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Appendix 2- Pariza & Johnson Decision Tree analysis of a phospholipase
A1 produced by a genetically modified strain of Aspergillus niger.

This phospholipase A1 produced by a genetically modified strain of Aspergillus niger
was evaluated according to the decision tree published in Pariza and Johnson, 2001.

The result of the evaluation is presented below.

Decision Tree

1. Is the production strain genetically modified?
YES
If yes, go to 2.

The production strain Aspergillus niger designated 279-C2948-1, was derived via
the recipient strain C2948 from a natural isolate of Aspergillus niger strain C40.

2. Is the production strain modified using rDNA techniques?
YES
If yes, go to 3.

3. Issues relating to the introduced DNA are addressed in 3a-3e.
a. Does the expressed enzyme product which is encoded by the introduced
DNA have a history of safe use in food?
YES
As discussed in Section 7.3 of the notification.
If yes go to 3c. If no, go to 3b

b. Is the NOAEL for the test article in the appropriate short-term oral studies
sufficiently high to ensure safety? (Not required since 3a is YES however
the answer here is also YES)

c. Is the test article free of transferable antibiotic resistance gene DNA?

YES

No functional antibiotic resistance genes were left in the strain as a result
of the genetic modifications. The absence of these genes was verified.
If yes go to 3e. If no go to 3d.
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e. Is all other introduced DNA well characterized and free of attributes that
would render it unsafe for constructing microorganisms to be used to
produce food products?

YES

The genetic modifications are well characterized and specific and the
incorporated DNA does not encode and express any known harmful or
toxic substances.

If yes, go to 4.

4. Is the introduced DNA randomly integrated into the chromosome?
NO
Site specific integration of the DNA was achieved at several selected loci of the
Aspergillus niger chromosome. Sequence confirmation was performed in the
production strain.
If yes go to 5. If no, go to 6.

5. Is the production strain sufficiently well characterized so that one may reasonably
conclude that unintended pleiotropic effects which may result in the synthesis of
toxins or other unsafe metabolites will not arise due to the genetic modification
method that was employed?

YES
If yes goto 6. If no go to 7.

6. Is the production strain derived from a safe lineage, as previously demonstrated
by repeated assessment via this evaluation procedure?
YES

The Aspergillus niger strain, 279-C2948-1, used in the construction of the
phospholipase A1 production strain has previously been used as a host strain in
several production strains for Novozymes enzyme products. These production
strains were constructed by standard transformation procedures using well-known
plasmid vectors and well characterized DNA sequences that were integrated into
the Aspergillus niger strain chromosome by homologous recombination.

The safety of this production strain was established following published criteria for
the assessment of the safe use of microorganisms used in the manufacture of
food ingredients. The host strain has been thoroughly characterized as shown in
Sections 2.2. The introduced DNA is well-known and characterized in Section 2.3
and 2.4 and the introduced genetic material does not encode and express any
known harmful or toxic substances.

If yes the test article is ACCEPTED.
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1. ABSTRACT

The below series of toxicological studies were undertaken to evaluate the safety of
Phospholipase A1, batch PPW40307.

All studies were carried out in accordance with current OECD guidelines and in
compliance with the OECD principles of Good Laboratory Practice (GLP). The studies
were performed at Novozymes A/S (Denmark), Envigo (UK) and Covance (UK) during the
period November 2015 to May 2016.

The main conclusions of the studies can be summarized as follows:

» Phospholipase A1, batch PPW40307 was tested in a Neutral Red Uptake (NRU)
assay applying the BALB/c 3T3 cell line as test system. Only slightly reduced cell
viability was observed, which is not considered to be of any toxicological concern
because there was no dose-response relationship and hence no IC5, value could
be determined.

= Phospholipase A1, batch PPW40307 did not induce gene mutations in the Ames
test, in the absence or presence of a rat liver metabolic activation system (S-9).

= Phospholipase A1, batch PPW40307 did not induce biologically relevant
increases in micronuclei in vitro, in cultured human peripheral blood lymphocytes
following treatment in the absence and presence of a rat liver metabolic activation
system (S-9).
Based on the present toxicity data and the history of safe use for the strain it can be

concluded that Phospholipase A1, represented by batch PPW40307, exhibits no
significant toxicological effects under the experimental conditions described.

2. TEST SUBSTANCE

Phospholipase A1 (E. C. 3.1.1.32) catalyses the hydrolysis of fatty acids from phospholipids
and will be used in the food and bioenergy sector for the degumming of vegetable oils.

2.1 Characterization

The batch Phospholipase A1, batch PPW40307 was used for the conduct of all the
toxicological studies. The characterization data of the batch is presented in Table 1.

Table 1. Characterization data of Phospholipase A1, batch PPW40307

Batch number PPW40307
Activity (PLA(L)/g) 679
N-Total (% w/w) 0.86
Water (KF) (% w/w) 86.4

Dry matter (% w/w) 13.6

Ash (% wiw) 0.7

Total Organic Solids (TOS") (% w/w) 12.9
Specific gravity (g/mL) 1.051

19 TOS is calculated as 100% - % water - % ash - % diluents.
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3. GENERAL TOXICITY
3.1 In Vitro Cytotoxicity Test: Neutral Red Uptake in BALB/c 3T3 Cell Culture

The aim of this study was to evaluate the cytotoxicity of Phospholipase A1, batch
PPW40307 using a Neutral Red Uptake (NRU) assay in 3T3 cells.

The basis of the NRU assay is that 3T3 cells will normally grow in culture, continuously
dividing and multiplying with time. A cytotoxic chemical will interfere with this process
resulting in a reduction of the growth rate reflected by a decreased cell number. The growth
of 3T3 cells treated with a range of concentrations of the test item is compared with vehicle
control cultures after 48 hours exposure. The cell numbers are then estimated using the
neutral red uptake technique, which depends on the ability of the viable cells to take up
neutral red into their lysosomes. The amount of neutral red taken up by each treated culture
is measured and is proportional to the number of viable cells present. The data are used to
estimate the concentration producing 50% inhibition (ICs) relative to the vehicle control.

In the present assay the growth of 3T3 cells treated with a range of concentrations of the
test item was compared with vehicle and positive control cultures after 48 hours exposure
both visually and using neutral red uptake measurement.

The relative toxicity assessed by neutral red uptake did not fall below 70% of the vehicle
control at any concentration; therefore an ICs, value could not be estimated. Although toxicity
as assessed by neutral red uptake was not substantial, the visual assessment of the cell
monolayers at the end of the 48 hour treatment indicated that the cells were approximately
20% confluent at the highest concentration of Phospholipase A1 (30 mg/mL), 40% confluency
at the second, third, fourth, fifth and sixth concentration (10, 3, 1, 0.3 and 0.1 mg/mL,
respectively) and 50% confluency at the lower two concentrations (0.03 and 0.01 mg/mL,
respectively). The vehicle control produced approximately 50% confluency.

The 1Cs5, value of the positive control, sodium lauryl sulphate, was calculated to be 94.69
Mg/mL which lay within the historical control range of this laboratory.

Only slightly reduced cell viability was observed, which is not considered to be of any
toxicological concern because there was no dose-response relationship and because the
observed effect was just below level of significance.

4. MUTAGENICITY
4.1 Bacterial Reverse Mutation assay (Ames test)

Phospholipase A1, batch PPW40307 was assayed for mutation in four histidine-requiring
strains (TA98, TA100, TA1535 and TA1537) of Salmonella typhimurium, and one
tryptophan-requiring strain (WP2 uvrA pKM101) of Escherichia coli, both in the absence
and presence of metabolic activation by an Aroclor 1254-induced rat liver post-
mitochondrial fraction (S-9), in two separate experiments. A 'treat and plate' procedure was
used for all treatments in this study as Phospholipase A1, batch PPW40307 is a high
molecular weight protein (which may cause artefacts through growth stimulation in a
standard plate-incorporation test).

All Phospholipase A1, batch PPW40307 treatments in this study were performed using
formulations prepared in water for irrigation (purified water).
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Experiment 1 treatments of all the tester strains were performed in the absence and in the
presence of S-9, using final concentrations of Phospholipase A1, batch PPW40307 at 16,
50, 160, 500, 1600 and 5000 ug TOS/mL, plus vehicle and positive controls. Following
these treatments, there was some evidence of toxicity observed, but only at the highest
treatment level of 5000 ug TOS/mL, and in strain TA98 in the presence of S-9 only.

Experiment 2 treatments of all the tester strains were performed in the absence and in the
presence of S-9. The maximum test concentration of 5000 ug TOS/mL was retained for all
strains. Narrowed concentration intervals were employed covering the range 160-5000 ug
TOS/mL, in order to examine more closely those concentrations of Phospholipase A1,
batch PPW40307 approaching the maximum test concentration and considered therefore
most likely to provide evidence of any mutagenic activity. Following these treatments, there
was no clear evidence of toxicity observed, but a reduction in revertant numbers with strain
TA1535 treatments at the higher concentrations in the absence of S-9 may have been due
to test article related toxicity.

The test article was completely soluble in the aqueous assay system at all concentrations
treated, in each of the experiments performed.

Vehicle and positive control treatments were included for all strains in both experiments.
The mean numbers of revertant colonies all fell within acceptable ranges for vehicle control
treatments, and were elevated by positive control treatments.

Following Phospholipase A1, batch PPW40307 treatments of all the test strains in the
absence and presence of S-9, the only notable increase in revertant numbers observed
was a small increase in revertant numbers in strain TA1537 in the absence of S-9 in
Experiment 1. This increase provided at least some evidence of a concentration-
relationship, and approached (but did not achieve) the 3 fold increase over vehicle control
level threshold. However, this increase was very small in magnitude (the increase in mean
revertant numbers per plate above the vehicle control count was less than 10), and the
increase was not reproduced in Experiment 2. Accordingly, this increase was not
considered to have been a true compound related effect, and was not sufficient to be
considered as evidence of Phospholipase A1, batch PPW40307 mutagenic activity.

As none of the other strain treatments provided any increases in revertant numbers that
were 22-fold (TA98, TA100 and WP2 uvrA pKM101) or 23-fold (TA1535 and TA1537) the
concurrent control, this study was considered therefore to have provided no evidence of
any Phospholipase A1, batch PPW40307 mutagenic activity in this assay system.

It was concluded that Phospholipase A1, batch PPW40307 did not induce mutation in four
histidine requiring strains (TA98, TA100, TA1535 and TA1537) of Salmonella typhimurium,
and one tryptophan-requiring strain (WP2 uvrA pKM101) of Escherichia coli when tested
under the conditions of this study. These conditions included treatments at concentrations
up to 5000 pg TOS/mL (the maximum recommended concentration according to current
regulatory guidelines) in the absence and in the presence of a rat liver metabolic activation
system (S-9) using a modified Treat and Plate methodology.

4.2 Invitro Micronucleus Test In Cultured Human Lymphocytes

Phospholipase A1, batch PPW40307 was tested in an in vitro micronucleus assay using
duplicate human lymphocyte cultures prepared from the pooled blood of two female donors
in a single experiment. Treatments covering a broad range of concentrations, separated by
narrow intervals, were performed both in the absence and presence of metabolic activation
(S-9) from Aroclor 1254-induced rats. The test article was formulated in water for irrigation
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(purified water) and the highest concentrations tested in the Micronucleus Experiment, 5000
pMg TOS/mL (an acceptable maximum concentration for in vitro micronucleus studies
according to current regulatory guidelines), was determined following a preliminary
cytotoxicity Range-Finder Experiment.

Treatments were conducted for 48 hours following mitogen stimulation by
phytohaemagglutinin (PHA). The test article concentrations for micronucleus analysis were
selected by evaluating the effect of Phospholipase A1, batch PPW40307 on the replication
index (RI).

Appropriate negative (vehicle) control cultures were included in the test system under each
treatment condition. The proportion of micronucleated binucleate (MNBN) cells in the
vehicle cultures fell within the 95th percentile of the current observed historical vehicle
control (normal) ranges. Mitomycin C (MMC) and Vinblastine (VIN) were employed as
clastogenic and aneugenic positive control chemicals, respectively, in the absence of rat
liver S-9.

Cyclophosphamide (CPA) was employed as a clastogenic positive control chemical in the
presence of rat liver S-9. Cells receiving these were sampled in the Micronucleus
Experiment at 24 hours (CPA, MMC) or 48 hours (VIN) after the start of treatment. All
positive control compounds induced statistically significant increases in the proportion of
cells with micronuclei.

All acceptance criteria were considered met and the study was therefore accepted as valid.

Treatment of cells with Phospholipase A1, batch PPW40307 in the absence and presence
of S-9 resulted in frequencies of MNBN cells which were similar to and not significantly
(p=<0.05) higher than those observed in concurrent vehicle controls for all concentrations
analysed (all treatments). The MNBN cell frequency of all Phospholipase A1, batch
PPW40307 treated cultures fell within normal ranges.

It is concluded that Phospholipase A1, batch PPW40307 did not induce micronuclei in
cultured human peripheral blood lymphocytes following treatment in the absence and
presence of a rat liver metabolic activation system (S-9). Concentrations were tested up to
5000 ug TOS/mL, a recommended regulatory maximum concentration for in vitro
micronucleus assays.

5. REFERENCES
5.1 Study reports

Envigo: Study No.: DC97JH. Novozymes Reference No.: 20166013: Phospholipase A1,
batch PPW40307: 3T3 Neutral Red Uptake test. (February 2016). LUNA file: 2016-
05704.

Covance: Study No.: 8336737. Novozymes Reference No.: 20166007. Phospholipase
A1, batch PPW40307: Test for mutagenic activity with strains of Salmonella typhimurium
and Escherichia coli. (May 2016). LUNA file: 2016-07297.

Covance: Study No.: 8336736. Novozymes Reference No.: 20166008: Phospholipase
A1, batch PPW40307: In Vitro Human Lymphocyte Micronucleus Assay. (May 2016).
LUNA file: 2016-07298.
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