GM yeast into the environment via:
· Leakage from fermenters or pipes
· During sample collection
· Transport of slurry or GM yeast waste

Presence of GM yeast outside the production facility

Establishment and persistence of GM yeast in the environment

	Potential harm
	Adverse effects in people or animals


Risk source
The source of potential harm for this postulated risk scenario is the GM yeast, which secretes animal proteins.
Causal Pathway
The GM yeast could escape from the production facility during events such as leakage from fermenters and pipelines, sample collection or transport of partially decontaminated GM yeast. The GM yeast could establish and persist in the environment. This could result in exposure of people, other desirable organisms, or the environment to the introduced genes and proteins.
Potential for persistence at the production facility
The GM yeast could persist at the production facility: 
· in fermenters between batches of GM yeast culture
· in other fermenters, in which non-GM P. pastoris are grown while the GM yeast is present at the production facility
· in equipment other than fermenters used in connection with the GM yeast or 
· in spills of culture solution suitable to grow yeast.
The applicant has proposed that GM yeast cultures will be grown at the site in closed systems; all equipment used in connection with the GM yeast will be cleaned/sterilised after use and before use for a new batch; and to regularly inspect equipment for any leakages. These controls would minimise the chances of GM yeast persisting in the production facility.
As mentioned above in risk scenario 1, if there is any leak or spill, area or cultures will be decontaminated using chemicals. Alternatively, drains lead to a sump from where the liquid is transferred to a concrete or holding tanks for chemical decontamination.
In addition, the GM yeast could persist at the production facility due to ineffective decontamination of GM yeast. The applicant has proposed to inactivate the GM yeast by either heat or chemical inactivation. The efficiency of these decontamination methods will be tested during initial stages. 
Dispersal through human activity
Dispersal through human activity could occur if staff did not adhere to protocols or by accident. For example, GM yeast could be transported on clothing or footwear following a spill of GM yeast at the production facility.
Access to the site would be restricted to authorised, trained staff. The site will be checked for spills of GM yeast culture solution and action will be taken to decontaminate any such spills. All GM yeast would be transported in accordance with the Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs, which would minimise the opportunity for dispersal of GM yeast.
Dispersal by animals
The fermentation process will be conducted in closed systems. This will prevent access by wild or domestic animals to the facility and being exposed to the GM yeast. However, in case of any leak or spill, there is a chance that birds or rodents could be exposed to the GM yeast. 
Potential harm
The potential harms for this risk scenario are that the GM yeast could spread and persist in the environment. This could lead to exposure of animals and people potentially causing adverse effects. The potential harms for this risk scenario for people are the same as the potential harms described in detail in Risk Scenario 1. 
As discussed in Chapter 1, Section 3.5, chickens and mice fed with yeast had beneficial probiotic effects. The yeast itself and proteins expressed in GM yeast are commonly present in the environment and there are no reports of toxicity in animals.
The GM yeast could spread and persist in the environment as an invasive species and out compete native yeast. However, as the strains used for development of GM yeast are laboratory strains that require a conducive environment for growth, they are not expected to survive in the environment.
The production facility is located where the natural hosts of P. pastoris such as oak or chestnut trees do not exist. This will minimise the GM yeast from finding a suitable environment to spread and persist.
Further, there are no flowing waterways nearby the facility that would facilitate the GM yeast from escaping and spreading in the environment in case of any extreme weather event.
Conclusion
[bookmark: _Hlk136866507]Risk scenario 2 is not identified as a substantive risk due to the limited ability of the GM yeast to establish and persist outside of culture conditions at a density that would have an appreciable adverse effect on the biotic environment or desirable organisms. Therefore, this risk could not be considered greater than negligible and does not warrant further detailed assessment.
[bookmark: _Toc376438183][bookmark: _Toc377743584][bookmark: _Toc47536767][bookmark: _Ref67492224][bookmark: _Toc158983494]Uncertainty
Uncertainty is an intrinsic part of risk analysis and is present in all aspects of risk analysis. This is discussed in detail in the Regulator’s Risk Analysis Framework document.
Uncertainty is addressed by approaches such as balance of evidence, conservative assumptions, and applying risk management measures that reduce the potential for risk scenarios involving uncertainty to lead to harm. If there is residual uncertainty that is important to estimating the level of risk, the Regulator will take this uncertainty into account in making decisions.
For DIR 200, uncertainty is noted particularly in relation to:
Molecular characterisation of the GM yeast including gene sequences and amino acid sequences of the expressed proteins;
potential for allergenicity of GM yeast expressing the introduced milk, egg and spider silk proteins to people;
potential for GM yeast to sporulate or form adaptable structures under culture conditions;
validity of decontamination of GMOs in large volumes; and denaturation methods (where antibiotic resistance genes are present).
Additional data, including information to address these uncertainties, may be required to assess possible future applications with reduced limits and controls, such as the commercial release of these GM yeast.
Chapter 3, Section 4, discusses information that may be required for future release. 
[bookmark: _Toc47536768][bookmark: _Ref147234183][bookmark: _Ref147234207][bookmark: _Toc158983495][bookmark: _Ref329596058][bookmark: _Ref329596068][bookmark: _Toc337043444][bookmark: _Toc376438182][bookmark: _Toc377743583][bookmark: _Toc209859597][bookmark: _Toc274904777][bookmark: _Toc291151830][bookmark: _Toc309054030][bookmark: _Toc309833722]Risk evaluation 
Risk is evaluated against the objective of protecting the health and safety of people and the environment to determine the level of concern and, subsequently, the need for controls to mitigate or reduce risk. Risk evaluation may also aid consideration of whether the proposed dealings should be authorised, need further assessment, or require collection of additional information.
Factors used to determine which risks need treatment may include:
· risk criteria,
· level of risk,
· uncertainty associated with risk characterisation, and
· interactions between substantive risks.
Two risk scenarios were postulated whereby the proposed dealing might give risk to harm to people or the environment. 
A risk is substantive only when the risk scenario may, because of gene technology, have some chance of causing harm. Risk scenarios that do not lead to harm, or could not reasonably occur, do not represent a substantive risk and do not advance in the risk assessment process.
Two risk scenarios were postulated whereby the proposed dealings might give rise to harm to people or the environment. In the context of the control measures proposed by the applicant, and considering both the short and long term, neither of these scenarios were identified as substantive risks. The principal reasons for these conclusions are summarised in Table 2 and include:
fermentation will occur in closed systems.
no GM yeast would enter human food;
limits on the duration of the proposed release;
people conducting dealings will wear appropriate PPE;
GM yeast will be decontaminated and denatured (where antibiotic resistance genes are present) before being used in animal feed preparation or disposed of as soil conditioner;
waste containing GM yeast will be autoclaved before its disposal; and
suitability of proposed controls to restrict the spread and persistence of the GM yeast and its genetic material. 
Therefore, risks to the health and safety of people, or the environment, from the proposed release of the GM yeast into the environment are considered negligible. The Risk Analysis Framework (OGTR, 2013), which guides the risk assessment and risk management process, defines negligible risks as risks of no discernible concern with no present need to invoke actions for mitigation. Therefore, no controls are required to treat these negligible risks. Hence, the Regulator considers that the dealings involved in this proposed release do not pose a significant risk to either people or the environment[footnoteRef:5]. [5:  As none of the proposed dealings are considered to pose a significant risk to people or the environment, Section 52(2)(d)(ii) of the Act mandates a minimum period of 30 days for consultation on the RARMP.] 


Chapter 2	Risk assessment	40
[bookmark: _Toc202859581][bookmark: _Toc223510482][bookmark: _Toc301341858][bookmark: _Toc47536769][bookmark: _Ref57119365][bookmark: _Toc158983496][bookmark: _Toc109207389][bookmark: _Toc111019337][bookmark: _Toc112822925][bookmark: _Toc127695746][bookmark: _Toc142471173][bookmark: _Toc142987540][bookmark: _Toc143058829]Risk management plan
[bookmark: _Toc446425415][bookmark: _Toc47536770][bookmark: _Toc158983497]Background
Risk management is used to protect the health and safety of people and to protect the environment by controlling or mitigating risk. The risk management plan addresses risks evaluated as requiring treatment and considers limits and controls proposed by the applicant, as well as general risk management measures. The risk management plan informs the Regulator’s decision-making process and is given effect through proposed licence conditions.
Under section 56 of the Act, the Regulator must not issue a licence unless satisfied that any risks posed by the dealings proposed to be authorised by the licence are able to be managed in a way that protects the health and safety of people and the environment.
All licences are subject to three conditions prescribed in the Act. Section 63 of the Act requires that each licence holder inform relevant people of their obligations under the licence. The other statutory conditions allow the Regulator to maintain oversight of licensed dealings: Section 64 requires the licence holder to provide access to premises to OGTR inspectors and Section 65 requires the licence holder to report any information about risks or unintended effects of the dealing to the Regulator on becoming aware of them. Matters related to the ongoing suitability of the licence holder are also required to be reported to the Regulator.
The licence is also subject to any conditions imposed by the Regulator. Examples of the matters to which conditions may relate are listed in Section 62 of the Act. Licence conditions have been imposed to limit and control the scope of the dealings. In addition, the Regulator has extensive powers to monitor compliance with licence conditions under Section 152 of the Act.
[bookmark: _Toc47536771][bookmark: _Ref137049475][bookmark: _Ref137115753][bookmark: _Toc158983498]Risk treatment measures for substantive risks
The risk assessment of risk scenarios listed in Chapter 2 concluded that there are negligible risks to people and the environment from the proposed trial of GM yeast. The risk scenarios were considered in the context of the proposed release (Chapter 1 Section 2), the proposed control measures (Chapter 1, Section 2.2) and the receiving environment (Chapter 1 Section 5), and considering both the short and the long term. The risk evaluation concluded that no specific risk treatment measures are required to treat these negligible risks. Limits and controls proposed by the applicant and other general risk management measures are discussed below.
[bookmark: _Toc47536772][bookmark: _Toc158983499]General risk management
The limits and controls proposed in the application were important in establishing the context for the risk assessment and in reaching the conclusion that the risks posed to people and the environment are negligible to low. Therefore, to maintain the risk context, licence conditions have been imposed to limit the number of production trial sites and duration of the trial, as well as a range of controls to restrict the spread and persistence of the GMOs and their genetic material in the environment. The conditions are discussed and summarised in this Chapter and listed in detail in the licence. 
[bookmark: _Toc61015662][bookmark: _Toc47536773][bookmark: _Toc158983500]Limits and controls on the release
Section 2.1 and Section 2.2 in Chapter 1 list the limits and controls proposed by the applicant in their application. Many of these are discussed in the two risk scenarios considered in Chapter 2. The appropriateness of the limits and controls is considered further in the following sections.
[bookmark: _Hlk147839602]Consideration of limits proposed by Cauldron 
The proposed work would take place at a single location at Cauldron’s purpose-built protein production facility in NSW, which is owned and managed by Cauldron. The production trials would be run over eight single batches per annum and eight continuous batches per annum where GM yeast would be cultured in volumes of up to 12.5 kL. The proposal is to run these production trials for five years from the issue of licence. The limited size and duration of the trial would restrict the potential exposure of people and desirable animals to the GM yeast (Risk scenario 1). Considering a possibility that some culture runs might fail, a restriction on the number of runs per annum has not been imposed in the licence. Taking into consideration the limits proposed, a licence condition is included to restrict the location to one production facility and licence period to five years from the issue of the licence and to restrict the trial to one site.  
The applicant proposes that only trained and authorised staff would be permitted to deal with the GM yeast. Standard conditions included in the licence state that only people authorised by the licence holder are covered by the licence and that the licence holder must inform all people dealing with the GM yeast of applicable licence conditions. These measures would limit the exposure of people to potential harm from the GM yeast.
Consideration of proposed controls to manage exposure to the GMOs
Access to the GM yeast is restricted to authorised people and this is included as a licence condition. This condition restricts the exposure of people not authorised under the licence and animals to the GM yeast.
The applicant has proposed that staff would be wearing appropriate PPE when required. A licence condition is included that requires staff to wear coveralls, P2 mask and gloves where there is possibility of exposure to GM yeast.
The applicant has indicated that all waste from the GM yeast protein production process would be disposed of in a manner that would not disperse GM yeast. A licence condition is included that allows only decontaminated and denatured (where antibiotic resistance genes are present) GM yeast to be used as a soil conditioner or in animal feed preparation.
The Applicant has proposed that transport of GMOs will follow Regulator’s Guidelines for Transport, Storage and Disposal of GMOs (TSD guidelines). Licence conditions require that transport complies with minimum requirements for packaging and labelling the GMO for risk group 1 organisms according to the TSD guidelines.
A licence condition requires that a record of each GM yeast including its genetic modification is kept and made available to the Regulator, if requested.
Consideration of proposed controls to manage dispersal and persistence of the GMOs
The applicant has proposed control measures to limit the dispersal of GM yeast during the fermentation process. The applicant proposes that fermentation will be carried out in closed fermenters to minimise the likelihood of aerosol release, direct contact and ingestion. The closed system will have several inlet and outlet ports to allow inoculation of cultures, insertion of fixed and retractable probes, and supply and release of gases. The applicant also states that liquids will be transferred through stainless steel piping or transfer vessels. The closed fermenters, stainless-steel pipes and transfer vessels would be decontaminated before and after contact with the GM yeast. These controls are considered appropriate to minimise the likelihood of dispersal of the GM yeast and are covered in several licence conditions.
The applicant has proposed physical and behavioural control measures to limit the dispersal of GM yeast during harvest, by minimising aerosol formation, direct contact and ingestion. GM yeast are separated by pumping the culture solution from the fermenters directly to the centrifuge. The residual slurry will be transferred to a vessel where GM yeast will be decontaminated and the supernatant transferred for further filtration through a stainless-steel pipe network. All the vessels and piping network will be inspected regularly for any leakage. These controls are considered appropriate and are included in the licence.
The methodology for decontamination and denaturation (where antibiotic resistance genes are present) of the GMOs will be tested during the initial stages of batch culture for effectiveness of killing and denaturing the GM yeast. A licence condition is included that stipulates that both methods of heat and chemical inactivation be tested and validated for their effectiveness in killing the GM yeast after the first run and these results must be provided to the Regulator before proceeding with further runs. In addition, where antibiotic resistance genes are present in the GM yeast, the GM yeast is also required to be denatured using validated methods and these results must be provided to the Regulator before proceeding with further runs. 
The applicant proposed that all other waste such as filter residue and filter material containing GM yeast would be disposed of via autoclaving. This is an acceptable means of disposing of the GM yeast and is included in the licence.
The applicant has proposed a contingency plan detailing several steps to deal with any inadvertent small spills. As an additional back-up, for example in case of a large spill volume, the drain in the culture area could be blocked and the GM yeast culture pumped to a holding tank where it could be chemically inactivated. These steps are considered appropriate and are imposed as licence conditions.
A standard condition is included in the licence requiring the licence holder to ensure that dealings are conducted to not compromise the health and safety of people and minimise unintentional exposure to the GM yeast. 
Summary of licence conditions to be implemented to limit and control the dealings
A number of licence conditions have been drafted to limit and control the proposed dealings, based on the above considerations. These include requirements to:
· limit the duration of the release to a maximum of five years from issue of the licence;
· limit the release to a single location in NSW: Cauldron’s protein production facility at Borenore, NSW;
· the fermenters be of closed systems;
· inspect the culture area for spilled media regularly during culture of the GM yeast;
· culture and harvest GM yeast in a manner that avoids dispersal of the GM yeast;
· clean areas and equipment exposed to GM yeast after use;
· clean any equipment used with the GM yeast before use for any other purpose;
· destroy all GM yeast not required for further experiments or future trials;
· transport and store the GM yeast in accordance with the Regulator's guidelines;
· not allow the GM yeast to be used for human food;
· only decontaminated and denatured (where antibiotic resistance genes are present) GM yeast may be used as soil conditioner or in animal feed preparation;
· not allow the GM yeast to be released into the environment; and
· dispose of GM yeast via autoclave or effective chemical decontamination methods.
[bookmark: _Toc61015663][bookmark: _Toc158983501]Other risk management considerations
All DIR licences issued by the Regulator contain a number of conditions that relate to general risk management. These include conditions relating to:
· applicant suitability
· contingency plans
· identification of the persons or classes of persons covered by the licence
· reporting requirements
· access for the purpose of monitoring for compliance.
Applicant suitability 
In making a decision whether or not to issue a licence, the Regulator must have regard to the suitability of the applicant to hold a licence. Under Section 58 of the Act, matters that the Regulator must take into account include:
· any relevant convictions of the applicant
· any revocation or suspension of a relevant licence or permit held by the applicant under a law of the Commonwealth, a State or a foreign country
· the capacity of the applicant to meet the conditions of the licence.
A licence condition requires the licence holder to inform the Regulator of any information that would affect their suitability.
In addition, the applicant organisation must have access to an IBC and be an accredited organisation under the Act.
Contingency plans
The applicant has submitted a contingency which details measures to be undertaken in the event of any unintended presence of the GM yeast outside permitted areas.
Before culturing the GM yeast, the applicant would also be required to provide the Regulator with a method to detect the GM yeast reliably and uniquely.
Identification of the persons or classes of persons covered by the licence
The persons covered by the licence will be the licence holder and employees, agents or contractors of the licence holder and other persons who are, or have been, engaged or otherwise authorised by the licence holder to undertake any activity in connection with the dealings authorised by the licence. 
Prior to culture of the GM yeast, the applicant would be required to provide the role and contact details for key persons responsible for the management of the protein production process at the site; and the persons or class of persons working with the GMOs.
Reporting requirements
The licence requires the licence holder to immediately report any of the following to the Regulator:
· any additional information regarding risks to the health and safety of people or the environment associated with the dealings
· any contraventions of the licence by persons covered by the licence
· any unintended effects of the dealings.
Monitoring for compliance
The Act stipulates, as a condition of every licence, that a person who is authorised by the licence to deal with a GMO, and who is required to comply with a condition of the licence, must allow inspectors and other persons authorised by the Regulator to enter premises where a dealing is being undertaken for the purpose of monitoring or auditing the dealing.
If monitoring activities identify changes in the risks associated with the authorised dealings, the Regulator may also vary licence conditions, or if necessary, suspend or cancel the licence.
In cases of non-compliance with licence conditions, the Regulator may instigate an investigation to determine the nature and extent of non-compliance. The Act provides for criminal sanctions of large fines and/or imprisonment for failing to abide by the legislation, conditions of the licence or directions from the Regulator, especially where significant damage to the health and safety of people or the environment could result.
[bookmark: _Ref57213894][bookmark: _Toc61015664][bookmark: _Toc158983502]Issues to be addressed for future releases
Additional information has been identified that may be required to assess an application for a commercial release of these GM yeast, or to justify a reduction in limits and controls. This includes:
[bookmark: _Toc61015665]additional molecular and biochemical characterisation of the GM yeast, including data on allergenicity; and 
molecular characterisation of the recombinant proteins, including amino acid sequence, to demonstrate equivalence to native proteins.
[bookmark: _Toc158983503]Conclusions of the consultation RARMP
The RARMP concludes that the proposed limited and controlled release of GM yeast poses negligible risks to the health and safety of people or the environment as a result of gene technology, and that these negligible risks do not require specific risk treatment measures.
Conditions are imposed on the location and duration of the release, and to restrict the spread and persistence of the GM yeast and their genetic material in the environment, as these were important considerations in establishing the context for assessing the risks.
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[bookmark: _Toc69299554][bookmark: _Toc73427593][bookmark: _Toc89867938][bookmark: _Toc114230365][bookmark: _Toc146200312][bookmark: _Toc158983505]Appendix A: Summary of submissions from prescribed agencies on the consultation RARMP
[bookmark: _Toc158983506]The Regulator received a number of submissions from prescribed experts, agencies and authorities on the consultation RARMP. All issues raised in submissions that related to risks to the health and safety of people and the environment were considered in the context of the currently available scientific evidence and were used in finalising the RARMP that formed the basis of the Regulator’s decision to issue the licence. Advice received is summarised below.
	Submitter
	Summary of issues raised
	Comment

	1

	Agrees with the overall conclusion of the RARMP.

	Submission has been noted.

	
	The Regulator should seek further clarification from the applicant on the fate of DNA and DNA products and the efficacy of the decontamination and inactivation pathways and methods for these. In the absence of such data, consider segregating GM yeast containing antibiotic resistance genes from use for soil conditioning or in animal feed preparation.
	Section 2.3.5 has been amended to include denaturation of nucleic acid and proteins in GM yeast where antibiotic resistance genes will be present. Further, licence condition 23 has been modified to include that only decontaminated and, where antibiotic resistance genes are present, denatured GM yeast may only be used for the purpose of animal feed, as a soil conditioner or otherwise disposed of as waste. Further, licence condition 35 requires testing and validation for effectiveness in killing and denaturation of GM yeast.

	
	The Regulator should further clarify the definition of ‘inactivation’ in the licence.
	The word ‘inactivation’ has been replaced with ‘decontamination’ for consistency and definitions of both ‘decontamination’ and denaturation have been added to the RARMP and the licence.

	2
	

	Noted that the licence will prohibit the use of GM yeast in human food or commercial animal feed. Do not have any further comments on the licence application at this stage.
	Submission has been noted.

	3
	Do not have any advice or comments on the RARMP.
	Submission has been noted.

	4

	Agrees with the approach and considers that the risk posed by the GMO to the health of humans and the environment is minimal, providing that there is strict adherence to the proposed control measures to mitigate the uncontrolled release of the GM yeast into the wider environment.
	Submission has been noted.

	5
	Do not have any concerns.
	Submission has been noted.

	6


	Suggests amending the parent organism name from Pichia pastoris to its correct binomial name Komagataella pastoris.
	After cross checking the list of strains proposed to be used for the trial, Komagataella phaffi or Pichia pastoris is the correct parent organism.

	
	Sought clarification on whether only inactivated GM yeast slurry may be used for animal feed preparations or as soil conditioner.
	Yes, only decontaminated (inactivated) GM yeast may be used for animal feed preparations or as a soil conditioner. No viable GM yeast will be used as human food or animal feed.

	
	Sought clarification on how GM waste is decontaminated, whether by autoclaving or heat exchanger process, and on efficiency and validation of the decontamination methods. Further, how the material is to be kept during the 7 day culture.
	As discussed in Section 2.3.5, general decontamination of GMO and associated waste would be by either ˃121oC for 60 minutes by autoclaving or chemical disinfection by 1% (w/v) VirkonTM for 10 minutes. The efficacy of these methods has been validated by the applicant by conducting swab cultures and will also be tested for large volumes as part of the work under this licence.
As discussed in Section 2.3.5, the GM yeast slurry will be subjected to a heat exchanger run at ˃65oC and held for 60 minutes at ˃65oC in a holding tank. This is known to effectively kill yeast. Alternatively, where protein production is induced, the GM yeast slurry will be collected in a separate jacketed vessel. The pH will be raised to ˃10 and held for 60 minutes at ˃70oC. The pH will be readjusted to between 7 and 8 before disposal.  The licence requires the licence holder to report the test results of these decontamination methods for the first run before proceeding with successive runs. The material will remain stored in the holding tank until the test results are negative for any viable GMOs.

	
	Sought clarification on how a major spill of 3 x 22 kL be chemically decontaminated and whether this decontamination agent would be present on site. Further clarification sought on what is meant by “any material outside the production facility” in paragraph 38.
	The 3 x 22 kL tanks are backup holding tanks which will be used for chemical disinfection in case of any spills from fermentation tanks. In the event of a spill, the effluent will be collected into a collection sump which will be diverted to the holding tanks. The decontamination agent will be co-located next to each fermenter. 
Reference to any material outside the production facility refers to any unlikely leak or spill leading to presence of viable GM yeast outside of Cauldron’s production facility. 



DIR 200 – Risk Assessment and Risk Management Plan (February 2024)	Office of the Gene Technology Regulator

Appendix A	67
[bookmark: _Toc69299555][bookmark: _Toc73427594][bookmark: _Toc89867939][bookmark: _Toc114230366][bookmark: _Toc146200313][bookmark: _Toc158983507]Appendix B: Summary of submissions from the public on the consultation RARMP
[bookmark: _Toc158983508]The Regulator received ten submissions from the public on the consultation RARMP. The issue raised in the submission is summarised in the table below. All issues that related to risks to the health and safety of people and the environment were considered in the context of currently available scientific evidence in finalising the RARMP that formed the basis of the Regulator’s decision to issue the licence.
	Submitter
	Summary of issues raised
	Comment

	1

	Strongly objects to use of GMOs.

	Submission has been noted. The Regulator makes licence decisions on the basis of consideration of risks associated with GMOs to people and the environment. The RARMP prepared for this application concluded that risks to people and the environment are negligible.

	2

	Endorses the risk assessment in protecting people and the environment
	Submission has been noted.

	3

	Opposes alteration of food supply
	Submission has been noted. The Regulator makes licence decisions on the basis of consideration of risks associated with GMOs to people and the environment. The RARMP prepared for this application concluded that risks to people and the environment are negligible. The licence prohibits the use of the GMOs in human food.

	4

	Doubts the bonaifides of the applicant and their source of funding noting that the company is a start-up company.
Concerned about the ability of the licence holder to report and monitor the work as they have no track record.

	The Regulator has assessed the suitability of the applicant including their financial suitability as part of the application assessment process and found them to be suitable to hold a licence as an Australian legal entity.


	
	The yeast contains chitin that could be a source of allergenicity and indigestion.
	As discussed in Section 3.8, Chapter 1, yeast proposed to be used in this application has a long history of safe use in biotechnology industry and is approved for use of enzyme production and P. pastoris has been given the status as Generally Recognised as Safe (GRAS) by the US FDA and Qualified Presumption of Safety (QPS) by the European Food Safety Authority (EFSA) for use in enzyme production and food additives. No viable GM yeast will be sold for human food.

	
	Raises the issue that the GM yeast could escape (e.g., in case of an extreme weather event); and spread and persist in the environment.




	The risk assessment took into consideration the closed systems that are employed for the fermentation process and controls that are considered effective in operating in a contained environment. As mentioned in Section 2.3.7 of Chapter 1 and Risk Scenario 2, Chapter 2, the contingency plan in the RARMP refers to the drains that lead to a sump with level sensors that activate pumping to holding tanks for inactivation. There are no flowing waterways nearby the facility. Noting that the systems used are closed systems, flood events are unlikely to affect the operations.
As mentioned in the RARMP, laboratory strains will be used in the fermentation process which require specific media and growth conditions and hence unlikely to survive in the wild noting that there are no natural host trees in the proximity of the facility.


	
	Points out that Virkon, proposed to be used as a disinfectant, is an environmental concern and could make its way into animal feed.
	As mentioned in Section 2.3.5 in Chapter 1, Virkon is proposed to be used to disinfect GMOs in vitro and not to decontaminate yeast that will be composted or enter the animal feed chain. 

	5

	Endorses the risk assessment noting that the GM yeast poses negligible risks to the health and safety of people or the environment. The submitter states that the risk assessment has effectively covered risk identification, inherent uncertainty and evaluation; and developed a risk management plan to mitigate and control risk. Foresees that the licence, if issued will provide the opportunity to develop scale-up conditions and strain/protein characterisation data to support future applications for commercial production. 
	Submission has been noted.

	6

	Endorses the safety assessment and concurs with the identified risk scenarios that proposed controls effectively mitigate any potential harm. Further, acknowledges the extensive safety record of P. pastoris and its use in biotechnology for expression of proteins in their native form as food and fibre.
	Submission has been noted.

	7

	Submitter is generally in favour of the trials. However, sees no reference to contingency plans in case of flood noting that the region experiences unusual weather conditions.
	Risk scenario 2 in Chapter 2 has been amended to include that there are no flowing waterways nearby the facility to cause flooding.  As mentioned in Section 2.3.7 of Chapter 1 and Risk Scenario 2, Chapter 2, the contingency plan in the RARMP refers to the drains that lead to a sump with level sensors that activate pumping to holding tanks for decontamination. Noting that the systems used are closed systems, flood events are unlikely to affect the operations.

	8

	Endorses the risk assessment and supports its conclusion. Submitter states that this will allow further pilot local scale-up trials and facilitate other regulatory approvals to drive investment and innovation in Australian precision food manufacturing sector.
	Submission has been noted.

	9

	Endorses the risk assessment noting that the risk posed by the GMOs is negligible and the risk management plan effectively mitigates the minimal risk posed. The trial will be a valuable development for the agricultural sector.
	Submission has been noted.

	10

	The OGTR must clarify and discuss with the public whether the applicant proposes contained experimental or commercial protein production and the conditions and time frames.
	In accordance with Section 50A of the Act, the trial is considered to be a limited and controlled release application as it meets the criteria prescribed by the Act. Its principal purpose is to conduct experiments with limits and control measures to restrict the dissemination or persistence of the GMOs in the environment. 

	
	Must limit the batch size of any laboratory research or initial production of GMOs to no more than 25 litres.
	The protein production process involving culture of GM yeast in volumes of no more than 25 L per vessel are classified as an exempt dealing (Schedule 2, Item 4 of the Regulations). Culture of GM yeast in volumes of more than 25 L per vessel in a OGTR certified PC2 Large Scale Facility (PC2 LS facility) are covered under a notifiable low risk dealing (NLRD) authorisation (Schedule 3, Part 2, 2.1(f) of the Regulations). This DIR application is for a protein production process where more than 25 L per vessel of GM culture will be produced in a non-OGTR certified facility.

	
	Before commencement of the trial, the OGTR must require tests exist to identify every strain.
	A licence condition has been added that requires the licence holder to keep a record of GMOs and to have a method of detecting the GMO in the environment.

	
	Must require the applicant to remove the antibiotic resistance marker genes from all the GM yeast strains that it produces for commercial scale-up.

	This application is for a limited and controlled release, the principal purpose of which is to conduct experiments. Any future application for a commercial release will be assessed independently.
Section 2.3.5 has been amended to include denaturation of nucleic acid and proteins in GM yeast where antibiotic resistance genes will be present. Further, licence condition 23 has been modified to include that where antibiotic resistance genes are present GM yeast must be denatured before being used for the purpose of animal feed, as a soil conditioner or otherwise disposed of as waste. Further licence condition 34 requires testing and validation for effectiveness of the processes used for denaturation of DNA and proteins introduced into the GM yeast.

	
	Clarify that the recombinant proteins produced in Cauldron facilities will not be used for human food. The company makes clear that its intention is to produce food, feed and fibre.
	Though the future aim of the applicant is to produce recombinant proteins that could be used as food, feed and fibre, the intent of the proposed application is to optimise the fermentation process and characterise GM yeast during production of recombinant proteins. 
Licence conditions state that the GMOs must not be used, sold or otherwise disposed of for any purpose, which would involve or result in their use as food for humans.
The Act does not regulate activities with GM products, which are defined as a thing (other than a GMO) derived or produced from a GMO. Examples include purified recombinant proteins. The recombinant proteins will be purified and will not contain any viable GM yeast. Therefore, risks posed during handling and use of the purified proteins after separating them from the GM yeast are not considered further in this RARMP.

	
	Require the applicant’s contingency plans to include notice to the Cabonne Shire Council of any accidental leak or deliberate release of GMOs into the environment, so that full and timely information reaches residents.
	As part of the consultation process, Cabonne Shire Council was notified of the application and consulted on the risk assessment. The contingency plan includes a requirement that any incident such as a spill or exposure to the GM yeast be immediately reported to the Regulator. The Regulator will then make a decision who to notify based on the context of such incident.

	
	Require another round of public consultation on the revised plans.
	Section 52 of the Act requires the Regulator to seek comment on the consultation RARMP from agencies - the Gene Technology Technical Advisory Committee, State and Territory Governments, Australian Government authorities or agencies prescribed in the Regulations, Australian local councils and the Minister for the Environment - and from the public. The consultation was conducted accordingly.
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