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The Phospholipase A2 enzyme preparation described herein when used as described above and in the attached 
GRAS notice is exempt from the premarket approval requirements applicable to food additives set forth in Section 
409 of the Food, Drug, and Cosmetic Act and corresponding regulations. 

Please contact the undersigned by telephone or email if you have any questions or additional information is 
required. 
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Technical and Compliance Director (Biocatalysts Limited) 
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 DEPARTMENT OF HEALTH AND HUMAN SERVICES ESTIMATED DAILY INTAKE INTENDED USE FOR INTERNET Food and Drug Administration 

GENERALLY RECOGNIZED AS SAFE NAME FOR INTERNET 
(GRAS)  NOTICE (Subpart E of Part 170)

KEYWORDS

Transmit completed form and attachments electronically via the Electronic Submission Gateway (see Instructions); OR Transmit 
completed form and attachments in paper format or on physical media to: Office of Food Additive Safety (HFS-200), Center for  
Food Safety and Applied Nutrition, Food and Drug Administration,5001 Campus Drive, College Park, MD 20740-3835. 

                                         SECTION A – INTRODUCTORY INFORMATION ABOUT THE SUBMISSION 

1. Type of Submission (Check one) 

New Supplement to GRN No. Amendment to GRN No. 

2. All electronic files included in this submission have been checked and found to be virus free. (Check box to verify) 
Most recent presubmission meeting (if any) with 
FDA on the subject substance (yyyy/mm/dd): 

For Amendments or Supplements: Is your  (Check one) 
amendment or supplement submitted in Yes If yes, enter the date of  
response to a communication from FDA? No communication  (yyyy/mm/dd): 

SECTION B – INFORMATION ABOUT THE NOTIFIER 

1a. Notifier 

Name of Contact Person 

Dr Andrew Ellis 

Position or Title 

Technical and Compliance Director 

Organization (if applicable) 
Biocatalysts Limited 

Mailing Address (number and street) 

Cefn Coed, Parc Nantgarw 

City 
Cardiff 

State or Province 
Wales 

Zip Code/Postal Code 
CF15 7QQ 

Country 
United Kingdom 

Telephone Number 
0044 1443 843 712 

Fax Number E-Mail Address 
customerservices@biocats.com 

Name of Contact Person Position or Title 

Organization (if applicable) 

Mailing Address (number and street) 

City State or Province Zip Code/Postal Code Country 

Telephone Number Fax Number E-Mail Address 

(if applicable) 
or Attorney 
1b. Agent 
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                                                      SECTION C – GENERAL ADMINISTRATIVE INFORMATION 

1. Name of notified substance, using an appropriately descriptive term 
Porcine Phospholipase A2 produced by a genetically modified strain of Yarrowia lipolytica 

2. Submission Format: (Check appropriate box(es)) 3. For paper submissions only: 
~ Electronic Submission Gateway � � 

Electronic files on physical media Number of volumes Paper 
If applicable give number and type of physical media 

Total number of pages 

4. Does this submission incorporate any information in CFSAN’s files?

� 
 (Check one) 

Yes (Proceed to Item 5) No (Proceed to Item 6) 

5. The submission incorporates information from a previous submission to FDA as indicated below  (Check all that apply) 

�  a) GRAS Notice No. GRN 

�  b) GRAS Affirmation Petition No. GRP

�  c) Food Additive Petition No. FAP

�  d) Food Master File No. FMF

�  e) Other or Additional  (describe or enter information as above)

6. Statutory basis for conclusions of GRAS status  (Check one) 
 Scientific procedures (21 CFR 170.30(a) and (b)) � Experience based on common use in food (21 CFR 170.30(a) and (c))

7. Does the submission (including information that you are incorporating) contain information that you view as trade secret 
or as confidential commercial or financial information? (see 21 CFR 170.225(c)(8)) 

� Yes (Proceed to Item 8 

~ No (Proceed to Section D) 
8. Have you designated information in your submission that you view as trade secret or as confidential commercial or financial information 

(Check all that apply)

�  Yes, information is designated at the place where it occurs in the submission

�  No 

9. Have you attached a redacted copy of some or all of the submission? 

� 
(Check one)

 Yes, a redacted copy of the complete submission 

�  Yes, a redacted copy of part(s) of the submission

�  No

                                                                              SECTION D – INTENDED USE

1. Describe the intended conditions of use of the notified substance, including the foods in which the substance will be used, the levels of use  
 in such foods, and the purposes for which the substance will be used, including, when appropriate, a description of a subpopulation expected 
 to consume the notified substance. 

Phospholipase A2 catalyses the hydrolysis of natural phospholipids present in foodstuffs, resulting in the 
formation of lyso-phospholipids with emulsifying properties. Phospholipase A2 is used as a processing aid in the 
manufacture of enzyme modified egg yolk. Phospholipase A2 will be added in an amount between 28  - 279 ml 
Phospholipase A2 concentrate/tonne egg-yolk which is equivalent to 3.4 - 33.9 g TOS/tonne egg yolk. 

2. Does the intended use of the notified substance include any use in product(s) subject to regulation by the Food Safety and Inspection 
Service  (FSIS) of the U.S. Department of Agriculture? 
(Check one) 

� Yes No

3. If your submission contains trade secrets, do you authorize FDA to provide this information to the Food Safety and Inspection Service of the 
U.S. Department of Agriculture? 

(Check one) 

� Yes � No , you ask us to exclude trade secrets from the information FDA will send to FSIS. 
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SECTION E – PARTS 2 -7 OF YOUR GRAS NOTICE 
(check list to help ensure your submission is complete – PART 1 is addressed in other sections of this form) 

PART 2 of a GRAS notice: Identity, method of manufacture, specifications, and physical or technical effect (170.230). 

PART 3 of a GRAS notice: Dietary exposure (170.235). 

PART 4 of a GRAS notice: Self-limiting levels of use (170.240). 

PART 5 of a GRAS notice: Experience based on common use in foods before 1958 (170.245). 

PART 6 of a GRAS notice: Narrative (170.250). 

PART 7 of a GRAS notice: List of supporting data and information in your GRAS notice (170.255) 

Other Information 
Did you include any other information that you want FDA to consider in evaluating your GRAS notice? 

� Yes ~ No 
Did you include this other information in the list of attachments? 

� Yes � No 

SECTION F – SIGNATURE AND CERTIFICATION STATEMENTS 

1. The undersigned is informing FDA that  Biocatalysts Limited 

(name of notifier) 

has concluded that the intended use(s) of Porcine Phospholipase A2 produced by a genetically modified strain of Yarrowia lipolytica 
(name of notified substance) 

described on this form, as discussed in the attached notice, is (are) not subject to the premarket approval requirements of the Federal Food, 

Drug, and Cosmetic Act based on your conclusion that the substance is generally recognized as safe recognized as safe under the conditions 

of its intended use in accordance with § 170.30. 

2.   Biocatalysts Limited   agrees to make the data and information that are the basis for the 
                        (name of notifier)    conclusion of GRAS status available to FDA if FDA asks to see them;

agrees to allow FDA to review and copy these data and information during customary business hours at the following location if FDA  
asks to do so; agrees to send these data and information to FDA if FDA asks to do so. 

Cefn Coed, Parc Nantgarw, CF15 7QQ, Cardiff, Wales (United Kingdom) 
       (address of notifier or other location) 

The notifying party certifies that this GRAS notice is a complete, representative, and balanced submission that includes unfavorable, 
as well as favorable information, pertinent to the evaluation of the safety and GRAS status of the use of the substance.The notifying 
party certifies that the information provided herein is accurate and complete to the best or his/her knowledge. Any knowing and willful 
misinterpretation is subject to criminal penalty pursuant to 18 U.S.C. 1001.  
 

3. Signature of Responsible Official,  Printed Name and Title Date (mm/dd/yyyy) 
    Agent, or Attorney  
Andrew Ellis Digitally signed by Andrew Ellis Dr Andrew Ellis, Technical and Compliance Director 11/01/2019 

Date: 2020.05.19 14:40:51 +01'00' 
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SECTION G – LIST OF ATTACHMENTS 

List your attached files or documents containing your submission, forms, amendments or supplements, and other pertinent information. 
Clearly identify the attachment with appropriate descriptive file names (or titles for paper documents), preferably as suggested in the 
guidance associated with this form. Number your attachments consecutively. When submitting paper documents, enter the inclusive page 
numbers of each portion of the document below. 

Attachment Folder Location (select from menu) Attachment Name Number (Page Number(s) for paper Copy Only) 

CoverLetterPLA2FromYarrowiaLipolytica_May2020.pdf Administrative 

GRASNoticePLA2FromYarrowiaLipolytica_May2020.pdf Submission 

Form3667-GRASNoticePLA2FromYarrowiaLipolytica_2020.pdf Incoming Correspondence/Submission Form 

OMB Statement: Public reporting burden for this collection of information is estimated to average 170 hours per response, including the time 
for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the 
collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including 
suggestions for reducing this burden to: Department of Health and Human Services, Food and Drug Administration, Office of Chief Information 
Officer, PRAStaff@fda.hhs.gov. (Please do NOT return the form to this address). An agency may not conduct or sponsor, and a person is 
not required to respond to, a collection of information unless it displays a currently valid OMB control number. 
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1. Part 1 §170.225 - SIGNED STATEMENTS AND CERTIFICATIONS 

1.1 §170.225(c)(1)- Submission of GRAS Notice: 

Pursuant to 21 C.F.R. Part 170, subpart E, Biocatalysts Limited is hereby submitting a GRAS 
(Generally Recognised as Safe) notice and claims that the use of Porcine Phospholipase A2 enzyme 
manufactured by submerged fermentation of a selected, pure culture of a genetically modified strain 
of Yarrowia lipolytica, as described in Section 2.3 below, is exempt from the premarket approval 
requirements of the Federal Food, Drug, and Cosmetic Act because we have determined that such 
uses, as described in Section 6 below, are Generally Recognised as Safe (GRAS). 

1.2 §170.225(c)(2) - The name and address of the notifier: 

Biocatalyst Limited 
Cefn Coed, Pare Nantgarw 
Cardiff, CF15 7QQ 
United Kingdom 

1.3 §170.225(c)(3) -Appropriately descriptive term: 

Porcine Phospholipase A2 enzyme produced by a genetically modified strain of Yarrowia lipolytica. 

1.4 §170.225(b) - Trade secret or confidential: 

This notification does not contain confidential information. 

1.5 §170.225(c)(4) - Intended conditions of use: 

Phospholipase A2 can be used for production of bread, baked goods, egg-yolk based sauces and 
dressings and vegetable oil degumming. Phospholipase A2 is used at minimum levels necessary to 
achieve the desired effect and according to requirements under current Good Manufacturing 
Practices. There are no maximum limits set, just suggested dosages. The "general" population is the 
target population for the consumption of foodstuffs produced with Phospholipase A2. 

1.6 §170.225(c)(5) - Statutory basis for GRAS conclusion: 

This GRAS conclusion is based on scientific procedures. 

1.7 §170.225(c)(6) - Premarket approval: 

The notified substance is not subject to the premarket approval requirements of the FD&C Act based 
on our conclusion that the substance is GRAS under the conditions of the intended use. 
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1.8 §170.225(c)(7) -Availability of information: 
This notification package provides a summary of the information which supports our GRAS conclusion 
of the notified substance. Complete data and information that are the basis for this GRAS conclusion 
is available to the Food and Drug Administration for review and copying at reasonable times (during 
customary business hours) at Biocatalysts Limited or will be sent to FDA upon request (electronic 
format or on paper). 

1.9 §170.225(c)(8) - FOIA (Freedom of Information Act): 

Parts 2 through 7 of this notification do not contain data or information that is exempt from disclosure 
under the FOIA (Freedom of Information Act). 

1.10 §170.225( c)(9) Information included in the GRAS 
notification: 

To the best of our knowledge, the information contained in this GRAS notification is complete, 
representative and balanced. It contains both favourable and unfavourable information, known to 
Biocatalysts Limited and pertinent to the evaluation of the safety and GRAS status of the use of this 
substance. 

Signed, 

Andrew Ellis 
Technical and Compliance Director 
Biocatalysts Limited 
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2. Part 2 §170.230 - IDENTITY, METHOD OF MANUFACTURE, 
SPECIFICATIONS AND PHYSICAL OR TECHNICAL EFFECT OF THE 
NOTIFIED SUBSTANCE 

2.1 Identity of the notified substance: 

The subject of this notification is porcine Phospholipase A2 enzyme produced by a genetically 
modified strain of Yarrowia lipolytica. 

Key enzyme and protein chemical characteristics of Phospholipase A2 are given below: 

Enzyme Commission Number: EC 3.1.1.4 

Systematic name: Phosphatidylcholine 2-acylhydrolase 

Phospholipase A2; 

Lecithinase A; 

Other names: Phosphatidase; 

Phosphatidolipase; 

Phospholipase A 

Hydrolases; 

Class: Acting on ester bonds; 

Carboxylic-ester hydrolases 

CAS number: 9001-84-7 

2.2 Identity of the source 

2.2.1 Donor Organism 

The sequence of Phospholipase A2 was derived from Sus scrofa (pig): 

Kingdom: Animalia 
Phylum: Chordata 
Division: Ascomycota 
Sub-phylum: Vertebrata 
Class: Mammalia 
Order: Artiodactyla 
Family: Suidae 
Genus: Sus 
Species: scrofa 
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2.2.1.1 Amino Acid Sequence of the Enzyme 

The sequence of Sus scrota Phospholipase A2 was optimized for expression in Yarrowia /ipo/ytica. 

ATGCAGGAGGGTATCTCTTCTCGAGCCCTGTGGCAGTTCCGATCTATGATCAAGTGCGCTATCCCCGGCTCTCACCC 

TCTGATGGACTTCAACAACTACGGCTGCTACTGCGGCCTCGGCGGCTCTGGCACCCCTGTGGACGAGCTGGACCGA 

TGCTGCGAGACTCACGACAACTGCTACCGAGATGCCAAGAACCTGGACTCTTGCAAGTTCCTGGTGGACAACCCCTA 

CACCGAGTCTTACTCTTACTCCTGCTCTAACACCGAGATCACCTGTAACTCTAAGAACAACGCCTGCGAGGCCTTCAT 

CTGCAACTGCGACCGAAACGCCGCCATCTGCTTCTCTAAGGCTCCCTACAACAAGGAACACAAGAACCTCGACACCA 

AGAAGTACTGCTAA 

This nucleotide sequence encodes the Phospholipase A2 amino acid sequence: 

MQEGISSRALWQFRSMIKCAIPGSHPLMDFNNYGCYCGLGGSGTPVDELDRCCETHDNCYRDAKNLDSCKFLVDNPYTE 

SYSYSCSNTEITCNSKNNACEAFICNCDRNAAICFSKAPYNKEHKNLDTKKYC 

The sequence map is detailed below: 

===> 

Phospholipase A2 consists of 132 amino acids with the pro-peptide, and 124 amino acids result in 
the mature sequence of the enzyme. The molecular weight of Phospholipase A2 is 15kDa. 

2.2.1.2 Sequence Comparison to Other Phospholipase A2 Enzymes 

Comparison of the synthetic phospholipase A2 expressed in Yarrowia lipolytica to Sus scrota (wild 
pig) phospholipase A2 showed that the sequences of both enzymes were 100% identical. 

Biocatalysts Ltd. Phospholipase A2 sequence was 88% identical to the sequence of Orcinus orca 
(killer whale). The sequence of Sus scrota Phospholipase A2 was optimized for expression in 
Yarrowia lipolytica. 

2.2.2 Production Organism 

The host organism used for production of Phospholipase A2 is Yarrowia lipolytica. 

The taxonomic position of the recipient organism was first established by van der Walt and von Arx 
(1980), with the following microbiological taxonomy: 

Kingdom: Fungi 
Sub-kingdom: Dikaryota 
Division: Ascomycota 
Sub-division: Saccharomycotina 
Class: Saccharomycetes 
Order: Saccharomycetales 
Family: Dipodascaceae 
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Genus: Yarrowia 
Species: Yarrowia /ipolytica 

Yarrowia lipolytica is a common host used for expression of a large variety of biotechnology products. 

The host organism was obtained from an established research laboratory in the lnstitut National de 
la Recherche Agronomique (INRA), France. The strain is auxotrophic for uracil and defective for the 
secretion of an extracellular alkaline protease and three lipases. These strain modifications are highly 
likely to render it unable to compete in the environment against adapted wild-type strains. 

2.2.3 Construction of the Production Strain 

The original strain was obtained from the INRA collection. The parent strain of Yarrowia lipolytica has 
been modified to over-express the genes responsible for the production of Phospholipase A2. 

The Phospholipase A2 gene originates from Sus scrota but has been codon optimised for maximum 
expression in the yeast. The gene was synthesized at GeneArt (Germany). 

The production strain Yarrowia lipolytica carries the Sus scrofa PLA2 gene sequence inserted in its 
genome. 

The yeast Yarrowia /ipolytica is not known to harbour genes encoding for toxins or otherwise harmful 
sequences so it is not expected that targeted introduction of DNA sequences will lead to an increased 
risk because of unintended pleiotropic effects. 

2.2.4 Antibiotic resistance gene [Confidential] 

No antibiotic resistance markers are inserted into Yarrowia /ipo/ytica. 

2.2.5 Stability of the Introduced Genetic Sequences 

Biocatalysts Ltd. follows a robust internal procedure to ensure the continued availability of viable, 
stable cultures for the production of enzymes. 

Biocatalysts Ltd. maintains a master cell bank (MCB) of multiple vials of the host organism carrying 
the production strain harbouring the Phospholipase A2 gene stored at -80 °C. The MCB is preserved 
in 15% glycerol and aseptically aliquoted in pre-labelled cryovials to ensure traceability. The vials are 
promptly snap-frozen in absolute ethanol chilled with dry ice to minimise cell damage. The vials are 
quickly stored at -80 °C to ensure preservation and genetic stability. 

In addition, a working cell bank (WCB} is maintained at the production facility. The WCB is prepared 
from the MCB under aseptic conditions to ensure the absence of contamination, following the 
procedure described above. Each new batch of WCB is checked for identity, viability and microbial 
purity. Providing all these parameters are correct, the strain is tested for production capacity at 
laboratory scale. If the productivity and the product quality meet the required standards, the new WCB 
is accepted for production runs. 
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2.2.6 Absence of Production Organism in the Product 

The downstream process following the fermentation includes several unit operations to prevent 
presence of production organism in the final product. This is ensured through both process design 
and testing. 

Cell debris is removed during the cell separation step. The filtration steps further ensure that no 
production organism is present in the final product. 

The ability of these processing steps to remove the production organism from the enzyme preparation 
has been verified by testing the final product. 

2.2.7 Absence of Transferable rDNA Sequences in the Product 

Three batches of Phospholipase A2 samples have been analysed for the presence of residual 
Yarrowia lipolytica DNA. Both the qualitative and quantitative analyses suggest the absence of 
residual DNA, as no DNA is detected in the experimental conditions followed at Biocatalysts Ltd 
{Section 7.4). 

2.2.8 Absence of Antibiotic Resistance Gene in the Product 

As noted above, the transformed DNA does not contain any antibiotic resistance genes and therefore 
no antibiotic resistance markers are present in the strain. 

2.3 Method of manufacture 

2.3.1 Overview 

Phospholipase A2 is produced in accordance with current Good Manufacturing Practices for Food 
{cGMPs) and following the principles of Hazard Analysis of Critical Control Points {HACCP) for food 
production (Section 7.7). The enzyme manufacturing factory has the following certifications: 

• FSMA accredited 
• BSl:IS0 9001:2015 
• BSl:ISO 14001:2015 
• OHSAS 18001 :2007 
• FSSC 22000 4.1 
• Local Trading Standards 

Phospholipase A2 is manufactured under controlled fed-batch submerged fermentation of a selected, 
pure culture of Yan-owia lipolytica. The production process is split into four stages: fermentation, 
recovery ( downstream processing) of the enzyme, activation of the enzyme and 
formulation/standardisation. 
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Flowchart 1: Phospholipase A2 manufacturing process at Biocatalysts Ltd. 

2.3.2 Raw Materials 

Biocatalysts Ltd. uses a supplier quality program to qualify and approve suppliers. Raw materials are 
purchased only from approved suppliers and are verified upon receipt. 

The raw materials used in the manufacture of Phospholipase A2 are of a grade suitable for the 
intended use and meet defined quality and safety standards set by the Food Safety and Quality 
Assurance Team at Biocatalysts Ltd. The raw materials used for the formulation of the product are 
food grade. 

The materials used in the fermentation process include: 

• Water 
• A carbon source 
• A nitrogen source 
• Vitamins 
• Salts and minerals 
• pH adjustment agents 
• Foam control agents 
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The antifoam agent used in the fermentation is used in accordance with the cGMP per the FDA 
correspondence to Enzyme Technical Association submission dated September 11, 2003. The 
maximum use level of the antifoam in the production process is < 0.15%. 

The materials used during the recovery and activation include: 

• Water 
• Buffer salts 
• Filter aids 
• pH adjustment agents 
• Food grade protease 

The materials used during the formulation and standardisation include: 

• Water 
• Glycerol 
• Sodium chloride 
• Potassium sorbate 

2.3.3 Fermentation Process 

The main fermentation steps include the pre-culture fermentation, the seed fermentation and the main 
fermentation. During the fermentation process samples are taken before inoculations and at regular 
intervals during cultivation and harvest to test for purity. Should evidence of contamination exist, the 
batch is rejected. 

2.3.3.1 Pre-culture fermentation 

A pure culture of Yarrowia /ipolytica harbouring the Phospholipase A2 gene is aseptically transferred 
to flasks containing sterile growth media and incubated under controlled conditions to ensure healthy 
growth of the biomass. 

2.3.3.2 Seed fermentation 

The pre-culture is aseptically transferred to the seed fermenter containing sterile media and is let to 
grow at controlled pH and temperature conditions. 

2.3.3.3 Main fermentation 

When an acceptable concentration of biomass is achieved in the seed fermenter, this is used as 
inoculum and aseptically transferred to the main fermenter containing sterile media. The fermentation 
runs as a normal submerged fed-batch fermentation where sterile feed media is added into the 
fermenter using a feed-rate regime tailored to maximise productivity of the enzyme. Environmental 
factors such as pH, temperature, aeration and agitation are constantly controlled. 

During the main fermentation, the enzyme production rate is monitored, and the fermentation is 
stopped when no significant increase in production yield is observed. 
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2.3.4 Recovery Process 

During fermentation, Phospholipase A2 is excreted by the producing microorganism into the 
fermentation medium. The recovery process is a multi-step operation including solid/liquid separation 
of the cell debris, filtration, concentration, diafiltration and bactofiltration carried out to recover the 
enzyme from the fermentation media and remove the production organism. 

During the recovery process, the temperature, pH and turbidity of the solution are controlled to 
maximise protein recovery and minimise microbial growth. 

2.3.4.1 Solid/Liquid separation 

Separation of the Phospholipase A2 enzyme containing fermentation medium from the solids takes 
place at a defined pH and temperature using continuous centrifugation. 

2.3.4.2 Filtration 

At the end of the centrifugation step the centrate containing the Phospholipase A2 is filtered to remove 
fine particles. 

2.3,4.3 Concentration and Diafiltration 

The liquid containing Phospholipase A2 is concentrated to the desired enzyme activity. Diafiltration is 
then used as a method of removing permeable mo.lecules (low molecular weight impurities, such as 
fermentation ingredient traces) from the solution while maximising protein recovery during the 
purification of the enzyme. 

A further polish filtration may be required at this point to remove insoluble substances in order to 
facilitate the final bactofiltration step. 

2.3.4.4 Bactofiltration 

During bactofiltration the production organism is removed from the Phospholipase A2 containing 
solution. This step is also beneficial to minimise microbial presence in the final concentrated enzyme 
liquid. 

2.3.5 Activation Process 

Phospholipase A2 enzyme produced in the fermentation is in inactive form and must be cleaved by a 
trypsin-like protease to become functional. This is achieved by following a multi-step process that 
involves protease treatment, protease inactivation, solid/liquid separation and concentration. 
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2.3.5.1 Protease treatment 

The pH and temperature of the Phospholipase A2 containing concentrated filtrate is adjusted to the 
optimum conditions for the protease incubation treatment. 

2.3.5.2 Protease inactivation 

After activation of the Phospholipase A2 enzyme, the temperature conditions of the solution are 
adjusted to inactivate the protease enzyme. 

2.3.5.3 Solid/liquid separation 

A clarification step is included in order to separate Phospholipase A2 from the insoluble solids. 

2.3.5.4 Concentration 

Phospholipase A2 is concentrated to the desired enzyme activity. 

2.3.5.5 Bactofiltration 

Phospholipase A2 is bactofiltered again to ensure that the microbial load is reduced to a minimum 
prior to its formulation into the final product. 

2.3.6 Formulation and Standardisation Process 

The commercial product of Phospholipase A2 as manufactured by Biocatalysts Ltd is named 
Lipomod™ 833L. The starting material for Lipomod™ 833L is the bactofiltered concentrate 
Phospholipase A.2 post activation (known as "Phospholipase A2 concentrate"]. 

The Phospholipase A2 concentrate is standardised using water, glycerol and sodium chloride. The 
last two help reduce the water activity level to aid with the increase of stability of the enzyme product. 
In addition, the commercial product contains potassium sorbate which is used as preservative. 

Phospholipase A2 concentrate and product Lipomod 833L are tested by the Quality Control 
Department for all quality related aspects. Providing the enzyme preparation passes all tests, the 
batch is released by Quality Control and packed in labelled, food grade containers before storage. 

2.3. 7 Quality Control of Finished Product 

Lipomod™ 833L containing Phospholipase A2 concentrate complies with the JECFA/FAO/WHO and 
FCC recommended specifications for enzymes preparations used in food proc_essing. 

The specification for Lipomod™ 833L is analysed for the specifications given in Section 2.4.2. 
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2.4 Composition and Specifications 

2.4.1 Enzyme activity 

The main activity of the enzyme preparation is phospholipase A2 (EC 3.1.1.4). 

PLA2 is a lipolytic enzyme that catalyses the hydrolysis of the sn-2 ester bond into a variety of different 
phospholipids. The reaction catalysed can be described as follows: 

0 

+ H,O = + ~ R 
HO 

Phosphatidylcholine 1-Acyfglyterophosphocholine carboxylate 

Figure 2: Enzymatic reaction of Phospholipase A2 

The enzyme assay method · to analyse the phospholipase A2 activity in the enzyme is company 
specific and can be found in Section 7.5. This assay has been developed and validated by 
Biocatalysts Ltd. to ensure that is reproducible and fit for purpose. 

During production of Phospholipase A2, Yarrowia lipolytica also produces other enzymes that it 
requires for the breakdown of nutrients and other cell material. Although phospholipase A2 is 
produced in excess, the enzyme preparation could contain other minor enzymes activities such as 
protease. 

The enzyme assay method to analyse the protease side activity in the enzyme is company specific 
and can be found in Section 7.6. This assay has been developed and validated by Biocatalysts Ltd. 
to ensure that is reproducible and fit for purpose. 

2.4.2 Finished Product Specification 

Specifications for the finished product Lipomod™ 833L meet the requirements of the Food Chemicals 
Codex (10th Edition) and Joint FAO/WHO Expert Committee on Food Additives (JECFA 2006) 
monographs for enzyme preparations used in food processing (Section 7 .1 ). Biocatalysts Ltd. has 
additionally included limits for total viable count, which is known as of concern to the food industry, 
and additional heavy metals specifications. 
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The table below identifies the specifications for Lipomod™ 833L and the analysis results of different 
batches of Phospholipase A2. 

Lipomod™ 
Phospholipase A2 concentrate 

Item 
833L Analysis 

Commercial method 
Specification Pilot Scale Pilot Scale Pilot Scale 

Scale (target) #22510 #22921 #23502 
#7006019 

Phospholipase A2 Biocatalysts 
activity (U/ml) 

25,593 36,494 36,352 
Ltd. 

>10,000 U/ml 
U/ml U/ml U/ml 40,952 U/ml validated 

internal 
method 

Lead (mg/kg) 
<5 mg/kg 

0.055 <0.05 0.203 
0.07 mg/kg 

ISO 17294 
mg/kg mg/kg mg/kg (EPA 200.8) 

Total viable count BS EN ISO 
(cfu/g) <50,000 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g 4833-

1 :2013 

Total Coliforms BS EN ISO 
(cfu/g) <30 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g 4832:2006 

at37C 

Salmonella (in 25g) 
Absent in 25g 

Absent in Absent in Absent in Absent in BS EN ISO 
25g 25g 25g 25g 6579:2002 

Escherichia coli (in 
Absent in 25g 

Absent in Absent in Absent in Absent in ISO 16649-
25g) 25g 25g 25g 25g 3:2015 

Yeast and moulds Yeast= 80 
BSISO (cfu/g) 

<100 cfu/g < 20 cfu/g < 20 cfu/g < 20 cfu/g 
cfu/g 

21527-
Mould <20 

cfu/g 
1:2008 

Antimicrobial 
Absent in FAO/JECFA 

activity (in 
preparation Not tested Not tested Absent Absent Monograph 

preparation) 1 

Table 1: Specifications for LipomodTM 833L and analysis results of different .batches of Phospholipase A2. 

The Phospholipase A2 concentrate and Lipomod™ 833L may contain low concentrations of harmless 
substances derived from the microorganism and the fermentation medium. These may include 
polypeptides, proteins, carbohydrates and salts as shown in the nutritional analysis results of the food 
enzyme. 

Parameter 

Phospholipase A2 concentrate 

Pilot Scale 

#22921 

Pilot Scale 

#23502 

Commercial Scale 

#7006019 
Average 
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Moisture 
88.2 87.5 86.3 87.3 (g/100g) 

Total fat 
<0.5 <0.5 <0.5 <0.5 

(g/100g) 

Crude protein 
7.0 6.8 7.2 7.0 (g/100g) 

Ash 
<0.5 <0.5 <0.5 <0.5 

Ca/100al 
Carbohydrates 

4.6 5.4 6.3 5.4 (a/100al 
Table 2: Nutritional analysis results of different batches of Phospholipase A2. 

The Total Organic Solids (TOS) values of 3 different batches of Phospholipase A2 concentrate were 
as follows: 

Parameter 

Phospholipase A2 concentrate 

Pilot Scale 

#22921 

Pilot Scale 

#23502 

Commercial Scale 

#7006019 
Average 

Phospholipase A2 
activity (U/ml) 

36,494 36,352 40,952 37,932.7 

Protein(%) 7.0 6.8 7.2 7.0 

Ash(%) <0.5 <0.5 <0.5 <0.5 

Water(%) 88.2 87.5 86.3 87.3 

Total organic solids 
(TOS)<a> (%) 11.3 12.0 13.2 12.2 

Phospholipase A2 
activity / mg TOS 

(U/mg TOS) 
323.0 302.9 310.2 311.8 

Table 3: Calculated TOS of different batches of Phospholipase A2 concentrate. 

2.4.3 Stability of the Notified Substance 

To assess the stability of LipomodrM 833L, one batch (#23502) of the enzyme preparation was stored 
at 8°C and 20°c and tested for phospholipase activity at different time points. Stability trials are still 
on-going but 5.5 month data shows that the Lipomod™ 833L retains 100% activity when stored at 
20°c as shown in Graph 1. 
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Graph 1: Lipomod™ 833L stability data when stored at 20°c. 

Phospholipase A2 activity profile has been characterised and pH and temperature activity data can 
be found in Section 7.2. 

2.5 Physical or Technical Effect 

2.5.1 Mode of Action 

Phospholipases are classified as hydrolases which are a group of enzymes that hydrolyse various 
bonds. Phospholipase A2 catalyses the hydrolysis of natural phospholipids present in foodstuffs, 
resulting in the formation of lyso-phospholipids. Lyso-phospholipids are surface-active agents with 
emulsifying properties and can mimic the effects of chemical emulsifiers. 

After hydrolysis, no substrate is left for the enzyme Phospholipase A2 to act upon. As a result, it is 
not functional in the foodstuff and can be regarded as a processing aid. 

2.5.2 Application 

Egg yolk is a complex oil water emulsion composed of 50% water, 32% lipids and 16% protein. 
Approximately 28% of the lipids are phospholipids, of which approximately 80% is phoshatidylcholine, 
12% is phosphatidylethanolamine with other phospholipids such as sphingomyelin and lyso­
phosphatidylcholine. The surface-active properties of these phospholipids can act a little like soap in 
stabilising oil water emulsions. 

Enzyme-modified yolk greatly improves emulsification and gelation properties so that less modified 
yolk is required to produce the same viscosity as normal yolk in foods such as mayonnaise and salad 
dressings. Another key benefit to using enzyme-modified yolk is that the mayonnaise is more heat 
stable and can now be pasteurised without separating, resulting in increased microbial safety and a 
longer shelf-life. 

2.5.2.1 Sauces and dressings 

Egg-yolk is used in mayonnaise, sauces and dressings because of its emulsifying properties due to 
the presence of naturally occurring phospholipids. 
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Phospholipase A2 cuts at the Sn-2 position on the glycerol backbone to produce new molecules with 
different and superior emulsifying properties. 

Figure 3: Phospholipase A2 mode of action. 

Biocatalysts Ltd. conducted laboratory tests on the efficiency of Phospholipase A2 in the hydrolysis 
of egg-yolk phospholipids. Test results demonstrated the positive effect of phospholipase A2 treated 
egg-yolk in the production of mayonnaise. These tests are described in Section 7.8. 

2.5.3 Use levels 

Enzyme preparations are generally used in quantum satis ("Q.S."); at the minimum level necessary 
to achieve the desired effect and according to requirements for normal production following GMP. 

The dosage applied by the food manufacturer depends on the substrate type and quality, the addition 
of other ingredients into the foodstuff, enzyme incubation time and pH and temperature during the 
enzymatic reaction. 

2.5.3.1 Sauces and Dressings 

The recommended dosage of Phospholipase A2 is 28 - 279 ml Phospholipase A2 concentrate 
(equivalent to 100 - 1,000 ml of Lipomod 833L) per tonne of egg yolk (3.4 - 33.9 g TOS per tonne 
egg yolk) (Section 7.3). The use levels are not considered to be self-limiting to achieve the required 
technological benefits. 

As a guide, whole egg or a 65 - 80 % w/v aqueous solution of egg yolk can be prepared. It is often 
advisable to add salt to prevent microbial growth during the process. The enzyme is stimulated by the 
presence of calcium. There is usually sufficient calcium present in egg products but in some cases, 
addition of extra calcium may increase the efficiency of the reaction. No pH adjustment is required. 
The reaction takes 2 -4 hours at 40-60°C with gentle mixing. To prevent damage to the egg, some 
processors prefer to incubate the reaction at lower temperatures (25°C) for longer periods ( overnight). 
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2.5.4 Enzyme residues in the final food 

2.5.4.1 Sauces and Dressings 

Phospholipase A2 hydrolyses the phospholipids naturally present in egg-yolk. After hydrolysis, the 
substrate (the phospholipids} for the enzyme is depleted and the enzyme remains inactive in the egg­
yolk like any other protein. 

Ingredient Concentration(%) 

Sunflower oil 80.0 

Water 7.5 

Pasteurised egg yolk 6.0 

Vinegar (4- 4.5% acetic acid} 4.0 

Sugar 1.0 

Salt 1.0 

Mustard 0.5 

Table 4: Example of a standard mayonnaise recipe. 

Based on the information given in Section 2.5.3.1 and the standard composition of mayonnaise, as 
described above, the TOS per tonne of mayonnaise can be calculated. 

Foodstuff 
Phospholipase A2 
concentrate use in 

food ingredient 

Amount of 
ingredient in final 

food 

Residual amount of 
Phospholipase A2 

concentrate in final food 
(in mg TOS) 

Sauces and 
dressings; i.e. 
mayonnaise 

3.4-33.9 g 
TOS/tonne egg yolk 

6.0 g egg yolk/1 00g 
mayonnaise 

203.4 - 2034.2 mg 
TOS/tonne mayonnaise 

Table 5: Phospholipase A2 calculation of TOS in foodstuffs. 

Phospholipase A2, like any other enzyme, performs its technological function during food processing. 
The reasons why enzymes do not typically exert enzymatic activity in the final food could be due to a 
combination of various factors, depending on the application and the process conditions used by food 
producers, such as: 

• the enzyme protein must be in its 'native' (non-denatured) form, 
• the substrate must still be present, 
• the enzyme must be free to be able to reach the substrate, 
• conditions like pH, temperature and water content must be favourable for the enzyme. 

Failing to meet the conditions above, the enzyme will not be active in the final food product. 

At the end of the egg-yolk hydrolysis process using Phospholipase A2, no substrate is left for the 
enzyme to act upon. In addition, during pasteurisation of the mayonnaise, the enzyme would be 
denatured by the heat treatment applied. 
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As a result, it can be concluded that it is unlikely that Phospholipase A2 will be functional in the 
foodstuff and can be regarded as a processing aid. 

2.5.5 Possible Effects on Nutrients 

The catalytic activity of the enzyme preparation is very specific towards the hydrolysis of the sn-2 
ester bond between a fatty acid and glycerol in phospholipids. Like the substrate and the enzyme, 
these reaction products are also natural constituents in various organisms from bacteria to mammals. 
As a result, phosphatides and fatty acids are quite abundant in the human diet. 

Consequently, it is not expected that the reaction products obtained by the use of Phospholipase A2 
will lead to a new or unintended effect on other constituents or nutrients present in foodstuffs and 
adverse effects on nutrients are not to be expected. 
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3. Part 1 §170.325 - DIETARY EXPOSURE 

3.1 Description of the Population Expected to Consume the 
Substance 

As described in Section 6.2, Phospholipase A2 has a long history of safe use. This enzyme is 
ubiquitous in nature and is naturally present in animal and plant cells. It has been isolated from a 
number of food sources (including wheat flour) and animals such as pig. It is also a constituent of the 
digestive pancreatic juice of humans ( de Haas et al. {1968); Rossiter { 1968); Johnson and McDermott 
(1974)). 

Similar Phospholipase A2 preparations from microbial sources such as Aspergillus niger, 
Trichoderma Reesei and from Streptomyces vio/aceruber have already been the subject of a GRAS 
notification and animal derived Phospholipase A2 has been affirmed a GRAS substance. 

The products of the enzymatic reaction carried out by Phospholipase A2 (lyso-phospholipids and free 
fatty acids) play important roles in a number of metabolic processes in all organisms, from bacteria to 
mammals. As a result, lyso-phospholipids and free fatty acids are quite abundant in the human diet. 
Therefore, there is no basis to believe that conversion of phospholipids to lyso-phospholipids and free 
fatty acids will have a significant effect, if any, on processed foods or on the human body. 

Since Phospholipase A2 produced in genetically modified Yarrowia lipolytica strain is a protein 
composed of natural amino acids and present in the final dressings and sauces at such low levels, it 
is expected it will be digested in the human gastrointestinal tract just as any other food 
protein/enzyme. In addition, because Phospholipase A2 reaction products are also naturally formed 
in the human body and so far the consumption of phospholipases worldwide has not led to any 
adverse events or allergic reactions, there is no basis to believe Phospholipase A2 can cause 
unfavourable reactions in humans and that the consumer population will not be affected by its 
presence in food. 

3.2 Estimates of Human Consumption 
The average yearly consumption of mayonnaise is estimated at 7g/person/day (g/p/d) and 
mayonnaise consumption by the 90th percentile consumer was 14g/p/d. in the U.S. (Pao, E.M. (1982)). 
In order to demonstrate a worst-case calculation, an exaggerated human intake is estimated using 
the following assumptions: 

a) The calculation is made assuming that Phospholipase A2 concentrate contains 311.8 U per 
mg TOS and that all TOS remain in the mayonnaise. 

b) It is assumed that all mayonnaise is produced using Biocatalysts Ltd Phospholipase A2 
concentrate as a processing aid during the production process, and that it is used at the 
highest recommended dosage of 28 - 279 ml per tonne egg yolk. 

c) The daily maximum consumption of the mayonnaise is 30 g/p/d. 
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Residual amount Estimated daily Estimated daily 
of inactive 

intake of inactive intake of inactive Phospholipase A2 Mayonnaise Intake 
Foodstuff Phospholipase A2 Phospholipase A2 concentrate in level concentrate concentrate final food (g food/person/day) 

(kU/kg body (mg TOS/kg body (mg TOS/tonne weight/day)*1 weight/day)*1 
mavonnaise) 

203.4 - 2034.2 mg 0.00003 - 0.00032 0.00010 - 0.00102 
Mayonnaise TOS/tonne 30 kU/kg body mg TOS/kg body 

mayonnaise weight/day weight/day 

*1 calculated for a person of 60 kg 
Table 6: Inactive Phospholipase A2 calculation of TOS in foodstuffs. 
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4. Part 4 §170.240 - SELF-LIMITING LEVELS OF USE 

This part is not applicable to this notified substance, see Section 2.5.3.1 for further details regarding 
use levels. 
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5. Part 5 §170.245 - EXPERIENCE BASED ON COMMON USE IN FOOD 

BEFORE 1958 

This part is not applicable to this notified substance. 
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6. Part 6 §170.250 - NARRATIVE OF THE CONCLUSION OF GRAS 

STATUS 

6.1 Safety of the Production Organism: Yarrowia lipolytica 

Yarrowia Jipolytica is a dimorphic ascomycetous yeast that is readily isolated from various food 
products. The species was originally classified as a Candida lipolytica until the perfect form (sexual 
stage) was identified in the late sixties by Wickerham at the Northern Regional Research Laboratory 
of the USDA at Peoria (Barth and Gaillardin ( 1997)). Then it was reclassified first as Endomycopsis 
lipolytica, then as Saccharomycopsis fipolytica (Wickerham L.J. (1970)) and finally as Yarrowia 
lipolytica (Yarrod (1972)). 

Yarrowia lipolytica is one of the more intensively studied yeast species. Jean-Marc Nicaud (2012) 
published a history of Yarrowia lipolytica research, including specific physiological, metabolic and 
genomic characteristics. Barth and Gaillardin (1997) also provided a comprehensive review on the 
available data on the physiology, cell biology, genetics and molecular biology of Yarrowia lipolytica. 
The environmental and industrial applications of Yarrowia lipolytica have been reviewed most recently 
by Sankar et al. (2009). food-related applications were described by Smita S. Zinjarde (2014) and a 
safety assessment review was published by Groenewald et al (2014). 

Yarrowia lipolytica is generally regarded as a biosafety class 1 microorganism. This biosafety class 
encompasses microorganisms which are not known to cause disease in healthy adult humans 
(Lelieveld et al. ( 1996 )). The safety issues of Yarrowia fipolytica were thoroughly evaluated and this 
yeast was labelled as a "safe-to-use" organism (Groenewald et al. (2014)). The aspects regarding 
the safety of the yeast are evident because (i) it is inherently associated with dairy, poultry, and meat 
products, (ii) yeast biomass is a safe nutritional supplement, (iii) it is consumed as food and feed, and 
(iv) food-grade additives have been obtained from this yeast (Ziniarde (2014)). 

Yarrowia lipolytica can naturally be found in a number of foods such as yoghurts, kefir and in various 
types of cheese (e.g. cheddar cheese, Stilton Blue cheese, Armada cheese, Reblochon cheese, 
Italian-style cheeses, Rokpol). Even though not added deliberately to cheese, Yarrowia lipolytica has 
been reported to be among the common yeast species therein (Roostita and Fleet (1996): Welthagen 
and Viljoen (1998): Larpin et al. , (2006); Monnet et al. , (2010): Larpin-Laborde et al. (2011 )). 

There is a long history of Yarrowia lipolytica use the industry for food and feed. In the 1950s, Yarrowia 
Jipolytica was used by British Petroleum Co. (BP) to produce single cell protein (SCP) for animal 
feeding (Groenewald et al. (2013)). Citric acid production using Yarrowia fipo/ytica has been granted 
"Generally Regarded as Safe" (GRAS) status by the US FDA (21 CFR 173.165). Yarrowia fipolytica 
has obtained GRAS status for the production of eicosapentaenoic acid (EPA)-rich triglyceride oil 
(GRN000355), erythritol. (GRN000382), rebaudioside A (GRN000632) and steviol glycosides 
consisting primarily of rebaudioside M (GRN 000759). 

In addition, Yarrowia lipolytica is included in the 2012 update of the "authoritative list of 
microorganisms with a doc.umented use in food", originally established in a joint project between the 
International Dairy Federation (IDF) and the European Food and Feed Cultures Association 
(Bourdichon et al. (2012)). 

More recently, in January 2019, the EFSA Panel on Nutrition, Novel Foods and Food Allergens (NDA) 
concluded that given the qualified presumption of safety status for production purposes of Yarrowia 
lipolytica granted by the EFSA Panel on Biological Hazards (BIOHAZ) (Ricci et al. (2018)) and the 
fact that the production process of a yeast biomass as novel food did not raise safety concerns, no 
toxicological studies were needed for the safety assessment of the novel food and it was therefore 
deemed safe under the proposed conditions of use (Turck et al. (2019)). The applicant proposed to 
use the novel food, Yarrowia Jipolytica yeast biomass, as a food supplement in the form of capsules, 
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tablets or powder and the target population for the novel food as food was the general population 
above 3 years of age. 

Yarrowia lipolytica is regarded as non-pathogenic and non-toxigenic (Holzschu et al. (1979)) but has 
been associated with disease. A review of the safety of Yarrowia lipolytica concluded that the species 
causes rare opportunistic infections in severely immunocompromised or otherwise seriously ill people 
with other underlying diseases or conditions. However, those infections can be treated effectively with 
the use of regular antifungal drugs, and in some cases, disappeared spontaneously. The occasional 
occurrence of opportunistic infections of Yarrowia lipolytica in immunocompromised and catheterized 
patients does not differ from other microorganisms with a history of safe use, such as Saccharomyces 
cerevisiae (Groenewald et al. (2013)). In addition, strain specific differences were observed in the 
Yarrowia lipolytica ability to stimulate the formation of biogenic amines. However, the concentrations 
of biogenic amines associated with the use of Yarrowia lipolytica in cheese ripening (up to 120 mg/kg) 
were stated not to give any reason for health concerns (Wyder et al. (1999)). 

If the production organism is non-toxigenic and non-pathogenic, then it is assumed that food or food 
ingredients produced from the organism, using current Good Manufacturing Practices, are safe to 
consume (Pariza and Johnson (2001 )), as shown in the examples above. Pariza and Foster (1983) 
define a non-toxigenic organism as "one which does not produce injurious substances at levels that 
are detectable or demonstrably harmful under ordinary conditions of use or exposure" and a non­
pathogenic organism as "one that is very unlikely to produce disease under ordinary circumstances". 

Yarrowia lipo/ytica is a safe strain for production of food ingredients, as reported in the literature 
available in the public domain. The modifications performed by Biocatalysts Ltd. did not introduce 
antibiotic production or resistance genes into the production organism; neither did they introduce any 
toxin-production genes. The modifications inserted the Phospholipase A2 gene of Sus scrofa, which 
has a history of safe use. 

The safety of the Phospholipase A2 enzyme preparation produced using Yarrowia lipolytica has been 
evaluated using the decision tree scheme of Pariza and Johnson (2001 ). These authors report that 
the safety of the production microorganism is the prime consideration when assessing the safety of 
an enzyme preparation intended for use in food. 

The decision tree did not reveal concerns and since the aforementioned characteristics of the 
production organism are safe, Biocatalysts Ltd. concludes that the use of the genetically modified 
Yarrowia lipolytica presents no known safety concerns. 
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Question Answer Outcome 

1. Is the strain genetically Yes. The Yarrowia lipolytica (If yes, go to question 2) 
modified? production strain was genetically 

modified to express Phospholipase 
A2 from Sus scrota. 

2. Modification by recDNA? Yes. The production strain was (If yes, go to question 3a) 
modified using recombinant DNA 
techniques. 

3a. Expressed product Yes. Yarrowia lipolytica has been (If yes, go to question 3c) 
history of safe use? modified to produce the enzyme 

Phospholipase A2. The safety of 
Phospholipase A2 is described in the 
current GRAS document. 

3c. Test article free of Yes. As described in the GRAS ( If yes, go to question 3e) 
transferable antibiotic document no antibiotic resistance 
resistance gene DNA? gene is present in the production 

strain Yarrowia lipolytica. 

3e. All introduced DNA well Yes. The plasmid containing the (If yes, go to question 4) 
characterized and safe? Phospholipase A2 enzyme was 

sequenced and is well characterised. 

4. Introduced DNA No. Copies of the PLA2 gene are (If no, go to question 6.) 
randomly integrated? present in the Yarrowia lipolytica 

genome were inserted into pre-
defined locus. The yeast Yarrowia 
lipolytica is not known to harbour 
genes encoding for toxins or 
otherwise harmful sequences so it is 
not expected that targeted 
introduction of DNA sequences will 
lead to an increased risk because of 
unintended pleiotropic effects. 

6. Production strain from Yes. The strain of Yarrowia lipolytica (If YES: The test article 
safe lineage? used is from a safe lineage. is acce~ted) 

Table 7: Analysis based on the Decision Tree of MW Pariza and EA Johnson (2001). 

6.2 Safety of the Phospholipase AZ 

Phospholipases are classified as hydrolases which are a group of enzymes that hydrolyse various 
bonds. Phospholipase A2 catalyses the hydrolysis of the sn-2 fatty acyl bond of phospholipids to 
liberate free fatty acids and lysophospholipids. The products of the reaction do not have toxic 
properties and are readily metabolised by the human body. 
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Phospholipase A2. is found in animal tissues including pig (de Haas et al. (1968)), rat (Arnesjo et al. 
(1967)). ox (Dutilh et al. (1975)), sheep (Dutilh et al. (1975)), ostrich (Ben Bacha et al. (2007)) and 
horse pancreas (Evenberq et al. (1977)). It has also been found in human pancreatic juice (Grataroli 
et al ( 1982)). In addition, Phospholipase A2 genes have been identified in plants (Lee et al (2005)). 

Animal derived lipases have been affirmed as GRAS substances (21 CFR§184.1415). These lipases 
are derived from edible forestomach tissue of calves, kids, or lambs, or from animal pancreatic tissue. 

Animal and microbial derived Phospholipase A2. is currently used as a processing aid to improve the 
emulsifying capabilities of naturally present or added phospholipids (primarily lecithins) to improve the 
desired characteristics of the foods [21 CFR§184.1063]. Furthermore, Phospholipase A2. enzymes, 
have been on the market for decades and have been approved for use in food on the basis of safety 
documentation in countries such as USA, Canada, Mexico, Brazil, France, Australia and New 
Zealand, Japan or China. 

Examples of the use of phospholipases in food industry can be fourid in the production of edible oils, 
dairy, and baking products or emulsifying agents. Thus, phospholipases are incorporated in 
processes such as the degumming of vegetables oils during refinement for removing undesirable 
compounds, the manufacture of cheese for yield increasing, or the production of bread as bakery 
improvers for reducing the inclusion of emulsifying compounds or manufacture of sauces and 
dressings with improved properties (Ramrakhiani and Chand (2011 )). 

Phospholipase A2. enzyme produced by Yarrowia /ipolytica is equivalent to the Phospholipase A2. 
enzyme derived from pig pancreas, an enzyme which already has a history of safe use. 

The safety of the Phospholipase A2 was assessed using the Pariza and Johnson (2001 ) decision tree 
(Table 7). 

Based on the information above, Biocatalysts Ltd. concludes that Phospholipase A2. enzyme has a 
history of safe use in food. In spite of this, no information about the use of the notified substance in 
food prior to 1958 has been found in literature. 

6.2.1 Allergenicity 

Enzymes are proteins and as such, they have the potential to cause allergic responses in sensitive 
individuals. 

Industrial enzymes are typically used as processing aids, thus in very small amount during food 
processing. They are generally not functional in the final food because they are removed and/or 
denatured; therefore, resulting in a low exposure to the food consumers. As a result, in spite of the 
vast variety of applications of enzyme in food industry and their long history of use, there have been 
no confirmed reports of allergies in consumers caused by ingestion of enzymes used in food 
processing (Pariza and Foster (1983)). 

The absence of allergenicity caused by the use of food enzymes has also been reviewed by AMFEP's 
Working Group on Consumer Allergy Risk from Enzyme Residues in Food (Section 7.9) and 
concluded there are no scientific indications that the small amounts of enzymes in foods can sensitise 
or induce allergy reactions in consumers. 

Nevertheless, an evaluation of the potential to cause allergy is conducted for every new enzyme 
developed. To evaluate the potential allergenicity of phospholipase A2 enzyme from Sus scrota, the 
sequence comparison with known allergenic proteins was done using three dedicated servers 
available on internet as follows: 
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• The AllergenOnline tool is recommended by the Protein Allergenicity Technical Committee of 
ILSI-HESI (International Life Science Institute-Health and Environmental Sciences Institute). 

• SOAP (Structural Database of Allergenic Proteins) 
• Algpred (Prediction of Allergenic Proteins and Mapping of lgE Epitopes 

Server Search Number of matches Allergen alignment 

Match for full-length 
9 Hits alignments by FASTA 

Allergen 80 amino acid sliding ' ~ • I - ~-- • •· -~~I 

0 Hits Online window search I ' ' 

' -_,· :;-.1~: -

Match for 8 consecutive 
0 Hits amino acid sequence 

Match for full-length 
30 Hits alignments by FASTA 

80 amino acid sliding 
53 Hits window search 

SOAP 
Match for 8 consecutive l· ~ ...... ~ - • I 

0 Hits 
amino acid sequence 

Match for 6 consecutive 
2 Hits amino acid sequence 

Mapping of lgE epitope 0 Hits 

MAST Results 0 Hits 

Prediction by SVM method Score threshold -0.4 
based on amino acid Positive Prediction Value = 
composition 64.55% 

Negative Prediction Value = 
86.61% 

AlgPred Prediction by SVM method Score threshold -0.4 
based on dipeptide Positive Prediction Value = 
composition 63.10% 

Negative Prediction Value= 
85.56% 

BLAST results of ARPS 0 Hits 

Hybrid approach (SVMc + 
lgE epitope + ARPs BLAST N/A 
+ MAST} 

Table 8: Summary of seNers used and number of matches. 

No similarities found for: 

• 80 amino acid sliding window search (Allergen Online) 
• Match for 8 consecutive amino acid sequence (Allergen Online & SOAP) 
• Mapping of lgE epitope (AlgPred) 
• MAST scan (AlgPred) 
• BLAST search against 2890 allergen-representative peptides (ARPs) (AlgPred) 
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Significant hits were identified with: 

• Match for full-length alignments by FAST A (Allergen Online& SDAP) total of 39 hits. 
• Match for 6 consecutive amino acid sequence (SDAP) 

Significant BLAST hit$, but with no contiguous stretches of more than 4 amino acids include: 

• Phospholipase A2 (Bee) 
• Serum Albumin (Dog) 
• Agglutinin isolectin A (Wheat) 
• Cereal trypsin/alpha-amylase inhibitor; CM16 protein (Wheat) 
• Salivary antigen 1; FS-I (Cat flea) 
• Thaumatin-like protein (various plants) 
• Serine protease inhibitor (Nematode) 
• Non-specific lipid transfer protein type 1 (French bean) 

Significant BLAST hits, with one contiguous 6 amino acid sequence include: 

· • vitellogenin (Chicken) 

The AlgPred Hybrid approach is generally taken to provide a clear overview result and says that the 
PLA2 is an allergen. Only one contiguous 6 amino acid sequence match was identified (Chicken 
vitellogenin), the majority of other hits are statistically significant with the default search parameters 
but probably do not represent· significant allergens. Although PLA2 has significant matches to 
Phospholipase A2 from insect venom, it is unlikely, due to the diversified functionality of these 
enzymes that this represents an allergen potential in PLA2 similar to bee venom, for example. 

The lack of hits to known lgE epitopes is important since Allergen-specific immunoglobulin E (lgE) 
antibodies play a pivotal role in the development of food allergy. 

Based on the analysis described above and the literature review carried out, Biocatalysts Ltd. 
concludes that it is improbable that Phospholipase A2 from Sus scrota is a significant allergen. 

6.3 Safety on the Manufacturing Process 
The manufacturing process used to make Phospholipase A2 enzyme employs a pure culture 
submerged fermentation of the Yarrowia lipolytica production strain. Good Manufacturing Practices 
are used throughout the process which utilizes generally accepted, published methods for 
manufacture, purification and formulation of microbial enzymes. The fermentation process of 
microbial food enzymes and the recovery process are substantially equivalent across the world. 

All raw materials used as processing aids in the fermentation and recovery processes are standard 
materials used in the enzyme industry and of a grade suitable for use in the intended use. 

The final Phospholipase A2 enzyme preparation meets the general and additional requirements set 
for enzyme preparations as outlined in Food Chemicals Codex and by JECFA. 

6.4 Safety Summary 

On the basis of the evaluation above, including a review of the published literature and history of safe 
use of Phospholipase A2 and Yarrowia lipolytica, the limited and well defined nature of the genetic 
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modifications as described in Section 2 and the low TOS present in the end foodstuffs as described 
in Section 3, it is concluded that Phospholipase A2 produced by submerged fermentation of the 
genetically modified microorganism Yarrowia lipolytica for the proposed uses in food can be safely 
manufactured and used as a processing aid. 

6.5 Conclusion 
The regulatory framework for determining if a substance can be considered generally recognised as 
safe (GRAS) in accordance with sections 201(s) and 409 of the Federal Food, Drug, and Cosmetic 
Act (the Act) states that: 

a) FDA's implementing regulations in 21 CFR 170.3 and 21 CFR 170.30, the use of a food 
substance may be GRAS either through scientific procedures or, for a substance used in food 
before 1958, through experience based on common use in food Under 21 CFR 170.30(b), 
general recognition of safety through scientific procedures requires the same quantity and 
quality of scientific evidence as is required to obtain approval of the substance as a food 
additive. General recognition of safety through scientific procedures is based upon the 
application of generally available and accepted scientific data, information, or methods, which 
ordinarily are published, as well as the application of scientific principles, and may be 
corroborated by the application of unpublished scientific data, information, or methods. 

b) Under 21 CFR 170.30(c) and 170.3(f), general recognition of safety through experience based 
on common use in foods requires a substantial history of consumption for food use by a 
significant number of consumers. 

This criterion has been applied in this GRAS notification, and as discussed above, Biocatalysts Ltd. 
has concluded that Porcine Phospholipase A2 enzyme produced by the genetically modified strain of 
Yarrowia lipolytica is GRAS via scientific procedures for use as a processing aid in the production of 
sauces and dressings. All documentation provided in the GRAS determination is publicly available 
and generally known, and therefore meet the "general recognition" standard under the FFDCA. 
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7. Part 7 §170.255 LIST OF SUPPORTING DATA AND 
INFORMATION 

This section contains a list of all the data and literature discussed in this dossier to provide a basis 
that the notified substance is safe under the conditions of its intended use. 

7.1. Technical Product Specification 

j 
l 

\ ~2~.~~ .~~r;rs 
~Technical Product Specification 

Lipomod™ 833L {L833L) 

Product Specifu:;ation Product Type/Origin 

Phospholipasl!A2Aciivity >1D.000 U/ml Coloor' 

Lead <5mglkg FOfTTI 

Arsenic <3nl!>'kg Aclivity 

Cadmium <0.5mgll<g Origin Microbi;ii 

Men:ury <0.5mgll<g Production organism y..,,..,,.;;,sp. 

To!.31 viable count <50.000cfulg "Clllcu<lpl)CldmayvayltomllilElltJl>al:h.<:ololrlorol.,._,rt 
...,.,. ac:M)'. 

Colfforms "3!ld.llg 

Ye•sts .and Moulds <100cfulg Allergen" 

E.col Absen:in:l5g 

Salmonella Absemin20g Cereals containing Qluien No' 
.Antibiolie Absent Crustac.ans ,an-, prodUCG thereof No 

~rial complies -..ti, 1he JECFA/F/1/J!NHO and FCC Egg and praducts 1h...-eof No 
reccmmended specifications for enzymes used in food 
prooesmg. Fish and products t~ No 

Pe.aoots .and products thereof No 
Activity Unit Definition Soybeans and products thereof No 
Phospholipase A2 - Ole unit of enzyme actiwy is defint!d as 

Milk .and produc!s thefeof (including ~) No that amount of ~ lhat causes 1he release of one 
micromcle of free fatly acid perminule at pH 8.0 and 40'C. Nuts an<! produces 1hereot No 

and 1>rociucts lnnrM1ent LIS ~ thereof No 

Mustard and products 1hete0! No 

Sesame seeds .and pmducts Enzyme 2.0 ... lle<eof No 

Sull>h..- dio>ide and/ or sulphites at No 
Water 57.W. ccncen:ra1ions cl more nan lOmglkg or 
Glycerol 30.ll'l6 10mg.'I. (litre) in tenns of the l0tail so, 

No Sodium chloride 10.ll'l6 Lupin and produc,s --
Moffuscs and products 1heJ1!0lf No F>otassium sorb• 0.1 '!1, 

"Vall.l!l;;n~;r,cllllll)'vatJWl>mbi111211>tlallft. 1. I NO: GUon tff I.O. -.2Qppln (BJ ~4t'2!Xl9) 

Uurrn,o,ml Cornpoto\lon GMM/GMOa 
This product is not a GMO and does not ccnt.ain GMOs. This Coq,one,rt pec-100g(~• 
product doff 1her-el"ore no1 require labelling as GMO on food 
labels.12 

1. ~-EC111!!1'2!DJ,.,_ 12 
2. Mp'''fCittmpa NJXK)]bMoJi~.,§ QllfMkGrPQM i!0 

Fat 06 a!!f. ,n.cg 
Protein 

Moislllre 

Calories 
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Technical Product Specification 
Lipomod™ 833L (L833L) 

Storage Paclcaging 
Best before dale: Oet.aied en batch specific oertilicale of The contact packaging used for al food grade e<1Z)'Tle5 is bod 
analysis and on a>nbiner label grade. ~I~ is recydable. 

The m,ijority of pnx!ucls- made !Denier and delivered ,.;it, Integrity of packaging must be maintained. Store in a dry 
>00% of 5llelf-life. Iv. a~ rrinimum the ma;eria1 is @nvirocment out of direct slriglt 
deliven!d with~ of the product shelf-ire !1!fTlllirlm&. Shelf. 
life can potentially be exte-nded "'111 an aclivily .-st. May Quality & Food Safety 
incur «lditional C05t. 8iocatalysts operates a preventative risk-based Food Safety 

Syslem !hat ens..-es h> emiircnmen1 and proc:esSl!S are 
Recommended storage conditions: o . e·c to achielll! tne designed kl produce safe producl:s e--, time. FSSC22000 
ciocLnlf!f1ted shelf-ire. and FSW>. corrplianl 

Regulatory Status Comp4iance • The Ccmpanys inll!grmd management syslem 
Enzyme legislation is in place in various countries. please ..,,compasses Quality, Food Safety. Health and Safety and 
contact l3ioc:ata1y5ls f0r infcnnaticn on c:ounby specilic GMP. 
regulations. 

Certificmon- Biocatalysts is certified tl ISCXi1001, IS014001. 
Kosher/Halal Status OHSAS 18001 and FSSC22000. 
This pR>ducl is Kosher and Halal certified.. For our 
Kioshl!o'Halal cef1ificall! please contact our CuslDml!r Cer1ificales an, ;,vailable en request fn:m the Cuslcmer 
Services Department. Services Department. 

Biocatalysts' rnanllfacllaing facilities are Kosher and Halal Health & Safety 
certified. Always read the Material Safefy Oa!asheet (MSOS) before USI! 

and retain. ff }'Oil ""' in any doubt ab<Jut, eoo11rne1 Idec! product 
handlinij and safety, please ccntact 0iocatalys15 before USI!. 

Generally, when using enzymes avoid contact wth !he skin and 
ere,; end do nd brl!a!he dusts or aerosols con!aining ihem. 
MSDSs an, available in Olher lallg!J89e5. Please contact 
Cus1cmer Ser.iol!s. 

Contact Us: Please send any enquiries regarding the above information lo customefservice,,.'!!lbiocat:s.corn. 

Visit our website for furtller relevant & cwrtnt infcrmation www.biDCatalysb.c 
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7 .2 Activity Profiles 

~L~~~:a~c~X:? s Biocatalysts Ltd 
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Activity Profile - Lipomod1,. 833L 

pH Profile 
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T~e pH profile of Lipomoc''" B33L was crea1ed usn,g a standard assay~-

The actvity-pH pw.ile for ll)omoa"' 833L m¢t be slighlfy diF.erent depending on the substrate a'ld conditions 1JSed during the 
applicatioo. 
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The t~ profie cl Lipomocf'" 833L was created us Jl1l1 a standard assay procedlre. 

The activity-lernpera!Ure profile fer Lipomod"' 833L migtrt be slightly diflerent depencf>1g on the substrate .m condi1ions used din1ig lhe 
application. 

Vi1it our weboile for further reievaflt & current infonnation www:.biocatnlysb.com 
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7 .3 Datasheet 

\ ) Sheel oo: 111. Revi&ion 0: 2019-06-18 

~!_2~:;:.~~t?TS 
Featu.-ea/Benefita 
• Microbial phosphol'J)l!SQ A2. tor the production of tyso-lecithin &mulsifiers 
• Enzym& modified yolk prov,oos incraased viscosity and heal stability in mayonnaise maoofacture 
• Kosher. Halal and vegetarian. 

Biocatslyat.s supply enzy~ that modify the functionality of egg and can thErefore be used as an aid to egg pmo911Sing. Owing 
commercial processing eggs a:e ·eeperated into egg white or egg yoll products and the effecl of 011zyme5 on this prooe6II is 
covered in depth by our Technical BuHelin ti6ed •The uae of Enzymes in Egg Processing." 

Egg yollle !M!ve exiremely uaeful ernulsil'y.ig and gellllion p-opertiee due to ihe preaenc;e of various ripid and prollWl types. 
Phoephoipid& can be modified by the action of Lipomod™ 833L to produce lyao-lecrlhin with superior erruaifyng properoes 
aepacially uaeful in meyonnai9e msnufacture. 

Lipomod™ 833L is a microbial pho&pholipase A2.. It does not contain any animal product5 and is halal snd kosher certified. 

Spe-Oification 
Activity 10,000 U/ml minimum 

BioloQical Source Microbial 

Form &own f.mrid 

Optil!Ull pH Range 5.0-9.0 

Optimum Temperature Range 40-50'C 

Application & Doae 
Lipomod™ 833L can be used to inprove lhe emulsifyr,g properli81l of egg yolk, wide egg or i:x-ified lecithn. Egg yolk a whole 
egg should be wanned to betweoo 40 - OO"C. No pH adjustment is req.,irad if pH of egg yolk is between pH 5.0 end pH 8.0. 
L833L 9hould be added at 200 - 1000 ml per ton of egg yolk. Enslre the enzyme is evenly distributed throughout the nmctwe 
with gentle mixing. Toa reaction takBs 2-4 hoUIB to reectu:on~1le6on al so•c. 

Health & Safety GM Stntua 
Always read the MB.'!erial Safety O!ltasheet (MSDS) before use This product is not a GMO and doe6 not contain GMOs. This 
end reu1,n. If you in in 8.11'/ doubt about raconvnended product prodJcl doee therefonl not 1'8Quinl labeling as GMO on food 
handling and &Sfety. ~ cont.act Biocalalyst& belore use. label!;. 
Generally, when using~ aYCid contact with 1h11 skin end 

Qu3lity & Food Safety eyes and do DOt braalhe dU5t& °' 891'06016 oontaining them. 
MSOSa em ava,1able in other languages. Pleeae contact BiOClltalyets operal96 a preventative risk-based Food Safely 

System dWlt eni;ure& th,e environment and proceeses 1118 CUstomer Service&. 
dl!6igned to prodUOB &ate prodJcls 8'118')' time. FSSC22000 

Sto.-age and FSMA coqiiant. 
Liquids: Activity v,·JIT remain within specification for et least 6 

Compr.ance - The Company's integracad management system mon1hs from lhe data of manufactlre when 61ored at 0-8-C. 
enoompBllSBII Quality, Food Safety, Health W S.efuly end 

AUergena GMP. 
None present. c.tilicales ae ava,1ab!,; on request from the Customer 
Food Status Service11 Department. 
Materiel con1)iiBs 'M1h the JECFNFAOIW'HO end FCC Availability 
reoorrwnended specifications for enzymBB used in food licµds: Availatle int. 5 or25kg pac;ka . 
processing_ 
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L EXEWTIVE Sl.NMARY 

PLAl !.llmlll1!5 from BitXMlll'°ID Ltd. ~aducticm bMches 13502, 22921, 10060191111~ b!!l!-ll l!lm!lilysed 
far the pn!5'!'nce cf 1e!.idu11I 'l'a.•mwia lipo}ytica DNA. Both the 11u11r!ali'ie 11n11ly!.is buch 11i. a.;aro!.e g,!!I 
ehictrophor~ii. beflll'e/21'fter DN11!.el er RNa:se-A treatment) ;i,nd the QU,l,ntitati-..e ;an;!l,°Sii. (!.Uch 11s qPCR 
with priml!-rs zinne.din6 ;i, housek~p ng gene from~~ indica'te the ;i,bsence af rei.idu11I 
ONo!.. It should be nuted that :.n the ne.it ~mole~ and th1dr difutiCJm 11p to 1:20, there ZIH! qPiCR 
inhiliificm effecti. which might affect the dl!"l:ect,cn of DNA in the !.llmple!. at the~ ven1 oonc!!ntrated 
~vets. Th!!'Se- inhibition eFrecl:!i cle;:i.r}v dinppeiir when s.ample!. :are diluted b~1!tm 20- ,md 320-fald. 

2. OBIECTIVE5 

Qu11' itatn1e ;and qu11nti1:.:1ti,oe :iln.111"!.is cf r~idul!II 'r'o,rcr,awja Jipalvr.ica DNA conte-nt ·;n PW batches 
23.502, 22921, 7006039. 

3. METHODS 

S-lmplei. were diluted v,ith ~terile water :at a c.oncentrat,cm of 20 mllf ml .md u!.-!!d for .lill the :mafy1.1S 
demibe:!d in thii. repart. 

10 _u.L L-.f e..Lh sllmple (20 mg/mLI were 10111:!ecl on a 1% 11gillra~e gel, l,\'rlh ll!ddition af l .u.L 6X l.a~inl!, 
d'te (S'r'SR.Sa-fe•, Cat; 531102, ,n-.itrogien) 

5 _u.L of t'.'.ith !iam11f<:' Wl!re inc11b:i,ed far 1 h at 37C in the pm,l!noe of 1 ,u.L DN.r.l!'I (2,co:> units/ml, 
\10303L, t..itBf ar l ml. RNi:l~A. r10 ,r JmL, ca,: 12091021, Thermofo,her;, in .i 10 _u.l l"ellCtion mill 
c:ant..1i11 · ng Dt,.HeVRNll~A. butfl!r. After incub.,tion, 2 .u.L of 2.1! loaclin.; dye ISYBR•5.ifl!'•. (;st: 533102, 
n·..-itrcrb~" I v.·'.!re ll!ddt!d, and samal<5 were lo.idt!d on 3X ag..irDSe !J!!I. k, ll llt!Sittr.-e control, l!',u:h 

s::impleY/11!.. -111:ubitted n the pr~l!noe of burier onf•1. 

qPCR experiment!. W!:!re performed usil18 ..t ~t of priml!r:s {T.ibl"' H anne::ilin.g th!!- 'r'or•.fl'N.ID" i,p,:,1rv,ca 
hou-seket!pir.; gene klin 1 (&or.Bar.A-: A.1250147.lf. cF'CR w.i~ run b~ me.in3 of an /!qf'ent• qP,::R 
Ari11f,'b. :sy!.tc-m, v.ith ll ~et up 1all1J1Wir,,; rt!ported 1-ablt! 21. 
A !.tand.ird L-ur-.'L!' w:11. i:reat..-d u~,nl,! g'.!nwTiic DNA eKlr:ttLt!cl from r:irrwwio JJooi~tica !.trllin ¥12:12 
with n the r:.nge 20 n,;:_u..- 0.00012.S r.J.ul.). 
S..mple!> Wl!f"e prooerl;· di' Jted, and l!.,Lh clih.n1C1n V."33 an11f•r-,edb~ 11PCR with or with:Jut the l!ddition 
at dapin.; ON.-., suth.i!i S n.,_:at gDt~Afrom Y1212 (Tiible 3;,. All the l!llperiment.l ~,.1.-e bl!t!n pl!ffarmed 

11 triplicate. 
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7.4 DNA quantification in Phospholipase A2 
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Primetr ACT't'Hl CGAAAC.GATCTCT ACGGAAAC 
Prilll!S ACTY-111 GCGGTGATffiGACmGAT 

Tm:65C 

Talile 2: qPCR m~od 

Segment PlatHU T~rablre Duraliaa 

Ampfif"ic21,ion 1 95 00:00:10 

Ampl;fic11,ion 2 65 00:00:~D 

Amplmc21,ion 3 72 00:01:00 

Me-tt 1 9.S 00:00-.30 
',1e-lt 2 65 00:00-.30 

Me-It 3 9S 00:00:~D 

Table 3: qPCR ,mc'lirJin mil: 

QS* potym11r;asa [C;rt: M04911.., NEBI0,2 

QS" IMl!iar 4 

Prlmlllf .ACTYI-F1 

Prlm11t ACTY~R.l 

h.iGrffll • 0.,.. (Cat:31000, Blatu111I l 

dNTP [C;it: 1B427DJ3,. T1'armallsholf'J 0.-' 

4. RESULTS 

l"he Fe :111,•mg d"'!a mll'W th.it I~ br!ffln p",:;mt:nt Df the- so1mplt:'!. ftvpic.ifty aroduc~ during \'a.•ra"··b 
,!=palrr'l"l:J fe-rml!nlation~f i!r re~c,n~ible for the- sme.ir vi1ibh: on the .:ii;.ira1e ~I !Figure l I. In fac:t, v.tie-n 
the- trl!.l1m-!!nt with l!ithl!r DN:n<c"I or RtLm:~A i~ perforrne-d {Figur<c"2t. - 211:,, no diff1m:in,e:s c.in bt: 
ab1erve:d {difft:rently from thl!-t~I!' af 21 ucnifr.-e control !..1mple! lfisurl! 31 whkh clc.irtv !,11~:..t:. th!! 
Jctian D'I DN;r;i:1 ;:ind RN .. ~ on !.DNA and P.NA, rc:..p~,ivel'l'I, ~u.i;se-ltir,:; th~ the- fluL,re~ente- i!o not 
due: ta the pre!.'.!nc:e oi DNA. 
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qPCJI: an11i'pls of doped/DOI: dop!!d umplH 
qP(R. resulb !Table -4) d!!!mcns.tratt: for lift the snm pies lhe ocoourrence of inhibition el'foct:a. on the 
DNA ampr1ication. ln h1ct, ~n the doail'18 occour.-. ~i.e. addition of Sn.; gDNA ta the sample!, tht! 
external DNAc;:i,n be detected ant~ ~art'.ngfram n 1:20 dilu'lian. 
At the dilutian!lo 1/i"here inhibition et'Fectl. do not ocoour !from 20· to 310-fold., no DNA can be detectl!d 

other th.ln the S n.s :added. In nccardllnoe with the DN=I/RN.zi!,e'I trieatment resL 113, this !loUggi::~h- that 
re~idual 'f. (ir,a,ytic.1:1 DNA i~ either absent in PW samale. or below the detection limit for tht: 
ei<pe!rimentnl ccndition:s h!!re t>eparted. 

T;able 4: qPCR ra11lls 

fqLW. "ill .Equir."V 
D/![A in .Equ,.,"ll J»Jilln 

!.•mpll ll'Olt.h'twmlJI ~ .... plv bH/1 1 .......... 1•m.fiMmi� 
,.J_ l -.d 1 ~.i 

H, ,.,1, Hi -.:I 1:3 -,J 

l :.0 ,.J, 1:lC ,d :.:10 -.d 

1.W -.d. 1:2C :.,l'O ""' ""' 

... 

l 40 -,_J_ UC :,.i., ,,d 

... 1ao -.d. ..., 1:!C M $: :•ii:) -.J 

l:ltiD -..J, ~ 1:1.60 ·~:1'6C -.i ..... 
.,, C, 

,.. 
.... 

§ 
C, 

j uw "'.>d. 1::UO .,,. "' :.:llC ,.-.j 

.ii :. • s.,,ut-N ... !\<I. 3 l • S1r,1111DIIA ~ l • !in, t<JNA .a ... 
l:S • ;,,i1lmA ad. l 'i • S.,c 1~A. •.S 1.S • 51111 rt>liA ~ ~ ~ ... 

l ~~ • ;,,IC r,:IIW. -.d. 1:10 , 5ntuDNA 1:1.c:, s ... al'lNA. -,,J 

12!1 • ot1,:,:Dhll, H,HoJll!) 1 :lO • !n11£1N~ .3.12: OAi 1 ::C • s,. ,a-.i ... i.o:i: 139 

l -t'.l • S.nicicDhl.l. •U8:tU~ 1:-40 • 5ntr icllrlA 4.73: 0.21:i 10:C • S.,,.10N.-. ,ua~047 

l ao • Snu;OW. .:i..i7t00:!; 1'11'.1, 5ntr 11l1NA S.14: O.:.:i 1.:8C ' s-. •t.lA. .. ,9±0.07 

1 -~GD • S111. J.UW. .:i.Jll:tO,lS 1:160 • 5n,:icDW. SAa: O.l1 ~-16C • S,c11DN<1 4..i2dl41 

l'-32:), 5111 t Clhl.l. S37:l026 1-320 • fo H DH', S.B:!llll ~-,U~ • S 15 ML'-H4 .:i::2: O.tS 

5. CONC1..USION5 AND RECOMMfNDATIONS FOR NEXT STEPS 

Phmphalip:i!.e .o\2 ~~mph!~ from Biix:1\Jl~~ti. Ltd. praduclilln b11tthe1 23SQl, 2.?!121, 7006019 hav~ 
bc-!!n 11n~l'f.>~d fi:,r ,he pre~nte- of r~idual 't'ur,.a111itr .li_lX!iytir:u DNA. 8'Jth th!!' qu11rlil,,r~ and 
qu.intit.itiYI!' 11mtl~'lloo:~ indii:at~ th!! 11b~nco: c:if r~:.idwl DNA, .t~ 111.> ON<\ i~ det~tl!d in th!!' eKaer1m1mt11I 
(andi,ic:ins fi.,l~J\l,'l!d .1t B'icciital)-sb .• ,d. 
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7 .5 Phospholipase AZ Activity Assay 

Assay Procedure Auto-titrator assay for the analysis of 
PHOSPHOLIPASE A2 

This is based on the release of fatty acids from the substrate lecithin by a Phospholipase Ai 
enzyme_The fatty acids subsequently released are continuously titrated at pH 8.0 using 0.01M 
NaOH. The activity of the enzyme is determined by the amount of 0.01M NaOH required to keep 
the pH within these limits over a 5 minute period. 

ASSAY CONDITIONS 
pH 8-0 
Temperature 40°C 
Substrate Lecithin Sov Bean 
lncwation time 5 minutes 

UNIT DEFINITION One unit of enzyme activity is defined as the amount of 
enzyme that causes the release of 1 micromole .of free fatty 
acid per minute at 400C and pH 8.0_ 

EQUIPMENT Stirring Water bath set at 400C 
'Blender 
Thermometer 
Stirring bars 
Multi pipette 
Gilson p5000 pipette 
Gilson p100 p:pette 
Mitsubishi Automatic Trtrator (Model GT-100) 

All equipment should be calibrated to the requirements set out in the appropriate 
EOP. according to the Biocatalysts IS09001 Manual. 
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REAGENTS 

Reaoent CASNo Item Code Suoolier 
Sodium Deoxvcholate 302-95-4 27836.135 VWR 
calcium Chloride DihYdrate 10035-04-8 223506-5000 Sigma 
l -PhosDhatidytcholine Soybean type IV-S 8002-43-5 P5638 Sigma 
1MHCI 7647-01-0 32050.602 VWR 
0.01MNaQH 1310-73-2 1.60309.4000 Merck 

Water should be RG grade unless otherwise specified. Record lot numbers and 
quantities used for all reagents. Make sure timings are exact 

1. 0.016M Sodium Deoxycholate -prepare fresh daily 

Dissolve 0.67g sodium deoxycholate (HAR.MFUL) in approximately 80ml of water. 
Make up to 100ml in a volumetric flask. 

2. 0.32M Calcium Chloride- prepare fres:h daily ln a universal.cootainer 

Dissolve 0.47g calcium chloride dihyclrate {cac1i2~0) (IRRITANT) in 10ml of water- use a 
5ml pipette. 

3. lecithin Substrate - :prepare fresh daily. L-Phosphatidylcholine, Soybean type .IV-S (Sigma 
P5638) check batch number. 

For the analysis of 20 samples {including blanks), weigh out 10g of soybean lecithin in a 500ml 
glass beaker. 

Add 200ml of water and stir for 20 minutes on speed setting 2. 

Slowty add 10ml caC12 (IRF?ITANTJ solution in a drop Vi'ise fashion. Stir for exactly 5 minutes 
on speed setting 2. 

Add 100ml sodium deoxycholate (HARMFUL) solution. Stir for 20 minutes on speed setting 2. 

Make up to 500ml 'tNith water in a volumetric flask. Make sure to rinse the beaker. 

Blend for exacUy 1 minute on full power using the grey glass blender 'With the rubber lid on the 
'smoothie' setting. 

Dispense a 25ml aliquot using a 5ml pipette and place in the water bath at 40•C to stir (on 
speed 300) for exacHy 30 minutes before commencing the assay. 

4. 0.001M HCI - stable for 1 year if stored at 15 -25"C. Make fresh daily. 

Dilute a stock solution of 1M HCI (CORROSIVE) to give a working dilution of 0.001M (1/1000). 

5. 0.01 M NaOH - stable for 1 year if stored at 15 - 25°C. 

Bought in from Sigma/Merck (CORROSIVE). 
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6. Enzyme Dilutions - prepare fresh daily 

Liquid and solid enzymes should be first inverted to distribute the sample and weighed 
in the analytical balance (+/~.001g), add this weight to the sheet so that an exact 
dilution can be calculated. The enzyme sample should be diluted in 0.001 M HCL (4) to 
a concentration which when assayed, gives a test-blank titre of ·t .5-2.5mls (this is the 
linear range of the assay). 
For a liquid sample: 

dilution = e>q:>ected activity (u/ml) 

For a solid at 1rrg,'ml: 

dilution = expected activity (ulg) 
1000 

PROCEDURE 

Switch on the auto-titrator and carry out the following checks before commencing analysis: 

Place pH 7 buffer solution under 1he electrodes. The pH should read between pH 7 .1 and pH 6.9. 
If the displayed pH is outside these limits a calibration is required as described below: 

1. Calibration of pH electrodes 
(1) Press [Option]. 
{2} Press the [down arrow] twice to select Hardware Set-up and Press [OK}. 
(3) Press [OK] to enter the pH calibration section. 
(4) Select the Point 2 (Manual) option with the [down arrow] and Press [OK]. 
(5) Enter 7 into the 1 ~ standard poif'lt: and press {Enter]. 
(6) Rinse electrode with water and place the pH 7 buffer under1he electrode. Change buffers 
each month. 
(7} Leave for 10 minutes and press [Enter). 
(8) Enter 10 into the 2nd standard point and press [Enter]. 
(9) Rinse electrode with water and place the pH 1 0 buffer under the electrode. 
(10) Leave for 10 minutes and press [Enter). 
( 11) Press [OK] to accept 1he calibration. 
(12) Press [Cancel] repeatedly to return to the start screen. 
(13) Pface buffer pH 7 and pH 10 under the electrodes again to recheck the calibration. The pH 
should read between 7 .1 and 6 .9 for pH 7 and between 10.1 and 9.9 for pH 1 O. Keep record of 
the pH reading for each buffer. 

2. Priming the Glass titration nozzle 
(1) Press [BuretJ and 1hen [Mode}. 
(2) Select Manual opera1io11 using the [down arrow] and press [Enter] 
(3) Press the (right arrow] to rotate 1he valve to the nozzle. 
(4) Press the [up arrow} continuously to purge the system. 
(5) Press [Escape], wait while 1he unit initialises. 
(6) Press [Mode] to bring the burette back online. Make sure it is back online. [IV.ode] may 

have to be pressed tlNice. 
(7) Press [Cancel] to return to the Start screen. 
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3. Changing I Refilling the Titrant (if required) 
(1) Prime the burette (as above} until the Q_01M NaOH titrant bottle and vessel are erq,ty 
(2} Replace I Refill the 0_01 M NaOH titrant bottle. 
(3) Press [Escape] and wait while the vessel fills with 0_01M NaOH_ 
(4) Prime ttle burette again {as above). 
(5) Press [Escape]. 
{6) Once the vessel is full, prime 1he burette a further 3 times. 
(7) Press {Mode) to bring the burette back online. 
(8) [Press [Cancel] to return to the start screen. 

43. loading the correct software files 
(1) Press [Method) followed by the [down arrow] to access the Titration files_ 
(2) Press [Enter] and the use the arrow keys to scroll through the files. 
(3) Press [OK} to enter the relevant files_ This assay requires File 9, which should be set up 

with the parameters shown below: 

File 9 - Sigma PLA2 
Reag: NaOH M=0_01 E=1 
Mode: stat 
Detect : pH sens 
Brt: 1 
Speed : 400 uUs 
V max : 5(l0ml 
P.: 7.7 pH 
P.: 8pH 
V!Ji):50ul 
Cont: 2 sec 
w tint : o_ 1 min 
Gain: 5 
P-cyc : 0.1 min 
Tmu: 5.1min 

Adjust the P. and P. (if necessary) using the arrows keys and keypad. Press [OK] and then 
[Cancel) to save the changes and retum to the start screen. 

4b. Loading the correct software files (continued) 
(1) Press [Method) followed by [Enter) 
(2) Use the arrow keys to select the PlA2 file 
(3) Press [OK} to enter the file. 

The sample list will come up as below . .An asterisk in the size column indicates that results are 
stored fc those samples {they cannot be re-run)_ To remove these samples, navigate to the size 
column above the samples you wish to remove, enter O and press [Enter]. This will remove the 
asterisk and therefore tMse sample numbers can now be re-used. 

No Samole Fmc SiZe Unit p FN s 
1 ml 9 
2 ml 9 
3 ml 9 
4 ml 9 

Press [OK] followed by [Cancel} to return to the start screen. The instrument is now ready to 
commence the assay. 
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ANALYSIS 

(1} Prepare enzyme samples at required dilutions ii 0.001M HCI. Keep samples on ice. 
(2} The probes and fitrator nozzle are posttiooed, using a cla.111), in the water bath so that the 

pH and reference electrodes are submerged in the substrate. 
(3) Manually adjust the pH to 8 (+f-0.01 pH units) usilg 0.01M NaQH. Thts usually requfres 

6-8rnl of NaOH. 6ml can be added in 2ml aliquots to bring the pH close to 8. A Pasteur 
pipette should then be used after this. Approximately 20 drops from the Pasteur p;pette 
equates to 1 ml. Keep record or haN much NaOH is required. tf it is greater than 9ml then 
do not use this sample. Be very careful when the pH is dose to 8 and make sure the pH 
is between 7.992-8.008 before commencing the assay. 

(4} Add 2ml of the enzyme sample to the substrate and press [Start]. Titrant wiR be added 
appropriately to matntain the pH at 8. Record the titre to calculate the activity of the 
enzyme, when reading the titre read the second value with a 1 before it .c>n the tilrator 

(5) The blank, standard and positive control should be run before any samples - see below. 

A blank must be carried out at the start and end of analysis by adding 2 ml of 0.001M 
HCI to the substrate instead of yoor enzyme sample (the average of the 2 results is used 
in the calculation), the titre for the blank should be 0.3--0.4. 

The standard should be filtered before use and should be assayed at a 1110000 dilution, this 
should be achieved by completing two 0.5ml in 50ml dilutions. Th-e titre should be around 1.8-2.2. 

A positive control using (L699l) should aJso be run at a 1/10000 diMion. 

Run repeats for each sample. The duplicate runs shoukl be ±10% of each other. 

For each run record the sample name, dilution, titre, initial pH reading when the sample was 
added and the approximate volume of NaOH required to begin the assay at pH 8. See assay 
sheet. 

When not in use the probes shoold be kept in pH 7 buffer solution. 

Calculation Theory 

Number of moles oftitrant used= V x M (divide by 1000 as titrant in mis and molarity in 
1000 and molarity in litres). 

To convert to micro-moles 

= VxM x 1,000,000 = Vx M x1COO 
100D 

U/ml = V X 1000 X M X d 
V X t 

= V x d 
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U/g = V x 1000 .x M X d X 1000 
[E] xvxt 

= V X d X 1000 
[El 

Where V = volume of0.01M NaOH added {test titre-average blari< titre) 
t = time of assay (5) 

M= Molarity of NaQH (0.01) 
v = Volume of enzyme sample (2} 

{E) = concentration of enzyme in mglml 
1000 = to coovert from u/mg to u/g 

d =dilution 

A FACTOR IS THEN INTRODUCED TO BRING THE ACTIVITY IN LINE 
WITH BIOCAT Al YSTS UNITS, BASED ON THE ACTIVITY CALCULATED 

ABOVE OF A STANDARD. THIS WILL CHANGE FOR EACH NEW 
CONTAINER OF L.PHOSPHATIDYLCHOUNE. SOYBEAN TYPE IV-S 

{SIGMA P5368) OPENED. 

TO ACHIEVE THIS FACTOR A VALIDATION EXERCISE MUST BE 
CARRIED OUT ON A STANDARD PRODUCT FOR EACH CONTAINER OF 

SUBSTRATE. 

HEALTH AND SAFETY ISSUES 

1. Ensure you have read and understood the COSSH Assessments for all reagents 
used in this assay (found on the COSSH database) 

2. Wear a mask when weighing out enzyme powders, or use the extractor fan on the weigh 
safe. 

3. Laboratory grasses should be wom at all times. 
4. Ensure all Hazard cards are filled out in detail and any appropriate hazard labels used. 

(,qefer to notes in italics throughout. the procedure) 

Related Documents 
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7 .6 Caseinase Activity Assay 

CONFIDENTIAL 

Procedure For Casein Protease Assay 

The rate of generation of peptides from the substrate is a measure of 
the catalytic actMty of the protease being tested. The peptides 
released during the assay are separated from the substrate protein 
using trichloroacetic acid (TCA) and the TCA-soluble peptides are 
then measured by the method of Folin and Ciocalteu. 

ASSAY CONDITIONS 

pH 7.5 
Temoerature 31°c 
Substrate 2% Hammarsten 

casein 
lncubatiOn time 10minutes 

UNIT DEFINITION one unit of protease activity is defined as 
that amount of enzyme which will liberate 
one micromole of tyrosine equivalents per 
minute at pH 7.5 and 37°C. 

EQUIPMENT 
Waterbath set to 37°C 
Spectrophotometer set to 578nm 
Whatman No1 filter papers 
P5000, P1000. P200 pipettes 
pH meter 
Bench top centrifuge 
RG water should be used 

All equipment should be calibrated to the requirements set out in the 
appropriate EOP, according to the Biocatalysts 1S09001 Manual. 

Procedure: Casein Protease 
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C01''FIDENTIAL 

Procedure For Casein Protease Assay 

Reagent Supplier! CAS No. 
Supplier 
Code 

Sodium Hydroxide S8045 1310-73-2 
oellets 
Potassium VWR 7778-77-0 
dihydrogen 26936.293 
orthophosphate 
di-potassium VWR 16788-57-1 
phosphate-3- 103495H 
hVdrate 
Hydroehtoric Acid VWR 7647-01-0 
(Convol ) 32050.602 
Hammarsten Casein VWR 9000-71-9 
Solution 440203H 
Tr rosine Sigma T3754 60-18-4 
Trichloroacetic acid Sigma T 4885- 76-03-9 

500G 
Falin and Sigma F9252-
Ciocalteu·s phenol 500ml 
reaoent 

REAGENTS 

1 M Sodium Hydroxide - Stable for 1 year when stored at room temperature 
Dissolve 40g sodium hydroxide pellets (Sodium Hydroxide is a CORROSIVE 
chemical) in 800ml water and make up to 1 litre. 

1M Phosphate Buffer, pH 7.5 - Stable for 6 months when stored at room 
temperature 
Add 26.3g potassium dihydrogen orthophosphate and 183.9g di-potassium 
phosphate-3-hydrate to 900ml RG water. 

Check pH is 7.5. Adjust accordingly if required. Make up to 1L in a volumetric 
flask. 

1 M Hydrochloric Acid • Stable for 1 year when stored at room temperature 
Empty the contents of a 1 M ·convol' vial into a volumetric flask and make up to 
the volume specified (Hydrochloric Acid IS a CORROSIVE chemical) 

Hammarsten Casein Solution (2% w/v) - Prepare fresh daily 
Suspend 29 casein in 10ml water by manually mixing with a stirrer. Add 
approximately 3ml of sodium hydroxide and stir until a partially clear solution is 

Procedure: Cetein Protease 
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!1 • 

C01'"TIDEI'H'IAL 

Procedure For Casein Protease Assay 

produced. Add 501111 water and 10ml 1M phosphate buffer. Stir using the 
magnetic stirrer until dissolved (approximately 30nuns). Adjust pH to 7.5 slowly 
uSing 1 M HCI with constant stirring to ensure that all the casein remains in 
solution. Make up to a final volume of 100ml with RG water. 

0.05M Hydrochloric Acid - Stable for 6 months wtien stored at room 
temperature 
Dilute 5ml 1 M HCI with 95ml water. 

Standard Tyrosine Solution (100mM} - Stable for 6 months stored at room 
temperature 
Dissolve 1.812g L-Tyrosine in 100ml 1 M HCI (3). Dilute 1 in 20 with RG water 
prior to assay. 

Enzyme samples - Prepare fresh daily 
Liquid and solid enzymes should be first inverted to distribute the sample and 
weighed in the analytical balance (+/-O.D01g). 
Dilute with water immediately prior to assay to a concentration which gives an 
OD change of 0.1 to 0.4. 

0.3M Trichloroacetic Acid (TCA) - stable for 1 year when stored at room 
temperature 
Dissolve 24.5g TCA (TCA is a ve,y CORROSIVE chemical) in 400ml water and 
make up to 500ml in a volumetric flask. 

0.5M Sodium Hydroxide - Stable for 1 year when stored at room temperature 
Dilute 1 M NaOH 1 in 2 in water. 

Folin Ciocalteu's Phenol Reagent - Prepare fresh daily 
Perform a 1 in 4 dilution of Folin reagent with RG water. (Folin Reagent is a 
TOXIC cnemicaJ) 

Proce-dure: Casein Protease 
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Procedure For Casein Protease Assay 

PROCEDURE 

Time Reagent Tube Tube Tube 
I samp1,e Sample Samp~ 

mins 1 2 Blank 

0 casein 2.5ml 2.5ml 2.5ml 
substrate 

5 EnzVme 0.2ml 0.2ml -
Tvrosine - - -

0.05M HCI - - 0.2ml 
15 0.3MTCA 5ml 5ml 5ml 

EnZVme - - 0.2ml 
0.05M HCI 0.2ml 0.2ml -

Tube Tube Tl.be 
Tyrosine Tyrosine COiour 
standard Standard blank 

1 2 
2.5ml 2.5ml -

- - -
0.2ml 0.2ml -

- - -
5ml 5ml -
- - -

0.2ml 0.2ml -
Mix, and filter through Whatman No1 filter paper. In plastic test-tubes, add 
the following: 

20 Filtrate 2.5ml 2.5ml 2.5ml 2.5ml 2.5ml -
Water - - - - - 2.5ml 

0.5MNaOH 5ml 5ml 5ml 5ml 5ml 5ml 
Folin 1.5ml 1.5ml 1.5ml 1.5ml 1.5ml 1.5ml 

Mix and centrifuge for 10 minutes at 4000rpm and 4°C. 
30 Read the absoruance of the supernatant at 578nm against the cobur 

blank. 

NOTES 

1. During substrate preparation ensure casein has dissolved proper1y and none 
has precipitated following the pH change. 
2. After addition of TCA to the tubes to end the reaction, make sure the tubes are 

mixed thoroughly before filtering them. 
3. Add filtrate (2.5ml) to centrifUge tubes fOllowed by the soclium hydroxi<!e and 

phenol reagent as stated in the protocol. If completed in any other ofder the 
assay will not work. 

Procedure: Ca54!in Pmlease 
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C01'TIDE:NTIAL 

Procedure For Casein Protease Assay 

CALCULATION THEORY 

U/g = Average OD sample - OD sample blank x 500 
Average OD standard C 

WhereC = concentration of enzyme (mg/ml). 

HEAL TH AND SAFETY ISSUES 

1. Ensure you have read and understood the COSHH Assessments for all reagents 
used in this assay. 

2. Wear a mask When weighing out enzyme p<)'M1ers or use the extractor fan on the 
weigh safe. 

3. Safety glasses shOUld be worn at all times. 
4. Ensure all Hazard cards are filled out in detail and any appropriate hazard labels 

used. 
(Refer to notes in italics throughout the procedure) 

5. Empty contents of any tubes or cuvettes used at the spectrophotometer into a 
waste container and clean after each assay. 

Pro~dure: Casein Protease 
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7. 7 HACCP Flow Chart (Confidential) 

Biocatalysts Ltd - HACCP 
HACCP L883L FIOIN Chart 

1b)Steam 1t)RO 1a) Intake of Raw 
Water materials 

2. Storage 

I~ I 3 Pra-of 
~ ---.J----------1------==Se= ed::;:i:::F=la=sks===-K-'-_-_- _-_-_-_-_- _- _- _- _- _- _- _- _- _-_: 

5b) stored 
microbial 

strain 

4. Flask 
sterilization 

Transfer./Bulking 

8. Preparation 
of batch 

wooong vessel 
and feeds 

9. Working vessel and 
feeds sterilization 

Control!ed 

...________ 10. Transfer of inoculum from seed to 
production fermenter ,---------' 

document issue 01 Rev 00 

HACCP L833L Flow Chart Original Issue Date: June 2017 
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Biocatalysts Ltd - HACCP 
1-lACCP 883L Flow Chart 

1a) Raw 
mateJials 

1b) 
steam 

11b) 
Air 

1c) 
Water 

11 a} GrowtMeeding and 
induction of culture to 
harvest 

12. Cell debris removal via 
centrifuQation 

13. Filtration 

14. Concentration and 
diafiltration by UF 

Controlled document lssue 01 Rev 00 

HACCP L833L Flew.· t1art Original Issue Date: June 2017 
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Biocatalysts Ltd - HA.CCP 
HACCP L883L Flow Cflart 

I 

. 

15b) 
Packaging 

-
~ 

-
~ 

I 

15a) Collected in single 
use containers 

l 
16. Transfer to holding tank 

/·---==----==:-,. 
// ~' 

17. Bactofittration l CCP1 \ 
I)' ;·, ,, 

-

18. Collected fn single use 
containers 

,i, 

19- Transport to storage 

•II 

20. Temperature controlled 
storage 

Venfied: 

Cuality Assl.l'a/'lce Manaper 

Date: 

JU!le2017 

Controlled document Issue 01 Rev 00 

HACCP L833L Flow Chart Original Issue Date: June 2017 
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·; exp8ctations 

7 .8 Application trials 

Introduction to L833L 

• L833L Kosher / Halal microbial phospholipase A2 

• Production not reliant on supply of animal raw materials 

• Production organism YatTOwia (ipo(vtka 

• Dosage 100 - l000ml/ ton of egg yolk, no pH adjustment required 

• Incubate 2-4 hours at 40-60°C with gentle mixing 

1 0,OOOU/ml mi nilTlllTl 

Form Liquid (colour brown) 

OpbllU!l pH Range 5.0-9.0 

Opfimim Tef11j)el'alure Range 40-50°C 

Storage 0-S•C 

External Evaluations 

An external evaluation was conducted by Campden BRI 

• Evaluate and compare the functionality of mayonnaise 
manufactured with egg yolk modified by L833L and a competitor 
enzyme 

• Both enzymes added to egg yolk at 2 dosage levels 
• 250ml per ton of egg yolk 
• 400ml per ton of egg yolk 

• All batches of egg yolk incubated at 50°C for 4 hrs 

• At 4 hrs enzyme activity stopped by decreasing temperature to 10°C 
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Mayonnaise Manufactured for 
External Evaluations 

Mayonnaise produced by a 2-stage process 
1. Pre-mixed in a pilot scale Silverson high shear mixer 
2. Crude emulsion then passed through a colloid mill creating a 

finer emulsion 

Mayonnaise Formulation Used:-

Sunflower oil 80% 
Water 7.5% 
Pasteurised egg yolk 6% 
Vinegar (4-4.5% acetic acid) 4% 

Sugar 1% 
Salt 1% 
Mustard 0.5% 

External Evaluations Testing using 
L833L and Competitor Enzyme 

Phospholipids hydrolysis study 
• Measured at different time points using pH meter 

Viscosity study 
• Viscoelastic properties of mayonnaise measured using rheometer 
• Shear rate range used 0.1- 100 1/s 
• Tested in duplicate at 20°C 

Firmness study 
• Firmness of mayonnaise measured using texture analyser 
• 25mm diameter cylinder and probe set at 10g force 
• Tested in triplicate 

Firmness stability study 
• Visual observation of samples at two different time points 
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Competitor 
Enzyme 
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yolk) 

L833L 
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yolk) 
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yolk) 
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enzyme performed the 
same in improving 
mayonnaise viscosity. 
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Phospholipids hydrolysis study 

 
















650 

i,6.00 

--Wll-2501111/tonof,uyoll< 

--+-IJlll- 400ml/ton ol<Qyolt 

--+-Competitor PIA2• 250 ml/ronofeqyolk 

Com,ttitor PIA2. 400 rrf/[on of,uyolk 

L833L activity (hydrolysis 
of phospholiplds present 
in egg yolk} was followed 

Viscosity Study 
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Product 
L833L 

Time= 0 minutes 

Product 
Competitor 

No 
Enzymt 
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L833L 

Time = 60 minutes 

L833L and competitor 
enzyme performed the same 
In Improving mayonnaise Product 
firmness stability. Competitor 

 




















Control Competitor L833L Competitor L833L 

(No Enzyme) Enzyme (250 ml/ton of egg Enzyme (400 ml/ton of egg 
(250 ml/ton of egg yolk) (400 ml/ton of egg yolk) 

yolk) yolk} 

L833L and competitor 
enzyme performed the 
same In Improving 
mayonnaise viscosity. 

Viscosity Study 

Firmness Stability Study 
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7.9 Working Group on Consumer Allergy Risk from Enzyme 
Residues in Food 

7 
\"\ ORKING GROUP ON CONSUMER ALLERGY 

RISK FROl\1 ENZY:\·'.IE RESIDUES IN FOOD 

AMFEP Members 

Thierry D am:rin Frimond 
Gen Groot Ght-brorades 

Karl-Heinz Maurer HenkelCognh 
Dn'id de Rijke Quest lnttrnationa] 

Henning Ryssov- Niel,en Danhco Ingredients 
Merete Simonsen Xo,·o Xot·disk 

Torben B. Soren&en (chairman) TBS Safet~· Con~ulting ApS 

Copenhagen, August 1998 
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Co11te11ts 

0.0. Swmruu·y 

1.0. Inn-oduclion 

2.0. Background 
2. l. Geneta1 
2.2. Occupational respiratory allergy 

3.0. Food allergy 
3.1. Allergy Caused by ingestion of proteins in food 
3.2. Epidemiology of food allergy 

3.3. Enz)mes in food 

3.4. Toe theory.· of Cross Reactions in people sensitised with common moulds 

3.5. Food related reactions in occupationally sensitised people 
3.6. Toe consumption of enzymes for medical pUl])OSes and as digestive ai~ 
3.6. l. Medical uses 
3.6.2. Digesm•e aids 

4.0. Conclusion 

5.0. Bibliography 
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1.0. l11trod11ctio11 

Since the late 80'ies, and particularly since 1992 it has been repeatedly claimed that 
enzyme residues in foods may represent a hazard to consumers in the form of allergies, and 
that a certain percentage of the population are at risk of having allergicy reactions to 
enzymes in bread and other foods. 

in particular it has been claimed that consume.rs were at risk of deYeloping se\·ere allergy 
symptoms caused by a-amylu.e. The public was somewhat alarmed and there have ~n 
complaints, questions and other reactions of concem to bakers and other suppliers. 

The media's interest was based on results from a study by Schata1, publislied only as a 
112-page abstract which does not allow for scientific e\·aluation. 

Howe\·er the issue was effectinly raised within the public, and industry had no data with 
which to make a response. 

Since 1992, the issue of allergy risk in consumers have emerged from time to time on 
tele\ision in the TV md the printed media. The general issue as it has emerged o\·er these 
yeJITT is that there is a concern in the public that e~'Dles are unsafe, and as far as the 
bakers and the flour improvers are concerned. require and request data to oppose the 
allegations. 

An additional concern is the possible cross reaction betv,;een enzymes produced by 
fermentation of certain moulds which may be related to common moulds . In theory. a 
person with a preexisting allergy to Aspergillus sp. might react to enzymes from e.g. 
Aspergillus niger or A.. oi,-:ae. 

2. 0 Bn~kgrormd 
2.1 Ge11eral 

In the public mind there is some confusion about the frequency of allergy, and in 
particular on food allergy_ Howe\'er, in the scientific community there seem to be consensus 
of the following: 

• The frequency of common allergy (all allergies included) is 20 - 30~-t in most 
populations around the world. The figure is increasing. Part of the increase may 
be due to higher awareness and improved diagnostic methods. howeYer. a true 
increase cannot be ruled oul 

• The frequency of occupational allergy in bakers is 8 - 27~, •. About 30 - 35~~- of 
the balers v.ith occupational allergy to flour ha\·e an additional respiratory 
allergy to a-amylase and1or other baling enzymes. 

• There is a reasonably good documentation of the frequency of food allergy in the 
general population at 1 - 2%. Howe\·er, the frequency of perceived food allergy 
allergy in the general population is 12 - 16~-~ 

• Food allergy does not differ from inhalation allergies with regard to the biological 
mechanisms tal.:ing place in the immune system. Any 'true' allergy is based on 
allergy antibodies (IgE) . 
Allergy antibodies are produced by the white blood cells called lymphoc)1es aft-er 
the allergen has been introduced to these cells by inhalation or by ingestion. This 
process is called 'sensitisation'. 

• Sensitisation then, is merely the event of the body recognising the foreign aller 
genie protein and reacting to it by producing allergy antiborues specifically 
recognising the particular allergen. 

• Sensitisation is not a disease. 
• It only becomes an allergic disease if the person de\·elop symptom; related to 

exposure to the particular allergen. 
• Not all sensitised people exhibit symptoms of allergy ha,·e allergy-symptoms. 
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2.1 Ocmpatio11nl respiratory allergy 
allergy caused by inhalation of airborne particles of proteins, incl. En::J,mes 

Fungal enzymes, bacterial enzymes and extracted plant and animal enzymes are equally 
capable of inducing respiratory allergy. Papain and Bromelain2--1, Trypsin~, protease 's from 
the sl:in reast Candida albicms6 1 , ,from bacteria/ subtilisins' ·s, ~al amylases9

• ~, bacterial 
amylases 1

, fungal hemicellulases1
· , lipases13

, xylanases and cellulases14.15 are all examples 
of industrial enzymes known to induce allergic sensitisation and respiratory occupational 
allergy. This is a feature characterised by highly purified eDZ}'llle protein products rather 
than the origin or the methods of production. 

They all share the structural and biological properties that may cause sensitisation when 
inhaled. 

The classical food allergens are also capable of inducing res_piratory allergy when they are 
brought into a dust- o:r aerosol form and inhaled. Soya16 11 19 

, ~gs"· , mill: and fish?~ are just 
examples. Soya may be one of the best described examples of epidemic inhalation allergy to 

1an allergen also well recognised as a food allergm~ . 

1.0. Food allergy 
3.1. Allergy caused by i11gesrio11 ofprotei11s in foods 

Eight percent of children under 3 years of age are allergic to food~~- In, and in this age 
group, milk. egg. fish and soya are examples of common allergens. Many of these allergies 
disappear with age, but food allergy is seen also in older chi!~!} and in adults. The o\·erall 
frequency of ,·erified food allergy is l - 2~~ of the population···--. 

Food allergy is the ad,·eise reaction to food characterised by allergic sensitisation to food 
proteins and elicitation of S}'mptoms by ingestion of the same food proteins. 

Symptoms 
The symptoms of food allergy are gastrointe~tinal with \·omiting and dianhoea, 

sometimes accompanied by urticaria. asthma or hay.fe\·er. Generalised \"e?)· se\·ere 
reactions occur in rare cases. 

Many . food allergies are \'e?)' mild. ·with symptoms of itching and burning sensation in 
- the mouth. This is also a feature of most of the well l,;now11 cross-reactions between 
common inhalation allergens and foods . An ex.ample can be found in patients with a birch 
pollen allergy who also react to e.g. fresh apples. without ha\·ing a specific allergy to apples. 
Another well 1,;nown cross reaction is that of latex and bananas. There are a number of such 
cross reactions between common pollen allergens and certain foods. 

Trpes of food allergens 
Examples of ' true food allergens· are proteins in mill.. egg. soya, wheat, fish, nuts and, 

peanuts and a few more. There are others, but only about 10 food allergens account for 
more than 95% of se\·ere cases. Howe\·er the list of food aller~ns is extreme!}' long and a 
large numl>er of food allergens only gin rise to allergy in sporadic cases. 

The co~on features of food allergens are largely shared by those of respirato:11· 
allergens . Howe\'er, food~ are Yery often treated by cooking and other physico-chemical 
means that may destroy part of the protein structure and thereby its allergenic properties. 

Properties of food allergens 
The molecular weights of allergens are t}-pically in the range of 10 -iO (90) l.:Ila. 
They ha\·e a number of 'epitopes', i.e. sequences of 8 - 16 amino acids. These are the 

structural 'units· which can be identified by the immune system and lead to production of 
specific IgE (sensitisation). In the sensitised individual the specific IgE readily recognises 
the epitopes on the par-ticular protein. resulting in allergy symptoms. Some of these 
epitopes are described in literature26-28. 

Food allergens are stable to digestion and most also to heating by cooling, and in most 
cases, food allergens can represent a \"ery large proportion of the food itself Enzymes are 
not well descnlled with regard to neither their fate after ingestion nor their allergenic 
properties after cooking. 

The TNO Institute performed a study's on nati\·e a-amylase from Aspergillus ory-.::ac in 
a gastrointe;tinal model simulating the physiological e\'ents in the stomach. 
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The results indicate that about 92,~, of the epitopes of the a-amylase are destroyed and 
about 8~-~, of the epitopes on the a-amylase are intact at the delii,e1y from the stomach to 
the duodenum. 

However, it can be. expected that the proteolj1ic pancreatic enzymes v.ill reduce even 
further, the remaining i - 8~-., of the a-amylase during the passage through the duodenum. 

Doses at which food allergy occur:; 
The doses and other conditions necessvy to sensitise an individual are not well known. It 

is believed that the sensitising doses must be considerably higher than doses required for 
elicitation of symptom~ in patients already sensitised. There are many examples of 
sensitised people reacting to trace amounts of allergens in the food - some of them with 
fatal outcomes. 

It is therefore understandable that there is some focus on hidden allergens like traces of 
mill:. nuts and peanuts in other foods. 

Steinman29 wrote a leading anicle in the August 1996 issue of J. Allergy Clin. Immunol. 
regarding hidden allergens in food. It is representative of the concern in the medical 
profession and in the public. He suggested a number of preventi\·e measures including 
labelling in clear language. His article does not mention enzyme~. 

Food produced by G.MO's 
Genetically Modified Organ.isms (G1iO's), and enzymes produced by GMO's ha\'e raised 

concern in general and also specifically for eil.Z}'Dles used in food processing. 
Scientists in the field~ of gene technologj)M3 and allergy seem to agree that gene 

technology and the results thereof expressed in foods should not cause concern v.ith regard 
to allergy risk. However, gene technology does bring about new proteins, and it is important 
to be aware that some of these new proteins may be allergenic. 

Genetically modified proteins may, or may not share allergenic properties with 
traditional allergens. This would relate to the nature of the protein as it does in all other 
circumstances, and there are no examples of involuntary (or voluntary) changes of 
allergenicity of proteins in food. 

A possibility may be that in the future. gene technology may be used as a tool to produce 
les~ allergenic proteins. This might be a future example of voluntary change of 
allergenicity. 

Enzymes produced by GMO's ba\·e been on the market in some countries for many 
years. Enzyme producers ha\·e not experienced any difference in allergenicity of these 
enzymes as compared to traditional extracted or fennented enzymes. They appear to have 
the same sensitising potential as are capable of sensitising exposed emplo)'ees at the same 
rate as traditional eil.Z}'Dles. 

3.2. Epidemiology of Food Allergy 

In a sun·ev of 5000 households in the USA carried out in 191!9. 199::! and nain in 
19932

! it was 'found that 13 .9 -16.2% of the household, reported at least one member to be 
allergic to foods. 

A study of food allergy in a random sample of 1483 adult, in Holland~ 3 showed that 
1::!.4~. reported allergy to foods. but by controlled tests onlJ 2.4":a could be confirmed by 
Double Blind Pfacebo Controlled Food Challenge (DBPCFC). 

In Spain, 30~; patients_ from the outpatient a~ergy_ c:linics at two hospitals were tested 
for food allergy- ·. The patl.ents were tested by sl:m pnc:l:, R..\ST and open food challenge. 
They found 0.98°,, positive to one or inore foods . 

'When looking at food additives. the same pattern emerges. In a s1.11,;ey of a population 
sample in the UK. 7% c:Iaimed to ha\·e reactions to food additi\·es. Double blind challenge 
tests could i-erify only 0.01 - 0.23~-~ to be true reactions to food additivesH_ 

The frequencies of confirmed food allergy in different countries in Europe and the 'l"SA 
are quite uniform at 1 - 2.5% of the populations. 
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A number of explanations to the discrepancy of peTception and \'erified cases has been 
offered. There are indications that the public attribute a number of conditions to 
'something in the food' and consider themselves allergic without ever having it tested. 

A certain number of perceived food allergy may be induced by members of the medical 
profession, conducting less efficiently controlled test programs. In some c,ases, patients are 
declared food allergic solely based on skin prick tests -which may well o\•er-diagnose 
food-reactions. High focus on food allergy in the media combined with personal and 
psychological conditions may also play a role. Actually some specialists in food allergy 
consider the psychological disorders the most important differential- diagnosis from food 
allergy. 

A diagnosis must rest upon a combination of a medical history and objective tests to 
confirm or reject the tentative diagnosis. In the field of food-related allergies. the diagnostic 
te.st systems have been difficult to establish. However, the Double Blind Placebo Controlled 
Food Challenge (DBPC'FC)3'·36

• is the method of choice to confirm or reject indications of 
food allergy that may deri\·e from the patient's perception and in many cases also from 
skin prick testing. 

The experience from food allergy centr~ is that objecti,·e test programs to confirm or 
reject a suspected 'food allergy', requires skin- and blood tests and up to 6 placebo 
controlled challenges to be reliable. 

The1efore a diagnosis of food-related allergy. based solely on medical history and a skin 
prick test is not good clinical practice and must be regarded un-ethical 

3.3. E,r::.ymes i11 food 
In theory.~ en=yme sensitisation and al[erg_i, symptoms m~· be induced Z,· direct ingestion 
of co11s1nner products containing en.") me residues may ocau 

The tendency in recent years to focus on allergy and food allergy in particular may 
explain part of the marked discrepancy between the public perception of allergy to food -
and the relatively few cases that can be wrified in controlled clinical tests. 

Papain is relatively widely med as a meat tenderiser, often supplied in a powder form to 
apply to the meat before cooking. , 

In 1983 Mansfield and co-workers3 
' published a case story of a person who had allergicy 

symptoms after ingestion .of P.afain used as a meat tenderiser. - Later. in 1985 they 
reported a study of 475 patients3 with allergy of which 5 had a posifa"e skin prick test to 
Papain. 

The 5 papain positi\·e were subjected to oral challenge with papain and all had positive 
reactions to the challenee. 

Unfortunately, the challenge was only single blinded, and there is no report of 
occupational exposure or the use of powdered meat tenderisers that may ha\"e caused 
respiratory sensitisation. 

In one other case story by Bin]dey39
• described below in the section 3.6.2. it can't be 

totally excluded that sensitisation took .place by ingestion of a food produc·t containing 
relatively hieh amounts of industrial 1roduced enzymes. 

A re.cent re\iew by Wuthrichi+ of enzymes in food concluded that orally ingested 
enzymes are not potent allergens and that sensitisation to ingested enzymes is rare as is also 
the case ofreactions to bread in bakers with occupational allergy to enzymes. 

The member companies of A.;."\fFEP haYe not registered. experienc:ed or heard of 
consumers that ha\·e become sensitised to enzymes or enzyme residues in consumer 
produc:ts by ingestion. · · 

It has not been possible to verify the claims in the media of such ca~es. and they seem as 
yet un-substantiated as examples of enzyme allergies in consumers. The patients presented 
and the symptoms and tests described are not documented. merely describing sensations and 
feelings.however presented u facts. 

A large proportion of ad,·eISe reactions to food must be ascribed to digestive disorders 
such as intolerance to for example gluten and lactose, which are not allergic reactions. 

1.4. The Theory of cross reactions 
people sensitised l'.ith common moulds might react to e11=.imes produced in related 
moulds 
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The theo:ry that people with allergy to common moulds which are related to those used 
for the fermentation of e.nzymes might react to enzyme residues in food was one of 
Schata 's1 claims and was given relatively high coverage in the JIH!dia. 

The theory could not be readily rejected as cross-reactions are relati\'ely common in 
allergy. A number of food allergy reactions are merely cross reactions than caused by 
primary sensitisation. 

The mos! commonly used moulds for feIDlenting enzymes are Asp,rgillus ory:ae or A. 
niger. 

According to the theory, people v,ith allergy to Aspergillus-moulds would be a high risk 
population. Aspergillus allergy occurs in less than 0.5¾, of the population. 

A study by Cullinan41 was conducted with the objective of testing if patients with a well­
documented allergy to the widely distributed common mould Aspergillus fumiganu reacted 
upon the ingestion of bread prepared with enzymes of Aspergillus origin. The itudy was a 
double blind placebo controlled food challenge study on 17 .4.spergWus allergic people. 

The 17 test persons all had alle~ antibodies to .-tspergillus famigarus, but in addition.. 6 
also reacted at the skin prick test to the enzymes produced in A. ory;ae or .-4. niger. 

Each patient was challenged with brtad baked with the 2 enzymes in standard doses and 
with placebo bread baked without enzymes. Allergy symptoms and a number of general 
physiological parameters were monitored before, during and for 24 hours after the 
challenge. 

No allergicy reactions were seen upon ingestion of enzyme containing bread as compared 
to placebo bread. 

This study clearly demonstrates that patients who must be considered at the highest risk 
for cross reactions to baking enzymes do not react with clinical symptom,; when they eat 
enzyme containing bread containing enzymes. 

It is a general experience that once a person is sensitised, even ,;ery small amounts of 
the alltrgen can elicit allergy symptoms. 

In the case of baking enzymes it seems well documented that even patients v.iih severe 
asthma caused by A.spergillus fumigarus did not react to the bal:ing enzymes produced in A. 
01"}'::ae and .t niger. 

J. 5. Food related reacriom ;11 occ11patio11al{1· semitised people 
n,e sltuaiion of possible re.actions to en::ymes 111 bread in patients ~1th occupational 
allergy to en..·ymes 

There are a few papers describing cases of allergy S}'Dlptoms elicited by the ingestion of 
enzymes in people who ha\·e oc~~pational allergy to eIIZ}_]lles: 

Kanny & ~!oneret-Vautria. · and Baur Czuppon 3 & each describes one patient who 
since late childhood, has had asthma and occupational asthma with allergy to flour and 
enzymes for se,;eral years. Both patients were tested for elicitation of S)'lDptoms by 
ingestion of bread baked with and without enzymes. Kanny & },foneret-Vautrin's patient 
was tested in a blinded design, Bam's patient in an open, non-controlled programme. In 
both cases the result wu elicitation of respiratory symptoms after challenge with bread 
baked with enzymes. Baur·s patient also had a slight reaction to bread without enzymes, 
however not as _gronounced as the reaction after the enzyme containing bread. 

Losada et al .~ in\·estigattd occupational allergy to a-amylase in a pharmaceutical plant 
and found a number of employees sensitised to a-amylase. ?\one reponed reactions related 
to ingestion of bread. fi,;e patients, all positi\·e to a-amylase were gi-..·en. oral doses of 
nati\'t' a-amylast' in doses up to 10 mg. 

At this dosage. one of the 5 test persons reacted with respiratory- and generalised allergy 
symptoms. Four did not react. 

Baur et aI41 descnl>ed the possible background for consumer :.ensitisation to a-amylases 
in bread. 138 subjects. of which 98 were allergic, and 11 bakers with occupational allergy 
were tested. The bakers reacted to a-amyla5e as may be ex~cted. None of the atopics and 
none of the control persons reacted to skin prick test with a-amylase. Two atopics had 
weak RAST to natin a-amvlase and one reacted also to heated ce-amylase. Reactions to 
other related compounds, fo; example Aspergillus was not tested. · 

Tarlo and co-workersH reponed result, of testing for papain allergy in 330 allergy 
patients. - Seven had positi\'e RAST and Skin prick test but none of them had any 
gastrointestinal or other allergic symptoms to papain. 
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The elicitation of gastrointestinal symptoms upon respiratory sensitisation is also 
reported for flours. One example is reported by Vidal et ar' 7 and describes a man with 
occupational asthma after exposure to flours and other grain dusts. He was sensitised to 
barley, and experienced gastrointestinal reaction upon ingestion of foods and be\·erages 
made from barley. 

Enzyme producers and other companies handling concentrated enzymes do see cases of 
employe-es being sensitised to baking enzymes. These would be the people at the highest risk 
of reacting to enzyme residues in bread. 

Howe\·er, none of the members of AMFEP had any reports of sensitised employees who 
had experienced allergy symptoms in connection to ingestion of bread, and there are no 
reports of a-amylase sensitised employees a\'oiding bread. 

Cases of people with occupational allergy to flours and food-related reactions to 
ingestion of flours/bread do occur. One case report describes a person with asthma to barley 
dust and also v.ith reaction to be\•erages md foods produced from barley. 

The conclusion from these reports of people with pre-existing occup. allergy to 
a-amylase is: 

• Allergic reactions after ingestion of enzyme containing foods are described in 3 
indi \'iduals. 

• The 3 cases are people with definite occupational respiratol}' allergy to flour and 
an additional sensitisation to a-amylase. It means they are most probably 
sensitised by inhalation of flour dust and enzyme dust and not by eating bread or 
other foods with enzyme residues in it. 

3. 6 nu co11 su 111ptio11 of e11:y111es for medical purposes muf as tligestfre aids: 
Many people around tile world ear tm=)mes for medic.al purposes or for com•enience as 
digesm·e aids. 

In many countries enzymes are used routinely as digestive aids by healthy people. The 
number of people in the world. frequently eating enzyme preparations must be counted in 
millions. 

A number of diseases require the daily addition of enzyme preparation to the food to 
compensate the patienfs insufficient production of digestive enzymes. 

3. 6.1. .lfedical uses: 

Medical use of enzyme preparations are subject to clinical trials, the results of which are 
normally reported to the health authorities, and such adnrse effects are described in the 
pharmacopoeiatregistry of drugs. 

Patient, with chronic pancreatiris suffer from insufficient production of digesti\·e 
enzymes from the pancreas. They are dependent on daily intake of enzymes, some of these 
produced from Aspergillus and other moulds, some extracted from mimal glands. The doses 
of these enzymes are in the order of gram's a day. - we have not been able to identify 
published documentation of allergy to enzymes in these patients, and the drug registry's 
does not e\·en mention allergy as an ad\·erse effect. 

Proteolytic ellZ}'Illes and mixtures of different enzymes are commonly used for 
treatment of a number of physical lesions and also for a number of more special 
conditions4M'_ 

The enzymes to are administered in the form of tablets with mi,;.tures of enzymes and in 
doses of 6 600 mg per day, in some cases se\·eral times more. · 

We have not been able to find any ei.idence of sensitisation or allergy S}'Illptoms caused 
by the ingestion of enzymes from these enzyme preparations. One example is the use of 
enzymes gi\'en as tablets for the treatment of non-articular rheumatism. Uffelmann11 

describes a double blind study of 424 patients. of which 211 received enzyme treatment. 
The daily doses of the miited enzyme preparations was 240 mg Llpase; 240 mg Amylase, 
1,44 g Papain. 1.08 g Bromelain and 2.4 g Pancreatin,. This dosage was given for 8 weeks 
and no serious adverse effects and no allergy reactions were reported. 

Patients with Cystic Fibrosis suffer a hereditary disease characterised by severe lung 
S}'Illptoms and in~ufficient production of digesti\·e pancreatic enzymes. They too are 
dependent of daily intake of grain-doses of enzymes. - There are a few reports of parents 

n 

Page 66 of 76 

http:medic.al
http:www.biocatalysts.com
mailto:customerservices@biocats.com


Cefn Coed, Pare Nantgarw 
Cardiff, CF15 7QQ 

United Kingdom 
Tel: +44(0)1443 843712 

l', xr •, 
Email: customerservices@biocats.com 

Website: www.biocatalysts.com 

and ho.spital staff who ha~:e become sensitised by inhalation of dust from the:.e enzyme 
preparations'2•H_ Thi, of course might also happen to the Cystic fibrosis patients when 
they handle the enzyme preparations themselves. However no cases of enzyme allergy in 
Cystic Fibrosis patients ha\·e been described, but there are reports of allergy to common 
food allergens!'. 

An informal telephone survey on unpublished cases of ellZ}'llle allergy to European 
Cystic fibrosis Cenlres, resulted in only one possible case. The patient was a boy who 
reacted with vomiting after administration of the enzyme preparation containing amylase. 
protease and lipase. - The enzyme treatment had been stopped because of suspected aµergy 
to the enzymes. Howe\·er, testing for specific allergy antibodies by Maxisorp RAST' 5 did 
not confirm :.ensitisation to any of the enzymes . Challenge tests ha,·e not been performed57 

1. 6.2. Digestfre nid':i 011e poss;b/e cose of allergy lo digestfre aid e11:y111es 

In some cultures the use of digesti,·e enzymes after large meals is very common. 
Enzymes for this pmpose are ·onr the counter' (OTC) drugs. We have found no studies of 
possible allergy to enzymes in these populations. That may be in:ele\'&nt if no-one eve, 
thought of the possibility that enzymes might be the cause of allergiC)' symptoms h.td not 
been considered. - Howe\'er, with millions of people using enzymes frequently, some cases 
of ad\'.'erse effects in the form of allergic symptoms would be expected to emerge and be 
described in the literature. In most patients with allergic reactions. symptoms would appear 
immediately or \'ery shortly after the intake. 

Binl:leyH, described a case of aller~c reaction to ingested lactase. This patient had a 
respiratory allergy with positive skin prick test reaction to Aspergillus sp. 

He had had two incidents with allergic reactions in the form of swelling and burning 
s tion of Lactaid tablets. The lactase was produced from 
fermentation of Aspergillus oryzae. Skin prick test with extracts of Lactase tablets ga\"e a 
,·ery strong positi\·e reaction. He had not taken Lactaid tablets previous to the first 
experience of symptoms. but he had taken milk products containing lactase from 
Saccharomyce:; fi·agili, and from J..1uyrnrom.vce.r laciis . Although highly UDlikely. it may be 
speculated if these may cross react with Lactaid. In this case it seems unlil:ely that 
sensitisation was caused by the Lactaid tablets as the symptoms appeared the first time he 
eyer took Lactaid. It could be a 'cross reaction' based on sensitisation to yeast-produced 
lactase and symptoms elicited by the ingestion of Lactaid. Another possibility may be a 
cross reaction from his pre-e..rjsting .4.spergilllli sp. allergy. 

This case may be regarded a possible but not ,:erified case of oral sensitisation to 
enzymes in food. 

A few other conmme~ haves claimed allergy to these OTC drugs but thorough testing 
has not yerified allergy to enzymes in any of these cases . 

With the background of the Yery high awareness of food related allergy in the 
populations, the widespread use of digestin aid and medical uses of enzymes should have 
attracted interest if allergy to inge~ted enzymes were of importance. Howenr, up to now, 
only the single case mentioned abo,·e have been described. 

To evaluate the risk of sensitisation from ingestion of ellZ}·mes and e,,entually 
experience of symptom~, we are aware of only the one case that may have become 
sensitised bv ine:e stion. 

This bas· to be related to the total number of people world-wide who ingest enzymes for 
shon periods of time as pan of a medical treatment, and to those who are dependent of 
daily intake of high amounts of digesti,·e enzymes. 

4. 0. C 011clmio11 
Tl1t 1rorJ.;11g gro11p lras .strrt1itt1 t!Jt a,·nilablt littl'l!tlll't 011 tJiest mbj,cN a11tl camt to 

tlrt co11chuio11 rl1at from a scientific poim of ,•jew there is 1w i11tlicatio11 tliat e11:rnre 
rt11id11es ill buntl 01· i11 orlrtr foods may ,·,puu11t a11 111,acceptnblt risk for co1mrr11,n. 

Lack of scientific data is not e•,idence of lack of risk, and the working group realises that 
evidence of •no risk' is extremely difficult or impossible to generate. 

1 n 
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The group wish to stress that a 'zero-risk' can never be proved by science, and it must be 
anticipated that e\·en an extremely low risk (e.g. 1 in 50 or 100 millions) of verified allergy 
to enzymes in food may well be perceived as a significant and unacceptable risk by the 
public in which more than 10%, believe fuey are allergic to food. 

Scientific data are of high value as the credible background for promotion to the public, 
to trade organisations and individual customers and for an ongoing dialogue with opinion 
leaders and consumer organisations. 

It is the opinion of the group that many cases of percei\'·ed allergy to enzymes may be 
attributed to insufficient diagnostic procedures employed by members of the medical 
profession. 

A minimum requirement for establishing a diagnosis of food related enzyme allergy 
should be a well conducted DBPCFC. 

11 
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