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homeostasis, 
and copper 
resistance.  
UniProt ID: 
Q7CPJ3 

3.  SePhoN-
GSSHis8 

Encodes a non-
specific acid 
phosphatase 
enzyme.  
UniProt ID: 
P26976 

Salmonella 
enterica serovar 
Typhimurium 

2 pET-
22b(+) 

• Escherichia coli 
strain BL21(DE3) 
• Escherichia coli 
NEB® 5-alpha 

1 

 
 
 
 

a. For each material listed in the table above, indicate all categories from the NIH Guidelines, Section III that apply. 
1. For pBR322-dcrB, Section III-D-1-a (Experiments involving the introduction of recombinant or synthetic nucleic 

acid molecules into Risk Group 2 agents) applies. 
2. pET-22b(+)-His6-dcrB-del37, Section III-D-2-a (Experiments in which DNA from Risk Group 2 or Risk Group 3 

agents...is transferred into nonpathogenic prokaryotes) applies. 
3. pET-22b(+)-SePhoN-GSSHis8, Section III-D-2-a (Experiments in which DNA from Risk Group 2 or Risk Group 

3 agents...is transferred into nonpathogenic prokaryotes) applies. 
b. Attach plasmid maps as part of the protocol in Section VI: Attachments.  Plasmid maps are attached. 

 
B. Microorganisms, Viruses, & Prions 
Complete this section if working with any prokaryotes, fungi, virus, viral vectors, or prions. Provide the following 
information, and expand the table if needed: 

• Organism name(s) (genius, species, strain), name of virus(es), and/or prion name(s) and natural host(s) 
• Whether the agent is a human, animal, and/or plant pathogen (and if a plant pathogen, whether it is indigenous 

to Wisconsin) – if none apply, enter “n/a” 
• Risk group (RG) – see ABSA Risk Group Database 
• Biosafety level (BSL) – see UWL Biosafety Manual, Summary of Biosafety Levels 
• Any rDNA (plasmid, virus, DNA fragment, or other vector) 
• Host (genius, species, strain, cell lines) exposed to the microbial agent 

  

Organism, Name of Virus, or 
Prion Name & Natural Host 

Human, 
Animal, or 

Plant Pathogen RG BSL 

rDNA Added?  
(If yes, indicate 

identity from II.A.) 

Administered to host? 
(If yes, reference 
protocol section) 

1. Salmonella enterica serovar 
Typhimurium strain ATCC 
14028 

Human and 
animal pathogen 

2 2 Yes (pBR322-
dcrB) 

No 

2. Escherichia coli BL21(DE3) No 1 1 Yes (pET-22b(+)-
His6-dcrB-del37 
and pET-22b(+)-
SePhoN-
GSSHis8) 

No 

3. Escherichia coli NEB® 5-
alpha 

No 1 1 Yes (pBR322-
dcrB, pET-
22b(+)-His6-
dcrB-del37, and 
pET-22b(+)-
SePhoN-
GSSHis8) 

No 

 
a. If the identity of your microbial agents, viruses, or prions is unknown, please explain. 
Not applicable: I am using well-characterized laboratory strains of each organism. 

b. If any of the microbial agents, viruses, or prions are pathogenic, indicate the host(s) organism(s) at risk of infection. 
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Salmonella enterica serovar Typhimurium can infect humans, other mammals, birds, and reptiles, including domestic 
livestock, pets, and wild animals.  Because animals are not used in this research and are not allowed in lab, only lab 
personnel are at risk of infection in the lab setting. 
c. Will any of the microorganisms be grown in volumes of 10 liters or more? If so, indicate which and the volume. 
No 

d. In protocol section III.A., address the following information for each microorganism, virus, or prion: Describe the safety 
procedures personnel will use to protect themselves from exposure and appropriate response if accidental exposure 
occurs. Address both collection and research if applicable. See Section III.A. for the requested information. 

 
C. Human and Non-Human Animal Tissues, Cell Lines, & Blood Products: NONE 
Complete this section if working with any human-derived materials or non-human animal-derived materials that are 
infectious, potentially infectious, or recombinant. Provide the following information, and expand the table if needed: 

• Type of material used (species, strain, technical name) 
• Source 
• Risk group (RG) – see ABSA Risk Group Database 
• Biosafety level (BSL) – see UWL Biosafety Manual, Summary of Biosafety Levels 
• Any vector (bacterial plasmid, virus, or other vector) that will be delivered into the sample – if applicable, indicate 

identity from other protocol sections 
• Host (genius, species, strain) to which the samples will be applied – if applicable, reference protocol section 

 

Type of Material Source RG BSL 

Exposed to 
biological material 

or rDNA? 
Administered to 

host? 
1. not applicable      
2.       

 
a. Does the material contain a known infectious agent? 
☐ Yes ☐ No 

b. If administering nucleic acids, toxins, nanoparticles, microbes, viruses, or other biohazardous material to animals, 
describe the route of delivery.  
 

c. In protocol section III.A., address the following information for each material listed above: Describe the safety 
procedures personnel will use to protect themselves from exposure and appropriate response if accidental exposure 
occurs. 
d. All work involving live (non-fixed) human-derived materials (e.g., blood or blood components, tissues, 
secretions), cell lines, and/or bloodborne pathogens must comply with the OSHA Bloodborne Pathogens 
Standard (29 CFR 1910.1030). If this is applicable to your project, contact Environmental Health & Safety to ensure 
compliance with annual training and other UWL Bloodborne Pathogens Program requirements. 

 
D. Biological Toxins: NONE 
Complete this section if working with any toxin(s) of biological origin. Provide the following information, and expand the 
table if needed: 

• Biological toxin name(s) and acronym(s) if appropriate, biological source/origin (genus species) 
• Median lethal dose (LD50) as ng/kg 
• Risk group (RG) – see ABSA Risk Group Database 
• Biosafety level (BSL) – see UWL Biosafety Manual, Summary of Biosafety Levels 
• Whether toxin is a CDC Select Agent (see CDC Select Agents and Toxins List) 
• If the gene encoding the toxin will be cloned into a vector (bacterial plasmid, virus, or other vector), or host 

(genius, species, strain) that the toxin or recombinant materials containing the toxin gene might be inserted into 
• Maximum amount administered to each type of recipient at one time (e.g., 0.1 ng) 

 

Biological Toxin and Source 
Organism 

LD50 
(ng/kg) RG BSL 

Select 
Agent? 
(Y/N) 

Administered to host? 
(Y/N; if yes, reference 

protocol section) 

Max Amount 
Administered (at 

one time) 
1. not applicable        
2.        
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a. In protocol section III.A., address the following information for each biological toxin: Describe the safety procedures 
personnel will use to protect themselves from exposure and appropriate response if accidental exposure occurs. 
b. For CDC Select Agent Toxins, address the following information in protocol section III.A. Include information for both 
collection and research if applicable. 

i. Maximum amount of toxin inventory and how you will document inventory (permissible amounts of select toxins 
are listed on the CDC website) 

ii. How the toxin will be stored securely 
iii. For toxins that will be reconstituted from a powder, how select toxins will be reconstituted (should be conducted 

inside containment, e.g., chemical fume hood, biological safety cabinet) 
iv. How each toxin will be inactivated (Appendix H of the BMBL describes inactivation procedures) 
v. List aerosol generating activities and how an exposure risk will be mitigated 
vi. Indicate if sharps will be used in procedures involving toxins. 
vii. If administering the toxin to live animals, describe the route of delivery and maximum dose. 

 
 
 
E. Vertebrate & Invertebrate Animals: NONE 
Complete this section if working with any vertebrate or invertebrate animals administered biological materials. Work with 
vertebrate animals additionally requires IACUC review and approval before initiating work. Provide the following 
information, and expand the table if needed: 

• Animal common name and genus species 
• Risk group (RG) – see ABSA Risk Group Database 
• Animal Biosafety Level (ABSL) – see UWL Biosafety Manual; BMBL Section V, and NIH Guidelines, Appendix M 
• Whether animal is transgenic 
• Biological materials administered to the animals – type of materials, quantity, and method of administration 
• Housing – type of housing for animals (e.g., static microisolators, rack system), and building(s) and room 

number(s) where animals will be housed 
 

Vertebrate or Invertebrate 
(Common name; Genus species) RG ABSL 

Transgenic? 
(Y/N) 

Biological Materials 
Administered 

(Type, Quantity, Method 
of Administration) 

Housing 
(Type, Building & 
Room Number(s)) 

1. not applicable       
2.       

 
a. Indicate routes of shedding for any biological material administered (e.g., feces, urine, saliva, respiratory droplets, 
bites). 
 
b. List PPE used to reduce exposure risk when personnel handle the animal(s) listed. 
 
c. Indicate the period of infectivity and shedding for any biological materials administered. 
 
d. List aerosol generating activities involving biological materials and how an exposure will be mitigated. 
 
e. Address any additional information that would facilitate a complete biosafety review. 
 

 
F. Plants & Soils: NONE 
Complete the relevant table(s) in this section if working with any of the following: 

• Plants that are recombinant (transgenic), exotic, or grown in association with pathogenic or recombinant microbes 
or pathogenic or recombinant small animals (insects, etc.) 

• Foreign soils or domestic soils from counties listed under federal quarantine by the USDA to another US location 
(see the USDA APHIS federal domestic soil quarantines map) 

For Plant Biosafety Levels, see the UWL Biosafety Manual and NIH Guidelines, Appendix L. 
 

Plant 
(Common name, Genus 

species) 

Plant 
Biosafety 

Level 
Transgenic? 

(Y/N) 
Biological Materials 

Administered 

Growth Location 
(e.g., greenhouse, growth 

chamber location) 
1. not applicable      
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• Laboratory Emergency Information door card must be posted at the entrance to the laboratory. This card is 

reviewed and dated annually for accuracy. 
• A sign incorporating the universal biohazard symbol must be posted at the entrance to the laboratory. The sign 

includes the biohazards in use and the name and phone number of the laboratory supervisor or other responsible 
personnel. This sign is reviewed and dated annually for accuracy.   

• For hazards communication, all persons, including visitors and service personnel, entering the lab must be 
advised of the potential hazards and meet specific entry/exit requirements, such as donning and doffing of PPE. 

 
 
Personnel Practices 
Minimal Personal Protective Equipment (PPE) Requirements for Entry into Laboratory 

• Closed-toe shoes and clothing that covers the leg down to the shoe must be worn in the laboratory at all times.  
• Eye protection (safety glasses or chemical goggles) must always be worn in the laboratory. Contact lenses may 

be worn with discretion and in combination with eye protection. Depending on the activities, it may be appropriate 
to use safety glasses with side shields, goggles, and/or a splash shield. 

 
Additional PPE Requirements for Handling Biohazardous Materials 

• Laboratory coats must be worn.  To avoid bringing hazardous materials out of the laboratory, lab coats must be 
removed before exiting and remain in the laboratory. Lab coats should be laundered onsite or through a laundry 
service and never taken home for cleaning.   

• Disposable gloves must be worn whenever there is the potential for contact with hazardous materials. They 
further serve to maintain the integrity of the material being handled. Gloves must be removed in a manner that 
prevents contamination of hands. Gloves should be removed before exiting the laboratory. Disposable gloves 
should not be reused.   

• Use of the above PPE is particularly important because ingestion of contaminated materials is one of the primary 
laboratory hazards when working with Salmonella. 

 
Lab Practices 

• For hazards communication, all persons, including visitors and service personnel, entering the lab must be 
advised of the potential hazards and meet specific entry/exit requirements, such as donning and doffing of PPE.  

• All personnel will don minimal entry PPE as listed above prior to entry.  
• No food or drink is allowed in lab.  No eating or drinking is allowed.  This is particularly important because 

ingestion of contaminated materials is one of the primary laboratory hazards when working with Salmonella.  All 
food or drink containers must be left outside of the lab prior to entry. 

• Don extra PPE according to activities being performed.  
• Mouth pipetting is prohibited; pipetting devices must be used.  
• Procedures for safe handling of non-medical sharps (e.g., pipettes, broken glassware) must be followed.  The 

proposed research does not involve the use of medical sharps (e.g., needles, scalpels), which minimizes the risk 
of parenteral inoculation, the other primary laboratory hazard when working with Salmonella. 

• Plastic ware should be substituted for glass wherever possible.  
• Potentially infectious materials must be placed in a durable, leak-proof container during collection, handling, 

processing, storage, or transport within the laboratory.  
• Procedures must be performed to minimize the creation of splashes and/or aerosols. 
• All procedures involving the manipulation of infectious materials that have a high potential of generating aerosols 

are conducted within a Biosafety Cabinet (BSC).  These procedures relevant to this proposed research include 
pipetting, opening containers of infectious materials, mixing, opening centrifuge rotors containing sealed plastic 
tubes of infectious materials, vortexing, and electroporation. 

• Centrifugation will be performed using autoclavable, aerosol-tight rotors and safety cups.  The PI’s lab is equipped 
with centrifuge rotors that have biocontainment lids. 

• Spills involving infectious materials must be contained, decontaminated, and cleaned up by laboratory personnel 
properly trained and equipped to work with infectious material. 

• Incidents that may result in exposure to infectious materials must be immediately evaluated and treated according 
to procedures described in the laboratory biosafety protocol.   

• Decontaminate work surfaces after completion of work and after any spill or splash of potentially hazardous 
material with an effective disinfection method.  

• Persons must wash hands with soap and warm water before leaving the laboratory.  Special care must be taken 
to avoid manipulating faucet handles with gloved hands or with biohazardous materials.  Proper hand-washing 
is particularly important because ingestion of contaminated materials is one of the primary laboratory hazards 
when working with Salmonella.   
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• Practices to prevent spills and potential exposures during movement of materials in hallways, elevators, or public 

spaces are in place.  These include using a cart to transport materials and transporting materials in a closed 
primary container and in a secondary container that is durable, leak proof, labeled, and surface disinfected.   

• Animals and plants are not permitted in the laboratory.  Note that the proposed research does not involve the 
use of animals or plants.   

• Practices to reduce pests, mold, fire hazards are in place (e.g., reduce cardboard, reduce clutter). 
 
Decontamination and Disposal 

• Surfaces and equipment will be chemically disinfected with a freshly made solution of household bleach (sodium 
hypochlorite) at 10% (v/v) final concentration or 70-90% (v/v) ethanol.  At least 10 minutes of contact time must 
be used for disinfection.  The 10% bleach solution must be made fresh daily. 

• Laboratory equipment should be routinely decontaminated, as well as, after spills, splashes, or other potential 
contamination.     

• Equipment must be decontaminated before repair, maintenance, or removal from the laboratory.  
• Proper decontamination is particularly important because ingestion of contaminated materials is one of the 

primary laboratory hazards when working with Salmonella. 
• All cultures, stocks, and other forms of potentially infectious or recombinant materials must be inactivated using 

an effective method by laboratory personnel before disposal. (see “Decontamination Procedures” above) 
• Disposal of biohazardous waste is described below in Section III B 

 
Staff Training      
The PI is responsible for ensuring that all personnel working with biohazardous or recombinant materials in their 
laboratory complete the required biosafety training listed in Section VI.A below.  Laboratory specific training for all 
personnel is also listed below in Section VI.A. 
 
Chemical Hygiene Considerations 
As a member of the Department , the PI follows the safety procedures and practices 
described in the departmental Chemical Hygiene Plan.  Students working in lab also receive specific chemical safety 
training through a course offered at the beginning of each semester by the Department .   
 
Describe the safety procedures personnel will use to protect themselves from exposure and appropriate response if 
accidental exposure occurs.  

• The PPE and Lab Practices described above will be used to protect personnel from exposure.  
• The response to a spill or accidental exposure is described below in “Spill and Exposure Response.” 

 
Spill and Exposure Response 
 
Spill Response Kit 
Basic equipment is concentrated disinfectant (chlorine bleach), a package of paper towels, household rubber gloves, an 
empty spray bottle for preparing fresh solutions of 10% bleach, biohazard bags, and forceps to pick up broken glass. 
Contents of the kit will be kept in a plastic container in the cabinet under the sink. The outside door of the cabinet will be 
labeled with the words “Biological Spill Kit”. 
 
Biosafety Level 2 (BSL2) Spill Response 
1. Avoid inhaling airborne material, while quickly leaving the room. Notify others to leave. Close the door, and post a 
warning sign outside of the door. 
2. Remove contaminated clothing, turn exposed areas inward, and place in a biohazard bag. 
3. Wash all exposed skin with soap and disinfectant. 
4. Inform the PI. 
 
Clean-up of BSL2 Spill 
1. Allow aerosols to disperse for at least 30 minutes before re-entering the laboratory. Assemble clean-up materials 
(disinfectant, paper towels, biohazard bags, and forceps). 
2. Put on protective clothing (lab coat, face protection, utility gloves if necessary).  
3. Cover the area with disinfectant-soaked paper towels, and then carefully pour disinfectant around the spill. Avoid 
enlarging the contaminated area. Use concentrated disinfectant as it is diluted by the spill. Allow at least a 30 minutes 
contact time. 
4. Handle any sharps objects with forceps and discard in a sharps container. Wipe surrounding areas (where the spill 
may have splashed) with disinfectant. 
5. Soak up the disinfectant and spill, and place the materials into a biohazard bag. 



  Protocol #: 
6. Spray the area with 10% household bleach solution (make the 10% bleach solution fresh daily as needed). After at 
least a 30 minute contact time, wipe down with bleach-soaked paper towels. Place all contaminated paper towels and 
any contaminated protective clothing into a biohazard bag and autoclave. 
7. Wash hands and exposed skin areas with soap and water. 
 
Medical Assessment and Exposure Monitoring 
Individuals possibly exposed to biohazardous Salmonella enterica sv. Typhimurium used in this research must seek 
immediate medical assessment.  The following information about the strain used in this research should be shared with 
a medical provider: 

• According to CDC BMBL 6th edition, disease caused by the non-typhoidal strain of Salmonella enterica used in 
this research “usually presents as acute enterocolitis (fever, severe diarrhea, abdominal cramping), with an 
incubation period ranging from six to 72 hours, most often lasting four to seven days and patients tend to recover 
without treatment.  

• Antimicrobial therapy is not recommended for uncomplicated Salmonella-related gastroenteritis” (Section VIII-A: 
Bacterial Agents: Salmonella serotypes, other than S. enterica serotype Typhi (S. Typhi)).  Also, according to the 
2017 Infectious Diseases Society of America Clinical Practice Guidelines for the Diagnosis and Management of 
Infectious Diarrhea (Clinical Infectious Diseases, Volume 65, Issue 12, 15 December 2017, Pages e45–e80, 
https://doi.org/10.1093/cid/cix669), antimicrobial therapy is not recommended for uncomplicated infections with 
non-typhoidal Salmonella enterica.   

• Certain groups are at risk of invasive infection, including “persons >50 years old with suspected atherosclerosis, 
persons with immunosuppression, cardiac disease (valvular or endovascular), or significant joint disease.”  For 
these groups, ciprofloxacin is listed as an effective antimicrobial therapy.   

• The wild-type strain used in this research has no engineered antibiotic resistance, and mutant derivatives have 
genetically engineered resistance to chloramphenicol or kanamycin.  Salmonella strains harboring recombinant 
DNA (pBR322-dcrB) will have plasmid-encoded resistance to beta-lactam antibiotics, including ampicillin and 
carbenicillin.    

 
B. Waste Disposal & Terminal Inactivation 
In the table below, describe the method of disposal of hazardous substances, animal wastes and carcasses, and residual 
human substances (e.g., incineration, autoclaving, chemical disinfection). If chemical disinfectant is used, state kind and 
concentration. Is autoclave monitored with a biological indicator (e.g., spore strips)? 

 
Substance Disposal method Description of procedure 

Petri dishes containing solid agar-
based bacteriological media 
inoculated with Salmonella enterica 
sv. Typhimurium, including strains 
harboring recombinant DNA; or with 
non-pathogenic Escherichia coli 
harboring recombinant DNA from 
Salmonella enterica; plastic pipet tips 
used for pipetting small volumes 
(<1000 µL) of cultures of Salmonella 
enterica sv. Typhimurium. 
 
 
 

Steam sterilization by autoclaving Solid biohazardous waste is collected 
in orange biohazard bags inside of 
study plastic buckets marked on the 
outside with the universal biohazard 
symbol. When no more than ¾ full, 
the bag is closed, sealed with 
autoclave indicator tape, and 
transported in a leak-proof container 
on a cart to be autoclaved in Rm 4011 
Prairie Springs Science Center, which 
is a shared use autoclave facility.  
The bag containing the biohazardous 
waste is sterilized in a Beta Star 
steam sterilizer (autoclave) for 90 
minutes at 121 ºC at 15.7 psi.   
Detailed procedures for autoclaving, 
including sterility monitoring with 
spore strips, autoclave training 
procedures, and disposal of sterilized 
waste, are attached with Supporting 
Materials (Section VI.B.): Autoclave 
Standard Operating Procedure.  
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• Students will be required to complete the following CITI training modules prior to working with biohazardous 

materials: Biosafety Course Overview (13314), Laboratory-Acquired Infections (13454), Risk Management: Work 
Practices (13898), Risk Management: Personal Protective Equipment (13458), Risk Management: Emergency 
and Spill Response (13459), Work Safely with Sharp Instruments (13899), Disinfection and Sterilization (13900), 
and NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules (13493) 

• All personnel, including students, handling biohazardous material will receive an electronic copy of this biosafety 
protocol in a shared lab folder on a cloud platform such as Microsoft OneNote. 

• The PI will personally review this protocol with new personnel, including students. 
• A paper copy of the protocol will be posted on a bulletin board in lab. 
• The PI will provide hands-on safety instruction for biohazardous procedures to all personnel, including students. 
• The PI will ensure that laboratory personnel, including students, demonstrate proficiency in standard and special 

microbiological and laboratory techniques/practices before working with biohazardous materials.  
 
B. Supporting Materials 
Attach plasmid maps and/or any other supporting materials as instructed by applicable subsections in Section II. 
 
The following supporting materials are attached:  

• plasmid map for pBR322-dcrB 
• plasmid map for pET-22b(+)-His6-dcrB-del37 
• plasmid map for pET-22b(+)-SePhoN-GSSHis8 
• Standard Operating Procedure for autoclave usage 

 




