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DOSSIER IN SUPPORT OF THE GENERALLY RECOGNIZED AS SAFE (GRAS) 
STATUS OF DEACTIVATED ALKALINE SERINE PROTEASE (DASP) ENZYME AS 

A FOOD INGREDIENT UNDER THE CONDITIONS OF USE CITED HEREIN 

1. EXECUTIVE SUMMARY 
The  undersigned,  an independent panel of recognized experts (hereinafter  referred to as the  

Expert Panel) 1 ,  qualified by their  scientific  training and relevant national and international 
experience  to evaluate  the  safety of food ingredients, was requested by Nxt2B  AB (Uppsala, 
Sweden) Inc. (hereinafter referred to as Nxt2B)  to determine  the Generally Recognized  As Safe  
(GRAS) status, of deactivated 2  alkaline serum  protease  (DASP) enzyme  based on scientific  
procedures.  DASP  is to be  added to medical foods,  such that their  consumption may be  up to 44.8  
g/day. Nxt2B  assures  Burdock Group that all  relevant, unpublished information in its possession 
related to the safety of DASP  has been supplied to Burdock Group and has been summarized in  
this dossier. A comprehensive search of the scientific  literature3  was conducted through January  
2021  for  safety and toxicity information on DASP  and related substances  and has been summarized  
in this  dossier as well  and,  along with supporting documentation, was made  available to the Expert 
Panel as this dossier. In  addition, the Expert Panel independently evaluated materials deemed  
appropriate and necessary. Following an independent, critical evaluation, the Expert Panel 
conferred and unanimously agreed that DASP  is considered safe when consumed up to up to 44.8  
g/day in individuals over the age  of 1  (one) year, but higher  levels of use  have  not  been evaluated.  
2. INTRODUCTION 

Phenylketonuria (PKU)  is an inborn error of  metabolism (IEM) characterized by 
hyperphenylalaninemia  (HPA)  and is  caused by variants in the gene  coding for  phenylalanine  
hydroxylase  (PAH; EC 1.14.16.1),  rendering the individual less than optimally effective  in 
converting phenylalanine  (PHE;  an  essential  amino acid)  to tyrosine  (TYR)  (Figure  1), resulting 
in formation of phenylpyruvate and urinary ketone  bodies (i.e., phenylketonuria) (Cederbaum,  
2002; van Wegberg et al., 2017). The  severity of PKU  depends upon the  extent to which the PAH  
mutation reduces the  activity of PAH  (Blau, 2016).  PHE  conversion to TYR  (the  latter  is required  
for  production of thyroxine,  catecholamines and melanin (MacLeod and Ney, 2010))  is critical for  
brain development;  for  if  left untreated, severe  pathologic  sequalae  develop  (Figure  2) including, 
but not limited to intellectual disability, epilepsy, behavioral and social problems  (Hagedorn et al., 
2013; van Wegberg et al., 2017), or even death  (Regier  and Greene, 2000). It should be  noted that  
pathological sequalae  may develop even into adulthood if proper disease  management is not 
maintained.  Further,  uncontrolled HPA during pregnancy is teratogenic, and produces a  range  of  
severe  cognitive, neurological and physical deficits similar to fetal alcohol syndrome, mandating 
control of HPA in the first trimester  (Hagedorn et  al., 2013). Children of PKU  mothers have  also 
been reported to have  an  abnormally small head (microcephaly) and/or congenital heart disease,  
and a  variety of facial abnormalities (NORD, 2019); collectively, these  effects are  called maternal  
PKU  (MPKU syndrome)  (Vockley et al., 2014).  Because  of the pathological sequelae  resulting  
from uncontrolled PHE  blood levels, dietary foods used to  maintain low PHE  blood levels  were  

1  Modeled  after  that described  in  Section  201(s)  of  the Federal Food,  Drug,  and  Cosmetic Act,  as amended.  See also  
attachments  (curriculum  vitae)  documenting  the  expertise of  the Panel members.  
2  The terms  “deactivated”  and  “denatured”  are used  interchangeably  in  this  document, when  referring  ASP that has 
been  purposely  converted  to  a form  that no  longer  has  enzymatic activity.  
3  Relevant literature cited  in  the electronic database search  was reviewed.  Literature not cited  in  the search  or  
literature published  subsequent to  the search,  may  not have been  included  in  the review.  
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PKU  can be  controlled successfully through diet alone as the  primary treatment method  

under medical supervision (Hagedorn et al., 2013). Treatment consists  of a  near abstinence  (in as 
much as possible)  from consumption of PHE-containing foods;  however, as  protein is an  essential 
part of the diet, PHE  is present in significant amounts  in  meat and  vegetables.  An  alternative  to  
consuming a  conventional diet is a  mostly  synthetic  diet consisting of  very low PHE. Medical  
foods4  are  of particular  importance  to dietary management of PKU, as they may be  formulated to 
specifically exclude  PHE  from their composition  (Camp et al., 2012). Nxt2B  has produced a  low  
PHE  protein source  to supplement the diets of individuals with PKU. The  low protein source  
consists  of a  modified alkaline serine  protease  (ASP) to contain a  low concentration of PHE  
(<0.25%)  using  Bacillus licheniformis strain 2709, an organism  commonly utilized for  the  
production of enzymes for use  in food  (de  Boer et al., 1994; Olempska-Beer et al., 2006). The  
modified alkaline serine  protease  (ASP) (native  ASP  has the CAS#9014-01-1; and is characterized  
as having 274 amino acids; molecular  weight  27413.43; and an isoelectric  point  (pI) of 6.7) is 
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once regarded as drugs; however, they are now considered a medical food by the Food and Drug 
Administration (21 CFR § 101.9(j)(8)). 

Figure 1. Metabolism of phenylalanine to tyrosine via phenylalanine hydroxylase (van Wegberg et al., 2017). 
PAH=phenylalanine hydroxylase 

Figure 2. Pathophysiology of PKU and potential mechanisms of neurocognitive impairment by high 
phenylalanine concentrations (van Wegberg et al., 2017). BBB=Blood brain barrier; 

BH4=Tetrahydrobiopterin; HMG-CoA=β-Hydroxy β-methylglutaryl-CoA; LAT1=L-type amino acid carrier; 
PAH=phenylalanine hydroxylase; PHE=phenylalanine; TRP=tryptophan; TYR=tyrosine 

4  Food  that are  specially  formulated  to  meet the distinct nutritional requirements  of  a  disease or  other  condition  (21  
U.S.C.  360  ee(b)(3)).  
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subsequently denatured with the use of heat (denatured ASP or DASP). Nxt2B plans to offer DASP 
as a source of low-PHE protein for incorporation into medical foods for consumption by 
individuals with PKU. The medical food will be nutritionally complete and deliver <25 mg 
PHE/serving. To evaluate the safety of DASP as an ingredient in foods, an in vitro bacterial reverse 
mutation assay, two 14-day dietary toxicity/palatability studies in rats, and a 90-day subchronic 
dietary toxicity study in rats were completed. This dossier is a summary of the scientific evidence 
that supports the general recognition that deactivated DASP is safe for human consumption as a 
food ingredient under the specific conditions of use. 
2.1.  Theory of Approval  

Pursuant to the regulatory and  scientific  procedures established in proposed 21 CFR  §  
170.36, substances  evaluated by  an Expert  Panel to be  Generally Recognized As  Safe  (GRAS)  for  
intended food  applications may be  exempt  from pre-market approval.  Conventionally,  a 
toxicological  evaluation is performed utilizing  the  estimated daily intake  (EDI) of the substance  
under its intended use  that is then  compared  to an acceptable  daily intake  (ADI)  established in  a  
safety evaluation from data available in published literature. However, DASP is being considered  
for  use  as a  low- PHE  protein supplement in medical foods. As such, it  may be  considered a  macro-
additive.5  FDA  provides guidelines for  the  safety assessment of macro-additives in Draft Redbook  
II, Chapter VII  (FDA, 1993):  

The common characteristic of macro-additives is that they will be consumed in large 
quantities compared to conventional food additives and, as a consequence, they will present 
testing problems that require "customized" approaches. For example, it may not be feasible 
to calculate safety factors in the conventional way, that is, as a fraction of the highest oral 
dose that has no adverse effects in animals. Other means of providing margins of safety for 
macro-additives will have to be used; these may include information derived from 
metabolic, pharmacokinetic, and human clinical studies. 

DASP may be categorized as a macro-additive, thus utilizing a traditional toxicokinetic 
and toxicodynamic approach poses difficulties; mainly, a no observed adverse effect level 
(NOAEL) may not be solely utilized in the safety assessment. Instead, a weight-of-evidence 
approach is necessary in determining the safety of the macro-additive. The weight-of-evidence 
approach incorporates a holistic evaluation of data including similarities to other substances with 
a history of safe use in food, the toxicokinetics of the substance under its intended use, and other 
specification and manufacturing data in addition to traditional toxicology testing. This dossier in 
support of a conclusion of GRAS will incorporate all relevant data to fully assess the safety of 
DASP under its intended use. 

Additionally, DASP is intended to be a macro-additive in medical foods to act as a PHE-
free source of protein for PKU patients. Medical foods are defined in section 5(b)(3) of the Orphan 
Drug Act (21 U.S.C. 360 ee(b)(3)) as: 

A food which is formulated to be consumed or administered enterally under the supervision 
of a physician and which is intended for the specific dietary management of a disease or 
condition for which distinctive nutritional requirements, based on recognized scientific 
principles, are established by medical evaluation. 

5  Macro-additives are a class  of  food  additives that are intended  to  be replacements  for  conventional macro-nutrients  
such  as fats, proteins,  and  carbohydrates and  are intended  for  use at relatively  high  levels in  food  (FDA,  1993).  
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  2.2. History of use 

 

Further, FDA has established criteria that clarify the statutory definition of medical foods per 21 
CFR § 101.9(j)(8). The criteria include: 

i.  special formulation and processing of the product for  the partial or exclusive  
feeding of a patient,  

ii.  the product is  intended for  the  dietary  management of a  patient  that due  to  
therapeutic  or chronic  medical needs has a  limited capacity to ingest,  digest,  
absorb, or  metabolize  ordinary foodstuffs  or certain nutrients, or who has other  
medically determined  nutrient requirements, the dietary management of which  
cannot be achieved by the modification of the normal diet alone,  

iii.  the product provides nutritional support specifically modified for  the  
management of the unique nutrient needs that result from a  disease  or condition,  

iv.  the product is intended to be used under medical supervision, and  
v.  the product is intended only for a patient receiving active and ongoing medical  

supervision on a recurring basis.  
FDA  also references PKU as a  specific  IEM that may be  managed with medical foods in 

Guidance  for Industry: Frequently Asked Questions About Medical Foods (Docket Number: FDA-
2013-D-0880). DASP  meets the criteria  set forth by FDA as  a  medical food  ingredient as  it  is  
specially formulated and processed  for  exclusive  use  by PKU  patients in  their dietary  management 
of PHE  levels  that are  influenced by their decreased ability to metabolize  PHE  in  normal 
foodstuffs.  Additionally, PKU  patients undergoing dietary management of their  disease  do so 
under medical supervision such that DASP  would be  used  under  medical supervision on  a  
recurring basis.   

DASP  does not have  a  documented history of use; however, DASP  is comparable to 
subtilisin,  an ASP  that is commonly used as a  detergent to remove proteinaceous substances (von 
der Osten et al., 1993; Vojcic  et al., 2015; Sundus  et al., 2016).  Subtilisin may also be  used as an  
enzyme in organic  synthesis (Wong et al., 1990), as a  cosmetic  ingredient,6  in food processing  
(Bhunia et al., 2012), and in contact  lens cleaner  (Barton et al., 1988).  It  should be  noted  that 
DASP  is a denatured  ASP; therefore, it  does not have  the enzymatic  capabilities associated with 
subtilisin. Active  alkaline proteases  have  a  history of use  in foods, as well  as food  supplement  
intake  in the US  and other parts of the  world.  B.  licheniformis  isolated from fermented foods such 
as Thai fish sauce  and tempeh are  known  to produce  various proteases  including subtilisin-like  
ASPs  (Toyokawa  et al., 2010; Afifah et al., 2017).  Section 2.4 describes  the  regulatory status of 
subtilisin-like  ASPs in detail;  however, in short subtilisin and similarly structured proteases have  
been subject to several GRAS conclusions notified  to FDA  as food  processing enzymes,  see  Table 
2. Similarly, subtilisin produced by  bacteria  are  approved food  additives codified in the  Code  of  
Federal Regulations  (21  CFR  §  184.1150). Lastly,  protease  from  B.  licheniformis  is  present in  
FDA’s  Substances Added to Food list  (formerly EAFUS) for  use  as an enzyme, flavor enhancer  
or agent, processing aid, and stabilizer or thickener.7  There is significant evidence that both ASPs 

6  https://cosmetics.specialchem.com/inci/subtilisin; last accessed  January  26th,  2021.  
7https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=FoodSubstances&id=PROTEASEFROMBACILLUSLIC 
HENIFORMIS&sort=Sortterm_ID&order=ASC&startrow=1&type=basic&search=protease;  last  accessed  January  
26th ,  2021.  
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   2.3. Current uses 

 

Supplier  Product  Trade Name  Application  
Novo  Nordisk  Alcalase, Savinase, Esperase,  

Biofeed  pro, Durazym, Novozyme  243  
Detergent, silk   

degumming,  food,  feed  
Solvay  Enzymes  Protease  Alcohol,  baking,  brewing,  feed,  food,  

leather,  waste  
Enzyme Development  Enzeco  Alkaline  protease  Industrial food  processing  

  Godo Shusei Godo-Bap   Detergent, food 
 

   2.4. Regulatory Status 

and enzymes produced by B. licheniformis are overwhelmingly safe for use in food and optimizing 
the use of B. licheniformis as a production organism for ASPs continues to be an active area of 
research (Zhou et al., 2019, 2020). 

DASP  does not  have  any current uses.  However, ASP  and other  proteases have  a  long 
history of use  in food  and continue  to be  utilized as food processing enzymes.  Similarly, Bacillus  

licheniformis  also continues to be  widely utilized  as a  safe  production organism  for  food grade  
enzymes. Table 1  describes various  commercial alkaline proteases produced by  B.  licheniformis  
and their applications. Currently,  ASPs encompass over a  third of industrial enzyme sales for use  
in detergents, food processing, leather  production, and waste processing  (Bhunia et al., 2012).  
Proteases are  mainly used in food processing to improve  the flavor, nutritional value, solubility,  
and digestibility of food proteins as well  as to modify their  functional properties including  
coagulation and emulsification  (Raveendran et al., 2018).   

Table 1.  Commercial DASP analogs  in food products  (adapted from  Bhunia  et al.,  2012)  

DASP  is not an approved food additive nor has it  been subject to a  conclusion  of GRAS  
nor to our knowledge  does it  enjoy “prior  sanction”  status. A  search of FDA  regulatory documents 
did not indicate  any  other similarly denatured proteins  were  notified or  approved for use  in food.  
However,  there  are  several DASP  analogs that have  been subject to  regulation  (Table  2).  Subtilisin, 
an active  enzyme comparable to DASP  prior  to denaturation, is GRAS affirmed  per  21  CFR  §  
184.1150  (Bacterially-derived protease  enzyme preparation). Subtilisin may only be  obtained from  
the culture  filtrate resulting from a  pure  culture  fermentation of a  nonpathogenic  and nontoxigenic 
strain of Bacillus subtilis  or B. amyloliquefaciens  and may be  used in foods as an enzyme to 
hydrolyze  enzymes and polypeptides at levels not to exceed  current Good Manufacturing Practice  
(cGMP). Similarly, protease  enzyme product  resulting from a  pure  culture  fermentation of a  
nonpathogenic  strain  of  Bacillus licheniformis  is approved  as a  food  additive per  21  CFR  §  
184.1027; it  may be  used as an enzyme to hydrolyze  proteins in alcoholic beverages, candy,  
nutritive sweeteners, and protein hydrolyzates at levels not to  exceed cGMP. Additionally, several  
GRAS conclusions  for  serine  proteases have  been notified to FDA.  They  include  subtilisin,  used 
as a  protein hydrolysis  agent  in the processing of protein,  produced  via  genetic  engineering  (GRN 
714),  serine  protease  used as a  food processing (GRN 563; GRN 564), and  serine  endopeptidase  
(thermomycolin)  used  as a  food processing enzyme  (GRN 817). Notably,  all GRAS notices herein 
discuss heat deactivation of their  enzymes prior  to consumption. Protease  from B.  licheniformis  is  
included in FDA’s Substances Added to Food list (formerly EAFUS) for  use  as an enzyme, flavor  
enhancer or agent, processing aid, and stabilizer or thickener, though no maximum  level of use  is 
indicated.  
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Substance  Production Organism  Intended Use  Regulation  
Subtilisin  B.  subtilis  or   

B.  amyloliquefaciens  

Food  Processing  Enzyme  21  CFR  §  184.1150  

Subtilisin  B.  subtilis  Food  Processing  Enzyme  GRN 714  
Serine Protease  B.  licheniformis  Food  Processing  Enzyme  GRN 564  
Serine Protease  F.  venenatum  Food  Processing  Enzyme  GRN 563  
Serine Endopeptidase  T.  reesei  Food  Processing  Enzyme  GRN 817  
Protease  B.  licheniformis  Food  Processing  Enzyme  21  CFR  §  184.1027  
Protease  B.  licheniformis  Enzyme,  flavor  enhancer,  flavoring  

agent or  adjuvant, processing  aid,  
stabilizer  or  thickener  

FDA Substances  
Added  to  Food  

(formerly  EAFUS)  
 

  2.5. Proposed use or uses 
        

     
    

  3.1. Description and Specifications 

 
 

3.1.1.  Creation of recombinant ASP  

Table 2.  Regulatory  status  of  DASP-like analogs  in food products  

DASP produced by B. licheniformis is intended for use as a macro-additive in medical 
foods in the diet of individuals with PKU over the age of 1 (one) year. It will be incorporated into 
nutritionally complete medical foods as a source of low-PHE protein with <25 mg PHE/serving. 
3.  DESCRIPTION, SPECIFICATIONS AND MANUFACTURING PROCESS  

DASP  is an off-white powder composed of >90%  protein with <0.25%  of the protein 
composed of PHE.  DASP  is expressed in B.  licheniformis strain 2709  and composed of  274  amino 
acids (Table 3).  

The  ASP  enzyme  (274 amino acids, molecular weight  27413.43 with a  pI =  6.7)  is an  
alkaline protease  from Bacillus licheniformis  strain CICC10266  (synonymous  to strain 2709).  This 
ASP  gene  was cloned and  inserted into vectors by restriction enzyme digestion  and T4 DNA ligase  
ligation.  The  PCR  products were  double digested  with BamH I  and Sma I and then ligated into  
pHT01, pHT43, pHT100,  pHT223, pHT250, pHT431, pHT432 and pHT433 vectors (for screening 
purposes), which were  digested with the same restriction endonuclease  to form the recombinant  
vectors. The  ligated products were  first transformed into E. coli  DH5a, a  standard screening  
organism,  and  analyzed for the correct insert by DNA sequencing. They were  then introduced into 
B. subtilis  WB800N, a  genetically engineered variant of B. subtilis 168, which has all  extracellular  
proteases  disrupted.  Four  PHE  residues (F21, F50,  F188,  F260) in the  alkaline  protease  gene  (apr)  
from the Bacillus licheniformis  CICC10266 strain  were  replaced with TRP  and TYR  by site-
directed mutagenesis  PCR  or using  a  Multi-points  Mutagenesis  kit  (TaKaRa, Japan), resulting in  
the final DASP sequence (10266apr-W4).  
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   3.1.2. Integration of recombinant ASP gene into production organism 

 

      
 

       

     

  

 
8  http://gcm.wfcc.info/Strain_numberToInfoServlet?strain_number=CICC%2010266; last accessed  January  26th, 
2021.   

Bacillus licheniformis  CICC10266 8  (apr  yhfN)  was used  in the final  construction. 
CICC10266 (apr yhfN) is an alkaline  protease  apr and  an  intracellular  protease  yhfN genes  
defective  derivative. Three  distinct sites on the B. licheniformis  chromosome, apr (alkaline  
protease  locus), xy1 (xylose  isomerase  locus), and gnt (gluconate  permease  locus)  were  used  as 
integration sites  to overproduce  the  DASP  protein  (Figure  3). For  integrating the gene  into three  
different  sites, three  integrative  vectors  containing the modified alkaline  protease  gene  were  
constructed.  The  pEBKan194-GFP  plasmid was used for  construction of various knockout and  
knockin vectors.  

Figure 3. Recombination scheme of the B. licheniformis production organism 

The ASP gene within the B. licheniformis genome of the production organism has been 

confirmed by Captozyme/Arranta Bio. Sequence verification of the expressed enzyme has also 

been performed (Captozyme Analysis, 2017). 
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   3.1.3. Composition and Specifications 

 
       

  
 

  
 

 
   

 
  

 

 
 

      
      

      
      

      
      

      
      

      
      

 
    

     
  

      
     

      
  

   
          

     
       

       
     

 
    

 
  

  
   

       

      
      

     
       
        

        
        

        

 

After  the  gene  was  cloned and inserted into the genome of B.  licheniformis strain 2709, the 
DASP  protein was sequenced.9  DASP  is  composed of >90%  protein  with  <0.25%  of the protein  
made  up of  PHE  (Appendix  12.1).  The  amino acid composition  and specifications for  DASP  are  
provided in Table 3  and Table 4, respectively.  

Table 3. Amino acid composition of DASP (Burdock et al., 2020) 
Number of Number of 

Amino acid amino acids in Percent (%) Amino acid amino acids in Percent (%) 

DASP composition DASP composition 

Alanine 41 15.0 Leucine 16 5.8 
Arginine 4 1.5 Lysine 9 3.3 
Asparagine 19 6.9 Methionine 5 1.8 
Aspartic Acid 9 3.3 Phenylalanine 0 0.0 
Cysteine 0 0.0 Proline 9 3.3 
Glutamine 7 2.6 Serine 32 11.7 
Glutamic Acid 5 1.8 Threonine 19 6.9 
Glycine 35 12.8 Tryptophan 4 1.5 
Histidine 5 1.8 Tyrosine 14 5.1 
Isoleucine 10 3.6 Valine 31 11.3 

Table 4. Specifications of DASP 

Analysis Method Specification Batch Analysis Results (N=6) 
Range Average 

Appearance Visual inspection Off-white to light-brown 
Enzymatic activity SOP-125 None detected 
Moisture AOAC 930.15 <5.0% 3.1–4.2% 3.58% 
Ash AOAC 923.03/ <1 g/100 g 0.2–0.6 g/100 g 0.4 g/100 g 

32.1.05 16th Ed. 
Total organic solids Calculated* >93% 
Phenylalanine AOAC 982.30 <250 mg/100 g 110–170 143 
Protein AOAC 982.30 ≥90 g/100 g 92.6–94.1 93.2 
Microbiological analyses 
Total aerobic microbial USP<61> <10000 CFU/g 150–4200 1037 CFU/g 
count CFU/g 
Total combined yeasts USP<61> <1000 CFU/g <10 CFU/g <10 CFU/g 
and molds count 
Escherichia coli USP<62> Absent/g ND 
Salmonella USP<62> Absent/10 g ND 
Gram-negative bacteria USP<62> Absent/g ND 
Heavy metals analyses 
Arsenic AOAC 986.15 mod <0.01 ppm ND MDL=0.05 ppm 
Cadmium AOAC 986.15 mod <0.01 ppm ND MDL=0.05 ppm 
Lead AOAC 986.15 mod <0.01 ppm ND MDL=0.05 ppm 
Mercury AOAC 986.15 mod <0.01 ppm ND MDL=0.01 ppm 
*%TOS=100  (A + W +  D); A=ash; W=water; and  D=diluents and/or other additives and  ingredients.  
CFU=colony  forming  units; MDL=method  detection  limit; ND=not detected; ppm=parts per  million.  

9  Amino  acid  sequence:          
AQTVPYGIPLIKADKVQAQGWKGANVKVAVLDTGIQASHPDLNVVGGASYVAGEAYNTDGNGHGTHVA 
GTVAALDNTTGVLGVAPSVSLYAVKVLNSSGSGSYSGIVSGIEWATTNGMDVINMSLGGASGSTAMKQAV 
DNAYARGVVVVAAAGNSGSSGNTNTIGYPAKYDSVIAVGAVDSNSNRASWSSVGAELEVMAPGAGVYST 
YPTNTYATLNGTSMASPHVAGAAALILSKHPNLSASQVRNRLSSTATYLGSSWYYGKGLINVEAAAQ  
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  3.2. Manufacturing process 

 

Residual PHE  from the  production organism  is present in the batch  analyses of DASP  with 
a  specification of <250 mg/100 g (0.25%)  (Table  4). The  presence  of this small amount  of PHE  
residue  is  addressed in cGMP 21  CFR  §  110.110(a):   

(a)  Some foods, even when produced under current good manufacturing practice, contain  
natural  or  unavoidable defects that  at  low  levels are not  hazardous  to health. The Food 
and Drug Administration establishes maximum  levels for  these defects  in foods  
produced under current good manufacturing practice  and uses these levels in deciding  
whether to recommend regulatory action.  

While  the FDA  has not set a  defect action level for  PHE  in food for  phenylketonuria, this is a  de  

minimis10  amount  and the substance  is in compliance  with 21  CFR  §  101.100 (a)(3) (Exemptions  
from food labeling requirements):   

(3)  Incidental  additives  that  are present  in  a food at  insignificant  levels  and do not  have any  
technical  or  functional  effect  in  that  food. For  the purposes  of  this paragraph (a)(3),  
incidental additives are:  

(i)  Substances that  have  no technical  or  functional  effect  but  are present  in a food  by  reason 
of  having  been incorporated into the food as  an ingredient  of  another  food, in which the  
substance did have a  functional or technical  effect.  

(ii) processing aid(s), which are as  follows:  

(a)  Substances that  are added to a food during the processing of  such food but  are removed  
in some manner from  the food before it is packaged in its finished form.  

(b)  Substances that  are added to a food during processing, are converted into constituents  
normally present  in the food, and do not  significantly increase the amount  of  the  
constituents  naturally found in the food.  

(c)  Substances  that  are added to a food for  their  technical  or  functional  effect  in  the 
processing but  are present  in the finished food  at  insignificant  levels and do not  have  any 
technical or functional  effect in that  food.  

DASP  is manufactured  in accordance  with cGMPs  in four  major steps: (1)  submerged  
fermentation, (2)  purification by ceramic  membrane  filtration and washed, (3)  spray dried, then 
(4) packaged  (Figure  4).  

The  genetically engineered B. licheniformis production strain, derived from strain  2709  is  
maintained in a  cell  bank  until needed for  production, at which time the cells are  thawed, streaked  
on a  lysogeny  broth (LB) agar plate, and incubated overnight (37°C). Then  four  60 mL flasks of  
LB media  are  inoculated with a  clone and cultured  for  12 hours (37°C  and 220 ppm) or until the 
optical density (OD)  at 600 nm (OD600)  reaches 5  –  8 to  produce  seed media. The  seed media  (50  
mL) is then used to inoculate 5 L of seed media  (1%) within a  seed fermenter  and fermented at  
37°C  until OD600  reaches 20  –  28  (i.e., “first seed culture”).  The  5 L from the  “first seed  culture”  
is used to inoculate 200 L of seed media  (4%) in a  second fermenter  for 5.5 hours at 37°C  to 
produce  the  “second  seed  culture”.  Finally, 140 L of the “second  seed  culture”  inoculates 3000  L  
of seed media  (4.6%) at 37°C  for  ≥16 hours (at the  native  pH of the seed media). After  16 hours,  

10  De minimis  is  a legal principle which  allows for  matters  that are small scale or  of  insufficient importance  to  be 
exempted  from  a  rule or  requirement. It can  be used  by  the courts  as an  exclusionary  tool to  dismiss  trivial matters  
from  litigation.  
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the fermentation broth is analyzed every hour for  the total protein concentration. Once  the  total 
protein concentration stops increasing, the fermentation broth is discharged for purification.  

During purification,  the pH of the fermentation broth is adjusted to  4.5 before  pumping the  
broth into a  200 nm ceramic  membrane  filter (CMF) for five  minutes at 200 kPa. From the filtrate 
valve, the filtered fluid is collected in a  storage  vat and sodium chloride  (1 kg NaCl/100 kg filtrate)  
is added. Hydrochloric  acid (HCl)  at a  concentration of 6M  is added to adjust  the pH to 1.4  –  1.65,  
then the filtered fluid stews for  5  –  10 hours at room temperature. The  supernatant is drawn away 
and discarded and the  remaining suspension is pumped into the storage  tank of the  tangential flow  
system with 100 nm CMF. The  suspension is concentrated  to approximately 1/10th  of the starting 
volume  and water  is added until the pH reaches  2.6  –  3.0 with  a  final volume change  of less than  
10%. Subsequently, sodium carbonate (Na2CO3) is used to adjust  the  concentrated suspension  to 
approximately pH 9.  

To deactivate the  enzyme, the  concentrated  suspension  is heated  to 70°C  for 20 minutes.  
The  concentrated suspension is then dried using  a  centrifugal spray dryer. The  dried deactivated  
enzyme, which is an off-white powder, is called DASP. DASP  is  packaged into sterile  
polyurethane  bags with large  sealable  foil pouches. Desiccant pouches are  placed between the  
polyurethane  bags and foil  pouches. The packaged material is stored at room temperature.  

 
[The remainder of this page is blank.]  
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Take samples per hour from 16h and detect the 
total protein concentration of supernatant until 

no more increasing. Discharge the fermentation 
broth for purification. 

Add 1 kg NaCl per 100 kg filtrate and adjust the 
pH to 1.4~1.65 by 6M HCl. 

Pump the suspension into the storage tank of 
the tangential flow system with 100 nm CMF 

and concentrate to about one of the12 points of 
the start volume. 

Dry the concentrated suspension by centrifugal 
spray dryer. 

Purification and Drying Process Fermentation Process 

Remove cell bank from -80°C ± 5°C storage 
condition. 

Streak on LB agar plate and culture at 37°C 
overnight. 

Inoculate 4 x 60 mL LB media with a clone and 
culture at 37°C and 220 rpm for 12h until 

OD 
600 

reaches 5-8. 

Inoculate 5 L seed media with 50 mL of seed 
culture (1%). 

The first seed fermenter culture at 37°C until 
OD 

600 
reaches 20-28. 

Inoculate 3000L fermentation media with 140L 

of second seed culture (4%). Control condition： 
37°C DO 50%, natural pH. 

Adjust fermentation broth pH to 4.5~4.7 

Pumping into the storage tank of the 200 nm 
CMF. 

Open the filtrate valve to collect the filtered fluid 
using a storage vat. 

Clean the remaining suspension with pure water 
until pH is between 2.6~3.0 and ensure the final 

volume change is less than 10%. 

Adjust pH to 9.0 with sodium carbonate then 
clean via centrifugation. 

Heat the protein materials to 70°C and maintain 
temperature for 20 min. 
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Open the feed valve and the Circulating valve, 
adjust the pressure of the CMF to 200 KPA and 

run for 5 minutes. 

Inoculate 200L seed media with 5L of first seed 
culture (4%). Run the fermentor at 37°C and DO 

30% for 5.5h. 

Figure 4. Deactivated ASP production scheme 
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  3.3. Stability 
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DASP is a denatured enzyme intended for use as a protein source with low levels of the 
amino acid phenylalanine. As such, its stability over time to perform its intended function is 
dependent on maintaining its primary structure. Peptide bonds are notably difficult to break under 
normal ambient conditions; additionally, if primary structure becomes broken, this does not impact 
the function of the protein as a medical food. As such, DASP is very stable for up to 24 months at 
temperatures ranging from 5°C – 40° C with minimal degradation occurring during storage. Three 
lots each were analyzed at 5°C, 25°C, and 40°C for appearance, enzyme activity, protein 
concentration and weight, water activity and flow-ability, purity, and integrity (see Appendix 12.2) 
(Captozyme Stability Report, 2021). The chemical stability of DASP under these food-processing 
conditions demonstrates that DASP is a stable food ingredient. 
4.  ESTIMATED DAILY INTAKE   

Table 5  describes the  various phenylalanine  tolerances recommended  for  individuals with  
phenylalanine-related disorders.  The  amount  of phenylalanine  that is found naturally in food is  
about 2  –  9%  of the total protein weight  (Kim  and Boutin, 2015; Araújo et al., 2016).  As such, 
diets  for  individuals with classic PKU  are  recommended to contain less than 20%  of protein 
coming from foods (approximately 5  –  10  g per day)  (MacLeod and Ney, 2010). To maintain an 
adequate healthy metabolism, the diet must be supplemented with synthetic essential amino acids 
free  of phenylalanine  that  would make  up approximately 80%  the total protein intake  of individuals 
with PKU.  For the purpose  of the estimated daily intake  (EDI) assessment, DASP  serves as a 
source  of amino acids free  of phenylalanine that could  be  consumed at up to 80%  the total protein 
intake of individuals  over the age of 1  (one) year.  

 
[The remainder of this page is blank.]  
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 PHE -related 
disorder  

Classification Schemes  

  Pretreatment PHE level 
 (traditional–modified) 

   PHE and PHE: 
  TYR ratio in 

newborn period  

 PHE Tolerance  

  PAH Genotype Infants     2 to 5 years old to  
 <1 year   maintain PHE at 

(mg/kg/day)   300 µmol/L 

  >Age 5 years to 
 maintain PHE 

  120–300 µmol/L 
 Tetrahydrobiopterin   Normal to Elevated    PHE 2–5 mg/dL Variable  Variable  Variable  N/A  

 Deficiencies  (120–2120 µmol/L)   
 (some normal) 

   PAH Deficiency Requiring Treatment  
Classical PKU    >1200 µmol/L    PHE >7 mg/dL   25–45 mg/kg/day  <20 mg/kg/day   <12 mg/kg/day    2 Classic mutation 

  (>20 mg/dL)   (>420 µmol/L)  130–330 mg/day   250–350 mg/day    (often null) 
   PHE: TYR >5 

 Moderate PKU   900–1200 µmol/L   Limited data   45–50 mg/kg/day  20–25 mg/kg/day   12–18 mg/kg/day  Classic + moderate 
  (15–20 mg/dL)  350–400 mg/day    or 2 moderate 

 mutations 
 Mild PKU    600–900 µmol/L   Limited data   55 mg/kg/day  25–50 mg/kg/day   >18 mg/kg/day    Classic, moderate or 

  (10–15 mg/dL)  400–600 mg/day     mild mutation + 1 
  mild HPA mutation 

 Mild HPA-gray    360–600 µmol/L   Limited data   70 mg/kg/day  >50 mg/kg/day    No data   Classic, moderate or 
 zone   (6–10 mg/dL)    mild mutation + 1 

  mild HPA mutation 
    PAH Deficiency Not Requiring Treatment  
  Mild HPA-NT  120–360 µmol/L   PHE 151–360  Unrestricted diet   Unrestricted diet   Unrestricted diet    Classic, moderate or 

  (2–6 mg/dL)   µmol/L (avg 244)    mild mutation + 1 
   PHE: TYR 0.8–8.25    mold HPA mutation 

  (avg 3.3) 

Table 5. PHE tolerances for various PHE -related disorders (MacLeod and Ney, 2010; Camp et al., 2014; NORD, 2019) 

HPA=hyperphenylalaninemia; N/A=not applicable; PAH=phenylalanine  hydroxylase  deficiency.   
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Table 6.  Daily  Protein Goals  for Age-Sex  Groups  Based on Dietary  Reference  Intakes  & Dietary  Guidelines  
Recommendations  

       
  

 
  

      
     
     

     
     

     
     

   5.1. Absorption and Bioavailability 

 

Table 6  contains weights for  various age  groups  and their  recommended  protein intake  
based on values published in USDA’s Dietary Guidelines for  Americans  (2020). Conservatively 
assuming if 80%  of all  protein consumed is in the  form of DASP, the estimated daily intake  of  
DASP  at various life  stages in individuals with PKU  would range  from 460  –  912 mg/kg bw11/day. 
The  highest consumption level calculated (EDI) is conventionally  used as the mean for  current  
consumption, and the 90th  percentile  current EDI of DASP  may be  estimated by assuming two 
times greater consumption than the  reported  mean current  EDI.  However, considering DASP  is 
intended as a  macro-additive for  individuals  with  PKU  that closely monitor their  protein intake  
daily, it  is unlikely that these  individuals would consume  protein at  a  much higher  amount  than 
the recommended daily intake published by USDA.  

Age-Sex Group Weighta (kg) Proteinb (g) Estimated DASP 
intakec (g) 

DASP Intake 
(mg/kg bw/day) 

Child 1–3 11.4–13.8 13 10.4 754–912 
Male/Female 4–8 18.6–31.8 19 15.2 478–817 
Male/Female 9–13 56.8 34 27.2 479 
Female 14–18 71.6 46 36.8 514 
Male 14–18 71.6 52 41.6 581 
Female 19–51+ 80 46 36.8 460 
Male 19–51+ 80 56 44.8 560 
aBased  on  values established  by  the  EPA  Exposure  Factors Handbook  (2011); bValues established  by  the  USDA in  2020-2025  
Dietary  Guidelines; cDASP  intake  equivalent to  80%  the  total recommended  protein  intake.  

 
5.  ABSORPTION, DISTRIBUTION, METABOLISM, AND ELIMINATION (ADME)   

DASP  is an off-white  powder composed of 274 amino acids with a  molecular  weight  of 
27,413.43 g/mol and isoelectric  point  (pI)  of  6.7. DASP  is expressed in B.  licheniformis strain 
2709  and is composed of  >90%  protein with <0.25%  of the  protein composed of PHE.  DASP  is 
absorbed, distributed, and metabolized as  any  other  protein. In  the following toxicokinetic  
evaluation, DASP  is  similar  to  any other  inactivated  protein  that leaves the  stomach,  i.e.,  a  chain 
of amino acids  with a  disrupted secondary and/or  tertiary structure. A brief review of protein  
catabolism will be provided,  followed by a  review  of amino acid metabolism.  

Upon consumption, DASP  is subject to the  many  broad acting proteases  produced by  the 
body at various stages of digestion. There  is no  digestion of proteins in  the mouth. The  first  
protease  to act on DASP  upon digestion  is pepsin  in the stomach. Pepsin is able to act on DASP  
as any secondary  or tertiary structure  that may  have  been reformed  after  denaturing ASP  is  
disrupted again by HCl  in the stomach, such that DASP  would only maintain its primary structure  
(peptide  bonds).  As an endopeptidase, pepsin cannot break the peptide  bonds of terminal amino 
acids –  as  such, pepsin only acts to break DASP  into smaller  amino acid chains, but not monomeric  
amino acids.  Additional  proteases in the duodenum such as trypsin and chymotrypsin further  
hydrolyze  partially digested DASP  into small  peptides and amino acids  (Nelson and Cox, 2005). 
Intestinal enterocytes then absorb amino acids  and small peptides  via  several transporters, mainly  
sodium-dependent cotransporters. Any peptides that are  not absorbed by enterocytes are  
subsequently digested and fermented  by colonic  bacteria  into short-chain fatty acids, dicarboxylic  

11  BW  or  bw = body  weight.  
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acids, phenols, and ammonia  (Frenhani and Burini, 1999).  Small peptides absorbed by enterocytes  
are subsequently hydrolyzed by  intracellular peptidases  into monomeric amino acids  (Wu, 1998).  
Amino acids are  then transported  to the circulatory system for  distribution  throughout  the body.  
As a  result  of proteolysis  in the gastro-intestinal system, the bioavailability  of DASP, as such in  
its native form,  is limited.  
5.2. Distribution    

Upon absorption, DASP-derived amino acids can be  distributed to various tissues as part  
of an amino acid pool that serves as a  resource  for various cellular  demands. The  body maintains  
a  large  amount  of  this free  amino acid  pool  in the blood for  expedient distribution. Depending on  
metabolic  needs, amino acids may be  distributed to various  cells  for  synthesis  of proteins and 
essential amino acid derivatives  (mainly nitrogen containing compounds), as well  as to the  liver  
for gluconeogenesis and ketogenesis as needed  (Nelson and Cox, 2005).   
5.3. Metabolism    

DASP-derived amino acids may be  utilized in  a  variety of metabolic pathways  summarized  
in Figure  5. The  main uses for  dietary amino acids are  as follows: (A) use  in protein synthesis, (B) 
precursors for nucleotides, heme, neurotransmitters, and hormones, (C)  as  a  source  of energy  via  
gluconeogenesis  and ketogenesis, and (D) as part of the urea  cycle  (Nelson and Cox, 2005). It  
should be noted that the preceding description and Figure  5  do not constitute an exhaustive list of  
the pathways by which amino acids are  metabolized and  that many of these  reactions are  reversible, 
rate limited, and interconnect with one  another.  Further discussion of amino acid metabolism is  
outside the scope of this evaluation.  

Figure 5. Various  outcomes of  amino  acid metabolism  including  (A)  protein synthesis,  (B)  synthesis  of  various  
nitrogen containing  substances,  (C)  energy  production including  ketogenesis  and  gluconeogenesis,  and  (D)  

excretion of  excess  nitrogen via  the urea  cycle (Nelson and Cox,  2005).   

5.4. Elimination    
DASP-derived amino acid may be  utilized in the biochemical pathways described 

previously. However, to maintain homeostatic conditions the body may excrete amino acids in the 
urine  at values ranging from 0.26  –  0.60  mg/ml  (Evered, 1956). It should also be  noted that excess  
nitrogen from amino acid metabolism can be  excreted  via  the urine  in the  form of  metabolites  
including  ammonium (NH +

4 ), urea, uric acid, or creatinine.   
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  6.1. Production Strain 

 

 

  

 

  

 NaOH 

Raw Material  Process  Function  
Yeast Extract  Fermentation  Nutrient  
Peptone  Fermentation  Nutrient  
NaCl  Fermentation Trace Inorganic Salts  
Agar  Fermentation  Nutrient  
Corn Starch Fermentation  Nutrient  
Soybean  powder  Fermentation  Nutrient  
K2HPO4  Fermentation  Buffers  
NaH2PO4 Fermentation  Buffers  
Thermostable alpha-amylase  Fermentation  Other  
Silicone-polyether defoamer Fermentation  Other  
CaCl2  Fermentation  Trace Inorganic Salts  

Fermentation/Purification  Bases  
HCl  Purification  Acids  
HNO3  Purification  Acids  

 
  6.2. Introduced Genetic Sequence 

     
     

  
         

    
       
      

    
 

   6.3. Acute Studies 

6.  SAFETY EVALATION  

A concern in the  safety evaluation of a  protein synthesized via  bacterial fermentation is
safety of the production  strain. Certain strains may produce  various protein and non-pro
metabolites that induce  toxicity upon consumption  (Pariza  and Johnson, 2001), theref
consideration of bacterial strain is critical in safety evaluation. DASP  is expressed in
licheniformis strain 2709, a  non-toxigenic,  non-pathogenic  saprophytic  microorganism  tha
widespread in nature. B.  licheniformis  has a  long history of safe  industrial use  of produc
enzymes used in human  food and has been routinely used as a  host  for recombinant enzy
(Olempska-Beer et al., 2006)  and is often referenced as a  well-characterized and safe  product
strain with a  long history of safe  use  (IFBC, 1990). Various enzymes produced by B. lichenifor

have  been concluded  as GRAS  including alpha-amylase  (GRN 22; GRN 24; GRN 79), pullulan
(GRN 72), xylanase  (GRN 472), and glutaminase  (GRN 774).  Additionally, all  processing-
and raw materials used in the manufacturing of DASP  are  food or pharmaceutical grade  qua
and used in accordance  with the appropriate federal regulations  and/or  have  been previo
determined to be GRAS for such uses  (Table 7).  

 the  
tein 
ore  
 B.  

t is 
ing 

mes  
ion 
mis  
ase  

aids  
lity 

usly  

Table 7. Raw Material List  

The safety of a recombinant organism is dependent on the source of the introduced genetic 
sequence, as well as the method of transformation and construction of the final production 
organism. This process is thoroughly detailed and characterized in Section 3.1. The starting ASP 
gene is well characterized, and all vectors and intermediate organisms are well defined and 
commonly utilized in protease selection, characterization, and amplification. Similarly, the 
methods utilized to modify the production organism are well defined and commonly used in 
enzyme production. Only well characterized DNA limited solely to the protease coding sequence 
are used in the construction of the genetically modified strain. The introduced DNA does not code 
for any known harmful or toxic substances. 

No acute toxicity studies utilizing DASP  have  been reported in literature. As such, two 14-
day toxicity studies were  conducted with CRL  Sprague-Dawley (SD)  CD® IGS  rats  according to 
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  6.3.1. 14-day dietary toxicity/palatability study I 

 
      

 
 

 

 

 

Number of  
animals  per group  

Dietary  protein 
(%)  from DASP

& Casein  

Dietary  protein 
(ppm)  from  

DASP  & Casein

Amino  acid supplement  
(mg/kg  bw/day)a  Treatment  

Group  Study   
M  F   CYS  MET  PHE  

1  
(control)d  

0 DASP;  
23  casein  

0  DASP;  
230000  casein  5  5 0  0 0  

5.75  DASP;  
17.5  casein  

57500  DASP;  
175000  casein  

14-day  
palatability 
/toxicity  
study  I  

2   
(low-dose)  5 5  14.4   28.8  0 

3  
(mid-dose)  

11.5  DASP;  
11.5  casein  

115000  DASP; 
115000  casein  5 5  28.8   57.5  0  

4  
(high-dose)  

23  DASP;  
0  casein  

230000  DASP;  
0  casein  

79.1/  
450.0c  5 5  57.5   115.0  

 

OECD Guideline 407 (2008) and carried out according to current Good Laboratory Practice. 
Results are described in Sections 6.3.1 and 6.3.2 (Burdock et al., 2020). 

In  a  14-day dose-range  finding  study, male and female  CRL Sprague-Dawley (SD)  CD® 

IGS  rats (5 animals/sex/group)  of approximately seven to eight  weeks of age  were  treated with  0%  
(Group 1), 5.75%  (Group 2), 11.5%  (Group  3), or 23%  (Group 4)  DASP  in the diet (Burdock et  

al., 2020). Based on target nominal concentrations,  male  rat average  daily intakes were  0 (control;  
Group 1), 5678.7  (low-dose; Group 2),  11037.2 (mid-dose; Group 3), and 11561.0 (high-dose;  
Group 4) mg DASP/kg bw/day, and female  rat average  daily  intakes were  0 (control;  Group 1),  
4930.3 (low-dose;  Group  2), 9700.7  (mid-dose; Group 3),  and 12687.5  (high-dose; Group  4)  mg 
DASP/kg bw/day. The  animals  in Group 2 and  3  were  supplemented with the amino acids CYS  
and  MET,  while those  in Group  4 were  supplemented with CYS, MET, and PHE.  Amino acid 
supplementation was administered  via gavage  (10 mL/kg bw)  at levels  described in Table  8. 
Aromatic  amino acid12  supplementation decreased  from 10.2 g/kg diet to 1.9 g/kg diet  once  the 
animals were  seven weeks of age, as at this age  rats have  either reached or are  close to the 
maintenance  stage  for  certain amino  acids. As such,  the aromatic  amino  acid requirement was  
achieved  by the  casein in the diet  of Groups 2  and 3,  and  aromatic  amino acid  supplementation  
was only provided to the  high-dose  group.  Food  and water were  provided ad libitum.  Where  
applicable, the study was conducted according to OECD  Guideline 407 (2008).  

There  were  no treatment-related deaths. Although individual clinical observations such as  
thin appearances,  reduced fecal volume, unkept appearance, superficial wounds, hair loss,  and  
slight alopecia were  noted in Group  3 and 4 animals, the effects were  not  related to treatment with  
DASP, and were  reported  as incidental. The  mean  body weights and mean daily body weight  gains 
in Group 4 males and females were  significantly decreased (P<0.01)  when compared to the  
control. During Days 3  –  14 of treatment, male  and female  rats in Group 4 had significantly  
decreased (P<0.01)  mean food consumption. The  mean food efficiency for  Group 4 males and 
females was also statistically significantly different (P<0.05)  than  the control. No DASP-related 
macroscopic findings were reported during the gross necropsy.  

Table 8. 14-day palatability/toxicity study I treatment groups 

a  Doses of amino  acids in  supplement as prepared  for  gavage  in  water vehicle.  
b  Concentration  of amino  acids in  supplement as prepared  for gavage  in  water vehicle.  
c  This group  received  79.1  mg  PHE/kg/day  for Days 1–7  and  450  mg  PHE/kg/day  for Days 8–14.  
d  The  control groups received  only  water (vehicle).   
CYS=cysteine; DASP=deactivated  alkaline  serum  protease; F=female; M=male; MET=methionine; PHE=phenylalanine;  
ppm=parts per  million.  

12  Aromatic amino  acids  include  PHE,  TYR,  and  TRP.  
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  6.3.2. 14-day dietary toxicity/palatability study II 

 
      

  

  

 

 

Number of  
animals  per 

group  

Amino  acid 
supplement   

(mg/kg  bw/day)a  Study Treatment
Group  

 Dietary  protein 
(%)  from  

DASP  & Casein  

Dietary  protein 
(ppm)  from  

DASP  & Casein  M  F  CYS  MET  PHE  
0 DASP;  
23  casein  

0  DASP;  
230000  casein  1  

(basal/high-
dose choice)  

—  5  57.5 115.0  79.1 14-day  
palatability  
/toxicity  
study  II  

23  DASP;  
0  casein  

230000  DASP;  
0  casein  

2  
(mid-dose)  

11.5  DASP;  
11.5  casein  

115000  DASP; 
115000  casein  — 5  28.8  57.5  0  

3  
(control)d  

0 DASP;  
23  casein  

0 DASP;  
230000  casein  —  5  0 0 0 

 
 

In a  second  14-day dose-range  finding  study, female  CRL SD CD® IGS rats were  
administered DASP  in the  diet (5 female  rats/treatment)  to further assess  potential toxicity and 
palatability of DASP  (Burdock et al., 2020). As  shown in  Table 9, Group 1  (choice  diet)  was 
provided a  choice  between two diets: 0%  DASP  (23%  casein) or 23%  DASP  (0%  casein)  in the  
diet. Group 2  was provided a  diet containing 11.5%  DASP  (supplemented with 11.5%  casein),  and  
Group 3 received a  23%  casein diet with 0%  DASP  (control group). The  mean daily intake  for  
Group 2 animals was 10016.5 mg DASP/kg bw/day. The  animals in Group 1 and 2 were  
supplemented with CYS,  MET, and PHE  via gavage  (10 mL/kg bw)  (Table 9). Food and water  
were  provided to the animals ad libitum.  There  were  no  DASP-related deaths or  abnormal clinical 
observations  noted. Slight to moderate alopecia was noted on the forepaw of one  animal and  hair 
loss  in a  different animal, both in Group 3  (control). There  were  no statistically significant  
differences in mean body weight  or body weight  gain in Group 1  or 2  when compared to the control  
group  (Group 3)  (P>0.05). Group  1 (choice) food consumption of the  basal  diet was not  
significantly different from Group 3 food consumption, but there  was a  significant difference  
between the  consumption of the 23%  DASP  by Group 1 animals when  compared  to Group 3  
(P<0.01), indicating Group 1 animals preferred the  basal diet over the  DASP-containing diet. The  
food consumption of Group 2 compared to  Group 3 was not significantly different  (P>0.05). For  
the hematology and clinical chemistry analyses  and gross necropsy,  there  were  no  DASP-related  
changes. Slight decreases in total serum protein (TP)  (P<0.01),  albumin (ALB)  (P<0.01), and 
calcium (CA)  (P<0.05)  in Group 2 (mid-dose) females were  reported, but the results were  within 
historical controls ranges  for  the laboratory  and unaccompanied by clinical signs  or organ  weight  
changes. When  Group  2  and 3  mean  absolute and relative  organ  weights were  compared, there  
were no statistically significant differences (P>0.05).  

Table 9. 14-day palatability/toxicity study II treatment groups 

a  Doses of amino  acids in  supplement as prepared  for  gavage  in  water vehicle.  
b  Concentration  of amino  acids in  supplement as prepared  for gavage  in  water vehicle.  
c  This group  received  79.1  mg  PHE/kg/day  for Days 1–7  and  450  mg  PHE/kg/day  for Days 8–14.  
d  The  control groups received  only  water (vehicle).   
CYS=cysteine; DASP=deactivated  alkaline  serum  protease; F=female; M=male; MET=methionine; PHE=phenylalanine;  
ppm=parts per  million.  
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   6.4. Subchronic Study 

 

Amino  acid 
supplement   

(mg/kg  bw/day)a  
 

 
 

 

Study  Treatment  
Group  

Number of  
animals  per group  

Dietary  protein 
(%)  from DASP  

& Casein  

Dietary  protein 
(ppm)  from  

DASP  & Casein  M  F  CYS MET  
1 

(control)d 10  10  0  DASP;  
23  casein  

0  DASP;  
230000  casein  0  0  

Subchronic 
toxicity  
study  

2  
(low-dose)  

3  
(mid-dose)  

10  

10  

10  

10  

2.875  DASP; 
20.125  casein  
5.75  DASP;  
17.5  casein  

28750  DASP; 
201250  casein  
57500  DASP; 
175000  casein  

7.2   

14.4   

14.4   

28.2   

4  
(high-dose)  10  10  11.5  DASP;  

11.5  casein  
115500  DASP; 
115500  casein  28.8  57.5   

 

Burdock et al.  (2020) reported a  90-day repeat-dose  study  in CRL SD CD® IGS  rats at 0%, 
2.875%, 5.75%,  and  11.5%  DASP  (10  animals/sex/group)  (Table  10).  Mean daily doses were  
approximately equivalent  to 0, 1594.3, 3100.0, or 6224.1 mg DASP/kg bw/day for  male  rats and 
0, 1867.4, 3685.0, or 7500.9 mg DASP/kg bw/day  for  female rats, respectively. The  animals were  
supplemented with CYS and MET  via gavage (10  mL/kg bw/day). The diet and filtered tap water 
were  provided to the animals ad libitum. The study was conducted according to OECD Guideline  
408  (OECD, 1998)  and carried out according to current Good Laboratory Practice.  

Table 10.  Subchronic  toxicity  study  treatment  groups  (Burdock  et al.,  2020).  

a  Doses of amino  acids in  supplement as prepared  for  gavage  in  water vehicle.  
b  Concentration  of amino  acids in  supplement as prepared  for gavage  in  water vehicle.  
c  This group  received  79.1  mg  PHE/kg/day  for Days 1–7  and  450  mg  PHE/kg/day  for Days 8–14.  
d  The  control groups received  only  water (vehicle).   
CYS=cysteine; DASP=denatured  alkaline  serum  protease; F=female; M=male; MET=methionine; PHE=phenylalanine; 
ppm=parts per  million.  

Two male  rats (Group 1 and Group 2) were  found  deceased during the study, but the deaths 
were  not considered to be  DASP-related. Instead,  macroscopic evaluation supported that the  rats  
had oral gavage  trauma. The  ophthalmic  exam results were  normal for  all  groups, and there  were  
no reported clinical  observations in either male  or female  rats that were  attributed to DASP  
consumption. Mean body weights, body weight  gains, food consumption,  and food efficiency of 
all  surviving animals in the  experimental groups were  not significantly different  that those  of the  
control group. Similarly, there  were  no  significant alterations in organ  weights or  organ-to-
body/brain weight  ratios  between  the  experimental groups and control  group.  There  were  no 
findings attributed to treatment with DASP  for  hematology (Table  11  and Table  12),  clinical 
chemistry (Table  13  and Table 14),  coagulation (Table 11  and Table 12), and urinalysis (Table 13  
and Table 14). Mean corpuscular  hemoglobin concentration (MCHC)  was significantly increased  
in females  in the highest dose  group; however, this change  was  reported as  non-adverse  
considering a  lack of correlation with other  hematological parameters and lack of clinical or  
pathological signs. Several other  parameters  were  reported  as  significantly different between  
experimental groups  (including activated partial thromboplastin, prothrombin time, calcium, and 
globulin);  these  differences were  reported to  be  within historical ranges for  the laboratory.  
Additionally, elevated cholesterol levels in  the  experimental female  groups were  not attributed to 
DASP  consumption as the levels were  within historical ranges for  the  laboratory, the finding was 
not present  in males,  and  high cholesterol  values  often induce  increased bile  acid  synthesis, which 
leads to oxidative stress of the liver,  causing  an increase  in AST and ALT and histopathologic 
changes in  the liver  –  none  of which were  present in the females. Lastly, there  were  no  macroscopic  
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 0 ppm  
 

  Group 1 
 28750 ppm  

 Group 2  
  57500 ppm 

 Group 3  
 115500 ppm  

 Group 4  
   Hematology (Day 89)  N=9 N=9  N=10  N=10  

WBC  (x103/µL)  

  RBC (x106/µL) 

HGB (g/dL)  

HCT  (%)  

MCV (fL)  

MCH (pg)  

 RDW (%)  

PLT  (x103/µL)  

 ANEU (x103/µL) 

ALYM  (x103/µL)  

 AMON (x103/µL) 

AEOS (x103/µL)  

 ABAS (x103/µL) 

ALUC  (x103/µL)  

  ARET (x103/µL) 

%RET  

 MCHC (g/dL)  

13.608±4.3688  

9.258±0.3047  

16.09±0.428  

50.50±0.912  

54.61±2.007  

17.37±0.658  

13.49±0.756  

1046.4±101.22  

2.599±1.9075  

10.197±2.5529  

0.334±0.1636  

0.223±0.0946  

0.149±0.0609  

0.098±0.0745  

178.47±36.148  

1.939±0.4533  

31.81±0.575  

11.408±1.9873  

9.522±0.2283  

16.23±0.328  

51.54±0.866  

54.17±1.105  

17.07±0.545  

13.18±0.393  

950.6±190.67  

1.958±0.5743  

8.683±1.6362  

0.339±0.0929  

0.203±0.0742  

0.128±0.0758  

0.094±0.0508  

161.73±23.871  

1.699±0.2566  

31.49±0.523  

13.583±2.8179  

 9.231±0.2020 

16.16±0.310  

 50.14±1.132 

54.33±1.342  

 17.49±0.453 

13.46±0.591  

 920.6±148.97 

2.427±0.9347  

 10.218±2.2304 

0.389±0.1569  

 0.259±0.0706 

0.175±0.1100  

 0.117±0.0742 

179.79±32.101  

 1.951±0.3719 

32.23±0.340  

12.230±3.0366  

 9.397±0.4092 

16.41±0.4092  

51.01±1.524  

 54.30±1.371 

17.48±0.577  

 13.13±0.748 

960.9±60.65  

 2.188±1.4609 

9.184±2.3120  

 0.345±0.1953 

0.241±0.0736  

 0.160±0.0718 

0.104±0.0885  

 166.30±32.390 

1.780±0.3997  

 32.19±0.428 

  Coagulation (Day 96) 
  APTT (sec) 

PT (sec)  

16.01±1.135  

8.77±0.166  

16.63±1.004  

8.81±0.169  

17.01±0.778  

9.06±0.196*  

17.60±1.095**  

9.10±0.275**  

  

or microscopic pathological findings attributed to DASP consumption. The authors reported a No 
Observable Adverse Effect Level (NOAEL) at 115,500 ppm DASP, the highest dose administered 
(approximately equivalent to 6224.1 mg DASP/kg bw/day in males and 7500.9 mg DASP/kg 
bw/day in females). 

Table 11. Subchronic study  male rats:  Hematology  and  coagulation analyses  

ABAS,  absolute basophils; AEOS,  absolute eosinophils; ALUC, absolute large  unstained  cells; ALYM,  absolute  
lymphocytes; AMON, absolute monocytes; ANEU,  absolute neutrophils; APTT,  activated  partial thromboplastin  time; 
ARET,  absolute  reticulocytes; HCT,  hematocrit;  HGB,  hemoglobin; MCH, mean  corpuscular hemoglobin;  MCHC, mean  
corpuscular hemoglobin  concentration; MCV, mean  corpuscular volume; PLT,  platelet count;  ppm,  parts per  million; PT,  
prothrombin  time; RBC, erythrocytes; RDW,  red  cell  distribution  width;  WBC,  total  white  blood  cells; Mean  ± SD shown;  
**Statistically  significant  P≤0.01; *Statistically  significant  P≤0.05.  
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0  ppm  
Group  1  

  
 28750 ppm  

 Group 2  
 575000 ppm  

 Group 3  
 115500 ppm  

 Group 4  
   Hematology (Day 89)  N=10 N=10  N=10  N=10  

  WBC (x103/µL) 

RBC  (x106/µL)  

HGB (g/dL)  

HCT  (%)  

MCV (fL)  

MCH (pg)  

 RDW (%)  

PLT  (x103/µL)  

 ANEU (x103/µL) 

ALYM  (x103/µL)  

 AMON (x103/µL) 

AEOS (x103/µL)  

 ABAS (x103/µL) 

ALUC  (x103/µL)  

  ARET (x103/µL) 

%RET  

 MCHC (g/dL)  

 7.143±1.5248 

8.821±0.5209  

 15.70±0.506 

48.54±1.619  

 55.33±2.204 

17.91±0.768  

 12.09±0.412 

947.7±72.53  

 1.293±0.6470 

5.368±1.2424  

 0.208±0.0983 

0.142±0.0483  

 0.067±0.0403 

0.068±0.0365  

 143.93±44.014 

1.650±0.5600  

 32.36±0.310 

6.815±2.1150  

8.799±0.2292  

15.85±0.458  

48.86±1.583  

55.74±1.278  

18.05±0.438  

12.00±0.350  

857.0±113.61  

1.082±0.6957  

5.224±1.6191  

0.210±0.0831  

0.159±0.0803  

0.086±0.1197  

0.055±0.0303  

141.92±29.962  

1.615±0.3427  

32.42±0.539  

7.466±2.1286  

8.775±0.3784  

15.88±0.473  

48.84±1.564  

55.88±1.042  

18.15±0.354  

11.68±0.355  

902.8±100.08  

1.378±0.5412  

5.573±1.8929  

0.233±0.0631  

0.155±0.0602  

0.085±0.0387  

0.042±0.0162  

142.36±42.104  

1.633±0.5212  

32.45±0.443  

 8.012±2.8899 

8.597±0.3175  

 15.78±0.469 

47.86±1.585  

 55.71±1.306 

18.33±0.383  

 11.97±0.386 

902.4±227.48  

 1.504±1.0435 

5.863±1.8338  

 0.258±0.1134 

0.209±0.0681  

 0.074±0.0693 

0.099±0.0677  

 144.16±33.68 

1.684±0.4210  

32.94±0.347*  

  Coagulation (Day 97)  N=9-10  N=9-10 N=10  N=10  
  APTT (sec) 

PT (sec)  

 15.78±2.118 

8.74±0.343  

17.72±1.945  

8.44±0.174  

17.94±1.864  

8.87±0.395  

18.59±1.688**  

9.00±0.313  

  

Table 12. Subchronic  study  - female rats:  Hematology  and coagulation analyses  

ABAS,  absolute basophils; AEOS,  absolute eosinophils; ALUC,  absolute large  unstained  cells; ALYM,  absolute  
lymphocytes; AMON, absolute monocytes; ANEU,  absolute neutrophils;  APTT,  activated  partial thromboplastin  time;  
ARET,  absolute  reticulocytes;  HCT,  hematocrit; HGB,  hemoglobin;  MCH,  mean  corpuscular  hemoglobin;  MCHC,  mean  
corpuscular hemoglobin  concentration; MCV, mean  corpuscular volume; PLT,  platelet count; ppm,  parts per  million; PT,  
prothrombin  time; RBC, erythrocytes; RDW,  red  cell  distribution  width; WBC,  total white blood  cells; Mean  ± SD shown; 
**Statistically  significant  P≤0.01; *Statistically  significant  P≤0.05.  
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 0  ppm  
Group  1  

  28750 ppm 
 Group 2  

  575000 ppm 
 Group 3  

  115500 ppm 
 Group 4  

Clinical chemistry   N=9 N=9   N=10  N=10 
  Sodium (mmol/L) 

Potassium  (mmol/L)  

  Chloride (mmol/L) 

Albumin  (g/dL)  

 AST (U/L) 

ALT  (U/L)  

  ALKP (U/L) 

BUN  (mg/dL)  

  Calcium (mg/dL) 

Total cholesterol (mg/dL)  

  Creatinine (mg/dL) 

Glucose,  fasting  (mg/dL)  

 Phosphate (mg/dL) 

Total protein  (g/dL)  

  Total bilirubin (mg/dL) 

Triglycerides (mg/dL)  

SDH  (U/L)  

  Globulin (g/dL) 

 143.8±1.39 

5.040±0.2479  

 100.77±1.260 

3.98±0.186  

 93.7±49.10 

38.9±38.17  

 73.0±19.92 

12.4±1.74  

 10.80±0.206 

87.3±26.00  

 0.167±0.0218 

134.2±11.30  

 6.89±0.389 

6.62±0.331  

 0.091±0.0252 

99.4±65.44  

9.23±14.802@  

2.64±0.260  

142.8±0.83  

4.969±0.3157  

101.24±1.201  

4.09±0.105  

89.4±68.79  

37.8±42.85  

72.0±11.42  

12.3±1.50  

10.70±0.320  

83.4±23.43  

0.153±0.0132  

134.8±12.32  

6.61±0.369  

6.68±0.222  

0.087±0.200  

114.7±57.27  

6.29±5.616  

2.59±0.196  

 142.7±0.82 

5.127±0.4692  

100.00±0.790  

 4.04±0.227 

90.4±49.12  

 34.7±30.88 

68.6±11.87  

 11.7±1.06 

10.82±0.286  

 83.7±14.80 

0.170±0.0200  

147.4±17.45  

6.84±0.737  

 6.76±0.255 

0.094±0.0284  

118.1±56.74  

6.58±8.185@  

 2.72±0.274 

 143.3±0.82 

5.177±0.3353  

 101.24±1.103 

3.93±0.206  

 96.1±69.35 

38.5±53.34  

 80.4±24.49 

11.7±0.67  

10.48±0.155*  

79.6±22.09  

 0.157±0.0236 

129.4±12.27  

 6.97±0.548 

6.47±0.164  

 0.100±0.0403 

84.7±42.42  

8.73±16.717@  

 2.54±0.151 

Urinalysis   N=5-9 N=7-9   N=8-10  N=4-10 
 URO (EU/dL)  

pH  

Specific gravity  

  Urine volume (mL) 

 0.20±0.000 

6.56±0.300  

1.0250±0.00559  

 4.8±3.05 

0.47±0.400  

6.67±0.250  

0.9687±0.17466  

 3.8±1.55 

 0.28±0.253 

6.60±0.211  

1.0265±0.00530  

 4.6±1.90 

 0.20±0.000 

7.20±0.587  

0.9146±0.21698  

 6.3±1.50 

  

Table 13. Subchronic study  - male rats:  Clinical chemistry  and  urinalysis  parameters  (Day  89)  

ALKP,  alkaline  phosphatase; ALT,  alanine  aminotransferase; AST,  aspartate  aminotransferase; BILI,  total bilirubin; BUN,  
blood  urea  nitrogen; ppm,  parts per  million;  SDH,  sorbitol  dehydrogenase; UMTP,  protein;  URO,  urobilinogen;  Mean  ±  SD 
shown;  *Statistically  significant P≤0.05; @Number examined  reduced  due  to  excluded  data  
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 0  ppm  
Group  1  

 28750 ppm  
 Group 2  

  57500 ppm 
 Group 3  

 115500 ppm  
 Group 4  

Clinical chemistry    N=9-10 N=10  N=10   N=7-10 
  Sodium (mmol/L) 

Potassium  (mmol/L)  

 Chloride (mmol/L) 

Albumin  (g/dL)  

 AST (U/L) 

ALT  (U/L)  

ALKP (U/L)  

BUN (mg/dL)  

  Calcium (mg/dL) 

Total cholesterol (mg/dL)  

 Creatinine (mg/dL) 

Glucose,  fasting  (mg/dL)  

 Phosphate (mg/dL) 

Total protein  (g/dL)  

  Total bilirubin (mg/dL) 

Triglycerides (mg/dL)  

 SDH (U/L) 

Globulin  (g/dL)  

 142.2±0.79 

4.448±0.3324  

100.57±1.568  

 5.51±0.551 

72.5±32.09  

 24.2±11.32 

35.3±9.93  

 11.9±1.79 

10.92±0.476  

 83.6±18.52 

0.255±0.0528  

 119.0±12.77 

5.37±0.609  

 7.68±0.537 

0.101±0.0307  

 68.8±57.44 

4.99±2.127@  

 2.17±0.271 

142.6±0.70  

4.495±0.3579  

100.56±1.375  

5.51±0.387  

88.6±87.13  

40.7±64.92  

33.7±4.55  

 13.9±3.41 

10.93±0.469  

96.1±15.52**  

0.257±0.0414  

128.5±10.91  

5.34±0.717  

7.88±0.371  

0.108±0.0397  

58.5±26.96  

4.61±6.415  

2.37±0.134  

 142.2±0.92 

4.589±0.2515  

 99.88±1.769 

5.50±0.333  

 61.5±11.52 

19.6±6.15  

 39.8±12.67 

12.9±1.20  

 10.94±0.384 

100.0±30.45**  

 0.242±0.0301 

117.1±6.49  

 5.53±0.485 

7.74±0.353  

 0.110±0.0406 

58.5±15.19  

3.15±1.376  

 2.24±0.212 

 142.0±0.94 

4.661±0.3347  

99.55±1.210  

 5.52±0.262 

71.4±17.12  

 20.0±7.41 

37.2±10.24  

 13.7±2.06 

10.99±0.387  

109.9±21.90**  

0.277±0.0435  

 126.1±13.32 

5.16±0.369  

 7.98±0.349 

0.114±0.0222  

 58.7±26.57 

3.21±2.081@  

2.46±0.222*  

Urinalysis   N=7-10 N=10   N=9-10  N=9-10 
URO (EU/dL)  

pH  

Specific gravity  

  Urine volume (mL) 

 0.44±0.386 

6.60±0.699  

0.9678±0.16351  
 4.1±1.95 

0.28±0.253  

6.50±0.408  

1.0215±0.00747  

 5.7±3.72 

 0.52±0.413 

6.83±0.750  

0.9688±0.16386  

 3.2±1.48 

 0.36±0.337 

6.94±0.527  

0.9151±0.21731  

 6.2±3.37 

 
  6.5. Genotoxicity 

Table 14. Subchronic  study  - female rats:  Clinical chemistry  and  urinalysis  parameters (Day  89)  

ALKP,  alkaline  phosphatase; ALT,  alanine  aminotransferase; AST,  aspartate  aminotransferase; BILI,  total bilirubin; BUN,  
blood  urea  nitrogen; ppm,  parts per  million;  SDH,  sorbitol  dehydrogenase; UMTP,  protein;  URO,  urobilinogen;  Mean  ±  SD 
shown;**Statistically  significant  P≤0.001;  *Statistically  significant  P≤0.05; @Number examined  reduced  due  to  excluded  data.  

Alkaline  serine  proteases have  been evaluated for their  potential genotoxicity and are  
considered non-mutagenic in genotoxicity  assays (Basketter et al., 2012). Similarly, proteins  
consisting of only a  primary  amino acid structure  (denatured)  are  generally non-genotoxic  as 
genotoxic  proteins act by utilizing  higher  order structures  (Thybaud et al., 2016). However, to 
ensure  non-genotoxicity of DASP, an in  vitro  bacterial reverse  mutation assay was  conducted in 
S. typhimurium (TA1535, TA100, TA1537, and TA98)  and E. coli  WP2 uvrA with (i.e., S9 mix) 
and without metabolic activation  at 0, 1.58, 5.0, 15.8, 50, 158, 500, 1580, or 5000 µg DASP/plate  
using  sterile  water for  serial dilutions (control vehicle; Experiment I)  (Burdock et al., 2020). A 
pre-incubation test (Experiment II)  was  completed at 0, 1.58, 5.0,  15.8, 50, 158, 500, 1580, or  5000  
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4195(438.5)  

500  

10(1.0)  
 

 

 

 

 

 
 

 

 

 

99(10.3)  

Mean (SD)  revertant colonies  per plate  Strain  Dose (µg/plate)  -S9  +S9  
TA135  0  12(2.5)  10(2.0) 

1.58  11(4.7)  9(3.2) 
5  13(3.1)  9(2.5) 

15.8  12(2.1)  11(2.1) 
50  11(1.7)  11(1.2) 

158  11(3.1)  13(4.0) 
500  11(4.2)  14(5.0) 

1580  11(3.2)  
5000*  13(6.5)  12(2.5) 

Control^  660(46.1)  295(27.1) 
TA1537  0  10(3.5)  9(1.7)  

1.58  11(4.0)  9(1.5)  
5 9(2.0)  11(1.0)  

15.8  7(1.0)  7(1.0)  
50 7(2.1)  8(2.1)  

158  9(1.2)  8(2.1)  
500 8(1.0)  11(3.6)  

1580  8(3.0)  7(1.0)  
5000* 6(0.6)  9(1.5)  

Control^  2480(436.8)  401(82.7) 
TA98  0  23(1.0)  30(8.5)  

1.58 19(0.6)  21(4.0)  
5  24(5.7)  21(2.1)  

15.8  23(4.2)  24(4.6)  
50 22(3.1)  23(4.9)  

158  19(7.0)  22(2.1)  
17(3.2)  21(3.1)  

1580  19(3.8)  24(6.8)  
5000* 25(5.0)  21(2.1)  

Control^  948(106.3)  
TA100  0  94(7.0)  

1.58  88(5.0)  97(4.2)  
5  94(4.4)  97(5.8)  

15.8  86(9.5)  89(24.8)+  
50  91(6.7)  91(4.0)  

158  87(5.3)  84(7.6)  
500  81(4.0)  89(9.5)  

1580  79(8.6)  90(4.7)  
5000*  86(9.9)  83(3.1)  

Control^  761(67.2)  3903(90.7)  

µg DASP/plate with and without  metabolic  activation to serve  as a  confirmatory test. Each  
treatment was conducted in triplicate. The  bacterial reverse  mutation assay was conducted  
according to OECD  Guideline 471 (1997). As  shown in Table 15, the number of revertant colony  
counts  did not increase  dose-dependently and were  not related to treatment  with DASP. As such, 
the authors concluded  that DASP  was non-mutagenic with and without  metabolic  activation under 
the conditions of the assay (Burdock et al., 2020).  

Table 15. Bacterial reverse mutation assay (Ames test) with DASP 
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 Strain  Dose (µg/plate)   Mean (SD) revertant colonies per plate  
-S9  +S9  

   E. coli WP2 uvrA  0  45(3.1)  51(4.6) 
 1.58  45(4.0)  49(8.0) 

 5  45(10.1)  54(6.4) 
 15.8  42(2.6)  46(2.5) 

 50   43(6.7) +  43(7.6) 
 158  47(5.0)  49(4.7) 
 500  44(9.1)  55(5.6) 
 1580  48(4.2)  51(7.2) 
 5000*  41(6.0)  49(4.2) 

 Control^  682(26.7)  129(5.3) 

 
  6.6. Carcinogenicity 

   6.7. Allergenicity 

 

Table 15. Bacterial reverse mutation assay (Ames test) with DASP 

^Controls for –S9: strain  TA1535=sodium  azide,  strain  TA1537=ICR 191  acridine,  strain  TA98=daunomycin,  
strain  TA100=sodium  azide,  E.  Coli  WP2  uvrA=MMS; controls for +S9: for all  strains=2-aminoanthracene  
*Lawn  evaluation  difficult  due  to  precipitate from  test substance.  
+One  replicate was contaminated;  however,  the  contamination  did  not obscure  revertant colony  count.  

DASP  is not expected to be  carcinogenic  as there  is no indication in literature  that alkaline  
serine  proteases  possess carcinogenic properties. Similarly, alkaline serine  proteases, as such in 
their  native  form,  are  not very bioavailable as they are readily degraded by enzymes in the gastro-
intestinal tract. There  is no indication that carcinogenicity studies have  been published regarding 
subtilisin, the native form of DASP  (Basketter et al., 2012).   

Alkaline  serine  proteases  are  respiratory allergens  that may also cause  minor dermal and 
ocular  irritation  (Matsumura, 2012; Florsheim  et al., 2015).  Subtilisin is subject to a  recommended  
exposure  limit set by the  National Institute  for  Occupation Safety and Health  (NIOSH)  and it  is 
recommended to avoid inhalation at levels exceeding 0.00006 mg/m3  (60 ng/m3)  over a  60-minute  
period.13  There  are  no exposure  limits regarding ingestion of subtilisin.  Subtilisin  has  also  been 
evaluated  via  the  Human and Environmental Risk Assessment  (HERA)  Project  for  subtilisin’s use  
in detergent products.14  HERA evaluated subtilisin  based on  route  of exposure  and a  subsequent  
hazard and risk assessment  for  each route  (HERA, 2007). The  respiratory and dermal/ocular  
exposure  routes are  considered in the context of  allergenicity with adverse  effects of exposure  
inducing respiratory (Type  I)  allergenicity  and dermal/ocular irritation. However, exposure  mainly 
occurs during dispensing detergent products or  during  handwashing  such that exposure  does not 
exceed 2 ng/m3.  The  upper benchmark  where  allergic symptoms occur  is 212 ng/m3  with the lower  
benchmark unclear, though HERA reports that allergic  symptoms can be  excluded when exposure  
does not exceed 1 ng/m3. Further, they report that allergic  effects are  not expected  even at the  
highest exposure  level (2  ng/m3), as  the threshold at which respiratory sensitization and allergies  
occur are  likely to be  distinctly higher  than  1 ng/m3. It should be  noted  that these  exposure  levels  
are  also below the NIOSH exposure  limit. As a  dermal and ocular  irritant, subtilisin similarly does  
not pose  significant risk  as exposure  levels are  small and  of short duration; further, denatured  
subtilisin does not act as an irritant due  to lack of enzymatic activity. The  HERA  report states that 

13  https://www.cdc.gov/niosh/npg/npgd0572.html; last accessed  January  26th,  2021.  
14  HERA is  a  voluntary  industry  program  to  carry  out Human  and  Environmental Risk  Assessments  on  ingredients  
of  household  cleaning  products  in  the EU; https://www.heraproject.com/; last accessed  January  26th,  2021.  
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  6.8. Observations in Humans 
    

        
    

  

any oral exposure  to subtilisin would not induce  allergenicity  as it  is not the site  of allergenic  
activity;  additionally, subtilisin would be broken down by gastro-intestinal enzymes.  

It should be  noted that various proteases concluded  as GRAS are  not considered allergenic  
when consumed including serine  protease  (GRN 563; GRN 564),  subtilisin  (GRN 714), and serine  
endopeptidase (GRN 817).  

DASP  is denatured  at 70°C  for  20 minutes  and has  no enzymatic activity, as such it  is not  
a  dermal or ocular  irritant. While  no studies investigating allergenicity upon oral administration  of 
DASP  have  been conducted, the manufacturing method and lack of enzymatic activity, along with  
administration route  (oral), indicates that DASP  should not be  allergenic  or irritating under  its  
intended use.  As a  result, DASP should not be classified as a food  allergen.   

DocuSign Envelope ID: 4A1F4D68-4127-442D-B77A-A0FA4EB6896E

While DASP has not been subjected to clinical trials, subtilisin, the native form of DASP, 
has a history of use as a human food ingredient as evidenced in Section 2.2. Considering DASP is 
a denatured ASP, a commonly consumed food ingredient (Section 2.2), DASP is safe as a macro-
additive to food. 
7.  EVALUATION  

DASP  is an off-white  powder composed of 274 amino acids with a  molecular  weight  of 
27,413.43 g/mol and isoelectric  point  (pI)  of  6.7. DASP  is expressed in B.  licheniformis strain 
2709  and is composed of  >90%  protein with <0.25%  of the  protein composed of PHE.  DASP  is  
expected  to be  stable  at  ambient temperatures for  up to two (2)  years  and  DASP  is stable  as an 
added ingredient to medical  foods.  As a  medical food  ingredient,  DASP  meets criteria  set forth by  
FDA  for a  medical food  ingredient utilized in the treatment of  an  IEM, as DASP  is specially  
formulated and processed for  exclusive  use  by  PKU  patients.  Patients  utilizing DASP  may 
facilitate the dietary management of their  PHE  levels   that are  influenced by their  decreased ability  
to metabolize  the potentially  harmful  amount  of  PHE in normal foodstuffs.    

DASP  is expressed in B.  licheniformis strain 2709, a  non-toxigenic, non-pathogenic  
saprophytic  microorganism that is  widespread in nature. B.  licheniformis  has a  history of safe  
industrial use in producing enzymes used in human food and has been routinely used as a host for  
recombinant enzymes –  it is often referenced as a  well-characterized and  safe  production strain 
with a  history of safe  use  (Section 2.2).  Similarly, the method of transformation and construction 
of the final production organism  is well  detailed and characterized and the vectors  and intermediate  
organisms utilized in characterization are  commonly used in industrial enzyme production by  
microorganisms  (Section 3; Section  6.1; Section 6.2). As such,  there  is no safety concern  regarding  
the recombination and manufacturing process of  DASP.  

While  DASP  has not been subjected  to human trials, subtilisin and other  ASPs have  a  long 
history of use  as  a  human food ingredient as described in  Section 2.2. Considering DASP  is a  
denatured ASP, and ASPs are  commonly consumed in food,  it  is reasonable  to assume  DASP  will  
be  safe  under similar use. However, DASP  is intended as a  macro-additive  in medical foods that 
could replace  up to 80%  of protein in the diets of individuals over the  age  of 1 with PKU. 
Therefore, to evidence  the safety of DASP  a  series of two 14-day dietary toxicity/palatability  
studies  were  conducted using  various concentrations of DASP  administered to rodents.  In  both  
studies, there  were  no  DASP-related  toxicological effects observed. A  subsequent  90-day  
toxicology study  was conducted in rodents at doses of 0%, 2.875%, 5.75%, and 11.5%  DASP. 
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8.  CERTIFICATION  
The  undersigned authors of this document—a   dossier in support of  GRAS status  

determination for  use  of DASP—he reby certify that, to the best of their  knowledge  and belief, this 
document is a  complete  and balanced  representation of all  available  information,  favorable as well  
as unfavorable, known by  the authors to be  relevant  to evaluation of the substance  described herein.  

Ryan M. Parente, M.S.  
Scientific and Regulatory Affairs Writer, Burdock Group  
Monographer  
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9.  CONCLUSION  
Following a  critical evaluation of the information available, the Expert 

determined that, based on common knowledge throughout the scientific 
knowledgeable about the safety of substances directly or indirectly added to 
reasonable certainty that DASP, produced in accordance with current Good 
Practice, is safe under the intended conditions of use, and is therefore GRAS, 
procedures, when used as an ingredient in specified medical foods, so that total daily 
of deactivated DASP from all sources up to 80% of total protein intake per day in individuals 
the age of 1 (one) year, but higher levels of use have not been evaluated. 

It is our opinion that other experts qualified by scientific training and experience to 
the safety of food and food ingredients would concur with these conclusions. 
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12.  APPENDIX  I  

Results based on testing of six separate batches of DASP. 
Batch Number 

20160416 20160422 20160503 20160508 20160514 20160520 

TAMC 790 320 600 160 4200 150 

TYMC <10 <10 <10 <10 <10 <10 

Bile Tolerant/g Undetected Undetected Undetected Undetected Undetected Undetected 

E. coli/g Undetected Undetected Undetected Undetected Undetected Undetected 

Salmonella/10g Undetected Undetected Undetected Undetected Undetected Undetected 

P. aeruginosa/g Undetected Undetected Undetected Undetected Undetected Undetected 

S. aureus/g Undetected Undetected Undetected Undetected Undetected Undetected 

Pb (mg/kg) Undetected Undetected Undetected Undetected Undetected Undetected 

Cd (mg/kg) Undetected Undetected Undetected Undetected Undetected Undetected 

As (mg/kg) Undetected Undetected Undetected Undetected Undetected Undetected 

Hg (mg/kg) Undetected Undetected Undetected Undetected Undetected Undetected 

Moisture g/100g 3.9 3.1 4.2 3.3 3.8 3.2 

Total Ash g/100g 0.6 0.4 0.4 0.4 0.4 0.2 

Protein g/100g 93.4 94.1 92.6 93.1 93.3 92.8 

Asp, g/100g 11.46 11.48 11.73 11.54 11.58 11.71 

Thr, g/100g 7.00 6.80 6.99 6.98 7.00 7.05 

Ser, g/100g 9.45 9.36 9.52 9.48 9.45 9.55 

Glu, g/100g 6.05 6.00 6.09 6.02 6.03 6.08 

Pro, g/100g 3.48 3.38 3.49 3.40 3.39 3.51 

Gly, g/100g 8.41 8.13 8.45 8.46 8.48 8.54 

Ala, g/100g 11.56 11.53 11.64 11.62 11.56 11.75 

Val, g/100g 10.67 10.65 10.79 10.77 10.80 10.67 

Met, g/100g 1.99 2.36 1.44 2.41 1.76 1.67 

Ile, g/100g 3.98 3.89 3.95 3.94 3.96 3.96 

Leu, g/100g 6.95 6.98 6.91 6.96 6.98 7.07 

Tyr, g/100g 8.44 9.00 8.27 8.55 8.40 8.62 

Phe, g/100g 0.15 0.14 0.17 0.11 0.14 0.15 

Lys, g/100g 4.37 4.18 4.30 4.36 4.35 4.32 

His, g/100g 2.64 2.51 2.63 2.64 2.66 2.62 

Arg, g/100g 2.35 2.25 2.37 2.31 2.38 2.36 

July 21, 2021 CONFIDENTIAL – FINAL Page 38 of 88 
19.CAPT002.04 fusing science and compliance www.burdockgroup.com 



 

        
   

 

  12.2. Stability Data 
   12.2.1. Refrigerated (+5°C ± 3°C) 

 
 

Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months 18 Months 24 Months
Lot 20160416 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018 14-Mar-2019 14-Sep-2019
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
Report

Protein Concentration
Report 93.7 g / 100 g 93.3 g / 100 g 93.7 g / 100 g 93.0 g / 100 g 93.1 g / 100 g 94.2 g / 100 g 94.7 g / 100 g 93.3 g / 100 g

SDS-PAGE
Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms

Water Activity (aw)
Report 0.256 0.169 0.149 0.115 0.112 0.109 0.114 0.119

Flow-ability
Report 1.24 1 1.22 1.07 1.2 1.21 1.22 1.17

Purity (USP <61>)  
TAMC < 10000 CFU/g Pass ND ND ND ND Pass ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent ND Absent
E. coli Absent Absent ND ND ND ND Absent ND Absent
Salmonella Absent Absent ND ND ND ND Absent ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms

 

----------------------
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As highlighted in the next three tables, the material is stable for at least 24-months when stored at (+5°C ± 3°C). There were no testing 
outliers or deviations during the conduct of the study.  

tive
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months 18 Months 24 Months
Lot 20160508 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018 14-Mar-2019 14-Sep-2019
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
Protein Concentration

Report 94.1 g / 100 g 93.7 g / 100 g 94.1 g / 100 g 94.3 g / 100 g 94.7 g / 100 g 95.0 g / 100 g 95.1 g / 100 g 94.3 g / 100 g
SDS-PAGE

Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms
Water Activity (aw)

Report 0.244 0.185 0.135 0.115 0.111 0.121 0.12 0.126
Flow-ability

Report 1.09 1 1.23 1.07 1.25 1.17 1.19 1.18
Purity (USP <61>)

TAMC < 10000 CFU/g Pass ND ND ND ND Pass ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent ND Absent
E. coli Absent Absent ND ND ND ND Absent ND Absent
Salmonella Absent Absent ND ND ND ND Absent ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms

 

tive
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months 18 Months 24 Months
Lot 20160520 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018 14-Mar-2019 14-Sep-2019
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
Protein Concentration

Report 93.2 g / 100 g 92.2 g / 100 g 93.3 g / 100 g 93.6 g / 100 g 93.0 g / 100 g 92.6 g / 100 g 91.9 g / 100 g 92.9 g / 100 g
SDS-PAGE

Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms
Water Activity (aw)

Report 0.246 0.187 0.171 0.138 0.138 0.179 0.154 0.134
Flow-ability

Report 1.21 1.08 1.17 1.07 1.5 1.21 1.27 1.38
Purity (USP <61>)

TAMC < 10000 CFU/g Pass ND ND ND ND Pass ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent ND Absent
E. coli Absent Absent ND ND ND ND Absent ND Absent
Salmonella Absent Absent ND ND ND ND Absent ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms

tive
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   12.2.2. Controlled Room Temperature (+25°C ± 2°C/60% RH ± 5% RH) 

   
 

As highlighted in the next three tables, the material is stable for at least 24-months when stored at (+25°C ± 2°C/60% RH ± 5% RH). 
There were no testing outliers or deviations during the conduct of the study. 
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months 18 Months 24 Months
Lot 20160416 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018 14-Mar-2019 14-Sep-2019
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable

Activity
 No Detectable 

Activity
No Detectable

Activity
 

Protein Concentration
Report 93.7 g / 100 g 93.2 g / 100 g 93.7 g / 100 g 93.1 g / 100 g 94.4 g / 100 g 92.7 g / 100 g 92.4 g / 100 g 93.7 g / 100 g

SDS-PAGE
Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms Conforms

 
Conforms

Water Activity (aw)
Report 0.256 0.155 0.117 0.118 0.113 0.137 0.127 0.121

Flow-ability
Report 1.24 1.17 1.17 1.05 1.2 1.15 1.19 1.16

Purity (USP <61>)
TAMC < 10000 CFU/g Pass ND ND ND ND Pass ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent ND Absent
E. coli Absent Absent ND ND ND ND Absent ND Absent
Salmonella Absent Absent ND ND ND ND Absent ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms

tive
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months 18 Months 24 Months
Lot 20160508 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018 14-Mar-2019 14-Sep-2019
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
Protein Concentration

Report 94.1 g / 100 g 94.0 g / 100 g 93.1 g / 100 g 93.7 g / 100 g 94.6 g / 100 g 94.9 g / 100 g 92.9 g / 100 g 93.5 g / 100 g
SDS-PAGE

Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms
Water Activity (aw)

Report 0.244 0.158 0.118 0.114 0.128 0.144 0.121 0.123
Flow-ability

Report 1.09 1.27 1.21 1.07 1.25 1.16 1.19 1.18
Purity (USP <61>)

TAMC < 10000 CFU/g Pass ND ND ND ND Pass ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent ND Absent
E. coli Absent Absent ND ND ND ND Absent ND Absent
Salmonella Absent Absent ND ND ND ND Absent ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms

 

tive
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months 18 Months 24 Months
Lot 20160520 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018 14-Mar-2019 14-Sep-2019
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
Protein Concentration

Report 93.2 g / 100 g 93.0 g / 100 g 93.5 g / 100 g 93.7 g / 100 g 93.8 g / 100 g 94.2 g / 100 g 92.7 g / 100 g 93.4 g / 100 g
SDS-PAGE

Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms Conforms
 

Conforms
Water Activity (aw)

Report 0.246 0.187 0.12 0.168 0.12 0.209 0.154 0.147
Flow-ability

Report 1.21 1.14 1.24 1.07 1.4 1.09 1.18 1.18
Purity (USP <61>)

TAMC < 10000 CFU/g Pass ND ND ND ND Pass ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent ND Absent
E. coli Absent Absent ND ND ND ND Absent ND Absent
Salmonella Absent Absent ND ND ND ND Absent ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms Conforms Conforms

tive
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  12.2.3. Stressed (+40°C ± 2°C/75% RH ± 5% RH) 

      
  

 

----------------------

As highlighted in the next three tables, the material is stable for at least 12-months when stored at (+40°C ± 2°C/75% RH ± 5% 
RH). There were no testing outliers or deviations during the conduct of the study.  
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months
Lot 20160416 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
Protein Concentration

Report 93.7 g / 100 g 93.0 g / 100 g 93.7 g / 100 g 93.5 g / 100 g 94.4 g / 100 g 93.9 g / 100 g
SDS-PAGE

Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms
Water Activity (aw)

Report 0.256 0.151 0.136 0.15 0.153 0.16
Flow-ability

Report 1.24 1.36 1.09 1.07 1.4 1.21
Purity (USP <61>)

TAMC < 10000 CFU/g Pass ND ND ND ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent
E. coli Absent Absent ND ND ND ND Absent
Salmonella Absent Absent ND ND ND ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms

 

tive
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months
Lot 20160508 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
Protein Concentration

Report 94.1 g / 100 g 94.5 g / 100 g 94.9 g / 100 g 93.1 g / 100 g 93.5 g / 100 g 94.0 g / 100 g
SDS-PAGE

Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms
Water Activity (aw)

Report 0.244 0.155 0.137 0.154 0.171 0.181
Flow-ability

Report 1.09 1.07 1.23 1.07 1.25 1.17
Purity (USP <61>)

TAMC < 10000 CFU/g Pass ND ND ND ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent
E. coli Absent Absent ND ND ND ND Absent
Salmonella Absent Absent ND ND ND ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms

 

tive
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Timepoint Acceptance Initial 1 Month 3 Months 6 Months 9 Months 12 Months
Lot 20160520 14-Sep-2017 14-Oct-2017 14-Dec-2017 14-Mar-2018 14-Jun-2018 14-Sep-2018
Appearance

Off-white free-flowing 
powder, free of visible 

contamination
Pass Pass Pass Pass Pass Pass

Activity (Lack of Activity)

Report
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable 

Activity
No Detectable

Activity
 

Protein Concentration
Report 93.2 g / 100 g 94.2 g / 100 g 93.5 g / 100 g 93.0 g / 100 g 92.2 g / 100 g 93.2 g / 100 g

SDS-PAGE
Matches Reference Conforms Conforms Conforms Conforms Conforms Conforms

Water Activity (aw)
Report 0.246 0.199 0.145 0.238 0.211 0.265

Flow-ability
Report 1.21 1.07 1.22 1.07 1.39 1.27

Purity (USP <61>)
TAMC < 10000 CFU/g Pass ND ND ND ND Pass
TYMC < 1000 CFU/g Pass ND ND ND ND Pass

Purity (USP <62>)
S. aureus Absent Absent ND ND ND ND Absent
E. coli Absent Absent ND ND ND ND Absent
Salmonella Absent Absent ND ND ND ND Absent
Bile Tolerant Gram Nega Absent Absent ND ND ND ND Absent

Integrity
Visual Report Conforms Conforms Conforms Conforms Conforms Conforms

tive
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  13.1. Regulation Cited in the Code of Federal Regulations (CFR) 
     21 CFR § 101.9(j)(8) Nutrition labeling of food. 

  

13.  APPENDIX II  

DocuSign Envelope ID: 4A1F4D68-4127-442D-B77A-A0FA4EB6896E

(8)  Medical foods as defined in section 5(b)  of the  Orphan Drug Act (21 U.S.C. 360ee(b)(3)). A 
medical food is a  food which is formulated to be  consumed or administered enterally under the  
supervision of a physician and which is intended for the specific dietary management of a disease  
or condition for which  distinctive nutritional requirements,  based  on  recognized  scientific  
principles, are  established by medical evaluation. A food is subject to this exemption only if:  
(i)  It is a  specially formulated and processed product (as opposed to a  naturally occurring foodstuff  
used in its natural state) for the partial or exclusive feeding of a patient by means of oral intake or 
enteral feeding by tube;  
(ii) It is intended for the dietary management of a  patient who,  because  of therapeutic  or chronic  
medical needs, has limited or impaired capacity to ingest, digest, absorb, or metabolize  ordinary  
foodstuffs or certain nutrients, or who has other  special medically  determined nutrient 
requirements, the  dietary  management of which cannot be  achieved by  the  modification of  the 
normal diet alone;  
(iii) It provides nutritional support specifically modified for  the management of the unique nutrient  
needs that result from the specific disease or condition, as determined by medical evaluation;  
(iv)  It is intended to be used under medical supervision; and  
(v)  It is  intended only for  a  patient receiving active  and  ongoing medical  supervision wherein the  
patient requires medical care  on a  recurring basis  for, among other  things, instructions on the use  
of the medical food.  
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21 CFR § 101.100 Food; exemptions from labeling. 
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(a) The following foods are exempt from compliance with the requirements of section 403(i)(2) of 
the act (requiring a declaration on the label of the common or usual name of each ingredient when 
the food is fabricated from two or more ingredients). 
(1) An assortment of different items of food, when variations in the items that make up different 
packages packed from such assortment normally occur in good packing practice and when such 
variations result in variations in the ingredients in different packages, with respect to any ingredient 
that is not common to all packages. Such exemption, however, shall be on the condition that the 
label shall bear, in conjunction with the names of such ingredients as are common to all packages, 
a statement (in terms that are as informative as practicable and that are not misleading) indicating 
by name other ingredients which may be present. 
(2) A food having been received in bulk containers at a retail establishment, if displayed to the 
purchaser with either: 
(i) The labeling of the bulk container plainly in view, provided ingredient information appears 
prominently and conspicuously in lettering of not less than one-fourth of an inch in height; or 
(ii) A counter card, sign, or other appropriate device bearing prominently and conspicuously, but 
in no case with lettering of less than one-fourth of an inch in height, the information required to be 
stated on the label pursuant to section 403(i)(2) of the Federal Food, Drug, and Cosmetic Act (the 
act). 
(3) Incidental additives that are present in a food at insignificant levels and do not have any 
technical or functional effect in that food. For the purposes of this paragraph (a)(3), incidental 
additives are: 
(i) Substances that have no technical or functional effect but are present in a food by reason of 
having been incorporated into the food as an ingredient of another food, in which the substance 
did have a functional or technical effect. 
(ii) Processing aids, which are as follows: 
(a) Substances that are added to a food during the processing of such food but are removed in some 
manner from the food before it is packaged in its finished form. 
(b) Substances that are added to a food during processing, are converted into constituents normally 
present in the food, and do not significantly increase the amount of the constitutents naturally 
found in the food. 
(c) Substances that are added to a food for their technical or functional effect in the processing but 
are present in the finished food at insignificant levels and do not have any technical or functional 
effect in that food. 
(iii) Substances migrating to food from equipment or packaging or otherwise  affecting food that  
are  not food additives as defined in section 201(s)  of the act;  or if they are  food additives as so  
defined, they are  used  in conformity with regulations established pursuant  to section 409 of the 
act.  
[Remainder of regulation omitted for brevity] 
[42 FR 14308, Mar. 15, 1977, as amended at 51 FR 25017, July 9, 1986; 58 FR 2188, 2876, Jan. 
6, 1993; 66 FR 17358, Mar. 30, 2001] 
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21 CFR § 110.110 Natural or unavoidable defects in food for human use that present no 
health hazard. 

DocuSign Envelope ID: 4A1F4D68-4127-442D-B77A-A0FA4EB6896E

(a) Some foods, even when produced under current good manufacturing practice, contain natural 
or unavoidable defects that at low levels are not hazardous to health. The Food and Drug 
Administration establishes maximum levels for these defects in foods produced under current good 
manufacturing practice and uses these levels in deciding whether to recommend regulatory action. 
(b) Defect action levels are established for foods whenever it is necessary and feasible to do so. 
These levels are subject to change upon the development of new technology or the availability of 
new information. 
(c) Compliance with defect action levels does not excuse violation of the requirement in section 
402(a)(4) of the act that food not be prepared, packed, or held under unsanitary conditions or the 
requirements in this part that food manufacturers, distributors, and holders shall observe current 
good manufacturing practice. Evidence indicating that such a violation exists causes the food to 
be adulterated within the meaning of the act, even though the amounts of natural or unavoidable 
defects are lower than the currently established defect action levels. The manufacturer, distributor, 
and holder of food shall at all times utilize quality control operations that reduce natural or 
unavoidable defects to the lowest level currently feasible. 
(d) The mixing of a food containing defects above the current defect action level with another lot 
of food is not permitted and renders the final food adulterated within the meaning of the act, 
regardless of the defect level of the final food. 
(e) A compilation of the current defect action levels for natural or unavoidable defects in food for 
human use that present no health hazard may be obtained upon request from the Center for Food 
Safety and Applied Nutrition (HFS-565), Food and Drug Administration, 5001 Campus Dr., 
College Park, MD 20740. 
[51 FR 22475, June 19, 1986, as amended at 61 FR 14480, Apr. 2, 1996; 66 FR 56035, Nov. 6, 
2001] 
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21 CFR § 184.1027 Mixed carbohydrase and protease enzyme product. 
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(a) Mixed carbohydrase  and protease  enzyme product is an enzyme preparation that includes  
carbohydrase  and protease  activity. It is obtained  from the culture  filtrate  resulting from  a  pure  
culture fermentation of a  nonpathogenic strain of B. licheniformis.  
(b)  The  ingredient meets  the specifications of the  Food Chemicals Codex,  3d Ed. (1981),p. 107, 
which is incorporated by reference. Copies are  available from the National Academy Press, 2101  
Constitution Ave. NW., Washington, DC 20418, or available for  inspection at the National  
Archives and Records Administration (NARA). For information on the availability of this  material 
at NARA, call  202-741-6030, or go to:http://www.archives.gov/federal__register/code__  

of__federal__regulations/ibr__locations.html.  
(c)  In accordance  with §184.1(b)(1), the ingredient is used in food with no limitation other  than  
current good manufacturing practice.  The  affirmation of this ingredient as generally recognized  as  
safe  as a  direct human  food ingredient is based upon the following current good  manufacturing 
practice  conditions of use:  
(1)  The  ingredient is used as an enzyme, as defined in §170.3(o)(9) of this chapter, to hydrolyze  
proteins or carbohydrates.  
(2)  The  ingredient is used in the following foods at levels not to exceed current good manufacturing  
practice: alcoholic  beverages, as defined in §170.3(n)(2) of this chapter, candy, nutritive 
sweeteners, and protein hydrolyzates.  
[48 FR 240, Jan. 4, 1983]  
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    21 CFR § 184.1150 Bacterially-derived protease enzyme preparation. 
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(a) Bacterially-derived protease  enzyme preparation is obtained from the culture  filtrate resulting  
from a  pure  culture  fermentation of a  nonpathogenic and nontoxigenic strain of  Bacillus  subtilis  

or B. amyloliquefaciens. The  preparation is characterized by the presence  of  the  enzymes subtilisin  
(EC  3.4.21.62)  and neutral proteinase  (EC  3.4.24.28), which catalyze  the  hydrolysis of peptide  
bonds in proteins.  
(b)  The  ingredient meets  the general requirements and additional requirements in the monograph  
on enzyme preparations in the Food Chemicals Codex, 4th ed. (1996), pp. 128-135, which is  
incorporated by reference  in accordance  with 5 U.S.C. 552(a) and 1 CFR  part51. Copies are  
available from the National Academy Press, 2101 Constitution  Ave. NW.,  Washington, DC 20418,  
or may be  examined at the Food and Drug Administration's Main Library, 10903 New Hampshire  
Ave., Bldg. 2, Third Floor, Silver Spring, MD  20993, 301-796-2039, or at the National Archives  
and Records Administration (NARA). For information on the availability  of this material at  
NARA, call  202-741-6030, or go to:http://www.archives.gov/federal__register/code__of__  

federal__regulations/ibr__locations.html.  

In addition, antibiotic activity is absent in the enzyme preparation when determined by an 
appropriate validated method such as the method “Determination of antibiotic activity”  in  the  
Compendium of Food Additive  Specifications, vol. 2, Joint  FAO/WHO Expert Committee  on  
Food Additives (JECFA), Food and Agriculture  Organization of the United  Nations, Rome,1992. 
Copies are  available  from Bernan Associates, 4611-F Assembly Dr.,  Lanham, MD20706, or  from  
The  United Nations Bookshop, General Assembly Bldg., rm. 32, New York, NY  10017, or  by 
inquiries sent to http://www.fao.org. Copies may be  examined  at the Center for Food  Safety and 
Applied Nutrition's Library, 5001 Campus Dr., College Park, MD 20740.  
(c) In accordance  with §184.1(b)(1), the ingredient is used in food with no limitation other  than  
current good manufacturing practice. The  affirmation of this ingredient as GRAS as a  direct food 
ingredient is based upon the following current good manufacturing practice conditions of use:  
(1)  The  ingredient is used as an enzyme as defined in §170.3(o)(9)  of  this chapter  to hydrolyze  
proteins or polypeptides.  
(2) The ingredient is used in food at levels not to exceed current good manufacturing practice.  
[64 FR 19895, Apr. 23, 1999, as amended at 81 FR 5593, Feb. 3, 2016]  
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13.2. GRAS Notices and No Questions Response Letters Cited15   
Agency Response Letter to GRAS Notice No. GRN 22.  

15  For  brevity,  solely  FDA  “no  questions” response letters  are  included.  
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GRAS Nat.a e lrtit.n1D1y), Agt nayRespons t Lat.1111 GRAS ~atJDt No_ GJU~ 000022 

You are viewing an archived web page, co llect ed at the request of u s Food and Drug Admjnjstratjon Ndo 

warchjye-jt orQ£w:ganjzatjons11137) using Arc hjye-lt warchjye-jt oraD Th is page was captured on 
3:44:16 Oct 31 , 2017, and is part ofthe FDA goy(//archjye-jt orq/pybijc/co11ectjon htmj?jd- 7993} col lection. 

The information on this web page may be out of date. See AU yersjons Qillps-J/wayback arc biY e-
e ·e • e • e Ii 

of this archived page. Note that this document was downloaded , and not saved because it was a dup li cate of 
a previously captured vers ion (3:44:11 Oct 31 , 2017). HTTP headers presented here are from the orig inal 

capture. Found O archived media ttems out of O total on this page. 

Archived Content 
The content on this page is provided for reference purposes on ly. This content has not been altered or 
updated since ii v.es archived. 

Agency Response Letter GRAS Notice No. 
GRN 000022 
Return to inventory Ii sting : G RA§ U gtjce lnvegtgry (bUes; /lwayha ck. arc biYS: 
it,oreU99 3/2 01z1031 OJ 441 &Nlo;ttrenntJda eov/erasnotic Sox mterv> 

See also Generally Recognized as Safe (GRAS) 
{/19 93/201710 310 344161https: //www fda .gov IF oodllnaredientsPac kaai np..a belinp/G RA S/default.htm) and 
about the GRAS Hotice Inventory 
{/19 93/201710 310 344161https: //www fda .gov IF oodllnpredientsPac kapi np..a belin9/G RA Sl11 oti celnv entory/defa 

~ 

CF SAN/Office of Premarket Approval 

December 29 , 1999 

Mr. John Carroll 
Novo Nordisk BioChem North America , Inc . 
77 P erry C hap el Church R oad 
Box 576 
Franklinton , NC 27525 

Re : GRAS Notice No. GRN 000022 

Dear Mr. Carroll: 

llttps.Nw>'fbollh 01olw1°tt.01wNQ3/2J l7tlil\CI!44tlllht1ps.Nwww.fd o gov/l' oolillng11di1msPollh • g gt.ab wGRASI.Natio1lnv1mmyluamte 3 Iran 112 

– 
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111202, ORAS Note• ll'Nltl to1y > A 9•n<ylt•$POn$l L-11ll GRAS NOUPl No. GRH COOCQ2 

The Food and Drug Administration (FDA) is responding to the notice, dated May 14, 1999, that you wbmitted in 
accordance w th the agency's proposed regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; 
Substances Generally Recognized as Safe (GR AS)). FDA received your notice on May 24, 1999 and designated it 
as GRAS Notice No . GRN 000022. 

The subject of your notice is alpha-amylase enz\'lne prep«ation derived from a genetically modified strain of 8. 
/ichenlormis(which contain$ a recombinant gene derived :rom D. /ichc niformisond D. amylo/iqucfaciens encoding 
alpha-am}'iase). The notice informs FDA of the viewofN0·10 Nordisk BioChem North America, Inc . (Novo Nordisk) 
that this alpha-am }'iase enZ\'lTI e preparation is GR AS, through scientiflc procedures, for use as a processing aid in 
the starch industry (for the liquefaction of starch in the production of syrups), and in the alcohol industry (for the 
thinning of starch in distilling mashes). 

Your notice des-crib es (1) published information about the host microorganism; (2) published information about 
m icrobially derived alpha-amylases, and their use in food processing; (3) unpublished studies des-cribing the 
technical effect of the wbject alpha-amylase enzyme prep3ration; (4) published information about the safet y of 
enZ\'lTI es used in food processing including enzymes derived from genetically m odifled microorganisms; (5) 
published information that dis-cusses the s-afety of the genetically modifled strain of B. licheniform is, including the 
host organism and the components of the genetic materialthat is introduced into the host organism; (6) information 
to support your condusion that the presence of the kanamycin antibiotic resistance gene is not a concern; (7) 
published information about them anufacturing process, Wlich in dudes methods for the fermentation, processing, 
and formulation oft he enZ\'lTI e preparation; and (8) unpublished studies to support the safety of the subject alpha­
amylase enzyme preparation. In addition, your notice includes an estimate of dietary exposure to the enzyme 
preparation. According to your notice, the enzyme preparation m eet s the speciflcations for enZ\'lTI e preparations 
provided in the Food ChemicalsCodex (4th ed., 1996) anc the speciflcations for enzyme preparations provided by 
the Joint F AD/1/1/HO Expert Committee on Food Additives. 

Based on the information provided by Novo Nordisk, as \/I.ell as other information available to FDA, the agency has 
no questions at this tim e regarding Novo Nordisk's conclusion that alpha- amylase enzyme preparation derived t om 
this genetically modi1ied strain of 8. /icheniformis isGRAS under the intended conditions of use. The agency has 
not, hov.ever, made its ow, determ ination regarding the GR AS status of the subject use of alpha-amylase enzyme 
preparation. As always, it is your continuing responsibility to ensure that food ingredients that you malket are safe, 
and are otherWse in compliance wth all applicable legal and regulatory requirements. 

In accordance Wth proposed 21 CFR 170.36(f), a copy of1hetext of this letter, as vi.ell as a copy of the information 
in your notice that conforms to the information in proposed 21 CFR 170.36(cX1 ), is available for public review and 
cop'ying on the Office of Prem ark et Approval's homepage on the World VVide Web. 

Sincerely, 

Alan M . Rulis, Ph.D. 
Director 
Office of Prem ark et Approval 
Center for Food Safety and Applied Nutrition 

lv'ore in ?BAS NO!ise bxeotocv 
1n9$3120171031034 416/htt ps: llwww.fda p ov/Food/lngredi en:s Packaging Label ing/G RASJNoti celnvent ory/det aul t .ht m) 

– 
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Agency Response Letter to GRAS Notice No. GRN 24.  
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111202, ORAS Note• ll'Nltlto1y > A9•noyR•$POn$• L-11ll GRAS Nouo• No. GRH (00024 

You are viewing an archived web page, collected at the request of V s food and Drug Admjnjstratjon ""' l 
WarchiYP.•it ora/oraanizalionsf1137) using AcchN~-n marchiv~-it ora0 This page was captured on 

3:43:05 Oct 31 , 2011, and is part otthe EDA aov Warchiv~-it orn/nuhlic/coU~clion html?id=7993) collection. 
The information on this web page may be out of date. See An v•rsjons Chttos· llwayhack arc biY .,. 

it •II, ,,..,..• 4..1,.. ~rH~ ,..1-,.~ . • , ,.. .,.. • ~ • ... .,P. C ii O")O t-.. t ...... ' 

of this archived page. Note that this document was downloaded, and not saved because it was a duplicate of 
a previously captured version (3: 41 :56 o ct 31 , 2017). HTTP headers presented here are from the original 

capture. Found 0 archived media ~ems out of 0 total on this page. 

Archived Content 
The content on this page is provided for reference purposes only. This content has not been altered or 
updated since it V\aS archived. 

Agency Response Letter GRAS Notice No. 
GRN 000024 
Return to inventory listing: GRAS Hetice lnxe0l9CY fhttesVWiJYhask MS hive: 
tt,oruaa:t1no1z101101f!0§MR'll'OOOOO'f<la oox/2O1021isAnxmlotxl 

See also Generalty Recognized as Safe (GRAS) 
(/1993/201710310343051https://wwwfda.govJfoodAngredientsPackaginf&abefinplGRAS/default.htm) and 
about the GRAS Hotice Inventory 
(/1993/201710310343 05Arttps://wwwfda.govJf oodJlngredientsPackagin(t_abefinglGRAS Jtl oticelnventory/defa 
ult.html 

CF SAN/Office of Premarket Approval 

May 15 , 2000 

Scott H. Shore, Ph.O. 
Novo Nordisk BioChem North America, Inc . 
77 Perry Chap el Church Road , Box 576 
Franklinton, NC 27525 

Re: GRAS Notice No. GRN 000024 

Dear Or. Sh ore: 

– 
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111202, ORAS Note• ll'Nltl to1y > A 9•n<ylt•$POn$l L-11ll GRAS NOUPl No. GRH (00024 

The Food and Drug Administration (FDA) is responding to the notice , dated June 4 , 1999, that you submitted in 
accordance wth the agency's proposed regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; 
Substances Generally Recognized as Safe (GR AS)). FDA received your notice on June 7 , 1999 and designated it 
as GRAS Notice No . GRN 000024. 

The subject of your notice is alpha-amylase enz\'lne prepwation produced by submerged fermentation of Bacillus 
/ichenlormisexpres~ng a gene encoding a modified alphe~mylasc derived from D,:,c i//us $e,:,rothermophi/u~ The 
notice informs FDA of the ~ew of Novo Nordisk BioChem North America, Inc. (Novo Nordisk) that this alpha­
amylase enzyme preparation is GRAS, through scientific jl'ocedures, for use as a processing aid in the starch 
industry (for the liquefaction of starch in the production of s-yrups) and in the alcohol industry (for the thinning of 
starch in distilling mashes) at minim um levels necessary tc accomplish the intended technical effect in accordance 
Wth rurrent good manufacturing practices. 

Your notice des-cribes (1) s-cientific publications about the safety of the host microorganism , B. lichenlormi~ (2) 
scientific publications and book chapters about the structure and function of microbial derived alpha-am}'iases, and 
their use in food processing; (3) unpublished studies describing the technical effect of the enzyme preparation; (4) 
scientific publications and recommendations issued by international organizations on the safety of enZ\'lTI es used in 
food processing in duding enzymes derived fi'om genetically modified microorganisms; (5) published s-cientific 
articlesthat discuss the safety of the various components of the production organism , induding the host organism , 
and the components of the genetic material that is introduced into the host organism; (6) information to support the 
notifier's condusion that the presence of the kanamycin artibiotic resistance gene is not a concern , in duding an 
FDA dra1t guidance document on the use of antibiotic marl:ers in transgenic plants and a publication of the 
International Food Biotechnology Council; (7) chapters in several books that discuss the manufacturing process, 
W'lich includes methods for the fermentation, processing, and formulation of the enzyme preparation. 

Based on the information provided by Novo Nordisk , as \/\ell as other information available to FDA, the agency has 
no questions at thistim e regarding Novo Nordisk's conclusion that alpha~mylase enzyme preparation produced by 
submerged fermentation of Bacillus /icheniformisexpressing a gene encoding a modified alpha-am}'iase derived 
fi'om Bacil/usstearothermophi/us is GRAS underthe intended conditions of use. The agency has not, hov.ever, 
made its ow, detenn ination regarding the GRAS status ofthe subject use of this alpha-amylase enzyme 
preparation . As always, it is your continuing responsibility to ensure that food ingredients that you malket are safe , 
and are otherWse in compliance wth all applicable legal and regulatory requirements. 

In accordance Wth proposed 21 CFR 170.36(f), a copy of1he t ext of this letter, as v.ell as a copy of the information 
in your notice that conforms to the information in proposed 21 CFR 170.36(cX1 ), is available for public review and 
cop'ying on the Office of Prem ark et Approval's homepage on the W orld VVide Web. 

Sincerely, 

Alan M . Rulis, Ph.D. 
Director 
Office of Prem ark et Approval 
Center for Food Safety and Applied Nutrition 

lv'ore in ?BAS NO!ise bxeotocv 
1n9$3120171031034305/htt ps: llwww.fda p ov/Food/lngredi en:s Packaging Label ing/G RASJNoti celnvent ory/det aul t .ht m) 
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CFSAN/Office of Premarket Approval: 

June 12, 2001 

Gary L. Yingling 
Kirkpatrick & Lockhart, L.L.P. 
1800 Massachusetts Avenue 
Washington, D.C. 20036 

Re: GRAS Notice No. GRN 000072 

Dear Mr. Y ingling: 

https://wayback .archive-it .orgn993n O 17 103103 2728/https: //www.fda.gov/fuod/ lngred ientsPacka giugLabeling/GRAS/Noticelnven to ry /ucm 15417 6. htm 1/4 
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The Food and Drug Administration (FDA) is responding to the letter, dated March 9, 2001, that you submitted on 
behalf of Genencor International, Inc. (Genencor). Your letter requests that FDA convert the filed GRAS affirmation 
petition GRP 5G0415 to a GRAS notice in accordance w ith the agency's proposed regulation, proposed 21 CFR 
170.36 (62 FR 18938; April 17, 1997; Substances Generally Recognized as Safe (GRAS); the GRAS proposal). 
Although GRP 5G0415 was submitted to FDA by a different firm (i.e., Solvay Enzymes, Inc.), Genencor acquired all 
rights and interests in GRP 5G0415 on July 1, 1996. 

FDA received Genencor's conversion request on March 10, 2001 and designated it as GRAS Notice No. GRN 
000072. The subject of the conversion request is pullulanase enzyme preparation obtained from a strain of Bacillus 
licheniformis that contains a gene encoding pullulanase derived from B. deramificans. The conversion request 
informs FDA of the view of Genencor that this pullulanase enzyme preparation is GRAS, through scientific 
procedures, for use as a processing aid in the manufacturing of starch hydrolysates (maltodextrins, maltose, 
glucose, and high fructose corn syrup (HFCS)). The pullulanase enzyme preparation would be used in starch 
saccharification at a level of 2.3 milligrams of enzyme protein per kilogram of starch (i.e., 2.3 parts per million), in 
accordance with current Good Manufacturing Practices (cGMPs). Because starch hydrolysates are subjected to 
repeated purification steps, Genencor expects that the level of the pullulanase enzyme preparation in finished food 
ingredients derived from treated starch will be a small fraction of its initial concentration in liquefied starch. 
Genencor estimates that the enzyme residue in glucose syrup and crystalline glucose will not exceed 23 parts per 
billion and that the enzyme residue in HFCS will not exceed 0.23 parts per billion. 

Commercial enzyme preparations that are used in food processing typ ically contain an enzyme component, which 
catalyzes the chemical reaction that is responsible for its technical effect, as well as substances used as stabilizers, 
preservatives or diluents. Enzyme preparations may also contain constituents that derive from the source organism 
and constituents that derive from the manufacturing process, e.g., components of the fermentation media or the 
residues of processing aids. GRP 5G0415 provides information about each of these components of pullulanase 
enzyme preparation. 

The systematic name of pullulanase (EC No.3.2.1.41 ) is pullulan 6-glucanohydrolase. GRP 5G0415 describes 
published information about the technical effect of pullulanase, including the substrates for pullulanase (i.e., 
amylopectin and pullulan). Amylopectin is a highly branched polysaccharide that is a principal component of edible 
starch. Amylopectin consists of linear polymers of 1 ,4-alpha-linked D-glucose units joined at branch points by 1,6-
alpha-glucosidic linkages. Pullulan is a linear polysaccharide composed of maltotriose units linked by alpha-D-(1,6) 
bonds. During the process known as "wet milling," corn starch is hydrolyzed using the enzyme glucoamylase, 
which catalyzes the stepwise hydrolysis of alpha-1 ,4-linkages in starch. Although glucoamylase also is capable of 
hydrolyzing the alpha-1,6- linkages, this reaction proceeds much more slowly. 

Pullulanase is used in the wet milling of corn starch, during the saccharification with glucoamylase, to specifically 
cleave the 1,6-alpha-g lucosidic linkages in amylopectin and pullulan. This use of pullulanase reduces the level of 
glucoamylase that is used during saccharification, increases the ultimate glucose yield, allows the saccharification 
process to be carried out at higher levels of dissolved solids, and shortens the saccharification time. 

GRP 5G041 5 describes scientific publications and recommendations, issued by FDA or by international 
organizations, about the safety of enzymes used in food processing, including enzymes derived from 
microorganisms that are modified using recombinant deoxyribonucleic acid (rDNA) technology. Consistent with 
those documents, GRP 5G0415 contains published information pertaining to the host organism, the various 
components of the plasmids that were introduced into the host organism, the production organism, and the 
characteristic properties of enzyme component. 

GRP 5G0415 contains published information pertaining to the host organism, B. licheniformis strain SE2 delap1, 
which is used in the construction of the production strain (B. licheniformis strain SE2-pul-int211 ).~ B. licheniformis 
strains are common in most soils and are listed in the Food Chemicals Codex as a source of carbohydrase and 

https://wayback .arcbive-i1.or1,n993/2017 103103 272 8/https://www. f da. gov JFood/lngred ientsPacka gingl..abeling/GRAS/Noticelnvento ry /ucm l 5417 6. htm 2/4 
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protease enzyme preparations used in food processing. The FDA has affirmed that a mixed carbohydrase and 
protease enzyme product derived from B. licheniformis is GRAS for use in the production of certain foods (21 CFR 
184.1027). GRP 5G0415 cites published reports on the cloning and expression of proteins in B. licheniformis for 
use in food products. Genencor concludes that common B. licheniformis strains are non-pathogenic to humans, 
animals, and plants. 

G RP 5G0415 contains published information pertaining to the various components of the plasm ids that were 
introduced into B. licheniformis strain SE2 delap1 . The gene that encodes pullu lanase derives from another species 
of Bacillus, B. deramificans. GRP 5G0415 describes the cloning process (which employed standard, well-known 
vectors that do not raise any safety concerns), and describes published and unpublished information pertaining to 
the production strain (B. licheniformis strain SE2-pul-int211 ). GRP 5G0415 includes data and information derived 
using the technique of Southern hybridization to demonstrate that the DNA sequence encoding pullulanase is 
stably integrated into the B. licheniformis host chromosome. GRP 5G0415 also describes an experiment analyzing 
the transformation potential of the recombinant production strain using competent E.coli cells and total DNA 
extracted from the production strain. Genencor concludes that the experiment shows that there is no 
transformation potential from the integrated vector. 

G RP 5G0415 includes a published article that describes a study conducted in rats to determine the pathogenic 
potential of the production strain. In this study, groups of 5 male and 5 female rats received one-time 
intraperitoneal injections of either live or killed cells in doses of 106, 109 , and 1011 bacteria per kilogram of body 
weight. No animals demonstrated signs of pathogenicity at any dose level of either live or killed cells. Genencor 
concludes that the production strain is, as expected, non-pathogenic in rats. 

GRP 5G0415 describes the manufacturing process for pullulanase enzyme preparation. Pullulanase enzyme 
preparation is produced by a submerged, aerobic, and pure culture fermentation of B. licheniformis strain SE2-pul­
int211 in accordance with cGMP. The manufacturing process consists of fermentation, recovery, and formulation. 
During the fermentation process, propagation is carried out on a small scale to ensure that the bacilli are viable and 
are a pure culture. The culture is transferred to a primary fermenter for seed fermentation, which generates an initial 
biomass. The biomass from the seed fermentation is then used in the main fermentation to generate large 
quantities of biomass. During the recovery process, the enzyme is separated from the fermentation debris and 
purified and concentrated by ultrafiltration, which ensures that the concentrated enzyme solution is free of the 
production strain and insoluble components from the fermentation medium. During the formulation process, the 
enzyme concentrate is stabilized with potassium sorbate and sodium benzoate and standardized at 40 percent 
solids with corn syrup. Pullulanase enzyme preparation complies with the general and additional requirements for 
enzyme preparations set forth in the Food Chemicals Codex (4th ed., 1996). 

G RP 5G0415 includes data and information derived from DNA sequencing to demonstrate that the DNA sequence 
encoding pullulanase is the same as that derived from B. deramificans. GRP 5G0415 compares the pullulanase 
produced by the recombinant B. licheniformis with that obtained from B. deramificans. The analyses included 
determination of molecular weight, optimal pH and optimal temperature for pullulan hydrolysis, ion exchange 
chromatography profile, pattern of hydrolysis products, and amino-terminal sequencing. Genencor concludes that 
the pullulanase produced by the recombinant production strain and the pullulanase produced by the donor strain 
are essentially the same. 

GRP 5G0415 describes a published article describing toxicity studies performed w ith the pullulanase enzyme 
preparation derived from the production strain. These studies include a 14-day feeding study in rats, a 28-day 
feeding study in rats, a bacterial reverse mutation assay in Salmonella typhimurium (Ames test), an in vitro histidine 
forward mutation assay in mouse lymphoma cells, in vivo mouse bone marrow micronucleus and chromosomal 
aberration assays, an acute inhalation toxicity study, and primary dermal irritation studies. The maximum 
concentration of the pullulanase enzyme preparation used in each of the four genetic toxicity studies showed no 
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indication of mutagenicity or genotoxic activity. The highest dose level used in the 14-day and the 28-day feeding 
studies (5 percent of the diet) revealed no signs of toxic effects. Genencor concludes that pullulanase enzyme 
preparation derived from the production strain is, as expected, non-mutagenic and non-toxigenic. 

FDA has evaluated the information provided by Genencor, as well as the information in GRP 5G0415 and other 
information available to the agency. Based on this evaluation, the agency has no questions at this time regarding 
Genencor's conclusion that pullulanase enzyme preparation obtained from a strain of B. licheniformis, which 
contains a gene encoding pullulanase derived from B. deramificans, is GRAS under the intended conditions of use. 
The agency has not, however, made its own determ in at ion regarding the GRAS status of the subject use of 
pullulanase enzyme preparation. As always, it is the continuing responsibility of Genencor to ensure that food 
ingredients that the firm markets are safe, and are otherwise in compliance with all applicable legal and regulatory 
requirements. 

In accordance w ith the interim policy discussed in the GRAS proposal (62 FR 18938 at 18954), FDA has not 
committed any resources to review of GRP 5G0415 since March 10, 2001, the date that we received your 
conversion request. At this time, we request that you formally withdraw GRP 5G0415. 

In accordance w ith proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of the information 
in the notice that conforms to the information in proposed 21 CFR 170.36(c)(1 ), is available for public review and 
copying on the Office of Premarket Approval's homepage on the Internet (at 
http://www.cfsan.fda.gov/ ~lrd/foodadd.htm I). 

Sincerely, 

Alan M. Rulis, Ph.D. 
Director 
Office of Premarket Approval 
Center for Food Safety and Applied Nutrition 

!_~l_Toe host organism derives from the B. licheniformis strain SE2. Although B. licheniformis strain SE2 contains a 
gene encoding alkaline protease, this alkaline protease gene has been deleted from B. licheniformis strain SE2 
delap1. 

:. The Office of Premarket Approval became the Office of Food Additive Safety on June 18, 2001. 

More in GRAS Notice lnventor11 
(/7993/201710310327281https://www.fda.gov/Food/lngredientsPackagingLabeling/GRAS/Noticelnventory/default.htm) 

https://wayback .arcbive-it.orgn993/2017103103 272 8/https: //www. f da. gov /rood/I ngral lentsPackagingLabeling/GRAS/Noticelnvento ry /ucm 15417 6. htm 414 

6 

– 



July 21, 2021 CONFIDENTIAL FINAL Page 61 of 88 
19.CAPT002.04 fusing science and compliance www.burdockgroup.com 

Agency Response Letter to GRAS Notice No. GRN 79.  

DocuSign Envelope ID: 4A1F4D68-4127-442D-B77A-A0FA4EB6896E

 

        
   

 

 

111202, ORAS Note• ll'Nltl to1y > A 9•noyR•$POn$• L-11ll GRAS Nouo• No. GRH (00070 

You are viewing an archived web page, collected at the request of V food and Drug Admjnjstratjon ""' l 
WarchiYP.•it ora/oraanizalionsf1137) using AcchN~-n marchiv~-it oraO This page was captured on 

2:38:24 Oct 31, 2011, and is part otthe EDA aov Warchiv~-it orn/nuhlic/cou~clion html?id=7993) collection. 
The information on this web page may be out of date. See An v•rsjons Chttos· llwayhack arc biY .. 

it •II, ....... '....... ~rH~ ,..1-,.~ . • ,,.. .... • ~ · ..... P. CA" nc: 1-,. . ...... , 

of this archived page. Note that this document was downloaded, and not saved because it was a duplicate of 
a previously captured version (2:37:41 Oct 31, 2017). HTTP headers presented here are from the original 

capture. Found O archived media ~ems out of O total on this page. 

s 

Archived Content 
The content on this page is provided for reference purposes only. This content has not been altered or 
updated since it V\aS archived. 

Agency Response Letter GRAS Notice No. 
GRN 000079 
Return to inventory listing: GRAS Hetice lnxe0l9CY fhttesVWiJYhask MS hive: 
tt,oruaa:t1no1z10110?]8?ftbUR'll'OOOOO'f<la oox/201021isAnxmlotxl 

See also Generalty Recognized as Safe (GRAS) 
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CF SAN/Office of Food Additive Safety 

December 19, 2001 

John Carroll 
Novozymes North America, Inc. 
77 Perry Chapel Church Road 
P. 0 . Box576 
Franklinton, NC 27525 

Re: GRAS Notice No. GRN 000079 

Dear Mr. Carroll: 
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The Food and Drug Administration (FDA) is responding to the notice , dated June 29, 2001 , that you st.1bmitted in 
accordance wth the agency's proposed regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; 
Substances Generally Recognized as Safe (GR AS); the GRAS proposal) . FDA received the notice on July 3, 2001 , 
and designated ii as GRAS Notice No. GRN 000079. 

The subject of the notice is alpha~mylase enzyme preparation tom Bacillus /ichenlo,mis (B. /ichenlormis) carrying 
o gene con&ructcd Tom o modi1icd D. #ch eniformisolph.:i-amylo.se gene and a portion ofthe D,:,ci//us 
amybliquefacens (B. amyloliquefaciens) alpha-amylase gene. The notice informs FD A of the view of Novozymes 
North America, Inc. (Novozymes) that this alpha-amylase enzyme preparation is GRAS, through scienti1ic 
procedures, for use as a processing aid for the liquefactior of starch in the production of syrups and for the thinning 
of starch in distilling mashes in the production of alcohol. The alpha~mylase enzyme preparation is used at 
minim um levels necessary to achieve the intended effects. The recommended use level fort he alpha-am ylase 
enzyme preparation is O .35 kilogram per t on of starch. 

The notice describes scienti1ic publications and re comm erdations issued by international organizations on the 
safety of enz~n es used in food processing, including enz~nes produced tom bioengineered organisms. As 
disrussed in these doruments, the safety of an enzyme preparation depends on the safety oft he enzyme itself, the 
host organism , the inserted genetic mate rial , the productio, organism , and the manufacturing process used in 
producing the enz~ne preparation. The notice includes a safety evaluation of each of these components in support 
of Novozymes' GR AS determination. 

In assessing the safety of the enzyme itself, the notice discusses the history of safe use of alpha-am}'iases in food 
processing. The notice cites a published artide and monograph reporting the use of microbial alpha-am}'iases in 
food production since the 1950's. FDA has affirmed the GP. AS status of a mixed carbohydrase (predom inantly 
alpha-am}'iase) and protease enzyme product derived from B. lichenlormis (21 CFR 184.1027) . Novozymes has 
pre\/iousty noti1ied FD A about its detenn ination that t'v\O other modified alpha-amylase enzyme preparations derived 
tom B. lichenlormisare GRAS (GRAS Notices No. GRN 000022 and GRN 000024) . FDA responded to these 
GRAS notices Wth letters stating that the agency had no q.Jestions at that time regarding the GR AS determinations. 

The notice includes published and unpublished structural and sequence information for several alpha-am }'iases, 
including the alpha-amylase that is the subject of GRN 000079. The alpha-amylase discussed in GRN 000079 is the 
same asthe alpha-am}'iase that is the subject ofGRN 000022 except that four am ino acids have been changed. 
Both oft he alpha-am ylases are stable to heat, as are several other commercially available alpha-amylases. 
Ho\/\ever, the alpha-amylase that isthe subject ofGRN 000079 can operate at lov..er pH and lov..er calcium levels 
than other commercially available thermostable alpha-am ~ases. Novozymes concludes that the alpha-am }'iase that 
is the S'Ubject ofGRN 000079 is functionally equivalent to other alpha-am}'iases used in food production, cataly2ing 
hydrolysis of 1,4-alpha-glucosidic linkages in am }'iose and amylopectin. 

In assessing the safety of the host organism , B. /icheniforroisstrain SJ1 707, the notice describes the host strain as a 
sporulation de ficient and alkaline protease negative deriva:ive of the fl.Illy-characterized, \/\ell-know, natural isolate 
of B. /ichenifo ,misstrain ATCC 9789 . Novozymes consideIs B. licheniformisto be nontoxigenicand nonpathogenic 
based on published criteria for the assessment of the safe1y of microorganisms used in the manufacture of food 
ingredients. Strain SJ1 707 was the host strain for the prodJction organisms described in GRAS Notices GRN 
000022 and 000024. The parent of strain SJ1 707 (i.e., strain ATCC 9789) has been described in the published 
literature and has been used for industrial production of enzymes marketed by Novozymes since 1972, including the 
mixed c:arbohydrase and protease enzyme preparation that FDA affirmed as GRAS (21 CFR 184.1027). 

The notice provides information about the components of plasm id vectors introduced into the host strain SJ1 707 by 
sequential transformation and conjugation. The notice cites published scienti1ic articles to support N ovoz~n es' view 
that all of the DNA sequences that \/\ere used in the construction of the production strain are \/\ell-know,, 'vVell­
characterized , and comm only used. 
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The final production strain, designated 8. /ichenlormis&rain MOL2803 , complies Wth the Organization for 
Econom ic Ca-operation and Development criteria for Good I ndu&rial Large Scale Practice microorganisms and 
meets the criteria for a safe production microorganism deS'Cfibed in scientific publications and recommendations 
issued by international organizations. Using the techniques of Southern hybridization, amplification by polymerase 
chain reaction (P CR), and DNA sequencing , Novozymes assessed the identity, location , and stability of the 
introduced DNA. Novozymes con dudes that the DNA is &ably integrated at three distinct sites on the 8 . 
1.ehenrorm1sairomooome as expectea and Is not prone togenetlctransrerto otner organisms. 

The notice desclibesthe manufacturing process used to produce the alpha-amylase enzyme preparation. The fir& 
step is submerged fed-batch pure culture fennentation of the 8. /ichenlormisproduction strain. Fermentation is 
follov.ed by the recovery process, \!\hich includes purification and formulation. Them aterials used in the 
fenn entation and recovery processes are standard materials used by the enzyme industry. N ovoz}'tll es follov..s 
standard industry practices and uses a quality management system that complies Wth the requirements of ISO 
9001 . Novozymes provides specifications for the alpha-amylase enzyme preparation, \!\hich comply Wth the 
specifications for enzyme preparations provided in the Focd Chemicals Codex (4th ed., 1996) and the specifications 
established by the Joint Food and Agriculture OrganizatiorNVo~d Health Organization's (FAONVHO) Expert 
Committee on Food Additives (C ompendium of Food Addi1ive Specifications, Volum e 2 , Food and Agriculture 
Organization of the United Nations, Rome, 1992) . 

Novozymes describes an unpublished 2-v.eek oral toxicity study in rats conducted Wth a test batch of the alpha­
amylase enzyme preparation that v.as manufactured fi'om the production strain (MOL2803) using them anufacturing 
process described above , except that final standardization was exduded. The study did not show any treatment 
related toxicity.Novozymes also provides an unpublished summary of toxicology studies performed Wth several 
other test wbstances produced by strains de lived from 8 . licheniformis &rain SJ1 707 (i.e., the host strain used to 
develop the production strain) . These studies include a 4-'w'eek and a 13-v.eek oral toxicity study in rats, an Ames 
m utagenicity test , chromosome aberration te& , and mouse lymph om ate&. These studies shov.ed no treatment 
related toxicity, induction of gene mutation, or chromosomal aberrations for test articles derived fi'om the host strain. 

Cone lusions 

Based on the information provided by Novozymes, as v.ell as other information available to FDA, the agency has no 
questions at this tim e regarding N ovoz)'ln es' condusion th3t alpha-am vtase enzyme preparation tom 8. 
li:henlormiscarrying a gene con&ructed fi'om a modified 8 . .o,·cheniformisalpha-amvtase gene and a portion of the 
8 . amybliquefaciensalpha~mylase gene is GRAS under1he intended conditions of use. The agency has not, 
hov.ever, made its OVvtl determ ination regarding the GR AS status of the subject use oft his alpha-am vtase enz)'ln e 
preparation . As alvVays, it is the continuing responsibility ofN ovoz)'ln es to ensure that food ingredients that the firm 
markets are safe, and are otherWse in compliance wth all applicable legal and regulatory requirements. 

In accordance Wth proposed 21 CFR 170.36(f), a copy of1hetext of this letter, as v.ell as a copy of the information 
in your notice that conforms to the in formation in proposed 21 CFR 170.36(cX1), is available for public review and 
cop'ying on the homepage of the Office of Food Additive Safety(onthe Internet at 
http://www.cfsan.fda.gov/-lrd/foodadd.html) . 

Sincerely, 

Alan M . Rulis, Ph.D. 
Director 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 

– 
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CFSAN/Office of Food Additive Safety 

January 10, 2014 

Ms. Lori Gregg 
Novozymes North America, Inc. 
77 Perry Chapel Church Road 
P.O. Box 576 
Franklinton, NC 27525 

Re: GRAS Notice No. GRN 000472 

Dear Ms. Gregg: 

The Food and Drug Administration (FDA) is responding to the notice, dated April 24, 2013, that you submitted in 
accordance with the agency's proposed regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; 
Substances Generally Recognized as Safe (GRAS); the GRAS proposal). FDA received the notice on May 8, 2013, 
filed it on July 23, 2013, and designated it as GRAS Notice No. GRN 000472. 

The subject of the notice is xylanase enzyme preparation derived from Bacillus licheniformis carrying a gene 
encoding a modified xylanase from B. licheniformis (xylanase enzyme preparation). The notice informs FDA of the 
view of Novozymes North America, Inc. (Novozymes) that xylanase enzyme preparation is GRAS, through scientific 

https://wayback .archive-it .orgn993n 0 17 103 1002401/https: //www.fda.gov/fuod/ lngred ientsPacka giugLabeling/GRAS/Noticelnven to ry /ucm38 220 l. htm 1/4 
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procedures, for use as an enzyme in baking applications at a level of 5 milligrams (mg) of xylanase enzyme 
preparation per kilogram (kg) of flour. Novozymes intends to use xylanase enzyme preparation to modify 
arabinoxylans for improved dough handling and bread characteristics. 

Commercial enzyme preparations that are used in food processing typ ically contain an enzyme component, which 
catalyzes the chemical reaction that is responsible for the technical effect, as well as substances used as 
stabilizers, preservatives, or diluents. Enzyme preparations may also contain constituents derived from the 
production organism and constituents derived from the manufacturing process, e.g., components of the 
fermentation media or the residues of processing aids. Novozymes' notice provides information about each of 
these components of xylanase enzyme preparation. 

According to the classification system of enzymes established by the International Union of Biochemistry and 
Molecular Biology, xylanase is identified by the Enzyme Commission Number 3.2.1.8. The accepted name for the 
enzyme is xylanase and the systematic name is endo-1, 4-beta-xylanase. The GAS Registry Number for xylanase is 
9025-57-4. Xylanase catalyzes the hydrolysis of the xylosidic linkages in the arabinoxylan backbone resulting in 
depolymerization of arabinoxylans into smaller oligosaccharides. 

Novozymes states that B. licheniformis strain BW302 is the host strain used to develop the production strain for 
xylanase enzyme. The host strain is derived from B. licheniformis strain ATCC 9789 using a targeted recombinant 
DNA technique to inactivate genes encoding several proteases and peptides, as well as genes essential for 
sporulation. Novozymes states that these modifications improve the safety and stability of xylanase enzyme. 
Novozymes also cites published studies describing B. licheniformis as a nonpathogenic and nontoxigenic microbe 
w ith a long history of safe industrial use for the production of enzymes used in human food. In addition, 
Novozymes cites several GRAS notices describing the food uses of enzymes derived from B. licheniformis. FDA 
had no questions in response to these GRAS notices. 

Novozymes describes the development of the production strain, B. licheniformis strain HyGe329. The expression 
plasm id pBW120 was transformed into Bacillus subtilis strain BW1 54. This B. sub ti/is strain was then used as a 
donor to transfer plasmid pBW120 to the host strain via conjugation. Novozymes cites published information 
characterizing plasmid pBW120. The plasmid contains an expression cassette that includes: 1) a chemically­
synthesized gene encoding a B. licheniformis xylanase enzyme with a single amino acid residue difference 
compared to the wild type sequence. Novozymes states that the gene was synthesized based on sequence data 
from SWISSPROT:052730, a public database; 2) a fragment of a hybrid promoter comprised of sequences from B. 
licheniformis, Bacillus amyloliquefaciens, and Bacillus thuringiensis, and 3) a B. licheniformis terminator sequence. 
The production strain contains two copies of the expression cassette at two specific loci. According to Novozymes, 
Southern hybridization analyses confirmed that the expression cassette is stably integrated into the chromosome 
of the production strain, and that the production strain does not contain functional antibiotic resistance genes. 

Novozymes states that xylanase enzyme is produced by submerged, fed-batch fermentation of a pure culture of 
the production strain. Each fermentation batch is initiated using a lyophilized stock culture and appropriate 
measures are taken to control for identity, purity, and enzyme-generating ability before use. During fermentation, 
xylanase enzyme is secreted to the fermentation broth. After fermentation, the enzyme is recovered using multiple 
filtration and concentration steps that also remove residues of the production strain. Water, glycerol, sodium 
benzoate, and potassium sorbate are added to preserve and stabilize the enzyme concentrate. The enzyme 
concentrate is then formulated with wheat flour and sodium chloride to achieve the desired xylanase enzyme 
activity. Novozymes states that xylanase enzyme preparation does not contain any major food allergens from the 
fermentation medium.l!l 

Xylanase enzyme preparation is sold as a granulated product. Novozymes states that xylanase enzyme preparation 
is produced in accordance with current Good Manufacturing Practices and the materials used in fermentation, 
recovery, and formulation meet predefined quality standards and are food grade. 

https:/ /wayback .arcbive-i1.or1,n993/2017103 100 240 l / bttps://www. f da. gov JFood/lngred ientsPacka gingl..abeling/GRAS/Noticelnvento ry /ucm382201. htm 2/4 
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Novozymes states that xylanase enzyme preparation conforms to the specifications for enzyme preparations 
described in the Food Chemicals Codex (8th edition, 2012) and to the General Specifications and Considerations 
for Enzyme Preparations Used in Food Processing established by the FAO/WHO Joint Expert Committee on Food 
Additives (2006). Novozymes provided analytical data from one batch of xylanase enzyme preparation to 
demonstrate compliance w ith these specifications . 

Novozymes intends to use xylanase enzyme preparation in flour at a maximum level of 5 mg (equivalent to 4% 
Total Organic Solids (TOS)) of xylanase enzyme preparation per kg of flour.Iii Novozymes states that xylanase 
enzyme is inactivated during baking; thus, no xylanase enzyme activity is expected to remain in the final foods. 
However, to estimate dietary exposure to xylanase enzyme preparation, Novozymes assumes that all baked 
products are produced using xylanase enzyme preparation and that all of the enzyme would remain in the final 
foods. Based on these assumptions and the proposed maximum use level, Novozymes estimates the maximum 
daily intake of xylanase enzyme preparation from all the intended food applications to be 0.023 mg TOS per day, 
which corresponds to 0.376 x 1 o-3 mg TOS per kg body weight per day (mg TOS/kg bw/ d). 

In addition to published information describing the safety of the production strain and the characterization of the 
plasmid used in its development, Novozymes cites published information describing the long history of use of 
xylanases in food. Furthermore, Novozymes cites published studies demonstrating that enzymes do not generally 
raise safety concerns. 

Novozymes summarizes unpublished toxicological studies supporting the safety of xylanase enzyme concentrate 
in the absence of standardization and stabilization ingredients. Tests conducted using bacterial cells showed that 
xylanase enzyme concentrate is not mutagenic. Tests conducted using human lymphocytes showed that xylanase 
enzyme concentrate is not c lastogenic . The results of a 90-day oral t oxicity study conducted using rats showed 
that consumption of xylanase enzyme concentrate did not cause adverse effects at 1020 mg TOS/ kg bw/d, the 
highest dose tested. Novozymes designated this level as the no observed adverse effect level (NOAEL). Based on 
this NOAEL and the highest intended consumption level (0.376 x 1 o-3 mg/kg bw/d) for xylanase enzyme 
preparation, Novozymes calculates a margin of safety of 2.7 x 106. 

Novozymes discusses the potential food allergenicity of xylanase enzyme. Novozymes conducted an amino acid 
sequence homology search for xylanase enzyme against known allergens in the Food Allergy Research and 
Resource Program database as well as the World Health Organization and the International Union of Immunological 
Societies Allergen Nomenclature Subcommittee database. No amino acid identity matches greater than 35% over 
80 amino acids were found, nor were there any contiguous stretches of eight amino acids shared between the 
xylanase enzyme amino acid sequence and those of known allergens. Based on this information, Novozymes 
considers it unlikely that oral consumption of xylanase enzyme will result in allergic responses. 

Based on the data and information summarized above, Novozymes concludes that xylanase enzyme preparation is 
GRAS for the intended uses. 

Allergen Labeling 

The Food Allergen Labeling and Consumer Protection Act of 2004 (FALCPA) amends the Federal Food, Drug, and 
Cosmetic Act (FD&C Act) to require that the label of a food that is or contains an ingredient that bears or contains a 
"major food allergen" declare the presence of the allergen (section 403(w)). FALCPA defines a "major food allergen" 
as one of eight foods or food groups (i.e., milk, eggs, fish, Crustacean shellfish, tree nuts, peanuts, wheat, and 
soybeans) or a food ingredient that contains protein derived from one of those foods. Xylanase enzyme preparation 
may require labeling under FALCPA, because it w ill contain protein derived from wheat. Although issues associated 
w ith labeling food are the responsibility of the Office of Nutrition, Labeling, and Dietary Supplements, issues 
associated with FALCPA exemptions are the responsibility of the Food Allergen Coordinator in the Office of Food 
Additive Safety. 
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Section 301 (II) of the FD&C Act 

The Food and Drug Administration Amendments Act of 2007, which was signed into law on September 27, 2007, 
amends the FD&C Act to, among other things, add section 301 (II). Section 301 (II) of the FD&C Act prohibits the 
introduction or delivery for introduction into interstate commerce of any food that contains a drug approved under 
section 505 of the FD&C Act, a biological product licensed under section 351 of the Public Health Service Act, or a 
drug or a biological product for which substantial clinical investigations have been instituted and their existence 
made public, unless one of the exemptions in section 301 (11)(1 )-(4) applies. In its review of Novozymes' notice that 
xylanase enzyme preparation is GRAS for the intended uses, FDA did not consider whether section 301 (II) or any of 
its exemptions apply to foods containing xylanase enzyme preparation. Accordingly, this response should not be 
construed to be a statement that foods that contain xylanase enzyme preparation, if introduced or delivered for 
introduction into interstate commerce, would not violate section 301 (II). 

Conclusions 

Based on the information provided by Novozymes, as well as the information available to FDA, the agency has no 
questions at this time regarding Novozymes' conclusion that xylanase enzyme preparation is GRAS under the 
intended conditions of use. The agency has not, however, made its own determination regarding the GRAS status 
of the subject use of xylanase enzyme preparation. As always, it is the continuing responsibility of Novozymes to 
ensure that food ingredients that the firm markets are safe, and are otherwise in compliance with all applicable 
legal and regulatory requirements. 

In accordance w ith proposed 21 CFR 170.36(f), a copy of the text of this letter responding to GRN 000472, as well 
as a copy of the information in this notice that conforms to the information in the GRAS exemption claim (proposed 
21 CFR 170.36(c)(1 )), is available for public review and copy ing at www.fda.gov/grasnoticeinventory. 

Sincerely, 

Dennis M. Keefe, Ph.D. 
Director 
Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 

!.1.!_Novozymes also cites publicly available information discussing the lack of a health concern posed by the used of 
major food allergens in fermentation media used to produce microbially-derived enzyme preparations. 

!~.% TOS = 100 - A - W - D; where: A= % ash, W = % water, and D = % diluent and/or formulation ingredients. 

More in GRAS Notice lnventor11 
(/7993/20171031002401/httP-s://www.fda.gov/Food/lngredientsPackagingLabeling/GRAS/Noticelnventor}'/default.htm) 
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CFSAN/Office of Food Additive Safety 

July 23, 201 5 

Ms. Lori Gregg 
77 Perry Chap el Church Road 
P. 0 . Pox 576 
Franklinton NC 27525 

Re: GRAS Notice No . GRN 000563 

Dear Ms. Gregg: 

This letter corrects our letter dated July 8, 2015, sent in response t o GRAS Notice No . GRN 0 00563. The purpose of 
this revised letter is to correct information regarding them argin of safet y calculations reported in our previous letter. 

The Food and Drug Adm inistra1ion (FD A) received the notice, dated December 12, 2014, that you subm itted in 
accordance with the agency's proposed regulation, proposed 21 CFR 170 .36 (62 FR 18938; April 1, 1997; 
Substances Generally Recognized as Safe (GRAS)), on behalf of Novozymes North America Inc. (Novozymes). 
FDA received this notice on December 15, 2014, 1iled it on December 31, 2014, and designated it as GRAS Notice 
No . GRN 000563. 
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The subject o f the notice is serine protease enzyme preparation wth trypsin specificity, produced by Fusarium 
venenatum carrying a serine protease gene tom F. oxys,porum (serine protease enzV1n e preparation) . The notice 
infonns FDA of the viewofNovozymes that serine protease enzyme preparation is GRAS, through scientific 
procedures, for use as an enzyme in the production of partial and extensive hydrolyzed animal and vegetable 
protein ingredients, upto 6.84 grams Total Organic Solids per kilogram (TOSA<g) protein rawmaterial. 

Commercial enz\'ln e preparations that are used in food processing t ypically contain an enzyme component that 
catalyzes the chem ical reaction as v.ell as substances used as stabilizers, preservatives, or diluents. Enzyme 
preparations may also contain components derived 1rom the production organism and 1rom the manufacturing 
process, e .g., constituents oft he fermentation media or the residues of processing aids. Novozymes' notice 
provides information about the components in the serine protease enzyme preparation. 

According to the dassification system of enzvm es established by the International Union of Biochemistry and 
Molecular Biology, serine protease is identified by the Enzyme Comm ission Number 3.4.21 .4. The accepted name 
for the enzyme is trypsin; there is no systematic name for this serine protease. FDA notes other common names 
include a-trypsin, 13-trypsin , cocoonase, parenzyme , parenzymol, t ryptar, trypure , pseudotrypsin, t ryptase, tripcellim , 
and sperm receptor hydrolase. The CAS Registry Number for serine protease is 9002-07-7. Serine protease 
catalyzes the preferential cleavage of Ser-Lysand Ser-Arg, primarily at the carboxyl side of lysine (Lys-X) or 
arginine (.Arg-X), \!\here X is not pro line . 

NovozV1nes describes F. venenatum asa nonpathogenic and nontoxigenic microbe that has been shoVvTi to be a 
safe host for enzyme production (GRAS Notice No . GRN 000054 and JECFA, 2003) . Fusanum are saprophytes 
found in soil and are not considered to be human pa1hogens. Novozymes statestha1 F. venenatumWTY842-1-11 is 
the host strain used to develop the production strain; it is derived tom the parental strain F. venenatum A3/5Wby 
transformation Wth a tagment containing a deleted version of F. venanatum tri5 gene . The deletion of the trl5 gene 
renders the production strain incapable of producing m ycotoxin secondary metabolites in the tricothecene 
biosynthetic pa1hv.ay. Additionally, an amdSgene from A. nk/ukrnsencoding acetamidase v.as inserted and is used 
as a selective mark er during this transfonn ation. Novozymes confinn ed the transfonn ation events in WTY-842-1-11 
by demonstrating the st rain's ability to grow in defined medium containing acetamide as sole nitrogen source , and 
via Southern blot analysis . 

NovozV1n es describes the development of the production strain, strain WTY939-8-3. The host strain , WTY-842-1-11 , 
v.as transformed wth the serine protease gene tom F. oxysporum under control of the F. venenatum glucoamvtase 
promoter and of the serine protease terminator. The bar gene that encodes a phosphinothridn acetyltransferase 
(alloWng groWh on the antibiotic , phosphinothricin derived fi'om Streptomyces hygroscopicus, is used as a selective 
mark er. F olloWng inruba1ion of the plasm id containing the expression cassettes for the serine protease gene and 
the selective malker v.Ath protoplasts ofWTY842-1-11 , the high-yielding transfonnant, strain WTY939~-3 , v.as 
selected as the final production strain. Novozymes con firm s that the transfonned DNA is stably integrated and the 
inserted genetic material has low potential to transfer, via Southern blot analysis. 

NoVOZ\'lnes statesthat the serine protease enz\'111e is produced by submerged fermentation of a pure rulture of the 
production strain. Each fermentation batch is initiated from a stock rulture and appropriate measures are taken to 
control for identity, purity, and enzV1n e-genera1ing ability before use.During fenn entation, serine protease enzyme is 
secreted to the fermentation broth. After fermentation, the enzyme is recovered tom the fermentation broth using 
multiple filtration and concentration steps that also remove residues of the production strain. The final enzyme 
concentrate is spray dried to a granula1ed product. N OVOZ\'ln es states that serine protease enzyme preparation does 
not contain any major food allergens tom the fenn enta1ion medium. N ovozV1n es also sta1es that serine protease 
enz \'ln e preparation is produced in accordance Wth rurrent good manufacturing practices. The raw m a1erials used 
in fermentation , recovery, and formulation meet predefined quality standards, and are food grade. 

– 
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Novozymes states that the serine protease enzyme preparation is tested to ensure compliance with established 
sped1ications prior to release , including testst o demonstrate absence of microbial pathogens, mycotoxins, and 
heavy metals in the final enzyme preparation. Novozymesnotesthat serine protease enzy1ne preparation conforms 
to the specifications established for enzyme preparations i i the Food Chemicals Codex (FCC, 2014), and to the 
current General Speci1ications and Considerations for Enzyme Preparations Used in Food Processing established 
by the F AON\/HO Joint Expert Committee on Food Additives (JEC FA, 2006), by providing analytical data tom non­
consea.mve batches or serine protease enzyme preparatlcn . 

Novozy1n es states that the serine protease enz~ e preparation is intended for use in the manufacture of partially or 
extensively hydrolyzed anim al and vegetable proteins such as casein, W"ley, gluten, and proteins fi'om soy, corn, 
rice , peas, lentils, meat, and 1ish. Hydrolyzed proteins are Jsed as ingredients in a variety of foods, induding foods 
for special dietary use, medical foods, and infant formula, at upto a maximum level of 6.84 g TOSAcg o f protein raw 
material. 

To estim ate dietary expost.1re to serine protease enz)'lne p·eparation, Novoz)'lnes assum es that the enzyme 
preparation WII be used at t hem axim um intended levels, and that all o1the enzyme preparation WII remain in the 
final food. Further, Novoz)'lnes assumes that 10% of processed solid foods and 3.5% of processed liquid foodsVvill 
be treated wth the serine protease enzyme prepara-tion . B3sed on these assum ptions, Novozymes estimates a 
dietary intake of serine protease enzyme preparation from all intended food applications to be 14 .5 mg TOS per kg 
body 'lleight per day (mg TOS/kg b\/lld). Novozymes estimates a dietary intake of 34.5 mg/kg b\/lld of serine 
protease from consumption of infant fonnula, for in fants at zero to six months, and 24.6 mg/kg b'Md for infants at 
seven to t \!\elve months, respectively. Novoz)'ln es sta-tes that the reaction products resulting from serine protease 
enz)'lne activity are already part o f the human diet. 

Novoz)'ln es summarizes unpublished toxicological studies to support the safety of serine protease. Tests conducted 
using bacterial cells show that serine protease enzyme concentrate is not mutagenic. Novozymes shoVIS that serine 
protease enzyme concentrate does not induce chrom osorr al aberrations in cultured hum an lymphocytes. 
Novoz~ es demonstrates Wth rest.1lts fi'om a 13-\!\eek ora toxicity study conducted using rats that consum ption of 
serine protease enzyme preparation does not cause any tIeatment-related adverse effects in the test animals, at 
581 mg TOSAcg bw/d, the highest dose tested. Novozymes also included the results fi'om a 25-day oral toxicity 
study conducted using rats that consum ption of serine pro1ease enz)'ln e preparation does not cause any treatment­
related adverse effects in the t est anim als at 3605 mg TOSAcg b'Md, the highest dose t ested. Based on the highest 
dose tested in the 25-day study, and the estimated daily in:ake tom the proposed use levels of serine protease 
enz)'lne preparation, i.e. 3605 mg TOS/kg b'Md and 14 .5 in g TOSAcg bw/d, respectively, Novozymes calculates a 
margin of safetyt o be 249. For use in infant fonnula, Novoz)'lnes calrulated margins of safet y of104 and 146, for 
infants aged 0~ months, and 7-1 2 months, respectively. 

Novozy1n es dis-cusses the potential food allergenidty of serine protease enz)'ln e. Novozymes conducted an amino 
add sequence homology search for serine protease enzyIn e against kno\M1 allergens in the Food Allergy Research 
and Resource Program database as \!Yell as the World Health Organization and the International Union of 
Immunological Societies Allergen Nomenclature Subcomrr ittee database. A search for am ino add sequence 
homology greater than 35% over an 80-am ino adds Wndowidentified 13 mite related allergens, three insect venom 
related allergens, and one canine allergen. Novozymes also performed sequence identity matches across 
contiguous stretches of eight amino acids in the amino acid sequence of the expressed protein to knoWl allergens, 
and found no matches. Based on these rest.11ts N ovoz)'ln es considers it unlikely that oral const.1mption of serine 
protease enzyme WII result in allergic responses. 

Based on the data and information st.1mm arized above, Novozymes concludes that serine protease enzy1n e 
preparation is GR AS for its intended uses. 

Section 301(11) of the Federal Food, Drug, and Cosmetic Act (FD&C Act) 

– 
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Section 301 (II) of the FO&C Ad prohibits the introduction or delivery for introduction into interstate comm erce of any 
food that contains a drug approved under section 505 of the FO&C Ad , a biological product licensed under section 
351 of the Public Health Service Act, or a drug or a biological product for W'lich substantial clinical investigations 
have been instituted and their existence made public , unless one of the exemptions in section 301 OIX1)-(4) applies. 
In its re'view of Novozym e's notice that serine protease enzyme preparation wth trypsin specificity, produced by a 
genetically modified strain off. venenatum is GRAS for the intended uses, FDA did not consider W"lether section 
301 (II) or any of its exemptions apply to foods containing serine protease enzyme preparation v.Ath trwsin specificit y, 
produced by a genetically modified strain of F. venenatum. Accordingly, this response should not be construed t o be 
a statement that foods that contain serine protease enzyme preparation Wthtrypsin specificity, produced by a 
genetically modified strain of F. venenatum , if introduced or delivered for introduction into interstate commerce, 
v.ould not violate section 301 01) . 

Conclusions 

Based on the information pro'vided by Novozymes, as v..ell as other infonn ation available to FDA, the agency has no 
questions at this tim e regarding Novozymes' conclusion that serine protease enzyme preparation is GRAS under 
the intended conditions. The agency has not, hov..ever, made its own determ ination regarding the GRAS status of 
the subject use of serine protease enzyme preparation. As alv-.ays , it is the continuing responsibility of Novozymes 
to enst.1re that food ingredients that the firm markets are safe, and are otherWse in compliance with all applicable 
legal and regulatory requirements. 

In accordance w th proposed 21 CFR 170.36(1), a copy of the text of this letter responding to GRAS Notice No. GRN 
000563, as v..ell as a copy of the infonn ation in this notice that conform s t o the information in the GRAS exemption 
claim (proposed 21 C FR 170.36(c)(1 )), is available for public review and copying at 
WArN.fda.gov/grasnoticeinventory. 

Sincerely, 

Dennis M. Keefe, Ph .0 . 
Director 
Office of Food Additive Safety 
Center for Food Safety and .Applied Nutrition 

<1>F. venenatum A3/5 is a natural isolate and has been deposited in t he American Type Culture Collection as F. 
grominearumSchv.abe ATCC 20334 . 

Nbre in 'iRAS NO!ise bwntocv 
1n993/20171031001831Jhttps://www.fda.gov/Food/lngredientsPaekagi!l9Labeling/GRAS/Notieeln-.-entor yA::tefault .htm). 

– 



July 21, 2021 CONFIDENTIAL FINAL Page 72 of 88 
19.CAPT002.04 fusing science and compliance www.burdockgroup.com 

Agency Response Letter to GRAS Notice No. GRN 564.  

DocuSign Envelope ID: 4A1F4D68-4127-442D-B77A-A0FA4EB6896E

 

        
   

 

 

ORAS Noiot 1nvu11:01y:,. A;tMlf R.-JPOl'I$ t LtU.1 GRAS Noliot No. GRN 00058'1 

You are viewing an archived web page, collected at the request of V s food and Drug Admjnjstratjon ""' l 
WarchiYP.•it ora/oraanizalionsf1137) using AcchN~-n marchiv~-it oraO This page was captured on 

o: 16:58 o ct 31, 2011, and is part of the f DA aov Warchiv~-it orn/nuhlic/cou~clion html?id= 7993) collection. 
The information on this web page may be out of date. See An v•rsjons Chttos· llwayhack arc biY .. 
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Agency Response Letter GRAS Notice No. 
GRN 000564 
Return to inventory listing: GRAS 'fstise lnVGPlewnmes«mx!Jasl&arshixS: 
tt,ore«993f29171931991fi5Hrtt,r//Y'CCOC'fde eextensrS1isSioxm1000 
See also Genec@HY Br&oonimd@§ §J[c lGBASl 
(U9931201I1931991§5§,tattp5©ooooMfda ggy(fggdOoeresfiAUIPftEkaeio9' ahrdine/GBAS/definU html and 
about.the GRAS Hotice lnvento!Y 
(ll9 93/201710 31001658Art:tps://www fda.govn= ood/lngredientsPac kaginff-abefinplGRA sm oticefnventory/defa 

!!.!!.:!.!l!!1 

CF SAN/Office of Food Additive Safety 

July 7, 2015 

Ms. Lori Gregg 
77 Perry Chapel Church Road 
P.O. Box576 
Franklinton NC 27525 

Re: GRAS N otic:e No. GRN 000564 

Dear Ms. Gregg: 

The Food and Drug Administration (FDA) has received the notice, dated December 12, 2014, that you subm itted in 
accordance w th the agency"s proposed regulation, proposed 21 CFR 170.36 (62 FR 18938; April 1, 1997; 
Substances Generally Recognized as Safe (GRAS)). on behalf ofNovoz~nes North .America Inc. (Novozymes). 
FDA received this notice on December 15, 2014, 1iled it on January 02, 2015, and designated it as GRN No . 
000564. 

The subject of the notice is serine protease enzyme preparation Wth chym otrypsin specificity, produced by a strain 
of Bacillus /khenlormisexpressing the gene coding for serine protease Wth chymotrypsin specificity tom 
Nocardbpsis prasina (serine protease enzyme preparation). The notice informs FD A of the view of Novozymes that 
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serine protease enzyme preparation is GRAS, through scienti1ic procedures, for use as an enzyme in the production 
of partially and extensively hydrolyzed anim al and vegetaije protein ingredients, upto 785 milligrams Total Organic 
Solids per kilogram (TOS/kg) protein raw material. 

Commercial enzyme preparationsthat are used in food processing t w ically contain an enzyme component that 
catalyzes the chem ical reaction as '-'\ell as substances used as stabilizers, preservatives, or diluents. E nzy1n e 
preparfflions may a lso contain components derived ft-om the production organism and Tom them anufocturing 

process, e .g., constituents of the fennentation media or the residues of processing aids. Novozvmes' notice provides 
infonn ation about the components in the serine protease enzyme preparation. 

According to the dassi1ication system of enzymes established by the International Union of Biochemistry and 
Molecular Biology, serine protease Wth chvm otrypsin speci1icity is identi1ied by the Enzyme Com mission Number 
3 .4.21 .1. The accepted name for the enzyme is chymotrwsin; there is no systematic name for serine protease. The 
CAS Registry Number for serine protease is 9004-07-3 . FDA notes other common names include chymotrwsins A 
and B; a-chymar ophth; avazyme; chymar; chymotest; enzeon; quim ar; quimotrase; a~hymar; a~hymotrwsin A, a­
chymotrwsin. Serine protease catalyzes the hydrolysisof:>eptide bonds Vlith preferential cleavage at Ser-Trp, Ser­
T'yT, Ser-P he, Ser-Leu, Ser-Met tryptophan, Ser-His and histidine. The reaction products are small er proteins and 
peptides of variable lengths. 

Novozymes states that B. /K:heniformisSJ6370, a variant ofa natural B. /icheniformis isolate, is the host strain used 
to develop the production strain B. /K:henlormisstrain S10-34zEK4. B. /icheniformisSJ6370 is constructed via 
classical m utagenesis to inactivate genes essential for spcrulation and genes encoding several endoproteases, and 
an alpha-amylase. Additionally, the amyl locus and xy/A lccus '-'\ere m odi1ied in order to facilitate integration and 
expression of the serine protease genes. Novozymes cites published studies describing B. IK:henlormisas a 
nonpathogenic and nontoxigenic microbe Wth a long history of safe industrial use for the production of enzymes 
used in human food. In addition, N ovozy1n es cites several GRAS notices des-cribing the food uses of enzymes 
derived tom 8. licheniformis. FDA had no questions in response to these GRAS notices. 

Novozymes aescnbes tne development ot tne proauctIon strain tl 11c11en10,m,s strain :::;1 U-J4zt K4, trom :::;Jt>J/U 
using t \/lO expression plasm ids pSJ7 420 and pSJ746S.W Novozymes states that they integrate t\/lO sets of the 
serine protease genes in the B. /ichenlo,misgenome. $peci1ically, t\/lO serine protease genes encoding serine 
protease tom N. prasina '-'\ere integrated in tandem betV\een the hybrid Bacillus promoter and the Bacillus 
tenn inator at them odi1ied amyl locus using the vector pSJ7 420. F olloWng this, t\/lO serine protease genes encoding 
serine protease tom N. prasina vi.ere integrated in t andem betvveen the hybrid Bacillus promoter and the Bacillus 
tenn inator at them odi1ied xyl4 locus using the vector pSJi465. The high-)'ielding transfonnant was selected as the 
1inal production strain. Novozymes con1irm s by Southern ijot analysis that the transfonn ed DNA is stably integrated 
into the production organism , that the inserted genetic material has low potential to transfer, and the absence of 
antibiotic resistance genes due to the genetic m odi1ications. 

Novozymes states that the serine protease enzyme is produced by submerged fed-batch fermentation of a pure 
culture of the production strain. Each fermentation batch is initiated tom stock culture and appropriate measures are 
taken to con1irm identity, absence of foreign microorganisms, and enzyme-generating ability before use.During 
fenn entation, serine protease enzy1n e is secreted to the fenn entation broth . After fenn entation, the enzyme is 
recovered tom the fermentation broth using multiple 1iltraton and concentration steps that also remove residues of 
the production strain. The final enzy1n e concentrate is spray dried to a granulated product. N ovozy1n es states that 
serine protease enzyme preparation does not contain any major food allergens tom the fermentation medium. 
Novozymes aloo states that serine protease enzyme preparation is produced in accordance Wth current good 
manufacturing practices. The raw materials used in fermentation, recovery, and formulation meet prede1ined quality 
standards, and are food grade . 

– 
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Novozymes states that the serine protease enzyme preparation is tested to ensure compliance wth established 
sped1ications prior to release , in d uding tests to demonstrate absence of microbial pathogens and heavy metals in 
the 1inal product. Novozymes notes that serine protease enzyme preparation conforms to the sped1ications 
established for enz}'lne preparations in the Food Chemicals Codex (FCC, 2014), and to the current General 
Speci1ications and Considerations for Enzyme Preparations Used in Food Processing established by the F A0/1/VHO 
Joint Expert Committee on Food Additives (JE CF A, 2006), by providing analytical data tom non-consecutive 
batches or serine protease enzyme preparation. Novozymes states that tne reaction products resumng trom serine 
protease enzyme activity are already part of the human diet. 

Novozymes states that the intended use of serine protease enzyme preparation is in the manufacture of partially or 
extensively hydrolyzed anim al and vegetable proteins such as casein, vvhey, gluten, and proteins t om ooy, corn, 
rice , peas, lentils, meat, and 1ish, at up to a maximum I eve of 785 mg TOSi1cg of protein rawm aterial. The 
hydrolyzed proteins are intended for use as ingredients in a variety of foods, including foods for special dietary use, 
medical foods, and in fant formula . 

To estimate dietary exposure, Novozymes asStJmes that al processed oolid foods and beverages v,.ould contain 
10% and 3 .5% of protein hydrolysates, Vlhich W'OUld be manufactured using serine protease enzyme preparation at 
its maximum intended use levels . Novozymes also assumes that all of the serine protease enz}'lne preparation WII 
remain in the 1inal food. Based on these assumptions, No\Ozym es estimates a dietary intake of serine protease 
enzyme preparation tom all intended food applications to be 1 .67 mg TOS per kilogram body weight per day (mg 
TOSJkg bWd). Novozymes estimates a dietary intake of serine protease enzyme preparation to be 3.96 mg/kg bWd 
tom consumption of infant formula, by infants at zero to si:< months of age, and 2.83 mg/kg bWd by infants at seven 
to t 'v\elve months of age, respectively. Novozymes states that the reaction products resulting tom serine protease 
enzyme activity are already part of the hum an diet. 

Novozymes summarizes unpublished toxicological studiesto support the safety of serine protease enzyme . Tests 
conducted using bacterial cells showthat serine protease enzyme concentrate is not mutagenic. Novozymes shol.M> 
that serine protease enzyme concentrate does not induce : hrom osom al aberrations in rultured human lym phoc;tes. 
Novozymes demonstrates Wth results tom a 13-week ora toxicity study conducted using rats that consumption of 
serine protease enzyme concentrate does not cause any treatment-related adverse effects in the test animals, at 
levels up to 500.1 mg TOSi1cg bw/d. Based on the highest dose tested, and the estimated daily intake from the 
proposed use levels of serine protease enzyme preparatio,, i. e. 500.1 mg TOSi1cg bWd and 3.96 mg TOSi1cg bw'd, 
respectively, Novozymes calculates a margin of safet y to be 299. For use in infant formula, Novozymes calrulated 
margins of safety of 126 and 177, for infants aged ~6 months, and 7-1 2 months, respectively. 

Novozymes discusses the potential oral allergenicity of serine protease enzyme . Novozymes conducted an am ino 
add sequence horn ology search for serine protease enzyme against know, allergens in the Food Allergy Research 
and Resource Program database as \!\ell as the World Health Organization and the International Union of 
Immunological Societies Allergen Nomendature Subcom irittee database . A search for amino acid sequence 
homology greater than 35% over an 80-am ino acids Wndow identi1ied no matches. Novozymes also performed 
sequence identity matches across contiguous stretches of eight am ino acids in the am ino acid sequence of the 
expressed protein to know, allergens, and did not find an) matches. Based on these results Novozymes considers it 
unlikely that oral consumption of serine protease enzyme Y.ill result in allergic responses. 

Based on the data and information sum marized above, Novozymes con dudes that serine protease enzyme 
preparation is GRAS for its intended uses. 

Section 301(11) of the Federal Food, Drug, and Cosmetic Act (FD&C Act) 

– 
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Section 301 (II) of the FD&C Act prohibits the introduction er delivery for introduction into interstate commerce of any 
food that contains a drug approved under section 505 of tl"e FD &C Act, a biological product licensed under section 
351 of the Public Health Service Act, or a drug or a biological product for Wlich substantial dinical investigations 
have been instituted and their existence made public, unless one of the exemptions in section 301(11)(1 ){4) applies. 
In its re\1ewof Novozym e's notice that serine protease enz}'ln e preparation Wth chym otrypsin specificity, produced 
by a B. lichenifonn is expressing a gene coding for serine r:rotease Wth ch}'ln otrypsin specificity t om N. prasina is 
GRAS tortne Imenaed uses, FDA ala not consider W'letner section 30'1(11) or any 01 tts exemptions apply to 1oods 
containing serine protease enzyme preparation wth chymotrypsin specificity, produced by a genetically modified 
strain of B. licheniform is . Accordingly, this response should not be construed to be a statement that foods that 
contain serine protease enz yme preparation vvith chymotr~psin specificity, produced by a genetically modified strain 
ofB. lichenifonnis , if introduced or delivered for introductio, into interstate com merce, \!VOUld not violate section 
301 (II) . 

Conclusions 

Based on the information provided by Novozymes, as v.ell as other information available t o FDA, the agency has no 
questions at this time regarding N OVOZ\'lll es' conclusion th:rt serine protease enzyme preparation is GR AS under the 
intended conditions. The agency has not , hov.ever, made its ow, determination regarding the GRAS status of the 
subject use of serine protease enzyme preparation. As al\/t'ays, it is the continuing responsibility of N ovoz\'lll es to 
ensure that food ingredients that the firm markets are safe and are other\Mse in compliance Wth all applicable legal 
and regulator y requirements . 

In accordance w th proposed 21 CFR 170.36(1), a copy of the t ext of this letter responding t o GRN 000564, as 'l\ell 
asa copy of the information in this notice that confonn s to the infonnation in the GRAS exemption claim (proposed 
21 CFR 170 .3G(c)(1 )), is available for public review and copying at www.fda .gov/grasnoticeinventory. 

Sincerely, 

Dennis M. Keefe, Ph .0. 
Director 
Office of Food Additive Safet y 
Center for Food Safety and Applied Nutrition 

<1>rhese vectors contain strictly defined chromosomal DNA t agm ents and synthetic ONA linker sequences. The 
speci fic DNA sequences indude i) t V\O genes placed intardem Wth Sightly different DNA sequences but both 
encoding the same serine protease enzyme t om Nocardicpsis prasina (NR RL 18262); ii) v.ell-characterized non­
coding regulatory sequences ind uding a t ranscription terminator t om B. lichenlormis. 

M::ire in 'iBAS No!ire bxeotocv 
Jn993/20171031001658Jhtt ps: /lwww.fda p ov/Food/ lngredi en:s Packag½9 Label ing/G RAS/Noti celnvent or y/def ault .ht m) 
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Vincent Sewalt 
Danisco US Inc.(Operating as DuPont Industlial Biosciences) 
925 Page Mill Road 
Palo Alto, CA 94304 

Re: GRAS Notice No. GRN 000?14 

Dear Mr. Sewalt : 

The Food and Drug Administration (FDA, we) completed ourevaluation ofGRN 
000?14. We recei,,id Danisco US Inc. (operating as DuPont Industlial Sciences) 
(DuPont)'s GRAS notice on Jwle 20, 2017,and filed it on August 14, 2017. We received 
an amendment on August 29, 2017, containing an update about the infonnation that 
DuPont initially designated confidential• and the intended uses. We also received an 
amendment on December 11, 2017,containing additional safetyinfomiation. 

The subject of the notice is subtilisin enzyme preparation produced by Bacillus subtilis 
expressing a modified gene encoding a variant of tile wild-type subtilisin fromB. 
amylo/iquefe.ciens (subtilisin enzyme preparation) for use as an enzyme to h}'lrolyze 
proteins from microbial, plant, millt, and seafood sources, at up to 369 mg Total Organic 
Solids (TOS)/kgsubstrate. The notice infom1S us of DuPont's view that this use of 
subtilisin enzyme preparation is GRAS tl1rough scientific procedures. 

Commercial enzyme preparations that are used in food processing typically contain an 
enzynle component that catalyzes the chemical reaction as well as substances used as 
stabilizers,preservatives, ordiluents. Enzyme preparations may also contain 
components deriwd from the production organism and from tl1e inanufactwing 
process ,e.g.,co11Stituents of the fermentation media or the residues of processing aids. 
DuPont's notice provides infonnation about the components in tile subtilisin enzyme 
preparation. 

According to tl1e classification system of enzymes established by tile Intemational 
Union of Biochemistry and Molecular Biology,subtilisin is identified by the Enzyme 
Commission Number 3.4.2L62. The accepted name and systeinatic name for this 
enzyme is subtilisin. The enzyme is also known as alcalase, bacillopeptidase,alkaline 
proteinase,protease, tl1ennoase, and subtilopeptidase.Subtilisin h}tlrolyzes nati,-e and 
denatured proteins ,and peptide amides to release protein fragments of various lengths , 
peptides,and free amino acids. It has broad specificityforpeptide bonds, and a 

'G RN 000?14 included inmnnati.on inanAppendix in P,u:t? that Dupont initially designated confulential 
in the notice. In the August :::9, :::0171 ame1\drnent, Dupo nt confinns that the 1'epo1-t was inconectly 
marbd confidentiali\l:\d that this inm1mationis Mt coruidential. 

U.S. FOOO & DrUQ Adrt!IMstr.atl~n 
center ror Food sa1et°)• &Applied Nutrition 
!:i001 Campus OriYe 
College PJr!(, MO 207,0 
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preference for a large w1charged residue in P1 position. The GAS No. for subtilisin is 
9014-01-1. DuPont states that the primary amino acid sequence of the expressed mature 
subtilislnenzyme has been determined and It consists of 275 amino acids.DuPont itates 
that subtilisin has a molecular weight of 68.•kDa. 

DuPont states that theB. subtilisproductionstrainBG3600-1425-3D was deriwd f-om 
theB. subtilis strain BG125.: DuPont states that this recipient strain was previously 
modi:'ied at se,wal chromosomal loci to intnd uce mutations to enhance protease 
production, and to inactivate genes encoding a neutral protease and a gene necessa:yfor 
sporulation. DuPont desc1ibes B. subtilis as a non-pathogenic,non-toxigenic, well-
characterized production organism with a hi;toryof safe use in the food industry. 
DuPont also states that the production strain is oonsidered suitable for Good lndushial 
Large Scale Practice worldwide. 

DuPont describes the construction of the prcduction strain bythe targeted integration 
of an expression cassette carrying the modified gene enooding a variant of the wild-type 
subtihsin genes fromB. amyloliquefaciens and a chlorampheniool resistance gene 
selectable 1narker w1der control of the D. subtilis subtilisin prom.oter. DuPont verified 
the a:nstruction, and confinned that the introduced DNA is stable after at leas t 60 
generations , via Southem blot analy;es. Du Font states that the final production strain 
does contain a chloramphenicol resistance gene,• but the gene product is not secreted 
into b e culture mediwn. 
DuPont states that subtilisin e11Zyme is prod·1ced bysubmerged fed- batch fennentation 
of a pure culture of the production strain. DuPont states that fermentation is earned out 
w1der oontrolled conditions and that the enzyme is secreted into the culture mediwn. 
The enzyme is recowred from the culture mediwn by filtration or centrifugation of the 
supematant oontaining the enzyme, and oon:entrated byultrafiltration. The liquid 
e11Zyne concentrate is stabilized and fonnulated to an enzyme preparation by the 
addit:on of sodiwn acetate, propylene gl}':ol, and water. DuPont states that the entire 
process is perfonned in accordance with cur:-ent good manufactwing practices.DuPont 
also states that the final e11Zyme preparation does no tcontainanymajor food allergens 
from the culture medium. 

DuPont states that the subtilisin enzyme preparation oonforms to specifications 
estab:ished for enzyme preparations in the Food Chemicals Codex (FCC, 10th edition, 
2016;,and to the General Specifications and Considerations for E11Zyme Preparatio~s 
Used in Food Processing established by the FAO/WHO Joint Expert Committee on 
Food Additives (JECFA, 2006).DuPont provides analytical data from three batches of 
subtihsinenzyme concentrate to demonstrate consistency with the manufactwing 

! DuPont states thats. subtilissb:ain EX3 i:s was obtained as strain iA.10 from the Bacillus Genetic Stock 
Center, Ohio State Univusi1y, Colwn.bus, Ohio, and vas deriwd fromB. subtilis!.1.1·am 168 via clasSCal 
genetics. 
, DuPont states that the va1iant subtilisin gene has a single amino acid residue di.fn.rence compared to the 
wild-type subtilisin from B. amyloliq;efaciens, 
• DuPont states that the chlo1·arnphenicolnsistance gene has been integ:i·ated into 1he B. subrilis 
p1·oductio ns train BG3600-14:s3D. 

– 
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specifications . DuPont also confimis that a test for absence of anyproduction orgarism 
in the final product is an established specification. 
DuPont intends to use subtilisinenzyme pre?aration to h}tlrolyze proteindwing 
prote:n processing at a maximwn level corresponding to 369 mg TOS/kg of substrate. 
DuPont notes that the subtilisinenzyme preparation will be inactivated orremowd 
dwing processing. DuPont states that if the enzyme is present and inges ted in the final 
food,it will be broken down by the digesti,1!systemand metabolized, and therefore 
poses no health risk. To es timate dietary expos WI! to subtilisin enzyme preparatio1:, 
DuPont asswnes that the enzyme preparation will be used at the maximwn intendei 
lewis, and that the enzyme preparation will :-emain in the final food. DuPont estim,ited 
dietary exposure from all uses of subtilisin enzyme preparation to be 4.15 mg TOS/l:g 
bodyweight per day(mg TOS/kg bw/d). 

DuPont relies on published information that discusses the safety of microbial enzyme 
preparatio1is used in food processing, including the safety of the production organism. 
Further, DuPont prowled unpublished data from toxicological testing of the subtilisin 
P.117.)117A prP.p;ir;itlnn th;it WP.f'P. pArfi->nllArl prior tn thA P.~t;ihli~ hmP.nt o f OF.r.D gnirlAlinA~. 
Therefore, DuPont also provided unpublished results of toxicological studies for five 
enzyn e preparatio11S deriwd from genetical:yengineered B. subtilis strains to furtr.er 
corro)orate thesafetyof the subtilisinenzyme preparation. Toxicology tests includad 
90-dq subchronic feeding studies in rats for four enzyme preparations and acute 
toxicitystudies for two enzyme preparations. The studies also included bacterialre,erse 
muta:ionassays and in vitro chromosomal aberration assays with human lymphocytes 
or Chinese hanisterovarycells. All enz yme preparatio11S were fow1d to be non-toxic, 
non-mutagenic, and notclastogenic.Based on the totality of data and infom1ation 
avaiilble, DuPont concludes that theB. suM/is is a safe strain lineage and therefore 
strai1: BG3600-1425-3D is a safe production host and the enz yme preparatio1is rest:lting 
from it are safe for use in food. 

DuPont discusses potential food allergenicityof subtilisin enzyme. DuPont states tt.at 
naturallyoccurring food enzymes, if present in the fi11al food, are unlikely to have 
allergenic potential because they are present in low concentrations and are susceptible 
to di~s tion in the gastrointestinal system. Additionally, DuPont conducted ase'.[uence 
homology search with a window of Bo amine acids from the peptide sequence oftllE 
subtilisin against known allergens stored in the F ARRP allergen protein database and 
fow1d homologyabow 3596 threshold to 26allergens, of which onlyone was consid,red 
a food allergen.• Dupont states that this alle~gen, cucwnisin (Cuc m 1), is an alkaline 
serine protease from muskmelon; howewr, neither the full length FAST A sequence 
analy;is abo,1! 3596 threshold nor eight contiguous identical amino acids searcl1 of 
subtilisin resulted in identification of Cuc m L DuPont further cites the conclusions of 
several organizations and working groups atout the low risk of allergenicityposed by 
enzyi:ies due to their low use lewis and the exte1isiw processing of enzyme-containing 
foods during n1anufacturing. Based on the totality of the infonnation available, DuFont 
concl·1des that it is wllikely thatoral consw1:ption of subtilisinenzyme will result in any 

., All other sequences identifud \~t-e either t'elated subtilisingeiu,s or other setil\e p1·o teases from vaaious 
mic1'0crgaNSms, none of "hich a.re col'ISidet-ed signi.6:ant ii>od alle1y ns, 
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allergenic responses. DuPont also assessed b e sequence homologyofsubtilisin to 
known toxins based on >2596 homology using the UNIPROT database and did not 
ldent:fyanyslgnlflcant homologyto anypro:etn sequence identified or known to bea 
toxin. 

BaseC: on the data and infomiation suiruTh3lized abos,i, DuPont concludes that subtlisin 
enzyne preparation is GRAS for its intended use. 

Section 301(11) of the Federal Food, Drug, and Cosmetic Act(FD&C Act) 

Section 301(11) of the FD&C Act prohibits the introduction or deliwryfor introductirn 
into i:1terstate conunerce of any food that ontains a drug approwd w1dersection ~5 of 
the FD&C Act,a biological product licensed Wldersection 351ofthe Public Health 
Service Act, or a drug or a biological product for which substantial clinical im,istigations 
has,i ·)een instituted and their existence made public, wliess one of the exemptions in 
section 3ol(ll)(1}( 4) applies. In our evaluatim of DuPont's notice concluding that 
subtilisin enzyme preparation is GRAS W1der its intended conditions of use, we did not 
consider whether section 301(11) or any of its exemptions apply to foods containing 
subtilisinenzyme preparation.Accordingly,ourresponse should not be oonstrued b be 
a statement tliat foods containing subtilisin enzyme preparation,if introduced or 
delivered for introduction into interstate cor.unerce, would not violate section 3ol(ll). 

Coudusious 

BaseC: on the info miation that DuPont provided, as well as otherinfonnation available 
to FDA, we have no questions at this time regarding DuPont's oonclusion that subti:isin 
enzyne preparation produced byB. subtilis expressing a modified gene enooding a 
variant of the wild-type subtilisin fromB. amyloliquefadens is GRAS w1der its intended 
conditions of use. This letter is not an affim1ation that subtilisin enzyme preparation 
produced byB. subtilis expressingamodified gene encoding a variant of the wild-t}pe 
subtilisin fromB. amyloliquefaciensis GRAS w1der 21CFR 170.35. Unless noted abow, 
our review did not address other provisions of the FD&C Act.Food ingredient 
m;ini:far.hn'P.r~ ;inrl fnnrl pmcin~n• .:if'P. rP.~pnn~lhlP. fnr P.nirnring th;it m;irkP.tP.rl prnrlnr:t~ 
are slfe and compliant with all applicable legal and regulatory requirements. 

In accordance with 21CFR 170.27~b)(2), the text of this letter responding to GRN 
000714 is accessible to the public atwwwida.gov/grasnoticeinw ntory. 

Sincerely, 
Michael A. c:,_ ... 

0NUIIJ'!,,o>U.1,e....,......,.,,-
1~""'"'"'"' ............ ' 

.... CUl.""1.1~100.1,1""°"""'~"' 
Adams -5 •1~ 11 

,.,..i.,d> MA.,._4 
C.0...lOIU:.111'>1:.,)I:)" 4-,W 

Dennis M. Keefe, Ph.D. 
Director 
Office of Food Additiw Safety 
Center for Food Safety 

and Applied Nutrition 

– 
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JanetOesterli11: 
Now2ym::s NorthAn-.ericaln::. 
PO BOX S?6 
77PenyChapel Church Road 
Franldinton, NC 27525 

Re: GRAS Notice No. GRN 000774 

Dearl1s. Oesterling; 

The Food ard Dn.,gl\dministration(FDA, we) co1T4>leted our evaluation of GRN 000774. We 
re,eiv,dNowzym,s North Arrericalnc.'s ~oweym,s) n,1ic:eonApril 10, :.:o:i.8, and filed :ton 
May::, :;:o,B. 

The subject of 1he ll01ic:e is L-glulamiruse enz~m, preparation produced by Bacillus 
licherifomi sexpressi11: the L-glutaminase gem fromB. lichenifonri s (L-glutaminase enzym, 
prepa:ation) fur use as an enzyrre in the mmufacture of wheat protei.m, casein, whey prote:i.n, 
soy, lreads,noodles, tofu, fish,cheese,and seasonings,atupto o,17mgTOSpergof dryprotein 
solids. The notice infonns us ofNowzyrres, view that these uses of L-glutaminase enzyrre 
prepa:ation is GRAS through scientific procedures. 

Corrnrercial enz= preparations that are used in food processing t)picallyconlain anenz)tre 
coIT4>0nent that catalyzes the chemical reaction.., v.ell as substaooes used as stabilizers, 
preservati\es, ordiluents. Enz}!ne preparations mayalro contain corr.qx,rents deri,-ed from the 
produ:tion organism and fm mthe 1nanufu.cturingprocess, e.g., constituents of the ferrr.eniatio n 
rredie.or tre residues ofprooessi1"€ aids.Nowzyires' notice provides infonnationabout the 
coIT4>0nenls in the L-glutaminase enzym, prepa:ation. 

Acconiingto the classification system of enaym,, establisl-ed by the International Unionof 
B iochemistryand Molecular Biology, L-glulamirese is identified by the Enzym, Comnission 
Nnrnl:a- 3-5-1 .?. Tl'W'! rV":N!J.'t-Ai 1vitn'! fur th1~ P:n7.yn"t'! ,~ T.-glnt;i,miMs:P: .=mil thP: ~~h:!t"Mtir. nittn'! ,~ 

L-glutamine amidoh~rolase. The enz ym, is also known as gjulamiruse,glutamin<lSe I, and 
glutamine aminoh;tlrolase. L-gjulaminase catalyzes the h;tlrolysis of glulamine to )'ekl L-
glutam,te and amnonia. TJ-e CAS No. fur L-glutaminase is 900:t 47'2, Nowzim,s states that 
the prim,uy amillO acid sequmoe of L-glutamin,se enzym, has been determined. 

Now2yrres describes B. lichenifa,ris as a mn-pathogenic,non-to»genic, well-characterized 
production or~nism with a historyof safe use ir. the food industry. Nowzym,s also states that 
theB.lichen[formis prodtrtionstrain SJ 1326:,was derived from theB. /icl>,nifornis jldrel\tal 
sll'ai.nDSM 9552 via the recipient strain PPi.8973. No\Oz~tnes states that tre recipientsll'ain 
v.as m,dified a t several chrorrosomal loci to in"'rove product pwityand stability. 11>,se 
modifications result in inactivatingger.,s encodirg proteases, elimir.,ting th, ability to 
sponiate,and deleting additional gel'les encoding uw..,nted proteins in 1he culture supen.>tanl. 

U.S. Food and Drug Ad ministration 
Ceote, for Food Safety & Applied Nutrition 
5001 Campus Drive 
College Park, MD 2CIT40 
www.tda.gov 
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Now2ym,s describes the constru:t:ionofSJ:13263 by targeted hormioil)us recombination using 
a plas:nid containing an expression cassette carrying the ggtgen, e,,ooding th, L-glutmlinase 
gene ti:01nD. lichen(fi:,nris, u.l.d.CJ.· the conb:ol oftheD. Hchcnifi:,rrris pi-on"l:lter 011.d o. 
b'ansaipti.oral tenninator. No\Oz~mes states tmt only the expression cassette withelerre1:ts 
between the prormterand thetenninatorare present in th, final production strainas confm-..d 
bySouthemhybridization, PCR, and DNA sequencing. Nowz ym,s aloo confinred the absence 
of fun."tional antibiotic resistanre genes in the final production strain bySoulhem hi,bridization . 

No,mym,s states that L-glutaminase enzym, is produred by subrrerged red-botch rermei1tation 
of a pure culture of lhe productionstrain.Nowzym,s slates !hat renrentation is carried ou 
w'rlercontrolled condi1ions and that lhe enz')me is secreted into th, renrentation 1rediumAfter 
fermenlatio n , the microbial biomass is rerrowd and the supernatant containing th, e,,zym, is 
clalifi,d byadjustiri;:pH and adding appropriate fiocculanls. TI1e liquid enzym, is corr,entated 
and fi:tered furlherto rerrow residwlproducticnstrain. Tilis is further used for the safety 
studies. The liquid en,ym, conrenlrate is thei1Stabilized by the additionofglyoerol an:! 
preserved with potassiwnsotbate and soditm beJ1Zoate to obtain th, L-glut,mina,e enzym, 
prepa:ation. 

Now2yn..,. states that th, e11tire proress is perfcrmed inacconianoe with current good 
man,xacturir~ practires. Nowzym,s also states that the L-glutaminase enzym, preparatio:,. 
confonm to specifications established fur enzym, preparations in the Food Chemicals Codex 
(FCC, w"' edition, ,:016), an:! to th, General Specifications and Con,iderations for E112ym, 
Preparation; Used in Food Processing established bylhe FPD/WHOJoint Expert Committee on 
Food ."dditi,,,. (JECF A, :2006). No'IOZ')mes pro,ides anal~cal data from three representa1ive 
botches of L-glutaminase enzym, preparation to dermnstrate consistency with the 
specif cations. No'IOZY1l"'s states that the final L-glutaminase enzyire preparation does not 
contain arr; major food allerg,ns from th, fenrentation n...dia. 

Now,ym,s interds to use L-glutaminase enz)'l1' preparationduri~ the marrufacture of meat 
proteins, casein, whey protein, soy, bre«l.s, mocUes, tofu, fish, cheese, and seasonings, at 1.9 to 
o.17~TOS per gof dryproteinsolids.Nowzym,s states thatL-glutaminase will be used in 
1rantiacturi~ these foods. No'IOZ')mes states that several fac1Drs during nwrufacturing ""uld 
rende:- th, gjulaminase enzym, inactiw in the fi.'lal fuod. Ho'\\e\er,Nowzym,s asswres that all 
the L-slutaminase enzyire preparation v,;Jl remain in th, final food and, estin1'1"s th, dietary 
e>Pos·= to L-gjulaminase errz~n... preparation to be 0.:21~ TOS/ l<g bodyweight per day 
based on th, n1'>irrrumintended use le\el .• 

Now2ym,s relies on publish,d infonration that discusses the saretyof microbial enzym, 
prepa:ations used in food proressi~, inclu:ling ne safetyof lhe production organism. 
Glulaminase enzym,s sourced fromBadllus am;/o/iq.Jefr;rdens ha\e alo~ his1Dryof use b 
Japan a, theyw,re first reported in the publicly available literature in 1903. Specifically, 
gluta1ni.nase has been wed in the produ:ti.on of ,:,ysau:es since 1i;i91, the produ:tion of mi.so 
sinoe 1~2and lhe productionof h),tlroly,ed vegetable proteinsinoe ,:003. 

Now,yn..,. discusses potential fuod allergenicityof L-glutaminase e,,zyn..,.Nowzyn..,s states 
that mturallyoccunir~ food enz)'1les, if presentin the final food, are tmlikelyto ha\e alleisenic 

• Novozymes uses the Budget Method to calculate estimated diet.uy exposw-e to L·glutamina.se enzy:n.e 
preparation. Novozymes assumes col'ISUJY'l.p1io nof a tuaximumof~ gofsolid foods per pet'SOI\ per day 
and th.\t 5096 of these solid ii>ods " ill be p1·ocessed. l\·ovozymes fiu·iher assum.es these foods to con1l.in 
1096 of p1·oteinhydrolsates that ,rill be treated by the L-glut.unmase enzyme prepuation at the maximum 
interuhd leveL 

– 
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poten:ial because they are present in low concentrations, hiv-e historyof sare use, or are 
denat.ired during food proa,ssing, and are susa,ptible to digestion in the gastrointestinal 
systcl:1. Novozyn-a furtl"l!rc itc;s the corclusion.sof scve1-al 01-gailizo.tion.s o..rd w:irking grot.ps 
about th, low risk of allergenicityposed byenz~s used as proa,ssingaids. J\dditiorclly, 
Now,yrn,s states that no rorrologyto food allergens were fow-.:1 ,men treyconducted sequ,na, 
horro:Ogysearches wir~ the peptide sequ,na, of th, L-giutaminase a&l'irst kllOwn allergens 
stored in ttie F ARRP allergen pro tan database a; well as th, World Heallh Organization ar.d 
Intencation,l Union of! 1mrD.n10logical Societies ::WHO/IUIS) /\llergen Norrenclature Sub-
committee. Nowzyires also stales that rorro logfsean::res of the L-glutaminase sequ,na, using 
UNIP3.0Tdatabase did not identifyanysi~cant horrologies to kllOwn toxim. Based on :he 
totalityof lhe infunration a\6ilable, Nowz~m,s concludes that it is unlikelythatoral 
consumption of L-glutaminase will result in any allergenic ortoxis,enic responses. lnaddition, 
Now,yires discussed the resula; of unpublished toxicitystudies of the L-gjutaminase enzyire 
corc"'1trale to corroborate safety. Based on No-Observed-/\dverse-Elfect-Le"'l of ',02 Ill:'. 
TOS/kg bw/dayfroma 13-week oral toxicitystudyin raa; and an estirrated theoretical 
m>xir.rumdailyintake of o.:am-g TOS/kg bw/day, Nowzyires calculated a margin of exporure 
of 3303. IDAnotes that lhe margin of exposure :s based on w-q,ublished infonration and ser\eS 
only to corroborate the publisred infonration regarding saretyof enzyin, preparations we:! in 
food. 

Based on the data and inlimnatio n summmzed ,bove, Nowzyires concl u:les that L-
glutaminase enzyire preparation is GRAS fori1>intended use. 

Section 301(11) of the Federal Food, Di-ug,and Cosmetic Act (FDS.C Act) 

Section 30:(ll) of the FD&C .l'<:t prohibia; the int-odtrtion ordeli...,ryfor introduction into 
interscate comrerre of any food that contains a drug approved under section s:,sof the FC&C 
Act, abiolos;cal product lirensed w-.:l.ersection 351of th, Public Health Servire .l'<:t,oradru;: or 
a biological product fur which substantial clinical in"'stigations 1,a_,, been instituted ar.d th,ir 
existe:,a, made public, unless one of the exell1)tions in section 3o,(llX 1}( 4) applies. I nour 
e\aluation ofNowzymes's n.otioe concluclingthe.t L-giutami.nase enz),n:e preparation.is GR}S 
w-.:l.eri1> interded conditions of we, we did not oomider wrethersection 30:1(11) or any of its 
e,emptions appl yto foods containi1-g L-glutaminase enzyin, preparation. Aa:ordingly, our 
response should not be oorstrued 1D be a stalemmt that foods containing [notified substanoe], if 
introdu::ed or delh,-ered for introduction. into interstate comrnm:e, w:,uld not violate sectio:1 
:;,,,( 11). 

Co nctusions 

Based on the infom,anon that Nowzyires prowled, as well as otherinfunrationavailable to 
FDA, we ha,,, llO questions at this tim, regardingNowzyires' conclusion that L-giutamina,e 
enzym, preparationprodua,d byB. licheriformsexpressilll the L-giutaminase gene fromB. 
licherifenris is GRi'S underi1> intended conditions of use. This letter is not anaffinratior. lhat 
L-giutaminase enzyin, preparation produced byB. /ichen,fomts e>j)ressing th, L-glutaminase 
genefromB.lichenijormis is GRAS under 21.CB 170.3!; u,~ess noted abo,,,, ourreviewdid 
not ai.dress otrerpro\.isions of the FD&C Act. Food i1-gredientmanufucturers and food 
prodwers are responsible for ensuri1-g that rrarketed products are safe and coll1)liant wifr.all 
applicable legal and reguialo ry requirements. 

– 
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In a=rdance with 21 CFR 170.:275), X2), th, text of this le tter res po n:ling to GRN 000774is 
aooessible to the public a twww.fila.gov/grasnoticeinventory. 

Sincerely, 
Dennis M. Digil.olty signed by 

DerwiS M.~dc.'•S 

Keefe -S 1 -:-201a1a.26 
12:ll:56 -0#0(1 

Dennis M.Keefu, PhD. 
Director 
Office of Food Mditiw Safety 
Center for Food Safety 

an:l Applied Nutrition 

– 
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Candice Cryne 
AB E11Z ymes GmbH 
Feldbergstr. ?8 
D-64293 Dannstadt 
GERMANY 

Re: GRAS Notice No. G RN 000817 

Dear Ms. Cryne: 

The Food and Drug Administration (FDA, we) completed ourevaluation of GRN 
000817. Tfle received AB Enzymes GmbH (AB Enzymes)'s notice on Octobers, 20!.8, 
and filed iton No,,imber 2, 2018. Tfle received an amendment contain:ingadditional 
safetyinfomiation on May 29, 2019. 

The subject of the notice is serine endopeptidase e11Zyme preparation produced by 
Trichoderma reesei expressing a gene enooding serine endopeptidase from 
Malbranchea cinnamomea (serine endopeptidase enzyme preparation) for use as an 
e11Zyme at up to 10 mg Total Organic Solids (TOS)/kgof raw niaterial in the 
manufacture of vegetable and animal protein h)l:lrol)ntes. The notice infonns us of AB 
Enzymes' view that these uses of serine endopeptidase enzyme preparation are GRAS 
through scientific procedures. 

Commercial e11Zyme preparations that are used in food processing typicallyoontain an 
e11Zyme component that catalyzes the chemical reaction as well as substances used as 
stabilizers,preservatiws, ordiluents. Enzyme preparations niayalso contain 
components deri,,id from the production organism and from the nianufacturing 
process, e.g.,constituents of the fennentation media or the residues of processing aids. 
AB Enzymes' notice provides info1mation about the components in the serine 
endopeptidase e11Zyme preparation. 

According to the classification sy.;tem of e11Z ymes established by the Intemational 
Union of Biochemistryan.d Molecular Biology,serine endopeptidase is identified bythe 
Enzyme Conunission Nwnber 3.4.21.65.•AB Enzymes states tliat the se1ine 
endopeptidase is 281amino acids in length with a oorresponding molecular weight of 
28.skDa. 

AB Enz ymes states that the T. reesei production strain RF8963 is non-pathogenic and 
non-toxigenic. AB Enzymes describes the construction of the T. reesei production strain 
by targeted integration of an expression cassette carrying a gene encoding a serine 
endopeptidase from M. cinnamomea fused to a promoter and a terminator from T. 

• hltps//mm.qmuLac. ukf sbcs/iu bm b/ erozym,/ EC 'J/ 4/0,{65.html 
U.S. Food and Drug Administraion 
Center for Food Saie1y & Applied Nutrition 
5001 Campus Drive 
College Park, MO 20740 
www.tda.gov 

– 
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reesei. AB Enzymes stales that the plasmid t l so cal'ries a syn 1heI ic amdS gene encoding 
aceta,uidase. linked 10 a p romoter and a lern1ina1or. a ll Crom Aspag illus n idulans Cor 
gl'owlh and selection of the T. reesei transCo·mants. AB Enzymes sta tes t haL the stability 
oC the in tl'oduced DNA h as been con firmed by Southern blot analys i..11 . AB Enzymes al110 
states thal the final pl'oducl i on stl'ain does 1101 contain an y fonct ional o l' LransCerable 
antibio tic l'esist ance genes. 

AB Enzymes states th at serine endopeptida~e enZ)'llle pl'eparation is manufact ured by 
su bmcl'ged Ced ~batch Ccrmentati on of a pu ,·c cu ll ure oC Lhe p l'od uct ion s11·a in. AB 
Enzymes states lhal Cenne11t ati on i s carded out under controlled oond it ions and I hat the 
enzyme is secl'eted into I he fennen tat ion media. After Cermentation. floccu Ian LS and 
filler aids arc added 10 the med i.a oontainint the serine endopepLidase en zyme. at 
con trolled pH and tempel'a ture to facilit ate en zyme separation. T he enzyme is then 
l'ecovel'ed Crom I he Cermentati on media by fil trn Lion 01· cen tl'iCugation and concen u·ated. 
followed by polish and ger m ftl tl'il ti on . T he 1esulting liquid enz.yme conoen tl'ate is used 
for the toxicological studies discussed in I he noLice. T he liqu id enzyme ooncen trate i..c; 
Conn ulated 10 a preparation wi th sodium benzoate. glyoet'o l . sol'bito l. and waLCI'. AB 
Enzymes sta tes that IJ1c en ti1·e process Le; performed in accordance with cu l'l'enL good 
man ufactu r ing prac.t ices. AB En zymes also H ates that the fiJlal sel'ine endopep tidase 
enzyme prcparat ion docs no t contain any major food allel'gcns Crom the Cennentati on 
media. 

AB Enzymes h as es tablished food grade specification and stales that the scl'ine 
endopep tidase enzyme prepat'ation con Corms to specificati ons es tablished Cor enzyme 
preparations in the Food Chemicals Codex (FCC1 10 th editi on. 20 16). and to the General 
Specificat ions and Considerat ions fol' Enzyme Pl'epal'ati ons Used in Food Process ing 
est ablished by I he FAO/\VH O Jo int Expel't Commi11ee on Food Addil ives (J ECF A 
2006). AB En zy,ues p ,·ovides analytical da12 from th rec batches of serine endopcp I idase 
l iqu id enzyme concentrate to dcmonst l'ate I.lat the manuCact ul'ing acceptance crit el'i a 
have been met . including the absence oC t he pl'oduct ion strain. 

AB Enzymes intends to use serine endo~,eptidase enzyme preparation in the 
man ufoctul'e oCvegetable•del'i ved protein h;✓dl'olysa tes such as soy. wheat . maize. etc .. 
and an im al .deri ved pt'otein hydro l ysa1es1 such as whey pro teins. caseins. meat. fish, 
collagen. and gelat in . AB Enzymes intends to use sel'ine endopeptidase enzyme 
prepal'al ion at a maximum level of JO mg T OS/ kgofp,·otein raw matcl'ial. AB Enzymes 
notes th at the serine endopcptidase c11zyme ~)l'e~)al'ilt ion will be deacti vated or removed 
dur ing the pt'oduction of the p rotein hyd l'o l :,sa te.s. However. in e.s1imat ingdietary 
expos ure. AB Enzymes assumes t hal all of the serine endopeptidase enz.yme preparation 
will remai11 in the final food. AB Enzymes eHimated dietar y exposure Crom all uses of 
.iic,•in c c n dopc p t idosc en zym e p1·cpn1•0 1i on to be 0 .0 6:! 5 ms 'rOS/ k g bod y wc isht pc ,· d ny 
(mg TOSI kg bw/d).' 

AB Enzy,ues relies on published in Conn at i on I hat d iscusscs the saCct yof microbia l 

l AB Enzymes uses the Budget method to c.!i lculMe eHimnted d iernr y expmure to serine endopeptidose 
enzyme pre.pnrntion based on consumpt ion of ti mnx..mum of 125 g o f solid foods nnd 1 5 g of be\'Crt1g:cs 
per kg body weight pe-r dny. 

– 
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3 - Ms. Cryne 

enzyme pl'epal'at ions used in rood pl'ocessing, including the saret yof the T. rees,d 
prodocLion o rganism. Additionally,_ AB Enzymes summal'izes unp ublis hed toxicological 
sLuctlts uslng sel'hle enctopep tlctasc enzyme Uqulct concemra Le 10 con·oL,01·a1e safeLyot" 
the intended uses or this e11zyme ~, reparation. T hese studies i 11clude an ii, ~•ilro 
mammalian cell gene mu 1aI ion assay in mouse lymphoma and in v itro micl'onucleus 
assay in cultul'ed human lymphocytes with and without meLabolicact iva tion. AB 
En 2yn1es also discusses 1 he resu Lis fl'om an unpublished 13· week or al tox.icit y s tudy in 
I·a1s using the serine endopep1idase liquid enzyme concent rate I hat did no t cause any 
ll'eatmen t•l'ela ted ad verse effects up to the highest dose tes ted. equivalent to 1000 u1g 
TOS/kg bw/d. AB En zymes calculates a ma l'gin orexposu l'e based on the No Obsel'ved 
Ad verse Effect Level orJ000 mg TOS/ kg/ b\\/d rl'om th is study and the es timaLed 
maxiu1um dietal'yex. ~,osure from the i nLended uses of ser ine endopepI idase eozyme 
preparation. to be apprnx.imately 16000. FD.\ notes Lhe mar gin orexpos ul'e is based on 
unpublished sarety studies and is on lycol'l'oborative of the published inrol'maI ion 
l'egal'ding enzyme pl'eparations used in rood pl'ocessin g. 

AB Enz.ymes discusses publicly avail able lite:a tul'e as well as Lhe conclusions or severa l 
o ,·go nizot ion$ an d wo,·kingg,•ou ps ab out the l ow ,·i.llk or ulle,·.gen icity po.-.ed b y en "ymes 

in rood to addl'ess p oLent ial allergenicit ydue 10 1 he pl'oposed u ses of sel'i ne 
endopep tidase. Fu nher . based on bioinrornu tic anal yses . AB Enzymes l'epon s I ha1 the 
ser ine endopepl idase does noL shal'e any biologic,tll y meaningfu I sequence homolo£,Y 01· 
seq uence identi t)' 10 potent ial o ,·al allergens} Based on Lhc 101ali1yor the inrormat ion 
available. AB Enzymes concludes I haL it L(; unlikely I hat ora l consu mption orscl'i ne 
endopep tidase will l'esult in allel'gic 1'espo 11 ses. 

Base<! on lhe data and in format ion summarized above. AB En zymes co11cludes that 
serine endopepLidase en zyme prepara tio11 is GRAS rol' iu intended use. 

Use in Products unde1· USDAJ1U'isdictio11 

A(; pl'ovided undel' 21 CPR 170 .270. during ou ,. evaluat ion ofGRN 000817. we 
coordina1ed with IJ1e Food Sarety and l nspe,tion $el'vice {FSIS)oCI he United States 
Dcpa :tment or Ag 1'icu1Lu1·e. Under the FedeJ'JI Meat Jnspec1ion Act. Lhe Poultl'y 
Pl'oducts f nspection Act. and the Egg Pl'oduel.s Jnspec1io11 Act. FSIS determines Lhe 
effica::y and sui tabilit yoringl'edient s used in meat. poul tl'y. and egg p roducts. and 
pre.sc.:ibes sare conditions of use. Suitabilil y l'elates 10 the ingred ien 1·s effect iveness in 
pel'fo:ming it s intended Lech nic.al effect and I he assul'ance tha t the ingl'edient 's use will 
noL result in pl'oduct s thaL al'e adulLeraLed 01 misleading for consumers. 

FSJS .1as com pleLed i ts revie,,1 and has no objection Lo t he use of t he seri11e 
cndopep1 idase en zyme prepal'a lion ror use as an enzyme at up Lo JO mg TOS/ kg of 
p1·ote111. in meal products rol' the production of gelatins and animal pro tein 
hyd rc,l ysates . 

JAB t::uymes identified sequence homology tos.ix puiati.,'C nllcr.gens(Tri rn 2. Tri r 2. Pcm n 1:1 Penn 18 
and Asp fl J) durins bio infornu11ic nn.tilyscs. B:iscd on lint.her n.nn lyscs o f homology to nn 8 nm ino ndd 
windo,•. pou:ntin I 8 cell epitopes. nnd protcnse d igcs1ion predictions. AB Enzymes concluded thnt sc.ri.ne 
endopc-ptidasc is not l ikely to cnusc nn :i llergie re.s.ponsc from its <.<onsumption. 

– 
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Rega1ding labeling. FSIS would consider the substance a proc.cssing aid that does not 
rcqul :-e l abeling un<lcr lite requesLe<I conditions of use. 

Any add iLiona l ques tions regard i11g regu la to: y gu idance Crom FSfS should be directed 
10 : D1. Mel.an ie Abley, Acting Deputy Director. Risk Management and Innova tions Starr. 
Office or Policy and Program Development~ Food Safety and I nspection Service. aI (202) 
690 .6573 or vi.a e-mail at Melanie.Ahlev@ usda.gov. 

Section 30J (ll} ofthe Federal Food, Drug,and CosmelicAct (FD&CAcl} 

Section 30J(ll}of I he FD&.C Act prohibit s the introduction or deliver y for introduction 
into h tcrstate commerce of any food tha t cm tains a drug approved u11dcr section 505 of 
the FD&C Act. a bio logical product licensed under sect ion 351 of the Public Health 
Service Act, or a drug 0 1· a bio logic.al prnduct for which substantial clin ical inves tigat ions 
have been insti tuted and their existence made public.unless one of t he exempt ions in 
section 30 1(U)(1)•{4) applies . fn our evaluat ion or AB Enzymes· not ice concluding that 
,c,·i.n c c n dopept id~uc en zyme pn: p111·a t io,1 i.,.q Gft.f\S undc 1• i ts i nten ded condition s o( u se. 

we did not consider whether sect ion 301(11) 01· an yof it s exempt ions app ly to foods 
containing serine endopept idase enzyme preparat ion . Accordingly. ouI· response should 
noL be construed to be a statemen I I hat foodi containing serine endopeptidaeSe enzyme 
preparation. ifint ,·oduced or delivered for introduction into interst ate commerce. \\0uld 
noL violate $eCt ion 30 1( II). 

Conclusions 

Baserl on I he infonna1 ion I hat AB Enzymes provided, as well as o the1· in fonnation 
available to FDA we have no ques tions at this t ime l'egardingAB En2y111es'conclus.on 
that ser ine endopep tidase enzyme preparation pl'oduced by T. reeseiexpl'essinga gene 
encoding sel'ine endopeptidase from M. cimtamomea is GRAS under i ts intended 
condit ions of use. T his teller i..r;; 1101 an affil'mat ion that serine endopeptidase enzyme 
preparation pl'oduced by T. reeseiexpl'essing a gene encOO ingsc,·ine endopept idasc 
Crom M. cin,wmomea is GRAS under 21 CFR 170.35. Unless noted above. our l'evie•,\1 did 
noL address o ther provis ions of the FD&C Aa . Food ingredien I man ufact ure,·s .a nd food 
produce,·s are res ponsible for ensuring that 1na l'keted pl'oduct.s al'e safe and compliant 
with t ll applicable lega l and l'egula l.0 l'Y requiremen LC:. . 

– 
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In accol'dance with 2 J CFR 170.275(b)(2). the lext of this lcller l'esponding 10 GRN 
000817 is accessible to I he public at www.fda.gov/ gl'asnoticein vent or y. 

Sinccl'el y. 

Susan J. ~.:.tt,~,s,-,<XI~ 
~,u. Qll:!;On•S 

Carlson -s ~~. 20\9.08.16 
1&39-,11 ,().t(J(Y 

Susan Carlson. Ph.D. 
Dil'ectol' 
Division of Food l ngl'cdients 
Office of Food Additive Safety 
(en tel' for Food Safety 

and Applied Nutl'ition 

– 
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