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As the Principal Investigator, I have ensured 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 waorking in my
laboratory have an up-to-date Hazard Communication Form, found at
http://www.shs.uwo.ca/workplace/newposition.htm

o oy
Signature of Permit Holder:  {({ ;.,;'___" B

Current Classification: o Containment Level for Added Biohazards: 2__ -

Date of Last Biohazardous Agents Registry Form: May 20, 2010

Date of Last Modification (if applicable):

BioSafety Officer(s)*:

For work being performed at Institutions affiliated with Western University, the Safety Officer for the
Institution where experiments will take place must sign the form prior to its being sent to Western
University Biosafety Officer.

Chair, Biohazards Subcommittee: o _ ) Date:
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New projects that require new biological agents:

1. Valorization of Jerusalem Artichokes

The objectives of the project include the evaluation of the value of Jerusalem
artichoke tubers and shoots as feedstock for the production of biofuel and
biochemical products via extraction processes, pyrolysis and fermentation
technologies. It is a joined project with Drs. Berruti and Charpentier at UWO.
Fermentation tests will be carried out in my facilities using different microbial
species that would favor the conversion of fructose and inulin into ethanol and
higher alcohols. The clostridia species that we already have will mainly be used as
the can directly ferment the inulin found in Jerusalem artichoke. Aspergillus niger
ATCC#10579 is a new organism we would like to work with as it expresses inulase
enzymes. The objective of the new work is to purify the inulases expressed by
Aspergillus niger for enzymatic inulin hydrolysis.

The work will only require small amounts of Aspergillus niger being cultivated. All
work involving Aspergillus niger will be conducted in TEB313b. We are applying for
which we applied for containment Level 2 certification for TEB313b.

2. Development of Optimum Treatment Technologies for Micropollutants and
Evaluation of Resulting Water Quality

An application for NSERC Straiegic grant has been made. In this project, we aim to
evaluate the treatability and environmental toxicity of selective micropollutants.
Overall research goals of this project are:

(1) Development of optimum and cost effective treatment technologies for selective
micropollutants of interest in both drinking and wastewater metrics with the
collaborating water treatment companies;

(2) Development, characterization, and utilization of biocassay tools for determining
acute, chronic, and molecular toxicity of treated water;

(3) Determination of ecotoxicity and environmental degradation processes and
rates of the selected micropollutants.

It is a joint proposal and my lab is involved in Objective 2.

Evaluating the toxicity of chemical mixtures is challenging, especially the evaluation
of genotoxicity (the resulting risk of cancer), the ability of a chemical compound or a
mixture of compounds to affect a cell’s genetic integrity through mutagenic or other
carcinogenic properties. Genotoxicity is the most crucial parameter that needs to be
monitored when discharging water that will eventually return to human
consumption. Molecular techniques allow one to quantify such effects at the DNA
level and various assays and technologies such as the Ames test.

The assay is based on deficiency mutants of various salmonella strains (Salmonella
typhimurium TA97a, TA98, TA100, TA1002, TA 1535, all Level 1)). All strains are
histidine deficiency mutants of non-pathogenic strains. This mutation can easily be
reversed through the introduction of a new possible mutagen. Hence the test is
based on measuring the reverse-mutation rate in 96 well plates.



3. Enhanced microalgae production in the presence of plant hormones

Funding for this project has been applied for through an NCE application. If
successful my group will be part of a newly formed National Centre of Excellence.
The work proposed in my group will be conducted in collaboration with Dr. Priti
Krishna in the department of biology at Western. The effect of plat hormones
(provided by Dr. Krishna) on the growth rate and fatty acid production rate of
Clorella vulgaris will be investigated in my ab. Clorella vulgaris is non-toxic and
actively marketed as a food ingredient. Clorella vulgaris will be grown photo-
trophically in a designated shaking incubator.

4, Scale-related effects of protein production in insect cell lines

An NSERC engage grant is in preparation with a local pharmaceutical company
(Entos). The purpose of the work is to evaluate whether a patented process by the
company can be scaled-up from 10mlL shakeflask studies to 3L bioreactor
experiments. The protein expression system uses Spodoptera frugiperda Sf9 and
Sf21 cell line (Level 1) and a Baculovirus vector. Both, vector and cells, will be
provided by the company.



MATERIAL SAFETY DATA SHEET

MSDS FOR MICROBIAL CULTURES (Biosafety Level 1 or 2 or 3)

MATERIAL SAFETY DATA SHEET

SECTION 1 - SUBSTANCE IDENTITY AND COMPANY INFORMATION 1

Product Name: Various Microbial Cultures at Biosafety Level 1 or2 or 3
ATCC Catalog #: Various

COMPANY INFORMATION:  AMERICAN TYPE CULTURE COLLECTION
PO BOX 1549
MANASSAS, VA 20108

FOR INFORMATION CALL:  800-638-6597 or 703-365-2700
AFTER-HOURS CONTACT:  703-365-2710
CHEMTREC EMERGENCY:  800-424-9300 or 703-527-3887

| SECTION 2 - COMPOSITION/INFORMATION ON INGREDIENTS |

Either frozen or growing cells shipped in liquid cell culture medium (a mixture of components that may include,
but is not limited to: inorganic salts, vitamins, amino acids, carbohydrates and other nutrients dissolved in
water). Frozen Cultures may also contain a 5%-10% solution of Dimethyl sulfoxide as a cryoprotectant.

l SECTION 3 - HAZARD IDENTIFICATION

HMIS Rating: N/A
NFPA Rating: N/A

This substance is not hazardous as defined by OSHA 29CFR 1910.1200 however this product should be
handled according to good lab practices, with proper personal protective equipment, proper engineering controls
and within the parameters of the purchaser’s safety program.

Health Hazards

ATCC recommends that all ATCC microbial cultures be handled by qualified microbiologists using
appropriate safety procedures and precautions. Detailed discussions of laboratory safety procedures are
provided in Laboratory Safety: Principles and Practice (Fleming et al) and in the U.S. Government
Publication, Biosafety in Microbiological and Biomedical Laboratories. This publication is available in
its entirety in the Center for Disease Control Office of Health and Safety’s web site at
http://www.cdc.gov/biosafety/publications/bmbl5/index.htm .

Information on the classification of human etiologic agents on the basis of hazard can be found as
Appendix B in the NIH Guidelines for Research Involving Recombinant DNA Molecules at

http://grants.nih.gov/grants/policy/recombinentdnaguidelines.htm.

American Type Culture Collection Emergency Telephone: (703) 365-2710 (24 hours)
P.O. Box 1549 Information Telephone: (703) 365-2700 Ext.2303
Manassas, VA 20108

July 2010 1 Chemtrec (800) 424-9300



ATCC MATERIAL SAFETY DATA SHEET

| SECTION 4 - FIRST AID MEASURES

Report to your Safety Office and Seek Medical Attention as Soon as Possible

Ingestion: If person is unconscious seek emergency medical attention; never give anything by mouth to an
unconscious person. If the person is conscious wash mouth out with copious amounts of water and call a
physician then administer three cupfuls of water. Do not induce vomiting unless directed to do so by a physician.

Inhalation: If person is unconscious seek emergency medical attention, if person is conscious remove to fresh
air and call a physician.

Dermal exposure: Immediately wash skin with copious amounts of water followed by washing with soap and
copious amounts of water. Remove all contaminated clothing.

Eye exposures: Flush eyes with copious amounts of water for at least 15 minutes with eyelids separated and
call a physician.

SECTION 5 - FIRE FIGHTING MEASURES

Flammability: Data not available

Suitable Extinguishing Media: Water spray, carbon dioxide, dry chemical powder, Halon (where
regulations permit), or appropriate foam.

Firefighting

Protective Equipment: Wear self-contained breathing apparatus and protective clothing to prevent inhalation,
ingestion, skin and eye contact.

Specific Hazard(s): Responders should take into consideration the biohazard risk associated with
responding to a fire in the area where the material may be stored or handled.

SECTION 6 - ACCIDENTAL RELEASE MEASURES

Procedure(s) of Personal Precaution(s): At a minimum use PPE listed in Section 8. Wear laboratory
coat, gloves and eye protection. Avoid all contact.Methods for Cleaning Up

Patient/Victim: Wash with soap and water. Work clothes should be laundered separately. Launder
contaminated clothing before re-use. Do not take clothing home.

Equipment/Environment: Allow aerosols to settle; wearing protective clothing, gently cover spill with paper
towel and apply 1% sodium hypochlorite, starting at perimeter and working towards the center; allow sufficient
contact time before clean up (30 min).

Note: The use of additional PPE may be necessary for cleaning solutions.

American Type Culture Collection Emergency Telephone: (703) 365-2710 (24 hours)
P.O. Box 1549 Information Telephone: (703) 365-2700 Ext.2303
Manassas, VA 20108

July 2010 2 Chemtrec (800) 424-9300



ATCC MATERIAL SAFETY DATA SHEET

| SECTION 7 - HANDLING AND STORAGE

Handle and store according to instructions on product information sheet and label.
Special Requirements:
Follow established laboratory procedures when handling material.

l SECTION 8 - EXPOSURE CONTROLS/PERSONAL PROTECTION

Use Personal Protective Equipment: Including Eye Protection, Chemical Resistant Gloves, and appropriate
clothing to prevent skin exposure. In addition, a Respiratory protection program that complies with OSHA 29
CFR 1910.134 and ANSI Z288.2 requirements or European Standard EN 149 must be followed whenever
workplace conditions warrant respirator use.

Engineering Controls: The use and storage of this material requires user to maintain and make available
appropriate eyewash and safety shower facilities. Use fume hood or other appropriate ventilation method to
keep airborne concentrations a low as possible.

Exposure Limits: No exposure limits for this material have been established by ACGIH, NIOSH, or OSHA.

| SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES

Data Not Available

| SECTION 10 - STABILITY AND REACTIVITY

Hazardous polymerization will not occur.

| SECTION 11 - TOXICOLOGICAL INFORMATION

Route of Exposure

Eye Contact: Data not available. Avoid eye contact.
Skin Contact: Data not available. Avoid skin contact.
Skin-Absorption: Data not available. Avoid skin absorption.
Inhalation: Data not available. Avoid inhalation.
Ingestion: Data not available. Avoid ingestion.

Parenteral Exposure: Data not available. Avoid parenteral exposure.

Sensitization
Skin: Data not available
Respiratory: Data not available

Target Organ(s) or System(s): Data not available

Signs and Symptoms of Exposure

Skin and Mucous Membranes: Data not available
Respiratory: Data not available
Gastrointestinal: Data not available

American Type Culture Collection Emergency Telephone: (703) 365-2710 (24 hours)
P.O. Box 1549 Information Telephone: (703) 365-2700 Ext.2303
Manassas, VA 20108
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ATCC MATERIAL SAFETY DATA SHEET

Toxicity Data: Data not available

Effects of Long Term or Repeated Exposure: Data not available
Chronic Exposure-Teratogen: Data not available

Chronic Exposure-Mutagen: Data not available

Chronic Exposure—Reproductive Hazard: Data not available

| SECTION 12 - ECOLOGICAL INFORMATION

No ecological information available.

| SECTION 13 - DISPOSAL CONSIDERATIONS

Decontaminate all wastes before disposal (steam sterilization, chemical disinfection, and/or incineration).

Dispose of in accordance with applicable regulations.

| SECTION 14 - TRANSPORT INFORMATION

Contact ATCC for transport information.

l SECTION 15 - REGULATORY INFORMATION

Contact ATCC for regulatory information.

SECTION 16 - OTHER INFORMATION

THE INFORMATION PRESENTED IN THIS DOCUMENT IS BELIEVED TO BE CORRECT BASED UPON
DATA AVAILABLE TO ATCC. USERS SHOULD MAKE AN INDEPENDENT DECISION REGARDING THE
ACCURACY OF THIS INFORMATION BASED ON THEIR NEEDS AND DATA AVAILABLE TO THEM. ALL
SUBSTANCES AND MIXTURES MAY PRESENT UNKNOWN HAZARDS AND ALL NECESSARY SAFETY
PRECAUTIONS SHOULD BE TAKEN. ATCC ASSUMES NO LIABILITY RESULTING FROM USING OR
COMING IN CONTACT WITH THIS SUBSTANCE.

American Type Culture Collection Emergency Telephone: (703) 365-2710 (24 hours)
P.O. Box 1549 Information Telephone: (703) 365-2700 Ext.2303
Manassas, VA 20108
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ATCC: Catalog Search

ATCC’

THE ESSENTIALS OF LIFE SCIENCE RESEARCH

GLOBALLY DELIVERED

ATCC Advanced Catalog Search » Product Details
Product Description
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Shipped:

Growth Conditions:

Permits/Forms:

Applications:

Comments:

Subcollection:

References:

10579™  ( Order this IteT'Q Price:

Aspergillus niger van Tieghem, anamorph
IMI 31275 [12, NCTC 2389)
otomycosis of man, England

IMI

ATCC <<--IMl<<--A. Pijper 12
2

freeze-dried

ATCC medium 325: Malt extract agar (Blakeslee's formula)
Temperature: 24.0°C

In addition to the MTA menlicned above, other ATCC and/or requlatory
permits may be required for the transfer of this ATCC malerial. Anyone
purchasing ATCC material is ultimately responsible for obtaining the
permits. Please click here for information regarding the specific
requirements for shipment 1o your location.

produces inulinase endoinulinase [46704] [46705]

AB012771, nucleotide sequence of inulinase gene, inuA [46705
AB012772, nucleotide sequence of inulinase gene, inuB [46705

Fungi

46704: Ohla K, et al. Molecular cloning and sequence analysis of two
endoinulinase genes from Aspergillus niger. Biosci. Biotechnol.
Biochem. 62: 1731-1738, 1998. PubMed: 9805373

46705: Akimoto H, et al. Transcriptional analysis of two endoinulinase
genes inuA and inuB in Aspergillus niger and nucleotide sequences of
their promoter regions. J. Biosci. Bioeng. 88: 599-604, 1999.
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Notices and Disclaimers
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471

Adopted:
21st July 1997

OECD GUIDELINE FOR TESTING OF CHEMICALS

Bacterial Reverse Mutation Test

INTRODUCTION

L. The bacterial reverse mutation test uses amino-acid requiring strains of Salmonella
typhimurium and Escherichia coli to detect point mutations, which involve substitution, addition or
deletion of one or a few DNA base pairs (1)(2)(3). The principle of this bacterial reverse mutation
test is that it detects mutations which revert mutations present in the test strains and restore the
functional capability of the bacteria to synthesize an essential amino acid. The revertant bacteria are
detected by their ability to grow in the absence of the amino acid required by the parent test strain.

2. Point mutations are the cause of many human genetic diseases and there is substantial
evidence that point mutations in oncogenes and tumour suppressor genes of somatic cells are
involved in tumour formation in humans and experimental animals. The bacterial reverse mutation
test is rapid, inexpensive and relatively easy to perform. Many of the test strains have several
features that make them more sensitive for the detection of mutations, including responsive DNA
sequences at the reversion sites, increased cell permeability to large molecules and elimination of
DNA repair systems or enhancement of error-prone DNA repair processes. The specificity of the test
strains can provide some useful information on the types of mutations that are induced by genotoxic
agents. A very large data base of results for a wide variety of structures is available for bacterial
reverse mutation tests and well-established methodologies have been developed for testing chemicals
with different physico-chemical properties, including volatile compounds.

3. Definitions used are set out in the Annex.

INITIAL CONSIDERATIONS

4, The bacterial reverse mutation test utilises prokaryotic cells, which differ from mammalian
cells in such factors as uptake, metabolism, chromosome structure and DNA repair processes. Tests
conducted in vitro generally require the use of an exogenous source of metabolic activation. In vitro
metabolic activation systems cannot mimic entirely the mammalian in vive conditions. The test
therefore does not provide direct information on the mutagenic and carcinogenic potency of a
substance in mammals.

5. The bacterial reverse mutation test is commonly employed as an initial screen for genotoxic
activity and, in particular, for point mutation-inducing activity. An extensive data base has
demonstrated that many chemicals that are positive in this test also exhibit mutagenic activity in
other tests. There are examples of mutagenic agents which are not detected by this test; reasons for
these shortcomings can be ascribed to the specific nature of the endpoint detected, differences in
metabolic activation, or differences in bioavailability. On the other hand, factors which enhance the
sensitivity of the bacterial reverse mutation test can lead to an overestimation of mutagenic activity.

/11



47 1 OECD/OCDE

6. The bacterial reverse mutation test may not be appropriate for the evaluation of certain
classes of chemicals, for example highly bactericidal compouads (e.g. certain antibiotics) and those
which are thought (or known) to interfere specifically with the mammalian cell replication system
(e.g. some topoisomerase inhibitors and some nucleoside analogues). In such cases, mammalian
mutation tests may be more appropriate.

7. Although many compounds that are positive in this test are mammalian carcinogens, the
correlation is not absolute. It is dependent on chemical class and there are carcinogens that are not
detected by this test because they act through other, non-genotoxic mechanisms or mechanisms
absent in bacterial cells.

PRINCIPLE OF THE TEST METHOD

8. Suspensions of bacterial cells are exposed to the test substance in the presence and in the
absence of an exogenous metabolic activation system. In the plate incorporation method, these
suspensions are mixed with an overlay agar and plated immediately onto minimal medium. In the
preincubation method, the treatment mixture is incubated and then mixed with an overlay agar before
plating onto minimal medium. For both techniques, after two or three days of incubation, revertant
colonies are counted and compared to the number of spontaneous revertant colonies on solvent
control plates.

9, Several procedures for performing the bacterial reverse mutation test have been described.
Among those commonly used are the plate incorporation method (1)(2)(3)(4), the preincubation
method (2)3)(5)(6)(7)(8), the fluctuation method (9)(10), and the suspension method (11).
Modifications for the testing of gases or vapours have been described (12).

1¢, The procedures described in this guideline pertain primarily to the plate incorporation and
preincubation methods. Either of them is acceptable for conducting experiments both with and
without metabolic activation. Some compounds may be detected more efficiently using the
preincubation method, These compounds belong to chemical classes that include short chain
aliphatic nitrosamines, divalent metals, aldehydes, azo-dyes and diazo compounds, pyrollizidine
alkaloids, allyl compounds and nitro compounds (3). It is also recognised that certain classes of
mutagens are not always detected using standard procedures such as the plate incorporation methed
or preincubation method. These should be regarded as "special cases" and it is strongly
recommended that alternative procedures should be used for their detection. The following "special
cases" could be identified (together with examples of procedures that could be used for their
detection):  azo-dyes and diazo compounds (3)(5)6)(13), gases and volatile chemicals
(12)(14)(15)(16), and glycosides (17)(18). A deviation from the standard procedure needs to be
scientifically justified.

DESCRIPTION OF THE METHOD

Preparations

Bacteria

11, Fresh cultures of bacteria should be grown up to the late exponential or early stationary
phase of growth (approximately 10’ cells per ml). Cultures in late stationary phase should not be
used. It is essential that the cultures used in the experiment contain a high titre of viable bacteria.
The titre may be demonstrated either from historical control data on growth curves, or in each assay
through the determination of viable cell numbers by a plating experiment.

2/11
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12, The recommended culture temperature is 37°C.

13, At least five strains of bacteria should be used, These should include four strains of .
typhimurium (TA1535; TA1537 or TA97a or TA97; TA98; and TA100) that have been shown to be
reliable and reproducibly responsive between laboratories. These four §. ryphimurium strains have
GC base pairs at the primary reversion site and it is known that they may not detect certain oxidising
mutagens, cross-linking agents and hydrazines. Such substances may be detected by E.coli WP2
strains or S. typhimurium TA102 (19) which have an AT base pair al the primary reversion site.
Therefore the recommended combination of strains is:

1. S.typhimurium TA1535, and

2, S, typhimurium TA1537 or TA97 or TA97a, and

3. §.typhimurium TA98, and

4. S.typhimurium TA100, and

5. E.coli WP2 uvrA, or E. coli WP2 uvrA (pKM101), or S. typhimurium TA102.

In order to detect cross-linking mutagens it may be preferable to include TA102 or to add a DNA
repair-proficient strain of E.coli [e.g. E.cali WP2 or E.coli WP2 (pKM101).]

14. Established procedures for stock culture preparation, marker verification and storage should
be used. The amino-acid requirement for growth should be demonstrated for each frozen stock
culture preparation (histidine for S. typhimurium strains, and tryptophan for E. coli strains). Other
phenotypic characteristics should be similarly checked, namely: the presence or absence of R-factor
plasmids where appropriate [i.e. ampicillin resistance in strains TA98, TA100 and TA97a or TA97,
WP2 uvrA and WP2 uvrA (pKM101), and ampicillin + tetracycline resistance in strain TA102]; the
presence of characteristic mutations (i.e. rfa mutation in S. typhimurium through sensitivity to crystal
violet, and uvrA mutation in E. coli or uviB mutation in S. fyphimurium, through sensitivity to ultra-
violet light) (2)}(3). The strains should also yield spontaneous revertant colony plate counts within
the frequency ranges expected from the laboratory's historical control data and preferably within the
range reported in the literature.

Medium

15. An appropriate minimal agar (e.g. containing Vogel-Bonner minimal medium E and
glucose) and an overlay agar containing histidine and biotin or tryptophan, to allow for a few cell
divisions, is used (1}(23(9),

Metabolic activation

16. Bacleria should be exposed to the test substance both in the presence and absence of an
appropriate metabolic activation system. The most commonly used system is a cofactor-
supplemented post-mitochondrial fraction (89) prepared from the livers of rodents treated with
enzyme-inducing agents such as Aroclor 1254 (1)(2) or a combination of phenobarbitone and B-
naphthoflavone (18)(20)(21). The post-mitochondrial fraction is usually used at concentrations in the
range from 5 to 30% v/v in the 89-mix. The choice and condition of a metabolic activation system
may depend upon the class of chemical being tested. In some cases it may be appropriate to utilize
more than one concentration of post-mitochondrial fraction. For azo-dyes and diazo-compounds,
using a reductive metabolic activation system may be more appropriate (6)(13).

KIAN!



47 1 OECD/OCDE

Test substance/Preparation

17. Solid test substances should be dissolved or suspended in appropriate solvents or vehicles
and diluted if appropriate prior to treatment of the bacteria. Liquid test substances may be added
directly to the test systems and/or diluted prior to treatment. Fresh preparations should be employed
unless stability data demonstrate the acceptability of storage.

Test conditions
Solvent/vehicle

I8. The solvent/vehicle should not be suspected of chemical reaction with the test substance
and should be compatible with the survival of the bacteria and the $9 activity (22). If other than
well-known solvent/vehicles are used, their inclusion should be supported by data indicating their
compatibility. It is recommended that wherever possible, the use of an aqueous solvent/vehicle be
considered first. When testing water-unstable substances, the organic solvents used should be free of
water.

Exposure concentrations

19, Amongst the criteria to be taken into consideration when determining the highest amount of
test substance to be used are cytotoxicity and solubility in the final treatment mixture. It may be
useful to determine toxicity and insolubility in a preliminary experiment. Cytotoxicity may be
detected by a reduction in the number of revertant colonies, a clearing or diminution of the
background lawn, or the degree of survival of treated cultures. The cytotoxicity of a substance may
be altered in the presence of metabolic activation systems. Insolubility should be assessed as
precipitation in the final mixture under the actual test conditions and evident to the unaided eye. The
recommended maximum test concentration for soluble non-cytotoxic substances is 5 mg/plate or
5 ul/plate. For non-cytotoxic substances that are not soluble at 5 mg/plate or 5 pl/plate, one or more
concentrations tested should be insoluble in the final treatment mixture. Test substances that are
cytotoxic already below 5 mg/plate or 5 pi/plate should be tested up to a cytotoxic concentration.
The precipitate should not interfere with the scoring.

20. At least five different analysable concentrations of the test substance should be used with
approximately half log (i.e. V10) intervals between test points for an initial experiment. Smaller
intervals may be appropriate when a concentration-response is being investigated.

21, Testing above the concentration of 5 mg/plate or 5 pl/plate may be considered when
evaluating substances containing substantial amounts of potentially mutagenic impurities,

Controls

22 Concurrent strain-specific positive and negative (solvent or vehicle) controls, both with and
without metabolic activation, should be included in each assay. Positive control concentrations that
demonstrate the effective performance of each assay should be selected.

23, For assays employing a metabolic activation system, the positive control reference

substance(s) should be selected on the basis of the type of bacteria strains used, The following
chemicals are examples of suitable positive controls for assays with metabolic activation:

4/11
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The Muta-ChromoPlate kit Is a 96 well microplate version of the salmonella typhimurium Ames Test, used for detection of
mutagenic actlvity (Follows the OECD 471 Guldelines for Testing Of Chemlcals - Bacterial Reverse Mutation Test).

Developed lo lest mutagenic materials in water soluble exiracts of , sedimenl, air, chemicals, food components, cosmelics, waste
waters, potable waters and any other material that can be solubilized or placed inlo micro suspension in waler such lhat the material
being tested can be taken up by the test strain. The Muta-ChromoPlate provides a clear colour endpoinl. Reagents, cultures and other
consumable components are supplied ready-to-use in a non-specialized laboratory. Te

The Muta-ChromoPlate provides a clear colour endpoint. Reagents, cullures and olher consumable components are supplied ready-lo-
use in a non-specialized laboratory. The Muta-ChromoPlale kil is based on the most generally used and bacterial reverse mulalion lest
known as the Ames Test (Ames et al., 1975 Mutation Research 31:347)

The tesl employs a mutanl slrain, or several strains, of Salmonella typhimurium, carrying mutation(s) in the operen coding for hislidine
biosynthesis. When these bacteria are exposed lo mulagenic agents, under cerlain conditions, reverse mulation from amino acid
(histidine) auxolrophy to prototrophy occurs.

Traditionally, reverse-mufation assays have been performed using agar plates. An alternale assay performed entirely in liquid culture is
the 'Fluclualion Test' based on multiple yes/no colour endpoints (Hubbard, S.A ef al., 1994, pp. 141-160, in Kilbey et al. (Eds.}, Handbook
of Mulagenicily Testing (2nd Ed, ) Elsevier Sciences, NY. This test principle is being applied in the Muta-ChromoPlate lest kit.

The Muta-ChromoPlate Kil is generally more sensitive {(up to 10 times) than the pour-plate assay, because il allows testing of higher
concentrations of sample (up to 75% viv). The assay procedure is simple and requires minimal training. Consumable components are
provided wilh ready-to-use and step-by-slep instruclions. "Instruclions for Use" are provided with Ihe basic kit. The only equipment
required are a 37 degree Celsius incubator and a single and a multi-channel micropipeltor.

$9 Activalion Enzymes

§9 s a crude liver enzyme exlracl thal can, under cerlain condilions, converl malerials without any genotoxic aclivity to active genoloxic
enlities. The chemical process involved is probably different for different materials. In addilion, the lifetime of the aclivaled moielies is
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exlremely variable: some may be exiremely shori-lived. This is the reason for incubaling the S-9 with the bacteria and the lested material
at the same time.

Applications:

Testing of pharmaceuticals for mutagenic activity.

Tesling of induslrial effluents for presence of possible mutagenic compeounds.

Screening of municipal discharges for possible routine presence or spills of mutagenic compounds.
Screening of surface and ground water for mulagenic residues.

Screening of potable waler supplies for the presence of chemicals with mulagenic potential.
Screening of water soluble air pollutants for mulagenic agents,

Evaluation of pure or complexed raw mixiures for potential mutagenicity.

A convenient and easy lo use leaching look for university and college laboratories.

The Muta-ChromoPlate kit (Ames Test Kit) is designed to be user fiendly by removing potential contamination concerns
Strains Currently Available to be shipped are: TA97a, TA98, TA100, TA102 and the TA15635.

Reverse Mutations in Various Bacterial Strains

\What Is a Base Palr Substitution?
(nsertion Mutation

Missense Mutation
Base-Palr Substitutions

TA100; TA1535; TA102 (Sile A-T)

RGN KRR What is a Frame shift Mutation?

e Frame Shift Mutation

@ Muta-ChromoPlate kit is preformed

Click Here for a visual understanding on h
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Chemical and CAS No.

9.,10-Dimethylanthracene [CAS no. 781-43.1]

7,12-Dimethylbenzanthracene [CAS no. 57-97-6]

Congo Red [CAS no. 573-58-0] (for the reductive metabolic activation method)

Benzo{a)pyrene [CAS no. 50-32-8]

Cyclophosphamide {monohydrate) [CAS no. 50-18-0 (CAS no. 6055-19-2)]
2-Aminoanthracene [CAS no. 613-13-8]

2-Aminoanthracene should not be used as the sole indicator of the efficacy of the $9-mix. If 2-
aminoanthracene is used, each batch of S9 should also be characterised with a mutagen that requires
metabolic activation by microsomal enzymes, e.g., benzo(a)pyrene, dimethylbenzanthracene.

24, For assays performed without metabolic activation system, examples of strain-specific
positive controls are;

Chemical and CAS No. Strain

(a) Sodium azide (CAS no. 26628-22-8] TA1535 and TA100

(b) 2-Nitrofluorene [CAS no, 607-57-8] TA98

(c) 9-Aminoacridine {CAS no. 90-45-9} TA1537, TA97 and TAY7a
or ICR191 [CAS no. 17070-45-0]

(d) Cumene hydroperoxide [CAS no. 80-15-9] TAL102

(e) Mitomycin C {CAS no. 50-07-7] WP2 uvrA and TAL02

H N-Ethyl-N-nitro-N-nitroscguanidine [CAS no. 70-25-7) or | WP2, WP2 uvrA and
4-nitroguinoline 1-oxide [CAS no. 56-57-5] WP2 uvrA (pKM101)

(g) Furylfuramide (AF-2) [CAS no. 3688-53-7] plasmid-containing strains

25, Other appropriate positive control reference substances may be used. The use of chemical

class-related positive control chemicals may be considered, when available,

26. Negative controls, consisting of solvent or vehicle alone, without test substance, and
otherwise treated in the same way as the treatment groups, should be included. In addition, untreated
controls should also be used unless there are historical control data demonstrating that no deleterious
or mutagenic effects are induced by the chosen solvent.

31
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PROCEDURE

Treaiment with test substance

27. For the plate incorporation method (1)(2)(3)(4), without metabolic activation, usually 0.05
ml or 0.1 ml of the test solutions, 0.1 m! of fresh bacterial culture (containing approximately 10
viable cells) and 0.5 ml of sterile buffer are mixed with 2.0 ml of overlay agar. For the assay with
metabolic activation, usually 0.5 ml of metabolic activation mixture containing an adequate amount
of post-mitochondrial fraction (in the range from 5 to 30% v/v in the metabolic activation mixture)
are mixed with the overlay agar (2.0 ml), together with the bacteria and test substance/test solution.
The contents of each tube are mixed and poured over the surface of a minimal agar plate. The
overlay agar is allowed to solidify before incubation.

28. For the preincubation method (2)(3)(5)(6) the test substance/test solution is preincubated
with the test strain (containing approximately 10° viable cells) and sterile buffer or the metabolic
activation system (0.5 ml) usually for 20 min. or more at 30°-37°C prior to mixing with the overlay
agar and pouring onto the surface of a minimal agar plate. Usually, 0.05 or 0.! ml of test
substanceflest solution, 0.1 ml of bacteria, and 0.5 ml of $9-mix or sterile buffer, are mixed with 2.0
ml of overlay agar. Tubes should be aerated during pre-incubation by using a shaker.

29. For an adequate estimate of variation, triplicate plating should be used at each dose level,
The use of duplicate plating is acceptable when scientifically justified. The occasional loss of a plate
does not necessarily invalidate the assay.

30. Gaseous or volatile substances should be tested by appropriate methods, such as in sealed
vessels {12)(14)(15)(16).

Incubation

31, All plates in a given assay should be incubated at 37°C for 48-72 hours. After the
incubation period, the number of revertant colonies per plate is counted.

DATA AND REPORTING
Treatment of results

32. Data should be presented as the number of revertant colonies per plate. The number of
revertant colonies on both negative (solvent control, and untreated control if used) and positive
control plates should also be given.

33. Individual plate counts, the mean number of revertant colenies per plate and the standard
deviation should be presented for the test substance and positive and negative (untrcated and/or
solvent) controls.

34. There is no requirement for verification of a clear positive response. Equivocal results
should be clarified by further testing preferably using a modification of experimental conditions.
Negative results need to be confirmed on a case-by-case basis. In those cases where confirmation of
negative results is not considered necessary, justification should be provided. Modification of study
parameters to extend the range of conditions assessed should be considered in follow-up experiments.
Study parameters that might be modified include the concentration spacing, the method of treatment
(plate incorporation or liquid preincubation), and metabolic activation conditions.

6/11
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Evaluation and interpretation of results

35. Thete are several criteria for determining a positive result, such as a concentration-related
increase over the range tested and/or a reproducible increase at one or more concentrations in the
number of revertant colonies per plate in at least one strain with or without metabolic activation
system (23). Biological relevance of the results should be considered first. Statistical methods may
be used as an aid in evaluating the test results (24). However, statistical significance should not be
the only determining factor for a positive response.

36. A test substance for which the results do not meet the above criteria is considered non-
mutagenic in this lest

37. Although most experiments will give clearly posilive or negative results, in rare cases the
data set will preclude making a definite judgement about the activity of the test substance. Results
may remain equivocal or questionable regardless of the number of times the experiment is repeated.

38, Positive resuits from the bacterial reverse mutation test indicate that a substance induces
point mutations by base substitutions or frameshifts in the genome of either Salmonella typhimurium
and/or Escherichia coli. Negative results indicate that under the test conditions, the test substance is
not mutagenic in the tested species.

Test report
39. The test report must include the following information:
Test substance:
- identification data and CAS no., if known;
- physical nature and purity;
- physicochemical properties relevant to the conduct of the study;
- stability of the test substance, if known.

Solvent/Vehicle:

- justification for choice of solvent/vehicle;
- solubility and stability of the test substance in solvent/vehicle, if known.

Strains:

- strains used;
- number of cells per culture;
- strain characteristics.

Test conditions:

- amount of test substance per plate (mg/plate or ug/plate) with rationale for selection of
dose and number of plates per concentration;

- media used;

- type and composition of metabolic activation system, including acceptability criteria;

- lreatment procedures.

/11
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Results:

- signs of toxicity;
signs of precipitation;
individual piate counts;
the mean number of revertant colonies per plate and standard deviation;

- dose-response relationship, where possible;

- statistical analyses, if any;

- concurrent negative (solvent/vehicle) and positive control data, with ranges, means
and standard deviations;

- historical negative (solvent/vehicle) and positive control data, with e.g. ranges, means
and standard deviations,

Discussion of the results.

Conclusion.
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ANNEX

DEFINITIONS

A reverse mutation test in either Salmonella typhimurium or Escherichia coli detects mutation in an
amino-acid requiring strain (histidine or tryptophan, respectively) to produce a strain independent of an
cutside supply of aminc-acid.

Base pair substitution mutagens are agents that cause a base change in DNA. In a reversion test this
change may occur at the site of the original mutation, or at a second site in the bacterial genome.

Frameshift mutagens are agents that cause the addition or deletion of one or more base pairs in the
DNA, thus changing the reading frame in the RNA

11/11
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1. Introduction

ecombinant baculoviruses are widely used to
Rexpress heterologous genes in cultured insect cells
and insect larvae. For large-scale applications, the
baculovirus expression vector system (BEVS) is particularly
advantageous. Specialized media, transfection reagents,
and vectors have been developed in response to recent
advances in insect cell culture and molecular biology meth-
ods.
The following are important choices in designing a
system for recombinant protein production:

« Selecting the expression vector, including the style or
type of promoter, that provides best results with the
recombinant gene product being expressed.

+ Evaluating insect cell lines, growth media (serum-
supplemented or serum-free), and feeding/infection
strategies that allow for optimal rAcNPV and/or product
expression.

» Choosing a scalable process of cell culture and deciding
on other factors affecting downstream processing.

Overview of Baculovirology

Baculoviruses are the most prominent viruses known to
affect the insect population. They are double-stranded,
circular, supercoiled DNA molecules in a rod-shaped capsid
(1). More than 500 baculovirus isolates (based on hosts of
origin) have been identified, most of which originated in
arthropods, particularly insects of the order Lepidoptera
(2,3). Two of the most common isolates used in foreign
gene expression are Autographa californica multiple nuclear
polyhedrosis virus (AcMNPV) and Bombyx mori (silkworm)
nuclear polyhedrosis virus (BmNPV).

Wild-type baculoviruses exhibit both lytic and occluded
life cycles that develop independently throughout the three
phases of virus replication. The following are characteristics
of the three phases:

1. Early Phase: In this phase (also known as the virus
synthesis phase), the virus prepares the infected cell for
viral DNA replication. Steps include attachment, pene-
tration, uncoating, early viral gene expression, and shut
off of host gene expression. Actual initial viral synthesis
occurs 0.5 to 6 h after infection.

2. Late Phase: In this phase (also known as the viral struc-
tural phase), late genes that code for replication of viral
DNA and assembly of virus are expressed. Between 6
and 12 h after infection, the cell starts to produce extra-
cellular virus (EV), also called non-occluded virus (NOV)
or budded virus (BV). The EV contains the plasma
membrane envelope and glycoprotein (gp)64 necessary
for virus entry by endocytosis. Peak release of extracel-
lular virus occurs 18 to 36 h after infection.

3. Very Late Phase: In this phase (also known as the viral
occlusion protein phase), the polyhedrin and p10 genes
are expressed, occluded virus (OV)—also called occlu-
sion bodies (OB) or polyhedral inclusion bodies
(PIBs)—are formed, and cell lysis begins. Between 24
and 96 h after infection, the cell starts to produce OV,
which contains nuclear membrane envelopes and the

viral polypeptides gp41 and gp74. Multiple virions are
produced and surrounded by a crystalline polyhedra
matrix. The virus particles produced in the nucleus are
embedded within the polyhedrin gene product and a
carbohydrate-rich calyx.

Infection

Figure 1 summarizes how baculoviruses infect cells and
are transmitted in vivo vertically and horizontally. During the
Iytic cycle, enveloped and budded virions are generated.
These virions promote horizontal transmission of the infec-
tion throughout the tissue in an in vivo infection of a worm
larvae, or throughout the cell culture in an in vitro over-
expression system. In vitro, this cycle is exploited to both
generate virus stocks and establish a fully developed infec-
tion from subsaturating primary virus inocula. During the
occluded cycle, virions packaged in the PIBs are generated.
In vivo, these virions promote vertical transmission of the
virus from insect host to insect host. /n vitro, a polyhedrin
gene modified to express a recombinant gene product in
place of the PIBs is used. Biochemically, the essential differ-
ence between the lytic and occluded cycles is the induction
of polyhedrin production at the beginning of the very late
phase.

You need to be able to distinguish between the initiation
of virus production and budding, at approximately 8 to 10 h
post-infection, and the initiation of protein expression under
control of the polyhedrin promoter, at approximately 20 to 24
h. By doing so, you will be able to effciently produce high-
titer baculovirus stocks and high-quality recombinant
product {i.e., product that is non-degraded and free of cell
debris).

Vertical Transmission

After the OV is ingested by insect larvae, the crystalline
polyhedrin matrix is degraded in the alkaline mid-gut of the
insect. Embedded virions are released and fuse to micro-
villar epithelial cells. Infected cells release EV from the
basement membrane side of the mid-gut cell into the
hemolymph system.

Horizontal Transmission

EV enters the insect hemocoel and immediately spreads
throughout the insect's open circulatory system, infecting
many cell types. Within 10 viral generations, the insect dies
and the OV, produced during the very late stage of infection,
is released into the environment.

Baculoviruses as Expression Vectors

The major difference between the naturally occurring in
vivo infection and the recombinant in vitro infection is that
the naturally occurring polyhedrin gene within the wild-type
baculovirus genome is replaced with a recombinant gene or
cDNA. These genes are commonly under the control of
polyhedrin and p10 promaters. In the late phase of infection,
the virions are assembled and budded recombinant virions
are released. However, during the very late phase of infec-
tion, the inserted heterologous genes are placed under the
transcriptional control of the strong AcNPV polyhedrin
promoter. Thus, recombinant product is expressed in place




FIGURE 1. In vivo baculovirus infection and replication.

Insects killed by a baculo-
virus infection release poly-

hedra onto plant surfaces.

~7 to 14 days later, cells lyse and
the insect dies.

The polyhedra on the plant surface are ingested by
feeding larva. Ingested polyhedra are transported to the
mid-gut where they are dissolved and the viruses
released. Viruses fuse with mid-gut cell membranes and
release nucleocapsids into the cytoplasm. The
nucleocapsids are transported to the nucleus and viral
replication commences.

~8 h later, mature budded virus
particles are released into the
hemolymph, where they may infect
other cells. Mature virus particles
are occluded into polyhedra.

of the naturally occurring polyhedrin protein. Usually, the
recombinant proteins are processed, modified, and targeted
to the appropriate cellular locations.

Cytopathogenesis
As the recombinant infection advances, several morpho-

logical changes take place within the cells. The timing of the
infection cycle and the changes in cell morphology vary with
the insect cell line and strain of baculovirus used. The meta-
bolic condition of the culture and growth medium used also
can affect the timing of baculovirus infection. The following
morphological changes are typical of monolayer Sf9 cells
infected with recombinant AcNPV.

1. Early Phase: Infection begins with the adsorptive
endocytosis of one or more competent virions by a cell
in_a high metabolic state (peak replication rate). The
nucleocapsids pass through the cytoplasm to the
nucleus. When the virions enter the nucleus, they
release the contents of the capsid. Within 30 min of
infection, viral RNA is detectable. Within the first 6 h of
infection, the cellular structure changes, normal cellular
functions decline precipitously, and early-phase proteins
become evident.

2. Late Phase: Within 6 to 24 h after infection, an infected
cell ceases many normal functions, stops dividing, and
is logarithmically increasing production of viral genome
and budded virus. The virogenic stroma (an electron-
dense nuclear structure) becomes well developed.
Infected cells increase in diameter and have enlarged
nuclei. The cells may demonstrate reduced refractivity
under phase contrast microscopy. Infected cultures stop
growing.

3. Very Late Phase: Within 20 to 36 h after infection, cells
cease production of budded virus and begin the assem-

bly, production, and expression of recombinant gene
product. In monolayer cultures, areas of infection display
decreased density as cells die and lyse. Likewise, in
suspension cultures, cell densities begin to decrease.
Infected cells continue to be increased in diameter and
have enlarged nuclei. The cytoplasm may contain
vacuoles, and the nuclei may demonstrate granularity.

As the infected cells die, plaques develop in immobilized
cultures. The plaques can be identified under a micro-
scope as regions of decreased cell density, or by eye as
regions of differential refractivity.

Advantages of BEVS Technology

Since 1983, when BEVS technology was introduced, the
baculovirus system has become one of the most versatile
and powerful -eukaryotic-vector-systems-for recombinant
protein expression (4). More than 600 recombinant genes
have been expressed in baculoviruses to date. Since 1985,
when the first protein (IL-2) was produced in large scale
from a recombinant baculovirus, use of BEVS has
increased dramatically (5). Baculoviruses offer the following
advantages over other expression vector systems.

+ Safety: Baculoviruses are essentially nonpathogenic to
mammals and plants (6). They have a restricted host
range, which often is limited to specific invertebrate
species. Because the insect cell lines are not trans-
formed by pathogenic or infectious viruses, they can be
cared for under minimal containment conditions. Helper
cell lines or helper viruses are not required because the
baculovirus genome contains all the genetic information.

+ Ease of Scale Up: Baculoviruses have been repro-
ducibly scaled up for the large-scale production of
biologically active recombinant products.




* High Levels of Recombinant Gene Expression: In
many cases, the recombinant proteins are soluble and
easily recovered from infected cells late in infection
when host protein synthesis is diminished.

» Accuracy: Baculoviruses can be propagated in insect
hosts which post-translationally modify peptides in a
manner similar to that of mammalian cells.

+ Use of Cell Lines Ideal for Suspension Culture:
AcNPV is usually propagated in cell lines derived from the
fall armyworm Spodoptera frugiperda or from the
cabbage looper Trichoplusia ni. Cell lines are available
that grow well in suspension cultures, allowing the
production of recombinant proteins in large-scale bioreac-
tors.

Generating a Recombinant Virus by
Homologous Recombination

Using homologous recombination to generate a recom-
binant baculovirus is outlined in figure 2. The most common
baculovirus used for gene expression is ACMNPV. AcMNPV
has a large (130-kb), circular, double-stranded DNA
genome. The gene of interest is cloned into a transfer vector
containing a baculovirus promoter flanked by baculovirus
DNA derived from a nonessential locus—in this case, the
polyhedrin gene. The gene of interest is inserted into the
genome of the parent virus (such as AcMNPV) by homolo-
gous recombination after transfection into insect cells.
Typically, 0.1% to 1% of the resulting progeny are recombi-
nant. The recombinants are identified by altered plaque
morphology. For a vector with the polyhedrin promoter, as in
this example, the cells in which the nuclei do not contain
occluded virus, contain recombinant DNA. Detection of the
desired occlusion-minus plaque phenotype against the
background of greater than 99% wild-type parental viruses
is difficult.

A higher percentage of recombinant progeny virus
(nearly 30% higher) results when the parent virus is
linearized at one or more unique sites located near the
target site for insertion of the foreign gene into the
baculovirus genome (7,8). To obtain an even higher propor-
tion of recombinants (80% or more), linearized viral DNA
that is missing an essential portion of the baculovirus
genome downstream from the polyhedrin gene can be used
(9). These approaches can take more than a month to purify
plaques, amplify the virus, and confirm the desired recom-
binants.

Generating a Recombinant Virus by Site-
Specific Transposition

A faster approach for generating a recombinant
baculovirus (10,11) uses site-specific transposition with Tn7
to insert foreign genes into bacmid DNA propagated in E.
coli. The gene of interest is cloned into a pFAsTBAC™ vector,
and the recombinant plasmid is transformed into DH10BAc™
competent cells which contain the bacmid with a mini-attTn7
target site and the helper plasmid. The mini-Tn7 element on
the pFastBac plasmid can transpose to the mini-atfTn7
target site on the bacmid in the presence of transposition
proteins provided by the helper plasmid. Colonies contain-
ing recombinant bacmids are identified by antibiotic
selection and blue/white screening, since the transposition
results in disruption of the lacZw gene. High molecular

FIGURE 2. Generating a recombinant baculovirus by
homologous recombination.

e i =1
Clone the gene to be expressed
into the transfer vector

DAY 0:
| Co-transfect insect cells with wild-lype AcMNPV
ENA and recombinant transfer vector (Protocol 7)

DAY 5:
From a low-titer {1 x 102 to 1 x 104) recombinant
viral stock, purify the desired recombinant with 3
rounds of plaque assays (Protocols 8 and 9)

DAY 26:
Amplify the virus (2 to 3 rounds)
(Protocol 10)

DAYS 40-47:

From a high-titer (1 x 107to 1 x 108
pfu/ml) recombinant baculovirus stock,

infect the insect cells (Protocol 16)

DAYS 43-50:
Express the protein

weight mini-prep DNA is prepared from selected E. coli
clones containing the recombinant bacmid, and this DNA is
then used to transfect insect cells. The steps to generate a
recombinant baculovirus by site-specific transposition using
the Bac-to-Bac™ Baculovirus Expression System are
outlined in figure 3.

A variety of pFastBac donor plasmids are available
which share common features. The plasmid pFasTBac 1
(11) is used to generate viruses which will express unfused
recombinant proteins. The pFastBac HT series of vectors
(12) are used to express polyhistidine-tagged proteins
which can be rapidly purified on metal affinity resins. The
pFasTBac DUAL vector has two promoters and cloning
sites, allowing expression of two genes, one from the poly-
hedrin promoter and one from the p10 promoter.

Advantages of Site-Specific Transposition: Using site-
specific transposition has two major advantages over
homologous recombination:




+ One-Step Purification and Amplification: Because
recombinant virus DNA isolated from selected colonies
is not mixed with parental, nonrecombinant virus, multi-
ple rounds of plaque purification are not required and
identification of the recombinant virus is easier. In 7 to 10
days, you will have pure recombinant virus titers of
>1 x 107 pfu/ml without any viral amplification.

+ Rapid and Simultaneous Isolation of Multiple
Recombinant Viruses: This feature is particularly valu-
able for expressing protein variants in structure/function
studies.

Insect Cell Culture Techniques

Successful culture of insect cells requires a basic famil-
iarity with insect cell physiology and general cell culture
methods. The materials and methods for use with insect cell
culture have evolved and contributed to the advancement of
BEVS technology. The following factors have been signifi-
cant:

+  Growth supplements and shear force protectants are
widely used.

*  Serum-free media (SFM) have replaced serum-supple-
mented media, particularly for large-scale production.

* Some insect cell lines have been optimized for use in
suspension culture, especially useful for scale-up.

Cell Lines
The most common cell lines used for BEVS applications
are listed in table 1. Of these, Sf9, a clonal isolate of the

Spodoptera frugiperda cell line IPLB-Sf21-AE, is probably
the most widely used. Sf9 was originally established from
ovarian tissue of the fall armyworm (13). Although there is
significant scientific data on the characteristics of this
Lepidopteran cell line, it remains to be confirmed whether it
is the best line for wvirus or recombinant
protein production. Ongoing research suggests that differ-
ent insect cell lines may support varying levels of
expression and differential glycosylation with the same
recombinant protein (14).
TABLE 1. Insect cell lines commonly used
in BEVS applications.

Insect Species Cell Line

Spodoptera frugiperda SO

Spodoptera frugiperda Sf-21

Trichoplusia ni Tn-368

Trichoplusia ni High-Five™ BTI-TN-5B1-4

Note: Each of these cell lines has been successfully adapted to suspension cultures.

Media and Growth Supplements

Commonly used insect cell culture media are listed in
table 2. Traditionally, Grace's Supplemented (TNM-FH)
medium has been the medium of choice for insect cell
culture. However, other serum/hemolymph-dependent and
serum-free formulations have evolved since Grace’s
medium was introduced.

FIGURE 3. Generation of recombinant baculoviruses and gene expression with the Bac-To-Bac expression system.
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TABLE 2. Insect cell culture media commonly used
in BEVS applications.

Serumhemolymph-dependent media Serum-free media

Grace's Supplemented (TNM-FH) S900 I SFM
IPL41 Express-Five™ SFM
TC-100

Schneider's Droscphila

Note: Store liquid media which all contain photolabile components in the dark at 4°C lo 8°C.

Fetal bovine serum (FBS) has been the primary growth
supplement used in insect cell culture medium. FBS has
almost completely supplanted the first major supplement,
insect hemolymph, which tended to melanize and deterio-
rate the quality of the culture medium (15). Of the more than
100 insect cell culture media described in the literature, a
majority contain, or recommend, varying concentrations of
serum as a growth supplement (16).

Supplementation with serum has both desirable and
undesirable effects. These are summarized in table 3.
Serum and other undefined supplements, such as lactalbu-
min hydrolysate and yeastolate, provide cells with
growth-promoting factors such as amino acids, peptides,
and vitamins, which may not be available in defined, basal
media formulations.

TABLE 3. Effects of serum on cell cultures.

Desirable Effecls
Promotes growth

Undesirable Effecis

May cause excessive foaming in sparged
bioreactors

Provides shear force protection
Prolects against proteotytic degrad-
ation and environmental toxicites

May introduce adventitious agents

Increases cost and complexity of downstream
processing

Fluctuates in price, quality, and availability
Conlributes cellular attachment May demonstrale suboptimal cell growth or
factors toxiaty

May demonstrale decreased product yields

Before 1984, few scientific articles referenced serum-
free insect cell culture media. At that time, serum-free insect
culture media were used mostly to replicate insect viruses
for production of viral pesticides. These early SFM formula-
tions were not well suited for use in producing recombinant
proteins. Early formulations contained inherent flaws that
limited cellular growth, suspension culture, and protein
expression. For BEVS applications, these early formulations
were generally poorly defined and too rich in protein.

Most commercially available serum-free insect media
are essentially simple variations of IPL-41 basal medium
supplemented with undefined protein hydrolysates and a
lipid/surfactant emulsion (17). Second-generation serum-
free formulations such as Sf-900 Il SFM and ExpRress-FIvE
SFM are specifically designed for large-scale production of
recombinant proteins. They contain optimized concentra-
tions of amino acids, carbohydrates, vitamins, and lipids that
reduce or eliminate the effect of rate-limiting nutritional
restrictions or deficiencies. Both Sf-900 Il SFM and
Express-Five SFM support faster population doubling times
and higher saturation cell densities than do traditional
media. Thus, you can obtain both higher wild-type or recom-
binant baculovirus titers and increased levels or yields of
recombinant protein expression by using these formula-

tions. The optimized formulations offer the following advan-
tages over sera:

+ Eliminate the need for costly fetal bovine and other
animal sera supplements

+ Increase cell and product yields
+ Eliminate adventitious agents
+ Have lot-to-lot consistency

Environmental Factors

Invertebrate cell cultures are extremely sensitive to envi-
ronmental factors and conditions. The low-protein nature of
most serum-free formulations often increases cellular sensi-
tivity. To reduce problems, use materials and equipment
designated for tissue culture use only, including incubators,
flow hoods, autoclaves, media preparation areas, specialty
gases, and bio-reactors. Follow the guidelines listed here to
ensure that the physical conditions of your culture optimize
growth.

Temperature: The optimal range for growth and infec-
tion of most cultured insect cells is 25°C to 30°C. Healthy
serum-supplemented monolayer cultures can be stored at
2°C to 8°C for periods up to 3 months.

pH: The pH of a growth medium affects both cellular
proliferation and viral or recombinant protein production.
Although many values have been reported for invertebrate
cells, in most applications a pH range of 6.0 to 6.4 works
well for most lepidopteran cell lines. The insect media
described in this guide will maintain a pH in this range under
conditions of non-CO, equilibration and open-capped
culture systems.

Osmolality: The optimal osmolality of medium for use
with lepidopteran cell lines is 345 to 380 mOsm/kg. To main-
tain reliable and consistent cellular growth patterns and
minimize technical problems, maintain pH and osmolality
within the ranges listed here.

Aeration: Invertebrate cells require sufficient transfer of
dissolved oxygen by either passive or active methods for
optimal cell proliferation and expression of recombinant
proteins. Larger bioreactor systems using active or
controlled oxygenation systems require dissolved oxygen at
10% to 50% of air saturation.

Shear Forces: Suspension culture techniques generate
mechanical shear forces. Factors that contribute to the total
shear stresses experienced by cells in suspension culture
include the size and type of impellers within stirred vessels,
the size and velocity of bubbles in airlift or sparged bio-reac-
tors, and the resulting turbulent action at the culture surface.
During suspension cell culture, most insect cell lines require
shear force protection. Although serum concentrations
between 5% and 20% in medium appear to provide some
protection from shear forces, we recommend that all
suspension cultures, whether serum-free or serum-supple-
mented, be supplemented with a shear force protectant
such as PLURONIC® F-68. (If not already present in the formu-
lation.)




2. Protocols for Culturing Host Cells

General Materials and Equipment List

he following materials and equipment are required to
Tculture insect cells. Additional, protocol-specific mate-
rials are listed with each protocol.

» cell line(s) negative for the presence of mycoplasma or
other adventitious contaminating agents (18,19)

« electronic cell counter

* hemocytometer chamber

* incubator capable of maintaining 27°C + 0.5°C and large
enough to contain the desired culture configuration
apparatus

* inverted and phase contrast light microscopes

+ laminar flow hood suitable for cell culture

* low-speed centrifuge

» pipet aide, automated or manual

* pipets: 1-, 2-, 5-, 10- and 25-ml volumes

+  37°C water bath

+ trypan blue

+ complete serum-supplemented or serum-free medium of
choice

Protocol 1: Subculturing Monolayer Cultures

Note: To ensure adequate oxygenation, maintain
minimal media depth and loose caps.

Materials List
+  Cell culture “T"-flasks, 25- and/or 75-cmZ2

1. Aspirate and discard the medium and floating cells from
an 80% to 90% confluent monolayer.

2. To each 25-cm? flask, add 4 to 6 ml of complete growth
medium equilibrated to room temperature. If you are
using 75-cm? flasks, add 15 ml per flask.

3. Resuspend cells by pipetting the medium across the
monolayer with a Pasteur pipette.

4. Observe the cell monolayer using an inverted micro-
scope to ensure adequate cell detachment from the
surface of the flask.

5. Determine the viable cell count of harvested cells (e.g.,
using a hemocytometer and trypan blue dye exclusion).

6. Inoculate cells at 2 x 104 to 5 x 104 viable cells/cm? into
25- or 75-cm? flasks.

7. Incubate cultures at 27°C + 0.5°C with loose caps to
allow gas exchange.

8. Subculture the flasks when the monolayer reaches 80%
to 100% confluency, approximately 2 to 4 days post-
planting. The length of time needed to reach confluency
before subculturing often depends on the cell inocula
concentration used in step 6.

Note: If the cell line is growing slowly, feed the flasks on
day 3 or 4 post-planting. Aspirate spent medium from
one side of the monolayer and gently re-feed with fresh
medium. Subculture when monolayer reaches 80% to
100% confluency.

Protocol Notes

« Master Cell Seed Stock: As soon as the culture is fully
adapted to the culture conditions and growth medium,
prepare and cryopreserve a master cell seed stock (see
Protocol 5). As some cell lines may be passage-number
dependent, we recommend establishing fresh cultures
periodically (e.g., every 3 months or 30 passages) from
the frozen master cell seed stock.

For Serum-Supplemented Cultures:

« Antibiotic Concentrations: 0.25 pg/ml of amphotericin
B, 100 U/ml of penicillin, and 100 pg/ml of streptomycin.

« Care in Handling: Use care when moving serum-
supplemented cultures of Sf9 cells. These cultures do
not adhere tightly to most glass or plastic substrates.

For Serum-Free Cultures:

« Antibiotic Concentrations: Antibiotics or antimycotics
are not recommended for serum-free cultures. If you use
antibiotics in serum-free culture, reduce the standard
concentrations ~50%.

« Dislodging the Cells: Insect cells attach very tightly to
substrates under serum-free conditions and require
additional effort to detach. To dislodge the cells, you may
need to shake the flask vigorously two to three times
using a wrist-snapping motion. Caution: To avoid cont-
amination, always tighten the cap before shaking the
flask.

Protocol 2: Adapting Monolayer Cells to
Suspension Culture

Because insect cells are not generally anchorage
dependent, they adapt easily to suspension culture condi-
tions. The insect cell lines commonly used in BEVS
applications have all been successfully adapted to suspen-
sion cell cultures (see Appendix A). It is important to
proceed slowly when adapting stationary cultures to
suspension culture. You may observe a drop in viability and
increased clumping through the first three to five passages.
This-protocol-will-optimize the-adaptation-of most-inverte-
brate cell lines to suspension culture and reduce or
eliminate cell clumping over a short period of time. Six to 10
confluent 75-cm2 monolayer flasks are sufficient to initiate a
100-ml suspension culture.

1. Dislodge cells from the bottom of the flasks (see
Protocol 1).

2. Pool the cell suspension, and determine the viable cell
count.

3. Dilute the cell suspension to approximately 5 x 10%
viable cells/ml in complete serum-supplemented or
serum-free growth medium equilibrated to room
temperature.

4. Incubate at 2.0°C + 0.5°C with a stirring rate of 100 rpm
for shaker flasks or a stirring rate of 756 rpm for spinner
cultures.

5. Subculture the cells when the viable cell count reaches
1 x 106to 2 x 108 cells/ml (3 to 7 days post-planting).
Increase the stirring speed by 5 to 10 rpm with each




subsequent passage. If cell viabilities drop below 75%,
decrease stirring speed by 5 rpm for one passage until
culture viability recovers and is >80%.

6. For shaker flask cultures, repeat step 5 until the constant
stirring speed reaches 130 to 150 rpm.

For spinner cultures, repeat step 5 until the constant stir-
ring speed is 90 to 100 rpm—unless the spinner flask is
equipped with a micro-carrier stirring assembly (flat
blade impeller), in which case limit maximum stirring
speed to 75 to 80 rpm.

7. When cells have fully adapted to suspension culture,
follow Protocol 3 for routine maintenance.

Protocol Notes

*  Clumping: High-Five BTI-TN-5B1-4 and Tn-368 cell
lines often demonstrate a severe clumping problem in
serum-free suspension cultures. To minimize clumping,
let the culture sit 2 to 3 min before subculturing, until the
larger clumps (>10 cells per clump) settle to the bottom
of the flask. Pull samples for counting and seeding new
cultures from the upper third of the suspension culture
(this technique selects for a cell population that grows as
single cells). If necessary, repeat this step two to three
consecutive passages until clumping is reduced. Even
with several repetitions, 5% to 20% of the cell population
may remain composed of small clumps 5 to 10 cells in
size.

« Master Cell Seed Stock: As soon as the culture is fully
adapted to the culture conditions and growth medium,
prepare and cryopreserve a master cell seed stock (see
Protocol 5). As some cell lines may be passage-number
dependent, we recommend establishing fresh cultures
periodically (e.g., every 3 months or 30 passages) from
the frozen master cell seed stock.

+ Surfactants: Do not supplement serum-free insect
media with additional surfactant, such as PLuroNIC F-68.
Surfactants are used in serum-supplemented cultures to
lessen cellular damage due to shear forces, but concen-
trations >0.10% may decrease growth or result in
cellular toxicity in serum-free cultures. Unless otherwise
indicated, most SFM contain sufficient surfactant(s) to
protect cells.

« Magnetic stir bars designed to operate on the bottom of
the flasks are not suitable for insect cell culture.

Protocol 3: Maintaining Suspension Cultures
The standard flasks used in a suspension culture are
250-ml disposable, sterile Erlenmeyer flasks (for volumes of
50 to 125 ml) and 250-ml glass spinner flasks (for volumes
of 150 to 175 ml). Although you can scale up shaker or spin-
ner flask cultures to a variety of vessels and volumes, you
must optimize the relative flask fill volumes and stirring
speeds for each configuration. See table 4 for typical
medium volumes. If you use glass shake or spinner flasks,
be sure the flasks are thoroughly cleaned after each use.
This protocol can be used with 250-ml shake flasks or
spinner flasks, with loosened caps. The total amount of
media per cell suspension volume is 50 to 125 ml for shake
flasks or 175 ml for spinner flasks. Under these conditions,
oxygen tensions are not rate limiting and cultures achieve
maximum population doubling times and densities.

TABLE 4. Useful medium volumes.

Shaker flask Spinner flask
Flask size (mi) culture volume (mi) culture volume {ml)
125 25-50 50-100
250 50-125 150-200
500 125-200 200-300
1,000 200-400 300-1,000
3,000 400-800 2,000-3,000

Materials List
+ disposable Erlenmeyer flasks, 125-, 250-, and 500-ml
» glass spinner flasks, 125- and 250-m|

« orbital shaker fitted for 50- to 500-m| Erlenmeyer flasks,
with shaking speed of up to 150 rpm

« stirring platform capable of constant operation at 90 to
100 rpm

*  PLURONIC F-68, 10% (100X)

1. Maintain the orbital shaker or stirring platform in a
27°C t 0.5°C, nonhumidified, non-CO, equilibrated,
ambient-air regulated incubator or warm room. For
cultures already adapted to and maintained in suspen-
sion culture, set orbital shaker at 135 to 150 rpm and
spinner platforms at 90 to 100 rpm.

2. Remove a 1- to 2-ml sample from a 3- to 4-day-old
suspension culture (in mid- exponential growth) and
determine the viable cell count.

3. Dilute the cell suspension to 3 x 105 viable cells/ml in
complete serum-free or serum-supplemented growth
medium equilibrated to room temperature.

+  For serum-supplemented cultures: You may add
10 ml/L Pruronic F-68 (0.05% to 0.1% final concentra-
tion) to lessen cellular damage by shear forces.

+  For shaker flasks: Maintain stock cultures as a 50- to
100-ml culture in 250-ml Erlenmeyer flasks.

»  For spinner flasks: Maintain stock cultures as 150- to
175-ml cultures in 250-ml spinner flasks.

For typical culture volumes, see table 4. To aerate the
cultures, loosen the caps about ¥ to ¥ of a turn.

4. Incubate cultures until they reach 2 x 106 to 3 x 108
viable cells/ml. To-maintain consistent-and-optimal cell
growth, subculture suspension cultures twice weekly.

5. Once every 3 weeks, gently centrifuge the cell suspen-
sion at 100 x g for 5 min. Resuspend the cell pellet in
fresh medium to reduce the accumulation of cell debris
and metabolic byproducts.

Protocol Notes
For Spinner Cultures:

« Scalability: The physical constraint of providing
adequate oxygen tensions to the culture limits the
culture’s scalability. Keep the volume in the spinner
vessel below 2/3 full and provide for gas sparging as the
vessel size increases above 500 ml.

« Calibration and Assembly: Recalibrate the gradation
marks on commercial spinner flasks using a graduated
cylinder. Ensure the impeller mechanisms rotate freely
and do not contact vessel wall or base.




+ Siliconization: Coating cultureware with a nontoxic sili-
conizing agent may minimize attachment of cell debris
and clumps at the media meniscus. Recoat siliconized
cultureware after three to four uses. Follow the manu-
facturer's guidelines, and test the efficacy of
siliconization for your protocols.

For Serum-Free Cultures:

+  Dilutions: For Sf9 and Sf21 cells in SFM, do not dilute
the suspension cultures below 3 x 105 cells/ml. Doing so
will cause an extended growth lag of 2 to 7 days. For
Trichoplusia ni (Tn-368 or BTI-TN-5B1-4) cells,
seeding 2 x 105 cells/ml is sufficient.

Protocol 4: Adapting Cultures to Serum-Free
Medium

Adapt cell cultures to SFM simultaneously through both
direct and sequential adaptation. Doing so may save you
valuable time if one of the methods does not work. Before
adapting monolayer cells to SFM, first establish them to
suspension culture (see Protocol 2). Cells must be in mid-
exponential growth with a viability of at least 90%.

When the cells are completely adapted to serum-free
culture, they should reach maximum densities and have
population doubling times comparable to growth in serum-
supplemented medium.

Materials List
+  Sf-900 Il SFM or ExPRESs-FIvE SFM

* Insect cells adapted to suspension culture and growth in
serum-supplemented medium

Direct Adaptation to SFM:

The chief advantage to this method is time. Insect
cultures can be adapted to SFM in 5 to 8 passages (~3
weeks). If viabilities decrease to <50%, or if cultures are
growing slowly {population doubling times are >72 h) for
more than 3 to 4 consecutive passages, use the sequential
adaptation method.

1. Prewarm SFM to 27°C + 0.5°C.

2. Transfer cells growing in medium containing 5% to 10%
FBS directly into the prewarmed SFM at a density of 5 x
105 cells/ml.

3.~When the cell-density reaches 2 %106 to-3 x-108 cells/ml
(4 to 7 days post-seeding), subculture the cells to a
density of 5 x 105 cells/ml.

4. Subculture stock cultures of SFM-adapted cells 1 to 2
times per week when the viable cell count reaches 2 X
108 to 3 x 108 cells/ml with at least 80% viability.

Sequential Adaptation to SFM:

1. Subculture cells grown in serum-containing medium into
a 1:1 ratio of SFM and the original serum-supplemented
media with a minimum seeding density of 5 x 109
cells/ml.

2. Incubate cultures until viable cell count exceeds
1 x 108 cells/ml (about one population doubling).
Subculture cells by mixing equal volumes of conditioned
medium and fresh SFM (1:1).

3. Continue to subdivide the culture in this manner until the
serum concentration falls below 0.1%, cell viability is
>80%, and a viable cell concentration of >1 x 106
cells/ml is achieved.

4. Subculture cells when the viable cell concentration
reaches 2 x 108 to 3 x 108 cells/ml (about 4 to 7 days
post-planting).

Protocol Notes

» After several passages, viable cell counts of most insect
lines should exceed 2 x 106 to 4 x 108 cells/ml.
Viabilities should be >85% after approximately 4 to 7
days of culture. At this stage, the culture is adapted to
SFM and you should cryopreserve a master cell seed
stock for future use (see Protocol 5).

Protocol 5: Preparing a Master Cell Seed
Stock

Once a culture is fully adapted to the culture conditions
and growth medium, it is essential that you establish a
master cell seed stock for each cell line. Master seed stocks
should be prepared using the lowest possible passage
available. Inventories of 25 to 50 seed stock ampules (4-ml)
are generally sufficient; however, if the master stock is to be
used for cGMP and/or large-scale production, you may
need 100 to 500 ampules. Always store portions of the
master cell seed stock in multiple freezers, preferably at
different sites, to avoid the possibility of catastrophic loss.
With this protocol, you can cryopreserve up to 50 4-ml vials.

Materials List

+ automated freezer

+  manual freezer tray

« cryovials

+ appropriate growth medium (see step 3)

1. Grow desired quantity of cells in suspension using either
spinner or shaker culture. Harvest cells in mid-log phase
of growth with a viability >90%.

2. Determine the viable cell count, and calculate the
required volume of cryopreservation medium required to
yield a final cell density of 1 x 107 to 2 x 107 cells/ml.

3. Prepare the required volume of cryopreservation
medium.

Note: For serum-free cultures, you have two chaoices:
prepare a medium consisting of 7.5% DMSO in 50%
fresh SFM and 50% conditioned medium_(sterile-
filtered), or prepare a medium consisting of 100% fresh
SFM containing 10% BSA and 7.5% DMSO.

For serum-supplemented cultures, prepare a fresh
medium supplemented with 7.5% DMSO and 10% FBS.

4. Chill the prepared medium and hold at 4°C until use.

5. Centrifuge cells from suspension or monolayer culture
medium at 100 x g for 5 min. Decant the supernatant.
Resuspend the cell pellet in the chilled cryopreservation
medium.

6. Dispense well-mixed aliquots of cell suspension into
cryovials according to volumes recommended by the
manufacturer.

7. Refrigerate cryovials at 0°C to 4°C for 30 min.

8. Cryopreserve the vials, following standard procedures
using a temperature reduction rate of 1°C per minute.




Recovery:

Frozen cells will remain stable indefinitely in liquid nitro-

gen. Check viability of recovered cryopreserved cells 24 h
after storing vials in liquid nitrogen, as follows.

Caution: For safety, always wear a face shield when

removing cryovials from liquid nitrogen storage. Doing so
will help prevent injury if a vial explodes because of the
rapid shift in temperature.

1.
2.

Prewarm and equilibrate complete growth medium.
Recover cultures from frozen storage by rapidly
thawing vials in a 37°C water bath.

Wipe or spray ampule exterior with 70% ethanol.
Transfer the entire contents of the vial into a shaker or
spinner flask containing the prewarmed medium.
Inoculate cultures to achieve a minimal viable cell
density of 3 x 105 to 5 x 105 cells/ml.

Maintain the culture between 0.3 x 106 and 1 x 1086
cells/ml for two subcultures after recovery, then return to
the normal maintenance schedule.




3. Protocols for Generating a Recombinant Baculovirus

generating recombinant baculovirus. For optimal

results, follow the manufacturer's recommendations
for both homologous recombination and site-specific trans-
position techniques.

Purifying Viral DNA

Several factors are critical for homologous recombina-
tion. For homologous recombination, pure viral DNA is
required. Techniques to purify viral DNA include phenol
extraction (20}, cesium chloride purification (20), or affiinity
purification with a matrix such as Concert™ High Purity
Plasmid Purification described in Protocol 6. The choice of
protocol depends on the amount of wild-type baculovirus
DNA needed.

S everal molecular biology techniques are available for

Protocol 6: Isolation of Bacmid DNA for Bac-
To-Bac® Baculovirus Expression System with
the ConcerT High Purity Plasmid Purification
System

We have isolated bacmid DNA from DH10Bac with the
ConcerTt™ High Purity Plasmid Miniprep system using the
following protocol. The ~150 kb bacmid (GUS control) was
isolated from 1.5 mL overnight culture. This DNA was
successfully used in transfection of Sf9 cells. Cells were
harvested at 48h and 72h post-transfection and stained
according to the Bac-To-BAc manual. Efficiencies were
similar to those observed with transfections using bacmid
DNA isolated by other methods.

Inoculation of white colony into miniprep LB
kan, gent, tet broth culture:

Inoculate a single, white bacterial colony into 2 ml of LB
kan, gent, tet broth (Falcon® 2059 tube.) Place the broth
culture in the shaking water bath at 37°C and 250 rpm for a
minimum of 16 hours (overnight is fine.)

Isolation of recombinant bacmid DNA:

1. Before beginning: Verify that no precipitate has
formed in Cell Lysis Solution (E2.) If the solution E2 is too
cold, the SDS will precipitate out of solution. Note: Make
sure you have added RNase A to Cell Suspension Buffer
(E1.)

2. Column Egquilibration: Apply 2 ml of Equilibration
Buffer (E4) [600 mM NaCl, 100 mM sodium acetate (pH
5.0), 0.15% Triton X-100] to the column. Allow the solution
in the column to drain by gravity flow.

3. Cell Harvesting: Pellet 1.5 ml of an overnight culture.
Thoroughly remove all medium.

4. Cell Suspension: Add 0.4 ml of Cell Suspension
Buffer (E1) [50mM Tris-HCI (pH 8.0), 10 mM EDTA, contain-
ing RNase A at 0.2 mg/ml] to the pellet and suspend cells
until homogeneous.

5. Cell Lysis: Add 0.4 ml of Cell Lysis Solution (E2) [200
mM NaOH, 1% SDS]. Mix gently by inverting the capped
tube five times. Do not vortex. Incubate at room tempera-
ture for 5 min.

6. Neutralization: Add 0.4 ml of Neutralization Buffer
(E3) [3.1 M potassium acetate (pH 5.5)] and mix immedi-
ately by inverting the tube five times. Do not vortex.
Centrifuge the mixture at top speed in a microcentrifuge at
room temperature for 10 min. Do not centrifuge at 4°C.

7. Column Loading: Pipet the supernatant from step 12
onto the equilibrated column. Allow the solution in the
column to drain by gravity flow. Discard flow-through.

8. Column Wash: Wash the column two times with 2.5
ml of Wash Buffer (E5) [800 mM NaCl, 100 mM Sodium
acetate (pH 5.0)]. Allow the solution in the column to drain
by gravity flow after each wash. Discard flow-through.

9. Plasmid DNA Elution: Elute the DNA by adding 0.9 ml
of Elution Buffer (E6) [1.25 M NaCl, 100 mM Tris-HCI (pH
8.5)]. Allow the solution in the column to drain by gravity
flow. Do not force out remaining solution.

10. Plasmid DNA Precipitation: Add 0.63 ml of
isopropanol to the eluate. Mix and place on ice for 10 min.
Centrifuge the mixture at top speed in a microcentrifuge at
room temperature for 20 min. Carefully discard super-
natant. Wash the plasmid DNA pellet with 1 ml of ice cold
70% ethanol and centrifuge for 5 min. Carefully and fully
pipet off the ethanol wash. Air dry the pellet for 10 min.

11. Purified DNA: Dissolve the pelleted DNA in 40 pl of
TE Buffer (TE) [10 mM Tris-HCI (pH 8.0), 0.1 mM EDTA).
Allow DNA to dissolve for at least 10 min on ice. To avoid
DNA shearing, pipet DNA only 1-2 times during resuspen-
sion.

Bacmid DNA can be stored at -20°C, but avoid repeated
freeze/thawing.

Use 5 pl of this bacmid preparation for transfection of
insect cells.

Preparation of Media:

Luria Agar Plates: Miller's Formulation (Premixed
formulation of Miller's LB Plates is available: Cat. No. 12945-
036)

Note: Use of Lennox L (LB) agar instead of Miller's
formulation Luria agar plates will reduce color intensity and
may reduce the number of colonies. The use of X-gal instead
of Bluo-gal will decrease color intensity.
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Component Amount
SELECT Peptone 140 10g
SELECT Yeast Extract 5g
sodium chloride 10g
SELECT Agar 12¢

distilled water toavolume of 1L

Autoclave. Cool solution to 55°C. Antibiotics and
supplements are added to the cooled solution.

Component Stock Soln. Final Conc.
kanamycin 10 mg/ml (in distilled water) 50 pg/ml
gentamicin 10 mg/ml (in distilled water) 7 pg/mi

tetracycline 5 mg/ml (in ethanol/pH-titrated) 10 pg/ml

IPTG 200 mg/ml (in distilled water) 40 ug/ml
Bluo-Gal 20 mg/ml (in DMSQ) 300 pg/ml

Filter-sterilize antibiotics and IPTG. Store at -20°C as
aliquots. Mix the agar solution prior to pouring 25 ml per
100 mm petri dish under aseptic conditions. Store agar
plates inverted in plastic at 4°C for up to four weeks in the
dark.

Protocol 7: Cationic Liposome-Mediated
Transfection Using CellFECTIN™ Reagent

DNA can be transfected into insect cells using calcium
phosphate coprecipitation, DEAE-dextran-mediated trans-
fection, liposome-mediated transfection, electroporation,
and other techniques. Be sure to optimize conditions for
your cells. The highest efficiency has been achieved with
CeLLFECTIN Reagent.

For transfection to be efficient, you must use highly puri-
fied wild-type baculovirus DNA. To purify wild-type viral
DNA, you may use a published procedure or Protocol 6.

This protocol has been optimized for Sf9 cells grown in
SFM. CeLLFECTIN Reagent can be used for cells grown in
serum-containing medium as long as you form the lipid/DNA
complexes in the absence of serum.

Materials List

+ sterile tubes, 12 X 75-mm

+ tissue culture plate(s), 6-well

+ CeLLFECTIN Reagent

+  0.5X penicillinfstreptomycin/neomycin

+  Sf9 or BTI-TN-5B1-4 cells, growing exponentially at a
minimum concentration of 5 x 10° viable cells/ml

« Sf-900 |l SFM or ExPress-Five SFM

1. In a 6-well tissue culture plate, seed 9 x 105 Sf9 cells per
well in 2 ml of Sf-300 Il SFM or 9 x 10° BTI-TN-5B1-4
cells per well in 2 ml of ExPress-Five SFM (with antibi-
otics).

2. Incubate the plate at 28°C for at least 1 h to allow cells
to attach.

3. In two 12 X 75-mm sterile tubes, prepare the following
solutions.
Solution A: For each transfection, dilute 1 to 2 ug
baculovirus DNA and 5 pg transfer vector of choice

into 100 pl Sf-900 I SFM or ExPress-Five SFM
without antibiotics.

Solution B: For each transfection, dilute 1.5 to 9
CeLLFECTIN Reagent into 100 pl Sf-900 Il SFM or
Express-Five SFM without antibiotics.

4. Add Solution B to the tube containing Solution A, mix
gently, and incubate at room temperature for 15 min.

5. While lipid/DNA complexes are forming, wash the Sf9
cells from step 2 once with 2 ml per well of Sf-900 Il SFM
without antibiotics.

6. Add 0.8 ml Sf-900 Il SFM to each tube containing
lipid/DNA complexes. Mix gently. Aspirate the wash
medium, and overlay the diluted lipid/DNA complexes
onto the washed cells.

7. Incubate for 5 h in a 27°C incubator.

Remove the transfection mixture. Add 2 ml Sf-900 ||

SFM or Express-FIvE SFM (containing antibiotics) per

well or dish and incubate at 27°C for 72 h.

9. Harvest the virus from the cell culture medium at 72 h
post-transfection.

®

Protocol 8: Virus Plaque Assay

The infectious potency of a stock of baculovirus is deter-
mined by examining and counting plague formations in an
immobilized monolayer culture. Plaquing techniques are
generally regarded as the most difficult step in BEVS. Table
5 is provided as a troubleshooting guide for this protocol.
Many variations of the basic technique are used, and each
provides some advantages depending upon the cell line
employed, nature of the recombinant construct, and identifi-
cation/selection method required. This protocol can be
adapted to accommodate variations.

Materials List

» cell culture plates, 6-well

+ centrifuge tubes, 12-ml polystyrene (disposable)

* glass bottle, 100-m! sterile (empty)

+ Pasteur pipet, sterile, plugged

+ sterile pipets, one 1-ml and one 10-ml

+ 70°C water bath

* 4% agarose gel or 4% agarose gel with Bluo-gal

* baculovirus supernatant, clarified, cell-free, sterile

«distilled water (sterile), cell-culture-grade

» exponential culture of Sf9, Sf21, or BTI-5B1-4 cells at 5
x 105 cells/ml

» insect cell culture medium: Sf-900 (1.3X) or Grace’s
Insect Plaquing Medium (2X) plus heat-inactivated FBS.
Note: For plagquing, Sf900 {1.3X) can be used if cells are
grown in any SFM.

1. Under sterile conditions, dispense 2 ml of cell suspen-
sion (5 x 105 cells/ml) into each well.

2. Allow cells to settle to bottom of plate. Incubate,
covered, at room temperature for 1 h. If using serum-
supplemented media, transport the plates gently
because cells do not adhere tightly to the plate surface.

3. Place the bottle of agarose gel in the 70°C water bath.
Place the empty 100-ml bottle and the bottle of 1.3X
Sf-900 Insect Medium (or 2X Grace’s Insect Medium) in
the 37°C water bath.
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9.

10.

1.

12.

13.

After the 1-h incubation, observe monolayers under the
inverted microscope to confirm cell attachment and 50%
confluence.

Prepare a 10°1 to 108 serial dilution of the harvested
viral supernatant by sequentially diluting 0.5 ml of the
previous dilution in 4.5 ml of S$f-900 Il SFM (or Grace's
Insect Cell Culture Medium, Supplemented, without
FBS) in the 12-ml disposable tubes. You should have
eight tubes containing 5 ml each of the serial dilution
from each original virus stock.

Move the 6-well plates and the tubes of diluted virus to
the hood. Assay each dilution in duplicate.

. Sequentially remove the supernatant from each well,

discard, and immediately replace with 1 ml of the
respective virus dilution. Incubate for 1 h at room
temperature.

Prepare one of the following plaquing overlays:

+ Sf-900 plaquing overlay: Move bottles from water
baths (from step 3) to a sterile hood when the agarose
has liquified (after 20 to 30 min). Quickly dispense 30
ml of the 1.3X Sf-900 Insect Plaguing Medium and 10
ml of the 4% Agarose Gel to the empty bottle. Mix
gently. Return the bottle of plaquing overlay to the
37°C water bath until use.

+ Grace’s plaquing overlay: Move bottles from water
baths (from step 3) to a sterile hood when the agarose
has liquified (after 20 to 30 min). Aseptically add 20 ml
of heat-inactivated FBS to the Grace's Insect
Plaquing Medium and mix. Combine 25 ml of the
Grace’s Insect Medium supplemented with FBS,
12.5 ml of cell-culture-grade sterile water, and 12.5 ml
of the melted 4% Agarose Gel into the
sterile empty bottle. Mix gently. Return the plaquing
overlay to the 37°C water bath until use.

After the 1-h incubation with virus, return the bottle of

diluted agarose and the 6-well plates to the hood.

Sequentially (from high to low dilution) remove the virus

inoculum from the wells and replace with 2 ml of the

diluted agarose. Work quickly to avoid desiccation of the
monolayer.—A—Pasteur—pipet—connected—to—a
vacuum pump easily removes inoculum traces.

Let the gel harden 10 to 20 min before moving the

plates.

Incubate the plates at 27°C in a humidified incubator for

4 to 10 days.

Monitor plates daily until the number of plaques counted

does not change for 2 consecutive days.

Protocol Notes

Titer: To determine the titer of the inoculum employed,
count the baculovirus plagues. An optimal range to
count is between 3 and 20 plaques per well of a 6-well
plate. You can calculate the titer in plague-forming
units/ml using the following formula:

pfu/mi of original stock = 1/dilution factor X number of
plaques x 1/ml of inoculum/plate)

Identifying the plaques

Because plaques are identified by their phenotype,

different screening methods are appropriate for different
phenotypes. Most baculoviral plaques fit one of the follow-
ing four categories:

1.

Wild-type: Plaques from wild-type AcCMNPV infections
in agarose overlays tend to be highly refractile and near-
white in appearance. The plagues can be identified
using an inverted light microscope. They will appear as
regions of decreased cell density containing many cells
with enlarged nuclei. The nuclei will contain many large,
dark, angular occlusion bodies.

Recombinant: Plaques from recombinant virus infec-
tions (i.e., of co-transfected constructs) can be difficult to
locate visually. The milky-grey plaques are small, of low
contrast, and often overlooked. This is especially true
when they represent a small percentage of the total
plagues present. Careful oblique illumination by a high-
intensity light source can reveal candidates for quantita-
tion. Marking or scoring the candidates with a felt-tipped
pen aids in future recovery. The following methods are
useful for identifying plaques from recombinant virus
infections:

+ Staining with neutral red solution (Protocol 13) or
MTT (0.5 ml of a 1 mg/ml solution per well). Score
the wild-type plaques then stain to identify unscored
recombinant plaques after staining.

+ Southern blot hybridization of budded virus from the
vicinity of a plaque can confirm the presence of the
desired gene. Other means (e.g., Western blot or
functional assay) are necessary to establish the
clone as a successful producer of protein.

Recombinants expressing chromogenic markers: If
the recombinant virus bears a reporter gene that
produces visible colorimetric reactions, plaques can be
detected, counted, and recovered with ease. You can
use a vector that contains luciferase or B-galactosidase
to help reveal the minority (0.1% to 3%) of successful
recombinants. Chromogenic markers also make it easier
to quantify plaques in titration studies. Bluo-gal and
X-gal reveal recombinant plaques expressing the lacZ
gene product by producing a deep blue precipitate.

. Recombinants producing products that can be

monitored immunologically: These products are
distinguished by Western blotting.
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Problem

TABLE 5. Troubleshooting virus plaque assays.

Possible Cause

Solution

No or small plagues

Physical condition of cells is poor

Use cells in mid-log phase growth with viabilities >90%.

(other parameters appear fine)
Cell seeding density 100 high Decrease seeding density to 108 cells per well in a 6-well plate
(40% to 50% confluency).
Inhibition of viral replication cycle due Be sure to make agarose overlay with 1.3X S$f-900 or
to inadequate nutrition, temperature, or 2X Grace's Media.
atmospheric conditions
Misdilution or inactive inoculum Maintain plates at 27°C in a non-CQO, atmosphere.
Note: If the recombinant virus contains Check that the dilutions were done property.
a cytotoxic exogenous gene product or
inhibits budded virus production, the
result is no plaques.
Small plaques Too many plaques on the plate Inoculate at a higher dilution.
Premature death of the monolayer due Increase humidity in the incubator (e.g., put plates into a
to desiccation of the overlay ocontainer with a damp cloth).
Move plates away from wall of incubator.
Increase volume of overlay.
Plasticware may affect insect cell Evaluate a different style or vendor of plasticware.
aftachment and growth
Large plaques Cell seeding density ioo low Increase seeding density to 108 cells per well in a 6-well plate
(hard to identify) (40% to 50% confluency).
Inhibition of cell growth due to Be sure medium is added to the agarose overlay.
inadequate nutrition, temperature, Maintain plates at 27°C in a non-CO, atmosphere.
or atmospheric condtions
Inadequate immobilization of the Be sure to completely remove the inoculum.
monolayer
Poor gelling of the overlay Use 4% agarose stock and dilute with medium to 2%.
Dripping of condensed moisture down Allow plates to cool with lids open after adding agarose overay.
the walls of dishes
Gel is detached from the surface of the Do not shake plates after averay is gelled.
monolayer
Crescent-shaped patches Monolayer dried partially before addition Keep cells moist throughout the entire procedure.

of either the viral inoculum or gel overlay

Uneven formation of the monolayer

Allow cells 1o attach on an even surface.

No plaques or smaller plaques
inthe center of the plate with
larger "smeared” plaques in
peripheral regions of the plale

Cell inoculum was distributed by
“swirling”

Distribute inoculum by rocking the plate.

Blue regions of p-galactosidase
expression too large

Too much chromogenic substrate in
overlay
Plaques overdeveloped

Diffusion of dye within gel

Use a final concentration of 300 pg/ml Bluo-gal.

Develop plates for 3 days and score plaques daily until plaques
are distinct.

Use Bluo-gal to minimize diffusion.

Nearly invisible recombinant
plagues while wild-type
plaques are quite distinct

Observation for some homologous
recombination methods

Develop plates (3 to 7 days) at room temperature to increase the contrast

in recombinant plaques.
Use a colorimetric marker in the transfer plasmid.
Stain the monolayer with neutral red or MTT.

Bubbles on surface
of agarose overlay

Bubbles introduced into the molten
agarose

Draw up 1 ml more agarose than the procedure requires and do not

expel entire contents for the overay.

Touch bubbles with heated sterile pipet or briefly lame surface to pop

bubbles.
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4. Protocols for Purifying and Producing Recombinant AcCNPV

and Protein

Protocol 9: Plaque Purification of
Recombinant Viral Clones
or homologous recombination, three rounds of plaque
Fpurification will ensure generation of a pure recombi-
nant virus stock. Plaque purification is not necessary
with the site-specific transposition method.

Materials List

« sealable plastic container (~4 x 8 x 8 in.)

+ tissue culture plates, 6-well

* plates with well-developed Occ(-) plaques

+ Sf9 or BTI-5B1-4 cells, growing exponentially (viability
>95%), at a minimum concentration of 5 x 105 viable
cells/ml

+ complete serum-free or serum-supplemented insect
medium of choice

1. Seed each well with 2 ml Sf9 or BTI-5B1-4 cell
suspension, at 5 x 105 viable cells/ml in fresh medium.

2. Mark the plates containing plaques below putative
recombinants. For assistance in identifying recombi-
nants, see ldentifying the Plaques.

3. Under sterile conditions, remove plugs of the overlay
from the selected plaques. Transfer one plug to each
well of a multi-well plate.

Incubate the plate in a humidified chamber at 27°C.

5. Examine the wells daily for signs of infection and
absence of polyhedra.

6. Atday 4 or 5, harvest the supernatant. At this point, you
may screen and confirm that the recombinant viruses
are producing the gene of interest.

7. Following Protocol 8, replaque 1071 to 1072 dilutions of
these supernatants. Note: It is not necessary to prepare
the full range (10-1 to 10-8) of serial dilutions. Repeat the
plague purification of the recombinant virus twice and
determine virus titers.

8. Amplify confirmed purified producers in either monolayer
or shaker infections at a multiplicity of infection (MOI) of
0.1 to 0.01 as described in Protocol 10. Store stocks at
4°C for up to 1 year, protected from light (see Protocol
15).

Protocol 10: Amplifying the Virus Stock

Before you amplify or expand the virus stock, it is essen-
tial that you know the titer of your transfection supernatants
or plague-purified virus stocks. Using an MOI of <0.50 will
prevent buildup of defective, interfering virus particles.
Defective, interfering virus particle buildup is a concern
particularly after multiple virus passages and for virus
produced under serum-free conditions. With a low MO, cell
cultures will continue to grow post-infection. To prevent rate-
limiting nutritional problems that may result in decreased
viral production and titers during expansion of virus stocks,
follow the guidelines for maximum viable cell densities in
table 6.

1. Infect a suspension or monolayer culture in mid-
exponential growth at an MOI of 0.01 to 0.1 according to
the following formula:

Inocutum required (ml) =

Desired MO (pfu/cell) x (total number of cells)
Titer of viral inoculum (pfu/ml)

Note: At 48 h post-infection usually yields a 2-log ampli-
fication.
Example: Infect a 50-ml culture of Sf9 cells at 2 x 108
cells/ml with 0.5 ml of a viral stock containing 2 x 107
pfu/ml to obtain an MOI of 0.10.

2. Harvest the culture 24 to 48 h post-infection. Titer the
virus stock by plaque assay (see Protocol 8).

3. Repeat steps 1 and 2 until virus stock has a confirmed
titer of 1 x 107 to 1 x 108 pfu/ml.

4, Store the virus stocks at 4°C for up to 1 year, protected
from light (see Protocol 15).

Protocol 11: Identifying Plaques by Neutral
Red Staining

Incubation times and the amount of stain used vary
depending on the plaquing medium and dishes. Handle the
plates gently throughout any staining procedure as the
monolayer is easily disrupted.

TABLE 6. Recommended maximum infection densities for the production of rAcNPV or recombinant products

Serum-free media

Serum-supplemented media

Manolayer Suspension Monolayer Suspension

culture culture culture culture
Cell Recomb. Recomb. Recomb. Recomb.
line rAcNPV product rAcNPV product rAcNPV product rAcNPY product
5f-9 0.50-1.0 0.50-1.0* 1.5-2.0 2.0-3.0 05 0.5 1.0-1.5 1.0-2.0
sf-21 0.50-1.0 0.50-1.0 1.0-1.5 1.0-2.0 0.5 0.5 1.0 1.0-15
Tn-368 0.25-0.50 0.25-0.50 0.5-1.5 1.0-2.0 02505 0.25-0.50 0.5-1.0 1.0
BTI-TN-5B4-1 0.25-0.50 0.25-0.50 0515 1.5-2.0 NA NA NA NA

* Numbers are viable cells/ml x 108,
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Materials List

+ distilled water, cell-culture-tested

* neutral red staining solution (3.3 g/L)
+ plates with developed Occ™ plagues

1. For plague purification, score all visible plaques with a
felt-tip pen. This will make it easier to identify potential
producers of recombinant product.

2. Freshly prepare a 0.1% (w/v) neutral red stain solution in
cell-culture-grade water.

3. To each well containing 2 ml of plaquing overlay, add 0.5
ml of 0.1% neutral red solution. Incubate for 1 to 2 h at
room temperature.

4. Gently remove excess stain with a pipet or blotter.

5. Plates yield clear plaques in a nearly clear gel against a
russet background. Unscored plaques made visible by
staining are potential recombinants.

Protocol 12: Optimizing Virus Stock Production

This protocol can be used to optimize and produce high-
quality, high-titer master or working virus stocks.

Materials List

+ complete serum-free or serum-supplemented medium of
choice
high-titer rAcNPV stock (>1 x 107 pfu/ml); and

+ shake or spinner flasks

1. Set up and inoculate 15 replicate serum-free or serum-
supplemented suspension cultures in triplicate as
described in Protocol 3.

2. Grow cultures for 2 to 3 days until they are in mid-
exponential growth (16- to 24-h doubling times) and
have attained the cell densities recommended for
infection in table 6.

Note: If the cell culture exceeds the density recom-
mended in table 5, dilute the cell culture before infection
with up to 50% fresh media. Be sure, however, that the
total volume does not exceed that recommended in table
4.

3. Infect friplicate flasks at each of the following MOls:
0.01, 0.05, 0.10, and 0.50 (see Protocol 10, step 1, to
determine virus inocula required at each MOI). Maintain
one set of flasks as uninfected growth controls.

4. Sample flasks 24, 48, and 72 h post-infection. Compare
morphologies and cell densities of infected cultures
against noninfected controls to confirm progress of
infection. Determine total and viable cell counts and
store 1 to 5 ml of clarified, sterile virus from each sample
at 4°C.

5. Determine the virus titer of each sample by plaque
assay (Protocol 8).

6. Select the optimal MOl and the harvest time that
produced the highest combination of virus titer and
culture viability >80%. Produce a large quantity of work-
ing andfor master virus stock using these infection
parameters.

7. Store working virus stocks at 4°C and master virus

stocks at —70°C or in liquid nitrogen, as recommended in
Protocol 15.

Protocol 13: Harvesting the Virus

Extracellular virus, or budded virus, begins accumulating
in the growth medium ~8 to 10 h post-infection and contin-
ues accumulating through ~20 to 30 h. With a synchronized
infection (MOI >4.0), budded virus production is complete at
~30 h post-infection. There is little or no benefit to longer
incubations. Budded virus with functional titers is possible at
12 h post-infection. Harvesting before the Iytic phase when
the cell viabilities are >90% will minimize contamination by
cell debris, metabolic waste products, and proteases. In
non-synchronous infections (MOl <4.0), budded virus can
be harvested through approximately 48 h post-infection.

With this protocol, loss of virus titer will be minimal
(<10%). Further purification of the virus is not usually
necessary.

Materials List

+ centrifuge tubes

*  0.2-pym low-protein binding filter unit

1. Decant or aspirate the growth medium containing virus
from the culture into centrifuge tubes.

2. Centrifuge at 250 x g for 5 min to remove cells and large
debris.
For suspension cultures: If desired, centrifuge a second
time at 1,000 x g for 20 to 30 min.

3. Sterile filter, if desired, through a 0.2-pm low-protein
binding filter.

4. Store virus as recommended in Protocol 15.

Protocol 14: Concentrating the Virus

To produce viral DNA or to achieve an otherwise unob-
tainable MOI (>10.0), use this protocol to concentrate the
virus from growth medium. The supernatant must be
harvested from a nonlytic, serum-free culture.

Materials List

+ ultracentrifuge tubes, 38-ml polyallomer
+  0.2-pm low-protein binding filter unit

* virus stock to be concentrated

* sucrose solution: 25% sucrose in 5 mM NaCl, 10 mM
EDTA

+ Dulbecco’s Phosphate-Buffered Saline (D-PBS) (pH 6.2)

1. Load 33 ml of virus stock into each of six 38-ml polyal-
lomer ultracentrifuge tubes.

2. Underlay the virus stock with 3 ml of sucrose solution
per tube.

3. Centrifuge at 80,000 x g for 75 min at 4°C.

4. Decant the supernatant, removing as much from the
walls of the tube as possible. A relatively pure viral
pellet will be translucent white, with faint blue color near
the edges. Less pure pellets display increasing opaque-
ness and size; their color ranges from pale
yellow to light brown as contamination increases.

5. Resuspend pellets in 0.5 to 5 ml D-PBS or cell growth
medium. Resuspension may require some effort. Allow
sufficient time after resuspension for the cells to disrupt
completely. Filter through a 0.2-um filter. Store at 4°C.
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Protocol 15: Storing the Virus

Virions are quite stable in standard serum-supplemented
growth media. They maintain their integrity and infectious
competency for days at elevated temperatures, weeks at
room temperature, and months to years at 4°C.

If virions will be stored for longer than 3 months under
serum-free conditions, add 0.1% to 1% BSA to stabilize the
virus. Store the virus stocks in polypropylene containers or
siliconized glassware to prevent nonspecific binding of
virus. They should be retitered periodically if used as inocu-
lates. Loss in virus titer will be minimal (<10%) with this
protocol.

Materials List
+ centrifuge tubes

+ sterile cryotubes (or other large-volume container
suitable for freezing)

* 0.2-pm low-protein binding filter unit (optional)
« virus supernatant

1. Aseptically transfer virus-containing supernatant to a
sterile, capped centrifuge tube. Centrifuge 5 min at
500 x g. Decant or transfer the virus-containing super-
natant to a fresh tube(s).

2. Sterile filter, if desired, through a 0.2-um, low-protein
binding filter.

3. Dispense the clarified, sterile-filtered supernatant into
cryotubes (or suitable larger volume containers).

4. Store the virus stocks at 4°C, protected from light. For
long-term storage at 4°C, —70°C, or in liquid nitrogen, we
recommend adding BSA to a final concentration of 0.1%
to 1%.

Protocol 16: Optimizing Heterologous Protein
Production

The first step toward successful infection of insect cells
with either wild-type or recombinant baculovirus is ensuring
that the culture will not be rate limited by nutritional factors
(i.e., amino acid or carbohydrate utilization) or environmen-
tal factors (i.e., pH, dissolved O,, temperature). Cultures
should be infected while in the mid-logarithmic phase of
growth with an established MOI. The optimal MOl varies by
cell line and the relative infection kinetics of the virus isolate
or clone employed. A dose response {(or MOI) should be
established for each virus, medium, reactor, and cell line
employed. This information will enable you to determine
optimal infection parameters for production of virus or
recombinant product.

When producing non-occluded virus stock (recombinant
or wild-type), infect the suspension culture at a cell density
of 1 x 108 to 2 x 106 cells/ml with an MOl of 0.01 to 0.1 (see
Protocol 12 and table 5). To express recombinant gene
products, MOIs of 0.5 to 10 are commonly employed.
Standard serum-supplemented media used for virus infec-
tion are rate limiting if the cells are infected at densities
>2 x 108 cells/ml. However, with Sf-900 || SFM, suspension
cultures  have been successfully infected at
2 x 106 to 3 x 106 cells/ml, and successes have been
reported at >4 x 106 cells/ml (21).

The BEVS recombinant gene product may or may not be
secreted. Maximum expression is usually observed
between 30 and 72 h for secreted proteins and between

48 and 96 h post-infection for nonsecreted proteins. It is
important to determine the expression kinetics for each
product, as many proteins (secreted or nonsecreted) may
be degraded by cellular proteases released in cell culture.

To express some recombinant products and/or rAcNPV,
you may need to protect the recombinant product or virus
from proteolysis by supplementing serum-free cultures post-
infection with 0.1% to 0.5% FBS or BSA. Protein-based
protease inhibitors are generally less expensive and more
effective than many synthetic protease inhibitors.

This protocol is suitable for determining both the optimal
MOl and harvest time for the production of your recombinant
product.

Materials List

« complete serum-free or serum-supplemented medium of
choice

« high-titer rAcNPV stock (>1 x 107 pfu/ml)
+ shake or spinner flasks

1. Set up and inoculate 15 replicate serum-free or serum-
supplemented suspension cultures as described in
Protocol 3.

2. Grow cultures for 2 to 3 days until they are in mid-expo-
nential growth (16- to 24-h doubling times) and have
attained the cell densities recommended for infection in
table 6.

Note: If the cell culture exceeds the density recom-
mended in table 5, dilute the cell culture before infection
with up to 50% fresh media. Be sure, however, that the
total volume does not exceed that recommended in table
4,

3. Infect triplicate flasks at each of the following MOls:
0.50, 1.0, 5.0, and 10.0 (see Protocol 10, step 1, to
determine virus inocula required at each MOI). Maintain
one set of flasks as uninfected growth controls.

4. Sample flasks 24, 48, 72, and 96 h post-infection.
Compare morphologies and cell densities of infected
cultures against non-infected controls to confirm
progress of infection. Determine total and viable cell
counts.

Note: Optimal product expression is often between
48 and 72 h post-infection, so you may want to sample
cultures every 8 to 12 h after 24 h post-infection.

5. Store cell pellet from 1 to 5 ml of cell suspension
at -20°C (for nonsecreted products) or 1 to 5 ml of clari-
fied supernatants at 4°C (for secreted products).

6. Assay cell pellets or supernatant samples for recombi-
nant product yields and/or activity.

7. Select the optimal MOI and the harvest time that
produced the highest combination of product yield/activ-
ity and quality/homogeneity.

8. Scale up the production of recombinant product using
these infection parameters. Reconfirm optimal harvest
time after scale-up.
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5.  Purifying Recombinant Proteins

he following criteria are important to consider when
selecting a purification protocol:

+ Scale of Expression: Protocols efficient in small scale
may not be efficient in large scale.

*  Nature of the Product Expressed: Consider using
immunoaffinity chromatography when a low-cost source
of pure antibody exists for the protein.

* Growth Medium: Serum-free culture supernatants
harvested from infected cultures before significant cell
lysis occurs may have recombinant product as a major-
ity (upwards of 95%) of the total protein complement.

* Product Application: Practical and/or regulatory
demands may determine the purification approach.
When designing a purification protocol, consider the

impact of each of the following:

Use of Hydrolysates, Extracts, Lipids, and Sterols:
Many of these media supplements are not defined. They
can have some unpredictable interactions with both the
protein of interest and/or the chromatographic technique.
Affinity chromatography generally will eliminate problems
related to nonspecific interactions. If you cannot use affinity
chromatography, try to eliminate these media components
in the first purification step (i.e., diafiltration with a buffer
exchange step).

Use of Pruronic F-68 Co-polymer: Most serum-free
insect cell culture media contain surface active agents such
as PLUrRoNIC F-68 that can cause problems during certain
purification procedures. PLURONIC F-68 may exist in culture
as a wide range of polymeric structures dependent upon
concentration; pH; temperature; and the presence of other
surfactant(s), detergents, lipids, sterols, or polar molecules.
Although PLuronic F-68 does not interfere with many chro-
matographic and precipitation techniques, it will
precipitate in the presence of high salt concentrations.
Before further processing that may involve high salt
concentrates, such as (NH,), SO, precipitation or hydro-
phobic interaction chromatography (HIC), diafiltrate with a
buffer exchange step.

Presence of a Cystine Protease: Ambient medium of
baculovirus infected cells may contain a cystine protease
(22,23). Proteolysis is a serious issue in serum-free
cultures. Because SFM are low in protein or protein-free,
they provide little competitive substrate for the protease
activity. Secreted proteins have demonstrated a variable
sensitivity to ambient proteases. Researchers have exam-
ined a variety of protease inhibitors with variable success. A
report using pCMBS (p-chloromercuribenzene) appears
promising (24). The best way to reduce the chance of signif-
icant proteolysis is to keep post-infection culture
supernatants refrigerated, to harvest the product before
significant cell lysis occurs, and to process the product as
soon as possible after harvest. Addition of 0.1 to 1% BSA
can provide a competitive substrate for the protease.

Secreted Proteins: Proteins expressed in the
baculovirus expression vector system accumulate extracel-
lularly in the growth medium as secreted proteins, or

intracellularly. Nascent proteins with absent or aberrant
signal sequences may not process normally and, as a
result, may be nonsecretory. Protocols for the purification of
intracellular product begin with the physical or chemical
disruption of cells, followed by isolation procedures.

To clarify secreted proteins, use settling, centrifugation,
or filtration. Further processing of the supernatant can
include gel filtration, chromatography, and precipitation.

Purification from S-900 Il SFM or Exrress-Five SFM

The chief advantage to using SFM for culture of insect
cells is that purification protocols are simplified because
contaminating proteins are reduced. One disadvantage is
the possible proteolytic degradation of proteins when
concentrating product.

Purifying Secreted Proteins

Use the following guidelines to purify secreted proteins.
To simplify purification protocols and prevent problems in
later steps, we recommend a thorough buffer exchange or
washing early in the purification such as at the concentra-
tion step.

Removing Cells

Supernatants should be clarified before further
processing.

For small-scale cultures:

Centrifugation for 5 min at 1,000 x g may be sufficient.
You can also remove the virus by ultracentrifugation at
80,000 x g for 75 min.

For large liquid volumes:

You have several options for removing cells in large
liquid volumes. You can clarify the supernatant with
cartridge membranes. The advantage of cartridge
membranes is that they can be sterilized in place. You
can use ultrafiltration membranes, but these tend to foul.
For cross-flow, tangential-flow and hollow-fiber
systems, you can use microporous filter membranes.
These offer-a-higher flux-rate-and-are less-likely to-foul.

Removing Baculovirus

Options for removing baculoviruses from small- or large-
scale culture supernatants include membrane filtration
apparatus and chromatographic techniques such as anion
exchange. For mare information on virus removal and inac-
tivation, see Grun et al. (25).

Concentrating the Product

The product can be concentrated by dialysis, membrane
filtration, or precipitation followed by centrifugation. For dial-
ysis and membrane filtration, use a membrane with a
10-kDa or greater cut-off to allow media components to
pass into the filtrate. The membrane may have to be smaller
if the product of interest is below 50 kDa. Bear in mind that
molecular weight cut-off is a nominal value. Some products
with molecular weights greater than the cut-off value may
pass through the membrane. The amount that passes
through depends on the membrane pore distribution and the
nominal molecular weight cut-off value. During the
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concentration procedure, addition of protease inhibitors may
diminish proteolytic and glucosidase activity. Cell
culture supernatants should be concentrated 10 to 20 times,
resuspended in buffer, and reconcentrated to remove media
components. After concentration of sample, protein is puri-
fied as necessary. When possible, affinity chromatography
is used. Many columns and resins are available depending
on your needs (26-31).

For concentration by precipitation from serum-free
media, use polyethylene glycol (PEG) (32). Ammonium
sulfate precipitation is not recommended for recovering
proteins from SFM.

Purifying Intracellular Proteins

To harvest intracellular products, cells are lysed most
commonly by sonication. Cells are spun down at 200 to
400 x g for 10 min, the supernatant is removed. The pellet
is resuspended in a lysing buffer, usually containing sucrose
up to 0.3 M, and protease inhibitors such as pepstatin or
phenylmethylsulfonyl fluoride (PMSF).

Staudacher (33) employed a simple method of sonica-
tion lysis of pelleted cells in 0.025 M sucrose. Cells, on ice,
are repeatedly sonicated for short periods (-10 s) after
which cellular debris is removed by centrifugation. Another
method for lysing cells without mechanical force has been
described by Emery (34).

If cells are lysed with detergent, remove detergent after
lysis to minimize its interference with further purification
steps. After cell lysis, samples are usually concentrated
before further purification.
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7. Related Products

Product Size Cat. No.
Bac-10-Bac Products:
Plasmid pFasTBac1 Expression Vector 10 ug 10360-014
pFasTBac DNA
pFasTBac-gus DNA (4 ng)
Manual
pFasTBAC HT Expression Vectors 10 ug each 10584-027
pFasTBac HTa
pFastBac HTh
pFasTBac HTc
pFasTBAc HT-CAT (15 ng)
Ni-NTA resin (10 ml)
Disposable column (1)
Manual
pFasTBac DUAL Expression Vector 10 ug 10712-024
pFasTBac DUAL DNA
pFastBac DUAL Control DNA (4 ng)
Manual
MAX Erriciency DH10Bac Competent Cells 5x 0.1 ml 10361-012
CELLFECTIN Reagent 1 ml 10362-010
Bac-10-Bac Expression Systems:
Bac-to-Bac Baculovirus Expression System 5 reactions 10359-016
pFasTBac1 Expression Vector (1 each)
MAX Erriciency DH10Bac Competent Cells (5 x 0.1 ml)
CELLFECTIN Reagent (1 ml)
Bac-to-Bac HT Baculovirus Expression System 5 reactions 10608-016
pFastBac HT Expression Vectors (1 each)
MAX Erriciency DH10Bac Competent Cells (5 x 0.1 ml)
CeLLFECTIN Reagent (1 ml)
Molecular Genetics Media and Antibiotics:
Ampicillin Sedium Salt, lyophilized 5ml 13075-015
Gentamicin Reagent Solution (10 mg/ml), liquid 10 ml 15710-015
Kanamycin Sulfate (100X), liquid 100 ml 15160-013
LB Agar, powder 500 g 22700-025
LB Broth (1X), liquid 500 ml 10855-013
Luria Agar, powder 100g 12945-028
S.0.C. Medium 10 x 10 ml 15544-018
Terrific Broth 100 g 22711-014
SELECT Peptone 140 500 g 30392-021
SELECT Yeast Extract 500 g 30393-029
SELECT Agar 500 g 30391-023
Molecular Biology Products:
1 Kb DNA Ladder 250 pg 15615-016
A DNAVHind Ill Fragments 500 pg 15612-013
SuscLonING EFFIciENcY DH5a Competent Cells 2ml 18265-017
Taq DNA Polymerase, Recombinant 100 units 10342-053
Concert High Purity Miniprep System 25 reactions 11449-014
100 reactions 11449-022
Concert High Purity Midiprep System 25 reactions 11451-010
50 reactions 11451-028
Concert High Purity Maxiprep System 10 reactions 11452-018
25 reactions 11452-026
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Product Size Cat. No.
Reagents:

4% Agarose Gel 40 ml 18300-012
Agarose 100 g 15510-019
Bluo-gal 100 mg 15519-010
Buffer-Saturated Phenol 100 ml 15513-039
Ethidium Bromide 19 15582-018
Ethylenediaminetetraacetic Acid 100 g 15576-010
IPTG 19 15529-019
MUG 100 mg 10215-010
Phosphate-Buffered Saline (PBS), pH 7.4 (1X) 500 ml 10010-015
Phosphate-Buffered Saline (PBS), pH 7.4 (10X) 500 ml 70011-036
10% SDS Solution 4 % 100 ml 15553-019
10X TAE Buffer 1L 156558-042
1 M Tris-HCI, pH 8.0 1L 15568-026
X-Glucuronide 100 mg 10214-013
Nucleic Acid Purification Rack each 11494-010
Insect Media:

Fetal Bovine Serum, qualified, heat-inactivated 100 ml 16140-014
Grace's Insect Medium (1X), liquid 500 ml 11595-022
IPL-41 Insect Medium (1X), liquid 500 ml 11405-024
Neutral Red Solution 100 ml 15330-012
Penicillin-Streptomycin, liquid 100 ml 15070-014
PLuronic® F-68, 10% (100X) 100 ml 24040-016
Sf-900 Il SFM (1X), liquid with L-glutamine 500 ml 10902-013
Sf-900 1l SFM (1X), methionine and cystine-free 500 ml 21012-018
Sf-900 Il SFM (1.3X), liquid with L-glutamine 100 ml 10967-016
TC-100 Insect Medium, powder 10x1L 11600-061
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A. Applications Data for Insect Cell Lines Grown in Serum-Free Medium

Grace's supplemented medium plus 10% heat-

inactivated FBS were adapted to suspension
culture as described in Protocol 2, and then to serum-free
growth in Sf-900 Il SFM using the direct adaptation method
described in Protocol 4. The monolayer BTI-TN-5B1-4
culture was adapted to growth in Sf-900 Il SFM, then to
suspension culture in the same medium, and finally to
ExPRress-FIve SFM.

Following a minimum of 10 consecutive passages in
each medium, the four cell lines were seeded in 35- to
150-ml shake flasks or spinner cultures at 2 x 105to 3 x 105
viable cells/ml. Cultures were incubated at 27°C with
stirring speeds of 90 to 100 rpm for spinner flasks and
135 to 150 rpm for shaker flasks. Results in table 7 repre-
sent maximum cell densities in small-scale suspension
cultures on days 4 to 7 post-planting.

M onolayer cultures of Sf9, Sf21, and Tn-368 cells in

TABLE 7. Maximum cell densities in
small-scale suspension culture.

Growth Medium:

Cell  Grace's TNM-FH + 10% F8S S£900 Il SFM Express-Five SFM
line (viable cells/mi x 106) (viable celigmi x 108)  (viable cellsimi x 106)
Si9 4106 81012 —

Sf21 3tob 5t07 -

Tn-368 2103 305 -
BTI-TN-5814 304 4105
Comments

* Tn-368 cells usually maintain their characteristic
spindle morphology under suspension conditions if the
growth medium is maintained within optimal pH and
osmolality ranges.

* Unlike the Sf9 or Sf21 cell lines, Tn-368 and BTI-TN-
5B1-4 cultures often die rapidly upon reaching
maximum cell density and are difficult to recover if
viabilities drop below 50%. To avoid problems, cultures
of Tn-368 and BTI-TN-5B1-4 cells should be split
frequently-while-in-mid-exponential-growth.

Expression of Recombinant Protein in Small-
Scale Culture

Shake flask cultures (50- to 100-ml) of Sf9, Tn-368, and
BTI-TN-5B1-4 cells were adapted to growth in serum-free or
serum-supplemented medium. The cultures were infected
with rAcNPV (Clone VL-941) expressing recombinant b-
galactosidase at the following densities and MOls:

Sf9 cells: 2.5 x 106 viable cells/m| MOl = 5.0
Tn-368 cells: 1.0 x 106 viable cells/ml MOl = 5.0
BTI-TN-5B1-4

cells: 1.5 % 108 viable cells/ml MOI = 4.0

Cultures were incubated post-infection at 27°C with a
stirring speed of 135 rpm. Recombinant [-galactosidase
activity was monitored through day 4 or 5 post-infection for
each culture. Results are shown in table 8.

Comments

+ Recommended infection densities are lower for the
Tn-368 and BTI-TN-5B1-4 cell lines because in serum-
free suspension culture these cells generally attain lower
maximum densities (5 x 106 to 6 x 106 viable cells/ml)
than Sf9 cells (8 x 108 to 12 x 106 viable cells/ml). Infect
cultures while in mid-exponential growth (population
doubling times of 16 to 24 h) at cell densities no greater
than 40% of the maximum normally observed for optimal
expression.

* Recombinant protein expression varies for different
proteins, and the optimal cells for each protein can vary.

Growth and Expression of Recombinant
Proteins in Large-Scale Culture

For scale up of a recombinant product using BEVS
technology, it is important to determine whether the medium
(serum-supplemented or serum-free) will adequately
support scale-up, as well as downstream processing
considerations (i.e., cell separation and product purifica-
tion).

The data in table 9 compare results of pilot-scale cell
growth and expression of recombinant proteins in $f-900 |1
SFM versus serum-supplemented medium. Recombinant
product yields reached or exceeded levels obtained under
small-scale conditions. Product yields were up to 10-fold
higher with Sf-900 Il SFM than those produced under
serum-supplemented conditions and display acceptable
glycosylation or bioactivity.

Comparison of rAcNPV Titer in Small-Scale
Suspension Culture

Shake flask cultures (75-ml) of Sf9 and BTI-TN-5B1-4
cells were adapted to growth in various media. The cultures
were infected with rAcNPV (Clone VL-941) expres-sing
recombinant [3-galactosidase. Triplicate cultures for each
were infected at 1 x 106 viable cells/m! at an MOI of 0.10.

Cultures were infected at 27°C with a stirring speed of
135 rpm. The cultures were sampled at 24, 48, and 72 h
post-infection. Clarified supernatant samples were titered by
plaque assay. Results are shown in table 10.

Comments

+ For BTI-TN-5B1-4 cultures, maximum rAcNPV titers
were almost 2 logs lower than Sf9 cells. It is not unusual
for BTI-TN-5B1-4 cells to produce virus stocks 1 to
3 logs lower than comparable Sf9 or Sf21 cultures. To
counteract this, maintain and produce your working
rAcNPV stocks in Sf9 or Sf21 cells and use the
BTI-TN-5B1-4 cell line for expression of recombinant
products.
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TABLE 8. B-galactosidase expression in small-scale suspension culture.

Sf9 cells Tn-368 BTI-TN-5B1-4 cells
Grace's TNM-FH Grace’'s TNM-FH Sf-900 11 Sf-900 Il Express-Five
Days post-infection + 10% FBS Sf-900 Il SFM +10% FBS SEM SFM SFM
1 — — 6 8 9 9
2 — — — — 16 28
3 95 254 25 61 79 252
4 276 550 — — 499 798
5 198 583 26 69 — ==

Note: Data are units B-gal/ml x 103.

TABLE 9. Pilot-scale recombinant protein expression in cells cultured.

Expression level

Recombinant protein Bioreactor In Sf-900 Il SFM In serum control

o-Galactosidase 2-L Celligen 4,700 U/ml 2,500-5,000 U/ml
30-L Chemap airlift 5,040 U/ml

B-Galactosidase 5-L Celligen 240,000 U/ml 150,000 U/ml

Erythropoietin 2-L Celligen 7,800 U/ml 1,000-2,000 U/ml
5-L Celligen 6,500 U/ml
Hantaan S nucleocapsid 5-L Celligen 5-fold higher than
serum control*

Human choriogonadotropin 5-L Celligen 8,192-8,345 ng/ml 768-1,075 ng/ml

in monolayer

Leukemia inhibitory factor 10-L Braun 9 pg/ml Same as E. coli

VP8, rotavirus capsid protein 5-L Celligen 118 pg/ml 20 pg/ml in

IPL-41 with 10% FBS

*Specific product yield not provided.

TABLE 10. rAcNPV titers in small-scale suspension culture.

Virus titer post-infection (pfu/ml)

Cell line Medium 24 h 48 h 72 h

Sf9 Grace's TNM-FH supplemented with 1x10° 5x10° 6 x 10°
10% FBS

SR Sf-900 Il SFM 5% 10 3 x 10 4 x10°

BTI-TN- 5B4-1 ExPress-FIveE SFM 2x10° 6 x 10° 5% 10°

23
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é) Invitrogen*

life technologies

United States Headquarters:
Invitrogen Corporation

1600 Faraday Avenue

Carlsbad, California 92008

Tel: 1 760 603 7200

Tel (Toll Free): 1 800 955 6288
Fax: 1 760 603 7229

Email: tech_service@invitrogen.com

European Headquarters:

Invitrogen Ltd

3 Fountain Drive

Inchinnan Business Park

Paisley PA4 9RF, UK

Tel (Free Phone Orders): 0800 269 210
Tel (General Enquiries): 0800 5345 5345
Fax: +44 (0) 141 814 6287

Email: eurotech@invitrogen.com

International Offices:
Argentina 5411 4556 0844
Australia 1 800 331 627
Austria 0800 20 1087
Belgium 0800 14894

Brazil 0800 11 0575
Canada 800 263 6236
~China 10 6849 2578
Denmark 80 30 17 40

France 0800 23 20 79

Germany 0800 083 0902

Hong Kong 2407 8450

India 11 577 3282

ftaly 02 98 22 201

Japan 03 3663 7974

The Netherlands 0800 099 3310
New Zealand 0800 600 200
Norway 00800 5456 5456

Spain & Portugal 900 181 461
Sweden 020 26 34 52

Switzerland 0800 848 800

Taiwan 2 2651 6156

UK 0800 838 380

For other countries see our website

308-CC
www.invitrogen.com Date 022702



é, HI"WIH‘OQQH Material Safety Data Sheet Revision Date: 29-Jan-2010

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND THE

COMPANY/UNDERTAKING
Product code A102082A
Product name Baculovirus 1L Expression 1 Column Purification

Company/Undertaking Identification

INVITROGEN CORPORATON
5791 VAN ALLEN WAY

PO BOX 6482

CARLSBAD, CA 92008
760-603-7200

INVITROGEN CORPORATION
5250 MAINWAY DRIVE
BURLINGTON, ONT

CANADA L7L 6A4
800-263-6236

GIBCO PRODUCTS
INVITROGEN CORPORATION
3175 STALEY ROAD P.0O. BOX 68
GRAND ISLAND, NY 14072
716-774-6700

24 hour Emergency Response 866-536-0631
(Transport): 301-431-8585
Qutside of the U.S. ++1-301-431-8585

For research use only

2. COMPOSITION/INFORMATION ON INGREDIENTS

Hazardous/Non-hazardous Components
The product contains no substances which at their given concentration, are considered to be hazardous to health. We
recommend handling all chemicals with caution.

3. HAZARDS IDENTIFICATION

Emergency Overview
The product contains no substances which at their given concentration, are considered to be hazardous to health
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3. HAZARDS IDENTIFICATION

Form
Liquid

Principle Routes of Exposure/
Potential Health effects

Eyes

Skin

Inhalation

Ingestion

Specific effects
Carcinogenic effects

Mutagenic effects
Reproductive toxicity
Sensitization

Target Organ Effects

No information available
No information available
No information available
May be harmful if swallowed.

No information available
No information available
No information available
No information available

No information available

HMIS
Health 0
Flammability 0
Reactivity 0

4. FIRST AID MEASURES

Skin contact
Eye contact

Ingestion

Inhalation
Notes to physician

Wash off immediately with plenty of water. If symptoms persist, call a physician.
Rinse thoroughly with plenty of water, also under the eyelids. If symptoms persist,
call a physician.

Never give anything by mouth to an unconscious person. If symptoms persist, call a
physician.

Move to fresh air. If symptoms persist, call a physician.

Treat symptomatically.

5. FIRE-FIGHTING MEASURES

Suitable extinguishing media

Special protective equipment for

firefighters

Dry chemical
Wear self-contained breathing apparatus and protective suit

-

ACCIDENTAL RELEASE MEASURES

Personal precautions
Methods for cleaning up

Use personal protective equipment
Soak up with inert absorbent material.

|

7. HANDLING AND STORAGE

Handling
Storage

No special handling advice required
Keep in properly labelled containers
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8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Occupational exposure controls

Exposure limits

Engineering measures Ensure adequate ventilation, especially in confined areas

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory equipment
Hand protection Protective gloves

Eye protection
Skin and body

Safety glasses with side-shields
protection Lightweight protective clothing.

Hygiene measures Handle in accordance with good industrial hygiene and safety practice

Environmental
controls

exposure  Prevent product from entering drains.

9. PHYSICAL AND CHEMICAL PROPERTIES

General Information
Form

Liquid

Important Health Safety and Environmental Information

Boiling point/range °C No data available  °F No data available
Melting point/range °C No data available  °F No data available
Flash point °C No data available  °F No data available
Autoignition temperature °C No data available  °F No data available
Oxidizing properties No information available

Water solubility No data available

10. STABILITY AND REACTIVITY

Stability Stable.

Materials to avoid No information available
Hazardous decomposition No information available
products

Polymerization

Hazardous polymerisation does not occur.

11, TOXICOLOGICAL INFORMATION

Acute toxicity

Principle Routes of Exposure/
Potential Health effects

Eyes No information available
Skin No information available
Inhalation No information available
Ingestion May be harmful if swallowed.
Specific effects
Carcinogenic effects No information available
Mutagenic effects No information available
Reproductive toxicity No information available

Sensitization

No information available
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Target Organ Effects No information available

L 12. ECOLOGICAL INFORMATION
Ecotoxicity effects No information available.
Mobility No information available.
Biodegradation Inherently biodegradable.
Bioaccumulation Does not bioaccumulate.
[ 13. DISPOSAL CONSIDERATIONS

Dispose of in accordance with local regulations

| 14. TRANSPORT INFORMATION

IATA
Proper shipping name Not classified as dangerous in the meaning of transport regulations
Hazard Class No information available
Subsidiary Class No information available
Packing group No information available
UN-No No information available

15. REGULATORY INFORMATION

International Inventories

U.S. Federal Regulations

SARA 313
This product is not regulated by SARA.

Clean Air Act, Section 112 Hazardous Air Pollutants (HAPs) (see 40 CFR 61)
This product does not contains HAPs.

U.S. State Regulations

California Proposition 65
This product does not contain chemicals listed under Proposition 65

WHMIS hazard class:
Non-controlled

This product has been classified according to the hazard criteria of the CPR and the MSDS contains all of the information required by
the CPR

16. OTHER INFORMATION

For research use only
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16. OTHER INFORMATION

The above information was acquired by diligent search and/or investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is to be used
only as a guide. All materials and mixtures may present unknown hazards and should be used with caution. Since the
Company cannot control the actual methods, volumes, or conditions of use, the Company shall not be held liable for any
damages or losses resulting from the handling or from contact with the product as described herein. THE INFORMATION
IN THIS MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

End of Safety Data Sheet
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THE UNIVERSITY OF WESTERN ONTARIO
BIOHAZARDOUS AGENTS REGISTRY FORM
Approved Biohazards Subcommittee: September 25, 2009
Biosafety Website: www.uwo.ca/humanresources/biosafety/

This form must be completed by each Principal Investigator holding a grant administered by the University of
Western Ontario or in charge of a laboratory/facility where the use of Level 1, 2 or 3 biohazardous 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 biohazards 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 1998,
Canadian Food Inspection Agency (CFIA).

Completed forms are to be returned to Occupational Health and Safety, (OHS), (Support Services Building,
Room 4190) for distribution to the Biohazard 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

PRINCIPAL INVESTIGATOR Lars Rehmann

SIGNATURE (AL —

DEPARTMENT Chemical and Biochemical Engineering

ADDRESS Thompson Engineering Building 459

PHONE NUMBER ext. 89008

EMERGENCY PHONE NUMBER(S) 519 434 7514

EMAIL rehmann@eng.uwo.ca

Location of experimental work to be carried out: Building(s) _TEB Room(s)_313

“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 12.0, Approvals).

FUNDING AGENCY/AGENCIES: _NSERC
GRANT TITLE(S): _ Advanced materials for the biochemical production of second generation biofuels
and chemicals

PLEASE ATTACH A BRIEF DESCRIPTION OF YOUR WORK THAT EXPLAINS THE BIOHAZARDS USED
AND HOW THEY WILL BE USED. PROJECTS SUBMITTED WITHOUT A SUMMARY WILL NOT BE
REVIEWED. A GRANT SUMMARY PAGE MAYBE ADEQUATE IF IT PROVIDES SUFFICIENT DETAIL
ABOUT EACH BIOHAZARD USED.

Names of all personnel working under Principal Investigators supervision in this location:
Vivek Nagendra

Karen Schwab

Kerstin Schwanitz

Jun Zheng

+* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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1.0 Microorganisms

1.1 Does your work involve the use of biological agents? & YES O NO

(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? O 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:

Name of Is it known | Is it known ts it known | Maximum Source/ PHAC or
Biological tobea to be an tobe a guantity to Supplier CFIA
agent(s)” human animal zoonotic be cultured Containment
pathogen? | pathogen? agent? at one time? Level
YES/NO YES/NO YES/NO (in Litres)
Clostridium O Yes O Yes O Yes 10203
acetobutylicum | & No @ No @ No 3 DSMZ
Clostridium O VYes O Yes O Yes 3 ®R10203
beijerinkii 6422) ® No ® No ® No DSMZ
Clostridium O Yes O Yes O Yes DSMZ ©10203
beijerinkii 6423 ® No © No ® No 3
Clostridium O Yes O Yes O Yes DSMZ 010203
saccharobutylic n@ No ® No @ No 3

*Please atfach a Material Safety Data Sheet or equivalent from the supplier. Nt available for these strains.

2.0 Cell Culture

2.1 Does your work involve the use of cell cultures? OYES ®NO
If no, please proceed to Section 3.0

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 Celi AUS Protocol Number
in your work? Culture Tissue

Human O Yes O No Not applicable

Rodent O Yes O No

Non-human primate O Yes O No

Other (specify) O Yes O No

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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2.3 Please indicate the type of established cells that will be grown in culture in:

Cell Type Is this cell type used | Specific cell line(s)” Supplier / Source
in your work?

Human O Yes O No

Rodent O Yes O No

Non-human primate O Yes O No

Other {specify) O Yes C 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 O1 02 O3
3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? OYES ® NO
If no, please proceed to Section 4.0

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

Human Source SourcefSupplier 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/NO
Human Blood (whole) or O Yes O No
other Body Fluid O Unknown 01 02 03
Human Blood (fraction) O Yes O No
or other Body Fluid O Unknown 01 02 O3
Human Organs or O Yes O No
Tissues (unpreserved) O Unknown 01 02 03
Human Organs or . .
Tissues (preserved) Not Applicable Not Applicable

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 2.07 OYES & NO If no, please proceed to Section 5.0

4.2 Will genetic modification(s) invoiving plasmids be done? O YES, complete table below O NO
Bacteria Used for | Plasmid(s) * Source of Plasmid | Gene Transfected | Describe the change
Cloning * ! that resuits

+
i
1 .
|
\

* Please attach a Material Data Sheet or equivalent if available.

.« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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4.3 Will genetic modification(s) involving viral vectors be made? O YES, complete table below O NO

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

* Please attach a Material Safety Data Sheet or equivalent.

4.4 Will genetic sequences from the following be involved?

¢ HIV O YES, please specify O NO
¢ HTLV 1 or 2 or genes from any Level 1 or Level 2 pathogens O YES, specify O NO
¢ SV 40 Large T antigen QO YES O NO
+ E1A oncogene O YES O NO
+ Known oncogenes O YES, please specify O NO
+ Other human or animal pathogen and or their toxins O YES, please specify O NO
4.5 Wil virus be replication defective? QO YES O NO
4.6 Will virus be infectious to humans or animals? O YES ONO
4.7 Will this be expected to increase the containment level required? QO YES ONO

5.0 Human Gene Therapy Trials

5.1 Will human clinical trials be conducted involving a biological agent? O 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

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

5.2 Will the biological agent be able to replicate in the host? QO YES QO NO

5.3 How will the biological agent be administered?

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

5.5 Has human ethics approval been obtained? O YES, number: O NO O PENDING

6.0 Animal Experiments

6.1 Will live animals be used? O YES & NO If no, please proceed to section 7.0

5.2 Name of animal species to be used

6.3 AUS protocol #

6.4 Will any of the agents listed in section 4.0 be used in live animals O YES, specify: ONO

6.5 Wiil the agent(s) be shed by the animal: O YES O NO, please justify:

+* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PRQJECT WILL NOT BE REVIEWED*
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7.0 Use of Animal species with Zoonotic Hazards

7.1 Will any of the following animals or their organs, tissues, lavages or other body fluids including biood be
used?

¢+ Pound source dogs O YES ¥ NO
¢ Pound source cats O YES @& NO
+ Catlle, sheep orgoats (O YES ANO
+ Non-human primates O YES, please specify species & NO
+ Wild caught animals O YES, please specify species & colony # & NO
+ Birds O YES ® NO
¢ Others {wild or domestic) O YES, please specify @ NO

8.0 Biological Toxins
8.1 Will toxins of biclogical origin be used? O YES GLNO If no, please proceed to Section 9.0

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

8.3 What is the LD, (specify species) of the toxin

8.4 How rmuch of the toxin is handled at one time*?

8.5 How much of the toxin is stored*?

8.6 Will any biological toxins be used in live animals? O YES, Please provide detais: O NO

*For information on biosecurity requirements, please see:
http://www.uwo.ca/humanresourc:es/docandform/docs/heaIthandsafety/biosafety/Biosecurity_Requirements.pdf

9.0 Insects Requiring CFIA Permits

9.1 Do you use insects that require a permit from the CFIA? QYES R NO
If no, please proceed to Section 10.0

9.2 If YES, please give the name of the species.

9.3 What is the origin of the insect?

9.4 What is the life stage of the insect?

9.5 What is your intention? O Initiate and maintain colony, give location:
O “One-time” use, give location:

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

9.7 Please attach the CFIA permit.

9.8 Please describe any CFIA permit conditions:

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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10.0 Plants Requiring CFIA Permits

10.1 Do you use plants that require a permit from the CFIA? O YES & NO
if no, please proceed to Section 11.0

10.2 If YES, please give the name of the species.

10.3  What is the origin of the plant?

10.4 What is the form of the plant {(seed, seedling, plant, tree...)?

10.5 What is your intention? O Grow and maintain a crop 0O "One-time” use

10.6 Do you do any modifications to the plant? O YES O NO
If yes, please describe:

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

10.8 s the CFIA permit attached? O YES O NO
If NO, please forward the permit to he Biosafety Officer when available.

10.9 Please describe any CFIA permit conditions:

11.0 Import Requirements

11.1 Will any of the above agents be imported? O YES, please give country of origin

If no, please proceed to Section 12.0 G NO
11.2 Has an Import Permit been obtained from HC for human pathogens? OYES O NO
11.3 Has an import permit been obtained from CFIA for animal or plant pathogens? O YES O NO
11.4 Has the import permit been sent to OHS? O YES, please provide permit # QO NO

12.0 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/\Waste 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 biochazardous agents in Sections 1.0 to 9.0 have been trained.

Ao

R ’)u [ —
SIGNATURE <~ %7

+ DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED”
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13.0 Containment Levels

11.1 For the work described in sections 1.0 to 9.0, please indicate the highest
HC or CFIA Containment Level required. @1 02 O3

13.2 Has the facility been certified by OHS for this level of containment?
O YES, permit # if on-campus
O NO, please certify
® NOT REQUIRED for Level 1 containment

14.0 Procedures to be Followed

14.1 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.wph.uwo.ca/

SIGNATURE %gj/' Date: 13 April 2010

14.2 Please describe additional risk reduction measures will be taken beyond containment level 1, 2, or 3
measures, that are unique to this agent.
The microorganisms currently in use are all anaerobe (sensitive to oxygen) and are incubated
air-tight bottles and transferred in an enclosed anaerobic chamber which is sterilized via UV-light.
Bioreactors are not aerated but kept under positive pressure with Nitrogen, no risks of aerosol formation.

14.3 Please outline what will be done if there is an exposure to the biohazards listed,
such as a needlestick injury:

Exposure to skill will be removed under running water followed by disinfection. Needle-
stick injuries will be treated with standard first aid measure followed by hospital visit with

information on the microbial strain that was used.
15.0 Approvals

UWO Biohazard Subcommittee: SIGNATURE: (9}'( . /(‘{Q(QL/

Date: 20 H:.g;zl. FE e ]

Safety Officer for Institution where experiments will take place: SIGNATURE: 00 TAJ’LLQ/I
Date: Ma)é. 1% Sty

Safety Officer for University of Western Ontario (if different from above): SIGNATURE:
Date:

Approval Number:e\b -~ WU ..ozbdt Expiry Date (3 years from Approval): {Y\(l \_C’\:QO\?)

Special Conditions of Approval:

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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Advanced materials for the biochemical production of second generation biofuels and
chemicals

NSERC — Discovery grant 2010-20135. PL: Lars Rehmann

The proposed research will utilize advanced functional materials to overcome current
bottlenecks in the conversion of biomass into fuels and chemicals. The targeted bottlenecks are
the conversion of raw materials into fermentable sugars and the removal of toxic products from
the fermenter. The initial process of interest will be the production of biobutanol, a second-
generation biotuel, via Clostridia fermentation. The feedstock will be waste streams from
industrial processes and lignocellulosic biomass. This stands in contrast to food crops such as
corn currently used in bioethanol production, eliminating some of the ethical dilemmas of biofuel
production and also reducing the environmental footprint. Lignocellulosic biomass (plant biomass
such as lumber infected with mountain pine beetle) will initially be enzymatically converted into
fermentable sugars followed by microbial fermentation into biobutanol or other products. The
enzymatic step will be carried out in the presence of ionic liquids, potentially eliminating the need
for additional pre-treatment. lonic liquids (salts with melting points below 100 °C) have been
shown to partly dissolve cellulose and lignin. Task-specific ionic liquids will be designed to
dissolve the biomass while allowing for enzymatic activity, thereby providing a new route (o
produce fuels and chemicals from a variety of renewable resources.

The effect of ionic liquid mediated biomass pre-treatment processes on the fenmentability via
Clostridia will be investigated in high-throughput micro-scale experiments using a multi-mode
plate-reader.

Additional so-called ‘smart’ polymers will be used to recover the fermentation product
(initialty biobutanol) from the fermenter (3L vessel). These polymers will be analogous to
polymers used in targeted drug delivery. The polymers will be designed to have high affinity for
the fermentation product. This affinity however can be ‘switched-off” when exposing the
polymets to different conditions (e.g. change in pH. temperature, medium conditions, etc.). This
effect will used to effectively harvest the reaction product from the fermenter, thereby increasing
the productivity of the microorgnisms due to the removal of the toxic product. followed by simple
and cost effective recovery of the product from the polymer in a recovery vessel with conditions

triggering the product release.



DSMZ - DSM 13864 - Clostridium saccharobutylicum Keis et al. 2001 10-04-14 9:52 AM

] DSM 13864 - Clostridium saccharobutylicum Keis et al. 2001

» Catalogue

» Order a Strain

» Prices

» Handling Strains/Ampoules Nams:

» Deposit a Stran DSM No.:
Other

» Additional Services collection no.

» Science of Systematics
» Nomenclature Up-to-Date
Information:
» Research
» Publications

Isolated from:

# Staff Medium:

»» Head of Department T

» Links Supplied as:
Risk group:
Price:

Imprint

Conditions

© 2004 DSMZ GmbH
All rights reserved

-see also: Bacterial Nomenclature Up-to-Date

Clostridium saccharobutylicum Keis et al. 2001
13864

ATCC BAA-117

<-D. T. Jones, New Zealand <- D. T. Jones and D. R. Woods, South Africa <-
Natl. Chem. Products Ltd., South Africa; NCP 262 (Clostridium acetobutylicurm) <-
Commercial Solvent Corp., USA; BAS/B3/CSC <- Commercial Solvent Corp., USA
(Clostridium saccharo-butyl-acetonicum-liquefaciens). Soy beans; USA. Type
strain. Taxonomy/description (8292). Commercial production of acetone and
butanol (by biotransformation of fermentable carbohydrates). (Medium 104b, 35°C,
anaerobic)

soy beans

104b, 35°C, anaerobic

8292

(vacuum) dried culture (actively growing cultures available on request at an extra charge)

1 (classification according to German TRBA)

EURO 50 (non-profit making institutions),
EURO 65 (other institutions): Normal price.

http://www‘dsmz.de/microorganismsfhtml/strains,‘slrain.dsmm3864.htm| Page 1 of 1



DSMZ - DSM 1731 - Clostridium acetobutylicum McCoy et al. 1926 emend. Keis et al. 2001 10-04-14 9:50 AM

H Plant Cell Lin

e . g ' P e e Human and An Cell Lines

Home | Dsmz | Services |

+] DSM 1731 - Clostridium acetobutylicum McCoy et al. 1926 emend. Keis et al. 2001

» Catalogue ]
. -see also: Bacterial Nomenclature Up-to-Date

» Order a Strain

» Prices
» Handling Strains/Ampaules Name: Clostridium acetobutylicum McCoy et al. 1926 emend. Keis et al. 2001
» Deposit a Strain DSM No.: 1731

Other

llecti ATCC 4259, NCIB 619
» Additional Services collectam: Nos

<- NCIB <- NCTC (C. acetonigenum) <- A.C. Thaysen (Bacillus butyricus). DNA

# Science of Systematics Information: | homology (6850). Produces acetone and n-butanol (Brit. Pat. 4845 U.S. Pat.
» Momenclature Up-to-Date ’ 1,315,585) (1092). (McCoy and McClung, strain T; L.S. McClung, 2289). (Medium
411, 37°C, anaerobic)
S o .

S Medium: 411, 37°C, anaerobic
» Publications Literature: 1092, 3352, 3353, 6850

Supplied as: (vacuum) dried culture (actively growing cultures available on request at an extra charge)
» Staff

Risk group: 1 (classification according to German TRBA)

» Head of Department

EURO 50 (non-profit making institutions),
EUROQ 65 (other institutions): Normal price.

Price:
» Links

[mprint
Conditions

© 2004 DSMZ GmbH
All rights reserved

http:,’,’www.dsmz.de/microorganisms/html,’strainsfstrain.dstOl?3l.html Page L of 1



DSMZ - DSM 6422 - Clostridium beijerinckii Donker 1926 emend. Keis et al. 2001 10-04-14 9:51 AM

b Microorganisims

| Services | Contact | Download | Press

] DSM 6422 - Clostridium beijerinckii Donker 1926 emend. Keis et al. 2001

»> Cataloque .
i -see also: Bacterial Nomenclature Up-to-Date

» Order a Strain

» Prices
» Handling Strains/Ampoules Name: Clostridium beijerinckii Donker 1926 emend. Keis et al. 2001
» Deposit a Strain DSM No.: 6422

Qther NRRL B-592

» Additional Services collection no.

<- NRRL <- E. McCoy, A-39 (Clostridium butylicum). DNA homology (6850).

» Science of Systematics Information: Produces acetone and n-butanol (4186). (Medium 54 or 104b or 411, 35°C,
» Momenclature Up-to-Date anaerobic)
Medium: 54, 35°C, anaerobic or medium 104b, 35°C, anaerobic or medium 411, 35°C,
' anaerobic
» Research
g Literature: 4186, 6850
*» Publications
Supplied as: (vacuum) dried culture (actively growing cultures available on request at an extra charge)
» Staff Risk group: 1 (classification according to German TRBA)
»» Head of Department o EURO 50 (non-profit making institutions),
' EURO 65 (other institutions): Normal price.
» Links
Imprint
Conditions

© 2004 DSMZ GmbH
All rights reserved

http:/ /www.dsmz.de/microorganisms/html/strains /strain.dsm006422.html Page 1 of 1



DSMZ - DSM 6423 - Clostridium beijerinckii Donker 1926 emend. Keis et al. 2001

» Catalogue

»> Order a Strain

» Prices

» Handling Strains/Ampoules

» Deposit a Strain

» Additional Services
» Science of Systematics

» Nomenclature Up-to-Date

»» Research

» Publications

» Staff
» Head of Department

» Links

Imprint
Conditions

© 2004 DSMZ GmbH
All rights reserved

http:/ Jwww.dsmz.de/microorganisms/html/strains/strain.dsm006423.html

|| psmz

10-04-14 9:51 AM

» Microorganisms

DSM 6423 - Clostridium beijerinckii Donker 1926 emend. Keis et al. 2001

Name:

DSM No.:
Other

collection no.

Information:

Medium:

Literature:
Supplied as:
Risk group:

Price:

-see also: Bacterial Nomenclature Up-to-Date

Clostridium beijerinckii Donker 1926 emend. Keis et al. 2001
6423

NRRL B-593

<- NRRL <- E. McCoy, A-21 ("Clostridium butylicum"). DNA homology (6850).
Produces 1,3-propanediol from glycerol (4188), butanol and isopropanol (4186).
(Medium 54 or 104b or 411, 35°C, anaerobic)

54, 35°C, anaerobic or medium 104b, 35°C, anaerobic or medium 411, 35°C,
anaerobic

4186, 4188, 6850

(vacuum) dried culture (actively growing cultures available on request at an extra charge)

1 (classification according to German TRBA)

EURO 50 (non-profit making institutions),
EURQO 65 (other institutions): Normal price.

Page 1 of 1



Each microorganism of the DSMZ collection is classified according to German
legislation (Biostoff-Verordnung). If a strain is allocated to Risk Group 2
(equivalent terms are Hazard Group or Biological Safety Level), this information
is given in the DSMZ catalogue of strains/homepage under the respective
species information, on the delivery note and on the culture vessel.

The distribution of cultures allocated to Risk Group 2* are subject to restrictions
according to "Infektionsschutzgesetz" (Act dealing with the prevention and
control of infectious diseases in man, IfSG from 20th July 2000, BGBI. |, p. 1045).
These restrictions apply only to orders placed from within Germany. A copy of
the "Erlaubnis zum Arbeiten mit Krankheitserregern" according to §44 [fSG resp.
§19 "Bundesseuchengesetz" (BGBI. | 1979, p. 2262 and BGBI. | 1990, p. 2002)
must be provided. Outside Germany the respective national regulations have to
be observed. Risk group 2 organisms are shipped to OECD und EU member
countries, to EEA - EFTA countries, and to the sovereign European microstates.

*see TRBA (Technische Regeln fur Biologische Arbeitsstoffe): 'Einstufung von
Bakterien in Risikogruppen' (TRBA 466) and 'Einstufung von Pilzen in
Risikogruppen' (TRBA 460); Council Directive 2000/54/EEC on the protection of
workers from risks related to exposure to biological agents at work (OJ L262/21

of 17.10.2000).



Clostridium spp. - Material Safety Data Sheets (MSDS)

Page 1 of 2

ﬂ * E Public Health Agencs de la santé Cﬂl 12 d'éi

Agency of Canada  publique du Canada

Home > Emergency Preparedness > Laboratory Security > Material Safety Data Sheets (MSDS) -
Infectious Substances > Clostridium spp. - Material Safety Data Sheets (MSDS)

Clostridium spp. - Material Safety Data Sheets (MISDS)

MATERIAL SAFETY DATA SHEET - INFECTIOUS SUBSTANCES

SECTION | - INFECTIOUS AGENT

MAME: Clostridium spp. (C. histolyticum, C. butyricum, C. septicum, C le
s, ramosum, C.bifermentans, C. paraperfringes, C. cadaveris, C. clostridiiform
f ]
nnocuum, C. limosum, C. paraputrificum, C. sporogenes, C. subterminale te
Y MONYM OR 205 LE] M
[ARA ERISTICS

SECTION Il - HEALTH HAZARD

PATHOGEMICITY

EPIDEMIOLOGY

HOST RANGE:
[IMFECTIOUS DOSE:

MODE OF TRANSMISSIONM
IMCUBATION PERIOD:

COMMUNMNICABILITY:

SECTION Il - DISSEMINATION

SECTION IV - VIABILITY

[O) DISTH
R 5 5 |

hito://www. phac-aspe.ec.ca/msds-tss/msds39e-ene.php

4/13/2010



Clostridium spp. - Material Saftety Data Shects (MSDS) Page 2 of 2

SECTION V - MEDICAL

SECTION VI - LABORATORY HAZARDS

SRR RS

SECTION VIl - RECOMMENDED PRECAUTIONS

PIAY TR

SECTION VIII - HANDLING INFORMATION

S i

SECTION IX - MISCELLANEOUS INFORMATION

L T L B P
Lo iy

Date Modified: 1997-10-11

hetn A swww hac-aspe.ve.ca/msds-liss/msds39c-eng.php 4/13/2010



-------- Original Message --------
Subject:Re: Fwd: Clostridium spp. - Containment Level Request
Date:Thu, 15 Apr 2010 10:43:12 -0400
From:Permit-Permis <permitpermisi@phac-aspc.ge.ca>
To:Jennifer Stanley <jstanle2(uwo.ca>

Hi Jennifer,
Tre four species of Clostridium listed are all Risk Group 1 in Canada.

The DSM7 classification does not always match the Canadian Risk Group
classification, so you can not rely of the DSMZ classification for
Canadian

importation reguirements.

Regards,

Denis Laframboise

Regulatory Technologist/ technologiste en réglementation

Pathogen Regulation Directorate (formerly Office of Laboratory
Security) /

Direction de la réglementation des agents pathegégnes (anciennement le
Bureau de la sécurlté des laboratcires)

Puplic Health Agency of Canada/ Agsnce de santé publigue du Canada
100 ch. Cclonnade Rd. AL: 6201A Ottawa, Ontario, Canada KIA OK9
Tel: {613) 957-1779

Fax: (613)941-0596



Clostridium spp. - Containment Level Request

Subject: Clostridium spp. - Containment Level Request
From: Jennifer Stanley <jstanle2(@uwo.ca>

Date: Wed, 14 Apr 2010 11:44:49 -0400

To: Genevieve Lacroix <genevieve.lacroix@phac-aspc.gc.ca>

Hellc there

There is a researcher who is proposing work with Clostridium spp.

The stains have been classified by the German "TRBA" (this appears to
be their biosafety guidelines) as Risk Group 1 - see the four websites

below.

http://www.dsmz.de/microorganisms/html/strains/strain.dsm006422.html

http://www.dsmz.de/microorganisms/html/strains/strain.dsm006423.html

http://www.dsmz.de/microorganisms/html/strains/strain.dsm013864.html

http://www.dsmz.de/microorganisms/html/strains/strain.dsm001731.html

I know that Health Canada normally classifies Clostridium spp. as Level
2. Is there any equivalency with the German guidelines here or do we
need to use Level 2 for these strains of bacteria?

Regards,
Jennifer

1 ofl 414/2010 11:45 AM





