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Re: GRAS Notification for BD5088 alpha-bylase enzyme preparation, derived from 
Pseudomonasflourescens Biovar I, expressing a gene encoding an optimized 
Thermococcales alpha-amylase 

Dear Dr. Rulis: 

Pursuant to proposed 21 C.F.R. 0 170.36(c) and on behalf of our client, Innovase LLC, 
we hereby notify the agency of our determination on the basis of scientific procedures that the 
above referenced alpha-amylase enzyme preparation is generally recognized as safe (GRAS) 
when used as a processing aid to hydrolyze edible starch in the production of starch hydrolysis 
products such as high fructose corn syrup, other sweeteners, and ethanol. As with all GRAS 
substances, the enzyme preparation when used in this application is exempt fkom the premarket 
clearance requirement applicable to food additives under section 409 of the Food, Drug, and 
Cosmetic Act. 

We trust you will find the enclosed notification acceptable. Should any questions arise 
during the review process, please do not hesitate to contact us, preferably by telephone, so that 
we may respond as quickly as possible. 

John B. Dubeck 

Enclosure (GRAS Notification in triplicate) 

cc: David Hanselman @ 
WASH I NOTON. D. C. BRUS s ELS 

080002 
SAN FRANCISCO 
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Introduction 



Introduction 

a 

The a-amylase enzyme preparation that is the subject of this Notification, referred to as 
a-amylase BD5088, is intended for use in the hydrolysis of edible starch to produce 
starch hydrolysis products, including glucose syrup, high fructose corn syrup (HFCS), 
and crystalline glucose (dextrose), and distilled ethanol for food and beverage use. 
Alpha-amylase hydrolyzes the a- 1-4 linkages in starch during wet milling. Treatment of 
starch with a-amylase may be followed by treatment with other suitable enzymes such as 
glucoamylase, pullulanase, and glucose isomerase. 

The BD5088 a-amylase enzyme is derived from a genetically modified strain of 
Pseudomonasfluorescens Biovar I. 

As discussed in greater detail in Section III.9.d below, residues of the BD5088 a-amylase 
enzyme in processed sweeteners are not detectable at a sensitivity of 2.4 ppb. The 
corresponding dietary concentration for BD5088 total organic solids (TOS) is less than 1 
PPb. 

The safety of the BD5088 a-amylase enzyme preparation when used as described is 
supported by a series of safety studies including a 90-day oral toxicity study in rats, in 
vitro and in vivo genotoxicity studies on the enzyme preparation, and a pathogenicity 
study on the host microorganism. The NOAEL derived from the 90-day rat feeding study 
is approximately 44,500,000 times higher than reasonably anticipated per capita 
exposure to the TOS present in BD5088 a-amylase. 

A GRAS Panel of highly qualified experts has reviewed the safety data upon which this 
G U S  Notification relies and has deemed the BD5088 a-amylase enzyme preparation to 
be safe when used as described. 

0004 



I) Administrative 

I .  



I. Administrative Information 

1. Claim Regarding GRAS Status 

Innovase LLC hereby notifies the Agency of its determination that alpha-amylase 
enzyme preparation, derived fkom Pseudomonasfluorescens Biovar I, expressing a gene 
encoding an optimized ThermococcaZes alpha-amylase, is generally recognized as safe 
(GRAS), based on scientific procedures, when used as described below for the hydrolysis 
of edible starch in (1) the production of starch hydrolysis products such as high fructose 
corn syrup; and (2) the production of ethanol through starch fermentation for beverage 
use. 

As such, this enzyme preparation is exempt from the premarket approval requirements of 
the Food, Drug, and Cosmetic Act. 

David S. Hanselman, Ph.D. 
Director of Regulatory Affairs, Environment, Health and Safety 
Innovase LLC 
5501 Oberlin Drive 
San Diego, California 92 12 1 

dhanselman@dow.com 
85 8-3 52-4454 

2. Name and Address of the Notifier 

Innovase LLC 
5501 Oberlin Drive 
San Diego, California 92 12 1 

3. Common or Usual Name of the Subject Substance 

Alpha-amylase; a-amylase 
(Also referred to as BD5088 a-amylase) 

4. Conditions of Use 

BD5088 a-amylase is intended for use as a processing aid to hydrolyze edible starch in 
the production of starch hydrolysis products such as high fructose corn syrup, other 
sweeteners, and ethanol. The enzyme preparation will be used at levels no higher than 
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necessary to achieve the intended effect, generally in the range of 500 grams of 
formulated enzyme preparation per metric ton of starch. This is equivalent to a 
concentration of 500 parts per million (0.5 kg + 1000 kg x lo6 ppm). 

5 .  Basis for GRAS Determination 

The GRAS determination for the subject enzyme preparation is based upon scientific 
procedures, as described in detail below. 

6.  Statement of Availability of Data and Information 

The data and information that are the basis for Innovase’s GRAS determination are 
available for review and copying by FDA at the ofices of Keller and Heckman LLP, 
1001 G Street, N.W., Washington, D.C. 20001. These documents will be sent to FDA 
upon request. 

FDA is asked to address.any interim communications and correspondence regarding this 
Notification to John B. Dubeck, attorney for the Notifier, at the following address / 
telephone number: 

John B. Dubeck 
Keller and Heckman LLP 
1001 G Street, N.W. 
Washington, D.C. 20001 

Dubeck@khlaw.com 
202-434-4100 

We further ask that the Agency’s final response letter to this Notification be addressed to 
Dr. Hanselman at the Innovase address provided above. 
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0 11. Detailed Information about the Identity of the Notified Substance 

1. Name: BD5088 Alpha-Amylase (a-Amylase) 

2. Physical Description: amber liquid 

3. Method of Manufacture 

The BD5088 alpha-amylase preparation is made using generally known and accepted 
methods for the production of microbial enzymes (Aunstrup, 1979a; Aunstrup et al. , 
1979b; Pariza and Foster, 1983). In addition, the BD5088 alpha-amylase preparation is 
manufactured in accordance with both Good Manufacturing Practices (GMPs) and the 
Organisation for Economic Co-operation and Development’s criteria for Good Industrial 
Large Scale Practice (GILSP) (OECD, 1992). 

A diagram of the manufacturing process is provided in Appendix 1 

3 .a Production microorganism 

Frozen glycerol stock cultures of the production microorganism, P. j7uorescens strain 
DC88, are maintained as the source inoculum for enzyme production. The production 
microorganism is stable under these conditions. Each stock culture batch is examined for 
strain identity, purity, and enzyme-producing capability. 

3.b Raw materials 

Raw materials used in the fermentation and recovery process for BD5088 alpha-amylase 
are standard ingredients used in the enzyme industry (Aunstrup, 1979a, and Aunstrup et 
al. 1979b). The raw materials are of a purity and quality suitable for their intended use. 
No raw materials from animal sources are used. Each shipment of raw materials is 
evaluated by internal quality control standards to assure conformation with specifications. 

The antibiotics tetracycline*HCI and kanamycin sulfate are added to the defined 
fermentation medium to maintain stability of the plasmids during enzyme production and 
to prevent contamination. No detectable antibiotic activity is found in the alpha-amylase 
product (see Composition and Specifications, Section 11.4). 

Isopropyl P-D-thiogalactopyranoside (IPTG) is added as an inducer for alpha-amylase 
production. It is present in the finished enzyme preparation at levels no higher than 100 
ppm. Analytical testing has been conducted on starch-derived sweeteners produced with 
BD5088 a-amylase under typical processing and purification conditions to measure the 
amount of IPTG remaining in the finished sweetener. These analyses show at least a 57- 
fold reduction in the quantity of IPTG present in the finished sweetener attributable to 
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loss during processing and purification. Thus, assuming the maximum amount of IPTG 
is present in BD5088 a-amylase, 100 ppm, the corresponding maximum amount of IPTG 
in finished sweetener will be less than 1 ppb, as is shown below: 

1000 ppb 
X 

500 pg BD5088 100 pg IPTG 1 l g  [IPTG], = 0.9 ppb IPTG = X x - x  
gsweetener g BD5088 57 1,000,OOOpg pg/g 

A high purity enzyme (an endonuclease) and/or a food-grade mineral acid is optionally 
added as necessary to hydrolyze any residual antibiotic-resistance coding DNA that is not 
removed during the microfiltration step. The endonuclease is inactivated and is present at 
a concentration of less than 0.5 ppb in the enzyme preparation. 

Suitable antifoaming agents used during manufacture and recovery of the alpha-amylase 
are of a suitable purity and appear on the Enzyme Technical Association’s list of 
antifoaming agents (ETA, 1998). 

3.c Fermentation process 

The alpha-amylase production begins with a submerged fed-batch pure culture 
fermentation of the genetically modified Pseudomonasfluorescens strain DC88 (see 
Appendix 1). Process parameters that are routinely monitored during the fermentation 
include pH, aeration, enzyme activity, agitation, and temperature. During the 
fermentation, the broth is checked routinely for purity. Should evidence of a significant 
contamination exist, the broth is heat sterilized before being discarded. 

After optimal alpha-amylase production is reached, the broth is pasteurized to ensure the 
production organisms are killed. The heat-treated broth is then transferred to the 
dissolution tank where the recovery process begins. 

3.d Recovery process 

In the dissolution tank, the pH of the broth is adjusted to the desired level with base to 
increase cell lysis and enhance enzyme extraction of the intracellular alpha-amylase, 
present as an inclusion body. Membrane microfiltration is used to separate cell debris 
fkom the solubilized enzyme fraction. Next, the enzyme is concentrated to the desired 
level of activity using ultrafiltration. The material is then transferred to a DNA treatment 
and formulation tank, where acid and/or endonuclease is optionally added as necessary to 
hydrolyze intact DNA. After DNA removal is complete, food-approved stabilizers, 
diluents, and preservatives are added to stabilize the product. The alpha-amylase enzyme 
preparation product is then stored in containers held in a temperature-controlled facility. 
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4. Composition and Specifications 

Innovase’s BD5088 alpha-amylase preparation complies with the General and Additional 
Requirements for Enzyme Preparations in the monograph on Enzyme Preparations in the 
fourth edition of the Food Chemicals Codex (National Academy of Sciences, 1996). In 
addition, the alpha-amylase preparation conforms to the General Specifications and 
Considerations for Enzyme Preparations Used in Food Processing outlined by the Joint 
FAO/WHO Expert Committee on Food Additives (JECFA, 2001a). 

The alpha-amylase enzyme preparation is formulated as a liquid with the following 
typical composition: 

Component Approximate Concentration 
Total Organic Solids (TOS) (l)  3 & 1 %  
Glycerol (common name: glycerin) 20 to 30 % 
Water Balance 

The enzyme preparation specifications are as follows. Additional information is 
available on the Product Specification Sheet provided in Appendix 2. 

Specification Permissible Level 
Alpha-amylase enzyme activity, IAUIg: (*) 
Total viable count/g: 
Total coliforms/g: 
Escherichia coli125 g: Absent 
Salmonella spp.125 g: Absent 
Antibiotic activity: Negative by test 
Production organism: Negative by test 
Heavy metals (as Pb): 
Lead: 

85% to 1 15% of declared units of activity 
Not more than 50,000 CFU 
Not more than 30 

Not more than 30 mgkg 
Not more than 5 mgkg 

The lead specification meets FCC and JECFA requirements. The heavy metals 
specification meets FCC requirements. The E. coZi and antibiotic activity specifications 
meet JECFA requirements but are not included in FCC specifications. The total 
coliforms and Salmonella specifications both meet FCC and JECFA standards. The 
absence of the production microorganism in final product is an Innovase specification 
that is not included in FCC or JECFA specifications. Furthermore, the total viable count 
of the product is such that it will cause no increase in the total microbial count in the 
treated food over the level considered to be acceptable for the respective food, in 
accordance with FCC and JECFA general specifications. 

1) The TOS level .in enzyme preparations is defined as 100% minus the sum of the moisture content, ash 
content, and any diluents or other substances added to the enzyme during formulation. 
2) One Innovase Amylase Unit (IAU) is defined as the quantity of enzyme required to liberate one pmole 
of 4-nitrophenol from 5 mM 4-nitrophenyl-alpha-D-hexa-glucopyranoside over one minute at pH 7.0 and 
75°C. The analytical method for enzyme activity can be found in Appendix 3. 0 
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111. 
Determination 

Detailed Summary of the Basis for Notifier’s GRAS 

1. Source Microorganism - Recipient strain 

The microbial recipient strain used in construction of the alpha-amylase production strain 
is a natural bacterial isolate designated Pseudomonasfluorescens Biovar I strain MB 101. 
Strain MBlOl, initially isolated in 1984 in Southern California from a lettuce leaf, grows 
in a temperature range of 25-33’C. This strain was morphologically, phenotypically and 
genotypically characterized. 

The identity of strain MBlOl was independently verified by Dr. I. J. Misaghi, Professor 
of Plant Pathology, University of Arizona, as Pseudomonasfluorescens Biotype A, which 
is equivalent under current taxonomic standards to P. fluorescens Biovar I. A report from 
Professor Misaghi with his conclusions is found in Appendix 4. 

Phenotypic analyses of strain MBlOl involved a variety of biochemical and 
microbiological characterizations, including API rapid NFT tests, tests for the production 
of Ievan, phenizine, and lecithinase, the ability to denitrify and liquefy gelatin, the 
utilization of trehalose and numerous other carbon sources, and fatty acid methyl ester 
cluster analysis. 

Genotypic analyses were performed using the 16s rRNA genes of strains MBlOl and 
other selected strains from the genus Pseudomonas. Genotypic analyses of the three 
hypervariable regions within the 16s rRNA genes corroborate the findings of the 
phenotypic analyses that identify strain MB 10 1 as P. fluorescens Biovar I (Appendix 5). 

The taxonomic designation of Strain MB 101 is as follows: 

Domain Bacteria 
Phylum BXII. Proteobacteria 

Class III. “Gammaproteo bacteria” 
Order VIII. Pseudomonadales 

Family I. Pseudomonadaceae 
Genus I. Pseudomonas 

Species fluorewens 
Biovar I 

2. Introduced DNA Sequences 

High throughput screening of microbial DNA libraries was used to identify genes coding 
for alpha-amylases with desired pH optimum and temperature stability characteristics. 
Genes from three promising wild-type sources were recombined at non-conserved sites 
and the resulting alpha-amylases were characterized for desirable biochemical and 
productivity traits. One of these alpha-amylases, designated BD5088, was chosen for 
production optimization (Richardson et al., 2002) (see Appendix 6). 
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Two plasmids were constructed and introduced into the recipient microorganism: plasmid 
pMYC5088, a 12.02 kb alpha-amylase expression plasmid; and plasmid pCN5 1 lac& a 
7.06 kb auxiliary plasmid bearing the lac1 repressor for tight regulation of the alpha- 
amylase gene. Plasmid maps are provided in Appendix 7. 

Plasmid pMYC5088 is a self-replicating, non-conjugative, and non-mobilizable 
derivative of the well-known plasmid RSF 101 0 (Scholz et ai., 1989) that contains the 
following genetic material: 

DNA Size Source 
6.32kb from Pseudomonas cloning vector RSFl 01 0 containing the replication regions - 
3.83kb 

0.28kb 

from plasmid RK2 containing the tetracycline resistance and regulatory genes 
(Pansegrau et ai., 1994) 
promoter region that contains a DNA linker, tac promoter from pKK223-3 
(Brosius and Doly, 1984), a synthetic enhancer, and a translation start 
sequence 

transcription terminator from E. coli rrnBTl T2 (Brosius and Doly, 1984) 
1.34kb BD5088 amylase gene 
0.25kb 

Plasmid pCN5 1 lacI is also a self-replicating, non-conjugative, non-mobilizable plasmid 
that is a chimeric of the minimal self-replicating regions of the common pBR322 plasmid 
(Bolivar et ai., 1977) and the Pseudomonas savastanoi plasmid pPS 10 (Nieto et ai., 
1990). 

It was found that a single copy of the ZacI repressor gene on the P. jluorescens 
chromosome was not suficient to ensure tight repression of the alpha-amylase gene, 
which caused poor growth and low enzyme yield. Introduction of plasmid pCN5 1 lacI 
into the recipient strain resulted in optimal cell growth and enzyme production. 

Plasmid pCN5 1 lacI contains the following genetic material: 

DNA-Size Source 
1.26 kb 

5.81 kb 

E. coli lacI gene fragment from pREP4 (Stuber et ai., 
1990) 
pCN51 (Nieto et ai., 1990) that bears a kanamycin 
resistance gene 

The DNA sequences of both plasmids are known. An exhaustive open reading frame 
analysis of both plasmids demonstrated that no dormant or silent genes were 
inadvertently introduced during plasmid construction. 
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3. Production strain construction 

Plasmids pMYC5088 and pCN5 1 Zacl were electroporated into the recipient host 
P. fruurescens Biovar 1 strain MB 101, resulting in the production microorganism 
P.fruorescens Biovar 1 strain DC88. 

4. Stability of the introduced DNA sequences 

The plasmids introduced into the recipient microorganism and contained in the 
production microorganism remain as extrachromosomal DNA, i.e., the plasmids are not 
integrated into the chromosome. The plasmids remain stable in the production 
microorganism during alpha-amylase manufacture as shown by two methods: plating and 
counting of colonies on selective and non-selective media; and by restriction digests of 
plasmid DNA isolated from shakeflask cultures which had been sub-cultured in non- 
selective medium for up to 45 generations. 

A suggested criterion of the Organization of Economic Cooperation and Development 
(OECD) recombinant DNA Good Industrial Large-Scale Practice (GILSP) is that only 
poorly mobilizable plasmid vectors are used for large-scale production of recombinant 
products to enhance biological containment (OECD 1986, 1992). The mobilization 
potential of plasmids pMYC5088 and pCN5 1 lac1 was examined by both DNA sequence 
analysis and experimentation. It was found that the plasmids in the alpha-amylase 
production strain are not self-transmissible and are poorly mobilizable. Without the 
presence of a helper plasmid, the transmission of both plasmids was significantly lower 
than the 10.' recommended by NIH guidelines (NIH, 2001). With a helper plasmid, the 
experimental mobilization frequencies of pMYC5088 and pCN5 1 lac1 were on the same 
order, 1 0-6- 10.' per recipient, as the NIH certified Pseudomonas plasmids pKT262, 
pKT263 and pKT264 (Bagdasarian et al., 1981). 

5. Enzyme Identity 

5.a Identity 

The subject of this GRAS Notification is an alpha-amylase as defined by the 
Nomenclature Committee of the International Union of Biochemistry and Molecular 
Biology (IUBMB, 1992). The enzyme is responsible for the endohydrolysis of 1,4-a-D- 
glucosidic linkages in polysaccharides containing three or more 1,4-a-linked D-glucose 
units. 

Classification: a-amylase 
Systematic name: 1 ,&a-D-glucan glucanohydrolase 
Alternative Names: alpha-amylase; glycogenase; endoamylase 
ZUB No.: 3.2.1.1 
CASNo.: 9000-90-2 
EINECS No.: 232-565-6 
Specificity: 
Molecular Weight: 49,770 kDa 

174-a-glucosidic linkages in amylose and amylopectin 
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5.b Amino acid sequence 

The alpha-amylase designated BD5088 is a hybrid enzyme derived from three wild-type 
archaeal alpha-amylases. The hybridized enzyme was selected for commercialization 
due to its stability and activity at low pH, high temperature, and low calcium 
concentration. The complete amino acid sequence for BD5088 alpha-amylase is 
presented in Appendix 10, Table 1. 

5.c Sequence comparison to other alpha-amylases 

The amino acid sequences for numerous alpha-amylases from various sources have been 
published (Nakajima, R et al., 1986; Henrisaatt, 1997). Data show that every alpha- 
amylase, even from very different phylogenetic origins, has four conserved homologous 
regions that correspond to the active and substrate-binding sites of the enzyme. 
Appendix 8a compares the amino acid sequence of the BD5088 alpha-amylase to six 
other alpha-amylases from various sources. BD5088 alpha-amylase contains every 
highly-conserved region common to all alpha-amylases, and is similar at the amino-acid 
level to each of these known amylases. 

The amino acid sequence of the BD5088 alpha-amylase was also compared to those from 
several naturally-occurring archaeal alpha amylases whose sequences have been 
published: Pyrococcus woesi (Koch et al., 1991), Pyrococcus sp. KODI (Tachibana et 
al., 1996), Pyrococcusfuriosus (Dong, et al., 1997), Thermococcus strain Rt3 (Jones et 
al., 1999), Thermococcus hydrothermalis (Leveque et al., 2000a), and Thermococcus 
profundus (Chug et ai., 1995; Lee et al., 1996). This information is presented in 
Appendix 8b. Alignments of the thermophilic archaeal alpha-amylase amino acid 
sequences demonstrate at least 85% homology to BD5088 alpha amylase. The 
characteristics of the thermophilic archaeal alpha-amylases have been summarized in a 
recent review by LCvEque et al. (2000b). In brief, these enzymes fall into one family, 
designated family 13, which for the most part do not differ fiom their mesophilic 
counterparts in molecular weight or amino acid composition. 

From the information provided above, it is apparent that the BD5088 is highly related to 
the naturally-occurring thermophilic archaeal alpha-amylases. Further, BD5088 contains 
all highly conserved regions common to other sequenced alpha-amylases fiom archaeal, 
bacterial, fungal, plant and mammalian sources. 

5 .d Functional Properties 

Several experiments were performed to show the technical effects of BD5088 alpha- 
amylase on starch and to compare its use to other commercially available alpha-amylases. 
Starch hydrolysates treated with alpha-amylase were examined for resulting carbohydrate 
spectra. Also, glucose syrups were produced and the yield of glucose and other 
oligosaccharides was examined (see Appendix 9). The results confirm that BD5088 has 
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catalytic and functional properties similar to other commercial alpha-amylases with 
respect to starch hydrolysis. 

6. Absence of the production organism in the enzyme preparation 

The absence of the production organism in the commercial product is an established 
specification (see Section 11.4 above). Because the production organism is not present in 
commercial product, it does not end up in food. 

7. Absence of transformable DNA in the enzyme preparation 

An examination for the presence of transformable DNA in finished enzyme preparation 
was made. No plasmid DNA capable of transformation was detected. 

8. Antibiotic resistance genes 

As discussed in Section 2 above, the production microorganism used for the manufacture 
of the alpha-amylase enzyme preparation carries two antibiotic resistance markers, one 
for kanamycin and the other for tetracycline. The purification process ensures that the 
food-grade alpha-amylase enzyme preparation does not contain hct ional  copies of the 
antibiotic resistance coding genes. Microfiltration through a membrane results in the 
rejection of significant amounts of DNA from the soluble enzyme fraction. Acid andor 
enzymatic (endonuclease) hydrolysis is used if needed to ensure removal of intact full- 
length antibiotic resistance DNA. This is confirmed via a Southern hybridization 
procedure that has a detection limit of approximately 950 parts per trillion (ppt or pg/g). 

9. Applications and Intake Estimate 

9.a Foods in which used and purpose of use 

The enzyme of this notification is used for the hydrolysis of edible starch in the 
production of starch hydrolysis products and alcoholic beverages. 

In the starch industry, thermostable bacterial alpha-amylases similar to the enzyme of this 
notification are used to thin gelatinized starch, which may then be subjected to further 
processing with other suitable enzymes. The source of starch may be any of several 
grains or root-based crops. In practice, starch-derived sweeteners produced and/or 
marketed in the United States are almost all derived from corn. Additional enzyme 
treatment will consist of hydrolysis with glucoamylase or other debranching andor 
saccharifying enzymes to produce starch hydrolysates of desired compositions. Typical 
products include, but are not limited to: corn syrup, dextrose (the industry name for 
products composed of essentially D-glucose), high fivctose corn syrup, LB 9 (a low 
fi-uctose syrup), maltose syrup (which includes brewer's syrup) and maltodextrin. 

11 
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BD5088 alpha-amylase will also be used in the production of ethanol for alcoholic 
beverages. Hydrolysis of starch provides an increased level of fermentable sugars which 
results in increased ethanol yields and reduced residual carbohydrate levels. 

0 
9.b Mode of action 

Alpha-amylases are responsible for the endohydrolysis of 1,4-a-D-glucosidic linkages in 
polysaccharides containing three or more 1,4-a-linked D-glucose units. Innovase’s 
alpha-amylase offers advantages over conventional heat-stable enzymes, including its 
tolerance to low pH and low calcium ion concentration, and high-temperature stability. 

9.c Level of use 

The recommended dosage of Innovase’s alpha-amylase is 500 grams of formulated 
enzyme preparation per metric ton of starch (500 ppm). In other words, 0.5 kg enzyme 
preparation, which contains roughly 3% total organic solids, is added to 1000 kg starch. 

9.d Enzyme residues in food ingredients 

The enzyme is expected to be present, if at all, in the finished HFCS, glucose, dextrose, 
or other starch-derived sweetenersat levels below the limit of sensitivity of currently- 
available analytical methodology. This is because of the repeated purification steps to 
which the sweeteners are subjected. The processing of corn starch, for example, to 
produce ingredients such as HFCS, glucose syrup, and crystalline glucose, includes a 
series of purification steps intended to remove unwanted organic components. These 
steps include multiple cation- and anion-exchange cycles, as well as activated-carbon 
treatment. 

0 

The per capita intake of all corn sweeteners in the United States is 104 g/person/day 
according to statistics made available by the Corn Refiners A~sociation.~ More 
specifically, total corn sweeteners (including HFCS, glucose, and dextrose) were 
consumed at a rate of 84 pounds per person annually in 2001. This corresponds to 104 
grams/person/da y . 

Analytical testing has shown that the enzyme cannot be detected, at a limit of detection of 
2.4 ppb (ng/g), as measured by sandwich ELISA (enzyme-linked immunosorbent assay), 
in glucose syrup processed using BD5088 a-amylase. A rough, per capita intake 
estimate may be calculated using the following additional assumptions and information: 
(1) residues of the inactivated enzyme may be present in starch-derived sweeteners at 
one-half the limit of detection (LOD), 1.2 ppb; (2) other components of the TOS are 
removed during purification at the same rate at which the enzyme is removed; and (3) the 
enzyme itself comprises at least 10% of the TOS. 

3) www.corn.org/web/percapsw.htm, citing as its source the US. Department of Agriculture’s Economic 
Research Service. 
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Thus, when these conservative assumptions are taken into account, the per capita intake 
of BD5088 TOS associated with starch-derived sweeteners is approximately 1.2 
pg/person/day, or 0.4 ppb in the diet, assuming 3000 gams of liquid and solid food per 
day. These derivations are as follows: 

1.2 pg TOS 104 g sweetener I .2 ng BD5088 100 parts TOS pg 

person. day person. day g sweetener 10 parts BD5088 1000 ng 
per capita intake = - X X x-, - 

1.2 pug TOS 1000 ppb person . day 

person.day p g / g  3000g . 
per capita dietary concentation = 0.4 ppb TOS = X X 

A heavy consumer of starch-derived sweeteners can be expected to consume some 
amount more than the per capita intake, 104 g/person/day. A factor of 10 is sometimes 
applied to theper capita intake of a substance to approximate consumption among heavy 
consumers. In the case of starch-derived sweeteners, which are distributed very broadly 
throughout the food supply, a 10-fold increase in per capita consumption appears highly 
exaggerative of heavy consumption, at more than 1000 glpersodday. We propose that a 
factor of three times the per capita intake is more appropriate for approximating heavy 
consumption of starch-derived sweeteners, at 3 12 g/person/day. 

The additional 3xper capita safety factor yields an estimated intake of BD5088 TOS of 
3.6 &persodday, or 1.2 ppb in the diet. In either case, it is clear that an abundant safety 
factor exists between the estimated daily intake and the NOAEL observed in the 90-day 
rat feeding study. The NOAEL, 890 mgkg b.w., is 44,500,000 times greater than the 
per capita estimated intake, 1.2 pg/person/day. This can be expressed as 0.00002 mgkg 
b.w. for a 60-kg adult. For heavy consumers, the safety factor is divided by 3, and yet it 
is still more than 14.8 million times the calculated intake: 

60 kg .890 mg TOS person . day 1000 pg 

person . day . kg 3 ’1.2 pg TOS mg 
Safety FactorHea,,,, = 14,800,000 = X X- 

It should be noted that even if the removal of the BD5088 a-amylase during purification 
of the sweeteners were discounted, the amount of enzyme remaining in the finished 
sweetener could not exceed the amount added, 15 ppm (calculated as TOS), which would 
correspond to approximately 5 mg/person/day for heavy consumers. This level of 
exposure represents less than one ten-thousandth of the NOAEL and still yields a large 
safety factor. The derivation of these estimates are as follows: 

4.7 mg TOS 3.104 g sweetener 500 p g  formulation 3 parts TOS mg per capita intake Max = - X X X- - 
person. day person. day g sweetener 100 parts formulation 1 OOO pg 

60 kg .890 mg TOS 

person. day. kg 

person. day 

4.7 mg TOS 
Safety FactorM,” = 11,400 = X 
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In addition to its use in the production of starch-derived sweeteners, BD5088 a-amylase 
will be used in early stages of the production of ethanol from corn or grain for use in 
alcoholic beverages. Like other a-amylase enzymes, BD5088 will be used to hydrolyze 
starch to provide an increased level of fermentable sugars, which results in increased 
ethanol yields. When ethanol is produced by fermentation in this manner, it is purified 
through distillation. Because ethanol is relatively low boiling (79"C), no measurable 
amount of BD5088 a-amylase will be present in the purified ethanol distillate. 

10. Safety Testing 

Safety studies performed on recipient strain P.fluorescens MBlOl and the BD5088 
alpha-amylase enzyme preparation are the subject of a peer-reviewed scientific 
publication by Landry et al. (2003). This paper is found in Appendix 10. These and 
other relevant safety studies are briefly summarized below. 

1O.a Microorganism 

10.a.i Published Pathogenicity Studies 

The U. S. Environmental Protection Agency (EPA) conducted two in vivo studies 
to evaluate the possible health concerns associated with the use of P. jluorescens 
as a microbial pest control agent (George et al., 1999; George et al., 2000). The 
results of the study by George and coworkers ( I  999) demonstrated that 
P.jluorescens was eliminated from the lungs, cecum, small and large intestine by 
2 days post-treatment. P. jluorescens was detected in the liver and mesenteric 
lymph node 3 three hours after treatment but had disappeared completely fiom 
these tissues within 2 days of treatment. No mortality in the mice was noted at 
bacterial concentrations as high as 5.0 x lo8 CFU/mouse although some mortality 
was observed at excessively high (-1 09/mouse) bacterial concentrations. 

In the second study, male CD-1 mice were treated perorally with an average dose 
of 1.78 x 10' CFU of P. fluorescens per mouse (George el al., 2000). 
P.fluorescens was recovered in the intestinal tract after 3 hours but was 
completely cleared after the first day. P.fluorescens was detected in lungs, 
intestinal tract (small, large, cecum), mesenteric lymph node, spleen, and liver 
three hours after treatment but had completely cleared from all organs and tissues 
2 days after treatment. At the completion of the study all mice treated with 
P. fruorescens appeared healthy and conventional indicators of morbidity, such as 
ruffled fur, lethargy, weight loss, conjunctivitis, were not present. 

1 O.a.ii Pathogenicity and Toxigenicity Testinp of P. fluorescens Biovar 1 Strain 
MBlOl 

The pathogenic and toxigenic potential of orally administered Pseudomonas 
jluorescens, Biovar I, strain MBlOl was evaluated in Balb/c mice. Strain MB101 
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is the parental strain of the P.fluorescens that is used to produce BD5088. Test 
material was administered by oral gavage in a suspension of bacteria formulated 
to contain 6 x 10' or 1 x 10' CFU per mouse. Suitable control groups were 
included for comparison. Mice were held for up to 21 days, with daily general 
observations of health. Subgroups of six bacteria-treated mice underwent 
necropsy on days 2,4, and 7; and liver, spleen, mesenteric lymph node (MLN), 
large bowel, small bowel and cecum were sampled for measuring bacteria. A 
subgroup of control mice underwent necropsy on day 1. 

The ability of the test strain to infect mice was measured by the recovery of the 
dosed strain from selected organs and tissues. Oral exposure of P. fluorescens 
resulted in detectable levels of pseudomonads in all mice examined, although 
significant heterogeneity was noted on day two in the number of CFU recovered 
on the selective medium within each subgroup of mice. No mortality was 
observed over a 21-day period following oral administration. Infection with 
P. fruorescens did not result in any clinical signs of morbidity such as ruffled fur 
or lethargy during the 2 1 -day period. The animals appeared healthy and did not 
exhibit any weight loss, as the body weights of the infected animals were not 
significantly different from the uninoculated controls. Oral administrations of 
high doses of P. fruorescens, Biovar I, strain MBlOl , resulted in the translocation 
of the test strain to the MLN, spleen and liver of adult male Balb/c mice. The test 
strain did not appear to be infectious and the organisms were eliminated from 
these tissues within four days of exposure. Microorganisms capable of growth on 
Pseudomonas Isolation Agar (PIA) plates were also detected in the bowels and 
ceca. Elimination of the test strain from the bowels and cecum was difficult to 
discern since the normal microbial flora of the uninoculated control mice 
produced a high level of background CFU on PIA plates. 

Bacterial clearance requires an intact and functional immune system that 
incorporates a cascade of immune responses. In this animal model, bacterial 
clearance provided an indication of the interaction between the potential 
pathogenicity of the invading microorganism and the total host immune 
capability. Similar results were reported by George et al. (2000): there was rapid 
clearance of P. fruorescens from the MLN, spleen and liver in male CD-1 mice 
treated orally with high levels (-lo8 CFU/mouse) of this microbial agent. George 
et al. noted some mortality at extremely high levels (approximately l O9 
bacteridmouse) following intra nasal administration. 

The full study report describing the MB 101 recipient strain pathogenicity study 
was provided to Dr. Stanley Falkow, Professor of Microbiology and Immunology 
at the Stanford University School of Medicine, who is among the world's leading 
experts in bacterial pathogenesis. At the completion of his review, Professor 
Falkow provided a letter, included as Appendix 1 1, in which he states: 
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1O.b 

10.b.i 

l0.b.ii 

". . . it is my professional judgement the strain of P. jluorescens 
you propose to utilize is non-pathogenic and does not represent 
an infectious threat of any kind to humans who might come 
into contact with these bacteria. . . . this microbe you plan to use 
represents no health risk to your workers or to those who may 
use it or products derived from it in the future". 

Enzyme Product 

5-Day Acute Oral Gavage in Rats 

Methods: 
administered by oral gavage (10 mVkg) to 5 female Fischer rats for 5 consecutive 
days. Parameters evaluated included daily cage-side observations, detailed 
clinical observation, urinalysis, body weights, feed consumption, hematology, 
clinical chemistry, organ weights, and gross and histopathologic observations. 
Urine was collected prior to necropsy and was evaluated for volume, color, 
appearance, specific gravity and pH, bilirubin, glucose, proteins, ketones, blood 
and urobilinogen. 

BD5088 a-amy1ase:preparation (0 and 790 mg TOS/kg/day) was 

Results: 
microscopic alteration in the intestinal tract, characterized by a loss of 
heterochromatin from epithelial nuclei, giving the cells a vesicular appearance. 
This occurred in most of the treated rats and most prominently in the rectum. A 
slight inflammatory reaction in the nasal tissues / turbinates was considered to be 
a result of the inadvertent reflux of test material into the nasal cavity during the 
gavage procedures. There were no other treatment-related changes based on 
observations, body weights, feed consumption or clinical and anatomic pathology. 

Rats given the test material at a dose of 790 mg TOS/kg/day had a 

14-Day Range Finding Gavage in Rats 

Methods: 
7 1,220,710 or 2,200 mg TOS/kg/day by gavage for 14 consecutive days. 
Parameters were evaluated as described above (5-day oral gavage study) but with 
weekly clinical observations and additional ophthalmological observations. The 
eyes of all animals were examined by a veterinarian pre-exposure and prior to the 
scheduled necropsy using indirect ophthalmoscopy. Complete histopathological 
evaluations were carried out on all high-dose and control animals; based on 
results observed in these animals, liver and nasal tissues from animals dosed at the 
intermediate levels were also evaluated. 

Groups of 10 rats per sex were given the test material at doses of 0, 

Results: Feed consumption was slightly decreased among male rats given the 
test material at doses of 710 and 2200 mg TOS/kg/day; males in the higher dose 
group, 2200 mg/kg/day, had statistically identified decreases in mean body 
weights, with a mean value 8.2% less than control at termination. Statistical 
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increases in several relative organ weights (2200 mgkg groups) were considered 
secondary to the decrease in body weight. There were several isolated 
observations of noisy respiration in rats receiving the test material at doses of 710 
and 2200 mgkg/day: this was considered to be a secondary effect of probable 
regurgitation. At the top dose of 2200 mgkglday, terminal serum cholesterol was 
increased and a very slight lipid vacuolation primarily of periportal hepatocytes 
was observed. The degree of vacuolation was not considered to be adverse. 

Local suppurative inflammation of the nasal mucosa was seen in the majority of 
males given 220 mgkg and greater and of females given 71 mgkg and greater. 
In rats given the top dose, nasal tissues of 3 males and 4 females had normal 
appearance. This focal response and lack of effect in some top dose rats was 
consistent with local irritation due to the gavage procedure, whereby small 
quantities of test material are likely to reflux into the nasal tract when the 
intubation needle is withdrawn. A small increase in mean spleen weight of 
female rats given 7 1, 7 10 and 2200 mgkg/day was not considered to be treatment 
related due to the small magnitude (relative increase of 11% in top dose group), 
the range in comparison with historical values, and the lack of corresponding 
histopathology. There were no other treatment-related changes based on 
observations, organ weights or pathology. Based on the decreased body weight in 
males given the test material at 2200 mgkg/day, the NOAELs were 7 10 
mgkglday in males and 2200 mg/kg/day in females. 

1O.b.iii 90-Day Subchronic Gavage in Rats 

Methods: Groups of 20 male and 20 female Fischer 344 rats were administered 
0,89,270 or 890 mg BD5088 a-amylasekglday (as TOS) via oral gavage for 13 
weeks to evaluate the potential for systemic toxicity. Parameters examined were 
as described above (5-day oral gavage study). In addition, cage-side clinical 
observations, weekly detailed clinical observations, ophthalmological exams, 
weekly body weights, weekly feed consumption, week 12 urinalysis, hematology, 
clinical chemistry and organ weights were recorded. 

Results: Three rats died during the study (two males in the 89 mgkg/day dose 
group and one female in the 890 mg/kg/day dose group), with lung inflammation 
and edema noted in the pathology examination. Based on these findings, the 
deaths were attributed to aspiration of the test material due to gavage error. The 
only treatment-related clinical observations were occasional noisy respiration, 
also considered to be gavage related. 

Some rats fiom both sexes and all treatment groups had very slight to slight 
chronic active inflammation of the nasal mucosa (respiratory andor olfactory). 
Some of the male rats given 270 or 890 mgkglday and one female given 270 
mgkglday had mucopurulent exudates in the nasal cavities. Additionally, some 
of the rats of both sexes and from all treatment groups had very slight to slight, 
focal to multifocal, subacute to chronic inflammation of the lung. These nasal 
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and lung effects were interpreted to be related to reflux of the test material into 
the nasal cavity andor aspiration into the lung. Because the enzyme preparation 
was made with a Gram negative production organism, it contained 
lipopolysaccharide (endotoxin). Inhalation or instillation of endotoxins can cause 
inflammation of the respiratory tract. The presence of endotoxins in the final 
formulation is not expected to significantly increase the levels of endotoxins in 
the final food products above background levels. Moreover, endotoxins do not 
demonstrate toxicity when administered via the oral route and would not be 
considered a safety issue for food processing enzymes. A brief background 
discussion on endotoxins is provided in Appendix 13. 

There were three measurements of weekly feed consumption in 890 mg/kg/day 
treated male rats that were statistically decreased; these were considered to be 
related to the nasal inflammation. Exudative nasal inflammation was associated 
with decreased feed consumption and increased circulating neutrophils in 
individual males given 890 mg/kg/day. Feed consumption was not consistently 
affected in the treatment groups. 

Myeloid cell hyperplasia was observed in three males (890 mg/kg/day); this was 
considered secondary to the respiratory inflammation. Increased observations of 
white blood cells in urine of males given 270 or 890 mg/kg/day were noted (not a 
statistical comparison). There was no corresponding urinary or renal 
histopathology. Treatment-related pathologic effects were limited to the 
respiratory tract. Body weights were not affected to a degree that was statistically 
identifiable, although feed consumption was affected at times in individual rats. 
Although some rats fiom all treatment groups had a degree of local respiratory 
tract inflammation, there were no adverse direct systemic effects considered to be 
related to the oral route of administration. 

Based on the results of this study, the NOAEL for BD5088 a-amylase enzyme 
preparation (TOS basis) in Fischer 344 rats of either sex was considered to be 890 
mg/kg/day, the top dose administered. 

10.b.iv Follow-Up 14-Day Dietarv Feeding Study in Rats 

To investigate the significance of effects noted in the respiratory tracts of animals 
in the course of gavage studies, groups of 20 male and 20 female Fischer 344 rats 
were administered 0 or 360 mg (males) or 310 mg (females) BD5088 a-amylase/ 
kg/day (as TOS) in the diet for 14 days. 

Methods -- The test material was pre-mixed in a corn oil slurry, then mixed in the 
diet so that the final corn oil concentration was I to 2 %. This procedure was 
used to minimize potential dusting that could occur when the lyophilized BD5088 
preparation was mixed in the diet. 
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Cage-side clinical observations, weekly body weights and weekly feed 
consumption were evaluated. Blood samples for hematology were collected prior 
to necropsy. Gross necropsies and histopathology of the entire respiratory tract 
(nasal tissues to lung) were conducted on all rats. Liver samples were also 
examined histologically as some effects had been observed in the 5-day gavage 
study. 

Results -- Administration of BD5088 a-amylase enzyme preparation in the diet at 
a level of 360 (males) or 310 (females) mg/kg/day (TOS basis) did not result in 
any treatment-related effects on body weights, food consumption, or cage-side 
clinical observation. No treatment-related effects on hematology, including 
neutrophils, were observed. Further, gross and histopathologic examination of the 
respiratory tract and liver did not reveal any macroscopic or microscopic 
treatment-related changes in these tissues. 

t 

In the 14-day and 90-day gavage studies discussed above, localized inflammatory 
lesions were observed in the nasal mucosa and/or lungs of treated animals. These 
lesions were interpreted to be due to reflux andor aspiration of the test material 
into the nasal cavity or lungs during the course of repeated oral gavage dosing. 
Hence, these results were interpreted to be not relevant to identifying the effects 
of BD5088 a-amylase when it is ingested as a component of the diet. In this 
feeding study, such inflammatory changes of the lungs and nasal cavity were not 
observed, thus confirming that the inflammatory effects observed in the previous 
studies were due to the gavage route of administration and are not relevant to 
ingestion of BD5088 a-amylase enzyme preparation residues in food. 
Dr. Jack R. Harkema, an expert pathologist and Professor of Comparative 
Pathology at Michigan State University, examined respiratory-tract slides from 
the 14-day dietary and 13-week gavage studies. Professor Harkema, who is 
internationally recognized for his research on the effects of endotoxins in 
mammals, confirmed that the observed respiratory-tract inflammation was similar 
to those found when endotoxins were administered to rodents. His histopathology 
review can be found in Appendix 12. 
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0.b.v - Studies on Genotoxicity 

BD5088 a-amylase has been tested to investigate its genotoxic potential in a 
range of in vitro and in vitro short-term genotoxicity screening assays. These 
include a mouse lymphoma forward mutation assay, a mouse bone marrow 
micronucleus test, a chromosomal aberration assay using rat lymphocytes, and 
bacterial mutagenicity assays in Salmonella (i.e., Ames test). The results of these 
studies are summarized in the following table. A more complete description of 
these studies is provided in Appendix 10. 

Test System Test Obiect Concentration of Results 

Mouse Lymphoma 125-5000 pg/ml Negative 
Forward Mutation Assay a f 
Mouse Bone Marrow i male CD-1 mice 0 - 2000 m a g  Negative 

BD5088 ___-_.“-____-I_.______.-_.________ 
f L5 78y TK+’I----&-------------- 

_______ ___ __ - .-. . _& _i - ___ 

Micronucleus Test : b.w. 
Chromosomal Aberration Lymphocytes from 0 - 5000 pg/ml I Negative 

__ - - -- 

Assay Using Rat 1 Sprague-Dawley rats : 

Lymphocytes 
Ames Test a 

-___ ----I - - 
i S. typhimurium TA98, . up to 5000 pg/ml Negative 

; TA1537, E. coli 
i WP2uvrA 

I TA100, TA1535, 

‘With and without S-9 metabolic activation. 
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IV. Safety Evaluation Discussion 

1. Alpha- Amylase 

1 .a Safety of food e m  es as processing aids 

Pariza and Foster (1 983) and Pariza and Johnson (2001) addressed the issue of food 
processing enzyme safety and concluded that enzymes, per se, that are used or likely to 
be used in food processing are inherently nontoxic, thus the safety evaluation should 
focus on possible contaminants which could be present in the final enzyme preparation. 
These authors suggest that the safety of the production strain should be the primary 
consideration when evaluating enzyme safety. 

The fact that enzymes are a biological necessity for all living organisms offers a high 
degree of safety assurance for these proteins. Enzymes have always been present as 
natural components of food, thus the history of human exposure to enzymes is as old as 
human life itself. The application of enzymes to food processing has developed from 
traditional recipes such as those for fermented foods whose preparation is older than 
recorded history. 

1 .b History of use of alpha-amylase in foods 

Today, enzymes are used in food to accomplish a variety of purposes. A major use has 
been and still is, for the hydrolysis of starch. Beckhorn et al. (1 965) reported that 
bacterial alpha-amylase has been in common use since 1929 to control the viscosity of 
chocolate syrup. (While the stated use for this example is viscosity control, the 
functional use is for starch hydrolysis.) Furthermore, these authors report that alpha- 
amylase has been used for the liquefaction of cooker mash in brewing and distilling since 
1936, and for the modification of cereal starches to improve characteristics of precooked 
cereals since 1952. These examples illustrate the extensive history of use of alpha- 
amylases in a variety of foods. 

During this period when bacterial alpha-amylases came into common use, the source 
organism was Bacillus subtilis (Aunstrup, 1979; Peltier and Beckord, 1945). Later, 
thermostable alpha-amylases from Bacillus licheniformis and Bacillus stearothermo- 
philus were developed. In 1973, a GRAS petition which proposed the affirmation of the 
GRAS status of mixed carbohydrase and protease preparations from B. Zichen$ormis was 
accepted for filing by the FDA (FDA, 1973). In 1983, the FDA affirmed this enzyme 
preparation as GRAS (FDA, 1983b). The affirmation for GRAS status of B. 
stearothermophilus alpha-amylase preparations was filed with the FDA in 1983 (FDA, 
1983a) and the FDA affirmed the GRAS status of this enzyme preparation in 1995 (FDA, 
1995a). 

More recently, three modified thermostable alpha-amylases have been determined to be 
GRAS and commercialized for use in the starch and alcoholic beverage industries (Novo 
Nordisk, 1999a, 1999b; Novozymes, 2001). FDA issued Agency Response Letters to the 

21 
080032 

0024 



GRAS Notifications for these three enzyme preparations and indicated that it had no 
questions at the time regarding the GRAS determinations. 

From the information provided above, it is apparent that alpha-amylases have a long 
history of safe use in food processing. 

1 .c Substantial equivalence 

The concept of substantial equivalence as it applies to food safety assessments has been 
the topic of much recent discussion (Berkowitz and Maryanski, 1989; OECD, 1993; 
JECFA, 1996; Jonas et al., 1996; Kessler er al., 1 992; FDA, 1995b; FDA, 199%; 
Maryanski, 1995). Among these experts, there is general consensus that, if a food 
ingredient is substantially similar to an existing food ingredient known to be safe, then 
generally no further safety considerations other than those for the existing ingredient are 
necessary. In several instances, the FDA has stated that enzyme proteins shown to be 
substantially equivalent to enzymes known to be safely consumed but having differences 
in specific properties due to change in the enzyme amino acid sequence by natural 
selection, chemical modification, or site-directed mutagenesis would not raise safety 
concerns (Kessler et al., 1992; FDA, 1997b). This concept has been directly applied to 
food processing enzyme preparations (FDA, 1995b; FDA, 1993; FDA, 1997a; Novo 
Nordisk, 1999a and b; Novozymes, 2001). 

Recently, Novozymes North America, Inc. determined the lipase enzyme preparation 
from Aspergillus oryzae carrying a gene constructed from a modified Thermumyces 
lanuginusus lipase gene and a portion of the Fusarium oxysporum lipase gene, to be 
GRAS (Novozymes, 2002). In reply to the GRAS Notice, the FDA has issued an Agency 
Response Letter in which it is stated that the agency has no questions regarding the 
conclusion that the enzyme preparation is GRAS under the intended conditions of use. 
Like the BD5088 alpha-amylase, the lipase of the enzyme preparation is a hybrid 
enzyme. 

The information presented in Section 111.5 demonstrates the substantial equivalence of the 
BD5088 alpha-amylase to other alpha-amylases. Specifically, the BD5088 alpha- 
amylase contains the four highly conserved regions that are common to all alpha- 
amylases and is similar at the amino acid level to these known amylases. 

Further, the BD5088 enzyme was compared to two commercially available alpha- 
amylase enzyme preparations (TermamyP LC and Termamyl SC) in the production of 
dextrose syrup. The alpha-amylases were used to liquefy starch under typical conditions 
(35% ds., 105-106"C, 5-6 minutes for primary liquefaction and 95-96"C, 2 hours for 
secondary liquefaction) with two exceptions: the Termamyl preparations were dosed at 
pH 5.8 with 20 ppm added calcium, while the BD5088 preparation was tested at pH 4.8 
and IO ppm added calcium. 

8 Temamyl is a registered trademark of Novozymes A / S  
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The results in Appendix 9 show that 1) the reducing sugar formation followed a similar 
course for all three enzymes during liquefaction; 2) all three enzymes produced the same 
oligosaccharides during liquefaction; and 3) the glucose yields and carbohydrate profiles 
were equivalent after saccharification using the liquefaction hydrolysate made from each 
of the three enzymes. Thus, the action of the BD5088 alpha-amylase on starch is 
equivalent to that of the two commercially available alpha-amylases, but offers the 
advantage of less base and calcium addition. 

Pariza and Johnson (2001) state that it is unlikely that changes to an enzyme which 
improve its desired function (ex. changing pH optimum, increasing thermal stability, 
reducing the requirement for cofactors such as metal ions, and stabilizing the enzyme 
against oxidation) will result in creation of a toxic protein. Nonetheless, they suggest that 
it is prudent to assess this very small theoretical risk by conducting limited toxicological 
tests on the engineered enzyme. Toxicological testing with the alpha-amylase 
preparation verifies the safety of the product (see Section III.1O.b). Thus, one can 
conclude that the BD5088 alpha-amylase is substantially equivalent to other alpha- 
amylases and is safe for use in food. 

1 .d Allergenic Potential Assessment 

In assessing the safety to human health of genetically modified proteins used in food 
processing, the allergenic potential of the protein should be assessed (JECFA, 2001 a). A 
comparison of the amino acid sequence of the modified protein to known protein 
allergens is one step in a multilevel decision tree to assess allergenic potential (Metcalfe 
et a/. , 1996). 

A sequence evaluation scheme based on those formulated by Gendel(l998) and by the 
Joint FAO/WHO Expert Consultation (2001b) was used to assess the similarity of the 
BD5088 aIpha-amylase to known protein allergens. It has been suggested that an 
immunologically significant sequence identity requires a match of at least eight 
contiguous identical amino acids or 35% identity over eighty amino acid residues. In this 
study, no such sequence identity was detected for BD5088 alpha-amylase; therefore, 
based on amino acid sequence data, BD5088 alpha-amylase would not be projected to 
have allergic potential. 

The Association of Manufacturers and Formulators of Enzyme Products (Amfep) 
Working Group on Consumer Allergy Risk from Enzyme Residues in Food published a 
thorough review of the published literature on the possible role of enzymes in food 
allergies (Amfep, 1998). The Group concluded that there were no reports documenting 
that consumption of food with residual enzymes has caused sensitization or induction of 
allergic reactions in consumers. Although cases have been reported in which consumers 
developed symptoms after eating bread made with a-amylase, these consumers first had 
occupational (baker’s) allergy to the enzyme, which apparently caused the sensitization. 
The possibility that cross-reactions might occur was tested in a double blind placebo 
controlled food challenge study on 17 people allergic to Aspergillus molds (Cullinan et 
ai., 1997). All subjects had antibodies to Aspergillus furnigatus, and 6 reacted to skin 
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prick tests with enzymes produced from A oryzae or A.  niger. However, when 
challenged with bread containing these two enzyme preparations, no reactions were 
observed during a 24 hour monitoring period as compared to the placebo. 

2. Production microorganism 

The safety of the production organism is the prime consideration when assessing the 
probable degree of safety of an enzyme preparation intended for use in food (Pariza and 
Foster, 1983; Pariza and Johnson, 2001). If the enzyme production organism is 
nonpathogenic and nontoxigenic, and the enzyme is made according to current good 
manufacturing practice (cGMP), then one can assume the food ingredient produced from 
the production microorganism is safe to consume (IFBC, 1990). 

PseudomonasJluorescens is a common saprophyte that inhabits plant rhizosphere and 
phyllosphere environments (OECD, 1997). The microorganism has been used in recent 
years in a variety of industrial applications, including for ice nucleation (for snowmaking 
and minimization of frost damage to plants) (Warren, 1987; Lindlow and Panopoulos, 
1988; Wilson and Lindlow, 1993), to produce biological pesticides (Herrera et al., 1994; 
Mycogen, 1991), and in the control of diseases in the phyllosphere of plants (Wilson and 
Lindlow, 1993). 

Strains of P. JIuorescens are commonly found on plant surfaces, as well as decaying 
vegetation, soil, and water (Bradbury, 1986). The ubiquitous nature of P. JIuorescens on 
the surface of plants typically grown for human consumption suggests that P. Juorescens 
has been widely consumed by humans for many years. As P. Jluorescens is not reported 
to be a causative agent of human food poisoning or other disease related to food 
ingestion, one can ascertain that P. fluorescens is a safe source for production of food 
grade enzymes. 

P. Jluorescens is generally considered a nonpathogenic and nontoxigenic species to man 
(OECD, 1997). The inability of most strains of this species to grow at human body 
temperature (Palleroni, 1992) limits the organism's invasion and disease-producing 
capabilities. P. jluorescens has been shown to be an opportunistic pathogen in patients 
who are severely immunocompromised, but is of little concern to immunocompetent 
individuals (Chamberland et al., 1992; OECD, 1997). Fluorescent pseudomonads have 
not been reported to be potent allergens; however, they do possess a lipopolysaccharide 
that may cause an allergic response in some individuals (OECD, 1997). 

2.a Literature 

An extensive search of the literature was conducted to assess any known potential for 
PseudomonasJluorescens Biovar 1 strains to be toxigenic or pathogenic to humans. 
Three separate literature searches were conducted: two searches focused on the 
toxigenicity and pathogenicity of P. jluorescens while the third search was modified to 
include examination of toxin production by any Pseudomonas species. The literature 
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searches retrieved approximately 800 references. A summary of the results of the 
literature search is provided in Appendix 14. 

2.b Pathonenicityltoxigenicity 

As discussed above, a review of the literature shows that P. fluorescens is generally 
considered to be nonpathogenic and nontoxigenic to humans. Several published studies 
evaluated the pathogenicity and toxigenicity of P. JIuorescens in mice; no evidence of 
pathogenicity or toxigenicity was seen under the conditions of the test (George et al., 
2000; George et al., 1999). 

In addition, the P. fluorescens recipient strain MB 101 was evaluated in mice (see Section 
1II.lO.a.ii and Appendices 10 and 11) and was found to be nonpathogenic and 
nontoxigenic under the conditions of the test. These findings indicate that P. JIuorescens 
is not an infectious threat to humans and is a safe source for production of enzymes 
intended for use in foods. 

2.c Inserted Penetic material 

In their decision tree for evaluating microbial enzyme safety, Pariza and Johnson (2001) 
ask several questions relating to the introduced DNA of the genetically modified 
production microorganism. The first question asks if the expressed enzyme product(s), 
which are encoded by the introduced DNA, have a history of safe use. Although alpha- 
amylases themselves have a long history of safe use in food (see Section IV. 1 .b), the 
alpha-amylase of this GRAS Notification does not. 

The decision tree then questions if the no observable adverse effect level (NOAEL) for 
the test article in appropriate short-term studies is sufficiently high to ensure safety. 
Results of the safety studies provided in Section 111.1 O.b, along with the dietary exposure 
calculations in Section IV.3.b, verify that the NOAEL is sufficiently high to ensure 
safety. 

The next question addresses whether or not the test article is free of transferable antibiotic 
resistance gene DNA. As outlined in Section 11.3, the manufacturing process is such that 
the alpha-amylase preparation will not contain functional copies of the antibiotic 
resistance genes. 

The decision tree further asks whether all other introduced DNA is well characterized and 
free of attributes that would render it unsafe for constructing microorganisms to be used 
to produce food-grade products. The introduced DNA, plasmids pMYC5088 and 
pCN5 1 lad, have been sequenced and gene products are known. The two plasmids were 
analyzed with computational tools to investigate if adverse proteins were being produced. 
Both plasmids were found to lack genes that appear to encode known bacterial toxin 
proteins, virulence factors, or proteins that regulate the expression of bacterial toxin 
proteins or virulence factors. In addition, published sequence data (of precursor 
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plasmids), allergic potential assessment results, and toxicity study results all demonstrate 
that the introduced DNA is free of attributes that would render it unsafe for the proposed 
uses. 

The final question of the decision tree relevant to the genetic modification is whether or 
not the introduced genetic material is randomly integrated into the chromosome. The two 
plasmids introduced into strain DC88 are self-replicating, extrachromosomal plasmids 
thus are not integrated into the chromosome; therefore, the question of pleiotropic effects 
does not apply. 

The answers to the above questions are appropriate such that there are no safety concerns 
regarding the introduced DNA and one can proceed through the decision tree. 

3. Enzyme Product 

3.a Safety studies 

The safety studies outlined in Section I11 and summarized in Appendix 10 show that the 
BD5088 alpha-amylase enzyme preparation is safe under its intended conditions of use. 
The no-observed-adverse-effect-level (NOAEL) found in the 90-day oral toxicity study in 
rats is 890 mgkg body weight, which is roughly 44,500,000 times higher than 
reasonably anticipated dietary exposure in humans. 

3.b Potential dietary exposure 

3.b.i Starch 

As presented in Section III.9.d above, a calculation based upon actual analysis of 
glucose processed using BD5088, with none detected at a limit of detection of 2.4 
ppb, yields an intake estimate of 1.2 micrograms TOS per person per day. This 
exposure is 44,500,000 times lower than the NOAEL from the 90-day rat study, 
also based on TOS. In the case of sweeteners derived from starch, because they 
are widely distributed in food, per capita intake (1 04 g/person/day) probably 
approximates mean intake among “eaters only.” However, even if the dietary 
exposure estimate derived fiomper capita sweetener intake is multiplied by a 
factor of three, there is clearly a very large safety factor (>14,800,000) between 
the NOAEL and the EDI. 

Even if we were to assume-unrealistically-no removal of BD5088 during 
purification of starch-derived sweeteners, the resulting exposure, 5 mg/person/ 
day, is more than 1 1,400 times below the NOAEL from the 90-day rat study. 
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3.b.ii Distilled alcoholic beverages and ethanol for food uses 

Any residues of BD5088 a-amylase in distilled alcoholic beverages and ethanol 
for food uses will be de minimis or non-existent and will make a negligible 
contribution to dietary exposure. Alpha-amylase is used in the early stages of 
ethanol production and in the thinning of starch in distilling mashes in the alcohol 
industry. After fermentation of the sugars to produce ethanol, the ethanol is 
purified by distillation. Because ethanol is relatively low boiling (79"C), no 
amount of the enzyme protein is reasonably expected to be transferred into the 
distillate. Accordingly, we regard dietary exposure to BD5088 associated with 
ethanol to be essentially zero. 

4. Manufacturing Drocess 

As described in Section II.3, the BD5088 alpha-amylase is produced in accordance with 
current Good Manufacturing Practice (cGMP) using generally accepted, published 
methods for enzyme manufacture and formulation. All raw materials used in the alpha- 
amylase production are of a suitable purity, and the fermentation is run under pure 
culture, controlled conditions. The final preparation meets the general and additional 
requirements for enzyme preparations of Food Chemicals Codex and JECFA. The 
manufacturing process for the P. fruorescens alpha-amylase is safe. 
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V) Expert Panel 



V. Scientific Expert Panel 

A panel of scientific experts with the appropriate education, training and experience in 
general food safety, microbiology, food enzymology, molecular biology, and toxicology 
reviewed the scientific data available on the alpha-amylase preparation fi-om 
P. Jzuorescens strain DC88 and concluded that the enzyme preparation is GRAS, based 
on scientific procedures, for its intended use. Specifically, the Panel concluded: 

“Based on our independent and collective critical evaluation of the 
available pertinent scientific evidence, we conclude that Innovase’s 
BD5088 a-amylase, which is derived from Pseudomonas 
Juorescens Biovar I carrying a optimized a-amylase gene 
constructed from Thermococcales sp., is manufactured in 
accordance with cGMPs, meets the relevant food grade 
specifications, and, based on scientific procedures, is ‘Generally 
Recognized as Safe’ (GRAS) for use in food as specified herein.” 

Appendix 15 provides the full conclusions of the panel. Appendices 16 through 19 
contain CVs that describe the qualifications through education, training and experience 
for each Panel member. 
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VI) Conclusions 



VI. Conclusions 

a 

0 

The subject of this GRAS Notification is an alpha-amylase enzyme preparation derived 
from a genetically modified strain of Pseudomonasfluorescens Biovar 1 that contains a 
recombinant gene for an optimized Thermococcales alpha-amylase. The enzyme was 
selected for commercialization due to its stability and activity at low pH, high 
temperature, and low calcium concentration. 

Innovase LLC has determined the alpha-amylase enzyme preparation to be GRAS, 
through scientific procedures, for use as a processing aid in the starch industry (for the 
liquefaction of starch in the production of starch hydrolysis products) and in the alcohol 
industry (for the hydrolysis of starch in distilling mashes). The enzyme is used at 
minimum levels necessary to achieve the intended technical effects, e.g., up to a 
maximum of 500 ppm enzyme preparation (containing 3*1% TOS). 

The safety of the enzyme preparation has been evaluated using the safety scheme of 
Pariza and Johnson (2001) and others (IFBC, 1990; JECFA, 2001; Scientific Committee 
for Food, 1992). Published and unpublished information is provided which assesses the 
safety of the folIowing: recipient strain, introduced genetic material, production 
microorganism, alpha-amylases and their use in food, manufacturing process, final alpha- 
amylase enzyme preparation, and consumer exposure. 

The safety of the production organism is the prime consideration when assessing the 
probable degree of safety of an enzyme preparation intended for use in food. If the 
enzyme production organism is nonpathogenic and nontoxigenic, and the enzyme is made 
according to current GMP, then one can assume the food ingredient made from the 
production microorganism is safe to consume. Strains of P. fluorescens are commonly 
found on plant surfaces as well as on decaying vegetation, and in soil and water. The 
ubiquitous nature of P. fluorescens on the surface of plants typically grown for human 
consumption suggests that this organism has been widely consumed by humans for many 
years. P.fluorescens strains have been utilized in recent years in a variety of industrial 
applications, thus the safe environmental use of members of this species is well 
documented. The recipient strain, P.fluorescens MBlOl, has a history of safe use as the 
source microorganism in the production of biological pesticides and was experimentally 
determined to be non-pathogenic and non-toxigenic via oral administration in mice. This 
finding was confirmed by Dr. Stanley Falkow after examination of the experimental data 
(see Appendix 11). The production strain DC88 complies with the OECD criteria for 
Good Industrial Large Scale Practice microorganisms. 

The introduced DNA is well characterized and shown to be safe. The DNA sequences of 
both plasmids are known and an exhaustive open reading frame analysis was done on 
both plasmids which showed that the two plasmids lack genes encoding known bacterial 
toxins or virulence factors, and that no dormant or silent genes were introduced during 
plasmid construction. The toxicity studies performed using alpha-amylase test product 
further show the introduced DNA is free of attributes that would render it unsafe for use 
in the production of a food enzyme. The introduced plasmids are non-mobilizable and are 
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stable in the production strain during storage and fermentation. The food grade alpha- 
amylase preparations will not contain functional copies of the antibiotic resistance-coding 
genes. 

The enzyme alpha-amylase has a long history of safe use in food processing. Published 
literature provides evidence that alpha-amylases have been used in food for at least three- 
quarters of a century. Many GRAS thermostable alpha-amylases are commercially 
available, several of which are protein engineered. The alpha-amylase fiom 
P. jluorescens DC88, which is a hybrid of three Thermococcales spp. alpha-amylases, is 
substantially equivalent to other known alpha-amylases in that it contains the four highly 
conserved regions that are common to all alpha-amylases and is similar at the amino acid 
level to known amylases. In addition, the BD5088 alpha-amylase is functionally 
equivalent to other alpha-amylases used in food processing; i. e., it specifically catalyzes 
the hydrolysis of I ,4-a-glucosidic linkages in amylose and amylopectin. 

In assessing the safety of the alpha-amylase preparation, Innovase conducted the 
following safety studies: 5-day oral gavage in rats; 14-day range finding gavage in rats; 
90-day subchronic gavage in rats; 14-day dietary feeding study in rats; mouse lymphoma 
forward mutation assay; mouse bone marrow micronucleus test; chromosomal aberration 
assay using rat lymphocytes; and Ames test. The studies did not find any treatment 
related toxicity or induction of gene mutation or chromosomal aberrations in tests using 
the alpha-amylase test preparations derived fiom the production microorganism. Safety 
margin calculations indicate the potential human exposure to the alpha-amylase enzyme 
preparation from the consumption of food made using the enzyme is negligible and well 
below the NOAEL seen in the oral toxicity studies. 

The manufacturing process used to make alpha-amylase employs a pure culture 
submerged fermentation of the P. fluorescens DC88 strain. Good Manufacturing Practice 
is used throughout the process which utilizes generally accepted, published methods for 
enzyme manufacture and formulation. All raw materials used in the fermentation and 
recovery processes are of a suitable purity and are standard materials used in the enzyme 
industry. The final alpha-amylase enzyme preparation meets the general and additional 
requirements for enzyme preparations as outlined in Food Chemicals Codex and by 
JECFA. 

A panel of scientific experts was assembled to review the safety information compiled on 
the alpha-amylase preparation from the genetically modified P. fluorescens source. The 
panel concluded that the enzyme preparation is GRAS for its intended conditions of use. 

Based on the information provided in this GRAS Notification, Innovase concludes that 
the alpha-amylase preparation derived from P. fluorescens, carrying a gene constructed 
fi-om an optimized Thermococcales sp. alpha-amylase, is GRAS under the intended 
conditions of use, as specified herein. 
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2. Specifications 



Appendix 2 

PRODUCT SPECIFICATION SHEET 

PRODUCT BD5088 ALPHA-AMYLASE 

Description 

Enzyme Alpha-Amylase (a-amylase) 

Appearance Amber liquid 
Diluent Glycerol 
PH 10. (typical) 
Specific Gravity 1.09 (typical) 

CAS / EINECS No. 9000-90-2 / 232-565-6 

Enzyme, Microbiological and Other Assavs 

Alpha-Amylase Activity 

Total Viable Count 
Total Coliforms 
E. coli 
Salmonella 
Production Organism 
Antibiotic Activity 
Lead (Pb) 
Heavy metals (as Pb) 

Regulatory Compliance 

1 15 IAU per gram - upper limit 
100 IAU per gram - lower limit 
not more than 50000 CFU per gram 
not more than 30 per gram 
negative by test in 25 grams 
negative by test in 25 grams 
negative by test 
negative by test 
not more than 5 mg per kg 
not more than 30 mg per kg 

SPECIFICATION NO. 1.1 
Effective January 2 1,2003 

This product complies witl, the Food Chemicals Codex (FCC 4* ed., 996)  an^, , he 
JECFA Compendium of Food Additive Specifications (FAO/WHO Vol. 52, Add. 9, 
2001) for food grade enzymes, and it contains permitted levels of stabilizers and 
preservatives. All packaging materials comply with relevant food contact regulations. 

A Joint Venture of The Dow Chemical Company and Diversa Corporation 
Laws. regulations and third party rights may prevent wslomers from 
importing. processing. applying andlor reselling certain products in a given 
manner. It IS the responsibility of the cuslomer that their specific use of 
prducts from lnnovase LLC does not infringe relevant laws and regulations 
and, furthermore. does not infnnge patents or other lhird party rights 

lnnovase LLC Tel. (858) 352-4454 
5501 Oberlin Drive 
San Diego, CA 92121 
U.S.A. 

Fax (858) 352-4560 
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3. Analytical Method 



Appendix 3 

ANALYTICAL METHOD 

1. 

2. 

0 3- 

4. 

5. 

0 

Determination of a-Amylase Enzyme Activity in a BD5088 Formulation: 
4-Nitrophenyl-a-D-Hexa-Glucopyranoside as Substrate 

Scope 

This method is applicable to measuring enzyme activity of a-amylase in amylase formulation 
samples and is expressed in Innovase Activity Units (IAU) per gram. This method is also 
applicable to thermally stable amylases with measurable activity at pH 7.0 and 75°C. 

Principle 

The enzymatic hydrolysis of 4-nitrophenyl-a-D-hexa-glucopyranoside by a-amylase liberates 4- 
nitrophenol. This liberation can be followed spectrophotometrically at 405 nm. The increase in 
absorbance at 405 nm is converted to pmoles of 4-nitrophenol by measuring the absorbance at 405 
nm of a calibration standard of 4-nitrophenol under the same experimental conditions. One IAU is 
defined as the quantity of enzyme required to liberate one m o l e  of 4-nitrophenol from 5 mM 4- 
nitrophenyl-a-D-hexa-glucopyranoside over one minute at pH 7.0 and 75°C. 

Safety 

Each analyst should be acquainted with the potential hazards of the equipment, reagents, products, 
solvents and procedures before beginning laboratory work. SOURCES OF INFORMATION 
INCLUDE: OPERATION MANUALS, MATERIAL SAFETY DATA SHEETS, LITERATURE 
AND OTHER RELATED DATA. Safety information for non-INNOVASE* products should be 
released from the supplier. Disposal of waste materials, reagents, reactants, and solvents must be 
in compliance with laws and regulations from all applicable governmental agencies. 

Interferences 

Any compound that will hydrolyze or liberate 4-nitrophenol from the 4-nitrophenyl-a-D-hexa- 
glucopyranoside substrate will interfere with this procedure. 

Apparatus 

5.1 Shimadzu UV-1601 and UVPC Software Version 3.9 available from Shimadzu 
Instruments Inc., 7102 Riverwood Dr., Columbia, GA 21046 or equivaIent (Note 14.1). 

5.2 IBM-Compatible Personal Computer (PC), NEC MultiSync 4FGe Monitor and keyboard 
was used to run and control the UV-I601 spectrometer or equivalent computer. 
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5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5 -9 

5.10 

5.1 1 

5.12 

5.13 

5.14 

Constant-Temperature cell holder for a Shimadzu W-1601 spectrophotometer, catalog # 
202-30858-04, capable of precisely holding the temperature constant of the cuvette from 
30°C to 90°C, available from Shimadzu Scientific Instruments Inc. or equivalent. 

Lauda RMT6 constant temperature circulation bath available from Brinkmann Instruments, 
One Cantiague Road, Westbury, NY 1 1590-0207 or equivalent. 

Digital thermometer capable of reading temperature accurately to If: 0.2"C between 20°C to 
90°C, available from Control Company, 308 West Edgewood, Friendswood, Texas 77546 
or equivalent (Note 14.2). 

Vortex-mixer, Thermolyne, Type 16700 Mixer, available from Fisher Scientific Company 
L.L.C., 2000 Park Lane, Pittsburgh, PA 1527 or equivalent. 

VWR Vanlab heat block catalog # 13259-005, available from VWR Scientific Products, 
13 10 Goshen Parkway, West Chester, PA 19380 or equivalent. 

Analytical balance, Mettler, Model AEl00, capable of weighing to 0.0001 g and a Mettler, 
Model PC 4400, capable of weighing to 0.01 g available from Mettler-Toledo Inc., 
Balances and Instruments, 1900 Polaris Parkway, Columbus, OH 43240-2020 or 
equivalent. 

pH Meter, Denver Instruments, Model 215 and pH/ATC Electrode model 300729, 
available from Fisher Scientific Company L.L.C., capable of reading to 2 0.01 pH unit or 
equivalent . 

Magnetic stirrer and stir bar, catalog # 11-500-493, available from Fisher Scientific 
Company L.L.C. or equivalent. 

Eppendorf Pipettor, 1.0 mL and 0.1 mL adjustable, available from Fisher Scientific 
Company L.L.C., 2000 Park Lane, Pittsburgh, PA 15275 or equivalent (Note 14.3). 

Cole-Parmer Sonicator, Model 8853, available from Fisher Scientific Company L.L.C or 
equivalent. 

Semi-micro, cuvette spectrophotometer cell, 1 cm x 1 cm, 1.16 mL volume, quartz 
cuvettes. Spectrosil quartz cuvettes are available from Starna, catalog # 9/29-Q-10, Starna 
Cells, Inc., P.O. Box 1919, Atascadero, CA 93423. 

Class A pipettes, 9.0, 10.0 and 20.0 mL glass pipettes, 100-mL volumetric flask and glass 
vials (5,  7 and 1 0-dram), available from Fisher Scientific Company L.L.C. or equivalent. 
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e6. Reagents 

6.1 3-[N-Morpholino]propanesulfonic acid, sodium salt (MOPS), 99.5% punty, Sigma # M- 
9381, available from Sigma-Aldrich, P.O. Box 14508, St. Louis, MO 63178. 

6.2 4-Nitrophenyl -a-D-hexa-( 1 ~4)-glucopyranoside(4-Nitrophenyl-a-D-maltohexaoside), 
>98% purity, Fluka catalog # 73681, Fluka Chemical Corporation, 1001 West St. Paul 
Avenue, Milwaukee, WI 53233. 

6.3 4-Nitrophenol (commonly known as p-nitrophenol) Standard, 99+%, Aldrich # 241 32-6, 
available from Sigma-Aldrich (Note 14.4). 

6.4 Hydrochloric Acid, Certified 6.0 N, Fisher # LC 15370-2, available from Fisher Scientific 
Company L.L.C. 

6.5 Sodium Hydroxide, Certified 1.0 N, Fisher # SS266-1, available from Fisher Scientific 
Company L.L.C. 

6.6 Buffer Solution pH 7, Certified 7.00 2 0.01 pH @? 25"C, available from Fisher Scientific 
Company L.L.C. or equivalent. 

6.7 Urea, Certified ACS Grade, 100% purity, Fisher catalog # U15-500, available from Fisher 
Scientific Company L.L.C. 0 

6.8 Water, 18 rnQ or better, deionized and purified: pass deionized water through a Milli-Q 
Water System, available from Millipore Corporation Lab Water Division, 80 Ashby Road, 
Bedford, MA 01730 or equivalent. 

7. Preparation of Reagent Solutions 

7.1 0.050 M MOPS Working Buffer, pH adjusted to 7.00 2 0.02 @? -25°C 

7.1.1 Using an analytical balance, weigh between 1 1.45 and 1 1.65 g of MOPS (6.1) 
into a tared, 1000-mL bottle. 

7.1.2 Dissolve the MOPS in 900 mL of Milli-Q water (6.8) and stir on a magnetic 
stirrer until the solids are dissolved. 

7.1.3 Calibrate the pH meter with pH 7.00 buffer (6.6) making sure that the buffer 
solution is stirred with a magnetic stirrer as the pH measurement is made (Note 
14.5). 

7.1.4 Adjust the pH of the 0.05 M MOPS working buffer to pH 7.00 2 0.02 @ -25°C 
by adding 6 N HCl (6.4). During the final stages of adjusting the pH to 7.00 2 
0.02, one can either use 1 N NaOH (6.5) or 6 E HCl (Note 14.6). 0 
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7.1.5 Bring the final volume to 1000 mL with Milli-Q water, label the 0.05 M MOPS 
working buffer solution with your initials, date prepared and the expiration date. 
The MOPS solution can be stored at room temperature for up to 90 days. 

7.2 1 pmole/mL (1 mhl) 4-nitrophenol Standard Solution 

7.2.1 

7.2.2 

7.2.3 

7.2.4 

7.2.5 

7.3 5 nnM- 
Solution 

7.3.1 

Using an analytical balance, weigh 0.14 2 0.002 g accurately of 4-nitrophenol, 
99+% purity (6.3) to the nearest 0.1 mg into a tared, 100-mL volumetric flask. 

Dilute the 4-nitrophenol standard (7.2.1) in the 100-mL volumetric flask to 
volume with the 0.05 M MOPS working pH 7.00 buffer (7.1.5) and mix 
thoroughly. The weight of 4-nitrophenol used to prepare the calibration standard 
should be corrected for purity. This solution nominally contains 10.0 mhJ 4- 
nitrophenol (note 14.7). 

Transfer 10.0 mL of the 10.0 mhJ 4-nitrophenol standard solution (7.2.2) into a 
clean 100-mL volumetric flask and dilute to volume with 0.05 M MOPS working 
pH 7.00 buffer (7.1.5) and mix thoroughly. This solution nominally contains 1 .O 
mM_ 4-nitrophenol. 

The 4-nitrophenol standard solutions (1.0 nnM- and 10.0 mMM can be stored at 
room temperature for up to 5 months. The 4-nitrophenol standard solutions 
should be stored in either clear or amber glass bottles. 

Label the 4-nitrophenol standard solutions with your initials, concentration level, 
date prepared and expiration date. An expiration date of five months is adequate. 

4-Nitrophenyl-a-D-hexa-Glucopyranoside in 0.05 M MOPS Working Buffer 

Using an analytical balance, prepare a 5 M- 4-nitrophenyl-a-D-hexa- 
glucopyranoside @-NP substrate) solution containing 5.55 mg/mL by weighing 
between 55 to 230 mg of 4-nitrophenyl-a-D-hexa-glucopyranoside (6.2) to the 
nearest 0.1 mg into a tared, 50-mL conical centrifuge tube (Note 14.8). Dissolve 
the p-NP substrate in an appropriate volume of 0.05 M MOPS working pH 7.00 
0.02 buffer (7.1.5) such that a concentration of 5.55 mg/mL 4-nitrophenyl-a-D- 
hexa-glucopyranoside is obtained and mix the solution thoroughly for several 
minutes (Note 14.9). 

7.3.2 Label the p-NP substrate in MOPS working buffer solution with your initials, date 
prepared and expiration date. The p-NP substrate in MOPS solution should be 
stored at 4"C, and if the solution turns yellowish prior to the expiration date, it 
should be discarded and the p-NP substrate solution prepared again (Note 14.10). 
An expiration date of 4 days or less is recommended. 
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7.4 6 M Urea Solution a 
7.4.1 Using a top loading analytical balance, prepare a 6 M urea solution by weighing 

35.5 to 36.5 g of urea (6.7) to the nearest 0.1 g into a tared, 100.0-mL volumetric 
flask, and dissolve the urea in 90.0 mL of Milli-Q water (6.8). Another 
alternative is to weigh between 355 to 365 g of urea to the nearest 0.2 g into a 
tared, 1000-mL beaker and dissolve the urea in 900 mL of Milli-Q water. 

7.4.2 Slowly stir the urea solution on a magnetic stirrer until dissolved and then adjust 
the volume to 1 00-mL or 1 .O L by adding Milli-Q water. Sonication may be used 
to increase the rate of urea dissolution if needed. 

7.4.3 Pour the 6 M urea solution into an appropriate bottle and label the bottle 
containing the urea solution with your initials, date prepared and expiration date. 
The 6 &l urea solution should be stored at 4°C and can be used for 90 days. 

8. Sample Preparation 

8.1 

8.3 

8.4 

The amylase formulation sample is mixed thoroughly for 30 seconds by inverting and 
shaking the sample several times to homogenize prior to weighing out subsamples for 
analysis. 

Tare a 5-dram glass vial on an analytical balance. Using a 1.0 mL Eppendorf pipettor, 
transfer 1 .O mL of formulation sample (1.07 to 1-10 g) into the vial and accurately weigh 
the amount taken. Add 9.0-mL of 6 &l urea solution using a 9.0-mL Class A pipette and 
mix thoroughly. 

Studies have demonstrated that incubating amylase samples in urea solutions for 5 
minutes, 2 hours at room temperature and at 4°C prior to measuring enzyme activity yield 
equivalent activity results. 

After the formulation sample has been solubilized in the urea solution and thoroughly 
mixed (8.2 to 8.3), dilute the sample 1 : 10 with 0.05 M MOPS by taking a 1 .O-mL aliquot 
of the sample solution with an Eppendorf pipettor and diluting with 9.0 mL .of MOPS 
buffer soIution. After the samples have been diluted in the MOPS buffer solutions and 
mixed thoroughly, the sample solution is ready for measuring enzyme activity (Note 
14.1 1). 

9. Standardization of the UVNIS Spectrophotometer 

9.1 Set up the Shimadzu UV-1601 spectrophotometer 

9.1.1 

9.1.2 

Turn on both the visible and ultraviolet lamps. 

Make sure the Shimadzu UV-1601 spectrophotometer is under computer control. 0 
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9.1 -3 From the ACQUIRE MODE menu select the TIME COURSE option. 

9.1.4 Under the CONFIGURE menu option select the PARAMETERS option and set 
the Measuring mode: Abs; Recording range: -0.1 to 1 .O; Wavelength : 405 nm; 
Timing mode: MANUAL; Reaction time: 60 seconds; Acquisition rate: 0.1; 
Number of cells = 1; Interval time = 0.5; and Number of readings: 121. 

9.2 Turn on the circulating bath and heating block and make sure both instruments are set to 
control the temperature at 75°C 2 0.2"C. Each of the holes in the heating block is filled 
with deionized water to preheat cuvette cells prior to placing them into the Shimadzu 
spectrophotometer. 

9.3 Determine the absorbance for the 1 mM- 4-nitrophenol standard 

9.3.1 

9.3.2 

9.3.3 

9.3.4 

9.3.5 

9.3.6 

9.3.7 

Add 950 pL of 0.05M MOPS buffer solution to the micro cuvette cell and place 
the cuvette into the heating block set at 75°C for several minutes (Note 14.12). 

Remove the cuvette from the heating block, wipe off the water, invert the cell 
several times and place the cuvette into the reference compartment of the dual 
beam spectrophotometer. 

Repeat this operation of adding 950 pL of 0.05 &I MOPS buffer solution into the 
micro cuvette cell, place the cell into heating block for several minutes, wipe off 
the water, invert the cell several times and place the cell into the sample 
compartment of the spectrophotometer. Allow the cuvette cell and contents to 
equilibrate to 75°C 1 .O"F for -3-7 minutes. 

Durjng the equilibration process, lightly tap on the cuvette to eliminate air 
bubbles or remove the cuvette and invert the cuvette several times to release 
trapped air bubbles. 

The absorbance background of the sample cell at 405 nm is nulled by depressing 
the AUTO ZERO key which takes about 3 to 6 seconds to obtain an absorbance 
reading of 0.000. 

Add 50 pL of the 1 &- 4-nitrophenol standard solution to the sample cell 
cuvette, rinse the contents of the pipettor by gently pipetting the 4-nitrophenol 
solution up and down several times in the cuvette to mix the solution thoroughly 
and invert the cuvette two times before placing it into the sample compartment 
(Note 14.13). 

Allow 15-30 seconds for the 4-nitrophenol standard solution to equilibrate to 
75°C and record the absorbance of the standard solution. Wait approximately 15 
seconds, record the absorbance of the 4-nitrophenol standard solution and then 
record the absorbance two more times. 
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9.3.8 

9.3.9 

9.3.10 

If the differences in the first and third absorbance measurements are greater than 
0.01 AUFS, measure the absorbance of the 4-nitrophenol standard a fourth time. 

Record the three absorbance values for the 1 mM_ 4-nitrophenol standard and 
calculate an average absorbance value as the final result. Typically, an 
absorbance value from 0.36 to 0.40 AUFS is obtained for the 1 W- 4-nitrophenol 
calibration standard (Note 14.14). 

Repeat steps 9.3.1 to 9.3.9 for at least one or two additional 4-nitrophenol 
standardizations and average the standardization results. The standardization 
procedure is generally carried out in triplicate before and after the enzyme activity 
of the amylase sample solutions are measured (Note 14.15). 

Determination of a-Amylase Activity 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

Add 950 pL of 5 mhJ 4-nitrophenyl-a-D-hexa-glucopyranoside @-NP substrate) in the 
0.05 M MOPS working buffer solution (7.3.1) into a micro cuvette cell and place the 
cuvette into the heating block set at 75°C for several minutes. 

Remove the cuvette from the heating block, wipe off the water, invert the cell several times 
and place the cuvette into the sample compartment of the dual beam spectrophotometer. 
Allow -3 to 6 minutes for the cell to equilibrate to 75" 2 1 .O"C. 

Add 50 pL of the 1:lO dilution of the a-amylase sample solution (section 8.4) to the 
cuvette, mix well by gently pipetting up and down several times and invert the cell two 
times (the mixing operation usually takes less than 15 seconds). 

Blank the absorbance of the sample cell at 405 nm by depressing the CELL BLANK key. 

Once the CELL BLANK key is depressed, quickly depress the START key to initiate the 
measurement of absorbance versus time at 405 nm for 60 seconds. 

An increasing linear absorbance should be seen on the spectrophotometer screen or 
monitor. At the end of 60 seconds, the computer will ask for you to enter a FILE NAME 
(i.e. DATE-01, DATE-02, DATE-03 ...) for the amylase sample solution. Enter a file 
name and save the file. 

Under the MANIPULATE menu option, select the DATA PRINT option. Under the 
DATA PRINT option, select the Act. Cal. Option and with a Multiplication factor of 60 
(60 seconds/minute) the activity measurement (dA/minute result) is calculated and shown. 
The activity result is recorded (Note 14.16). 

Repeat steps 10.1 to 10.7 twice for each amylase standard solution and average the results. 
Occasionally, the two activity results will differ by 3% or more and a third activity 
measurement is made. In these cases, the three activity measurements are averaged 
together to obtain the final result. 
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11. Calculations 

a 

12. 

1 1.1 Calculate the urea dilution factor for urea dissolved samples as follows (Note 14.17): 

Urea Dilution Factor = /Volume of Urea rmLl+ [Sample Amount (EM .09 dmL1) 
[Sample Amount (g)/l.O9 g/mL] 

1 1.2 Calculate the sample dilution factor for diluting the a-amylase sample in urea with 0.05 &j 
MOPS solution as follows (Note 14.1 8): 

Sample Dilution Factor = (Volume of Urea Diluted Sample Solution + Volume of MOPS Solution) 
Volume of Urea Diluted Sample Solution 

1 1.3 Calculate the final dilution factor as follows: 

Final Dilution Factor = (Sample Dilution Factor) x (Urea Dilution Factor) 

1 1.4 Calculate the activity of the a-amylase enzyme sample (IAU/g) as follows (Note 14.19): 

Activity (IAU/g) = (Final Dilution Factor) x (dA/min measurement for sample) 
(sample wt.) x Average absorbance of 1 mM_ 4-nitrophenol standard 

Precision 
A precision study was carried out by preparing five 1.0 mL subsamples of an a-amylase 
formulation sample as described in Section 8. Each of the 1/10 dilution of the samples in 0.05 M 
MOPS were analyzed for enzyme activity once each day on three successive days. A 4- 
nitrophenol calibration standard was also analyzed at least six times, the calibrations were 
averaged together and used to calculate the final activity result. Based on the activity results 
obtained on the fifteen sample analyses, standard deviation and relative standard deviation (% 
RSD) were calculated. These values may be expected to vary from the average by not more than 
the amounts listed (relative standard deviation). 

Component Concentration Activity (Units) Standard Deviation - RSD Precision 
Amylase activity 10 g/L 113.1 2.187 1.93% 4.15 Yo 

13. Linearity 
A linearity study was conducted by measuring the absorbance at 405 nm of seven different 4- 
nitrophenol concentrations at 75°C. The 4-nitrophenol standards ranged from 0.125 r&l to 2.5 
mM_ in concentration and were analyzed according to the procedure described in Section 9. A 
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0 

14. 

0 

0.750 mM 
1.000 mM 

graph of absorbance versus 4-nitrophenol concentration is shown in Figure 1. A summary of the 
linearity data is shown below in Table I. 

Table I 
Absorbance at 405 nm for a 

Series of 4-Nitro~henol Standards 

0.27 15 
0.3640 

4-Nitrophenol Absorbance (24 405 nm 
Concentration + 0.500 mM 0.1835 

0.125 mM 0.0475 
0.250 mM 0.0945 

1.250 mM 
2.500 mM 

0.4530 
0.8965 

Notes 

14.1 

14.2 

14.3 

14.4 

14.5 

The spectrophotometer must have the capability to measure the change in absorbance 
versus time and express the result as the average absorbance rate change over one minute 
(Wmin). Some spectrophotometers have software for converting the absorbance versus 
time curve into a direct dA/min result. Other spectrometers do not have this feature. The 
Shimadzu Model UV-1601 reports the actual W m i n  result. 

The digital thermometer used to monitor the heating/circulating bath and 
spectrophotometer cell temperature should be calibrated against a NIST-traceable standard 
so that the temperature measured is accurate to 0.2”C. 

The Eppendorf pipettor should be calibrated prior to use in this procedure. A common 
method of calibrating the pipettor is to transfer 100 pL volumes of water into a tared vial 
placed on an analytical balance and weigh the amount (mg) of water pipetted. By 
repeating this procedure several times, the average amount of water per 100 pL aliquot 
(mg/yL) can be calculated and used to determine the exact volume transferred with the 
pipettor. 

A primary standard of 4-nitrophenol should be obtained and characterized for purity or a 
“Certificate of Analysis” obtained from the vendor that confirms the purity prior to use. 
The purity of 4-nitrophenol standard can be established by, differential scanning 
calorimetry, base titrimetry, liquid and gas chromatographic analysis. 

The absorbance of the 4-nitrophenol standard solution is extremely sensitive to slight pH 
changes (50% absorbance change for a 0.2 pH unit difference near pH 7). Consequently, 
the pH of the 0.05 &j MOPS working buffer must be carefully and precisely adjusted to pH 
7.00 and this requires that the calibration buffer and 0.05 M MOPS working buffer 
solutions are stirred during pH measurements. 

000066 
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14.6 

14.7 

14.8 

4.9 

14.10 

14.1 1 

14.12 

14.13 

The pH meter must be calibrated just prior to measuring and adjusting the pH of the 0.05 
M MOPS working buffer and the pH measurement must be stable for several minutes. 
After the MOPS buffer solution has been adjusted to pH 7.00, the pH of the pH 7 buffer 
solution should be measured again to insure that the pH meter reading has not drifted. If 
the pH meter reading has drifted, the pH of the 7.00 buffer and 0.05 &j MOPS working 
buffer solutions should be measured again. 

The absorbance of several 4-nitrophenol standards prepared in the MOPS buffer @ pH 
7.00 were measured to determine the stability of these solutions over time. The 1 n&i and 
10 mM_ concentrations of 4-nitrophenol standard prepared in the MOPS buffer @ pH 7.00 
are stable for at least 5 months when stored in either clear or amber glass bottles at room 
temperature. 

Because the 4-nitrophenyl-a-D-hexa-glucopyranoside (p-NP substrate) statically clings to 
spatulas and other weighing utensils during the weighing process, it was easier to tare a 50- 
mL conical tube in a 100-mL beaker and add the p-NP substrate reagent while lightly 
tapping on the side of the container. When the p-NP substrate was added in this manner, 
it was easy to control and transfer within 2-5 mg of the desired weight of p-NP substrate 
into the conical tube. 

To minimize day-to-day differences for activity measurements, it was important to prepare 
the exact concentration (5.55 mg/mL) of p-NP substrate reagent. This means that the p-NP 
substrate should be weighed accurately and the exact volume of 0.05 &j MOPS working 
buffer was added to prepare a 5.55 mg/mL p-NP substrate concentration. Typically, 11 1 
mg is weighed out and dissolved in 20.0 mL of MOPS working buffer solution. 

To minimize p-NP substrate hydrolysis (yellow color formation), the conical container 
containing p-NP substrate solution should be stored in an ice bath during activity 
measurements. 

All sample dilutions must be made in the 0.05 &j MOPS buffer using a minimum volume 
of at least 100-pL of enzyme sample. The analyst is free to scale these dilutions up or 
down to increase the accuracy and repeatability of these measurements as long as the 
absorbance falls within the 0.05 to 0.60 AUFS range. 

The 0.05 &J MOPS buffer should be kept at ambient temperature prior to transferring to the 
cuvette. Another alternative to heating the cuvette and MOPS buffer in the 
spectrophotometer is to preheat the cuvette containing the MOPS buffer in a heating block 
at 75°C and transferring the heated cell and contents to the spectrophotometer to minimize 
equilibration time @ 75°C prior to adding the p-NP standard or sample additions. 

If the absorbance of the MOPS buffer solution does not change by more than 0.003 AUFS 
during the equilibrating period, then the cuvette and contents have attained 75°C. The 0.05 
M MOPS solution is not sufficiently stable '@ 75°C for extended periods of time. For the 
best results, cuvettes should be heated for exactly the same length of time during the 
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preheating and analysis steps of the assay procedure. A digital thermometer can be placed 
into the cuvette and the temperature should be 75°C 5 1.0"C. To obtain an accurate 
absorbance measurement, no bubbles should be visible in the cuvette. 

14.14 The absorbance reading should be constant or within 0.002 AUFS. If the measured 
absorbance is continuously dropping, the cell and contents are not at constant temperature. 
Do not record the absorbance measurement until constant temperature is reached. 

14.15 Typically, the absorbance for 1 mM- 4-nitrophenol standard should range from 0.36 to 0.40 
AUFS. If the absorbance difference between two 1 mhJ 4-nitrophenol standard 
preparations is greater than 0.006 AUFS, then a third absorbance measurement for 1 M- 
4-nitrophenol should be made and all standardizations averaged together. 

14.16 The Cary 100, Beckman DU-7400 and Shimadzu UV-1601 spectrometers all give a direct 
absorbance versus time measurements of dA/second or dA/min. 

14.17 Since the density of the amylase formulation samples is equivalent to 1.09 g/mL, a 1.00 
mL sample is equivalent to 1.09 g. If the analyst follows the sample preparation 
instructions as described in Section 8.1 to 8.4 for a-amylase samples, the Urea Dilution 
Factor is -10.0. 

14.18 If the analyst follows the sample preparation instructions as described in 8.4 for 
formulation samples of a-amylase, the Sample Dilution Factor is 10 for diluting the 
sample 1 to 10. 

14.19 If the analyst follows the sample preparation instructions as described in Section 8 for 
formulation samples of a-amylase, the Final Dilution Factor is -100. The sample weight 
is also used in calculating the final activity results in U/g. 

080068 
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Figure 1 

Analytical Method Linearity Study 
Absorbance at 4 0 5 a  nm as Function of 4-Nitrophenol Concentration 
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Appendix 4 

June 15,1988 letter from Prof. I. J. Misaghi, Department of Plant Pathology, 
University of Arizona, verifying recipient strain MBlOl as Pseudomonas jluorescens 

biotype A. Biotype A is equivalent to Biovar I (see Appendix 5, Table 3). 
0 

0 

a 

Or. Gregory Gibb 
Mycogen Corp. 
5451 Obcrlin Or. 
San Diego CA 92121 

I .J. ntsagm 
Department o f  plant p8thology 
Universirty o f  Arizona 
Tucson, CU 85721 

Dear 069, 

Judging from the results of a number of diagnostic t e s t s ,  the 
culture designated 9% HBlOl i s  Pseudomonas fluorescens. With 
respect to biotype designation, i t  is c l o s e  t o  biotype A of e. 
f luortseeng(A1CC 17397) 

The culture i s  oxidase vositive, gr” negative, hypersensitive 
negative on tobacco, pectolytlc negative on sodium 
polygalacturonate, with API Rapid N n  seven diget profile o f  
0 147555. 

Please  fee1 free to call(602 621 7156) or t o  urite if you have 
any questions. 

Sincerely, 

Associate Professor 

e 
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Reactions of ME101 to A P X  Rapid NFT T e a t s .  

React ion 

Nitrate reduction [Production of NO2 - 
[Production of n2 - 

- Tryptophanase 

Glucose Fermentation 

Presence of arginine dihydrolase 

Presence of urease 

Hydrolysis of esculin 

Presence of gelatinase 

Presence of Beta-galactosida6e 

Assimilation of D-glucose 

Assimilation of L-arabinose 

Assitnilation of &Mannose 

Assimilation of D-Mannitol 

Assimilatibn of N-Acetyl-D-glucosamine 

Assimilation of Maltose 

Assimilation of D-Gluconate 

Assimilation of Caprate 

Assimilation of Mipate 

Assimilation of Malate 

Assimilation of Citrate 

Assimilation of Phenylacetate 

Presence of oxidase 

+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
- 
+ 
+ 
- 
+ 
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Appendix 5 

Organism 

Characterization and Identification of the Recipient Strain 
MBl01 as Pseudomonasfluorescens Biovar I 

Pseudomonas Biovar Alternate Designation 

INTRODUCTION 

Microbial enzymes used in food processing are typically sold as enzyme preparations that 
contain not only the desired enzyme activity but also other metabolites of the production 
strain, as well as added formulation materials such as preservatives and stabilizers. As 
outlined by Pariza and Johnson (2001), the safety of the production strain is the primary 
consideration in evaluating enzyme safety. The critical elements required to establish a 
safe production strain include thoroughly characterizing the recipient organism, 
determining the safety of all new DNA that has been introduced into the recipient 
organism, and ensuring that the procedure(s) that have been used to modify the recipient 
organism are appropriate for food use. In this report, the recipient and production strains 
(MBlOl and DC88, respectively) are characterized. Both phenotypic and genotypic 
analyses were performed to establish the taxonomy of strain MBI 01 - Phenotypic 
characterization included a number of biochemical tests including development of 
whole-cell fatty acid methyl ester (FAME) profiles, whereas genotypic characterization 
encompassed 16s rRNA analysis. The results show that strains MBlOl and DC88 are 
both P. Jluorescens Biovar I strains. 

MATERIALS AND METHODS 

0 Bacterial Strains 

Bacterial strains were originally obtained from the American Type Culture Collection 
(ATCC). Table 1 shows the bacterial strains used in these studies. 

008.074 
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(ND: not determined. NA: not applicable.) 

Levan Production 
The pseudomonads were grown on Nutrient Agar supplemented with 5% sucrose where 
levan-producing colonies formed white, convex mucoid colonies (Schaad, 1988; Stanier 
et ai., 1966 with specific reference to levan production on p. 205 and table 12). 

Phenizine Production 
The pseudomonads were analyzed for the production of pigments on King's A medium 
(Stanier et al. 1966, pp. 172-173; Palleroni 1986, p. 158). King's A medium is described 
in Bergey's Manual (1 984). 

Lecithinase 
The pseudomonads were analyzed for formation of cloudy, opaque zones around colonies 
after growth on egg yolk agar (Stanier et al. 1966, p. 175; Smibert and Krieg 1981, pp. 
4 1 7-4 1 8). 

Denitrification 
The pseudomonads were grown in media where nitrogen, in lieu of oxygen, is used as the 
terminal electron acceptor. The mineral base media is described in Palleroni and 
Doudoroff (1972) and the method and media supplements is described in Stanier et ai. 
(1966, p. 171 and 182). 

Gelatin Hydrolysis 
The pseudomonads were grown in L-broth supplemented with 4% or 12% gelatin. 
Gelatin hydrolysis was observed after chilling at refrigerator temperatures (Smibert and 
Krieg 1 98 1, pp. 41 5-41 6). 12% gelatin usage yielded more sensitive results. 

Trehalose and Adonitol Utilization 
Trehalose and adonitol utilization of strain MB 101 was determined using the Biolog GN 
Microplate test system (Biolog Inc., Haywards, CA). 

Carbon Utilization 
All strains were initially grown on L (Luria)-agar and all tests initiated from YA, as 
described in Palleroni and Doudoroff (1972) and in Stanier et aI. (1966). Mineral base 
media was prepared 2x as was the purified agar. Preparation and concentration of organic 0 
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sources was as described in Palleroni and Doudoroff (1972). Two-fold concentrated agar 
was added to mineral base along with the appropriate amount of the fully sterilized 
carbon source to yield the final component concentration as outlined in Palleroni and 
Doudoroff (1972). Each component was tested in duplicates by the replica plating 
method described in Lederberg and Lederberg (1 952). Plates were incubated for 3-4 days 
at 30°C and then analyzed for growth. 

Fatty Acid Methyl Ester (FAME) Analysis 
Cell PreDaration: 
The FAME analysis preparation of the Pseudomonas strains was performed as follows: 

Pseudomonas strains were grown on King's B agar plates for 16 hrs at 30°C. 
(King's B agar: 20g proteose peptone #3, log glycerol, 1.5g K2HP04, 1.5g 
MgS04-7H20, 15g agar; heated until dissolved in 1L deionized water; pH to 7.2; 
autoclaved 30 min at 12 1 "C). 
Cell mass (40-50 mg) was transferred to a screw-cap test tube with a Teflon-lined 
screw cap. 
One milliliter of 14% boron trifluoride dissolved in methanol was added and the 
tube was then shaken to separate the fatty acids from the interference, esterify and 
methylate them to form volatile methyl esters of the free fatty acids. The mixture 
was heated 15 min at 100°C in a heat block followed by cooling in tap water. 1 ml 
saturated NaCl(4Og NaCl/l OOml deionized water) was added. 
FAMES were extracted into 1 ml n-hexane then centrifuged at low speed for 1-2 
minutes to separate into layers. 
The upper hexane layer was transferred into septum-covered chromatography vials to 
be analyzed by gas chromatography (GC). 

0 
Gas Chromatomaphv: 
Gas chromatographic analysis was performed on a Hewlett Packard 5890 instrument 
connected to a Hewlett Packard 3396A integrator: The inlet system was a split-capillary 
injector operated at 250°C in the septum-purge mode (purge rate, OSmVmin) at a split 
ratio of 1:50. The column was a 50% cyanopropyl - 50% methyl, 0.25 mm x 30 m fused 
silica capillary column (DB23, J &W Scientific, Folsum, CA) operated with hydrogen as 
the carrier gas. Linear flow was 40 cdsec.  The oven temperature was programmed as 
follows: initial temperature, 100°C; hold time 0 min; heating rate, 5"C/min; final 
temperature, 200°C; final time, 2 min. The detector was a flame ionization detector 
operated at 250°C with helium as the capillary make-up gas. Once the system was 
operational, the auto-injector injected 4p1 of the cellular fatty acid extracts. The integrator 
processed the chromatographic data to yield peaks for each fatty acid at separate retention 
times, along with peak area and percent peak area. 

Data Analysis: 
The fatty acid profiles were entered as a matrix that correlates the quantity of a given 
fatty acid (e.g. % peak area at a given retention time) to a particular strain. A statistical 
package (SYSTAT V. 5.0, from Systat, Inc., Evanston, IL) was used to perform a 
hierarchical CLUSTER analysis on the matrix to result in a similarity index described as 
follows from the SYSTAT manual. The program measures dissimilarity between objects. 

Appendix 5 Page 3 



Similar objects should appear in the same cluster and dissimilar objects in different 
clusters. The EUCLIDEAN distance measure was used to examine the data. This option 
uses normalized Euclidean distance, Le. root mean squared distance. The linkage method 
(amalgamation) used to compute the distance of one object or cluster from another and to 
determine whether the two should be merged in a given step was SINGLE LINKAGE 
clustering. This linkage method takes the distance between two objects or clusters as the 
distance between the two closest members of those clusters and yields a "nearest 
neighbor" tree diagram. A single subroutine follows the hierarchical amalgamation 
method. The algorithm in Grurcers and Wainer (1972) is used to order the tree 
(Wilkenson, 1990). 

HVlF3 
HV3R1 
HV2F 
HVlR 
HV3F 

Establishment of the 16s rRNA Gene Sequences of Strains MBlOl and DC88 
The PCR amplification was carried out for 30 cycles using the first six primers listed in 
Table 2 and 100 ng genomic DNA of strain MBlOl and DC88 as template. The following 
temperature profile was used: 60 sec at 95°C for DNA denaturation, 30 sec at 55°C for 
primer annealing, and 90 sec at 72°C for DNA extension, The DNA sequence was 
established using the six primers used in the PCR as well as 3 new internal primers for 
sequencing (HV2F, HVlR, and HV3F; see Table 2). DNA sequencing was performed 
using the dye-terminator fluorescence sequencing method following the protocol of 
Applied Biosystems. G50 columns were used to clean up the reactions. The dried DNA 
was resuspended in formamide and was loaded onto the AB1 3 100 DNA Analysis System 
(Applied Biosysterns, Foster City, CA) for sequence determination. 

Table 2: Overview of primers used for PCR-amplification, and DNA sequence 0 establishment. 

20mer AGAGTTTGATCCTGGCTCAG 1500 bp 
2lmer ACGGCTACCTTGTTACGACTT 
2lmer TGAGGTAATGGCTCACCMGG NA 
20mer ATGGCTGGATCAGGCTTTCG NA 
2 1 mer GCTAACGCATTAAGTTGACCG NA 

Computational Analysis 
The raw DNA sequences were assembled using the Sequencher DNA assembly software 
(Gene Codes Corporation, Ann Arbor, MI). Database searches were performed using the 
BLASTN h c t i o n  of GCG (Accelrys, San Diego, CA). Binary alignments were done with 
the GAP program of GCG using the default parameters. Multiple sequence alignments 
were generated using the GCG program PILEUP with the default parameters. 
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0 1. STRAIN HISTORY 

Biovar as designated by Biovar I Biovar I1 Biovar 111 Biovar IV Biovar V 
Stanier et ul. (1 966) 

RESULTS 

The species Pseudomonas fluorescens is an abundant, cosmopolitan, and natural 
component of the microbial flora of soil, water and plants. Members of the species 
P. jluorescens are aerobic, saprophytic, gram-negative organisms that are not pathogenic 
(do not cause a disease state) in plants, mammals or immunocompetent humans. They 
grow at neutral pH and in the mesophilic temperature range (optimally between 25 and 
30”C), and do not grow above 40°C or under acid conditions (<pH 4.5) (Bergey’s 
Manual, 1984,1994; OECD 1997). 

Pseudomonasfluorescens strain MB IO1 was isolated in March 1984 from the phytoplane 
of a young lettuce leaf located on a farm in Northern San Diego County, California 
Alpha-amylase production strain DC88 is a derivative of MBlOl that contains two 
plasmids, pMYC5088 and pCN5 1 lacl. 

No single technique or methodology can positively distinguish P. fluorescens from all 
other potentially unrelated species and Biovars, nor can a single technique prevent 
inadvertent exclusion of a related species or Biovar. However, the concerted approach 
described herein which utiiizes morphologic, phenotypic and genotypic techniques is 
capable of conclusively identifying P. fluorescens down to the Biovar level and 
simultaneously excluding other unrelated species and Biovars. 

2. MORPHOLOGIC CHARACTERIZATION 
Morphologic characteristics for MBlOl and DC88 are consistent with those identified in 
Bergey’s Manual (1 984, 1994) for Pseudornonasfluorescens: 

0 
Straight or slightly curved rods, but not helical 
Motile by one or several polar flagella 
0.5-1 .O pn in diameter by 1.5-5.0 pn in length 
Do not produce prosthecae and are not surrounded by sheaths 

3. PHENOTYPIC CHARACTERIZATION 
Phylogenetic classification of P. fluorescens has relied on a series of nutritional 
characteristics to differentiate seven distinct biotypes (A-G) of P. fluorescens fiom other 
fluorescent pseudomonads (Stanier et a/ .  1966). Currently, the most recent edition of 
“Bergey’s Manual of Systematic Bacteriology” (1 984) recognizes only five Biovars (i.e.- 
biotype) of P. fluorescens since P. fluorescens biotypes D and E have been reclassified as 
distinct species (P. chIororuphis and P. aureofaciens). Over the years Biovar and biotype 
have been used interchangeably as a designation for the same strain of P.fluorescens. 
The relationship between the Biovarhiotype designation is shown in Table 3. 

I Biotype equivalent I biotypeA I bio+iypeB I biotypeC I biotypeF I biotypeG I 
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In order to establish the phylogeny of strain MBlOl, this organism was independently 
characterized in terms of its morphological and biochemical properties by Professor I. J. 
Misaghi of the Department of Plant Pathology at the University of Arizona at Tuscon 
(Attachment I). The results fkom a series of phentoypic tests confirmed that strain MBlOl 
belongs to P-fluorescens Biotype A, i.e., Biovar I. The tests included API rapid NFT, 
production of levan and phenizine, presence or absence of lecithinase, ability to denitrify 
and liquefy gelatin, utilization of trehalose and numerous other carbon sources, and 
analysis of fatty acid methyl esters. Each of these tests is described in more detail below. 

0 

API rapid NFT Test 
API rapid NFT tests (Analytab Labs, Plainview, NY) were performed by both Dr. I. J. 
Misaghi and by company research personnel. This test system is specifically designed for 
identification of Gram-negative non-fermentative bacteria. Strain MB 101 was identified 
as P.fIuorescens based on an API code of 0147555 (confidence of 99.8%). A second 
series of analyses was conducted by company personnel using the identical API rapid 
NFT test. Both MB101, as well as on a positive control P.fluorescens strain ATCC 
17397, were identified as P.fluorescens based on API codes of 0347555 (confidence of 
99.8%). The results fkom these analyses are presented in Table 4. 

Levan Production 
Production of levan fiom sucrose was used to further characterize MB 101. P. fluorescens 
Biovars I, 11, and IV produce levan while P.fIuorescens Biovars I11 and V, P. putida and 
P. aeruginosa (Bergey's Manual, 1994) are negative for this phentoypic characteristic. 
Strain MBlOl was shown to produce levan (Table 5). 

Phenizine Production 
The production of phenizine pigment is used to distinguish between P. fluorexens 
(negative), P. putida (negative), and P. aeruginosa (positive). Strain MBlOl does not 
produce any of these pigments (Table 5). The two Pseudomonas species P. chlororaphis 
and P. aureofaciens are shown as controls for other pigments they produce which are 
different fi-om the phenizine pigment produced by P. aeruginosa. These results are in 
agreement with those presented in Bergey's Manual (1 994). 

0 

Lecithinase 
This test clearly distinguishes P.fluorescens MBl 01 (positive) from the P. putida strains 
and P. aeruginosa, both of which are negative (Table 5). These results are in agreement 
with those presented in Bergey's Manual (1 994). 

Denitrification 
This test clearly distinguishes strain MBlOl (negative) fkom the positive P. aeruginosa 
and P. chlororaphis strains (Table 5) .  These results are in agreement with the information 
presented in Bergey's Manual (1 994). 
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Table 4: Reactions of Strain MBlOl in API Rapid NFT Tests Performed by 
Professor Misaghi and Confirmatory Testing. 

Hydrolysis of Esculin 
Presence of Gelatinase 

- - 
- - 

Presence of P-Galactosidase 
Assimilation of D-Glucose 

- - 

+ + 
Assimilation of L-Arabinose 
Assimilation of D-Mannose 

+ + 
+ + 

Assimilation of D-Mannitol 
Assimilation of N-Acetyl-D-Glucosamine 
Assimilation of Maltose 
Assimilation of D-Gluconate 
Assimilation of Camate 

Gelatin Hydrolysis 
Although Bergey's Manual (1994) shows all P.fIuorescens Biovars as positive for gelatin 
hydrolysis, negative results were obtained for MBlOl by this method and by the gelatin 
analysis in the API Rapid NFT system (Tables 4 & 5). Both P. putida Biovars are shown 
as negative, while P. aeruginosa, P. chlororaphis and P. aureofaciens are all positive. 

+ + 
+ + 
- - 

+ + 
+ + 

Since numerous number of strains of P.fluorescens have been isolated that do not 
hydrolyze gelatin, this characteristic is no longer a universal phenotypic trait of 
P.fluorescens. The API identification system supports that finding in that only 55% of 
P. jluorescens strains recorded in their database were reported to hydrolyze gelatin. 

Assimilation of Adipate 
Assimilation of Malate 
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- - 

+ + 
Assimilation of Citrate 
Assimilation of Phenylacetate 
Presence of Oxidase 

+ + 
- - 

+ + 



Table 5. Biochemical Identification Tests for P. fluorescens 

Organism 
Name 

Gelatin 
Hydrolysis Phenizine Lecithinase Denitrification Pseudomonas Species / Biovar Levan 

Production Production 
+ 

- - MB214 P. fluorescens (Pf) + - + 
MB237 P. jluorescens + - + 
MB285 P. jluorescens + - + - - 
MB295 P. jluorescens Biovar I + 

I MB184 I P. putida (Pp) - - - - - 

- - 

- - - - 

I - 

MB294 I P. putida Biovar A (Pp bv A) - - - - - 
1 - 1 - 1 - 1  

MB298 P. aureofaciens (Pau) + + 3  + - + I 
I - l + ’ I -  + 4  + 

I ~ ~ 2 9 7  I P. chlororaphis (Pc) 1 + 1 + 2 1 +  + 
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a 

P. aeruginosa 
P. putida Biovar A 
P. putida Biovar B 

Trehalose and Adonitol Utilization 
Trehalose utilization is another of the classical phenotypic characteristics used to 
distinguish P. fluorescens (positive) from P. putida (negative). Table 6 shows the results 
obtained for trehalose and adonitol utilization using the Biolog GN Microplate test 
system. The ability of MBlOl to utilize trehalose clearly differentiates this strain from 
either P. aeruginosa or P. putida Biovar A or Biovar B. The positive adonitol utilization 
distinguishes MBlOl from P. aeruginosa, both Biovars of P. putida, and Biovars I1 and 
IV of P. fluorescens, P. chlororaphis and P. aureofaciens. 

- - 
- - 

- - 

Table 6. Trehalose and Adonitol Utilization of Pseudomonads. 

Carbon Source Utilization Tests 
Growth of strain MBlOl on several carbon sources was used as a method of assigning 
this strain to a specific Biovar of P.fluorescens. When the growth characteristics of 
MBlOl (Table 7) are compared with data compiled in Bergey’s Manual (1984) the 
following inferences can be made: 

P. putida, P. aeruginosa, P. chlororaphis, and P. aureofaciens are clearly 
eliminated based on a large number of differences between their test results and 
those of MB101. 
Biovar IV can be eliminated based on erythritol and mesaconate utilization. 
Biovar I1 can be eliminated based on propylene glycol, ethanol and propanol 
utilization. 

These results leave the possibility the MBlOl may belong to P.JIuorescens Biovars I, I11 
and V. However, further phenotypic characterization of this strain indicates that 
P. jluorescens strain MBlOl belongs to Biovar I since the denitrification results clearly 
eliminate Biovars 11,111, ind IV and the levan results clearly eliminate Biovar V. 

Fatty Acid MeUhyl Ester Analysis 
Fatty acids are long hydrocarbon chains ending in a carboxyl group that form an ester 
linkage when combined with glycerol, to form lipid molecules. These lipids are used to 
construct bacterial cell membranes. The diversity of structure of the fatty acids, their 
characteristic patterns within a taxon, and their stability (despite minor mutations) make 

methyl ester (FAME) profiles have been used in bacterial classification for over twenty 
years (Roy, 1988). This analysis of total bacterial cellular lipids by gas chromatography 
(GC) can be used to compare chromatograms of unknowns with those of known strains. 

I them suitable for use in bacterial identification (Sasser, 1988). Whole-cell fatty acid 
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Fatty acid peak retention time, overall profiles and the ratios between fatty acids are used 
to group similar strains. Bacterial fatty acids are stable and reproducible when grown and 
processed under standardized conditions, regardless of geographic origin. Fatty 
acid-based groupings have thus far agreed with DNA homology data where available 
(Roy, 1988). 

Table 8 provides the data for the FAME analysis and Figure 1 presents the FAME data 
in the form of a "nearest neighbor" analysis, which shows the relatedness of a single 
strain to another, or of a group of strains to another. The tree diagram shows that the 
recipient strain MBlOl and its derivative MB214 are very closely related, and that they 
are both closest related to MB285. These three P.fluorescens strains are then most 
closely linked to MB237. These strains together form a cluster of very closely related 
P.Jluorescens strains. Most of the P.fluorescens strains were shown to be closely 
related. One exception was strain MB295, which showed close relatedness to the P. 
putidu group. Note that this strain has been described as atypical for the P.Jluorescens 
species (Brosch et ul., 1996; see also below). Overall, these results confirm the results of 
the biochemical tests, which identify strain MBlOl as a P. fluorescens. 

Figure 1. 
distance metric employed was EUCLIDIAN. The SINGLE LINKAGE method 
(nearest neighbor) was used. 

Tree Diagram showing the results of the FAME analysis. The 

0.000 Distance 1O.ooO 
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Saccharate 
Mutate 
Erythriol 
Sorbitol 
Propylene glycol 
Malonate 
Sebacate 
Mesaconate 
Hydroxy methylglu tarate 
Ethanol 
Propanol 
p-Hydroxybenzoate 
Benzylfor mate 
Glycine 
GKynurenine 
Kynurenate 
Anthranilate 
Benzylamine 
Histamine 
Tryptamine 
Butylamine 
a-Amylamine 
Creatinine 
Hippurate 
Nicotinate 
Trigonelline 
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Table 8. Pseudomonas FAME Analysis. Numbers beneath each strain represent relative area (as YO) under each peak. 
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4. GENOTYPIC CHARACTERIZATION ex - 

Identification of a Full-length 16s rRNA Gene in the Genome of MB214 
A derivative of strain MBlOl is MB214. The complete genome sequence of MB214 has been 
recently established. The E. coli 16s rRNA gene, rrsE (accession no.: ECRNA104) was 
employed to elucidate 16s rRNA genes from MB2 14 using the BLASTN function of GCG. These 
searches indicated that one copy of the 16s rRNA genes was fully sequenced. A binary 
alignment of the E. coli and P. j7uorescen.s MB2 14 16s rRNA genes is provided in Figure 2. 

Figure 2. Binary alignment of E. coli (top, capital letters) and P. fluorescens 
MB214 (bottom, small letters) 16s rRNA genes. The two sequences are 86% 
identical. The 3' ends of the two 16s rRNA genes that contain the anti- 
Shine-Dalgarno sequences are in bold red. 

1 AAATTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTA 50 

1 gaactgaagagtttgatcatggctcagattgaacgctggcggcaggccta 50 
I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  

51 ACACATGCAAGTCGAACGGTAACAGGAAGAAGClTGCTTCTTECTGACG 100 
I I I I I I I I I I I I I I I  I l l 1  I1 I I I I I I I I I I I I I I  I I  I 

51 acacatgcaagtcgagcggt ... agagagaagcttgcttct . . .  cttgag 94 
101 AGTGGCXGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGAT 150 

95 agcggcggacgggtgagtaatgcctaggaatctgcctggtagtgggggat 144 

151 AACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAG 200 

145 aacgttcggaaacggacgctaataccgcatacgtcctacgggagaaagca 194 

201 GGGGACCTTCGGGCCTCTTGCCATCGGATGTGCCCAGATGGGATTAGCTA 250 

195 ggggaccttcgggccttgcgctatcagatgagcctaggtcggattagcta 244 

251 GTAGGTGGGGTAACGGCTCGACGATCCCTAGCTGGTCTGAGA 300 

245 gttggtgaggtaatggctcaccaaggcgacgatccgtaactggtctgaga 294 

I1 I I I I I I I I I I I I I I I I I I I  I I  I I I I  I I I I I I I  I I I I I I I I I  

I l l  I I I I I I I I  I I I I I I I I I I I I I I  I I I l l 1  

I I I I I I I I I I I I I I I I  I1 I l l  I I I I  I l l  I I  I I I I I I I I I I I  

I I  I I I I  I I I I I  I I I I I I I I  I I I I I I I I I I I I  I I  I I I I I I I I I I I  

301 GGATGACCAGCCACACTGGAACGGAACTGAGACACGGTCCAGACTCCTACGGGAG 350 

295 ggatgatcagtcacactggaactgagacacggtccagactcctacgggag 344 
I I I I I I  I l l  I I I I I I I I I I I I I I I I I I I I I I I I I I I J I I I I I I I I I I I  

351 GCAGCAGTGGGGAATATXCACAA'XGGCGCAAGCCTGATGCAGCCATGC 400 

345 gcagcagtggggaatattggacaatgggcgaaagcctgatccagccatgc 394 
I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I  I I I I I I I I I  I I I I I I I I I  

401 CGCGTGTATGAAGAAGGCCTTCGGGTXTAAAGTACTITCAGCGGGGAGG 450 

395 cgcgtgtgtgaagaaggtcttcggattgtaaagcactttaagttgggagg 444 

451 AAGGGAGTAAAGTPAATACCTTTGCTCATTGACGTPACG'FPACCCGCAGAAGAAG 500 

I I I I I I I  I I I I I I I I I  I I I I I I  I I I I I I I I  I I I I I  I I  I I I I I I  

I I I I I  I I I I I I I I  I I I I I I I I I I I I  I I I I I  I l l  
445 aagggttgtagattaatactctgcaattttgacgttaccgacagaataag 494 

501 CACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCG 550 

495 caccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcg 544 

551 TTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGG'ITTGTTAAGTCA 600 

545 ttaatcggaattactgggcgtaaagcgcgcgtaggtggtttgttaagttg 594 

601 GATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCAAG 650 

I I I I I I I I I I I I I  I I I I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I  

I I I I I I I I I I I I I I J I I I I I I I I I I I I I  I I  I l l  I I I I I I I I I I I I  

I I I I I l 1 1 1 1 I I I I I I I I I I I I I I l I I I I I I I I I I l  I I I I I  I 
595 gatgtgaaatccccgggctcaacctgggaactgcattcaaaactgactga 644 

651 CTXAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCG 700 

645 ctagagtatggtagagggtggtggaatttcctgtgtagcggtgaaatgcg 694 

701 TAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGAC 750 

695 tagatataggaaggaacaccagtggcgaaggcgaccacctggactaatac 744 

I I  I I I I  I I I I I I I I I  I l l  I I I I I  I I I I I I I I I I I I I I I I I I I  

I l l 1  I1 I I I I I I  I l l  I I I I I I I I I I I I  I I  I I I I I I I  I I  I I  

751 TGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG 800 
I l l 1  I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  

745 tgacactgaggtgcgaaagcgtggggagcaaacaggattagataccctgg 794 

801 TAGTCCACGCCGTAAACGAGGAACTGTCGACTTGGAGGTTGTGCCCT'XAGGCGT 850 
I I I I I I I I I I I I I I I I I I I I I I I  I l l  I I I I I I I I I I I  I 

795 tagtccacgccgtaaacgatgtcaactagccgttggaagccttgagcttt 844 

851 GGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCA 900 

845 tagtggcgcagctaacgcattaagttgaccgcctggggagtacggccgca 894 

901 AGGTTARRACTCARATGAATGGGGGCCCGCACAAGCGGTGGAGCAT 950 

895 aggttaaaactcaaatgaattgacgggggcccgcacaagcggtggagcat 944 

951 GTGGTTTAATTCGATGCGCGAAGAACCTTACCTGGTCTTGACATCCA 1000 

945 gtggtttaattcgaagcaacgcgaagaaccttaccaggccttgacatcca 994 

1001 CGGAAGTTT'KAGAGATTGCC'ITCGGGAACCGTGAGACAGGTG 1050 

995 atgaactttctagagatagattggtgccttcgggaacattgagacaggtg 1044 

1051 CTGCATGGCTGTCGTCA~TCGTGTTGTGAAATGTTGGG~AAGTCCCGC 1100 

I II I I I I I I I I I  I I I I I I  I I I I I I I I I I I I I I I I I I I I I I I I  

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  

I I I I I I I I I I I I I I  I I I I I I I I I I I I I I I I I I I I  I I  I I I I I I I I I I I  

I l l  I l l  I I I I I I  I I I I I I I I I I I I I I  I I I I I I I I I I I  

I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I  I I I I I I I I I I I I I I I I I I  
1045 ctgcatggctgtcgtcagctcgtgtcgtgagatgttgggttaagtcccgt 1094 

1101 AACGAGCGCAACCCTTAlTCTTTGTTGCCAGCG.GTCCGGCCGGGAACTC 1149 

1095 aacgagcgcaacccttgtccttagttaccagcgcgtaatggtgggcactc 1144 
I I I I I I I I I I I I I I I I  I I I I I  I l l  I I I I I I  I I  I I l l  I I I I  

1150 AAAGGAGACTGCCAGTGATAAACTGGAGGAAGG'XGGGATGACGTCAAGT 1199 
I I I I I I I I I I I I  I I I I  I I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I  

1145 taaggagactgccggtgacaaaccggaggaaggtggggatgacgtcaagt 1194 

1200 CATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCATAC 1249 
I I I I I I I I I I I I I I I I  I I  I I I I I I I I I I I I I I I I I I I I I I I  I l l  

1195 catcatggcccttacggcctgggctacacacgtgctacaatggtcggtac 1244 

1250 ARAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTGCGTCGTA 1299 
I l l 1  I l l  I I I I I I  I l l  I I I I I I I I  I I I I I  

1245 agagggttgccaaaccgcgaggtggagctaatcccataaaaccgatcgta 1294 

1300 GTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTA 1349 

1295 gtccggatcgcagtctgcaactcgactgcgtgaagtcggaatcgctagta 1344 
I I I I I I I I  I I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I I I I I I I I I  

1350 ATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACAC 1399 
I l l 1  I I I I I I I I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  

1345 atcgcgaatcagaatgtcgcggtgaatacgttcccgggccttgtacacac 1394 

1400 CGCCCGTCACACCATGGGAGGGAACTGGGTTGCAAAAGAAGTAGGTAGCTTAACC 1449 

1395 cgcccgtcacaccatgggagtgggttgcaccagaagtagctagtctaacc 1444 

1450 'ITCGGGAGGGCGCTTACCACTTTGTGAT'Ii2ATGACTGGGGTGAAGTCGTA 1499 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I I I I I  I l l  I I I I I  

I I I 1.1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
1445 ttcgggaggacggttaccacggtgtgattcatgactggggtgaagtcgta 1494 

150 o ACAAGGTAACCGTAGGGGAACCTGCGGTTGGATCACCTCCTCC'FPA 15 4 2 

I I I I I I I I  I I I I I I I I I I I I I I I I I I  I I I I I I I  I I I I I I l l  
14 9 5 acaagg tagccgtaggggaacc tgcggc tggatcaCC t CC t ta 153 7 
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DNA Sequencing of the 16s rRNA Genes of MBlOl and DCSS 

Strain MBlOl is the parental strain of MB214 and the recipient strain used in construction of the 
production strain DC88. To confirm direct ancestral lineage of DC88 from the parental strain, MB101, 
the sequences of the 16s rRNA genes of MBlOl and DC88 were compared (see Material and Methods 
section). The sequence analysis showed that the 16s rRNA DNA sequences of MBlOl and DC88 
were identical to that of MB214 (data not shown). These data confirm that no strain mix-up has 
occurred and the direct ancestral lineage of DC88 from MBlOl. 

Phylogenetic Analysis of MBlOl and DCSS based on 16s rRNA Genes 
Moore et al. (1996) used the 16s rRNA gene sequences to identify species of the genus Pseudomonas. 
They sequenced 16s rRNA genes fi-om 24 different Pseudomonas species and found that only 148 
positions of the 1492 bp sequenced in each strain were variable. Sixty-five of these 148 variable 
nucleotides were found to be located in three small regions, which are referred to as hyper-variable 
regions 1, 2, and 3. Analysis of these hyper-variable regions enabled differentiation into different 
Pseudomonas species and to a certain extent into specific Biovars. 

The three hyper-variable regions from MB 101 and DC88 were compared to the hyper-variable regions 
of several Pseudomonas species. Figure 3 shows the multiple sequences alignment of hyper-variable 
regions 1 with other strains in the P.flu0rescen.s lineage, which was found to be closest related. The 
sequences from other Pseudomonas lineages are not shown due to their sequence dissimilarities. 

Figure 3. Comparison of the hyper-variable region 1 of strains from the 
P. jluorescens lineage. 

Strain Sequence P. fluorescens 
Lineape 

MBlOl g c g g t a g a g a g a a g c t t g c t t c t c t t g a g a g c  TBD 
DC88 g c g g t a g a g a g a a g c t t g c t t c t c t t g a g a g c  TBD 
MI3295 
LMG2210 
LMG2342 
DSM6698 
LMG5004 
LMG2352 

g c g g t a g a g a g a a g c t t g c t t c t c t t g a  g a g  c 
g C 9 9 t a 9 a 9 a 9 a a 9 c t t g C t t C t C t t 9 a 9 a 9 C 
g c  g g  t a g a g a g a a g c  t t g c  t t c t c t t g a g a g c  
g c  g g  t a g a  g a g a  a g c  t t g c t t c t c t t g a g a 9  c 
g c  g g t a g a  g a g g t g  c t t g c  acc t c t t g a g  a g c  
g c  g g  t a g a g a g a a g c  t t g c  t t c t c t t g a g a g c  

P.fluorescens 
P. marginalis 
P. tolaasii 
P. aureofaciens 
P. chlororaphis 
P. viridijlava 

Deviating residues are in bold red. TBD: to be determined. 

The DNA sequences of hyper-variable region 1 were identical in five of the six species of the 
Pseudomonas Jluorescens lineage analyzed by Moore et al. (1 996). Therefore, the DNA sequence in 
the hyper-variable region 1 cannot distinguish most of the species in that lineage. Based upon the 
DNA sequences of hyper-variable region 1, strains MBlOl and DC88 could not be differentiated from 
the following Pseudomonas species: jluorescens, marginalis, tolaasii, aureofaciens, or viridijlava. 

Comparison of hyper-variable regions 3 of the pseudomonads showed that the sequences of strains 
MBlOl and DC88 were. identical to the P.jluorescens species only (Figure 4). Therefore, hyper- 
variable region 3 was able to distinguish the species of the P.fluorescens lineage from each other, as 
well as from all other Pseudomonas species. This finding that the DNA sequences of hyper-variable 
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region 3 were identical further support the results of the phenotypic characterization that MBlOl and 
DC88 are indeed P. jluorescens. 

Figure 4. 
P. fluorescens lineage. 

Comparison of the hyper-variable regions 3 of strains from the 

- Strain Seauence P. fluorescens 
Lineage 

m 1 0 1  a t c c a a t g a a c t t t c t a g a g a t a g a t t g g t g c c t t c g g g a a c a t t g a g a  TBD 
DC88 a t c c a a t g a a c t t t c t a g a g a t a g a t t g g t g c c t t c g g g a a c a t t g a g a  TBD 
MB295 
LMG2210 
LMG2342 
DSM6698 
LMG5004 

at c c a a  t g a a  c t t t c t a g a g a  t ag a t t g g  t g c c t t c g gga ac a t t ga ga 
a t c c a a t g a a c t t t c c a  g a g a t gg a t t g g t g c c t t c g g g a a c a t t g a g a 
at c c a a  t ga a c t t t c caga ga t g g a  t t g g t g c  c t t c gggaa c a t t g a g a  
a t c c a a t ga a c t t t c c a  g a g a t g g a  t t g g t g c c t t c g g g a a c a t t g a g a 
a t  c c a a t ga ac t t t c cag a ga t g g a  t t g g  t g c  c t t c ggg a a c a t t g a ga 

P.fIuorescem 
P. marginalis 
P. tolaasii 
P. aureofaciens 
P. chlororaphis 

LMG2352 at c ca a t gaa tcct tt a gaga t agaggag t g c c t t c gggagc a t t gaga P. viridifraa 
Deviating residues are in bold red. TBD: to be determined. 

The DNA sequences within hyper-variable region 2 are able to differentiate to a limited extent the 
various Biovars within the P.fluorescens species. In order to be more accurate in their analyses, 
Moore et al. (1996) sequenced and compared the hyper-variable regions of additional strains of 
species belonging to the P.jluorescens lineage including four of the five Biovars of P.jluorescens. 
Figure 5 shows the multiple sequences alignment for hyper-variable regions 2 of the analyzed 
P.fIuorescens Biovars, which were found to be closest related. The sequences from the other species 
are not shown. 

Figure 5. Comparison of the hyper-variable regions 2 of strains from the species 
P. fll4 pescens. 

Strain Seauence P. fluorescens 
Biovar 

MBlOl g g g t t g t a g a t t a a t a c t c t g c a a t t t  TBD 
DC88 g g g t t g t a g a t t a a t a c t c t g c a a t t t  TBD 
LMG5825 g g g t t g t a g a t t a a t a c t c t g c a a t t t  Biovar I 
LMG5830 g g g t t g t a g a t t a a t a c t c t g c a a t t t  Biovar I 
MB295 g gg catt a acct a a t a c gt t agtgt t t Biovar I 
LMG5916 gggcagttacctaatacgtgattgttt Biovar I 
LMG1244 g g g t t g t a g a t t a a t a c t c t g c a a t t t  Biovar 111 
LMG5822 g g g t t g t a g a t t a a t a c t c t g c a a t t t  Biovar 111 
LMG583 1 g g g t t g t a g a t t a a t a c t c t g c a a t t t  Biovar 111 
LMG5938 gggcag t aaa t t a a  tac t ttgctgt t t Biovar I11 
LMG5939 g g g c a g t t a c c t a a t a c g t a t c t g t t t  Biovar IV 
LMGS 167 gggcag ttacct a a  tacgtgattgt t t Biovar V 
LMG5833 g gg cag t tacct a a  t a c gtgattgt t t Biovar V 
LMG5940 gggcagttacctaatacgtgattgttt Biovar V 

Deviating residues are in bold red. TBD: to be determined. 

Analysis of the multiple sequence alignment indicates that MB 101 and DC88 comprise the same 
hyper-variable regions 2 as some of the P. jluorescens Biovars I and 111. Interestingly, the DNA 
sequence within Biovar I is not conserved deviating in as many as 13 positions. MB295 is the 
recognized type strain for the P. jluorescens species. However, not a single other strain of 
P. jluorescens in the study by Moore et al. (1 996) was found to possess the same sequence as MB295. 
This strain has been noted as atypical for the P. jluorescens species before (Brosch et al. 1996; see 
also FAME relatedness analysis in Figure 1 above). Taken together, the morphologic, phenotypic and 
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genotypic characterizations, it is concluded that MB 
jluorescens Biovar I. 

01 and DC88 both belong to Pseudomonas 

DISCUSSION 

Numerous independent biochemical and genotypic analyses clearly demonstrate that strain MBl 01 is 
appropriately assigned to Pseudomonasfluorescens Biovar I. 

Strains MBlOl and DC88 belong to the species Pseudomonasfluorescens 
Strain MBlOl was independently identified as a P.fluorescens by API rapid NFT tests that were 
conducted in the laboratory of Professor I.J. Misaghi, as well identified by company personnel (Table 
3). In both cases, good identification numbers were obtained with a confidence of 99.8%. A battery of 
other biochemical tests was performed, which included production of levan and phenizine, presence or 
absence of lecithinase, ability to denitrify and hydrolyze gelatin, utilization of trehalose and numerous 
other carbon sources, and analysis of fatty acid methyl esters. The results of all these tests 
corroborated the finding by API rapid NFT tests that MBlOl is P.fIuorescens (Tables 4 to 7). The 
following biochemical characteristics demonstrate that MBl 01 does p& belong to the Pseudomonas 
species aeruginosa, putida, chiororaphsis and aureofaciencs: 

Test results of MB 101, which disaaee with those of P. aeruginosa, include levin production, 
phenizine production, lecithinase, denitrification, gelatin hydrolysis and adonitol utilization, 
thus eliminating P. aeruginosa as a viable identity candidate. 
Test results of MBlOl, which disagree with those of P. putida, include levan production, 
lecithinase and adonitol utilization, thus eliminating this species as a likely identity candidate. 
Test results of MBlOl, which disagree with those of P. chZororaphis, include phenizine 
production, denitrification, gelatin hydrolysis, and adonitol utilization thus eliminating it as a 
likely identity candidate. 
Test results of MBlOl, which disaaee with those of P. aureofaciens, include phenizine 
production, gelatin hydrolysis and adonitol utilization. 

0 

0 

0 

In addition to phenotypic characterizations, genotypic analyses using the 16s rRNA genes from 
MBlOl and DC88 were carried out. Hyper-variable regions within the 16s rRNA gene sequences 
were used previously to differentiate between different Pseudomonas species (Moore et al., 1996). 
Comparison of the hyper-variable regions of MBlOl and DC88 to the hyper-variable regions of other 
Pseudomonas species showed that both MBlOl and DC88 were most closely related to P.jluorescens. 
Thus, bothiphenotypic and genotypic analyses support the notion that MBlOl and DC88 are 
P. jluorescehs strains. 

Strains MBlOl and DC88 belongs to Biovar I 
Analysis of the 16s rRNA from MBlOl and DC88 showed that the two strains comprise the same 
hyper-variable regions 2 as some of the P.jluorescens Biovars 1 and 3, but deviate substantially from 
the other P. jluorescens Biovars analyzed. These findings suggest that MB 10 1 and DC88 may belong 
to either Biovar I or 111. 

Growth on several carbon sources, however, allowed determination of the specific P. fluorescens 
Biovar. The results of these growth tests demonstrated that P.fluorescens Biovars I1 and IV could be 
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eliminated due to their growth differences in minimal medium supplemented with wious carbon 
sources. The P. fluorescens Biovars I11 and V were eliminated based on their denitrification and levan 
production results. Based upon these results strain MBlOl can be classified as Pseudomonas 
fruorescens Biovar I. 

A graphic representation of the results of the overall biochemical analysis is presented in Figure 6 .  
Phenotypes of control strains for P. fluorescens Biovar I, P. putida, P. aeruginosa, P. fluorescens 
Biovar I1 and P.fluorescens Biovar V were obtained from Bergey's Manual (1984). Only those 
reactions that were rated an unambiguous + (positive) or - (negative) were included. Growth reactions 
of strain MBlOl were compared to the test results shown from Bergey's Manual and a percentage of 
conformity was calculated. As can be seen from Figure 6 ,  the P. fluorescens Biovar I shows the closest 
conformity with our test results on MBlO1. Next closest was P.fruorescens Biovaf. V and next was 
P.fruorescens Biovar 11. The least amount of conformity to the test strain results was shown by the P. 
putida Biovar A and the P. aeruginosa information. This graphcally illustrates the results obtained in 
identification of the MB 101 recipient strain as PseudomonasfIuorescens Biovar I. 

Figure 6. Phenotypic conformity of Strain MBlOl to reference strains. 
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8. Sequence Analysis 



Appendix 8 

BD5088 Amino Acid Sequence Analysis 

INTRODUCTION 

Appendix 8 presents two sections, the first (8.a) compares the amino acid sequence of BD5088 with .- 

those of other native a-amylases from a diverse variety of sources, and the second (8.b) focuses more 
specifically on amino acid sequence comparisons between BD5088 and its archaeal parental genes with 
other native archaeal a-amylases. 

8.a Comparison of BD5088 to Native a-Amylases of Various Phylogenic Domains 

Figure 1 is an alignment of a-amylase amino acid sequences chosen from very different phylogenetic 
organisms of various phylogenic domains; bacteria, mammals, plant, bacteria and fungi are all compared 
to BD5088. All of these cx-amylases belong to glycosyl hydrolase family 13 as described by Henrisaatt 
and Davies (1 997). The s,equences were aligned using the program ClustalW using standard parameters 
and implemented through Vector NTI (Informax). 

Figure 1. 
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Table 1 provides the % amino acid distance between the aligned sequences. The algorithm (Distances) 
examines each pair of aligned sequences symbol-by-symbol and counts the number of exact matches, 
partial matches and gap symbols. The Distances program is within the Genetics Computer Group (GCG) 
sequence analysis s o h a r e  package (version 9.0). I 

Table 1. Amino Acid Distance Between Aligned Sequences. 

Amylase Source 

BD5088 
A. oryzae 
B. lichenifomis 
B. stearothennophilus 
Human 
Potato 
Rat 

BI 

Table 2 examines the four highly conserved regions that are common to all a-amylases of family 13. It 
demonstrates that BD5088 is similar at the amino acid level to known a-amylases including those that 
are used commercially currently (B. licheniformis). BD5088 is 72% identical to the consensus sequence 
(1 8/25 residues) for the 4 conserved regions, and 92% similar (23/25 residues). There is also precedent 
in the literature that suggests that the archaeal a-amylases such as BD5088 are more closely related to 
plant a-amylases as compared to mammalian enzymes (Janecek et al., 1999). 

Table 2. Comparison of Alpha-Amylase Highly Conserved Regions. 

D I V I N H  AWRFDYVKG EYWD 
DWINH GFRLDAVKH EYWD 
* ~ * * * *  . . *  * * *  * * * *  . .  . 

FVANHD 
FVDNHD 
* *  * * *  

0069106 
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8.b 

Over the past decade there have been several reports that have described the isolation and 
characterization of secreted a-amylases from thermophilic archaea. These enzymes have originated 
from two Genus of bacteria-- Thermococcus and Pyrococcus. These organisms have the following 
taxonomic lineage as described in Bergey’s Manual of Systematic Bacteriology (2001): 

Comparison of BD5088 to Native Archaeal a-Amylases 

Domain: Archaea 
Phylum: Euryarchaeota 

Class V: Thermococci 
Order I: Thermococcales 

Genus I: Thermococcus 
Genus 11: Pyrococcus 

Typical characteristics of Genus I (Thermococcus) organisms are that they are strictly anaerobic and 
extremely thermophilic with optimal temperatures for growth between 75 and 88°C. NaCl is required 
for growth with optimal concentrations between 2 and 4%. They have been found to inhabit coastal and 
submarine solfataras, includiing deep-sea hydrothermal vents. They have also been isolated from New 
Zealand terrestrial thermal springs (Bergey’s Manual, 2001). 

Typical characteristics of Genus I1 (Pyrococcus) organisms are that they are strictly anaerobic and 
temperature for growth is between 67-103°C with an optimum of 100°C. Species of Pyrococcus have 
been found in deep-sea hydrothermal vents and from sediments in vents of marine solfataras (Bergey’s 
Manual, 2001). 

It is difficult to classify archaea as either gram positive or gram negative as they do not typically have 
the cell wall mureins required for staining. Because of the lack of staining, one might classify them as 
gram negatives; however, it is not a true indication, as the stain was originally intended for eubacteria 
and not archaea. 

To date there have been six reports of secreted hyperthermophilic a-amylases, three from Pyrococcus 
species: 

1) Pyrococcus woesei (Koch et al., 1991) 
2)  Pyrococcus furiosus (Dong et al., 1997) 
3) Pyrococcus sp. KOD1 (Tachibana et al., 1996) 

and three from Thermococcus species: 

1) Thermococcus sp. Rt3 (Jones et al., 1999) 
2) Thermococcus h.ydrotherma1i.s (LCvSque et al. , 2000a) 
3) Thermococcus profundus (Chung et al., 1995; Lee et al. , 1996). 008107 

The characteristics of these a-amylases have been summarized in a recent review by LCveque et al., 
(2000b). In brief, these enzymes for the most part, do not differ fi-om their mesophilic counterparts in 
molecular weight or amino ,acid composition. In general, the Thermococcus a-amylases tend to be less 
thermophilic than their Pyrococcus counterparts as reflected in the differences in optimal growth 

a 
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temperatures of these organisms. In this same review, alignments of the thermophilic archaeal a- 
amylase amino acid sequences show that they have >75% similarity. 

To date, there have been no reports of an opportunistic archaeal infection (Reeve, 1999). Additionally, 
to date, all of the species from which this type of a-amylase has arisen only grow above 67°C. 

@ 

BD5063 

enrichment culture, from a sample taken from the Deep Sea Pacific Ocean, temperature of 90°C and pH 
, This gene was isolated from a library that had been constructed from DNA isolated from a primary 

6.5, by Dr. Martin Keller (Diversa Corporation). The original sample contained a variety of 
thermophilic organisms, including organisms from the Order Thermococcales, as determined by 16s 

I 
I 
I 

i 
rRNA analysis of the total genomic DNA that was isolated and used for library construction. 

Given the current evidence regarding both the amino acid similarity between the genes that we have 
identified and the known genes cited in Figures 2 and 3 (see below), it is very likely that the gene 
BD5063 comes from either a Pyrococcus or Thermococcus species. 

The three a-amylase genes used to develop BD5088 came from three different sources. Two of the 
genes, BD503 1 and BD5064, were isolated from libraries constructed from pure cultures of 
Thermococcus organisms. lBD5063 originated from a library constructed from a primary enrichment 
containing an undetermined number of high temperature organisms. A detailed description of the 
discovery and optimization of BD5088 has been described by Richardson, el. al. (2001). This paper can 
be found as well in Appendix 6. 

Figure 2 is a sequence alignment of the derived BD5088, parental protein sequences BD5063, BD5064 
and BD503 1, and the other Iknown a-amyIases isolated from Thermococcus and Pyrococcus species. It 
is clear that the a-amylase parental genes, and BD5088, are members of this highly related gene family. 

l 
I 

BD5031 
This gene was isolated from a proprietary species of Thermococcus AEPII1 a that is not available in any 
publicly available culture collection. The species was isolated from a sample taken from a shallow 
marine hydrothermal system, temperature of 95°C and pH 7.0, by Professor Karl 0. Stetter (Institute for 
Microbiology, University of Regensburg; author of pertinent sections on Genus I1 Pyrococcus in 
Bergey’s Manual (2001). 

l 

a 

BD5064 
This gene was isolated from a proprietary species of Thermococcus GU5L5 that is not available in any 
publicly available culture collection. The species was isolated from a sample taken at a shallow marine 
hydrothermal system, temperature of 85°C and pH 6.0, by Professor Karl 0. Stetter. 0 
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Figure 2. Sequence Alignment of BD5088 Parents with Known Archaeal a-Amylases 0 
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The % amino acid distance (similarity) between BD5088 and its three parental genes (Distances) is 
provided in Table 3. 

A.mylaseSource F Rnsn88 
BD5088 I BD5031 I BD5063 I BD5064 

100 I 90 94 93 
BD5031 
BD5063 L- BD5064 

Figure 3 graphically represents the familial relationship of the a-amylase sequences in the form of a 
dendogram or phylogenetic tree. It is clear that the a-amylase parental genes as well as BD5088 are 
members of this highly related archaeal gene family. 

100 89 90 
100 90 

100 

Figure 3. Phylogenetic Tree of the BD5088 Parental and Known Archaeal a-Amylases. 

BD5063 
Thermococcus hydrothermalis 

BD5088 
AAB87860 Thennococcus rt3 

BD5064 
BD5031 

BAA21 130 Pyrococcus sp. 
AAC45663 P. hriosis 

LAF140464-1 P. woesei 

The % Distance amino acid homology between the known hyperthennophilic alpha amylases, BD5088, 
and its parent enzymes BlD5063, BD5064 and BD5031 is presented in Table 4. The painvise distances 
were calculated using the GCG (Genetics Computer Group, Madison, Wisconsin) Distances program 
using an uncorrected metlhod. 

I I I I I 100 I 
* All of the identified hyperthtmnophilic archaeal a-amylase sequences can be found in the scientific literature. 
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Appendix 9 

' I 0 Starch Slurry Preparation: 

-Application Report- 
Evaluation of BD5088 Alpha-Amylase Enzyme: 

Carbohydrate Profile and Residual Enzyme Levels 

I. 

INTRODUCTION 

I 
- 

8 Termamyl is a trademark of Novozymes A/S 

Thermally stable a-amylases have been used by the Sweetener industry for many years as a processing 
aid for converting starches to sugars such as glucose and fructose. The a-amylase partially hydrolyzes 
the starch to reduce the viscosity of the gelatinized starch during primary liquefaction, and to produce 
dextrins of various sizes during; secondary liquefaction. BD5088 is a thermally stable, protein 
engineered a-amylase enzyme that can operate at higher temperatures, lower pH and lower calcium 
levels than other commercial a-amylase enzymes. This report describes the carbohydrate profiles 
produced by BD5088, and commercially available protein engineered a-amylase enzymes derived 
from Bacillus lichengormis (Tmnamyl@ LC) and Bacillus stearothermophilus (Termamyl SC), during 
liquefaction and the subsequent steps that are typically used in the Sweetener industry [ 11. 
Measurement for residual BD51088 enzyme was also performed. 

EXPERIMENTAL 

Corn starch slurries were prepared by suspending 75 lbs. of Cargill Pearl Food Starch 2700, batch # 
RL2428C (1 0.7% moisture content), or batch # RQ3288D (1 0.0% moisture content) in 14.0+/-0.2 
gallons of deionized water at ambient temperature. For BD5088, calcium chloride dihydrate (3.2 g) 
was added to the starch slurry to give a calcium slurry concentration of 10 ppm, then the pH was 
adjusted to 4.8 using 1 N hydrachloric acid. These are typical conditions suggested by the BD5088 
enzyme manufacturer. For Termamyl LC and Termamyl SC, calcium chloride dihydrate (6.4 g) was 
added to the starch slurries to give a calcium slurry concentration of 20 ppm, then the pH was adjusted 
to 5.8 using 1 N sodium hydroxide. These are typical conditions suggested by the Termamyl enzyme 
manufacturer [2]. The followirig enzyme formulations were then added to the starch slurries: 

Enzyme Name: Batch #: E r n e  Activity: 
BD5088 0206 19N 1 13 IAU/g [3] 
Termamyl LC AOP 00023 120 KNU/g [4] 
Termamyl SC AUP 00062 120 KNU/g [4] 

After final pH adjustment to pH 4.8 for BD5088 or pH 5.8 for the Termamyl enzymes, the 
conductivity of the starch slurrjes was measured. The compositions of the starch slurries are given in 
Table 1. 
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Primary Liquefaction of Starch: 
The primary liquefaction of starch was performed using an Attec Continuous Starch Cooking pilot 
plant (Jet Cooker) [5 ] .  The Jet. Cooker pilot plant operated at a flow rate 0.3 gallons per minute. 
Steam was injected directly into the starch slurry to heat the slurry to 105°C and gelatinize the starch. 
The starch slurry was held at about 105°C for five minutes. During this time the BD5088 or other 
commercially available a-amylase enzymes hydrolyze the starch chains to reduce the viscosity of the 
gelatinized starch. Samples of the primary liquefaction hydrolyzate were collected in stainless steel 
thermos bottles and immediately transferred to 2800 ml Fembach flasks in a hot (95-96°C) water bath. 
The primary liquefaction conditions are given in Table 1. 

Table 1. Starch Slurry Recipe and Liquefaction Conditions 
Using Different a-Amylase Enzymes 

Termamyl LC 
(AOP00023) 

Termamyl SC 
(AUPOOO62) 460 5.0 106 2.0 

DS = dissolved solids; Cond. = conductivity; Temp. = temperature; 
(a) starch batch # RQ3288D; (b) starch batch # RL2428C 

Secondary Liquefaction of Starch: 
The secondary liquefaction of starch was performed by heating approximately 2400 g of the primary 
liquefaction hydrolyzate in a 2800 ml Fernbach flask at 95-96'C for two hours. Samples were 
removed at 15 minute time intervals and the reaction was quenched by lowering the pH to 3.0+/-0.3 
with 1 N hydrochloric acid. Tlhe formation of reducing sugars was measured using Schoorl's method 
[6]. After two hours a sample of the secondary liquefaction hydrolyzate was also frozen and saved for 
carbohydrate analysis. The remaining hydrolyzate was cooled to 60°C using an ice bath and the pH 
was decreased to 4.3 to prepare the solution for saccharification. The secondary liquefaction 
conditions are given in Table 1 .  

Saccharification Procedure: 
The secondary liquefaction hydrolyzate was transferred to a clean 2800 ml Fernbach flask, then the 
weight and dissolved solids (DS) level of the hydrolyzate were measured. Water was added to 
normalize the dissolved solids level from 3 1-32% DS to 30% DS and 1 N hydrochloric acid was added 
to reduce the pH to 4.3. Sigma Aspergillus niger amyloglucosidase (glucoamylase) enzyme, batch 
#85H02451 (0.53-0.61 ml), with an activity of 6OOO Sigma units/g was added to give an enzyme 0 concentration of 0.8 ml enzymekg DS. The mixture was placed in a water bath at 60°C for 44 hours 
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with periodic mixing. After 44 hours, the reaction was quenched by placing the Fernbach flask in a 

the remaining saccharification liquor was then immediately initiated. 
95°C water bath for 20 minutes. A sample was fiozen and saved for HPLC analysis. Purification of 

a-Amylase 
Enzvme Used 

Tablle 2. Saccharification Recipe and Conditions 

Saccharification 
Conditions Saccharification Recipe 

r I I I 

During 
Liquefaction 

Enzyme Dissolved Amount Time Temperature 
(%) Solids pH (hr) ec> 

(mfig DS) 
BD5088 

Termamyl LC 

Termamyl SC 

Purification Procedure [5 ] :  
After saccharification, the sugars must be purified to remove contaminants such as insoluble solids, 
ash, protein, fatty acids, organic acids, and other byproducts formed fi-om Maillard and base catalyzed 
reactions [lo, 111. Table 3 gives a list of the purification materials, the amounts used, and the 
temperatures of the columns dilring purification. Table 4 gives the composition of the glucose feed 
and the flow rate of the glucose through the granular activated carbon and the ion exchange resins. 0 These materials are commonly used by the Sweetener industry to purifj sugars. These purification 
conditions are typical for a plant producing fiuctose. 

30.0 0.79 4.3 44 60 

30.0 0.80 4.3 44 60 

30.0 0.80 4.3 44 60 

The hot saccharification liquor was filtered through a three inch layer (1 000 ml) of diatomaceous earth 
(Celite 545) held in a 2000 ml coarse sintered glass filtration funnel. The filtered glucose was placed 
into a clean 2800 ml Fernbach flask in a 60°C water bath and pumped through a series of activated 
carbon and ion exchange resin columns at 10 ml/min. During purification samples were collected at 
regular time intervals and the dissolved solids level was measured. The sample with the highest 
dissolved solids level was frozen and saved for carbohydrate and residual BD5088 enzyme analysis. 

Carbohydrate Analysis by HlPLC: 
The carbohydrate distribution and glucose purity were measured using high pressure liquid 
chromatography (HPLC) [7,8]1. Liquefaction hydrolyzate samples (1 part) were diluted with deionized 
water (6 parts) prior to HPLC analysis. Saccharification liquor and purified glucose samples (1 part) 
were diluted with deionized water (2 parts) prior to HPLC analysis. The equipment and 
chromatographic conditions are given below: 
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HPLC Equipmeint 

Aut osampler 
Detector 
Column Heater 

PWP 

HPLC ConditiorE 

Columns 

Column 
Temperature 
Mobile Phase 
Flow Rate 
Detection 

Integrator 

Injection Voluime 

HP 1 100 Quaternary High Pressure Mixing Pump 
HPllOO 
Perkin Elmer Series 200 Refractive Index Detector 
Jones Chromatography 

Bio-Rad Aminex Carbohydrate HPX-42A, 300 x 
7 . 8 m  Columns, (2) in series 

85' C 

Milli-Q Water 
0.6 mL/min 
Refractive Index 
PENELSON ACCESS*CHROM VI  .9, with 
model 941 A/D interface 
20 pL 

Table 3. Mlaterials Used for the Purification of Glucose Solutions 

DE = diatomaceous earth; GAC = granular activated carbon; SAC = strong acid cation exchange 
resin; WBA = weak base anion exchange resin; MR = mixed resin containing 40% SAC and 60% 

Type I1 strong base anion (SBA) exchange resin. 

%OWEX and MONOSPHERE are trademarks of The Dow Chemical Company 
a 000197 
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Table 4. Column Purification Conditions for Glucose Solutions 

IDissolved 
"lids 
(YO) 

33.1 

33.3 

1286 31.7 

imount 

~ 

&Am ylase 
Enzyme Used 

During 
Liquefaction 

BD5088 

rermamyl LC 

rermamyl SC 

Flow Rates (BVhour) 
Feed 

Rate GAC SAC WBA SAC WBA MR 
(mumin) 

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 
10.0 0.5 1.8 1.9 1.8 1.9 6.0 

10.0 0.5 1.8 1.9 1.8 1.9 6.0 

10.0 0.5 1.8 1.9 1.8 1.9 6.0 

Glucose Feed I Purification Conditions I 

sin; B\ 
WBA = weak base anion exchange resin; MR = mixed resin containing 40% SAC and 60% Type I1 

strong base anion (SBA) exchange resin; Col. = Column 

Other Analytical Procedures: 

The residual level of BD5088 enzyme in purified glucose was measured using a sandwich enzyme- 
linked immunosorbent assay (ELISA) [9]. The detection limit for this immunochemical assay is 2.4 
ng/ml. 

The dissolved solids (DS) level was measured using a Denver Instrument I E O O  moisture analyzer. 

The pH was measured using a 'Thermo Orion pH meter, model 230. The pH was calibrated using 
Fisher pH 4 and pH 7 buffer solutions. 

0 
The conductivity was measured using a Thermo Orion conductivity meter, model 1 15. The 
conductivity was calibrated using Myron L 442-300 and KCI-70 standard solutions. 

RESULTS AND DISCUSSION 

Thermally stable, protein engineered a-amylases have been used by the Sweetener industry for many 
years as a processing aid for converting starches to sugars such as glucose and fructose. The a- 
amylase partially hydrolyzes the starch to reduce the viscosity of the gelatinized starch during primary 
liquefaction, and to produce dextrins of various sizes during secondary liquefaction. These dextrins 
are then converted to sugars during saccharification using an amyloglucosidase enzyme. After 
saccharification, the sugars must be purified to remove contaminants such as insoluble solids, ash, 
protein, fatty acids, organic acids, and other byproducts formed fiom Maillard and base catalyzed 
reactions. Diatomaceous earth, activated carbon and ion exchange resins are used to remove the 
contaminants from the sugars [ 10, 1 11. 

The carbohydrate profiles produced by BD5088 and two commercially available protein engineered a- 
amylase enzymes (Termamyl I,C and Termamyl SC) were measured after liquefaction and the 
subsequent steps that are typically used in the Sweetener industry [ 13. The residual level of active 
BD5088 after sugar purification was aIso measured. o o o l l g  

0 
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0 

0 Termamyl LC 

Liquefaction of Starch Using, a-Amylase Enzymes 

Termamyl SC 

Table 1 gives the starch slurry recipes for the liquefaction of corn starch using BD5088 a-amylase. 
The starch slurry recipes for the liquefaction of corn starch using two commercially available a- 
amylase enzymes, Termamyl I,C and Termamyl SC are also given in Table 1. Liquefaction using 
Termamyl LC and Termamyl !X are preferentially done around pH 5.8 with some calcium present (20 
ppm was used). BD5088 shows good activity at a lower pH (4.8) and with less calcium present (10 
ppm). The different conductivities of the starch slurries arise from the baseline conductivity of the two 
starch batches (350 jNcm for batch # RL2428C; and 220 pS/cm for batch # RQ3288D) and fiom the 
different pH values. 

The primary and secondary liquefaction conditions are also given in Table 1. These are typical 
conditions used in the Sweetener industry. During liquefaction partial hydrolysis of the starch occurs 
and reducing sugars are formed. The level of reducing sugars (dextrose equivalent) was measured 
using Schoorl’s method [ 6 ] .  The results are given in Table 5. The dextrose equivalent versus time 
curves (see Figure 1) show that the reducing sugar formation follows a similar course for all three a- 
amylase enzymes. 

TABLE 5. REDUCING SUGAR FORMATION DURING LIQUEFACTION USING 
]DIFFERENT a-AMYLASE ENZYMES 

a-Amylase Used 

Liquefaction 3 
BD5088 

I 

bxtrose Equivalent 

0.25 

0.50 

0.75 

1 .oo 
1.25 

1.50 

1.75 
2.00 

4.8 

5.7 

7.2 

9.0 

9.3 
9.6 

9.9 
11.1 

3.7 

5.9 

8.1 

9.7 

11.5 

12.6 

13.8 

15.5 
I-- I I I I 31.7 I 30.9 I 31.4 I Final Dissiolved 

Solids (?/o): 
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Figure 1. 
Reducing Sugars Produced During Liquefaction Using Different a-Amylase Enzymes 
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The carbohydrate profiles for the secondary liquefaction hydrolyzate after two hours at 9SoC were 
measured by high pressure liquid chromatography (HPLC) [ 81. The chromatograms for the 
liquefaction hydrolyzates made from the three enzymes are shown in Figure 2. From the 
chromatograms it can be seen that all three a-amylase enzymes are substantially equivalent and 
hydrolyze the starch to produce the same oligosaccharides. The identity of the oligosaccharide peaks 
is indicated by the DP (degree of polymerization) labels, where: DP;! identifies the di-saccharide peak; 
DP3 identifies the tri-saccharide peak; DP4 identifies the tetra-saccharide peak; etc. The relative 
amount of the different oligosaccharides varied according to the enzyme that was used. BD5088 
produced an oligosaccharide profile that was intermediate between the oligosaccharide profiles that 
were produced by Termamyll LC and Termamyl SC. 

Saccharification of Hydrotyzate 

After liquefaction the partially hydrolyzed starch was converted to glucose using an amyloglucosidase 
enzyme during the saccharification step. The glucose yield can be affected by incomplete hydrolysis 
or by-product formation during the liquefaction step. The secondary liquefaction hydrolyzates that 
were made-using the three different a-amylase enzymes were saccharified using a readily available 
amyloglucosidase enzyme (Sigma Aspergillus niger). The saccharification recipe and conditions are 
given in Table 2. These are typical conditions used in the Sweetener industry. Water was initially 
added to the hydrolyzate to reduce the dissolved solids level fi-om 31-32% DS to 30% DS. The 
glucose yield was measured by HPLC after 44 hours of saccharification at 6OOC. The results are given 
in Table 6. 
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' 0  i 

Glucose DP2 DP3 

95.7 2.5 1.2 

95.9 2.6 0.7 

95.5 2.6 0.3 

95 - 96 2.0 - 4.0 0.4 - 0.8 

Table 6. Carbohydrate Distribution after 44 Hours of Saccharification at 6OoC. 

DP4+ 

0.7 

0.8 

1.7 

0.6 - 1.0 

a-Am ylase 
Used During 
Liquefaction 

BD5088 
Termamyl LC 

Termamyl SC 

Typical Industry 
Values F 121: 

Final 
issolved 
Solids 

(%I 
33.5 

33.6 

32.7 

33 - - -  
DIP = degree of po 

DP3 = tri-saccharide 

The glucose yield (95.7%) after saccharification using the liquefaction hydrolyzate made from 
BD5088 was identical to the glucose yields (95.5%-95.9%) using the hydrolyzates made from two 
commercially available enzymes, and to the typical glucose yields (95-96%) obtained in the Sweetener 
industry [ 121. The carbohydrate distribution also showed no significant differences. Thus, the 
saccharification liquors produced using hydrolyzate from all three enzymes were substantially 
equivalent. 
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0 -  Figure 2. 
Carbohydrate Profile after 2 Hours of Secondary Liquefaction at 95-96OC 

Using Different a-Amylase Enzymes 
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Purification of Glucose Solutions 

Diatomaceous earth, activated carbon and ion exchange resins are used to purify sugars [ 10,111. The 
purification materials that were used are given in Table 3. These materials are commonly used by the 
Sweetener industry to purify sugars. The purification conditions that were used are given in Table 4. 
These purification condition,s are typical for a plant producing glucose, and then converting it to 
fructose. The saccharification liquors produced from liquefaction hydrolyzate made using BD5088 
and two commercially available a-amylase enzymes were filtered through diatomaceous earth, then 
the glucose solutions were plumped through a series of columns containing granular activated carbon 
and ion exchange resins. Efifluent samples from the last column (mixed resin) were collected at regular 
time intervals and the dissolved solids level of the purified glucose fractions was measured. The 
profile for the dissolved solids versus time is shown in Figure 2.  These three profiles have a similar 
appearance with the minor differences being attributed to the slightly different amounts of glucose fed 
to the columns. 

The sample fraction that contained the highest dissolved solids content for each experiment was 
analyzed by HPLC for glucose purity and carbohydrate distribution. The results are given in Table 7. 
The glucose purity after purification was identical using saccharification liquor feeds prepared from 
liquefaction hydrolyzate made using BD5088, Termamyl LC and Termamyl SC. The carbohydrate 
distributions also showed no significant differences. Fructose likely arose from isomerization of a 
small amount of the glucose as it passed through the mixed resin column. New ion exchange resins 
were used for each experiment to eliminate the chance of cross contamination, and new strong base 
anion resin in a mixed resin can cause isomerization of glucose to fructose. Thus, the purified glucose 
made from saccharification liquors produced using hydrolyzate made from all three enzymes were 
substantially equivalent. 

Figure 3. 
Glucose Concentration Profile During Purification of Glucose 

Containing Different a-Amylase Enzymes 
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Table 7. Carbohydrate Distribution after Purification 

a-Amylase 
Used During 
Liquefaction 

Collection Dissolved 
Time Solids 
(hr) ("/.I 

B D 5 0 8 8  1 :i 1 
Termamyl LC 

Termamyl SC 3.9 22,l 
DP = degree of pc 

Carbohydrate Distribution (w/w YO) 

Fructose) Glucose I DP2 I DP3 I DP,+ I 

DP3 = tri-saccharides, DP4+ = tetra- and larger saccharides 

RESIDUAL BD5088 LEVEL, IN PURIFIED GLUCOSE 

During the liquefaction, saccharification and purification steps that are used to produce sugars from 
starches, enzymes become inactivated and are removed from the sugar solution. The residual level of 
BD5088 a-amylase enzyme in the purified glucose sample was measured using a sandwich enzyme- 
linked immunosorbent assay (ELISA) method [9]. BD5088 was not detected in the purified glucose 
sample at a detection limit of 2.4 ng/ml (ppb), which is equivalent to no BD5088 enzyme detected at a 
level of 9.5 pgkg on a 100% diissolved solids basis. 

CONCLUSIONS 

The following conclusions were drawn from this study about the carbohydrate profile produced by 
BD5088 compared to two commercially available a-amylase enzymes: 

Reducing sugar formation followed a similar course for all three enzymes during liquefaction. 
The same oligosaccharides were produced by all three enzymes during liquefaction. 
The relative amount of eac h oligosaccharide varies slightly depending on the enzyme that was used 
during liquefaction. BD5088 produced an oligosaccharide profile that was intermediate between 
Termamyl LC and Termamyl SC. 
The glucose yields (95.7+/-0.2%) and the carbohydrate profiles were equivalent after 
saccharification using the liquefaction hydrolyzates made from each of the three enzymes. 
The glucose purity (97.9+/-0.2%) and the carbohydrate profiles were equivalent after purification 
of the saccharification liquors produced from liquefaction hydrolyzates made from each of the 
three enzymes. 
No BD5088 enzyme was detected in the purified glucose solution at a detection limit of 2.4 ng/ml 
(ppb), which is equivalent to no BD5088 enzyme detected at a level of 9.5 pgkg on a 100% 
dissolved solids basis. 

In summary, it was found that the sugar profiles after liquefaction, saccharification and purification are 
substantially equivalent for BD5088 and a-amylase enzymes currently used in commerce. 
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STANFORD UNIVERSITY SCHOOL OF MEDICINE 
DEPARTMENT OF MICROBIOLOGY &a IMMUNOLOGY 

SHERMAN FAlRCHLD SCIENCE BUlLDlNG 
STANFORD, CALIFORNIA 94305-5 124 

FAX. 650.725.6757 

Phone: 650/723-9187 

falkow@.stanford.edu 
F ~ x :  6501725-7282 

March 21,2002 

John W. Davis 
1803 Building 
Toxicology & Environmeintal Research Laboratory 
The Dow Chemical Company 
Midland MI 48674 

Dear John: 

I’m writing to provide you with my final comments about the study performd for you on 
the “Evaluation of Pathogenicity of P s e u d o m o n a s f ,  Biovar 1, strain MB101, in 
BALB/C Mice” by BRT-Burleson Research Technologies, Inc. We discussed by telephone 
today some of the minor cmrections to be made to the report like the date the mice were received 
at Burleson. I would like to reiterate the section of the repoh devoted to Statistical Analysis 
(section 3.6) should be more clearly stated. It would also be useful if you could determine from 
the Bwleson scientists if tlie APE0 diagnostic strip identification was specific for Pseudomona 
fluorescens or if the identi:Fication code might include other pseudomonad species as well. 

None of these points are of great importance except to make the final report as 
informative as possible noir do they impact the fbndamental conclusion of this study, which there 
is absolutely no evidence of any intrinsic pathogenicity of the P. fruorescens Biovar 1, strain 
MI3101 in BALBIC mice. Indeed, the data, much of which is summarized in Table 2, 
demonstrate that the numbers of P. fluorescens found in the tissue do not significantly exceed 
those for background Pseudomonus species cultured h m  non-infected control animals. 
Moreover, the data show tliat at least 99.99999% of the bacteria fed to the animals cannot be 
recovered fiom the intestinal tract of the animals after 48 hours. A few pseudomonas colonies 
were recovered from interrial organs but this was not significant different from the pattern seen 
in uninfected controls. I point out it is quite common to find such low numbers of bacteria in the 
internal organisms of perfectly normal animals. In my experience this is parallel to that which 
we see when challenging animals with known avirulent bacteria or with avirulent mutants of 
pathogenic bacteria. Thus, there is no sign whatsoever of infection or even transient colonization 
following challenge with over 600 million bacteria of the MI3 101 strain of P. fluorescens. 

(b)(6)



When Dow first ask:ed me for my help and advice, we agreed the most important 
objective was to devise a straightforward way to test any potential intrinsic pathogenicity in the 
P. fluorescens strain you propose to use for commercial development. The studies you 
authorized and carried out stre the same as those used in my laboratory to measure the 
pathogenicity of pathogenic: enteric bacteria. Using this criteria, it is my professional judgment 
the strain of P. fruorescens :you propose to utilize is non-pathogenic and does not represent an 
infectious threat of any kind to humans who might come into contact with these bacteria. 

I have enjoyed working with you and your colleagues. I have been impressed with the 
care taken by you and your associates to insure that this microbe you plan to use represents no 
health risk to your workers or to those who may use it or products derived fkom it in the fbture. 

Sincerely yours, 

Stanley Fafkow, Ph.D. 
Professor of Microbiology and Immunology 
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MEMORANDUM 

811 2/02 

To: David S. Hanselman, PhD 

EGEOVE e 
Director of Regulatory Affairs 
Environmental Health and Safety 
Innovase LLC 
5501 Obrxlin Drive 
San Diego, CA 92121 

Timothy .D. Landry, PhD, DABT 
Toxicology Consultant 
Toxicology and Environmental Research and Consulting 
The Dow Chemical Company 
Building 1803 
Midland, Michigan 48674 

Jack R. Hfarkema, DVM, PhD, Diplomate ACVP 
Professor of Comparative Pathology 
Michigan State University 

From: 

Subject : Histopathiology Review of Nasal and Pulmonary Tissues fiom Fischer 344 
Rats in B'D5088 Alpha-amylase 90-Day Oral Gavage (File Number 
001232) imd 14-Day Dietary (File Number 021037) Toxicology Studies 

0 
INTRODUCTION: I microscopically examined nasal and pulmonary tissues (four 
sections of nose and five: sections of lung) from all the male rats in the medium and high 
dose groups (300 and 1000 mgkg, respectively) and fiom at least half of the male rats in 
the control and low dose groups (0 and 100 m a g ,  respectively) in the 90-Day Oral 
Gavage Study. I also examined similar nasal and pulmonary tissues from all the male 
and female rats in the 3010 mgkg group and at least half of the male and female rats in the 
0 mgkg (control) group of the 14-Day Dietary Study. 

HISTOPATHOLOGY: IrnSULTS OF 90-DAY ORAL GAVAGE TOXICOLOGY 
STUDY 

Most of the examined rats in the 90-Day Oral Gavage Toxicology Study that were 
gavaged with 100,300, or 1000 m a g  of the compound had nasal andor pulmonary 
lesions related to the treatment. No significant lesions were found in the control rats (0 
mgkg). The principal airway lesions in the compound-treated rats were a chronic active 
rhinitis, bronchiolitis, and alveolitis. Individual severity of the lesions ranged fiom 
minimal to marked. However, animals in the high-dose group had overall more severe 
lesions than those in the low or medium dose groups. 
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The compound-induced rhmitis was bilateral and characterized by a mixed inflammatory 
cell influx in the nasal mucosa consisting of neutrophils and mononuclear cells 
(lymphocytes and plasma cells). The cellular influx was evident to varying degrees in all 
four sections (T1 - T4, proximal to distal respectively) and was present in mucosal 
tissues lined by transitional, respiratory or olfactory epithelium depending on the 
intranasal site. 

The rhinitis was most conspicuous and consistent in the mucosa lining the lateral meatus 
in T1 , the mid septum, lateral meatus, and proximal aspect of the third ethmoturbinate in 
T2, the mid and ventral septum, fourth, fifth, and sixth ethmoturbinates, and 
nasopharyngeal meatus in T3, and the nasopharyngeal meatus in T4. Often in the most 
severely affected nasal tissues a mucopurulent (catarrhal) exudate was present in some of 
the nasal airways (meatuses). 

Associated with the inflammatory response were alterations in the respiratory surface 
epithelium consisting of mucous cell hyperplasiakypertrophy with marked increases in 
the amount of stored mucosubstances in the respiratory epithelium lining the proximal 
septum and medial aspe,ct of the nasoturbinates (T2) and the nasopharyngeal meatus (T3 
and T4). Mucous cell metaplasia (appearance of mucous cells in areas normally 
containing few or no cells of this phenotype) was conspicuous in the mid septum of T2 
and in the maxillary sinbus (T3). Lymphoid hyperplasia was often present in the nasal 
associated lymphoid tissue (NALT) in T3 and T4 of affected animals. Mild to moderate 
hyperplasiahypertophy of the transitional epithelium lining the proximal lateral meatus 
(Tl) was occasionally present in rats with the most severe rhinitis. 

The compound-induced lesions in the lung were characterized by a similar mixed 
inflammatory cell influx of neutrophils and mononuclear cells in affected axial, pre- 
terminal and terminal bronchioles (chronic active bronchiolitis). A mucopurulent 
exudate was also present in some of the more severely affected conducting airways. 
Mucous cell metaplasia1 of the surface epithelium lining the conducting airways was 
commonly associated with this airway inflammation. Lymphoid hyperplasia of the 
bronchial associated lymphoid tissue (BALT) was also a common feature in affected 
axial airways. Focal areas of centriacinar alveolitis often accompanied the bronchiolitis 
and consisted of neutrophils, monocytes, and increased numbers of alveolar 
macrophages. In more severely affected areas, type I1 cell hyperplasia, hemorrhage and 
edema were also present in the alveolar parenchyma. 

HISTOPATHOLOGY: RESULTS OF 14-DAY DIETARY TOXICOLOGY STUDY 

No compound-related liesions were present in either nasal or pulmonary tissues examined 
from male or female rats in the 300 mgkg group. No nasal or pulmonary lesions were 
present in male or femiale control rats. 

CONCLUSIONS: 
088152 

The nasal and pu1mon;uy lesions in the compound-treated rats in the 90-Day Oral Gavage 
Study were airway associated and likely due to aspiration of the compound during or 

2 

01 3.8 



after gavage. The character of the inflammatory cell response and the airway epithelial 
alterations are remarkably similar to those previously reported in rats that were 
experimentally exposed by inhalation or intra-airway instillation to bacterial endotoxin 

e 
(1-4). 

I concur with the study ]pathologist’s interpretation of the airway lesions in the 90-Day 
Oral Gavage Study. The lack of similar airway lesions in animals fed the compound in 
the 14-Day Dietary Study additionally supports the idea that the affected rats in the 90- 
Day Oral Gavage Study aspirated the compound during or after the gavage procedure. 
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Fiaure 1. Schematic representation of the structure of 
LPS. e 

Endotoxin (lipopolysaccharide, LPS) is a 
component of the cell walls of Gram negative 
bacteria. Exposure to small doses of endotoxin 
is common and episodic and, in large part, 
occurs without serious adverse health effects. 
Under some circumstances, however, endotoxin 
can exacerbate tissue injury from other agents. 
In addition, exposure to large doses of endotoxin 
is associated with adverse consequences. The 
initiating event is an inflammatory response. 
Considerable attention has been given to LPS 
because contamination of materials with 
intended parenteral administration can cause 
effects associated with the potential of LPS to 
cause inflammation. Among the consequences 
are fever (Heumann et al. 1992, Nichols, et al., 
1988), alterations in white blood cell count (Elin 
et al., 198 l), changes in ventilation (Burrell, 
1994), and circulatory disturbances. 
Environmental endo toxin comprises 
lipopolysaccharides, phospholipid, and proteins 

of bacterial membrane origin. Rietschel(1994) hasreviewed the structure and function of 
endotoxin. Biological activity is associated with the lipopolysaccharide (LPS) component. The 
average molecular weight of LPS is 8,000; structure is provided in Figure 1. The sources of 
LPS, Gram negative bacteria, are widespread in nature. The most common potential source of 
LPS exposure is the usually harmless, enteric bacteria of the species Escherichia and Salmonella 
that colonize the lower part of the gastrointestinal tract in humans. A common pathogenic mode 
of exposure is from a Gram negative-bacterial infection. Common sources of exposure include 
agricultural and other occup,ational processes as well as domestic environments. 

Oral gavage administration of BD5088 enzyme preparation resulted in respiratory tract 
inflammation in some rats. Contamination and direct contact due to aspiration was considered 
to cause the inflammation. ,4dministration of BD5088 enzyme preparation in feed to rats 
resulted in no effects on the respiratory tract. Dr. Jack Harkema provided an independent review 
of the slides from the 2-weelk dietary and 13-week oral gavage studies. His report (Appendix 
12) describes the effects of 1,PS on the respiratory tract and confirmed the interpretation that 
aspiration of the enzyme preparation caused the respiratory inflammation. Harkema saw no 
such effects in rats provided the enzyme preparation in feed. 

Appendix 13 Page 1 



Elin R. J., Wolff S. M., McAdam K. P., Chedid L., Audibert F., Bernard C., Oberling F. (1 98 1). 
Properties of reference Escherichia coli endotoxin and its phthalylated derivative in humans. 

I Infect. Dis. 144, pp. 329-336. 

Heumann, D., Gallay P., Barras C., Zaech P., Ulevitch R. J., Tobias P. S., Glauser M-P., 
Baumgartner J. D. (1992). Control of lipopolysaccharide (LPS) binding and LPS-induced tumor 
necrosis factor secretion in Ewman peripheral blood monocytes. Immunol. 148, pp. 3505-3512. 

Nichols, F. C., Garrison, S. 'W., Davis, H. W. (1988). Prostaglandin E2 and thromboxane B2 
release from human monocytes treated with lipopolysaccharide. Leukoc. BioZ. 44, pp. 376-3 84. 

Rietschel, E. T., Kirikae, T., Schade, F. U., Mamat, U., Schmidt, G., Loppnow, H., Ulmar, A. J., 
Zahringer, U., Seydel, U., di Padova, F., Schreier, M., Brade, H. (1994). Bacterial endotoxin: 
molecular relationships of structure to activity and function. FASEB 8, pp. 217-225. 

Appendix 13 Page 2 



14. Literature Review 



Appendix 14 

Evaluation of Potential for Production Strain Pathogenicity: 0 A Literature Survey 

SUMMARY 
The potential for pathogenicity and the potential for toxin production must be primary 
considerations when evaluating the safety of a production strain of organism used for the 
manufacture of a microbial enzyme preparation (Pariza and Johnson, 2001). As part of the 
overall evaluation of the safkty of the production organism, PseudomonasJl~orescens, Biovar I, 
strain DC88, used to produce alpha-amylase BD5088, the scientific literature was reviewed to 
identify publications that might provide insight into the potential pathogenicity of P. Jluorescens 
and its potential to produce toxins; i e . ,  its potential for toxigenicity. Three separate literature 
searches were conducted. The objectives of the first two searches were similar and focused on 
the toxigenicity and pathogenicity of P. fluorescens. The objective of the third search was to 
evaluate the potential for toxin production by any Pseudomonas species. 
The three literature searches resulted in the identification of approximately 800 potentially 
relevant reports. The majority of the reports were not directly relevant to the objectives of the 
searches and contained little information related to the toxigenicity or pathogenicity of 
P. Jluorescens. However, a small subset of the reports was found to contain information relevant 
to the potential for causing adverse effects in humans. The information covered by these articles 
could be grouped into the following categories: 

1 )  Evaluation of the pathogenicity of P.fIuorescens in animal models. 

2) Role of P. fluorescens infections in individuals with compromised immune systems. 

3) In vitro cytotoxic effects of pigments (pyoverdine) purified from P. fluorescens. 
4) Growth of P. Jluorescens in blood products or medical devices. 
A brief summary of the references from these four major categories, as well as several of the 
more relevant studies related to the safety of P. fluorescens, are presented in this review. No 
reports were found that claimed to provide evidence that P.fluorescens is a pathogen to healthy 
humans or implicating this microorganism in the production of any substances which would be 
toxic to humans by the oral route. Based on the results of the literature review, P. fluorescens 
was confirmed as generally nontoxigenic and nonpathogenic. Therefore, food ingredients 
produced from the production strain, if made according to Good manufacturing Practice, should 
be safe for human consumption (IFBC, 1990; Pariza and Johnson, 2001). 

General Characteristics of Pseudomonas 
Pseudomonas species are ubiquitous saprophytes, with low virulence, and are primarily 
opportunisti'c pathogens in hLosts with low general or local resistance (Palleroni 1990). The 
American Type Culture Collection (ATCC) has designated strains of P. fluorescens under 
Biosafety Level 1 (BSL-1) which is defined as ". . .having no known potential to cause disease in 
humans or animals." 
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Pseudomonas species can grow on a range of very simple organic substrates and they can remain 
viable for long periods of time in a wide variety of habitats. P. fluorescens is widely distributed 
in the environment (Bradbuiry, 1986) and has been isolated from soils, water, plants, animals, the 
hospital environment, and hluman clinical specimens. P. fluorescens is also a normal inhabitant 
of the plant rhizosphere or p)hyllosphere environment (Trevors et al., 1990). P. fluorescens has 
occasionally been associated with human infection but the inability of most strains to grow at 
normal human body temperiature (Palleroni, 1992a) restricts invasion and subsequent disease 
promotion. Although growih of P. Juorescens is restricted at higher temperatures this organism 
has the ability to grow at 4 "C (Gilardi, 1991). 

Characteristics of Pathogenic Organisms 
Microorganisms cause disease by two mechanisms: 1) invasion of tissue (e.g., infection) and 2)  
production of toxins. Pathogenic microorganisms produce substances that are directly or 
indirectly toxic to host cells (Finaly and Falkow, 1997). However, an organism may be present 
in a host, and culturable from tissues without causing the disease. Exotoxins are secreted 
microbial products that damage or kill host cells at extremely low concentrations. Exotoxins 
play a key role in the pathogenicity of microorganisms and often the toxin alone can cause many 
of the clinical signs of a disease (Davis et al. 1973). 
Pathogenicity is a function of the ability of the microorganism to invade the cell and the manner 
in which the infected hosts respond to the microbial invasion. Although a healthy human is 
populated with a variety of bacteria, even some that can cause disease, most individuals have an 
array of natural mechanisms of antibacterial defense (Davis et al. 1973). Nonpathogenic 
organisms are bacterial species that are incapable of penetrating natural defenses of a host, while 
pathogenic organisms can overcome the natural defenses of the host and cause disease. The 
degree of pathogenicity for microorganisms may vary over a wide range. 

Toxigenic potential refers to "synthesis by the production strain of toxins that are active via the 
oral route" (Falkow, 1997; Pariza and Johnson, 2001). Pathogenic refers to the ability of an 
organism to cause disease in a healthy individual (as compared to a immuno-compromised host). 
It is reasonable to conclude that if studies specifically designed to demonstrate toxigenicity and 
pathogenicity of a strain in vitro and/or in vivo are negative, then that strain can be used safely in 
the production of food-gradie enzyme preparations. 

Methods 
Three separate literature searches were conducted. The first search was performed in March of 
1998 Nerac, Inc. Specifically, the search focused on Pseudomonasfluorescens using the key 
words: health, toxicity and safety. This search yielded 53 references. 
A more extensive second search was conducted, where over 25 data bases were searched, 
including The Dow Chemical Company Technology Reports 1937-present, Chemical Abstracts 
1947-present, Agricola 1 97@present, CABA 1 973-presentY Biosis 1969-present, Medline 1958- 
present, Toxline 1965-2000, Toxlit 1 965-presentY Embase 1974-present, Nioshtic 1973-1 998, 
SciSearch 1974-present. CCRIS, DART/ETIC, EMIC, Gene-Tox, and IRIS were searched 
through TOXNET, and the following databases available through the Chemical Information 
System: AQUIRE - Aquatic: Information Retrieval, BIODEG - Biodegradation of Substances in @ 
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the Environment, BIOLOG - Biodegradation Literature References, BRS - Biennial Reporting 
System, CCRIS - Chemical Carcinogenesis Research Information System, CERCLIS - CERCLA 
Information, CHRIS - Chenlical Hazard Response Information System, DATALOG, DOCKET - 
US EPA Civil Enforcement Docket, ENVIROFATE - Environmental Fate, FINDS - Facilities 
Index Data System, GIABS - Gastrointestinal Absorption, HSDB - Hazardous Substances Data 
Bank, ISHOW - Information System for Hazardous Organics in Water, MEDLINE Toxicology 
Subset, MSDSs (BAKER and MALLIN), NIOSHTIC@ Subset, PHYTOTOX - Plant Toxicity, 
RCRIS - Resource Conservation and Recovery Information System, RTECS@ - Registry of 
Toxic Effects of Chemical Substances, SANSS - Structure and Nomenclature Search System, 
TERRETOX - Terrestrial Toxicity, TRI - Toxics Release Inventory, TSCAINV - Toxic 
Substances Control Act Inventory, TSCAPP - TSCA Plant and Production, TSCATS - Toxic 
Substances Control Act Test Submissions. 

The search strategy was conducted using the following key words or phrases: Pseudomonas 
fltlorescens AND (toxic* or pathogen* or cytotox* or genotox* or mutagen*) and (human* or 
man or men or women or woman or child* or infant* or worker* or employee* or patient. 
Approximately 1 17 references were retrieved. 

A third search, distinct fromi the first two, focused on toxin production in all Pseudomonas 
species. In order to limit the number of references to a manageable number, fewer databases 
were searched, including (Chemical Abstracts, Agricola, CABA, Biosis, Medline, Embase and 
NIOSHTIC) and the key words or phrases included pseudomonas and (toxic* or cytotox* or 
genotox*) and (human* or man or men or woman or women or child* or infant* or worker* or 
employee*). 

This limited strategy still prloduced a list of over 15,000 citations. To further limit the number of 
citations selected references were eliminated and the terms aeruginosa or tumor* or sarcoma* or 
neoplasm* or cancer* or chiimera or exotoxin A were negated (only in CABA, Biosis, Medline, 
Embase and Nioshtic). Approximately 629 references were retrieved using this approach. 

Results of Literature Surveys 

Searches 1 & 2: Toxieenicitv or Pathoeenicitv of Pseudomonas fluorescens 
In 199 1 an extended review of the literature was conducted. This search was focused primarily 
on whether P. Juorescens biotype A (Le. Biovar 1) could cause toxic effects on plants or animal 
species. The review conclulded that "no data demonstrating that the organism is toxic to 
mammals was found." In March 1998, the original search was updated. The MedLine database 
was searched for information on PseudomonasfEuorescens using the search string "fox*" which 
include variation of the word toxicity (toxic, toxicology etc.). The majority of the citations 
retrieved fiom this search described toxic effects upon P. fluorescens, or uses of P. fluorescens to 
detect toxic conditions as in bioassay applications. No new information was found that 
implicated P. Juorescens in plant or animal pathology. 

was conducted in October of 2001. This search resulted in 117 citations, but 65% of these were 
not directly applicable to evaluating the effect of P. fluorescens on humans. Approximately one- ' @ third of these non-applicable references focused on the use of P. fruurescem to measure toxicity 

I 

I The second search, which focused on the potential toxicity or pathogenicity of P. fluorescens, 
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of chemical agents while the remaining two-thirds of the references addressed the role of this 
microorganism as the normal microbial component of plants/animals/soil/animals/water/food. 

Forty ofthe 1 17 citations/abstracts contained information relevant for evaluating the potential 
toxigenicity or pathogenicity of P. fluorescens to humans. The information covered in these 
references was grouped into four major categories: 

0 

1) Evaluation of the pathogenicity of P. fluorescens in animal models. 

2) Role of P. fluorescens infections in individuals where the immune systems had been 
compromised (e.g., role as an opportunistic pathogen) 

3) In vitro cytotoxic effects of a pigment (pyoverdine) purified from P. fluorexens 
4) Growth of P. fluorescem in blood products or medical devices. 

A brief synopsis of the references from these four major categories is presented below. No 
reports were found that provided evidence that P. Jluorescens is a pathogen to healthy humans or 
implicating this microorganism in the production of any substances which would be toxic to 
humans by the oral route. 
Evaluation of the Pathogeinicity of P. fruorescens in Animal Models 
The U. S. Environmental Protection Agency (EPA) conducted two in vivo studies to evaluate the 
possible health concerns associated with the use of P. fluorescens as a microbial pest control 
agent (George et ai., 1999, George et ai., 2000). In the first study, male C3wHeJ mice were 
administered intranasally with -1 O7 CFU (colony forming units) of P. fluorescens per mouse 
(George et ai., 1999). Clearance of the dosed bacterial strains fiom lungs, small intestine, large 
intestine, cecum, mesenteric lymph nodes (MLN), spleen, and liver were evaluated. Bacterial 
clearance requires an intact and functional immune system that incorporates a cascade of 
immune responses. In this animal model bacterial clearance provides an indication of the 
interaction between the potential pathogenicity of the invading microorganism and the total host 
immune capability. 

The results of the study by George and coworkers (1 999) demonstrated that P. Jluorescens was 
eliminated fiom the lungs, cecum, small and large intestine by 2 day post-treatment. 
P. Juorescens was detected in the liver and MLN 3 hr after treatment but had disappeared 
completely fiom these tissues within 2 days of treatment. No mortality in the mice was noted at 
bacterial concentrations as high as 5.0 X 10' CFU/mouse although some mortality was observed 
at excessively high (-1 09/mouse) bacterial concentrations. 

In the second study, male CD-1 mice were treated perorally with average dose of 1.78~10' CFU 
of P. fluorescens per mouse (George et al., 2000). P. fluorescens was recovered in the intestinal 
tract after 3 hours but was completely cleared after the first day. P.fluorescens was detected in 
lungs, intestinal tract (small, large, cecum), MLN, spleen, and liver 3 hours after treatment but 
had completely cleared from all organs and tissues 2-d after treatment. At the completion of the 
study all mice treated with I? JZuorescens appeared healthy and conventional indicators of 
mortality such as ruffled fur, lethargy, weight loss, conjunctivitis were not present. 

As a result of these studies the U. S. EPA determined that the use of P. fluorescens as a microbial 
pest control for agricultural products (peas, snap bean, sweet corn) was "safe" and was exempt 
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fiom the requirement of a tolerance for a residue (USEPA, 1997). Their opinion was based on 
the fact that no harm should result fi-om residues of P. fluorescem on treated vegetables because 
of the ubiquitous nature of this bacterium and its low toxicity to humans. EPA gave similar 
reasoning for granting an exemption from the requirement of a tolerance for residues of 
P. fruorescens in agricultural commodity mushroom. Again they cited that P, fruorescens is 
naturally occurring organisms and is the dominant microflora found in mushroom caps (USEPA, 
1994). 

Role of Pseudo~onasfluoi.escens as an Opportunistic Pathogen 
The human immune system provides a defense mechanism for rapid, highly specific, protective 
response against potentially pathogenic microorganisms. The immune system is mediated by 
complex multicellular and physiological mechanisms that allow an individual to distinguish 
foreign matter from self and eliminate or neutralize foreign material (Paul 1999). This system 
provides the mechanism to initiate rapid and highly specific responses to potentially pathogenic 
organisms. Loss of immune competence (e.g. immunosuppression) allows the opportunity for 
infection with organisms thiat are not usually pathogenic (Klassen 2001). Examples of 
compromised immune systems occur in patients undergoing cancer therapy where 
immunosuppressive drugs are often given or in individuals who have contracted AIDS (acquired 
immunodeficiency syndrome). 
One clinical consequence of immunosuppression or immunodeficiency is an increased incidence 
of infectious disease. OAen organisms that do not usually cause disease because they are well 
controlled by a normal immune response (opportunistic pathogens) may infect 
immunocompromised individuals. For example, Pseudomonasfl~orescens has been implicated 
as opportunistic pathogen in immunocompromised individuals (Bloch et al., 198 1, Meguro et al., 
1983, Hessen et al., 1987, Hsueh et al., 1998, Prescott et al., 1998, Rahiala et al., 1998, Zervos et 
al., 1998, Manfredi et al., 1999). This microorganism has on occasion been isolated from 
patients with AIDS (Franzetti et al., 1992; Roilides et al., 1992), where it caused bacteremia and 
urinary tract, ocular and soft tissue infections. In a separate study Chamberland and coworkers 
(1 992) conducted an across-Canada survey of septicemia where they found that 1.5% of isolates 
were P. fluorescens. The Organisation for Economic Co-operation and Development (OECD) 
also indicated that it is apparent that P. jluorescens can be an opportunistic pathogen in cancer 
patients and in other individluals who are severely immunocompromised (OECD, 1997). 

Although P. fruorescens has been encountered in diseased or infected individuals the 
microorganism's pathogenic; role in many of these cases is questionable or at best ill-defined. 
For example, Graevenitz, and Weinstein (1 97 1) examined 43 clinical isolates of P. fluorescens 
from human sources. They concluded that clinical strain of P. fruorescens isolated fi-om patients 
with compromised defenses did not play any etiologically defined role and pathogenic potential 
of these organisms was low in "normal" men. In an earlier report, Liu (1964) demonstrated that 
inability of P. fluorescens to produce infection in warm-blooded animals was due to its inability 
to grow at internal body temperatures. Because P. fruorescens is unable to grow at elevated 
temperatures like that of the human body (Palleroni, 1992), it is unlikely to be more than a rare 
opportunistic pathogen for warm-blooded animals (OECD 1997). Based on the results from 
these and other studies the virulence of P. fluorescens for normal (immunocompetent) human - 

~ hostsisverylow. 
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Contamination of Blood Piroducts and Medical Devices 
Pseudomonas species as a group are ubiquitous saprophytes with low virulence. They are 
primarily opportunistic pathogens to hosts with low resistance. Pseudomonas species are 
metabolically versatile, can grow on simple organic substrates, are prolific colonizers of 
surfaces, and can remain via.ble for long periods of time in a wide variety of habitats. 
P. fEu0rescen.s is unable to grow at elevated temperatures like that of the human body (Palleroni, 
1992) and is unlikely to be rnore than a rare opportunistic pathogen for warm-blooded animals. 
However, this organism has the ability to grow at 4 "C (Gilardi, 1991). The ability of 
Pseudomonas species to grow under a wide range of nutritional conditions, to grow at low 
temperatures (less than 5 "C), and their wide distribution in the environment provide the potential 
and opportunity for the accidental contamination of whole blood, blood products, and medical 
devices (Puckett et al., 1992; Stenhouse and Milner, 1992). 
Bacterial contamination of the blood supply can occur via an endogenous or an exogenous 
source. Typically, Gram-negative "psychrophilic" species such as P. fluorescens survive storage 
at 4 "C. They may be cultured from refrigerated blood and can be implicated in transfusion 
reactions (Gibaud et al., 19814., Murray et al., 1987, Scott et al. 1988, Gottlieb and Anaesth, 
1993). For example, Kabbaz and coworkers (1 984) conducted laboratory studies demonstrating 
that small inocula of P. fluorescens proliferated in refrigerated fiesh whole blood and reached 
1 O6 to 1 O7 colony-forming units per milliliter seven days after incubation. They concluded that 
prolonged storage of blood was an important risk factor for the development of transfusion- 
related septicemia. 

Pseudobacteremia may result from the infusion of contaminated products (Scott et al., 1988; 
Simor et al., 1985, Collignon et al., 1999, Gottlieb et al., 199 1 ; Foreman et al., 199 1). For 
example, Smith and coworkers (2002) reported an outbreak of 38 cases of pseudobacteraemias 
caused by P. fluorescens in pediatric patients over a 1 0-month period. The source of the 
outbreak of pseudobacteraemia was found to be contaminated lithium heparin tubes, which were 
being filled prior to the filling of the blood culture bottle. 

P. fluorescens has also been reported to cause infection from the use of contaminated equipment 
(Anderson and Davey, 1994). For example, Foulon et al. (1 98 1) implicated P. fruorescens with 
an infection caused by a copper intrauterine device. 

In Vitro Cytotoxic Effects of a P. fluorescens' Pigments 
Many Pseudomonas species: produce an extracellular compound with yellowish green 
fluorescence, called pyoverdin, which functions as a siderophore. Siderophores are low- 
molecular-weight iron chelators that have very high affinity for iron. Pyoverdins act as 
extracellular solubilizing agents for iron from minerals or organic compounds. (Rombel and 
Lamont IL 1992). Fluorescent pigments are produced abundantly in media low in iron content 
and pyoverdin production is; characteristic of most fluorescent species. At least 12 different 
pyoverdins have been identified among the various strains of P. fluorescens.(Meyer et al., 1998, 
Mohn et al., 1990). Pyoverdin production in P. j7uorescens is dependent on the strain and the 
growth conditions (e.g. , iron availability) and Palleroni (1984) reported that P. fluorescens 
Biovars I1 and V, along with P. chlororaphis and P. putida Biovar B, have variable (1 1-89% 
positive) pyoverdin production. a 

008162 
Appendix 14 Page 6 



vitro assays conducted with purified pyoverdin from selected strains of P. j7uorescen.s strain have 
exhibited limited cytotoxic effects (Pajaro et al., 1994, Pajaro et al., 1995). Pajaro and Albesa 
(1 990) examined a strain of P. fluorescens which grew and produced pigment in refrigerated 
human blood at 4 "C. This pigment, purified from P.fluorescens strains grown on synthetic 
medium, exhibited cytotoxic effects on human leukocytes. It is not clear if these antagonistic 

iron) from the tissue culture medium or if toxicity was due to some other mechanisms. In 
contrast to the cytotoxic effkct described above, the pyoverdins have been shown to be effective 
in protecting human hepatocytes against the toxic effect of iron. Jego and coworkers (1 997) 
reported that iron citrate was highly toxic for human hepatocytes. Addition of pyoverdin from 
P. JEuorescens was able to ameliorate the toxic effects to the human hepatocytes by both 
decreasing the uptake of the iron by the cells and increasing its release from the loaded celIs. 

I 
I effects were directly related to the ability of the pyoverdin to remove essential components (e.g., 

I 

~ 

Search 3: Toxin Production by Pseudomonas species 
The final literature survey was a limited search addressing toxin production by any member of 
the genus Pseudomonas. Over 629 references were retrieved and the results of this search 
demonstrated that toxin production occurs in a number of organisms from this genus. However, 
the majority of the toxins produced by Pseudomonas species have little to no clinical 
significance to humans and the toxicity is directed more towards plants. The one exception is 
Exotoxin A produced by Pseudomonas aeruginosa which is an important virulence factor in 
Pseudomonas disease in humans (Pollack 1983). 
Many of the articles cited in this literature survey refer to strains of microorganisms that may no 
longer be classified as Pseudomonas. The genus Pseudomonas has recently undergone 
taxonomic reorganization and many of the strains originally described as species of the genus 
Pseudomonas, such as Bulkhoderia cepacia, have been reclassified into different genera 
(Kersters et al., 1996). It is now generally recognized that the genus Pseudomonas (sensu 
stricto) should be limited to those organisms clustering with P. aeruginosa and P. fluorescens in 
the DNA-RNA homology group I, y-subclass of the Proteobacteria (Moore et al., 1996, Kersters 
et al., 1996, Anzai et al., 2000). This new definition brings the total number of Pseudomonas 
strains down to less than 30. 

Conclusions 
As noted, the literature searches retrieved approximately 800 references. The majority of these 
citations were not relevant to the search objectives and contained little information related to the 
toxigenicity or pathogenicity of P.fluovescens. However, a small subset of these citations was 
relevant as indicated and as discussed above. 
P. fluorescens was shown not to be pathogenic in animal models. There were no reports of 
P. fluorescens being pathogenic in healthy humans, though there is some information on its role 
as an opportunistic pathogen in immune compromised hosts. The ability of P. j7uorescen.s to 
grow at low temperatures (4 "C) has caused occasional problems in contamination of blood 
products or medical devices; and there are sporadic reports of pseudobacteremia resulting from 
the infusion of contaminated products. However, these problems are likely not be specific to P 0 
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Jluorescens, but rather are most likely related to the lipopolysaccharide (LPS; endotoxin) present 
in any gram-negative microorganism. Pfluorescens also produces extracellular compounds, 
called pyoverdins, which hnction as a siderophores (iron binding proteins). In vitro assays 
conducted with purified pyoverdins &om selected strains of P.Juorescens have shown limited 
cytotoxic effects to human leukocytes. It is not clear if these antagonistic effects were directly 
related to the ability of the pyoverdin to remove essential components (e.g., iron) from the tissue 
culture medium or if toxicity was due to some other mechanisms. 
Based on the results of this review the scientific literature was found to support the general view 
that P. Juorescens is considered. to be nontoxigenic and nonpathogenic. Therefore, food or food 
ingredients safe for human consumption can be produced with this microorganism. 
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15. Expert Panel Opinion 



TO: . David S. Hanselman, Ph.D. 
Director of FLegulatory Affairs, Environment, Health and Safety 
Innovase LLC 
5501 Oberlin Drive 
San Diego, CIA 92121 

0 

FROM: Michael W. Pariza, Ph.D. (Panel Chair) 
University o f  Wisconsin 
Madison, W![ USA 

Eric A. Johnson, Sc.D. 
University o f  Wisconsin 
Madison, W11 USA 

Ian C. Munro Ph.D., FRCPath 
Cantox Health Sciences International 
Mississauga, ON Canada 

Robert A. Roth, Ph.D. 
Michigan State University 
East Lansing,, MI USA 

DATE: February 10,2003 

Expert Panel Opinion Regarding the Generally Recognized as Safe (GRAS) 
Status of Inmovase’s BD5088 a-amylase Preparation 

As independent experts qualified by relevant experience and scientific training to 
evaluate the safety of food additives, we, the undersigned Eric A. Johnson, Sc.D., Ian C. Munro, 
Ph.D., FRCPath, Michael W. Pariza, Ph.D., and Robert A. Roth, Ph.D., were asked by Innovase 
LLC (Innovase) to evaluate the safety of a-amylase BD5088, which is derived from 
PseudomonasfIuorescens Biovar I carrying an optimized a-amylase gene constructed from 
Thermococcales sp., for use as a processing aid in the hydrolysis of edible starch to produce 
various starch hydrolysis prloducts, including starch-derived sweeteners, and to produce 
fermentable sugars for use in the production of distilled ethanol for alcoholic beverages. 
Curricula vitae evidencing our qualifications for evaluating the safety of food additives are 
provided. 

We independently and critically examined scientific information and data provided by 
Innovase, including infomation pertaining to the microbial genomics, source and structure of the 
BD5088 a-amylase gene, the safety of the recipient organism PseudomonasfIuorescens Biovar I, 
characterization of the BD51088 a-amylase expression product, the activity of BD5088 a-amylase 
enzyme, the method of manufacture and product specifications, analytical data, conditions of 
intended use, intended IeveIs of use, estimated consumer exposure under the conditions of use, 
all unpublished corroborating toxicological and relevant safety studies conducted with this a- 
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amylase preparation provided by Innovase, and relevant information compiled from the 
published scientific literature. 

A comprehensive review of the relevant scientific literature indicates that species 
belonging to the genus Thennococcules are nonpathogenic and nontoxigenic for animals 
including humans. The derivation, source identity, and enzymatic activity of the optimized 
BD5088 a-amylase from Thwmococcales sp. are fully described (Richardson et al., 2002).’ 

recipient, P. JZuorescens Biclvar I strain MBl 01, was derived via safe strain lineage. 
I PseudomonusJZuorescens is nonpathogenic and nontoxigenic, and the BD5088 a- amylase gene 

Following independent, critical evaluation of the data and information, we convened by 
conference call in an Expert Panel meeting on December 20,2002. At this meeting we 
concluded that Innovase’s BD5088 a-amylase is manufactured in accordance with current Good 
Manufacturing Practices (cG;MPs), meets the relevant food grade specifications as a processing 
aid in the hydrolysis of starch, and is “Generally Recognized As Safe” (GRAS) for food use 
under the conditions of use proposed by the manufacturer. A summary of the basis for our 
conclusion is provided below. 

I. Manufacturing and Specifications 

The BD5088 a-amyliase gene was stably inserted into P.JZuorescens Biovar I strain 
MB 101. The entire genome of the recipient strain and both inserted plasmids have been 
sequenced to account for all introduced DNA. The production of BD5088 a-amylase follows 
multi-step fermentation of the recombinant P. j7uorescePr.s Biovar I, with induction of gene 
expression through the addition of high purity isopropyl P-D-thiogalactopyranoside (IPTG). 
BD5088 a-amylase is recovered and purified by standard industry processes. 

Quality control measures ensure that viable P. JZuorescens organisms do not survive the 
post-fermentation processing and are not present in the final a-amylase preparation. The absence 
of production organism is incorporated as a final product specification for BD5088 a-amylase. 
Additionally, microfiltration and, if necessary, treatment with high purity endonuclease or acid 
hydrolysis removes residual DNA, including antimicrobial resistance marker sequences, from the 
a-amylase preparation. All substrate materials and processing aids used in the production of 
Innovase’s BD5088 a-amylase preparation are of high purity and of suitable food grade quality. 
The fermentation process is checked for culture purity and identity at regular intervals. The final 
BD5088 a-amylase preparation is formulated through the addition of approved food grade 
diluents, stabilizers and prestmatives. 

Specifications for the final a-amylase preparation meet acceptable food grade 
specifications and are consistent with Food Chemicals Codex2 and Joint FAO/WHO Expert 
Committee on Food Additives3 specifications for enzymes used in food processing. The Panel 
reviewed the results of analysis for nonconsecutive representative lots of BD5088 a-amylase 
preparation and concluded a demonstration of compliance with final product chemical, physical, 
and microbiological specifications. 
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11. Intended Use and Estimated Dietary Exposure 

Innovase’s BD5088 cr-amylase is intended for use as a processing aid in the hydrolysis of 
edible starch to produce starjch hydrolysis products, including starch-derived sweeteners such as 
glucose syrup, high fkuctose corn syrup, and dextrose, and to produce distilled ethanol for use in 
alcoholic beverages. 

As a processing aid in the hydrolysis of starch, the intended level of use is 500 g 
a-amylase preparation per metric ton of starch. The Panel was presented with data 
demonstrating the glucose yield and carbohydrate profile of starch hydrolysis with BD5088 
compared to other commercially approved a-amylase preparations. The Panel concluded that 
BD5088 a-amylase preparation is substantially equivalent to existing a-amylase preparations 
used in the food industry. 

The Panel noted that IPTG was added during the manufacture of BD5088 a-amylase and 
was provided data on residual IPTG in final BD5088 a-amylase preparations and starch 
hydrolysis products. The Panel considered potential consumer exposure to IPTG to be 
insignificant (c0.5 ppb in food) and not of concern to safety under the conditions of intended use 
of BD5088 a-amylase. 

The Panel concluded that consumer exposure to endonuclease would not be expected to 
occur given that the amount of high purity endonuclease added in the manufacturing process of 
BD5088 a-amylase preparation is very low (-1 ppb), and the enzyme is not stable under the pH 
and temperature conditions of intended use for BD5088 a-amylase. 

For consumers of products prepared using BD5088 a-amylase, estimates of dietary 
exposure to this a-amylase presented to the Panel were extremely low. Residual BD5088 
a-amylase could not be detected in glucose syrup to a limit of detection (LOD) of 2.4 ppb. 
Assuming residual BD5088 la-amylase to be present in all starch-derived sweeteners at 1.2 ppb 
(half of the LOD), an estimated intake of 3.6 pg total organic solids (TOS)/person/day in upper 
percentile consumers was calculated. This level of exposure is >lo6 times lower than the No 
Observed Adverse Effect Level (NOAEL) in animal toxicity studies. 

111. Safety 

The safety of BD5088 a-amylase was assessed using the decision tree strategy developed 
by Pariza and Johnson (2001)4 for evaluating the safety of microbially derived food enzymes. 
The Panel recognized that all criteria of this strategy had been satisfied to conclude that 
a-amylase BD5088 is acceptable for use as a food enzyme. 

The ThermococcaZes sp. source for the BD5088 a-amylase gene is non-toxigenic and 
non-pathogenic. The gene encoding this enzyme has been fully characterized and stably inserted 
into P. fluarescens Biovar I. P. JIuorescens Biovar I strain MBlOl is non-toxigenic and non- 
pathogenic and is the product of a safe strain lineage. Innovase’s BD5088 a-amylase preparation 
contains no viable production organisms and no residual genetic material encoding for antibiotic 
resistance. The amino acid sequence of BD5088 a-amylase has been completely determined, 
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and its similarity and homology to other a-amylases, including those used in food production, 
has been demonstrated. The activity of BD5088 a-amylase is substantially equivalent to that of 1 

I a-amylases from other micro'bial sources with history of safe use in food production. 

The safety of BD5088 a-amylase and P. jIuorescens was evaluated using appropriate 
methods and procedures. The Panel reviewed a battery of toxicological studies commissioned by 
Innovase. These studies included subacute and subchronic toxicity studies in rats, pathogenicity 
and toxigenicity studies in mice, and in vitro and bioinformatic studies related to evaluating 
allergenic potential. The results of these studies provided no evidence of potential adverse 
effects and support an overall conclusion of safety for this enzyme under the conditions of 
intended use. 

I Evidence available in the scientific literature indicates that P. fluorescens is neither 
pathogenic nor toxigenic for humans. To evaluate the pathogenic and toxigenic potential of P. 
fluorescens Biovar I strain NIB 101 used to produce BD5088 a-amylase, Balb/C mice were 
administered a single dose concentrate of microorganisms (up to 6 x 10' CFU) or filtered spent 
culture medium, by gavage, i2nd evaluated over a 21-day period. The results of this study 
demonstrated no evidence of infection or colonization in mice administered high numbers of 
viable P. fruorescens Biovar I strain MBlOl indicating an absence of pathogenicity. 

Medicine) concluded P. fluorescens Biovar I strain MB 101 to be non-pathogenic. Mice 
administered spent culture medium demonstrated no adverse effects indicating no evidence of 
toxigenicity of P. fluorescens Biovar I strain MB101. 

I Independent expert review of this study by Dr. Stanley Falkow (Stanford University School of 

As with many other inhaled proteins, occupational allergies to a-amylases have been 
reported in the literature; however, sensitization and allergic reactions following consumption are 
not common. The allergenic potential of BD5088 a-mylase was evaluated using bioinformatic 
methods and in vitro digestibility studies consistent with Food and Agriculture Organization of 

~ 

In 14- and 90-day oraJ gavage studies with male and female Fischer 344 rats given doses 
of 71,220,710 or 2,200, and 89,270 or 890 mg BD5088 a-amylase preparation (as T0S)kg 
body weighvday, respectively, localized inflammation of the nasal and pulmonary mucosa was 
reported; however, the respoinse was not dose-dependent, but was suggestive of aspiration of test 
material by the treated animails. Aspiration of the test substance is not uncommon in toxicology 
studies with doses administared by gavage. Expert review of the histopathology of the reported 
lesions concluded the response was consistent with a respiratory tissue inflamniatory response to 
inhaled lipopolysaccharide (endotoxin), likely attributable to aspiration of the administered 
substance, either during or after gavage. To further investigate the response reported in the 
gavage studies, a 14-day dietary feeding study of rats was conducted with doses of 360 and 3 10 
mg TOSkg body weighvday for males and females, respectively. No inflammation in the 
respiratory tract, or any other adverse effect, was observed with these high doses of BD5088 a- 
amylase in the diet, thereby supporting the interpretation that airway inflammation observed in 
the gavage studies was due to aspiration of the test substance., Endotoxins are essentially 
nontoxic via the oral route arid are not considered to be a safety issue for food processing 
enzymes. Additionally, the Panel concluded that exposure to endotoxin would be negligible and 
of no toxicological concern given the very low estimated intake of BD5088 a-amylase. 
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the United NationsNorld Health Organization (FAO/WHO)’ recommendations pertaining to 
novel proteins in the diet. Protein sequence comparisons using comprehensive databases of 
known allergen sequences de:monstrated BD5088 a-amylase has no critical sequence homology 
to known allergens (ie., no matches of at least 8 contiguous amino acids) and no structural 
similarity (i.e., <35% shared amino acid identity with known allergens over segments of at least 
80 amino acids). BD5088 a-amylase is not stable under simulated conditions of digestion with 
pepsin. These results, in combination with the very low potential dietary exposure to BD5088 
a-amylase, provide no suggestion of potential allergenicity as a safety concern for Innovase’s 
a-amylase BD5088. 

In its entirety, the scitmtific evidence reviewed by the Panel supports the intended use of 
Innovase’s a-amylase BD5088 as a processing aid in the production of food grade starch 
hydrolysis products and its designation as GRAS. 
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Conclusion 

Based on our independent and collective critical evaluation of the ava lable pertinent 
scientific evidence, we conclude that Innovase’s BD.5088 a-amylase, which is derived fiom 
Pseudomonasfluorescens Biovar I carrying a optimized a-amylase gene constructed fkom 
Themzococcales sp. , is manufactured in accordance with cGMPs, meets the relevant food grade 
specifications and, based on scientific procedures, is “Generally Recognized as Safe” (GRAS) 
for use in food as specified herein. 
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Factors affecting the cardiotoxic potential of cobalt. Clin Toxicol2:257. 

Grice, H.C., Goodman, T., Munro, IS., Wiberg, G.S., and Morrison, A.B. 1969. Myocardial toxicity of 
cobalt in the rat. Ann NY Acacl Sci 156-189. 

Wiberg, G.S., Munro, I.C., Meranger, J.C., and Grice, H.C. 1968. Factors affecting the cardiotoxicity of 
cobalt. Proc Can Fed Biol Sci 11 :134. 

Wiberg, G.S., Munro, I.C., arid Morrison, A B .  1967. Effects of cobalt ions on myocardial metabolism. 
Can J Biochem 451219. 

Munro, I.C., and Morrison, AB. 1967. Toxicity of 1,2 dichloroethane-extracted fish protein concentrate. 
Can J Biochem 45:1779. 
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Munro, I.C., and Morrison, A.B. 1967. Factors influencing the nutritional value of fish flour. V. 
Chlorocholine chloride, a toxic material in samples extracted with 1,2 dichloroethane. Can J Biochem 
45: 1049. 

Munro, I.C., and Morrison, A.B. 1965. Effects of salting and smoking on the protein quality of cod. J Fish 
Res Bd Can 22:l. 

Morrison, A.B., and Munro, I.C. 1964. Factors influencing the nutritional value of fish flour. IV. Reaction 
between 1,2-dichIoroethane and protein. Can J Biochem 43:33. 

PRESENTATIONS 

Munro, I.C., and Roberts, A.!3.2002. Functional Foods and Nutraceuticals -- How to Launch 
Nutraceuticals on the U.S. Market. A workshop conducted by Dr. Ian Munro and Or. Ashley Roberts in 
association with Archimex, November 26, Paris, France. 

Munro, I C .  2002. Setting Tolerable Upper Intake Levels for Nutrients. Presented at the workshop on 
“Dietary Reference Intakes and Discretionary Fortification”. Sponsored by the Committee on Use of 
Dietary Reference Intakes in Nutrition Labeling of the Food and Nutrition Board, Institute of Medicine, 
November 21, Washington, DC. 

Munro, I.C. 2002. Setting Tolerable Upper Intake Levels for Nutrients. Presented at the American Dietetic 
Association, Food & Nutrition Conference & Exhibition 2002, October 21, Philadelphia, PA. 

Munro, I.C. 2002. Regulatory and Safety .Requirements for Obtaining GRAS Status. Presented at the 
American College of Nutritionk 43rd Annual Meeting, October 3, San Antonio, TX. 

Munro, I.C. 2002. The JECFA. Procedure for the Safety Evaluation of Flavoring Substances. Presented at 
the JECFA Symposium organized by the Japanese Flavor & Fragrance Material’s Association (JFFMA), 
September 26, Tokyo, Japan. 

Munro, I.C. 2002. Risks From Acrylamide in Food. Presented at the Ceres Roundtable: Acrylamide: 
Lessons Learned, Plans Ahead, September 9, Virginia Tech, Alexandria, VA. 

Munro, I.C. 2002. The Precautionary Principle and the Scientific Risk Assessment Process. Presented at 
the International Society of Regulatory Toxicology and Pharmacology Meeting, June 21 -22, Arlington, VA. 

Munro, I.C. 2002.OECD/FAC) Substantial Equivalence Framework for Whole Food Safety Assessment. 
Presented at the 41 st Annual Meeting & ToxExpo, March 17-21, Nashville, TN. 

Munro, I.C. 2001. Dietary Exposure from Migration of Packaging Materials. Presentation at the Joint 
JRC/ILSI Europe Workshop on Exposure from Food Contact Materials, October 15-16, Ispra, Italy. 

Munro, I.C. 2001. Safety Evalluation of Foods Derived from Genetically Modified Crops. Presented at the 
222nd American Chemical Society Meeting, August 29, Chicago, IL. 

Munro, I.C. 2001. Appropriate Use of Preclinical Data in Drug Development. Presented at the joint 
meeting of the Michigan Chapter of the Society of Toxicology (MISOT) and the Michigan Society for 
Medical Research (MISMR), May 18, Ann Arbor, Michigan. 
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Munro, I.C. 2001. Risk Analys,is of Food Derived from Genetically Modified Plants. Presented at the Food 
and Agriculture Organization of the United Nations’ (FAO) ‘Seminar on Risk Analysis for Food Control: A 
Practical Approach Through Case Studies” organized jointly with lLSl and the University of Brasilia, May 
9-1 1, Brasilia, Brazil. 

Munro, I.C. 2000. Safety Evaluation of Foods Derived from Genetically Modified Crops. Presented at the 
Brazilian Association of Food Ihdustries’ “Safety Assessment of Biotechnology Derived Foods” seminar, 
December 5, 6 & 7, S8o Paulo, Brazil. 

Munro, I.C. 2000. Risk Assessment of Packaging Materials. Presented at the 2nd International 
Symposium on Food Packaging. Ensuring Safety and Quality of Foods, November 8-10, Vienna, Austria. 

Munro, I.C. 2000. EUROTOWSOT Debate. An evaluation demonstrating that foods derived from GM 
crops are as safe as their tradiitional counterparts is an appropriate paradigm for assessing the safety of 
genetically modified foods. @ For the motion: Ian C. Munro (SOT). EUROTOX 2000, XXXVlll European 
Congress of Toxicology, September 17-20, London, England. 

Munro, I.C. 2000. Safety of Foods Produced by rDNA Technology. Presented at the Institute of 
Medicine/Food and Nutrition 6;oard Meeting, July 20, Woods Hole, MA. 

Munro, I.C. 2000. Society of Toxicology/EUROTOX Debate Presentation. 2000 Society of Toxicology 
Annual Meeting, March 21, Phliladelphia, PA. 

Munro, I.C. 2000. Developing Integrated Scientific & Regulatory Strategies, Resolving Complex Scientific 
Issues, and Facilitating Timely Regulatory Approvals. TNO Nutrition and Food Research Institute, 
February 29, Zeist, The Netherlands. 

Munro, I.C. 2000. Applying a ’Threshold of Regulation Concept to the Safety Evaluation of Packaging 
Materials. Nutripack Food & Beverage Packaging Congress, January 26-27, Paris, France. 0 
Munro, I.C. 1999. Key Safety Issues in Bringing a Functional Food or Nutraceutical to Market. 
Nutraceutical Opportunities Summit, December 8-9, Toronto, Ontario. 

Munro, I.C. 1999. The Concept of Thresholds in Safety Assessment. lLSl Europe Workshop on 
Threshold of Toxicological Coincern for Chemical Substances Present in the Diet, October 5-6, Paris 
France. 

Munro, I.C., Bechtel, D., Schinkel, H., and McColl, D. 1999. Functional Foods: International 
Comparisons of the Scientific and Regulatory Attributes Affecting Product Development and Market 
Access. 

Munro, IC, McColl, D., Bailey, R., Coutrelis, N., and Schinkel, H. 1999. Special Forum: International 
Regulatory Issues in Marketing Functional Foods: Barriers and Opportunities. Institute of Food 
Technologist‘s Annual Meeting, July 24-28, Chicago, IL. 

Munro, I.C. 1999. 1) Safety Assessment of Process Flavors. 2) Perspective of the Food and Nutrition 
Board’s Subcommittee on Upper Reference Levels of Nutrients. 1999 Annual Summer Meeting of The 
Toxicology Forum, July 12 - 116, Aspen, Colorado. 

Munro, I.C. 1999. The Crucial Role of Safety and Efficacy Principles for Nutraceuticals, Functional and 
Medical Foods - Nutraceutical, Functional & Medical Foods Conference, May 6-7, Toronto, Ontario. 

Munro, I.C. 1999. Assessing ithe Safety of Flavoring Substances. Flavor and Extract Manufacturers’ 
Association of the United States - 90th Annual Convention, May 2-5, Palm Beach, Florida. 0 
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, Munro, I.C. 1999. Concepts in Safety Evaluation of HPV Food Substances. Vision 20/20 Workshop - 
Testsmart - A Humane and Efficient Approach to SlDS Data, April 26-27, Fairfax, Virginia. 

Munro, I.C. 1999. Effect of Intake Level on the Safety Evaluation of Flavoring Substances. Scientific 
Committee on Food - DGlll - DGXXIV Joint Workshop on Chemically Defined Flavouring Substances, 
March 25, Brussels, Belgium. 

Munro, I.C., Berndt, W., Bor2:elleca, J., Flamm, G., Lynch, B., Kennepohl, E., Blr, A., and 
Modderman, J. 1999. Erythrit'ol: An Interpretive Summary of the Biochemical, Metabolic, Toxicological 
and Clinical Data. Poster presentation at the Society of Toxicology Annual Meeting, March 14-18, New 
Orleans, Louisiana. 

Munro, J.C. 1998. 1) A Global Perspective on Regulatory Approval for Food Ingredients, Nutraceuticals, 
and Dietary Supplements. 2) Gaining Product Approval in Canada. 3) Key Elements in Formulating a 
Global Regulatory Plan. International Food Technologist's 1998 Pre-Annual Meeting Continuing 
Education Program #5, June 19 & 20, Atlanta, GA. 

Munro, I.C. 1998. FNB Model for Development of Tolerable Upper Intake Levels. Presented at the 
European Toxicology Forum Meeting, May 13, Brussels, Belgium. 

Munro, I.C. 1998. International Perspectives for Ensuring Safe Food. Presented at the Institute of 
Medicine, April 29, Washingtoin, D.C. 

Munro, I.C. 1997. The Development of Tolerable Upper Intake Levels for Nutrients. Presented at the 
Insight Information Inc. Conference - New Nutrition Recommendations - Capitalizing on New 
Opportunities, December 11, Toronto, Ontario. 

Munro, I.C. 1997. A Model for the Development of Upper Levels. Presented at the Dietary Reference 
Intakes Conference - New Vision, New Challenges, Ontario Institute for Studies in Education, November 
24, Toronto, Ontario. 

Munro, I.C. 1997. A Model for the Development of Tolerable Upper Intake Levels for Nutrients. Presented 
at the Calcium Workshop, Program in Food Safety, University of Toronto, October 30, Toronto, Ontario. 

Munro, I.C. 1997. A Model for the Development of Tolerable Upper Intake Levels for Nutrients. Presented 
at Dietary Reference Intakes: Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride Workshop, 
Institute of Medicine, September 23, Washington, D.C. 

Munro, I.C., Daniels, J.M., and Lynch, B.S. 1997. A Review of the Safety of Vitamin B6 (Pyridoxine): 
Implications for Determining the Safe Upper Intake from Dietary Supplements. Presented at Vitamin 66: 
New Data, New Perspectives, Council for Responsible Nutrition, September 8, London, England. 

Munro, I.C., and Kroes, R. 1!397. Application of a Threshold of Regulation Concept in the Safety 
Evaluation of Certain Flavoring Substances. Presented at the Forty-ninth Meeting of the Joint FAO\WHO 
Expert Committee on Food Additives, June 17-26, Rome, Italy. 

Bechtel, D., Locke, L., and klunro, I.C. 1997. Need for Scientific Substantiation for Functionality of Food 
Components for Health Promotion. Presented at the lLSl N.A. Workshop - The Future of Functional 
Foods for Health Promotion: A Public Health Opportunity?, June 4-5, Washington, D.C. 

Munro, I.C. 1997.2,4-D - Safety and Exposure. Presented to Poisons Centre staff , academic 
pharmacology staff and postgraduate students at the University of Dunedin, March 13, Dunedin, New 
Zealand. 
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Munro, I.C. 1997.2,4-D - Safety and Exposure. Presented to toxicologists and occupational health 
specialists from the New Zealand Ministry of Agriculture and Ministry of Environment, March 12, 
Wellington, New Zealand. 

Munro, I.C. 1997. Development of a Procedure for the Safety Evaluation of Flavouring Substances. 
Presented at the International Symposium on Flavours and Sensory Related Aspects, March 6-7, 
Cernobbio (Como), Italy. 

Munro, I.C. 1996. 1) Current Issues in the Evaluation of the Safety of Food and Food Ingredients. 2) 
Issues in the Safety Assessment of Carbohydrate/Fat Substitutes. Presented at the ASCEPT Toxicology 
Workshop, June 17-1 8, Canberra, Australia. 

Munro, I.C. 1995. Interpretive Review of the Potential Adverse Effects of Chlorinated Organic Chemicals 
on Human Health and the Environment. Report of an Expert Panel. Presented at Dioxin >95, 15th 
International Symposium on Chlorinated Dioxins and Related Compounds, August 21-25, Edmonton, 
Alberta. 

Munro, I.C. 1995. The Safety Evaluation of Flavoring Substances: The GRAS Process. Presented at the 
Second Workshop - Harmonization and Food Safety, April 20-21, Hong Kong. 

Munro, I.C., McGirr, L.G., Nestmann, E.R., and Kille, J.W. 1994. Macronutrient Substitutes: Safety 
Factor Alternatives And Human Mimetic Models. Thirty-third Annual Meeting of Society of Toxicology, 
Dallas, Texas. 

Munro, I.C., McGirr, L.G., Nestmann, E.R., and Kille, J.W. 1994. Macronutrient Substitutes: 
Alternatives To Traditional Salety Testing. Annual Meeting of Institute of Food Technologists, Atlanta, 
Georgia. 

Munro, I.C. 1993. Harmonization of Conventional Toxicology Studies - A Commentary. Presented at lLSl 
Conference on RedBook 11, December 16, Washington, DC. 

Munro, I.C. 1993. The Exposure and Toxicity of 2,4-D. Presented at The Toxicology Forum, Aspen, CO. 
(July). 

Munro, I.C. 1992. Novel Food's, Workshop on Novel Foods and Novel Food Processes. Presented at the 
Program in Food Safety, Nutrition and Regulatory Affairs, Department of Nutritional Sciences, Faculty of 
Medicine, University of Toronto. Toronto, Ontario. (November). 

Munro, I.C. 1992. Toxicology and Drug Development: Managing the Issues. Presented to Ciba-Geigy 
Canada Ltd., Mississauga, Ontario. (October). 

Munro, I.C. 1992. Adverse Effects and Indoor Air Pollution. Presented at the Thirteenth Annual Meeting 
of the American College of Toxicology, San Francisco, CA. (October). 

Munro, I.C. 1992. Toxicology of Benzoyl Peroxide. Presented at The Toxicology Forum, Aspen, CO. 
(July). 

Munro, I.C., Borzelleca, J.F.,, and Squire, R.A. 1991. The Safety of Xylitol for Use in Food. Report of an 
Expert Panel. 

Munro, I.C. 1991. Food Safety. Presented at a Food Safety Seminar Embassy of the United States, 
Ottawa, Ontario, Canada. 

Munro, I.C., and Orr, J. 1991. Dioxins in Paper Products. Canadian Paediatric Society Workshop on 0 Infant Diapers. 
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Munro, I.C., and Orr, J. 1991, The Saccharin Lesson. Presented at the Symposium on Chemical 
Carcinogenesis: The Relevance of Mechanistic Understanding in Toxicological Evaluation. Berlin, 
Germany. 

Munro, I.C. 1991. Impact of Agricultural Activities on Health Risks From Drinking Water. Presented at the 
Interdisciplinary Symposium on Agriculture and Water Quality Centre for Soil and Water Conservation. 
University of Guelph, Ontario. 

.@ 

Munro, I.C. 1990. Scientific Aspects of the IFBC Report. Presented to the Toxicology Forum. 
Washington, DC. 

Munro, I.C., and Hall, R.L. 1990. Food Safety and Quality - Impact of Biotechnology. Presented at the 
Agricultural Biotechnology, Food, Safety and Nutritional Quality for the Consumer Second Annual 
Meeting. lthaca, New York. 

Munro, I.C. 1990. Food Safety and Environmental Issues in the year 201 0. Presented to the Western 
Canadian Wheat Growers' Association, Regina, Saskatchewan, Canada. 

Munro, I.C. 1990 & 1989. lssuies in Food Safety, "Later in Life Learning Series", Toronto Ontario and The 
Environmental Forum, Belleville, Ontario. 

Munro, I.C. 1989. Issues to be Considered in the Safety Evaluation of Fat Substitutes. Presented at the 
Workshop on Re-evaluation of Toxicity Methodology including Gross Nutrients. Limelette, Belgium. 

Munro, I.C. 1989. Natural Versus Man-Made. Presented to the Ontario Institute of Agrologists, Toronto, 
Ontario. 

Munro, I.C. Neoplasm Promotion. Prepared for Environmental Health and Safety Council of The 
American Health Foundation. 

Munro, I.C. 1986. Governmental Approach to Regulatory Priorities and Risk Management of Flavors and 
Fragrances. Presented at The Tenth International Congress of Essential Oils, Fragrances and Flavors. 
Washington, DC. 

Munro, I.C. 1985. The Role of Toxicology in Strategies for Cancer Prevention. Presented at the American 
Society of Preventive oncology. Eighth Annual Meeting, Toronto, Canada. 

Munro, I.C. 1985. The Ingredients of Foods: How They are Tested and Why They are Selected. 
Presented at the lLSl Workshop on Adverse Reactions to Foods and Food Additives, Orlando, Florida. 

Munro, I.C., Goldberg, L., anld Farber, E. 1985. Formaldehyde Risk Assessment. Report to Ontario 
Ministry of Labour. 

Munro, I.C. 1984. Risk Assessment and Environmental Regulation. Prepared for the lLSl Symposium on 
Safety Assessment. Tokyo, Japan. 

Munro, I.C. 1984. Report to the Royal Commission to Inquire into the Use and Effects of Chemical 
Agents on Australian Personnel in Vietnam. 

Munro, I.C. 1983. Artificial Sweeteners (Saccharin) - General Review of Carcinogenicity Data. Presented 
at the Third European Toxicology Forum. Geneva, Switzerland. 

Clayson, D.B., and Munro, I.C. 1983. Safety Evaluation of Low Levels of Toxic Agents in Food with 
Emphasis on Carcinogenesis and Mutagenesis. Presented at the International Symposium on the Safety 
Evaluation of Animal Drug Residues. Berlin, Germany. 
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Munro, I.C., and Bradshaw, L.R.A. 1983. Government Decision-Making with Incomplete Epidemiologic 
Evidence. Presented at the Canadian Society for Clinical Investigations Symposium in Clinical 
Epidemiology. Calgary, Alberta. 

Munro, I.C. 1983. Overview of Factors that Influence Food Safety Decisions. Presented at the 
International Life Sciences Institute Symposium, Safety Assessment: Interface Between Science, Law 
and Regulation. Washington, DC. 

1983. The Relevance of Mouse Liver Hepatoma to Human Carcinogenic Risk. Report of a Panel to the 
International Expert Advisory Committee to the Nutrition Foundation. 

Munro, I.C. 1983. Introductory Remarks. Presented at the Toxicology Forum Meeting. Arlington, Virginia. 

Charbonneau, S.M., and Muiiro, I.C. 1982. Dietary Factors Affecting Pesticide and Xenobiotic Toxicity. 
Presented as a Poster at the Ffth International Congress on Pesticide Chemistry. Kyoto, Japan. 

Tryphonas, H., and Munro, I.C. 1982. Risk-Benefit Assessment in Immunotoxicology. Presented by Mrs. 
Tryphonas at NATO Advanced Study Institute on Immunotoxicology. Acadia University, Wolfville, Nova 
Scotia. 

Munro, I.C., Miller, C.T., and Krewski, D. 1982. Regulatory Control of Environmental Chemicals: A 
Canadian Viewpoint. Presented at the First World Congress on Toxicology and Environmental Health. 
Washington, DC. 

Munro, I.C. 1982. The Necessity for Compatible Standards. Presented at the 1982 Annual Winter 
Toxicology Forum Meeting, February 15-1 7, Arlington, Virginia. 

Munro, I.C. 1981. Regulatory Concerns - Overview. Presented at the Fourteenth Annual Symposium of 
the Society of Toxicology of Canada. Montreal, Quebec. 

Munro, IS., and Krewski. 19181. Risk Assessment and Regulatory Decision Making. Presented at the 
Toxicology Forum Meeting, August 9-1 3, Vancouver, British Columbia. 

Munro, I.C. 1981. Risk Assessment and Regulatory Decision Making. Presented at the 64th Chemical 
Conference and Exhibition, Chemical Institute of Canada, May 31 -June 3, Halifax, Nova Scotia. 

Munro, I.C. 1981. Science and Issues of Food Additive Use. Presented at Food Additives Symposium. 
University of Toronto, Faculty (of Medicine and Program in Human Nutrition. 

Munro, I.C., and Krewski, D.13. 1980. The Role of Risk Assessment in Regulatory Decision Making. 
Presented at the Thirteenth Annual Symposium of the Society of Toxicology of Canada, December 2-3, 
Montreal, Quebec. 

Munro, I.C., and Krewski, D. 1980. The Role of Risk Assessment in Regulatory Decision Making. 
Presented at Symposium on Health Risk Analysis, October 27-30, Gatlinburg, Tennessee. 

Munro, I.C. 1980. Scientific Evaluation of Benefit Risk Assessments in Food Safety. Presented at the 
Gordon Research Conference on the Microbiological Safety of Foods, June 16-20, Plymouth, New 
Hampshire. 

Munro, I.C. 1980. Regulatory Control of Carcinogens. Presented at the Toxicology Forum Meeting, 
February 28-March 1, Arlington, Virginia. 

Munro, I.C. 1979. Reproductive Toxicity. Presented at the International Course on the Principles and 
Methods in Modern Toxicology, October 22-24, Belgirate, Italy. 0 
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Munro, I.C. 1979. Scientific Evaluation of BenefiVRisk Assessments in Food Safety. Presented at the 29’” 
Annual Meeting of the Institute of Food Technologists, June 10-13, St. Louis, Missouri. 

Munro, I.C. 1978. Compilation of United States and Canadian Legislation Pertaining to Environmental 
Safety. Prepared for the International Commission for Protection Against Environmental Mutagens and 
Carcinogens. 

Munro, I.C. 1978. Chapter on ADI Concept. Prepared for the Safe Drinking Water Committee, National 
Academy of Sciences. 

Munro, I.C. 1978. Detecting and Measuring Carcinogens. Presented at the Law and Public Affairs 
Seminar on Government Regulation of Cancer-Causing Chemicals, December, Washington, DC. 

Munro, I.C. 1978. Environmental Contaminants and Food Safety. Presented at the XI International 
Congress of Nutrition Conference, September, Rio de Janiero, Brazil. 

Munro, I.C. 1978. Reproductive Toxicity and the Problems of In Utero Exposure. Presented at the 
International Symposium on Chemical Toxicology of Food, June, Milan, Italy. 

Munro, I.C. 1978. Environmental Contaminants. Presented at the Symposium on Principal Hazards in 
Food Safety and Their Assessiment, FASEB Annual Meeting, April, Atlantic City, New Jersey. 

Munro, I.C. 1977. Regulatory Applications of Short-Term Tests for Carcinogenicity. Presented at the 
Gordon Research Conference,. August, Meriden, New Hampshire. 

Munro, I.C. 1977. Overview - Dose Selection. Presented at the Toxicology Forum Meeting, July, Aspen, 
Colorado. 

Munro. I.C. 1977. The Importance of Specifications for Substances in Their Safety Evaluation in Foods. 
Prepared for the Scientific Committee of the Food Safety Council. 

Munro, I.C. 1977. Working Papers for 34 Food Colors. Prepared for Joint FAONVHO Expert Committee, 
Geneva. 

Charbonneau, S.M., Munro, I.C., and Nera, E. 1977. Chronic Toxicity of Methylmercury in the Adult Cat. 
Proc. X Symposium on Trace Substances in Environmental Health, Columbia, Missouri. 

Munro, I.C. 1976. Considerations in Chronic Toxicity Testing: The Chemical, The Dose, The Design. 
Presented at the Status of Predictive Tools in Application to Safety Evaluation Conference, November, 
Little Rock, Arkansas. 

Munro, I.C. 1975. Working Paper on Nitrates, Nitrites and Nitrosamines. Prepared for the World Health 
Organization. 

Grice, H.C., DaSilva, Stoltz, D.R., Munro, I.C., Clegg, D.J., and Abbatt, J.D. Testing of Chemicals for 
Carcinogenicity, Mutagenicity, Teratogenicity. 

Munro, I.C. 1974. Chemicals that Cause Food Poisoning. Proc. of Symposium on Food Poisoning and its 
Significance in the Food Servilce Industry. Department of National Health and Welfare. 

Stavric, B, Lacombe, R., Munro, I.C., and Grice, H.C. 1973. Studies on Chemical Impurities in 
Commercial Saccharin (Interinn Report). Submitted to NRC Committee on Artificial Sweeteners of the 
National Academy of Sciences of the United States. a 

Appendix 17 Page 18 

01 82 



Munro, I.C., Moodie, C.A., and Grice, H.C. 1973. An Evaluation of the Carcinogenicity of Commercial 
Saccharin. Submitted to NRC Committee on Artificial Sweeteners of the national Academy of Sciences of 
the United States. 

' 0 
Munro, I.C., Charbonneau, SJM., and McKinley, W.P. 1973. Studies on the Toxicity of Methylmercury. 
Commission of the European Communities, Luxembourg. 

Grice, H.C., DaSilva, T.,Stoltz, D.R., Munro, I.C., Clegg, D.J., and Abatt, J.D. 1973. Testing of 
Chemicals, Mutagenicity and Teratogenicity. Department of National Health and Welfare. 

Munro, I.C., Hasnain, S., Salem, F.A., Goodman, T., Grice, H.C., and Heggtveit, H.A. 1972. 
Cardiotoxicity of Brominated Vegetable Oils. Myocardiology Volume 1. Recent Advances in Studies on 
Cardiac Structure and Function. p 588. 
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Appendix 18 

MICHAEL W. PARIZA - CURRICULUM VITAE 

Academic Rank: 

Education: 

Director, Food Research Institute; Wisconsin Distinguished Professor and 
Chair, Department of Food Microbiology and Toxicology. 

Ph.D. Kansas State University 1973 Microbiology 
M.Sc. Kansas State University I 1969 Microbiology 
BSc. University of Wisconsin-Madison 1967 Bacteriology 

Professional Experience: 
- Kansas State University: Graduate Teaching Assistant, Graduate Research Assistant, 

U.S. Army (Armed Forces Institute of Pathology, Washington, D.C.): Biological Sciences 
Assistant, 1969-1 97 1. 
Kansas State University: Graduate Teaching Assistant, Graduate Research Assistant, 

The University of Wisconsin-Madison (McArdle Laboratory for Cancer Research): NIH 
Postdoctoral Traineeship with Professor Van R. Potter, 1973-1 976. 
The University of Wisconsin-Madison (The Food Research Institute, Department of Food 
Microbiology and Toxicology): Assistant Professor, 1976-1 98 1 ; Associate Professor, 
198 1 - 1984; Professor, 1984-Present; Associate Department Chair, 198 1 - 1 982; Department 
Chair, 1982-Present; Director, Food Research Institute, 1986-present. 

Affiliate appointments at the University of Wisconsin: Wisconsin Comprehensive Cancer 
Center; Environmental Toxicology Center; Department of Nutritional Sciences; Department 
of Food Science. 

1967-1 969. 
- 

- 
197 1 - 1973. 

- 

- 

- Wisconsin Distinguished Professor, 1993-present. 
- 

Membership in Scientific Organizations: 
The American Association for Cancer Research 
The American Society for Microbiology 
The American Associiition for the Advancement of Science 
The Society of Sigma Xi 
The Institute of Food Technologists 
The Toxicology Forunn 
FASEB (The American Institute of Nutrition; The American Society for Clinical Nutrition) 
The American Chemical Society 
The American Oil Chemists’ Society 

Special Professional Recognition (1 996-2002): 

- Member, 1993 and 1998 Program Planning Committees, American Association for Cancer 
Research. 
Member, Institute of Medicine’s Food Forum, 1993-1998. - 
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Member, Board of Trustees, International Life Sciences Institute - North America, 1986- 
present. 

Member, National Academy of Sciences Committee on Comparative Toxicity of Naturally 
Occurring Carcinogens:, 1993-1 996. 
Testified at a hearing on “The Need for FDA Reform” held by the Subcommittee on Health 
and Environment, Committee on Commerce, U.S. House of Representatives, Washington, 
D.C., February 27,1996. 
Invited participant (presented 2 lectures) at a symposium on conjugated linoleic acid 
sponsored by the Ameiican Oil Chemists Society, April 29, 1996, in Indianapolis. 
Invited participant and session moderator at a Workshop on Individual Fatty Acids and 
Cancer sponsored by the International Life Sciences Institute-North America, June 4-5, 
1996, Washington, D.C. 
Recipient of 1996 Marqueta C. Huyck Endowed Lectureship, Wayne State University, 
Detroit, MI. Lecture title, “CLA: The fat that reduces obesity.” 
Invited participant at an international symposium, “Fundamentals of Cancer Prevention,” 
sponsored by the Princess Takamatsu Cancer Research Fund, Tokyo, Japan, November, 
1996. 
Speaker at February 15197 dinner meeting of the Chicago Section of the Institute of Food 
Technologists, Chicago, IL. 
Lecturer at 1997 symposium series, “Modem Views in Nutrition,” Iowa State University, 
Ames, IA. 
Chair of Symposium on “Enhancing the Regulatory Approval Process for Food Ingredient 
Technologies,” sponsored by the National Academy of Sciences and the Institute of 
Medicine (Food and Nutrition Board, Food Forum), May 6-7, 1997. 
Elected Institute of Fojod Technologists Fellow, 1997. 
Invited lecture at 6th International Congress on Clinical Nutrition, at Banff, Alberta, 
Canada, July, 1997. 
Invited lecture at 16th International Congress of Nutrition, Montreal, Canada, July, 1997. 
Chair of Organizing Committee for the first CLA Forum, held at the University of 
Wisconsin-Madison, August, 1997 (highlights published in INFORM 9:69-73, 1998). 
Invited lecture at symposium sponsored by Best Foods, New Jersey, September, 1997. 
Invited lecture at Michigan State University, October, 1997. 
Invited lecture at the Japanese National Cancer Center, January, 1998. 
Invited lecture at the 1Jniversity of Illinois, February, 1998. 
Invited lecture, “Functional Foods: Technology, Functionality and Health Benefits,” at 
Experimental Biology 98 symposium held in San Francisco, CA sponsored by ILSI 
(International Life Sciences Institute), April, 1998. 
Invited lecture on conjugated linoleic acid research for the Board of the Finnish Food 
Foundation, Helsinki, Finland, May, 1998. 
Two invited lectures ait the Finnish Food Congress in Helsinki, Finland: “Food Safety: 
Risks and Management” (keynote address), and E. coli 0 1  57:H7 research at FRI, May, 
1998. 
Invited lecture on conjugated Iinoleic acid at the National Cancer Institute, Bethesda, MD, 
May, 1998. 
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Chair of session, “Modification of Cancer Risk by Inulin and Oligohctose,” at conference 
entitled “Nutritional and Health Benefits of Inulin and Oligofructose” held at NIH 
(National Institute of H:ealth) in Bethesda, MD, May, 1998. 

Invited lecture on conjiigated linoleic acid at The Toxicology Forum, Aspen, CO, July, 
1998. 
Invited lecture on conjugated linoleic acid at a symposium at Iowa State University, Ames, 
IA, September, 1998. 
Invited lecture on conjugated linoleic acid at a symposium sponsored by the Society of 
Toxicology, Reston, V.A, October, 1998 
Co-organizer of the first “International Workshop on Conjugated Linoleic Acid Analysis,” 
held in Washington, DC, January, 1999. 
Invited lecture on conjugated linoleic acid at the 1999 annual meeting of the American Oil 
Chemists Society. 
Invited lecture on conjugated linoleic acid at the 1999 annual meeting of the Institute of 
Food Technologists (ET). 
Invited lecture on conjugated linoleic acid at the 40th International Conference on the 
Biochemistry of Lipids, Dijon, France, September, 1999. 
Invited lecture on conjugated linoleic acid at the 1999 Steenbock Symposium. 
Invited lecture at American Chemical Society conference on conjugated linoleic acid, 
August 2000. 
Featured speaker at American Chemical Society symposia on dietary supplements and 
functional foods for science writers, August 2000 and January 2001. 
Featured speaker at University of Wisconsin-Madison alumni hdraiser, held near 
Orlando, Florida in March 2001. 
Presented 2 invited lectures at the Food and Drug Administration in Washington, DC, April 
2001. 
Invited participant at international conference on conjugated linoleic acid held in Alesund, 
Norway, June 2001. 
Summary speaker at food bioterrorism conference, organized by the International Life 
Sciences Institute-Nonth America, held in Washington, DC, December 2001. 
Invited participant and speaker at a workshop on conjugated linoleic acid, organized by the 
National Institutes of Health, held in Bethesda, MD, May 2002. 

Research Focus: 
Conjugated linoleic acid 

Patents: 

1.  Parka, M.W., and Ha, Y.L.  Methods of preventing oxidation, quenching singlet oxygen, 
and inhibiting mold growth and novel compositions thereof. U.S. 5,017,614 

2. Panza, M.W., and Ha, Y.L. Methods of chelating metal and novel compositions therefor. 
U.S. 5,070,104 
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3. Pariza, M.W., and Ha, Y.L. Octadecadienoic phospholipid esters, antioxidant and mold 0 inhibiting compositions. U.S. 5,208,356 

4. Cook, M.E., and Pariza, M.W. Methods for preventing weight loss, reduction in weight 
gain, and anorexia due to immune stimulation. U.S. 5,430,066 

5. Cook, M.E. and Pariza, M.W. Method for increasing the efficiency of feed conversion in 
animals. U.S. 5,428,072 

6. Cook, M.E., Pariza, M. W., Lee, K.N., and Wentworth, B.C. Method for controlling bird 
populations. U.S. 5,504,114. 

7. Cook, M.E., Pariza, M..W., and Park Y. Method for reducing body fat in animals. U.S. 
patent application. U.S. 5,554,646. 

8. Cook, M.E., Pariza, M.W., Yang, X., and DeVoney, D. Methods of treating animals to 
maintain or increase CD-4 and CD-8 cell populations. U.S. 5,674,901. 

9. Cook, M.E., and Pariza, M.W. Dietetic foods containing conjugated linoleic acids. 
U.S. 5,760,082. 

10. Cook, ME., Cook, E.B., Stahl, J.L., Graziano, F.M., and Pariza, M.W. Methods of 
attenuating the allergic response in animals. U.S. 5,585,400. 

1 1. Cook, M.E. and Pariza, M.W. Methods of treating animals to maintain or enhance bone 
0 

mineral content and compositions for use therein. U S .  5,804,210. 

12. Satter, L.D., Dhiman, ‘T.R., and Pariza, M.W. Method of increasing the CLA content of 
cow’s milk. U.S. 5,770,247. 

13. Cook, M.E., Pariza, M.W., and Jerome, D.L. Use of CLA to reduce the incidence of valgus 
and vargus leg deformities in poultry. U.S. 5,760,083. 

14. Pariza, M.W. and Yan,g, X. Method of producing conjugated fatty acids. U.S. 5,856,149. 

15. Pariza, M.W. and Lee, K.N. Method to reduce secretion of apolipoprotein 3. 
U.S. 5,837,733. 

16. Cook, M.E., Pariza, M:.W., Kim, S., and DeVoney, D. Methods of treating animals to 
enhance natural killer lymphocyte function. US.  5,914,346. 

17. Cook, M.E., Park, Y., and Pariza, M.W. Method for controlling body fat and/or body 
weight in animals and pharmaceutical compositions for use therein. U.S. 5,855,917. 

18. Cook, M.E., Jerome, D.L., Pariza, M.W., and Buege, D.R. Method for increasing fat 
firmness and improving meat quality in animals. U.S. 5,851,572. 
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19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Cook, M.E. and Pariza, M.W. Method for maintaining an existing level of body fat andor 
body weight. US .  5,814,663. 

Cook, M.E. Pariza, M. W., Yang, X., and DeVoney, D. Methods of treating animals to 
maintain or increase CD-4 and CD-8 cell populations. U.S. 5,827,885. 

Cook, M.E., Jerome, D., and Pariza, M.W. Method for selectively altering body fat level, 
feed efficiently, or weight gain. U.S. 6,020,378. 

Pariza, M.W. and Yang, X .  Methods of treating animals to maintain or increase CD-4 and 
CD-8 cell populations. U.S. 6,020,376. 

Pariza, M.W. and Yang, X. Method of producing conjugated fatty acids. US. 5,856,149. 

Pariza, M.W. and Yang, X-Y. Method of producing conjugated fatty acids. US.  6,060,304. 

Cook, M.E., Jerome, D.L., Pariza, M.W., Buege, D.R., and Mozdziak, P. Method of 
increasing fat firmness. and improving meat quality in animals. U.S. 6,060,087. 

Cook, M.E., Whighaml, L.D., and Pariza, M.W. Selective inhibition of cyclooxygenase-2. 
U.S. 6,077,868. 

Cook, M.E., Aydin, R., and Pariza, M.W. Eggs enriched with conjugated linoleic acid. 
U.S. 6,113,973. 

Cook, M., Yang, M., and Pariza, M.W. Method of increasing longevity and preventing 
body weight wasting iin autoimmune disease by using conjugated linoleic acid. 
US.  6,395,782. 

-- (Note: Foreign patent equivalents on each of these have issued or are pending.) -- 

Publications: 

1. Pariza, M. W. and Iandolo, J. J. 1969. Coagulase production by injured Stuphylococcus 
aureus MF-3 1 during recovery. Appl. Microbiol. 17:836-838. 

Rosenthal, L. J., Martin, S. E., Pariza, M. W. and Iandolo, J. J. 1972. Ribosome synthesis 
in thermally shocked cells of Staphylococcus aureus. J. Bucteriol. 109:243-249. 

Pariza, M. W. and Iandolo, J. J. 1974. Base ratio and DNA homology studies on six 
Staphylococcus aureu,s. Appl. Microbiol. 2713 17-323. 

Pariza, M. W. and Iandolo, J. J. 1974. Determination of genome size of selected 
bacteriophages ofStai?hylococcus aureus. Appl. Microbiol. 28:5 10-5 12. 

2. 

3. 

4. 
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5. Pariza, M. W., Becker, J. E., Yager, J. D., Jr., Bonney, R. J. and Potter, V. R. 1974. 
Enzyme induction in pirimary cultures of rat liver parenchymal cells, pp. 267-284. In W. 
Nakahara, T. Ono, T. Sugimura and H. Sugano (eds.) Dzflerentiation and control of 
malignancy of tumor c~dls. University of Tokyo Press, Tokyo, Japan. 

0 

6. Kletzien, R. F., Pariza, M. W., Becker, J. E. and Potter, V. R. 1975. A method using 
3 -0-methyl-D-glucose and phloretin for the determination of intracellular water space of 
cells in monolayer cultures. Anal. Biochem. 68:537-544. 

7. Kletzien, R. F., Pariza, M. W., Becker, J. E. and Potter, V. R. 1975. A "permissive" effect 
of dexamethasone on the glucagon induction of amino acid transport in cultured 
hepatocytes. Nature 256:46-47. 

8. Pariza, M. W., Yager, .J. D., Jr., Goldfarb, S., Gurr, J. A., Yanagi, S., Grossman, S. H. 
Becker, J. E., Barber, R. A. and Potter, V. R. 1975. Biochemical, autoradiographic and 
electron microscopic stQdies on adult rat liver parenchymal cells in primary culture, pp. 
137-1 67. In L. E. Gerschenson and E. B. Thompson (eds.) Gene expression and 
carcinogenesis in cultwed liver. Academic Press, New York. 

9. Yager, J. D., Jr., Pariza, M. W., Becker, J. E. and Potter, V. R. 1975. DNA synthesis in 
primary cultures of parenchymal cells isolated from regenerating rat liver, pp. 148- 15 1. In 
R. Lesch and W. Reutter (eds.) Liver regeneration after experimental injury. Stratton 
Intercontinental Medical Book Corporation, New York. 

10. Pariza, M. W., Yanagi., S., Gurr, J. A., Morris, H. P. and Potter, V. R. 1976. Ornithine 
decarboxylase activity and DNA synthesis in Morris hepatomas 5123-C and 7800. Life Sci. 
18139-48. 

11. Kletzien, R. F., Pariza, M. W., Becker, J. E., Butcher, F. R. and Potter, V. R. 1976. 
Induction of amino acid transport in primary cultures of adult rat liver parenchymal cells by 
insulin. J# Biol. Chem.. 251 :3014-3020. 

a 

12. Pariza, M. W., Yanagi, S., Gurr, J. A., Morris, H. P. and Potter, V. R. 1976. Fasting does 
not abolish the diurnal oscillation of ornithine decarboxylase in Morris hepatoma 5123-C. 
Life Sci. 1 9: 1 553- 1 558.. 

13. Pariza, M. W., Butcher, F. R., Kletzien, R. F., Becker, J. E. and Potter, V. R. 1976. 
Induction and decay of glucagon-induced amino acid transport in primary cultures of adult 
rat liver cells: Paradoxical effects of cycloheximide and puromycin. Proc. Natl. Acad. Sci. 
U.S.A. 73~4511-4515. 

14. Pariza, M. W., Kletzien, R. F., Butcher, F. R. and Potter, V. R. 1976. Inductions by 
hormones added singly, simultaneously or sequentially: What cultured hepatocytes can tell 
us about metabolic regplation in the whole animal. Adv. Enzyme Regulation 14: 103-1 15. 
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15. Kletzien, R. F., Pariza, M. W., Becker, J. E. and Potter, V. R. 1976. Hormonal regulation 
of amino acid transport and gluconeogenesis in primary cultures of adult rat liver 
parenchymal cells. J.  Cell. Physiol. 89:641-646. 

16. Pariza, M. W., Butcher, F. R., Becker, J. E. and Potter, V. R. 1977. Cyclic 
AMP-independent induction of amino acid transport by epinephrine in primary cultures of 
adult rat liver cells. Proc. Natl. Acad. Sci. U.S.A. 74:234-237. 

17. Pariza, M. W., Kletzien, R. F. and Potter, V. R. 1977. A model for the "permissive" effect 
of glucocorticoids on the glucagon induction of amino acid transport in cultured 
hepatocytes, pp. 379-388. In R. T. Acton and J. D. Lynn (eds.).Proc. International Cell 
Culture Congress. Academic Press, New York. 

18. Goldfarb, S., Barber, 7'. A., Pariza, M. W. and Pugh, T. W. 1978. Lipid synthesis and 
ultrastructure of adult rat hepatocytes during their first twenty-four hours in culture. Exptl. 
Cell Res. 117:39-46. 

19. Giger, 0. and Pariza, 14. W. 1978. Depression of amino acid transport in cultured rat 
hepatocytes by purified enterotoxin from Clostridium perfingens. Biochem. Biophys. Res. 
Commun. 82:378-3 83. 

20. Saccone, G. T. P. and Pariza, M. W. 1978. Effects of dietary butylated hydroxytoluene and 
phenobarbita1 on the activities of ornithine decarboxylase and thymidine kinase in rat liver 
and lung. Cancer Lett. 5:145-152. 

21. Pariza, M. W., Ashoor, S. H., Chu, F. S. and Lund, D. B. 1979. Effects of temperature and 
0 

time on mutagen formation in pan-fi-ied hamburger. Cancer Lett. 7:63-69. 

22. Pariza, M. W., Ashoor, S. H. and Chu, F. S. 1979. Mutagens in heat-processed meat, 
bakery and cereal products. Food Cosmet. Toxicol. 17:429-430. 

23. Pariza, M. W. 1979. :Food safety: from the eye of a hurricane. Professional Nutritionist 
11:ll-14 (commissioned article). 

24. Giger, 0. and Pariza, lvi. W. 1980. Mechanism of action of Clostridium perfingens 
enterotoxin: effects on membrane permeability and amino acid transport in primary culture 
of adult rat hepatocyte:s. Biochim. Biophys. Acta 595:264-276. 

25. Ashoor, S. H., Dietricln, R. A., Chu, F. S. and Pariza, M. W. 1980. Proline enhances 
mutagen formation in ground beef during fiymg. Life Sci. 26: 1801 -1 805. 

26. Gayda, D. P. and Parka, M. W. 1980. Rat hepatocytes in primary monolayer culture: a 
tool for investigating lhe regulation of carcinogen metabolism, pp. 1 165-1 168. In M. J. 
Coon, A. H. Conney, IR. W. Estabrook, H. V. Gelboin, J. R. Gillette and P. J. O'Brien (eds.) 
Microsomes, drug oxidations and chemical carcinogenesis, Voi. 11. Academic Press, New 
York. 
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27. e 
28. 

29. 

30. 

31. 

32. 

33. 

0 
34. 

35. 

36. 

37. 

38. 

39. 

0 

Saccone, G. T. P. and l’ariza, M. W. 1981. Enhancement of hepatic microsome-mediated 
bacterial mutagenesis by the rat liver soluble protein fraction. Mutat. Res. 88:135-145. 

Gayda, D. P. and Pariza, M. W. 1981. Activation of aflatoxin B1 by primary cultures of 
adult rat hepatocytes: effects of hepatocyte density. Chem. Biol. Interactions 35:255-265. 

Saccone, G. T. P., DasiGupta, B. R. and Pariza, M. W. 1981. Enhancement of 
N-hydroxy-2-aminofluorene bacterial mutagenicity by the soluble protein fraction fiom rat 
liver and partial purification of the enhancement activity. Cancer Res. 41 :4600-4605. 

Pariza, M. W. 1982. Mutagens in heated foods. Food Technol. 36:53-56. 

DasGupta, B. R. and Pariza, M. W. 1982. Purification of two Clostridium perflingens 
enterotoxin-like proteins and their effects on membrane permeability in primary cultures of 
adult rat hepatocytes. .hfect. Immun. 38592-597. 

Pariza, M. W. (Consulting Reviewer). 1982. Oncology Overview on mutagens and 
carcinogens in cooked., smoked and charred foods. National Technical Information Service, 
Springfield, VA. Dociment #PB82-922914. 

Hargraves, W. A., Dietrich, R. A. and Pariza, M. W. 1982. A new chromatographic 
method for separating mutagens fiom commercial beef extract and fried ground beef. In H. 
F. Stitch (ed.) Carcinogens and Mutagens in the Environment, Vol. I, Food Products. CRC 
Press, Inc., pp. 223-229. 

Hargraves, W. A. and Pariza, M. W. 1983. Purification and mass spectral characterization 
of bacterial mutagens :kom commercial beef extract. Cancer Res. 43: 1467-1472. 

Gayda, D. P. and Pariza, M. W. 1983. Activation of 2-amino-3-methylimidazo 
[4,5-fJquinoline and 2.-aminofluorene for bacterial mutagenesis by primary monolayer 
cultures of adult rat hepatocytes. Mutat. Res. 118:7-14. 

Gayda, D. P. and Pariza, M. W. 1983. Effects of carcinogens on hormonal regulation of 
gene expression in primary cultures of adult rat hepatocytes. Carcinogenesis 4: 1 127-1 13 1.  

Schwartz, S. J., von Ellbe, J. H., Pariza, M. W., Goldsworthy, T. J. and Pitot, H. C. 1983. 
Inability of red beet betalain pigments to initiate or promote hepatocarcinogenesis. Fd. 
Chem. Toxic. 21:531-535. 

Pariza, M. W. 1983. Carcinogenicity/toxicity testing and the safety of foods. Food 
Technol. 37(1):84-86. 

Pariza, M. W., Loretz,. L. J., Storkson, J. M. and Holland, N. C. 1983. Mutagens and 
modulators of mutagenesis in fried ground beef. Cancer Res. 43:2444~-2446s. 
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40. 0 
41. 

42. 

43. 

44. 

45. 

46. 

0 

47. 

48. 

49. 

50. 

51. 

52. 

0 

Pariza, M. W. and Foster, E. M. 1983. Determining the safety of enzymes used in food 
processing. J.  Food B o t .  46:453-468. 

Pariza, M. W. 1984. A perspective on diet, nutrition, and cancer. J, Amer. Med. Assoc. 
25 1 : 1455-1458 (commiissioned article). 

Loretz, L. J. and Pariza, M. W. 1984. Effect of glutathione levels, sulfate levels and 
metabolic inhibitors on covalent binding of 2-amino-3-methylimidazo[4,5-fl quinoline and 
2-acetylaminofluorene to cell macromolecules in primary monolayer cultures of adult rat 
hepatocytes. Carcinogenesis 55395-899. 

Hargraves, W. A. and Pariza, M. W. 1984. Mutagens in cooked foods. J. Environ. Sci. 
Health C2( 1): 1-49. 

Pariza, M. W. and Hargraves, W. A. 1985. A beef-derived mutagenesis modulator inhibits 
initiation of mouse epidermal tumors by 7,12-dimethylbenz[a]anthracene. Carcinogenesis 
6591 -593. 

Pariza, M. W. 1985. Diet and cancer. American Council on Science and Health, 
New York, NY. 

Pariza, M. W., Hargraves, W. A., Benjamin, H., Cristou, M., Jefcoate, C .  R., Storkson, J., 
Albright, K., Kraus, D., Sharp, P., Boissonneault, G. A. and Elson, C. E. 1986. 
Modulation of carcinogenesis by dietary factors: I. Inhibition of carcinogenesis by a 
beef-derived mutagenesis modulator; and 11. Role of net energy in enhancement of 
carcinogenesis by dietary fat. Environ, HeaZth Perspectives 67:25-29. 

Pariza, M. W., Hargraves, W. A. and Boissonneault, G. A. 1986. Modulation of 
carcinogenesis by a beef-derived mutagenesis modulator, and by dietary fat, in Genetic 
ToxicoZogy ofthe Diet, I. Knudsen (ed.), Alan R. Liss, Inc., pp. 265-271. 

Boissonneault, G. A., Elson, C. E. and Pariza, M. W. 1986. Net energy effects of dietary 
fat on chemically-induced mammary carcinogenesis in F344 rats. JVCI 76:335-338. 

Pariza, M. W. 1986. Analyzing current recommendations on diet, nutrition and cancer. 
Fd. Nutrit. News 58:  1-3 (commissioned article). 

Pariza, M. W. 1986. Calories and energy expenditure in Carcinogenesis. Contemporaiy 
Nutrit. Vol. XI, No. 4 (commissioned article). 

Pariza, M. W. 1986. Calorie restriction, ad libitum feeding, and cancer. FASEB 
Symposium on Nutrit:ion and Cancer. Proc. SOC. Exptl. Biol. Med. 183:293-298. 

Pariza, M. W. 1986. Diet and cancer: science vs policy. Pediatric Basics 44:lO-15. 
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53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

Pariza, M. W. 1986. Symposium on calories and energy expenditure in carcinogenesis-- 
executive summary. Nutrit. Today, July/August, 2 1-23. 

Poirier, L. A., P. M. Newberne, and M. W. Pariza, (eds.). 1987. Role of Essential Nutrients 
in Carcinogenesis, Plenum Press, New York, 562 pp. 

Boissonneault, G .  A., lfson, C. E. and Pariza, M. W. 1987. Dietary fat and neoplasia: The 
role of net energy in enhancement of carcinogenesis; Effects of fat and calories on the 
immune system, In: Role of Essential Nutrients in Carcinogenesis, L. Poirier, P. Newberne 
and M. Pariza (eds.), Plenum Press, New York, pp. 85-98. 

Pariza-, M. W. (Task Force Chair). 1987. Diet and health. Council for Agricultural Science 
and Technology, Ames, Iowa. 

Pariza, M. W. and Boutwell, R. K. 1987. Calories and energy expenditure in 
carcinogenesis: Historical Perspective. Amer. J. Clin. Nutrit. (supplement) 45: 151 -1 56. 

Pariza, M. W. 1987. Fat, calories, and mammary carcinogenesis. Amer. J. Clin. Nutrit. 
(supplement) 45:261-2163. 

Pariza, M. W. 1987. Dietary fat, calorie restriction, ad libitum feeding, and cancer risk. 
Nutrit. Rev. 45: 1-7 (commissioned lead article). 

Ha, Y. L., Grimm, N. IK. and Pariza, M. W, 1987. Anticarcinogens fiom fried ground beef 
Heat-altered derivatives of linoleic acid. Carcinogenesis 8: 1 88 1-1 887. 

Pariza, M. W. 1988. ]Effects of calorie intake and expenditure on carcinogenesis, In: 
Horticulture and Human Health. Contributions of Fruits and Vegetables. Proc. 1 st Int. 
Symp. Horticulture and Human Health. B. Quebedeaux and F. A. Bliss (eds.), 
Prentice-Hall, Englewiood Cliffs, N.J., pp. 144-1 49. 

Pariza, M. W. 1988. :Dietary fat and cancer risk: Evidence and research needs. Ann. Rev. 
Nutr. 8:167-183. 

Benjamin, H., Storkson, J., Tallas, P. G., and Pariza, M. W. 1988. Reduction of 
benzo(a)pyrene-induced forestomach neoplasms in mice given nitrite and dietary soy sauce. 
Fd. Chem. Toxicol. 26:671-678. 

Ha, Y. L., Grimm, N. K., and Pariza, M. W. 1989. Newly recognized anticarcinogenic 
fatty acids: Identification and quantification in natural and processed cheeses. J. Ag. Fd. 
Chem. 37:75-81. 

Johnson, E. A. and M.. W. Pariza. 1989. Microbiological principles for the safety of foods, 
In: International Food Regulation Handbook. Policy, Science, Law. R. D. Middlekauff 
and P. Shubik (eds.), Marcel Dekker, Inc., New York, pp. 135-174. 
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66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

0 

Pariza, M. W. 1989. A perspective on diet and cancer, In: Food Toxicology. A 
Perspective on Relative Risks. S. L. Taylor and R. A. Scanlan (eds.), Marcel Dekker, Inc., 
New Y ork, pp. 1 - 1 0. 

Ha, Y. L., Storkson, J. and Pariza, M. W. 1990. Inhibition of benzo(V)pyrene-induced 
mouse forestomach neoplasia by conjugated dienoie derivatives of linoleic acid. Cancer 
Res. 50:1097-1101. 

Pariza, M. W. and Ha, Y. L. 1990. Newly recognized anticarcinogenic fatty acids, In: 
Antimutagenesis and Anticarcinogenesis Mechanisms I.. Y. Kuroda, D. M. Shankel and M. 
D. Waters (eds.), Plenum Press, New York, pp. 167-170. 

Pariza, M. W., H. -U. Aeschbacher, J. S. Felton, and S. Sat0 (eds). 1990. Mutagens and 
Carcinogens in the Diet, Wiley-Liss, Inc., New York, 332 pp. 

Pariza, M. W. and Ha, Y. L. 1990. Conjugated dienoic derivatives of linoleic acid: 
Mechanism of anticarcinogenic effect, In: Mutagens and Carcinogens in the Diet. M. W. 
Pariza, H.-U. Aeschbacher, J. S. Felton, and S. Sat0 (eds.), Wiley-Liss, Inc., New York, pp. 
21 7-22 1. 

Pariza, M. W., and Ha, Y. L. 1990. Conjugated dienoic derivatives of linoleic acid: a new 
class of anticarcinogens. Medical Oncology Tumor Pharmacology. 7: 169-1 72. 

Pariza, M. W. 1990. Diet and cancer, In: Foodborne Diseases. D. 0. Cliver (ed.), 
Academic Press, Inc., New York, New York, pp. 308-317. 

Pariza, M. W. 1990. Perspectives on food safety and biotechnology, In: Biotechnoloay 
and Food Safety, Proceedings of the Second International Symposium. D. D. Bills and S. 
D. Kung (eds.), Butterworth-Heinemann, Boston, pp. 47-52. 

Ha, Y. L., and Pariza, IM. W. 1990. Anticarcinogenic conjugated dienoic derivatives of 
linoleic acid found in grilled ground beef: Isolation, identification, and mechanism of 
action, In: The First Korean Conference on Science and Technology. The Korean 
Federation and Science Association, Seoul, Korea, pp. 442-445. 

Pariza, M. W. 1990. Evaluating the relative safety of biotechnologically produced foods. 
In: Agricultural Biotechnology, Food Safety and Nutritional Quality for the Consumer, 
NABC Report 2. Union Press of Binghampton, New York, pp. 167-1 73. 

Benjamin, H., Storksoin, J., Nagahara, A. and Pariza, M. W. 1991. Inhibition of 
benzo[a]pyrene-induced mouse forestomach neoplasia by dietary soy sauce. Cancer Res. 
5 1 2940-2942, 

Pariza, M. W. 1991. CLA, a new cancer inhibitor in dairy products. Bull. Int. Dairy Fed. 
257129-30. 
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78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

Pariza, M. W. and Ha, Y .  1991. Fatty acids that inhibit cancer: Conjugated dienoic 
derivatives of linoleic acid. In: Nutrients and Cancer Prevention, K. N. Prasad and F. L. 
Meyskens, Jr. (eds.), Humana Press, Clifton, NJ, pp. 113-1 17. 

Pariza, M. W., Ha, Y. la., Benjamin, H., Sword, J. T., Griiter, A., Chin, S. F., Storkson, J., 
Faith, N., and Albright, K. 1991. Formation and action of anticarcinogenic fatty acids. In: 
Nutritional and Toxicological Consequences of Food Processing, M. Friedman (ed.), 
Plenum Publishing Coip., New York, New York, pp. 269-272. 
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Member, Application Review Committee, Biomedical Student Research Program (Intramural), 

Member, Application Review Committee, Biomedical Research Support Grants (Intramural), 

Member, Committee on Graduate Studies and Research, College of Veterinary Medicine, 1981- 

Member, College Advisory Council, College of Veterinary Medicine, 1981 -1 985; Vice- 

Member, Admission:; and Policy Committee for Graduate Program of the Center for 

Member, Search Committee for Faculty Position, Department of Pharmacology and Toxicology, 

Member, Graduate Studies Committee, Department of Pharmacology and Toxicology, 1982- 

Member, Search Corrimittee for Dean of College of Veterinary Medicine, 1983-1984. 
Member, Curriculum Committee, Department of Pharmacology and Toxicology, 1983-1 984, 1985- 

Chairperson, Admissions and Policy Committee for Graduate Program in Environmental 

Chairman, 1980-1 982. 

1981 -1 982. 

1981. 

College of Human Medicine, 1981. 

1983, 1988-1 !992, 1996-2000. 

Chairperson, 1983-1 984; Chairperson, 1984-1 985. 

Environmental Toxicology, MSU, 1982-1 984. 

1982. 

1983, 1990-1'992. 

1986. 

Toxicology, lristitute for Environmental Toxicology, MSU, 1984-present. 
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Co-Organizer, Seminar Program, Department of Pharmacology and Toxicology, 1985-1 986. 
Member, Committee on Rosenberg Chair in the Biological Sciences, 1987. 
Member, University Riesearch Council, Michigan State University, 1988-1 995. 
Organizer, Seminar F’rogram, Department of Pharmacology and Toxicology, 1988; Spring, Fall, 

Cochair, Toxicology Planning Committee, Food Safety and Toxicology Center, 1991 -1 996. 
Chairperson, Search Committee for Faculty, Departments of Pharmacology and Toxicology and 

Member, Student Perlormance Committee, College of Veterinary Medicine, 1992-1 996. 
Member, Dean’s Design Team (for strategic planning process) , College of Veterinary Medicine, 

Member, Executive Committee, Pharmacological Sciences Training Grant, 1999-2001. 
Member, Search Cornmittee for Director, National Food Safety and Toxicology Center, 1999- 

Member, Search Committee for Genomics Faculty, 1999-2000. 
Organizer, Joint NFSlWIET Seminar Program, 1999-2000. 
Member, Strategic Planning Committee, Dept. of Pharmacology and Toxicology, 2000-2001. 
Member, Steering Committee for Food, Nutrition and Chronic Disease Fund, 1999-present. 
Member, Advisory Coimmittee, National Center for Food Safety and Toxicology, 1999-present. 
Member, Biomedial Flesearch Advisory Committee (advises Provost and VP for Research and 

Graduate Studies), 2000-present. 
Member, Strategic Planning Committee, Institute for Environmental Toxicology, 2000-present. 
Member, Graduate Committee, Dept. of Pharmacology and Toxicology, 2000-present. 
Member, College Advisory Council, 2001 -present. 
Member, Steering Committee, Doctoral Program in Comparative Medicine and Integrative 

Member, Faculty Advisory Committee, Department of Pharmacology and Toxicology, 1 978-79; 

0 
1990; Winter, Spring, 1992; Spring, 1994, Spring 1996. 

of Pathology, 1992. 

1996-1 997. 

2000. 

Biology, 1998-present. 

1982-83; 1984-85; 1986-90; 1992-1 996, 1998-1 999, 2001 -present. 0 
State/Reaional 

Consultant to Ka1ama;mo County on Environmental Toxicology matters, 1979. 
Guest Lecturer in adullt education program of Haslett Public Schools, Haslett, MI. 
Organizer and Moderator of Eighth Annual Pharmacology Research Colloquium, a regional 

Member, Tri-County Hleart Unit Board of the Michigan Heart Association, 1980-1983. 
Council Member, Michigan Regional Chapter of Society of Toxicology, 1983-1 983. 
Member, Research Grant Review Committee, American Heart Association of Michigan, 1983- 

Member, Steering Committee, The Multidisciplinary Asbestos/Mesothelioma/ Fibrous Dust 

President, Board of Directors, Tri-County Unit, American Heart Association of Michigan, 1984- 

Chairperson of Scientiific Session, 1 4‘h Annual Michigan Cardiovascular Research Forum, 9/84. 
Member, Nominating Committee, Michigan Regional Chapter, Society of Toxicology, 1993, 1997. 

student research conference, June 20, 1980. 

1985. 

Center, Lansing, MI, 1983-1 987. 

1985. 

NationaVlnternationaI 

Member, Advisory Panel for Evaluation of the NIEHS Environmental Toxicology Training 

Chairperson of Scientific Session at Annual Meeting of Society of Toxicology (SOT), 1982, 1986, 

Chairperson of Scientific Session at Joint Meeting of American Society of Pharmacology and 

Program, 1979-1 982. 

1987,1988,1990. 

Experimental Therapeutics and Society of Toxicology, Fall, 1982. 
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I 

Research Grant Reviewer for The Johns Hopkins Center for Alternatives to Animal Testing, 1982- 

Special Reviewer, Toxicology Study Section, N.I.H., 2/84. 
Outside Reviewer, TaKicology Study Section, N.I.H., 6/84. 
Outside Reviewer, T0:Kicology Study Section, N.I.H., 9/84. 
Member, Special Study Section, NHLBI, 6/84, for review of grant applications regarding "Markers 

Outside Reviewer, T0:Kicology Study Section, N.I.H., 2/85. 
Special Reviewer, Toxicology Study Section, N.I.H., 6/85. 
Member, Animals in Research Committee, Society of Toxicology, 1984-1 986. 
Member, Special Studiy Section, N.I.H., 10/88. 
Member, Toxicology Study Section, N.I.H., 1985-1 989. 
Associate Editor, Toxilcotoav and Amlied Pharmacoloav, 1 986-1 993. 
Member, Expert Panel on Pulmonary Toxicology, Committee on Biological Markers, National 

Member, Program Coimmittee, Society of Toxicology, 1988-1 990. 
Mechanisms Specialty Section, Society of Toxicology -- Member, Nominating Committee, 1983- 

84; Councillor, 1986-88; Vice-President-elect, 1988-89; Vice-president, 1989-90; 
President, 1990-91 ; Councillor, 1991 -92. 

Member, Advisory Council, Center for Alternatives to Animal Testing, 1988-1 995. 
Member, Education Committee, Society of Toxicology, 1990-1 993. 
Member, NIH Site Visiit Team, NHLBI, 1990. 
Associate Editor, Center for Alternatives to Animal Testing Newsletter, 1991 -1 995. 
Member, Toxicology F'rogram Review Committee, University of North Carolina, 1991. 
Outside Reviewer, Toxicology Study Section, NIH, 1991. 
Member, NIH Site Visiit Team, NIEHS, 1991. 
Symposium Organizer and Moderator, CAAT Symposium, 1991. 
Organizer and Moderator, New Investigators Forum, Society of Toxicology Annual Meeting, 1992. 
Reviewer, Special Study Section (Pharmacology), NIH, 2/92. 
Consultant, Toxicolog,y Program, Ponce School of Medicine, Ponce, PR, 1992-1 996. 
Reviewer, Special Study Section (Pharmacology), NIH, 10/92. 
Reviewer, NIH Special Study Section (NIEHS, Ozone RFA), 1992 
Consultant, Toxicology Program, University of Houston Health Sciences Center, 1992-1 998. 
Member, Executive Committee, Toxicology Division, ASPET, 1993-1 995 
Member, SOT Council, 1993-1 995. 
Member, Advisory Board, Southwest Center for Toxicology, University of Arizona, 1993-2000. 
Member, Environmental Health Sciences Review Committee, NIEHS, 1994-1 999. 
External Member, Review Committee for Evaluation of Director, Curriculum in Toxicology, Univ. 

Outside Reviewer, Environmental Health Sciences Review Committee, NIEHS, 7/00. 
Member, Board of Publications, Society of Toxicology, 1998-present; Chair, 1999-2001. 
Member, Board of Directors, American Board of Toxicology, 1998-2002. 
Reviewer, Ad Hoc, Enlvironmental Health Sciences Review Committee, NIEHS, 2001. 
Member, Editorial Board, Toxicoloav and ADplied Pharmacoloav, 1984-1 986; 1993-present. 
Member, Editorial Board, Journal of Toxicoloav and Environmental Health, 1985-present. 
Member, Editorial Board, General Pharmacoloav: The Vascular System, 1999-present. 
Food Safety Specialty Section, Society of Toxicology-- Vice President Elect, 1999-2000; Vice 

1987. 

for injury and repair of pulmonary endothelium." 

Academy of Sciences, 1986-1 988. 

of North Carolina, 1997. 

President, 2000-2001 ; President, 2001 -2002. 

Appendix 19 Page 5 



RESEARCH GRANTS FUNDIED: 

NIEHS Young Investigator Research Grant -- Environmental Agents and Non-respiratory Lung 
0 

Function. 2/1/78-1/31/81; $88,000; Principal Investigator. 

Michigan Heart Association Research Grant -- Pulmonary Biogenic Amine Disposition in 
Hypertension. 7/1/78-.6/30/80, $22,000; Principal Investigator. 

Council for Tobacco Research, Research Grant -- The Effects of Hypoxic Hypoxia, Carbon 
Monoxide and Treatments Influencing Response to Hypoxia on Endocrine-like Cells in Airways of 
Young Rabbits. 7/1D!9-6/30/80, $1 4,000; Co-Investigator. 

Michigan Lung Association Research Starter Grant -- Isolation, Identification and Toxicity of the 
Pulmonary Toxicant Paraquat and Its Pyrolysis Products. 12/1/78-11/30/79, $5,000; Co- 
Investigator. 

College of Osteopathiic Medicine Biomedical Research Support Grant (intramural) -- Pulmonary 
Biogenic Amine Disposition in Maturing Rats. 1/11/77-10/31/78, $2,000; Principal Investigator. 

College of Osteopathic Medicine Biomedical Research Support Grant (intramural) -- Lung 
Clearance of Benzo(a)pyrene in Induced Rats. 12/1/78-2/28/80, $3,000; Principal Investigator. 

College of Veterinary Medicine Biomedical Research Support Grant (intramural) -- Protection 
from Pulmonary Oxyg'en Toxicity. 10/1/79-9/30/80, $5,000; Principal Investigator. 

College of Osteopathic Medicine Biomedical Research Support Grant (intramural) -- Effects of 
PBB and Monocrotalirre on Lung and Liver. 12/1/79-11/30/80, $4,000; Principal Investigator. 

Council for Tobacco Research, Research Grant -- The Effects of Hypoxic Hypoxia, Carbon 
Monoxide, and Treatments Influencing Hypoxia Toxicity on Endocrine-like Cells in Airways of 
Rabbit Fetuses. 7/1/8 0-6/30/82, $20,000; Co- Invest igator. 

Michigan Heart Association Research Grant -- Pulmonary Biogenic Amine Removal in 
Hypertension. 7/1/80-6/30/81, $1 5,000 (renewal); Principal Investigator. 

U.S. Department of Agriculture -- Intestinal p-Cresol Production and Pulmonary Toxicity in the 
Young Pig. 9/1/81 -8AW83, $56,000; Co-Investigator. 

NIEHS Research Grant -- Platelets and Lung Injury from Monocrotaline. 4/1/81 -3/31/84, $97,000; 
Principal Investigator. 

NHLBI Research Grant -- Blood Flow and Pulmonary Benzo(a)pyrene Disposition. 6/1/81 - 
5/31/85, $1 43,000; Principal Investigator. 

Michigan Heart Association Research Grant -- Diet and Cor Pulmonale from Monocrotaline. 
7/1/83-6/30/84, $1 6,000; Principal Investigator. 

Upjohn Company Gilt -- Ibuprofen Effects on Development of Pulmonary Hypertension from 
Monocrotaline. $2,000, 1984. 

Upjohn Company Grant -- Early Cardiopulmonary Effects of Monocrotaline Pyrrole: A Model of 
ARDS. 1/1/85-9/30/86, $6,000; Principal Investigator. 

American Heart Association of Michigan -- Pulmonary Vascular Effects of ANTU. 7/1/85-6/30/86, 
$1 7,500; Principal Investigator. 
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Upjohn Company Grant -- 15-HETE in ARDS Models. 
Investigator. 

10/1/85-9/30/86, $10,800; Principal 

. NIEHS Research Grant -- Platelets and Lung Injury from Monocrotaline (competing renewal). 
4/1/84-3/31/88, $259,000; Principal Investigator. 

NHLBI Research grant -- Effectors in Pulmonary Hypertension from Monocrotaline. 6/1/84- 
5/31/87, $260,000; Principal Investigator. 

Upjohn Company Grant -- Studies of Mechanisms of Lung Injury. 10/1/86-9/30/87, $8,877; 
Principal Investigator. 

NHLBl Research Grant -- Role of Eicosanoids in Airway Hyperresponsiveness. 10/1/86-9/30/90, 
$401,000; Co-lnvestigiator. 

NIEHS Research Grant -- Neutrophils and Hepatotoxicity. 6/1/86-5/31/92, $572,000; Principal 
Investigator. 

College of Human Medicine Biomedical Research Support Grant (intramural) -- Hepatotoxic 
Agents and Neutrophil Chemotaxis. 7/1/88-6/30/89, $7,500; Co-Principal Investigator. 

NIEHS Research Grant -- Platelets and Lung Injury from Monocrotaline (competing renewal). 
4/1/88-3/31/93, $817,000; Principal Investigator. Converted to MERIT Award, 8/88 (funded 
through 3/98). 

NlEHS Superfund Rlesearch and Education Program Project Grant -- Health Hazards from 
Groundwater Contamination. 1/1/89-11/30/91, Subproject 8, $634,000; Principal Investigator of 
Subproject. 

NIEHS Research Grant -- Neutrophils and Hepatotoxicity. 12/1/91 -1 1/30/96, $660,000; Principal 
Investigator. 

NlEHS Superfund R'esearch and Education Program Project Grant -- Health Hazards from 
Groundwater Contamination. 4/1/92-3/31/95, Suproject 5, $622,000; Principal Investigator. 

NlEHS Research Grant -- Platelets and Lung Injury from Monocrotaline (MERIT Award). 411193- 
3/31/98, $748,141 ; Principal Investigator. 

NIEHS Superfund Research and Education Program Project Grant -- HealthHazards from 
Groundwater Contamination. 4/1/92-3/31/00, Suproject 4a , $320,000; Co-investigator. 

NIDDK, NIH Research Grant--Distal Events in the Hepatotoxicity of Endotoxin. 7/1/96-6/30/00, 
$640,000; Principal lnlvestigator. 

Dow Foundation, SPHERE Program-Unrestricted research funds to National Food Safety and 
Toxicology Center. 1 1/14/97, $75,000; Principal Investigator. 

NIEHS Research Grant -- Neutrophils and Hepatotoxicity. 4/1/98-3/31/03, $625,000; Principal 
Investigator. 

Pharmacia Corp. Grant-Inflammation as a Determinant of Susceptibility to Drug Toxcicity: 
Toward an Animal Model of Drug Idiosyncrasy. 10/1/01-9/30/02, $1 15,000; Principal Investigtor. 
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MAJOR ADVISOR FOR THE FOLLOWING DOCTORAL STUDENTS: a - 
Name: 
DegreeNear of Graduation: 
Thesis Title: 

Current Position: 

Name: 
DegreeNear of Graduation: 
Thesis Title: 
Current Position: 

Name: 
DegreeNear of Graduation: 
Thesis Title: 

Current Position: 

Name: 
DegreeNear of Graduation: 
Thesis Title: 

Current Position: 

DegreeNear of Graduation: 
Thesis Title: 

Current Position: 

Name: 
D e g r d e a r  of Graduation: 
Thesis Title: 

Current Position: 

Name: 
D e g r d e a r  of Graduation: 
Thesis Title: 

Current Position: 

Name: 
DegreePlear of Graduation: 
Thesis Title: 
Current Position: 

Name: 
D e g r d e a r  of Graduation: 

0 

David A. Wiersma 
PhD, 1982, Pharmacology and Toxicology 
Organ metabolic clearance: Role of flow, enzymic capacity, and binding 
in the metabolic clearance of benzo(a)pyrene by rat liver and lung 
Senior Associate, Commercialization Group, Research Corporation 
Technologies, Tucson, AZ 

Katherine S. Hilliker (Sprugel) 
PhD, 1983, Pharmacology and Toxicology 
The role of platelets in monocrotaline-induced pulmonary hypertension 
Director, Toxicology, Chiron Corp., Seattle, WA 

Leon H. Bruner, DVM 
PhD, 1985, Pharmacology and Toxicology 
The role of immune effectors in monocrotaline pyrrole-induced 
pulmonary injury 
President, The Gillette Co., Gillette Medical Evaluation Laboratory, 
Needham, MA 

Patricia E. Ganey 
PhD, 1986, Pharmacology and Toxicology/Environmental Toxicology 
The role of the platelet and platelet mediators in the pulmonary 
hypertensive response to monocrotaline pyrrole 
Associate Professor, Pharmacology & Toxicology, Michigan State 
University 

Laurie J. Carpenter-Deyo 
PhD, 1988, Pharmacology and Toxicology 
Involvement of active oxygen metabolites and thromboxanes in phorbol 
myristate acetate toxicity to the isolated, perfused rat lung 
Consulting Toxicologist, Writeway Scientific Co., Nashville, TN 

James F. Reindel, DVM 
PhD, 1989, Pathology/Environmental Toxicology 
Monocrotaline pyrrole-induced pulmonary hypertension: Effects on 
pulmonary vasculature in vivo and in vitro 
Senior. Pathologist, Pfizer Corp., Ann Arbor, MI 

Lawrence J. Dahm 
PhD, 1990, Pharmacology and Toxicology/Environmental Toxicology 
Causal roles for neutrophils and glutathione in the liver injury caused by 
a-naphth ylisothiocyanate 
Manager, Toxicological Sciences, Drug Safety Evaluation, Pfizer Corp., 
Drug Safety Evaluation, Groton, CT 

James A. Hewett 
PhD, 1991, Pharmacology and Toxicology 
The role of inflammatory mediators in endotoxin hepatotoxicity 
Assistant Professor, Pharmacology, Univ of Connecticut, Farmington, CT 

Cindy M. Hoorn, DVM 
PhD, 1992, Pharmacology and Toxicology/Environmental Toxicology 
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Thesis Title: e 
Current Position: 

Name: 
D e g r d e a r  of Graduation: 
Thesis Title: 

Current Position: 

Name: 
DegreeNear of Graduation: 
Thesis Title: 
Current Position: 

Name: 
DegreeNear of Graduation: 
Thesis Title: 
Current Position: 

Name: 
Degree/Year of Graduation: 
Thesis Title: 

Current Position: 

0 Name: 
DegreeNear of Graduation: 
Thesis Title: 
Current Position: 

Name: 
D e g r d e a r  of Graduation: 
Thesis Title: 

Current Position: 

Effects of monocrotaline pyrrole on cultured endothelial cell function: 
Potential role of endothelial changes in vascular remodeling and the 
development of pulmonary hypertension 
Officer, Institutional Animal Care & Use, Pharmacia, Kalamazoo, MI 

A. Eric Schultze, DVM 
PhD, 1992, Pathology/Environmental Toxicology 
The role of the hemostatic system in monocrotaline pyrrole-induced 
pneumotoxicity and pulmonary hypertension 
Senior Pathologist, Eli tilly Corp., Greenville, IN 

Marc B. Bailie, DVM 
PhD, 1994, Pharmacology and Toxicology/Environmental Toxicology 
Mediators of inflammation and a-naphthylisothiocyanate hepatotoxicity 
Research Associate/Safety Pharmacology, Pfizer Global, Ann Arbor, MI 

Julia M. Pearson 
PhD, 1996, Pharmacology and Toxicology/Environmental Toxicology 
The role of platelets in lipopolysaccharide-induced liver injury 
Toxicologist, Michigan State Police, East Lansing, MI 

Patrick B. Lappin, DVM 
PhD, 1 997, Pathology/Environmental Toxicology 
The effect of monocrotaline pyrrole on cell proliferation and DNA 
synthesis in vitro and in vivo 
Toxicologic Pathologist, Sierra Biomedical, Inc., Dept. of Pathology, 
Sparks, NV 

Frederic J. Moulin, DVM 
PhD, 1 998, Pharmacology and ToxicologylEnvironmental Toxicology 
The role of thrombin in lipopolysaccharide-induced liver injury 
Scientist, Bristol-Myers Squibb Pharmaceutical Research Institute, 
Princeton, NJ 

James G. Wagner 
PhD, 1 998, Pharmacology and Toxicology/Environmental Toxicology 
Characterization of impaired pulmonary neutrophil trafficking in the 
endotoxemic rat 
Assistant Professor, Veterinary Pathology, Michigan State University 

CURRENT DOCTORAL STUDENTS: 

James Luyendyk 
Steven B. Yee 
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PUBLICATIONS: 

I A. Research Publication:; in Peer-Reviewed Journals: 

Roth, R.A. and Rubin, R.J.: Comparison of the effect of hypoxic hypoxia and of carbon 
monoxide: I. In vivo metabolism, distribution and action of hexobarbital. J. Pharmacol. Exp. 
Ther. 199: 53-60, 1976. 

Roth, R.A. and Rubin, R.J.: Comparison of the effect of hypoxic hypoxia and of carbon 
monoxide: II. Hexobarbital metabolism in the isolated, perfused rat liver. J. Pharmacol. Exp. 
Ther. 199: 61 -66, 1976. 

Roth, R.A. and Rubin, R.J.: Role of blood flow in carbon monoxide and hypoxic hypoxia-induced 
alterations in hexobarlbital metabolism in rats. Drug Metab. Dispos. 4: 460-467, 1976. 

Roth, R.A., Roth, J.,A. and Gillis, C.N.: J. 
Pharmacol. Exp. Ther. 200: 394-401,1977. 

Roth, R.A. and Gillis, C.N.: 
perfused rabbit lung. Biochem. Pharmacol. 26: 1446-1 448,1977. 

Disposition of ''C-mescaline by rabbit lung. 

Effect of ventilation on removal of ''C-mescaline by isolated 

Roth, R.A. and Gillis, C.N.: 
mescaline and biogenic amines by rabbit tung. J. Appl. Physiol. 44: 553-558, 1978. 

Effects of ventilation and of altered pH on removal of perfused 

Gillis, C.N., Huxtable, R.J. and Roth, R.A.: Effect of monocrotaline pretreatment of rats on 
removal of 5-hydroxytryptamine and norepinephrine by perfused lung. Brit. J. Pharmacol. 63: 
435-443, 1978. 

Roth, R.A., Wallace, KB., Alper, R.H. and Bailie, M.D.: Effect of paraquat treatment of rats on 
disposition of 5-hydroxytryptamine and angiotensin I by perfused lung. Biochem. Pharmacol. 28: 
2349-2355, 1979. 

Wiersma, D.A. and Roth, R.A.: Clearance of 5-hydroxytryptamine by rat lung and liver: 1. 
Importance of relative perfusion and intrinsic clearance. J. Pharmacol. Exp. Ther. 212: 97-1 02, 
1 980. 

Hilliker, K. and Roth, R.A.: 
enzyme kinetic data. Biochem. Pharmacol. 29: 253-255, 1980. 

Prediction of mescaline clearance by rabbit lung and liver from 

Wallace, K.B., Roth, R.A., Hook, J.B. and Bailie, M.D.: Age-related differences in angiotensin I 
metabolism by isolated, perfused rat lungs. Amer. J. Physiol. 238: R395-R399, 1980. 

Wallace, K.B., Bailie, M.D., Hook, J.B. and Roth, R.A.: Disposition of 5-hydroxytryptamine in 
lungs of developing rats. Am. J. Physiol. 239: R401-R406, 1980. 

Roth, R.A. and Wallace, K.B.: Disposition of biogenic amines and angiotensin I by isolated, 
perfused lungs of spontaneously hypertensive rats. Am. J. Physiol. 239: H736-H7411 1980. 

Roth, R.A. and Dotzlaf, L.A.: 
exposure to 1 atm 02. Fundam. Appl. Toxicol. 1: 389-398, 1981. 

Lack of protection by ascorbic acid from lethality resulting from 

Roth, R.A.: 
lavage fluid. Toxicol. Appl. Pharmacol. 57: 69-78, 1981. 

Effect 04 pneumotoxicants on lactate dehydrogenase activity in bronchopulmonary 
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Roth, R.A., Dotzlaf, LA., Baranyi, B., Kuo, C-H. and Hook, J.B.: Effects of monocrotaline 

,. 
0 

ingestion on pulmonary, hepatic and renal function in rats. Toxicol. Appl. Pharmacol. a: 193- 
203,1981. 

Roth, R.A.: Flow dependence of norepinephrine extraction by isolated, perfused rat lungs. Am. 
J. Physiol. 242: H844-H848, 1982. 

McCormack, K.M., Roth, R.A., Wallace, K.B., Ross, L.M. and Hook, J.B.: Nonrespiratory 
metabolic function and morphology of lung following pre- and postnatal exposure to 
polybrominated biphei-tyls in rats. J. Toxicol. Environ. Hlth. 8: 27-39, 1982. 

Echt, R., Ross, L.M., Roth, R.A. and Pearsall, A.D.: Effect of carbon monoxide and of hypoxic 
hypoxia on amine-containing cells in tracheal epithelium of young rabbits. Cell Tiss. Res. 224: 
129-1 35, 1982. 

Hilliker, K.S., Bell, T.G. and Roth, R.A.: 
injection of monocrotaline. Am. J. Physiol. 242: H573-H579, 1982. 

Pneumotoxicity and thrombocytopenia after a single 

Wiersma, D.A., Braselton, W.E. and Roth, R.A.: 
perfused benzo(a)pyrene by isolated rat lung. Chemico-Biol. Interact. 43: 1-15, 1982. 

The influence of flow on the metabolism of 

Wiersma, D.A. and Roth, R.A.: 
Alterations in perfusioin and metabolic capacity. J. Pharmacol. Exp. Ther. 225: 121-125, 1983. 

Clearance of benzo(a)pyrene by isolated rat liver and lung: 

Hilliker, K.S., Garcia, C.M. and Roth, R.A.: Effects of monocrotaline and monocrotaline pyrrole 
on 5-hydroxytryptamiiie and paraquat uptake by lung slices. Res. Commun. Chem. Pathol. 
Pharmacol. 40: 179-1 !37, 1983. 

Bruner, L.H., Hilliker, K.S. and Roth, R.A.: 
monocrotaline pyrrole in the rat. Am. J. Physiol. 245: H300-H306, 1983. 

Pulmonary hypertension and EKG changes from 

Wiersma, D.A. and Roth, R.A.: The prediction of benzo(a)pyrene clearance by rat liver and lung 
from enzyme kinetic data. Molec. Pharmacol. 3: 300-306, 1983. 

Wiersma, D.A. and Rsoth, R.A.: The clearance of circulating benzo(a)pyrene in conscious rats: 
Effect of pretreatmenit with 3-methylcholanthrene and the role of liver and lung. J. Pharrnacol. 
Exp. Ther. 226: 661 -667,1983. 

Hilliker, K.S., Deyo, J.A., Bell, T.G. and Roth, R.A.: Aggregation of platelets from monocrotaline 
pyrrole-treated rats. lhrombosis Res. 2: 325-333, 1983. 

Hilliker, K.S., Bell, T.G. and Roth, R.A.: Monocrotaline pyrrole-induced pulmonary hypertension 
in fawn-hooded rats with platelet storage pool deficiency: 5-hydroxytryptamine uptake by 
isolated, perfused lungs. Thromb. Haemostas. 4: 844-847, 1984. 

Hilliker, K.S. and Ralth, R.A.: Alteration of monocrotaline pyrrole-induced cardiopulmonary 
effects in rats by hydralazine, dexamethasone or sulfinpyrazone. Brit. J. Pharmacol. 82: 375-380, 
1984. 

Pearsall, A.D., Echt, R., Roth, R.A., Dinerstein, R.J. and Ross, L.M.: Morphologic and 
cytochemical characteristics of amine-containing globule leukocytes in rat tracheal epithelium. 
Am. J. Anat. 170: 83-99, 1984. 

Hilliker, K.S., Bell, T.G., Lorimer, D. and Roth, R.A.: Effects of thrombocytopenia on 
monocrotaline pyrrole-induced pulmonary hypertension. Am. J. Physiol. 246: H747-H753, 1984. 
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Hilliker, K.S., Imlay, M. and Roth, R.A.: The effects of monocrotaline treatment on 
norepinephrine removal by isolated, perfused rat lungs. Biochem. Pharmacol. 33: 2690-2692, 
1984. 

Wiersma, D.A., Stemmer, P.M. and Roth, R.A.: The influence of red blood cells, serum albumin 
and serum lipoproteins on the clearance of benzo(a)pyrene by isolated livers of 3- 
methylcholanthrene-treated rats. Biochem. Pharmacol. 33: 3433-3438, 1984. 

Hilliker, K.S. and Roth, R.A.: Increased vascular responsiveness in lungs of rats with 
monocrotaline pyrrole-induced pulmonary hypertension. Amer. Rev. Resp. Dis. 131: 46-50, 
1985. 

Ganey, P.E., Fink, G.D. and Roth, R.A.: The effects of dietary restriction and altered sodium 
intake on the cardiopulmonary toxicity of monocrotaline pyrrole. Toxicol. Appl. Pharmacol. 78: 
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