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Special Technology Development Program

New Project Proposal

PROJECT NUMBER:  NA-2003-05

PROJECT TITLE:  Development of methods for producing Gypchek and other insect viruses in cell culture bioreactors

PROJECT STATUS:  New

EXPECTED PROJECT DURATION:  3 years  

EXPECTED COMPLETION DATE OF THE PROJECT:  end of FY05  

SUBJECT (This is a hierarchical table that helps us understand our financial investment.  Please indicate percentage of funding for all that apply; total percentage for numbers 1-6 should equal 100): 

	1. Total Suppression/Prevention Technology
	%
	
	2. Survey and Monitoring Technology
	%
	

	a. Total Biological Control
i. Microbial 100%
ii. Parasitoides %
iii. Synthetic hormones/pheromones %
iv. Other %
	100
	%
	a. Advancements in Detection Technology 
	
	%

	
	
	
	b. Landscape Level Assessment Technology
i. Data Visualization 
	
	%

	b. Total Modeling
i. Pesticide (Insecticide) Application %
ii. Disturbance %
iii. Growth and Yield %
iv. Organism  %
v. Population %
vi. Terrain %
	
	%
	c. Remote Sensing
i. Aerial %
ii. Hyperspectral %
iii. Satellite %
	
	%

	
	
	
	d. Other


	
	%

	c. Genetic, Cultural and Silvicultural Innovations 
For Controlling Pest Species
i. Fire %
ii. Methyl Bromide Alternatives %
iii. Thinning/Regeneration Techniques and other Silvicultural Guidelines %
iv. Resistance, Screening, and Breeding %
	
	%
	3. Assessment Technology
	%
	

	
	
	
	a. GIS %
b. Spatial Analysis % 
c. Landscape Analysis %
d. Decision Support % 
Risk and Hazard %
Expert Systems %
	
	

	d. Pesticide Application (Spray) Technology
i. Equipment innovations %
ii. Methods and Guidelines %
	
	%
	4. Social Values
	%
	

	
	
	
	5. Technology Transfer Innovations
	%
	

	e. Other

	
	%
	6. Other

	%
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STATUS OF SUBJECT SPECIES:  non-native invasive

PROJECT OBJECTIVES:  The development of techniques/methods for production of Gypchek and other insect viruses in cell culture bioreactors.

BRIEF DESCRIPTION OF PROJECT:  

FY 2003:  Develop optimal methods for production of Gypchek in a 2.0-liter cell culture bioreactor.  This work, as described in detail below, entails the delineation of optimal cell growth and virus infection parameters to achieve the highest level of virus production.

FY 2004:  Adapt the methods developed for the 2.0-liter bioreactor to the 7.5 and 15.0-liter bioreactors.

FY 2005:  Optimize the cell culture medium formulation to achieve a high level of polyhedra production at the minimum cost.   

FHP LEAD CONTACT:

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax
Bernie Raimo
NA, Durham, NH
603-868-7708



braimo@fs.fed.us
603-868-7604

FHP LEAD INVOLVEMENT:


Role

Time Commitment

Works with the Principle Investigator to ensure production/methods 
1%

development fits the needs of FHP.

PRINCIPAL INVESTIGATOR(S):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Jim Slavicek
USDA Forest Service
740-368-0033


Northeastern Research Station
jslavicek@fs.fed.us
740-368-0033

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT:

Name
Role

Time Commitment

Jim Slavicek
Responsible for all aspects of this proposal
50%

JUSTIFICATION:  The development of bioreactor production methods for Gypchek would provide a means of production that can be scaled to a large capacity (production of 50,000 acre equivalents + per year), that is at a lower cost than the current larval based production method, and would generate a product completely free of bacteria, fungi, and other viruses.  The methods developed would be applicable to production of any baculovirus (e.g., TM-biocontrol, browntail moth virus) for use in insect pest control programs. 

URGENCY: No
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NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY: 
Priority 1: X_
Priority 2: __
Priority 3: __
Priority 4: __

The development of a lower cost production method for Gypchek would make this control agent less costly to use, and consequently would facilitate a broader use of this product.  In addition, the methods are applicable to production of other viruses (e.g., TM-Biocontrol) for which no other production method is currently operational.  
TECHNICAL COMMITTEE DEVELOPMENT PRIORITY:

Priority 1: __
Priority 2: __
Priority 3: X_
Priority 4: __



Priority 5: __
Priority 6: __
Priority 7: __
Priority 8: __



Priority 9: X
The development of economical methods for production of Gypchek and other insect viruses provides an additional biological control agent for management of forest insect pests.  Since insect viruses have the advantage of being specific for the target insect pests compared to most other control agents (chemicals, Bt, etc.), their use in environmentally sensitive areas is particularly advantageous.   


SCOPE OF APPLICATION:  Bioreactor production methods for Gypchek and other insect viruses would potentially impact the current range of the Gypsy moth (Eastern U.S.), areas of gypsy moth introduction (e.g., previously the west coast), the current range of the Douglas fir tussock moth (MT, CO, UT, ID, OR, WA, CA), and the range of the browntail moth (Maine and Cape Cod, MA).  

RESEARCH BASIS:  Previous research and development efforts by the P.I. have focused on development of strains of Gypchek that can be successfully produced in cell culture bioreactors.  Several problems including issues of stable polyhedra production, viral potency, and identification of useful cell lines had to be solved.  The basis of mutant virus formation was identified and a means of solving this problem was identified (1, 2, 3, 4).  We have developed strains of Gypchek that can be successfully produced in cell culture (5, 6) and that possess potency levels necessary for efficacy in the field (7, 8).  The American Cyanamid Company successfully produced these viral strains in cell culture bioreactors, at a pilot production scale.  Based on the results generated by American Cyanamid and others, we anticipate production levels of Gypchek to be approximately 1-5 x 1011 polyhedra per liter.  We have purchased small-scale bioreactors (2, 7.5, and 15 liter reactors) to develop the methods for production of Gypchek in bioreactors.     

METHODS:  The development of methods for production of Gypchek in cell culture bioreactors entails the delineation of parameters for the optimal cell growth and virus production.  This work will involve determination of optimal bioreactor cell seeding density, O2 concentration, O2 sparging rate, circulating blade rotations per minute rate, medium pH, temperature, glucose concentration, glutamine concentration, antifoam mitigation (chemical or mechanical), multiplicity of viral infection, and duration of infection for the 2 liter bioreactor.  Once these parameters are determined the same operational conditions will be applied to production in the 7.5-liter 
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bioreactor.  It is anticipated that optimal conditions for the 7.5-liter bioreactor will be very similar to the conditions for the 2-liter bioreactor.  The methods for production of virus in the 7.5-liter bioreactor will then be applied to production in the 15-liter vessel.  The development process will be initiated with commercially produced medium.  Once optimal production parameters are developed efforts to optimize medium formulation will ensue.  Gypchek produced during the development of bioreactor production methods will be available for use in gypsy moth control efforts.  
MEASURES OF SUCCESS:

Standard of Success:  Gypchek production levels from 1-5 x 1011 polyhedra per liter at a cost of approximately $3-5 per liter.  

Expected Outcomes:  Operational cell culture bioreactor production methods up to the 15-liter vessel scale for Gypchek.  These methods can then be applied for production of TM-Biocontrol and the browntail moth virus.

Implementation of Products/methods:  The Northeastern Research Station is currently working with State and Private Forestry, FHP to develop a cell culture bioreactor production facility for production of insect viruses.   

PRODUCTS AND DUE DATES: 

1.  Methods for Gypchek production in a 2.0-liter bioreactor, end of FY 03.  

2.  Methods for Gypchek production in a 7.5 and 15.0-liter bioreactors, end of FY 04.

3.  Optimization of cell culture medium formulation, end of FY05.

PUBLICATIONS:  The results of methods development will be published in peer-reviewed journals and trade publications.

TECHNOLOGY TRANSFER:  It is anticipated that NE and S&PF will use the methods developed for production of Gypchek, TM-Biocontrol, etc.  If a company is interested in pursuing bioreactor production the technology will be freely available.

PRODUCT LEVERAGING:  This project is based on the past research and development efforts to generate strains of Gypchek that can be successfully produced in cell culture bioreactors.  

LONG-TERM BUDGET REQUEST: (estimates by fiscal year and funding, both monetary and in-kind, excluding FHP base funding and salaries) (extend table as necessary):

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY  2002
	
	
	
	

	Administration
	Salary
	$23,836
	$23,836
	NE

	
	Overhead
	
	
	

	
	Travel
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	Procurements
	Contracting
	
	
	

	
	Equipment
	
	$15,000
	NE

	
	Supplies
	$10,000
	$5000
	NE

	YEAR TOTALS
	
	$33,836
	$43,836
	


	FY 2003
	
	
	
	

	Administration
	Salary
	$25,028
	$25,028
	NE

	
	Overhead
	
	
	

	
	Travel
	
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	$12,000
	NE

	
	Supplies
	$15,000
	$5000
	NE

	YEAR TOTALS
	
	$40,028
	$42,028
	


	FY 2004
	
	
	
	

	Administration
	Salary
	$26,279
	$26,279
	NE

	
	Overhead
	
	
	

	
	Travel
	
	
	

	Procurements
	Contracting
	
	$10,000
	NE

	
	Equipment
	
	
	

	
	Supplies
	$12,000
	$5000
	NE

	YEAR TOTALS
	
	$38,279
	$41,279
	

	
	
	
	
	

	PROJECT TOTALS
	
	$112,143
	$127,143
	


LONG-TERM BUDGET REQUEST EXPLANATION:  One half of a salary for a technician is requested for three years.  The other half of the salary would be paid out of NE-4509 Project Funds.  Funds for cell culture medium, glucose, glutamine, and other supplies are requested.  Necessary equipment for this project includes a glucose/glutamine analyzer and lyophilizer.  This equipment would be purchased by NE-4509.

BENEFITS:  The long-term benefits of this project would be development of methods for economical production of Gypchek, TM-biocontrol, and other insect viruses for use as biological control agents.

ADDITIONAL NOTE:  FHP, through NA, provided $5000.00 in FY02 to help purchase the 2.0-liter bioreactor for use in developing a cell culture bioreactor production capability.  This STDP proposal is being submitted to attempt to accelerate the development of bioreactor production methods.

LITERATURE, CITATIONS, ATTACHMENTS, etc.:  

1.  Slavicek, J.M., Podgwaite, J. and Lanner-Herrera.  1992.  Properties of two Lymantria dispar nuclear polyhedrosis virus isolates obtained from the microbial pesticide Gypchek.  J. Inverte. Pathol. 59: 142-148.

2.  Slavicek, J.M., Hayes-Plazolles, N. and Kelly, M.E.  1995.  Rapid formation of few polyhedra mutants of Lymantria dispar multinucleocapsid nuclear polyhedrosis virus during serial passage in cell culture.  Biol. Cont. 5: 251-261.

3.  Bischoff, D.S. and Slavicek, J.M.  1996.  Characterization of the Lymantria dispar nucleopolyhedrovirus 25K FP gene.  J. Gen. Virol. 77: 1913-1923.
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4.  Bischoff, D. and Slavicek, J.M.  1997.  Phenotypic and genetic analysis of Lymantria dispar nucleopolyhedrovirus few polyhedra mutants:  Mutations in the 25K FP gene may be caused by DNA replication errors.  J. Virol. 71: 1097-1106.

5.  Slavicek, J.M., Mercer, M.J., Kelly, M.E. and Hayes-Plazolles, N.  1996.  Isolation of a baculovirus variant that exhibits enhanced polyhedra production stability during serial passage in cell culture.  J. Inverte. Pathol. 67:153-160.

6.  Slavicek, J.M., Hayes-Plazolles, N. and Kelly, M.E.  2001.  Identification of a Lymantria dispar nucleopolyhedrovirus isolate that does not accumulate few-polyhedra mutants during extended serial passage in cell culture.  Biol. Cont. 22:159-168.

7.  Thorpe, K.W., Podgwaite, J.D., Slavicek, J.M. and Webb, R.E.  1998.  Gypsy moth (Lepidoptera: Lymantriidae) control with ground-based hydraulic applications of Gypchek, in vitro-produced virus, and Bacillus thuringiensis.  J. Econ. Entom. 91: 875-880.

8.  Thorpe, K.W., Slavicek, J.M., Podgwaite, J.D., Webb, R.E., Fuester, R.W., Peiffer, R.A. and Valenti, M.A.  Dose responses of in vivo and in vitro-produced stains of gypsy moth (Lepidoptera: Lymantriidae) virus (LdMNPV) applied with and without the virus enhancer, Blankophor BBH.  Submitted, J. Econ. Entom.
