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1. PURPOSE

To provide a standard procedure for conducting a Good Laboratory
Practice (G.P) Standards conpliance i nspection at biotechnol ogy | aboratories
conducting studies that have been submtted and accepted by the Agency in
support of applications for research or marketing permts for bioengi neered
pesticide products regulated by EPA [Sections 3, 4, 5, 18, and 24(c) of the
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), as anended] or
pursuant to testing consent agreenents, test rules, and pre-manufacturing
requi renents [issued under Sections 4 and 5 of the Toxic Substances Contr ol
Act (TSCA)].

2. SCOPE

This standard operating procedure wll be wused when inspecting
| aboratories and field sites that have conducted testing of bioengineered
test substances under FIFRA and TSCA. Throughout this docunent, the term
"bi oengi neered test substance" or sinply "test substance" refers to the
bi oengi neered substance under study, which nay have been either a
bi oengi neered organism (i.e., mcroorganism or transgenic plant) or a
subst ance produced by the bioengineered organism In addition, portions of
this SOP apply to auditing studies that have been conducted by bi ot echnol ogy
| aboratories. In these sections, the term"inspector" has been replaced with
"auditor".

3. OUTLI NE OF PROCEDURES

Organi zati on and Per sonnel

Preparation of Bioengi neered Test Substance

1 Characterization of Donor and Recipient M croorgani sns and
Transgenic Pl ants
1 Materials and Methods for Producing the Bioengi neered Test

Subst anceChar acteri zati on, Pr oducti on, and Handling of
Bi oengi neered Test Substance

Characterization of Bioengi neered Test Substance

Production of Bi oengi neered Test Substance

Handl i ng
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St udi es of the Bi oengi neered Test Substance

St udy Pr ot ocol

Test System Care

Efficacy

I nfectivity/Pathogenicity/ Toxicity

Facilities and Equi pnent
1 Facility Design
1 Equi prent
REFERENCES

Auditing Efficacy Studies (SOP No. dP-DA-06). U'S. Environmental
Protection Agency. June 15, 1991.

Auditing Field Studies (Analytical Chemistry) (SOP No. G P-DA-01). U S
Environnental Protection Agency. February 1, 1991.

Audi ting Residue and Environnental Fate Studies (Field Portions) (SOP
No. G P-DA-4) U S. Environnental Protection Agency.

Bergev's Manual of Determ native Bacteriology, Ei ghth Edition (1975).
R E. Buchanan and N.E. G bbons (eds). The WIlliams & WIkins Conpany,
Bal ti nore.

Bi ochem stry, Second Edition (1981). Stryer, Lubert. WH Freeman and
Conpany, New Yor K.

Biology of Mcroorganisns, Third Edition (1979). Brock, Thomas D.
Prentice-Hall, Inc., New Jersey.

Bi osafety in M crobi ol ogi cal and Bi onedi cal Laboratories, Second Edition
(May 1988). Health and Human Services, Public Health Service, Centers
for Di sease Control and National Institutes of Health. HHS Publication
No. (NI H) 88-8395.

Bi ot ech I nspection Qutline (Draft). Food and Drug Adm ni stration, Ofice
of Regulatory Affairs, Ofice of Regional Operations, Division of Field
| nvesti gations (HFC 130). August 1988.

Bi ot echnology at Wrk. dossary of Terns. Industrial Biotechnology
Associ ation. August 1992.

Bi ot echnol ogy at Work. What |Is Biotechnology. Industrial Biotechnol ogy
Associ ation. 1989.




GLP-C 04
Revi sion: 1
Page 3 of 73
Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent

Bi ot echnol ogy Conpensati on and Benefits Survey. 1992. Radford Associ ates
and Al exander & Al exander Consulting G oup.

Bi ot echnol ogy: The Science and the Business (1991). Mses, V. and R E
Cape. Harwood Academ c Publications, New York.

Characterization of the Biotechnology Industry. Submtted by |ICF
I ncorporated to the Environnental Protection Agency, Ofice of Toxic
Subst ances. March 13, 1987.

Conducting a Field Site G P Conpliance Inspection (SOP No. G.P-C-01).
Cctober |, 1990. U.S. Environnental Protection Agency

Current Protocols in Mol ecular Biology, Volunme 1 (1993). Ausubel, F. M,
R Brent, R E. Kingston, D. D. More, J.G Seidman, J.A Smth, and K
Struhl (eds). Current Protocols.

Elenents of Mcrobiology (1981). Pelczar, MJ., Jr. and E C S. Chan
McG aw Hi | | Book Conmpany, New Yor K.

Federal Insecticide, Fungicide and Rodenticide Act (FIFRA): Good
Laboratory Practice Standards: Fi nal Rule 40 CFR Part 160.
Environnental Protection Agency. Federal Register, August 17, 1989, 54
FR 34052 - 34074.

Good Devel opnental Practices for Snall Scale Field Research wth
Cenetically Mdified Pl ants and M cro- O gani sns (A D scussi on Docunent).
Organi zation for Economc Co-Operation and Developnent, Goup of
Nat i onal Experts on Safety in Biotechnol ogy. March 1990.

Good Laboratory Practices |Inspection ©Mnual. u. S Envi r onnent al
Prot ection Agency, Septenber 1993.

GQuidelines for Research Involving Planned Introduction in the
Environment of GCenetically Mdified Oganisns. U S. Departnent of
Agriculture, Ofice of Agricultural Biotechnol ogy. Docunent No. 91-04.
March 1992.

Quidelines for Research Involving Reconbi nant DNA Ml ecul es: Noti ce.
National Institutes of Health, Departnent of Health and Human Servi ces.
Federal Register, May 7, 1986, 51 FR 16958 -16985.

Qoportunities in Biological Science Careers ( 1990). Wnter, Charles A
VGM Career Horizons, Illinois.

Qoportunities in Biotechnology Careers (1991). Brown, Sheldon. VGV
Career Horizons, Illinois. Pesticide Assessnent Cuidelines Subdivision
G Product Performance. Environnmental Protection Agency, Ofice of
Pesticide Prograns. Novenber 1982.




GLP-C 04
Revi sion: 1
Page 4 of 73
Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent

Pesticide Testing Guidelines Subdivision M Mcrobial and Bi ochem cal
Pest Control Agents. Environnental Protection Agency, Ofice of
Pestici des And Toxi c Substances (H 7501C). July 1989.

Physical Biochemstry. Applications to Biochemstry and Mol ecular
Bi ol ogy, Second Edition (1982). Freifelder, DM WH Freeman and
Conpany, New Yor K.

Pl ant Bi ot echnol ogy (1989). Kung, Shai n-dow and Charles A Arntzen(eds).
Butterworth Publications, Massachusetts.

Pl ant Bi ot echnol ogy: Conprehensi ve Bi otechnol ogy Second Suppl enent
(1992). Fowler, MW, GS. Wirren, and M Mo-Young (eds). Perganon
Press Inc., New York.

Plant Cell and Tissue Culture (1991). Stafford, A and G Warren. Open
University Press, UK

Plant Tissue Culture: Applications and Limtations (1990). Bhojwani,
S.S. (ed). Elsevier, New York.

Points to Consider in the Preparation and Subm ssion of TSCA
Premanufacture Notices (PMNs) for Mcroorganisns. U S. Environnental
Prot ection Agency, Ofice of Toxic Substance, Chem cal Control Division,
Program Devel opnent Branch. July 23, 1990.

Points to Consider in the Production and Testing of New Drugs and
Bi ol ogi cals Produced by Reconbinant DNA Technology (Draft). Food and
Drug Adm ni stration, Center for Drugs and Bi ol ogics, Ofice of Biologics
Research and Review. April 10, 1985.

Principles of Genetics, Eighth Edition (1991). Gardner, E. J., MJ.
Si mmons, and D. P. Snustad. John Wley & Sons, New York.

Short Protocols in Mlecular Biology, Second Edition (1992). Ausubel,
F.M, R Brent, RE Kingston, D.D. More, J.G Seidman, J.A Smth, and
K. Struhl (eds). John Wley & Sons, New York.

Supplenent to the Points to Consider in the Production and Testing of
New Drugs and Biologicals Produced by Reconbinant DNA Technol ogy:
Nucleic Acid Characterization and Cenetic Stability. Food and Drug
Adm ni stration, Center for Biologics Evaluation and Research. April 6,
1992

Toxi ¢ Substances Control Act (TSCA): Good Laboratory Practice Standards;
Final Rule [40 CFR Part 7923. Environnmental Protection Agency. Federal
Regi ster, August 17, 1989, 54 FR 34034 - 34050.




GLP-C 04
Revi sion: 1
Page 5 of 73
Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent

5.0 SPECI FI C PROCEDURES

5.1 ORGANI ZATI ON AND PERSONNEL

Since the biotechnology field is very specialized, it s
particularly inmportant that qualified individuals hold the key positions
on the teamperform ng t he bi ot echnol ogy study. Individuals contributing
to a biotechnology study, particularly those in positions of
responsi bility such as the study director, need to have the appropriate
education, training, and experience. The inspector will be concerned
with many of the sanme general personnel issues w th biotechnol ogy
studies as with other types of studies submtted under FIFRA and TSCA
For instance, regardless of the type of study, the inspector should
eval uate whether a facility performng a study has a staff of sufficient
size and whether their qualifications are appropriate and docunent ed.

For guidance on personnel and organi zational issues to address
during the inspection, the inspector should refer to the SOP for
"Conducting a Field site GP Conpliance |Inspection" (SOP No. G.P-CO01,
Section 5.1.2) and the Good Laboratory Practices I nspection Manual, U. S
Envi ronmental Protection Agency, Septenber 1993.

5.2 PREPARATI ON OF Bl CENG NEERED TEST SUBSTANCE

For studies subm tted under FI FRA and TSCA, the bi oengi neered test
substance may be a bi oengi neered m croorganismor a transgenic plant.
Met hods for characterization of t he donor and reci pi ent
m croorgani sm pl ant and preparation of the bioengi neered test substance,
and t he subsequent issues of concern to the inspector, will be dependent
on whether the resulting test substance is a m croorganismor a plant.
Specific el ements the inspector shoul d consider regarding the materials
and net hods used by the |l aboratory in the preparation of test substances
are addressed bel ow.

5.2.1 CHARACTERI ZATI ON OF DONOR AND RECI PI ENT M CROORGANI SMS
AND TRANSGENI C PLANTS

M cr oor gani sns

The donor and recipient. mcroorgani sns nmust have a taxonom c
identification and a description of the genotypic and phenotypic
characteristics. To evaluate the | aboratory's characterization of
t he donor and recipient m croorgani sns, the inspector shoul d check
the storage conditions, records, and SOPs for handling the donor
and reci pient organi sns. Questions for the characterization of the
donor and recipient mcroorgani sns include the foll ow ng:

1 How does the |aboratory assure that it has a pure
culture? Wiat IS the frequency of this test?
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! How are the organisnms stored? Are storage conditions
adequate to ensure the stability of the organi sn?

Does the |aboratory have a docunented history of the
bacterial strain?

Does the | aboratory have an SOP for doing the taxonomc
identification?

Does the SOP address identification of genotypic and
phenot ypi ¢ characteristics?

NOTE: CGenotypi ¢ characteristics include a determ nation of the
genetic material such as genetic maps of chronosones and pl asm ds;
genetic transfer capabilities such as transformation, transducti on,
or transfection; presence of transposable elenents, insertion
sequences, plasm ds, phages, and phage cross-infectivity.

Phenot ypi ¢ characteristics include culture requirenments
and characteristics; nature and degree of pathogenicity, virul ence,
infectivity, or toxicity to humans, other animals, plants, or
m croorgani sns; life cycle including sexual/asexual reproduction
cycle and dormant stages; appearance; antibiotic resistance;
resi dent anti biotic production; survival/persistence; known control
agent ~; and bi ol ogi cal control characteristics.

! For donor and recipient organi sns from external sources
(i.e., purchased or obtained from another |aboratory),
has the | aboratory received a letter of identification
(i.e., certificate) fromthe supplier?

- Does the facility test the purchased organi sm upon
arrival to certify its identity and purity?

- VWhat are the shipping conditions for the organi sns?

- Does the facility have records of receipt?

Pl ant Char acteri zati on

The selection of plant(s) to be used will depend on severa
factors includi ng whether the plant can be reproductively isol ated
and whether or not it is likely to persist in an environnent that
is not cultivated (i.e., outside the test plot). The inspector
will need to check the storage conditions, docunentation and SOPs
for characterizing and preparing the plants and/or plant cells.

How and where are the plants and plant cells stored?

| s there docunent ati on of the biol ogy of the reproductive
potential of the plant (e.g., flowers, pollination
requi renents, and seed characteristics) being usedinthe
study?
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Does the | aboratory have a docunented history of
controllable reproduction with |ack of dissem nation?
Can the plant be established in an environnent that is
simlar to the field test site?

5.2.2 MATERI ALS- AND METHODS FOR PRODUCI NG THE Bl OENG NEERED
TEST SUBSTANCE

The inspector should check the storage conditions (including
| ocation) and records for materials wused in producing the
bi oengi neered test substance. The inspector should also check
docunent ati on regardi ng net hods used i n produci ng t he bi oengi neered
test substance.

Mat eri al s

1 If DNAis obtained fromexternal sources (i.e., purchased
or obtained from another |aboratory), what are the
shi ppi ng condi ti ons? Was t he DNA t est ed upon arrival ? How
is the DNA stored?

If a restriction endonucl ease (or any other enzyne) is
obt ai ned from external sources, how does the | aboratory
assure that the enzyne is neither contam nated nor
i nactive? How frequently is it tested? Howis the enzyne
stored?

For other chem cals or substances used as reagents,
buffers, or growth nedia, how does the | aboratory assure
the quality of the material s?

Does the | aboratory use distilled, deionized water to
prepare all reagents and buffer sol utions?

Is the laboratory wusing standard nethods for the
preparation of reagents, buffer solutions, and nedi a?

Met hods
1 Does the | aboratory have SOPs:

- For isolating and identifying DNA being inserted
into the recipient organismor plant cell?

- For constructing the vector with the inserted DNA?
- For verifying the DNA insertion in the vector?
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5.3

- For the nethod being wused to introduce the
DNA/ vector into the recipient organisnf

(1) Transformation, transduction, conjugation
for m croorgani sns

(2) Agrobacteriumbased pl ant transformation,
particle acceleration, electroporation,
m croi njection for plants

- For measuring the success of the insertion of the
genetic material ?

- For determning the stability of the inserted DNA
in the recipient mcroorgani smor plant?

How does the |aboratory validate the nethods that it
uses?

Who constructed the vector and perfornmed the procedures
in preparing the bioengineered mcroorganism or
transgeni c plant?

| f protoplasts (for transgenic plants) are being used,
are standard tissue culture procedures used?

CHARACTERI ZATI ON, PRODUCTI ON, AND HANDLI NG OF Bl OENG NEERED TEST
SUBSTANCE.

5.3.1 CHARACTERI ZATI ON OF Bl OENG NEERED TEST SUBSTANCE

The GLP reqgulations require that the test substance be
analyzed for identity, strength, purity, and conposition, as
appropriate for the type of study. This section addresses anal ysi s
of the bioengineered test substance for several characteristics
including identity, purity, and stability. The auditor will
review the identity, purity, and stability information and data
that have been included in the study. Section 5.5 will address
infectivity, pathogenicity, toxicity and efficacy testing.

ldentity

Met hods for determining the identity of the bioengi neered test
subst ance nay be genotypi ¢ and phenotypi c or physicochem cal. The
genotypi ¢ and phenotypi c characterization includes the foll ow ng
i tens:
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Genotypi c. Characterizati on/ expression of the introduced
genetic material in the organism such as DNA fragnent
si ze, presence of coding/non-coding sequences, genetic
maps of chronosonmes or plasmds, type and nunber of
repeat sequences, insertion sequences or transposable
el emrents, and the presence of |ysogenic bacteriophage;

Phenot ypi c. Characteristics include culture requirenments
and characteristics; nature and degree of pathogenicity,
virulence, infectivity, or toxicity to humans, other
ani mal s, pl ant s, or m cr oor gani sns; appear ance;
anti biotic resistance; and survival/persistence.

The type of questions the auditor mght ask with respect to
t he genotypi c and phenotypi c characterization are as foll ows:

Does the laboratory have SOPs for identification of
genot ypi ¢ and phenotypic characteristics?

Were appropriate nethods and instrunents used in the
genotypic and phenotypic <characterization of the
bi oengi neered test substance?

Was DNA sequenci ng conducted? If so, what nethod was
used? Did the |aboratory use a commercial kit or
aut omat ed sequencer ?

If gel electrophoresis was done, was the type of
el ectrophoresis appropriate for the size of DNA
fragnments? For agarose gels, was the percentage of
agarose appropriate for the size of the DNA fragnents to
be separated? Were solutions, reagents, buffers, etc.
adequately | abeled (including the expiration date)? Ws
t he person responsi bl e for running the gel s knowl edgeabl e
about the electrical paraneters?

Has the | aboratory identified any unusual norphol ogi cal,
bi ochem cal, or resistance characteristics that are
different fromthe classic description of the organisnf?
| f so, have these been docunented?

Were all data available for review by the auditor?

| f the desired product is a protein produced by the organi sm
the identity may have been determ ned through physicochem cal

tests.

The type of questions the auditor m ght ask with respect to

t hese anal yses are as foll ows:

Does t he | aboratory have SOPs for identifying/determ ning
purity of the protein?
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1 Are the SOPs of adequate scope and detail (if reviewed by
the auditor)?

If gel electrophoresis was done, was the type of
el ectrophoresis appropriate for the protein size? Wre
solutions, reagents, buffers, etc. adequately |abeled
(it ncluding the expiration date)?

Were appropriate nmethods and i nstrunentation used in the
identity testing?

| f ion exchange chromat ography was done, how was the ion
exchange gel chosen? Was the pH range where the protein
is stable used? Was it appropriate for the size of the
protein being separated? Was the gel equilibrated? Wre
any sol utions, reagents, buffers, etc. adequately | abel ed
with an expiration date?

Were all data available for review by the auditor?

Did the anal ytical data fromthe identity tests show any
contam nation of the test substance?

NOTE: Protein identity can be determned by amno acid
conposition analysis, partial sequence anal ysis, peptide mapping,
pol yacryl am de gel el ectrophoresis (PAGE) and i soel ectric focusing,
or high performance I|iquid chromatography. These nethods are
described in the support docunent.

Purity

In many cases, the purity of the test substance wll be
determ ned concurrently with the identity testing. For exanple, if
the | aboratory is perform ng DNA sequenci ng and the resulting data
show addi ti onal DNA fragnments that should not be present, then the
bi oengi neered m croorganism may not be pure. Likewse, if the
| aboratory is performng antibiotic resistance testing and the
m croorgani sm shows sensitivity where there should be resistance,
then the test substance may be contamnated. In addition to
reviewing i nformation fromthe identity tests, the .~auditor should
al so consi der these questions:

! Does the | aboratory assure that it has a pure culture?

! Was purity testing done on each batch of the test
substance used in a study?

Were precautions taken to prevent and control viral
bacterial, nycoplasnmal, or other contam nation?
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Stability

Using records and data generated by the |aboratory, the
audi tor should confirm that the test substance was anal yzed for
stability. The test tor stability is specific or unique to the type
of bi oengi neered test substance and should be specified in an SOP
and/or in the study protocol. The auditor should interview study
personnel (as necessary) and review docunentation to ensure that
the tests were conducted as specified in the SOPs and/or study
protocol. The auditor should ask the foll ow ng questions:

1 Did the |aboratory test the stability of the test
subst ance?

Did the | aboratory test to determne the reversion rate
or rate of plasmd loss fromthe host cell? How was the
rate determ ned? Did the | aboratory resol ve any probl ens
related to this?

Was testing done at a point in the study such that any
stability problens were identified early enough to avoid
an adverse effect on the study?

Were all data available for review by the auditor?
5.3.2 PRODUCTI ON OF BI CENG NEERED TEST SUBSTANCE

Si nce bi ot echnol ogy studi es commonl y i nvol ve | arge popul ati ons
of bi oengi neered organisns, rather than individual organisnms, a
facility will have procedures for propagation of the organism

M cr oor gani sns

Once the bioengi neered m croorgani sm has been prepared,
it wll need to be propagated/grown into a cell popul ation
When the cell popul ation has reached a sufficient size, the
m croorgani sns are harvested (i.e., extracted fromthe growh
medium . If the desired product is a substance produced by the
m croorganisns (e.g., a protein), rather than the cells
t henmsel ves, the desired product will need to be recovered from
the m croorgani sns. The bi oengi neered test substance (either
t he m croorgani sns or the substance they produce) will then be
used for testing. The facility should have SOPs in place for
bot h propagati on and harvesti ng and shoul d docunent conpl i ance
with the SOPs.

El enents that should be considered during the inspector's
eval uation are the foll ow ng:



GLP-C 04
Revision: 1
Page 12 of 73

Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent

5.3.3

Does the | aboratory have SOPs for propagation/ growh of
t he bi oengi neered m croorgani sn?

Do they contain information such as the growth nedi um
physi cal conditions, nutrients, and expected generation
tinme?

Do the SOPs set out the specific equipnment to be used
(e.g., type of bioreactor) and the appropriate operating
paraneters (e.g., pH tenperature, effective m xing,
vi scosity, oxygen and CO, concentrations)?

Are the equi pnent and conditions specified in the SOP
appropriate for the |level of containnment needed for the
study? For information on containnent |evels, the
i nspector should refer to the guidelines in Biosafety in
M cr obi ol ogi cal and Bi onedi cal Laboratories (May 1988)

Does the |aboratory have SOPs for harvesting the
bi oengi neered m cr oor gani sns?

Do the SOPs contain guidelines for separation and
purification?

Has the separation procedure been vali dated?
Has the purification system been validated?

How are paraneters for the separation and purification
systens nonitored?

Do the systens yield a uniform product? Are tests
conducted to determne uniformty?

Does the |aboratory have SOPs for waste recovery and
decont am nati on of any wastes remai ning after separation
and purification?

| f the bioengineered mcroorganismis produced in nore
t han one batch (i.e., consecutive batches, or concurrent
batches in nore than one bioreactor), what are the
criteria for pooling these batches for subsequent
portions of the study (i.e., application and testing)?.

HANDLI NG

The i nspector should ensure that the facility has procedures

in place for handling the bioengi neered test substance. (Note: The
bi oengi neered test substance refers to the bi oengi neered organi sm

t he

product generated by the bioengineered organism or a
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transgenic plant.) These procedures should address proper
identification, storage, and distribution of each batch/aliquot of
the test substance. To -evaluate the |aboratory's handling
procedures, the inspector may interview |aboratory personnel,
exam ne SOPs, observe |aboratory practices, and review substance
control | ogbooks. The followi ng are i ssues to guide the inspector
in evaluating the facility's conpliance for handling of the
bi oengi neered m croorgani smor transgenic plant:

! Does the laboratory have SOPs for handling the
bi oengi neered test substance?

Are these SOPs adhered to and any deviations properly
aut hori zed and docunent ed?

How is the test substance stored?

Do storage conditions appear to be adequate for
preserving the test substance?

Are storage procedures designed to |imt the potentia
for contam nation or degradation of the substance?

How are sanpl es/ bat ches di stri buted?

How is the test substance transported to the test site?

Are appropriate containers used so as to preserve the
characteristics (especially purity) of the test
subst ance?

Does the | aboratory docunent the recei pt and distribution
of the test substance?

Does the docunentation contain conplete information,
i ncl udi ng who received each sanpl e/ batch, when, and in
what quantity?

Are all sanples/batches of the test substance properly
identified throughout storage and distribution?

Are handling conditions specific to the test substance
clearly identified, such as tenperature conditions or
| ength of st orage tinme bef ore reversion of
transformati on?

Does the |aboratory retain reserve populations of
m croorgani sns or plants?
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5.4 STUDIES OF THE Bl CENG NEERED TEST SUBSTANCE

The TSCA and FI FRA GLP Regul ations include specific requirenents
for the protocol for and conduct of a study submtted under TSCA and
FI FRA. The G.P Regulations require that each study have an approved
study protocol in place and that all changes to the protocol be
expl ai ned, docunented, and signed and dated. The regulations also
require that the study be conducted in accordance with the approved
protocol and that data generated during the study be recorded and
mai nt ai ned properly. This section addresses the itens the auditor should
evaluate with regard to the study protocol, conduct of the study, field
sites for testing, test systemcare, and the efficacy and infectivity,
pat hogeni city, toxicity of the bioengineered test substance. For general
guestions regardi ng the study and test system the auditor should refer
to SOP GLP-DA-06 "Auditing Efficacy Studies.”

5.4.1 STUDY PROTOCOL

The studies of bioengineered test substances my also be
subject to FDA or USDA guidelines. In these cases, the auditor
shoul d determne if the study has been conducted i n accordance with
t he appl i cabl e FDA or USDA gui del i nes (see Section 4.0, References,
for conplete titles).

Field Tests

! Does the protocol describe the experinental design,
including nethods for the control of bias? Are the
objective for the field test clearly set out?

Does the field test protocol describe test plot
preparation, the spacing of plants, and the grow ng
cycl e?

Does t he protocol specify the nmethod of application/route
of adm nistration of the test substance and the reason
for its selection? Are the application/dosage | evel and
the frequency of application specified? Are there
provisions for controlling the unintended release or
spreadi ng of the test substance during application?

Does the protocol specify sanpling |ocations?

Does the protocol describe the procedures for packaging
and transporting sanples from the field site to the
| aboratory for processi ng? Were t hese procedur es adequat e
for ensuring that sanples renained segregated and
uni quel y identified (e.qg., | abel i ng of sanpl e
containers)? Are procedures specified for sanple
preservation?
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Does the protocol describe how unused test substance,
field test sanples and materials are to be disposed of
after anal ysis and/or use?

Field Sites

Were the conditions of the field test site docunented,
including a description of the site (e.g., size,
proximty to other test sites), its location, soil
characteristics (e.g., texture, pH cation exchange
capacity), and site history (i.e., past uses)? D d the
site conditions neet the requirenents of the protocol ?
Was the historical agricultural practice for the test
site docunment ed?

Were the test sites maintained in accordance with the
specifications of the protocol (e.g., application of
fertilizers/pesticides other than the test substance

tilling, weeding)?

Before use in the study, was the test systemacclimatized
to the environnental conditions specified for the tests
(e.g.~ gradual reduction in humdity from culture
condi tions to testing condi tions)? D d t he
acclimtization period appear to be adequate?

Was the field equipnent (e.g., balances, application
equi pnrent, and field anal ytical equipnment) inspected and
cal i brat ed before use? Wre the precision and accuracy of
the test equi prent verified? Was the equipnent
decont am nat ed bet ween sanpling events?

Do the study records contain a description of the
nmet eor ol ogi cal condi tions (e.qg., air and soi
tenperatures, relative humdity, wnd direction and
velocity, rainfall) that existed during the study?

Wer e cont ai nment neasures taken to prevent contam nati on?
Was the reproductive isolation of plants ensured? For
m croorganisns, was the gene transfer capability
noni t or ed?

Were sanple locations recorded with the analytical
results or on a site map?
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5.4.2 TEST SYSTEM CARE

The G.P Regul ations define the test system as “any ani nal
pl ant, m croorganism chem cal or physical matrix, including but
not limted to, soil or water, or conponents thereof, to which the
test, control, or reference substance is adm ni stered or added for
study."” In accordance with the Regul ations, the test systemshould
be cared for to ensure that the integrity of the study is not
conprom sed by unhealthy or diseased test subjects, contam nation
from ot her species or test systens or fromthe feed, soil, water,
or beddi ng. The auditor shoul d revi ew study notes and observati ons,
i ntervi ew study personnel, and visit test sites to eval uate whet her
the study inplenented proper procedures for test systemcare. For
animal and plant test systens, the questions the auditor would
eval uate are found in other relevant SOPs. Specific elenments the
audi tor woul d evaluate related to m croorganismtest systens are as
fol |l ows:

! If the test system was a cell culture (i.e.
m croorgani sns) and was purchased, from an outside
source, were the mcroorganisns characterized? WAs a
letter of identification (regardingthe characterization)
received from the supplier? Wre records of the
characterization in the study files?

How were the mcroorgani sns stored? Wre the storage
conditions appropriate to ensure stability of the
m cr oor gani sns?

Was the cell culture tested for contam nation before
bei ng used in the study?

5.4.3 EFFI CACY

Ef fi cacy, or product performance, is a neasure of all aspects
of a product's effectiveness and useful ness. Efficacy of the test
substance is affected by the activity of the test substance itself,
as well as by application nethods, the type of target pest
organi sns, dosage rate and frequency, duration of wuse, other
environnental conditions, and the use of other pest control

substances or nmethods. Initial efficacy testing is generally
conducted in the laboratory, in greenhouses, or on small field
plots. If the results of the small-scale testing indicate
sufficient product effectiveness, large-scale testing in the

| aboratory, field, and through sinul ated-use tests is subsequently
done. The auditor should consider the followng elenents in
eval uating the efficacy testing:
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Were efficacy tests done to confirm support for any
proposed product |abeling clains?

Was the testing done at various dosage levels? D d
testing include the dosage | evel s corresponding with the
proposed use?

Did the testing programdeterm ne the effective exposure
range and the mninum effective dosage for the uses
i nvol ved?

Did the testing programeval uate the effectiveness of the
t est - substance under different application nethods?

Did the testing program consider the effects of using
different application schedules and the tine of
application relative to the tine of planting, stage of
growh, and tine O harvest?

| f the test substance was fornmulated into a m xture and
is intended to be used as such, was the efficacy of any
other active ingredients also determned (from either
exi sting data or through the testing progran)?

Were the nunber and type of sanpl es taken described? D d
sanples allow for analysis of all the characteristics of
the test population that are to be eval uated?

Did testing procedures include the evaluation of control
or reference substances? Wre the results of the product
tests conpared against the results from simlar
nmeasur enents done on the control or reference substances
so that product performance coul d be eval uated agai nst a
basel i ne? Were cont ai nnment practices used to keep control
or reference substances free fromcontam nation with the
test substance or other substances?

If testing indicated poor or inconsistent product
ef fi cacy, were subsequent tests and statistical analysis
done to further evaluate the sane responses?

Were tests done under nultiple nmeteorol ogi cal conditions
(e.qg., dry, rainfall, humdity, tenperature, sunlight) to
det erm ne product effectiveness under clinmatic conditions
expected to occur during product use?
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Were tests done under various soil conditions (e.g.,
nmoi sture, pH, texture, fertility) and soil treatnents
(e.qg., fertilizers, irrigation) so that effects of these
vari abl es on product efficacy could be determ ned?

5.4. 4 | NFECTI VI TY/ PATHOGENI CI TY/ TOXI CI TY

Through exam nation of records and data generated by the
| aboratory, the auditor should confirmthat the bi oengi neered test
substance was tested for infectivity/pathogenicity/toxicity. A
not ebooks, worksheets, scratch sheets, notes, conputer printouts,
cal cul ations, graphs and tables pertaining to the test should be
considered raw data and subject to examnation. |If possible, the
audi tor should also interviewthe scientists, and, if appropriate,
the technicians who perfornmed the tests . The follow ng series of
gquestions are based on the Pesticide Testing Guidelines Subdivision
M Mcrobial and Biochem cal Pest Control Agents (July 1989) and
are only guidelines for | aboratories. However, the questions should
hel p the auditor focus on specific points or aspects of the tests
under review.

Was the test substance tested for infectivity,
pat hogenicity, and toxicity?

Did the | aboratory identify the test nethods by nane or
by reference?

How did the | aboratory sel ect the ani mal that was tested?
Was the animal determ ned to be di sease free?

Was the technique used to quantify the dose descri bed?

Was the technique used for application, treatnment or
dosi ng descri bed?

Were the appropriate dose or strength, vehicle, and
vol ume used?

Was a control group used?

What was the observation period for the test? How was it
det er m ned?

How often did the | aboratory exam ne the ani mal s? Was t he
exam nation conprehensive (e.g., skin and fur, eyes and
mucous nmenbranes, respiratory system circul atory system
di arr hea, | et har gy, sal i vation, etc.)? Wre the
observati ons adequately docunent ed?
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5.

5

! Was the technique used to determ ne the cl earance of the
test substance descri bed?

Was t he techni que used to enunerate the test substance in
body parts (i.e., tissues, organs, and body fluids)
descri bed? What body parts were used for the anal yses?
Were recovery val ues, detection limts, and sensitivity
limts determ ned for each techni que used?

1 Was a gross necropsy of all animls done?

Cell culture tests

I How was the cell culture selected? Was the cell |ine
adequately identified?

Was t he nost perm ssive host system used?

Were the appropriate controls used?

Was a cell transformation assay done?

Were the procedures wused for toxicity evaluation
descri bed?

FACI LI TI ES AND EQUI PMENT

5.5.1 FACI LI TY DESI GN

In accordance with the FIFRA and TSCA GLP Regul ations, the
facilities used for biotechnol ogy studies nust be sufficient to
enabl e t he proper conduct of the study. The facilities nmust provide
appropriate space, envi r onnent al condi tions, cont ai nnent ,
decont am nati on areas, and support systens (e.g., air, water) for
t he study bei ng conducted. Facility design should take i nto account
the Biosafety controls required for the organisnms used in the
study, the need for maintaining a controlled environnent for the
devel opment of the bi oengi neered organi smand shoul d have testing
facilities that adequately provide for a controlled environnment and
separation of test systens. The facility also needs to have
adequate areas for receipt and storage of the host Organism any
stocks of plants and soils used in the study, and t he bi oengi neered
test substance, as well as facilities for waste disposal.
Additionally, the facility needs to include sufficient space for
archives that allow for the storage and retrieval of raw data and
cell cultures by approved personnel.

The i nspector needs to eval uate both the | aboratory facilities
and any separate facilities, such as greenhouses and field sites,
that are used for testing the bioengi neered test substance. This
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eval uation requires a wal k through inspection of all areas of the
facility and the field plots so the inspector can make a direct
assessnment of the adequacy of the facilities. Specific elenents
t hat shoul d be considered during the i nspector's eval uation are the
fol | ow ng:

1 Are the | aboratory and testing facilities appropriate for
work with infectious agents or potentially infectious
mat eri al s?

Are any outdoor testing facilities, such as field sites,
of sufficient design (layout, size, and l|ocation) to
support the testing conditions of the study?

Are these facilities sufficiently segregated from ot her
testing areas to prevent any cross-contam nation?

Are indoor testing facilities designed to provide
adequat e separation of test systens?

Do the facilities, particularly those used for testing,
al l ow for adequate control of environnmental conditions,
such as tenperature, humdity, ventilation, and lighting?
For instance, does the facility have proper ventilation
so that air flows from areas of |ow contam nation to
areas of higher contamnation and is conplete air
cont ai nment and decontam nati on provi ded?

Are environnental conditions nonitored using appropriate
instrunents? Are these conditions as specified in the
protocol for the ongoing study?

Is an ongoing record kept of the environnmenta
condi tions, noting any devi ations fromthose i ntended for
t he study?

Are there appropriate and sufficient facilities for the
recei pt and storage of both the host organism and test
substance, as well as for the other materials (e.g.

soil, feed) used in the study? Are these areas separated
fromone another and fromother areas of the facility?

Do the storage facilities provide environnental
conditions (e.g., tenperature, noisture) to nmaintain the
purity, strength, and stability of the bioengi neered test
subst ance?
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Does the facility provide the necessary contai nnment for
the appropriate biosafety level to protect persons and
the environnment both in and around the study facility?

Are roons and testing facilities designed to provide a
barrier to the unintended rel ease, particularly through
the atnosphere, of any mcroorganisns if a spill or
application accident were to occur?

Are decontam nation facilities separated fromthe other
areas of the facility?

Does the | aboratory have procedures for collecting and
di sposi ng of contam nated plants, soils, and other

Does the | aboratory have decontam nation procedures for
containing or killing bioengineered organi sns and host
or gani snse?

VWhat types of support systens are avail abl e? For exanpl e,
what is the source of water? Are water supplies
sufficient? How are water conditions regul ated?

5.5.2 EQUI PMVENT

The types of equipnent commonly used in a biotechnol ogy
| aboratory will vary based not only on the types of biotechnol ogy
processes and organi snms used, but al so on whether the equipnent is
used during the devel opnent and processing of the m croorgani smor
pl ant, during application of the test substance to the test system
or during testing. Types of equipnent commonly used include
bi oreactors, air conpressors, sterilization equipnment, product
recovery systens (e.g., centrifuges, <cell disrupters), waste
recovery and decontam nation equipnent, sanpling and analysis
i nstrunments, safety equi pnent (e.g., biosafety cabinets, protective
cl ot hing), equipnment for transporting biological materials (e.g.,
seal ed containers), and environnmental control equipnent.

Since nmany of the questions will be simlar to those asked in
other | aboratories submtting studies under TSCA or FIFRA, the
i nspector should refer to "Conducting a Field Site GLP Conpli ance
| nspection” (SOP No. GP-C 01, Section 5.1.2).
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GLOSSARY

Bact eri ophage: a virus that lives in and kills bacteria: also called "phage"

Bi ochem cal : the product of a chem cal reaction in a living organi sm

Chenoheterotroph: an organism that derives energy and carbon from the
oxi dati on of preforned organi c conpounds

Chenol i t hotroph: an organi smthat uses carbon dioxide as its principal source
of carbon for growth and obtains its energy by the oxidation of inorganic
conpounds

Chenoor ganotroph: an organism that obtains its energy by the oxidation of
organi ¢ conpounds, which are also its principal sources of carbon

Di cotyl edon: any plant of the class Magnoliopsida, all having two cotyl edons

Di oecious: having the male and fenmale reproductive organs on different
i ndi vi dual s

Explant: to transfer living tissue for culture in an artificial nmedium
Fl agellate: having flagella (relatively long, whiplike parts of certain

bacteria or protozoans that provide | oconotion and produce a current in the
surroundi ng fl uid)

Fernentati ons: an anaerobic process of grow ng mcroorganisns to produce
vari ous chem cal or pharnaceutical conpounds

Genot ype: genetic make-up of an organi sm

Gram Negative/ Gam Positive Cell: cells distinguished fromeach other by the
conposition of cell wall. Gram negative cell has a multilayered, conplex
cell wall; grampositive ¢ell has a cell wall consisting of a single |ayer

that is often much thicker than the wall of a gramnegative cell.

| munol ogy: study of all phenonena related to the body's response to
antigenic challenge (i.e., immunity, sensitivity, and allergy)

Lysis: rupture of a cell that results in loss of the cell's contents
Medi um a substance containing nutrients needed for cell growh

Mor phol ogy: a branch of biology that deals with the structure and of an
organi smat any stage of its life history

Mtility: capable of or exhibiting spontaneous notion
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Oxidation: a chemcal reaction that increases the oxygen content of a
conpound

Peritrichous: of bacteria, having a uniformdistribution of flagella on the
body surface

Phage: see "bacteri ophage”

Phenot ype: observabl e characteristics resulting frominteraction between an
organi sni s genetic nake-up and the environnent

Phot ot ropi sm novenent of a part of a plant toward or away from i ght

Physi ol ogy: the study of the basic activities that occur in cells and tissues
of living organi sms by using physical and chem cal nethods

Plasm d: a small circular form of DNA that carries certain genes and is
capabl e of replicating independently in a host cel

Spor angi um a case or envel ope in which spores are forned

Spore: a single-celled or nulti-celled, asexual reproductive or resting body
that is resistant to unfavorable environnental conditions and produces a new
veget ative organi smwhen the environnent is favorable

Striated: marked with mnute |ines, bands, grooves, or channels
Transposable Elenents: nobile DNA sequences that change positions on

chronmosones; also called "transposable genetic elenments” or sinply
“transposons”

Vector: the agent: (e.g., plasmd or virus) used to carry new DNA into a cel
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Appendi x A
St andard Operating Procedure for Conducting

GLP Conpliance I nspections of Biotechnology Facilities
| nspecti on Checkl i st

PART | -1 NSPECTOR CHECKLI ST (2)

PART 11- AUDI TOR CHECKLI ST ( 8)

(Suggested for use with the G.P FI FRA/ TSCA conpl i ance checkl i st)
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Facility: Insp. Init.: Dat e
PART | - I NSPECTOR CHECKLI ST

General Instructions/Information

1. For any “No” answers, provide an explanation in Remarks col um.

2. Remarks can be continued in the “Comrents” section on the back of each page.
“...nane/signature”.

3. Places a line through and mssing item For exanple,
4. Section nunbers refer to the corresponding sections in the SOP.

Section 5.2 Preparation of Bioengi neered Test Substance

Yes

No

N A

Renmar ks

Section 5.2.1 Characterization of Donor and Reci pi ent

M cr oorgani sns and Transgenic Plants - M croorgani sm
How does the | aboratory assure tat it has a pure
culture? Wiat is the frequency of this test?

How are the organi snms stored? Are storage
conditions adequate to ensure the stability of
t he organi sn?

Does the | aboratory have a docunented history of
the bacterial strain?

Does the | aboratory have an SOP for doing the
taxonomi c identification?

Does the SOP address identification of genotypic
and phenotypic characteristics?

For donor and recipient organi sns from externa
sources (i.e., purchased or obtained from anot her
| aboratory), has the | aboratory received a letter
of identifications (i.e., certificate) fromthe
supplier?

- Does the facility test the purchased
organi smupon arrival to certify its
identity and purity?

- VWhat are the shipping conditions for the
or gani sns?

- Does the facility have records of receipt?

Bi ot echnol ogy Facility
| nspect or
Ori gi nal

Checkl i st
March 3/ 94
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Facility: Insp.Init.: Date
Section 5.2.1 Characterization of Donor and Reci pi ent Yes No N A Remar ks

M croorgani sns and Transgenic Plants - Pl ant
Characterization
How and where are the plants and plant cells
stored?

Is there docunentation of the biology of the
reproductive potential of the plant (e.g.
flowers, pollination requirenments and seed
characteristics) being used in the study?

Does the | aboratory have a docunented history of
control | abl e reproduction with | ack of

di ssem nati on? Can the plant be established in
an environnent that is simlar to the field test
site?

Section 5.2.2 Materials and Methods for Producing the
Bi oengi neered Test Substance - Materials
If DNA is obtained fromexternal sources (i.e.
purchased or obtained from anot her |aboratory),
what are the shipping conditions? Was the DNA
tested upon arrival? How is the DNA stored?

If a restriction endonucl ease (or any ot her
enzyne) is obtained from external sources, how
does the | aboratory assure that the enzyne is
nei ther contam nated nor inactive? How
frequently is it tested? How is the enzynme
stored?

For other chem cals or substances used as
reagents, buffers, or growh media, how does the
| aboratory assure the quality of the material s?

Does the | aboratory use distilled, deionized
water to prepare all reagents and buffer
sol uti ons?

Is the laboratory using standard nethods for the
preparati on of reagents, buffer solutions, and
nmedi a?

Section 5.2.2 Materials and Methods for Producing the
Bi oengi neered Test Substance - Met hods
Does the | aboratory have SOPs:
- For isolating and identifying DNA being
inserted into the recipient organi smor
pl ant cell?
- For constructing the vector with the
i nserted DNA?
- For verifying the DNA insertion in the
vector?

Facility: Insp.Init.: Dat e

Bi ot echnol ogy Facility
| nspect or Checkl i st
Oiginal: March 3/94
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Section 5.2.2 Materials and Methods for Producing the
Bi oengi neered Test Substance - Methods (conti nued)

- For the method being used to introduce the
DNA/ vector into the recipient organisnf?

(1) Transformation, transduction

conj ugation for m croorgani sns

(2) Agrobacterium based pl ant
transformation, particle accel eration,

el ectroporation, mcroinjection for plants

- For measuring the success of the insertion
of the genetic material ?

- For determining the stability of the
inserted DNA in the recipient mcroorgani sm
or plant?

How does the | aboratory validate the nethods that
it uses?

VWho constructed the vector and perfornmed the
procedures in preparing the bioengi neered
m cr oorgani smor transgenic plant?

If protoplasts (for transgenic plants) are being
used, are standard tissue culture procedures
used?

Section 5.3 Characterization, Production and Handl i ng

of Bi oengi neered Test Substance

YES

REMARKS

Section 5.3.2 Production of Bi oengi neered Test
Subst ances - M croor gani sm

Does the | aboratory have SOPs for the
propagati on/ growt h of the bioengi neered
m cr oor gani sn?

Do they contain informati on such as the growh
medi um physical conditions, nutrients, and
expected generation tine?

Do the SOPs set out the specific equipnment to be
used (e.g., type of bioreactor) and the
appropriate operating parameters (e.g., pH
tenperature, effective mxing, viscosity, oxygen
and CO, concentrations)?

Are the equi pnent and conditions specified in the
SOP appropriated for the | evel of contai nment
needed for the study? For information on

contai nnent |evels, the inspector should refer to
the guidelines in Biosafety in M crobiol ogi ca

and Bi onedi cal Laboratories (May 1988)

Does the | aboratory have SOPs for harvesting the

bi oengi neered mi croorgani sns?

Facility: Insp.Init.:

Dat e

Bi ot echnol ogy Facility

| nspect or
Ori gi nal

Checkl i st
March 3/ 94
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Section 5.3.2 Production of Bioengi neered Test

Subst ance - M croorgani sns (conti nued)
Do the SOPs contain guidelines for separation and
purification?

Has the separation procedure been vali dated?

Has the purification system been validated?

How are the parameters for the separation and
purification systens nonitored?

Do the systens yield a uniform product?
Are tests conducted to determine uniformty?

Does the | aboratory have SOPs for waste recovery
and decontam nation of any wastes remmining after
separation and purification?

I f the bioengineered m croorganismis produced in
nmore that one batch (i.e., consecutive batches,

or concurrent batches in nore than one

bi oreactor), what are the criteria for pooling

t hese batches for subsequent portions of the
study (i.e., application and testing)?

Section 5.3.3 Handling YES NO N A REMARKS

Does the | aboratory have SOPs for the handling
t he bi oengi neered test substance?

Are these SOPs adhered to and any devi ati ons
properly authorized and docunent ed?

How i s the test substance stored?

Do storage conditions appear to be adequate for
preserving the test substance?

How are sanpl es/ bat ches di stri buted?

Are storage procedures designed to limt the
potential for contam nation or degradation of the
subst ance?

How is the test substance transported to the test
site?

Are appropriated containers used so as to
preserve the characteristics (especially purity)
of the test substance?

Does the | aboratory docunment the receipt and
di stribution of the test substance?

Does the docunentation contain conplete
i nformation, including who received each
sanpl e/ bat ch, when, and in what quantity?

Section 5.3.3 Handling (conti nued)

Bi ot echnol ogy Facility
| nspect or Checkl i st
Oiginal: March 3/94
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Are all sanpl es/batches of the test substance
properly identified throughout storage and
di stribution?

Are handling conditions specific to the test
substance clearly identified, such as tenperature
conditions or length of storage tinme before
reversion of transformation?

Does the laboratory retain reserve popul ati ons of
m cr oorgani sms or plants?

Section 5.5 Facilities and Equi prent

YES

REMARKS

Section 5.5.1 Facility Design

Are the | aboratory and testing facilities
appropriate for work with infectious agents or
potentially infectious material s?

Are any outdoor testing facilities, such as field
sites, of sufficient design (layout, size, and

| ocation) to support the testing conditions of

t he study?

Are these facilities sufficiently segregated from
other testing areas to prevent any cross-
cont am nati on?

Are indoor testing facilities designed to provide
adequat e separation of test systens?

Do the facilities, particularly those used for
testing, allow for adequate control of

envi ronnent al conditions, such as tenperature,
hum dity, ventilation, and lighting? For

i nstance, does the facility have proper
ventilation so that air flows fromareas of |ow
contam nation to areas of higher contam nation
and is conplete air containnent and
decont ami nati on provi ded?

Are environnmental conditions nonitored using
appropriate instruments? Are these conditions as
specified in the protocol for the ongoing study?

I s an ongoi ng record kept of the environnenta
conditions, noting any deviation fromthose
i ntended for the study?

Are there appropriate and sufficient facilities
for the receipt and storage of both the host
organi sm and test substance, as well as for the
other materials (e.g., soil, feed) used in the
study? Are these areas separated from one

anot her and from other areas of the facility?

Do the storage facilities provide environnenta
conditions (e.g., tenperature, noisture) to

mai ntain the purity, strength, and stability of
t he bi oengi neered test substance?

Bi ot echnol ogy Facility

| nspect or
Ori gi nal

Checkl i st
March 3/ 94
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Does the facility provide the necessary

contai nment for the appropriate biosafety |evel
to protect persons and the environment both in
and around the study facility?

Are roons and testing facilities designed to
provide a barrier to the unintended rel ease,
particul arly though the atnosphere, or any

m croorganisnms if a spill or application accident
were to occur?

Are decontanmi nation facilities separated fromthe
other areas of the facility?

Does the | aboratory have procedures for
col l ecting and di sposi ng of contamni nated pl ants,
soils and other material s?

Does the | aboratory have decontam nation
procedures for containing or killing
bi oengi neered organi sns and host organi sns?

VWhat types of support systens are avail able? For
exanpl e, what is the source of water? Are water
supplies sufficient? How are water conditions
regul at ed?
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PART Il - AUDI TOR CHECKLI ST

General Instructions/Information

1. For any “No” answers, provide an explanation in Remarks col um.

2. Remarks can be continued in the “Comrents” section on the back of each page.
3. Places a line through and mssing item For exanple, “...nane/signature”

4. Section nunbers refer to the corresponding sections in the SOP.

Section 5.3 Characterization, Production, and Handling Yes No N A Remar ks
of Bi oengi neered Test Substance

Section 5.3.1 Characterization of Bioengineered Test
Subst ance
- Identity
Does the |l aboratory have SOPs for identification
of genotypi c and phenotypic characteristics?

Were appropriate nmethods and instruments used in
t he genotypi c and phenotypi c characterization of
t he bi oengi neered tests substance?

Was DNA sequenci ng conducted? |If so, what nethod
was used? Did the |aboratory use a comerci al
kit or automated sequencer?

If gel electrophoresis was done, was the type of
el ectrophoresis appropriate for the size of DNA
fragranents? For agarose gels, was the
percent age of agarose appropriate for the size of
the DNA fragments to be separated? Wre
solutions, reagents, buffers, etc. adequately

| abel ed (including the expiration data)? Ws the
person responsi ble for running the gels

know edgeabl e about the electrical paraneters?

Has the | aboratory identified any unusua

nmor phol ogi cal , bi ochem cal, or resistance
characteristics that are different fromthe
classic description of the organisn? If so, have
t hese been docunent ed?

Were all data available for review by the
auditor?

Does the | aboratory have SOPs for
identifying/determning purity of the protein?

Are the SOPs of adequate scope and detail (if
revi ewed by the auditor?)

If gel electrophoresis was done, was the type of
el ectrophoresis appropriate for the protein size?
Were sol utions, reagents, buffers, etc.
adequately | abeled (including the expiration
date)?

Bi ot echnol ogy Facility
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Dat e

Section 5.3.1 Characterization of Bioengineered Test
Subst ance

- Identity (continued)

Were appropriate methods and instrunmentation used
inthe identity testing?

I f ion exchange chromat ography was done, how was
t he i on exchange gel chosen? Was the pH range
where the protein is stable used? Ws it
appropriate for the size of the protein being
separated? Was the gel equilibrated? Wre any
solutions, reagents, buffers, etc. adequately

| abel ed with an expiration date?

Were all data available for review by the
audi tor?

Did the analytical data fromthe identity tests
show any contani nation of the test substance?

5.3.1 Characterization of Bioengi neered Test Substance
- Purity
Does the |l aboratory assure that it has a pure
cul ture?
WAs purity testing done on each batch of the test
substance used in the study?
Were precautions taken to prevent and control
viral, bacterial, nycoplasnmal, or other
cont am nati on?

5.3.1 Characterization of Bioengineered Test Substance
- Stability
Did the | aboratory test the stability of the test
subst ance?
Did the | aboratory test to determne the
reversion rate or rate of plasmd |loss fromthe
host cell? How was the rate determined? Did the
| aboratory resolve any problens related to this?
Was testing done at a point in the study such
that any stability problenms were identified early
enough to avoid an adverse effect on the study?
Were all data available for review by the
auditor?

Facility: Insp.lnit.: Dat e
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5.4 Studi es of the Bioengi neered Test Substance

YES

NO

N A

REMARKS

5.4.1 Study Protocol - Field Tests

Does the protocol describe the experinental
design, including nmethods for the control of
bias? Are the objective for the field test
clearly set out?

Do the field test protocol describe test plot
preparation, the spacing of plants, and the
grow ng cycl e?

Does the protocol specify the nethod of

application/route of adm nistration of the test

substance and the reason for its selection?

t he application/dosage | evel and the frequency of
the application specified? Are there provision

for controlling the unintended rel ease of
spreadi ng of the test substance during
application?

Does the protocol specify sanpling |ocations?

Does the protocol describe the procedures for
packagi ng and transporting sanples fromthe field

site to the | aboratory for processing? Wre
t hese procedures adequate for ensuring that

sanpl es remai n segregated and uniquely identified

(e.g., labeling of sanple containers)? Are
procedure specified for sanple preservation?

Does the protocol describe how unused test

substance, field test sanples and materials were

deposed of after analysis and/or use?

5.5.1 Study Protocol - Field Sites

Were the conditions of the field test site

docunent ed, including a description of the size

(e.g., size, proximty to other test sites),
| ocation, soil characteristics (texture, pH
cation exchange capacity), and site history

(i.e., past uses)? Didthe site conditions neet

the requirenents of the protocol? Was the
historical agricultural practice for the test
site docunent ed?

Were the test sites maintained in accordance with

the specifications of the protocol (e.g.

application of fertilizers/pesticides other than

the test substance, tilling, weeding)?

Before use in the study, was the test system
acclimati zed to the environnental conditions

specified for the tests (e.g., gradual reduction
in humdity fromculture conditions to testing

conditions)? Did the acclimatization period
appear to be adequate?

5.4.1 Study Protocol - Field Sites (continued)
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Was the field equi prent (e.g., bal ances,
application equipnent, and field anal ytica

equi prent) inspected and cal i brated before use?
Were the precision and accuracy of the test

equi prent verified? Ws the equi prent
decont anm nat ed between sanpling events?

Do the study records contain a description of the
nmet eor ol ogi cal conditions (e.g., air and soi
tenperatures, relative humdity, wind direction
and velocity, rainfall) that existed during the
st udy?

Were contai nment neasures taken to prevent

contam nati on? WAs the reproductive isolation of
pl ants ensured? For m croorganisns, was the gene
transfer capability nonitored?

Were sanple locations recorded with the
anal ytical results or on a site map?

5. 4.

2

Test System Care

If the test systemwas a cell culture (i.e.

m cr oor gani sns) and was purchased from an outside
source, were the mcroorganisns characterized?
Was a letter of identification (regarding the
characterization) received fromthe supplier?
Were records of the characterization in the study
files?

How were the microorgani sms stored? Wre the
storage conditions appropriate to ensure
stability of the m croorganisns?

Was the cell culture tested for contam nation
before being used in the study?

5. 4.

3

Ef fi cacy

Were efficacy tests done to confirm support for
any proposed product |abeling clains?

Was the testing done at various dosage | evel s?
Did testing include the dosage | evels
corresponding with the proposed use?

Did the testing programdeterm ne the effective
exposure range and the m ninum effective dosage
for the uses invol ved?

Did the testing program eval uate the
ef fecti veness of the test substance under
di fferent application nethods?

Did the testing program consider the effects of
using different application schedules and the
time of application relative to the tinme of

pl anti ng, stage of growth, and tine of harvest?
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If the test substance was fornulated into a

m xture and is intended to be used as such, was
the efficacy of any other active ingredients al
determ ned (fromeither existing data or through
the testing program?

Were the nunber and type of sanples taken
described? D d sanmples allow for analysis of al
the characteristics of the test popul ation that
are to be eval uated?

Did testing procedures include the eval uation of
control or reference substance? Wre the results
of the product tests conpared against the results
fromsimlar measurenments done on the control or
ref erence substances so that product performance
could be eval uated agai nst a baseline? Wre
cont ai nnent practices used to keep control or

ref erence substance free fromcontamnation wth
the test substance or other substances?

If testing indicated poor or inconsistent product
ef ficacy, were subsequent tests and statistica
anal ysis done to further evaluate the sane
responses?

Were tests done under multiple neteorol ogica
conditions (e.g., dry, rainfall, humdity,
tenperature, sunlight) to determ ne product

ef fecti veness under climatic conditions expected
to occur during product use?

Were test done under various soil conditions
(e.g., noisture. PH Texture, fertility) and soi
treatnments (e.g., fertilizers, irrigation) so
that effects of these variables on product

ef ficacy could be determ ned?

5.4.4

I nfectivity/Pathogenicity/ Toxicity

Was the test substance tested for infectivity,
pat hogenicity/toxicity?

Did the | aboratory identify the test methods by
nane or by reference?

How did the | aboratory select the aninmal that was
tested? Was the aninmal determ ned to be di sease
free?

Was the technique used to quantify the dose
descri bed?

Was the technique used for application, treatnent
or dosi ng described?

Were the appropriate dose or strength, vehicle
and vol ume used?

Was a control group used?
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VWhat was the observation period for the test?
How was it determ ned?

5.4.4 Infectivity/Pathogenicity/Toxicity (continued)

How often did the | aboratory exam ne the ani mal s?
Was the exam nation conprehensive (e.g., skin and
fur, eyes and nucous nenbranes, respiratory
system circulatory system diarrhea, |ethargy,
salivation, etc.)? Wre the observations
adequat el y docunent ed?

Was the techni que used to determ ne the clearance
of the test substance descri bed?

Was a gross necropsy of all aninmals done?

Was the technique used to enunerate the test
substance in body parts, (i.e., tissues, organs,
and body fluids) described? What body parts were
used for the anal yses? Wre recovery val ues,
detection limts, and sensitivity limts

determ ned for each techni que used?

5.4.4 Infectivity/ Pathogenicity/ Toxicity
- Cell culture test

How was the cell culture selected? Ws the cel
line adequately identified?

Was the nost perm ssive host system used?

Were the appropriate controls used?

Was a cell transformati on assay done?

Were the procedures used for toxicity eval uation
descri bed?

Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent
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for Conducting GLP Conpliance Review of Bi otechnol ogy
Facilities
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5.1 ORGAN ZATI ON AND PERSONNEL

Since the biotechnology field is particularly specialized and
involves the application of many energing technol ogies, individuals
conducting a biotechnol ogy study need to have specific qualifications.
The education, training and experience of personnel in key positions
shoul d i nclude a significant anmount of work w th bi oengi neered organi sns
or inclosely related scientific disciplines, such as organic chem stry
or toxicology. Standard positions found in biotechnol ogy | aboratories
and facilities and the appropriate qualifications for individuals in
t hese positions are described in the docunent Bi ot echnol ogy Conpensati on
and Benefits Survey, 1992, which may be obtained from the Scientific
Support Branch on request. This information should assist the inspector
indetermning if a biotechnology study is | ed and staffed by adequately
trai ned individuals.

The positions discussed above require degrees in scientific
di sciplines related to biotechnol ogy. Alisting of these disciplines and
their definitions are provided in the d ossary of Disciplines. Chem sts
in a biotechnol ogy | aboratory usually have experience in one or nore of
the followng areas: biochemstry, synthetic chemstry, organic
chem stry, fornulation chemstry, analytical chemstry, physica
chem stry, polymer chemstry, peptide chemstry, and toxicology.
Biologists in the Principal Scientist position are generally
know edgeabl e in one or nore of the followi ng fields: agronony, botany,
ent onol ogy, forestry, cell biology, mcrobiology, immunology, nmenbrane
bi ol ogy, biochem stry, histol ogy, and genetics.

5.2 PREPARATI ON OF Bl CENG NEERED TEST SUBSTANCE

5.2.1 Taxonom ¢ ldentification

Taxonony is the study concerning the appearance and structure
of a plant or animal, its proper classification and nanme in the
pl ant or animal kingdom how it differs from other organisns, and
a description of its surroundings. Traits to verify, taxonomc
classification include norphol ogical, biochem cal, inmunol ogical,
and physi ol ogi cal characteristics.

The taxonom c identification of a m croorgani sminvol ves the
use of standard tests to determ ne the individual characteristics
of the mcroorganism which collectively lead to the exact
identification. A conplete taxonom c identification can be done in
a stepwi se fashion for an unknown bacterial culture. A summary of
the steps are as foll ows:
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1. Start with a pure, uncontam nated cul ture.
2. Determ ne the energy requirenments. These are defined through
isolation and culture nmethods that will indicate whether the
organi sm IS phot ot r ophi c, chenol i t hot r ophi c, or

chenohet er ot r ophi c.
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3. Exam ne living cells by phase contrast m croscopy and descri be
t he nor phol ogi cal characteristics (i.e., rod., coccus, vibrio,
spiral, spi rochete, filament, sheat h, etc.) Exam ne

Gram stained cells by bright-field m croscopy and determ ne
whet her the organismis G am positive or negative.

4. Examne cells for spores, stalks, prosthecae, or other
identifying characteristics. The exam nati on for spores should
be done carefully using different culture nedia to induce
spor ul ati on.

5. Exam ne for notility in wet nounts and determ ne whet her the
organismis polarly or peritrichously flagell ated.

6. Exam ne colonies or mass growth for pignents or other unique
characteristics.

7. Test for oxygen requirenents.

8. Test the dissimlation of glucose or another sinple sugar to

determine whether the mcroorganism is oxidative or
fermentative.

9. Conpl ete any additional tests necessary based on the results
of the previous tests.

The SOP used by the lab for taxonom c identification would contain
sonme or all of these tests to confirmthe type of organi sm being used.
For exanple, since the laboratory should know the identity of the
organism (e.g., if from external sources, through the letter of
identification), then only specific tests would need to be done to
verify the identification

Characteristics of Sone Commpnly Used M croorgani sns

Three m croorgani sns that are frequently used in the preparation of
bi oengi neered m croorganism or transgenic plants are Agrobacterium
tunmefaci ens, Bacillus thuringiensis, and Escherichia coli. The common
and unique qualities of these organisns are di scussed bel ow

Agr obact eri um

Thi s genus i ncl udes organi sns of sim | ar norphol ogy that cause
tumor like growths of plant tissues in dicotyledonous plants,
resulting in the called crown gall and hairy root. The disease
results frominfection by the bacteria that enter the plant through
a wound or break in the plant's outer protective |ayer.
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The organisms are small, short rods, notile by neans of
flagella arranged either peritrichously or subpol arly
Agrobacterium is related to Rhizobium norphologically, in its
ability to infect plants, and in its genonmes. Agrobacterium
contains a plasmd called the Ti (for Tunor inducing) plasmd that
contains the trait for tunor formation. ritrichously or subpol arly.
The percentage of DNA base conposition ranges from58 to 63.5 G C.

Characteristics. Non- spori ng; Gram negati ve; growt h on
carbohydrate-containing nedia wusually acconpanied by copious
extracel lul ar, polysaccharide slinme; colonies non-pignented and
usual ly  snooth, tending to beconme striated wth age;
chenoor ganotr ophi c; aerobic, but able to grow under reduced oxygen
tensions in plant tissue; optinmm tenperature 25-30 degrees
Centi grade; optinmum pH range 6.0-9.0.

Baci | | us

This genus i s a heterogeneous group that can be consi dered an
assenblage of <closely related organisns. The organisns are
rod-shaped, that are wusually notile, and possess peritrichous
flagell a. The percentage of DNA base conposition varies from30 to
50 G C and studi es on nucl eic acid honol ogi es by hybridi zati on and
genetic transformation also support considerable genetic
het erogeneity. Menbers of the genus are easy to isolate from soi
or air and are anong the nbst conmon organi sns to appear when soi
sanpl es are streaked on agar plates containing various nutrient
medi a. Many Bacilli produce extracellular hydrolytic proteins that
break down pol ysaccharides, nucleic acids, and lipids, permtting
the organisns to use these products as carbon and energy sources.
In addition, many Bacilli produce antibiotics, i ncl udi ng
bacitracin, polynyxin, tyrocidin, gramcidin, and circulin.

A nunber of Bacilli are insect pathogens. They work by form ng
a crystalline protein during sporulation that is deposited within
the sporangium but outside the spore. The action of this toxin
(i.e., the crystalline protein) causes fatal diseases of noth
| arvae such as the sil kworm cabbage worm tent caterpillar, and

gypsy not h.

Characteristics. Rod-shaped 0.3-2.2 by 1.2-7.0 um heat-resistant
endospores  not repressed by exposure to air; majority
Gram positive; chenoorganotrophic; netabolismstrictly respiratory,
strictly fernentative or both respiratory and fernentative, using
vari ous substrates; catal ase fornmed by nost species.

Escheri chi a

Thi s genus al nost universally inhabits the intestinal tract of
humans and war m bl ooded ani mals. The m croorganisns in this group
are generally non-sporulating rods, nonnotile or notile by
peritrichously occurring flagella, and are facultative anaerobes.
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They have relatively sinple nutritional requirenents and they
ferment sugars to a variety of end products. The percentage of DNA
base conposition is about 50 G C

Characteristics. Straight rod-shaped cells 1.1-1.5 by 2.0-6.0 um
Gram negative; chenoorganotrophic; netabolism respiratory and
fermentative; notile by peritrichous flagella or nonnotile;
colonies on nutrient agar may be snooth (S), |ow convex, noist,
shiny surface, entire edge, gray and easily enmulsified in saline
solution or rough (R), dry and not well enulsifi ed.

Bi ot echnol ogy Facilities St andard
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Pr oduct s

5.2.2 WMaterials and Mthods for Preparing the Bioengineered

Mat eri al s

The materials used in biotechnology |aboratories are very
di verse ranging fromsinple neutralization buffers to the Northern
hybridi zation solution. A listing of the various reagents and
buf fer solutions used in nol ecul ar biology protocols can be found
in Short Protocols in Mlecular Biology Second Edition - A
Conpendi um of Methods from Current Protocols in Ml ecular Biol ogy
publ i shed by G eene Publishing Associates and John Wley & Sons,
199'. For exanple, the technique for mnipreps of plasm d DNA (as
listed in this reference) requires the follow ng materi al s:

! LB nmedium (tryptone, yeast extract, NaCl , NaOH)
containing the appropriate antibiotic

A ucose/ Tri s/ EDTA (GTE) sol ution

NaOH SDS sol uti on

Pot assi um acetate solution, pH 4.8

95% and 70% et hanol

Met hods
Bi oengi neered M cr oor gani sns

There are several nethods that can be used to introduce DNA
from one organi sminto another. These nethods incl ude:

1 Transformati on. The process in which free DNAis inserted
directly into a conpetent recipient cel

Transduction. The transfer of bacterial DNA from one
bacterium to another through a tenperate or defective
Vi rus
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1 Conj ugation. Transfer of genetic information from one
cell to another by cell-to-cell contact.

For exanple, one commonly used process is genetic transfer

t hrough the transformation process. In this process, reconbination
involves (1) the insertion of a fragnent of genetically different
DNA derived from a donor mcroorganism into a snal
self-replicating chronosone such as a plasmd (i.e., the vector)
and (2) the introduction of the reconbinant plasmd into a
reci pient or host mcroorgani snms where the vector wll replicate.
An exanmple is the in vitro synthesis of an E. coli plasmd
containing one gene of Drosophila. The reconbinant DNA (or
reconbi nant plasmd) is transferred into a host E. coli cell where
it is replicated to produce many identical copies for subsequent
bi ochem cal anal yses. The various processes for construction of
r econbi nant

Bi ot echnol ogy Facilities St andar d
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DNA i ncl udi ng transformati on and transduction are sunmmari zed in the
Principles of GCenetics Eighth Edition by Gardner, simmons, and
Snust ad, 1991.

The specific nol ecul ar bi ol ogy nmethods used in preparing and
anal yzi ng bi oengi neered organi sns are described in Short Protocols
in Mol ecul ar Bi ol ogy Second Edition - A Conpendi um of Methods from
Current Protocols in Molecular Biology published by G eene
Publ i shing Associates and John Wley & Sons, 1992. The nethods
conpiled in this book cover the foll ow ng areas:

1 Escherichia Coli, Plasm ds, and Bacteri ophages
1 Preparation and anal ysis of DNA
1 Enzymati c mani pul ati on of DNA and RNA

Preparation and Anal ysis of DNA

Construction of recombinant DNA |ibraries

Screeni ng reconbi nant DNA |ibraries

DNA sequenci ng

Mut agenesi s of Cl oned DNA

1 I ntroduction of DNA into mammal i an cells
1 Anal ysi s of proteins.
These are all inportant techniques that nmay be wused in

bi ot echnol ogy |aboratories. For exanple, DNA sequencing is an

March 1994



GLP-C 04
Revi sion: 1
Page 46 of 73
Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent

inmportant tool in verifying the insertion of the DNA gene into the
vector, (DNA sequencing and protein analysis are discussed in nore
detail in Section 5.4.) The inspector is referred to the resources
listed above for information if s/he finds that nore detailed
information is necessary for a particular inspection

Transgeni c plants

There are several nethods that can be wused to produce
transgenic plants. These nmethods are descri bed bel ow.

Agrobacteri um based Pl ant Transformation

Using this nethod, the transfer of genetic material into the
pl ant occurs t hr ough Agrobacterium Ti pl asm d- nedi at ed
transformation. The Ti plasmd which is in the cytopl asm of

Bi ot echnol ogy Facilities St andar d
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the bacterium is transferred into the cytoplasm of the plant's
cells in an area infected with Agrobacterium After the transfer,
t he new genes overproduce a plant hornone known as cytokinin. The
over production upsets the plant's nornmal netabolismand results in
the formation of galls (i.e., tunors) that support the
proliferation of bacteria in the plant walls.

This transformation nmethod i s done either with ti ssue expl ants
or protoplasts co-cultivated with A tunefaciens cells harboring
the Ti plasm d. The easi est procedure involves co-cultivating
sterile leaf discs or root sections with A tunmefaciens for a few
days, and then transferring the inoculated explants into
sel ection/regeneration medium The selection/regeneration nedia
contains (1) an antibiotic that kills the Agrobacteriumand (2) the
appropriate antibiotic (e.g., kananycin, hygronycin) to select for
the transforned plant cells.

The Ti plasm d can be used to transport other genes inserted
into the plasmd DNA through reconbinant DNA techniques. This
t echni que has been successfully used in transform ng di cotyl edonous
pl ants such as tobacco, tomato, potato, petunia, and sunflower. The
Ti plasma nediated system has been wused to produce insect
resistance in tobacco using the Bacillus thuringiensis crysta
protein toxin gene. One disadvantage of this nethod is limted
range of plants to which this nmethod can be applied.

Particle Accel eration
This method, which is also known as particle bonbardnent

involves coating the DNA onto tiny particles that are then
accelerated into intact plant cells wwth the intent of integrating
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the DNA into targeted plant cell s. An exanple of the nethod S the

partlcles at rapidly gromtng soybean tissue taken frontlnnature
seeds. The transformation is stable and the foreign genes
i ntroduced into the soybean ti ssue are expressed i n progeny pl ants.
Thi s system has several advant ages:

1 It only wuses the DNA that the scientist wants to
incorporate into the plant

1 It can be used for any plant species

1 It is not dependent on many parts of tissue culture

regeneration that are tinme and | abor intensive.
El ect roporati on

This nmethod uses a short pulse of high-intensity electric
current to disrupt cell nenbranes and render them tenporarily
permeabl e to DNA nol ecul es. The DNA nol ecul es cross into the plant
cell's cytoplasm and becone part of the cell's genetic code.
El ectroporation requires the use of protoplasts which are single
plant cells with their walls renoved t hrough the use of enzynes. In
this nethod, once the cells have been prepared, hundreds of
t housands of cells can be treated at the same tine. This systemhas
sone di sadvant ages conpared to the other nethods:

Bi ot echnol ogy Facilities St andar d
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5.3

! Lengthy tissue culture manipul ati ons are necessary and
many cells are lost in the regeneration steps

1 I n many cases, the transformationis short-lasting (i.e.,
the gene alteration only persists for a short tine).

M croi nj ection

Thi s net hod i nvol ves the direct physical injection of DNAinto
the cytoplasm or nucleus of the target cell using a special
m cromani pul ator and fine gl ass m cropi pettes. This process nust be
carried out under a m croscope and i nvol ves the use of protoplasts.
Thi s net hod requi res consi derabl e expertise and i s | abor intensive,
since the DNA nust be injected into each plant. cell individually.
In addition, it involves considerable effort in tissue culture
mani pul ati ons.

CHARACTERI ZATI ON, PRODUCTION, AND HANDLING OF Bl CENG NEERED
M CROORGANI SVS5

5.3.1 CHARACTERI ZATI ON OF Bl OENG NEERED ORGANI SM
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Met hods

Techni ques comonly used in characterizing the bioengi neered
m croorgani sm (DNA sequencing) and the test substance protein
(protein analysis) are described in the next sections.

DNA Sequenci ng

Genotypi c characterization of bioengineered genetic materi al
may require DNA sequencing. Mst DNA sequencing techniques are
based on polyacrylam de gel electrophoresis, which allows the
resolution of oligonucleotide that differ in length by a single
base. This [evel of resolution my be obtained between
ol i gonucl eotide of up to 300 to 500 bases.

Two wi del y used DNA sequenci ng techni ques are di deoxy ( Sanger)
sequenci ng and chem cal sequencing. These differ primarily in the
mechani smused to generate a "l adder"” of oligonucl eotide of varying
I ength for use on the gel.

Di deoxy sequenci ng uses a DNA pol ynerase enzyne to synt hesi ze
a conplenentary copy of a single strand of the DNA tenpl ate bei ng
sequenced. A short oligonucleotide is attached to the DNA tenpl ate
to serve as a primer for annealing the synthesized DNA to the

tenpl ate. The oligonucleotide is then labeled wth a
radi oactivel y-1 abel ed base. At this stage, one protocol calls for
a round of DNA synt hesi s bef ore sequenci ng (the

| abeling-term nation protocol) while the other protocol does not
(the Sanger protocol). The Sanger protocol is nost reliable for
short oligonucleotide and the first few bases of |onger
ol i gonucl eotide. The labeling-term nation protocol is best for
generati ng sequence i nformation for | onger oligonucl eotide. At this
point, the reaction m xture is divided into four aliquots, one each
for the AA G T, and C reactions. Each

Bi ot echnol ogy Facilities St andar d
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aliquot receives a mxture of the bases and a single type of
di deoxy base (e.g., dATP). The DNA polynerase synthesizes a
conplenent until it is halted by the addition of the di deoxy base.
In this way, synthesized oligonucleotide of varying length are
produced, each ending with a single type of base. Each reaction
m xture is |oaded on a separate |ane on the polyacryl am de gel
El ectrophoresi s t hen resol ves t he vari ous conpl enentary
ol i gonucl eoti de based on l|length. The DNA sequence can then be
determ ned by finding the |lane in which each successively |onger
ol i gonucl eoti de appears.

Di deoxy sequenci ng can be done with a nunber of radiol abels.
| f radiol abel ed dATP is used in the reaction m xture, %S or *P may

March 1994



GLP-C 04
Revi sion: 1
Page 49 of 73
Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent

be substituted for the standard %P | abel. %S has the advant ages of
shar per aut oradi ographi ¢ bands, | ower radi ati on energy, and | onger
storage life of |abeled DNA. 3P conbi nes sone of the advantages
of each radiolabel. Aternatively, |abeling my be done through a
5'-end-1abel ed prinmer. The | abel may be 3P or 3S. This approach has
been found particularly effective with | arge, doubl e-stranded DNA
t enpl at es.

Unl i ke dideoxy sequencing, which is achieved through DNA
synthesis, chem cal sequencing (or Maxam Gl bert) is achieved
through cleavage of the oligonucleotide being studied. Four
aliquots of a 3 - or S -end-Ilabeled oligonucl eotide are subjected
to four separate chem cal reagents that cleave the DNA at one or
two specific bases. The four reaction mxtures are |oaded and
resolved via electrophoresis in the sanme manner as the dideoxy
sequenci ng techni que.

Di deoxy sequencing is nore rapid than chem cal sequenci ng and
can achieve excellent electrophoresis band resolution. Chem ca
sequenci ng el i m nates probl ens that DNA pol ynerases encounter with
certain DNA conpositions and structures. Cheni cal sequencing is
best for small oligonucleotide.

O her rel ated t echni ques i ncl ude: substituting
chem | um nescent detection for aut or adi ographic  detection,
mul ti pl ex sequencing through the use of probes specialized for a
particul ar sequence (such as an insertion sequence, transposon, or
possi bl e repeat sequence), autonated sequencers, and thermal cycle
sequenci ng (involving repeated rounds of denaturation, annealing,
and synthesis to generate a sequencing | adder).

Protein Anal ysis

Protein identity may be determned through a nunber of
anal ytical techniques. Anong the useful techniques are amno acid
conposition analysis, partial sequence anal ysis, peptide mapping,
pol yacryl am de gd el ectrophoresi s (PAGE), isoel ectric focusing, and
hi gh performance |iquid chromat ography (HPLC)

Am no aci d conposition analysis involves the determ nation of
t he nunber of each amno acid present in a peptide. This type of
anal ysis provides no information as to the sequence of am no acids
in the peptide. A standard procedure is to hydrolyze the peptide
into its constituent amno acids. The amno acids nay then be
separated by ion-exchange chromatography or HPLC

Reaction of the amno acids with a conpound such as ninhydrin,
fluorescamne, or orthophthal al dehyde vyields a <colored or
fl uorescent derivative t hat may be quantified via a
spect rophot onet er.
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The standard nethod for sequence analysis of peptides is the
Edman degradation. This nethod uses sequential drivitization and
identification to determne the sequence of amno acids in the
pepti de. Phenyl isothiocyanate derivitized the am no term nal of
the peptide. The derivitized amno acid is then |iberated, |eaving
a shortened peptide. The derivitized amno acid may be identified
chromat ographically; alternatively, the shortened peptide may be
anal yzed for am no acid conposition, revealing the identity of the
removed am no acid by comparison to prior conposition. The entire
procedure i s then repeated on the shortened peptide. Several rounds
of Edman degradation wll elucidate the sequence of the entire
pepti de.

Si nce sequence anal ysis nmay be difficult on entire proteins or
| engt hy peptides, peptide mapping may be necessary. C eaving the
protein into smaller peptides allows sequencing of the shorter
segnents. The next step is to construct a map show ng how the
shorter peptides fit together to form the protein. C eavage is
achieved at specific sites in the protein by chem cal or enzymatic
met hods. The resulting peptides are separated chromat ographically.
To determ ne the order of peptide segnents, a different chem cal or
enzyne is used on the protein to create overlap
pepti des. These peptides are cleaved at different sites, and their
sequences can be used to establish the order of the first set of
pepti des.

Pol yacryl am de gel el ectrophoresis may be used to confirmthe
identity of a protein. The protein may be isolated through this
technique and then conpared to a standard protein. Several
approaches are available to achieve this. One-dinensional gel
el ectrophoresis sinply separates proteins based on their nobility
through the voltage applied across the gel. G adi ent
el ectrophoresis adds the additional separator of a gradient of
i ncreasing concentration of polyacrylamde in the gel, causing

| arger nol ecul es to nove sl ower t han smal | ones.
| soel ectricfocusing is based on the fact that proteins contain both
positively and negatively charged functional groups.

si nce a protein's char ge
depends on the pH, a protein
nmovi ng across a gel that has a
pH gradient will cease noving
when it reaches the pHwhere it
i s uncharged.

Proteins may also be identified through Hi gh Performance
Li qui d Chromat ogr aphy. The retention tinme are el ution vol unme of the
unknown protein may be conpared to that of a known standard, thus
i dentifying t he unknown. Rever sed- phase, I on- exchange,
si ze-excl usion, or hydrophobic-interaction chromatography col ums
may be used to separate proteins, depending on the type of proteins
to be anal yzed.
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5. 3.2 PRODUCTI ON OF Bl CENG NEERED ORGANI SM5

Bi oengi neered M cr oor gani sns

Propagati on/ Gowth of the Organi sm

Bi ot echnol ogy Facilities St andar d
Qper ati ng Procedures Support Docunent

G owm h of m croorgani sns occurs in two ways: by the growth of
i ndividual cells in the absence of cell division, which basically
is an increase in the size and weight of the individual cell, and
by the growt h of a popul ation of cells, whichis an increase in the
nunber of cells as a result of cell growh and division. since
m croorgani sns are so small and the products they generate (e.g.,
proteins) are generally produced in very snmall quantities, studies
i nvol ving these substances are perforned using popul ations of
cells. The Master Cell Bank (MCB) is a collection of the cells of
uni form conposition stored in aliquots under defined conditions,
fromwhich all the subsequent cell banks are made. In many cases,
a single host cell containing the expression vector is cloned to
give rise to the MCB

To achi eve the desired popul ation of organisns for the study
(either to be used thenselves or to be used to produce the test
substance if it is a protein), a suitable nedium for growh is
necessary. The mediumfor growh is chosen based on the nutrients
it provides, the generation tine achieved (i.e., the tine it takes
for the population to double), and the controls for purity and
uni formty of product. The cul ture nmedi umnust be properly prepared
and sterilized, and conditions during growh need to be carefully
nmoni tored and control | ed.

Bi oprocess technol ogy is used to propagate the m croorgani sns
to produce the desired populations for the study. The term
fermentation is often used interchangeably w th bioprocessing,
al though fernmentation is actually the subset of bioprocessing
technol ogy. that 1is conducted w thout oxygen. Such anaerobic
bi oprocessi ng uses yeasts and bacteria to yield products in the
absence of oxygen. Aerobic bioprocessing requires oxygen and
bacteria to produce the desired products which are usually nore
conpl ex than t hose produced by anaer obi ¢ bi oprocessing. The results
of bioprocessing are an increase in the size of the organism
popul ation, the generation of proteins (including enzynes), and the
production of secondary products such as ethanol and net hane.

The first step in bioprocess technology or fernentationis to
prepare a seed culture so that the organi smcan be propagated. To
i ncrease the volunme of the seed culture so that a sufficient cel
mass i s achieved, the seed culture is incubated and transferred to
successively larger containers in a sterile manner. Paraneters such
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as pH, oxygen, and the level of nutrients in the growth nmedi um
shoul d be nonitored to ensure successful growh. The seed culture
is grown in this manner until a sufficient population is produced
for introduction to a bioreactor.

A Dbioreactor provides a durable, controlled, aseptic
envi ronment for grow h of the bi oengi neered m croorgani sm |n order
to support such growth, a bioreactor nust contain sufficient
nutrients and oxygen to fulfill the metabolic needs of the
m croorganism A substrate serves as the growh nmedium for the
bi oengi neered m croorganismin the bioreactor. Substrates contain
carbohydrates in the form of sugars and refined feedstocks,
starches, or cellulosic materials. Substrates are pretreated and
sterilized before entry into the bioreactor and prior to
i nocul ation with a bioengineered mcroorganism Sterilization of
the substrate can be acconplished in several ways, including batch
sterilization and conti nuous sterilization. Cont i nuous
sterilization can consist of heat t reat nment, filtration,
irradiation, or chemcal sterilization. To neet the oxygen needs of
t he bi oengi neered m croorganism sterilized air is supplied to the
bi oreactor. The air

Bi ot echnol ogy Facilities St andar d
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supply is filtered to renpove ot her m croorgani sns and cont am nants.
| f high vol unes or concentrations of air are necessary, such as for
acetic acid formation, the air supply is also conpressed before
entry into the bioreactor.

The | aboratory should have specific protocol addressing the
type of bioreactor used [e.g., nechanical or non\nechanical (which
both provide agitation), plug flow (which may provide agitation),
and i mmobilization], the operating paraneters (e.g., pH,
tenperature, mxing, oxygen concentration), and nutrients to
achieve a desired generation tinme for mcroorganism grow h.
Operating paraneters should be carefully nonitored and controlled
since changes in tenperature, pH, pressure, agitation, oxygen and
CQ2 concentration, noisture, liquid flowrate, exhaust gases, foam
and nutrients all inpact the growh of the m croorgani sm

Growt h of m croorgani sns occurs in four phases, identified as
the | ag phase, exponential phase, stationary phase, and the death
phase. Upon i nocul ation of the growth nmedium a period of tine, the
| ag phase, passes before grow h begins. The | ength of the | ag phase
depends on the gromh history of the inoculum the conposition of
the nmedium and the size of the inoculum A period of exponential
growh follows the |ag phase. During the exponential phase, the
nunber resulting in no net growh. During the stationary phase
growm h has sl owed due to the exhaustion of an essential nutrient in
t he nedi um and/ or accunul ation of a toxic netabolic product. The
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stationary phase is eventually foll owed by the death phase at which
point cell lysis or another cause of loss of cell viability
sur passes grow h.

Separation and Purification Techni ques

Once the desired anpbunt of product is generated (either a
subst ance produced by the organisns, such as a protein, or the
organi sms thenselves), harvesting is done and the product is
recovered and purified. If the desired product is a protein or
ot her constituent of the m croorgani sm the organisns nay be kill ed
by heat, chem cals, or nmechanical disruption. Processing may al so
i nvol ve solid-liquid separation, centrifugation, filtration, cel
di srupti on, precipitation, [iquid-liquid extraction, or
chromat ography to concentrate or purify the desired products and
freezing or drying to facilitate handling and storage. [f the
m croorgani sns thensel ves are the desired product, filtration and
centrifugation are generally used to separate and concentrate the
organisns. Cell disruption is avoided as it negatively inpacts
m crobial viability. Brief descriptions of each of these techni ques
are included below Several of these techniques may be used in
succession to achi eve product recovery.

! Solid-liquid Separation. This techni que may be used at several
poi nts during product recovery, including to separate the
bi ol ogical material fromthe broth in the bioreactor and to
renmove the cell debris after cell disruption. Separation may
be acconplished using chem cal, physical, or biological
met hods. Methods include coagul ation, flocculation, and pH
adjustnment (chemcal); heating, freezing and thawing in
succession, and freezing and stirring (physical); and the use
of enzymes to achieve aggregation, and cell aging or gene
insertion to increase floccillation (biological).

Liquid-liquid extraction. Use of this technique is generally
limtedto the purification of intracellular and extracell ul ar
products. The nethod consists of selective renoval of the
desired substance froma liquid m xture through the addition
of a solvent (e.g.. benzene, nethyl ethyl ketone) in which the
desired product is soluble. The m xture is then agitated, the
sol vent/product portion is renoved, and the solvent is
separated from the product through precipitation, solvent
evaporation, or steam stripping.

! Cell disruption. In sone cases, the desired product is
intracellular (i.e., it is produced within the bioengineered
m croorganism and is not subsequently excreted into the
surrounding environnent). To recover the intracellular

material, the cell walls nust be disintegrated by physical,

chem cal, or enzymatic nethods to release the nmaterial. Cel
di sruption can be achi eved t hrough both nechani cal
(e.g., high speed bead/ball mlls. high pressure,
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honogeni zers ) and non-nechanical (e.g., enzymatic
lysis, chemcal lysis, heat treatnent) nethods;
Cell disruption techniques are generally conducted
at tenperature below 15°F (-9°C) to prevent
destruction of the desired products.

Precipitation. Precipitation is often used as an early
purification step for proteins. Precipitation converts a
sol ubl e protein to an insoluble form through techni ques such
as pHvariation and salting-out. Al though precipitationis not
as effective as many other purification nethods, it has
continued to be used after the devel opnent of other nore
ef fective techni ques because precipitation nmethods can handl e
| arge quantities of crude material in continuous operation.

Centrifugation. This solid-liquid separation nethod is
generally used to isolate viable cells from the bioreactor
broth. Intracellular and extracellular products (e.qg.,

proteins) are usually not heavy enough to be separated from
liquid broth t hr ough centrifugation. Separation by
centrifugation is relatively quick and free of operationa

pr obl ens conpared

to filtration methods, but can lead to cell denaturation and
t he production of aerosols that nust then be contai ned.

Filtration. Filtration can be used to segregate m croorgani sns
and intracellular and extracel lul ar products from bi oreactor
broth. There are two general types of filtration systens,
menbrane filtration and open air filtration systens that use
pl ate and frame presses and rotary drumfilters. Rotary drum
filters (either vacuum or pressure-operated) provide the
advant age of conti nuous operation, but since they are open-air
systens they are only useful when contai nnent requirenents are
not strict. Menbrane filtration relies on the use of a porous
menbrane to filter media of different sizes and is also
referredtoas mcrofiltration or ultrafiltrati on dependi ng on
the size of the pores. Menbrane filtration can be used for
cell harvesting, renoval of cell debris, and concentration of
intracel lul ar and extracel | ul ar products.

Chromat ography. This nmethod can be used to separate |ow
concentrations of intracellular and extracellular products,
general ly proteins. Types of chronat ography used are affinity,
hydr ophobi ¢, i on-exchange, and gel filtration. ton-exchangeis
often wused for protein purification and affinity for
bi ol ogically active substances. Al types of chromatography
rely on physicochem cal interactions between the dissolved
conponents of a mxture and a stationary phase (a solid or a
liquid supported on a solid that is contained in a packed
col um) .
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After product recovery, freezing and drying are used for
preservation of the product during storage and for ease of
transportation and handling. Freezing is generally preferred
since it does not encourage the formation of aerosols that
must then be <contained. To prevent ice crystals from
destroying cells during thawi ng, either glycerol is added when
viable cells are frozen or ice crystals are sublinmed during
slight warm ng w thout thawi ng. Spray dryers and drum dryers
are used to renove water from the product and operate at
t enper at ures | ow enough to avoi d product damage. Freeze drying
and vacuumtray drying are often used for small vol unes of
materials that are in liquid or paste form

Pl ant s

The propagation/gromh of transgenic plants and bl oengi neered
m croorgani sns are simlar since in both cases the desired result may be
production of the organism itself or the generation of conpounds of
i nterest produced by the organism However, if the test substance is the
transgenic plant itself, production of the test substance involves
regeneration of the whole plant, as opposed to production of single-cel
m croor gani sns. Conpounds of interest nay be produced by a cell culture
simlar to that wused for mcroorganisns, or mnay be produced by
regenerated cell tissue. The regeneration of cell tissue involves sone
of the conplexities. since plant regeneration requires extensive growth
and subsequent tissue variation, it is nore conplex than m croorgani sm
pr oducti on.

Propagati on and Harvesting of Test Substance from Plant Cells

I f the desired product is a conpound of interest (e.g., a protein)
gener ated by bioengi neered plant cells, the techniques used to attain
the product are simlar to those enployed with mcroorganisnms. For
propagati on/growt h of the plant cells, various types of bioreactors have
proven effective. The nobst comonly used bioreactor is the conventi onal
stirred tank reactor, which is a type of nechanical bioreactor.
Bi oreactor technol ogy has been successfully applied for grow ng |arge
volunes of plant cells. Gowh can be achieved using either a
si ngl e-stage or two-stage process. The single stage (or first stage of
the two-stage process) is used for the production of bionmass. In the
second stage of the two stage process, growh conditions are set to
encour age generation of the desired product. The single stage process i s
applicable to the production of biomass, primary netabolites, or sone
enzynes. The two stage process is generally used when generation of the
desired product results from tissue or organ devel opnent rather than
fromcell growh and division

Anot her techni que used to generate desired products frompl ant cel
growh is immobilized cell technology. Wth immobilized cell systens,
plant cells are entrapped within a gel matrix. The technol ogy
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i mmobi l'i zed plant cells continue to generate products while spent matri x
is renoved for product extraction. However, because of difficulties in
achi eving rel ease of the product into the nmedium | ow productivity, and
genetic instability, imobilized cell technol ogy has not been used for
commercial applications. A third technique for generating desired
products fromplant cells 15 the growth of regenerated plant tissue.
This gromh may be in the formof plant callus, hairy roots, or other
types of tissue. Al or parts of the tissue are then harvested for
extraction of the product. In general, recovery of the desired product
usual ly involves partial harvesting of a continuously grow ng cul ture,
followed by water renoval and concentration. After concentration is
achi eved, absorption and partition/extraction are generally used to
conpl ete product recovery. Product recovery &mregenerated plant tissue
encounters sone of the problens associated with regeneration of whole
pl ants (di scussed below) in that a small anmount of the desired product
is contained in a |large amount of biomass or water. However, product
recovery fromplant cell biomass is less difficult than recovery from
whol e pl ant bi omass since rigorous treatnments to break down ti ssues and
woody, waxy structures are not needed.

Regenerati on of \Whol e Pl ants

In many cases, the desired products are plants regenerated from
bi oengi neered pl ant cells. New pl ants devel op i n two ways: enbryogenesi s
and organogenesis. Organogenesis involves the successive fornmation of
shoots and then roots from plant cell and tissue cultures. In
enbryogenesi s, shoot production and root formation occur simultaneously
in a coordinated manner. Both nethods can bring about plantlet
formation.

Organogenesi s can be used to generate whole plants fromroots or
shoots through clonal propagation. A cell mass or callus can be induced
to undergo organogenesis through alteration of the ratio of two
hor nones, auxin and cytokinin. A high auxin/cytokinin ratio induces
production of roots, while a low ratio induces production of shoots.
Wthin two to three weeks, transformed callus tissue grows on the cut
surfaces of |eaf disks or root sections and begins to differentiate into
shoots. The shoots are excised and placed into root-inducing nedium
After root formation, the roots or shoots can be transferred to growh
media (e.g., soil) for regeneration of whole plants. The resulting
transgenic plant is usually obtained within five to six weeks of the
co-cul tivating process.

Somatic enbryogenesis involves replicating the process of
reproductive enbryogenesis by using nedia to cause sonatic tissue to
acquire totipotency, or the ability to regenerate an entire plant.
Cenerally, the proliferation of proenbryogenic nasses (a stage |eading
to enbryo formation) can be induced by the presence of auxin. A culture
of recurrent enbryogenesis may be produced, where enbryos do not nature
but instead produce successive cycles of enbryos, through the use of a
very high initial auxin concentration followed by maintenance on | ow
|l evel s of auxin. Active enbryos may be obtained by placing these
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cultures on an auxin-free nedium Gowh is then induced in a sucrose
culture. Desiccation of the plantlets before gromh may be necessary to
create vigorous plants after growh. Following this growh period,
plantlets are acclimatized to climatic conditions by slow, progressive
reduction in humdity fromtheir water-saturated cul tures.

Wast e Recovery and Decontam nati on Techni ques

Bi oengi neered Organi snms

Wast es generated during the production of the bioengi neered test
subst ance nust be decontam nated before di sposal. These wastes i nclude
contam nated air and gases, as well as solid and liquid wastes. Air and
gaseous waste streans are generally treated t hrough one of the foll ow ng
met hods:

Filtration. Filtration is acconplished through either
high efficiency particulate air (HEPA) filters or
menbrane filters used in series to decontam nate vent or
exhaust gases.

Incineration. |Incineration may be used i ndependently or
as a supplenent to filtration and is generally used for
smal | vol une gas streans. Autonmatic safety devi ces shoul d
be used with incinerators to protect against problens
resulting frompower failures and overheati ng.

Irradiation. Irradiation involves exposing the waste
materials to x-rays, ultraviolet rays, or other ionizing
radi ati on to decontam nate them

For liquid wastes, treatnent is either chemcal or thermal.
When liquid wastes are of limted volune, chemcal treatnent is
often used. However, since proteins present in |iquid wastes can
deactivate the sterilant used in chemcal treatnent, thermal
sterilization may be nore appropriate for wastes involving
bi oengi neered m croorgani snms. Solid wastes are usually sterilized
by autoclaving and may then be incinerated.

STUDI ES OF THE Bl CENG NEERED TEST SUBSTANCE

Tests with mcroorganisnms generally involve |arge populations,
rather than a single organism Therefore, during field tests, the
bi oengi neered m croorganisnms will come in contact with one another
and with mcroorganisnms fromthe surroundi ngs. The test system design
shoul d incorporate containnment neasures to prevent contam nation and
hori zontal gene transfer, but conplete containnment cannot always be
attained. Certain characteristics of the m croorganism(e.g., dispersal,
survival, and multiplication; interactions with other m croorgani sns;
and potential for gene transfer), test site characteristics (e.qg.,
nmet eor ol ogi cal conditions, physical |layout), and experinental practices
used at the test site will all inpact contai nment of the m croorgani sm
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Pl ant s

Plants wused in biotechnology field studies are generally
donesticated, can be reproductively isolated, and are not likely to
persist in a non-cultivated environnment. Containnment is affected by:

1 Certain characteristics of the plant [e.g., the biology of the
reproductive potential of the plant, history of controllable
reproduction of the plant

Nat ure of biological vectors used in transferring DNA to the
plants (if this application technique is used)]

Test site characteristics (e.g., neteorological conditions,
physi cal |ayout-proximty of plants to one another) and

! Experimental practices used at the test site.
Vect or Consi derations

When bi ol ogi cal vectors are used to create transgenic plants,
measures shoul d be taken to ensure that the vector does not remain
capabl e of acting as an infectious agent. The vector should either
becone biologically inactive or be elimnated fromthe transgenic
plant. If the vector does not naturally become biologically
inactive, it is necessary to either elimnate the vector fromthe
plant or inactivate it after the transformation of the plant has
occurred. To assist with this process, the DNA used in devel oping
t he transgeni c plant shoul d possess the foll owi ng characteristics:

1 t horoughly characterized and unlikely to be transmtted
after entering the plant

Its donor plant should be of the sane or a closely
rel ated species as the recipient plant

Transferred from non- pat hogeni c pr okar yot es or
non- pat hogeni ¢ | ower eukaryotic plants

Come from plant pathogens only if the DNA sequence for
production of disease or damage in plants has been
renoved

Field site Considerations

Field experinments should be designed so that plants are
reproductively isolated fromsexually conpati bl e pl ants outsi de the
test site, bioengineered m croorganisns are not released into the
environnent outside the test site, and the plants used wll not
cause uni ntended, uncontrolled adverse effects.
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Some current experinmental

practices that are used to nmaintain

reproductlve isolation in plants are the foll ow ng:

Exanpl es of Methods for

Spati al Separation. The di stance the field should be from
any field containing plants of the sane species (i.e.,
sexual |y conpatible plant popul ations) depends on the
bi ol ogy of the plant species involved. Self-pollinated
species wth fragile pollen do not need to be
w del y-separated to achieve reproductive isolation.
However, open pollinated species that have hardy pollen
may need to separated by nore than several mles to
achi eve reproductive isolation.

Renoval of Reproductive structures. For some di oecious
plants, renmoving the male or female reproductive
structures may preserve reproductive isolationin plants
growmn in close proximty to conpatible plants. For
exanpl e, nmechani cal detasseling in seed corn production
removes the pollen-producing male flowers and prevents
genetic transfer.

Use of Cytoplasmc Male Sterility Trait. By incorporating
this trait into a plant, production of viable pollen is
prevent ed and t he pl ant IS bi ol ogi cal |y and
reproductively isol at ed.

Reduci ng Popul ati on Levels of Mcroorganisns in the
Envi r onnent *

Habi t at | medi at e’ Short-ternt Long-t ern?
Fr ee- Fum gati on Fum gati on Fum gati on
Li vi ng Fl oodi ng Fl oodi ng Fl oodi ng
Chemi cal s Chemi cal s Er osi on Contr ol
Er osi on Contr ol Soi | Anmendment s
Soi | Anmendnent s
Pl ant s Bur ni ng (Eradication) Breedi ng for Breedi ng for
Quar anti ne resi stance resi stance
Tillage Bi ol ogi cal control Bi ol ogi cal Control
Cheni cal s Quar anti ne Crop rotation
Bi ol ogi cal Control Cheni cal s Cultivar rotation
Irrigation/flooding Crop rotation Soi | anendnents
I nsect vector control Cul tivar rotation Weed/ nat ural host
Machi nery sanitation Irrigation/flooding control
Run- of f water control Heat treat ment Er osi on control
Sol ari zation (cover with Soil solarization
pl astic I nduced resi stance
Meristem tissue
cul ture
I nsect vector control
Weed/ nat ural host
control
Er osi on contr ol
1 Treatnent effective within hours to several days.
2 Treatnent effective within weeks to 3 years.
3 Treatnent effective after nore than 3 years.
4 Table is from Good Devel opnental Practices for Small Scale Field Research with

Genetically-nodified Plants
Co- operation and Devel opnent,
Phyt opat hol ogy. 27:551-581.

and M cro-organi sns,

March 1990,

Organi zation for
as taken from the Annual Revi ew of

Econoni ¢
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1 Tenporal Isolation. By growing the plants at a tine that wll
produce flowers either earlier or later than those for
conpatible plants in close proximty, genetic transfer and
poll en dissemnation is [imted or elimnated. Di spersion of
pollen can also be elimnated by placing bags or other
physi cal barriers over plant flowers.

Early Harvesting. If seed is not required for the field test,
pl ants m ght be harvested before flowering. This nmethod can
achi eve reproductive isolationin plants that are difficult to
isolate (e.g., plants that are insect-pollinated).

Application |ssues

The equi pnent used in applying the test substance for the study
should be simlar to equipnent that would be used in real world
applications so that effects related to application can be sinul ated.
Met hods of application include aerial, irrigation system directed
sprays, and subsurface soil application. Sone specific considerations
for each application nethod are di scussed bel ow

! Aerial Application. Many vari abl es can affect the efficacy of
a test substance or increase damage to crops/plants in the
target area when aerial application is used. These vari abl es
i ncl ude dosage, spray volunme, maxi mum hei ght from nozzles to
target, type of aircraft (fixed wing or helicopter)~ ground
speed, nozzle type and pressure, wi nd velocity and direction,
and relative humdity. Therefore, field efficacy and
crop/ pl ant phytotoxicity data should be generated to support
clains to be nade on the proposed | abel.

Irrigation System Application. Wien an irrigation systemis
used, data on efficacy and crop/plant phytotoxicity, vyield,
and quality should be developed for nultiple plots within a
treated field so that pesticide distribution can be eval uat ed.
In order to make such evaluations, data taken for the
i ndi vidual plots should be reported separately rather than
averaged together. Data should also include soil texture

percent soil organic matter, relative soil noisture condition
at appl ication, acre-inches of wat er appl i ed, and
precipitation quantities in the week after application. If an
overhead sprinkler irrigation system is used, test plots
shoul d be situated at several nozzle positions, at the extrene
ends of the spray area, and in areas where sprinkler patterns
overlap. If a surface irrigation system(flood and furrow) is
used, test plots should be |ocated both where the treated
water enters the field and at the |lower end of the field.

Directed Sprays. In a directed spray system sprays are
directed toward or away from certain sections of the test
pl ot. When this type of application nethod is used, the study

March 1994



GLP-C 04
Revi sion: 1
Page 61 of 73
Bi ot echnol ogy Facilities St andard Qperating Procedures Support Documnent

should include an indication of nozzle arrangenents and
orientations, and the extent of spray contact with soil or
pl ant s.

Subsurfase Soil Application. Subsurface soil application
involves the application of the test substance directly
beneath the soil surface. If this application is used, study
data should include detailed information on equi pnent. For
exanpl e, for injection equi pnent, the nozzl e spacing, depth of
operation, nozzle pressure, speed of operation, and vol une of
liquid or gas applied per unit area should be recorded.

Anal ysis of Study Control Plots

To nmake efficacy determnations, the results derived from test
plots treated with the test substance should be conpared wth the data
obtained from evaluating untreated control plots/plants. The contro
pl ot (s) should receive the sane treatnents as the test plots, except for
application of the test substance. Simlar treatnents should include
equal application of pesticides (other than the test substance),
irrigation, tilling, and neteorol ogical conditions. The data coll ected
and anal ysis for both the test plots and the control plots should be the
sane. If the test substance is a herbicide, both test and control plots
should be evaluated for weed species present, density of weed
popul ati ons, and weed vi gor.

5.5 FACILITIES AND EQUI PMENT

5.5.1 FACI LI TY DESI GN

The design of a facility that handles infectious agents
provi des secondary containnment to protect persons and the
environnent outside the |aboratory from exposure to infectious
materials. There are three types of | aboratory designs that provide
different levels of containnent. The type of |aboratory that is
appropriate for a particular biotechnology study is generally
determ ned by the nature of the study and the degree of biosafety
necessary. The inspector should review the study protocol to
determ ne what |evel of biosafety and type of |aboratory were
intended for the study. To assess the appropriateness of these
el enments, the i nspector should use the infornati on bel ow (devel oped
fromthe CDC-NH guidelines) and further refer to the information
supporting the guidelines in Biosafety in Mcrobiological and
Bi onedi cal Laboratories (May 1988). The three types of | aboratories
are described bel ow

! Basic Laboratory. These facilities are generally
appropriate for Biosafety Levels | and 2 (described
below). Basic l|abs are also used for biotechnol ogy
studies where there is a mninmal |evel of hazard and
study personnel can achieve sufficient protection from
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the i npl enmentati on of standard | aboratory practices. The
organisns used in the study are not associated wth
di sease in healthy adults.

Cont ai nnent Laboratory. Containnment I|abs qualify as
Bi osafety Level 3 facilities. These facilities are
designed with protective features to allow for the
handl i ng of hazardous materials in a way that prevents
harmto the study personnel and the surroundi ng persons
and environnent. Containnent |abs nmay be freestanding
bui | di ngs or segregated portions of |arger buildings, as
long as the | aboratory is separated frompublic areas by
a controlled access zone. Containnent |abs also have a
speci alized ventilation systemto regulate air flow

Maxi mum Cont ai nment Laboratory. These | aboratories are
Bi osafety Level 4 facilities. Mxinum contai nnent | abs
are designed to provide a safe environment for carrying
out studies involving infectious agents that pose an
extreme hazard to |aboratory personnel or may
caus¢, serious epidemc disease. These facilities have
secondary barriers, including sealed openings into the
lab, air locks, a double door autoclave,- a separate
ventilation* system a biowaste treatnent system and a
room for clothing change and showers that adjoins the
| ab. Maxi num contai nnment |abs are usually located in
i ndependent buildings, but may also be in a separate,
i sol ated portion of a |arger building.

The four bio-safety levels referred to in the above | aboratory
descriptions consist of three elenents: |aboratory practices and
t echni ques, safety equi pnent, and | aboratory facilities. The first
two el enments are considered primary contai nnent since they provide
protection within the |aboratory to personnel and the inmmediate
environment. The third el enent, the design of the facility itself,
is considered secondary contai nment since it gives protection to
persons and the environnent outside of the facility. |nportant
characteristics of each of the biosafety levels are sumarized
bel ow. Unless superseded by a nore stringent criterion, the
characteristics of a biosafety |level apply to all successive | evel s
(froml to 4). These characteristics, along with the training and
experience of the study personnel and any special conditions in the
operation of the |aboratory or the organisns involved, should be
considered in determ ning an appropri ate biosafety | evel. For nore
detail ed descriptions of the biosafety levels, the inspector is
referred to the CDC- Nl H gui del i nes, which can be obtained fromthe
Scientific Support Branch on request.

1 Bi o-safety Level 1. The organisns involved in the study
are defined and characterized strains of m croorgani sns
that are of mnimal hazard and are not known to cause
di sease in healthy human adults. Although access to the
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lab may be restricted by the lab director, the facility
is generally not closed off from the rest of the
bui Il ding. Most work is conducted on open bench tops and
speci al contai nment equi pnent is usually not needed. The
lab is designed to facilitate cleaning, wth space
bet ween equi pnent and cabi nets and bench tops that are
inpervious to water and resistant to solutions. Each
| aboratory has a hand washing sink and fly screens for
any w ndows that open. Lab personnel should be
know edgeable in |ab procedures and supervised by a
scientist trained in mcrobiology or a rel ated science.
Decont am nati on of work surfaces shoul d be done daily and
after spills, and all contam nated wastes should be
decont am nat ed bef ore di sposal . Per sonal safety
equi pnent, such as | ab coats or uniforns, should be worn
and hands washed before and after handling viable
materials. Procedures are performed in a manner that
limts the creation of aerosols. Any contam nated
materials that will be decontam nated at anot her | ocation
are transported in a durabl e | eak proof container that is
seal ed before renoval fromthe | ab

Bi o-safety Level 2. Wirk done under Biosafety Level 2
i nvol ves organi sns of noderate potential hazard. Many of
the characteristics of this |level are the sanme as those
for Bio-safety Level 1; the differences and additi onal
gui delines are indicated here. For Bio-safety Level 2,
| aboratory access is I|limted while work 1is being
conducted and only persons informed of the potentia
hazards of the lab environment and neeting any other
entry restrictions developed by the lab director are
al l oned entry. Biological safety cabinets (Class | or I1)
,are used for containnment when procedures with a high
potential for treating infectious aerosols (e. g.,
centrifuging, blending) are conducted and when h | e h
concentrations or |arge volunes of infectious agents are
used. (The inspector is referred to Appendix A of the
CDC- NI H gui dance for a description of bio-safety cabinet
classifications.) Lab personnel are trained in handling
pat hogeni ¢ agents and are under the direction of skilled
scientists. An autoclave is available for Use in
decontam nating infectious wastes. Before |eaving the
| ab, personnel either renove any protective clothing and
leave it in the lab or cover it with a clean coat. Skin
contam nation with infectious materials is avoided and
gl oves worn when such contact is unavoi dable. Spills and
acci dents causing overt exposure to infectious naterials
are reported pronptly to the lab director/ Safety O ficer
and appropriate treatnment provided and records of the
i ncident mai ntained. If warranted by the organi sns at Use
in the |ab, baseline serum sanples for all at-risk
personnel are collected and stored. A bio-safety nmanual
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is devel oped and personnel are required to be famliar
wth it and to followits instructions.

Bi o-safety Level 3. Wirk done under Biosafety Level 3
conditions generally occurs in clinical, diagnostic,
t eachi ng, research or production facilities and invol ves
organi sms that may cause serious or potentially Iethal
di sease foll ow ng exposure through i nhalation. Thelabis
segregated fromgeneral access areas of the building and
two sets of self closing doors nust be passed through to
enter the lab fromaccess hal l ways. Lab access is limted
to persons who nust be present for program or support
functions and | ab doors remai n cl osed duri ng experi nents.
Al work with infectious materials is conducted in a bio-
safety cabinet (Class I, Il or Il1l) or other physica
cont ai nnment devi ce or by personnel wearing the necessary
personal protection clothing. Upon conpleting work with
i nfectious mat eri al s, al | wor k surfaces are
decontam nated. Protective clothing is worn in the
| aboratory and is renoved before exiting the facility.
Al'l such clothing is decontam nated before | aundering.
Vacuum |ines are protected wth high efficiency
particulate air (HEPA) filters and |iquid disinfectant
traps. The HEPA-filtered exhaust air fromddass | or |
bi o-safety cabinets is discharged directly to the outside
or through the building exhaust system but may be
recirculated wthin the Ilab if the cabinet IS
appropriately certified and tested. A ducted exhaust air
ventilation systemthat draws air into the |ab through
the entry areas is in place. Walls, ceilings, and floors
are water resistant to facilitate cleaning and w ndows
are closed and sealed. The |ab sinks are operable by
foot, el bow or automation and are | ocated near the exit
of each |l ab room

Bi o-safety Level 4. This safety level is necessary for
work with organisns that present a high individual risk
of life-threatening di sease. These facilities are | ocated
in a separate building or in a conpletely segregated,
controlled area of a building. Access to the facility is
controlled by the use of |ocked doors and all personnel
entering nust sign a |ogbook. Al personnel nust enter
and | eave the facility through the clothing change and
shower roonms and nust shower before exiting. Any supplies
or materials that do not enter through the shower and
change roons nust enter through a doubl e-door autocl ave,
fum gation chanber, or airlock that is decontam nated
bet ween each use. All organisns classified as Biosafety
Level 4 are handled in Cass IIl bio-safety cabinets or
in Cass | or Il bio-safety cabinets used in conjunction
with one-piece positive pressure personnel suits
ventilated by a life support system Al biological
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materials renoved froma Cass IIl cabinet or maxinmm
containnment lab in a viable condition are placed in an
nonbr eakabl e, seal ed primary contai ner and t hen encl osed
in a secondary container that is renoved through a
di sinfectant dunk tank, fumgation chanber, or an
airlock. Al other materials nust be autoclaved or
decont am nated before renoval fromthe facility. \Walls,
floors, and ceilings of the facility together form a
seal ed internal shell and any wi ndows are resistant to
breakage. A facility is available for the quarantine
i solation. and treatnent of personnel with potential or
known | ab-related ill nesses.

5.5.2 EQUI PMVENT

St udi es i nvol vi ng bi oengi neered m croorgani sns Wi ll use nany types
of equi pnent and instrunents in the devel opnent, application, testing,
transportation, and decontam nation procedures that are part of a
bi ot echnol ogy study. Wile sonme of this equipnent is comon to other
types of scientific studies, the specialization of biotechnology
necessitates the use of specific equipnent. A description of many of the
speci al equipnent and instrunents is included below to provide the
i nspector with the additional expertise necessary to conduct a thorough
bi ot echnol ogy i nspecti on.

1 Bi osaf ety Cabi nets. These cabinets are a comonly used prinmary
cont ai nment device for work involving infectious organi sns. Their
primary function is to protect the |ab worker and the immedi ate
envi ronnent by containing any infectious aerosols produced during
mani pul ati on of organisns within the cabinet. Biosafety cabinets
are classified into three types (I, Il and Il11) based on their
performance characteristics. Class | and |11 cabinets are
appropriate for use with noderate and high-risk m croorganisns.
These cabi nets have an inward face velocity of 75 |inear feet per
m nute and their exhaust air is filtered by HEPA filters. The d ass
| cabinet can be-used with either a full-wdth open front, an
installed front closure panel, or an installed front cl osure panel
equi pped with armlength rubber gloves. The Cass Il cabinet is a
vertical lamnar-flow cabinet with an open front. |In addition to
the protection provided by the Cass 1 cabinet, the Cdass Il
cabinet protects materials inside the cabinet from extraneous
ai rborne contam nants since the HEPA filtered air is recircul ated

within the work space. The Cass IIl cabinet is a totally encl osed
ventilated cabinet that is gas tight. Cass IIl cabinets are used
for work wwth infectious organisns. Work in a Class IIl cabinet is

conducted through connected rubber gloves. The <cabinet is
mai nt ai ned under negative pressure with supply air drawn in through
HEPA filters and exhaust air filtered by two HEPA filters. The
exhaust air is discharged to outside the facility using an exhaust
fan that is generally separate fromthe facility's overall exhaust
fan. Each of the cabinet types is only protective if it is operated
and mai ntai ned properly by trained personnel.
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Organism Preparation. In devel oping the bioengineered test
substance, commonly used | aboratory equi pment include culture
pl ates, roller bottles, shake flasks, and seed fernenter These
devices are used to bring the organismfromits origination in
the nmaster cell bank through its preparation for
growt h/ propagati on. For wor k with bi oengi neer ed
m croorgani sns, the organi sm preparation systemis generally
contained in a biosafety cabinet.

Bi oreactors. The mnmain purpose of a bioreactor is to
grow propagate a mcroorganism in a controlled, aseptic
environment. Bioreactors cone in various sizes and four basic
designs  (nechani cal, non- mechani cal , plug flow, and
i mmobi li zation). The nost popular type is the mnechanical
fermenter which uses nechanical stirrers to agitate the
organism One of the nost commonly used nechani cal fernenters
is the stirred tank fernenter (STF). Agitation is provided by
conpressed gas or punped liquid in non-nechanical fernenters.
Plug flow reactors are usually tubular reactors that may Use
direct agitation. | mobi lization reactors foster grow
propagation on a permanent solid substrate. In order to
satisfy the mnmetabolic requirenents of the m croorgani sm
aeration nust be adequate to provide sufficient oxygen. Those
bi oreactors using agitation need to be designed to maintain a
uni form environnent within the bioreactor.

Bi oreactor Control. To control the netabolic processes within
t he bi oreactor, facilities shoul d have adequat e nonitoring and
control equi pnment. There are three classes of such nonitoring
systens, off-line, on-line, and in-line. These systens track
paraneters such as pH, tenperature, and agitation and aeration
rates within the bioreactor. For off-1ine systens, a sanple is
taken from the bioreactor at specified intervals and
chem cally analyzed using automated | aboratory instrunents.
since off-line systens can have a | engthy turnaround tinme for
analytical results and do not provide a high level of
containnment, they are not recomended for woirk wth
bi oengi neered m croorgani snms. For on-line systens, sanpling
and analysis are done continuously and often provide
addi ti onal secondary containment. In-|line systens, throughthe
use of probes, sensors, and sanpling devices that directly
contact the material, provide a continuous, non-invasive
i ndi cation of bioreactor conditions.

Air Conpressors and Sterilizers. Since nost bioprocessing is
aer obi c; proper grow h and production of the organi smrequires
that oxygen be drawn into the bioreactor. To prevent
contam nation of the organism the air needs to be conpressed
and sterilized before it enters the bioreactor. Conpressors
generally used are either dynamc/centrifugal or positive
di spl acenent in design. To renove undesirable organi sns and
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particles from the air, the conpressed air is circulated
through filters before entering the bioreactor

Product Recovery. To separate and concentrate the desired
final product fromthe contents of the bioreactor, a product
recovery or purification system is required. Such systens
i nclude centrifugation, cell disruption, broth conditioning,
filtration, extraction. chromatography, and drying/freezing
techni ques. The type of equipnment at a particular study
facility depends on the type(s) of product recovery systen(s)
enpl oyed at the study facility. Types of centrifuges that are
used to separate viable cells from liquid broth include
bat ch- oper at ed solid bow machi nes, sem - conti nuous
sol i ds-di schargi ng di sc separators, and continuous decanters
(decanter centrifuges). Types of batch centrifuges i nclude the
solid-bowl disc centrifuge, one-chanber centrifuges (used for
protein fractionation from blood plasm), zonal centrifuges
(used to separate intracel lul ar and extracel | uar products such
as virus purification or cell constituent isolation), and tube
centrifuges (used to separate |liquid phases). Safety cabinets
must be used during solids renoval from batch centrifuges.
Ceneral ly, sem -conti nuous solids-di schargi ng nachi na provi de
the best containnent and are the nost widely used type for
bi ot echnol ogy applications. Cell disruptionis usedto recover
intracel lul ar products and can be perforned using nmechani cal
or non-mnmechani cal nethods. Mechanical nethods include ball
mlls and high speed honobgenizers, non-nechanical nethods
include chemcal or enzymatic 1lysis, heat treatnent,
freeze-thaw, and osnotic shock. Non nechani cal nethods are
easily contained and are nobst often used in |aboratories.
Broth conditioning can take place within the bioreactor (when
an STF is used) or in a separate vessel (if bioprocessing is
performed in an unstirred vessel). Filtration units are used
to separate cellular, intracellular or extracellular solids
from broth. Types of filtration units include continuous
rotary druns, continuous rotary vacuumfilters, and tangenti al
flow filtration systenms using either mcroporous or
ultrafiltration nenbrane filters). The type of filtration unit
used is dependent on the type of product being recovered.
Affinity and gel filtration chromatography processes are used
to purify intracellular or extracellular products. Products
are purified using an eluting solvent in a packed col um and
are collected in afraction collector. If adequat e cont ai nnent

is provided (e.g., biological safety cabinet), product
recovery using chromat ography can be used to purify hazardous
organisns. Types of liquid-liquid extraction equipnment

i ncl udes centrifugal extractors (used to extract biotechnol ogy
products), spray and packed towers, nechanically agitated
colums, pulse colums, or mxer-settler wunits. Either
freezing or drying may be used to facilitate handling and
storage of products. Organisns to be frozen are placed in
vials (perfornmed in a biosafety cabinet) and frozen. The nost
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comon types of dryers used are freeze dryers and vacuumtray
dryers. since freezing provides primary containnment and
produces | ess aerosols than dryers, it is nore appropriate for
product storage. If dryingis perfornmed, proper filtration and
ventilation systens nust be provided.

Waste Recovery and Decontam nation. The primary nethod of
decontam nati ng exhaust gases mxed with liquid broth, is
through the use of filters. Before filtration, the m xture
may be passed through a condenser, a coalescing filter, and a
heat exchanger. Filtration is then done using pairs of HEPA or
menbrane filters. Another nethod of decontam nating air and
gaseous waste streans is thernmal destruction or incineration.
I ncineration may be used alone or in addition to filtration.
Li qui d wastes can be decontam nated t hrough chem cal or heat
treatnent. However, for | arge volunes of |iquid wastes and for
wast es cont ai ni ng genetically engi neered m croorgani sns, heat
treatnent is generally preferred. Solid wastes (e.g.,
mcrobial cultures, cell debris, glassware, protective
clothing) is generally decontam nated by autoclaving, and if
necessary, followed by incineration. To decontam nate
| aboratory devices exposed to bioengi neered substances, the
nost common practice is the use of pressurized steam that
contains an appropriate chem cal. For heat - sensitive
equi pnent, such as electronic instrunents, decontam nation is
generally achieved through chem cal sterilization or
irradi ation. Gaseous sterilants are applied by a steamej ect or
that sprays down from overhead. If decontam nation by steam
l[iquid, or gas sterilization is not possible, ionizing or
ultraviolet radiation is used. However, since irradiation
nmet hods do not always inactivate all types of m crobes, steam
or gaseous chem cal sterilization should be used for devices
contam nated w th bi oengi neered organi sns.

QG her Common Types of Equipnment. Oher comon types of
equi pnent used in |aboratories performng biotechnol ogy
studies are as foll ows:

- Aut ocl ave to sterilize equipnent, wastes, etc.

- Freezers, refrigerators, water baths and incubators for
i ncubation and storage. The operating tenperature of this
equi pnent 15 dependent on the type of organism being
gr own

- Heati ng bl ocks for conducting enzymatic reactions in test
tubes or mcro-centrifuge

- Gei ger counter and/or scintillationcounter for nmeasuring
radi oactivity

- Magnetic stirrers with heaters
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- M crowave oven for agar and agarose nelting
- Vi si bl e and UV spectrophot onet er
- Water purification equi pnent

- Vacuum desi ccat or/ | yophili zer.
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Agricul tural Science

Agr onony

Anal ytical Chem stry

Bi ochem stry

Bi oengi neeri ng

Bi ol ogy

Bot any

Chem cal Engi neering

Chem stry

Ent onol ogy

Enzynol ogy

Forestry

Formul ati on Chem stry

d ossary of Disciplines

Di sci pline deal i ng with the selection,
br eedi ng, and managenent of crops and donestic
ani mal s

The principles and procedures of soi |
managenent and of crop i nprovenent,
managenent, and production

Branch of chem stry dealing with techni ques
that yield any type of information about
chem cal systens

The study of chem cal substances occurring in
living organi snms and t he reactions and net hods
for identifying these substances

The application of engineering know edge to
the fields of nedicine and biol ogy

A division of the natural sciences concerned
with life and |iving organi sns

A branch of the biological sciences that
studies plants and plant life

The branch of engineering dealing with
chem cally converting basic rawmaterials into
product s

The scientific study of the properties,
conposition, and structure of matter, the
changes in structure and conposition of
matter, and acconpanyi ng energy changes

The scientific study of insects

Branch of science dealing with the chem ca
nature, biological activity, and biological
significance of enzynes

The science that deals wth the devel opnment,
mai nt enance, and managenent of forests

Branch of chem stry deal i ng with the
particular mxtures of base chemcals and
additives required for products
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CGeneti c Engi neering

Geneti cs

Hi st ol ogy

| munol ogy

M cr obi ol ogy

Mol ecul ar Bi ol ogy

Mycol ogy

Organic Chem stry

Pat hol ogy

Phar macol ogy

Physi cal Chem stry

Taxononmny

The intentional production of new genes and
alteration of genonmes by the substitution or
addi tion of new genetic materi al

The science concerned with the study of
bi ol ogi cal inheritance

The study of +the structure and chem cal
conposition of animal and plant tissues as
related to their function

Branch of biol ogy concerned wth the native or
acqui red resi stance of higher animl fornms and
humans to infection Wth m croorgani sns

The science and study of mcroorganisns,
i ncl udi ng protozoans, algae, fungi, bacteria,
viruses, and rickettsiae

Part of biology that attenpts to interpret
bi ol ogi cal events in terns of t he
physi cochem cal properties of nolecules in a
cel

The branch of botany that deals with the study
of fungi

The study of the conposition, reactions, and
properties of carbon-chain or carbon-ring
conpounds and m xtures

The study of the causes, nature, and effects
of di seases and other abnormalities

The science dealing with the nature and
properties of drugs, particularly their
actions

The branch of chemistry that deals with the
interpretation of chemcal phenonena and
properties in terns of the underlying physical
processes, and with the devel opnent of
techni ques for their investigation

The study of the classification of organisns
t hat best reflects t he totality of
simlarities and differences
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Toxi col ogy

Vi r ol ogy

Zool ogy

The study of poisons, including their nature,
effects, and detection, and nethods of
t r eat ment

The branch of biology dealing with the study
of viruses

The science that deals wth know edge of
animal life
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