
I GR I1111111 llllll I1 1111 



26.  July,  2000 

Linda S. Kahl,  Ph.D. 
Regulatory  Policy  Branch,  HFS-206 
Center  for  Food  Safety  and  Applied  Nutrition 
Food  and  Drug  Administration 
200 C Street, S.W. 
Washington,  D.C.  20204 

Dear  Dr.  Kahl, 

We are  hereby  submitting,  in  triplicate,  a  generally  recognized  as  safe 
(GRAS) notification,  in  accordance  with  proposed 21 C.F.R.. 0 170.36,  for 
"Novo  Nordisk's  xylanase  enzyme  preparation  produced by a  selected  strain 
of Fusarium venenaturn expressing  the  gene  encoding  'a  xylanase  (endo  '1,4- 

;i) P-xylanase)  from Thermomyces Zanuginosus for  use  as  a  processing  aid in 
the  baking  industry. This includes  a GRAS Notification  exemption  claim 
and a s u m m a r y  of  information  supporting  the GRAS deterinination:  Please 
find  enclosed  three  binders,  containing  one  original  and two copies of this 
information. 

Please  contact me  by  direct  telephone  at  919  494-3  152,  direct fax at 
919  494-3420,  or  email  at  shs@novo.dk  if  you  -have  any  questions or 
require  additional  information. 

Scott H. Shore,  Ph.D. 
Senior  Regulatory  Specialist 

Enclosures8.(3 binders) 



4. Office of Premarket  Approval 
Center for Food  Safety  and  Applied  Nutrition 
Food and Drug' Administration 
200 C Street, S.W. 
Washington,  D.C.  20204 

RE: GRAS Notification - Exemption Claim - Novo Nordisk BioChem 
'Pursuant  to  the  proposed  21C.F.R.  §.l70.36(c)(l)  Novo  Nordisk  BioChem  North North America,.  lnc. 
America"  Inc.  hereby  claims  that  a  xylanase  enzyme  preparation  produced 'by 
submerged  fermentation of a  selected  strain of Fusarium venenatum carrying'the 

. 77 Perry Chapel Church Road 

gene  encoding  a  xylanase  from Thermomyces lanuginosus is  Generally Franklinton, NC 27525-0576 
Recognized  as  Safe;  therefore, it is exempt  from  statutory  premarket  approval Tel. 91 9-494-3000 
requirements. FAX 919-494-3450 

Box 576 

The  following  information is provided in accordance  with  the  proposed  regulation: 

Proposed §170.36(c)(l)(i) The name and address of  the notifier. 
Novo  Nordisk  BioChem  North  America  Inc. 
77 Perry'Chapel  Church Rd.,  Box  576 
Franklinton, NC 27525 

Proposed §170.36(c)(l)(ii) The common or-usual name of  notified substance. 

venenatum carrying  the  gene  encoding  xylanase  from Thermomyces lanuginosus. 
e, Xylanase  enzyme  preparation  from  a  selected  non-toxigenic  strain  of Fusarium 

Proposed $1 70.36(c)(l)(iii) Applicable conditions of use. 
The  above  described-  xylanase  preparation  is to be  used  as  a  processing  aid for 
baking,. The  enzyme  preparation  is  used  at  minimum  levels  necessary to achieve 
the  desired  effect  and  according to requirements  for  normal  production  following 
Good  Manufacturing  Practices. 

Proposed' §170.36(c)(l)(iv) Basis for GRAS determination. 
This GRAS determination is based  on  scientific  procedures. 

Proposed  $1 70.36(c)(l)(v) Availability of information. 
A  notification  'package  providing a summary  of  the  information  which  supports  this 
GRAS  determination is enclosed  with  this  letter.  The  package  includes-  a  safety 
evaluation  of  fhe  production  strain,  the  enzyme,  and  the  manufacturing.process,  as 
well: as  an evaluation  of  dietary  exposure.  Complete  data  and  information  that  are 
the  basis  for  this ~GRAS determination  are  available to the  Food and Drug 
Administration  for  review  and  copying  upon  request at-the address  above  or  copies 
of  the  material  can  be  sent to FDA  upon  request. 
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."., 1'. EXPERT  PANEL  REPORT 

Novo Nordisk  requested an independent  panel of recognized  experts 
(Expert  Panel'),  qualified'  by  their  scientific  andlor  medical  training  and 
relevant  national  and  international'  experience to evaluate  the  safety  of  food 
 and^ food  ingredients  to  determine  the  generally  recognized  as  safe (GRAS) 
status  of a.  xylanase  enzyme  preparation  produced  by  a  selected  strain of 
Fusarium  venenatum expressing  the  gene  encoding  a  xylanase  (endo 1,4- 
kxyl'anase) from Themomyces lanuginosus for  use  as  a  processing  aid in 
baking:. 

The.  'Expert  Panel  unanimously  concluded  that,  under  specified  conditions 
of use,  the  described  xylanase  preparation,  meeting  appropriate  food  grade 
s,pecifications'  and  produced in accordance  with  current  good 
manufacturing  practices,  is GRAS based  on  scientific  procedures.  The 
Expert Panel reached  this  conclusion  based  on  the  expert's  knowledge, 
experience,  and  independent  and  critical  evaluation  of  both  published  and 
unpublished  reference  materials,  including  internal  Novo  Nordisk  data, 
documentation,  and  reports.  The  Expert  Panel's repod is  'included  as 
Attachment ?-A. 

I 
I The'  members  of  the  Expert  -Panel  are: 

I Dr. Joe'  Borzelleca,,  Chair 
Department of Phannacology  and  Toxicology 

Virginia  Commonwealth  University 
Richmond,  VA 

I @, Medical  College of Virginia 

j Dr.  Bruce Jatvis 
Department of Chemistry  and  Biochemistry 
University of Maryland 
College  Park,  MD 

Dr.  Mike.  Pariza 
Food  ,Research,  Institute 
Oepartment of Food  Microbiology  and  Toxicology 
University of Wisconsin 
Madison,  WI 

Dr. Tim,  Phillips 
Veterinary  Anatomy  and  Public  Health 
College of Veterinary  Medicine 
Texas,  A&M,  University 
Goltege  Station,  TX 

Dr.  Bob  'Proctor 
USDA  ARS  NCAUR 
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EXPERT PANEL REPORT  ON THE GEN.ERALLY  RECOGNIZED AS SAFE 
(GRAS) USE OF A  XYLANASE  ENZYME  PREPARATION  PRODUCED BY A 

ENCODING A XYLANASE FROM THERMOMYCES LANUGINOSUS 
NON-TOXIGENIC FUSARZUM VENENATUM STRAIN  EXPRESSING THE GENE 

27 January 2000 

The  undersigned, an independent  panel of recognized  experts  (hereinafter  the  Expert 
Panel), qualified  by  their  scientific  and/or  medical  training and relevant  national  and 
international  experience  to evaluate the safety of food  and  food  ingredients,  was  requested 
by  Novo' Nordisk to determine  the  generally  recognized as safe (GRAS) status of a 
xylanase enzyme  preparation  produced  by Fusarium venenatum expressing the gene 
encoding  a  xylanase  (endo  1,4-@xylanase)  from Thermomyces Zunuginosus for  use as a 
processing aid in baking  (hereinafter  the  enzyme  preparation).  The qualifications of  the 
members of the Expert  Panel are evidenced in their curricula vitae, which  appear in 
Reference List A. 

Novo  Nordisk  compiled  a  documentation  package  supporting the safety of the  enzyme 
preparation  and  submitted this information to the  panel in December  1999.  This 
documentation  includes  scientific  evidence  from  selected journal articles and other 
publications as well as internal Novo Nordisk  documentation. In addition, the statements. 
and conclusions are based  on  knowledge of the  published  literature, up to December  1999, 
on  xylanases, Fusarium species,  mycotoxins,  enzymes  used in food,  and guidelines for 
assessing the safety of food ingredients from genetically  modified  microorganisms. 

Following independent and critical evaluation of these  materials,  the Expert Panel 
conferred several times  and  then  met  in  Chicago, IL on 27 January 2000, with 
representatives'  from  Novo  Nordisk. The Expert  Panel  then  met in executive  session  and 
unanimously  concluded  that,  under  specified  conditions of use, the described  xylanase 
preparation, meeting appropriate  food  grade  specifications  and  produced in accordance 
with current good manufacturing practices, is GRAS  based on scientific  procedures. This 
report  summarizes data ,and  information  'critically  evaluated  by  the Expert Panel  and  that 
formed ' t h e  basis for the  conclusion of the Expert  Panel. 

Fusarium xylanase 



1. Introduction 

The xylanase enzyme  preparation  is  produced by submerged  fermentation of Fusarium venenatum 
expressing the  gene  encoding a xylanase  from Thermomyces lanuginosus. 

Thh xylanase enzyme  preparation is to' be  used  in  the food industry as a processing aid for, bakmg 
applications. 

The:  enzyme  is  an  endo-1,4-fi-xylanase. It hydrolyzes xylosidic linkages in an arabinoxylan 
backbone resulting in  depolymerization  of  the arabinoxylan into smaller oligosaccharides. This 
increases  the  elasticity  of  the  gluten  network,  improving  handling  and stability of the  dough. 

'The following sections summarize  the  documentation evaluated by the Expert Panel. This includes 
information  on  the  production  microorganism, the enzyme identity  and characteristics, the 
manufacturing process, the product composition and specifications, the proposed usage of the 
'enzyme preparation, the biological studies  and the safety evaluation performed. Finally, the 
summary of the evaluation  and the conclusion  drawn  by the Expert Panel is presented.. 

2. Production Microorganism 

The production  strain is derived from a well-known culture collection strain (ATCC 20334), 
which has been  cultured as a mycoprotein source for human  consumption in England for more 
than 20 years under  the registered trade  name Quorn (Trinci, 1992, Reference C-1). It  was 
originally deposited as a strain of Fusarium graminearum. However,  thorough investigations of 
the  taxonomy  by O'DoMell et al. (1998,  Reference C-2) and  Yoder  and  Christianson (1998, 
Reference C-3) have revealed, that  the  strain  belongs  to the species Fusarium venenatum 
established' by  Nirenberg (1 995, Reference C-4). 

The genetically  modified F. venenatum production strain meets the criteria for a safe production 
microorganism  initially  outlined  by Parka and Foster (1983, Reference  B-1) and further 
'developed by several expert groups (References B 2-8:  Berkowitz  and Maryanski, 1989; 
International Food Biotechnology  Council, 1990; EU Scientific Committee for Food, 199 1 ; 
Organisation for Economic Cooperation and  Development,  1992 and 1993; FAONHO, 1996; 
ILSI Europe  Novel  Food Task Force,  1996). These criteria  include the identification  and 
characterization of the host strain, plasmid  vectors, and inserted  genetic  sequences. 

Tlie F. venenatum production  strain  was  constructed by common  transformation procedures using 
well-known  plasmid  vectors  with  strictly  defined  and  well-characterized  DNA sequences that  are 
not 'known to  encode or express any  harmful or toxic substances. Two  plasmids  were  'used in the 
strain, construction,,  one a xylanase expression  plasmid  and  the other a tri5  deletion  plasmid.  The 
development of the  production strain was  evaluated at every step to assess incorporation  of  the 
desired functional genetic  information  and  to  ensure no unintended sequences were incorporated. 

The selectable markers  incorporated  to  facilitate strain selection were assessed according to the 
criteria described by several expert groups (References B 2-8). This includes a determination  that 
they  do not add toxic components to the food  supply  and because the production microorganism is 
not  contained, in the  commercial  enzyme  preparation  and  the  production  microorganism  is  not 
released to the  environment  there is no potential for gene transfer to other organisms. 

The xykanase expression plasmid  is  composed of the endo-l,C&xylanase gene  from 
T. lanuginosus fused to the Fusarium oxysporum trypsin gene  promoter  and  terminator (Royer, 
et ab. $995, Reference  C-5), the Escherichia coli plasmid  vector  pUC19 (Yanish-Perron et al. 
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19858, Reference C-6), and a 1.8 kb  fragment consisting of the Streptomyces hygroscopicus bar 
gene  '(Thompson,  et  al. 1987, Reference C-7) fused to the Aspergillus nidulans amdS promoter 
'(Corrick, et alm. 1987, Reference C-8) and the Aspergillus niger glucoamylase terminator (Boel, 
et al. 1'984, Reference C-9). 

A tri5 deletion plasmid was  'designed to incorporate a deleted replacement of the trichodiene 
synthetase  gene, rendering it incapable of producing  secondary metabolites within the 
trichothecene pathway '(Royer et al. 1999, Reference C- 10). 

This strain of F. venenatum, is regarded as non-pathogenic  and  non-toxigenic. 'In addition to the 
gene  deletion of the trichodiene synthetase, extensive investigations of the metabolic potential 
indicate  that the production strain does not  produce  secondary metabolites of toxicological 
concern to humans or higher animaIs  (Miller  and  MacKenzie;  in press, Reference C-1 1 and 
documentation provided by  Novo Nordisk). 

F.' venenatum occurs on Humulus lupulus, Solanum tuberosum, Spinacia oleracea, Triticum 
aestivum,  Zea  mays and in soil, Strain  ATCC  20334 (= A 3/5) was found by Novo Nordisk to be 
non-pathogenic  on potato, barley  and  wheat. F. venenatum is not considered a human pathogen. 

The strain has, reportedly a long history  of safe industrial use. Biomass of F. venenatum 
ATCC 20334 (=A3/5) is marketed  as  Quorn  Mycoprotein  and has been a readily available human 
food source in England since 1985  (Reference  C-1). The Quom Mycoprotein  was concluded to  be 
a safe food ingredient in  an expert panel report, that  has  been  used to support a Food Additive 
Petition in USA (personal communication fiom Marlow Foods to Novo Nordisk). The Novo 
Nordisk production strain derivative has been modified to further  reduce its toxicological 
potential. 

.3. Enzyme Identity and Characterization 

The primary enzyme activity is endo-lY4-P-xylanase. According  to the Nomenclature Committee 
of 'the International Union of Biochemistry  and  Molecular Biology (IUB), "Enzyme Nomenclature 
1992",  the xylanase is classified as: 

Generic,  name: carbohydrase 
IUB nomenclature: endo-1 ,CP-xylanase 
IUB No.,: EC 3.2.1.8 

Endo-1,4-P-xylanase  hydrolyzes the f3-( 1,4)-D-xylosidic linkages in the arabinoxylan backbone. 
Arabinoxylans are highly branched xylans that are found  in various cereals, and they exist both  in 
a soluble and an insoluble form. 

Identical xylanase genetic coding sequences  were  used in the construction of the production 
strains for the enzyme preparation subject to  this evaluation (a T. Zanuginosus xylanase expressed 
in a F. venenatum host strain) and an enzyme  preparation,  that  was previously determined to be . 
GRAS (a T. lanuginosus xylanase  expressed  in  an A .  oryzae host strain). 

Substantial equivalence between  the  xylanase  enzyme preparations was documented by 
characterization of the enzymes  by  means  of  SDS-PAGE, isoelectric focusing, crossed 
immunoelectrophoresis,  and  N-terminal  amino  acid  sequencing.  In addition, baking performance 
tests demonstrated that the enzyme  ,preparations  performed identically with respect to measured 
bread and 'dough parameters. 
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4. Manufacturing Process 

Tbe  enzyme  preparation is fermented, recovered and  formulated  according to the outline by 
Aunstrup et a!. (1979, Reference D-1) and in accordance with current good manufacturing 
practices (cGMP), The quality  management  system  used in the  manufacturing process complies 
with ISON 9001. 

The  genetically  modified strain of F. venenatum, carrying  the T. Zanuginosus xylanase  gene, is grown 
by submerged  fed-batch  pure  culture  fermentation in a  sterilized  medium  consisting  of  food  or  feed 
grade materials providing an adequate  supply of nitrogen  and  carbon  sources  plus  minerals and 
vitamins  necessary  for growth. 

Raw  materials  used for fermentation  and  for  recovery  conform  to  Food  Chemicals  Codex  (FCC) 
(1.996, Reference B-9) specifications except  those  raw  materials  which  do  not appear in  the FCC. 
For those not  appearing in the FCC, internal specifications have  been  made in line with FCC 
requirements. 41 raw  materials are quality  controlled  and  subjected  to  the  appropriate  analyses to 
ensure  their  conformity withthe specifications. 

The  production  organism  stock  culture is controlled  for  absence of foreign  microorganisms,  viable 
count  and  enzyme  generating  ability. During fermentation, this control, as well as control of chemical 
and  physical,  parameters to ensure  the  purity  of  the  fermentation, are regularly  performed. ' 

The enzyme is recovered  and  purified  from  the  culture broth by  a  series of concentration and 
filtration  steps  including  a final germ  filtration step, ensuring  that  no  production  organism  is  present. 

The  purified  enzyme  concentrate is finally standardized  and  stabilized  with  appropriate  food  grade 
ingredients. The product is fwther dried  and  granulated. 

5, Composition and Specifications 

The commercial  enzyme  preparation  has  the  following  formulation: 

Enzyme solids (TOS*) approx. 4% 
Ash (mainly  NaCI) approx. 4% 
Water approx.  10% 

Sorbitol approx. 1% 
Wheat .solids approx. 77% 

Dextrin, approx. 4% 

"TOS = Total Organic Sol ids ,  &mKd as: 1Wh -water - ash - diluents 

The: enzyme preparation complies  with  the  purity criteria recommended for Enzyme Preparations 
,as. described by FCC (1996,, Reference B-9). . In  addition,  it also conforms  to  the  General 
Specifications for Enzyme Preparations Used in Food Processing as proposed by the  Joint 
FAO/WHO Expert Committee on Food Additives (JECFA) (1992, Reference B-10). 

Absence of #&e  production organism is part of the  complete  specification. The manufacturing 
process includes a final germ.filtration step  to  ensure  that  no  production  organism  is  present in  the 
final,  enzyme  concentrate. 
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6. Proposed  UsedApplication 

The active principle is endo- 1 ,CP-xylanase. The endo- 1,4-P-xylanase hydrolyzes the 
P-(1,4)-D-xylosidic  linkages  in  the  arabinoxylan  backbone. Arabinoxylans, that may have  been 
'described as pentosans in previous literature, are  highly branched xylans that are characteristic for 
the outer cell  walls  and  endosperm  of cere& such as wheat, barley, rye, and oat. The backbone is 
P-(1,4) linked xylose  which  is  mono  or  disubstituted  with  arabinose  at  the 0 - 2  and/or 0 - 3  
position. Arabinoxylans exist in  both soluble and insoluble forms. 

Wheat flour contains 2 4 %  arabinoxylans;  which  play  an  essential  role in bread making. The 
soluble  .fraction (approx, 1/3 of  the  amount)  is essential for  the  water  retention  capacity of flour. 
The insoluble hction is coupled  to proteins and is believed to  reduce the elasticity of the  gluten 
complex. 

The enzyme preparation is used at minimum levels necessary  to achieve the desired effect and 
according  to requirements for normal production following  cGMP.  The  recommended use level is 
2,-16 g per to08 kg, flour corresponding to 50-400  Fungal  Xylanase Units (FXU) per kg flour. 

The enzyme is added to the  flour  and is active  during  the dough preparation and  the  leavening of 
the  unbaked Ibread. During  the  baking  process  the  high  temperatures in the oven cause an 
inactivation of the enzyme activity. 

Even though the enzyme  activity  is  largely  'inactivated during the baking process, an estimation of 
human exposure is made,  assuming  that all enzyme  activity is retained in the  bread  and  that  the 
enzyme preparation' is  utilized in all bread  and  related products at the highest recommended  use 
level,, in order to' illustrate  an  exaggerated  "worst  case" situation. 

The commercial enzyme preparation has an estimated organic solids content of 4% TOS and  is 
'wed at levels  up to 16 g per 100' kg flour. Using a standard recipe, 100 kg flour  results  in 140 kg 
bread, giving a theoretical  content  of  114  mg  enzyme preparationkg bread or 4.56 mg TOSkg 
bread. 

'The  average human intake of bread is  estimated using well established statistics from  various 
countries.  Based on the highest daily intake  of bread (158 g) the daily  intake per person of  the 
enzyme, preparation would  be  18.1  mg corresponding to  (18.1 mg x 4%) TOS= 0.7 mg TOS per 
day. For a person  weighmg 60 kg ,this corresponds to 1.2~10" g TOS per kg body  weight per day. 

7. Biological Studiedsafety Evaluation 

The  following, studies were  performed on the  test  article,  which  is  representative of the 
8commercial enzyme preparation  and is further described, including specifications, in the reference 
,cited below. 

0 13 weeks oral toxicity  study in rats 
0. Test for  mutagenic  activity  (Ames Test) 
0 Human  lymphocyte cytogenetic assay 

Fusarium. xylanase 



I A paper summarizing the  safety  studies  and evaluating the safety in  use of the xylanase enzyme 
preparation produced by the genetically  modified F. venenatum has  been accepted for publication 
(Pedersen  and  Broadmeadow, 2000, Reference E-I). 

"lie main, conclusions of the safety studies  were  summarized as follows: 

Oral administration to rats of up to 10 ml' of ,the  test  article  per  kg body weight per  day 
(- 89422 FXU/kg/day  or E. 12 g TOS/kg/day)  for  13  weeks reveals no s i p s  of toxic 
effects related to  treatment,  and this dosage represents the No-Observed-Adverse-Effect- 
Level (NOAEL) in this study. 

0 The test article was not  found to-be genotoxic, as no mutagenic activity was observed in 
'either the Ames' test or the  human  lymphocyte  test. 

Because the genetically modified Fusarium venenatum is considered a safe production strain  for 
the, xylanase enzyme preparation,  the  enzyme  preparation is substantially equivalent to an enzyme 
preparation  that  was  previously  determined  to be GRAS,  the manufacturing process is in 
accordance with cGMPs, and  the  enzyme  preparation  meets the specifications and requirements 
outlined by FCC and JECFA, it is concluded  that  the  xylanase  enzyme preparation from Fusarium 
venenatum, expressing the  gene  encoding a xylanase  from Thermomyces lanuginosus, is safe for 
use in the production of bread. 

Fusarium, xylanase OdO317 6 



8. SUMMARY AND CONCLUSIONS 

The guidelines for determining  the, safety of  enzymes  used in food  processing  (Pariza  and 
Foster, 1983 and IFBC, 1990) were  rigorously  applied to a  xylanase  enzyme  preparation 
produced by Fusarium venenatum expressing the gene  encoding  a  xylanase fiom 
Thermomyces lunuginosus xylanase  that  was the basis of this critical evaluation.  This 
enzyme is derived,  using  current  good  manufacturing  practice,  fiom  a  .non-pathogenic  and 
non-toxigenic  microorganism,  which does not  produce antibiotics and  thus does not 
present a safety  concern. In addition, this enzyme  was  reported to be  non-genotoxic 
(negative in the Ames  and  human  lymphocyte  tests)  and  the NOAEL in a 13-week  feeding 
study was EO mVkg bw/day '(-1.12 g TOSkg bw/day,  the  highest  dose tested). The 
maximum anticipated daily intake of this enzyme  (assuming that all  bread  and  related 
products use this enzyme as a  processing  aid  at the recommended  level)  would be I 

18.2 x tO-' g TOSkg bwtday. 

We, the members of the  Expert Panel, have critically  evaluated  the  information 
summarized .above and  conclude that the xylanase  enzyme  preparation  produced by 
Fisurium venenatum expressing  the gene encoding  a  xylanase 'from Thermomyces 
lanuginosus, meeting appropriated food  grade  specifications  and  produced  in  accordance 
with current  good  manufacturing  practices, is generally  recognized as safe (GRAS), based 
on scientific  procedures, for use as a  processing  aid  in  baking. 

Timothy D. Phillips 

 
Robert H. Proctor 

Michael' W. Pariza 
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Davis,S.  Katz, M.M. Roberts,  Jr.,  V.A.  Jacobs).  Volume 5, Chap.  26,  p.331. Lewis  Publishers,  Inc., Ann 
Arbor,  'Michigan,  1985. 

Robinson. B.V.,  Sullivan;F.M., Borrelleca, J.F. and Schwartz,  S.L.:  PVP: A Critical Review  of  the  Kinetics 
and  Toxicology  'of  Polyvinylpyrrolidone  (Povidone).  Lewis  Publishers,  Inc.,  Ann  Arbor,  Michigan.  1990 

Borzelleca,  J.F. and Hallagan,  J.B.:  "Safety  and  Regulatory Status  of  Food,  Drug,  and  Cosm'etic  Colors." 
ACS  Symposium  Series,  No.  484, Food Safety  Assessment.  (Finley, J.W., Robinson,  S.F., and Amstrong, 
D.J..,  eds.),  Chap.  31,  p.377.  ACS, Washington, DC.  1992 

Borzelleca,  J.F.:"Foods of the  Future:  What Will We  Be Eating in the  Next  Century?" In Practical  Handbook 
of Nutrition in Clinical Practice  '(Kirby, D.F. and Dudrick,  S.J.,  eds.),  Chap.  16,  p.279.  CRC  Press,  Inc.,  Boca 
Raton,  'FI. 1994 

Borzelleca,  J.F.: "History of Toxicology." In 'Principles  and  Methods  of  Toxicology  (Hayes, A.W., editor), 
edition 3, Chap. 1, p.1,. Raven  ,Press,  New  York,  NY.  1994 

Matt,, D.W. and  8Borzelleca,  J.F.: "Toxic Effects on the  Female  Reproductive  System  During  Pregnancy, 
Parturition,  and Lactation." In Reproductive  Toxicology  (Witorsch,  R.J.,  editor), edition 2, chapter  10,  p.  175. 
Raven Press,  New York, NY. 1995 

Borrdlleca, J.F.:  "Foo&Bome Health  Risks:  Food  Additives,  Pesticides  and  Microbes." In Nutrition  Policy in 
,Public  Health (Bronnez,  F.,  editor).  Chap. 3, 'p.33,  Springer Publishing  Co.  New York, NY.  1997 

Rice, R.G., Graham, D.M.,  Glaze,  W.H.,  Pariza,  M.W., Newell, G.W.,  Erdman,  J.W., and'Borrelleca, J.F.: 
Ozone'  Preservation of Foods  and  Foodstuffs. 13th Ozone  World  Congress,  Kyoto,  Japan,  October  1997 

Borzelleca,  J.F. and  Weiner, M.L. : "Development of Safety  Evaluation  Guidelines." In Excipient  Toxicity 
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Contributing  authorship  on  the  following  publications  of the Life Sciences Research Office, 
Federation of American  Societies of Experimental Biology (FASEB) 

Research  Office,  Federation  of  American  Societies  of  Experimental  Biology  (FASEB): 

Evaluation of the health  aspects  of iron and iron salts as food  ingredients.  1973. 

Evaluation of the  health  aspects of butylated hydroxytoluene  as  a  food  ingredient.  1973. 

Evaluation of the  health  aspects  of  certain  zinc  salts as  food ingredients.  1973. 

Evaluation  of the health  aspect of pulps as  they  may  migrate  to food  from  packaging  materials.  1973. 

Evaluation of the  health  aspects of propylene  glycol and propylene glycol monostearate as food 
ingredients.  1973. 

Evaluation of the  health  aspects of alginates  as  food  ingredients.  1973. 

Evaluation of the  health  aspects of agar-agar as a  food  ingredient.  1973. 

Evaluation of the health  aspects  of certain red  and  brown  algae as food  ingredients.  1973. 

Evaluation of the health  aspects  of  cellulose  and  certain  cellulose  derivatives  of  food  ingredients. 1973. 

Iodine in foods:  chemical  methodology and sources of iodine in the  human  diet.  1974. , 

Evaluation of the health  aspects  of  aconitic  acid  as  a  food  ingredient.  1974. 

Evaluation of the health  aspects of stannous  chloride as a  food  ingredient.  1974. 

Evaluation of the  health  aspects  of  licorice,  glycyrrhiza  and  ammoniated  glycrrhizin  as  food  ingredients. 
1974. 

Evaluation of the health aspects of caprylic  acid as a  food  ingredient.  1974. 

Evaluation of the health  aspects of sorbose  as  a  food  ingredient.  1974. 

Evaluation of the  health  aspects of sulfuric acid  and  sulfates  as  food  ingredients.  1974. 

Evaluation of the  health  aspects of potassium  iodide,  potassium  iodate, and 
calcium  iodate as food  ingredients.  1975. 

Evaluation of the  health  aspects of dextran  as  food  ingredients.  1975. 

Evaluation of the  health  aspects of calcium  oxide and calcium  hydroxide as food  ingredients.  1975. 

Evaluation of the  health  aspects of succinic acid as  a  food  ingredient.  1975. 

Evaluation of the  health  aspects of certain  calcium  salts  as  food  ingredients.  1975. 

Evaluation of the health  aspects of glycerin  and  glycerides  as  food  ingredients  1975 

Evaluation of the  health  aspects  of  dextrin  and corn dextrin  as  food  ingredients.  1975. 

Evaluation of the health  aspects of sodium  thiosulfate  as  a  food  ingredient.  1975. 

Evaluation of the health aspects of gelatin as  a  food  ingredient.  1975. 

Evaluation of the health aspects of bile salts and  ox  bile  extract  as  food  ingredients.  1975. 

Evaluation of the health aspects of choline chloride  and  choline  bitartrate as food  ingredients.1975. 
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'Contributing  authorship  on  the  following  publications of the ,Life Sciences Research Office, 
'Federation of American  Societies of Experimental Biology (FASEB) 

;Evaluation  of  the  health  aspects  of  aluminum  compounds  as  food  ingredients.  1975. 

Evaluation, of the health aspects  of  tallow,  hydrogenated  tallow,  stearic  acid,  and  calcium  stearate  as  food 
ingredients.  1975. 

Evaluation,  of  the health aspects of ,phosphates as food  ingredients.  1975. 

'Evaluation1 of the  health  aspects of the tocopherols  and  a-tocopheryl  acetate  as food ingredients.  1975. 

:Evaluation of the  health  aspects  of  sorbic acid and its salts as food  ingredients.  1975. 

Evaluation, of the  'health  aspects of hydrogenated fish oil as  a  food  ingredient.  1975. I 

:Evaluation1 of the health aspects of beeswax  (yellow or white) as a  food  ingredient. 1975. 

Evaluation'of the health aspects of inositol as a  food  ingredient.  1975. 

Evaluation1 of the  health  aspects of malic acid as  a  food  ingredient.  1975. 

Evaluation of. the  health,  aspects of Japan  Wax as a  substance  migrating to food  from  cotton or cotton 
fabrics used in 'dry food packaging.  1976. 

:€vafuation of the health aspects of carnauba wax as a food  ingredient.  1976. 

Evaluation, of  the health  aspects of sulfamic  acid as it may  migrate to foods  from  packaging  materials. 1976. 

0' 
'Evaluation of the  health'  aspects of 'hydrosulfites as they  may  migrate  to  foods  from  packaging  materials. 
1976., 

'Evaluation of the  health  aspects of gum guaiac as a  food  ingredient.  1976. 

Evaluation, of the  health  aspects of tall' oil as it may migrate  to  foods  from  packaging  materials.  1976 

'Evaluatiom  of the  health  aspects of corn  sugar  (dextrose), corn syrup  and invert sugar  as food ingredients. 
18976. 

'Evaluation of the  health  aspects of sucrose as a food ingredient. 1976. 

'Evaluation, of the health aspects of sulfiting  agents  as food ingredients.  1976. 

Evaluation  of  the health aspects of mglycerophosphates as food  ingredients.  1976. 

Evaluation of the  'health  aspects of magnesium  salts as food ingredients.  1976. 

#Evaluationl  of  the  health  aspects  'of  sodium  hydroxide  and  potassium  hydroxide 
as food  ingredients.  1976. 

Evaluation  of  the health aspects of adipic  acid  as  a  food  ingredient.  1976. 

Evaluation of the  'health  aspects  of  hydrogenated  soybean oil as a  food  ingredient. 

'Evaluation ob the  health  aspects  of  formic  acid,  sodium  formate,  and ethyl formate as food ingredients. 
1976. 

Evaluation of the  health  aspects of lard and lard oil as they  may  'migrate to foods from  packaging  materials. 
1976. 

01 €valuation of the 'health aspects of pyridoxine  and  pyridoxine  hydrochloride as food  ingredients.  1977. 
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Cpntributing  authorship  on the following  publications  of the Life Sciences Research Ofice, 
Federation of American Societies of Experimental Biology (FASEB) 

Evaluation of the health aspects of papain as a  food  ingredient.  1977. 

Evaluation of the health aspects  of  hypophosphites  as  food  ingredients.  1977. 

Evaluation of the health aspects of coconut oil, peanut  oil,  and oleic acid  as  they  migrate to food from 
packaging  materials,  and  linoleic  acid as a food ingredient.  1977. 

Evaluation of the health aspects  of pectin and pectinates as food  ingredients.  1977. 

Evaluation  of the health aspects  of tannic acid as  a  food  ingredient.  1977. 

Evaluation  of the health aspects  of rennet as a food ingredient.  1977. 

Evaluation of the health aspects of acetic acid and  sodium  acetate  as  food  ingredients.  1977. 

Evaluation of the health aspects of sodium oleate and  sodium  palmitate  as  substances  migrating  to  food 
from  paper  and  paperboard  used in food  packaging.  1977. 

Evaluation of the health aspects of corn silk as a  food  ingredient.  1977. 

Evaluation of the health  aspects of bentonite  and  clay  (kaolin)  as  food ingredients1977 

Evaluation of the health aspects of citric acid,  sodium  citrate,  potassium  citrate,  calcium  citrate,  ammonium 
citrate,  triethyl  citrate,  isopropyl  citrate, and stearyl citrate as food  ingredients.  1977. 

Evaluation of the health aspects of lactic acid and  calcium  lactate  as  food  ingredients.  1978. 

Evaluation of the health aspects of calcium pantothenate,  sodium  pantothenate,  and  D-pantothenyl  acohol 
as  food  ingredients.  1978. 

Evaluation  of  the health aspects  of Vitamin  B12 as a  food  ingredient.  1978. 

Evaluation of the  health  aspects of Vitamin 02 and  Vitamin D3  as  food  ingredients.  1978. 

Evaluation  of  the health aspects  of  caffeine as a food  ingredient.  1978. 

Evaluation of the health aspects of certain glutamates as food  ingredients.  1978. 

Evaluation of the health aspects of protein hydrolyzates  as  food  ingredients.  1978. 

Evaluation of the health aspects of butylated hydroxyanisole  as  a  food 
ingredient.  1978. 

Evaluation of the health aspects  of  sodium,  potassium,  magnesium  and  zinc  gluconates as food 
ingredients.  1978. 

Evaluation  of  the health aspects  of  urea as a  food  ingredient.  1978. 

Evaluation  of  the health aspects  of thiamin  hydrochloride  and  thiamin  mononitrate  as  food  ingredients. 
1978. 

Evaluation  of  the health aspects of biotin as  a  food  ingredient.  1978. 

Evaluation of the health aspects of ascorbic  acid,  sodium  ascorbate,  calcium  ascorbate,  erythorbic  acid, 
sodium  erythorbate, and ascorbyl  palmitate as 
food  ingredients.  1979. 

Evaluation  of the health aspects of propionic  acid,  calcium  propionate,  sodium  propionate, dilauryl 
thiodipropionate, and thiodipropionic acid as food ingredients.  1979. 
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Contributing  authorship  on the following  publications of the Life Sciences Research Office, 
Federation of American'  Societies of Experimental Biology (FASEE) 

Evaluation of the  health  aspects of casein,  sodium  caseinate,  and  calcium caseinate as  food  ingredients. . 
1979: 

Evaluation' of the health aspects of nickel as a  food  ingredient..  1979 

. Evaluation  of  the  health  aspects  of  soy  protein  isolates  as  food  ingredients.  1979. 

Evaluation of the  health  aspects of carotene  (B-carotene) as a  food  ingredient.  1979. 

Evaluation of the health aspects of nitrogen,  helium,  propane,  n-butane,  isobutane,  and  nitrous  oxide as 
gases used, in foods.  1979. 

Evaluation  of  the  'health  aspects  of  hydrogen  peroxide as a  food  ingredient.  1979. 

€valuation of the  .health  aspects of riboflavin  and riboflavin-5-1-phosphate as food ingredients.  1979. 

Evaluation! of the health aspects of starch  and  'modified  starches  as  food  ingredients.  1979. 
Evaluation, of the;  health  aspects of carbon  dioxide  as  a  food  ingredient.  1979. 

Evaluation of the  health  aspects of sodium  chloride  and  potassium  chloride  as food ingredients.  1979. 

IEvaluation of the health aspects of certain silicates as food ingredients:  1979. 

Evaluation, of the  health  aspects of manganous  salts  as  food  ingredients.  1979. 

Evaluation ofthe health  aspects of copper  gluconate,  copper  sulfate,  and  cuprous  iodide  as  food 
ingredients.  1979. 

Evaluation  of  the health aspects of hydrochloric  acid as a food  ingredient.  1979. 

'Evaluation of the Ihealth  aspects  of 'lecithin  as  a  food  ingredient.  1979. 

Evaluation' of the health aspects of potassium  acid  tartrate,  sodium  potassium  tartrate,  sodium  tartrate  and 
tactaric acid as food  ingredients.  1979. 

Evaluation  of  the  health  aspects of starter  distillate  and  diacetyl as food  ingredients.  1980. 

Vitamin8 A, Vitamin A  Acetate,  and  Vitamin  A  Palmitate  as  food  ingredients. 1980. 

Evaluation, of the  health  aspects of iron and' iron salts  as  food  ingredients.  1980. 

'Evaluation, of the health aspects of 'protein  hydrolyzates  as  food  ingredients.  1980. 

'Evaluation'  of  the  health  aspects of collagen  as  a  food  ingredient.  1981. 

Evaluation, of the  health  aspects  of  methyl  polysilicones  as  food  ingredients.  1981. 

'Evaluation of the  health,  aspects of soya  fatty  acid  amines  as  food  ingredients.  1981. 

Evaluation1 of the  health  aspects of activated  carbon  (charcoal) as a  food processing aid.  1981. 

'Evaluation of the health aspects of smoke flavoring  solutions  and  smoked yeast flavoring  as food 
ingredients.  1981. 

Evaluation of the  health  aspects of'cornmint oil as  a food ingredient.  1981. 

Evaluation  of  the  health  aspects of a  mixture.  Evaluation of the health  aspects of diferrous,  dipotassium 
ferrous,  and  potassium  ferrocyanides  as  finding  agents in wine  production.  1981. 

. ' I  , ,,. 
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24 Contributing  authorship  on  the  following  publications  of  the  Life Sciences  Research Office, 
Federation of  American Societies of  Experimental  Biology (FASEB) 

Evaluation of the health aspects of wheat  gluten, corn gluten, and zein as  food ingredients. 1981. 

Evaluation of the health aspects  of  peptones  as food ingredients.  1981. 

Evaluation of the health aspects  of  shellac and shellac wax  as food  ingredients.  1981. 

Evaluation of  the health aspects of sodium  metasilicate and sodium zinc metasilicate as food ingredients. 
1981. 

Evaluation of the health aspects of oat  gum,  okra  gum,  quince  seed  gum,  and psyllium seed husk  gum  as 
. food ingredients.  1982. 

Contributing  Authorship on the Following Publications of the  National Academy of Sciences 

Principles and  Procedures  for  Evaluating the Toxicity of Household Substances. 
Committee  for the Revision of NAS  Publication 11 38, Committee on Toxicology,  Assembly of Life Sciences, 
National Research  Council,  National  Academy of Sciences. 
National Academy Press, Washington, D.C. 1977 

Drinking Water and Health. 
Safe Drinking  Water  Committee,  Board on Toxicology and Environmental  Health  Hazards,  Assembly of Life 
Sciences,  National Research Council, National Academy of Sciences 
Volume 1,  1977; Volume 2, 1980,  Volume 3, 1980 
National Academy Press, Washington,  D.C. 

Estimating  Consumer  Exposure  to  Food Additives and Monitoring  Trends in Use. 
Food Additives  Survey  Committee,  Food and Nutrition Board, Institute of Medicine, National Academy of 
Sciences 
National Academy  Press,  Washington, D.C. 1992 

Examination  of Dietary Recommendations  for  Salt-Cured,  Smoked, and Nitrite-Preserved Foods 
Parka, M.W., Botzelleca, J.F., Cassens,  R.G.. Filer, L.J., and Kritchevsky, D., 
CAST Issue Paper  Number 8,  November 1997 
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accurate  statement of my professional  record. 

Signature  Date 

Personal  Information 

A.  Personal Data 

Date of Birth: 
Place of Birth: 
M'arital  Status:  Married 
Children:  David 
Citizenship:  United States 

B. Education 

B.A., Ohio' Wesleyan  University,  Delaware, Ohio, 1963 
Ph.D., University of Colorado,  Boulder,  Colorado, 1966 
Postdoctoral  Research  Associate,  Northwestern  University,  Evanston, 
Illinois,  1966-67 

C. Experience In Hipher  Education 

Instructor of Chemistry  (Part-time),  Northwestern  University, 
Evanston,  Illinois,  1966 
Assi,stant  Professor,  University of Maryland,  1967-7 1 
Associate'  Professor,  University of Maryland,  1971-79 
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Associate  Chair  1988-89;  1992-1  993;  1998-1999 
Acting Chair 198'9-90 
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Visiting  Professor,  Dept. of Biotechnology,  Danish  Technical  Univ.,  1999-2000 

D. Professional  Address 

Department of Chemistry  and'  Biochemistry 
University of Maryland 

. College Park, Maryland  20742 

Academic  Activities 



The percentage of official time (average for last three years) devoted to Instruction and 
administration 50; Research 40; Professional and Public Service 10. 



IV. Research,,  Teaching  and  Service 

A. Publications (1970 - present; 12 publications  prior  to  1970) 

1,3. B. B:. Jarvis and R. 0. Fitch,  "Trapping of the  Radical  Intermediate  in  the  Photochemical 
Rearrangement of an Allyl  Chloride,'' Chem.  Commun., 408-409  (1970). 

14. B.. B'. Jarvis and J. B.  Young, HI, "Diels-Alder  Reaction  of  Tetrachloroethylene  with 
Anthracene," J. Org. Chem., 35,2088-2090 (1970). 

15., B. B'. Jarvis, "Free Radical  Additions of Dibenzotricyclo[3.3.0.0.2~*]-3,6-octadiene," J.  
Org. Chem., 35,924-927 (1970). 

16. B. B. ,Jarvis, J.  P.  Govoni,  and P. J.  Zell,  "Stereoselective  Free-Radical  Rearrangements," 
J. A~m. Chem. SOC., 93,913-918 (1971). 

13. B. B. Jarvis, 3,. B. Young, 111, and T. H. Yang,  ",Stereochemistry of the  Reduction of . 
Homobenzyl  Halides," J.  Org. Chem., 37,  797-800 (1 972). 

18. B. B. Jarvi~s, S. D. Dutkey,  and H. L. Ammon,  "Stereochemistry of 1,3-Eliminations from 
.Dibromo8 Sulfoxides," J . ,  Am. Chem. SOC., 94,2136-2138 (1972). 

19. B. B. Jarvi's and' J. P. Govoni,  "Distal  Effects  in  E2  Eliminations," J. Org. Chem., 37, 
1568-15875 (1972). ' 

20. B. 'B. Jarvis and J. C. Saukaitis,  "Nucleophilic  Displacements  on  Halogen  Atom I. 
Reacthity of a-Halobenzyl  Phenyl Sulfones,Toward Triphenylphosphine," Tetrahedron 
Letters, 709-7 12 (1  973). 

21. F. G,. Bordwell  and B. B. Jarvis,  "Stereochemistry  of  1,3-Elimination  Reactions," J.-Am. 
Chem. Soc.,, 95,3585-3592 (1973). 

22. B. B,. Jarvis and' J;. C; Saukaitis,  "Nucleophilic  Displacements  on  Halogen  Atoms 11. 
Kinetic Study of the  Reactions  of a-Halo Sulfones  with  Triphenylphosphines," J.-Am. 
Chem. Soc.., 95,7708-7715 (1973). 

2,3. B'. B. Jarvis and M. M. Evans,  "Nucleophilic  Displacements on Halogen  Atoms 111. 
Reduction of a,a-Dichlorobenzyl  Sulfoxides," J.  Org. Chem., 39,643-647 (1974). 

24. J. F'. Liebman  and B. B. Jarvis,  "Nucleophilic  Displacements  Reactions on Fluorine: 
General  Phenomenon  and  Lone  Pair  Nucleophiles," J.  Fluorine Chem., 5 ,4  1-44  (1  975). 

25. B.. 8. Jarvis and W. P. Tong,  "Synthesis of a  New  Class of Vinyl  Betaines," Synthesis, 
902-104: (1975). 

261. B:. B. Jarvis and H.  E. Fried,  "Chlorination of Disulfoxides," J.  Org. Chem., 40, 1278- 
1280 (1975). 
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27. B. B. Jarvis and B. A. Marien, "Nucleophilic Displacements Reactions on Halogen Atoms 
V. Reactions of a-Halo Sulfones With Sterically Hindered Nucleophiles," J.-Org. Chem., 
40,2587-2590 (1975). 

28. B. B. Jarvis, R. L.  Harper,  Jr.,  and W. P. Tong, "Nucleophilic Displacements on Halogen 

Methylsulfonyl Groups," J.  Org. Chem., 40,3778-3780 (1975). 
Atoms  VI. The Determination of a-values for the Carboxyl, Carbethoxy and 

29. B. B. Jarvis, W. P. Tong, and  H. L. Armnon, "Reactions of 2,3-Diphenylthiirene 1,l- 
Dioxide with Nucleophiles," J.  Org. Chem., 40,3 189-3 195 (1 975). 

30. B. B. Jarvis and W. P. Tong, "Nucleophilic Displacements on Halogen Atoms VII. 
Reactions of a-Halo Sulfones with Sodium Arenesulfinates," J. Org. Chern., 41, 1557- 
1560 (1 976). 

3 1. B. B. Jarvis and B. A. Marien, "Nucleophilic Displacements on Halogen Atoms VIII. 
Reactions of a-Halo Sulfones with Triarylphosphines, Alkyldiphenylphosphines, and 
Phosphites," J. Org. Chem., 41,2182-2187 (1976). 

32. S. M. Kupchan, B. B. Jarvis, R. G. Dailey, Jr., W. Bright, R. F. Bryan, and Y. Shizuri, 
"Baccharin, A Novel Potent Antileukemic Trichothecenes Triepoxide from Baccharis 
megapotamica," J. Am. Chem. SOC., 98, 7092-7093 (1976). 

33. B. B. Jarvis and B. A.  Marien, "Kinetic Study of the Reactions of Triarylphosphines with\ 
a- Halosulfones," Phosphorus and Surfur, 1, 177-178 (1976). 

34. B. B. Jarvis and B. A. Marien, "Nucleophilic Displacements on Halogen Atoms IX. 
Reactions of Triarylphosphines with Halomethylpyridyl Phenyl Sulfones," J.  Org. Chem., 
42,2676-2680 (1977). 

35. S. M. Kupchan, D. R.  Streelman, B. B. Jarvis, R. G. Dailey, Jr., and A. T. Sneden, "The 
Isolation of  Potent New Antileukemic Trichothecenes from Baccharis megapotamica," J. 
Org. Chem., 42,4221-4225 (1977). 

36. B. B. Jarvis, G. P. Stahly, and H. L. Ammon, "A Novel New Heterocycle from the 
Reaction of Azide Ion with 2,3-Diphenylthiirene 1 , 1 -Dioxide," Tetrahedron Letters, 3 78 1 - 
3784 (1978). 

37. B. B. Jarvis, G. P. Stahly, and C. R. Curtis, "Antileukemic Activity of Fungal Metabolites: 
Vemcarin I3-9,10-Epoxides," Cancer Treat. Rep., 62, 1585-1586 (1978). 

38. B. B. Jarvis and P. E. Nicholas, "Base Decompositions of Azides Leading to Nitriles," J. 
Org. Chem., 44,2951-2952 (1979). 

39. B. B. Jarvis, J. 0. Midiwo, G. P. Stahly, G. Pavanasasivam, and E. P. Mazzola, 
"Trichodermadiene: A New Trichothecene," Tetrahedron Letters, 787-788 (1 980). 
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44. 

4.5. 

46. 

47. 

48,. 

49,. 

5 0'. 

R. C. Kalbeck, G. W. Gokel, D. M. Dishong, C. J. Diamond, L. B. Hendry, B. B. Jarvis, 
W. A. Spein and E. D. Bransome,  "Crown  Ethers as Calcium Ionophores," Dev. Biochem., 
14,471 (1980). 

B. B. Jarvis, G. P. Stahly, G. Pavanasasivam, and E. P. Mazzola, "Structure of Roridin J, 
A New Macrocyclic 'Tricliothecene from Myrothecium vemcaria," J.  Antibiotics, 33,256- 
258' (1980). 

B. B., Jarvis ,and G. P. Stahly, "Reactions of 2,3-Diphenylthiirene '1,l -Dioxide with 
Nucleophiles," J.  Org. Chern., 45,2604-2609 (1980). 

B. B. Jarvis and P. E. Nicholas, "Reactions of a-Azido Sulfones with Bases," J. Org. 
IChem., 45,2265-2268 (1980). 

B. B. Jarvis, G. P. 'Stahly, G. Pavanasasivam, and E. P. Mazzola, "Antileukemic 
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Jarvis, J. D. Miller, and D. G. Dearborn. Acute Pulmonary Hemorrhage in Infants 
Associated with Exposure  to Stachybotrys atra and  Other Fungi. Arch. Pediatr. Adolesc. 
Med., 152,757-762 (1998). 

138. B.  B. Jarvis, W. G. Sorenson,  E.-L. Hintikka, M. Nikulin, Y. Zhou, J. Jiang, S. Wang, S. 
Hinkley, R. A. Etzel,  and D. Dearborn. "Study of Toxin Production by Isolates of 
Stachybotrys chartarum and Memnoniella echinata isolated During a Study of Pulmonary 
Hemosiderosis in  Infants," Appl. Environ. Microbiol., 64,3620-3625 (1998). 

139. M. S. Varaschin, C. S. L. Banos, B. B. Jarvis. Intoxica@o experimental por 
Baccharis coridifoZiu (Compositae) em bovinos. Pesq. Vet. Bras., 18,69-75  (1998). 

140. E. Johanning, M. Gareis, E.L. Hintikka, C. S .  Yang, M. Nikulin, B. B. Jarvis, and R. 



Di'etrich. "Toxicity Screening of Fungal  Samples:  Results of Sentinel  Health  Investigations 
Relate# to Indoor Stachybotrys atra (chartarum) Exposure." Mycotoxin Research, 14,60- 
73 (1'998). 

141. Si. F'. Hinkley, J;. ,liang, E. P. Mazzola,  and B. B. Jarvis,  "Atranones:  Novel  Diterpenoids 
from  the  Toxigenic  Mold Stachybotrys atra," Tetrahedron Lett., 40,2725-2728 (1999). 

142. M.-Y., Lee, S. Li, B,. B. Jarvis,  and J. J.  Pestka,  "Effects  of  Satratoxins  and  other 
Macrocycfic  Trichothecenes on IL-2  Production  and  Viability  of  EL-4  Thymoma Cells." J 
Toxicol. Environ. Health, Patt A, 57,459-474 (1  999). 

$43. S'. F. Hinkley, P. C. Fettinger, K. Dudley,  and B. B. Jarvis,  "Memnobotrins  and 
Memnoconols:  Novel Metabolites from Memnoniella echinata," J. Antibiotics, 52,988-997. 

M4. S .  Vesper, D. G. Dearborn, I. Yike, T. Allen, J. Sobolewski, S. F. Hinkley, B. B. Jarvis, 
and R. A. Haugland,  "Evaluation of Stachybotrys chartarum in  the  House of an  Infant  with 
Pulmonary Hemorrhage: Quantitative  Assessment  before,  during,  and  after 

Remediation,"' J.  Urban Health, in  press. 

345. G.-Y. Yang, B. B. Jarvis, and J.  J.  Pestka,  "Apoptosis  Induction by  the  Satratoxins  and 
'Other Trichothecene  Mycotoxins:  Relationship to ERK, p38 MARK and SAPWJNK 
Activartion.," Tox. Appl. Pharm., in  press. 

f46., S. F. Hinkley, E. P. Mazzola, J. C. Fettinger, Y.-F. Lam, and B. B. Jarvis, "Atranones 
A-@: A unique series of metabolites from ,the toxigenic  mold Stachybotvys atra." 
Phytochemistry, in press. 

147. S,. F. Hinkley, J. Moore,  J. Squillari, K. Dudley and B. B. Jarvis,  "New  Compounds  and 
, Isolation Artifacts from the Fungus Stachybotrys atra." J .  Nat.. Prod., submitted. 

I. Books 

1, B. B,. Jarvis and P. H. Mazzocchi, "Form and  Function, An Organic  Chemistry 
Module," Harper and  Row  Publishers,  Evanston,  Illinois(1973),  2nd  Edition,  1978 

2. B',. ,B. Jarvis  (Unit Director for),  "Chemcom:  Chemistry  and  Health,"  American 
Chemical 

Society,  Washington, D.C. 1986. 

2 .  Contracts  and  Grants (1 983-present) 

1. NIH-NCI-CA-25967,  "New  and  Potent  Anticancer  Compounds,"  December 1, 1983- 
November 30, 2986'.  $254,290  (Direct  costs only). 

2 .  U.S,. Anny Contract DAMDl7-82-C-2240, "Trichothecene  Mycotoxins:  Preparation, 
AnaIysis,  and  Chemical  Reactivity,"  'September  1  1982-August 31, 1985.  $336,782. 

duo362 
,-. - '  I 



3. U.S. Army Contract DAMD17-85-C-5 129, "Preparation of Radiolabeled Macrocyclic 
Trichothecenes, Simple Trichothecenes for Generation of Generic Antibodies, and a 
Study of the Fate of Trichothecenes in Soil,"  Sept. 1, 1985-Nov. 14, 1986. $132,844. 

4. NIH-NCI-CA-25967,  "Chemistry of the Macrocyclic Trichothecene Antibiotics," 
December  1,  1986-November 30, 1989. $207,610 (Direct costs only). 

5. NSF INT-86- 10994, "Interaction of Trichothecene - Producing Fungi  with Higher 
Plants," July 15,  1986-June  30, 1989. $9,406. 

6 .  NeoRx Corporation Contract, "Preparation of Trichothecene Derivatives for 
Conjugation to Antibodies,"  August  1,  1986-April  30, 1989. $126,913. 

7. Agricultural Biotechnology Center Small Grant  Award, "Plant Produced  Fungal 
Toxins," October 1,  1987-June 30, 1988. $1  7,000 (Co-PI with G.  A.  Bean). 

8. NeoRx Corporation Contract, "Preparation of Trichothecene Derivatives for 
Conjugation to  Antibodies,"  May 1, 1989-April  30, 1990; $74,168. 

9. NIH-GM-43724, "Chemistry  and Biology of the Macrocyclic Trichothecenes," January 
1,  1990-December 3 1, 1995. $4 1 1,423 (Direct costs only). 

10. NSF-INT-90-09433, "US. - Brazil (STI) Workshop on Natural Products Chemistry," 
April  1, 1990 - March 3 1, 1991,  $25,000  (Total Costs). 

1 1 .  Maryland Industrial Partnership Contract,  "Monomrs That Expand  Upon Curing for 
Use in the Electric Industry,"  June 1, 1990 - May 3 1, 1991, $81,300 (Total Costs). 

12. UMCP Biomedical Research Support Award, "Countercurrent Chromatography,"  June 
1,1990 - March 31,1991, $6,500 (Co-PI  with R. Armstrong, J. Gerlt,  and J. 
Kozarich). I 

13. N"R25-GM-50069, "Biomedical Minority Access Program," Oct.  1, 1993-Sept. 30, 
1995, $318,750 (Total Costs; Co-PI  with W. Higgins). 

14. UMCP General Research Board Rersearch Equipment Award, "Upgrade of Mass 
Spectrometry Data Handling System,"  July  1, 1994-June 30, 1995. 

15.  NIH-NCI Contract: "Preparation of 813-Hydroxy-9f3,1Of3-epoxyroridin A,"  August 1,  
1995-J~ly 31, 1996,  $5200. 

16. NSF "Major Equipment Grant  for Purchase of 400  MHz  and Upgrade of 500 MHz 
NMR Instruments,"  January 1,1996-December 3 1,1997, $380,000. 

17. NTH-NCI Contract:  "Preparation of 813-Hydroxy-9B,l  OB-epoxyroridin A and 8B- 
Hydroxy-9J3,l  OB-epoxyvermcarin A 'I March 15,1996-March 14, 1997, $7000. 



0 18.  EPA  Contract,  "Interstitial Lung Disease:  Moisture,  Molds, and'Buildings," $50,000 
subcontract,  total  contract:  $572,710,  December  2,  1996 - December 1, 1999. 

19,.  Center  for  Indoor Air Research  Grant,  "Development  of  Analytical  Methods  to  Measure 
Levels' of Fungal Toxins in Indoor  Air," 0 1 /O 1 /98 - 1  2/3  1 /OO, $4 1  1,18 5 .  

20. US. Army Contract  DI-MGMT-80227, "FT-NR Rapid  Determination of Food 
Integrity,"  06/01/98 - 05/31/00,  $236,668  (co-PI E. Calvey). 

2'1.  NSF  "Major  Equipment  Grant  for  Purchase of CCD  and  Powder  Diffraction  %Ray 
Spectrometers  and  Upgrade  of Rigaku D-MAX  B  Theta-theta  Powder  Diffractometer 
,'I September 1, 1998-August 31,2000, $265,330. 

3. Special Achievements 

a)  Invited as a  Speaker  for  American  Chemical  Society  Speaking  Tour (1 982-84). 

b) ACS Short  Course  on"Medium  Effects,  JCrown  Ethers,  and  Phase Transfer 
Catalysis in Organic  ,Synthesis"  This  course is now  offered as an  ACS  Audio Course. 

c) Vice-chairman,  Gordon  Research  Conference  on  Mycotoxins,  June  1985. 

d) 'Chairman,  GRC on Mycotoxins,  and  Phycotoxins,  June  1987. 

e)  GFS Semester  Research  Award  '(Fall  1985). 

f) Maryland Sigma Xi Award  for  'Outstanding  Research,  1987. 

9)' Elected AAAS Fellow, January 1989. 

h)' University  Teacher-Scholar  Awardee , 1991  -92. 

i)' CuKCoast Lecture Tour Speaker  for Am. Chem.  Society  (Oct.  26-30, 1992). 
L' 

j) Indians Lecture Tour Speaker for  American  Chemical  Society  (April  12-  16,1993) 

k) Northeast  Lecture Tour Speaker  for Am. ChemSociety (November  15-19,1993). 

1) Member  of ChemTrocks Editorial  Board 

m)  Member of the  Editorial  Board  of Natural Toxins ( I  998-Present) 

4)' Invited  Seminars:  (1  983-present) 

I. Shanghai Institute oforganic Chemistry,  China,  August 23,1983. 
2. Meacal Institute ofthe Chinese  Academy of Medicine,  Beijing, China, 

August 25,1983. , .  



3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 

44. 
45. 
46. 
47. 
48. 

Institute of Microbioal Chemistry, Tokyo, Japan,  August 3 1,  1983. 
Stevens Institute of Technology, March 2,1984. 
Polish Academy of Sciences, Posnan, Poland, August 1 1, 1984. 
Hungarian Academy of Sciences, Budapest, Hungary, August 16,1984. 
University of Virginia, April 3, 1985. 
American Cyanamide, Princeton, NJ, November 6,1985. 
University of Virginia, Charlottesville, VA, March 2, 1986. 
Ecole Polytechnique, Paris, France, August 12, 1986. 
LaSalle University, Philadelphia, PA, November 1 1, 1986. 
Manhattan College, Riverdale, N Y ,  November 12, 1986. ’ 
Frostburg State College/Western Maryland Local ACS,  Nov.  16, 1987. 
Morgan State College, Baltimore, MD,  February 5, 1988. 
Department of Horticulture, UMCP, February 22,1988. 
NeoRx  Corporation, Seattle, WA, February 26, 1988. 
University of California-Santa Barbara, March  2, 1988. 
University of California-Irvine, March 4, 1988. 
University of Delaware, March 16, 1988. 
Annual Sigma Xi Meeting, UMCP, March 25, 1988. 
University of Iowa, April 4, 1988. 
University of Sao Paulo, May  9, 1988. 
Iowa State University, August 4, 1988. 
Shionogi Pharmaceutical Company, August  23, 1988. 
University of Mississippi, November 17, 1988. 
University of Puerto Rico, March  27, 1989. 
Federal University Rio du Sul, Port0 Alegre, Brazil, May 5 ,  1989. 
Chemical Society of Washington, November 9, 1989. 
UMBC,  March 27,1990. 
Abbott  Laboratories,  April 3, 1990. 
University of Sao Paulo, June 1, 1990. 
Walter Reed Medical Center, March 15, 1991. 
U.S. State Department, April 17, 1991. 
University of California at  Irvine, April 25 and  26, 1991. 
Organon, Inc., Rockville, MD, September, 10, 1991. 
University of Westchester, PA, September 1 1, 1991. 
Shippenburg University, PA, November 20,1992. 
University of Delaware,  March 3, 1993. 
Frederick  Cancer Research Center, Frederick, MD, March  19, 1993. 
University of Kenyatta,  Nairobi, Kenya, June 15,  1993. 
National Institutes of Health, Bethesda, MD, June 25, 1993. 
Washington College, Chestertown, MD, November 10, 1993 
Bristol-Myers Squibb Pharmaceutical Research Institute, Wallingford, CT, 
November 18,1993 
Ohio Wesleyan University, Delaware, Ohio, March  3, 1994 
Denison University, Granville, Ohio, March 4, 1994 
Gettysburg College, Gettysburg, PA, November 1994 
Junior Sciene & Humanities Symposium, Greenbelt, MD, March 16,1995 
University of Sa0 Paulo, Sa0 Carlos, Brazil, April 24, 1995 



49. University of Sao Paulo, Campinas, Brazil, April 25, 1995 
50. Vanderbilt University, September 22, 1995 
51., Washington DC section of the American  Chemical Society, May 9, 1996 
52. Western Maryland College, Oct. 9, 1998. . 
53. Danish Technical University, Sept. 14, 1999. 
54. University of Copenhagen,  Oct.  28, 1999. 
55.  University of Munich, Nov. 18, 1999 

Book Chapters 

I. B., B. Jarvis, R. M. Eppley and E. P. Mazzola, "Chemistry and Bioproduction of 
Macrocyclic Trichothecenes," in Trichothecenes - Chemical Biological and 
Toxicological Aspects, Y. Ueno (Ed.),  Kodansha Scientific, Tokyo, 1983. 

2,. B.,  B. Jarvis, "Trichothecene Mycotoxins from the Higher Plant Bacchuris 
megapotamicu," in Toxogenic Funci - Their Toxins and Health Hazard, 
H. Kurata and Y .  Ueno  (Eds.), Elsevier, New  York, 1984, pp. 3 12-321. 

3.. B., B. Jarvis, N. B., Pena, M. M. Rao, N. S .  Comezoglu, and T. F. 
Comezoglu,"Allelopathic Agents kom Parthenium  hysterophorus and Baccharis 
megapotarnica," in The  Chemistw of Allelopathy, A. C. Thompson (Ed.), ACS 
Symposium Series,, Washington, D.C., No. 268, 1984, pp. 149-159. 

4. B. B,., Jarvis, G. Pavanasasivam, and G. A. Bean, "Mycotoxins Production from 
Myrothecium Species," in Trichothecenes and  Other Mvcotoxins, J. Lacey (Ed.), John 
Wiley and Sons, Ltd., London, 1985, pp.  221-229. 

5 .  8,. B'. Jarvis, "Trichothecene Mycotoxins and  their Interactions with Plants," in 
Mvcotoxins and Phycotoxins, P. S. S t e p  (Ed.), Elsevier, Amsterdam, 1986, pp. 153- 
160. 

6. E. P. Mazzola and B. B. Jarvis, "Structure and Characterization of Trichothecenes," in 
Recent Advances in Orpanic NMR Spectroscopy,  J. B. Lambert and R. Rittner (Eds.), 
Norell, Press, Landisville, NJ, 1987, pp.  153-162. 

7. B. B. Jarvis, and A. M. Acierto, "Anticancer Properties 'of Trichothecenes," in 
Pathophvsiotow of Trichothecenes, V. Beasley (Ed.), CRC Press, Boco Raton, FL, 
1989,, ppm. 73-105. 

8. 8. B. Jarvis, "Mycotoxins - An Overview," in Animal, Plants, and Microbial Toxins, 
C.. L. Ownby and G. V. Ode11 '(Eds.), Pergamon Press, Oxford, 1989, pp. 17-29. 

9 .  B. B. Jarvis, G. A. Bean, J: 0,. Midiwo, M. B.  Aboul-Nasr, J. Kuti, and N. Mokhtari, 
'"The Mystery of Trichothecenes in Higher Plants, in Proceedings of the 7th 
hternational~ Symposium on Mycotoxins and  Phycotoxins, Y. Ueno (Ed.),Elsevier, 
Amsterdam,  4989,  pp.  197-204. 



10. B. B. Jarvis, J. 0. Kuti, and G. A. Bean, "Phytotoxicity of Macrocyclic 
Trichothecenes toward Baccharis Cell Lines, in Proceeding of the 5th International 
Plant Pathology Congress, T. Yoshizawa (Ed.), Elsevier, Amsterdam, 1989, pp.  199- 

. 203. 

11. B. B. Jarvis, "Mycotoxins and Indoor Air  Quality,"  in Biological Contaminants in 
Indoor Environments, AST STP 1071, P. R. Morey  and J. C. Feely, Sr. (Eds.), 
American Society for Testing and Materials, Philadelphia, 1990,  pp.  201-21  4. 

12. A. C. Morgan, Jr., F. T. Comezoglu, R. Manger, B. B. Jarvis,  P.  G. Abrams, and G. 
Sivam, "Immunoconjugates of a Protein Synthesis-inhibiting Drug,"  in  Therapeutic 
Monoclonal Antibodies,'  C. A. K. Borrebaeck and J. W. Larrick  (Eds.), Stockton Press, 
New  York,  1990,  pp.  143-158. 

13. B.  B. Jarvis, "Macrocyclic Trichothecenes," in Mycotoxins and Phytoalexins, R. P. 
Sharma and D. K. Salunkhe (Eds.),  CRC Press, 1991, pp.  361-421. 

14. B. B. Jarvis, "Mycotoxins in the Air: Keep Your Buildings Dry or the Bogeyman  Will 
Get  You," in Fungi and Bacteria in Indoor Air Environments,  E, Johanning and C. S. 
Yang  (Eds.),  Eastern  New  York Occupational Health Program, Latham, N Y ,  1995, 
pp. 35-44. 

15. B. B. Jarvis, S. C. Trapp, and T M. Hohn, "Fungal Toxins Produced,by Brazilain 
Baccharis Species: a Case for Horizontal Gene Transfer?" in Proceedings of the 
International Compositae Conference, KEW 1994, Vol. 2, Biolonv & Utilization, P. D. 
S. Caligari and  D.  J. N. Hind (Eds.), Royal Botanic Gardens,  Kew, 1996, pp.  261-267. 

16. B.  B. Jarvis and J. D. Miller, "Natural Products, Complexity, and Evolution," in  Recent 
Advances in Phytochemistry: Phytochemical Diversity a d  Redundancy in  Ecological 
Systems, Vol.  30, J. T. Romeo, J. A. Saunders, and P. Barbosa (eds.), Plenum, New 
York, N Y ,  pp.  265-293 (1996). 

17. B.  B. Jarvis and S. Hinkley, "Analysis for Stachybotrys Toxins," in Bioaerosols, Fungi, 
and  Mycotoxins, E. Johanning and C. S .  Yang  (eds.),  Boyd Printing, Albany, N Y ,  pp. 
161-177 (2000). 

18. S. Hinkley and  B.  B. Jarvis, "Method for Stachybotrys Toxins,"  in Methods in 
Molecular Biologv: The Mycotoxin Protocols, Humana Press, in press. 

19. B. B. Jarvis, "Role of Natural Poducts in Evolution, in  Advances in Phytochemistry: 
The Evolution of Metabolioc Pathways, Vol. 34, in press. 

2. A. Papers Presented  at Professional Meetings (1 983 - Present) 

1. F. E. Boettner, B. B. Jarvis, and N. B. Pena, "Macrocyclic Trichothecenes fiom a 
Large Scale Extract of Baccharis megapotarnica," 186th National Meeting of the ACS, 
Washington, D.C., August 29,1983. 



e 2. B., B. Jarvis, 3 . 0 .  Midiwo, N. B. Pena, N. S. Comezoglu  and F. T. Comezoglu, 
'"AntiIeukemic  Macrocyclic  Trichothecenes," 35th Southeast Regional Meeting of the 
ACS:, Charlotte, NC,  November 9, 1983. 

34. P. J. H m a n ,  A. V. Stiffey, B. B. Jarvis, and S. L. Greene, "Reaction of 
Tiichothecenes' with Vegetation as  a Factor in their Concentration in Field Samples," 
188th National  Meeting of the ACS, Philadelphia, PA, August  27, 1984. 

4. B.. B.  Sarvis, T. F. Comezoglu, and N. S. Comezoglu, "Oxidation  and Rearrangements 
of Macrocyclic Trichothecenes," 188th National Meeting of The ACS; Philadelphia, 
PA, August 27,1984. 

5 .  B'. B., Jarvis,, "Oxidative  Rearrangements," International Symposium on Advances  in 
Methods' of Organic Synthesis, Jadwisin, Poland, July 5, 1984. 

, .  

61. B:. B. Jarvis and 1G. A. Bean,  "Chemical Interactions Between Fungi  and Higher 
Piants," 14th International'  IUPAC ,Symposium on the Chemistry of Natural Products, 
Posnan, Poland, July 12, 1984. 

7. G'. A. Bean and B. B. Jarvis, "Allelopathic Trichothecene Compounds Produced  by 
Fungus, Myrothecium," 190th National Meeting of the American Chemical Society, 
Chicago, IL, September 10, 1985. e 8. 8. B. Jarvis, T. F. Comezoglu, M. E. Alvarez, and' D. B. Mazzocchi, Torrelation of 
Chemical  Reactivity with Biological Activity for the Trichothecenes," 19th Middle 
Atlantic ACS Meeting,  Monmouth College, West  Long Branch, NJ, May 22, 1985. 

9. B. B,. Jarvis and C. S.  Yatawara, "Isolation of New Mycotoxins'fiorn M. Roridum," 
191St National ACS Meeting, New York City, April  15,  1986. 

IO. B., B'. Jarvis, J. S. Rinker, and M. L. Franklin, "Toxin.Production fiom S. atra," 20th 
Middle Atlantic ACS Meeting, Baltimore, MD, 'September 3; 1986. 

E I. B'. B. Jarvis,, J. 0. Midiwo,  and R. N. Ominde, "Chemical Modifications of 
Macrocyclic Trichothecenes," 20th Middle Atlantic ACS Meeting, Baltimore, MD, 
September 3, 1.986. ~ 

112. Bf. B'. Jarvis and  M.  Zeng,  "'Chemical Modifications of Myrotoxins," 20th Middle 
Atlantic ACS Meeting, Baltimore, PVrI'D, September 3, 1986. 

1.3,. B. B. Jarvis, M. E. Alvarez,  and D. B. Mazzocchi,."Correlation of Chemical and 
Biological' Reactivities of the Trichothecenes," 20th Middle Atlantic  ACS  Meeting, 
Baltimore, MD, ,September 3, 1986. 



14. B. B. Jarvis, M. E. Alvarez, D. B.  Mazzocchi,  and F. T.  Comezoglu, "Mechanisms for 
the Rearrangements of Trichothecenes," 194th National ACS Meeting,  New  Orleans, 
September 3, 1987. 

15. G. A. Bean and B. B. Jarvis, "Role of Trichothecenes in Plant Pathogenicity," 2nd 
Meeting of the Pan-American Biodeterioration Society, Washington, D.C., July 30, 
1988. 

16.  G. Sivam, F. T. Comezoglu, R. Manager, M.  A.  Gray,  B. B. Jarvis, and  A.  C.  Morgan, 
"Immunoconjugates of Trichothecenes and  Monoclonal Antibody," 4th  International 
Conference on Monoclonal Antibody Immunoconjugates for  Cancer,  UCSD  Cancer 
Center, San Diego, CA,  March 31, 1989. 

17. G. Sivam, F. T. Comezoglu, V. M. Vrudhula, K. Riker, M. A.  Gray,  A. Srinivasan, B. 
B. Jarvis,  and  A.  C.  Morgan, "Immunoconjugates of Small Molecule Protein Synthesis 
Inhibitor (Trichothecene) - an  Update," International Symposium on Natural Toxins, 
Naming, China, May 23,1989. 

18. G. Sivam, F. T.  Comezoglu, V. M. Vrudhula, K. Riker, M.  A.  Gray,  A. Srinivasan, B. 
B. Jarvis, and A.  C. Morgan, "Immunoconjugates of Small Molecule Protein Synthesis 
Inhibitor (Trichothecene) - an  Update," International Symposium on Natural Toxins, 
Nanjing,  China, May 23, 1989. 

I 

19. B.  B. Jarvis, N. Mokhtari-Regali, N. Aboul-Nasr, J. 0. Kuti,  and G. A.  Bean, 
"Trichothecene Mycotoxins from Brazilian Baccharis Plants," 3 1st American Society 
of Pharmacognosy  Annual Meeting, San Juan, Puerto Rico, August 1989. 

20. Y.-N. Lin, B. B. Jarvis, and  W. J. Bailey, "Synthesis and Polymerization of Bis Spiro 
Orthocarbonate Monomers," 203rd ACS National Meeting, San Fransico, CA, 4/92. 

21. Y.-N. Lin  and  B.  B. Jarvis, "Synthesis and Polymerization of 12,13-Benzo-2,9- 
dimethylene-6-methy1-1,4,8,11 -tetraoxadi~piro[4.1.4.2]tridecane," 203rd  ACS 
National Meeting, San Fransico, CA, April 1992. 

22.  B. B. Jarvis, J. Salemme, A. Morais, B. Westfall, and F. Habteselasle, "Isolation and 
Characterization of Stachybotrys atra Toxins," 33rd American Society of 
Pharmacognosy Annual  Meeting, Williamsburg, VA, July 1992. 

23. B. B. Jarvis and S. Wang, "Isolation and  Characterization of New Trichoveroids from a 
Complex Fermentation Mixture by Use of Countercurrent Chromatography," 204th 
ACS National Meeting, Washington, D. C., August 1992. 

24. P. DeShong, B. B. Jarvis, and T. C. OHaver, "Use of the CAChe System in 
Undergraduate Education. An Integrated, Multiyear Approach," 204th ACS National 
Meeting, Washington, D. C., August 1992. 



258. B. B. Jarvis, S .  Wang, H. L. Ammon,  B.  Westfall,  and F. Habteselasle, "Biosynthetic 
Relationship' between  tlie Trichoveroids and the Four Diastereomeric Roridin E'S,'' 44th 
Southeastern-26th Middle Atlantic Regional Meeting of the ACS , Crystal City, VA, 
December 7,1992. 

26'. B. B. Jawis, J. Salemme, A. Morais, B. Westfall, and F. Habteselasle, "Isolation and 

27. 

28. 

29. 

3 0. 

Characterization of Stachybotys utra Toxins," 44th southeastern-26th Middle Atlantic 
Regional Meeting of the ACS, Crystal City, VA,  December  7, 1992. 

E. J'ohanning, P. R. Morey,  and B. B. Jarvis, "Clinical-epidemiological Investigation of 
Health Effects  'Caused by Stuchybotrys utra Building Contamination.," Indoor  Air '93,. 
Helsinki, Finland, July 5, 1993. 

S. IC. Trapp, B. B. Jarvis, and T. M. Hohn, "Isolation  and Nucleotide Sequence of the 
Tridiodiene Synthase Gene fiom: Myrothecium roridum," Host - Fungus Pathogenic 
Interactions, Keystone Symposium, Taos, New  Mexico, February 27, 1995. , 

B. B. Jarvis, S. C.  'Trapp,  and T. M: H o b ,  "Relationship of Plant and  Fungal  Secondary 
Metabolite 'Genes," 18th Fungal Genetics Conference, Pacific Grove,  CA,  March  25, 
1,995. 

W. G. Sorenson,, B. B. Jarvis, J.. Jiang, Y .  Zhou, S. Wang, M. Nikulin,  and E.-L. 
HintiHa. "Toxine irn Zusammenhang  mit Stachybotys und MemnonieZZu in  Haeusern 

1996. 
n i t  Wasserschaden''. 18th Mykotoxin  Workshop.  Kulmbach, Germany, June 1 1, 

8. Invited Talks' at Symposia (1983 - Present) 

1. 

2,. 

3. 

4. 

5. 

B. B. Jarvis, G. Pavanasasivam,  and  G.  A. Bean, "Mycotoxin Production from 
Myrothecium Species," Mycotoxin Symposium in the 4th International Congress of 
Plant Pathology, University 'of Sidney, Sidney, Australia,  August  12-1 5 ,  1983. 

B'. B. Sarvis, "Mew Trichothecenes fiom Baccharis, Myrothecium and Stuchybotrys 
Species,'"' Third International Mycological Congress, Tokyo,  Japan,  August  28- 
September 3, 1983. 

€3. B',. Jarvis and G. Pavanasasivam, "Bioproduction of Trichothecenes from 
Myrotheciwn Species," 186th National Meeting of the ACS, Symposium on  "Update 
on' Antitumor Compounds from Fermentations," Washington, D.C.,  August  28- 
September 2, 1983'. 

B. B. Jarvis ,and S .  L. Greene,  "'Analysis  for Macrocyclic Trichothecenes," Eastern 
Analflical. Symposium, New York, N Y ,  November 16, 1983. 

B. B. Jarvis, "Bioproduction and' Analysis of Macrocyclic Trichothecenes,;'  FASEB 
S'liunmer Research 'Conference, Saxtons River, VT, June 25, 1984. 

a 



6.  B. B. Jarvis, "Preparative Liquid Chromatography in Natural Products Chemistry," 
Preparative Liquid Chromatography Symposium, Washington,  D.C., May 15, 1985. 

7.  B. B. Jarvis, "Chemistry and Biology of the Trichothecene Mycotoxins," S. J. Cristol 
Symposium, Boulder, Colorado,  May  30, 1985. 

8. B. B. Jarvis, "Molecular Basis of Action for the Trichothecenes," FASEB Summer 
Research Conference, Copper Mountain, CO, July 9, 1986. 

9.  B. B. Jarvis, "New  and  Potent  Macrocyclic  Trichothecenes,"  15th  IUPAC  International 
Symposium on the Chemistry of Natural Products, August 19,1986, The Hague, The 
Netherlands. 

10. B.  B. Jarvis, "Applications of Preparative Liquid Chromatography to Natural 
Products,"  3rd  Washington  Symposium on Preparative Liquid Chromatography, May 
5, 1987. 

1 1.  B.  B. Jarvis, "Antibiotics  from Higher Plants," X Annual Meeting on Micromolecular 
Evolution, Systematics and  Ecology, May 3,  1988, Joao Pessoa, Brazil. 

12. B. B. Jarvis, "Trichothecenes Immunoconjugates as Anticancer Agents,"  29th  Annual 
University of Buffalo Medicinal Chemistry Symposium, Buffalo, N Y ,  June 3, 1988. 

13.  B.  B. Jarvis, "Mycotoxins - An Overview," 9th World Congress on Animal, Plants, 
and Microbial Toxins, Stillwater, OK,  August 1, 1988. 

14.  B.  B. Jarvis, "Trichothecenes in Baccharis Species," 7th International IUPAC 
Symposium on Mycotoxins and Phycotoxins, Tokyo, Japan,  August  19, 1988. 

15.  B.  B. Jarvis, "Phytotoxicity of Macrocyclic Trichothecenes Toward Baccharis Cell 
Lines," 5th International Congress of Plant Pathology, Kyoto,  Japan, August 2, 1988. 

16. B. B. Jarvis, "Fungal Toxins Present in Female Baccharis Plants-: A Case of Horizontal 
Gene  Transfer?," 6th Annual Meeting of the Eastern Branch of the Entomological 
Society of America, Syracuse, N Y ,  October 3, 1988. 

17. B. B. Jarvis, "Mycotoxins - An Overview," 9th World Congress on Animal, plant, and 
Microbial Toxins, Stillwater, OK,  August 1, 1988. 

18. B. B. Jarvis, G.  A.  Bean, J. 0. Midiwo, M. B.  Aboul-Nasr, J. Kuti, and N. Mokhtari, 
"The Mystery of Trichothecenes in Higher Plants," 7th International IUPAC 
Symposium on Mycotoxins and Phycotoxins, Tokyo,  Japan,  August 17, 1988. 

19. B.  B. Jarvis, J. Kuti, and  G.  A.  Bean, "Phytotoxicity of Macrocyclic Trichothecenes 
T~warcl hccharis Cell Lines," 6th International Congress on Plant Pathology, Kyoto, 
Japan, August, 22, 1988. 



20. B. B. Jarvis, "Mycotoxins in Brazilian Higher Plants," 16th International Symposium 
on the Chemistry of Natural Products, Monterrey, Mexico, April,  28, 1989. 

2'1.. B. B. Jarvis, "Mycotoxins and Indoor Air  Quality," Symposium on Biological 
'Contaminants in Indoor Environments, AST STP 1071, Boulder, CO., June, 28, 1989. 

.22. W. 'G,. Sorenson and B. B. Jarvis, "Mycotoxins  in Airborne Spores of Stachybotvys 
afra," 8th International Bioterioration and Biodegradation Symposium, Windsor,' 
Canada, August 27,1990. 

23. B. B. Jarvis, "Isolation and Characterization of Trichothecenes from Plant  and 
Microbial Sources,"  43rd Southeastern ACS Meeting, Richmond, VA, Nov. 14, 1991. 

24. B. B. Jawis, '"Role of Secondary Metabolites in  Evolution,"  Inaugural  Conference of 
the Kenyan 'Chemical Society, Nairobi,, Kenya,  June  7,  1993. 

25. B. B., Jarvis, S'. C.  Trapp, and T M. Hohn, "Fungal Toxins Produced  by Brazilain 
Bhccharis Species: The Case.for Horizontal Gene Transfer," Compositae Systematics 
Biology Utilization International Conference, KEW Gardens, Kew,  England,  August 2, 
1994. 

26. B. B. Jarvis, "Toxigenic Fungi in Indoor  Air," Fungi and Bacteria in Indoor Air 
Environments, Saratoga, N Y ,  Oct. 6 ,  1994. 

27. B'. B. Jarvis, "Secondary Metabolites as a Driving Force in Evolution," 17th  Annual 
Meeting on Micromo;ecuTar Evolution, Systematics, and Ecology, Rio de Janeiro, 
'Brazil,, April 28,  1995. 

. 28. B. B. Jarvis, "Toxigenic Fungi in the Air We Breathe," 5th Pan  American  Symposium 
'on Animal,, Plant, and Microbial Toxins, Frederick, MD, August 2, 1995. 

2,9. B. B. Jarvis and J. D. Miller, "Secondary Metabolism, Complexity, and  Evolution," 
Annuall Meeting 'of the Phytochemical Society of North America, Sault Ste. Marie, 
Ontario, 'Canada, August 1.3, 1995. 

30. B,., B. Jarvi,s, "Chemical Analyses of S. atra Isolates fkom Cleveland  Homes,"  Indoor 
Air and Diseases in Cleveland Infants, a workshop held at the CDC, Atlanta, GA, 
August 25, 1995 

3111. B. B. Jarvis, "Analysis of Building Materials for Mycotoxins," AOAC International 
Annuall Meeting, Nashville, TN, September  20, 1995. 

3 2 .  8. B. 3arvi,s, "Anticancer Agents: Past, Present,  and Future," Cellular & Molecular 
B,iology 2nd World Congress, Ottawa, CA, September 6 ,  1996. 

33,. B. B. Jarvis, "Stachybotrys in the Air,"  Gordon Research Conference, Henniker, NH, 
June 1'6, 1997. 



34. B. B. Jarvis and S. Hinkley, "Stachybotrys Toxins," 3rd International Conference on 
Bioaerosols, Fungi and  Mycotoxins, Saratoga, N Y ,  Sept.  23-25, 1998. 

35. B. B. Jarvis, "Fungal Toxins in the Environment," NSF Workshop on Natural Products 
Chemistry, Cairo, Egypt, Feb.  20-26, 1999. 

36. B. B. Jarvis, "Novel Toxins from Stachybotrys and Memnoniella Species," Gordon 
Research Conference, Henniker, N H ,  June 22, 1999. 

37. B. B. Jarvis, "Mycotoxins in the Indoor  Air: Case Studies of Stachybotrys chartarum," 
Moulds in Buildings Symposium, Rungstedgaad,  Denmark, October 9, 1999. 

38. B. B. Jarvis, "Genomic Structure of Natural Product Biosynthetic Pathways," 3rd 
Annual Copenhagen Natural  Product  Symposium,  Dec.  10, 1999. 

39. B. B. Jarvis, "Natural Toxins in the Air We Breathe and the Food We  Eat ,It Joint 
Workshop in Life Science,  Universities of Maryland  and Tel Aviv, Jan. 1 1,2000. 

C. Other Creative and Scholarly Activities 

1. Patents: S. M. Kupchan, B.  B. Jarvis, and R. G. Dailey, Jr., "Novel Antileukemic 
Trichothecene Epoxides,"  August 14, 1979,  U.S.  Patent No. 4,164,584. 

D. Instruction (since 1986) 

1. Courses taught 

Semester - Course No. of Students Hours 

Spring 1986 

Fall 1986 
Spring 1987 

Fall 1987 
Spring 1988 
Fall 1988 

Spring 1989 
Fall 1989 
Spring 1990 

Fall 1990 
Spring 1991 

Fall 1991 

CHEM 648A 20 .2 
CHEM 648C 12 1 
CHEM 235 30 4 
CHEM 648A 22  2 
CHEM 648C 18 1 
On leave at National Science Foundation 
On leave at National Science Foundation 
CHEM 233 250 4 
CHEM 648B 15  1 
CHEM 233 150 4 
CHEM 233 120  4 
CHEM  243  280  4 
CHEM  648  (team  taught graduate class in natural products) 
CHEM  235  15  4 
CHEM  491  6  3 
CHEM 898D  (Org. Seminar)30 1 
CHEM  233H 48 4 



Spring 1992  CHEM  491 
Fdl 1992  CHEM 648A 

Spiing 1993 CHEM  243 
CHEM  491 

CHEM 243 

HONR 128P 

' Fajl E993  HONR 128P' 

:spri.Ilg 1'994 CHEM  491 

spring I995 CHEM  121 
Fdl  4994  CHEM 898 

Ed11 1'995 CHEM  2  3  7 
Spring 11996 CHEM 460 
Fall 1996, CHEM  233 
Spring. 1,9917 CHEM 460 
Fall 11997 CHEM  233 
Spring. 2,998, CBEM  460 
FahI 1998 BIOL 105 
,spring 1999  CHEM 460 

CHEM 898 
Fail' 11 999/Spring,  2000  On sabbatical leave 

2. Graduate 'Students '(Since 1985) 

'S. Yatawara ,(Ph.D'., December  1985) 
N. Comezogh  (PbD., August  1986) 
T., 'Comezoglu (Ph.D., December  1986) 
D. Mazzocchi  (Ph.D.,  August  1987) 
E. Alvarez, (Ph'.D.,  May  1988) 
K., Wells '(MS., December  1988) 
K,, Armstrong (MS., December  1988) 
R:,Omihnde  (Phm.D., August 1989) 
M. Zeng (Ph.D.,  December  1989) 
J. Salemme (Ph.D., August  1990) 
Y. Lin  (Ph.D.,  December  1991) 

2 
8 
8 

320. 
4 
5 

180 
6 

40 
60 
,6 0 
22 

230 
15 

200 
14 

300 
15 
4 

3 
3 
3 
4 
3 
3 
4 
3 
1 
3 
4 
3 .  
4 
3 
4 
3 
4 
3 
1 

A. Hayford (PhD, w/ Prof. Hemdon) 
T. Mitra (M.S., May  1993). 
P. Cha (M.S., May  1993) 
S .  Wang (M.S., 5/92,  PhD 5/95) 
S .  Trapp (Ph.D.,  December  1996) 
J. Jiang (M. S . ,  December  1997) 

R. Tan 
C. Williams (M. S. August  1998) 

H. Zhou '(M. S., August 1997) 

3.  Postdoctoral AssociatesNisiting Scientists '(since 1983) 

Dr.,  M. M. Rao 
Dr. Y.-W. Lee 
Dr. J. 0. Midiwo 
Dr. B. Yagen 
MS. M. D.. GUO 
Dr. N. Ammar 
Dr., T. Kaufinann 
Dr. N. Mokhtari 
Dr. J. Kuti 
&. G. Wang 

(1983-84,  1986) 
(1984-85) 
(1985-87.) 
,( 1985-86) (Visiting Professor from Hebrew University) 
(1985-86) (Visiting Scholar, China) 
(1984-85) (Peace Fellow, Egypt) 
(1987-88) , 
(1987-90) 
(1987-88) 
(1 988-89) 



Dr. Tuley DeSilva (1989-91) 
Dr. B. Aboul-Nasr (1 989-90) 
Z-f. Zheng (1989-91) (Visiting Scholar, China) 
Dr. G. Gu (1 989-9 1) 
Dr. Anselmo Morais (1 992- 1994) (Visiting Professor from Brazil) 
Mr. Lu-sheng  Yin (1993) (Visiting Scholar, China) 
Dr. S. Wang (1 996) 
Dr. Simon Hinkley (1 997- 1999) 
Ms. Maria Diaz (1  997, 1998) (Visiting Scholar from Spain) 
Dr. Heekyung Tak (1 999-Present) 

E. Extension Work -none 

F. Service 

Member of: American Chemical Society (ACS); American  Association for the  Advancement 
of Science (AAAS); Sigma Xi; and h e r .  SOC. of Pharmacognosy. 

Member of the ad  hoc  review committee for NIH-NCI for contracts dealing with 
isolation of anticancer compounds from plants and fermentations (1 0/20/83; 
10/5/84; 10/11/85). 
Member of NIH-NCI  Developmental Therapeutics Contracts Review  Committee 
(7/1/83-6/30/87). 

Member of the ad hoc NIH Study Section Medicinal Chemistry Section B (12/16/86) 

Member of NIH-NCI  Aids  Contract  Review Panels, (9/22/87 and 10/19/87). 

Editorial Board of Mycotoxin Research. 

Program Manager (Organic Synthesis), National Science Foundation (8/87-8/88>. 

Member of ad hoc review committee for AID program in Science and  Technology 
Cooperation (10/88). 

Consultant member  to  NIH-NCI  Developmental Therapeutics Contracts Review 
Committee (12/12/89) 

Organizer of NSF-sponsored  Workshop in Natural Products Chemistry held 
5/31/90 - 6/1/90 in Sa0 Paulo, Brazil. 

Member of the Committee on Bioaerosols for the American Conference of 
governmental Hygienists (1 990-1  995). 

Member of the ad hoc NIH-NCI  Developmental Therapeutics Contracts Review 
Committee (1/16-18//91). 



(n) Member ofthe NIH-RCMI site visit  review  'committee, Univ. of Puerto Rico 
(5/19-22/91). 

(Q) Member 'of tlie ad  hoc NIH Study Section Medicinal Chemistry Section B 
(1/7/91). 

(p) Member of ad hoc review committee for AID program in Science and  Technology 
Cooperation (180/16/9 1). 

.(q) Member of the ad hoc NIH-DABR Study Section (1 043-1 5//92). 

(r) Member of Expert  Panel on Medical  and  Environmental Management of 
Srachybotvs atra Contamination  (New  York City, 5/7/93). 

(s)' Chair, W - M C I  Developmental Therapeutics 'Contracts Review Committee for 
"National 'Cooperative Natural' Products Drug Discovery Groups," (3/8-10, 1995). 

Qt), Member of the NIH Study Section for Multidisciplinary Special Emphasis Panel, 
SBIR 8(7/24-25/95). 

'(u)~ Member of the NSF Panel for Instrumentation for Undergraduate Science 
(1/17-20/96)8 

'(v) Finalist Judge, Westinghouse Talent Search, Washington D.C. (3/14-16/96) 

(w) Member, 'NIH-MCI Developmental Therapeutics 'Contracts Review  Committee  for 
"Nati'onal' Cooperative Natural Products Drug Discovery Groups," (6/17- 19,  1996; 
12/12-14/97). 

2. (a), Department: Chairman' of Organic Division (1984-87); Associate Chairman 
'(1988-89,;  1992-1993;  1998-  1'999); Acting Chairman (1 989-90); Chairman (1 993- 
1998). Committees: Member  of (1) Faculty  and Graduate Student Awards  (1  983- 
86'; Chairman 1985-86); (2) Faculty  Advisory Committee (1 984-87); (3) Ad hoc 
Search' Committee (1984-86;  Chairman 1985-86); (4) Analytical Service 
'Committee (1983-present;  Chairman 1983-85); ( 5 )  Chairman of the 
Library/CoEloquium Committee (1985-86); (7) Graduate Admissions (1988-89); 
(8) Chair Executive 'Search Committee (1 989-90); (9) Chair, FAC (1 990-9 1); (1 0)  
Chair, Library and Colloquium Committee (1990-92); (1 1) FAC (1 99 1 - 1993); ' 
Co-Chair Organic-Biochemistry Faculty Search (1993). 

(b)~ U'niversity: (E) Faculty #Senate (1982-84); (2) ALSC PCC Committee (1984-87); 
'(3) Library Advisory  Committee '(1986-87); (4) Member of Search Committee for 
Associate Dean for  Undergraduate Affairs, College of Agricultural and  Life 
Sciences (I 988-89),; ( 5 )  Graduate Council Committee on Fellowships (1 989-92); 
(6)  Provost's Limited Enrollment Committee (1 990-92); (7) Chair, Search 
Committee for Associate Dean  for Undergraduate Studies for the Colleges of 

" Agriculture and Life Sciences (1 990); (8) Provost's Review Committee on 



Microbiology (1991); (9) Research  Award Committee for Colleges of Agriculture 
and Life Sciences (1 991); (1 0) Packard  Award Selection Committee (1 99  1);  (1 1) 
Pelzar Dissertation Award Committee (1  99  1); (12) Faculty Senate (1 991 -93); (1  3) 
Chair, University Graduate  Fellowship Committee (1991 -92); (14) Provost Search 
Committee (1  992-93);  (1 5 )  Senate Faculty Affairs Committee (1 992-93); Chair, 
Botany Chair Search Committee (1993-94; 1994-95); Key Scholar Selection 
Committee (1 994);  Campus Senate Faculty Affairs Committee; Search 
Cowi t tee  for Director of ORAA (1994-95) & since 1996, committees too 
numerous to remember. 

G. International Activities 

Spoke at a symposia in Australia,  and  Japan (see Papers Presented  at  Professional 
Meetings), gave seminars in Hungary, China, Poland, Egypt, and Japan (see 
Invited Seminars), invited  participant  in  6th  IUPAC Symposium on Mycotoxins a 
nd Phycotoxins, Pretoria, South Africa, July 22-25, 1985), and 15th IUPAC, The 
Hague, Netherlands, August 17-22, 1986. Invited to speak at International 
Symposia in Brazil (May 1988), Buffalo, NY (June 1988), Stillwater, OK (July 
1988), Japan (August 1988), and  Mexico (April 1989) and  Kenya (June 1993), 
organizer of NSF-sponsored  workshop  in  natural products held in Brazil (5/90). 
Consultant for  United  Nations  project on Production and Use of Silicas in 

Universities in Sri Lanka  (1975  and 1980), Egypt (1987 and 1991), and Kenya 
(1 993), Kingston University,  Kingston-on-the-Thames,  England  (1 994). 
Workshop in Natural Products Participant, Cairo, Egypt, (1 999). 

Vietnam (Hanoi, Vietnam, 6/15-30190).  Visited  and spoke at Research Institutes and 
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" " A E L 8  W. PAR'IZA,  PH.D. is director of the  Food  Research Institute (FRI), 
Wisconsin Distinguished  Professor, and chair of  the  Department  of Food Microbiology 
and Toxicology,  University of Wisconsin--Madison.  He  holds affiliate appointments  in 
the  Wisconsin  $Clinical  Cancer  Center, the Environmental Toxicology Center, and the 
departments  of  Nutritional  Sciences  and  Food  Science  at  the  University of Wisconsin-- 
Ma&son. Dr. Pariza i t a  member of numerous  scientific  societies.  He is a  past-chairman 
of the Food Microbiology  Division of the American  Society for Microbiology,  a  past- 
member of the. Institute of Medicine's  Food  Forum,  and was a  member of the  National 
Academy of Sciences  Committee on Comparative  Toxicity  of  Naturally  Occurring 
Carcinogens.  He bas been instrumental in organizing  several  national  and  international 
scientific  8conferences,  has  authored or co-authored  over 130 articles and "publications, 

e International Life 'Sciences  Institute--North  America  and  a  Fellow of the Institute of  Food 
Technologists., Dr. Pariza received his B.S. in Bacteriology at the  University of 
Wisconsin--Madison  and his M.S. and Ph.D. in Microbiology  at Kansas State University. 
He then completed three years of postdoctoral study with Professor Van R. Potter at the 
Mckdle Laboratory for 'Cancer  Research at the University of Wisconsin--Madison  and 
j;ohed the faculty of the  Food  Research  Institute,  Department  of Food Microbiology &d 
To~cology in 1976. Dr. Pariza's research  focuses  on  conjugated linoleic acid,  the 
bio~ogicd activity of which was discovered  in his laboratory. 

l and holds more than 25 U.S. patents. Heis also a  member  of  the Board of Trustees  'of  the 



MICHAEL  W.  PARIZA - CURRICULUM  VlTAE 

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

Education: 
Ph.D.  Kansas  State  University 1973  Microbiology 
M.Sc.  Kansas  State  University 1969  Microbiology 
B.Sc.  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 

- 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,  1973-1976. 

- The  University  of  Wisconsin-Madison  (The  Food  Research  Institute,  Department  of  Food 
Microbiology  and  Toxicology):  Assistant  Professor,  1976-198  1;  Associate  Professor, 
1981-1984;  Professor,  1984-Present;  Associate  Department  Chair,  1981-1982;  Department 
Chair,  1982-Present;  Director,  Food  Research  Institute,  1986-present. 

1967-1969. 

Assistant,  1969-1971. 

1971-1973. 

- Wisconsin  Distinguished  Professor,  1993-present. 
- Affiliate  appointments  at  the  University of  Wisconsin:  Wisconsin  Comprehensive  Cancer 

Center;  Environmental  Toxicology  Center;  Department  of  Nutritional  Sciences;  Department 
of Food  Science. 

Membership  in  Scientific  Organizations: 
The  American  Association  for  Cancer  Research 
The  American  Society  for  Microbiology 
The  American  Association  for  the  Advancement of Science 
The  Society of Sigma Xi 
The Institute of  Food  Technologists 
The  Toxicology  Forum ' 

FASEB  (The  American  Institute  of  Nutrition;  The  American  Society  for  Clinical  Nutrition) . 
The  American  Chemical  Society 
The  American  Oil  Chemists'  Society 

Special  Professional  Recognition (1986-~resent): 
- Co-Chair of Organizing  Committee,  Co-Editor of Proceedings, and Keynote  Speaker  for an 

international symposium entitled  "Calories and Energy Expenditure in Carcinogenesis," 
held in  Washington, DC, in 1986. 

- Chair,  Food  Microbiology  Division of the  American  Society  for  Microbiology,  1986/87. 
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Member, Board of Tmstees,  International  Life  Sciences  Institute - North  America, 
1'986-present. 
hvited,twice (11986, and  1989)  to  lecture  at the annual  American  Cancer  Society's  Science 
W~te r s  Symposium. 
Invited  lecture at a  symposium  on  Diet &d Health,  held  in  Vevy,  Switzerland,  in  1987; 
sponsored  by the Nestle 'Company. 
Sabbatical at CoIworth  House in Great  Britain,  guest of the Unilever  Company,  summer, 
1987. 
'Chair,  Committee on Diet  and  Health  for  CAST  (the  Council  on  Agricultural  Science  and 
Technology).,  Report  issued in 1987. 
Invited  lecture at: an international  conference  on  Anticarcinogens  and  Antimutagens  in  the 
Diet, held in,mOhito, Japan, in 1988;  also  lectured  at  the  Toyama  Public  Health  Laboratory, 
and the Kikkornan  'Company. 
Author of Food, Diet, and  Health  Relationships  for  the  Issues  and  Challenges  Section, 
United  States  Department of Agriculture  Five-Year  Plan,  1988. 
Invited  Iecture at an international  symposium  on  Diet  and Cancer  held at the  Karolinska 
Institute, ,Stockhol'm,  Sweden',  in  1989. 
Invited lecture at a meeting on  Biotechnology  and  Food Safety  held  at Comell University, 
Ithaca,,  NY,,  in  1989. 
Invited  lecture at an internationd symposium  on  Anticarcinogens  in the Diet,  held  in 
Charleston,  SC, in 1989. 
Member,  Document Drafting Committee,  International Food Biotechnology  Council, 
1,989/90. 
Invited  lecture at an international  #symposium on  Food  Biotechnology  sponsored  by  the 
International Food Biotechnology  Council,  held in Washington,  DC, in 1989. 
Chair of Organizing Comniittee and  speaker  at an international  symposium,  Mutagens and 
Cgrcinogeas in the Diet, held  in  Madison, WI, in 1989. 
Member, Scientific Advisoq Committee  for  Universal  Foods  Corporation,  1989 to present. 
fnvited  lecture on anticarcinogen  research  in  two  separate  symposia  at  the  1990  annual 
FASEB  meeting. 
bnwited lecture at an intemationd conference  on  food  safety at  Michigan State University, in 
1990. 
Invited  lecture on risk ksessment at an EPA-sponsored  symposia  on  Pesticidal  Transigenic 
Plants, held in Annapolis, MD, in  1990; 
Advisor  on  toxicology  matters  'to  the  Madison  Metropolitan  Sewerage  District  Commission, 
I990 to present. 
Invited  lecture at a symposium on  Anticarcinogens,  sponsored  by  the  National  Cancer 
Institute and held in San Diego,  CA,  in  1991. 
b i t & '  lecture at an international  symposium  on  'cancer  prevention  'organized  by  former 
'Surgeon  General C. Everett Koop, held in Washington,  DC, in 199 1. 
Keynote  speaker at the annual  convention of the  National  Association of State Departments 
of  Agriculture,,  held in Las Vegas, N V ,  in 1991. 
Invited  lecture  on risk assessment  at  symposium  on  "Industrial  Ecology,"  sponsored  by  the 
National  Academy ofsciences and  held  in  Washington,  DC,  in  1991. 
Invited  lecture at Ithe 5th International  Congress  on  Oxygen  Radicals,  held  at  Kyoto,  Japan, 
in $991. 00,0381 

1 '  
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Breakfast  speaker  at  mid-year  meeting of  the National  Association  of  State  Departments of 
Agriculture,  held in Washington, DC, in 1992. 
Invited  lecture  on  natural  toxicants  at  symposium  on  plant  Biotechnology  sponsored by The 
Institute of Medicine  and  held in Irvine,  CA,  in  1992. 
Invited  lecture  at  symposium  on  anticarcinogens  from dairy products, ET Annual  Meeting, 
1992. 
Invited  lecture  at  symposium  on  anticarcinogens,  American  Chemical  Society  Annual 
Meeting,  1992. 
Member,  1993  and  1998  Program  Planning  Committees,  American  Association for Cancer 
Research. 
Keynote  speaker  at  the  1993  annual  meeting  of  the  Weed  Science  Society of  America. 
Member,  Institute  of  Medicine's  Food  Forum,  1993-present. 
Member,  National  Academy  of  Sciences  Committee on Comparative  Toxicity  of  Naturally 
Occurring  Carcinogens,  1993-1996. 
Invited  participant  at  the  U.S.  Congressional  staff  briefing  conducted by the  Environmental 
and  Energy  Study  Conference  on  the  safety  and  regulation of genetically  engineered  foods, 
1993. 
Presented two invited  lectures at the  Health  Protection  Branch,  Ottawa,  Canada,  November ' 

1993. 
Lecturer  and  session  chair  for  two  food  safety  symposia  sponsored  by  the  Ceres  Forum of 
Georgetown  University,  Fall  1993. 
Invited  participant  at  the  National Yogurt Association  International  Conference  entitled 
"Yogurt: Myth Versus  Reality,"  held on October  26-27,  1993 in Washington,  DC. 
Keynote  lecturer  and  session  chair  for  symposium  on food safety, 1994 annud convention 
of the  American  Association for the  Advancement  of  Science. 
Invited  participant  for two meetings of the  U.S.-Japan  Cooperative  Cancer  Research 
Program, held in Honolulu in March  1994. 
Invited  participant  (lecture  and  session  chair)  at the 1994  summer  Toxicology  Forum 
meeting. 
Invited  lecture  entitled  "The  Effect of Diet  on  National  Health  Care  Costs"  at  the  National 
Planning  Association's  Food and Agriculture  Committee  meeting  of  September  9,  1994 
held in Washington, D.C. 
Invited  lecture  entitled  "A  Review of Foodborne  Pathogens and Risk at  the  annual  meeting 
of  the  American  Dietetic  Association  in  a  symposium  entitled  "Meat  and  Poultry  Safety: 
From Farm to Table,"  held on October  18,  1994 in Orlando, FL. 
Invited  panelist  at  a  session  entitled  "Interrelationships of Food,  Diet, and National  Health" 
at  the annual meeting  of  the  National  Association  of  State  Universities  and  Land-Grant 
Colleges  held on November 6,1994 in Chicago, IL. 
Invited  participant  in  a  conference  entitled  "National  Forum  on  Meeting  the  Challenge: 
Health,  Safety,  and  Food for America"  sponsored  by  the  White  House  Office of Science and 
Technology  Policy  held  on  November  21-22,  1994 in Washington, DC. 
Invited lecture entitled "Foodborne  Microbial  Pathogens"  at  the  International  Food and 
Lifestyles Media Conference, January 30,1995, Las Vega, NV. 
Co-organizer of and participant in a US.-Japan Cooperative  Cancer  Research  Program, 
March,  1995,  Maui, HI. 
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Testified at a hearing on the FDA and  the  future of  the  American  biomedical  and food 
industries,  held by  the U.S. Senate  Committee on  Labor  and  Human  Resources,  chaired  by 
Senator  Nancy  Kassebaum,  April 5', 1995,  Washington, DC. 
invited  participant in an IFI' Basic  Symposium  on  lipids  and  health,  June  2-3,  1995, 
Anaheim,  'CA. 
Discussed,  reform of  the  Delaney Clause  at  a  press  conference  on  reforming  the federal 
qplatory process  held  at  the  Senate  Office  Building,  July  12,  1995,  Washington, DC. 
Invited  participant 'at ,the  Third  International  Symposium on "Infant  Nutrition in the 
Prevention of Chronic  Pathology,"  held  on  September  20,  1995, in Alicante,  Spain. 
Invited to lecture at  FDA  on "Conjugated  linoleic  acid: A newly  recognized  nutrient," 
Octobez 4, 1995; Washington, DC. 
Three Invited  lectures on  "Functional foods and  research  on  conjugated linoleic  acid 
l(CLA)," December, 4995,  in  Japan  (International  Conference  on  Food  Factors  that Prevent 
Cancer in Hamamatsu City;  Kikkoman  Corporation  in  Noda  City;  Japanese  National  Cancer 
Ens&& in Tokyo). 
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, 
DK., February 27,  1996. 
Invited  participant  (presented 2 lectures) at 'a symposium  on  conjugated linoleic  acid 
sponsored by  the  American-Oil  Chemists  Society,  April 29,1996, in Indianapolis. 
hvited participant  and  'session  moderator  at  a  Workshop on Individual  Fatty  Acids and 
Cmcer sponsored by  :the  International  Life  Sciences  Institute-North  America, June 4-5, 

Recipient 'of 1996  Marqueta  C.  Huyck  Endowed  Lectureship,  Wayne-State  University, 
Detroi!t, MI. Lecture  title, " C L A :  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, 
$996., 
Speaker  #at  February  1997  dinner  meeting of the Chicago  Section  of  the  Institute of Food 
Tkhnologists, Chicago, IL. 
Lecturer at 1,997  symposium  series,  "Modern  Views  in  Nutrition,"  Iowa  State  University, 
Ames,, IA. 
Chair of Symposium' on  "Enhancing  the  Regulatory  Approval  Process  for Food Ingredient 
Tixhnologiq," 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 Food  Technologists  Fellow,  1997. 
Invited lecture at  6th  International  Congress  on  Clinical  Nutrition,  at  Banff,  Alberta, . 
Canada,  July,  1997. 
Invited'  lecture  at I6th' International  Congress  of  Nutrition,  Montreal,  Canada, July, 1997. 
Chair of Orgmizing~ Committee for the first CLA Forum, held  at  the  University  of 
Wisconsin-Madison,  August,  1997  (highlights  published  in INFORM 9:69-73, 1998). 
Invited l e c t u r e  at  symposium  'sponsored  by  Best  Foods,  New  Jersey,  September,  1997. 
bnvited lecture  at  Michigan  State  University,  October,  1997. 
Invited  lecture  at  the  Japanese  National  Cancer  Center,  January,  1998. 

1996, W ~ h i ~ g t o n ,  D.C. 

Invited Iecture  'at  the  University of Illinois, Febru'ary,  1998. - 
000383 
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- 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. 

Foundation,  Helsinki,  Finland,  May,  1998. 

Risks  and  Management”  (keynote  address),  and E. coli 0157:H7 research  at FRI, May, 
1998. 

May,  1998. 

entitled  “Nutritional  and  Health Benefits of  Inulin  and  Oligofructose”  held  at NIH (National 
Institute of Health) in Bethesda, MD, May,  1998. 

1998. 

IA, September,  1998. 

Toxicology,  Reston, VA, October, 1998 

held in Washington, DC, January,  1999. 

Chemists  Society. 

Food  Technologists (IFT). 

Biochemistry of Lipids. 

- Invited  lecture  on  conjugated linoleic acid research  for  the  Board of the  Finnish  Food 

- Two  invited  lectures  at  the  Finnish Food Congress  in  Helsinki,  Finland:  “Food  Safety: 

- Invited  lecture on conjugated linoleic acid at  the  National  Cancer  Institute,  Bethesda, MD, 

- Chair of session,  “Modification of Cancer Risk by Inulin and Oligofructose,”  at  conference 

- Invited  lecture  on  conjugated linoleic acid  at  The  Toxicology  Forum,  Aspen, CO, July, 

- Invited  lecture on conjugated linoleic acid at a  symposium  at  Iowa State University,  Ames, 

- Invited  lecture on conjugated linoleic acid  at  a  symposium  sponsored by  the  Society of 

- Co-organizer of the first  “International  Workshop on  Conjugated  Linoleic  Acid  Analysis,” 

- Invited  lecture  on  conjugated linoleic acid at the 1999  annual  meeting  of  the  American  Oil 

- Invited  lecture  on  conjugated linoleic acid at  the  1999  annual  meeting  of the Institute of 

- Invited  lecture  on  conjugated linoleic acid  at  the 4 0 ~  International  Conference  on the 

- Invited  lecture on conjugated-linoleic  acid at  the  1999  Steenbock  Symposium. 

Research Focus: 
Conjugated  linoleic  acid 

Patents: 

1. Pariza, 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. Pariza,  M.W.,  and  Ha, Y.L. Methods of chelating  metal  and  novel  compositions  therefor. 
US. 5,070,104 

3. Pariza,  M.W.,  and  Ha, Y.L. Octadecadienoic  phospholipid  esters,  antioxidant  and  mold 
inhibiting  compositions. US. 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 
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Cook, M . k  and' Pariza, M.W.  Method  for  increasing  the  efficiency  of  feed  conversion in 
animalla U.S. 5,428,072 

Cook, ME., Pariza, M.W., Lee, KN., and  Wentworth, B.C. Method  for  controlling  bird 
populations. U.S. 5,504,184. 

Cook, M.E., Pariza, M.W.,  and Park Y. Method  for  reducin,g  body  fat  in animals. U.S. 
patent  'application. US. 5,554,646. . 

Cook,, M.B., Pania, M,W.,'Yang, X., and  Devoney, D. Methods  of  treating  animals to 
mmaintain or increase CD-4 and CD-8,'cell populations. U.S. 5,674,901. 

Cook, ME.,,, ,and  Pariza, M.W. Dietetic  foods  containing  conjugated  linoleic acids. 
US. 5,760:082. 

Coo%,M.B., 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. 

Cook, ME., and Parka, M.W.  Methods of treating  animals  to  maintain or enhance  bone 
mineral  content and compositions  for  use  therein.  U.S. 5,804,210. 

,Satter, L.D., Dhiman, T.R., and Pariza, M.W.  Method of increasing  the  CLA  content of 
cow's mi&. U.S. 5,770,247. 

(Cook, ME.,, Pariza; M.W.,  and  Jerome, DL. Use  of CLA to reduce  the  incidence of  valgus 
and vargus leg deformities in poultry. U.S. 5,760,083. 

Pa&a, M.W.  and Yang, X. Method of  producing  conjugated fatty  acids.,U.S. 5,856,149. 

Pariza, M.W.  and Lee, K.N. Method to reduce  secretion of apolipoprotein p. 
US.. 5:,837,733. 

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

'Cook,, ME.,, Park, Y., and Pariza, M.W.  Method  for  controlIing  body  fat andor body 
weight in animals and  pharmaceutical  compositions  for  use  therein. U.S. 5,855,917. 

Cook, M.E.,, Jerome, DL., Pariza, M.W., and  Buege, D.R. Method for increasing  fat 
firmness' and  improving  meat  quality  in animals. U.S. 535 1,572. 

Cmk, ME., and Pariza, M.W. Method  for  maintaining an existing  level of  body fat  and/or 
'body  weight. U.S. 5,814,663. 

Cook, ".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. 

. .  

cs003f35 
. .., , * I * .  
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21. 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. 

22. 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. 

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

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

Publications: 

1. Pariza, M. W. and Ikdolo, J. J. 1969. Coagulase  production by injured Staphylococcus 
aureus  MF-31 during  recovery. Appl. Microbiol. 17:836-838. 

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

3. Pariza, M.  W. and  Iandolo,  J.  J. 1974. Base  ratio  and  DNA  homology  studies  on six 
Staphylococcus  aureus. Appl. Microbiol. 27:3  17-323. 

4. Pariza, M. W. and  Iandolo,  J.  J. 1974. Determination  of  genome  size of selected 
bacteriophages  of Staphylococcus  aureus. Appl. Microbiol. 2 8 5  10-5 12. 

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

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  studies  on  adult  rat  liver  parenchymal  cells  in  primary-culture,  pp. 
137-167. In L. E. Gerschenson  and E. B. Thompson  (eds.) Gene  expression  and 
carcinogenesis in cultured liver. Academic  Press,  New  York. . 
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Yager, J. DL, Jr.,  Pariza, M. W., BeckerJ. 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. k s c h  and' W. Reutter  (eds.) Liver regeneration afer experimental injury. Stratton 
htercontinental Medical Book Corporation,  New  York. 

Parka, M. W., Yanagi, 'S., #Gun, J. A., Morris, H. P. and  Potter, V. R. 1976.  Ornithine 
decarboxylase  activity  and DNA synthesis in Morris hepatomas 5 123-C  and 7800. Life Sci. 
1.8#::39-48- 

Mktzien, R., E,,  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 
insubin. J. Biol., 'Chem. 25 1:30,14-3020. 

Pa&&,. M. W., Yanagi, S., Gun, J. A., Monis, H. P. and Potter, V. R. 1976.  Fasting does 
not abolish'  the '&mal oscillation of ornithine  'decarboxylase-in Moms hepatoma 5 123-C. 
Life Sci.l9:1553-1558. 

P k a ,  M, W., Butcher, F. R., KIetzien, R. F., Becker, J. E. ahd  Potter, V. R. 1976. 
hduction ,and  decay of  glucagon-induced  amino  acid transport in primary  cultures  of  adult 
rat liver 'Celts:  Paradoxical  effects of cycloheximide  and  puromycin. Proc. Nutl. Acad.  Sci. 
U S A .  73:451145I5. 

P a  M. W., Kletzien, R. F., Butcher, F. R. and  Potter, V. R. 1976.  Inductions  by 
bomones8 added  singly,  ,simultaneously or sequentially:  What  cultured  hepatocytes  can tell 
us, about  metabolic  regulation in the  whole  animal. A&. Enzyme Regulation 14:  103-1  15. 

Wetzien, 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. 

'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 
adait rat liver cells. Proc. Natl. Acad. Sci. U.S.A. 74~234-237. 

Pariza,, M. W .,., Uetzien, R. F. and Potter, V. R. 1977.  A  model  for  the  "permissive"  effect 
of gllucocorticoids 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. 

Goldfarb,. S.,, Barber, T. A., Pariza, M. W. and Pugh, T. W. 1978.  Lipid  synthesis  and 
~IkrWzucMre of adult  rat  hepatocytes  during  their first twenty-four  hours in culture. Exptl. 
#Cell Res. E 1739-46,. 

Giger, '08. and Pariza, M. W. 1978.  Depression  of amino acid  transport  in  cultured  rat 
hepatocytes  by  purified  enterotoxin  from Clostridium pefiingens. Biochem. Biophys. Res. 
Commun: 82378-383. 

do0387 
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20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

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

Pariza, M. W., Ashoor, S. H., Chu, F. S. and  Lund, D.  B. 1979. Effects of  temperature  and 
time on  mutagen  formation  in  pan-fried  hamburger. Cancer Lett. 7:63-69. 

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. 

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

Giger, 0. and  Pariza,  M. W. 1980. Mechanism of action  of Clostridium  petfringens 
enterotoxin:  effects on  membrane  permeability  and  amino acid transport in primary  culture 
of  adult  rat  hepatocytes. Biochem. Biophys.  Acta 595:264-276. 

Ashoor, S. H., Dietrich, R. A., Chu, F. S. and  Pariza, M. W. 1980. Proline enhances 
mutagen  formation  in  ground  beef during frying. Life Sci. 26: 180 1 - 1 805. 

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

1 

Saccone, G. T. P.  and  Pariza, M. W. 1981. Enhancement  of  hepatic  microsome-mediated 
bacterial  mutagenesis  by the rat liver soluble protein  fraction. Mutat. Res. 88:  135-145. 

Gaydi, D.  P.  and  Pariza,  M. W. 198 1. Activation of aflatoxin B, by  primary  cultures of 
adult rat  hepatocytes:  effects of hepatocyte  density. Chern. Biol. Interactions 35:255-265. 

Saccone, G. T; P.,  DasGupta, B. R. and Pariza, M. W. 1981. Enhancement  of 
N-hydroxy-2-aminofluorene bacterial  mutagenicity by the soluble protein  fraction  from  rat 
liver and  partial  purification  of  the enhancement activity. Cancer Res. 4 1 :4600-4605. 

Pariza, M. W. 1982. Mutagens in heated  foods. Food Technol. 3653-56. 

DasGupta, B. R. and  Pariza, M. W. 1982. Purification  of two Clostridium  petfringens 
enterotoxin-like  proteins  and  their effects on  membrane  permeability in primary  cultures of 
adult  rat  hepatocytes. Infect.  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. Document #PB82-922914. 



34. 

'35. 

36. 

37. 

38. 

43'. 

44. 

10 

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

Harpves, W. A. and Parka, M. W. 1983.  Purification  and mass spectral  characterization 
of bacterial  mutagens  from'  commercial  'beef  extract. 'Cancer Res. 43:  1467--1472. 

Gayda; D. P. 'and Pariza, M. W. 1983..  Activation  of  2-amino-3-methylimidazo 
[~,5-fl'quinoline~ and 2-aminofluorene for bacterial  mutagenesis by primary monolayer 
cultures of adult rat hepatocytes. Mutut. Res. 118:7-14. 

'Gay&, D. f. and P&a, M. W. 1983.  Effects  of  carcinogens  on  hormonal  regulation  of 
gene expression in primary  cultures  'of  adult  rat  hepatocytes. Curcinogenesis 4: 1 127-  1  13  1. 

Schwartz, 'S. I., von Elbe, Ji. H., Pariza, M. W., Goldsworthy, T. J. and  Pitot, H. C. 1983. 
kability !of red beet betalain  pigments to initiate or promote  hepatocarcinogenesis. Fd. 
Chem. Toxic. 21#:53'1-535. 

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

Pariza, M. W., hretz, k J., S'torkson, J. M. and  Holland, N. C .  1983. Mutagensand 
modullators8 of mutagenesis in ffied  ground  beef. Cancer  Res. '43:2444~-2446s. 

Pariza,, M. W.  and Foster, E. M. 1983.  Determining  'the  safety of enzymes  used  in food 
processin,g. J. Food Prot. 46:453-468. 

Pariza, M. W. 1984. A perspective  on  diet,  nutrition,  and  cancer. J. Arner. Med. Assoc. 
25'1: 1455-1,45,8  (commissioned  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-fJ quinoline and 
2-acety~aminofluorene  to'  cell  macromolecules  in  primary  monolayer  cultures of  adult  rat 
hepatocytes. Carcinogenesis 5:895-899. 

Hargrave~;, W., A. and Pariza, M. W. 1984.  Mutagens in cooked  foods. J. Environ. Sci. 
Healili C2(  1): 1-49. 

PgriZq, M. W. andl 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. 19858. Diet and cancer.  American  Council  on  Science  and  Health, 
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'1990-present #Profmessor Faculty of Food  Science  '(Texas  A&M University) 

f990-present IProf essor' Anatomy & Public Health (Texas  A&M University) 

'DaTe - Pos'ilt i'on' I n s t i t u t i o n  

1986-1990 Professor Veterinary 'Public Health 
Food  Science  and  Technology  (TAMU) 

1,98:2-1990' Adj,unct Professor Pharmacology  and  Toxico'logy 
University of TX Medical Center,  Galveston 

$98~2-E986  Associate  #Prof,essor Veteri'nary Public Health (TAMU) 
Food Science  and'  Technology  (TAMU) 
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PREVI~US ACADEMIC EMPLOYMENT (cont.): 
Date Position Institution 

I 

1979-1981  Assistant  Professor 
I 

1977-1979  Research Associate 

Veterinary Public Health 
Food  Science  and  Technology 
Texas  A&M University 

Medical Pharmacology  and  Toxicology 
University of Mississippi  Medical 
Center 

1975-1976  Robert A. Welch  Foundation Institute for Rehabilitation Research 
I Fellow  Baylor  College o f  Medicine,  Houston 
~ 

1972-1935  National  Defense & Education  Department of Chemistry 
Ac t  (N.D.E.A.)  Fellow University of Southern  Mississippi 

1971-1972 N.D.E.A. Fellow 

EDUCATIONAL BACKGROUND: 
Decyees Major 

Department of Sci. Ed. (Chemistry) 
University of Southern Mississippi 

Received From Date 
Ph.D. 
M.5.. 2 2 Z 7 Z h e m i s t r y  

Univ. of Southern Mississippi 1975 
Univ. of Southern Mississippi  1972 

B.S. I Gen. Science Mississippi State  University 1970 

BOARD  CERTIFICATfON: 
I 

Fellow,  Academy o f  Toxicological Sciences (January  10,2000) 

PROFESSIONAL  INTERESTS: 
foodSafetyandEnvironmenta/ Tuxidogy- Development and evaluation of  chemical and 
biological methods. t o  detect and detoxify  food-borne and environmental toxins and 
microbes; molecular and kinetic assessment o f  the mechanisms involved in  the  toxic ac- 
tiondinteractions o f  m cotoxins, corresponding metabolites and olysubstituted  deriv- 
atives; multifunctional J etoxifying clays  and matrix-immobilized  c P ay composites f o r  the 
sorption and inactivation of hazardous mycotoxins and environmental contaminants; 
molecular modeling and thermodynamics of surface-toxin  interactions. 

PROFEFSIONAL ACTIVITIES AND AWAROS: 
Invited ;Speaker: Philippine Society of Nutrition, Manila, the Philippines, 1999 
Invited ;Speaker: Vicam International Meeting, Boston, MA, 1999 
Invited Speaker: U.S. Feed Grain Association;  Dominican  Republic, 1999 . .  

odo4f)o 



Gordon! Cmference on; Mycotoxins )and  Phyco'toxins, 1999 
Plnvited  S,peaker:, FAO/W,HO/UNEP Congress  on Mycotoxins, Tunis,  Tunisia, 1999 
PWer kwardi for 'Excellence ,in Research, 1998 
'MDA NRIGGP Study Panel  (Ani,mal 'Health), 1998 
C,ha;i,v, Xnterco'llegiat'e 'Faculty 'of Toxicolo  Texas  A&M University, 1996-1998 
Enw'ited~  Speaker: F'D'A, Washington, Dl.C., ?598 
Inv'ii+ed,~  Speaker: ~MIEHS Superfund Basic  Research Pro ram,,  New York, NY; 1998 
1nn;vi;t;etf  speolker:, SOT Contemporary Concepts in Toxic0 9 ogy,  Reston, V A ,  1998 
Board; #of Sci,enti:fic Advisors,, Ameri'can Council  on  Science  and Health, 1986-present 
Institute' of Food8 Science  and;  'Engineering  Symposium: Food Safety Moderator, 1997 
Counc,i:li for Agricu'lturd Science  and  Technology:  Task Force on Mycotoxins, 1997-98 
Soc;iie;t;y of 'Toxic'ol'ogy, C'E course: Food Safety Specialty Section,  Cincinnat,i,  Ohio, 1997 
I:nven$,lon Nsclosure: H draulically Conductive Product Containing Clay,  1998 

Invited Speatker:  Taipai.,  Taiwan;  Bangkok,  Thailand;  and  Manila, the Phi f ippines, 1996 
LnvP'ted  Spea,ker: Associated M,ilk Producers, Inc., Dallas, Texas, 1996 
Inv'i~tedi Speaker:  Association of Milk, Food1 and  E,nviron. Sanitarians,  Austin, TX, 1996 

I,nven$i'on bisclosure: 8 ,quilibrium A,dsorption of zearalenone by organ0 hilic clay,  1997 
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International Program Activities  (USAID), Senegal, West  Africa, 1983-1996 
Secretary/Treasurer, USDA 5-132 Technical Committee on Mvcotoxins. 1982-83 
Nominating Committee, Society o f  Toxicolo 1982-83 
Robert A. Welch  Foundation  Postdoctora ?P ellowsh@, 1975-76 
National  Defense  and  Education Act Predoctoral Fellowsh@, 1971 -75 
Member, Society o f  Toxicology (SOT); Section on  Food Safety (Awards Committee) 
Member, FASEB, American Society o f  Pharmacology  and Experimental  Therapeutics 
Member:, American Chemical Society;  Speciality  Section on  Chemical Toxicology 

ACADEMIC  COMMITTEE EXPERIENCE: 

Molecular Science and 

CURRENT  RESEARCH  (GRANTSKONTRACTS): 
DHHS/kHS/NIEHS-15617-6918-6215 Safe). Superfund  Basic  Research  Progrum 
(Detection and Rankin of Developmenta Hazards  Associated  with  Complex Mixtures of 

Personnel Support = 2 graduate  students and 1 postdoctoral  research associate. 
Chemical  Wastes’ $ ? 02,388;  (04/96-03/00); CoPI; Location: Texas A&M University; 

USDA NRI CSRS-9703230 (Phillips). Clay-based strategies for the revention of 
mycotoxicosesinunlinals: $165,000; (09/97-08/00); PI; Location: Texas A C f  M University; 
.. Personnel . Support = 2 graduate  students. 

i 
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!Enge~lhard~'Cfiemical~ Cor,poration- TA'ES 402905-98 (Pbilli s). Development  of  clay-based 
technologies for  the  detoxification o f  mycotoxins B 126,629; (09/98-08/01]; PI: 
Locati~on: Texas' A&M Universi'ty; Personnel Support = 1 student worker. 

Texas Department 'of ~Mea'lth~, Division of Milk and Dairy-IAC  1459-32790 (Phillips). 
Detection of A8f/afoxins in Milk and  Feed  Samples (recurrent variable funds); PI ;  
Locationl: Texas: A&M University; iPersonnel Sup,port = 1 student  worker. 

l~HW:S/PHS/M~'E'M;S. 1T32-ES07273~-Traini.n Grant (Safe). Toxic010 y o f  environmental 
conifaminants, $130,7#26; (07/97-06/02); Co 9 ; Location: Texas A&M 4 niversity; Personnel 
Support '= 1 graduaPe st'udent. 

Engle'hard/buCoa,Iinc.  (Phillips:). License  Agreement with TAES; NovaSiP'H,. Method for 
rtl-ctivatin m cofoxins in' the gastrointestinal tract of animal. Ro alty Payments t o  
'Research; 1~01 P / '  89-1/2001): PI; Location: Texas A&M University and z leveland,  Ohio. 

;U'S;D!A, (Small  Business Innovation mResearc!h,  Phase 11). Destruction of aflatoxins ingrain 
,usihggaseousozone; $2558,000; CoPI; Location: Lynntech, Inc. and Texas A&M University. 

Tkxas Agriicultura81 Experiment Station (TAES) Hatch  Project  TEX06215 (Ph,illips). Clay- 
based stcatqies  for  the prevention' of mycotoxicose~ PI; Location: Texas A&M 
iUni:versli,ty;:  'Personnel Support = 1: graduate  st'udent and salary support f o r  TDP. 

~DH-11H'S/P,H8S/,NWl I ~P30-'ES09106 (safe). #Center for Environmental  and  Rural  Health; 
:$500~,00O/year; (5/98-04/01); Investigato,r in t.he Cellular and Molecular biology core o f  
t,lii:s: proJect;;  :Location:  Texas A&M lhiversity. 

iPENDXNG, (2000)8 #RESEARCH  GIRANTS/CONTRA,CTS: 
Na%.iOnaD Science lFoundat,ison  Phi:l'l,ips). Novel clay-based  composites for sorption and 
prevenYim of toxic chemica \ byproducts of chlorination and  ex0 enous toxins and 
microbes duringprocessing'of drinking watec $66'5,478; (01/00 - 1803); PI; Location: 
Texas: A&M Vnwemity. 

,IDHMIS,/RHlS/NIEHS8 (Safe). Superfund 'Basic Research Program  (Chemical Intervention 
Stmtiegies]; $427,3'56 (04/00 - 803/05); Co'PI; Location: Texas A&M University. 

.Eng,dlbard~ IChemical Corporation (Plhi'llips). Clay-based  technologies for  the control o f  
8mjcrobid hazards in food and  ,water: Technology  License  and research funds; PI; 
'Locat;i'on: Texas A&M 'University. 

Worldi Ban,k (WiI~i:iams/P'hi,l,I,ips). #Usin enterosorbents -to provide protection from 
: a f . a t o ~ i h ~  ihl African  popdatiom; $2 !? 0,000; (04/00 - 03/01); CoPI; Location: Ghana, 
West Afrlilca:. 
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Slhe herd, E.C., L.W. Robertson, N.D. Heidelbaugh, S.H. Safe and T.b. Phillips: 
198g. Pol halo enated biphenyls enhance formation and secretion of  aflatoxin M1 
in milk. 4 7  oxico ogist 3(1):6 (Abstract). 

Berndt and T.D. Phillips:  1984. Ochratoxin A-induced 
studies in the partially nephrectomized rat. a 
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ste'i'n, A,,F., R.G., Morgan, S. Geerling, H.M. Mollenhauer, N.B. Heidelbaugh,and T.D. 
'Ph;il:li:ps: 198#3. The  effects of ochratox:in A in  the 'partially 'nephrectomized rat. 
Toxicolog,ist 3(1):I49 (Abstract). 

Wa~la8kes, M:B. and' T.D. 'Phillli s: 19,83. Effects of  vanadate  and  vanadyl on  sodium 
transpor;t iin, $oad8 ur'inary b P adder. Toxicologist 3(1),:75 (Abstract). 

'W,ilI:cynski8,, T.A.,, lN;.O.. ,Meidelbaugh, A.W. Hayes  and, T.D. Phillips: i983. Effects o f  
the sm cot;ox,in,  penicilili8c acid on electrogenic sodium transport. Toxicologist. 
3(1) J :#I 'J  (Abstract). 

~Halvorso.m, M.R., T.R. I rv in  and T.D. Phillips: 1984. Analysis 'of aflatoxin B1 and 
'me~aboli~'tesvia,'reverse ,phase Ihigh performance l'iquid chromatography. Fed. Proc. 
439(3):578 (Abstract). 

,Harvey, R.B., 'L.,F. Kubena, O.J. Fletcher, T.D. Phi'lli s and 'L.0. Rowe: 1984. The 
$ox,i"ci$ty o'f deoxynival'enol' m(vomito8xxi.n) contaminate s wheat t o  growing chicks. J. 
A:m.. 'Vet. Medm. Assoc. 18#5':339 (Abst,ract). 

Kubena, ,L.,F., R.,B. Harvey, 'T.D. Phillips and O.J. Fletcher: 1984. Effects of 
8ochratox,in, A and  vanadium  on various 'parameters in growing chicks. Poult. Sci. 
63:8183'2~ (Abstract):. 

Mayura, K.,, W.O. 'Bernd't and T;D. 'P,hill,ips: 1984. Effects of henylalanine on the 
;teratPgenicilty o f  ochratoxi'n A ,in rats.  Toxicologist 4(1):16 t (Abstract). 

Par~ker~, ~R.W., L.F., iKubena, 8N.D'. ,Heidelbaugh and T.D. 'Phillips: 1984. The Effects 
of dli,et;ary mphen "anine su,pplementation' on ochratoxicosis  in normal and partially 
8wphrectornize dl #rats.  Toxlcologist. 4(1):11 (Abs'tract). 

Skpherd,, ;E.C. and: T.D. ,Ph:ihIli,ps: 1984. A micro-column method fo r  aflatoxin 
d'etectli'on. Toxicologis8t 4(1):128 (Abstract). 

1984. Analysis of 
with electrochemical 

Cl'ernen;t;, EM.,, and T.'D. Ph,i,Ilips: 1985. Advances in the  detection and determina- 
t.:ilon, of mycotoxins via capi,llary ,GC/quad,rupole  #mass spectrometry. Toxicologist 
85(1,)~2,32. '(Abstract) 

Gseenl, J.L., V.L. Syhia, N.D. Heidelbaugh and T.D. Philli.ps: 1985. Bio nthesis o f  
radiiolabeledl 8deoxyni~valenol by Fusarium roseum in, liquid  culture.  %xicologist 
5@]:.234., (Abstract) 

,Huff, W., 'L, Kubena, 'R. Harvey, T. Phi'lIips andC. Cre  er: 1985. Aflatoxin and 
deoxynivalenol' interaction  in  broilers. Poult. Sci'. 6413 9 . (Abstract) 

Syl~vial,, V.L., J.L., Green, 8N.D. Meidelbaugh and T.b. Phillips: 1985. A plication o f  
'an etectroc;hemiica18 detect'i'on,  method fo r  the analysis of DON. !oxicologist. 
;5(t):.&232' (Abstract). ia,u0415 
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Kubena, L.F., R.B. Harvey, and T.D. Phillips: 1985. Effects of feeding DON 
contaminated wheat t o  mature laying hens. Poult.  Sci. 64:131 (Abstract). 

Mayura, K., E.€. Smith, N.D. Heidelbaugh and T.D. Philli S: 1985. DAS induced 
prenatal dysmorphogenesis in  the mouse. Toxicologist t (1):187. (Abstract). 

Harvey, R.B.,  W.E. Huff,L.F. Kubena, D E  Corrier, D E  Clarkand T.D. Phillips: 1986. 
Effects  of  feeding  diets contaminated with aflatoxin and  deoxynivalenol t o  
growing pigs.  Proc. Am. Assoc. Vet. Lab.  Diagn (p. 21). 
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Harvey, R.B., L.F. Kubena, W.E. Huff, D.E. Corrier, D.E. Clark and T.D. Phillips: 
1986. Aflatoxicosis of growing pigs - a pathophysiologic study. J. Am. Vet. Med. 
Assoc. 189(3):339 (Abstract). 

Harvey, R.B., L.F. Kubena, T.D. Philli s, and N.D. Heidelbaugh: 1986. Validation of 
impaired  renal  function  chick mode P with uranyl nitrate. 64:131 (Abstract). 

Kubena, L.F., W.E. Huff, R.B. Harve , D E  Corrier, T.D. Philli s and C.R. Creger: 
1986. I n f  hence o f  ochratoxin A (OAJ  and deoxynivalenol  (DO tf )on growing broiler 
chicks. Poult. Sci. 65:73. 

Kubena, L.F. and T.D. Phillips: 1986. Toxicology o f  vanadium. S m osium  summary: 
Role of vanadium in biology.  Proc.  Fed. Am. SOC.  Exp. Biol. 45( !x ): 28 (Abstract). 

Davidson, J.N., J.G. Babish, K.A. Delaney, D.R. Ta lor and T.D. Phillips: 1987. 
Hvdrated sodium  calcium aluminosilicate decreases t e bioavailability o f  aflatoxin 
in: the chicken. Poult. Sci. 66(1):89 (Abstract). 

Hhake, J.M., K. Ma ura, T.D. Phillips, and 5. Safe: 1987. Terato  enicity o f  
2,3,7,8-tetrachloro L! ibenzo-p-dioxin: Antagonism by  arochlor 1254. %xicologist 
7(1):124 (Abstract). 
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Halvorson, M.R., S.H. Safe, A. Parkinson,  and T.D. Phillips: 1987. Aflatoxin 81 
hydro lation by the PCN-inducible fo rm o f  ra t  liver microsomal cytochrome 
P~45O~oxico log is t  7:219 (Abstract). 

Kbbena, L.F., W.E. Huff, R.B. Harvey, DE. Corrier, T.D. Phillips and G.E. 
Rottinghaus: 1987. Influence of ochratoxin A (OA)  and T-2  toxin on broiler 
ctiicks. Poult. Sci. 66:130 (Abstract). 

Maull, EA., B.A. Clement, N.D. Heidelbaugh and T.D. Phillips: 1987. Effects o f  
aflatoxins B1 and G1 on postimplantation ra t  embryos. Toxicologist 7:175 
(Abstract). 

Phillips, T.D., L.F. Kubena, R.B. Harve , D.R. Taylor, and N.D. Heidelbau h: 1987. 
Mycotoxin  hazards  in  agriculture: hy ew approach t o  control. J. Am. 9 et. Med. 
Assoc. 190(12):1617 (Abstract). 

Harvey, R.B., L.F. Kubena, T.D. Phillips, and W.E. Huff: 1988. Possible methods t o  
combat the mycotoxin problem. Plains Nutr. Council  Symp. Mycotoxins  in Livestock 
Feeds. pp. 1E-4E. (Proceedings). 
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~Harvey, #R.'B,, 'L.6. 'Kubena, TO. P'hill'i S, W.E. Huff. and, D.E. Corrier: 1988. 
Ampproaches t o  the 'reventi'on of af atox,icosis. Proc. MD  Nutr. Conf.  Feed 
Mhkufacturers. 'pp. 1 ,2-107.' (Proceed'ings). 

~H'arvey, lR.,B:., Lf. Kubena, T.D. P'hillips, W.E. Huff ,  and D.E. Corrier: 1988; 
;Pre\r;entilon; of clinkal:  si ns of aflatoxilcosis with hydlrated sodium  calcium 
alkmilnosi,i:ica$e added t o  3 'lets. #Proc. Am.  Assoc., Swine  Prac. p. 99-102. 
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Harvey, 'R.B., T.O. 'Phillip, L.F. 'Kubena,  and  W.E. Huff:  1988. Dietary  Hydrated 
Sod;i;um  cal'c'ium  a'lumi8nosiI'icate  and 'its impact on aflatoxin  toxicit  in pigs  and milk 
!resi,dues' h d a i r y  cows.  'Proc. Am. Assoc. Vet. ,Lab.  Diagn.  'p. 67. r Abstract) 

Kubena,~Lf., R.B. 'Harvey, T.D.'Philiips  and 'N.D. Heidelbaugh: 1988. Novel ap roach 
to1 th,s preven'ti've inanagernent of af'latoxi,cosis in  poultry. U.S. Animal R ealth 

Kubena,, L.F., R . 8 8 .  Harve , T.D. 8PRiilips  and W.E. Huff: 1988. Modulation of 
aflaitoxicosis i:ngrowi:ng c 8 ickens',by dietary  'addition of a hydrated sodium  calcium 
alluwinos8ijI,icate. Poultlry Scil.  67:106 (Abstract). 

Phi'Ilips,, T..b.,: June 1988. Selectivelly Adsorbed Mycotoxins (SAM); The Texas 
k&M, lUnilversilt.y System, Texas Agrlcultusal  Experiment  Station, Focus on the 
,Fu$ure Research' #Report, MP-1625,,  P,rocessing  Technology. 

Harvey, "L, ,L.;F. Kubena, M.H. Ei'issa'lde,  .P.S. Holt, W.E. Huff ,  and T.D. Philli s: 
2,989.. Evaluation of humoral and cei'l-mediated. immune status o f  chicks P ed 
d'eoxyniva1eno.l.-contaminated wheat diets. Proc. I X  In t l .  Congress World Vet. 
'Pouiitry Assoc.,, ;Brigh'ton>, E,ngland.  p.  121. (Proceedings) 

~Marvey, R.,B., L.F. IKubena, T.D. Phillips,,and WE.  Huff: 1989. Mycotoxins--danger, 
m 8  r;.eveInt:ion  and! control,. Latin America Poult. Health, Symp.,  Guanacaste, Costa Rica, 
: ~ D Y . ,  10-1",1, 2989: mpp. 1-14. (Proceedings) 

'HbXf,, W.E.,,,L.,F.  Kubena, 'R.,B. Harvey, and T.D. Philli si 1989. 'Efficacy o f  hydrated 
sodilum,  cal'c'ium, aluminosil,i,cate t o  #reduce, the com E ined toxicity o f  aflatoxin and 
ochmtoxin A,. Poultry Sci.,  68(Suppl. 1):69. (Abstract) 

Kubena., L.F,., 'R.B,., 'Harvey, W.E. Huff, D8.E. Corrier; and4  T.D. Phillips:,  1989. 
AmeIiiora$'ilng, ~ wperties of a hydrated sodium  calcium aluminosi'licate on the 
toxicity of 'af~a;tox,in, P and; T-2 toxin. Poultiry Sci. 6'8:(Suppl. 1):81. '(Abstract) 

Mayural, K., J.E., 'Edwards, EA. Maull' and T.,D. Phillips: 1989. The effects o f  
och'satoxin! A on ostimplantation rat  embryos' in cdture. Arch. Environ. Contam. 
Toxkoli. 18,:41,1- 4) I95 (Abstract). 

;Bai;by, R.H;., R A .  Clement, J.M. Philhps,,,  A.B. Sarr, T.A. Turner and T.D. Phillips: 
4990; 'Fate of af latoxi,ns, in.  :lime processed corn'. Toxicologist 10(1):163 (Abstract). 

Bean", M.:.S;,~K. Mayura, B.A., Clement, J.F. Edwards, R.B. Harvey and  T.D. Philli S' 
1990. S t u d ~ e s  of lprenatal development in  the  'rat following oral exposure t o  7-2 
%oxi:m., 'Toxico'l.og,ist; 10(1):124 (Abstcact). 

AssoC.. 'pp.302-304. 
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Clement, B.A., A.B. Sarr, K. Mayura and T.D. Phillips: 1990. Selective  adsorption of 
tqycotoxins (SAM): Field-practical  method o f  multi-mycotoxin  detection. 
Toxicologist 10(1):340 (Abstract). 
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Ellis, J.A., R.B. Harvey, L.F. Kubena, R.H. Bailey, B.A. Clement  and T.D. Phillips: 
1990. Reduction o f  aflatoxin M1 residues in milk utilizing  hydrated sodium  calcium 
aluminosilicate. Toxicologist 10(1):163 (Abstract). 

Kubena, L., W. Huff,  R. Harvey, A. Yersin, M. Elissalde, D. Witzel, L. Giroir and T.O. 
Phillips: 1990. Effects o f  a hydrated sodium  calcium aluminosilicate on growing 
turkey poults  during  aflatoxicosis.  Poultry Sci. 69(Suppl. 1): 175. (Abstract) 
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Mayura, K., E.E. Smith, B.A. Clement  and T.D. Phillips: 1990. Detection and  ranking 
o f  developmental hazards associated with chlorinated phenols. Toxicologist 
10(1):273 (Abstract). 

Phillips, T.D., B.A. Clement, L.F. Kubena  and R.B. Harvey: 1990. Prevention of 
a f  latoxicosis  in animals  and aflatoxin residues in food o f  animal origin  with 
hydrated sodium  calcium aluminosilicate. Proc. World Assoc. Vet. Food Hygienists: 
X th   I n t l  Symp., Stockholm, Sweden (July, 1989),  pp.103-108. 

Phillips, T.D., B.A. Clement, L.F. Kubena  and  R.B. Harve : 1990. Use o f  dietary 
chemisorbents t o  prevent  aflatoxicosis in  farm animals. rerspective on Aflatoxin 
in Field Crops  and  Animal Food Products in the  United  States, USDA/ARS-83, 
106-114. Natl Tech. Information Svc  Symp., Springfield, VA. Jan. 23-24. 19 8i: 0 
(yroceedings) 

Phillips, T.D., B.A. Clement, L.F. Kubena  and R.B. Harvey: 1990. Selective 
chemisorption o f  aflatoxin by hydrated sodium  calcium aluminosilicate: Prevention 
o f  af latoxicosis in animals  and reduction of aflatoxin residues in food o f  animal 
origin. NC-151/NC-129  Symposium  on Aflatoxin in Corn, Kansas City, Missouri. 

Richard, J.L., R.J. Cole, T.D. Phillips, e t  al.: 1990. M cotoxins: economics  and health 
risks. Council f o r  Agricultural Sclence  and  Techno Y ogy Task Force  Report No. 116, 
CAST,  Ames, Iowa. 

Sarr, A.B., B.A. Clement  and T.D. Phillips: 1990. Effects o f  molecular structure on 
the chemisorption of aflatoxin B1 and related compounds by  hydrated sodium 
chlcium aluminosilicate. Toxicologist 10(1):163 (Abstract). 

Yang,  Y.G., K. Mayura and T.D. Phillips: 1990. Evaluation o f  the developmental 
toxtcity of citrinin using hydra  attenuata and postimplantation rat  whole  embryo 
celture.  Toxicologist 10(1):273 (Abstract). 
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Harvey, R.B., L.F. Kubena, T.D. Phillips and W.E. Huff:  1991. Review o f  the 
protective  effects of hydrated sodium  calcium aluminosilicate (HSCAS)  on the 
toxicity of aflatoxinn t o  chicks and poults. Proc. 40th Western Poult.  Dis.  Conf. 
pp.115-117 (Proceedings). 

Kubena, L., R. Harvey, T. Phillips, 8. Clement and M. Elissalde: 1991. Effects o f  
HSCAS on broiler chicks during aflatoxicosis. Poult.  Sci. 70 (1):68 (Abstract). 
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~Philllts:,, TB.,, T.R. 'Narasimhan,, K. Mayura,, B.A. Cl'ement,  and 5. Safe: 1991. Effect 
'of c , ml!orina$ed ph'enok on1 rat  embryonic and hepatic  mitochondrial  oxidative 
NpRosphorylat8ion. Toxicol'ogist ll:7f (Abstract). 

E~il:is~, ,J.A., R.lM:. 'Bai'le , B.A.  Clement:  and, T.D. Phillips: 1991. Chemisorption of 
af;lc&ox,i,n M, from, 'mil' tI by hyd,rated sod,ium  calcium aluminosilicate. Toxlcologist 
lf:96, (Abstract). 

Sars, A,.B., 8B.A'. C'lement and T.D. 'P'hillips 1991. Molecular mechanism of aflatoxin 
B, c~)iem8i~sorpt.ilon 'by hydrated sodium  calcium alumi.nosilicate. Toxicologist 11397 
(Asbstrac,t)l. 

Y'hng, Y.G., D.N. M'cMurray, B.A. Clement, J.P. Stack and T.D. Phillips: 1991. 
Emmunotoxicity associa'tedi with a thermoto'lerant  strain of Penicillium citrinum. 
Toxicologist; 11:203' (Abstract). 

:Bur: ~hard't, R.C., 'R. M'ouneimne, E.J. Lewis, R.'H. 'Bailey and T.D. Phillips: 1991. 
Ana 9 +iisr 'of palidin  toxicity 'wilt'h in  vitro f'l'uorescence 'assays. Toxicologist 11:275 
(Abstract)',, 

Baiiley, R.H.,, A.B. Saw, B.A. Clement, T.A. Chase  and T.D. Philli,pS: 1991. The 
sd!i:stirtbut8ion', of aflatoxli.ns in, t'he ,producti,on of corn  tortillas. Toxico'logist 11:280 
(Aabstlract),., 

Maclhen!, M&., lK. Mayura,  B.,A.  Clement  and T.D. 'Phillips: 1991. Utilization of in v i t ro 
lbioassaysOo  assess the effectiveness of chemisorpt,ton of aflatoxin B, by hydrated 
sod:i.um,  cal!ci,uml dumi~nosil~i~cate.  Toxicologist 11:'280 (Abstract). 
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G-Y Hwang,  B.A. Clement, R.H. !Bailey, J.AL Ellis and T.D. Phillips: 1991. 
methodl for ra,pid detection and  semi- uantitation of aflatoxin MI 

resid'ues  in ,miI'k. Toxicologist 11:2 '8 0 (Abstract). 

,Drydenl, C.J.,, K. Mayura, B.A., Clement, M. Becker and T.D. Phillips: 1991. Evaluation 
lof the  developmental^ toxicity of  cyclopiazonic acid using Hydra  attenuata and 
postiimplantatton #rat wholl~e embryo bioassays. Toxicologist 11:296 (Abstract). 

,Becker, M,., K. Mayura, C.J. Dryden, B.A: Clement  and T.D. Phill'ips: 1991. The 
,effects# of 'polychlorinated di henyl ethers  in  cultures o f  adult  hydra and 
ipost;ii:mplantation ra$ embryos. foxicologist 11:296 (Abstract). 

SmalllI;, M., 'E,. Smiit'h, C. Braithwa'ite, E. Duffus, T. Phillips and A. Reine: 1991. 
8E,vahation8 of t'he develo mental $oxmicity of ochratoxin A and  cyclopiazonic acid in 
.post'inrplan$ation sat em E ryos. Toxi,cologi,st 11, 297 (Abstract). 

Mayura,, 'K.,, W.S. Conover,,  'B.A.  Clement and, T.D. Phillips: 1991. Comparison o f  the 
d~evelopmentall tox!icit,ies of common penicillium mycotoxins' using the hydra 
Ib'ioassay.. Toxicologist 11, 297 (Abstract). 

Smilth,,, E, C. 'Brait'hwaite, M. Small:, A. 'Reine  and T.Dm. Ph'illips: 1991. Alteration  in 
pro$einl ynthesi,s ;induced b 'ochratoxin A 'in :postimplantation rat  whole  embryo 
cuhure., Noxi,cologist 11, 29 1 (Abstract). 
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Mayura, K., B.A. Clement, S. Safe and T.D. Phillips: 1992. Teratogenic effects of 
3:,3' ,4,4' ,5-pentachlorobiphenyl in C57BL/6 mice. Toxicologist 12,104 (Abstract). 

Hwang, G-Y, B.A. Clement, Z. Huang, K. Mayura and T.D. Phillips:  1992.  Rapid field- 
practtcal diagnostic assays for  the  detection of fumonisin B1, cyclo iazonic  acid, 
dkoxynivalenol, aflatoxin and mixtures of these mycotoxins. Toxic0 P ogist 12, 261 
(Abstract). 

Slmith, E.E., C.E. Braithwaite, M.H. Small, T.D. Phillips and  A.H.  Reine: 1992. 
Changes in HSP 70 in  ochratoxin A treated embryos in vitro. Toxicologist  12,332 
(Abstract). 

1 0 

I 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

S!mall, M. H., E.E. Smith, C.E. Braithwaite, T.D. Phillips and A.H. Reine: 1992 
Effects of patulin on postimplantation ra t  embryos. Toxicologist 12, 334 
(Abstract). 

Bur hardt, R.C., R. Barhoumi, R.H. Baile , B.A. Clement  and T.D. Phillips:  1992. 
A,na 9 ysis of cellular toxicity using in vitro 7 luorescence assays. Toxicologist 12,323 
(Abstract). 
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Phillips, T.D., B.A. Clement, A.B. Sarr, R.B. Harvey and L.F. Kubena:  1992. A 
practical approach t o  the control o f  aflatoxins:  Selective  chemisorption by 
h Ilosilicate clays.  Proceedings  of the  3rd  World Congress  on  Foodborne 

fnrections and Intoxications, Berlin, Germany,  pp. 687-689. 

Clement, B.A., T.D. Phillips and Z. Hwang: 1992. Chemiselective immobilization and 
detection of mycotoxins: A field-practlcal ap roach to  detection. Proceedings o f  
the  3rd  World Con ress on Foodborne I n  ections and Intoxications, Berlin, 
Germany,  pp. 653-6 6. 

Gentles, A.B., M.H. Small, E.E. Smith, T.D. Phillips, E. Duffus, C.E. Braithwaite: 
1993. Terato enic effects of orally  administered diacetoxyscirpenol in mice. 
Toxicologist 4 3:79. 

Huan Z.G., A.B. Sarr, A.L. Fisher, M.R. D er, S.M. Williams, B.A. Clement  and 
TB. $hillips.  1993. A  rapid  method for 7 t e detection o f  fumonisin in corn. 
Toxicologist 13:145. 

Chthey, C.G.,  Z.G.  Huang,  A.B. Sarr, M.R. Dwyer, B.A. Clement  and T.D. Phillips: 
1993. A sensitive minicolumn method for  the  detection of aflatoxin MI in whole 
milk. Toxicologist 13:145. 

Mayura, K., Y.G. Yang,  B. Spainhour, J.F. Edwards and T.D. Phillips:  1993. 
Developmental toxicity evaluation of ochratoxin A and citrinin  in combination 
utilizing  the  Hydra  attenuata and rat  whole embyro culture bioassays. Toxicologist 
13:257. 
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Johnson, P, €.E. Smith, T.D. Phillips, A.B. Gentles, M. Small, E. Duffus.  Theeffects 
of fumonisln B, on ra t  embryos in culture.  Toxicologist 13:257. 

Spainhour, B., K. Mayura, f; Zhao  and T.D. Phillips: 1993. Evaluation o f  the 
developmental toxicity of 3,5-dichlorophenol. Toxicologist 13:258. 
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Wh.ilte,, P., A.B. Sa'rr, 'K. Mayura, B. Spainhour  and TB. Philli S: 1993. Bindin of 
seca'lonic acid: Dl to l  'hydrated' sodium cakum alumi,nosilicate. {oxicologi'st 13: 9 58. 

Wash:burn;, K.S., B. Clement;, M. Connoll , M. Harmon,  and T.D. Phillips: 1993. A 
f'iield-'practi'cal: assay fo r  'envilronmenta Y Soxins: A rapid  detection method for  
c8hloro,p&enols., Toxicologist 13:26'8. 

'Bailey',, R.W., ,R. karhoumi,, R.C. Burg'hard't and T.D. Philli,ps: 1993. Fluorescence 
assessment of 'ochratoxin A-linduced cellular toxicity, Toxicologist 131452. 

'P8hirl~~l:ips, T.'b.:, 1993:. Selective chemiso,rption of aflatoxin by ,phyllosiI;icate clay. 
IProceedlings; of the 11th International Conference  on Aviaculture, Mexico City, 
Mexi:co', pp'. 147-166. 

'Bar'houmi!, R., RH. lBai,ley, R. Hutchinson, J.E. Echols  and T.O. Phi'llips. 1994. Octanol 
enhancestoxicit of mel~phalan  and reversal' of drug resistance in an ovarian adeno- 
'carcinoma,  'line. qoxicolog,i,st 14:58. 

Spainhour.,  C.B., R. Bar'houmi, K. and T.D. Philli s. 1994. Lasar 
c l;ome$#ric  anall, ses o f -  select congeners in clone 4 hepatocytes. 
&xi!cologist 14:' 5 88. 
:Hulxhinson,'R,W., C.B. S,painhour, R.H. Bailey, T.O.,Philli s, J.A. Bowen, R. Barhoumi 
'and! 1R.C. Burghardt;. Kineti'c ana'lysis of rhodamine 1 ! 3 fluorescence reveals a 
Priphasis: patt;ern following treatment with several toxins.  Toxicologist 14:lOO. 

Z)iao,,,F., K. Mayura, R.W. Mutchinson8, R.P. Lewis, R.C. Burghardt and T.0. Phillips. 
f994.'Hurnan,embryonic  palatal.rnesenchymalm (HEPM) cell ,rowth'inhibition bioassay 
for  'evaluat'ion, of the chloropheno'ls,. Toxicologist 14110, 9 
Sarr, A., K. ,Mayura, and; 7;. Phi.ll,ips. 1994. Effects of HSCAS  on the metabolic 
profilk of A'FB, In, ~Fischer-344  rats. Toxicologist 141208. 

Baill'ey, lR.H;., R. Barhoumi, 'R.C. Burghardt, R. Lewis  and T..D. 'Phillips. 1994.. 
Fluorescence anal; s:is of patulin and. ochratoxin A indu,ced cyctotoxicity. 
'Toxi,colog,i'st 1420 4 . 
Whi!te,, P., A. Sarr, K. .Mayura,, P. Grant, K. Washburn, M. Owyer, J. Ellis and T. 'Philip 1 s:., 1994. Oetermination' of  tlhe  bindi,ng abibty of different sorbents f o r  
seca  'onic  ac:id! t)'. Toxicologist T4. 212. 

Dwyer, M.R., A.'B, Sarr, K. Mayura, iKS.  Washburn and  T.D.'Phil,lips. 1994. Evaluation 
of $he bind'ing efficacy of silkcted sorbents for  cyclopiazonic  acid. Toxicologist 
2 4  211,z. 
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GranQ, 'P.G.,, AB.  Sarr, 'R.H. ~ Bai'ley, J.R. Snelll  and, T.O. Philli s. 1995. 
Characteri'zati'on of 'h dra;ted sodium  calcium ahminosilicate and af  atoxin B, 

Mayura K, M.A. AbdeLWahhab, A.B. Sarr, M.L. Cavazos-Martinez, J.F. Edwards, 
'K., ,Na uib,, 5.0. Amin, and T.0. Phillips. 1995. Selective chemisorption of  aflatoxn 
B,, by, '  f l  SCAS: Prevention of developmental toxicity  in  the  rat. 1 Toxicologist 14:74. 

1 Y ,bj a di' mg: T'ox,i,co'logist 1 174. 

cd:O,O421 



I Zmothy D. Phill@.s: Curriculum vi'tae, January 2000 24 

Dwyer, M.R., A.B. Sarr, K. Mayura, K.S. Washburn,  and T.D. Phillips. 1995. A clay- 
b:ased method fo r  the adsorption and inactivation o f  cyclopiazonic acid. 
Toxicologist 14:74. 

Herrera, P., A.B. Sarr, J. Ramu, and G.N.  Woode. 1995. Investigation o f  cholera 
toxin  adsorption by phyllosilicate clays. Toxicologist 14:75-75. 

Zhao, F., K. Mayura, S. Safe and T.D. Phillips. 1995.  2,2',4,4',5,5'- 
h!exachlorobiphenyl as  an antagonist of the  terato  enicity o f  3,3',4,4',5- 
pmtachloroblphenyl  in C57BL/6 mice. Toxicologist 14:l 2 7. 
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Washburn, K. and T. Phillips. 1995. Dechlorination o f  pentachlorophenol by 
chemically modified  montomrillonite clays. Toxicologist 14:170. 

McKenzie, K.S.,  A.B. Sarr, R.H. Bailey, D.R. Miller, L. Kubena  and T.D. Phillips. 1995. 
Oxidative  de  radation of aflatoxins using a novel method o f  ozone production. 
Toxicologist i? 4: 215. 
White, P.,. A. Sarr, K. Mayura, H. Bailey, P. Grant, and T. Phillips. 1995. 
Investigatlon o f  the adsorption of SAD t o  phyllosilicate clay. Toxicologist 14:216, 

aarhoumi, R., T.D. Phillips, and R.C. Burghardt. 1995. Analysis o f  the chronolo y o f  
btulin-induced cellular injury:  Multlparameter  fluorescence  kinetic ana ? ysis. 

\oxicologist 14:282. 

Barhoumi, R., T.D. Phillips and R.C. Burghardt. 1996. Comparative analysis o f  the 
chronology o f  patulin and  ossypol-Induced cellular Injury: Multlparamater 
fluorescence  kinetic analysis.%oxlcologist 30:126. 

Burghardt, R.C., T.D. Phillips, S.H. Safe and R. Barhoumi. 1996. Alteration o f  
ogtoxin-induced calcium oscillations in clone 9 cells  by  toxin exposure. 
Toxicologist 30:128. 

Zhao, F., K. Mayura, N. Kocurek, J.F. Edwards,L.F. Kubena, S.Safeand T.D. Phillips. 
1996. Effects of 2,2',4,4',5,5'-hexachlorobiphenyl and indole-3-carbinole on 
3~,3',4,4' ,Tj-pentachlorobiphen I-induced teratogenesis in chicken embryos and 
C57BL/6 mice. Toxicologist  3 8 :197. 
Bailey, R.H., A.B. Sarr and T.D. Phillips. 1996. Alkaline treatment o f  aflatoxin 8,: 
Stabllity o f  parent and degradation products. Toxicologist 30:212. 

Grant, P., A.B. Sarr and T.O. Phillips; 1996. Isothermal analysis o f  aflatoxin B, 
b,inding t o  phyllosilicate clay. Toxicologist 30:212. 

0 

, 

i 

A.B. Sarr, L.F. Kubena, S. Buckley, R.B. Harve , R.H. Bailey 
Effects of  clay  and cyclopiazonic acid  in broi Y er chickens. 

McKenzie, K., A. Sarr, K. Mayura, W. Norred, R. Plattner, T. Rogers  and T. Phillips. 
1996. Degradation and toxicological evaluation of fumonlsin B, and other 0 
mycotoxins treated with ozone  gas. Toxicologist 30:213. 

I 
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Ztiao', E., M ura, K., 'Edwards, J.F., Kubena, 'L., Safe, S. and T.D. Phillips. 1996. 
'E,ffec-ts o? 8ind~ole-3-carbino~l~ on 3,3,4,4,5-Pentachlorobiphen I induced 
teratogenesis i8n8 chic'ken, em'bryos and in C57BL/6 mi.ce. Proceedings'o )I the Annual 
Conference  'on Dioxins, A'msterdam, the Netherlands. 
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li 2 91.. 
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134'. 
I.; 

McKenzie,, S., ~Denvir, A.J., Rogers', Tb., Kubena,  L.F., Mayura, K., Dwyer, M.R.  and 
T.D. P8hiKips., 1997. Toxici'lyand degradation of aflatoxin 8, in f ield-contaminated 
corm treat'ed with: e~l~ectrolytical:ly-generated ozone  gas. Toxicologist 36:.40. 

Grank, 'P.G. and T.D. Phi:ll!ips. 1997. Isoth'ermall analysis  and thermod namic 
'measuremen) of afla,toxi,n B, bind,ing to '  phyl1,osilicate  clays. Toxicologist 3 i :41. 
'Herram, P.,, Smpr'i'n  man',, K. andl T.D. Phillips. 1997. Adsorption of Sa/mone//a 
en,teritidis'by  cety 19 ,pyridini:um exchanged phyllosilicate  days.  Toxicologist 36:42. 

Mayura.,, K .,,, ZRao,, F., 'bwyer, M.R., McKenzie, K.S., Washburn, K.S., Bailey, R.H., 
;DonnalI: , KC., Kubena, 'L.F. and' T.'D. ~Phillips. 1997. Evaluation o f  the  toxlcity of 
pol~ycyc Y ic larornati:c :h d,rocarbons from coal tar  utilizing the chick  embryotoxicity 
screeni!ng test (CHE 5 T), Toxi'cologist 36:219. 

Sprlingman:, K.R., Grant, P.G., 'Washbur'n, K.S. and T.D. Phill#ips, 1997. Adsor tion of 
~i)e~~ach~loro,pk,enol  by  cetyl, ,pyridi,nium-modified acidic clay. Toxicologist D 6:282. 
Lemke,, S.L.,'P'.G. G'rant, and T.b 'Phill.i s. 1997. Isothermal anal sis o f  zearalenone 
on, o:rgano-substi:tuted clays.  2P4th .A t) S Meeting, Las  Vegas, A : stract # 031. 

'Grant;, lP.G., 'S.L. Lemke, M.R. Dwyer: and T.D. Phillips. 1997. Modified Langmuir 
equation fo r  S-s:hapedN and multi-site  isotherm , lots. Proceedings of the 214'h 
A:mer:'ican,  Chemi'cal Soci'ety  Meeting, Las  Vegas, bl bstract ## 024. 

Ot%i8nger, S:.E., 'K., Mayura, 'K.S.  McKenziNe, L.F. Kubena  and T.D. Phillips. 1998. 
Deg;radati#on of benzo[a]pyrene  via electrochemically  generated ozone  and 
'o,zone/uv Iight. Toxicol.. Sci. 42:31. 

Letnke, S:.L., K.S., Mc'Ken'zie, 'P.G. Grant and T.b. 'Philli si 1998. Fumonisin B, 
ad'sorption onto 08rgano-substlit'uted' clays. Toxicol. Sci. 4 f :290. 

'Huebner, H., S. Lemke, S. Ottinger, P. Grant and  T.D. Phillips. 1998:E uilibrium 
adso,rpti,on, of ergotamine by varrous 'plhyllosilicate clays. Toxicol. Sci. 4 8 :290. 
'Herrera, , P . !  'P.G. #Grant,, 'K. Sprin R.C. Burghardt and T.D. Phillips. 1998 
Quan$.i:fica+ron of theant'ibacteria of montmorillonites exchanged w i t h  
cati,onilc 'surfactants. Toxi'col. Sci,. 

Mouneiimne, Y., R. Barhoumi', T.lt>'., PhiHips,  and R.C. Bur hardt. 1998. Alteration of 
calc,i:um  osci,l'lat:i.ons ,by elf electric  field  in clone 9 cel ? s. Toxicol. Sci. 42:335. 

Spriingman,, K.R., T.J. McDonaldl, ;K. Mayura, 'K.C. Donnelly,  and  T.D. Phillips. 1998. 
Obganoclay adsor tion, of Components of a complex mixture  from groundwater., 
Toxicol. Sci:. 42i.3 g 5. 
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Lemke, S.L., S.E. Ottinger, and T.D. Phillips.  1998. Sor  tion o f  fumonisin B, by 
nonexchan ed and organo-substituted clays. American C emical Society Meeting, 
B,oston, M . i! R 
Ottinger, S.E., K. Mayura, 5. McKenzie, S. Lemke, L. Kubena  and  T.D. Phillips.  1998. 
Degradationand detoxification of benzo[a]pyrenefollowing treatment with ozone. 
American Chemical Society Meeting, Boston, MA. 

Barhoumi, R., K. Ramos,  S.H. Safe, T.D. Phillips,  and R.C. Burghardt. 1999.  Analysis 
of thesubce llular distributionand  cytotoxicltyof benzo[a]pyrene in ra t  liver cells. 
Toxicol. Sci 48:15. 

Huebner, H.J., K. Mayura, C.L. Ake, S.L. Lemke  and T.D. Phillips.  1999. Application 
o f  immobilized activated carbon for  the sorption of patulin  from aqueous solution. 
Toxicol.  Sci. 48:55. 

Mouneimne, Y, R. Barhoumi, T.D. Phillips, S.H. Safe and R.C. Burghardt. 1999. 
Alteration of oxytoxin-and vasopressin-induced  calcium oscillations  in a ra t  liver 
cell  line by TCDD. Toxicol.  Sci. 48:64. 

Ake, C.L., K.Mayura, H.J. Huebner, G.R. Bratton,and T.D. Philli S. 1999. Equilibrium 
adsorption of lead in  water  by  trioctahedral  smectite clay. P oxicol. Sci 48:329. 

BOOK CHAPTERS: 
1. Toom, P.M. and T.D. Phillips:  1978. Effects of purified com onents of ellyfish 

toxin on  adenosine triphosphataseactivities. I n  Toxins,  Anima P , flantand A icrobial, 
PI Rosenberg (Ed.),  Pergamon  Press,  pp. 527-538. 

2. Phillips, T.D., T. Fedorowski and  A.W.  Hayes:  1982. Techniques in membrane 
toxicology. I n  Princ@le.s  and  Methods in Toxicology., Raven  Press,  pp. 587-609. 

3. Phillips, T.D. and A.W. Hayes:  1989.  Techniques in membrane toxicolo y. I n  
frinc@lesandMethod.sin  Toxicology(2nd. Edition). A.W.  Hayes (Ed.),  Raven $ ress. 

4. Phillips, T.D., A. Sarr, B. Clement, L. Kubena  and R. Harvey: 1991. Prevention of 
aflatoxicosis  in  farm animals  via selective  chemisorption of aflatoxin. I n  
Mycotoxins,  Cancer, andHealth (VoI.1). G. Bray and D. Ryan, LSU, pp. 223-237. 

5. Phillips, T.D., B.A. Clement,  and D.L. Park: 1994. Approaches t o  reductions of 
aflatoxins  in  foods and feeds. I n  The  Toxicology o f  Af/atoxins: Human Health, 
Agricultural and Veterinary  StiyYicance. Academic  Press.,  pp. 383-405. 

6. Burghardt R.C., R. Barhoumi, D. Doolittle, and T.D. Phillips: 1994. Application o f  
cellular fluorescence imagin fo r  in vitro toxicology  testing. In:  Princ@les  and 
Methods o f  Toxicology, AdHayes, Ed. Raven  Press, New York, pp.  1231-1258. 

~ 
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Selective Immobilizatim and Detec,tion of Mycotoxins in Solution: 1992' US. 
Patent No,, 51,E78,8~32; TargetTM technology licensed by the Texas A&M.System to: 
Ter,raTek kc . ,  Sallt  Lake C'ity, Utah. 

Method for Inactivating MycotoxinsPresen t in  Animal  Feed. 1993 U.S. Patent No. 
5~,165,946.,~NovaSilT'~technology~licensed  by the Texas A&M System to: Engelhard 
Chemical's:,  Cleveland,  Oh,io. 

Mycotoxin~screening  technology 1995 license t o  VICAM; Ltd, Watertown, MA. 

'bi:sc!losure of invention:' Claypak affinity column for the rapid cleanu  and 
identification of contaminated food,  feed^. and  biological  samples, ( e AMU 
Technolbgy Licensing 'Off ice, 1995). 

Dismclosure .of i'nvention: Dechlorination of water-sohated pentachlorophenol by 
ammonfim-exchangedca/ciummontmorillonite~(TAMU Technology  Licensing Off ice, 
199'51>,. 

ib,i;sclosure of hvention: lEquil,ibrium adsorption of zearalenone by organophilic 
'mont:morim'lloni!t;e 'clay (TAMU Technology  'Licensing Off ice, '1997). 

,M~~oix-I'mmobil~ilzed adsorbents fo r  the 'removal  of chemically diverse contami- 
nants. from 'aq,ueous soluti'ons. United States Paten?  Application No. 09/267,470 
N(,lY.Ol#' 907), 'F'i'led 03/10/99. 

SCIENTIFIC PlRESENTATIONS (EXAMPLES):. 
MassacIhuset$s Ensti'tute of Technology (MIT), Applied Biology and Chemistry 
,Fci$o-Lay,  Apphed: and Basic  Research Section 
Departmen$ of Pharmacology  and  Tox,icology,  School of  Medicine, TAMU. 
:be~bartmen;t. of 'P,harmacoIogy  and  Toxico'180gy, UTMB, Galveston, TX 
Tec:hnlcaC Conference of the IFT (Institute o f  Food Technologists) . 
Sou$hern: IRegi~onal~ Research Center, ;New  Orleans, #LA 
WM,A convention, Houston, T;x 

. I  

Texas, Austin, TX 
UT Medical School, Houston, TX 

00042s 



Tiinothy D. Phi1hp.s:  Curriculum Woe,  

NIH Toxicology Training  Grant Symposium, VMI, Richmond, VA 
American Veterinary Medical Association Meeting, Public Health Symposil 
Kaiser  Chemicals  Symposium,  Chicago, 1L 
Cornell University,  Mycotoxin Presentation, Ithaca, N.Y. 
CAST  (Council f o r  Agricultural Science  and  Technology) Meeting, Kansa5 
AVMA Sponsored Mycotoxin Symposium, Mycotoxins, Arlington, VA 
Delmarva Poultry Meeting,  Mycotoxins, Ocean City, Md 
AMP1 (Associated Milk Producers, Inc.) Meeting, Mycotoxins, Dallas, T>I 
Texas De artment of Health (TDH) Meetin , M cotoxins, Austin, TX 
Office o P the  State Chemist, Mycotoxins, ?AMb 
Insti tut de Technologie Alimentaire, Dakar,  Senegal, West  Africa 
Texas  Corn Growers Association, Oetoxif  ication of Aflatoxins, Corpus, C 
Congressional  Symposium  on Mycotoxins, Washington, D.C. 
American  Peanut  Research  and Education Society, Mycotoxins, North C 
World Con ress on Veterinary Food Hygiene, Stockholm, Sweden 
NC-151/N2-129 Symposium, Aflatoxin  in Corn,  Kansas City,  Missouri 
M cotoxins: Cancer  and Health, Pennin ton Biomedical  Research Center, 
I l A Babcock & Incubadora Mexicana, % etoxification of Aflatoxins,  Teh 
International Groundnut Workshop, Detoxification of Aflatoxins, Hyder 
World Congress  on Foodborne Infections and Intoxications, Berlin, Gerr 
IUPAC International  Meeting on Mycotoxins and Phycotoxins, Mexico Ci 
Du  Pont/ConA ra, Selective Chemisorption of Mycotoxins, Wilmington, [: 
International L eeting on Aviaculture,  Mexico C i t  , Mexico. 
Hoffmann-LaRoche Seminars: Rio, Port Allegre, Aapeko,  Brazil 
NutriBasics Seminars:  Tapei, Taiwan;  Penang, Maylasia;  and Manilla, Phili 
Hoff mann-LaRoche Seminars:  Costa  Rica 
Eleventh International Symposium o f  the WAVFH,  Bangkok, Thailand 
National Con ress of Agriculture,  Aflatoxin  Detoxification, Lima andTrt 
Internationa ? Mycotoxin Symposium, Curitiba,  Brazil 
Roche Seminars: Mexico C ~ t y ,  Gadalajara, Monterrey,  Mexico 
TAMU  Extension Aflatoxin Conference, Cor us Christi, Texas 
Society o f  Toxicolo y (GCC), San Antonio, A x a s  
American Society o 9 Agronomy, St. Louis, Missouri 
American Feed Industry Insurance Co., St. Louis, Missouri 
Associated Milk Producers, Inc., Dallas, Texas 
Texas Association of Milk, Food,  and Environmental Sanitarians, Austin, 
UT  Health Science Center, Pharmacolo  and Toxicolo y, Houston, Texc 
UM Medical Center, Pharmacolog  and  oxicology, Jac son, Mississippi 
XX World's Congress  on Poultry, elhi, India 
DuCoa Seminars:  Taipai, Taiwan;  Bangkok,  Thailand;  and  Manila, the Phili 
USFGA Seminar:  Santiago, Chile 
NIEHS Superfund Basic  Research Program - €PA Meeting, New York, N 
Gordon Conference on Mycotoxins and  Phycotoxins, PJymouth, NH 
USFGA Seminar:  Dominican  Republic 
PHILSAN Seminar,  Manila, the Philippines 
Vicam Seminar,  Boston, MA 
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Kaiser  Aluminum  and  Chemical Cor ., Center fo r  Technology,  Pleasanton, CA. 
Water's Analytical Associates, Mi P ford, MA 
Computer  Sciences  Corp., National Space  Technolo Laboratories, NSTL, MS. 
Harshaw Filtrol Chemical Corporation, Cleveland, 0 9y. 
Neo en Diagnostics Corporatlon, East Lansing, MI. 
Rial % on Diagnostics Corporation, Bryan, TX. 
Papillon Agricultural Products, Inc.! Easton, MD. 
TerraTek Corporation, Salt Lake City, Utah 
Engelhard Corporation, Cleveland, Ohio 
Vicam, Watertown,  Massachusetts 
Ralston Purina International,  St. Louis, Missouri 
Ralston Purina International, Mexico  City,  Mexico 
NutriBasics and Hoffmann-La Roche International 
American Feed Industry Insurance Compan 
United  States Feed Grain Association, Was y1 ington, D.C. 

I N T E R N A T I O N A L  PROGRAM A C T I V I T I E S :  
Tit le  XIIAJSAID Pro iect - Mycotoxin Manasement 

Country: Senegal, West  Africa 
r a  h 

Inst i tut  de Technologie Alimentaire (ITA) and Inst i tut  Senegalais  De  Recherches 
( E R A )  Agricoles, Dakar, Senegal, 1983-1995. 

Objectives:  Field-practical  detection and detoxification o f  aflatoxin contaminated 

Numerous scientific  wesentations and collaborations onsoins in  other countries 

peanuts  and  peanut products. 

I N T E R N A T I O N A L  VISIT ING SCIENTISTS: 

"" 

1994: Professor Norbert0 Lisker (Head of Seed Pathology): Ministry of  Agriculture 

1993: M.A. Abdel-Wahhab (Egyptian Scientific Channel System), National Research 

1991: Dr. Amadou  Kane, Inst i tut  de Technologie Alimentaire, Dakar, Senegal, West 

1985: Dr. Aman  one N'Doye, Inst i tut  Senegalais de Reserches Agricoles,  bakar, 

(ARO), The Volcani Center, Israel (Sabatical). 

Center, Dokki, Cairo, Egypt (PhD candidate). 

Africa  (USAID trainee). 

Senegal, J est  Africa  (USAID trainee) 
WC427 
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FORMER  GRADUATE STUDENTS: 
I Gordon Vincent Turner, DVM (PhD: August,  1982). Dissertation  Title: High 

&essure Liquid Chromatographic Detection of  Zearalenone in Chicken E w e .  

Eric  Shepherd (PhD: December,  1982). Dissertation  Title: The Effects of 
folyhalogenated Bbhenyls on the Metabolism o f  A ffatoxin Bk 

Aron  Stein (PhD: December,  1983). Dissertation  Title: Toxic  and  Biologic Effects 
of Ochratoxin A in  the Partially Nephrectomized Rat. 

Michael Ballinger (MS:  August,  1983). Thesis Title: Distribution of  Ochratoxin A 
io the Pregnant  Rat. 

1 

I 

Roger Parker (MS:  December, 1983). Thesis Title: The Effects  of 
Phen  lalanine  Supplementation on Ochratoxicosis in Normal and 
wep K rectomized Rats. 

Teresa  Wilczynski, Honors Pro ram (MS:  May,  1983). Thesis Title: Effectsof the 
Mycotoxin Penicillic Acid on E ? ectrogenic Sodium Transport. 

$ustin Green (MS:  December,  1984). Thesis Title: Comparative Studies of 
Mycotoxin Adsorption Activities by Clays  and Zeolitic Minerals. 

Victor Sylvia (PhD: May,  1985). Dissertation  Title: NovelMethods  for Determina- 8 
tion o f  the Tricho thecene  Myco toxin Deoxynivalenol. 

Michael Halvorson (PhD: August,  1987). Dissertation  Title: The Effects  of Mixed 
Function  Oxidase Inducers on the Metabolism  and Mutageniciiy of A flatoxin %p 

Elizabeth Maul1 (PhD: Ma , 1988). Dissertation  Title: Developmental Toxicitiesof 
Aflatoxins Bl and Gl: I n  t: ivo  and I n  vi'tro Assessments. 

I 

Monica Taylor (MS:  December,  1988). Thesis Title: Developmental  Toxici 
Structure-ActivityRelationsh/j7sof Ochratoxin A andRelatedCompoundsin x ydra and 
A ttenuata. 

Ernest  Smith (PhD: December,  1989). Dissertation  Title: Developmental Toxicity 
oY Diacetoxyscirpenol 

Mary Bean (PhD: December,  1989). Dissertation  Title: The  Reproductive  and 
Developmental Toxicities of T-2 Toxin:  An  Assessment in  the Rat. 

Marion Becker (MS:  May,  1991).  Non-Thesis. 

Catherine D den (MS:  May, 1991). Thesis Title: Evaluation o f  the Developmental 
Toxiciiy of 7 yclopiazonic Acid Using Hydra  Attenuata and  Post-Implantation  Rat 
Who/e  Embryo Bioassays. 

I :  1.: 
(3 
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YungYang (P'hD,: Aw ust, 1991)'. Dissertation  Title: Isolation of ToxicMetaboliies 
from a Thermoto 3 eran.t Strain of  Pennicillium citrinum: Developmental  and 
rmmmological Studies. 

Casoi~ Cathey '(MS: August, 1993). Thesis Title: Development  and  Evaluation of a 
Minicohmn Assay for  the Detection, of Aflatoxin MI in Milk. 
M,i;chaeli Machen (PhD: August, 1993). Dissertation'  Tit'le: Utilization of I n  vi'iro 
Bibassdys to Assess the Effectiveness of  'Chemisorption o f  Aflatoxin 4 by 
A~luminoSj/jcates. 

Jeff ~E,l~lis (Phb: December, 1994). Dissertation  Ti'tle: Reduction o f  aflatoxin M I  in 
miik with phyllosilicate clay. 

'Bart;  Spailnhour (PhD: December', 1994). Dissertation  Title: Effects of chlorophe- 
nols 'on de,velopmental toxki iy.  

R. f-('ar)ford~~BaiIlley (,PhD: ,December, 1994). Dissertation Title:.Evaluationof ceffufar 
mechanisms o fmycotoxin-inducedcy to  toxicity ,using vital fluorescence bioassays. 

Kent  Washburn (PhDN:, December, 1995). Dissertation  Title:  Detection and 
detox,i+i,cat,ion of water-solvated pentachlorophenols. 

Fen Zhao ''PhD: Aug,ust, 1996). Dissertation  Title: I n  vitro and in vivo evaluation 
of t ; ,  a \  e deve  opmenfal toxlicity of various polychlorinated biphenyls, chlorophenols 
andi  related^ compounds. 

Ph,ililp Wh'ite (MS: August, 1997). Non-Thesis. 

Max,ine Dwyer [Ph'D.: May, 1997). Dissertation  Title: Invest$ation o f  clay-based 
technology for1 the #detoxification and inactivation o f  cyclopmzoriic acid 

Scol;t McKenzie -PIID: December, 1997). Dissertation  Title: Degradation and 
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@ 2. INTRODUCTION 
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Novozym@  899 is a  Novo  Nordisk AIS trade  name  used  for  a  xylanase 
enzyme  preparation  produced  by  submerged  fermentation  of  a  selected 0 
strain  of Fusarium venenatum  expressing  the  gene  encoding  a  xylanase z 
from  Thermomyces  lanuginosus. 

>o 

The  xylanase  enzyme  preparation is to  be  used in the  food  industry  as  a 
processing  aid for baking  applications.  Xylanases,  which  are  a  types  of - 
pentosanases,  are  the  most  functional  enzymes in the  hemicellulase 
enzyme  preparations,  which  are  well  known, in the  baking  industry  (App. A, 
refs. 1-4). 

The  enzyme  is an endo  xylanase  that  hydrolyzes  xylosidic  linkages in an 
arabinoxylan  backbone  resulting in depolymerization  of  the  arabinoxylan 
into  smaller  oligosaccharides.  This  increases  the  elasticity of the gluten 
network,  improving  handling  and  stability  of  the  dough. 

The  information  contained in this  document  presents  the  basis  for  Novo 
Nordisk's  determination of the  general  recognition of safety of a  xylanase 
enzyme  preparation  produced  by  a  selected  strain  of f .  venenatum 
expressing  a  xylanase  gene  from T. lanuginosus. This  determination is 
corroborated  and  supported  by  an  independent  expert  panel  whose  report 
is contained in Section 1. Sections 3-8 provide  information on the  enzyme 
preparation,  the  production  microorganism,  the  manufacturing  process, 

@! product  specifications,  and  the  intended  use in baking  applications,  as  well 
as an overall safety  evaluation. 

The  overall  safety  evaluation  (Section  8)  includes  a  review of published  and 
unpublished  information  supporting  the  safety  of  the  production  strain,  the 
enzyme,  and  the  manufacturing  process  as  well  as an evaluation  of 
potential'  dietary  exposure to the  enzyme  preparation  and  a  summary  and 
presentation  of  the  toxicology  studies  done to confirm  the  safety of the 
product  for  its  intended  use.  This  evaluation  concludes  that  this  xylanase 
enzyme  preparation  is  safe. 

As indicated  by  Pariza  and  Foster  (App.  A,  ref. 5), the  safety of the 
production  organism  must  be  the  prime  consideration in assessing  the 
probable  degree of safety of an  enzyme  preparation  intended for use in 
food.  The  production  microorganism  for  Novozym  899,  a  selected  strain  of 
F. venenatum  expressing  a  xylanase  from  T. lanuginosus, is  described in 
Section 3. An  essential  aspect  of  the  safety  evaluation  of  food  components 
derived  from  genetically  modified  organisms  is  the  identification  and 
characterization of the  inserted  genetic  material  (App. A, ref. 6-1 1). The 
genetic  modifications used to develop  the  production  microorganism  are 
well-defined  and are also  described in Section 3. The  safety of this 
production  microorganism is considered  in  Section 8 and it is  concluded 
that it is safe. 

Section 4 includes  a  description  of  the  xylanase  activity  and  the  data 
showing  this  xylanase  to  be  equivalent  to  the  previously  determined 
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3. PRODUCTION  MICROORGANISM 

3.1: Production  Strain 

The  microbial  production strain for Novozym 899, designated  LyMC4.B,  is 
a  derivative  of  a  wild type isolate  of F, venenafum Nirenberg sp. nov. 
(App. 8, ref. 1). The  classification,  described in Section  3.2,  is  based  on 
rnorp'hological,  physiological,  and  molecular  taxonomic  characteristics. 

The  genetically  modified F. venenafum strain  LyMC4.B is non-pathogenic 
non-toxigenic,  and  meets  the  criteria  for  a  safe  production  microorganism  as 
described  by  Pariza  and  Foster  (App. A,  ref. 5) and  several  expert  groups 
(App.  A,  ref. 6-1 1). These  criteria  include  the . identification  and 
characterization  of  the  host  strain,  plasmid  vectors,  and  inserted  genetic 
sequences, all described  below, In addition, F. venenafum strain  LyMC4.B 
complies  with  the  OECD  (Organization for Economic  Co-operation and 
Development)  criteria  for  GILSP  (Good Industrial Large  Scale  Practice) 
microorganisms  (App. A, ref. 14). 

The F. venenatum production  strain,  LyMC4.B,  was  constructed  by 
common  transformation  procedures  using  well-known  plasmid  vectors and 
well-characterized  DNA  sequences.  Two  plasmids  were  used in the  strain 
construction,  one  a  xylanase  expression  plasmid  and  the  other  a  plasmid 
.designed  to  incorporate  a  deleted  replacement of the  tdchodiene  synthase 
gene (fri5). The  development  of  the  production  strain  was  evaluated at 
every  step to assess  incorporation  of  the  desired  functional  genetic 
information  and to ensure  no  unintended kquences were  incorporated. 0, 
3.2 Recipient  .Microorganism 

Accurate  identification  of Fusarium specieshas been  problematic  and  has 
often  resulted in conflicting  and  evolving  species  designations.  Because 
many 'Fusaria are noted for the ability to produce  various  mycotoxins, 
precise  species  characterization and classification is necessary for any 
isolate, to be  used as a host for expression  of  enzymes for use in food 
processing  and,  other  industrial  applications. 

The.  recipient ' microorganism, F. venenatum strain  MLY3,  used in 
construction  of the xylanase  production  strain  is  a  derivative of the 
F. venenafum strain CCI-3 (App. B; ref. 2), a  morphological  mutant of the 
wild type F. venenafum strain A3/5.  The taxonomic-characteristics are: 

m 9 
z 0 

0 - >  
0 

Class;  Hyphomycetes 
Order:  Hyphomycetales 
Genus: Fusarium 
Section:  Fusarium  (previously  Discolor) 
Species: venenafum 

The  wild  type  strain  -is  identified in the  American  Type  Culture  Collection. 
(ATCC)  as F. graminearurn Schwabe  ATCC 20334. This strain;'originally * isolated' from soil in the  United  Kingdom  (UK), i s  also  referred to in - .  the 

000#-42 . 
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* literature  as  strain  A3/5  and  has  been  deposited  as F. graminearum in a 0 

number  of  international  culture  depositaries  including,  the  Imperial 2 
Mycoligical  Institute,  Surrey,  UK  (Accession No. 145245)  (App.  B,  ref.  3). 0 

This Fusarium strain,  ATCC  20334  (UK  Accession No. 145425),  :was 
approved’ by the, UK Ministry of Agriculture,  Fisheries,  and  Food as ‘Quorn’ 
mycoprotein  (App.  ‘B,  ref. 4) in 1985  and  has  since  .been  sold in the UK 
under  the  registered  trade  name  Quorn  (App. B’, ref. 5). 

Dr. H. Nirenberg;  a  recognized  international  expert  authority on the 
identification  of different species  in  the  genus Fusarium, has  positively 
identified  ATCC  20334  as F..venenafum (App. B, ref.  6),  a  conclusion 
supported by Dr. U. Thrane  at  the  Danish  Technical  University  (App. B, 
ref.  7)  and”  further  verified by the-published work  of  Yoder  and  Christianson 
(App.  B,  ref,  3),  and  O’Donnell et al (App.  B, ref. 8) .  

The f. venenatum strain -CC1-3 is a  morphological  mutant  that  arose 
spontaneously  during  a  Quorn  fermentation  of  strain A315 (App.  B,  ref.  2). 
It has a  highly  branched  morphology,  forming  dense  colonies  with  slower 
colony  ‘radial,  growth rates than parental  colonies. 

F. venenatum strain MLY3 is a  spontaneous  mutant  derivative of 
F: venenatum strain CC1-3. F. venenafum strain  MLY3  supports  higher 
expression  levels  of  heterologous  proteins  than  strain CCI-3. 

3.3 Introduced DNA Sequences 

I #  3.,3.1  Xylanase  expression  plasmid  pJRoy36  (see  Figure  1) 

Traditional,  molecular  genetic  and’  rDNA  techniques  were  used to construct 
the 7.7 kb ‘plasmid  pJRoy36  used to obtain  expression  of T. lanuginosus 
xylanase in F. venenatum. Plasmid  pJRoy36  has  the  following  gene 
elements: 

T.2 kb containing  the F. oxysporum trypsin  gene  promoter 
0.7 kb containing  the  xylanase  gene from T. lanuginosus 
1.1 kb containing the F. oxysporum trypsin  gene  terminator 
4.7 kb containing E. coli vector  pUC  19  and a 1.8 kB fragment  with  the 

A nidulans amdS promoter,  the S. hygroscopicus (bar) gene  and 
the A. niger AMG  terminator. 
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Figure 1: Construction of xylanase expression vector pJRoy36 
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a 3.3.7.7 origin of the F. oxysporum trypsin  promoter  and  terminator 

2 
UJ 

0 
2 

The trypsin  promoter  and  terminator  sequences  are  from F. oxysporum 0 
Schlechtendahl:Fries,  DSM  2672  (Deutsche  Sammlung  von > 

0 
Mikroorganismen  und  Zellkulturen,  Braunschweig,  Germany). 2 
F. oxysporum  has  been  described  by  Nelson  et  al.  (App. B, ref.  9). 

The  technique of spliced  overlap  extension  was  used to fuse- 1.2 kb of  the 1 / 
F. oxysporum trypsin  promoter  to  1.1 kb of the F. oxysporum  trypsin -, 

terminator.  A  polylinker  containing Swal, Kpnl and Pacl restriction sites 
was inseded between  the  promoter  and  terminator  as part. of  the 
overlapping  strategy,.  At  the 5' end of the  promoter  a Xhol site  was  added 
and the  'native  .EcoRI  site  was  preserved.  At  the 3' end  of  the  terminator 
EcoRI', Hjhdl1.I and Nsil sites  were  incorporated. 

8- 

Two PCR (polymerase  chain  reaction)  fragments  were  generated  from  the 
trypsin  promoter  and  terminator  sequences in plasmid  pJRoy20  (App. B, 
ref.  10).  One  PCR  fragment  contained  from  base  pair position- -1208  to 
position  -1  of the F. oxysporum  trypsin  promoter  plus  the  25  base  pair 
polylinker  containing'  the Swal, Kpnl and Pacl restriction  sites.  The  other 
PCR  fragment  contained from base  pair  position -5 to  position -1 of  the 
F. oxysporum  trypsin  promoter,  the  same  25  base  pair.polylinker,  and  1060 
base pairs  of  the, 3' untranslated  region  of  the F. oxysporum  trypsin  gene 
(terminator  region). 

@I The  final  2.3  kb  overlapping  PCR  fragment  which  contains  from  base  pair 
position  -1'208  to  position -1 of  the F, oxysporum  trypsin  promoter,  the  25 
base' pair polylinker, and 1060  base  pairs of the F. oxysporum  trypsin 
terminator  was  made  using  the  first  PCR  (promoter) reaction- and  the 
second (terminator)  reaction  as  templates. 

3.3.7.2 origin of the barselectable marker 

The  Streptomyces  hygroscopicus  phosphinothricin  acetyltransferase  (bar) 
gene  (App. B,  ref. 11)  was  used  as  a  selectable  marker  for  .the  xylanase 
expression  plasmid,  pJRoy36. F. venenatum  strains  expressing  the bar 
gene can  grow on a  medium  containing  phosphinothricin;  the  active 
ingredient in the herbicide  BASTA@  (Hoechst).  Safety  assessments  have 
been  done on the  phosphinothricin  acetyltransferase  protein  and  the bar 
g,ene  DNA in association  with  their use- in the  construction of transgenic 
plants  resistant to the  phosphinothricin  herbicide  (see  Section 8.3). 

3.3.7.3 origin  of  other  expression  vector  sequences 

Plasmid  pMT1612  (see  Figure 1) ' is  composed  of  the bar gene  with 
associated  regulatory  sequences  from  the  Aspergillus nidulans amdS 
promoter  (App. B,  ref.  12)  and  the A. .niger- AMG  terminator  (App. B, 
ref. 13) inserted  into  the  Escherichia coli plasmid  vector  pUC19  (App. B, 

a ref. 1 4). 

Novo  Nordisk GRAS Notification - F. venenaium expressing T./anuginosus xylanase 9 



E'RA - 20249'- SHS,PHva 

F 
0 
2 'a 3.3.7.4 construction of the  intermediate  plasmid pDMl81 - 

The  intermediate  plasmid  pDM181  was  created  by  ligating the EcoRl 0 
digested  spliced  trypsin  promoter/terminator  fragment into the EcoRl > 

0 
dfgested  plasmid  pMT1612.  Plasmid  pDM181  contains  the  spliced trypsin- 2 
DNA  sequences.  The  trypsin  promoter  and  terminator  sequences  are 

Figure 1. - pcomoter~terminatdr,  the bar selectable  ,marker  gene,  and  pUC19  vector 

designated  SP387  promoter  and  terminator  on  the  pDM181  plasmid  map in 

313.7.5or;igin of the  xylanase  gene 

The origin of  the  xylanase  gene  is T. lanuginosus strain  GH107  (synonym 
Hurnicola lanuginosa) (App. B, refs.  15,  16). T lanuginosus is an 
ubiq,uitous,  thermophilic  fungi. 

The  675  b,p T. lanuginosus xylanase  coding  sequence  incorporated into the 
pJR0y36~  expression  plasmid  was  generated  by  PCR,  using  a 
T. lanuginosus xylanase  cDNA  sequence  as  a  template.  PCR  primers 
were  usedl to introduce  the  sequence  CCACC  at  the 5' end  and  a Pacl site 
at the  3'  end of the  xylanase  coding  sequence. 

This  xylanase  coding  sequence  was  also  used in the  construction  of  the 
production  microorganism  for  a  xylanase  preparation  produced  by 
A. oryzae expressing  the  xylanase  from T. lanuginosus (Novo  Nordisk 01 trade  name,,  Pentopan MonoTM) that  was  the  subject  of  a  1997  meeting 
'betweenl  FDA  and  N'ovo  Nordisk  (see  Section  4.1  Section  8.2,  -and  App.  C, 
ref. 1 ). 

3.3.7.6 construction  of  the  expression  plasmid  pJRoy36 

The 0.7 kb  xylanase  coding  sequence  fragment  was  digested  with Pacl and 
ligated,  to SwallPacl digested  intermediate  plasmid  pDM181  yielding  the 
xylanase  expression  plasmid  pJRoy36 in which  the  xylanase  gene is under 
transcriptional  control  of  the  trypsin  promoter  and  trypsin  terminator  from 
F. oxysporurn. The  trypsin  promoter  and  terminator  sequences are 
designated  SP387  promoter  and  terminator  on ttie pJRoy36  plasmid  map in 
Fig,ure 1. 

3.3.2 tri5 replacement  vector  pLC30  (Figure  2) 

T8he  10.2  'kb tri5 replacement  vector,  pLC30,  is  similar  to  plasmid  PLC31  b 
described in a  recently  published  technique  for  deleting  the F. venenatum 
tri5 gene  (App. 6, ref.  17).  Plasmid  pLC30  contains  the  following  genetic 
elements: 

1.7 lib' from the 5' region of the f .  venenatum tri5 gene 
2.7  kb,  fragment  containing  the amdS gene of A. nidulans 
1.5  kb from them 3' region of the F. venenaturn tri5 gene 0 4.3  kb  cloning  vector plasmid pZL1 
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'Figure 2,:, Construction of the tri5 deletion replacement vector pLC30 
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The amdS coding region of A. nidulans (App. B, ref.  12)  was  cloned into the @ SglH site  of  pJRoy  40  (App. B, ref.  17) to create  pLC30  (see  Figure 2) in 
which' the 2.7 kb A. nidulans amdS sequence from pBANe20 is placed g ,? 

between.  the 5' and 3' regions of the tri5 gene of F. venenatum and 0 
substitutes  for the fri5 gene  coding  sequence. z 
A'. nidulans  amdS (acetamidase)  is  a  commonly  used  selectable  marker 

enzyme  enables A. nidulans (and  other  fungi)  to use acetamide  and  other - 
amides  as  sole  nitrogen,  and  carbon  sources.  Acetamide,  CH3CONH2,  is 
hydrolyzed  by  acetamidase  to  CH3COOH + NH3.  These  compounds,  acetic 
acid! and1 ammonia, can be used  as  a  carbon  and  nitrogen  source for the 
growth of the organism. 

0 
. 2  

gene  used in' fungal  cloning  (App. B,  ref.  12).  The A.. nidulans acetamidase 

3.4 Construction of the Production Strain LyMC4.B 

3.4.1, Generation  of the xylanase  transformant  strain,  JRoy36-19.B 

Protoplasts  of F. venenafum strain  MLY3  were  incubated  with  'the  xylanase 
expression:  plasmid, pJ.Roy36. Transformants  were  selected  by  growth on 
a  medium  containing  phosphinothricin.  Phosphinothricin  resistant 
transformants 'were screened  for  xylanase  activity.  A  single  transformed 
colony  (JRoy36-19.6)  was  selected. 

e 3.4.2  Generation of the tri5 deleted  strain  LyMC4.B 

The trifj re,placernent  plasmid  vector,  pLC30  (see  Figure 2), was  digested 
withl EcoRl. The  resulting 5.6 kb .fragment  containing  the 5' and  3'  regions 
of the E. venenaturn t i5  gene  flanking the A. nidulans  amdS gene  was 
isolated,.  This  ,purified  fragment  was  used " to  transform  the  xylanase 
expressing  strain  JRoy36-19.B.  Transformants  were  selected on minimal 
medium  containing  acetamide  as  the  sole  nitrogen  source  and  individual 
isolates  were  assayed for 4,15 diacetoxyscirpenol  (DAS)  production  and 
xylanase  production. In addition,  Southern  analysis  was  performed on 
selected strains. 

Strain  LyMC4  was  found to generate  no  detectable  DAS,  and  to  produce 
high  levels of xylanase in shake  flask  and  bench-top  fermentation  tests.  A 
single  spore  isolate  of  strain  LyMC4  was  selected  as  the  production  strain 
and;  designated strain LyMC4.B. 

3,4.3 Southern  analysis of trili'deleted strains 

Southern  'hybridization  was  performed  on-  the  parent  strain  (JRoy36-19.B) 
as  well- as' potential"  deletants  and  single  spore  isolates  of  deletants  to  test 
for deletion of the tri5 coding  sequence  (Figures  4a  and  4b).  Total  DNA 
was  digested  with Sphl and Dral, electrophoresed on an  agarose  gel,  and 
transferred to a  nylon  membrane. Sphl cuts  within  both  the 5' and  3' region 
of the F. venenatum tri5 gene  and Dral cuts  within  the 3' region of the 0, F. venenatum tn?j gene  and  within  the A. nidulans amdS gene.. Two  probes 
were'  utilized  to  'confirm the absence of the tri5 coding  region in LyMC4.B. 
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e' A' probe' homologous to a  portion of the 5' flanking DNA of the tri5 coding z 
seq,uence  was  hybridized  to  a  Southern  blot  (Figure  4a). A shift in the  size 0 
of the  hybridizing  band  from 5.9  kb (corresponding  to  the  wild  type (wt) > 

0 
sequence) to 3.1 kb (corresponding to the amdS replaced  sequence) z 
indicated,  that  the tri5 gene  had  been  replaced  by  the amdS gene.  This  shift 0 
was  apparent in strain  LyMC4.'B  (lane 5). . y l )  

Figure 4a: Southern  analysis  of  fri5-deleted  strains. - 
5 

/ I  
fri5 flanking' probe 

1 2 3 4 5   6 7 8 9  

fri5 flanking  probe. Lane 1, LyMC19.5; lane 2, LyMC19.2; lane 3, 
LyMCl9 lane 4, LyMC4.C; lane 5, LyMC4.B; lane 6, LyMC4;. lane 7, 
JRoy36-1:gB; lane 8, empty;  lane  9,  fluorescein-labelled lambda-Hindlll 
molecular  weight  marker. 

In addition,  a  probe  derived  from  within  the tri5 coding  region  was  prepared, 
and was  used to hybridize to a  Southern  blot  (Figure  4b). A hybridizing 
band is' present in the  parent  strain  JRoy36-19.B  (lane 2). The  absence of 
a hybridizing band in 'LyMC4.B  (lane 4) confirms  that  the tri5 gene  has  been 
deleted in this  strain. 

doc449 
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e Fig,ure  4b:  Southern  analysis  of  tri5-deleted  strains. 

tri5 open reading frame probe 

1 2 3 4 5 6 7 8  

w 
I 

Tri5 
ORNF-P -w 

tri5 open  reading frame probe. Lane 1, fluorescein-labelled  lambda- 
@ Hhdll~l molecular  weight  marker;  lane 2, JRoy36-19B;  lane  3,  LyMC4; 

lane 4, LyM,C4.B; lane 5 LyMC4.C;  lane  6,  LyMC19;  lane 7, LyMC1.9.2; 
lane 8,  'LyMCl9.5. 

3.5 Antibiotic  Resistance  Gene 

Prokaryotic  and  eukaryotic  sites  and  signals  for  effective  and  functional 
gene  expression  and  gene  product  synthesis  are  different.  This basic 
principle  of  molecular cell biology  and  genetics  is  generally  recognized 
within the.  scientific  community  (App. A, ref.  15).  Plasmid  pJRoy36  contains 
the plactamase gene, bla, encoding  resistance  to  the  antibiotic  ampicillin. 
This  gene is prokaryotic in origin  and  lacks  the  appropriate  sites  and 
si,gnals  (promoter,  ribosome  binding  site,  etc.)  to be functionally  expressed 
when  integrated in an  eukaryotic  chromosome. 

In addition;,  the  prokaryotic bla gene lacks appropriate  eukaryotic  signal 
sequences and processing  signals  necessary  for  secretion  and  export. 
Therefore,,  any Plactamase potentially  produced  by  expression of the bla 
gene would be  intracellularly  localized  and not be  present in the  final 
product,  the  xylanase  enzyme  preparation. 

Novo'  Nordisk  has  confirmed  the  absence of bla gene  expression in fungal . - 

systems  by  several:  tests  of A. oryzae production  strains  containing the bla 0' g,ene  which;  have  not  shown  any  evidence of bla gene  expression  or 
plactamase synthesis. 
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'* 3.6, Stability  and  Transfer  Capability of the  Introduced,,DNA 

The  presence and configuration of the introduced .DNA  sequences  in  the 
production'  strai'n, F. venenatum LyMC4.B,  were  determined  by  Southern P 0 hybridization  analysis to .assess  the  stabili-ty:  and  potential ,for transfer.of 2. genetic  material. No instability  of  the  introduced DNA  sequences strain 
was:  observed.  The  transformed  plasmid  DNA  is stably integrated into'the ' 

F., venenatum chromosome  and,  as  such,  is  mitotically  stable  and  is  poorly 
rnobilizable'for genetic  transfer to other  organisms  (App. A, ref.  14). - 
In addition;,  a, test batch produced  by  the  production  strain, F. venenatum 
LyMC4.B,, was  assayed fbr the  presence  of  recombinant  DNA  sequences 
by 'dot blot'hybridization assay.  and for the  presence of recombinant  DNA 
seq,uences  capable of transformation. No recombinant  DNA  sequences 
were detectedl  at  a  detection limit of 0.1 ng  DNA / g.  No  recombinant  DNA 
seq:uences.capable of transformation  were  detected  in a-10 mg sample. 

3.7 Plant  Pathogenicity 

F: venenatum is  a  saprophytic  fungus  found in soil  and is also  known to 
occur  on' Humulus lupulus, Solanum tuberosup, Spinacia  oleracea, 
Triticum aestivum,  Zea  mays (App. B, ref. I). The F. 'venehatum 
pcod'uction strain LyMC4.B  is.  derived from -the wild  type F. venenatum 
strain'  A3/5 . (=ATCC  20334)  (see  Section  3.2). . F. venenatum strain 
ATCC  20334  has  been  tested for plant, pathogenicity on potatoes,  wheat, 
and barley  and,  was  found to be non-pathogenic on these  plants. 

3.8 'Human Pathogenicity 
0 

F. venenatum is not considered  a  human  pathogen  (App. B,  ref.  18). 

The F. venenatum production  strain  LyMC4.B  is  derived  from  the  wild  type 
F. venenatum strain A3/5  (=ATCC  20334)  (see  Se-ction  3.2).  The . 
F. venenlatum' strain  ATCC  20334  has  a  reported  history  of  safe  industrial 
use..  :Biomass from this  strain  is  marketed as Quorn  Mycoprotein  and  has 
been  a  readily  available  human  food  source in England  since  1985 
(App B,  ref. 5'). The  Quorn  Mycoprotein  was concluded to be asafe food 
ingredient in, an expert panel  report,  that  has  been  used to support  a  Food 
Additive Petition in the US, FAP  6A3930.(App. B, ref.  19,  pers.  comm.). 

3.9 Mycotoxins 

The  mycotoxins / secondary  metabolites,  that  may  potentially  be  produced 
by F. venenatum, are the trichothecenes,  the  culmorins,  the  enniatins  and 
the fusarins.  Laboratory trials under  optimum  conditions for specific 
mycotoxin  production,  involving  isolates  obtained  from  different  culture 
collections of the  original F. venenatum A3/5  (=ATCC  20334),  the 
morphological' mutant f .  venenatum CC1-3,  and  positive (F. venenatum) 
as  well  as  negative (F. torulosum) control  strains,.  show  that all the 
F. venenatllrm isolates  are  able' to produce  the  trichothecene, e diacetoxyscispenol  (DAS). 
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I The  ability to produce  DAS  and  related  compounds  were  effectively z 

interrupted  by  means  of  gene  deletion  and  based on the  extensive 0 
investigations  and'  literature  surveys  that  are  outlined.  below, it  is concluded 
that, the  production  strain F. venenatum LyMC4.B  does  not  produce 2 
secondary  metabolites of toxicological  concern to humans  or  higher 
animals. 

3.9..1 Trichothecenes 

B - 
The  gene  encoding  trichodiene  synthase (tri5) was  deleted in LyMC4.B, 
thereby  rendering it incapable  of  producing  secondary  metabolites  within 
the  trichothecene  pathway  (App. B, ref.  17).  This  was  confirmed in a  study 
of  the  secondary  metabolites  produced  by  a  number  of  strains  of 
F. venenatum (App.  B,  ref.  20).  Under  optimum  conditions  for  specific 
mycotoxin  production,  wild  type F. venenatum isolates  produced  the 
trichothecene  'DAS  and  related  metabolites  isotrichodermin  and 
isdcicodermol, the  modified  trichothecenes  sambucinol  and 
apotrichothecene, the sesquiterpenes  culmorin  and  culmorone,  and 
derivatives  and,  trace  amounts of the  cyclic  peptide  enniatin  B.  Strains 
without  a  functional  trichodiene  synthase  gene  produced  no  trichothecenes 
or modified  trichothecenes. 

3.9.2  Culmorins  and  Enniatins 
.,"I, Under  optimum  conditions  for  specific  mycotoxin  production,  LyMC4.B  is 

capable of producing  minor  amounts  (pg/I  level)  of  metabolites of the 
culmorin  family  and  trace  amount of enniatin B (App.  B,  ref. 20). The 
levels  were  estimated to be  reduced  compared to wild  type  isolates. 

/ 

Reports on the  toxicity  of  culmorin  and  related  compounds  (App. B, ref. 21) 
and  enniatins  (App. B, ref. 22)  indicate  that  these  compounds  have  low 
toxicity to higher  animals. 

Based on the  combination  of  the low levels  that  may  potentially be 
expressed  and  the  low  toxicity  profile, it is  concluded  that  culmorins  and 
enniatin  do not present  a  toxicological  concern for the  xylanase  enzyme 
preparation from the  selected F. venenatum strain,  LyMC4.B,  expressing 
the T. lanuginosus xylanase  gene. 

3.9.3 Fusarins 

It has  been reported that F. venenatum can be  grown  under  conditions 
capable of inducing  production  of  fusarin C (personal  communication). 
La,boratory  experiments,  with F. venenatum A3/5  (=ATCC  20334), 
F. venenatum LyMC4.B,  and  positive (F. sambucinum) as  well  as  negative 
(F. solan/] control  strains,  showed  that  while  fusarin  C  may be produced in 
(pg/I level) by F. sambucinum and F. venenatum A3/5  (=ATCC  20334) 
and  LyMC4.B  and  under  inducing  conditions,  there is no indication of any 

~'"k? 
#( 

fusarin  production  under  normal  industrial  enzyme  fermentation  conditions 
with  the  production strain F. venenatum LyMC4.B. 

NOVO Nordisk GRAS Notification - F. venenatum  expressing T.lanuginosus xylanase 16 oaiet452 



ERA - 20249 - SHS,PHva 

G 
.e 

The  fermentation  conditions,  used  during  enzyme  production,  are  different e 
from  the  conditions  known to induce  fusarin  biosynthesis,  as  deduced  from 0 
a  literature  survey on fusarin C (App. 9, ref. 23) and  personal B 
communication.  The  major  differences  are  vigorous  aeration,  a  constant 
supply of carbon  and  nitrogen,  and  addition of vitamins  and  trace  metals d 
used  for  industrial  fermentation  for  enzyme  production. In particular,  the 
addition  of  vitamins  and  trace  metals  is  known  to  down-regulate  fusarin *l f ) 
synthesis in other Fusaria (App. 9, ref. 23). - I 

i I I 
1 

A  literature  survey  of  toxicity  data  on  fusarin C concludes,  that  the  acute 
toxicity  to  humans  is low and  that  the  carcinogenic  potential  is  not  clarified 
due  to  lack  of  adequate  studies  (App. 9, ref. 24). 

Because  the  extremely  low  levels  of  fusarin C are  only  attained  under 
specific  inducing  conditions  and  there  is  no  indication  of  any  synthesis 
under  normal  industrial  enzyme  fermentation  conditions, it is  concluded  that 
fusarin C does  not  present  a  toxicological  concern  for  the  xylanase  enzyme 
preparation  from  the  selected F. venenafum strain  expressing  the 
T. lanuginosus xylanase  gene. 
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4. ENZYMlE IDENTITY  and  C,MARACTERlZATlON 2 
4.1, Enzyme  I'dentity 0 > 
The  primary  enzyme  activity in Novozym 899 is  xylanase.  According to the 0 
N'omenclature  Committee of the  International  Union  of  Biochemistry  and z 
Molecular  Biology  (IUB),  "Enzyme  Nomenclature 1992", (App.  C,  ref. 2) the 8 
xylanase  is  classified  as: 
Generic  name: carbohydrase 
IWiB nomenclature: endo-I ,4-pxylanase 
l!UB 'No.: EC 3.2.1.8 
Xylanase,  hydrolyses  the  'beta-( lI4)-D-xylosidic linkages in the  arabinoxylan 
'backbone'.  Arabinoxylans  are  highly  branched  xylans  that  are  found in 
various  cereals,  and  they  exists  both in a  soluble  and an insoluble  form. 
Novozym 899 has  activity  towards  both  forms. 
Identical:  xylanase  genetic  coding  sequences  were  used in the  construction 
of the  pr;od#uction  strains for Novozym 899 and  Pentopan  Mono  (see 
Section, 3.3:7.5). Novozym 899 (App.  C,  ref. 3) is  the T. lanuginosus 
xylanase  expressed in a F, venenatum host  strain  and  Pentopan  Mono 
(Ap,p. C,, ref.  4)  is  the  ,identical T. lanuginosus xylanase  expressed in an 
A,., oryzae host  strain.  The  Novozym 899 enzyme  product  is  substantially 
eq,uivalent to Pentopan  Mono  enzyme  product. 
Substantial  eq,uivalence  between  the  xylanase  enzyme  component of 
'N0vozym~899 and 'Pentopan  Mono  is  evidenced  by  use  of  the  identical 
g,enetic  lprotein8  coding  sequence,  which  was  confirmed  by  means of 
N-terminal;  amino acid sequencing  and  further  documented  by  conventional 
characterization  techniques of the  enzymes. 
When,  assayed by SDS-PAGE,  a  predominant  enzyme  protein  -band,, 
corresponding; to a  molecular  weight  of  24  kDa, -is found in both 
preparations.  The  protein banding pattern  obtained  by  isoelectric  focusing 
of 'Novozym, 899 is  included in that  obtained  from  Pentopan  Mono. 
Immunochemical  identity of the  enzyme  components from Novozym 899 
and  Pentopan  Mono  was  demonstrated  by  means of crossed . 
immunoelectrophoresis,  where  both  enzyme  components  were  assayed 
using1 antibodies  raised  against  Novozym 899 and  antibodies  raised  against 
Pentopan Mono. 
In,,  addition,  baking,  performance  tests  demonstrated  that  Novozym 899 and 
pentop an^ Mono perform identically  with  respect  to  measured  bread and 
dough'  parameters. 
4.2' Enzyme Activity 
The,  activity  of  Novozym 899 is  standardized in xylanase  units  (FXU  (Farbe 
Xylanase  U,nit))  as  defined  'in  the  Novo  Nordisk  method  EB-SM-036.02/01. 
The method is based on enzymatic  hydrolysis'  of  a  high-molecular  weight 
AZO-coupled  wheat  xylan  followed  by  mixing  with  ethanol.  The  amount of 
blue-colored!  low  molecular  weight  xylan  fragments  made  soluble in ethanol 
as'  a'  resu'l't of the xylanase  activity  is  measured  spectrophotometrically  and 
compared; to an internal standard.  The  activity  ofsthe  commercial  product 
Novozym 899, is  standardized at 2500 FXU/g. 

8 

0 

r f  'y"g - 
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"@, 5. MANUFACTURING  PROCESS 

Novoqm899 is  fermented,  recovered  and  formulated  according to well- 0 
established  standard:  manufacturing  processes in the  enzyme-  industry > 

0 
(App. D,, ref. 1-3). The  following,  section  describes  the  details  used  .in  the 2 
accordance  with  current  good  manufacturing  practices  (cGMP)  and  the 

with IS08 9001. .- 

manufacturing of Novozym  899.  Novozym  899 is manufactured in 

quality  'management  system  used in the  manufacturing  process  complies 

5.18 Raw Materials 

Alli raw  materials  used for fermentation  and  for  recovery  are  either 
approved food  additives  or  safe  for  use in food  and  conform to Food 
~Chemicals~~ Codex  (FCC)  (App. A, ref. 16) specifications  except  those  raw 
,materials  which  do  .not  appear in the  FCC.  For  those not appearing in the 
FCC, internal  specifications  have  been  made in line with  FCC 
'req,uirernents. On arrival at Novo  Nordisk,  the  raw  materials  are  sampled 
by the Quality  Control  Department  and  subjected  to  the  appropriate 
analyses to ensure  their  conformance to specifications. 

5.2 Fermentation 

Novozym,899 is 'produced  by  a  contained  system  of  submerged  fed-batch 
pure culture  fermentation  of  the  genetically  modified  strain,  LyMC4.B,  of 
F. venenatum, carrying  the T. lanuginosus xylanase  gene  (see  Section 3). 

5.2.1 Raw  materials for fermentation 
0 

The:  production,  strain is grown in a  medium  consisting  of  compounds 
,providing an adequate  supply of carbon  and  nitrogen  plus  minerals  and 
vitamins  'necessary  for  growth. 

The choice of raw  materials  used in the  fermentation  process  (inoculum, 
seed;  fermentor,  main'  fermentor,  dosing) of Novozym  899  are  listed  below. 

Carbohydrates.  (e.g.  glucose,  sucrose,  maltose,  starch  hydrolysates) 
Vegetable protein (e.g.  soybean  meal,  potato  protein) 
,NaNO, 
'Urea' 
Yeast  extract 
Citr;ic acid 
Salts'  (e.g.  K2SO4.  K2H,PO4, KHs,PO,, (NH4)*HP04, MgSO,) 
Tsace metals 
Vitamins 
Nka'li and!  acid for pH  adjustment 
iphosphoinothricin-ammonium 
Antifoams  (e,.g. polyoxyethylene-polyoxypropylene copolymer) 

Novo  'Nordisk GRAS Notification - F. venenatum expressing T./anuginosus xylanase I 9  



E M  - 20249 - SHS,PHva 

'0 5.2.2 Control,  of  fermentation  environment 
- 

All;  equipment  is  carefully  designed  and  constructed  to  prevent 0 
contamination  'by  foreign  microorganisms. 8 

A l l '  valves and connections  not in use  for  the  fermentation  are  sealed  by 
steam at,mrnore than 120°C. 

After  sterilization  a  positive  pressure of more  than 0.2 atmosphere  is - 
maintained in the  fermentor. 

z 

*Y!I r l  

The  air  used for aeration is sterilized  by  passing  a  sterile  filter. 

The inside of each  fermentor is carefully cleaned between  fermentations  by 
means of a  high-pressure  water jet and  inspected  after  the  cleaning 
procedures  have  been  completed. 

5.2.3 Stock  culture 

The stock  culture  used in the  fermentation  is  lyophilized F. venenatum, as 
described  in  section 3. 

Each  new  batch  of  stock  culture  is  thoroughly  controlled  before  use.  The 
parammeters controlled are  the  following: 

Identity of the  microorganism ' Absen,ce of foreign  microorganisms 
Enzymegenerating ability 

5-2.4 'Preparation  of  inoculum  used in the  fermentation 

The  inoculum  flask  containing  the  prepared  medium  is  autoclaved  and 
confrdled'.  Only  approved  flasks  are  used  for  inoculation. 

The  stock  culture  suspension  is  injected  aseptically  into  the  inoculum  flask 
and1 rnixed~,  with'  the  medium in the  flask. 

The  herbicide phosphoinothricin-ammonium (BASTA@  (Hoechst))  is  used 
only in the  inocutation  medium, in a  concentration of 5 g/l,  in  order  to 
maintain the selection  pressure on the introduced DNA  sequences.  The 
safety  evaluation for the use of  this  substance  and  the  conclusion  that it 
presents no safety  concern  are  described in Section 8.3. 
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Growth is obtained in the  inoculum  flask  and  the  following  parameters  are 
controlled.: 
'he  linocu'lum  flask 

Action 
The  number  of  the  used  vial is- 
registered on the  inoculum  flask 
and in the  batch  documentation 
The inoculum  flask  is  maintained 
at approx.  30°C  for 4-7 days 
A  sample  from  the  inoculum  flask 
is  controlled  microscopically. 

~ Sufficient  growth 
1 Approved  microbiological  analysis 

When  a  sufficient  amount  of  biomass  is  obtained  and  when  the 
microbiological  analyses #are approved,  the  inoculum  flask  is  used  for 
inoculating  the  seed  fermentor. 

5.2.5 Seed  fermentor 
Raw  materials  for  the  medium  are  mixed  with  water in a  mixing  tank  of 
stainless  steel,.  The  mixture is then  heat  sterilized in the  fermentor.  The 
seed fermentor is inoculated  by  transferring  a  suspension of cells  from  the 
inoculum  flask  through  sterile  tubing  and  a  special  connector. 

eedr fermentor 
Vocess  'operations 

used  are  adjusted & registered . nedia 
The  amount of the  raw  materials Weight  adjustment 'reparation  of 
Action 

~ Control  parameters 

Sterilization The  media  is  sterilized  at  min. 
120°C  for  min. 45 minutes 

Analysis  after RI %' and  pH  is  measured. If 
sterilization  necessary pH 'is  adjusted 

:ermentation in the The  temperature  is  controlled  to Temperature 
;eed fermentor setpoint it 2.00~ 

'Agitation 
Aeration 

Vigorous  agitation is used 
The  media  is  aerated  by  sterile 

I I aidow H 
Pressure The  pressure  is  kept  above 02 

atm at all time ll 
pH Controlled  to  setpoint f 1 
Dry  substance 

analysis 
Samples  are  controlled just prior Microbiological 
RI% determined at regular  intervals 

Approved  microbiological  analysis criteria 
Suffkient growth Seed  transfer 
to inoculation  and  seed  transfer 

* RI~ = Refractive  Index 
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2 - 

Raw materials for the  medium  are  mixed  with  water in a  mixing  tank. 0 
Sterilization'  is  carried  out' in the  main  tank  at  min.  120°C  for  min. 45 B 
minutes. 2 
When; vigorous growth has developed in the  seed  fermentor  the  culture  is 8m 
transferred:  aseptically to' the main fermentor. / I  - 
The1 fermentation in the  main  tank  is  run  as  a  normal  submerged  fed-batch 
fermentation. 

a 

lain fe,rrnentor 
%ocess"operation 

The  amounts  of  the  raw  lmaterials 
~ Weight  adjustment 'reparation1  of 

Action Control  parameter 
- 

'are  adjusted  and  registered 
Sterilization I The  media  is  sterilized  at  min. 

120°C  for  min. 45 minutes 
Analysis  after 
sterilization' 

pH and RI % is  measured.  If 
necessary  pH  is  adjusted 

-ementation' The  temperature  is contiolled to Temperature 
setpoint f 2.0"C 

Agitation I Vigorous  agitation is used 
Aeration I The  media  is  aerated  with  sterile 

I I aidow II 
1, Pressure I The  pressure  is  kept  above 0,2 11 

atm 
pH Controlled  to  setpoint f 1 
Feed start  pH > setpoint  and  'increasing 

regular  intervals 
Enzyme  activity  The  enzyme  activity  is  measured 

at  regular  intervals 
Microbiological ' 

to 'inoculation  and at regular analysis 
Samples  are  controlled just prior 

intervals  during  fermentation 

5.2.7 Microbiall  control 

Samples  are  withdrawn  from  both  the  seed  fermentor  and  the  main 
fermentor: 

a) before  inoculation 
b)l at  regular  interval  during  cultivation 
c)  before  transfedharvest 

Novo Mordisk GRAS Notification - F. venenatum  expressing  T.lanuginosus  xylanase 22 



ERA - 20249 - SHS,'PHva 

The  methods'  for  testing  during all steps  are  the  following: 

a) microscopy 
b) plating  on  a  nutrient  agar  and  incubated 24-48 hours. 

Growth  characteristics  are  observed  macroscopically  and  microscopically. 

The  fermentation  is  declared  "contaminated" if one of the  following 
cond:itions  are  fulfilled,: 

1) Microscopical  examination of at  least two independent 
samples  shows  presence of foreign  (contaminating  or 
infecting)  organisms. 

2) Two  samples  taken  within  a  six  hour  interval  show  presence 
of  foreign  (contaminating  or  infecting)  organisms  after 
growth on nutrient  media. 

Any  contaminated  fermentation is rejected. 

5.3 Recovery 

The  recovery  process  is  a  multistep  operation,  designed  to  separate  the 
desired,  enzyme from the  microbial'  biomass  and  partially  purifl, 
concentrate,  and  stabilize  the  enzyme. 

5.3.1 Raw  materials for recovery 

The choice of raw  materials  used in the  recovery  process  of  Novozym 899 
are listed,  below: 

Diatomaceous earth 
Inorganic acids  and  bases  for pH adjustment 
Antifoams  (e.g. polyoxyethylene-polyoxypropylene copolymer) 
Sodium'  chloride 

5.3.2 Primary  separation 

The  cell,  mass  and  other  solids  are  separated  from  the  broth  by  well 
established  techniques  such  as  precoat  vacuum  drum  filtration  and 
centrifugation.  The  precoat  used in' the  filter  and  the  filter  aid  used in the 
process is diatomaceous  earth  (diatomite  or  perlite). 

The  primary  separation  is  performed  at  a  well  defined  pH  and  temperature 
range. 
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,.!; 53.3 Concentration 

A combination,  of  ultrafiltration  and  evaporation is applied  for  concentration 0 
and further  purification.  Both  'ultrafiltration  and  evaporation  are  well > 

0 
established,  techniq,ues.  The  ultrafiltration  is applied to  fractionate  high 2 
molecular  weight  components  from, low molecular  weight  impurities  and is 
used; to i'ncrease  the  activity/dry  matter  ratio.  Evaporation  is  used  to 
increase  the  activity. *w / I  
The pH4 and:  temperature  are  controlled  during  the  concentration  step, - 
which isl performed1 until  the  desired  activity  and  activity/dry  matter  ratio  has 
;been2  obtained,. 

5.3.4 Pre- and germ filtration 

For removal of residual  production,  strain  cells,  and  as  a  general  precaution 
against  microbial  degradation,  fil'tration on a  dedicated  germ  filtration  media 
is  applied:.,  Prefiltration is included  when  needed.  The  precoat  of  the filter 
and! the  filter  aid'  used'  is  diatomaceous  earth. 
The  filtrations  are  performed  at  well  defined  pH  and  temperature  intervals, 
 and^ results in an,  enzyme  concentrate  solution  free  of  the  production strain 
and'  insoluble'  substrate  components from the  fermentation. 

53.5 Preservation and stabilization 

@ In order to prevent  microbial  degradation  a  stabilizer is introduced 
immediately  after  the  germ  filtration. 
The,  quantity of the  stabilizer  is  calculated on basis of the  expected  amount 
of concentralte  after  the final concentration. 
The  enzyme  concentrate  is  stabilized  by  adding  sodium  chloride. 

5#.3,.6 Final;  concentration 

In, case  the  concentration is too  low  to  reach  the  target  yield  for  the  final 
prod,uct,  a  further  concentration  may be carried  out  by  evaporation. 

53.7 Granulation 

The liquid concentrate is mixed  with  granulation  aids  (stabilizers/binders) 
such1 as d'extrin  and  sorbitol'  syrup  and  spray  dried  by  means  of  atomization 
into1 a  fluidtized  spray  dryer. 
The  powder  from  the  primary  drying  zone  is  directed  into an integrated  fluid 
bed;  for  agglomeration'  and  further  drying.  The  product  is  discharged 
continuously  after  sieving. 
The product is standardized to the  declared  enzyme  activity  by  addition  of 
wheat  flour. 
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1.' 6., COMPOSITION  and  SPECIFICATIONS 

6.1 Composition 
Novozym 899' is  ,presently  #available in the  following  formulation: 
'E'nzyrne  solids (TOS') approx. 4% 
.Ashl  8(mainly  :NaCI) approx. 4% 
Water approx. 10% 
'Dextrin approx. 4% 
Sorbitoll approx. 1% 
W,heat  solids approx. 77% 
"TOS ='Total Organic  Solids,  defined  as: 100% - water - ash - diluents 

6.2 Specifications 
Novozym  899  meets  the  general  and  additional  requirements for enzyme 
preparations  as  outlined'  in  the'  monograph  on  enzyme  preparations in FCC 
(App. A, ref. 16). In addition,  Novozym  899  meets  the  general  specifications 
for enzyme,  ,preparations  used  in food processing  outlined  by  the  Joint 
8FAOA#HOm Expert Committee on Food  Additives  (JECFA)  (App. A, ref. 17). 
The complete  specifications  established  by  Novo  Nordisk  are: 
Xylanase  activity,  FXU/g  according  to  declaration 
'Heavy  metals * not  more  than 30 ppm 
Lead: * not  more  than 5 ppm 0: Arsenic' not  more  than 3 ppm 
Total; viable  counvg  not  more  than 5 x lo4 
Totali  cofiforms/g  not  more  than 30 
lEnteropatAogenic  E.  coli/25  g  negative  by  test 
,Salrnonella/25 g negative  by  test 
Antibiotic  activity negative  by  test 
Mvcotoxins'  negative  by  test 
Production  microorganism  negative  by  test 
'Analyzed at regular  intervals 

The heavy  metals  and  lead  specifications  meet  FCC  and  exceed  JECFA 
requirements.  The  arsenic,  total  viable  count  and €.coli specs  meet  JECFA 
requ;lireements and  are  not  included  in  FCC.  The  total  coliforms  and 
Salmonella specs  'meet both FCC  and  JECFA.  The  antibiotic  activity  and 
lmycotoxins  specifications  meet  JECFA  and  are  not  included  in  FCC 
(although  FCC  mentions  mycotoxins  but  has  not  established  tolerances). 
The  production  microorganism  specification is a Novo  Nordisk  specification 
'and; lis not  mentioned in FCC  or  JECFA. 
6.3 Absence of the Production  Strain 
The  manufacturing  'process  includes  a  final  germ  filtration  step to ensure 
that  'no  production  microorganism is present in the final enzyme 4. concentrate.  Absence  of  the  production  microorganism  is  part  of  the 
complete  specification  as  outlined  above. 
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7..1. Technological  function 0 

The  active  principle in Novozym  899 is the  endo  1,4-beta-xylanase.  The 2 
e,ndol 1,M)eta-xylanase  hydrolyses  the beta-(I ,4)-D-xylosidic  .linkages in 
the  arabinoxylan  backbone.  -Arabinoxylans,  that  may  have  been  described 8- 
as  ;pentosans in previous  literature,  are  highly  branched  xylans  that  are f I 
characteristic for the  outer  ce'll  walls  and  endosperm  of  cereals  such  as - 
wheat,  'barley,  rye,  and  oat.,  The  'backbone  is beta-(I ,4)  linked  xylose  which 
is mono  or  disubstituted  with  arabinose  at  the 0-2 and/or 0-3 position. 
Arabino-xyl'ans  exists  both in a  soluble  and an insoluble  form. 
Nbvozym 899 has  activity towards both  forms. 

B 

WheaR flou'r contains  2-4%  arabinoxylans,  which  play  an  essential  role in 
 bread^ lmaking.,  The  soluble  fraction  (approx.  1/3  of  the  amount) is essential 
for th,e water  retention  capacity  of  flour.  The  insoluble  fraction  is  coupled to 
lproteins  and: is believed;  to  reduce  the  elasticity  of  the  gluten  complex. 

'Novozym  899 is used in, baking to improve  handling  and  stability  of  the 
'dough By its action on the  insoluble  fraction  of  the  arabinoxylans in flour, 
the  elasticity of the 'gluten network is increased. 

Further  information  regardsing  Novozym  899  is  given in the  enclosed 

0 Product  Sheet  (App. C, cef. 3).- 

7.2 Use 'Levels 

The enzyme  preparation  is,  used at minimum  levels  necessary  to  achieve 
the: desired effect and according  to  requirements  for  normal  production 
following!  cGMP. 

The recommended  dosage for Novozym  899  is  2-16  g  per  100 kg flour 
corresponding to 50-400  FXUlkg  flour. 

7.3 Enzyme  Residues in the  Final  Food 

The  enzyme is added  to  the  flour  and  is  active  during,  the  dough 
preparation and, the leavening,  of  the  unbaked  bread.  During the baking 
process  the high temperatures in the  oven  cause  an  inactivation'  of the 
enzyme  activity. 
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e 8. SAFtETY EVALUATION 

As' stated  most  'recently by FDA  (App.  A,  ref. 12, 1 3), the  issues  relevant  to 
a safety  evaluationl of an enzyme  preparation  are  the  safety of the  enzyme 
source, the enzyme component, the manufacturing  process,  and  a 
consideration of d~ietary  exposufe.  Each  of  these  'is  addressed  below. 

8.'l Production Strain 

The'  safety  of  the  production  organism  must  be  the  prime  consideration in 
assessing.  the  probable  degree  of  safety  of an enzyme  preparation 
intended for use. in food  (App. A,  ref.' 5). A  safety  evaluation .of the 
g,eneti,cally  modified F. venenatum production  strain  based on the  concepts 
inifially  outlined  by  Pariza  and  Foster sin .I983 (App. A, ref. 5), and  further 
deve'lo,pedi  by  Berkowitz  and'  Maryanski in 1989, IFBC in 1990, the EU  SCF 
in1 1'991!, the OECD  'in 1992, FAONVHO  'in -1996, and lLSl Europe  Novel 
Food! Task  Force in 1,996, (App. A, ref. 6-11,). demonstrates  the  safety of 
this genet~ically  modified, F. venenatum production  strain.  The  components 
ofi this  evaluation:  the  identity of the host  strain,  a  description of the 
plasmids  used,  the  sources  and  functions of 'the introduced  genetic 
material,,  an'  outline of the genetic  construction  of  the  production  strain,  and 
some  characteristics of the :production  strain  are  given in Section 3. 

The  host  microorganism  has  a  history  of  safe  industrial  use,  as  'Quorn' 
mycoprotein, in human food (see  Section 3.2), the  genetic  modifications are 
well:' ,characterited and  specific,  utilizing  well-known  plasmid  and  'vector 
seq:uences,  the,  introduced  genetic  material  does not encode  and  express 
any  'known  ,harmful  or toxic substances  (see  Section 3.3-3.5), the 
introduced,  genetic  material:  is  stable and there is little, if any,  potential for 
transfer of any of the  introduced,  DNA  sequences to other  organisms (see 
Section 3-6'1, F. venenatum is not a'  plant OF human  pathogen .(see 
Sections3.7 and; 3.8), and the production  strain  does  not  produce 
secondary  metabolites of toxicological  concern  (see  Section 3.9). 
Thepefore, the  genetically  modified Fusarium venenatum LyMC4.B  strain  is 
considered: a, safe  production  strain  for  the  xylanase  enzyme  preparation. 

.I 

8.2 Enzyme Component 

Enzyme  proteins'  themselves  do not generally  raise  safety  concerns 
[App.  A,  ref. 5, 12, 18). The  primary  enzyme  activity in Novozym 899 is 
xylanase,  IUB  EC 3.2.1.8, catalyzing  the  hydrolysis of xylosidic  linkages in 
an  arabinoxylan.  backbone.  Xylanases,  which  are  a  types  of 
penfosanases, are the most functional  enzymes in the  hemicellulase 
enzyme,  preparations,  which  are  well  known, in the  baking  industry  (App. A, 
refs., t-4). 

As'  demonstrated in Section 4, the Novozym 899 enzyme  preparation ,is 
substantially  eqluivalent to the Pentopan  Mono  enzyme  preparation. 
Identicall  xylanase  genetic  coding  sequences  were  used in the construction 
of; the prod,wction  strains for Novozym 899 and  Pentopan  Mono.  The 
T. lanuginosus xylanase  coding  sequence  incorporated into the 
F. venenatum production  strain  has not been  altered. 

0 > 
0 z 8- 

I f  
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0 
Several. expert groups,  as  well  as  FDA  and  FDA  scientists  have  discussed 2 
the,  concept of substantial equivalence  relative  to  food  safety  assessment 0 
(Ap,p,. A,,  Lef. 6#,,  9-1 I, 19-22).  Essentially all these  groups  conclude  that if a 8 
food ingredient  is  substantially  equivalent to an  existing  food  ingredient 2 
the1 existing;  ingredient  are  necessary. In addition,  FDA  has  applied  this 

use in' food:  (App. A, ref. 20,23, 24). 'In  particular,  differences in 
gtycosyl'ation  between  enzyme  proteins  was  considered. 

'known' to be  safe,  then' no further  safety  considerations  other  than  those for 

concept. in. the determination  that  several  enzyme  preparations  are  safe  for 

Novo 'Nordisk  has  ,previously  determined  that  the  Pentopan  Mono  xylanase 
enzyme  'preparation  produced  by A. oryzae expressing  the  xylanase  from 
T. lanlllginosllrs is GRAS. This  conclusion and an  overview of the 
information,  supporti'ng  the  conclusion  were  presented  to  FDA in January of 
1997. A  letter from FDA  to  Novo  Nordisk  documents  the  ,presentation of 
thi,s GRAS determination  to  FDA  (App. C, ref. 1). In addition, an overview 
describing1  the safety  evaluation of the T. lanuginosus xylanase  expressed 
in! A., oryzae and the  conclusion  that  this  xylanase  enzyme is safe  for  use in 
baking applications  'has  been  published  (App. A, ref.  25). 

Based, on, the above  considerations,  the  enzyme  component,  xylanase from 
T. lanuginosus is  generally  recognized-  as  safe. 

.I 
8.3, Manufacturing  Process 

Novozymt899 meets  the  specifications  and  requirements  for  enzyme 
preparations'  as  outlined  by  F'CC  and  JECFA  (App. A, ref.  16,  17)  (see 
Section 6). As  described, in Section 5, the  xylanase  enzyme  preparation  is 
produced in accordance with cGMPs,  using  ingredients  that  are  accepted 
for general1 use in foods,  and  under  conditions  that  ensure  a  controlled 
fementation:. These  methods  are  based on generally  available  and 
accepted;  methods used for  the  production of microbial  enzymes  (App. D, 
ref., 11-3). 

As  explained  in'  Section 5.2.4, the  herbicide phosphoinothricin-ammonium 
is, used!  only in the  inoculation  medium, in a  concentration of 5 gh, in order 
to maintain,  the  selection  pressure on the  introduced DNA  sequences. It is 
concluded:,,  based on a worst-case  calculation,  that  the  use. in the 
inoculation  flask  may  result in a  maximum  potential  residue level in 
processed  food:  that  compares  favorably to the 0.5 ppb  threshold of 
reg,ulatory  concern  level,  established  for  substances  used in food  contact 
articles, 21 CFtR  $1870.39. 

A  summary of; the  toxicological  information  available on phosphoinothricin- 
ammonium  was  ,published# in  the 'Federal  Register  (App. D, ref. 4). In 
addition,  the  Environmenta'l  Protection  Agency  (EPA)  established an 
exemption' from1 the  'requirement of a' tolerance for: residues  of  the  inert 
ingredients  phosphinothricin  acetyltransferase  (PAT)  and  the  genetic 
material,  the, bar gene,, necessary for its  production in 40 CFR y80.1151 
(App.  D,  ref. 5). This is based on the  conclusion  that  there  is  reasonable 
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certaim,ty that  no  harm  will  result  from  aggregate  exposure  to  the US 8 '0' ipopu'lation. to the  PAT  protein  and  the bar, gene  as  presented in 2 
,622:'FrR 17717-187720  (App. D, ref. 5). The OECD has  also  published  a 0 
consensus  document on general  information  concerning  the bar gene  and > 

0 
the phosphinothricin 'acetyltransferase  protein  that  confer  tolerance  to 2 
phosphinothricin  herbicide  (App. 'D, ref.  6). 

Based om this  information it is  concluded  that  the  described  use  of 
phosphoinothricin-ammonium in the  inoculation  medium  is  safe. - 
8.4 Safety Studies 

The following studies  were  performed: 

0 1'3 weeks  oral,  toxicity  study  in  rats 
0 Test for mutagenic  activity  (Ames  Test) 
0 Human  lymphocyte  cytogenetic  assay 

A  paper  summarizing:  the  safety  stud,ies  and  evaluating  the  safety in use of 
the xylanase  enzyme  preparation  produced  by  the  genetically  modified 
F. venenatum has #been accepted for publication  (App. E, ref.  1).  This 
paper  concludes  that  there  are no safety  concerns  when  using  this 
xylanase  enzyme  preparation  from  the  selected  strain  of F. venenaturn 
expressing the gene  encoding  the T. lanuginosus xylanase in food 
processing  applications. 

Three  safety  studies,  a  13-week  oral  rat  feeding  study,  a  test  for  mutagenic 
actili,ty,  and^ a  test  for  induction  of  chromosome  aberrations  were  performed 
OR th,e  Novozyrn  899  batch  PPQ  6125. 

0 

The main conclusions of the  safety  studies, can be  summarized  as  follows: 

0 Orall  administration  to  rats  of  up  to  10  ml/kg  body  weightlday 
(- 89422  FXU/kg/day  or  1.12  g TOSlkglday) for  13  weeks  reveals no 
sig,ns of toxic, effects  related to treatment,  and  this  dosage  represents 
the  No-Observed-Adverse-Effect-Level  (NOAEL) in this  study. 

0 Novozym 899  is not genotoxic, as no mutagenic  activity  was  found in 
eimther Ames test or the  human,  lymphocyte  test. 

Ali safety  stud'ies  were  performed  with  Novozym  899,  batch  PPQ  6125. 
This batch  was  'obtained  'by  mixing  of  3 sub batches,  each  produced 
according;  to fhe description  given, in section 5,  omitting  stabilization  and 
standardization'.  The  composition  of  batch  PPQ  61'25  as  determined  by 
chemical'  analyses  'is given 'in  Appendix E, reference 1. 
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E 
0 8.5 Est,irnates of Human  Consumption  and  Safety  Margin 0 2 

8 5 3 ;  Estimates  of  human  consumpfion 0 

As stated in Section 7, the  enzyme  activity is largely  inactivated  during  the 8 
baking process.  However, in order to illustrate  a  "worst.case"  situation the 0 2 
fbfioviing ca'lculations  are  made  assuming  that all enzyme  activity is 
#retained; 'in, the  bread. 

~Novozyrn~ 899  has an activity of 2500 FXU/g  with  an  estimated  organic - 
sol,ids  content  of 4% TOS. 

/ I  T9 
The)  maximum  'recommended  dosage of Novozym  899  is  16  g  per  100 kg 
flour,.  'Using;  a1  standard  recipe,  100  kg  flour  results in 140  kg  bread,  giving  a 
theoretical;  content of Novozym  899  of 1'14 mg/kg  bread  or 4.56 mg TOS/kg 
bread;. 

The  average  human  intake of bread is estimated  using  well  established 
statistics from various  countries. 
Unfted Kinqdoom: The  Ministry  of  Agriculture,  Fisheries  and  Food:  1987 
An:nulal: Report of the National  Food  Survey  Committee,  Household  Food 
Consumption' and1 Expend,iture,: 
Consumption  of  bread,  cakes  and  biscuits per person  per  day  is  158  g. 
Den'mark:: "Levnedsmiddelstyrelsen": Development  of  Food  Consumption in 
Denmark,  1955-1990,  Description of the  Danish  Diet  based  on  food 

Consumption of bread:,  flutes,  pita  bread,  cakes,  and  rye  bread  per  person 
per day is 123, g. 
USA: 'lndustrial~ Outlook  1992  (Food  Beverages): 
Consumption'  of  bread;  and  related  products  per  person  per  day is 109  g. 

@' statistics  and:  nutrition  'c&ulated,  data: 

18n' order  to  illustrate  a  "worst  case"  situation it is  assumed  that all bread  and 
related'  products  are  produced  using  Novozym  899  as  a  processing  aid. 
Based: on the  highest  daily  intake of bread  (158  g)  the  daily  intake per 
person of Novozyrn 899  would be 18.1  mg  corresponding to: 
%8.,1  rng x 4%. TOS=' 0.7  mg  TOS  per  day. 
For an avebag,e person  weighing 60 kg this  corresponds to 1.2~1 0-5 g  TOS 
per :kg body  weight per day. 

8 ' 5 2  Safety  margin 
The safety macgin is calculated  as  dose  'level  with no adverse  effect  divided 
by human  consumption. 

Assuming  al NOAEL dose  level in the  13  weeks  oral  toxicity  study  in  rats  is 
$0 ml%kg/day  corresponding  to  1 .I 2  g  TOS/kg/day. 

The  safety  margin can thus  be  calculated  to  be: 
0 Forbread: 1.12/1.2x105 = 9 x l o4  
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E 
0 
2 
n .u 

The:  'basic  conclusions  and  guidelines  for  determining  the  safety  of B 
enzymes  used' 'in food  processing  as  stated  by  Pariza  and  Foster  (App. A, ?' z 
get. 5) in' 1983'  and  reiterated  by FDA  (App.  A,  ref. 21) can be  applied to the 
:Novozym 899 xylanase  enzyme  preparation. in particular,  enzyme 8- 
,preparations  derived,,  using  cGMPs,  from  a  non-pathogenic  and  non- I f 
toxigenic microorganism,  which  does not produce  antibiotics,  would not - 
'osdi'narily present a basis  for  a  safety  concern  and  will  be  safe to consume 
a8t  the low levels  encountered in processed'  foods. 

The:  'information  presented  in  the  previous  sections and the  safety 
eva'l:nation elaborated in'  this  section  demonstrate  that  Novozym  899,  a 
xylanase  enzyme  Preparation from a  selected  non-toxigenic  strain of 
Fusarium' venenatum expressing  the  gene encodming a  xylanase from 
Thermomyces lanuginosus, meets  these  criteria  and  is  safe for use in the 
pr;odlucfion'  of  bread. 
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To: PWa 

From: W N  

Date: July 6th, 2000 

Luna #: 2000-06099-081 

Summary 

This  report summarizes the identifications made by Dr. Helgard Nirenberg 
(Federal Biologi'cal  Research Center fo r  Agriculture and Forestry,  Institute 
'of Microbiology, Berlin, Germany) of two Fusarium cultures  sent t o  her,  by 
WTY at NNBT, in November and  December of 1996. Dr.  Nirenberg  is 
internationally  respected and recognized as  one of the leading' Fusarium 
taxonomists worldwide. The  cultures  were sent t o  her "Blind" SO as not t o  
bias the outcome of her  identification. 

(1) The first  strain (ATCC' 20334) was sent t o  Dr. Nirenberg as an 
"unidentified" Fusarium species on November 2lSt, 1996 and arrived on 
'November 25th. This  strain  (the  "first  culture" inbr .  H Nirenberg's  report, 
dated 1997-02-,21) was described as being degenerated with l i t t le yellowish 
aerial mycelium. 

Dr. Nirenberg  identified  this  strdi,n as Fusarium  venenaium. 

(2) The second strain (ATCC 60879) had  been identified US Fusarkm 
crookwe/Jense('=E  cereaks) by the ATCC but had  subsequently  been found 
(by W N  at NNBT) t o  generate  identical, RAPO' banding patterns  to ATCC 
208334, which were different  from  other F: crookwe/lense/E cemdis RApD 
banding patterns. 



2 

I . This  strain was sent (again, as an "unidentified" Fusarium species) t o  Dr. 
Nirenberg as a "contro'l" for the ATCC 20334 strain. I t  was mailed from 
NM8T80n December 5th 'and arrived on becember gth. This strain was 
described  in Dr. H. Nirenberg's report (dated 1997-02-21) as an isolate 
,producing reddish aerial mycelium. 

Dr. Nirenberg identified the second strain as Fusurium venenutum. 

Conclusion 

Dr. Nirenberg identif'ied both strains as Fusarium ve'nenatum 

1. ATCC: American Type Culture Collection 
2. RAPD:  Random Amplified Polymorphic 'DNA 
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Identification of two Fusarium  cultures 

Both cultures which arrived at the of November and  at the gth of December 1996 belong 
to  the species F. venenatum. 

The first culture was quite degenerated with little yellowish aerial mycelium  but nevertheless 
- it exhibited the typical characteristics  of this species: It produces chlamydospores laterally 

and  often in clusters, the  sporodochial conidia were > 6 pm wide, strongly  bent with a 
pronounced footcell. Both features are not found in F. culmorum which is morphologically 
the closest species. 

The other isolate produced still a lot of reddish aerial mycelium. The chlamydospores  were 
produced laterally and intercalary in clusters, the sporodochial conidia were  ca. 7 prn wide, 

. strongly bent  and also with a pronounced footcell. 

The price af the identification will be 150,- DM per culture. The bill for 300,- DM will be sent 
by seperate mail by our administration. 

- Sincerely 

mailto:nirenb@zedat.fu-berlin.de
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iNSTITUT FOR BIOTEKNOLOGI 
D A N M A R K S   T E K N I S K E   U N I V E R S I T E T  

DTU 

Lyngby,  19.  februar  1997 

‘Identification and characterization of Fusariuk strain ATCC 20334. 

I The  strain,  ATCC  20334,  was delivered  by  NOVO  NORDISK MS. The  result of  my examination 

can be’  summarized as: 

ATCC 20334 is identified  to  be: 

Fusarium venenatum Nirenberg  1995 

based on conidial  morphology,  growth  rates on PSA and TAN, and the  lobed  colony  margin  on 

PSA. 

No known  secondary  metabolites  could  be  detected,  by  HPLC  and  TLC of culture  extracts. 

,By  TLC  analysis  the  extra‘ct of ATCC  20334  showed  few  metabolites;  however,  they could all , ~, 

be  found in extracts of F.. ven&atum IBT 1 1541.1 155,  1 175  11  72,  1  173  analyzed  on  the  same 

TLC  plate.  This  supports the identity of  ATCC  20334. 

?“ 

fusarium venenatum was described by Nirenberg (1 995),  Mycopathologia  129(3):131-141,  and 

physiological  and  chemical  characterization is published by Thrane & Hansen  (1 9959, 

Mycopathologia  129(3):  183-1  90  and  Altomare  et at. (1 995),  Mycopathologia  129(3):177-181. 

By  a  typesetting  error E venenatum is misspelled  as ‘F. venenQtum’in  the  latter two papers. 

Abese .  DanmarksTekniske Univmitct Tcldan 45 93 30 66 -. Telex 37529 DTUDIA DK , 

Bygning 221 D u c k  45 25 + bk. Tclefax 45 88 49  22 
DK-2800 Lpeby  ht + 4 5  4593  3066 I n r  + 4 5   4 5  884922 



I N S T I T U T  FOR BIOTEKNOLOGI 
D A N M A R K S  T E K N I S K E  U N I V E R S I T E T  

ExDerimental  details: 

The  strain was cultured  on the following  agar  substrates: 

SNA = Spezieller  Nahrstoffarmer  Agar  (morphology) 
PSA = Potato Sucrose  Agar  (growth  rate  and  pigmentation) 
TAN = Tannin Sucrose Agar (growth  rate) 

For HPLC  analysis  the  strain  was  cultured on: 

DTU 

9 
Potato  Sucrose Agar 
Yeast  Extract  Sucrose Agar (yeast  extract  from  Difco) 
Yeast  Extract  Sucrose Agar (yeast  extract from Sigma,  Y-4000) 
Rice  Meal  Agar 

Three 9 cm Petri dishes of each  substrate  were  inoculated  and  incubated  for  14  days  at  25°C in 
the  dark. The 12 cultures  were  extracted by 75 ml chloroform/methanol  (2/1)  followed by a 
second  extraction  using 75 ml ethyl  acetate + 1 ml formic  acid.  The  organic  phases  were 
pooled,  evaporated to  dryness, the  residue  was  taken up in 2 ml of  methanol  and  defatted  with 
light  petroleum.  10 pl was injected for  the  analysis  by  HPLC  with  diode  array  detection (J. 
Chromatogr.  Library 54: 253-372,  1993). 

The  print-outs of  HPLC  analyses  acquired  on 3 DEC  96  (HP1090M  "Obelix")  and 8 JAN 97 
(HPllOO "ldefix"),  respectively,  are  enclosed. 

Sincerely yours 

: - *  

Ulf  Thrane 

Assoc.Prof.,  Ph.D. 

s 

Adrrue: Danmarks Tdrniike Univmitct Telefon 45 93 30 66 - Telex 37529 DTUDIA DK 
Bygning 22 1 Direlac 45  25 + lok. Telefax 45 88 49 22 
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Taxonomy of Thermomyces lanuginosus 

In relation to a  filing to FDA, PE has r.equested  documentation 
in  support of the change  of  species name from Humicola 
lanuginosa (Griffon  and-Maublanc)  Bunce to Thermomyces 
lanuginosus Tsiklinsky. I 

This memo is an attempt  to  summarize  the results of a 
literature search for  such  data. 

The generic name Thermomyces  was  introduced  by  Tsiklinsky i n  
1899 for one species, T. lanuginosus. 
The species was described  and  photographs taken to illustrate 
the morphology.  No  type  specimen was deposited. 

The'kpecies .as described  by  Tsiklinsky  is  very  characteristic 
morphologically  and.physiologically  and  there is little  doubt 
that Tsiklinskys Thermomyces  lanuginosus is the same as 
isolated and-described by  later workers  (such as for instance 
Bunce( 1961) And  Cooney & Emerson (1964) ). as Humicola 
lanuginosa. 

According to The International Code of Botanical  Nomenclature 
the correct name is  the  earliest  legitimate  one. 
Thus" Thermomyces lanuginosus  should  be the correct name, 
provided it is legitimate. 
However due to Tsiklinsky's  rather  incomplete  description of 
the species this legitimacy  has  been  questioned  by  many 
mycologists. 
Thus the main reason  for  the  taxonomical  confusion  relates to 
different views upon  whether  Tsiklinsky's description  meets  the 
requirements for > valid  publication. - 
The decision to favour  the  name  Thermomyces at Novo  Nordisk  is 
based  upon the following  circumstances: 

- All major commercial  culture  colX:ec%io~s (ATCC: American 
Type Culture Collection, IMI: International  Mycological 
Institute, CBS:  Centralbureau  voor  Schimmelcultures)  now 
use the name T. lanuginosus. 

- Most recent publications  discussing this problem  are i n  
favour of using t h e  name T. lanuginosus: 

Pugh G . J . F .  et a1 (1964) Trans.Brit.mycol.Soc. 47(1), 115- 



121 
Fassatiova 0.(1967) Cesk% Mykologie 21, 78-89 
Manoch L. et al. (1986) Trans.Brit.mycol.Soc.Japan 

However  the name  Humicola lanuginosa is still  seen in 
literature. The extended use of this  name is probably due . 
to  the popularity of the book of Cooney & Emerson (1964) 
"The Thermophilic Fungi", which  recommends the use of the 
name  Humicola lanuginosa. 
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1. introduction 

Hyphomycetes. like species of the  genus  Fusarium,  are  generally  not  regarded  as  primary  human 
pathogens.  They  are  adapted to a living as  saprophytes  and  %many  of them as plant  parasites,  and 
fungal  spores  or  hyphal  fragments  which  are  deposited on the  skin or enter  the body  via  one  of its 
orifices  are generally  incapable of further  growth  and  development. 

Exceptions to this are  a  few  dimorphic  fungi  which  readily  convert to a  yeast-like  growth  phase  at 
37'C in vivo as  well  as in vitro. These  are the true  pathogenic  fungi,  Histoplasma  capsulatum, 
Blastomyces  dermatitidis,  Paracoccidioides  brasiliensis  and  Sporothrix  scenckii  (Ref. 3-8). 

Some soil saprophytes  are to some extent  able to adapt to and  proliferate in the  abnormal 
environment  of  mammalian  tissue if they  are  inhaled or traumatically  implanted. They  are often 
described  as  the etiologic agent of different mycosis.  A  well  known  example of this  category is 
Aspergdhs fumigatus,  as  the  primary  agent  of  aspergillosis. 

However,  the ability to growth at  body temperatures  does  convey  on  fungi  a  pathogenic  potential 
which  can be  expressed if the fungus  propagules  are in exceptionally high concentrations  and if 
the host is 'suitable  compromised,  that is when natural  immunity is decreased  by  other  diseases 
serious wounds or  during  treatment  with  drugs  such as  immunosuppressants,  chemotherapeutics, 
or  antibiotics. They  adapt to and  take  advantage of the  presented  organic  substrate,  the 
compromised  patient.  Such  fungi and the diseases they cause  are thus termed  opportunistic 
(Ref.5). 

This report is concerned  with  the  human  safety of Fusarium venenatum as.a part  of  the  safety 
assessment of strains  within  this  species  intended for enzyme  production. It deals  with  the 
potential  pathogenicity of F. venenatum  and  the opportunistic  infections  reported in the  literature 
from strains of this  species  and  related  species  within  the  genus  Fusarium. 

2. Taxonomy 

The  taxonomy  of  the  genus  Fusarium  have  been  a  subject of controversy  for  many years.  And a 
crucial  problem  encountered  when  working  with  Fusarium  strains is the correct  identification  of 
each  strain.  This is essential when evaluating  the  pathogenic  potential of a  strain based on the 
literature. 

The  genus fusarium belongs to the class of imperfect  fungi  Hyphomycetes  (Moniliales).  Fusarium 
species  are  very  common  saprophytes  on  plant  debris  and in soil and world  wide  in  distribution. 
Many  species  are  among  the  most  important  plant  pathogens in the  world. 
Fusarium  venenatum is placed in the Discolor  section of this  genus  together  with  species like 
Fusarium  graminearum,  Fusarium  sambucinum,  F.sulphureum  and F. cerealis ( f .  crookwellense) 
(ref.9,lO). 
Fusarium  sambucinum  FuCkel (=F. roseum Link)  (Teleomorph:  Gibberella  pulicafis, 
AscomycetedSphaeriales) is type  species  for  the  genus  and  therefore  of  special  significans  for 
Fusarium  taxonomists.  Recently  the  taxonomy of this  species  has  been  evaluated in 'The 
European  Fusarium  sambucinum  project"  (ref.11).  Based  on  traditionally  morphological  criteria 
Nirenberg (ref.12) divided the F. sambucinum  complex  (sensu  lato)  into  three  different  species: 
sambucinum  (sensu  stricto)  and two new  species F. torulosum  and F. venenatum.  Modem 
methods of molecular  biology,  serology  and  metabolite  profiles  confirmed this distinction' in three 
different  phylogenetic  entities (ref.11). It should  be  fwti6e,d Ahat several synonyms for F. 
sambucinum  (sensu lato) have  been  applied in the past,  and  these  species  designations have  not 
been  included in the  present  literature  search,  except  from F. SulDhureum which  have  been  widely 
used  (nomen  dubium?).  The  species  designation F. venenatum  apparently  appears  for  the  first 
time in the  European  Fusarium  sambucinum  Project (EFSP) (ref.11) and all available  references 
to this species  are  contained in the  reports  published  from  this  project. No obvious  and  specific 
synonyms  are  deducible from the  literature.  Nirenberg  states  that 'F. sulphureum  might  be 
synonymous  with  either F. cerealis  or F. venenatum",  but  also  F.culmorum  var.  cerealis and F. 
sambucinum va. coeruleum  are  mentioned. 
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F. cerealis is a rather new species. Apparently it was separated from F. culmorum var. cerealis in 
the early eighties and given the name F. crookwellense and only recently renamed as F. cerealis. 
Both names have been included in this investigation. 

3. ‘Human infections  associated  with  Fusarium  species 

An increasingly number of report have been published connecting .,Fusarium species with 
opportunistic mycosis in humans.  These infections predominantly occur in the nails, 
onychomycosis, and in the cornea, mycotic keratitis. But Fusarium species have also been hold 
responsible for causing ulcers, necrosis, and other lesions of the skin in addition to disseminated 
mycosis and infections in some organs and tissues in patients with severe underlying diseases. A 
number of general reviews concerning these opportunistic Fusarium infections of man and other 
animals. have been written (Ref. 13-1 5). 

Fusarium species most often reported from human infections have been F.  solani, F. oxysporum, 
and  F. moniliforme, in decreasing order. Only a limited  number of other species like Fusarium 
proliferatum, F. chlamydosporum, F. dimerum, F. sacchari, F. semitectum and F.  nivale have 
been reported and only rarely. 

No one  of these species  described in opportunistic  infections  belong  to  the  Discolor- 
section. 

The species so far reported from human and animal infections have no  apparent morphological or 
physiological features in common which might explain their pathogenicity and as yet no apparent 
adaptation to an animal host has emerged. Their temperature optima and oflen  maxima are  below 
37 - C but the mammalian skin surface may be  only  at 33 * C. Inability to withstand desiccation is a 
feature of Fusarium hyphae and a very high water activity in the substrate is a requirement for 
almost all species,  which partly ,may explain why some Fusarium species play a minor role in 
human and animal mycosis (Ref.13). 

The role of F. solani and F. oxysporum in eye infections may demand greater attention because 
these infections seems for unknown reasons only related to these two species and they account for 
a large pari of the reports on Fusarium infections in humans. 

4. CONCLUSION 

We have found  no  reports  connecting  Fusarium -venenafum, Fusarium  sambucinum or 
. apparently  any  species  within  the  Discolor-section  with  human  or  animal  infections. 
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ABSTRACT 

This paper reviews the toxicology of culmorins, a family of  compounds found in grains 

contaminated by Fusarium graminearum and related fungi. We  include  the results of an Ames 

test and studies based on Quantitative Structure-Activity Relationships. Culmorin has low 

toxicity in several in vitro assays and in one  study  in  swine and is  Ames test negative. Culmorin 

is moderately antifungal. QSAR analysis suggested that the plant compound longifolene was 

similar. Longifolene is a GRAS compound used in cosmetics and is also moderately antifungal. 

Key words: culmorin, Ames test, toxicity, longifolene 



INTRODUCTION 

The sesquiterpene diol culmorin (1; C,,H2,02, molecular weight 238.4) was first isolated by 

Ashley  et al. (1937) fiom Fusarium culmorum (WG Smith) Sacc followed by characterization 

some 30 years later by Barton  and Westiuk (1967). It has been since shown to be produced by F. 

graminearum Schwabe, F. crookwellense Burgess, Nelson & TOUSSOUII, and F. venenatum 

Nirenberg (Greenhalgh et ,al., 1984; Lauren et al., 1992; Miller & MacKenzie,l999). All  four 

species have been shown to produce related compounds including 5 OH-culmorin (2), culmorone 

(3) and  15  OH-culmorone (4; Kasitu et al., 1992; Miller & Mackenzie, 1999). These compounds 

have  been detected in grains infected  by F. graminarum and F. culmorum (Foster et al. 1986; 

Langseth et al. 1998). Culmorin has also been  isolated  from the lignicolous marine Ascomycete 

Leptospheria oraemaris Linder  and detected in contaminated wood (Strongman et al., 1987). 

Another marine fungus, Kallichroma tethys Kohlm & Volkm Kohl produces isoculmorin (Alam 

et al., 1996). The detection of culmorin and  related metabolites in grain samples in amounts 

similar  to the trichothecenes  present  (Langseth et al. 1998) prompts some consideration of the 

toxicity of these compounds. 
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Figure 1. Structures of compounds discussed in this paper. 

1 culmorin 

2 5 hydroxy cumorin 

3 culmorone 

4 15 hydroxyculmorone 

5 longifolene 

6 photodieldrin 
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MATERIALS AND METHODS 

A bacterial reverse 

metabolite culmorin 

mutation assay  was  carried out to determine the ability of the fhgal  

to induce gene mutations in bacteria and conducted in general accordance 

with OECD Guidelines for testing of chemicals, No. 471 and current GLP regulations (Anon. 

1996; 1997). Culmorin (>99%  pure)  was  isolated from F. culmorum HLX 1503. It was dissolved 

and diluted in ethanol. Four strains of SaZmoneZla typhimurium (TA98, TA100, TA1535, 

TA1537)  and Esherichia coZi (WP2uvrA) were used. These strains were obtajned from Dr. Bruce 

Ames, University of California at  Berkeley  and The National Collection of Industrial and Marine 

Bacteria Ltd. Aberdeen, Scotland, respectively. They were stored as frozen stock cultures. The 

correct genotypes of all bacterial test strains used were verified as described by Maron and  Ames 

(1 983) and Green (1 984). 

An inoculum from a fi-ozen  stock culture was  grown overnight at approximately 37" C in Bacto 

Nutrient Broth (Difco). The minimal  medium plates for the selection of histidine and tryptophan 

revertants consisted of the Vogel-Bonner  medium E with 2% glucose and 1.5% Bacto agar.  The 

overlayer agar contained the following ingredients per 100 ml volume according to Maron  and 

Ames (1983): 0.6 g of purified agar, 0.5 g NaC1, and 10 ml of a 0.5 mM L-histidine/O.S mM 

biotin solution (Salmonella strains)  or 10 ml of a 0.5 mM tryptophan (E. coli strain). A S9 

microsome fraction (9000 x g supernatant) prepared from adult male Spraque Dawley rat  livers 

induced with Aroclor 1254 was obtained from Life Science Denmark Aps (Copenhagen). 
>I :- *,"" 

The plate incorporation assay  was  essentially  performed as described by  Ames  et al. (1 975) and 

0 Maron and Ames (1983). Bacteria were exposed  to 6 doses separated with bi-sections and with 



2.5 pmoVplate as the highest dose level applied. Two  ml molten top agar at 45 C were added  to 

0.1 ml  bacterial culture, 0.1  ml of each dose of culmorin or solvent (ethanol) or positive control 

substance  and 0.5 ml S-9 mix (10% v/v) or 0.5 ml phosphate buffer. After mixing the soft agar 

was  poured onto the selective agar plates (3 replica  plates per dose). Revertant colonies were 

counted  about 64 h after incubation  at 37" C. 

An analysis of the structural alerts of culmorin was  made using two software packages. The first 

used  Oxford  Molecular's R s 3  for  Discovery of a database of genetox test results. The database 

was complied  from the open literature,  and has about 60,000 test results on 16,000 chemicals in 

the  database of Proctor & Gamble (Cincinnati, OH). The second used several modules of the 

TOPKAFM system including NTP  cancer  bioassay, reproductive toxicology, rat  oral LD,, and 

Ames  test (Oxford Molecular Group, UK). 

RESULTS & DISCUSSION 

The results of the Ames test are presented in Table 1. The sensitivity of the individual bacterial 

strains  and the activity of the S9 mix was demonstrated under similar conditions to those used  to 

test  culmorin. No evidence of toxicity was observed following treatment with culmorin, but an 

apparently  weak inhibition was  observed  at the highest dose (data not shown). Culmorin did  not 

induce  gene mutations in bacteria  when  tested  to a concentration of 2.5 pmoVplate  in either the 

presence or absence of S9. To our  knowledge, this is the first Ames test reported on culmorin. 
>L -.Jb."- 

It  is  believed  that it was the antifungal  activity of culmorin that stimulated interest in this 

compound in the years after its discovery.  Strongman et al. (1987) showed the antifungal activity 
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a of culmorin against a variety of marine and  medically-relevant fungi as being in the 1 pM range. 

Culmorin was also phytotoxic to wheat coleoptile tissue at  0.1 to 1 pM, depending on cultivar 

(Wang  and Miller, 1988). 

The  only reported study on the toxicity of culmorin in mammals was published by Rotter et al. 

(1 992). They examined different F. graminarum/culmorum metabolites and their interaction with 

deoxynivalenol (DON) in growing piglets. Five pure-bred Yorkshire barrows (12-15 wk, 22.8  kg 

in average) were feed ad libitum with a diet containing 2 mg culmorin per kg without and  in 

combination with 6 mg DON per kg  feed for 21 days. These concentrations are similar to those 

that  can occur in nature. Feed consumption and  weight gain during the experiment as well as 

organ weights and appearance including stomach (colour, thickness and inflammation) at 

0 necropsy were determined. At ca. 0.2 mgkg BW, no significant effects of culmorin alone or in 

combination were obsewed. Culmorin alone stimulated the feed consumption and weight gain 

slightly which might have become significant had  more animals been used in the study. 

Dowd  et  al. (1988) fed a similar list of F. graminarum/culmomm metabolites to  two insects 

associated with maize Heliothis zea Boddie and Spodoptera fmgiperda JE Smith to determine 

their effects and interaction with DON. Culmorin  at 0.1 p M  in the diet had  no effect on growth 

and reproduction. In a treatment comprising 0.4 pM culmorin  in combination with 0.8 pM DON 

in  the diet, there was a significant synergism for both mortality and reduced growth in H. zea, an 

effect  not seen in S. fmgiperda. 

.- : 
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The LD,, for culmorin in the chick embryotoxicity test (CHEST) was between 68.0 and  78.2 
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pg/egg (Prelusky et  al.  (1989). The investigators  found a high correlation (r = 0.729, P< 0.05) 

between the CHEST-bioassay (pg/egg) and  mouse LD,, (ip) data ( m a g  BW). For 75% of the 

tested metabolites with available mouse data this ratio fell within the range  4.4-12.4.  Based on 

this correlation, the mouse LD50 (ip) would  be in the range 250-1000 m a g  BW indicating a low 

mammalian toxicity. The cytotoxicity of culmorin  in  BK-1 cells using the MTT  cleavage  test 

was in the 0.1 pM range, ca. 7-10  times  less cytotoxic than DON in the same trial (Miller and 

Mackenzie, 1999). 

The  Ames mutagenicty, NTP carcinogenicity call and chronic LOML TOPKATTM models 

predicted negative results.  However, these predictions were not valid because they were outside 

the acceptable statistical envelope. The TOPKATTM rat oral LD,, model produced a statistically 

valid prediction of 1.3 gkg, indicating very  low  toxicity. 

The structural relational database identified two compounds as possibly being similar to 

culmorin. One was the natural compound longifolene (5, CAS 475-20-75), which is found  in 

orange peel oil, ligonbeny, globe artichoke,  carrot seed, laurel and turpentine oil. The rat oral 

LD,, of longifolene compound exceeded  5g/kg. It has been  tested on the skin of  human 

volunteers  and it may be irritating to  eyes and skin (Ford et al., 1992). Toxicity data exist  for 

rats, rabbits, guinea pigs, fish, brine shrimp  and bacteria including the Microtox (R) all showing 

low or no toxicity (e.g.  Moreno,  1977;  Sweet,  1997). Longifolene has been  used  in’.  cosmetics 

and is generally regarded as safe. 

. . I  
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The other compound flagged  from the structural relational database was photodieldrin (6; CAS e 
m2511 
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13366-73-9). Photodieldrin has six chlorine atoms  and  hence  has a very different structure than 

culmorin (1). However, it is not  carcinogenic in male  or female mice  and  rats but is positive in 

the  Ames  test  (Ashby  and Tennant, 1988). 

Culmorin has been  found in experimentally-contaminated maize also containing DON both at ca. 

25 mg/kg (Foster et a]., 1986) and in naturally-contaminated  small grains again in amounts  that 

are  comparable to the DON present  (Langseth et al. 1998). Based on toxicology studies in swine, 

cultured cells, the CHEST assay, the results of the Ames test  reported  here, there is little 

evidence  that culmorin and similar compounds have material  toxicity. Further analysis based  on 

the  best available Q S A R  computer  based  modeling,  culmorin  can be compared to the Generally 

Regarded As Safe (GRAS) compound  longifolene. 

a 
As noted  above, culmorin has  antifungal  activity, a property  also  shared by longifolene (Krupa 

and Nylund, 1972; Nandi  and  Fries,  1976).  It  is  known  that grains experimentally-infected  with 

F. graminearurn have few other  fungi  present (e.g. Miller et al., 1983). Perhaps culmorin 

mediates  this  phenomenon. 
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Table 1 Number of revertant  colonies  per  plate  obtained  with strains of SaZmoneZZa typhimurium 

and Escherichia coli following  exposure  to Culmorin in  the  presence and absence of metabolic 

activation in the  direct  plate  incorporation  assay. 
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Abbreviations:  9-AA 

rest substance 

:pmol/plate) 

2.500 

1.250 

0.625 
0.313 

0.156 

0.078 

Solvent control 

Ethanol 

9 - A A  (80 pg/plate) 

2-NF (1 pgplate) 
S A z  (0,s &plate) 
SAz (2pg/plate) 

ENNG (2pgplate) 

2.500 

1.250 

0.625 

0.313 

0.156 

0.078 

Solvent control 

Ethanol 

B P (5 pg/plate) 
2-AA (2  &plate) 

2-AA (1 pg/plate) 
2-AA (20 pg/plate) 

Without S9. Mean f S.D. 

TA  1537 

9 f 7  

1& 2 

8f 3 

lo* 3 

1 2 f 4  

1 5 f 4  

11 f 3  

901 f 280 

TA  1537 

9 f 2  
6 f  1 

8 f 3  
l o *  2 

11 f 3  

6 f 3  

9 f 2  

76f 19 

-Ammoacridhe, 

TA 98 

30f 6 
3 7 f 6  
4 9 f 4  

49 f 10 

28 f 4 

44 f 13 

44 * 8 

355 f 72 

v 
TA 98 

40% 5 
4 1 f 3  

41 f 3  

36*7 

37 f 5 

37 f 9 

238 f 5 

TA 1535 

15f 1 

2 0 f 4  
18f5 

20f 10 

24f 1 

2 0 f 2  

22 f 5 

456 f 31 

:h S9. Mean f S 

TA 1535 

14f 2 
18f 1 

1 7 f 3  
1 2 f 3  

16f 2 
14 f 3 

1 5 f 3  

66*9 

L lhd; 

TA 100 

129 f 10 

156 f 19 

158 f 34 

154 f 7 
164f 19 

152 f 20 

156 f 23 

872 f 79 

- 
" 

487 f 79 

1. 

TA 100 

122 f 15 
168 f 4 

166 f 13 

138 f 13 

162 f 9 
145 f 4 

179 f 14 

'- 306f36  
c -- 

ENNG: Ethyl-N'-Nitro-N-Nitrosoguanidine, B P: Benzo(  )pyrene,  2-AA: 2-Aminoanthracene 

WP2 uvrA 

1 

WP2  uvrA 

55 f 6 

64* 10 
65 f 9 

67 f 7 

60 f 6 

67 *. 6 

65 f 7  

85 f 7 

9 0 5  10 

109 5 8 

99f 5 

73 f 9 
7 8 f 4  

70 10 

. .  

623 f 51 
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Enniatins 

kOlATlON AND CHARACTERIZATION 

Enniatins (A, A1-2, 8 ,  BI4, D, E, F) are fungal metabolites produced by strains belonging to a 
variety of species within the genus Fusarium (ref.1-3). They are characterised chemically as 
cyclohexadepsipeptides synthesised by the multifunctional enzyme enniatin synthetase  (ref.4). They 
consist of three D-2-hydroxyisovaleric acid (Hylv) residues linked alternatively to L-amino acids or N- 
methyl-L-amino acid residues to give an 18-membered cyclic skeleton (ref.33) 

Types A and B enniatins, which have N-methylisoleucine (NMelle) andlor N-methylvalne 
(NMeVal) moieties, are produced by fermentation of various strains of  fusaria, including Fusarium 
acuminatum (ref.6,7), F. avenaceum (ref.5); F. compactum (ref.8), F. laterifium (ref.9), F. oxysporum 
and F. scifpi (ref lo), F. sambucinum (ref.'li), and F. tricinctum (ref.12). Enniatin D, E, and F was 
described from a Fusarium sp. FO-1305 (ref.2). Enniatin C, with three Kmethyl-leucine (NMeLeu) 
moieties, has only been obtained by chemical synthesis (ref. 13). 

BIOCHEMICAL AND  BIOLOGICAL ACTIVITIES 

Enniatins behave as ionophore  compounds  in forming carrier ion complexes with alkali metals 
with binding preference for the K+-ion (ref.14-16). They are known to uncouple  oxidative 
phosphorylation  in isolated mitochondria, a reaction mediated by induction on an  energy-dependent 
accumulation of potassium ions (ref.17). 

Enniatins exhibit various biological activities. Some of these activities have been connected with 
the ionophoric properties. However, it seems still unclear whether and to what extent these activities 
are actually derived from the ionophoric properties. 

The antimicrobial  activity against Gram-positive bacteria has been associated partly with the 
ability to facilitate K'-transport (ref.18-20). Enniatins 8, B1, and A1 were found to exhibit strong 
antifungal activity against the plant pathogen Eutypa ameniacea (ref.21). 

Most of the available data on the insecticidal  activity  of enniatins are referred to mixtures of 
two or more enniatins or to pure cultures of enniatin A and B. A mixture of type A enniatins produced 
by  the entomopathogenic fungus F. avenaceum has been shown by  be toxic against Choristoneura 
furniferana Clem. (spruce  budworm) at concentrations of 400 ppm and to be toxic at levels of 5 pprn 
to insect cells in culture (ref.5). 

Moderate insecticidal activity against Calliophora erythrocephala (blowfly)  and  Aedes aegypti 
(mosquito) larvae was demonstrated applying mixtures of enniatins from F. latedium (ref.24). 

Enniatin A showed an anthelmintic  activity against Nippostrongolus brasiliensis, Trichonella 
spiralis and Heterakis spumosa  at a concentration of 5 pgglml, whereas enniatins A l ,  B, B1 had  an 
activity at concentrations between 1 and 100 pgglml (ref.22). 
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Enniatin B showed a significant increase in Mjavanica (a plant parasitic nematode) mortality at 
20 ppm.(ref.23). 

The mixture B/B, has been shown to be phytotoxic to wheat seedlings by inhibiting root and leaf 
development in germinating seeds  (ref.25) and the mixture N B  to affect water uptake by cells in 
tomato shoots, causing the symptoms of toxic wilt (ref.26). Further, it has been demonstrated in an 
assay on potato tuber tissue, that the production of enniatin contributes to the virulence of the plant 
pathogen Fusarium avenaceum but is not essential for the infection (ref.27). Most recently enniatin 
was shown to have an inhibitory effect on germination of the plant parasitic weed Striga hermonfbica 
of around 50% at 10  mM (ref. 28). 

The cytotoxicity  of Enniatin B was studied by Mereish et a1 (ref.29). Incubation with 1 and 10 
pM Enniatin B did not release [14C]adanine nucleotides or LDH in cultured rat hepatocytes. 

Tomoda et al. (ref.30) reported cytotoxic activity of enniatins against cultured mouse peritoneal 
macrophages with the hydrophobic enniatins A, A l ,  F, and E (CDw: 2.6 to 2.9 pM) as the most 
cytotoxic compounds. 

MAMMALIAN TOXICITY 

Little is known about toxic  effects of enniatins on higher animals. 

The parenteral, dermal and transdermal toxicity of enniatin produced by F.oxysporum have been 
studied by Wannemacher et at.  (ref.31). In a shod abstract it is stated:  "By the intraperitoneal (ip) 
route, in the mouse, the LDm for enniatin was 20.6 mg/kg, with early death in 2-10 minutes and later 
deaths at 1-4 days. For the subcutaneous (sc) route, the lethal dose  was not reached even at 40 
mg/kg. We did not observe transdermal lethality in the guinea pig at a dose of 11 mg/ kg and skin 
irritability was greater than 50 ng/2 pI spot." 

Bosch et al. (ref.32) found no toxic signs  when 2 mg  of enniatin in 500 pl of 20% ethanol was 
administrated to 40 g rats. No further details of the enniatin preparation applied or study design were 
specified. 

These data indicate that the toxicity of enniatins to higher animals is low. They are classified as 
antibiotic metabolites and the  mammalian toxicity of enniatins is apparently not an issue of major 
concern. The presence of natural occurring enniatins in feed and foodstuff is in general not regarded 
as a risk to the health of humans and livestock. 
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Fusarin  data in literature. 

Summary 
Literature information on fusarin C is limited. Chemical knowledge is scarce,  but without doubt the 

main problem (seen from an analytical point of  view) is lability. Nothing is known  about inducing con- 
ditions for i=. venenatum, but these conditions are  known for a number of other Fusarias and espe- 
cially f. rnonilifonne. Information is,  however,  confusing,  and no general rule regarding optimal condi- 
tions for fusarin C production can be formulated. The biosynthetic pathway is not known in any detail, 
and  no  genes  are  known. 

Background 

about this compound. For  the work in Microbial Metabolism it is especially important to focus on 
chemical and physical data and data regarding  the induction of the biosynthesis of the compound. 
The literature on the topic, which is limited due to relatively little attention from academia, is summa-. 
rised here. P5jP makes a review of toxicological aspects. In order to give an indication of toxicity it 
was found in one study (14) that 1 mM (400 ppm) fusarin C is necessary to cause cell death of rat 
hepatocytes.. 

Fusarin may be present in F. venenatum.  Therefore it is interesting to know as much as possible 

Chemical data 
Fusarins  are a family of compounds (polyketides) including isomers of fusarin C. In several studies 

3 stereo-isomers of fusarin C were identified by NMR  (3, 7). The isomers are  separated  by  C18-HPLC 
and  are formed after irradiation with lighi3at 366 nm for 5 min at room temperature. Spectroscopic 
data  on  fusarin C including both 'H and C NMR  spectra  are presented in reference 7 and in ref. 8 for 
the  other  fusarins.  The molecular ion of fusarin C is 431.2  and the absorbency maximum in methanol 
is 358  nm  (also  shown in 12 and 16). Fusarin C has  also been analysed by TLC  and  by gas chroma- 
tography  as the trimethylsilyl ester derivative (13). 

Jackson et al (1 8) have described a quantitative HPLC method for fusarin C measurement.  They 
also  observe rapid isomerization of fusarin C even when the standard is frozen. Thus they postulate 
that quantification must include several peaks.  They  observe that even in the dark  under frozen con- 
ditions more  than  20% fusarin is lost in the first 10 days of storage. After that degradation is less fast. 
They recommend the use of an internal standard of phenothiazine. 

Fusarin C, which is the most thoroughly studied  compound of the family is labile to heat and light' 
(especially long wave UV, 10). "Prolonged" exposure to light (5 min.) under some conditions leads to 
loss  of the chromophores.  At the same time the mutagenicity of the compound disappears. 

compound is relatively stable at pH-values below 6.5 even at higher temperatures. However, under 
alkaline  conditions the compound degrades  fast. 

Fusarin C is very sensitive to glutathione (reducing conditions in general? (16)) which degrades it 
to fusarin A and a compound without the 2-pyrrolidone, especially at pH-values above 7 (1 1). This is a . 
very efficient means to remove any mutagenic activity, and this can potentially be  used in production. 
Another likely degradation is demethylation of the ester group occurring in vivo (1 1). This compound 
is more  water-soluble than fusarin C. Fusarin C is often kept in chloroform to be  used as standard 
(e.g.  11). 

Fusarin C is normally extracted and purified in ethyl acetate or chloroform. Alternatively it has 
been purified on silica-gel columns (3, 12, 18). Fusarin F seems to be especially labile during recov- 

Studies of the stability of fusarin C as a function of pH and temperature (15,  16)  shows that the . 
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ery  (8). 
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The  other fusarins (see figure, A, D, E, and  F) except F are non-mutagenic. Their relative molecu- 
lar weights  are 41 5,  431, ?, and 431, respectively (7). Only fusarin C and probably F have been found 
to be mutagenic most likely due to the presence of the epoxy-bonds. Fusarin B has never been iso- 
lated  (8). 

Lu and Jeffrey (16) found a fusarin X which is the I-hydroxy-analog of fusarin C in some strains of 
F. moniliforme. Its properties with respect to temperature,  pH, and reducing environment sensitivity - 
corresponds to fusarin C. Reduction by glutathione and degradation by  heat  seems to lead to the 
same product with a characteristic UV spectrum  with  an absorption maximum at 320 nm. Fusarin X is 
mutagenic. 

During HPLC on a Cl&column Savard and Miller got the following elution order: F, C, A. (8). 
Fusarin F readily isomerises into fusarin C (8). 

Fusarin: 

370  (shoulder 353-358 Absorption 
weight  (dalton) 

431 ? 431 41 5 431  Molecular 
F E D A C 

maximum at 293 nm) 
(nm) 
Toxicity mutagenic nonmutagenic nonmutagenic mutagenic nonmutagenic 

Due to problems with stability the reported concentrations are relative values. 

Biosynthetic pathway 
Fusarins  consist of a polyene with a substituted 2-pyrollidone mo.iet&see figure). Studies indicate 

that  the  polyene is formed from acetyl-coA and 6 malonyl-Co% ui'Rs and oxaloacetate giving the 
polyketide,  which is coupled to the 2-pyrollidone of unknown origin (5). Savard and Miller believe that 
fusarin F is a precursor of fusarin C (8). Fusarin C is usually dominant in F. moniliforme with slightly 
lower levels of fusarin F(9). 

Expression of fusarins 
All experiments below are done in shake flasks with this methods inherent weakness in the form of 

drift in pH  etc. Especially with a labile compound as fusarin C decreasing levels may be  seen in spite 
of continuing production if the conditions with  respect to stability deteriorates. This can thus mistak- 
enly be taken as no production. 



Fusarins are according to literature found in Fusarium graminearurn, F. monilifome, F. avena- 
ceum, F. culmorum, F. poae, F. sambucinum, and F. sporofrichioides (I) while it has not been found 
in f. solani, F. glutinans, F. semitecfum, F. equisefi, andF. acorninaturn. Inducing conditions may not 
be similar and this may explain part of the "confusion"  regarding this topic. The compounds have also 
been found in Gibberella fujikuroi (12),  where a new cis-isomer of fusarin C was also observed. Pro- 
duction of fusarins is often recognized by a yellowish colour in the mycelium or the culture medium. 

Aeration, temperature, and pH are crucial for the induction 'of fusarin C biosynthesis. 
Farber and Sanders (1) found for a number of strains that glucose/yeast extractlpeptone (GYEP) 

does lead to fusarin C production while  Czapek-Dox  and MYRO media do not. No or slow shaking is 
optimal indicating that a low oxygen concentration is preferred for F. graminearurn which is one  of  the 
most efficient producers. Inoculum size is also very important. 28% and an initial pH below 7 (5.9 to 
7.5 tested) are optimal for this strain. The lower optimal pH limit was not found in the study.  Glucose 
has a significant negative effect on fusarin C production. Levels up to 25 ppm are observed. 

6). A high sugar concentration (preferably glucose  and especially sucrose) in MYRO medium, a pH 
around 4, and aeration gives the largest production (above 60 ppm with an extreme of 450 ppm). 
Temperature is optimal between 25  and 35OC. The time course  of the mycotoxin production indicates 
primarily production under growth. Before the initiation of the production pH had dropped to 3. Both 
ammonia and  glucose were abundant during the production phase. Thus it was concluded that neither 
nitrogen nor glucose limitation  is needed for stimulation of fusarin C biosynthesis in F. rnonilifonne. 
Aeration should not be too vigorous.  That the production is largest during exponential growth was 
confirmed in a later study in a defined medium with 8% glucose initially (3). This concentration does, 
however, seem to limit  toxin production for a while (2  days). Jackson et al also found that glucose, 
surplus is necessary and further observed  that zinc limitation leads to fusarin C production which is 
paralleled with increased lipid production (4,  17,  19). In the  absence of zinc, manganese induced 
fusarin production while cultures supplied with iron,  cobalt, zinc and manganese produce the smallest 
amount of the toxin. Zinc limitation also  stopped the ethanol production normally seen with excess 
glucose. A zinc surplus (3  ppm)  seems to limit fusarin C biosynthesis, especially when carbon source 
is low. Urea, nitrate, and ammonia seems to give larger fusarin concentrations than when nitrogen 
source is supplied as amino acids or protein  but it may be  due to the inherent addition of extra zinc in 
the complex sources (1 9). An explanation for the zinc effect given by Jackson et al  is that nitrogen 
starvation probably occurs in the  absence  of zinc since the ammonia assimilation is seriously affected 
under these conditions. Complex nitrogen sources  are not as affected giving a better growth with less 
fusarin production. 

Conditions for fusarin C production in F. rnonilifonne are different from what is described above (2, 

Mutants with a higher fusarin production have been isolated in G. fujikuroi (12) 
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Memo 

Enzyme Business  Toxicology Date : 30th November 1999 
File No.: 1999-09295-02 
Ref.: PBjP 

To : HeM, AGP, PBP, PHva. 
Copy : ABe 

From : PBjP 

Re : Toxicity of the Secondary Metabolite Fusarin C produced by fusarium 
SPP. 
A literature survey. 

Introduction 

The production, chemical and physical properties, and toxicology of fusarin C has been 
comprehensively reviewed by Farber and Scott (1989) and in an IARC (International Agency 
for Research on Cancer) monograph from  WHO (1993). We haven't found any significant 
information in the more recent literature which may contribute to assess human health risks 
from exposure to fusarin C. 

The conclusion on the toxicology of Fusarin C is summarised below. For more details and 
references see reviews above. 

General toxici ty  to animals. 

The acute and chronic toxicity of fusarin C has not yet been established, possible because 
of lack of sufficient quantities of pure material to carry out toxicity studies. 
However, in the carcinogenicity studies by Gelderblom et  al. (1986), an oral dosage of 100 
mg fusarin C/kg bw followed by phenobarbital treatment was lethal to all of  five female 
Wistar rats and two of five  male BD IX rats. All rats survived a dosage  of 50 mg fusarin Clkg 
bw. This result indicate a modest acute mammalian toxicity. 
Norred et  ai. (1991) found a positive correlation between the cytot:xicity of organic extracts 
from a strain of F.moniliforme and the content of fusarin C. 10- M of purified fusarin C 
inhibited (3H) valine incorporation into proteins of primary rat hepatocytes and cell. death 
occurred at M. 

The instability of Fusarin C to heat is well established (Zhu and Jeffrey 1992, Gelderblom et 
al. 1983, Scott et al. 1986). It  is most easily destroyed by cooking especially at slightly basic 
pH values and even at room temperature it is unstable. However, when fusarin C is 
subjected to the conditions found in the stomach (30 minutes at 37"C, pH from 1.0 to 7.0) 
fusarin C was rather stable (less than 15% decomposition) (Zhu and Jeffrey, 1992) 

1 
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Mutagenicity 

Fusarin C is mutagenic in vitro. 
Mutagenicity at the gene level has been demonstrated several times in Salmonella bacteria 
(Wiebe and Bjeldanes 1981, Gelderblom et  al. 1983, Gelderblom and Snyman 1991). In 
mammalian cells cytogenetic effects such as induced sister chromatid exchanges, 
chromosomal aberrations, and micronuclei have been demonstrated in Chinese hamster 
V79 lung cells (Cheng et al. 1985). 

The C,J-C14 epoxide moiety seem to be essential in order to express mutagenic activity, 
although activation by an exogenous metabolic system is further required. Deactivation of 
the mutagenic metabolite formed seemed to occur through chemical binding to thiol groups 
and  by enzymatic conjugation mediated by a cytosolic glutathione-&transferase 
(Gelderblom et al. 1984). 
Two metabolites, fusarin 2 and fusarin X, were isolated and identified after metabolic 
conversion of fusarin C by induced rat liver microsomal mixtures (Zhu and Jeffrey 1993). 
Both metabolites resulted from hydroxylation at the I-position of fusarin C. They were 500 
and 60 times more mutagenic than fusarin C in the Ames test, respectively, and they could 
account for  much of the mutagenic activity of activated fusarin C. 

Lu et al.  (1988) did not observe formation of DNA adducts in Salmonella typhimurium or in 
isolated calf thymus DNA in vitro by P-postlabelling. However, DNA replication was 
induced in polyoma transformed rat embryo fibroblasts without an exogenous metabolic 
system and gene mutations of the base-pair substitution and frame-shift mutation type as 
well as strand breaks in Salmonella  typhimurium, but only in the presence of metabolic 
activation. 
Norred et al. (1992) investigated the ability of fusarin C (1  .O-100 pM) to induce unscheduled 
DNA synthesis (UDS) in primaly hepatocytes. The results were inconclusive since only a 
marginal effect was obtained. It was argued that inactivation of fusarin C by conjunction with 
gluthathione is more likely to occur in the UDS-assay than in other in vitro assays applying 
rat liver homogenates (S9) as an exogenous metabolic activation system. 

Lu et  al. (1991) have reported the in  vitro transformation of rat esophagal epithelial cells by 
fusarin C (in Chinese). According to the English abstract the transforming activity was 
established by cloning of transformed cells, increased chromosome number, enhanced ’ 

expression of oncogenes,  and development of squamous cell carcinomas after inoculating. 
the cells into nude mice. 
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No in vivo mutagenicity test has been reported with Fusarin C. 

Carcinogenicity 

In consideration of the strong in-vitro mutagenicity of Fusarin C and the fact that it occurs 
naturally in corn in many parts of the world, the evaluation of carcinogenicity of this 
metabolite is important. 
Only one report describes induction of carcinogenicity in mammals (Li et al 1992). This 
paper is written in Chinese, and a translation has not been available to the author. The 
following is  cited from the IARC-monograph (1 993): 
“A group of 29 female DBA mice, 8-10 weeks  of  age, were given 0.5 mg fusarin C /purity 
unspecified] by  gavage  twice  a  week;  when toxic effects became  apparent, the dose  was 
decreased  to 0.05 mg twice  a week. A control group  of 20 mice was avai/ab/e. Animals were 
evaluated for development of forestomach  and  eosophageal tumours and were observed to 
a  maximum  of 655 days after initiation of dosing.  Dysplasia in the  forestomach  and 
eosophagus was observed 2/28 treated  animals,  papillomas of the  forestomach and 
eosophagus in 3/28 and  carcinomas of the  forestomach and eosophagus  in 3/28. There  was 
no evidence of such  lesions in the control  group.” 
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"A group of 20 female wistar rats, weighting 80-120 g, were given 2 mg fusarin C (purity 
unspecified]by gavage twice a week; as  body weight increased, the dose of fusarin C was 
increased to 3 mg twice a week. A control  group of 25 rats was  available. Animals were 
evaluated for development of forestomach and eosophageal turnours and were observed to 
a maximum of 742-814 days. Dysplasia in the forestomach and eosophagus was observed 
1/20 treated animals, papillomas of the forestomach and eosophagus in 5/20 and 
carcinomas of the forestomach and eosophagus in 5/20, There was no evidence of such 
lesions in the  control group. " 
With reservation to the purity of the test material, this study represents the only 
experimental evidence for a carcinogenic effect of fusarin C in animals. Zhu and Jeffrey 
(1992) mention that the fusarin C, used  by Li et al (1992),  was 20% and 86% pure for the rat 
and mice experiments, respectively (source of information unmentioned). The extracts were 
dissolved in ethanol before dilution in water. The final concentration of ethanol was not 
given, and it is unclear whether the controls were treated with the solvent. 

Other studies have failed to demonstrate carcinogenic activity of fusarin C. 
In an investigation by Jasciewicz et al. (1987) rats were fed diets added culture material 
from two different strains of  fusarium  monilifome containing 0.5 mg and 18.2 mg fusarin C 
respectively per kg diet. Afler prolonged exposure, all  rats-receiving culture material with 
low fusarin C content developed neoplastic lesions in the liver and increased incidences of 
forestomach papillomas and carcinomas were observed. (It was later found that the strain of 
Fusarium moniliforme producing the culture material with low fusarin C content is a high 
producer of fumonisin B1, a now well known carcinogen.). In rats fed diets with high fusarin 
C content the incidence of neither liver nor forestomach turnours was significantly 
increased. These data indicate, that fusarin C is non-carcinogenic. 
Gelderblom et al.  (1986) investigated the cancer initiating potential of fusarin C on  mouse 
skin and in a rat liver initiation/promotion model  for carcinogenesis. 
Mice were treated with a single application of 220 and 500 pg fusarin C followed one  week 
later by application of the promotor 12-0-tetradecanoylphorbol 13-acetate (TPA). One out  of 
ten mice that received 220 pg fusarin C followed by TPA had two skin papillomas, but there 
were no skin tumour in mice that received 500 pg fusarin C. No papillomas was seen in the 
control group painted with only TPA. 
Two different strains of rats were fed synthetic diet and subjected to a two-third 
hepatectomy. One day after surgery rats were given a single dose of 0,50 or  100 mg/kg bw 
of fusarin C. Carcinogenesis was measured by the presence of altered hepatocytes, as 
revealed by y-glutamyltranspeptidase positive staining. Fusarin C did 'not initiate 
carcinogenesis and it was not believed to be hepatocarcinogenic in rats because of its rapid 
conjunction with gluthathione and excretion (Gelderblom et al. , 1988) 
Unfortunately, the punty of  the fusarin C preparation applied in the studies reported by 
Jasciewicz et at. (1 987) and Gelderblom et at.  (1 986)was unspecified. 

Immunological effects 

An immunosuppressive activity of fusarin C have been demonstrated at lower 
concentrations than those required for mutagenesis. 
Chen and Zhang (1987)  showed that the presence of 2.5 pg/ml fusarin C in lymphocyte 
cultures significantly inhibited the secondaly lympho-proliferative response. Fusarin C not 
only affect the proliferation of T-lymphocytes but also inhibit the accessory cell function of 
spleen adherent  cells. 
Treatment of macrophages in vitro with fusarin C (6 pg/ml) inhibited their activation by 
macrophage activating factor and muramyl dipeptide and strongly inhibited the cytotoxic 
function of activated macrophages. These effects were dose-dependent and reversible and 
not due to a general cytotoxic activity (Dong and Zhang 1987). 
The authors suggest, that the possible role of fusarin C in a potential carcinogenesis may be 
two fold, Le., to induce cell mutation and malign transformation and at the same time to 
inhibit the immune-surveillance mediated by activated macrophages. 
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Conclusion 

Based  on the limited toxicological data that exists it is presumable that the acute toxicity of 
Fusarin C to humans and animals is low. 
Fusarin C is a strong mutagen in vitro, although requiring metabolic activation. The 
mutagenic potential in vivo is unknown. 
Immunosuppressive activity has been demonstrated at lower concentrations than those 
required for mutagenesis in vitro. 
The carcinogenic potential of Fusarin C is controversial. The  overall evaluation by the IARC 
working group is: 
There is limited  evidence in experimental  animals for the  Earcinogenicity of fusarin C. 
This standard conclusion is based on the  lack of adequate studies on the carcinogenicity of 
fusarin C. The evidence of carcinogenicity is restricted to a single experiment in which the 
extracts used  as  test  substance  were of such low purity that it  is difficult with certainty 10 
ascribe  the tumours specifically to fusarin C. 

Finally, it is important to establish, that animal carcinogenicity studies cannot be  used as 
definitive evidence with respect to human. There may be species differences in metabolism, 
response to fusarin C or the requirement for specific tumour promoters. 

References 

Chen, L. and Y .  Zhang (1987): Suppression of  the in vitro  lympho-proliferative response to syngeneic L5178Y  tumor 
cells by Fusarin C In mlce. Journal of Experimental and Clinical Cancer Research, Vol. 6(1), pp 25-29. 

Cheng,  S.J et al.  (1985):  A  mutagenic  metabolite produced by Fusarium monilifome isolated from Linxian country, 
Chlna.  Carcmogenesis,  Vol. 6(6), pp.  903-905. 

Dong, 2. and Y.  Zhang (1987). lnhlbltory effect of  a  mycotoxin, fusarin C, on macrophage activation and macrophage 
mediated  cytotoxicity to tumor cells in mice. Journal of Experimental and Clinical Cancer Research, Vol. 6(1), pp. 3J-38. 

Farber,  J.M  and Scott, P.M. (1989): Fusarin C In Chelkowsky , J., ed., Fusarium Mycotoxins, Taxonomy and 
Pathogenicify, Amsterdam,  Elsevier.  pp.  41-55. 

Gelderblom,  W.C.A  et al (1  983):  A  mutagen produced by fusarium  monilifome. Toxicon;  V01.21, pp.467-473. 

Gelderblom, W.C.A et al (1984):  Metabollc  activation and deactivation  of fusarin C.  a  mutagen produced by Fusarium 
monMome. &ochemicalPamacology. Vol  33(10),  pp.1601-1603. 

Gelderblom, W.C.A. et  al. (1986): investigations on the carcinogenicity of Fusarin C  a  mutagenic  metabolite of Fusarium 
monrfifome. Carcinogenesis, Vol. 7(1 I ) ,  pp. 18941901, 

Gelderblom,  W.C.A. et al. (1988)' The chemical and enzymatic interaction of gluthathione with the fungal metabolite, 
fusann  C. Mutation Research, Vo1.199, pp.  207-214. 

Gelderblom, W.C A.  and  Snyman. S O  (1991). Mutagenlclty of  potential carcinogenic mycotoxins produced by Fusarium 
mondifome Mycotoxin  Research,  Vol.7,pp. 46-52. 

IARC  (1993):  Toxins  denved  from Fusarium monilifome: Fumonisins 81 and 82  and Fusarm C /ARC Monographs on 
the Evaluation of Carcinogenic Risks to Humans; Vo1.56,  pp. 445-466. (Last updated 08/21/1997). 

Jasclewicz, K. et al (1987):  Carcinogenicity of Fusarium monilifome Culture Material in Rats Journal of the National 
Cancer Insbtute; Vo1.78, pp.  3421-325 

LI. M. et  al (1992): Carcinogenicity of Fusarln C isolated from Fusarium rnoni/ifome". Chinese Journal of Cancer 
Research Vol 2; pp. 1-5 

Lu, F-X.  et  al  (1991): In vitro transformation of rat  esophagal epithelial cells by fusarin C. Science in China Series B 
Chemrstry We Sciences andEarth Sciences. Vo. 34(12), pp. 1469-1477. (in Chinese) 

Lu. S -J.  et  al.  (1988): Fusarium monilfome metabolites.  genotoxicity of culture extracts Carcinogenesis, Vol.  9(9),  pp. 
1523-1 527. 

4 
Fusann C. Toxicity  data 



Norred,  W.P.  et  al. ( 1  9 9 1 ) :  Differential cytotoxicity and mycotoxin  content  among  isolates of Fusafium monfifonne. 
Mycopalhologia; Vol.115(1),  pp.  37-43. 

Norred, W.P. et  al.  (1992): Effects of selected secondary  metabolites of Fusarium moniliforme on unscheduled 
synthesis of DNA by rat primary hepatocytes. f ood  and Chemical Toxicology;  Vo1.30(3),  pp.  233-237. 

Scott,  P.M.  et all (1986): Analysis of toxins of Fusarium moniliforme. In P.S.Steyn  and R Vleggaar  (Eds.): Mycotoxins 
and Phycotoxins, Elsevier Science Publications, Amsterdam. 

Wiebe. L.A. and Bjeldanes, L.F. (1 981)' A  mutagen from Fusarium monilrfome grown on corn. Journal of food Scrence. 
Vol. 46, pp. 14241426. 

Zhu, B. and Jeffrey, A M. (1992)' Stability of Fusarin C: Effects of the normal  Cooking Procedure Used in China  and  pH. 
Nutrition and Cancer.  Vo1.18(1);  pp. 53-58. 

Zhu, B and Jeffrey, A.M.  (1993): Fusarin C Isolation and identification  of two microsomal  metabolites.  Chemrcal 
Research in Toxicology Vd.6(1); pp. 97-101. 

5 
Fusann C. Toxicfty  data 



. .  

. '. 

h ,,,,(, ,,,,, " 



ERA - 20249 - SHS,PHva 

* APPENDIX  C - Enzyme  Identity  and  Characterization  Information 

* 1.  FDA letter  to  Novo  Nordisk,  regarding  January  1997  meeting on 
xylanase  enzyme  preparation  produced  by Aspergillus oryzae 
expressing  the  gene  encoding  a  xylanase  from Thermomyces 
lanuginosus. 
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2. International  Union  of  Biochemistry  and  Molecular  Biology. 
Nomenclature  Committee.  Enzyme  Nomenclature - 
Recommendations  (1992)  of  the  Nomenclature  Committee of the 
International  Union of Biochemistry  and  Molecular  Biology. 
Academic  Press,  Inc.  1992. 

* 3. Product  Sheet  for  Pentopan  Mono  BG 

* 4. Product  Sheet  for  Novozym  899 

Novo Nordisk GRAS Notification - f .  venenaturn expressing T./anuginosus xylanase 37 
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DEPARTMENT OF HEALTH & H U l W  SERVICES Public Health Service 

Food and Drug Administration 
Washington DC 20204 

Dr. Scott  Shore 
Box 576 
Novo  Nordisk  BioChem  North America, h e .  
State  Road  1003 
Franklinkton, NC 27525-0576 

Pear Dr. Shore: 

This letter is in regards to Novo  Nordisk's  discussion with representatives of  the Food 
and Drug Administration (FDA) about  the  food use of xylanase enzyme  derived fiom 
fermentation by a genetically modified Aspergillus oryzae riicroorganism. 

Your fm submitted  a summary of its  safety  assessment  of the xylanase enzyme 
preparation  and met with representatives of the  Center  for Food Safety and  Applied 
Nutrition (CFSAN) on January 16,  1997, to discuss this safety assessment. As noted 
in our meeting of January 16, 1997,  xylanases, which are types of pentosanases,  are 
the  most functional enzymes in the  hemicellulase  enzyme preparations, which  are 
well known, in the baking industry. a The s u m m a r y  document provides the  rationale for Novo Nordisk's determination  that 
the  xylanase  enzyme preparation produced from the Aspergillus oyzae 
microorgariism that  is expressing a  xylanase gene from a nermomyces  lanuginosus 
microorganism is generally recognized as safe  (GRAS).  The document includes 
information regarding the description of production microorpism, including  a 
review of  the safe  food use of Aspergillus  oryzae, the manufacturing process. the 
enzyme  identity,  the mode of action of  the xylanase  enzyme preparation in bread 
making. The  summary document also  included sumxr ies  of tcxicological studies 
conducted  on  the  enzyme preparation including,  a  gene mutation assay, a 
chromosome  aberration assay (in vitro  cytogenetics  with human lymphocytes)  and  a 
subchronic toxicity test in rats (1 3 weeks). 

As you  are aware, the Federal Food, Drug and Cosmetic Act (FFDCA)  does  not 
restrict the  determination  of the GRAS  status, of a substance to  FDA alone.  Rather, it 
explicitly  recognizes that a  consensus among scientific experts regarding the  safety  of 
a food substance may form the basis for  whether  such  a substance is GRAS. Thus 
manufacturers may market a product based  on  their own determination that  a 
substance is G U S ,  provided that the determination is accurate. Such independent 
determinations  are not accompanied by any explicit review, affmation, or 
authorization by FDA. FDA concurrence on the GRAS status of a  substance is 
currently  achieved through the GRAS affirmation  petition process, 2 1 CFR 170.35. 



Page 2. - Mr. Scott Shore 

We appreciate your sharing with us the information on  which  you have relied to make 
your determination of GRAS status for xylanase enzyme preparation produced by 
Aspergillus oryzae expressing the gene encoding xylanase from Thermomyces 
lanuginosus. As you are aware, it is Novo Nordisk's responsibility to ensure that 
food ingredients that the firm markets are safe, and are otherwise in compliance with 
all applicable legal and regulatory requirements. 

Sincepely yours, 

George"iSauli, Ph.D. 
Director 
Division of Product Policy, HFS-205 
Office of Premarket Approval 
Center for Food Safety 

and Applied Nutrition 





Enzyme Business 

Draft 
Description 

Application 

Activity 

Dosage 

Product  Type 

Product 
Characteristics 

Solubility 

Handling 
Precautions 

Novozym 899 

Novozym 899 is a purified endo 1.4-beta-xylanase (pentosanase) from 
Thermomyces  lanuginosus produced by submerged fermentation of a 
genetically modified Fusarium venenatum microorganism. 

Novozym 899 improves the elasticity of the gluten network in bread 
dough  by acting on both the soluble and insoluble pentosans in flour. 
The  results are doughs with improved handling and stability and loaves 
with improved crumb structure and larger volume. Novozym 899 can 
be used as  an alternative to or in combination with dough conditioning 
emulsifiers in all types of bread. It  is inactivated during the baking 
process. 

The product is standardized in Fungal &lanase Units (mea t ) .  The 
analytical method is available on request. 

Due to its purity, the dosage  of Novozym 899 in terms of milligrams of 
enzyme protein is significantly lower than traditional pentosanases. The 
recommended dosage is 1-8 grams/cwt. flour (2-16 grams/100 kilos; 
50-400 FXU(W)/kg flour). The optimum dosage  should be determined 
through baking trials. Overdosing can result in dough stickiness due to 
a loss of water retention. 
NOTE Novozym 899 is virtually free of  alpha-amylase activity. For 
optimum  results,filngal alpha amylase should be  added with the xy- 
lanase in an amount equivalent to 25,000-45,000 SKBicwt. Your 
(15-25 FAUkgjlortr or 0,6-1 g  Fungamy12500  BG per 100 kgflour.) 

Novozym 899 is standardized using a special wheat flour with a narrow 
particle size distribution. The product is a light brown, free-flowing, 
non-dusting, agglomerated powder with an average particle size of 150 
microns and a size fraction within 50-2 12 microns. 

Novozym 899 can be used in the  pH range of 4-6 and at temperatures 
up to 75°C (165°F). 
Novozym 899 is inactivated in  the baking process. 

The active components of Novozym 899 are readily soluble in water at 
concentrations that occur in normal usage. However, water solutions 
will be turbid because of the wheat flour used for standardization of the 
enzyme. 

Novozym 899 can easily be mixed  with flour or starch. Preparing 
a pre-mix 1 : 10 can facilitate its use. Recommendations are given in 
“How to Mix Novo Nordisk Granulated Enzymes” (B 425), which is 
available on request. 



Safety 

Storage 

Enzymes are  proteins  and inhalation of dust or aerosols may induce 
sensitization and may cause allergic reactions in sensitized individuals. 
Some enzymes may irritate the skin, eyes and mucous membranes  upon 
prolonged contact. 
The product is developed to resist light mechanical effects. However, 
excessive mechanical wear and tear or crushing may create dust. 
All spills, even  small spills, should be gently shovelled into plastic-lined 
containers. Use respiratory protection. Small spills and remains of large 
spills should be removed by vacuuming or flushmg with water (avoid 
splashing). Vacuum cleaners and central vacuum systems should be 
equipped with HEPA filters. 
A Material Safety Data Sheet and separate material describing how  to 
handle the product safely are available upon request. 

Enzymes gradually lose activity over time depending on storage tem- 
perature and humidity. Cool and dry conditions are recommended. 
When stored in closed containers at 25"C, Novozym 899 will maintain 
its declared activity for 3 months. 
When stored at 5°C Novozym 899 will maintain its declared activity for 
12 months. 
Extended storage andor adverse conditions, including higher tempera- 
ture or high humidity, may lead  to higher dosage requirement. 
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Pentopan“ Mono BG 
Description Pentopan  Mono BG is a purified endo  1.4-beta-xylanase  (pentosanase) 

from Thermomyces ianuginosus produced by submerged  fermentation 
of a  genetically  modified Aspergillus oryzae microorganism. 

Application Pentopan  Mono  BG  improves the elasticity of  the gluten  network in 
bread  dough  by  acting  on both the soluble  and  insoluble  pentosans in 
flour.  The  results  are  doughs with improved  handling  and  stability  and 
loaves with improved  crumb  structure  and  larger  volume.  Pentopan 
Mono  can be used  as an  alternative  to or in combination with dough 
conditioning  emulsifiers in ail types of bread.  It is inactivated  during 
the  baking  process. 
An application  sheet (B 993) is available on request. 

Activity 

Dosage 

Pentopan  Mono  BG is available  as: 

Pentopan  Mono  BG ......................... 2500  FXU(W)/g 
- Fungal D lanase  Units  (Wheat). 

The product is standardized with wheat  flour by “Documented  Addi- 
tion” in a  strictly  ISO-controlled  process.  “Documented  Addition”  is 
required  as  the  use of wheat flour  for  the  standardization of the activity 
can lead to biased  assay  results  due to its  similarity  to the substrate 
used  for the assay. 
A  description of the  analytical  method  and  a  detailed  explanation of 
“Documented  Addition”  are  available  on  request. 

Due to its purity, the dosage of Pentopan Mono in terms of milligrams 
of enzyme  protein is significantly  lower  than  traditional  pentosanases. 
The  recommended  dosage is 1-6 gramdcwt.  flour (2-12 grams/100  ki- 
los; 50-300  FXU(W)/kg  flour).  The  optimum  dosage  should  be  deter- 
mined  through  baking  trials.  Overdosing  can  result  in  dough  stickiness 
due to a loss of water  retention. 
NOTE: Pentopan  Mono is virtually free of alpha-amylase  activity. For 
optimum  results,  fungal  alpha-amylase  should be  added with the xyla- 
nase in an  amount  equivalent to 25,00045,000  SKB/cwt. flour 
(5-25 FAUkg flour or 0,2-1 g Fungamyf  2500 BG per 100 kg  flour). 

Product Type Pentopan  Mono BG is  standardized  using  a ipe&iial wTeat flour  with a 
narrow  particle  size  distribution. The  product is a Iight brown,  free- 
flowing,  non-dusting,  agglomerated  powder  with an average  particle 
size  of 150 microns  and  a  size fraction within  50-212  microns. 



Specification Pentopan  Mono BG complies with JECFA and FCC recommended 
purity  specifications for food-grade enzymes. 

Product Pentopan Mono BG can be used in the pH  range of 4-6  and  at  tempera- 
Characteristics tures  up  to  around  75°C  (165°F). 

Pentopan  Mono BG is inactivated in the baking  process. 

Packing Pentopan  Mono  BG is available in 60-litre  fibre drums with a  net 
weight of 25 kg. 

Solubility The  active components of Pentopan  Mono BG  are readily  soluble in 
water at  concentrations  that  occur in normal  usage.  However,  water 
solutions will be turbid because of the wheat flour used  for  standardi- 
zation of the enzyme. 

Handling Pentopan  Mono BG can  easily be mixed  with flour or starch.  Preparing 
Precautions a  pre-mix 1: 10 can  facilitate its use. Recommendations are given in 

“How  to Mix  Novo  Nordisk  Granulated  Enzymes” (B 425),  which  is 
available on request. 

Safety 

Storage 

Enzymes are  proteins  and inhalation of dust  or  aerosols  may  induce 
sensitization  and may cause  allergic  reactions in sensitized  individuals. 
Some  enzymes may irritate the skin, eyes  and  mucous  membranes 
upon  prolonged  contact. 
The  product is developed to resist light mechanical  effects.  However, 
excessive  mechanical  wear  and  tear or crushing  may create  dust. 
All  spills,  even  small  spills,  should be gently  shovelled  into  plastic- 
lined  containers.  Use  respiratory  protection.  Small  spills  and  remains 
of large  spills  should be removed by vacuuming  or  flushing  with  water 
(avoid  splashing).  Vacuum  cleaners  and  central  vacuum  systems 
should  be  equipped with HEPA filters. 
A  Material  Safety  Data  Sheet  and  separate  material  describing  how  to 
handle the product  safely  are  available  on  request. 

Enzymes  gradually lose activity  over  time  depending on storage  tem- 
perature  and  humidity.  Cool  and  dry  conditions  are  recommended. 
When stored in closed  containers  at 25”C,  Pentopan  Mono  BG will 
maintain its declared  activity for 3 months. 
When  stored at 5°C Pentopan  Mono BG will  maintain its declared  ac- 
tivity  for 12 months. 
Extended  storage  and/or  adverse  conditions,  including  higher  tem- 
perature or high  humidity,  may lead to  higher  dosage requirement. 
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