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1. Summary

This Chemical and Technical Assessment summarizes data and information on the Ribonuclease P
enzyme preparation from Penicillium citrinum (strain designation AE-RP) that was submitted to JECFA.
This document also discusses published information relevant to the safety of the ribonuclease P
enzyme, including the P. citrinum AE-RP production strain and details related to the manufacturing,
specifications, use and use levels of the enzyme in food. This document uses the expression
“ribonuclease P” to refer to the modified enzyme and its amino acid sequence, and the expression
“ribonuclease P enzyme preparation” to refer to the product formulated for commercial use. Data and
information related to Ribonuclease P from a second production strain, P. citrinum RP-4, was also
submitted to JECFA for evaluation. The Committee did not include Ribonuclease P from
P. citrinum RP- 4 in the current evaluation based, in part, on a lack of specific compositional data for
this product.

Ribonuclease P catalyses the hydrolysis of the 5’ phosphate group of RNA to form a
5’ monophosphate. The ribonuclease P enzyme preparation is used as a processing aid in the
manufacture of processed yeast products and flavouring substances and in preparations with naturally
occurring RNA. The degradation of RNA to produce free phosphonucleotides, specifically guanine and
adenine, enhances the organoleptic properties and consistency of the final food or food ingredient.
Ribonuclease P is intended for use at levels up to 1000 milligrams of Total Organic Solids per kilogram
of raw material (mg TOS/kg).

The P. citrinum production organism has been shown to be non-pathogenic and non-toxigenic.
P. citrinum strains deposited at public type culture collections have been designated as Safety Level
1. The production strain, P. citrinum AE-RP, was obtained from the parent strain P. citrinum 1AM 7003
using conventional mutation techniques.

The ribonuclease P enzyme preparation is manufactured by controlled fermentation of P. citrinum AE-
RP in accordance with Good Manufacturing Practices (GMP). The ribonuclease P enzyme is released
into the fermentation medium and subsequently recovered and concentrated using multiple filtration
techniques. The enzyme is spray dried and standardized with dextrin into a powdered enzyme
preparation. The ribonuclease P enzyme preparation complies with the General Specifications and
Considerations for Enzyme Preparations Used in Food Processing (JECFA, 2006).

Ribonuclease P is not known to be allergenic when used in food processing. The sponsor examined
the potential for this enzyme to be a food allergen by comparing its amino acid sequence to sequences
of known allergens contained within the AllergenOnline and Allermatch databases using
internationally accepted search criteria. No meaningful identity with known allergens was observed.
Based on the results obtained, oral exposure of ribonuclease P is not anticipated to pose any risk of
allergenicity.
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2. Description

White to dark brown powder.

3. Method of manufacture
3.1 P. citrinum

P. citrinum belongs to the genus Penicillium, and the family Trichocomaceae. P. citrinum is a
filamentous fungus which is ubiquitous in the environment. It occurs on various plants, including citrus
fruits, wheat and other cereal grains (Schmidt-Heydt, Stoll & Geisen, 2019). P. citrinum is also referred
to as Citromyces subtilis.

The taxonomic classification of this microorganism is as follows:

Kingdom: Fungi

Phylum: Ascomycota

Class: Eurotiomycetes
Order: Eurotiales

Family: Trichocomaceae
Genus: Penicillium
Species: Penicillium citrinum

Penicillium species are recognised for use in food applications (Bourdichon et al., 2012). P. citrinum is
recognised as a source organism for the production of enzymes intended for use in food processing
(Pariza & Johnson, 2001), including ribonuclease P, which is permitted for use in food processing in
France, Denmark, China, and Korea (Legifrance, 2006; MfFLoF, 2008; USDA, 2015; MFDS, 2019).
Strains of P. citrinum that have been deposited at public type culture collections such as the American
Type Culture Collection (ATCC) and Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH
(DSMZ) have been designated as Safety Level 1. In Europe, P. citrinum is not included on the list of
pathogens in Annex Ill of Directive 2000/54/EC on the protection of workers from risks related to
exposure to biological agents at work, nor is it included on the list of pathogens in Belgium (EC, 2000;
Belgian Biosafety Server, 2008).

P. citrinum is known to produce mycotoxins, including citrinin (Park et al., 2008), and is an occasional
opportunistic human pathogen. It has been known to cause pneumonia in immunocompromised
individuals, including in patients receiving chemotherapy for acute leukaemia (Mok, et al., 1997;
Hesse, et al. 2017).

3.2 P. citrinum production strain

The P. citrinum AE-RP production strain was obtained by conventional mutation using N-methyl-N’-nitro-
N-nitroso-guanidine, exposure to ultra-violet light, and monospore isolation of the parental strain,
P. citrinum IAM7003 (originally housed at IMA Culture Collection; presently, held at Japan Collection of
Microorganisms under P. citrinum JCM22500). The identity of the production strain has been confirmed
by BLAST analysis of the 28S rDNA-D1/D2 sequence with the APOLLON DB-FU ver.1.0 database that
includes all sequences in the International Nucleotide Sequence Database (GenBank/DBK/EMBL). The
28S rDNA-D1/D2 sequence of P. citrinum AE-RP was reported to align with 100% similarly to several
strains of P. citrinum, including P. citrinum NRRL 1984 (Accession No. AF033422). P. citrinum AE-RP does
not produce mycotoxins, including citrinin.

3.3 Fermentation, recovery, and formulation
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Ribonuclease P is produced by a controlled aerobic submerged batch-fed fermentation of a pure
culture of P. citrinum AE-RP. The manufacture of the ribonuclease P enzyme preparation consists of
three steps: fermentation (pre-, seed and main fermentation), recovery, and formulation. Control
measures are in place for physical and chemical quality control during fermentation and downstream
processing. Enzyme activity during production is also tested periodically. All raw materials used in the
manufacture of ribonuclease P enzyme preparation are food-grade.

Production of the enzyme begins with the cultivation of an inoculum that is used for the seed
fermentation. The product of the seed fermentation is used to initiate the main fermentation. The
main fermentation is carried out under specific pH, temperature, and aeration conditions. The
fermentation process continues for a predetermined time or until the desired level of the enzyme has
been produced. Following fermentation, the culture broth containing the enzyme is separated from
the biomass consisting of the production organism, other microbials, and spent fermentation medium
by a series of filtration steps. This is followed by concentration and purification of the enzyme-
containing liquid. The resulting enzyme concentrate is subsequently spray dried and standardized with
dextrin. The entire process is performed in accordance with current Good Manufacturing Practices
using raw materials of food grade quality. The enzyme concentrate was tested for the chemical and
microbiological purity requirements described in the ‘General Specifications and Considerations for
Enzyme Preparations Used in Food Processing’ (JECFA, 2006). The enzyme concentrate was tested to
demonstrate the absence of mycotoxins.

4. Identity and Characterization
4.1 Ribonuclease P
Ribonuclease P is a zinc metalloenzyme which catalyses endonucleolytic cleavage of RNA, removing

5’-nucleotides. It is classified by the Enzyme Commission of the International Union of Biochemistry and
Molecular Biology (IUBMB) as follows:

Accepted name: Ribonuclease P
Other name(s): RNase P
Reaction: Endonucleolytic cleavage of RNA, removing 5'-extranucleotides from

tRNA precursor

Systematic name: Ribonuclease P
EC No.: 3.1.26.5
CAS No.: 71427-00-4

Ribonuclease P produced by P. citrinum is not known to have any subsidiary or secondary enzymatic
activities. The primary sequence of ribonuclease P has been determined to consist of 342 amino acids;
its molecular weight by calculation from the determined amino acid sequence is 35 kDa.

Ribonuclease P activity is determined spectrophotometrically by measuring the production of
phosphate resulting from hydrolysis of adenosine 3’-monophosphate by ribonuclease P at 750 nm; 1
unit of activity is defined as the quantity of enzyme required to liberate 1 umol of phosphate (as
phosphoric acid) per minute under the conditions of the assay. The mean activity of ribonuclease P
from three batches of the powder enzyme concentrate is 112 600 U/g.
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4.2 Ribonuclease P Enzyme Preparation

The ribonuclease P enzyme preparation consists of the enzyme, ribonuclease P, and substances from
the fermentation process; these constitute proteins, peptides, amino acids, carbohydrates, lipids and
salts. The components of fermentation are referred to as Total Organic Solids (TOS).

The TOS content of an enzyme preparation is calculated according to the following equation (NAS/NRC,
1981; JECFA, 2006):

TOS (%) = 100- (A + W + D)
where
Ais the % ash,
W is the % water and
D is the % diluents and/or other formulation ingredients.

The Ribonuclease P enzyme preparation is marketed as a powder formulation. A representative
composition of the Ribonuclease P enzyme concentrate is provided below:

Enzyme TOS: 444 %

Ash: 1.87%
Water: 6.5 %
Dextrin: 47.2%

The specifications for the ribonuclease P preparation include activity (approximately 13 800 U/g), lead
(£ 5 mg/kg), coliforms (< 30 CFU/g), Salmonella (absent in 25 g), E. coli (absent in 25 g), antimicrobial
activity (absent by test), and loss on drying.

Ribonuclease P enzyme preparation complies with the General Specifications for Enzyme Preparations
used in Food Processing as established by the 67" meeting of the Joint Expert Committee on Food
Additives (JECFA, 2006).

5. Functional Uses

The ribonuclease P enzyme preparation is intended to be used as a processing aid in the production
of processed yeast products and flavouring substances and preparations with naturally occurring RNA.
The degradation of the RNA substrate in raw materials to produce free phosphonucleotides,
specifically guanine and adenine, enhances the consistency and organoleptic properties of the final
food or food ingredient.The ribonuclease P enzyme preparation is used at a maximum level of 1000
mg TOS/kg raw material.

6. Fate in food

Ribonuclease P is a ubiquitous enzyme responsible for generating mature 5’ ends of transfer RNA. It has
been identified in representatives of the Archaea, Bacteria, and Eucarya domains, as well as in
mitochondria and chloroplasts (Frank & Pace, 1998); as such it is naturally occurring in materials that are
regularly ingested by humans. In addition to ribonuclease P, the enzyme preparation will contain
proteins, peptides, carbohydrates and salts from the fermentation process that are common to the human
diet.

Ribonuclease P enzyme preparation is intended to be used in the manufacture of processed yeast
products and other flavouring substances with naturally occurring RNA. While it is assumed that the
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ribonuclease P is carried over to finals foods, the enzyme is inactivated and denatured during processing
yeast products by treatment at high temperatures and is not expected to have any technical effect on
the final food. When used in the production of other flavouring substances, steps are taken to denature
or remove the enzyme or to ensure that any residual enzyme activity is minimal. Lack of RNA substrate
or water activity in the final product, or treatment at specific pH and temperature conditions are
examples of conditions that may be applied to minimize residual enzyme activity.

If present, ribonuclease P will be digested, as would any other protein occurring in food. Therefore, use
of ribonuclease P in the processing of food categories described will not have a significant effect on the
human body.
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