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DESCRIPTION

FIELD OF INVENTION

[0001] The present invention relates generally to the field of cheese manufacturing based on
cows milk. In particular, novel recombinant means of providing naturally occurring milk-clotting
enzymes of Camelus sp. animal origin are provided wherein the milk is cows milk. Specifically,
the invention pertains to a process of recombinantly providing pre-prochymosin, prochymosin
and chymosin of Camelus sp. origin including such enzymes that are derived from camels and
adding said pre-prochymosin, prochymosin and chymosin of Camelus sp. origin to cows milk .

TECHNICAL BACKGROUND AND PRIOR ART

[0002] Enzymatic coagulation of milk-by-milk clotting enzymes, such as chymosin and pepsin,
is one of the most important processes in the manufacture of cheeses. Enzymatic milk
coagulation is a two-phase process: a first phase where a proteolytic enzyme, chymosin or
pepsin, attacks k-casein, resulting in a metastable state of the casein micelle structure and a
second phase, where the milk subsequently coagulates and forms a coagulum.

[0003] Chymosin (EC 3.4.23.4) and pepsin (EC 3.4.23.1), the milk clotting enzymes of the
mammalian stomach, are aspartic proteases belonging to a broad class of peptidases
(Kappeler, 1998). Aspartic proteases are found in eukaryotes, retroviruses and some plant
viruses. Eukaryotic aspartic proteases are monomers of about 35 kDa, which are folded into a
pair of tandemly arranged domains with a high degree of similarity, i.e. 20% or higher. The
overall secondary structure consists almost entirely of pleated sheets and is low in a-helices.
Each domain contains an active site centred on a catalytic aspartyl residue with a consensus
sequence [hydrophobic]-Asp-Thr-Gly-[Ser/Thr] which aids in maintaining the correct ®-loop
conformation of the site, and with multiple hydrophobic residues near the aspartic residue. The
two catalytic sites are arranged face-to-face in the tertiary structure of correctly folded proteins.
In bovine chymosin, the distance between the aspartic side chains is about 3.5 A. The residues
are reported to be extensively hydrogen bonded, concomitantly with the adjacent threonine
residues, to the corresponding residues of the other domain or the neighbouring atoms of the
own domain, to stabilise the correct position. Optimum activity of an aspartic protease is
achieved when one of the aspartic residues is protonated and the other one is negatively
charged. The active sites of chymosin and other aspartic proteases are embedded, with low
accessibility, in the middle of a cleft, about 40 A in length, which separates the two domains,
and which is covered by a flap that, in bovine and camel chymosin, extends from about Leu73
to 1le85 in the N-terminal domain.

[0004] When produced in the gastric mucosal cells, chymosin and pepsin occur as
enzymatically inactive pre-prochymosin and pre-pepsinogen, respectively. When chymosin is
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excreted, an N-terminal peptide fragment, the pre-fragment (signal peptide) is cleaved off to
give prochymosin including a pro-fragment. Prochymosin is a substantially inactive form of the
enzyme which, however, becomes activated under acidic conditions to the active chymosin by
autocatalytic removal of the pro-fragment. This activation occurs in vivo in the gastric lumen
under appropriate pH conditions or in vitro under acidic conditions.

[0005] The structural and functional characteristics of bovine, ie Bos taurus, pre-prochymosin,
prochymosin and chymosin have been studied extensively (Foltman et al. 1977). The prepart
of the bovine pre-prochymosin molecule comprises 16 aa residues and the pro-part of the
corresponding prochymosin has a length of 42 aa residues. Foltman et al., 1997 have shown
that the active bovine chymosin comprising 323 aa is a mixture of two forms, A and B, both of
which are active, and sequencing data indicate that the only difference between those two
forms is an aspartate residue at position 290 in chymosin A and a glycine residue at that
position in chymosin B.

[0006] Whereas chymosin is produced naturally in mammalian species including ruminant
species such as bovines, caprines, buffaloes and ovines; pigs (Houen et al., 1996); Camelidae
species; primates including humans and monkeys; and rats, bovine chymosin and (to a lesser
extent) caprine chymosin are presently the only of these animal chymosin species that are
commercially available to the dairy industry. Bovine chymosin, in particular calf chymosin, is
commercially available both as stomach enzyme extracts (rennets) comprising the natively
produced chymosin and as recombinantly produced chymosin which is expressed in bacterial,
yeast or fungal host cells (see e.g. WO 95/29999, Ward et al. 1990).

[0007] Recently, studies on functional characteristics of rennet extracted from the stomach of
Camelus dromedarius chymosin have been reported (Wangoh et al.,, 1993; Elagamy, 2000)
and it has been found that the clotting time of camel's milk is significantly reduced when camel
rennet is used instead of bovine calf rennet. Fractions of crude camel and calf rennets, which
were isolated by anion-exchange chromatography, have been tested for their respective
capabilities to clot camel's milk and cow's milk and it was found that the main clotting activity of
calf rennet (i.e. an extract containing both chymosin and pepsin) resides in the pepsin fraction,
i.e. bovine chymosin is substantially inactive in respect of clotting camel's milk, whereas the
main clotting activity of camel rennet extracts on camel's milk resided in a first fraction that,
compared to calf chymosin, eluted at a somewhat lower NaCl concentration. The active
enzyme of this fraction has not yet been characterised, but it is assumingly chymosin. It has
also been demonstrated that this camel rennet fraction has a clotting activity on cow's milk that
is similar to that of bovine chymosin (Wangoh et al., 1993). It is evident, therefore, that more
effective clotting of camel's milk could be achieved at an industrial level were camel chymosin
commercially available and it is also conceivable that camel chymosin is highly suitable as a
cow's milk clotting enzyme as well.

[0008] The primary structure of chymosin isolated from gastric mucosa of camels has been
determined (Kappeler, 1998). The mature and active form of camel chymosin is 323 aa
residues long and it has a molecular weight of 35.6 kDa and an isoelectric point at pH 4.71. It
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shows 85.1% aa sequence identity with bovine chymosin.

[0009] Presently, bovine chymosin is manufactured industrially using recombinant DNA
technology, e.g. using filamentous fungi such as Aspergillus species (see e.g. Ward, 1990),
yeast strains, e.g. of Klyuveromyces species, or bacterial species, e.g. E. coli, as host
organisms. Such recombinant microbial production strains are constructed and continuously
improved using DNA technology as well as classical strain improvement measures directed
towards optimising the expression and secretion of the heterologous protein, but it is evident
that the productivity in terms of overall yield of gene product is an important factor for the cost
effectiveness of industrial production of the enzyme. Accordingly, a continued industrial need
exists to improve the yield of chymosin in recombinant expression systems.

[0010] Whereas efforts to improve yields of chymosin activity up till now have exclusively been
concerned with chymosin of bovine origin, the industry has not yet explored the possibility of
providing effective chymosin preparations based on non-bovine, ie non-Bos taurus, chymosin
species. However, the present inventors have surprisingly found that it is possible to provide
industrially highly useful non-bovine chymosin using recombinant DNA technology at a
production yield level which, relative to that which can be obtained in current, optimised bovine
chymosin production systems, is significantly improved.

[0011] In addition to the potential of significantly improved chymosin production cost-
effectiveness, the provision of such non-bovine chymosin species at a commercial level makes
available chymosin products that are not only capable of clotting cow's milk at least as
effectively as chymosin of bovine origin, but which, additionally, are capable of more effectively
clotting milk from other animal species including milk of the source species. Specifically, the
invention has made it possible to provide, for the first time, camel chymosin in sufficient
quantities to render an industrial, cost-effective and high quality production of cheese based on
camel's milk possible, which, due to the scarcity of camel calf stomach material, has not
hitherto been possible.

[0012] Additionally, it has been discovered that camel chymosin has a high clotting activity on
cow's milk, which renders the enzyme useful for manufacturing cheese based on cow's milk. It
was a surprising finding of the present inventors that camel chymosin has a specific k-casein
hydrolysing activity (Phe-Met 105/106), i.e. C/P ratio as defined hereinbelow, which is superior
to that of bovine chymosin. A higher C/P ratio implies generally that the loss of protein during
cheese manufacturing due to non-specific protein degradation is reduced, i.e. the yield of
cheese is improved, and that the development of bitter taste in the cheese during maturation is
reduced.

SUMMARY OF THE INVENTION

[0013] The invention relates to a method of manufacturing cheese, comprising adding a milk
clotting effective amount of a naturally occurring Camelus spp. prochymosin or chymosin to
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cows milk and carrying out appropriate further cheese manufacturing steps, the naturally
occurring Camelus sp. prochymosin or chymosin having in said milk a C/P ratio as determined
herein which is in the range of 2-20.

DETAILED DISCLOSURE OF THE INVENTION

[0014] Camelus spp. include the two species Camelus dromedarius and Camelus bactrianus;
Camels are ruminating, but do not belong to the suborder Ruminantia as do e.g. bovine, ovine
and caprine species, but they belong to the suborder Tylopoda.

[0015] Prochymosin is in the present context to be understood as the precurser or proenzyme
of chymosin. Prochymosin appears to possess a basic leader sequence (pro-part) on the N-
terminal side of chymosin and said leader sequence is believed to be cleaved off during
activation of the prochymosin. Furthermore in this context preprochymosin consists of
prochymosin to which is added on the N-terminal end of prochymosin a hydrophobic leader
sequence. This leader sequence, also called secretion signal or prepart, is cleaved off when
the protein is secreted. Chymosin is in the cell initially synthesised as preprochymosin. (Harris,
T.J., Lowe, PA,, Lyons, A., Thomas, P.G., Millican, T.A., Ptael, T.P., Bose, C.C., Carey, N.H.,
Doel, M.T. Nucleic acid Research 1982, April 10, 2177-2187 Molecular cloning and nucleotide
sequence of cDNA coding for calf preprochymosin.)

[0016] In an initial step of this method, a nucleic acid sequence, i.e. a polynucleotide, of non-
bovine origin that codes for pre-prochymosin, prochymosin or chymosin is provided. The
skilled artisan will appreciate that several approaches for obtaining such a sequence can be
used including one based on the isolation of mMRNA from mucosal cells of the selected source
animal species and using this RNA as template in a nucleotide amplification procedure such as
a PCR reaction using suitable sense and anti-sense primers which e.g. may be constructed
synthetically based on the known sequences for bovine chymosin species. The person of skill
in the art will appreciate that other methods for obtaining a coding sequence according to the
invention may be used such as hybridisation procedures using as probes fragments of known
coding sequences for chymosin that will permit the presence of homologous DNA or RNA to be
detected in preparations of cells of the selected non-bovine source species. Alternatively, it is
possible to construct a coding sequence based on the isolation of the non-bovine pre-
prochymosin, prochymosin or chymosin followed by determining the amino acid sequence of
the enzyme or fragments hereof which in turn permits the construction of primer
oligonucleotides for detection and construction of coding sequences. The basic techniques that
are required in the above procedures of obtaining coding sequences are generally within the
common knowledge of the skilled artisan (Sambrook et al., 1989).

[0017] Having isolated or constructed the nucleotide sequence coding for the naturally
occurring Camelus spp. pre-prochymosin, prochymosin or chymosin an expression vector is
constructed that comprises the coding sequence and, operably linked thereto, appropriate
expression signals, i.e. sequences to control or regulate the expression, permitting the pre-
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prochymosin, prochymosin or chymosin to be expressed in a selected host cell. An expression
vector usually includes the components of a typical cloning vector, i.e. an element that permits
autonomous replication of the vector in the selected host organism and one or more
phenotypic markers for selection purposes. A suitable expression vector may further comprise
one or more expression signals such as promoter sequences, operators, ribosome binding
sites, translation initiation sites and/or sequences coding for repressor or activator substances.
To permit the secretion of the expressed polypeptide, a signal sequence may be inserted
upstream of the coding sequence for the pre-prochymosin, prochymosin or chymosin. In the
present context, the term "expression signal" includes any of the above control sequences,
repressor or activator substances and signal sequences. For expression under the direction of
control sequences, the coding sequence is operably linked to the control sequences in proper
manner with respect to expression.

[0018] In accordance with the invention, an expression vector carrying the nucleotide
sequence coding for pre-prochymosin, prochymosin or chymosin can be any vector that is
capable of expressing the coding sequence in the selected host organism, and the choice of
vector type will depend on the host cell into which it is to be introduced. Thus, the vector may
be an autonomously replicating vector, i.e. a vector that exists as an extrachromosomal entity,
the replication of which is independent of chromosomal replication in the host cells, e.g. a
plasmid, a bacteriophage, a minichromosome or an artificial chromosome. Alternatively, the
vector may be a vector which, when introduced into a host cell, is integrated into the host cell
genome and replicated with the chromosome, including a transposable element.

[0019] In the vector, the nucleotide sequence coding for the naturally occurring Camelus
spp.pre-prochymosin, prochymosin or chymosin is operably combined with a suitable promoter
sequence. The promoter may be any DNA sequence, which confers transcriptional activity to
the host organism of choice and may be derived from genes encoding proteins, which are
either homologous or heterologous to the host organism. Examples of suitable promoters for
directing the transcription of the coding sequence of the invention in a bacterial host include
the promoter of the lac operon of E. coli, the tac promoter, the Streptomyces coelicolor
agarase gene dagA promoters, the promoters of the Bacillus licheniformis a-amylase gene
(amyL), the promoters of the Bacillus stearothermophilus maltogenic amylase gene (amyM),
the promoters of the Bacillus amyloliquefaciens a-amylase gene (amyQ), the promoters of the
Bacillus subtilis xylA and xyIB genes and promoters of lactic acid bacterial origin such as the
regulatable promoters disclosed in WO 94/16086..

[0020] For transcription in a fungal species, examples of useful promoters are those derived
from the genes encoding the Pichia pastoris alcohol oxidase, Aspergillus oryzae TAKA
amylase, Rhizomucor miehei aspartic protein-ase, Aspergillus niger neutral -amylase,
Aspergillus niger acid stable -amylase, A. niger glucoamylase, A. niger gpdA, A. niger pepA,
Rhizomucor miehei lipase, As-pergillus oryzae alkaline protease, Aspergillus oryzae triose
phosphate isomerase or As-pergillus nidulans acetamidase, A. nidulans gpdA and a
Trichoderma reseei chbl promoter. As examples of suitable promoters for expression in a yeast
species the Gal 1 and Gal 10 promoters of Saccharomyces cerevisiae can be mentioned.
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When expressed in a bacterial species such as E. coli, a suitable promoter may be selected
from a bacteriophage promoter in-cluding a T7 promoter or a lambda bacteriophage promoter.

[0021] The vector comprising the DNA fragment encoding the naturally occurring Camelus
spp. pre-prochymosin, prochymosin or chymosin active polypeptide may also comprise a
selectable marker, e.g. a gene the product of which complements a defect in the host
organism such as a mutation conferring an auxothrophic phenotype, or the marker may be one
which confers antibiotic resistance or resistance to heavy metal ions.

[0022] In one specific embodiment, the expression vector is derived from pGAMpR as
described in Ward et al., 1990 by substituting the coding sequence of that vector for bovine
prochymosin with a coding sequence for the non-bovine pre-prochymosin, prochymosin or
chymosin. An example of such a pGAMpR-derived expression vector is pGAMpR-C deposited
in an Aspergillus niger var. awamori host environment under the accession Nos. CBS 108915
and CBS 108916, respectively.

[0023] In a subsequent step of the method a suitable host cell is transformed with the
expression vector. The host cell may be transformed with an autonomously replicating vector
or a vector that permits that the coding sequence becomes integrated into the host cell
chromosome. Such an integration is generally considered to be advantageous as the coding
sequence is more likely to be stably maintained in the cell. Integration of the coding sequence
into the host chromosome may be carried out according to conventional methods such as e.g.
by homologous or heterologous recombination or by means of a transposable element.

[0024] In accordance with the invention, the host organism may be a plant cell. However, in
preferred embodiments, the host organism is a microbial cell, e.g. a bacterial or a fungal cell
including a yeast cell.

[0025] Examples of suitable bacterial host organisms are gram positive bacterial species such
as Bacillaceae including Bacillus subtilis, Bacillus licheniformis, Bacillus lentus, Bacillus brevis,
Bacillus stearothermophilus, Bacillus alkalophilus, Bacillus amyloliquefaciens, Bacillus
coagulans, Bacillus circulans, Bacillus lautus, Bacillus megaterium and Bacillus thuringiensis,
Streptomyces species such as Streptomyces murinus, lactic acid bacterial species including
Lactococcus spp. such as Lactococcus lactis, Lactobacillus spp. including Lactobacillus reuteri,
Leuconostoc spp. and Streptococcus spp. Alternatively, strains of a gram negative bacterial
species such as a species belonging to Enferobacteriaceae, including E. coli or to
Pseudomonadaceae may be selected as the host organism.

[0026] A suitable yeast host organism may advantageously be selected from a species of
Saccharomyces including Saccharomyces cerevisiae or a species belonging to
Schizosaccharomyces. Further useful yeast host organisms include Pichia spp. such as
methylotrophic species hereof, including Pichia pastoris, and Klyuveromyces spp. including
Klyuveromyces lactis.
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[0027] Suitable host organisms among filamentous fungi include species of Acremonium,
Aspergillus, Fusarium, Humicola, Mucor, Myceliophtora, Neurospora, Penicillium, Thielavia,
Tolypocladium or Trichoderma, such as e.g. Aspergillus aculeatus, Aspergillus awamori,
Aspergillus foetidus, Aspergillus japonicus, Aspergillus oryzae, Aspergillus nidulans or
Aspergillus niger, including Aspergillus niger var. awamori, Fusarium bactridioides, Fusarium
cerealis, Fusarium crookwellense, Fusarium culmorum, Fusarium graminearum, Fusarium
graminum, Fusarium heterosporum, Fusarium negundi, Fusarium oxysporum, Fusarium
reticulaturm, Fusarium roseum, Fusarium sambucinum, Fusarium sarcochroum, Fusarium
sporotrichiodes, Fusarium sulphureum, Fusarium torulosum, Fusarium trichothecioides,
Fusarium venenatum, Humicola insolens, Humicola langinosa, Mucor miehei, Myceliophtora
thermophila, Neurospora crassa, Penicillium chrysogenum, Penicillium camenbertii, Penicillium
purpurogenum, Rhizomucor miehei, Thielavia terestris, Trichoderma harzianum, Trichoderma
koningii, Trichoderma longibrachiatum, Trichoderma reesii or Trochoderma viride.

[0028] Examples of Aspergillus niger var. awamori strains transformed with a vector
expressing naturally occurring Camelus spp. pre-prochymosin, prochymosin or chymosin
include the strains deposited under the accession Nos. 108915 and 108916.

[0029] Some of the above useful host organisms, such as fungal species or gram positive
bacterial species, may be transformed by a process which involves protoplast formation and
transformation of the protoplasts followed by regeneration of the cell wall in a manner known
per se.

[0030] In subsequent steps the thus transformed host cell is cultivated under conditions where
the coding sequence is expressed, and the pre-prochymosin, prochymosin or chymosin is
harvested. The medium used to cultivate the transformed host cells may be any conventional
medium suitable for growing the host cells in question and obtaining expression of the
polypeptide. Suitable media are available from commercial suppliers or can be prepared
according to published recipes.

[0031] The resulting naturally occurring Camelus spp. pre-prochymosin, prochymosin or
chymosin is typically recovered or harvested from the cultivation medium by conventional
procedures including separating the host cells from the medium by centrifugation or filtration, if
necessary, after disruption of the cells, followed by precipitating the proteinaceous components
of the supernatant or filtrate e.g. by adding a salt such as ammonium sulphate, followed by a
purification step. Alternatively, the cell-free cultivation medium may also, optionally after
concentrating or diluting it or addition of conventional additives, be used directly as a coagulant
product for cheese manufacturing.

[0032] Itis generally known that polypeptides expressed by eukaryotic host organisms may be
glycosylated when expressed, the degree of glycosylation depending on the type of
polypeptide and host organism. It has been found previously that the milk clotting activity of
aspartic proteases of microbial origin that are glycosylated upon expression may be enhanced
by subjecting the proteases to a deglycosylating treatment to at least partially remove the
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sugar moieties attached to the proteases. Such a deglycosylation treatment may e.g. comprise
treating the glycosylated protease with an enzyme having a deglycosylating activity including
as examples PNGase and endo-B-N-acetylglucosaminidase (EC 3.2.1.96) (Endo-H).
Alternatively, the deglycosylation may be obtained by subjecting the glycosylated protease to a
chemical treatment, such as treatment with periodate.

[0033] Accordingly, in a specific embodiment, the above method comprises, as a further step,
that the harvested pre-prochymosin, prochymosin or chymosin is subjected to a
deglycosylation treatment.

[0034] It is also contemplated that deglycosylation of an expressed pre-prochymosin,
prochymosin or chymosin can be obtained in a more direct manner by providing a host cell that
in addition to the pre-prochymosin, prochymosin or chymosin expresses a deglycosylating
enzyme such as Endo-H whereby the initially glycosylated pre-prochymosin, prochymosin or
chymosin is deglycosylated intracellularly or following secretion. Accordingly, in a another
embodiment the host cell is a cell further expressing a deglycosylating enzyme capable of
deglycosylating co-expressed pre-prochymosin, prochymosin or chymosin.

[0035] The coding sequence of the DNA construct of the invention can be derived from any of
the above naturally occurring Camelus spp., including Camelus dromedarius. The expression
vector of the DNA construct may be any of the expression vectors mentioned above including
pGAMpR-derived vectors such as the pGAMpR-C vector as described in the below examples.
Additionally, the DNA construct according to the invention may further comprise a sequence
coding for a deglycosylating enzyme such as endoH.

[0036] The sequence of the DNA construct according to the invention that codes for a
naturally occurring Camelus spp. pre-prochymosin, prochymosin or chymosin may be a
naturally occurring coding sequence. However, as it will be appreciated by the person of skill in
the art, the coding sequence may also be one that is derived from such a naturally occurring
coding sequence by one or more silent nucleotide substitution(s), the term "silent” implying that
the codon in which the substitution(s) occur codes for the same amino acid as the
corresponding codon in the naturally occurring coding sequence.

[0037] An important objective of the invention is to provide a method of manufacturing
cheese, comprising adding a milk clotting effective amount of the above composition to cows
milk and carrying out appropriate further cheese manufacturing steps. The pre-prochymosin,
prochymosin or chymosin of the invention is suitable for cheese manufacturing processes
wherein the milk is cow's milkAn aspartic protease such as chymosin that is suitable for cheese
manufacturing should have a high specific milk clotting activity (C) and a low general, i. e. non-
specific, proteolytic activity (P) with regard to milk proteins. Accordingly, the C/P ratio should
preferably be as high as possible, as a relatively high P-value, during the cheese
manufacturing process and during maturation of the cheese will lead to the formation of low
molecular peptides and free amino acids, which in turn may confer to the finished cheese an
undesirable bitter taste and also result in a loss of cheese yield. As used herein, the term "C/P
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ratio" is defined by the methods for determining a C-value and a P-value, respectively as
described in the below examples.

[0038] As shown in the below Examples, the use of a recombinantly produced naturally
occurring Camelus spp. prochymosin or chymosin in cheese manufacturing results in a higher
yield of cheese than the yield obtained with the same amount of milk clotting activity of bovine
prochymosin or chymosin. Accordingly, in one embodiment the invention provides a cheese
manufacturing method wherein the yield of cheese obtained is higher than the yield obtained
under identical manufacturing conditions using the same amount of bovine prochymosin or
chymosin.

[0039] It is demonstrated in the below examples, that the naturally occurring Camelus spp.
pre-prochymosin, prochymosin or chymosin has a higher C/P ratio, relative to the
conventionally used bovine chymosin. Accordingly, the invention pertains in yet another aspect
to a method of manufacturing cheese, comprising adding a milk clotting effective amount of a
naturally occurring Camelus spp. prochymosin or chymosin to bovine milk and carrying out
appropriate further cheese manufacturing steps, the naturally occurring Camelus spp.
prochymosin or chymosin having in said milk a C/P ratio in the range of 2-20, preferably a C/P
ratio of at least 3, such as at least 5 or even at least 10.

[0040] In one specific embodiment such a pre-prochymosin, prochymosin or chymosin is
derived from Camelus dromedarius.

[0041] Itis a further objective of the invention to provide a milk clotting composition comprising
a milk clotting bovine enzyme selected from prochymosin, chymosin and pepsin and a naturally
occurring Camelus spp. milk clotting enzyme selected from prochymosin, chymosin and pepsin
including such a composition where the milk clotting activity ratio between the bovine and the
non-bovine milk clotting enzyme is in the range of 1:99 to 99:1, including a composition where
at least 2% of the milk clotting activity is from the non-bovine enzyme such as at least 5%,
10%, 20%, 50%, 75, 90 or 98% of the activity. In one preferred embodiment, the non-bovine
enzyme in such a mixed composition is derived from Camelus dromedarius.

[0042] There is also provided a method of manufacturing cheese from cow's milk comprising
adding a milk clotting effective amount of the above composition and carrying out appropriate
further cheese manufacturing steps.

[0043] The invention will now be described in further details in the following, non-limiting
examples and the drawings where:

Fig.1 is a map of plasmid pSK-SbXb-mut containing a glucoamylase A-chymosin B expression
cassette. A silent mutation results in a unique Pm/I site;

Fig. 2 is a map of plasmid pGAMpR-pml which is identical to plasmid pGAMpR except for a
silent mutation resulting in a unique Pm/l site;
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Fig. 3 is a map of plasmid pGAMpR-C, a camel chymosin expression construct;

Fig. 4 shows the milk clotting activity in arbitrary units in supernatants of plasmid pGAMpR-C
transformed Aspergillus niger var. awamori cultivated in shake flasks in CSL medium for 24-48
hrs at 37°C and 200 rpm,;

Fig. 5 shows the production of camel chymosin activity in pilot scale fermentation of pGAMpR-
C transformed Aspergillus niger var. awamori strain #21 and #28 as compared to production of
bovine chymosin activity using an Aspergillus niger var. awamori strain transformed with
pGAMPR;

Fig. 6 illustrates the progress of whole casein digestion over time using recombinantly
produced camel chymosin (m------- m) and bovine chymosin (------ o), respectively;

Fig. 7 illustrates the general, non-specific proteolytic activity as absorbancy of 3% TCA-
precipitated supernatant of 100 nM recombinantly produced camel chymosin (m------- m) and
bovine chymosin ( ¢ ---—--- + ), respectively in 33 nM MES, pH 5.80 using 0.5% N,N-de-
methylated bovine casein as the substrate and incubating at 32°C for 30-180 min. at different
pH;

Fig. 8 illustrates the general, non-specific proteolytic activity as absorbancy of 3% TCA-
precipitated supernatant of 100 nM recombinantly produced camel chymosin (m------- m) and
bovine chymosin ( ¢ ---—--- + ), respectively in 33 nM MES, pH 5.80 using 0.5% N,N-de-
methylated bovine casein as the substrate and incubating at 32°C for 30-180 min. at different

Ca2* concentrations:

Fig. 9 illustrates the general, non-specific proteolytic activity as absorbancy of 3% TCA-
precipitated supernatant of 100 nM recombinantly produced camel chymosin (m------- m) and
bovine chymosin ( ¢ ---—--- + ), respectively in 33 nM MES, pH 5.80 using 0.5% N,N-de-
methylated bovine casein as the substrate and incubating at 32°C for 30-180 min. at different
temperatures; and

Fig. 10 shows peptide and protein concentration in 50 yl of the soluble phase of a coagulum of
reconstituted bovine skimmed milk coagulated for 5, 60 and 1320 min., respectively with 65

mIMCU ml! recombinantly produced camel chymosin (m------- m) and bovine chymosin (------
+), respectively, measured as absorbancy at 280 nm, and diluted in 950 pl of 8M guanidine-
HCI.

EXAMPLE 1

Construction of a vector for the expression of camel chymosin
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[0044] Unless indicated otherwise, recombinant DNA techniques were according to Sambrook
et al., 1989.

1.1 Cloning of Camelus dromedarius chymosin gene

[0045] A DNA sequence containing a camel prochymosin (cd-prochymosin) coding sequence
and adjacent 5' and 3' sequences of the pGAMpR vector (Ward et al., 1990) was amplified by
PCR. The pGAMpR vector comprises, as a selection marker, the pyr4 gene of Neurospora
crassa, which is capable of complementing a pyrG mutation in a recipient strain. mRNA was
isolated from mucosal tissue of a 3 year old camel using a direct mMRNA Kit (Quiagen, D-40724
Hilden, Germany). Based on this isolated mRNA, a cDNA template for PCR was generated by
reverse transcription. For PCR amplification the following pair of primers were used:

cd-prochymosin forward:

Pml
5'-cacgtggcggAGTGGGATCACCAGGATCCCTCTG-3' (SEQ ID NO:1)

cd-prochymosin reverse:

Xbal
5'-tctagaggaTCAGATGGCCTTGGCCAGCCCCACG-3' (SEQ ID NO:2)

[0046] The PCR product was ligated into a pCR-script vector (Stratagene, La Jolla, CA)
according to the manufacturer's recommendations.

1.2 Construction of cd-prochymosin expression vector, pPGAMpR-C

[0047] For construction of pGAMpR-C, a Spel-Xbal fragment containing a fusion between the
Aspergillus niger glucoamylase and the Bos taurus prochymosin coding sequences was
isolated from pGAMpR. This fragment was cloned into pBluescript-SK Il+, resulting in vector
pSK-SpXb.

[0048] A silent mutation was introduced into pSK-SpXb by oligonucleotide-based mutagenesis
in the 3'-region of the glucoamylase to create a unique site for Pm/l, resulting in plasmid pSK-
SpXb-mut (Figure 1). The following pair of oligonucleotide primers was used (bases
introducing the mutation in the vector are shown in capitals):

5'-gcgacggtgactgacacGtggecgggcagaaataac-3' (Pm/I mutation forward) (SEQ ID NO:3)

5'-gttatttctgccegecaCgtgtcagtcaccegtege-3' (Pm/l mutation reverse) (SEQ ID NO:4)
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[0049] The Spel-Xbal fragment from pSK-SpXb-mut was used to replace the corresponding
fragment in pGAMPpR, resulting in pGAMpR-pmlI (Figure 2). pGAMpR-pml was digested with
Pm/l and Xbal and the camel cDNA clone, digested with the same restriction enzymes, was
inserted, resulting in pGAMpR-C (Figure3). The sequence of the glucoamylase-camel
prochymosin fusion in pGAMpR-C was confirmed on both strands.

[0050] Accordingly, the Aspergillus expression vector plasmid pGAMpR-C is identical to
pGAMpR, the expression plasmid used for expression of bovine chymosin, except that the
prochymosin coding sequence is that isolated from Camelus dromedarius. When expressed
and secreted, the camel prochymosin is converted into chymosin by autocatalytical cleavage of
the pro-sequence.

EXAMPLE 2

Transformation of Aspergillus niger var. awamori with pGAMpR-C

[0051] For these transformation experiments, a derivative of Aspergillus niger var. awamori,
strain dgr246pyrG (Ward et al., 1993) was used as recipient. This strain is a derivative of
Aspergillus niger var. awamori strain GCI-HF 1-2dgr246 having a pyrG mutation, rendering the
strain incapable of growing in the absence of uridine, and which comprises several copies of
the pGAMpR plasmid. The derivative strain, dgr246pyrG used as recipient is derived by curing
the pyrG mutant parent strain for all copies of pGAMpR.

[0052] The dgr246pyrG strain has been deposited under the Budapest Treaty with the
Centraalbureau voor Schimmelcultures (CBS), Oosterstraat 1, P.O. Box 273, 3740 AG Baarn,
The Netherlands, on 13 June 2000 under the accession No. CBS 108914.

[0053] An optimised protocol as developed by Chr. Hansen A/S was applied for transformation
of the "cured" Aspergillus strain. This protocol comprises the steps of providing a liquid culture
medium, propagation of fungal biomass, generation of protoplasts and transformation including
regeneration of protoplasts and selection of transformants.

2.1 Propagation of fungal biomass

[0054] 50 ml of CSL medium [per litre: corn steep liquor, 100 g; NaHoP0O4.2H20, 1 g; MgSQy,

0.5 g; Mazu antifoaming agent, 2g, maltose, 100 g, glucose, 10 g, fructose, 50 g, water 736.5
g] is added to a sterile 250 ml flask, 0.5 ml penicillin/streptomycin supplement (Gibco-BRL

#15140-114)] is added and the medium inoculated with 10% spores per ml. The inoculated
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medium is cultivated overnight at 34-37°C at 200-250 rpm to obtain a dense suspension of
mycelium. 10 ml of this pre-culture is transferred to 100 ml complete Aspergillus medium in a
500 ml flask without baffles, incubation overnight at 34-37°C at 200-250 rpm to obtain a
mycelial biomass.

2.2 Generation of protoplasts

[0055] Mycelium as obtained in the above step is filtered over sterile myracloth, washed with
sterile water and subsequently with 1700 mOsmol NaCl/CaCl, (0.27 M CaCl,.2 Ho0O, 39.7 g/l;

0.58 M NaCl, 33.9 g/l), gently squeezed dry and transferred to a Falcon tube to determine the
weight and left to stand on ice.

[0056] 20 mI 1700 mOsmol NaCl/CaCls per g mycelium is added to resuspend the mycelium
followed by adding 50 mg Sigma L-1412 Trichoderma harzianum Lytic Enzyme per g mycelium
dissolved in a small volume of 1700 mOsmol NaCl/CaCly, incubation in an Erlen-meyer flask at
100 rpm, 37°C for about 4 hrs during which period the mycelium is repeatedly resuspended
every 30 minutes.

[0057] When good protoplasting is obtained, i.e. many free protoplasts occur and with hardly
any intact mycelium left, the mixture is filtered on ice, using Mesh sheet or myracloth and an
equal volume of ice cold STC1700 (1.2 M sorbitol, 218 g/l; 35 mM NaCl, 2.04 g/l, 10 mM
Tris.HCI pH 7.5 and 50 mM CaCly.2 HyO, 7.35 g/l) is added. The number of protoplasts is

counted using a glass Burger-Turk chamber. The protoplast suspension is spun using a bench
top centrifuge at 2,000 rpm at 4°C. The resulting pellet is resuspended very gently in 20 ml ice
cold STC1700. This washing procedure is repeated twice and the final pellet is resuspended in

ice cold STC1700 to a final concentration of about 1 x 108 protoplasts per ml followed by

adjustment to 1 x 102 protoplasts per ml.

2.3 Transformation

[0058] 200 pl (2x107 protoplasts), 2 pl of 0.5 M ATA (0.5 M aurine carboxylic acid (Sigma) in
20% ethanol) and DNA (comprising a marker) up till 15 pl, typically 5-10 ug of DNA, is mixed in
a 12 ml test tube. As control a corresponding mixture, but without DNA is used. The
transformation mixtures are incubated on ice for 25 min. followed by adding a first drop of 250
pl PTC (60% PEG 4000; 10 mM Tris.HCI pH 7.5; 50 mM CacCl2) by tipping the tube a couple of
times without letting the mixture touch the lid and a second drop of 250 pl, mixing and adding
850 pl followed by mixing. Each tube is incubated at room temperature exactly 20 min. followed
by filling the tubes with ice cold STC1700 and mixing by reverting the tubes. The mixture is
centrifuged for 8-10 min. using a bench top centrifuge at 2000 rpm at 4°C. The resulting pellet
is dissolved gently in about 400-800 pl STC1700.



DK/EP 2365069 T3

2. 4 Regeneration and selection of transformants

[0059] The transformation mixture is spread onto solid selective regeneration medium plates
containing per | medium: agar, 15 g; sorbitol, 218 g; AspA salts 50x (per litre: 300 g NaNQO 3, 26

g KCI, 76 g KHoPQy4, 18 ml 10 M KOH, pH about 6.5); glucose 50%, 20 ml; Gibco-BRL #15140-
114 Pen-Strep, 10 ml; MgSQO4, 2 ml; trace elements (2.2 g ZnS0O4, 1.1 g H3BO3, 0.5 g
MnCl,.7H20, 0.5 g FeS04.7H20, 0.17 g CoCl,.6H>0, 0.16 CuS04.5H50, 0.15 NaMo0O4.2H50,

5 g EDTA, water to 100 ml, pH 6.5), 1 ml. The plates are incubated at 37°C for 5-10 days and
transformants selected.

[0060] About 80 transformants were obtained and spores of these transformants were
obtained.

EXAMPLE 3

Production of camel chymosin using recombinant Aspergillus niger var. awamori

3.1 Selection of transformants producing high amounts of chymosin

[0061] To select the transformants that produced the most chymosin, a small scale (20 ml)
shake flask experiments with 45 transformants was carried out. 20 ml of CSL medium (see

above) was inoculated with 1 x 108 spores of each transformant, incubation 24-48 hrs at 37°C
and 200 rpm. 2 ml of these precultures was used for inoculation of 20 ml medium followed by
incubation for 10 days at 37°C, 200 rpm. After incubation the cultures were centrifuged at
14,000 rpm using an Eppendorf centrifuge and the clear supernatants were collected and
stored at -20°C until determination of chymosin activity. As controls, both the recipient strain
and an Aspergillus niger var. awamori production strain for bovine chymosin, dgr246chlor25
(Dunn-Coleman et al., 1991) containing the pGAMpR (spores of this strain used as inoculum
material is referred to herein as PIM2075) were included.

[0062] The results of these experiments are summarised in Figure 4. It appears that 5 of the
tested strains produced in excess of 40 arbitrary units per ml supernatant. Among the tested
transformants, the best producers were strains #21 and #28.

[0063] A sample of the strains #21 and #28 were deposited under the Budapest Treaty with
the Centraalbureau voor Schimmelcultures (CBS), Oosterstraat 1, P.O. Box 273, 3740 AG
Baarn, The Netherlands, on 13 June 2000 under the accession Nos. 108915 and 108916,
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respectively.

[0064] A colony PCR experiment was carried out to verify that the chymosin produced by the
transformants in fact was camel chymosin. Mycelium of the transformants was analysed using
two primer sets, one specific for bovine chymosin and one specific for camel chymosin. It was
confirmed that all transformants only contained the Camelus dromedarius gene in that no
bands were observed in any of the transformants using the bovine primer set, but bands were
generated in all of the transformants when the camel chymosin primer set was used. Both the
cured recipient strain and the bovine chymosin production strain were tested similarly. No
bands could be observed with either primer set when the cured strain was tested whereas the
control production strain yielded PCR products only with the bovine chymosin primer set.

3.2 Pilot scale production of camel chymosin

[0065] The two best produces from the above small scale screening procedure were tested
further for their chymosin production capabilities in 19 | Bioengineering NLF22 fermentors. As a
control, an Aspergillus niger var. awamori strain transformed with pGAMpR, referred to as
PIM2075 was tested similarly.

[0066] The basic medium used in this experiment had the following composition per litre: Dan-
pro™ soya, 44.68 g; KHoPO4, 1.06 g; Mazu DF204K antifoaming agent, 1.00 g; MgS04.7H50,

2.07 g; NaHoPO4.2H50, 1.20 g; (NH3)oPOy4, 17.29 g; HoS04 38%, 0.80 ml, water to | litre. A

35% aqueous solution of maltose was used as the carbon source and to maintain the pH at the
pre-set value, a 25% NH3 solution was used. The fermentation parameters were the following:

pH: 5.5; temperature: 35°C; agitation: 600 rpm; air supply: 12 | per min.; overpressure: 0.5 bar.

[0067] During 164 hrs of fermentation, the concentration of camel and bovine chymosin
activity, respectively was determined at intervals in the fermentation broths. The results are
summarised in Figure 5. As it appears, the yield of camel chymosin activity from both
transformant strains was, during the entire fermentation period, significantly higher than that of
bovine chymosin. At the end of the fermentations, the chymosin milk clotting activity yield of
recombinant strains #21 and #28 was 361 and 343 arbitrary units, respectively, whereas the
yield of bovine chymosin activity produced by PIM2075 was 215 arbitrary units, i.e. the
recombinant strains expressing Camelus dromedarius chymosin produced about 70% more
chymosin activity than the bovine chymosin producing strain did under identical production
conditions.

EXAMPLE 4

Non-specific proteolytic activity of recombinant Camelus dromedarius chymosin
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[0068] In this experiment, the general (non-specific) proteolytic activity (P-value) of
recombinantly produced Camelus dromedarius chymosin (Cd chymosin) as obtained in
Example 3 on bovine whole casein was studied. For comparison, a recombinantly produced
bovine chymosin, ChyMax™ (Bt chymosin) was included. The P-value was tested over time and

the effect on the proteolytic activity of Ca?* and pH, respectively, was studied.

4.1 Assay

[0069] Unless otherwise stated, the activity reactions were done under the following
conditions: 0.5% N,N-dimethylated bovine casein (Sigma C9801), 100 nM chymosin in 33 nM
MES, pH 5.80 at 32°C for 30 min. to 180 min. The absorbency of 3% TCA supernatants was
measured at 280 nm. The conditions for the activity reactions were selected so as to include
those of a conventional cheese manufacturing process in respect of substrate to be analysed,

concentrations of substrate and enzyme, temperature (30-35°C), pH (about 6.6), CaZ*
concentration (0-2 nM) and reaction time.

4.2 Results

[0070] Over a time period of 180 min., the P-value of the Bt chymosin increased progressively
to an Aygg of about 0.5 whereas, during the reaction period the Cd chymosin showed a much

lower non-specific proteolytic activity, ending at an Aygg of about 0.1 (Figure 6).

[0071] The effects of pH in the range of 5.4-6.8, Ca?* concentration in the range of 0-8 mM
and the temperature in the range of 30-65°C, on the non-specific proteolytic activity of Cd
chymosin and Bt chymosin, respectively are summarised in Figures 7-9. As it appears, the
non-specific proteolytic activity of the Camelus dromedarius chymosin was generally
significantly lower that that of the bovine chymosin under all test conditions used.

[0072] A higher non-specific proteolytic activity was observed when the pH of the assay was

lowered (Figure 7). The relation of the P-values between camel and bovine chymosin
remained substantially constant over the pH range studied.

EXAMPLE 5

The milk clotting activity of recombinant Camelus dromedarius chymosin

[0073] In this experiment, the milk clotting activity (C-value) of the recombinant Cd chymosin
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of the invention was studied at 32°C using as substrate 10% (w/v) low heat spray-dried bovine
skimmed milk (Hochdorf). The concentration of Cd chymosin used was 3.1 nM. For
comparison, the C-value of recombinant Bt chymosin (ChyMax™) at a concentration of 5.4 nM
(same milk clotting activity in IMCUs as the Cd chymosin) was determined under the same
conditions. The milk clotting activity and final curd strength were determined. In addition, the

effect of changes in pH and Ca2* concentration on the milk clotting activity of both enzymes
was determined. The results of these experiments can be summarised as follows:

[0074] The milk clotting activity of the camel chymosin is less affected by changes in pH and

Ca?* concentration. The average clotting activity (C) per mole of camel chymosin was about
170% of the activity per mole of the bovine chymosin. Under typical cheese manufacturing
conditions as described above, the camel chymosin C-value is about 180% of the
corresponding value for bovine chymosin. The final milk curd strength was essentially the
same for both enzymes, indicating similar clotting and syneresis reactions.

[0075] Based on the results in this Example and those found in Example 4, the C/P ratio for
camel chymosin can be estimated, relative to that for bovine chymosin. These data are
summarised in the below table 5.1 which also shows corresponding data for porcine chymosin,
bovine pepsin B and two microbial aspartic proteases:

Table 5.1. Milk clotting activity, non-specific proteolytic activity and C/P value for porcine
chymosin, bovine pepsin B and two microbial aspartic proteases:

Milk clotting activity (% { Non-specific proteolytic C/P value
of bovine chymosin) activity (% of bovine
chymosin)

Bovine 100 100 1.00
chymosin

Camel 170 25 7.00
chymosin

Porcine 25 12 210
chymosin

M. pusillus 33 147 0.22
protease

M. miehei 19 149 0.13
protease

Bovine pepsin 124 2731 0.05
A

[0076] These data shows that among the listed aspartic proteases, recombinant camel
chymosin has the highest milk clotting activity and the second lowest non-specific proteolytic
activity on bovine casein, resulting in by far the highest C/P value among these proteases. In
particular, it is significant that in respect of these parameters, camel chymosin outperforms the
commercial recombinant bovine chymosin significantly.
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EXAMPLE 6

Determination of the amount of enzymatic digests and whey protein in the soluble
phase of milk coagulum using recombinant Camelus dromedarius (Cd) chymosin or
ChyMax™ (Bt chymosin)

[0077] 10% (w/v) spray-dried bovine skimmed milk was dissolved in 50 mM MES, 1 mM
CaCly, pH 5.6. The milk was coagulated with 65 mIMCU ml! of the respective recombinant

chymosin preparations, i.e. recombinant Camelus dromedarius (Cd) chymosin or ChyMax™
(Bt chymosin) for 5, 60, 180 and 1320 min., respectively. The formed coagula were centrifuged
at 20,000 x g at 4°C for 5 min. Fifty yl of the supernatant containing breakdown products of
enzymatic digests and whey proteins was diluted in 950 pl of 8M guanidine-HCI, pH 6.5 and
the absorbancy at 280 nm was measured.

[0078] The results are summarised in Figure 10. As it appears, the amount of peptides and
protein was highest in supernatants derived from coagulation with the bovine chymosin,
indicating that the camel chymosin under milk clotting conditions has less non-specific
proteolytic activity than bovine chymosin.

EXAMPLE 7

Coagulation of raw cow's milk and camel milk using recombinantly produced
recombinant Camelus dromedarius (Cd) chymosin or ChyMax™ (Bt chymosin)

[0079] Raw milk was stored for two days at 4°C. Milk samples (10 per analysis) were

coagulated with 65 mIMCU ml!. The rennet coagulation time (r[min]) and the curd strength of
the coagula (Agg[mm]) were determined. Curd strength was determined using a Formagraph

device (Foss Electric, Hillerad, Denmark). The results are summarised in Table 7.1.

[0080] Dilutions of camel and bovine chymosin adjusted to the same clotting activity on bovine
spray-dried skimmed milk in 1 mM CaCl, showed activity on raw bovine milk which was
similarly higher (shorter rennet coagulation time) for both enzymes, relative to the activity on
the spray-dried bovine milk. The strength of the final curd of bovine milk was slightly higher
when using the camel chymosin. Bovine chymosin hardly had any renneting activity on raw
camel milk, whereas camel chymosin showed a high activity resulting in a curd of medium curd
strength.

Table 7.1. Rennet coaqgulation time and curd strength using bovine or camel chymosin
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Enzyme Milk r[min] Agolmm]

Bt chymosin Bovine raw milk 12.34 48.94
Cd chymosin Bovine raw milk 12.20 50.56
Cd chymosin Bovine skimmed milk 22.07 37.96
Bt chymosin Camel raw milk 59.45 0.40
Cd chymosin Camel raw milk 12.66 18.24
EXAMPLE 8

Examination of the proteolytic activity of recombinant Camelus dromedarius (Cd)
chymosin and ChyMax™ (Bt chymosin)

[0081] Two synthetic peptidases, which correspond to the chymosin sensitive regions of
camel- and bovine k-casein (CN), were proteolytically cleaved with bovine and camel
chymosin, respectively. Ky and kg5 were determined at pH 5.6. Additionally, temperature and

pH optima of these reactions were measured. The two following synthetic peptides were used
in this study:

Synthetic peptide corresponding to bovine k-CN

[0082] NHo-His-Pro-His-Pro-His-Leu-Ser-(p-NOs)Phe~Met-Ala-lle-COOH (SEQ ID NO:5)

Synthetic peptide corresponding to camel k-CN

[0083] NH>-Arg-Pro-Arg-Pro-Arg-Pro-Ser-(p-NOs)Phexlle-Ala-lle-COOH (SEQ ID NO:6)

o fissile bond

[0084] The measurement of samples was repeated 3 to 6 times, the Michaelis-Menten and
the turnover values were determined from Lineweaver-Burke plots with weighted linear
regression of data.

[0085] The results are summarised in Table 8.1
Table 8.1 .Summary of results

Bt Chymosin Cd Chymosin
Kw for Bt k-CN 0.165 + 0.015/-0.014 mM {0.077 + 0.019/-0.015 mM




DK/EP 2365069 T3

Bt Chymosin Cd Chymosin
Kcat for Bt k-CN 443 +1.3/-1.2s2 11.7 +1.5/-1.2 s
Ky for Cd k-CN 0.134 + 0.022/-0.021 mM {0.056 + 0.035 / -0.021 mM
Keat for Cdk-CN 43+0.2/-0.1s2 51+17/-1.0s"
Temp. optimum (Bt k-CN ~42°C ~42°C
Temp. optimum (Cd k-CN) {~58°C ~47°C
pH optimum (Bt k-CN) ~4.9 ~5.1

[0086] Marked differences were found when the enzymes were examined for proteolytic
activity towards two synthetic peptides representing part of the chymosin sensitive regions of
bovine and camel k-casein. The substrate binding of camel chymosin was found to be about
double as high (half Ky, value) as the substrate binding of bovine chymosin and the turnover

rate of camel chymosin against the bovine k-CN peptide was about four times lower than the
turnover rate of bovine chymosin.

[0087] These findings may explain the higher C/P ratio found for camel chymosin in Example
5. Since the fissile bond of k-CN represents only a small fraction of the fissile sites in milk
proteins, a higher specific binding of the target molecule, and a low non-specific proteolytic
activity, effecting self-inhibition of the enzyme and subsequent activation by the target
molecule, will lead to a high C/P ratio. Furthermore, similar temperature and pH optima were
found for proteolysis of the Bt k-CN peptide, and the temperature optima for the Cd k-CN
peptide were found to be markedly higher, mainly the one of bovine chymosin.

EXAMPLE 9

Determination of the cheese yield using ChyMax™ (FPC) and camel chymosin (FPCC)

9.1 Introduction

[0088] The effect of milk clotting enzymes on cheese yield is a characteristic of great
commercial importance. Careful measurement of the level of dry matter in whey is used as a
method of comparing the effect of enzymes on cheese yield. In this study the cheese yield
obtained by using the commercial product ChyMax™ (FPC) and the fermented produced
camel chymosin (FPCC), both of Chr. Hansen A/S origin, were compared.

9.2 Materials and methods
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9.2.1 Milk clotting enzymes

[0089] The milk clotting enzymes used were FPC (batch no. 2114475, 198 IMCU/mI) and
fermented produced camel chymosin, FPCC, (batch no. SR 30.05.00, 234 IMCU/mI). The
amounts used were such that a cutting time of 30 minutes were obtained. Dosages were kept
constant throughout the study. Variation in the coagulability of the milk were compensated by
varying cutting times.

9.2.2 Cheese making in beakers

[0090] Whole pasteurised non-homogenised milk from Aria Foods, Slagelse, Denmark, was
used. The cheese making procedure is summarised in Table 9.1. 4000 g of milk was added to
a 5-litre beaker. GluconoDeltaLactone (GDL) from "DAN BOUQUET" was added in an amount
of 3,200 g. 1,600 g of CaCly, was added. Cutting took place after about 30 min. Curd and whey

were transferred to cheesecloth after healing and stirring for 30 min, and left to drain overnight.
Both milk clotting enzymes were used in each of the 16 trials.

9.2.3 Sampling and analysis

[0091] Well mixed total whey was filtered through a layer of gauze to remove cheese dust. Dry
matter was determined by drying about 25 g of whey on lapis pumices p.a. for 4 hours at a
temperature of 110°C. The analyses were done in duplicate.

9.2.4 Statistical analysis

[0092] A paired students t test was used on n = 16 differences in total dry matter of the whey,
using

t = Kenean/S2/ n)‘/é

as an estimate,

t16(90%) = 1,34, 115(95%) = 1,75, 115(99,5%) = 2,92

9.3 Results and discussion

[0093] Table 9.1 summaries some parameters for the cheese making procedure. Recovery of
milk as cheese and whey was over 99%. Clotting activity of 140 IMCU FPC and 140 IM-CU
FPCC, respectively, were used for all beakers. Cutting time was in average 30 min.
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Table. 9.1 Cheese making parameters

Parameter mean n s
Milk, amount in g{4000 16 jconstant
GDLing 3,200 16 {constant
Milk coagulating enzyme FPC 8 constant
IMCU/4 FPCC 8 constant

CaCly/ g 1,60 16

Time, min.
acidification 30 constant
cutting time 2
healing time constant
stirring 25 constant
scooping 1 constant
scooping to 60 constant
press

pH
milk 6,66
setting 6,40
whey n.d

Temperature,

°C
setting 31,5

Weights, g
milk 4000 constant
whey 3350
curd 610

[0094] Table 9.2 summaries the results on the individual cheese ftrials, in particular dry matter
(DM) in the whey, with delta-dry-matter calculated as the difference between FPC amount of
whey times DM% deducting FPCC amount of whey times DM%. Average dry a matter was
found to be 221,4156 g in FPC whey and 221,8666 g in FPCC whey.

Table 9.2 Results of the individual cheese trials

No.{ Date Type {Recoveryi Dry matter Total dry Delta § Delta total
of in whey (%){ matter in dry dry matter
rennet whey matter
28.11.00§ FPC 98.69 6.639 221.32
1 §128.11.00{ FPCC § 98.74 6.606 220.71 0.03304 § 0.60581
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No.{ Date Type {Recovery| Dry matter Total dry Delta j{ Delta total
of in whey (%)i{ matter in dry dry matter
rennet whey matter
29.11.00{ FPC 98.89 6.685 222.14
2 {29.11.00§ FPCC { 99.00 6.681 222.66 0.00433 § -0.51101
30.11.00{ FPC 98.38 6.641 220.62
3 {30.11.00{ FPCC ; 98.62 6.602 220.85 0.03898 §{ -0.22351
04.12.00§ FPC 99.27 6.610 223.60
4 104.12.00f{ FPCC ; 98.87 6.628 223.22 -0.01807§ 0.38949
05.12.00§ FPC 98.80 6.613 222.36
5 §05.12.00§ FPCC ; 98.71 6.635 222.41 -0.02205§ -0.04471
06.12.00§ FPC 99.02 6.446 217.65
6 §06.12.00§ FPCC | 98.95 6.570 221.32 -0.12420} -3.67446
07.12.00§ FPC 98.81 6.365 213.15
7 {07.12.00§ FPCC { 98.61 6.442 214.95 -0.07644{ -1.79965
12.12.00§ FPC 98.81 6.520 218.35
8 §12.12.00§ FPCC { 98.61 6.508 217.15 0.01279{ 1.19616
13.12.00§ FPC 98.88 6.611 223.18
9 §13.12.00{ FPCC { 98.82 6.614 222.48 -0.00290;{ 0.70228
15.12.00§ FPC 98.78 6.665 222.37
10 {15.12.00§ FPCC ; 98.87 6.688 223.31 -0.02258 -0.94070
20.12.00§y FPC 98.23 6.685 221.63
11 §20.12.00{ FPCC { 98.26 6.636 219.32 0.04856 § 2.31351
21.12.00§ FPC 98.13 6.46 215.13
12 {21.12.00{ FPCC ; 98.40 6.50 217.58 -0.04364; -2.45507
16.01.01§ FPC 98.70 6.752 223.83
13 {16.01.01{ FPCC; 98.73 6.814 226.32 -0.06126§ -2.49389
17.01.01§ FPC 98.73 6.801 226.43
14 {17.01.01§ FPCC§ 98.73 6.747 225.99 0.05351§ 0.43229
18.01.01§ FPC 98.49 6.695 221.48
15 {18.01.01{ FPCC { 98.63 6.725 222.01 -0.02969; -0.52480
09.02.01§ FPC 08.88 6.867 229.39
16 {09.02.01§ FPCC §{ 99.08 6.854 299.58 0,01354 § -0.18775
FPC AVG 6.628 221.4156 {-0.0123 } -0.4510
FPCC}i AVG 6.641 221.8666
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No.{ Date Type {Recovery| Dry matter Total dry Delta j{ Delta total
of in whey (%)i{ matter in dry dry matter
rennet whey matter
So 0.0467 1.4837

Xmean ON delta-dry-matter was found to be 0,4510, s, to be 1,4837 and n = 16, and thus an
estimate for t can be calculated as:

ty= 0,4510/(1,4837/16),, = 1,4811

which shows that the hypothesis that there is no differences between the dry matter losses of
FPC and FPCC can be rejected with more than 90% probability.

[0095] Speculatively, the difference in dry matter of 0,4510 g could give cause to a cheese
weight of 1 g or a cheese yield increase of 0,16% or 1,6 %o.

[0096] In summary, the sixteen paired laboratory cheese ftrials, each using ChyMax™ (FPC)
and fermented produced camel chymosin (FPCC) were compared and it was found with more
than 90% probability that fermented produced camel chymosin gives lower dry matter loss to
whey, reflecting an expectation of a higher cheese yield.
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SEQUENCE LISTING

[0098]

<110> Stefan Kappeler

Zakaria Farah

Johannes Maarten van den Brink
Henrik Rahbek-Nielsen

Peter Budtz

<120> Method of producing non-bovine chymosin
and use hereof

<130> P10039US01

<150> US 09/705,917
<151>2000-11-06

<160> 6
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 34

<212> DNA

<213> artifical sequence

<220>
<223> Primer for PCR amplification

<400> 1
cacgtggcygg agtgggatca ccaggatcece tetg
34
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<210>2

<211> 34

<212>DNA

<213> Atrtificial Sequence

<220>
<223> Primer for PCR amplification

<400> 2

tctagaggat cagatggect tggccagecce cacy
34

<210> 3

<211> 35

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Oligonucleotide primer for oligonucleotide-based mutagenesis

<400>3

gcgacggtga ctgacdcgtg gegggcagaa ataac
35

<210>4

<211> 35

<212> DNA

<213> Artficial sequence

<220>
<223> Oligonucleotide for oligonucleotide-based mutagenesis

<400> 4
gttatttcty cccgeecacyt gtecagtcace gtege
35

<210>5
<211>11

<212>PRT
<213> Atrtificial Sequence

<220>
<223> Chymosin hydrolises the peptide bond between nitrophenylalanine and Met.

<221> VARIANT
<222>8
<223> Xaa = nitrophenylalanine

<400> 5
His Pro His Pro His Leu Ser Xaa Met Ala Ile
1 5 10
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<210>6

<211> 11

<212>PRT

<213> Atrtificial Sequence

<220>
<223> Chymosin hydrolises the peptide bond between nitrophenylalanine and lle.

<221> VARIANT
<222>8
<223> Xaa = nitrophenylalanine

<400>6
Arg Pro Arg Pro Arg Pro Ser Xaa Ile Ala Ile
1 5 10
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PATENTKRAV

1. Fremgangsmade til fremstilling af ost, hvilken fremgangsmade omfatter tilsaetning af
en meaelkekoaguleringseffektiv maengde af en sammensaetning omfattende et ikke-

bovint chymosin, som er fremstillet ved en fremgangsmade, der omfatter trinnene

(i) isolering eller konstruktion af en nukleinsyresekvens, der koder for pree-
prochymosin, prochymosin eller chymosin, hvor den kodende sekvens er natur-
ligt forekommende og afledt af en pattedyrsart, der er valgt fra gruppen besta-

ende af Camelus-arter,

(i) konstruktion af en ekspressionsvektor, som omfatter den kodende sekvens
og operativt forbundet dermed passende ekspressionssignaler, der gar det mu-

ligt at udtrykke prae-prochymosin, prochymosin eller chymosin i en veertscelle,

(iii) transformation af veertscellen med ekspressionsvektoren, hvor den trans-
formerede veertscelle er valgt fra gruppen bestadende af en bakteriecelle, en
svampecelle (sasom en Aspergillus niger var. awamori-celle), en geercelle og

en plantecelle,

(iv) dyrkning af den saledes transformerede vaertscelle under betingelser, hvor

den kodende sekvens udtrykkes, og
(v) hgstning af chymosinet,

og udfgre passende yderligere ostefremstillingstrin, hvor maelken er komaelk.

2. Fremgangsmade til fremstilling af ost, hvilken fremgangsmade omfatter tilsaetning af
en meelkekoaguleringseffektiv maengde af et ikke-bovint prochymosin eller chymosin til
meelken og udfgre passende yderligere ostefremstillingstrin, idet det ikke-bovine pro-
chymosin eller chymosin i maelken har et C/P-forhold i omradet 2-20, hvor prochymosin
eller chymosin er naturligt forekommende og afledt af Camelus dromedarius, og hvor

maelken er komaalk.
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