The University of Western Ontario
BIOLOGICAL AGENTS REGISTRY FORM
Approved Biohazards Subcommittee: July 8, 2011
Biosafety Website: www.uwo.calhumanresources/biosafety/

This form must be completed by each Principal Investigator holding a grant administered by the University of
Western Ontario (UWO) or in charge of a laboratory/facility where the use of Level 1, 2 or 3 biological agents is
described in the laboratory or animal work proposed. The form must also be completed if any work is proposed
involving animals carrying zoonotic agents infectious to humans or involving plants, fungi, or insects that require
Public Health Agency of Canada (PHAC) or Canadian Food Inspection Agency (CFIA) permits.

This form must be updated at least every 3 years or when there are changes to the biological agents being used.

Containment Levels will be established in accordance with Laboratory Biosafety Guidelines, 3rd edition, 2004,
Public Health Agency of Canada (PHAC) or Containment Standards for Veterinary Facilities, 1** edition 1996,
Canadian Food Inspection Agency (CFIA).

Electronically completed forms are to be submitted to Occupational Health and Safety, (OHS), (Support Services
Building, Room 4190 or to jstanle2@uwo.ca) for distribution to the Biohazards Subcommittee. For questions
regarding this form, please contact the Biosafety Officer at extension 81135 or biosafety@uwo.ca. If there are
changes to the information on this form (excluding grant title and funding agencies), contact Occupational Health
and Safety for a modification form. See website: www.uwo.ca/humanresources/biosafety.

Please ensure that all questions are fully and clearly answered. Failure to do so will lead to the form being
returned, which will cause delays in your approval and frustration for you and your colleagues on the Committee.

If you are re-submitting this form as requested by the Biohazards Subcommittee, please make
modifications to the form in bold print, highlighted in yellow. Please re-submit forms electronically.

PRINCIPAL INVESTIGATOR: Ray Zabulionis
DEPARTMENT: Biology
ADDRESS: Rm 342 NCB
PHONE NUMBER: 86475
EMERGENCY PHONE NUMBER(S): 519-473-2764
EMAIL:  rayzab@uwo.ca

Location of experimental work to be carried out :

Building : NCB Room(s): 325, 329, 330, 331
Building : NCB Room(s): 337
Building : Room(s):

*For work being performed at Institutions affiliated with the University of Western Ontario, the Safety
Officer for the Institution where experiments will take place must sign the form prior to its being sent to
the University of Western Ontario Biosafety Officer (See Section 15.0, Approvals).

FUNDING AGENCY/AGENCIES:
GRANT TITLE(S):
UNDERGRADUATE COURSE NAME(IF APPLICABLE): Bio 2290 F/G

List all personnel working under Principal Investigators supervision in this location:

Name UWO E-mail Address Date of Biosafety Training
Rob Dean rdeanl@uwo.ca July, 2005

Irene Krajnyk ikrajnyk@uwo.ca July, 2006

Jeni Duro mduro@uwo.ca May, 2005

Liz Ross hross@uwo.ca October, 2000

Ray Zabulionis rayzab@uwo.ca May, 2005

Winona Gadapati wgadapa2@uwo.ca May, 2005
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Patrtick McDonald pmcdonaS@uwo.ca September, 2011

Sryia Peiris speiris2(@uwo.ca September, 2011

Please explain how the biological agents are used in your project and how they are stored and
disposed of. The BARF without this description will not be reviewed.

Bacteria, fungi, and yeast are used by Bio 2290F/G students to conduct various experiments
including cell growth patterns, antibiotic resistance, exposure to herbs and spices, transduction,
transformation with plasmids, conjugation, ultra-violet light exposure, and heavy metal toxicity studies.

Bacteria are stored as glycerol stocks in Eppendorf tubes at -80C while fungi and yeast are stored
on sealed Petri dishes at 4C. After use, all micro-organisms are destroyed by autoclaving; following
confirmation of destruction, organisms are disposed in the regular garbage.

Spinach (Spinacia oleracea) leaves are obtained from local grocery stores and used to study
chloroplast function. Chloroplasts are from leaves which are discarded in the regular garbage and the
chloroplasts are resuspended in dichlorophenol indophenol (DCPIP). After the studies, the material is
diposed in hazardous waste.

Canola (Brassica napus) are grown from seeds in the Biology lower greenhouses and used in plant
density growth studies. Plants are thrown out in the regular garbage.
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Please include a ONE page research summary or teaching protocol in lay terms.
Forms with summaries more than one page will not be reviewed.

See Appendix 1.
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1.0 Microorganisms

1.1 Does your work involve the use of biological agents? [<] YES LINO
(non-pathogenic and pathogenic biological agents including but not limited to bacteria and other microorganisms,
viruses, prions, parasites or pathogens of plant or animal origin)? If no, please proceed to Section 2.0

Do you use microorganisms that require a permit from the CFIA? [ ] YES ] NO

If YES, please give the name of the species

What is the origin of the microorganism(s)?

Please describe the risk (if any) of escape and how this will be mitigated:

Please attach the CFIA permit.

Please describe any CFIA permit conditions:

1.2 Please complete the table below:

Full Scientific Is it known | Is it known | Is it known | Maximum Source/ PHAC or CFIA

Name of to be a to be an to be a quantity to be | Supplier Containment

Biological human animal zoonotic cultured at Level

Agent(s)* pathogen? | pathogen? | agent? one time? (in

(Be specific) YES/NO YES/NO YES/NO Litres)
[ ] Yes [ ] Yes [ ] Yes []1 []2
[] No [ ] No [ ] No ]2+ []3
[] Yes [ ] Yes [] Yes (11 []2
[ ] No [ ] No [] No [J2+ []3
[ ] Yes [ ] Yes [ ] Yes [(]J1 []2
[ ] No [ ] No [ ] No 12+ []3
[ ] Yes [ ] Yes [ ] Yes (11 []2
[ ] No [] No [] No [(J2+ [] 3
[ ] Yes [ ] Yes [ ] Yes (]1 []2
[ ] No [ ] No [ ] No [J2+ [] 3
[ ] Yes [ ] Yes [ ] Yes []1 []2
[ ] No [] No [ ] No [J2+ [] 3
[ ] Yes [] Yes [ ] Yes []1 [] 2
[ ] No [] No [] No [J2+ [] 3
[ ] Yes [ ] Yes [] Yes []1 []2
[ ] No [ ] No [] No [J2+ [] 3

*Please attach a Material Safety Data Sheet or equivalent from the supplier if the bacterium used is not on this link:
http://www.uwo.ca/humanresources/docandform/docs/ohs/CFIA Ecoli_list.pdf

Additional Comments:  Please see Appendix 2, 3, 4 and 5.
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2.0 Cell Culture

2.1 Does your work involve the use of cell cultures?

(If NO, please proceed to Section 3.0)

[] YES

X NO

2.2 Please indicate the type of primary cells (i.e. derived from fresh tissue) that will be grown in culture:

Cell Type Is this cell type used Source of Primary Cell AUS Protocol Number
in your work? Culture Tissue

Human [ Jyes [ |No Not applicable

Rodent [lyes [ |No

Non-human primate [lYes [ JNo

Other (specify) [ Jyes [ ]No

2.3 Please indicate the type of established cells that will be grown in culture in:

Cell Type Is this cell type Specific cell line(s)* | Containment Level | Supplier / Source
used in your work? of each cell line of cell line(s)

Human [ lYes [ ]No

Rodent []Yes [ ]No

Non-human primate | [ ] Yes [ ]No

Other (specify) []Yes [ ]No

*Please attach a Material Safety Data Sheet or equivalent from the supplier. (For more information, see www.atcc.org)

2.4 For above named cell types(s) indicate PHAC or CFIA containment level required [ ]1 [ ]2 []2+ []3

Additional Comments:

3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? [ ]YES XINO

If no, please proceed to Section 4.0

3.2 Indicate in the table below the Human Source Material to be used.

Human Source Source/Supplier Is Human Source Name of PHAC or CFIA

Material /[Company Name | Material Infected Infectious Containment
With An Infectious Agent (If Level (Select
Agent? applicable) one)
YES/UNKNOWN

Human Blood (whole) or [ ]Yes (11 []2

other Body Fluid [] Unknown [J2+ [ I3

Human Blood (fraction) [ ]Yes Ll 2

or other Body Fluid [ ] Unknown [J2+ []3

Human Organs or [ ]Yes (11 [z

Tissues (unpreserved) [] Unknown [J2+ [13

?ii?fens(()p:?:snesr\?er d) Not Applicable Not Applicable

Additional Comments:
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4.0 Genetically Modified Organisms and Cell lines

4.1 Will genetic modifications be made to the microorganisms, biological agents, or cells described in Sections

1.0 and 2.0? X] YES [] NO If NO, please proceed to Section 5.0
4.2 Will genetic modification(s) involving plasmids be done? [X] YES, complete table below [ ]NO
Bacteria Plasmid(s) ** | Source of | Gene Will there be a | Will there be a What are the
Used for Plasmid Transformed | change due to | change in the consequences
Cloning * or transformation | pathogenicity of the | due to the
Transfected of the bacteria after the transformation
bacteria? genetic of the
modification? bacteria?
see
Appendix
6 and 7

* Please attach a Material Safety Data Sheet or equivalent if available.
** Please attach a plasmid map.
***No Material Safety Data Sheet is required for the following strains of E. coli:
http://www.uwo.ca/humanresources/docandform/docs/ohs/CFIA Ecoli list.pdf

4.3 Will genetic modification(s) of bacteria and/or cells involving viral vectors be made?
[X] YES, complete table below

[ INO

Virus Used for Vector(s) * Source of Vector | Gene(s) Describe the change
Vector Transduced that results from
Construction transduction

Plvir: see Plvir Dr. Volvano - tetracycline E. coli becomes
Appendix 8 UWO resistance gene tetracycline resistant.

* Please attach a Material Safety Data Sheet or equivalent.

4.3.1 Will virus be replication defective?

4.3.2 Will virus be infectious to humans or animals?

4.3.3 Will this be expected to increase the containment level required? [ ] YES

5.0 Will genetic sequences from the following be involved?
X] NO [] YES, specify

HIV

* & ¢ S & 9

NO[ ] YES

NO[ ] YES

[X] NO [ ] YES, specify
Other human or animal pathogen and or their toxins [X] NO [ ] YES, specify

X NO[ ] YES

5.1 Is any work being conducted with prions or prion sequences?

Additional Comments:

(] YES XI NO
[ ]YES XI NO
NO

HTLV 1 or 2 or genes from any Level 1 or Level 2 pathogens <] NO [ ] YES, specify
SV 40 Large T antigen
E1A oncogene

Known oncogenes
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6.0 Human Gene Therapy Trials

6.1 Will human clinical trials be conducted involving a biological agent? [ | YES NO

(including but not limited to microorganisms, viruses, prions, parasites or pathogens of plant or animal origin)
If no, please proceed to Section 6.0

6.2 If YES, please specify which biological agent will be used:
Please attach a full description of the biological agent.

6.3 Will the biological agent be able to replicate in the host? [ ]YES [INO
6.4 How will the biological agent be administered?

6.5 Please give the Health Care Facility where the clinical trial will be conducted:

6.6 Has human ethics approval been obtained? [ ] YES, number: [ JNO [ ] PENDING
7.0 Animal Experiments

7.1 Will live animals be used? [ ]YES [X]NO If NO, please proceed to section 7.0
7.2 Name of animal species to be used

7.3 AUS protocol #

7.4 Will any of the agents listed in section 4.0 be used in live animals
[ ]NO [ 1YES, specify:

7.5 Will the agent(s) be shed by the animal:
[ ]YES ['] NO, please justify:

8.0 Use of Animal species with Zoonotic Hazards

8.1 Will any animals with zoonotic hazards or their organs, tissues, lavages or other body fluids including blood
be used (see list below)? [] YES D4 NO - If NO, please proceed to section 8.0

8.2 Will live animals be used? [ ] YES CINO

8.3 If YES, please specify the animal(s) used:

¢ Pound source dogs [ ]YES [ ]NO
¢ Pound source cats []YES [ INO
¢ Cattle, sheep orgoats [ ] YES, species [ INO
¢ Non-human primates [ ] YES, species [ ]NO
+ Wild caught animals [ ] YES, species & colony # [INO
¢ Birds [ ] YES, species [INO
+ Others (wild or domestic) [_] YES, specify [ INO

8.4 If no live animals are used, please specify the source of the specimens:
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9.0 Biological Toxins and Hormones

9.1 Will toxins or hormones of biological origin be used? [ ] YES [X] NO If no, please proceed to
Section 9.0

9.2 If YES, please name the toxin(s) or hormones(s)
Please attach information, such as a Material Safety Data Sheet, for the toxin(s) used.

9.3 What is the LDs, (specify species) of the toxin or hormone
9.4 How much of the toxin or hormone is handled at one time*?
9.5 How much of the toxin or hormone is stored*?

9.6 Will any biological toxins or hormones be used in live animals? [ ] YES [ I]NO
If YES, Please provide details:

*For information on biosecurity requirements, please see:
http://www.uwo.ca/humanresources/docandform/docs/healthandsafety/biosafety/Biosecurity Requirements.pdf

Additional Comments:

10.0 Insects

10.1 Do you use insects? []YES NO - If NO, please proceed to Section 10.0
10.2 If YES, please give the name of the species.

10.3 What is the origin of the insect?

10.4 What is the life stage of the insect?

10.5What is your intention? [ ] Initiate and maintain colony, give location:
[ ] “One-time” use, give location:

10.6 Please describe the risk (if any) of escape and how this will be mitigated:

10.7 Do you use insects that require a permit from the CFIA permit? [ ] YES [ JNO
If YES, Please attach the CFIA permit & describe any CFIA permit conditions:
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11.0 Plants

11.1

1.2

11.3

11.4

11.5

11.6

12.0 Import Requirements

Do you use plants? [X] YES [ ]NO -If NO, please proceed to Section 11.0
If YES, please give the name of the species. Spinacia oleracea (spinach) and Brassica napus (ca
What is the origin of the plant? S. oleracea - grocery store. B. napus - UWO greenh
What is the form of the plant (seed, seedling, plant, tree...)? leaves and whole plants
What is your intention? [ ] Grow and maintain a crop <] “One-time” use

Do you do any modifications to the plant? [_| YES NO
If yes, please describe:

Please describe the risk (if any) of loss of the material from the lab and how this will be miti

Is the CFIA permit attached? [ ] YES X] NO
If YES, Please attach the CFIA permit & describe any CFIA permit conditions:

12.1 Will any of the above agents be imported? [ ] YES, country of origin X NO

If NO, please proceed to Section 12.0

12.2 Has an Import Permit been obtained from HC for human pathogens? [ ]YES [ JNO
12.3 Has an import permit been obtained from CFIA for animal or plant pathogens? [ ] YES [ ]NO
12.4 Has the import permit been sent to OHS? [ ] YES, please provide permit # [ ]NO

13.0 Training Requirements for Personnel Named on Form

All personnel named on the above form who will be using any of the above named agents are required to attend
the following training courses given by OHS:

¢ Biosafety

¢ Laboratory and Environmental/WWaste Management Safety

¢ WHMIS (Western or equivalent)

¢ Employee Health and Safety Orientation

As the Principal Investigator, | have ensured that all of the personnel named on the form who will be using any of
the biological agents in Sections 1.0 to 9.0 have been trained.

An X in the check box indicates you agree with the above statement... [
Enter Your Name Ray Zabulionis  Date: September 26/11
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14.0 Containment Levels

14.1 For the work described in sections 1.0 to 9.0, please indicate the highest
HC or CFIA Containment Level required. X1 [J2 [J2+ []3

14.2 Has the facility been certified by OHS for this level of containment?
[ ] YES, location and date of most recent biosafety inspection:
[ ] NO, please certify
X] NOT REQUIRED for Level 1 containment

14.3 Please indicate permit number (not applicable for first time applicants): Bio-UWQ-0226
15.0 Procedures to be Followed

15.1  Are additional risk reduction measures necessary beyond containment level 1, 2, 2+ or 3 measures that
are unique to these agents? [ ]YES NO
If YES please describe:

15.2  Please outline what will be done if there is an exposure to the biological agents listed such as a
needlestick injury or an accidental splash:
We do not use needles in the student labs. If a nick or cut does occur, isopropanol swab the wound
and send to emergency if severe. Splash—eye wash stations are in each lab that are tested weekly.
For other parts of the body, in lab shower to wash off contamination.

15.3  As the Principal Investigator, | will ensure that this project will follow the Western Biosafety Guidelines and
Procedures Manual for Containment Level 1 & 2 Laboratories (and the Level 3 Facilities Manual for Level
3 projects). | will ensure that UWO faculty, staff and students working in my laboratory have an up-to-date
Hazard Communication Form, found at http://www.shs.uwo.ca/workplace/newposition.htm

An X in the check box indicates you agree with the above statement...
Enter Your Name Ray Zabulionis  Date: September 26/11

15.4  Additional Comments:

16.0 Approvals

1) UWO Biohazards Subcommittee: SIGNATURE:
Date:

2) Safety Officer for the University of Western Ontario
SIGNATURE:
Date:

3) Safety Officer for Institution where experiments will take place (if not UWO):
SIGNATURE:
Date:

Approval Number: Expiry Date (3 years from Approval):

Special Conditions of Approval:
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Appendix 1:

Teaching Protocols: 1. Overview 2.Bacteria 3. Fungi 4. Yeast 5. Plants

1. Overview:

The following organisms are used by undergraduate students in Biology 2290F/G which is
a required laboratory course for many of the modules in Biology, Physiology, Kinesiology and
Medical Sciences. The course is taught by 7 people: Rob Dean and Winona Gadapati (cell
biology - Dean Unit), Tricia Gray and Jennifer Waugh (scientific writing — Gray Unit), Irene
Krajnyk (ecology - Krajnyk Unit), and Ray Zabulionis and Patrick McDonald (genetics —
Zabulionis Unit). Jeni Duro, Liz Ross, and Syria Peiris arc the technicians for the course.
Approximately, 1000 students pass through this course each year — the maximum number of
students in any one lab is 40. Not all the organisms or experiments described below are used each
term; we change them so that there is some variety to the course and discourage people coping
results from previous terms. We strongly emphasize lab safety — with a large number of students,
anything is possible. All organisms the students use are killed after they finish their experiments.
Our stock cultures are checked for contamination routinely as any contamination will ruin
experiments.

2. Bacteria:

Bacillus subtilis, Erwinia carotovora, Escherichia coli K12, Micrococcus luteus,
Pseudomonas fluorescens, Streptomyces griseoviridis, and Streptomyces griseus are used by
students in the Krajnyk Unit. These bacteria are exposed to various concentrations of antibiotics:
ampicillin, chloramphenicol, kanamycin, streptomycin, or tetracycline; or to various herbs and
spices:  cayenne pepper, cinnamon, clove, fresh garlic, ginger, juniper, lemon, nutmeg,
peppermint, rosemary, sage, or thyme to determine the sensitivity of the bacteria. Students streak
the bacteria onto nutrient agar plates and then place assay discs soaked in the various chemicals in
the centre of the plate. Plates are sealed, incubated, and then studied while still sealed. The sealed
plates are autoclaved to kill the bacteria after use.

Escherichia coli (strains BW, BW(p600), DHS, IM101, IM101(pAMP), IM101(pKAN),
IMI01(pA/K), IM101(p220), IM101(pGEM), IM101(p501), IMI101(pVIB), IM101(pGREEN),
JMI01(pBR), IM101(p600), IM101(pKYLX), JM101(pCR2), IM101(pGATA), IMI101(Xeno),
K12, K12tet, and SCS1) are used by students in the Zabulionis Unit for various experiments,
These include antibiotic physiology, conjugation, transduction, transformation, and ultra-violet
(UV) light exposure.

Antibiotic physiology: The E. coli cells are exposed to various levels of antibiotics
(ampicillin, kanamycin, novobiocin, rifampicin, or tetracycline) to determine susceptibility
differences between cell lines or efficacy of antibiotics.

Conjugation:  E. coli BW(p600) is the cell line used in conjugation whereby the p600
plasmid is transferred to a recipient cell line [JM101(pAMP), IM101(p220), JM101(p501),
IMIO1(pGREEN), IM101(pVIB) or IM101(pGEM)]. The cells that receive the p600 plasmid are
now resistant to ampicillin and tetracycline.



Transduction: Plvir bacteriophage is used to infect E. coli K12tet with some of the
resulting progeny of the Plvir contain the tetracycline resistance gene from K12tet. This lysate of
P1 is used by the students to infect other £. coli cell lines to see how readily they pick up the
tetracycline resistance gene. See Appendix 8 for P1vir information.

Transformation: Various plasmids (p220, p501, p600, pA/K, pAMP, pBR, pCR2, pGATA,
pGEM, pGREEN, pKAN, pKYLX, pVIB, pXeno) are transformed into the various E. coli cells
lines that are sensitive to antibiotics. The plasmids contain an antibiotic resistance gene (either
ampicillin, kanamycin, or tetracycline resistance gene) which enables the transformed cells to
grow on the antibiotic that the plasmid provides resistance. See Appendix 7 for plasmid maps and
information.

UV light exposure: E. coli cell lines are exposed to various amounts of UV light to
determine sensitivity and survival rates. Plasmids (as above) are exposed to UV light and then
transformed into antibiotic sensitive E. coli cells to determine transformability of the plasmid after
UV treatment.

See Appendix 3 for species information.

3. Fungi:

The following fungi are used by students in the Krajnyk Unit: Colletotrichum graminicola,
Moniliella suaveolens, Phoma sorghina, Pleurotus ostreatus, Sclerotinia sclerotiorum, Sordaria
Jfimicola, and Trichoderma harzionum. They are used in heavy metal toxicity studies whereby the
species are exposed on Petri dishes to millimolar concentrations of calcium chloride, cadmium
chloride, cobalt chloride, copper sulphate, magnesium chloride, nickel chloride, or zinc chloride.
After the species are added, the plates are sealed, incubated, and then measured while still sealed.
The plates are autocilaved and then disposed in Hazardous Waste.

See Appendix 4 for species information,

4, Yeast:

The following yeast are used in the Krajnyk Unit: Candida hawaiiana, Cryptococcus
albidus, Rhodotorula rubra, Saccharomyces cerevisiae, and Schizosaccharomyces pombe.  They
are used in heavy metal toxicity studies whereby the species are exposed on Petri dishes to
millimolar concentrations of calcium chloride, cadmium chloride, cobalt chloride, copper suiphate,
magnesium chloride, nickel chloride, or zinc chloride. After the species are added, the plates are
sealed, incubated, and then measured while still sealed. The plates are autoclaved and then
disposed in Hazardous Waste.

Saccharomyces cerevisiae is also used in the Dean Unit for finding the number of cells/ml
in liquid suspension cultures using two methods: direct sampling with a haemacytometer and an
indirect method using spectrophotometers. Two methods are used to determine the "yields" in
cultures, over a two day incubation period, exposed to different concentrations of a specific
nutrient e.g. nitrogen, or a carbon source.

See Appendix 5 for species information.



5. Plants:

In the Dean Unit, Spinach (Spinacia oleracea) leaves are obtained from local grocery stores
from which chloroplasts are isolated and used to study chloroplast function under various light
conditions.

Canola (Brassica napus) are grown from seeds in the Biology lower greenhouses and brought
to NCB in growth pots for plant density growth studies by the students in the Krajnyk Unit.



Appendix 2:

1.0 Microorganisms:

1.2
The following organisms are maintained for use in Bio 2290F/G:
Name of Biological Is it known | Is it known | Is it known | Maximum | Source/ PHAC or
agent(s)* to be a to. be an |to bhe a | quantity to Supplier CFIA'
human animal zoonotic be Containment
pathogen? | pathogen? | agent? cultured at Level
YES/NO | YES/NO | YES/NO | one time?
(in Litres)
Bacteria:
see Appendix 3 for
species information.
Bacillus subtilis NO NO NO 0.2 L. ATCC I 22+ 3
Erwinia carotovora NO NO NO 0.2L. ATCC I 22+ 3
Micrococcus luteus NO NO NO 0.2 L. ATCC 1 22+ 3
Pseudomonas NO NO NO 0.2 L. ATCC 1 22+ 3
Sluorescens
Streptomyces NO NO NO 0.2 L. ATCC 1 22+ 3
griseoviridis
Streptomyces griseus NO NO NO 0.2 L. ATCC 1 22+ 3
Escherichia coli
strains:
BW NO NO NO 0.2 L. Dr, 122+ 3
Valvano
UwO
BW(p600) NO NO NO 0.2 L. we put 122+ 3
tet' p600 into
BW
DHS5a NO NO NO 0.2L. Gibco/BRL |1 2 2+ 3
JM101 NO NOC NO 021, ATCC I 22+ 3
JM101(p220) NO NO NO 0.21L. we put 122+ 3
amp' p220 into
IM101
IM101(p501) NO NO NO 0.2 L. we put 122+ 3
amp’ p501 into
IMI101
IM101(p600) NO NO NO 0.2 L. we put 122+ 3
tet' p600 into
IM101
IMI101(pA/K) NO NO NO 0.2 L. we put 122+ 3
amp' + kan’ pA/K into

JIM101




IM101(pAMP} NO NO NO 0.2 L. we put I 22+ 3
amp’ pAMP into
JM101
JM101(pBR) NO NO NO 0.2 L. we put 122+ 3
amp' + tet' pBR into
IM101
IMI101(pCR2) NO NO NO 0.2 L. we put 122+ 3
amp’ + kan' pCR2 into
JM101
IMI01(pGATA) NO NO NO 0.2 L. we put 122+ 3
kan" pGATA
into JM101
IM101(pGEM) NO NO NO 0.2 L. we put 122+ 3
amp' pGEM into
JM101
JM101(pGREEN) NO NO NO 0.2 L. we put 1 22+ 3
amp' pGREEN
into JIM101
IM101(pKAN) NO NO NO 0.2 L. we put 1 22+ 3
kan' pKAN into
IM101
IMI01(pKYLX) NO NO NG 0.2 L. we put 122+ 3
tet’ pKYLX
into JM101
JM101(pVIB) NO NO NO 021L. we put I 22+ 3
amp' pVIB into
JM101
IM101(pXeno) NO NO NO 0.2 L. we put 122+ 3
amp' + kan' pXeno into
JMI101
K12 NO NO NO 0.2 L. ATCC {22+ 3
K12tet NO NO NO 0.2 L. Dr. 122+ 3
(tet’ gene on Valvano
chromosome) UWO
SCS1 NO NO NO 0.2 L, Stratagene |1 2 2+ 3
Fungi:
see Appendix 4 for
species information.
Colletotrichum NO NO NO 02 L. ATCC 122+ 3
graminicola
Moniliella NO NO NO 0.2 L. ATCC 122+ 3

suaveolens




Phoma sorghina NO NO NO 0.2 L. ATCC 1 22+
Pleurotus ostreatus NO NO NO 0.2 L. ATCC 1 22+
Sclerotinia NO NO NO 0.2L. ATCC 1 22+
sclerotiorum
Sordaria fimicola NO NO NO 0.2 L. ATCC i 22+
Trichoderma 1 22+
harzionum
Yeast:
see Appendix 5 for
species information.
Candida hawaiiana NO NO NO 0.2 L. M. A. 1 22+
Lachance,
UWO
Cryptococcus albidus NO NO NO 0.2 L. ATCC 1 22+
Rhodotorula rubra NO NO NO 0.2L. ATCC 1 22+
Saccharomyces NO NO NO 0.2 L. ATCC 1 22+
cerevisiae
Schizosaccharomyces NO NO NO 0.2 L. ATCC 1 22+

pombe




Agence canadienn2
dinspection des aiments

Office of Biohazard Cortainment and Safety
Science Branch, CFIA

59 Camelot Drive, Ottawa, Onlario KIAGYD
Tel: (613) 221-7068 Fax. (613) 228-6129
Email: ImportZoopalh@nspection.ge.ca

Bureau du confinemaat des biorisques et securite
Direction générale des scrences, ACIA

59 prorenadie Camelot, Citawa, Ontario KIA YD
Td: (613) 221-7058 Taléc: (613) 228-6129

Coumid: ImportZoopath@nspeciion.ge.c2

Qctober 20", 2009

Ms. Shamila Survery / Mr. Michael Decosimo
Cedarlane Laooratories Ltd

4410 Paletta Court

Burlington, Ontario  L7L 5R2

By Facsimile: (289) 288-0020
SUBJECT: Importation of Escherichia coli strains

Dear Ms. Survery / Mr. Decosimo:

Our office received your query about the importation ot Escherichia coli from the American Type Culiure
Collection (ATCC) located in Manassas, Virginia, United States. The following Escherichia coli strains are
consider te be level 1 animal pathogens:

. 5K + CIE8S « J52 - MC4100 (MuLac) -« U5/41

- 58 «+ DH1 . J53 » MG1855 - W208

+ 58-161 - DH10 GOLD - JCc3z72 - MM294 - W945

. 679 - DH10B - JC7661 - MS101 .« W1485

- 1532 - DH5 - JCO387 - NC-7 - W3104

- AB284 -{DH5=alpha‘ - JF1504 - Nissle 1917 - W3110

- AB311 - DP50 « JF1508 + One Shot STBL3 « WA704

« AB1157 « DY145 - JF1509 - OP50 - WP2

+ AB1205 - DY380 + JJ055 - P78 . X1854

- AG1 « E11 - JM83 « PA309 « X2160T

- B - EJ183 M0 - PK-5 - X2541

- BB4 + EL250 « JM109 » PMC103 + X2547T

+ BD792 - EMG2 w120 - PR13 « XL1-BLUE
» BL21 - EPI 300 « KC8 « Rri « XL1-BLUE-MRF
- BL21 (DE3) < EZ10 + KA802 - RV308 « XLOLR

- BM25.8 - FDA Seattle 1846 + KAM32 + $17-1A -PIR « Y10

- C - Fusion-Blue - KAM33 «wSES1" « Y1090 (1090)
« C-1a « H1443 - KAMA43 - SMR10 + YN2980

- C-3000 + HF4714 - LE450 « SOLR . W3110

+ C25 « HB101 - LE451 - SuperchargeEZ10 « WG1

- C41 (DE3) - HS(FFAMP)R  « LE452 « SURE - WGE439

+ C43 (DE3) « Hfr3000 - MB408 + TOP10 « WG443

- G600 « Hfr3000 X74 « MBX1928 - TG .« WG445

» Cavalli Hfr « HMS174 - MC1061

The Office of Biohazard Containment and Safety (BCS) of the Canadian Food Inspection Agency (CFIA)

only issues import permit
that are pathogenic to animals. As the products listed a

Office of BCS does not have any regulatory requirements for their impeortation.

s for microorganisms that are pathogenic to animals, or parts of microorganisms
bove are not considered pathogenic to animals, the

Please note that other legislation may apply. You may wish to contact the Public Health Agency of

Canada's (PHAC) Office of Laboratory Security at (613) 957-1779.

Note: Microorganisms pathogenic to animals and veterinary biclogics require an import perrait from the

CFiA.

Sincerely,

:—’/‘Z//‘ 7,'};_.4 ﬂL ea by ted

7 Cinthia Labrie

Head, Animal Pathogen Importation Program
Office of Biohazard Containment & Safety

Canada



Appendix 3:

Bacteria

used in Bio 2290F/G:

Bacillus subtilis (Ehrenberg) Cohn - from ATCC:

ATCC® Number:
Organism:
Designations:
Depositor:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

References:

465™
Bacillus subtilis (Ehrenberg) Cohn
[NRS 743]

NM Harris

ATCC medium 3: Nutrient agar or nutrient broth
Temperature: 30.0°C

In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

5507: Science 62: 57, 1925,
5923: Smith NR, et al. Aerobic spore forming bacteria. U.S. Dep. Agric. Monogr. 16: 1-
148, 1952.



Erwinia carotovora subsp. carotovora (Jones) Bergey et al. -

from ATEC:

ATCC® Number:

Organism:

Designations:

Depositor:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

Comments:

References:

495™

Pectobacterium carotovorum subsp. carotovorum (Jones) Hauben et al. deposited as
Erwinia carotovora subsp. carotovora (Jones) Bergey et al.

[D. Dye EG23, ICMP 1380, ICPB Isolation: soft rot of carrot
EC208, NCPPB 2042]

LA Rogers History: ATCC <<--LA Rogers<<--L, Jones
(Bacillus carotovorus)

1 Gram negative.

ATCC medium 3: Nutrient agar or
nutrient broth
Temperature: 26.0°C

In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

DNA hybridization reference strain. Gram negative.

7228: Dye DW. A taxonomic study of the genus Erwinia. II. The "carotovora" group.
N.Z. J. Sci. 12: 81-97, 1969.



Micrococcus sp. deposited as Micrococcus luteus (Schroeter)
Cohn - from ATCC:

ATCC® Number:

Organism:
Designations:
Depositor:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

Comments:
Applications:

References:

398™

Micrococcus sp. deposited as Micrococcus luteus (Schroeter) Cohn
426
GJ] Hucker

1 Gram positive.

ATCC medium 18: Trypticase soy agar
Temperature: 26.0°C

In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

taxonomy [8354] [9665]. Gram positive.
produces creatininase creatinine amidohydrolase [3288]

3288: Suzuki M, Saito N. Creatinine amidohydrolase and creatine amidinohydrolase and
process for producing them. US Patent 4,039,384 dated Aug 2 1977

8354: Kocur M, et al. Taxonomic status of Micrococcus luteus (Schroeter 1872) Cohn
1872, and designation of the neotype strain. Int. J. Syst. Bacteriol. 22: 218-223, 1972.
9665: Rosypal S, Kocur M. The taxonomic significance of the oxidation of carbon
compounds by different strains of Micrococcus luteus. Antonie van Leeuwenhoek 29:
313-318, 1963.



Pseudomonas fluorescens Migula - from ATCC
ATCC® Number: 12842™

Organism: Pseudomonas fluorescens Migula
Designations:  NCIB 8865 strain CO1 Isolation: soil
Depositor: NCIMB History: ATCC <<--NCIMB<<--],

Peel

Biosafety Level: 1

Growth ATCC medium 3: Nutrient agar or nutrient
Conditions: broth
Temperature: 26.0°C

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or requlatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Comments: Oxidizes hexanoic (caproic) acid



Streptomyces griseoviridis Anderson et al. - from ATCC.

ATCC® Number: 39271™

Organism: Streptomyces griseoviridis Anderson et al.

Designations: 6 Isolation: peat soil, Finland

Depositor: University of Helsinki History: ATCC <<--University of Helsinki<<--
R. Tahvonen

Biosafety Level: 1 Shipped: freeze-dried

Growth

Conditions: ATCC medium 196: Yeast malt

extract agar
Temperature: 26.0°C

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

This material is cited in a U.S. and/or other Patent or Patent Application, and may not be used to
infringe on the patent claims. ATCC is required to inform the Patent Depositor of the party to which the
material was furnished.

Applications: biological control of fungal plant pathogens [3980]

References: 3980: Tahvonen R. Fungistatic method. US Patent 4,595,589 dated Jun 17 1986



Streptomyces griseus subsp. griseus (Krainsky) Waksman and
Henrici - from ATTC:

ATCC® Number:
Organism:
Designations:
Depositor:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

13968™

Streptomyces griseus subsp. griseus (Krainsky) Waksman and Henrici
A-1

Lederle Labs.

1 Gram positive.

ATCC medium 196: Yeast malt extract agar
Temperature: 26.0°C

In addition to the MTA mentioned above, other ATCC and/or requlatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location,

This material is cited in a U.S. and/or other Patent or Patent Application, and may not be used to
infringe on the patent claims. ATCC is required to inform the Patent Depositor of the party to which the
material was furnished.

Applications:

References:

production of 2-beta-hydroxylated steroids of the pregnane series [3073]

3073: Feldman LI, et al. 2-Hydroxy-9alpha-fluoro pregnenes and pregnadienes. US
Patent 3,063,991 dated Nov 13 1962



Escherichia coli Strains: (all strains are gram negative)

E. coli BW (BW19851) - from M. Valvano (UWO):

BW19851 (name used in research papers): it is a K12 strain (1).
Pedigree: S17-1 via BW19795 (2).

Genotype: RP4-2:Mu-lkan::Tn7/creB510 hsdR17 endAl zbf-5 widA(AMLul)::pir(wt) recAl thi
).

Containment Level: 1

Comments: BW contains an integrated RP4 plasmid carrying the necessary components to allow
mobilization (conjugation) of recombinant plasmids containing the mob region which is present in
p600 plasmid (2). The students use BW(p600) in conjugation experiments.

References:
1. Valvano et al. J. Bact. 2000. 182(2):488-497;
2. Metcalf et al. Gene. 1994. 138(1-2):1-7.



E. coli DH5a - originally from Gibco/BRL (now owned by invitrogen):

MAX Efficiency® DHSo Competent Cells
Cat, No. 18258-012 Size: 1 mL

Store at -70°C.

Do not store in liquid nitrogen.

Description:

MAX Efﬁciency® DHS5a™ Competent Cells have been prepared by a patented modification of the
procedure of Hanahan (1). These cells are suitable for the construction of gene banks or for the
generation of cDNA libraries using plasmid-derived vectors. The ¢80d/acZAM1S marker provides
a-complementation of the 3-galactosidase gene from pUC or similar vectors and, therefore, can be
used for blue/white screening of colonies on bacterial plates containing Bluo-gal or X-gal.
DHS5e™ is capable of being transformed efficiently with large plasmids, and can also serve as a
host for the M13mp cloning vectors if a lawn of DH5a-FT™, DH5aF™, DHS5aF'TQ™, JM101 or
JM107 is provided to allow plaque formation,

Genotype

F- ¢80lacZAMIS A(lacZY A-argF) U169 recAl endAl hsdR17 (1, -, m,+) phoA supE44 - thi-1
2yrA96 relAl

Biosafety Level: 1

Component Amount per Vial

DH5a™ Competent Cells 200 uL

pUC19 DNA (0.01 pg/mL) 100 pL

9
Quality Control: MAX Efﬁciency® DHSe™ Competent Cells consistently yield > 1.0 x 10
transformants/pg pUC19 with non-saturating amounts (50 pg) of DNA. Saturating amounts of

pUC19 (25 ng) generate > 1 x 106 ampicillin-resistant colonies in a 100-pL reaction.

Part No. 18258012.pps Rev. Date: 26 October 2006

For technical support, email tech_support@invitrogen.com. For country-specific contact
information, visit www.invitrogen.com.



Transformation Procedure:
A stock pUC19 solution (0.01 pg/mL) is prov1ded as a control to determine the transformatlon

efficiency. The stock solution of pFastBac -gus (0.2 pg/mL), provided with pFastBac 1
Expression Vector (Cat. No. 10360-014), can be used as a control for the transposition frequency.
To obtain maximum transformation efficiency, the experimental DNA must be free of phenol,
ethanol, protein and detergents.

1. Thaw competent cells on wet ice. Place required number of 17 x 100 mm polypropylene tubes

(Falcon 2059) on ice.

2. Gently mix cells, then aliquot 100 puL of competent cells into chilled polypropylene tubes.

3. Refreeze any unused cells in the dry ice/ethanol bath for 5 minutes before returning to the -70°C
freezer. Do not use liquid nitrogen.

4. To determine the transformation efficiency, add 5 pl. (50 pg) pUC19 control DNA to one tube
containing 100 puL competent cells. Move the pipette through the cells while dispensing.
Gently tap tube to mix.

5. For DNA from ligation reactions, dilute the reactions 5-fold in 10 mM Tris-HCI (pH 7.5) and 1
mM EDTA. Add 1 uL of the dilution to the cells (1 to 10 ng DNA), moving the pipette through
the cells while dispensing. Gently tap tubes to mix.

. Incubate cells on ice to 30 minutes,

. Heat-shock cells 45 seconds in a 42°C water bath; do not shake.

. Place on ice for 2 minutes.

. Add 0.9 mL room temperature S.0.C. Medium (Cat. No. 15544-034).

10. Shake at 225 rpm (37°C) for 1 hour.

11. Dilute the reaction containing the control plasmid DNA 1:100 with S.0.C. Medium. Spread

100 pL of this dilution on LB or YT plates with 100 ug/mL ampicillin.

12, Dilute the experimental reactions as necessary and spread 100 to 200 L of this dilution as
described in Step 11.

13. Incubate overnight at 37°C,

OO0~ N

Growth of Transformants for Plasmid Preparations:

DH5a™ Competent Cells which have been transformed with pUC-based plasmids should be
grown at 37°C overnight in TB(2). A 100-mL growth in a 500-mL baffled shake flask will yield
approximately 1 mg of pUC19 DNA.

Notes:

1. For best results, each vial of cells should be thawed only once. Although the cells are
refreczable, subsequent freeze-thaw cycles will lower transformation frequencies by
approximately two-fold.

2. Media other than S.0.C. Medium can be used, but the transformation efficiency will be reduced.
Expression in Luria Broth reduces transformation efficiency a minimum of two- to three-fold

(4).

3. Transformation efficiencies will be approximately 10-fold lower for ligation of inserts to vectors
than for an intact control plasmid. Ligation reactions should be diluted 5-fold prior to using the



DNA in a transformation. Only | pL of this dilution should be used. A standard ligation
reaction (20 pL) normally contains 100-1000 ng of DNA. Therefore, the addition of 1 pL of
diluted DNA will result in adding 1 to 10 ng of ligated DNA to the cells. We have observed
that the cells begin to saturate with 10-50 ng of DNA (3). Also our data show that the 5-fold
dilution of ligation mixtures results in more efficient transformation (3,4),

. ® D .
4. MAX Efficiency DHSa™ can support the replication of M13mp vectors. However, DHSa™ is

F and cannot support plaque formation. Therefore, log phase DH5a-FT™, DH5aF'™,
DHS5aF'TQ™, IM101 or JM107 cells must be added to the top agar which should contain X-gal
(Cat. No. 15520-034) or Bluo-gal, final concentration 50 pg/mL, and [PTG (Cat. No. 15529-
019), final concentration | mM. The competent cells should be added to top agar after lawn
cells, IPTG and Bluo-gal or X-gal have been added. Incubation at 37°C for 1 hour is not
required after addition of §.0.C. Medium.

5. Generally, transformation efficiencies will be 10- to 100-fold lower for ¢cDNA than for an intact
control plasmid such as pUCI19. Approximately 50,000 transformants/5 ng ¢cDNA may be
obtained. The amount of ¢cDNA used in a 100 uL transformation should be 1-5 ng in 5 pL or
less.

6. Transformation efficiency (CFU/pg):

CFU in control plate x 1 x 106 pg x dilution factor(s)

pg pUC19 used in transformation pg

For example, if 50 pg pUC19 yields 100 colonies when 100 pL of'a 1:100 dilution is plated, then:

CFU/ug = 100 CFU x 1 x 106pg x 1 mL x 10°=2 x 10"

50 pg pg 0.1 mL plated

References:
1. Hanahan, D. (1983) J. Mol. Biol. 166, 557.

2. Tartof, K. D. and Hobbs, C. A. (1987) Focus. 92, 12.
3. Jessee, J. (1984) Focus 6.4, 5.

4. King, P. V. and Blakesley, R. (1986) Focus 81, 1.
Falcon® is a registered trademark of Becton Dickinson.

2004-2006 Invitrogen Corporation. All rights reserved. For research use only. Not intended for any
animal or human therapeutic or diagnostic use.



E. coli JM101 - from ATCC:

ATCC® Number: 33876

Designations:  JM101

Depositors: D Vapnek

Genotype: F' traD36 proA+ proB+ laclq delta(lacZ)M15 delta(lac-proAB) supE thi-1 lambda-
Growth

Conditions: Temperature: 37.0°C

Biosafety Level: 1

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Applications: transformation host
Comments: Host for pMOB48 (ATCC 37107).
References: 8105: Messing J, et al. A system for shotgun DNA sequencing. Nucleic Acids Res. 9:

309-321, 1981. PubMed: 6259625

8116: Bittner M, Vapnek D. Versatile cloning vectors derived from the runaway-
replication plasmid pKN402, Gene 15: 319-329, 1981. PubMed: 6277736

10266: Yanisch-Perron C, et al. Improved M13 phage cloning vectors and host strains:
nucleotide sequences of the M13mp18 and pUC19 vectors. Gene 33: 103-119, 1985.
PubMed: 2985470



E. coli K12 - from ATCC:

ATCC® Number:
Organism:
Designations:

Depositor:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

References:

29425™

Escherichia coli (Migula) Castellani and Chalmers

K12 Isolation: Basel, 1969 [185139]
R Yuan History: ATCC <<--R Yuan<<--W,
Arber

ATCC medium 3: Nutrient agar or nutrient
broth

Temperature: 37.0°C

Duration: aerobic

In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

185139: R Yuan, personal communication



E. coli K12tet - from M Valvano (UWO):

Species: Escherichia coli K12.

Strain: 21566.

Genotype: rffE:Tn10 (Tc") -tetracycline resistance gene inserted into
chromosome in the rff genes (the structural genes for UDP-GIcNAc-2-
epimerase) resulting in defective ECA synthesis subsequent to the synthesis of
lipid I (1).

Containment Level: 1.

References:
1. Meier-Dieter et al. J. Biol. Chem. 1990. 265(23):13490-13497.



E. coli SCS1 - from Stratagene:

SCS1 Supercompetent Cells Catalog #200231
MATERIALS PROVIDED:

Materials Provided: Quantity: Efficiency {cfu/puL of pUC18 DNA
SCS1 supercompetent cells (green tubes) | 5x0.2mL | 21 x 10°
pUC18 plasmid (0.1 ng/uL in TE buffer) 0L | e
B-Mercaptoethanol (1.42 M) U

Storage: Supercompetent cells must be placed immediately at the bottom of a -80°C freezer
directly from the dry ice shipping container. Do not store the cells in liquid nitrogen.

QUALITY CONTROL TESTING: Transformations are performed both with and without
plasmid DNA using 100-pL aliquots of cells and 100 pg of pUC18 control plasmid following the
protocol outlined below. Following transformation, 2.5-uL samples of the culture are plated in
duplicate on LB agar plates with 100 pyg/mL of ampicillin. The plates are incubated at 37°C
overnight and the efficiency is calculated based on the average number of colonies per plate.

BACKGROUND:

SCS1 Genotype: recAl endAl gyrA96 thi-1 hsdR17 (hK™ mK") supE44 reld1 (uncharacterized
mutation improves transformation efficiency). (Genes listed signify mutant alleles.)

SCS1 cells are endonuclease (endA) deficient, which greatly improves the quality of miniprep
DNA, and are recombination (recA) deficient, improving insert stability. The AsdR mutation
prevents the cleavage of cloned DNA by the EcoK endonuclease system.

Note The SCS1 strain does not contain an F' episome and does not support blue-white color
screening or single-strand rescue applications.

BIOSAFETY LEVEL: 1

TRANSFORMATION PROTOCOL:

1. Pre-chill two 14-ml BD Falcon polypropylene round-bottom tubes on ice. (One tube is for the
experimental transformation and one tube is for the pUC18 control.) Preheat SOC medium to
42°C.

2. Thaw the supercompetent cells on ice. When thawed, gently mix and aliquot 100 pL of cells into
each of the two pre-chilled tubes.

3. Add 1.7 pL of B-mercaptoethanol provided with this kit to each aliquot of cells.

4. Swirl the contents of the tubes gently. Incubate the cells on ice for 10 minutes, swirling gently
every 2 minutes.

5. Add 0.1-50 ng of the experimental DNA (see Quantity and Volume of DNA, reverse page, for
guidelines) to one aliquot of cells and add 1 pL of the pUC18 control DNA to the other aliquot.
Swirl the tubes gently.

6. Incubate the tubes on ice for 30 minutes.

7. Heat-pulse the tubes in a 42°C water bath for 45 seconds. The duration of the heat pulse is
critical for maximum efficiency.

8. Incubate the tubes on ice for 2 minutes.

9. Add 0.9 mL of preheated SOC medium and incubate the tubes at 37°C for 1 hour with shaking
at 225-250 rpm.



10. Plate =200 pL of the transformation mixture on LB agar plates containing the appropriate
antibiotic. For the pUC18 control

transformation, plate 2.5 pL of the transformation on LB-ampicillin agar plates.

Notes Cells may be concentrated by centrifuging at 1000 rpm for 10 minutes. Resuspend the pellet
in 200 UL of SOC medium.

If plating <100 UL of cells, pipet the cells into a 200 YL pool of SOC medium and then spread the
mixture with a sterile spreader.

If plating 2100 UL, the cells can be spread on the plates directly. Tilt and tap the spreader to
remove the last drop of cells.

11. Incubate the plates at 37°C overnight.

12. For the pUC18 control, expect 250 colonies (21 x 109 cfu/pg pUC18 DNA). For the
experimental DNA, the number of colonies will vary according to the size and form of the
transforming DNA, with larger and non-supercoiled DNA producing {fewer colonies.

TRANSFORMATION GUIDELINES AND TROUBLESHOOTING:

Storage Conditions: Competent and supercompetent cells are very sensitive to even small
variations in temperature and must be stored at the bottom of a —~80°C freezer. Transferring tubes
from one freezer to another may result in a loss of efficiency.

Use of 14-mL BD Falcon polypropylene round-bottom tubes: It is important that 14-mL BD
Falcon polypropylene round-bottom tubes (BD Biosciences Catalog #352059) are used for the
transformation protocol, since other tubes may be degraded by B-mercaptoethanol. In addition, the
duration of the heat-pulse is critical and has been optimized for these tubes.

Aliquoting Cells: Keep the cells on ice at all times during aliquoting. It is essential that the
polypropylene tubes are placed on ice before the cells are thawed and that the cells are aliquoted
directly into pre-chilled tubes. It is also important to use the volume of cells indicated in step 2 of
the Transformation Protocol. Decreasing the volume will result in lower efficiencies.

Use of B-Mercaptoethanol (3-ME): B-ME has been shown to increase transformation efficiency.
The B-ME provided is diluted and ready to use. A fresh 1:10 dilution (from a 14.2 M stock) may
be used; however, Stratagene cannot guarantee results with B-ME from other sources.

Quantity and Volume of DNA: The greatest efficiency is obtained from the transformation of 1
ML of 0.1 ng/pL supercoiled pUC18 DNA per reaction. A greater number of colonies may be
obtained by transforming up to 50 ng DNA, although the resulting efficiency (cfu/ug DNA) may
be lower. The volume of the DNA solution added to the reaction may be increased to up to 10% of
the reaction volume, but the transformation efficiency may be reduced.

Heat Pulse Duration: Optimal transformation efficiency is observed when cells are heat-pulsed at
42°C for 45-50 seconds. Efficiency decreases sharply when cells are heat-pulsed for <45 seconds
or for >60 seconds.

PREPARATION OF MEDIA AND REAGENTS:

SOB Medium (per Litre):

20.0 g of tryptone

5.0 g of yeast extract

0.5 g of NaCl

Add deionized H20 to a final volume of 1 litre

Autoclave

Add 10 mL of filter-sterilized 1 M MgCl2 and 10 mL of filter-sterilized
1 M MgSO04 prior to use.



SOC Medium (per 100 mL):

Note This medium should be prepared immediately before use.

2 mL of filter-sterilized 20% (w/v) glucose or | mL of filter-sterilized
2 M glucose

SOB medium (autoclaved) to a final volume of 100 mL.,

LB Agar (per Litre):

10 g of NaCl

10 g of tryptone

5 g of yeast extract

20 g of agar

Add deionized H20 to a final volume of 1 litre
Adjust pH to 7.0 with 5 N NaOH

Autoclave.

LB—Ampicillin Agar (per Litre):

1 litre of LB agar, autoclaved

Cool to 55°C

Add 10 mL of 10 mg/mL filter-sterilized ampicillin
Pour into petri dishes (~25 mL/100-mm plate).

LIMITED PRODUCT WARRANTY

This warranty limits our liability to replacement of this product. No other warranties of any kind,
express or implied, including without limitation, implied warranties of merchantability or fitness
for a particular purpose, are provided by Stratagene. Stratagene shall have no liability for any
direct, indirect, consequential, or incidental damages arising out of the use, the results of use, or
the inability to use this product.

Stratagene Technical Services

USA/Canada (Toll-free) 800 894 1304

Europe (Toll-free) 00800 7400 7400

Email tech_services@stratagene.com

World Wide Web www stratagene.com



Appendix 4:

Fungi used in Bio 2290F/G:

Colletotrichum graminicola (Cesati) Wilson, anamorph - from

ATCE:

ATCC Advanced Catalog Search »Product Details

Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's
Material Transfer Agreement or, in certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Japan, Korea, Macau, Mexico, New
Zealand, Singapore, and Taiwan, R.O.C. must contact a local distributor for pricing information and to
place an order for ATCC cultures and products.

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number:

Organism:
Alternate State:
Designations:
Depositors:

Biosafety Level:

Growth Conditions:

Permits/Forms:

Comments:
Subcollection:

References:

11870™

Colletotrichum graminicola (Cesati) Wilson, anamorph
Glomerella graminicola Politis, teleomorph

[NRRL 13648] Isolation: alfalfa, Iowa
LH Tiffany
1 Shipped: frozen

ATCC medium 336: Potato dextrose agar (PDA)
Temperature: 24.0°C

In addition to the MTA mentioned above, other ATCC and/or regulatory
permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC material is ultimately responsible for obtaining the
permits. Please click here for information regarding the specific
requirements for shipment to your location.

Related Products

Colletotrichum capsici fide Sutton [13066]
Fungi

13066: Sutton BC. Colletotrichum dematium (PERS.EX FR.) Grove and C.
trichellum (FR.EX FR.) Duke. Trans. Br. Mycol. Soc. 42-232: 223, 1962.



Moniliella suaveolens var. nigra (Burri et Staub) de Hoog, anamorph -
from ATTC:

ATCC® Number: 18456™

Organism: Moniliella suaveolens var. nigra (Burri et Staub) de Hoog, anamorph
deposited as Moniliella tomentosa van Beyma, anamorph

Designations:  CBS 224.32 [IMI Isolation: dried tobacco leaves, Nicotiana
159917] tabacum, England

Depositors: CBS History: ATCC <<--CBS<<--J.W. Jollyman

Biosafety Level: 1 Shipped: freeze-dried

Growth ATCC medium 336: Potato dextrose agar (PDA)

Conditions: Temperature: 26.0°C

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC material is ultimately responsible for obtaining the permits.
Please click here for information regarding the specific requirements for
shipment to your location.

Related Products

Type Strain: yes(type strain of Moniliella tomentosa)
Subcollection:  Fungi

References: 16240: Stolk AC, Dakin JC. Moniliella, a new genus of Moniliales. Antonie van
Leeuwenhoek 32: 399-409, 1966. PubMed: 5297390



Phoma sorghina (Saccardo) Boerema et al., anamorph deposited as
Phoma sp. - from ATCC:

ATCC Advanced Catalog Search »Product Details
Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's
Material Transfer Agreement or, in certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Japan, Korea, Macau, Mexico, New
Zealand, Singapore, and Taiwan, R.0.C. must contact a local distributor for pricing information and to
place an order for ATCC cultures and products.,

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number: 13145™

Organism: Phoma sorghina (Saccardo) Boerema et al., anamorph deposited as Phoma sp.
Designations: M-536 [IMI 109556]

Depositors: Schering Corp.

Biosafety Level: 1 Shipped: frozen
Growth ATCC medium 312: Czapek's agar

Conditions: Temperature: 24.0°C

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

This material is cited in a U.S. and/or other Patent or Patent Application, and may not be used to
infringe on the patent claims. ATCC is required to inform the Patent Depositor of the party to which the
material was furnished.

Related Products

Applications: production of 11-hydroxylated steroids [3054]
Subcollection:  Fungi

References: 3054: llavsky J, Herzog H. 11-Hydroxylation of steroids by Phoma microorganisms. US
Patent 3,054,725 dated Sep 18 1962



Pleurotus ostreatus (Jacquin : Fries) Kummer, teleomorph - from
ATCC:

ATCC Advanced Catalog Search »Product Details
Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's
Material Transfer Agreement or, in certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Japan, Korea, Macau, Mexico, New
Zealand, Singapore, and Taiwan, R.0.C. must contact a local distributor for pricing information and to
place an order for ATCC cultures and products.

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number: 38538™
Organism: Pleurotus ostreatus (Jacquin : Fries) Kummer, teleomorph
Designations: F
Depositors: G Eger History: ATCC <<--G Eger<<--5.S. Block
Biosafety Level: 1 Shipped: frozen
Growth Conditions: ATCC medium 323: Malt agar medium
Temperature: 24.0°C
Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory

permits may be required for the transfer of this ATCC material. Anyone
purchasing ATCC material is ultimately responsible for obtaining the permits.
Please click here for information regarding the specific requirements for
shipment to your location.

Related Products

Comments: Breeding potential [16984]

Fruits under subtropical summer conditions [16082]
Subcollection: Fungi 7
References: 16082: . . Mushroom Sci. 10: 155-169, 1978,

16984: . . Theor. Appl. Genet. 47: 155-163, 1976.

Notices and Disclaimers

ATCC products are intended for laboratory research purposes only, unless noted otherwise. They are
not intended for use in humans.

While ATCC uses reasonable efforts to include accurate and up-to-date information on this site, ATCC
makes no warranties or representations as to its accuracy. Citations from scientific literature and
patents are provided for informational purposes only. ATCC does not warrant that such information has
been confirmed to be accurate.



Sclerotinia sclerotiorum (Libert) - from ATCC

ATCC Advanced Catalog Search »Product Details
Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's
Material Transfer Agreement or, in certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Japan, Korea, Macau, Mexico, New
Zealand, Singapore, and Taiwan, R.0.C. must contact a local distributor for pricing information and to
place an order for ATCC cultures and products.

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number: 18683™

Organism: Sclerotinia sclerotiorum (Libert) de Bary deposited as Sclerotinia sclerotiorum (Libert)
de Bary, teleomorph

Designations:  Ss-1 or 1980 Isolation: bean pods, New York

Depositors: RD Lumsden History: ATCC <<--RD Lumsden<<--].). Natti

Biosafety Level: 1 Shipped: frozen

Growth ATCC medium 336: Potato dextrose agar (PDA)

Conditions: Temperature: 24.0°C

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Related Products

Comments: Whetzelinia sclerotiorum (Libert) Korf et Dumont is considered an invalid name.
Genome-sequenced strain of Sclerotinia sclerotiorum

Subcollection:  Fungi

Notices and Disclaimers

ATCC products are intended for laboratory research purposes only, unless noted otherwise. They are not
intended for use in humans.

While ATCC uses reasonable efforts to include accurate and up-to-date information on this site, ATCC
makes no warranties or representations as to its accuracy. Citations from scientific literature and
patents are provided for informational purposes only. ATCC does not warrant that such information has
been confirmed to be accurate.



Sordaria fimicola (Roberge) Cesati et De Notaris - from ATCC:

ATCC Advanced Catalog Search »Product Details
Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's
Material Transfer Agreement or, in certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Japan, Korea, Macau, Mexico, New
Zealand, Singapore, and Taiwan, R.0.C. must contact a local distributor for pricing information and to
place an order for ATCC cultures and products.

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number: 14517™

Organism: Sordaria fimicola (Roberge) Cesati et De Notaris

Designations:  A-1, wild type g+ Isolation: dung, New York
Depositors: LS Olive

Biosafety Level: 1 Shipped: freeze-dried
Growth ATCC medium 310: Cornmeal, yeast, glucose agar (CMYG)

Conditions: Temperature: 26.0°C

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Subcollection:  Fungi

References: 14310: . . Bull. Torrey Bot. Club 81: 95-97, 1954,
14433:. .. Am. ]. Bot. 43: 97-107, 1956.

Notices and Disclaimers

ATCC products are intended for laboratory research purposes only, unless noted otherwise. They are not
intended for use in humans.

While ATCC uses reasonable efforts to include accurate and up-to-date information on this site, ATCC
makes no warranties or representations as to its accuracy. Citations from scientific literature and
patents are provided for informational purposes only. ATCC does not warrant that such information has
been confirmed to be accurate.



Trichoderma harzianum Rifai, anamorph - from ATCC:

ATCC Advanced Catalog Search »Product Details
Product Description

Before submitting an order you will be asked to read and accept the terms and conditions of ATCC's
Material Transfer Agreement or, in certain cases, an MTA specified by the depositing institution.

Customers in Europe, Australia, Canada, China, Hong Kong, India, Japan, Korea, Macau, Mexico, New
Zealand, Singapore, and Taiwan, R.0.C. must contact a local distributor for pricing information and to
place an order for ATCC cultures and products.

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number: 18647™

Organism: Trichoderma harzianum Rifai, anamorph

Alternate State: Hypocrea lixii Patouillard, teleomorph

Designations: AB 63-3 [CBS 819.68] Isolation: soil, South Australia
Depositors: C Dennis

Biosafety Level: 1 Shipped: freeze-dried
Growth ATCC medium 335: Potato carrot agar

Conditions: Temperature: 26.0°C

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Subcollection:  Fungi

Notices and Disclaimers

ATCC products are intended for laboratory research purposes only, unless noted otherwise. They are not
intended for use in humans.

While ATCC uses reasonable efforts to include accurate and up-to-date information on this site, ATCC
makes no warranties or representations as to its accuracy. Citations from scientific literature and
patents are provided for informational purposes only. ATCC does not warrant that such information has
been confirmed to be accurate.



Appendix 5:

Yeast used in Bio 2290:

Candida hawaiiana M.A. Lachance & J.M. Bowles - from Yeast
division of the Centraalbureau voor Schimmelcultures at Utrecht, Netherlands
(http://www.cbs.knaw.nl/yeast/BioloMICS.aspx).

CBS 9146 <- more data Price: 120 Euro (-45.83% discount for Academies,

r universities, education)
Taxon name: Candida hawaiiana M.A. Lachance & J.M. Bowles
Status of the strain: T of Candida hawaiiana M.A. Lachance & J.M. Bowles
Other collections: UWO(PS)91-698.3;MUCL 46200
Locality: Hawaii, Manuka Res.
Isolated by: M.A. Lachance
Deposited by: M.A. Lachance
Substrate of isolation: flower of Ipomoea indica
Conditions for growth (on solid media): On solid med.: GPYA, 25 C

André Lachance October 3, 2008:

Dear Ray:

For all | know, the specie therein has no record ever of having any medically relevant association.
Given that it does not grow at 37C, it is not likely that it ever will cause any harm to humans.

Cheers.
André

attached: Lachance ef a/. 2003. FEMS Yeast Research. 3:97-103.



Cryptococcus albidus (Saito) Skinner var. albidus, anamorph -

from ATCC:

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number:

Organism:

Designations:
Depositors:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

Subcollection:

16721™

Cryptococcus albidus (Saito) Skinner var. albidus, anamorph deposited as Cryptococcus
diffluens (Zach) Lodder et Kreger-van Rij, anamorph

E4A2 Isolation: fresh water, Lake Erie
PF Dupont History: ATCC <<--PF Dupont<<--L.R, Hedrick
1 Shipped: freeze-dried

ATCC medium 200: YM agar or YM broth
Temperature: 24.0°C

In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Yeasts



Rhodotorula rubra (Demme) Lodder, anamorph- from ATCC:

Fungi ,Yeasts and Yeast Genetic Stock

ATCC® Number:

Organism:

Designations:

Depositors:

Biosafety Level:

Growth Conditions:

Permits/Forms:

Type Strain:

Comments:
Related Products:
Subcollection:

References:

9449™

Rhodotorula mucilaginosa (Jorgensen) Harrison var. mucilaginosa, anamorph
deposited as Rhodotorula rubra (Demme) Lodder, anamorph

NRRL Y-1592 [CBS 17, CCRC 21667,
IGC 4791, MUCL 30397, VKM Y-341]

NRRL History: ATCC <<--NRRL<<--CBS 17 <<---
G. Pollacci
1 Shipped: freeze-dried

ATCC medium 200: YM agar or YM broth
Temperature: 26.0°C

In addition to the MTA mentioned above, other ATCC and/or regulatory permits may
be required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Related Products

yes(type strain of Rhodotorula rubra (Demme) Lodder)

Available as Uniplus (Ref TM) ATCC 9449-U
also distributed as:ATCC 9449-U
Yeasts

18509: Lodder J, Kreger-van Rij MJW. The yeasts: a taxonomic study. 1st
ed.Amsterdam: North-Holland; 1952.

48831: Fell JW, et al. Biodiversity and systematics of basidiomycetous yeasts as
determined by large-subunit rDNA D1/D2 domain sequence analysis. Int. J. Syst. Evol.
Microbiol. 50: 1351-1371, 2000. PubMed: 10843082



Saccharomyces cerevisiae Meyen ex E.C. Hansen - from ATCC:

ATCC® Number:

Organism:

Designations:

Depositors:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

Applications:
Subcollection:

References:

2338™

Saccharomyces cerevisiae Meyen ex E.C. Hansen deposited as Saccharomyces
cerevisiae Hansen, teleomorph

[NCTC 467, NRRL Y-129] Isolation: Citrus fermentation
FW Tanner
1 Shipped: freeze-dried

ATCC medium 200: YM agar or YM broth
Temperature: 30.0°C

In addition to the MTA mentioned above, other ATCC and/or regulatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Related Products

bioresistance testing [92589]
Yeasts

19035: . . Ind. Eng. Chem. 28: 1224, 1936.

92589: Standard Practice for Evaluating Water-Miscible Metalworking Fluid
Bioresistance and Antimicrobial Pesticide. West Conshohocken, PA:ASTM
International;ASTM Standard Test Method E 2275-03EO1.



Schizosaccharomyces pombe Lindner teleomorph - from ATCC:

ATCC® Number:

Organism:
Designations:
Depositors:

Biosafety Level:

Growth
Conditions:

Permits/Forms:

Applications:

Subcollection:

References:

2476™

Schizosaccharomyces pombe Lindner, teleomorph

[NRRL Y-164] Isolation: rum
FW Tanner History: ATCC <<--FW Tanner<<--CBS
1 Shipped: freeze-dried

ATCC medium 200: YM agar or YM broth
Temperature: 30.0°C

In addition to the MTA mentioned above, other ATCC and/or requlatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

degrades xylulose [1514]

produces alkyl esters [11821]

produces ethyl alcohol ethanol [1514]

produces pergolide sulfoxide [57784]

transforms pergolide [57784]

transformation of pergolide to pergolide sulfoxide [57784]
produces C2-C5 alkyl esters [11821]

Yeasts

1514: et al., Lastick SM. Simultaneous fermentation and isomerization of xylose. Appl.
Microbiol. Biotechnol. 30: 574-579, 1989.

11821: Farbood MI, et al. Preparation of naturally-occurring C2-C5 alkyl esters of C4-
CS5 carboxylic acids by means of fermentation of C5-C6 amino acids in the presence of
C2-C5 alcohols. US Patent 4,686,307 dated Aug 11 1987

57784: Smith RV, et al. Microbial transformations of pergolide to pergolide sulfoxide
and pergolide sulfone. J. Pharm. Sci. 72: 733-736, 1983, PubMed: 6684155



Appendix 0: see Appendix 7 for plasmid maps and information:

4.0 Genetically Modified Organisms and Cell Lines:

42 Will genetic modifications be made to the microorganisms,
biological agents, or cells described in Sections 1.0 and 2.0? YES

Escherichia coli that can be modified: BW, DH5, IM101, K12, and SCS1:

Bacteria | Plasmid | Source of | Gene Will there be a | Will there bea | What are the
Used for Plasmid Transformed | change due to change in the consequences
Cloning or transformation | pathogenicity due to the
Transfected of the bacteria? | of the genetic transformation
modification? of the bacteria?
E. coli pAMP Carolina amp' gene E. coli cells No E. coli cells
become resistant become resistant
to ampicillin to ampicillin
E. coli pKAN Carolina kan' gene E. coli cells No E. coli cells
become resistant become resistant
to kanamycin to kanamycin
E. coli pA/K we cut and | amp’ + kan' | E coli cells No E. coli cells
ligated genes become resistant become resistant
pAMP and to ampicillin and to ampicillin
pKAN kanamycin and kanamycin
E. coli p220 Stratagene | amp' gene E. coli cells No E. coli cells
become resistant become resistant
to ampicillin to ampicillin
E. coli pGEM Promega amp' gene E. coli cells No E. coli cells
become resistant become resistant
to ampicillin to ampicillin
E. coli p501 workshop — | amp’ + E. coli cells No E. coli cells
University | bioluminescen | become resistant become resistant
of ce genes to ampicillin and to ampicillin
Wisconsin- glow when and glow when
La Crosse grown at 27°C grown at 27°C
E. coli pBR Boehringer | amp” + tet' | £ coli cells No E. coli cells
Mannheim | genes become resistant become resistant
to ampicillin and to ampicillin
tetracycline and tetracycline
E. coli p600 Dr Valvano | tet' gene E. coli cells No E. coli cells
- UWO become resistant become resistant
to tetracycline to tetracycline
E. coli pKYLX | Dr Maxwell | tet' gene E. coli cells No E. coli cells
-UWO become resistant become resistant

to tetracycline

to tetracycline




E. coli pCR2 Dr. amp" + kan' | E coli cells No E. coli cells
Damjanovs | genes become resistant become resistant
ki—-UWO to ampicillin and to ampicillin

kanamycin and kanamycin

E. coli pGATA | Dr. kan" + neo' | E. coli cells No E. coli cells
Damjanovs | genes become resistant become resistant
ki—-UWO to kanamycin to kanamycin

and neomycin and neomycin

E. coli pXeno Dr. amp" + kan' | E coli cells No E. coli cells
Damjanovs | genes become resistant become resistant
ki—-UWO to ampicillin and to ampicillin

kanamycin and kanamycin

The above Escherichia coli that are modified by Bio 2290 students are destroyed after they
have finished studying them. On occasion, we modify the above Escherichia coli to replenish

our stocks.




Appendix 7:

Plasmid Maps:

All but one of our plasmids has only an origin of replication gene expression promoters from
Escherichia coli; consequently, they cannot be replicated or have their genes expressed in
eukaryotic cells. The exception is pK'YLX which can express cloned genes in plant cells (see
pKYLX plasmid map for further information).

Plasmids used:
p220 = pBluescriptll KS (+) phagemid — from Stratagene.

p501 = pUWLS01 ~ constructed by Tom Haffie at University of Wisconsin
workshop in 1996.

p600 = pME6000 — from M. Valvano (UWO).

pA/K = pAMP/KAN -- made in Bio290 from pAMP and pKAN (both from
Carolina) using the following protocol.

pAMP — from Carolina.

pBR = pBR322 - from Boehringer Mannheim.

pCR2 = pCRII-TOPO - from Sash Damjanovski (UWO).

pGATA = pCMVTag3B-GATA-6 - from Sash Damjanovski (UWO).
pGEM = pGEM-3Zf(+) — from Promega.

pGREEN - from Carolina.

pKAN - from Carolina.

pKYLX = pKYLX7 from Denis Maxwell (UWO).

pVIB — from Carolina.

pXeno — from Sash Damjanovski (UWO).



p220 = pBluescriptll KS (+) phagemid — from Stratagene:

0 = »Bluserpt Il KS )
P 23 ¥ 'Fromtf 6+ra.+qs,|-ne
pBluescript Il KS (+/-) Phagemids -

L:\“m\{ll {-) ori
fl(+) ori\\

G,

ampicitlin lac?
. Sacl
MCS

“ Kpnl

Plac

pBluescript Il KS (+/-) Multiple Cloning Site Region
(sequence shown 598-826)

BuH n [.....,.,.J..!."mmf‘r_._..._. > Su: 1 &lx: Sacll i IEog | )(bol
TTGTMAACGACGGCCAG[GAGCGCGCGTMTACGACTCACTATAGGGQGMTTGGAGGTCCACCGCGGTGGCGGCQQQIEIQ&% v
N3 220 prinver binding site T7 primer binding sike G SK primer binding sit. .
Seel gt Sml M ot Gty Hean ol & o K0 kpa
ACTAGTGGATCCCCCGGGCTGCAGGAATTCGATATCAAGGTTATGGATACCGTCGACCTGGAGGGGGGGCCCGGTACC
e Gy At T T
ot BaaH I '&gnl a-fragment
CAGCTTTTGTTCCCTTTAGTGAGGGTTMTTGCGCGCTTGGCGTMTCATGGTCATAGCTGTTTCC
T3 primer Binding o6 4TS Reveres primer inding e~
Fealure Nuclectide Position
{1 {+) origin of ss-DNA replication [pBluescript K5 (+}] enly] 135-441
i1 1) origin of s5-DMA replication jpBluescript K5 {-) only] 21-327
B-galactosidase a-fragment coding sequence (lacZ') 460-816
multiple cloning site 653-760
T7 promoter transcription initiation site 643
T3 prometer trenscriplion initiglion site 774
lac promoter 817-938
pUC origin of replication 1158-1825
ampicillin resistance (bla) ORF 1974-2833

FiGURE 2 The pBluescript Il KS (+/-) phagemid vectors. The complete sequence ond list of restriction siles are available af
www.stratagene.com. Genbank® #X52327 [KS(+)] and #X52329 [KS(-)).

4 pBluescript 1| Phagemid Vectors

from: hHpy//wwu, strataqeae. com|manuals| 212205, pd§



pS01 = pUWLSO01 — constructed by Tom Haffie at University of Wisconsin
workshop in 1996:
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Molecular Biology Workshop University of Wisconsin-La Crosse

Exercise 2 "
Gene Cloning: Uptake of Recombinant DNA
by Bacterial Transformation

Objectives: 1. To become familiar with the techniques of modern molecular genetics.

2. To understand the principles of recombinant DNA technology and the role of
bacterial transformation in this process.

3. To transfer a recombinant DNA molecule into competent E. coli cells and to
select for transformants.

Introduction

Recombinant DNA technology ("genetic engineering®) involves the in vitro enzymatic
splicing of DNA from two different sources (to form a "recombinant DNA molecule”) and the
transfer of the recombinant DNA into an organism where it can be replicated and sometimes
expressed. Once the DNA is transferred into a host bacterium and replicated, many tdentical
copies of the recombinant DNA molecule are made (or "cloned). The two types of DNA to be
recombined (the foreign DNA and a carrier DNA molecule or vector) are first digested with
a fype of enzyme known as a restriction endonuclease. These enzymes recognize and cleave the
DNA only at specific sites and often leave short single stranded ends ("sticky ends"). These
ends on the resultant DNA fragments allow them to anneal to any other end cut by the same
enzyme,

Digestion of the foreign DNA (such as a bacterial chromosome) results in many different
and relatively large fragments of DNA (usually several thousand base pairs long). Vector
molecules, however, are generally cut only once by the restriction enzyme. The foreign DNA
fragments and the digested vector DNA are mixed together, and the sticky ends will anneal
forming a variety of weakly bonded recombinant DNA molecules. A large number of
combinations are possible. For example, foreign DNA fragments can stick to other foreign
fragments, vectors may stick to other vector molecules, or a vector molecule may stick to a
foreign fragment. The enzyme DNA ligase added to the DNA mixture covalently bonds the
recombinant DNA molecules together,

Bacterial plasmids and certain bacteriophage exist as extrachromosomal circular DNA
molecules that have the ability to replicate in the cell, These small self-replicating molecules
are ideal molecules to splice foreign DNA into and are used as vectors. Phage vectors are
readily transferred into a host by packaping the recombinant DNA into a phage head that can
then infect a celi by injecting the DNA into the cytopiasm, Plasmid vectors are currently more
widely used, but such an easy mechanism for inserting the recombinant plasmid DNA into cells
was nol available when recombinant DNA technology was first developed. Thus, a method of
transfersing recombinant plasmids into bacterial cells was needed.

2-1
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Transformation is the uptake of extracellular DNA by bacteria and would be an ideal
means of transferring recombinant plasmid molecules into bacteria. However, this process only
occurs naturally in a few species of bacteria and only occurs when the bacteria are in a specific
physiological state (i.e. when they are "competent”). E. colf has long been the organism of
choice for genetic studies, but it is not capable of undergoing transformation.  Studies to
determine if E. coli could be modified to allow uptake of DNA by transformation demonstrated
that treatment with certain divalent cations could make the cell envelope leaky and allowed the
uptake of DNA. This procedure has been refined and E. coli reated with calcium chloride to
artificially induce competence is routinely used to take up plasmid DNA. Artificially inducing
competence allows the efficient transfer of recombinant DNA molecules into E. coli where the
plasmid DNA can be replicated and expressed.

A common type of cloning vector used in genetic engineering are the pGEM vectors
because they allow easy screening of colonies that have taken up foreign DNA (transformants).
The vector itself was constructed using recombinant DNA techniques and contains the origin of
replication (ori) and a gene coding for ampicillin resistance (gmp") from the cloning vector
pBR322. pGEM also contains a gene for the lactose cleaving enzyme B-galactosidase (lacZ) and
a sequence known as a multiple cloning site (MCS) which is a small (69 base pairs) synthetic
piece of DNA that contains restriction sites for 13 commonly used enzymes (Fig. 1). The
ampicillin resistance gene allows selection of cells that have taken up the plasmid vector or a
recombinant plasmid (the plasmid vector ligated to some foreign DNA). The multiple cloning
site is at the beginning of the B-galactosidase gene, and if a piece of foreign DNA is inserted
into the vector at this site, it will "insertionaliy inactivate" the B-galactosidase gene. This can
be detected on Petri plates by including the substrate X-gal which is cleaved by RB-galactosidase
to form a blue color. Thus, if a competent cell takes up the vector without any inseried DNA,
it wilt form a blue colony. However, if it takes up a recombinant plasmid with foreign DNA
inserted in the vector, B-galactosidase will be inactivated and these cells will form a white
colony. Since the media contains ampicillin, cells that do not take up any DNA will not be able
to grow.

In this exercise, you will transfer a mixture of recombinant DNA molecules into E. coli.
The recombinant DNA molecules were synthesized by ligating chromosomal DNA restriction
fragments from the bioluminescent bacterium Vibrio fischeri with a plasmid cloning vector
(PGEM-3Z). The proteins that confer bioluminescence to this organisms are coded for by seven
genes (two regulatory genes and five structurat genes). In V. fischeri all of these genes (the fux
operon) are known to be located on a single Sa/l restriction fragment. Both the chromosomal
DNA and the plasmid have been digested by the restriction enzyme Sall and ligated together by
DNA ligase. This mixture of recombinant DNA molecules (or ligation mixture) will be
transformed into calcium chloride treated E. cofi cells (Fig. 1). We will then screen the
transformed cells for those that have taken up a recombinant DNA plasmid that contains the
V. fischeri bioluminescence genes {the Zux operon) ligated into the pGEM vector. 1f successful,
we will have cloned the fux genes from V. fischeri,
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Materials

Luria Broth (LB) culture of E, coli DHSw

CaCl, treated (competent) E. coli DH3« (on ice)

sterile TE buffer (10 mM Tris buffer [pH 8.0], 1 mM EDTA)
ligation mix

pUWLSOL (0.5 pg/ml in sterile TE buffer)

pGEM-3Z (0.5 pg/ml in sterile TE buffer)

sterile LB broth (5 ml/group)

LB agar plates + 50 pg/ml ampicillin + 40 pg/ml X-gal (5/group)
sterile 15-ml disposable polypropylene culture tubes (3/group)
sterile 1-ml pipets

10 gl micropipetter

50 pl micropipetter

sterile micropipet lips

mini ice buckets

37°C shaking water bath

42°C waler bath

alcohol jars

spreading triangles

sprezding tumtables

Procedure: (work in pairs; steps 1-4 have been done for you by your instructor prior to the
lab period)

1. Inoculatea 250-mi shake flask containing 50 mi of LB broth with 1.0 ml of an overnight
cutture of E. coli DHSe and incubate on a shaker at 37°C. Grow to mid log (ODgq of
0.4-0.6; about 2 hours).

3 LYY
2. Transfer 70 ml of the mid log culture to a sterile 50-ml Oak Ridge centrifuge tube and

centrifuge at 3000 X g (5000 rpm in a $§34 rotor) for 5 minutes a+-4-6

/2
3. Decant and discard the supernatant, @rcsuspend the cell pellet in 45 ml {1/2 the
original culture volume) of sterile ice Cold-+86"mM CaCl,. Place the cell suspension on

ice for 20 minules.

-

Jy Ak
4, Centrifuge the %lls at 3000 X g for 5 minutes at 4°C. Discard the supernatant and
resuspend in4-8 ml (1710 the original culture volume) of sterile ice cold 100 mM CaCl,.
Cells are now competent and may be used for 1-2 days after preparation if kept on ice.
Cells reach their maximum level of competency about 24 hours after preparation.

/f_"f_ L amb St
,Aj'é/ﬂ e e,
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. Label three sterile 15-ml polypropylene culture tubes A, B, and C and place on ice.
Transfer 0.2 ml of the untreated E. coli DHSe into tube A, and transfer 0.2 ml of the
competent cells to each of tubes B and C,

Tube Competent celis Untreated cells Ligation mix TE buffer
A - ' 0.2 ml 10 pl -

B 0.2 ml - 10 ul -

C 0.2 ml - - 10 pul
Use the micro-pipet to add 10 gl of the recombinant DNA ligation mixture to both tubes
A and B. Add 10 ul of sterile TE buffer to tube C. This will serve asa control. Your
instructer will demonstrate the use of the micro-pipets.

Your instructor will also set up a one control by adding the cloning vector (pGEM-3Z)
1o the competent cells and a second control with pUWL501 (a plasmid containing the Jux
operon),

Place all three tubes on ice for 20 minutes. This facilitates the binding of the DNA to
the bacterial cells.

Heatshock the cells by transferring them to a 42°C water bath for exactly 90 seconds.
Add 1.0 ml of LB broth to each tube and incubate for 30-45 minutes in a 37°C shaking
water bath. Why is this necessary?

Aseptically pipet the following volumes of each tube onto LB plates containing ampicillin

and X-gal:

tube A: 200 pl
tube B: 200 pl, 50 pl, 10 ul
tube C: 200 pl

Spread the bacterial culture on the plates with a flame sterilized spreading triangie. To
spread the 10 ul volume (tube B), first add 100 pl of sterile LB broth to the plate and
add the 10 pi of the transformation mixture o the LB. Allow plates to stand upright
after spreading for 5-10 minutes for the liquid to absorb into the media. Then invert and
incubate at room temperature until the next period (2-3 days). Alternately, plates may
be incubated at 37°C for 18-20 hours, and transferred to room temperature for 3-4 hours.
Incubation at room temperature is required in order for bioluminescence to be expressed.

2-5
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Results

L

Examine each of the plates for the presence or absence of colonies. Count the total
number of blue and white colonies on each plate with growth, and record your results
in the following table. Calculate the total number of transformants based on the fraction
of the transformation mixture plated,

Tube Blue colonies/plate White colonies/plate total # transformants

A

What does the number of colonies on the control plate (A; untreated cells) tell you?
What does the number of colonies on the plate from the TE transformation tell you? Can
you explain these observations?

What does growth on media containing ampicillin tell you? Are there any colonies on
the plate spread with cells from tube C? Is this what you expected?

What proportion of the colonies on plate B are white? What does this tell you about the
type of plasmid transformed into the cells? Compare your plates with the contral plates
set up by the instructor with cells transformed by pGEM-3Z and pUWLS501. What is
responsible for the different cotors observed?

Take your plates into a dark room and examine the colonies. You may need to let your
eyes dark adapt for 2-3 minutes. Are any of them bioluminescent? If so, carefully circle
the luminescent colony for future purification. What does this tell you about the type of
plasmid taken up by this cell?

If you have a bioluminescent colony on your plate, carefully pick it and streak in on a
LB plate containing ampicillin. Incubate at room temperature and observe after 1-2 days
to verify bioluminescence.

Assume that there are approximately 10! cells per ml in the cell suspension used to
spread on the plates. Calculate the transformation frequency of E. coli DH3a with the
recombinant DNA mixture.

26
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FIG. 1. The lux genes of V. fischeri and V. fischer! lux mutants
constructed in this study. Solid bars indicate deletions. Restriction sites
are denoted as follows: A, Safl; P, Pal; F, Sfel; B, Xbal; G, Bglll; X,
Xhol; D, Nhel. Letters inside boxes indicate Jux genes.

' pfprr\ Kuo Q*dﬁ-.lq“‘f, T, Bqdw_riolé
# | Mp{2d): 75583565



p600 = pME6000 — from M. Valvano (UWO):

The expression vector pME6000 was constructed from pBBRIMCS plasmid by replacing the
chloramphenicol resistance gene with tetracycline resistance , tetR tetA, from plasmid pVK100 (1). It
contains a multiple cloning site within the E. coli lacZ gene (2). pBBRIMCS is a derivative of the
Bordetella bronchiseptica plasmid pBBR1 (3). pBBR1 has 2 ORFs (open reading frames), neither of which
carries virulence factors; one ORF is involved with the replication of the plasmid and the other ORF is a
plasmid mobilization factor (3). In other words, pBBRI1 is a cryptic plasmid (3); no functional advantage to
the cell containing it. The virulence factors of Bordetella bronchiseptica are located on the bacterial
chromosome; the bacterium is associated with infectious atrophic rhinitis in pigs and kennel cough in dogs

().

pME6000 has a MOB gene which is required for plasmid mobilization (2). Trans acting conjugation factors
from Tral and Tra2 regions are provided by our E. coli strain, BW, from the integrated RP4 plasmid (4)(5).
Therefore, our p600 plasmid must be in BW in order for it to be mobilized into another E. coli strain.
Consequently; when conducting conjugation experiments, Bio 2290 students can only transfer p600 to
another E. coli cell line that we use. If p600 is present in JM101, for example, it cannot be transferred into
another cell line and if BW contains a different plasmid, eg. p220, it can not be transferred into other

strains.
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pA/K = pAMP/KAN — made in Bio290 from pAMP and pKAN (both
from Carolina) using the following protocol:

Recombinant DNA and Gene Cloning

Recombinant DNA is DNA that has been created artificially. DNA from two or more sources is
incorporated into a single recombinant molecule.

Making Recombinant DNA (rDNA): An Overview

MOLECULE A MOLECULE B
g BoGfiT-L-C 3 s GG 9
Y e - P-T-R- -G §* 3° L DTS e

Digest each with same reslriction
endonuclease, BamHI

—6 Sticky ends ————gp  G-A-T-C-C ——
M 5 5 I
Mix
— G E-A-T-C-C ——
vomor o8 Seal with DNA ligase (i
e C-C-T-R-G3if =

e =G -A-T-C-C —
T o1 oo Recombinant INVA

——C-C-T-A-6—6 —

e Treat DNA from both sources with the same restriction endonuclease (BamHI in this case).
¢ BamHI cuts the same site on both molecules

5'GGATCC 3
3'CCTAGG 5

o The ends of the cut have an overhanging piece of single-stranded DNA.

o These are called "sticky ends" because they are able to base pair with any DNA molecule
containing the complementary sticky end.

» In this case, both DNA preparations have complementary sticky ends and thus can pair
with each other when mixed.

o DNA ligase covalently links the two into a molecule of recombinant DNA.

To be useful, the recombinant molecule must be replicated many times to provide material for
analysis, sequencing, etc. Producing many identical copies of the same recombinant molecule is
called cloning. Cloning can be done in vitro, by a process called the polymerase chain reaction
(PCR). Here, however, we shall examine how cloning is done in vivo.

Cloning in vivo can be done in



+ unicellular microbes like E. coli
« unicellular eukaryotes like yeast and
¢ in mammalian cells grown in tissue culture.

In every case, the recombinant DNA must be taken up by the cell in a form in which it can be
replicated and expressed. This is achieved by incorporating the DNA in a yector. A number of
viruses (both bacterial and of mammalian cells) can serve as vectors. But here let us examine an
example of cloning using E. coli as the host and a plasmid as the vector.

Plasmids
Plasmids are molecules of DNA that are found in
bacteria separate from the bacterial chromosome.

They:

o are small (a few thousand base pairs)
o usually carry only one or a few genes
¢ are circular

« have a single origin of replication

Plasmids are replicated by the same machinery that
replicates the bacterial chromosome. Some plasmids
are copied at about the same rate as the
chromosome, so a single cell is apt to have only a

single copy of the plasmid. Other plasmids are Electron micrograph of an E. coli cell
copied at a high rate and a single cell may have 50  ruptured to release its DNA. The tangle is a
or more of them. portion of a single DNA molecule containing

over 4.6 million base pairs encoding
Genes on plasmids with high numbers of copies are  approximately 4,300 genes. The small
usually expressed at high levels. In nature, these circlets are plasmids. (Courtesy of
genes often encode proteins (e.g., enzymes) that Huntington Potter and David Dressler,
protect the bacterium from one or more antibiotics. Harvard Medical School.)

Plasmids enter the bacterial cell with relative ease. This occurs in nature and may account for the
rapid spread of antibiotic resistance in hospitals and elsewhere. Plasmids can be deliberately
introduced into bacteria in the laboratory transforming the cell with the incoming genes.

An Example

(courtesy of David Miklos and Greg Freyer of the Cold Spring Harbor Laboratory, who used these
plasmids as the basis of a laboratory introduction to recombinant DNA technology that every
serious biology student — high school or college — should experience!)

pAMP

e 4539 base pairs

« asingle replication origin

« agene (amp")conferring resistance to the antibiotic ampicillin (a relative of penicillin)
» asingle occurrence of the sequence



1 L
pAMP pKAN
—— 3755 bp
2332 bp 5: GGATCC 3:
1875 bp 3'CCTAGG 5
that, as we saw above, is cut by the restriction enzyme BamHI
— 784 bp o asingle occurrence of the sequence
5' AAGCTT 3
3'TTCGAA S

that is cut by the restriction enzyme HindIII
Treatment of pAMP with a mixture of BamHI and HindlIII produces:

o a fragment of 3755 base pairs carrying both the amp" gene and the replication origin
o a fragment of 784 base pairs
e both fragments have sticky ends

pKAN

e 4207 base pairs

o asingle replication origin

+ agene (kan") conferring resistance to the antibiotic kanamycin.
« asingle site cut by BamHI

o asingle site cut by HindIII

Treatment of pK AN with a mixture of BamHI and HindIII produces:

o a fragment of 2332 base pairs
« afragment of 1875 base pairs with the kan" gene (but no origin of replication)
e both fragments have sticky ends

These fragments can be visualized by subjecting the digestion mixtures to electrophoresis in an
agarose gel. Because of its negatively-charged phosphate groups, DNA migrates toward the
positive electrode (anode) when a direct current is applied. The smaller the fragment, the farther it
migrates in the gel.

Ligation Possibilities

If you remove the two restriction enzymes and provide the conditions for DNA ligase to do its
work, the pieces of these plasmids can rejoin (thanks to the complementarity of their sticky ends).

Mixing the pK AN and pAMP fragments provides several (at least 10) possibilities of rejoined
molecules. Some of these will not produce functional plasmids (molecules with two or with no
replication origin cannot function).



A (clones)

um containing
ampicillin

‘kanamycin BamHI

pKAN
4207 bp

pAMP/pKAN
5630 bp

amp’
One interesting possibility is the joining of

o the 3755-bp pAMP fragment (with amp" and a replication origin) with the
e 1875-bp pKAN fragment (with kan")

Sealed with DNA ligase, these molecules are functioning plasmids that are capable of conferring
resistance to both ampicillin and kanamycin. They are molecules of recombinant DNA.

Because the replication origin, which enables the molecule to function as a plasmid, was
contributed by pAMP, pAMP is called the vector.

Transforming E. coli
Treatment of E. coli with the mixture of religated molecules will produce some colonies that are
able to grow in the presence of both ampicillin and kanamyecin.

» A suspension of E. coli is treated with the mixture of religated DNA molecules.

» The suspension is spread on the surface of agar containing both ampicillin and kanamycin.

o The next day, a few cells — resistant to both antibiotics — will have grown into visible
colonies containing billions of transformed cells.

» Each colony represents a clone of transformed cells.

However, E. coli can be simultaneously transformed by more than one plasmid, so we must
demonstrate that the transformed cells have acquired the recombinant plasmid.

Electrophoresis of the DNA from doubly-resistant colonies (clones) tells the story.



1 2 3 | 5
(=) [PAMP  PKAN Clone | Clone2  Clone 3
: —_— : : fgg; ::z o Plasmid DNA from cells that acquired their
resistance from a recombinant plasmid only
show only the 3755-bp and 1875-bp bands (Clone
1, lane 3).
— —— 784 bp e Clone 2 (Lane 4) was simultaneous transformed
v by religated pAMP and pKAN. (We cannot tell if
@ it took up the recombinant molecule as well.)

e Clone 3 (Lane 5) was transformed by the
recombinant molecule as well as by an intact pKAN.

Cloning other Genes

The recombinant vector described above could itself be a useful tool for cloning other genes. Let
us assume that within its kanamyecin resistance gene (kan") there is a single occurrence of the
sequence

5' GAATTC 3'

3'CTTAAG S

This is cut by the restriction enzyme EcoRI, producing sticky ends.

If we treat any other sample of DNA, e.g., from human cells, with EcoRI, fragments with the same
sticky ends will be formed. Mixed with EcoRI-treated plasmid and DNA ligase, a small number of
the human molecules will become
incorporated into the plasmid which can
then be used to transform E. coli.

But how to detect those clones of E. coli that
have been transformed by a plasmid
carrying a piece of human DNA?

The key is that the EcoRI site is within the
kan" gene, so when a piece of human DNA
is inserted there, the gene's function is
destroyed.

treak individ
lonies with

All E. coli cells transformed by the vector,
whether it carries human DNA or not, can
grow in the presence of ampicillin. But E.
coli cells transformed by a plasmid carrying
human DNA will be unable to grow in the
presence of kanamycin.

So,

o Spread a suspension of treated E.
coli on agar containing ampicillin

only

e grow overnight

« with a sterile toothpick transfer a small amount of each colony to an identified spot on agar
containing kanamycin

¢ (do the same with another ampicillin plate)



e Incubate overnight

All those clones that continue to grow on ampicillin but fail to grow on kanamycin (here, clones 2,
5, and 8) have been transformed with a piece of human DNA.

Some recombinant DNA products being used in human therapy

Using procedures like this, many human genes have been cloned in E. coli or in yeast. This has
made it possible — for the first time — to produce unlimited amounts of human proteins in vitro.
Cultured cells (E. coli, yeast, mammalian cells) transformed with a human gene are being used to
manufacture more than 100 products for human therapy. Some examples:

» insulin for diabetics

o factor VIII for males suffering from hemophilia A

o factor IX for hemophilia B

e human growth hormone (HGH)

o ervthropoietin (EPO) for treating anemia

o several types of interferons

o several interleukins

 granulocyte-macrophage colony-stimulating factor (GM-CSF) for stimulating the bone
marrow after a bone marrow transplant

« granulocyte colony-stimulating factor (G-CSF) for stimulating neutrophil production,
e.g., after chemotherapy and for mobilizing hematopoietic stem cells from the bone marrow
into the blood.

e tissue plasminogen activator (TPA) for dissolving blood clots

o adenosine deaminase (ADA) for treating some forms of severe combined
immunodeficiency (SCID)

o parathyroid hormone

» several monoclonal antibodies

o hepatitis B surface antigen (HBsAg) to vaccinate against the hepatitis B virus

e Cl inhibitor (C1INH) used to treat hereditary angioneurotic edema (HANE)

24 February 2008



A0 BamHL
Seal ypos
1BGE Rhol
B&'I i3t ] 1503 Sal X
ori -jrem
?ﬂmf = pM Bl mutant
@ 3P ~35
topies feel] 'PB\:::&
@ ' ~ Reo Hi © ‘1—1' Hdt:n-
topies feed]
?ﬁm? +~pKAV

?Q”( Wl modd by Foan k’j (_,u.H':‘nﬁ
Yha -ﬁ.qs mants ~ trans wm;«.‘]

w it Pamtll ¥ Hlnol[[[ - !)‘3&'{’(#\%
deansSormands On LRtamptkan

cto & Ecoli IMi0l T selecking for
lodes - checlad log mit <282
b ® s Cromn Joan's notes,

:
s Tlasmids ©



PAMP — from Carolina:

P AMP

CAROLINA BIOLOGICAL SUPPLY COMPANY

1308 Rairey St
Burtingran, N.C. 7217

" 21-1429

10 ag (50 ul) °

0.2 ug/ul
\_‘ ----- PR, X

21-1430

20 ug (100 ul)

0.2 ug/ul

21-1431
40 ug (200 ul)
0.2 ug/ul

211432

20 ug (50 al)

0.4 ug/ul

21-1433
40 gg {100 =1)
0.4 ug/ul

21-1434
10 ug (25 ul)
0.4 ug/ul

21-1438
1 ug (200 ul)
0.005 ug/ul

Lamhda DNA O bp = 1904 bp

P.O. BOX (039
BURLINGTON. NORTH CARCLINA IT116

TEL. 900-227-1150 Prene 919-228-5000 -
FAX 919-227-1928 TLX ST4-134

REFRIGERATE
ON ARRIVAL

Plasamid pAMF DNA

" EcaRI
Narl .
«m puxhH

Size 4534 bp
pCul9 1904 bp = 4534 bp

Selected restriction sites for enzymes that cut only once.

Storage Conditions

Recommedned storage is betwaen 2 - s°c.

TE Buffer provided with each order.

#For diluting instructions see the raverse

~AMPEAV = SB30
(wiahs Xhel Mo ﬂﬂfﬂ_’
Sal L -
Frae I



pBR == pBR322 — from Boehringer Mannheim:

A. pBR322
Cla1 23
EcoR 1 4361 Hind III 29
Aat IT 4284 / EcoRV 185
Ssplf 4IIGSB Nhe 1 229
Ear | 415 ¢ BamH I 175
Eco57 | 4048, Ban 1l 471
Xmn 1 3961 Ban Il 485
. Hinc 11 390 ‘ Sph 1 562
Scal 3844 EcoN 1 622
Sal 1 651
Puul 3733 Hinc | 651
Acc 1 651
Pst1 3607 PshA 1712
Asel 3537
Bsal 3433 —f _Eagl 939
ES

- Nrul 972
BspM I 1063

HgE 11 3054
EcoS7 [ 3000 Bsm 14 350

Al 2004 |\Aval 1425
| Ppum 1 1480
1 Mscl 1444
D:‘dﬂr 25275 J‘ B’Pgﬁé 01-180
g BspM 11 1664
g;;ul:l %g?xl) y/ ) ' BsaB 1 1668
Nde 1 2295/ i '  Xmnl 2029
HgiE 11 2293 ¢/ E’Wu I; lzzgsq
Xeal- Accl 2244/ p3 1

BeaA1 2225  Drd1 2175
Tthi1l1 2217

pBR322 is an E. coli plasmid cloning vector. Recent sequencing data
from Watson (confirmed at New England Biolabsl has shown its length
to be 4361 base pairs nol 4363 base pairs as previously reported.
pBR322 was constructed in vitro using the tetracycline resistance gene
{Tc) from pSC101, the origin of DNA replication start {ORI) and rop gene
from the ColE1 derivative pMB1, and the ampicillin resistance gene (Ap)
from transposon Tn3. NumEerlng of the sequence begins within the
unique EcoRI site: the first T in the sequence ...GAATTC... is
designated as nucleotide number 1. Numbering then continues around
the molecule in the direction of Tc to Ap.

The map shows the restriction sites of those enzymes that cut the
molecule once or twice; the unique sites are shown in bold type. The
table lists the sites of those enzymes that cut a moderate number of
times. The coordinates refer to the position of the 5 base in each
recognition sequence. The map also shows the relative positions of the
antibiotic resistance genes, rop (mediates the activity of RNase 1), and
the origin of replication. The exact positions are: letracycline resistance
ITe) 86—1268; B-lactamase Ap) 3296-4084; ROP 1918-2105; origin of DNA
replication start (ORI 2535.

References
1. Bolivar, F. et al. 1977. Gene 2:95-113.
2, Suncliffe, J.G. 1978. Cold Spring Harbor Symp. Quanl. Biol. 43: 77-90.
3. Sultcliffe, J.G. 1978. Proc. Natl. Acad. Sci. 75: 3737-3741.
4. Peden, KW.C. 1983. Gene 22:277-280.
5. Backman, K. and and HW Boyer. 1983. Gene 26:197-203.
| 6. Lathe, R, M.P. Kieny, S. Skory, and J.P. Lecocoq. 1984. DNA 3:173-182.
7. Heusterspreute, M. and J. Davison. 1984. DNA 3:259-264,
8. GenBank 1987. 50.0 VB0O0O1. " g
9. Watson, N. 1988. Gene 70: 399-403. from: A Short Coursl '™

Backerial Geneticst Tn)prey H. Maller;
1992 . Col Spring Harber Lab Press.
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lacZa ATG

_M13 Reverse Primer .

(omp® + kw\‘:)

Sp6 Promoler

T TTA GGT GAC ACT ATA das

.CAG GAA ACA GCT ATG AQC ATG ATT ACG CCA Acc T ‘!RA
GTC CTT TGT CGA TAC TGG TAC TAA TGC GGT TCG ATA AAT CCA CTG TGA TAT gre

Ns‘fl Hind It Kpn |

Sac| BamH Spe |
| |

TAC TCA AGC TAT GCA TCA AGC TTG GTA CCG AGC TCG GAT CCA CTA GTA ACG GCC
ATG AGT TCG ATA CGT AGT TCG AAC CAT GGC TCG AGC CTA GGT GAT CAT TGC CGG

Bs;‘)( I EcoR |
|

GCC AGT GTG CTG GAA TTC GCC CT
CGG TCA CAC GAC CTT AAG CGG GAR

~.,

.. ,
BsiX | Not | Xha | .__‘_L—I\ELI_X

bal oo ppal =TT e

\ Ecc;R | EcoR v
| |

BAQ GGC GAA TTC TGC AGA TAT
TTQ CCG CTT AAG ACG TCT ATA

vd

GGT AGT GTG ACC GCC GGC GAG CTC GTA GGT AGA TCT CCC GGG TTA AGC |GGG ATA \

| | : i
CCA TCA CAC TGG CGG CCG CTC GAG CAT GCA TCT AGA GGG CCC AAT TCG [CCC TAT \“'\

T7 Promoter M13 (-20) Forward Primer

AGT GAG TCG TAT TAC AAT TCA ISTG GCC GTC GTT T

\E CTC AGC ATA ATG TTA AGT o

TA CGT CGT GAC TGG GAA AAC
AC _CGG _CAG CAA AAT T GCA GCA CTG ACC CTT TTi/

Comments for pCR@II-TOPO®
3973 nucleotides

LacZo gene: bases 1-589

M13 Reverse priming site: bases 205-221

Sp6 promoter: bases 239-256

Multiple Cloning Site: bases 269-383

T7 promoter: bases 406-425

M13 (-20) Forward priming site: bases 433-448
f1 origin: bases 590-1027

Kanamycin resistance ORF: bases 1361-2155
Ampicillin resistance ORF: bases 2173-3033
pUC origin: bases 3178-3851

pCRel-TOPO®
4.0 kb

W\ ek 2. ‘0\/
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L Cor clonin
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Plasmid Name pc MVT&QSB"GATA“ﬁ

Other Names
Constructed / Submitted by Nibbi

Vector (name and size) PCMVTag3B (4.3 Kb)
Insert (name and size) GATA-6 (1.76 Kb)

Species

Accession # 465900570
Host Strain
Selection

Verified?
Notes and Reierence ’

GATA-6 has been cloned b/w the kpnl and Xhol sites of pCMVTag38.

pCMVTag3B-GATAG
6088bp
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PGATA continued:

The vectors pCMV-Tag 2, pCMV-Tag 3, pCMV-Tag 4, and pCMVTag5 are a
series of binary vectors that work in bacteria (£. coli) and mammalian cells
with epitope tagging when expressed in mammalian cells. Inserts are ligated
into the vector and selected for using E. coli, the plasmid (vector and insert) is
amplified in E. coli, isolated and then transfected into mammalian cells for
study. pCMV-Tag 2 is an N-terminal FLAG® tagging vector, pCMVTag 3 is an
N-terminal c-myc tagging vector, pCMV-Tag 4 is a C-terminal FLAG tagging
vector and pCMV-Tag 5 is a C-terminal c-myc tagging vector. Each vector is
available in three different reading frames to simplify subcloning. These
reading frames, designated as A, B, and C, differ only by one or two bases.
Thus, each pCMV-Tag vector has a reading frame that will allow cloning a
gene of interest so that it is fused correctly with the epitope tag. Tagged
constructs generated in the pCMV-Tag vectors can be transfected into
mammalian cells and the fusion protein can be easily characterized using
commercially available antibodies.

GATA-6 insert is a mouse gene from a ¢DNA library and is highly conserved
(88% identity with human form). The gene is essential for development of
extraembryonic endoderm (gives rise to the yolk sac of the developing
embryo and contains signalling molecules critical for properly forming the
foetus) amongst other tissues later in development. GATA-6 K/O mice die
shortly after gastrulation from lack of extraembryonic endoderm tissues.

GATA proteins are transcriptional coactivators with two GATA-type zinc
fingers. GATAs bind to the consensus DNA sequence (A/T) GATA (A/G) to
control diverse tissue-specific programs of gene expression and
morphogenesis. GATA-1, -2, -3 are selectively expressed in hematopoietic and
endothelial cells, while GATA-4, -5, and -6 are expressed in developing heart
and gut-derived tissues. GATA-1 and -3 exist in multiple alternatively spliced
isoforms.

GATA-6 (also named GATA-GT1) is a zinc finger transcription activating
protein that binds to a T/A-G-A-T-A-G/A DNA sequence motif in mesodermally
and endodermally-derived tissue. There are two GATA-6 isoforms that arise
from alternate start sites: a short form of 449 amino acids (aa), and a long
form of 595 aa. The short form of human GATA-6 is 93%, 92% and 88% aa
identical to GATA-6 in porcine, rat, and mouse, respectively.



pGEM = pGEM-3Zf(+) — from Promega:

pGEM™-3Zf(+)

PGEM-3Zf(+) (see Table Al11.3) is one of a series of plasmid cloning vecto
oped by Promega Corporation (1991). The pGEM vectors are derivatives ﬂp.uc: H
that allow a-complementation and also have bacteriophage promoters (SP6 and T7)
that flank the multiple cloning site. These promoters are flanked by the pUC forward
and reverse primer sites as in pUC18 and pUC19. The bacteriophage promoters allow
one to synthesize an RNA copy of the cloned DNA that may be used for transcrip-
tional studies or as hybridization probes. pGEM-3Zf(+) also contains the origin of rep-
lication of the filamentous bacteriophage f1 that allows synthesis of a single-stranded
copy of the cloned DNA to use as a template for DNA sequencing.

(1818) Sca I

pGEM®- 3Zf(+)
(3199 bp)

T7 Transcript Start SP8 Transaript Start

5'.. TQTAA TACGA CTCAC TATAQG GGCGA ATTCG AGCTC GATAC CCGOA GATCC TCTAG AGTCG ACCTG CAGGC ATGCA AGCTT QABTA TTCTA TAGTG TCACC TAAAT 3
—_

Kpa 1
T7 Promoter  gcony Sec) Aval BamH1 Xoal Sall  Pstl Sphl HindIll §P@ Promoter
Sma | }1“'1
linc

Modified from Promega Corporation with permission.
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s = pGREEN gene product (protein)
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Aeoluorea. victoria

Green phenotype; will also glow under UV light; transformation
concentration only. 1 pg (200 pL; 0.005 pg/uL).*

Transforming concentration: use 10 pL/iransformation.



PKAN - from Carolina:

?KAN

CAROLINA BIOLOGICAL SUPPLY COMPANY

P.0. BOX 1059
BURLINGTON, NCRTH CAROLINA 27316

S e BREE | e
REFRIGERATE
ON ARRIVAL

Plasmid pRAN DNA

21-1439
10 ug (50 ul)
.2 ug/ul

21-1440
20ug (100 ul)
0.2 ug/ul

21-1441
40 ug (200 ul)
0.2 ug/ul

21-1442.
20 ug (50 ul)
0.4 ug/ul

21-1443
40 yg (100 ul)
0.4 ug/ul

21-1444
10 ug (25 ul)
0.4 ug/ul

Selected restriction sites for enzymes that cut anl} once.
Storage Conditions i
Recommended storage is between 2 - s°c.
TE Buffer Provided with each order.

*For diluting instructions see the reverse side.



pKYLX = pKYLX?7 from Denis Maxwell (UWO):

pKYLX is a binary expression vector that can be maintained in Escherichia coli and
Agrobacterium tumefaciens by virtue of the RK2 origin of replication (I ,2). Selection for the
plasmid in prokaryotic cells is by virtue of the tetracycline resistance gene (3). Gene transfer into
plant cells is Agrobacterium tumefaciens mediated and selected for by virtue of kanamycin
resistance gene(3). In plant cells, the expression of the cloned genes in pKYLX is under control of
the CaMV 35S promoter (3).

Our pKYLX does not contain any cloned genes in it; i.e. it is just the vector and is only
transformed into Escherichia coli strains listed in the “Bacteria” Appendix.

Below are the various plasmids and protocol in the construction of pKYLX:
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Fg. 2, Construction of shuttie vectors. p(FA4353 was constructed by Inserting the 4.0-kb Pyfl fragment contalning the Teft
(Figure 1) at the Psrl aitc of the iy gene, pGA3? was consiructed by ligating Sefl-digesied pGA43S into ore of the Safl/kites
two Safl sites; one Is in 1he tetratycline gene and the other is Yocated outside of the drug resisiance gene and arighn of réplication, PGA43T was construcied
by ligating pGA43S end PTIS?S at the Safl site. In pGAd4S, the Saclt fragment (a} and the EcoRI fragaient (b} were,
and & Seit finker weas inseried al the filled4n EcoRV site (*. pOA469 and 70 were buill by inserting the Sa2h
cHirseric gene of pOIAd4S into the Sall site of PGA4SI derived from pTJ y lilling in the unlque Findt! with DNA polymerase targe fragment. Qnly
POALES is shown In the diagram. In pGA4T70, i direction of the Soff fragment Is n oppasite orlentation ta pQ, . pOAA452 was constructed by
inserting a BgAl linker inta the Pyull site of the cosmid PMUA 10 (Moyerowitz ef ol., 1980). The large Hindll-EfoR1 Eragment wivich contains the cos site
wat used ta replace the small Hindl11-BroR| Iregments of BOA4E0 and POASTD, 1o yield pGA4TE and pGA472, respactively, The ulrﬁﬁgm g% on_the
wide-host replleon is from RKZ and thete is no homology 40 the tetracycline residing on pdiA452 which is & desivative of pBRIIZ, numbers in
parent] tcale the size ol pgsmids i kbp, The ori
Te in pGA46% and 371, Symbols: bla, empicillin resfiance gene; apt, kanamyCin 1esSIance gene Of nos-rpl; 1€, 1 ine resislance gene; BR, the
right Border of T-DNA; BL, the left border of T-DNA; ori, ColEL origin of replication; cos, h eas site; Bg, Bgl; C, Clal; H, Hind1N; K, Kpal; P, Pri;
R, EvoRl; RY, EcoRY; 8, Sacll: Sa, Safi.
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Fig. 3. Strategy for the conatrucdon of the expression/shuttle vectors pKYLXS and pKYLX?. The pacent plasmid, pOA472 (An st al,
1985) is designed for A, fmefs diated transformation of plant tlsaues. The synthedic T-ragion, which in transferred and integrated
In the plant genome, [s comptized of a right border (T) and left border (T, ), lanking unlque Aindlll and BcoR1 sites. The chimeric
ranAph(3’ iT-nar gene (Km®) provides a selectable marker for plant tranaformation (k00 MATERIALS AND METHODS, section ¢,
‘The 338 promoter sequence in pREF2 (see Table 1) was excised as an HindlT1-EeoR] fragment, and cloned inte pGA4T2, 1o generate
pl-l {sce also Fig. 1) A unique Cfal site was introduced inte the HindILI site, to generate pKYLX4 (see RESULTS AND
DISCUSSION, section b). Tho Hinditl site was not reconstituted in the process, To psoduce pKYLXS, the 0.9-kb Clal-EcoRI fragment
containing the rbeS P-MCS-1bc$3 expression cassette from pKYLX3 (a¢a Fig. 1) was introduced into pKYLX4. The rbeS P sequence,
on an EcoR1-Ho1all] fragment, was replaced with ths 355 promoter sequence contained on an EgoR1-Hindtl of pREF), generating
the 358 P-MCS-rbeS3" expression caasette of pKYLX7. Plasmids are not drawn toacale. Both pKYLXS and pKYLX7 are approximately
12-kb. Abbrevintions are u‘m_Fig. I. Arrows: T-DNA borders {labelled appropriately a3 T or Ty} and orientation.

linkers (ATCGAT) were ligated to the vector and the
DNA was extracted with phenol-CHCl, (1:1) and
{wice precipitated with ammonium acetate and
ethanol. The DNA was resuspended and phos-
phorylated using T4 polynucleotide kinace; then the
plasmid was self-annealed and a second ligation was
carried out, followed by transformation of E. coli

DHS (Hunahan, 1983). The resulting plasmid was

designated pKY1LX4 (Fig. 3).

e expression cassette. from pKYLX3 was
cloned into the pK'YL X4 binary vector, replacing the
0.9-kb EcoR1-Clal fragment of this plasmid. The

resulting vector was designated pKYLXS. A second
plasmid, pKYLX7, was generated by replacing the

'p’rlk("”-‘”
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promoter: 3552 (CaMV 35S promoter with a duplicated enhancer)
MCS: HindIII* - Bat‘lleI - XhoI® - Pstl - SacI* - Xbal* (*-unique sites)
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pVIB  (13.4kh)

FREEZE ‘ .
ON ARRIVAL (Bamlma
Q‘_ % %L«M Teamed with Teachers

ped info

21-1447 do To order call:
2?__ 1-800-334-5551 (US and Canada)
) ) V) 336-584-0381 (International)
Plasmid pVIB Y :

F i Ip call:
200 pl or technical help ca

1-800-227-1150
0.005 pg/ul ) - .
Carolina Biological Supply Company

Store at2-5C 2700 York Road, Burlington, North Carolina 27215
www.carolina.com
e-mail: biotech@carolina.com

Introduction

Bacteria that produce light are very common in the ocean. One type of luminescent bacteria is
Vibrio fischeri. Vibrio fischeri produce light through the action of the enzyme luciferase on a
particular aldehyde. There are several genes involved in this light production. The luciferase
enzyme itself is composed of two different subunits encoded by two different genes. Synthesis
of the aldehyde also requires the action of several genes, as does the regulation. Together, all
of the genes required for light production are called the lux genes.

The lux genes have been removed from Vibrio fischeri and placed in a plasmid. In addition to
the Vibrio fischeri genes, pVIB also contains the gene for resistance to ampicillin. The plasmid
pVIB was originally made by a team of three scientists: JoAnne Engebrecht, Kenneth Nealson,
and Michael Silverman. *They published a paper about their work called Bacterial
bioluminescence: isolation and genelic analysis of functions from Vibrio fischeri, in Cell, 1983,
vol. 32, pg. 773-781. In this paper, pVIB is referred to as pJE202.

Colony Transformation Applications

The solution of pVIB provided is the correct concentration for colony transformation of E. cofi
cells. Add 10 ul of pVIB to a culture tube containing £. coli cells in 250 pl of ice-cold calcium
chloride, follow with a 42°C heat shock. For specific rapid colony transformation instructions,
please review one of Carolina's rapid colony transformation kit instructions (Cat. # 21-1082, 21-
1088, 21-1142, 21-1146), DNA Science by Micklos and Freyer, 1990, or contact the
biotechnology department at 1-800-227-1150.

21-1447.doc Page 1/1
04/07/99
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pVIB continued:

Transformations
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Figure 4. Plasmid map of pVIB Figure 5. Photo of colonies containing pVI8
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Color marker genes: Lux genes

Bacteria that produce light are very common in the acean. Some types of
bacteria that produce light are free-fiving as plankton. Others live symbiotically
with higher organisms, such as fish and squid. The fish and squid hosts use the
luminescence of the bacteria far several different purposes, including attracting
their prey, communicating with others of their species, and confusing predators.
Howeves, it is unknown what benefit the glowing bacteria get out of this
velationship. Pethaps you and your class can devetop a hypothesis to explain
why these bacteria have evolved to glow. One type of luminescent bacterium is
Vibrio fischeri. In nature, these bacteria live in the light organ of the fish
Monocentris japonieiss.

Vibin fischeri produce light through the action of the enzyme luciferase on a
particular aldehyde. Because the reaction requires a great deal of the cell’s
energy (L0% or move!) the process is highly regulated. There are several genes
involved in V. fischeri's light production. The luciferase enzyme itself is
composed of two different subunits encoded by two different genes, Synthesis
of the aldehyde also requires the action of several genes, as does the
regulation. Together, all of these genes requived for the light production are
called the lux genes. The group of lux genes from Vibsio fischeyi beas been
placed in a plasnvid.

The Vibrio fischeri plasmid is called pVIB, In adklition to the Vibria fischeri
genes, pVIB also contains the gene for resistance to ampicillin. The plasmid
pVIB was originally made by a ream of three scientists: JeAnne Engebrech,
Kenneth Nealson, and Michael Silverman. They published a paper about theiv
work called Bactevial Bishaminescence: Isolation aid Genetic Analysis of Functions
fram Vibrio fischeri, in Cell, Vob. 32, pages 773-781, March, [983.%

*In the paper, pVIB is eeferred w as pl 202,
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lacZ ATG
M13 Reverse Pimer |
TAG GAA ACA SCT ATG adc ATG ATT
GTC CTT TGT CGA TAC TGG TAC TAA

ACG
TGC

CCa
GGT

Nsil Hind il Kpn |
| i

GTA CCG
CAT GGC

AGC TAT GCA TCA AGC TTG
TCG ATA CGT AGT TCG AAC

8stX1 EccR 1
| |

TCA
AGT

TAC
ATG

scC CTTR
CGG G

GCC AGT
CGG TCA

GTG CTG GARA TTC
CAC GAC CTT AAG
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CTZ GAG CAT GCA
GAG CTT GTA CGT

CAC TGG CGG CCG
GTG ACC GCC GGC

cca
GGT

TCA
AGT

T7 Promoter

M13 (-20) Farward Primer

(aMF’ 5 kan‘)

. Sp8 Pramater "
AGC TAT TTA GGT GAC ACT ATA d
TCG A AAT CCA CTG TGA TAT EﬂT

Sac| B?mH | Spel
| 1

AGC TCG GAT CCA CTA GTA ACG GcC
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|

AQ GGC GAA TTC TGC AGA TAT
TTQ CCG CTT AAG ACG TCT ATA

g R s

T >'-"‘-i‘:—_-:._.:_
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TTA AGC (GGG ATA

1.2k.b '\ﬂﬁsm“""'
CGT GAC TGG GAA AAC

i
TCT AGA GGG Ccr
AGA TCT CCC GGG

Tca [cT6 Gee GTC
AGT |GAC CGG CAG

AGT GAG TCG TAT TAC AAT
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CAA AAT

CGT
GCA

2

Comments for pCR2II-TOPO®
3973 nucleotides

LacZo gene: bases 1-589

M13 Reverse priming site: bases 205-221

Spb promoter: bases 239-256

Multiple Cloning Site: bases 269-383

T7 promoter: bases 406-425

M13 (-20) Forward priming site: bases 433-448
f1 origin: bases 590-1027

Kanamycin resistance ORF: bases 1361-2155
Ampicillin resistance ORF: bases 2173-3033
pUC origin: bases 3178-3851

pCR®Il-TOPO®
4.0 kb

DI of Kemopur
WTH-MmP gqene.
Tavolged Vi optra -
eallwlar wmatein remodelmﬁ.

26% 'wQen"H{«V Yo human
%a\nQ.

Hammoud ota), 2006,

'Bivc,\-\w. Ce,\l %;o\.
Bz 167137,

'grom LOfSC’“ wc’jg;\

o Sashko D@m anows e
\elo



Appendix 8:

Bacteriophages:

P1lvir — from Miguel Valvano (UWO)

I could not find a commercial source for P1vir so I have the P1 bacteriophage from ATCC listed
below and an article about P1vir for use in transduction. P1 phage can go into lysogenic or lytic
cycle while P1vir only goes into the Iytic cycle.

Bacteriophages

ATCC® Number: Order this tem Price: $34.00
25404-B1™

Preceptrol®

Culture
Host Organism: Escherichia coli (Migula) Castellani and Chalmers ATCC 25404

Designations: P1

Depositors: NM Schwartz History: ATCC <<--NM Schwartz<<--C.
Yanofsky
Biosafety Level: 1 Shipped: frozen

Permits/Forms: In addition to the MTA mentioned above, other ATCC and/or requlatory permits may be
required for the transfer of this ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click here for information
regarding the specific requirements for shipment to your location.

Comments: Transducing phage

Sauer:P1vir phage transduction:
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Background

Phage transduction is used to move selectable genetic markers from one "donor” strain to another
"recipient” strain. Nat Sternberg, among others, pioneered the use of phage P1 to move genetic
elements in £. coli and the use of the Cre/Lox system from P1 for controlled recombination.
Today, phage P1 is commonly used as a transducing agent because it is a generalized tranducer (it
can package random sections of the host chromosome instead of its own genome) giving rise to
"transducing particles". P1vir is a mutant phage that enters the lytic cycle upon infection (ensuring
replication and lysis). During the replication and lysis of the phage in a culture of bacteria, a small
percentage of the phage particles will contain a genome segment that contains your gene of
interest. P1 packages approximately 90 kb of DNA, so you can transduce genes that are linked to a
selectable marker.

Once a phage population has been generated from a donor host, the phage are used to infect a
recipient host. Most of the bacteria are lysed by phage that packaged P1 genomes, but a fraction of
the phage inject a genome segment derived from the donor host. Homologous recombination then
allows the incoming genomic segment to replace the existing homolgous segment. The infected
recipient bacteria are plated on a medium that selects for the genome segment of the donor bacteria
(antibiotic resistance, prototrophy, etc.)

All of this would not work if the infectivity of the phage could not be controlled. Otherwise, phage
released from neighboring cells would infect and lyse the bacteria that had been infected with
transducing particles. Someone really smart discovered that phage P1 requires calcium for
infectivity. Therefore, you can control P1 infectivity by growing in the presence and absence of
calcium. The calcium chelator citrate is usually used because it lowers the concentration of free
calcium (by forming Ca-citrate) low enough to prevent P1 infection, but not so low as to starve the
cells for calcium.

Lysate preparation



1. Dilute an overnight culture {LB medium) of donor strain 1:100 in fresh LB + 5 mM CaCl2 and
0.2% glucose (2.5 mL should be enough). Grow with aeration at 37 °C for 1 hr. Add 100 puL of P1
phage lysate to the culture, continue growing at 37 "C. Monitor for 1-3 hr until the culture has
lysed completely.

2. Add several drops of chloroform to the lysate and vortex. Centrifuge away the debris (14,000
rpm, 1-2 min) and transfer the supernatant to a fresh tube. Add a few drops of chloroform and
store at 4 °C.

Transduction
1. Grow recipient strain overnight in LB medium (2 mL culture is plenty).

2. On the next day, harvest the cells by centrifugation (6000 rpm, 2 min) and resuspend in original
culture volume in fresh LB + 100 mM MgS04 + 5 mM CaCl2. (note: 10 mM MgSO04 works fine,
too, so you can use the 0.1 M MgSO4 the kitchen makes.)

3. Set up four "reactions":

A, 100 pL undiluted P1 lysate + 100 pL recipient cells B. 100 pL 1:10 diluted P1 lysate + 100 pL
recipient cells C. 100 uL. LB + 100 pL recipient cells D. 100 pL undiluted P1 lysate + 100 pL LB

(note for step 3: LB = LB + 100 mM MgS04 + 5 mM CaCl2; dilute your P1 lysate in this as well)
4. Incubate tubes at 37 °C for 30 min.

5. Add 200 puL | M Na-Citrate (pH 5.5), then add | mL LB (the real thing this time) and incubate
at 37 °C for 1 hr to allow expression of the antibiotic resistance marker.

6. Spin cells at 6000 rpm for 2-3 min.

7. Resuspend each in 100 pL LB + 100 mM Na-Citrate (pH 5.5) and plate all of it on an
appropriate antibiotic-containing plate.

8. You should get anywhere from ~ 10 to 2000 colonies. These colonies are growing on a plate
that is covered with P1 phage. If you simply pick a colony from this plate and prepare a freezer
stock, you will most likely have phage contamination that will manifest when a culture is grown up
in the absence of a calcium chelator. Therefore, prepare a plate spread with the selection antibiotic
and 100 nL of 100 mM citrate (pH 5.5). Then, use a toothpick to touch the top of a few colonies
and re-streak on the new plate for isoalted colonies.

9. Test a colony from each re-streak for the presence of the mutant gene you intended to transduce
using diagnostic PCR or Southern blotting.

Anecdotes
o The chloroform used to sterilize the phage lysates, well, sterilizes. If you have visible

chloroform drops in the lysate stock, don't add this to your recipient cells directly because
you can kill a decent number of bacteria. Instead, aliquot your phage into microfuge tubes



and incubate with the caps open at 37 °C for about 30 minutes to allow the chloroform to
evaporate. Then add the recipient cells to the tubes with the phage.

« When preparing the donor phage lysate, there is a huge variability in the titer of phage
obtained at this step which makes transduction performance unpredictable. Some donor
cells are slow "wake up" from stationary phase and 3 hours will not be enough. If it is
obvious that there was no culture development in the tube, let it shake overnight. The next
morning, you will have a culture of cells and, perhaps, noticeable cell debris. Treating this
with chloroform and preparing it as a phage lysate usually works well.

o P1 lysis is accelerated under reducing conditions (Ryland Young's Lab). Adding 1 mM
DTT to the top agar allows P1 to develope better plaques. It follows that reducing agents
may help the donor lysate develope and help the recipients infecected with infectious P1 to
lyse before plating. If you're having trouble getting a high titer of donor phage, try p-
mercaptoethanol at 1/1000 culture volume.

e P1 replicates poorly in recA- hosts. Moreover, RecA is required for the homologous
recombination needed to integrate the donor DNA. Therefore, I have not been able to
transduce into recA4 bacteria. In cases that I needed to have recA- bacteria following a
transduction, I first transduced my desired marker into a recA+ recipient, then subsequently
transduced recA: kan from a specialized rec4+ donor strain generated by Barry Wanner
(BW 26,547 recA::kan Lambda recA+).

« As mentioned above, P1 packages ~90 kb of DNA. This means that genes in the vicinity of
your target gene in the recipient will most likely be replaced with copies of the neighboring
genes from the donor. Therefore, you can't easily transduce a marker close to an existing
marker in the recipient unless you have good selection for both markers and there is enough
space between the genes to allow significant recombination between them. It is a good idea
to be aware of the relative distances of genes of interest in your strains when transducing to
avoid accidental curing of relevent markers.

References

Reference [1] is the first report of allelic exchange by "transduction” in enteric bacteria. Ref. [2] is
the earliest report I know of bacteriophage-dependent transduction in E. coli. This report is notable
because it describes the K12-infective variant of P1 that has since been considered the "wild-type"
P1. Ref. [3] is a beautiful and detailed experimental demonstration that the transducing particles
responsible for transduction co-elute with infecting particles in ultracentrifugation, and thus are
fully-formed, intact virions, but carry DNA exclusively of bacterial origin. It also is an early
(first?) report of the use of virulent mutant of P1, which is defective for lysogeny (i.e. Plvir). Ref.
[4] Describes transduction across species boundaries. Refs [5, 6] provide additional reading about
the development of the modern protocol. Refs. [7, 8] give good overviews of the molecular
biology of P1 and practical protocols for use in transduction. However, the agar plate method for
preparation of phage lysates given in [8] is more laborious than the simple liquid culture method
given in this protocol. Resulting phage titers are often higher with the plate based protocol, but
liquid lysate preparations also given sufficient titer to effect transduction.
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