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FOREWORD

Safety Evaluation of Foods Derived b Modern Biotechnology: Concepis und Prin-
ciples has been prepared by the OECD Enviromment Directorate, in collaboration with the
Directorate for Science, Technology and irdustry. It is the product of work undertaken by
the Group of National Experts on Safety in Biotechnology. As such. it is relaied to
another report recently published by the OECD., Safesy Consideraiions for Bictechnology
1992.

This report is intended for the use of these involved in carrying out safety evalua-
tions of new foods or food components derived by means of modemn biotechnology. It
elaborates sciertific principles to be considered in making such evaluations, based on a
comparison with traditional foods that have a safe history of use.

"This report i1s published under the + ponsibiluy of the Secretary General.
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PREFACE

In 1983 the Committee for Scientitic and Technology Policy created the Group of
Nattonal Experts on Safety in Biotechnology (GNE). The work of the GNE led to the
Recommendation of the OECD Council cuncemning Safety Considerations for Applica-
tions of Recombinant DNA Organisms in Irdustry. Agnculture and the Envirenment.
This Council Act called. inter alia, for further research to improve the prediclion,
evaluation and monitoring of the outcome of applications of recombinant DNA orga-
nisms. Recombinant DNA Safervy Considerations, which includes the Council Recommen-
dztions, published by the OECD in 1986, contained general safety guidelines for the use
of genetically modified orgamsms in mndustry, agriculture anc th: enviromment.

In 1990, the GNE agreed that *"work on food safety. with particular attention given
to the elaboration of scientific principles for assessing the safety of new foods or food
componeris produced by means of biotechnology. was of high prioritv and should be
initiated as soon as possible”. A Working Group was therefore established on food safety
as related to modern biotechnology. Dr. Frank Young of the United States was clected
chairman.

The Working Group participants identified a number of concepts underlying their
work, issues that needed to be addressed. and approaches or processes that could be used
to respond to the need expressed by the GNE. The terms of reference of the Working
Group (see Annex 1) were endorsed by the GNE.

Several points regarding the scope and objectives of the Working Group. as set out
in the terms of reference, should be noted:

- the Working Group was not to address the safety assessment of food additives,
contaminants, processing aids and packaging materials;

— it was nct to address issues relating to the environmental safety of new foods or
foua components, as these issues were already addressed in OECD documents
and by other working parties of the GNE: and

— the principles elaborated should focus initially on the safe use of new foods or
food components of terrestrial microbial. plant or animal origin. (Organisms of
aquatic origin were to be addressed in future work of the Working Group.)

Scientific principles to be considered in evaiunating the safety of new foods and food
components, as elaborated by the Working Group, are set out in Chapter II. As back-
ground for the disc=sions of the Working Group, a number of documents and publica-
tions available in ‘47D countries relating to the assessment of food safety were
examined (see Annex 1i).

This report is based on material developed at several con.erences and intergovern-
mental consultations on the subject of food satety and biotechnology. A number of



scientific meetings that addressed issues regarding the vanous trails, chemical compesi-
tion, and properties of organisms wsed as food or as a source ¢f food have -''so heen
relevant.

The terms of reference of the Working Group called for modzls or examples of new
foods or food components to be identified. and for existing informatior: related to thair
safety assessment to be collected and used to assist in developing and/or demonstrating
the applicability of the proposed scientific principles and associated methods. The Work-
ing Group selected a number of novel foods or tood components as examples. The case
studies presented in Chapter H! illustrate the application of the concepts and principles sei
out in Chapter Il. However, they cannor be regarded ¢s ccivai evaleations or safely
Judgements on the part of either the Working Group. the Group of National Experts on
Safety in Biotechnology, the OECD, or any of its Member countries.

This report is intended for use by those nvolved in carrying out safety evaluations
of new foods or food components derived by modern biotechnology. The scientine
approach to such evaluztions elaborated by the Working Groun is based on u comparison
with traditional foods that have a safe history of use. This approach 1s based in turn on the
concept of substantial equivalence, which articulates procedures used in the past, albeit
intuitively, for acceptiag new foods. The Working Group beiieved such an approach
could also be used for the safety assessment of new fouds and food components derived
by other technologies.

The Working G oup considered substantial equivalence to be the most practical way
to address the issue of food safety at this time. This is not to imply, however. that the
report is applicable to any other aspect of biotechnology safety, including environmental
safety. Other OECD documents address such issues.
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Background

Recent years have seen tremendous advances in food biotechnology, including
improvements in industrial process technology aad control sysiems, improvements in
farming systems for growing and harvesting food, genetic improvements to organisms
used in the food supply. and improvemerts in techniques to monitor food safety and
nutritional quality. It is thus expected that progress in bictechnology will play an increas-
ingly important role in food supply.

Micro-organisms

Examples of traditional food biotecknology include the use of yeasts in the brewing
and baking industries, and the use of bacteria and moulds and their components in the
dairy industry for making cheese and yoghurt. Moulds and ba. teria are also used for the
rermentation of plants or plant products (for example, miso). Purified eizyraes from
micro-organisms are used extensively in making products such as high-fructose com
syrup and certain types of hydrolysed or predigested protein products.

In many such products, the micro-organisms function in the production process and
the feod product does not contain viable cells. In others. such as yoghurt, microbial
cultures remzin viable and are consumed. Such traditional applications have a long
history of safe use, and many have formally been affirmed as safe by various rational and
international food safety evaiuations. Key consideratioas have included non-pathogenic-
ity and non-toxicity of the organism ard its products.

Modem biotechaologies are being used increasingly to improve food micro-orga-
nisms tor the enhanced production of essential components or products, as well as the
improvement of nutritional value, flavour, texture, and the shelf life of furmented foods.

Plants

Plants are consumed directly as whole food, or are processed into many types of
foods. Many plants have a long history of use as foods. Undoubtedly, the plants selected
were the ones thai appeared healthy, grew vigorously, and gave higher yields. Edible
portions had desirable taste, smeil and appearance. Selection might have included an
evaluation of safety, although it was not formally recognised. In any case, there is little
historical record or documentation of the prozess by which the safety of food plants was




maintained. or of involvement of national feod authoriries. Now that new biotechnology
has vastly increased the variety of ~ew traits that can be infroduced into plants. the impact
of plant biotechnclogy on feod safety is receiving attention.

Early farmers selecied and preserved plant variants that had desirable food or
agronomic attributes, such as larger fruit or unifrm dormancy and maturation times for
seeds. Such properties are deletericus o wild p1 .> and vo would not have been devel-
oped without the efforts of carly ~“breeders™. Pr tices of early farmers led eventually to
the development of desirable clones, land races. .nd varieties of major food crops. with
predictable reproducible agronomic characteristics yielding foods with uniform prope:-
ties. As the agronomic properties of individual crops were made more uniform. produc-
tion methods could be designed to obtain optimum yields.

With the relatively recent advent of directed plant breeding for improvement of
agricuttural crops, the objectives of plant breeders became: i) to increase yield. i} o
improve quality, and iii) to r.duce production costs by. for example. identifying traits
which could increase resistance to pests and diseases.

Although it may not have been a major objective. plant breeders have heen effecuve
in conserving the nutritional quality of plants developed for food. Routinely, they have
selected plants with desirable qualities and rejected undesirable plants by destroying them
in the breeding plots.

Preferences of the humans consuming the crop have contributed to the {ood charac-
eristics of plant varieties ultimately developed. For example, varieties of potatoes and
beans are quite different in different areas of South America, where their selection has
been influenced by the taste preferences of native peoples. As another example, the
miiiing and baking quality of flour is checked during the vanety development process
since wheat is often developed for particuiar baking products.

In the case of certain crops, breeders have deliberately attempited t¢ improve nutri-
tional value. Often. as for example in the case of high-lysine corn or high-vitamir C
tomato, other factors have prevented these varieties from tecoming widely accepied. The
best-tasting, most nutritious variety =ill not succeed as a commercial crop unless it also
gives high vield. Diificulty in processing, susceptibility to pests or diseases. an undesir-
able flavour or colour, or simply difficulty in getting the piants to market wilt also limit
the adoption of a new variety.

Public acceptance of a high-autrient variety is not based on nutrient conient alone.
Carrot and sweet potato varieties that have a bright orange colour are more acceptable to
humans than those that do not. They alsc have a higher content of the pigment that
supplies vitamin A precursor in the human diet. The ascorbic acia (vitamin C) content of
tomatoes has been extensively examined, and varieties with higher conient developed.
However, since the fruit of these tomatoes is riore yellow-orange than red. they have not
been as acceptable to consumers.

The nutritional valve of fruil or vegetabie crops can be quite variable. and may be
difficult to assess definitively. The composition of plant fcods, panicularly fruits and
vegetables, is transient because the edible portion undergoes rapid biochemicai changes
dv.ing the ripening process. For example, in red tomatoes the content of ascorbic acid is
low in green fruit, increases rapidly as the *ruit ripens, and then drops off with time.
Ascorbic acid content also varies in ripe tomatoes with their position on the vine, since
higher light intensity increases the amount. Moreover, field-grown tomato plants produce
fruit of higher vitamin C content than those grova in glasshouses. In view of these
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considerations, the significance of a genctically induced change i the lesel of o nutrient.
such as ascorbie acid in modified romaties. would be difficelt 1o assess The ssemiicance

f a genetically induced cnange in the level of & particular nutnient wouid also degend on
the position of the food in the tctal diet.

Many plants are known 13 produce compounds toxic 1o other species. Acuely 1onic
poisonous plants, such as so:ne fungi and ormamental nlants. are not consumed. A sumber
of plants consumed by humans are acuiely toxic in the raw stae. but are accepied os 1eod
because processing methods alter or eliminate their wxicity. For example. the caswans,
root is quite 1oxic, but proper processing converts il isto a nutriticus and widely con-
sumed foad. Soybeans and lima beans. among other crops. also require projer process-
ing. Thus ihe mere presence of a toxicant in a pl.mt sariety does not necessarily chminate
its use.

In other plc=ts tat contain toxicants affecting humans. sich as potato and tomato.
plant breeders have suc “eeded in reducing the level of these toxicants in food varicties.
Over time, there have bew.n few reported examples of plant breeding inadveriently leading
to increases in toxicants. Varieties with an increased toxicomt level have heen quickly
removed from agricultura! use In some countries aew varieties have been monitored for
leveis of a particular toxicant, but systematic food safety assessment has not generally
been conducted. The impact of p]am biotechnology on food s “tety is now recviving w ider
atiention. At the same time, theze is increasing general recosation of the relevance of
plani breeding’s historicai record.

Toxicant tevels might become important, paniiculorly when trits are introducen Tor
resistance to pests and diseases, simply because a compound inducine resistance to
another organism might possibly affect humans. The molecular basis for the rosistance
mechanisms is just beginning to be understood by plant scien..sts. and may be a tarzey for
biotechnolegy approaches to enhance resistarce. Some mechanisis appear to be Guite
general, while others have adverse 2ffects on a specific pest or pathogen. Know ledge of
the mechanisms should, in the future. provide a valuable twol for the plant breeder and
should facilitate evaluations of safety.

Animals

The development of new strains of domestic mammals and birds for food has had a
long history, and extensive procedures are in place to improve yield and assure the health
of these animals. In geieral, foods from new strains of mammals and birds that appear to
be in good health have proven tc be as safe as the animal breeds from which they were
derived. No endogenously produced toxicants are known to come from such domestic
animals.

In recent years, breeding technologies have beer developed that permit increased
numbers of desirable individuals through technigues such as embryo sphiting. 1ie addi-
tion, improved knowledge of the genetic conirol of hormonal levels has permitted the
alteration of carcass quality, for example of fat to lean ratios. which has resulted in
consumer-desired lean meats. Increased hormone levels have also enhanced the raie of
growth, as well as milk production. There is no evidence of adverse effects to humans
from the use of such technclogies.

11



Chapter il

Food Safciy and Biotechnnlogy: Concepts and Principles

The consideration of the safety of foods and food components denved from biotech-
nology involves several coniinza: from older to niewer biotechnology; from traditio. al
te~hniques to the iatast techniques based oit molecular and cellular biology; from simple
to complex producs; from a well-known history of exposure and safety oi use to arzas of
less knowledge of the trait in different organicms; from whole organisms to specific
chemica! cuinpounds or substances; and frem simple to complex assessment approaclies.
For a rational and practiccl approach to ensuring safe use, these continua can be zeparated
into manageable pieces, facilitating the description of the concepts or principles of safety.
Accerdingly, scientific principles and procedures should be applied in a flexible fashion,
taking into account the knowledge of: the characteristics of the newly introducad traii(s);
potential dictary exposure; the preparation and processing of the foods or foed compo-
nents; nutnittonal considerations; @nd texicological aspects.

Concepts of food safety

The safety of food for human consumption is based on the concept that taere should
be a reasonable certainty wat ::0 harm will resuit from tntended uses under the anticipated
conditions of consumption. Histericilly, foods prepared and used in traditional ways have
been considered to be safe on the basis of long-term experience, even though they may
have contained natural toxicants or arti-nutritional substances. In principle, fcod has been
presumead to be safe unless a significant hazard was identified.

Modem biotechnulogy broadens the scope of the geretic changes that can be made
in food organisms, and broadens the scape of possible sources of foods. This does not
inherently lead to 1oods that are less safe than those developed by conventional tech-
niques Therefore, evaivation of foods and food componenis -btained from organisms
developed by the appiication of the newer techniques does not necessitate a fundamental
change in established principles, nor does it require a different standard of safety.

Moreover, the precision inherent in the use of ceriain molecular techniques for
developing organisms for use as food should enable direct and focused assessment of
safety where such assessment is desired. Knowledge obtained using these methods might
also be used to approach safety assessment of new foods or focd components from
organisms developed by traditional methods.

13



Safety consider:.tions and substantial equivalence

For foads and food components from organisms developed by the application of
modem biotechnology. the most practical approach o the determination of safety *s to
consider whether they are substantially equivaient to znalogous conventional food
producitsy, i such exist. Account should be taken of the processing that the food may
undergo. as well as tie inended use and the exposure. Exposure includes such parameters
as the amount of food or food componem(s) in the diet, the pattern of dietary consumgp-
tion. and the characteristics of the consuming population(s). This approach provides a
baris tor un evaluation of food safety and nutriional quality.

The concept of substantial equivalence embodies the idea that existing organisms
used as food. or as a source of food. can be used as the basis for comparison when
assessing the satety of human consumptior: of a food or food component that has been
modihizd or s new.

[F one considers a moditied traditional food about which there is extensive knowl-
eage on the range of possible toxicants. critical nutrients or other relevant charvacteristics,
the new product cen be compared with the old in simple ways. These ways can include,
mter alta. appropriate ‘raditionally performed analytical measuremeris (for example,
alkatoid levels in potatoes, cucurbatin in vegetable squash cultivars, and psoralens in
velery) or crop-specific markers. for comparative purposes. The situation becomes more
comples as the ongins/composition/exposure experience decreases. or if the new prod-
ucts lack simlarity to old eswablished products or, in fact, have no conventional
counterparn.

A demonstration of substantial equivalence takes into consideration a number of

factors. such as:

- Anowtedge of the composition and characteristics of the traditional or parental
product or organisn;

- knowledge of the characteristics of the new component(s) or trait(s) derived, as
appropriate. from information conceming: the compunent(s) or trait(s) as
expressed in the precursor(s) o parental organism(s); transformation techniques
tas related to understanding the characteristics of the product) including the
vector(s) and any narker genes used: possible secondary effects of the modifica-
tion: and the characierisation of the component(s) or trait(s) as expressed in the
new organism: and

- knowledge of the new product/organism with the new component(s) or trait(s),
including the characteristics and composition [i.e. the 2mouat of the component(s)
or the range(s) of expression{s) of the new trait(s)] as compared with the conven-
tional counterpart(s) (i.e. the existing food or food compenent).

Baved on a consideration of the factors in the paragrapk above, knowledge that a
new food or food component(s) was derived from organism(s) whose newly introduced
traits have been well-characterised. together with a conclusion :hat there is reasonable
certainty of no haem as compared with its conventional or traditional counterpart, m-:ans
that & new food or food coniponent(s) can be considered substantially equivalex.t.

Set out helow are the principies for the application of subsianiial equivalence to the
assessnent of toods from organisins develor«d by tue application of biotechnology:



— If the new or moditied food or food component is determined o e substantally
equiralert to an existing food. then further safety or nutritional concerns are
expecied o ve isignificant;

- Such feods, once substantial equivalence has been established, are treated in the
same manner as their analogous conventional counterparts;

- Where new foous or classes of new food. or food components are less well-
known, the concept of substantial equivalence is more ditticult 10 appiv: such new
toods or food components are evaluated taking into account the experience gained
in the evaluations of similar matenials (for example. whole fouds or food comps-
neats such as prowins, fats or carbohydrates);

— Where a product is determined not to be substantially equivalent. the identitied
differences should be the focus of further evaluations;

~ Where there is no basis for comparison of a new toed or food componeni. that is.,
where no counterpant or similar materials have been previcusly consumed as food.,
then the new food or food component should be evaluated on the basis of its own
composition and properties.

As an example of the application of substantial equivalence. potatoes have ong been
part of the human diet. The presence of viral coat proteins in the potato are due to natura!
viral infections: consequently, these proteins have a long history of human consumption.
Coat proieins have never been associated with a toxicity problem and are not considered a
food safety issuc. Consequently, a potato in which the coat protein of one of these viruses
is expressed after the gene has beer introduced would be considered substantiaily
equivalent to the infected potatoes that have a long history of safe use and consumption
provided the amounts expressed were not grossly different from those occurring follow-
ing natural infection. This analogy applies only to viral coat proteins in the pertions of the
plant traditionally ~onsumed, taking into account the characteristics of the new trzit and
possible untoward effects of the modification on alkaloid levels and key nutrient starches.
as well as the extent of consumption.

Some specific examples of additional censiderations which it may be necessary to
take into account when applying the concept of substantial equivalence are indicated in
the tollov/iing paragraphs.

The intended use(s) and degree of exposure must also be considered in assessing
safety. This includes the effeci(s) of the level of the food or food component in the dizt,
the pattern of dietary consumption, and the characteristics of the consuming popuiations
(i.e. infants, he elderly, the immunocompromised, eic.).

The consideration of safety may include the need to evaluate possible effects
occurring through cooking or other processing. For example, trypsin inhibitors from
certain leguminous plants. such as the cowpea trypsin inhibitor. have a long history of
safe consumption when properly cooked. However, if the cowpea trypsin inhibitor is
expressed in other plants, the safety question relates to whether the normal use of these
plznts as tood involves cooking sufficient for its inactivatinn.

In special cases, depending on the product consumed, the consideration of safety
may also include the need to evaluate the potential for, and human health implications oi.
transfer of the new genetic material. For ¢xample, the use of some antibiotic resistunce
markers in micro-organisms should be carefully considered since transfer to the
microflora of the human gut could, if demonstrated, possibly have human health
implications.

15



Another consideration is the infiuence of the newly introduced modiiication(s) on
the nutritional value of the food or food componrent(s). For the majority of modifications
being carried out, such changes are unlikely. Nonetheless, when modifications are
directed at metabolic pathways of key macro or micro nutrients. the possibility of an
impact on nutritional value is increased. Such impacts are of potential significance in
cases where the modified food or food component may become a major dietary source of
the nutriemt affected.

Conclusions

The mair conclusion of this report is as follows: if a new food or food component is
found to be substanvially equivalent to an existing food or food component. it can be
treated in the same manner with respect to safety. No additional safety concerns would be
expected.

Witere substantial equivalence is more difficult to establish because the food or food
component is either less weli-known or totally new, then the idenufied differences. or the
new characteristics, should be the focus of further safety considerations.

Chapter I1I contains a number of case studies that illustrate the practical application
of the concepis and principles for safety evaluation of new foods or food components. in
particular the concept of substantial equivalence. In addition, the examples are represen-
tative of the range of new products produced by means of biotechnology. Given the wide
applicability of substantial equivalence, experis on the Working Group were of the view
tha: many new foods will be found to be substantially equivalent to existing products.

In the case of those products for which substantial equivalence cannot be estab-
lished, or for which there is no traditional counterpart, further work will be helpful to
increase our understanding of the appropriate information which may be needed and the
methods to be used for safety evaluation.

16




Clajzter 11

Case Studies Illustrating the Application of Substantiali Equivalence

The case studivs n this chapter were chosen mainly 1o ilustrate the application of
the concept of substanuial cquivalence for the saferny evaluation of new foods or food
components produced by means of modern biotechnology. They are not ey aluations or
regulatory reviews, nor should they be seen as a commentary on the safety of the foods or
food components selected.

These case studies were prepared by the experts indicated. Although the Working
Group on Food Safety and Biotechnology discussed each case study. there was no
atiempt to reach consensus on the conclusions they contain.

The concepts and principles illustrated in the case studies relate only 10 food safet,.
covironuental issues were not included within the remit of the Working Group on Food
Satety and Biotechnology. These issues were therefore not discussed by the Working
Group.

The case studies were prepared foliowing the general outline shown below:

1. Conceptual points to consider

a) Concept of continua

For example. the extension of the use of LEAR oil 1o infant formula from mraditional
uses of vegetable oils (margarine, shortening, and salad and vegeiable vils).

b) Temporal considerations

For example, higher erucic acid content of traditional rape or LEAR oil in the 19705
and 1980s as compared with lower values in traditionally bred strains of rapesecd today.

¢) Concept of ““reasonable certainty™” of no harm resulting irom:

~ intended uses; and
— expected conditions of consumption.

For cxample, there was a *'reasonable certainty’’, based upon the evidence evalu-
ated, that LEAR vil would behave as other vegetuble oils for traditional uses. stated
above, under the highest expected conditions of consumption (i.e. by males azed
20-30 years). This was not the case for its use as infant formula.



d) Concept of substantial equivalence

For example, LEAR oil was compared with traditional rapesced oil and other
commoniy consumed vegetable oils and wax shown 1o e composed of the same Hasic
componenis, except for a lower level of erucic acid, the component of concern.

e) Concept of vanability

For example, the concentration of the alkaloid 1omatine is much higher 12 green
tomatoes than in ripe ones.

) Concept of sequential review (ie. establishment of substantial equivalence
followed by evaluation procedures).

g) The evaluation of marker genes in a substantial equivalence determination

For example, the use of kanamycin resistance derived from Tas is not effective
against kanamvcins used currently for medicinal purposes.

2. Organism/product

What is the organism/product that will be eaten by the consumer?

3. Traditional product evaluation

Approachessconsiderations/results:

What kind of evaluation does this organism/product undergo traditionaliy? For
exumple, tomato may te evaluated by the plamt breeder when a new variety is being
developed, whereas myco-protein mayv not have a traditional procedure for evaluation.
When tomato is evaluated, or if there is some concern, the ioxic compound tomatine may
be considered. The result of this evaluation may be thai the level of tomatine is not a
problem normally, but that in some cases it is a problem (state circumstance).

4. Database available for traditional evaluation

Is there a database available in your country/department containing information
useful for evaluation of this product? [For exai-vle, the Database of Contaminants in
Food Products (COBA) developed in Denmark by the State Institute for Quality Control
of Agricultural Products.|
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5. Novel component(si/product (including traits and sources)

Why is this product considered a novel food? For example, potato may contain o
gene for insect resistance that has never been consumed as food before or the miveo-
protein may never before have been considered as food.

6. Additicnal evaluation procedures

Are additional evaluation procedures carried out. or are normal evaluation proce-
dures sufficient in the case of the novel food?
7. Rationale for evaluation procedares

A short statement of the reason for the evaluation procedures.



Chymosin derived from Escherichia coli K-12 and Bacillus
steurotnermopkiilus alpha-amylase derived from Bacillus subtilis

Dr. Enc Flamm
Office of Biotechrology
United States Food and Drug Administration

Case No. 1 Chymosin derived from Escherichia coli K-12

1. Conceptual points to consider

a) Concept of ¢« “tinua

Different enzyme preparations may be similar in some attributes and dissimiiar in
others. The relative similarity or equivalence of different enzyme preparations can be
determined by comparing characteristics of the enzymes themselves, the organisms from
which they are produced, and the methods and materials used in the manufacture of the
preparation. The importance of any differences will depend on how they affect the safety
and utility of the preparations.

There is a good deal of scientific consensus on how to assess the safety of an
enzyme preparation. However, there is less consensus regarding the criteria by which one
decides at what point an enzyme preparation is different enough from an accepted one
that formal review is required to establish safety. For example. at what point do manufac-
turing changes or strain modifications become significant enough to warrant review? At
what point 1s the substantial equivalence of two enzyme preparations no longer self-
evident? This is as much a regulatory question 2« a scientific one.

Two different batches of the same enzyme purified by the same methods from the
same strain of production organism grown under the same conditions may be considered
potentially different if a small change in activity is significant for its intended use.
Alternatively, two different enzymes with similar functions. but produced by different
methods from different species of organisms grown uader different conditions, may be
considered substantially equivalent if the differences do not significantly affect the safety
and utility of the preparations. Tne point at which an enzyme preparation differs from its
accepted counterpart enough to e considered different, and to warrant evaluation, is
again as much a regulatory question as a scientific one.

In the case of the microbial chymosin preparation discussed in the first case study,
the preparation’s functional activity is identical to that of its traditional counterpart,
animal rennet. However, it is produced by a completely different manufacturing method
«id consequently has completely different impurities. The United States Food and Drug
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Administration (FDA) found that these differences were signiticant enough to warrant
formal review in order to determine whether the new preparation was substantially
equivalent to the traditional one.

In contrast to the chymosii preparation. the alpha-amylase preparation discussed in
the second case study below was derived from the same organism as that traditionally
used as a source of alpha-amylase, Bacillus subtifis, albeit from a new strain. The enzyme
itself, B. stearothermophilus alpha-amylase, was independently reviewed and detesmined
to be safe for use in food when derived from its native host. Additionally, it is function-
atly similar to the traditionai enzyme. differing principally in its ability to perform at
higher temperatures. Thus, in content and activity, the new preparation is very close to its
traditional counterpant. Whether they are close enough that formal review should not be
needed to determine substantial equivaience is a regulatory question.

b) “emporal considerations

Food-use microbial enzyme preparations derived from recombinant organisms are
only newly being developed. At this early stage they may be considered more novel. or
worthy of greater scrutiny. than they will be afier a number of such products have been
introduced. 1t is possible. for example. that the preparation of B. stearothermophilus
alpha-amalyse derived from B. subtilis would not have been treated as a new preparation
warranting review had it been introdiced at some future time after a number of similar
products had been reviewed.

¢) Safety as defined as a “‘reasonable certainty”™ of no harm resulting from
intended uses under expected conditions of consumption

it is not feasible to answer all possible questions pertaining to the safety of a new (or
traditional. for that mater) food preduct. The standard of safety generally considered
acceptable 1s that there is a reasonabie certainty that no harm will result from the intended
use of the product under the expected conditions of consumption.

The intended use of a food-grade enzyme preparation is usually to process food or
teod ingredients in a particwar way. The enzyme is generally present in the final food
product, it at all. at very low levels.

Commercial food-use enzy:ne preparations, even when purified, are typically quiw
impure and may comprise more cell debris than enzyme. Therefore, in assessing the
safety of an enzyme preparation it is at least as important 10 review information cencern-
ing the production strain, and the methods and materials used in growing it and purifying
the enzyme, as it is to review the characieristics of the enzyme itself.

In general, when assessing the safety of the enzyme itself one determines the
relationship of that enzyme to other enzymes wvsed in food or food processing. If it is of a
type commonly used in food or food processing and has no unusual properties that
warrant conc2in, then the enzyme itself may be considered substantially equivalent to
other accepicd food-use enzymes. Since food-use enzymes are in (and of) themselves
safe, a determination of substantial equivalence generally constitutes a finding of safety.
If the enzyme has unusual properties or is of a type not previously used in food, then
information will be required to show thai the enzyme will be safe for its intended use.

In assessing the safety of the proauction organism, one generally focuses on whether
it is pathogenic or produces toxins. The species of production organism should be shown
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to have a history of safe food use. or otherwise be shown by scientific informacion to be
safe for such use. The particular strain used skould also be shown to be safe. i.e. to have
no new pronerties that would affect it as a source of enzyme preparation safe for use in
tfood.

In assessing the safety of reccmbinant produciion organisms. one typically first
determines it the parent organism is acceptably safz for the intended use. If so, one then
reviews all steps in strain construction to ensure thot all vectors used are safe and that the
inserted DNA does not eacode toxic or otherwise undesirabie proteins. The entire seg-
ment of cloned DNA, including <equences flanking the target genc, should be analysed. If
the donor organism produces toxins or other undesirable compounds, data should be
provided demonstrating that DNA encoding these substances was not inadvertently
cloned along with the target DNA,

If the safety ot the parent organism for us2 in food processing has not been
established, there would probably have o be substantial information, including resalts of
toxicology tests. 1o demonstrate that the modified strain was acceptable for food use.

As discussed below, the microbial chymosin and alpha-amylase preparations were
found to be safe after evaluation of the production orzanisms, the enzymes, and the
manufacturing processes. The manufacturing method destroys the production organism
and removes the bulk of the cell debnis, and this was an added factor in assuring the
safety of the preparation.

d) Concept of subsiantial equivalence

Microbial enzyme preparations car be considered substantially equivalent to each
other if three conditions are met: the enzymes themselves are substantially equivalent, for
example having simila intended uses and funciioral properties; the microbes from which
they are derived are substantially equivalent, for example being safe strains of species
with a safe history of use as sources of food-use =nzymes; and the manufacturing and
punfication processes are substantially equivalent. However, there are as yet no agreed-
upox criternia by which substantial equivalence is determined for each of these parameters.

A new enzyme preparation may be substantially equivalent to an acczpted prepara-
tion even if the production organisms and manufacturing methods are ncZ, so long as the
differences do not affect the safe use of the final preparation. The irore the new produc-
tion organisms or manufacturing methods differ from traditional ones, the more informa-
tion will be necessary to determine whether the new preparation is substantially
equivalent to the old.

The concept of substantial equivalence can he applied broadly ur namrowly. For
example, atl enzymes of any type used for foor! processing might be considered sub'stan-
tially equivalent: or all carbohydrates might be considered substantially equivalcat; or all
amylases: or all alpha-amylases: or all " ‘ha-amvlases that have the same functional
activities under the same conditions and are intended for use in the same foods. The
preparations of substantially equivalent enzymes might then be considered substantiaily
equivalent enzymes if they are produced by a safe strain of any microbial species with a
safe history of use in food: or only if they ase produced by the same microbial species; or
only if they are native to and produced by the same microbial species. Additionally, the
manufacturing processes might have to meet certain criteria to assure that the final
product meets acceptable specitications before the enzyme preparations would be consid-
ered substantially equivalent.



In the safety evalurtion of the 1wo enzyme preparations described below. the term
“substantia! equivalence’” was nowhere used by the evaluators. However. hough not
articulated as such. the safety of the preparations was determined es.catially by establish-
ing that cach was substantially equivalent to an accepted preparation.

In the case of chymosin derived from E. coli K-12 it is obtained frotn 2 completely
different source organism and by a completely different method than is its tradtional
counterpart, animal rennet. Thus the types of potentia} impuriti>s ditfer. and signiticant
chasacteristics of the preparations may differ. To determine if the preparations were
substantiaily equivatent. the FDA compared the enzymaltic activities of the preparations
and evaluated whether the impurities in the microbial preparation affected its safe use. As
described in Section 3 below. FDA determined that the enzymes themselves and the
functional activity of the cnzyme preparations were substantially equivalent. and that the
impurities in the microbial preparation did not afiect its safe use. Thus, while the two
preparations are clearly different and have different names. they are substantially
equivalend in safety and function.

In the case of B. stearothermophilus alpha-amylase obiained from B. subiiiis, the
Joint FAO/WHO Expert Committee on Food Additives JECFA) evaluated the preduc-
tion organism and dewermined that the genetic muodifications were well-characterised and
did not cause it to produce toxins or other undesirable substances. It could therefore be
considered substantially equivalent we other food-use strains of B. subtilis. JECFA evalu-
aied the enzyme and found that it was tae same as that produced by B. stearothermophi-
Ius. JECFA evaluated the manufacturing method and found it met acceptable standards
for producing nucrobial enzyme preparations.

Thus. by determining that the er zyme, the nroduction organism. and the manufactur-
ing method were substartially equivalent to accepted counterparis. JECFA determined
that the new enzvme preparation was safe for its intended use. Depending on the
interpretation of substantial equivalence. one could also conclude that the new enzyme
preparation is substantially equivalent to the traditional B. subtilis preparation. despite the
fact that the stearothermophilus enzyme will likely be used with different substrates
hecause of its ability 1o digest starches at higher temperatures.

e) Concept of vanabifity

Inapplicable.

i Concept of sequential review

The tirst step in evaluating a new enzyme preparation is to compare characteristics
of the enzyme itself. the production organism. and the manufacturing method with those
of the closest accepted counierpart. One can then focus on those characteristics that differ
between the new and the old preparations to determine whether the differences affect the
safe use of the new product.

Where the enzyme, the production organism. and the manufacturing method are
Cetermined to be substantially equivaleat to those of accepted enzyme preparations, and
any new combinations do not affect the safe use of the produci. the new preparation can
be accepted as sate. When ihere are no accepted counterparts, or where the differences
between the accepted and the new are too large to allow meaningful comparison, addi-
tional information is necessary to establish the safety of the preparation.



g) Evelnation of marker genes in a substantial eauivalence determination

Recombinant organisms frequently contain marker gencs. some of which may
¢ircode resistance 1o therapeutically usefu! artibiotics. Whether the presence of a marker
gene in a production organism affects its substantial equivalence 1o an accepted safe
preparation will depend on a number cf considerations. For example. does the marker
gene encode a prowin product? If so, at what levels would it be expected to be in the
fooa, what is its function. and are there any concerns aboui its safety in food at the
predicted levels?

For antibiotic resistance marker genes. does the marker gere encode resistance 10 a
chinically useful form of an antibiotic? f <o, docs ingestion of the product at the time of
therapeutic use of the antibiotic interfere with the clinical effectiveness of the antibiotic?
In general. this would not be expected tc be a concern for enzyme preparations. The
prepurations are preseal in very low levels in the food. Thus, the levels in the food of any
constituent of the preparation aciive against the amtibioiic would almost alwnys be
biologically insignificant

Finally, what is the likely level of hostzontal transfer of resistance genes to patho-
gens in the food or in the intestinal tract of the consumer? For an enzyme preparaiion
derived from an antibiotic-resistant microbe to be substantially equivalent to one derived
from: an antibictic-sensitive microbe. the likely level of trausfer must be biologically
insignificant.

In the casc of chymosin derived from E. coli K-12, the level of transfer of the
antibiotic resistance marker was found to be insignificant bec-use the purification method
destroyed the production organism and degraded its DNA to fragmerits smaller than that
of the gene encoding resistunce. In the case of the particular alpha-amylase preparation
described here, there was no intact antibiotic resistance gene in the production strain.

2. Orgaunism/product: chymosin derived from E. coli K-12

Chymosin, also known as rennin, is the principal milk-clotting enzyme present in
rennet. Rennet is derived from the stomach of a variety of animals. must commonly
unweaned calves but also kids and lambs. It has been used for millennia to make cheese.
Chymosin is a protease that hydrolyses one bond in the kappa-casein protein of milk.
cleaving it into two peptides. Kappa-casein normally stabilises micelies in milk. When
kappa-casein is cleaved, the micelles precipitate into curds. After removal of the liquid
whey, th2 curds may be processed into cheese or other dairy products such as frozen
dairy desserts.

3. Traditional product evaluation

As discussed in 1.¢) above, a new enzyme preparation is evaluated to determine if it
is safe for its intended use. Such an evaluation focuses on characteristics and properties of
the enzyme, the production organism, and the materials and methods used in the manu-
tacturing process. E. coli-derived chymosin preparation is manufactured by a completely
different method than is rennet. Therefore, it was important to determine whether the
change in manufacturing method affected the safety of the enzyme preparation.
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The safety of chymosin derived from £ coli K-12 was established from ihe follow-
ing information. First. the enzyme was shown to be sreucturally and functionally identical
to that of the chymosia in rennet, and was therefore considered safe as a replacement for
the chymosin in rennet. Data was provided documenting that the prochymosin gene had
been cloned and that it was properly expressed in its microbial hosts to produce func-
tional chymo:in.

Three lines of evidence were used 1o show that the correct gene had been cioned.
The cloned DNA was digested with restriction enzymes, and the resulting fragments were
found to be the sizes predicted by the DNA sequence of the prochymosin gene. The
cloned DNA. and RNA synthesised from it, were found to hybridise appropriately with
the calt prochiymosin gene. Finally. the sequence of the cloned DNA was feund to
commespond to the amino acid sequence of the prochymosin proein.

The cloned prochyniosin gene produced chymosin of the expecied size and biologi-
cal activity. Cloned chymosin was shown to have the same molecular weight as cnymosin
derived from calf rennet, as demonstzated by SDS polyacrylamide electrophoresis.
Cioned chymosin was also shown to have the samz functional activity as chymosin
dertved from cali-rennet. as demonstrated by miik clotting assays performed under
various conditions of temperature, salt concentration and pH.

Second, the production orzanism. E. coli K-12. was found to be safe as a source of
chymosin, based primarily on published evidence demonstrating that
E. coli K-12 is non-pathogenic and non-toxigenic. Such evidence includes published
studies showing that £. coli K-12 does not colonise the zut of man or cther animals after
being fed at high concentrations (10° to 10™ viable organisms per ingestion), that the
K-12 strain has been widely used as a laboratory organism for 30 years with no reported
ircidents of illness. that it does not produce toxins that cause iliness upon ingestion. and
that it 13 deficient in virtually all characteristics necessary for pathogenesis. Additionally,
non-pathogenic strains of £, cofi are a part of the normat flora of the gastrointestinai tract
of man, wherc they are found at 10" to 10" organisms per gram of intestinal contents.

Third. the fermentation and punification methods were shown not to introduce any
unsafe substances into the preparation and to remove the bulk of the cellular materials
from it. All the chemicals used in the fermentation and purification are approved for use
in food. By removing the buln of the microbial material from the final product, the
purification process yielded a preparation having acceptably low levels of endotoxin.
Endotoxin is a component of the cell wail of E. coli of potential concern for people with
certain intestinal traci disorders. The endotoxin levels in the chymoesin preparation are
comparable to those in US drinking water.

The purilication method was also shown to destroy the E. coli and degrade its DNA,
thereby adding another level of safety assurance and eliminating the possibility that the
antibiotic resistance gene present in the vector could be transferred at a biologically
significant level to pathogens in the consumer or on food in contact with the enzyme
preparation. Data were provided demonstrating that the preparation did not contain
sutficient DNA of a guality capable of iransforming transformation-competent cells to
permit detectable transformation of such cells. In addition, no DNA fragments targer than
260 bases were detected when assayed by radiolabelled hybridisation after gel electro-
phoresis. For comparison, the coding sequence of the antibiotic resistance gene carried by
the production strain is 858 bases long.
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As corroborative evidence of safety. two short-term feeding studies were conducted
with the enzyme preparation: a five-day feeding study in dogs and a one-month gay age
study in rats. No adverse results were observed in these studies at any dose tested.

Based on the information described above and the Fact that consumers would be
exposed 10 it at relatively low fevels. the US FDA concluded that the chymosin prepara-
tion is safe for its intended use as replacement for rennei.

4. Database available for traditional evaluation

None.

5. Novel component(s)/preduct

Microbial chymosin differs from its tradiional counterpart. rennet. in its impurities
because it is obtained from 1 different source organism and by different «Jnanufacturing
methods. [n all other aspects. such as activity. function. use. and acu, e component. the
two preparations are substantially equivalent. in fact are identical.

6. Additional evaluation procedures

The chymosin enzyme przparation was subjected to safety evaluation because it is
manufactured by a completely different method from thai of its traditional counterpast,
animal rennet. It was not subjected to review simply becanse it is derived from a
recombinant organism. The parts of the review that could be considered specific for a
recombinant organism were the review of the antibiotic resistance markor and the review
of the strain construction. including information conicermag vectors and intermediate
strains. Non-recombinant micro-organisms used to produce enzymes for food u<e have
not had antibiotic markers and have not been subject to exiensive strain construction.

7. Rationale for additional evaluation procedures

Chymorin preparation is obtained from a different source organism and by a differ-
ent manufacturing process than is rennet. Any time there are significant changes in the
source and manufacturing method of a product. there are likely to be changes in types of
impurities. Therefore, specifications written for one manufacturing method may not be
appropriate for a different manufacturing method. It is also important to determine
whether any signiticant characterisiics affecting tie use of the product are changed, that
15, whether in fact the new product is substantially equivalent to the traditional product.



Case No. 2 Bacillus stearothermophilus alpha-amylase derived
from Bacillus subtilis

1. Corceptual points to consider

(see Case No. 1 above).

2. Organism/product: alpha-amylase of B. stearothermophilus expressed in
B. subtilis

Amylases have been extensively us=d by the foed industry to hydrolyse starch.
Alpha-amylase catalyses the hydrolysis of 1.4 alpha-glucosidic linkages in common
polysaccharides. Bacterial alpha-amylase derived from B. subiilis has been iz common
use 1o control the viscosiiy of chocolate syrup since 1929 and in the brewing industry
since 1936. The enzyme preparation derived from these various B. subtilis strains 1s
usually added directly to the food to be processed and then remcved from the final
product by filtration.

3. Traditionai product evaluation

As discussed in 1.¢) above. a new enzyme preparation is evaluated to determine if it
is safe for its intended use. Such an evaluation focuses on characteristics and properties of
the enzyme, the production organism, and the materials and methods used in the manu-
facturing process. Whether the evaluation performed on the alpha-amylase preparation 15
-~traditionzl"" or ““additional”* depends upon whether or not the enzyme is considered to
be a new ore. As discussed above in l.a), 1.b), and 1.d). this is essentially a regulatory
question.

If the amylase preparation were considered to be simply another example of a
B. subtilis alpha-umylase preparation, the tsaditional product evaiuation would be done
by the manufacturer to determine that the new example had no unusual properties that
would atfect its safe use. At least in the past, there would have been no formal review by
a regulatory body.

The safety evaluation focused on: the structural and functional properties of the
enzyme: the safety of the donor. recipient and intermediate organisms, particularly on
whether the genetic modifications of the recipient introduced any properties that would
adversely affect its safety for its intended use: the safety of the vectors ased in the strain
construction: and the material and methods used in fermentation and enzyme purification.

JECFA found that the production strain is not antibiotic-resistant, that the donor
(B. stearothermophilus), intermediate (E. coli), and recipient strains (B. subtilis) are non-
pathogenic and non-toxigenic, and that the vectors used in strain construction (pBR327,
used in E. coli, and pUB110. used in B. subrilis) are well-characterised and do not encode
toxins. The production strain does not express Shiga-like toxin, as shown by Vero cell
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assay, and does not express staphyvlococeal enterotoxins A, B, C or D. as shown by
antibody tests.

The B. stearothermophilus alpha-amylase denved fromm B. subrilis was shown o
possess the same enzyme-specific activity. molecular weight. peptide maps. and reactivity
towards antibody raised against alpha-amylase from B. srearothermophilus a2~ the
8. stearothermophilus alpha-amylase denved from B. sicarothermophilus. The ensyme
preparation produced no significant toxicological effects in a 13-week feeding study in
dogs, nor in a one-generation reproduction study in rats.

Bzsed on the information described above. and on the levels of the enzyme prepara-
tion nezded to achieve its intended effect. JECFA concluded that the enzyme preparation
is safe for its intended use and does not require a numerically specified acceptable dmly
intake.

4. Database available for traditional evaluation

None.

5. Novel component(s)/product

The B. stearothermophilus enzyme is expressed from a B. subiilis strain. The
cloning mighi o affected either the enzyme itself or the production strain. Whether this
1s considered novel or simply another example of a B. subrilispreparatio is a regulatory
question, as discussed in l.a). 1.h) and 1.d) above.

6. Additional evaluation procedures

As discussed above, whether the evaluation procedures are considered “~additional™
or ““traditional”” depends on whether or not the enzyme preparation is considered new.
7. Rationale for additional evaluation procedures

The rationale for the evaluation procedures. whether deemed additional or tradi-
tional, was that both the enzyme and the production strain might have been aliered by the

genetic manipulations such thai the enzyme preparation would no longer be safe for its
intended use.
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Lactic acid bacteria
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1. Conceptual points to consider

a) Concepi of continua

Traditionally. the use of lactic acid bactena is not considered a food safety issue.
This is covered in Section 3 below.

b) Concept of temporal considerations

The use of genetically modified lactic acid bacteria is concurrent with the vse of
some novel compounds used in dairy practice. e.g. chymosin obtained wrough novel
biotechnology. added egg-white lysozyme. This is covered in Sections 3 and 6.

¢) Concept of reasonable certainty of no harm

Covered in Sections 3 and 6.

d) Concept of substantial equivilence
Covered in Sections 5 and 6.

e) Concept of variability

Not applicable.

) Concept of sequential review

Covered in Sections 5 and 6.




