
C L A I M S 1.     A process for producing recombinant polypeptides or
proteins by:         1)   cultivating a food grade host organism under
conditions whereby expression of at least an              AFP-encoding
nucleic acid sequence occurs or              is induced, said nucleic acid
sequence being              comprised  in  a  DNA  construct,  said  DNA
construct not being present in the native host              organism and
said DNA construct comprising in              the order given
(a)  a strong, optionally inducible, promoter                    active in
the host organism,               (b)  an ATG start codon, that may be
present                    in an optional DNA signal sequence
capable  of  secreting  the  protein                    produced by the
host organism during                    expression of the APP-encoding
nucleic                    acid sequence of (c) below, which signal
sequence   can   be   homologous   or                    heterologous to
the AFP-encoding nucleic                    acid sequence and is in reading
frame                    with the ATG start codon,               (c)  at
least  one  nucleic  acid  sequence                    encoding an amino
acid sequence having                    at least 80% homology to that of
AFP                    type III-protein HPLC 12, said nucleic
acid sequence in reading frame with the                    ATG start codon,
and optionally              (d)  a stop codon bound to the 3' end of the
AFP-encoding nucleic acid sequence,              and optionally        2)
collecting the product expressed from the              AFP-encoding nucleic
acid sequence obtained              therefrom.   2.     A process according
to claim 1, wherein the DNA                    construct comprises a signal
sequence for the host         organism enabling secretion of the expression
product         of the nucleic acid sequence encoding an amino acid
sequence Having at least 80k homology to that of AFP         type
III-protein  HPLC  12  by  the  host  during         cultivation of the
host.   3.     A process according to claim 1, wherein the host
organism is a microorganism.   4.     A process according to claim 3 ,
wherein the host         organism is a yeast.   5.     A process according
to claim 1, in which the DNA         signal sequence is the DNA
pre-sequence of the [err]-         mating factor of S. cerevisiae.   6.
A process according to claim 1, in which the promoter         is an
inducible GAL 7 promoter or a constitutive         GAPDH promoter of
Saccharomyces cerevisiae.   7.     A food grade recombinant host organism
obtainable by        a process of claim 1.   8.     Substantially pure and
isolated recombinant foodgrade        polypeptide or protein having an
amino acid sequence        having at least 80% homology to that of AFP type
III-        protein HPLC 12.   9.     Food product or biological material
comprising a        polypeptide or protein with amino acid sequence
having at least 80% homology to AFP-type III HPLC 12        and/or a host
organism capable of expression of a        recombinant polypeptide or
protein with an amino acid        sequence having at least 80% homology to
that of AFP        type III HPLC 12, said food product or biological
material not being an edible organism naturally
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comprising said polypeptide or protein in said form         or amount.
10.     A product according to claim 9 wherein the product is         a
product destined to be frozen.   11.     A product according to claim 10,
wherein the product         is ice cream.   12.    A product according to
claim 10, wherein the product         is a frozen dough or frozen bakery
product.   13.    A  product  according  to  claim  9,  wherein  the
biological material is an animal organ or tissue or         a plant.   14.
A  product  according  to  claim  9,  wherein  the         polypeptide or
protein is a recombinant polypeptide         or protein.   15.    A
product  according  to  claim  9,  wherein  the        polypeptide or
protein is a foodgrade polypeptide or        protein.          WO 97/02343
PCT/EP96/0236                                   -4-         specific
activity when compared to the AFP preparation        isolated from Ocean
Pout blood. This low activity could        possibly be due to incorrect
folding of the peptide or due        to an inherently lower specific
activity of the HPLC-1  5    variant. It certainly did not look promising
to continue        this line of research for producing more active AFP's
than        those found in the Winter Flounder.          We also
fractionated APP derived from Ocean Pout blood into 10    the   various
HPLC   fractions   and   analyzed   their        recrystallisation activity
in order to ascertain which        fraction other than HPLC-1 could
potentially be useful for        our desired application. HPLC 12 appeared
to be the only        fraction of the 12 AFP-type III fractions active in
15    recrystallisation inhibition at the concentrations tested.       Thus
we determined HPLC-12 could be of interest if we could       manage to
overcome the problems in recombinant production       thereof that had been
found for AFP-type I and HPLC-1 of       AFP-type III. 20       Quite
unexpectedly in view of the above experiments with       both type-I AFP
and type-III AFP we subsequently found that       yeast expression of
nucleic acid encoding the amino acid       sequence determined for type-III
APP HPLC-12 leads to a 25    product that is expressed and secreted as a
monomer and       does not exhibit reduced activity. Thus an eminently
suitable  production  process  using  recombinant  DNA       technology for
producing pure active AFP was available.   30    What  was  in  fact
additionally  discovered  was  that        recombinant HPLC-12 secreted by
yeast as a monomer as such        can exhibit the high antifreeze peptide
activity of a        mixture of AFP isolated from Ocean Pout blood. This
antifreeze activity is almost double that of Winter 35     Flounder type-I
AFP. In addition the product is thus more        active in
recrystallisation assays and much more suitable        for the desired
applications than other AFP's.          WO 97/02343
PCT/EP96/02936           The amino acid composition, sequences and nucleic
acid       sequences of various type-III AFP's occurring in nature
were already known. Davies and Hew (1990) give a review       thereof and
refer to articles of Li et al from 1985 and Hew 5     et al. from 1988 for
sequences of HPLC- 1,4,5-7,9, 11 and        12 as determined for Ocean Pout
on the basis of cDNA clones        of genomic DNA of fish in phages. In
Protein Science in        1994 Chao, H et al. describe how an isoform of
type-III APP        HPLC-12 is synthetically synthesized and expressed in
E. 10     coli for two dimensional NMR studies to help understand the
structure/function relationships in antifreeze proteins and       to define
the motifs for ice binding. The nucleic acid is       subsequently mutated
in order to produce mutant type-III       APP polypeptide, said mutants
being proline mutants. The 



15     thermal hysteresis value of non mutated recombinant HPLC-12
was compared to APP isolated from Ocean Pout i.e. type-III       AFP. The
activity profiles were described as being       indistinguishable within
the limits of standard errors. No       comparison with other AFP types is
mentioned. No indication 20    of an abnormally high value of thermal
hysteresis is given,        in fact no value is given at all. Nothing is
stated with        regard to any effect on recrystallisation properties. We
hereby point out that thermal hysteresis activities are not        linked
to recrystallisation properties. Thermal hysteresis 25    values are
indicative of binding strength and do not give        a measure of
antifreeze activity like a recrystallisation        assay. Examples are
known of proteins exhibiting high        hysteresis values but no effect on
recrystallisation and        vice versa which illustrates the lack of
correlation. 30        The high AFP activity of the recombinant HPLC-12 was
totally unexpected in view of the results obtained for        recombinant
HPLC-1 and in view of what has been disclosed        in publications
concerned with AFP's. Values of the thermal 35     hysteresis of type-III
AFP fractions as obtained through        Sephadex column fractionation of
Ocean Pout type-III AFP's        derived from blood are given in the Hew et
al 1984 article          WO 97/02343
PCT/EP96/02936                                    -6-         in Table 1 as
are values for Flounder AFP (=Type-I) and Sea        Raven AFP (=Type-II).
These values were derived for        fractions derived from blood of the
relevant species, not        through recombinant DNA technology. There
appeared to be  5    only slight differences in the activities between the
AFP's       with the most active being QAE-A. QAE-A was one of 5
distinct variants which could be separated on a QAE       Sephadex column
and was subsequently shown to be derived       from HPLC-12. However the
differences are described as 10    being so slight as to fall within the
deviation due to       measurement  variations.  The  differences  in
thermal       hysteresis  values  were  clearly  dismissed  as  being
irrelevant by Hew et al themselves in the very same       article. They
state "Most of the Ocean Pout AFP exhibited 15    thermal hysteresis
comparable with that found for other       known AFGP and AFP". In later
literature no mention of       thermal hysteresis values for the various
types or       comparisons between Type-I and Type-III are given. Nothing
is taught or suggested regarding recrystallisation effects 20    of the
various fractions. Therefore, it was not to be        expected that any
single type-III AFP would exhibit a lot        higher specific activity for
ice crystal growth inhibition        than Winter Flounder AFP. It had also
not been disclosed or        suggested that HPLC-12 exhibits a much higher
activity than 25    any type I-AFP peptide or other type-III AFP peptide.
To test whether the AFP activity of type-III HPLC-12 was.       higher we
fractionated the Ocean Pout AFP preparation       derived from blood via
HPLC and we tested the individual 30    peptide components for their
ability to inhibit ice crystal       growth. We determined that the HPLC-12
variant had the       highest specific activity. The other components
showed no       detectable activity at a concentration equivalent to 100 mg
fish type-III AFP per ml. 35       Thus we have found a method of preparing
a pure food grade       polypeptide exhibiting AFP activity almost double
that of           WO 97/02343
PCT/EP96/02936                                    -7-        type-I AFP.
Because it can be secreted as a monomer in       contrast to Type-I AFP
this makes it ideal for large scale       production, requiring a lot less
down stream processing       than type-I AFP produced via recombinant
technology. In  5    addition the expression as a monomer means a product
nearly       identical to the naturally occurring peptide in Ocean Pout
blood can be produced. Such a product will be more easily       admitted
for use in foodstuffs due to it's close       resemblance to the naturally
occurring AFP in the native 10    food grade organism, the Ocean Pout.
The subject invention now allows us to produce for the       first time on
a large scale at low cost and great ease       recombinant type-III AFP's
of the HPLC-12 type which have 15    an inherently higher specific activity
than the Winter       Flounder type-I AFP's. The type-III antifreeze
peptides       according to the invention are the most promising
candidates for application in food products destined to be       frozen
such as ice cream and frozen dough and other frozen 20    bakery   products
due   to   their   high   specific 



recrystallisation inhibiting activities.         An additional advantage
lies in the fact that secretion of       the expression product as active
polypeptide, preferably as 25    a monomer can now occur in situ in the
food production       process, thereby eliminating the requirement of
addition of       the APP as such. It can now become possible to produce
fermentation products using a yeast capable of secreting a
polypeptide substantially corresponding to type-II APP 30    HPLC-12  in
the  fermentation process,  whereby in situ       production of polypeptide
substantially corresponding to       type-III AFP HPLC-12 occurs without
requiring additional       steps such as purification of the polypeptide
and       subsequent addition thereof in the food production process. 35
Also  development  of  plants,  fruit  or  vegetables  and
tranagenic animals or parts thereof with better freezing        properties
due to the in situ expression of a polypeptide          WO 97/02343
PCT/EP96/02936           substantially corresponding to type-III AFP
HPLC-12 is now       possible.         2. Detailed description of the
invention.  5       The subject invention is directed at a process for
preparing an improved product, the improvement residing in
modification of ice crystal growth processes influencing       size and
shape characteristics of ice in particular in 10    regrowth thereby e.g.
minimising potential freezing damage       e.g. by preventing or inhibiting
ice recrystallisation of       the product upon freezing, said process
comprising addition       of a polypeptide or protein with an amino acid
sequence       substantially corresponding to that of AFP-type III HPLC 12
15    exhibiting AFP activity higher than of AFP-type I from       Winter
Flounder to the non improved product or to an       ingredient or mixture
normally used in preparing the non       improved product, said addition of
recombinant polypeptide       or protein occurring in an amount sufficient
to affect ice 20    crystal growth. The product can be a food product or a
biological material. The biological material can for       example be an
animal organ or tissue or be plant material.       In particular
recombinant polypeptide can be added.       Preferably the polypeptide will
be of food grade status in 25    order to provide the final product with
food grade status.       A process according to the invention wherein the
product is       a food product is preferred. A specific embodiment of a
suitable polypeptide is a yeast AFP as illustrated in the       Examples.
Suitably a production process according to the 30     invention directed at
production of an improved product        exhibiting improved freezing
properties can comprise        addition of an AFP obtained in a new
polypeptide production        process which also falls within the scope of
the invention        and is elucidated elsewhere in the description. 35
The term "a polypeptide or protein with an amino acid        sequence
substantially corresponding to that of AFP-type           WO 97/02343
PCT/EP96/02936                                     -9-         III HPLC 12"
comprises an amino acid sequence equal to the        amino acid sequence of
HPLC-12 isolated from Ocean Pout and        also comprises an amino acid
sequence that differs by one        or two amino acids from the known amino
acid sequence but  5     still encodes a polypeptide with the same AFP
activity as        the native protein. The mutations or differences may not
be        in amino acids known to be essential for activity of the
polypeptide. Proline residues are preferably therefore not        deleted
or replaced. Preferably any differences in amino 10     acid  sequence  are
silent  mutations,   whereby   the        substitutions are conservative
substitutions that do not        alter the hydropathy profile of the
polypeptide and thus        presumably do not severely influence the
polypeptide        structure and the activity, i.e. an amino acid with a 15
hydrophobic side chain is preferably only exchanged for        another
amino acid with a hydrophobic side chain and an        amino acid with a
hydrophillic side chain is only replaced        by another amino acid with
a hydrophillic side chain. The        amino acid homology between HPLC-12
and HPLC-1 is less than 20     60%. An amino acid sequence exhibiting
homology above 60%        preferably more than 70% and most preferably more
than 80%        can be expected to be representative of a polypeptide
exhibiting similar properties to HPLC-12 and thus is also        considered
substantially corresponding to HPLC-12. In 25     addition the polypeptide
encoded by the amino acid sequence        should exhibit at least the AFP
activity of AFP-type I from 



winter Flounder and preferably at least the AFP activity of        native
HPLC-12. The AFP activity can be determined by        carrying out
comparisons with recrystallisation assays 30    using a series of dilutions
of the polypeptide to be        determined and equal amounts and dilutions
of AFP-type I        and/or native HPLC-12 as obtained from Ocean Pout
blood.        The manner in which such a recrystallisation assay can be
carried out and evaluated is illustrated in the Examples. 35    A
polypeptide exhibiting any or a number of the above        mentioned
characteristics may be considered corresponding        substantially to
HPLC-12.          WO 97/02343
PCT/EP96/02936                                   - 10 -        A process
for preparing an improved product, the       improvement residing in
improved properties due to       modification of ice crystal growth
processes influencing       size and shape characteristics of ice in
particular in  5    regrowth thereby e.g. minimising potential freezing
damage       e.g. by preventing or inhibiting ice recrystallisation of
the product upon freezing, said process comprising addition       of a host
organism capable of expression of a foodgrade       recombinant polypeptide
or protein with an amino acid 10    sequence substantially corresponding to
that of AFP type       III HPLC 12 to the non improved product as such or
to an       ingredient or mixture normally used to prepare the non
improved product and subsequently subjecting the host       organism to
conditions such that the nucleic acid sequence 15    encoding AFP type III
HPLC 12 is expressed in the product       or ingredient or mixture by
carrying out a polypeptide       production process according to the
invention as disclosed       elsewhere in the description in addition to
the steps       normally taken to prepare the non improved product also 20
falls within the scope of the invention. The product can       suitably be
a food product or a biological material. The       biological material can
for example be an animal organ or       tissue or be plant material. In
particular recombinant       polypeptide can be added. Preferably the
polypeptide will 25    be of foodgrade status in order to provide the final
product with food grade status. A process wherein the       product to be
improved is a food product is preferred. A       specific embodiment of a
suitable polypeptide for a process       according to the invention is a
yeast AFP as illustrated in 30    the Examples. The host organism can
either be destroyed or       damaged during or after the production process
in order to       release the AFP polypeptide or protein into the mixture
or       ingredient of the product or into the product per se. Such
destruction or damage can occur in a number of manners 35    known to a
person skilled in the art, whereby care must be       taken not to carry
out the process under too harsh       conditions to prevent loss of APP
activity of the           WO 97/02343
PCT/EP96/02936                                   - 11 -        polypeptide
or protein. Alternatively a host organism       capable of secreting the
AFP polypeptide or protein in the       ingredient or mixture or food
product as such can be used       in the production process. For example a
baker's yeast can 5     be the host organism in a process for producing a
food       product such as a bakery product. The production process
can be carried out as usual with the only difference being       addition
of a different yeast i.e. a yeast comprising a DNA       construct
enabling  expression  and  secretion  of  a 10    polypeptide or protein
substantially corresponding to type-        III APP HPLC-12 in the dough
prior to or during baking thus        enabling production of dough or baked
product with improved        freezing properties. Analogously processes
wherein bacteria        such as lactic acid bacteria are used form suitable
15     embodiments of the invention. Cheese making and yoghurt
making processes or other food producing processes        requiring
fermentation fall within the type of processes        covered by the
invention.   20    Advantageously a production process for improving
products        according to the invention will be carried out without
requiring addition of proteases or chemicals after the        recombinant
polypeptide or protein with amino acid sequence        corresponding
substantially to AFP-type III HPLC 12 has 25    been expressed or secreted
to obtain the AFP polypeptide or        protein as monomeric product.
Use of a polypeptide or protein with amino acid sequence
corresponding substantially to AFP-type III HPLC 12 in any 30     of the
embodiments disclosed above as additive in a product        for improvement
of said product, said improvement residing        in improved properties of
modification of ice crystal 



growth processes influencing size and shape characteristics        of ice
in particular in regrowth thereby e.g. minimising 35    potential freezing
damage e.g. by preventing or inhibiting        ice recrystallisation of the
product upon freezing, said        use occurring in a manner known per se
for AFP's to obtain          WO 97/02343
PCT/EP96/02936                                  - 12 -        higher
specific antifreeze activity than obtainable with       Winter Flounder AFP
falls within the scope of the       invention. Preferably the product will
be a food product.       The product may suitably be a biological material.
The 5    protein or polypeptide may be a recombinant protein or
polypeptide.         A preferred embodiment of the process or use for
improving       products is a process or use, wherein the product is a 10
product destined to be frozen. For food products ice cream       is a
suitable example. As indicated above a dough or bakery       product are
also of interest.         Food products comprising food grade recombinant
polypeptide 15    or  protein  with  amino  acid  sequence  corresponding
substantially to AFP-type III HPLC 12 in any of the       embodiments
disclosed above as additive in a food product       for improvement of said
product, said improvement residing       in improved properties of
modification of ice crystal 20    growth processes influencing size and
shape characteristics       of ice in particular in regrowth thereby e.g.
minimising       potential freezing damage e.g. by preventing or inhibiting
ice recrystallisation of the product upon freezing fall       within the
scope of the invention. Such a food product does 25    not comprise
naturally occurring edible organisms like       Ocean  Pout  merely
comprising  sequences  encoding  a       polypeptide or protein having an
amino acid sequence       corresponding to the amino acid sequence of Ocean
Pout       HPLC-12 in the form and number in which they occur in 30
nature in the Ocean Pout. A suitable category of products       according
to the invention is non animal products. Another       suitable category is
the category of man made products.       Plant products are also suitable
examples of products       according to the invention. Food products
according to the 35    invention can be obtained through a process or use
for       improving a product in any of the embodiments described
above.          WO 97/02343
PCT/EP96/02936                                   - 13 -         In
particular a food product comprising a food grade        recombinant host
organism having improved freeze tolerance,        said improvement residing
in improved properties of        modification of ice crystal growth
processes influencing 5    size and shape characteristics of ice in
particular in       regrowth thereby e.g. minimising potential freezing
damage       e.g. by preventing or inhibiting ice recrystallisation of
the product upon freezing, said food grade host organism       containing
and/or being surrounded by a food grade 10    recombinant polypeptide or
protein with an amino acid        sequence corresponding substantially to
AFP-type III HPLC        12 in any of the embodiments disclosed above
and/or capable        of expressing and/or secreting such a polypeptide or
protein prior to freezing is also claimed. 15        Such a recombinant
food grade host organism furthermore        also falls within the scope of
protection of the invention.        As does a food grade recombinant host
organism capable of        expressing at least an AFP-encoding nucleic acid
sequence, 20     said nucleic acid sequence being comprised  in a DNA
construct, said DNA construct not being present in the        native host
organism and said DNA construct comprising in        the order given   25
(a)  a strong, optionally inducible, promoter active                  in
the host organism,             (b) an ATG start codon, that may be present
in an                  optional DNA signal sequence capable of secreting
the protein produced by the host organism during 30              expression
of the AFP-encoding  nucleic  acid                  sequence of (c) below,
which signal sequence can                  be homologous or heterologous to
the AFP-encoding                  nucleic acid sequence and is in reading
frame                  with the ATG start codon, 35          (c)  at least
one nucleic acid sequence encoding an                  amino acid sequence
substantially corresponding                  to that of APP type
III-protein HPLC 12, said  



WO 97/02343                                     PCT/EP96/02936
- 14 -                  nucleic acid sequence in reading frame with the
ATG start codon, and optionally             (d) a stop codon bound to the
3' end of the AFP-                 encoding nucleic acid sequence.
Suitable embodiments of such a recombinant host organism        are
described below in the process for polypeptide        production and these
organisms as such are claimed.   10     The subject invention is further
directed at a process for       producing recombinant polypeptides or
proteins exhibiting       ice crystal growth and form modifying activity,
so-called       recombinant  anti-freeze  peptides  (AFP)  exhibiting  a
specific anti freeze activity higher than that of Winter 15     Flounder
AFP, by          1) cultivating a food grade host organism under conditions
whereby expression of at least an AFP-encoding nucleic acid        sequence
occurs or is induced, said nucleic acid sequence 20     being comprised in
a DNA construct, said DNA construct not        being present in the native
host organism and said DNA        construct comprising in the order given
(a) a strong, optionally inducible, promoter active 25               in the
host organism,             (b) an ATG start codon, that may be present in
an                 optional DNA signal sequence capable of secreting
the protein produced by the host organism during                 expression
of the AFP-encoding nucleic acid 30              sequence of (c) below,
which signal sequence can                 be homologous or heterologous to
the AFP-encoding                 nucleic acid sequence and is in reading
frame                 with the ATG start codon,             (c) at least
one nucleic acid sequence encoding an 35              amino acid sequence
substantially corresponding                  to that of AFP type
III-protein HPLC 12, said                  nucleic acid sequence in reading
frame with the          WO 97/02343
PCT/96/02936                                   - 15 -                  ATG
start codon, and optionally             (d) a stop codon bound to the 3'
end of the AFP-                 encoding nucleic acid sequence.   5    The
process can optionally further comprise collecting the       product
expressed from the AFP-encoding nucleic acid       sequence obtained
therefrom by further processing in a       manner known per se. In order to
obtain secretion of the       expression product of the nucleic acid
sequence encoding an 10    amino acid sequence substantially corresponding
to that of       AFP type III-protein HPLC 12 the DNA construct can further
comprise a signal sequence for the host organism enabling       secretion
by the host during cultivation of the host. The       host organism is
suitably a microorganism. Suitable 15     foodgrade microorganisms  are
fungi  such as yeast  and       bacteria such as lactic acid bacteria. The
yeast cells       Saccharomyces   cerevisiae,    Saccharomyces    fragilis
Saccharomyces lactis are examples of a suitable yeast host       cell. A
person skilled in the art of fermentation processes 20     in food
production will know which yeast cells are suitable        and which
transformation and expression systems are        available (Romanos et al,
Campbell and Duffus). The lactic        acid   bacteria    Lactobacillus,
Streptococcus    and        Rifidobacterium are also examples of suitable
bacterial 25     host organisms of which many strains are known and for
which suitable transformation and expression systems exist        as any
person skilled in the recombinant DNA work of        bacteria associated
with dairy produce knows (Gasson,        1993). The FDA has a list of food
grade organisms which is 30    available to the public. A person skilled in
the art is        aware of the organisms that are considered foodgrade i.e.
have GRAS (generally recognized as safe) status. In        particular
organisms associated with fermentation of food        products and
production of dairy produce are suitable. 35        The phrase "one nucleic
acid sequence encoding an amino        acid sequence substantially
corresponding to that of AFP      



WO 97/02343                                    PCT/EP96/02936
- 16 -        type III-protein HPLC 12" comprises any nucleic acid
encoding exactly the amino acid sequence of native HPLC-12       from Ocean
Pout. Such nucleic acid sequence may differ due       to the degeneracy of
the genetic code i.e. the fact that 5    different nucleic acid codons
encode the same amino acid.       In addition a nucleic acid sequence
encoding an amino acid       sequence that differs by one or two amino
acids from the       known amino acid sequence but still encodes a
polypeptide       with the same AFP activity as the native protein is also
10    included within the scope of the invention. The mutations       or
differences may not be in amino acids known to be       essential for
activity of the polypeptide. Proline residues       are  preferably
therefore  not  deleted  or  replaced.       Preferably any differences in
amino acid sequence are 15    silent   mutations,   whereby   the
substitutions  are       conservative substitutions that do not alter the
hydropathy       profile of the polypeptide and thus presumably do not
severely influence the polypeptide structure and the       activity, i.e.
an amino acid with a hydrophobic side chain 20    is preferably only
exchanged for another amino acid with a       hydrophobic side chain and an
amino acid with a       hydrophillic side chain is only replaced by another
amino       acid with a hydrophillic side chain. The amino acid
homology between HPLC-12 and HPLC-1 is less than 60%. An 25    amino  acid
sequence  exhibiting  homology  above  60%       preferably more than 70%
and most preferably more than 80%       can be expected to be
representative of a polypeptide       exhibiting  similar properties  to
HPLC-12 and thus be       considered substantially corresponding to
HPLC-12. The 30    phrase  "substantially  corresponding  to" thus
includes       nucleic acid sequences encoding amino acid sequences that
exhibit more than 60% homology to the amino acid sequence       of native
HPLC-12. In addition the polypeptide encoded by       the amino acid
sequence should exhibit at least the APP 35    activity of AFP-type I from
Winter Flounder and preferably       at least the AFP activity of native
HPLC-12. The APP       activity can be determined by carrying out
comparisons with          WO 97/02343
PCT/96/O2936                                    -17-
recrystallisation assays using a series of dilutions of the
polypeptide to be determined and AFP-type I and/or native       HPLC-12 as
obtained from Ocean Pout blood in the same       dilutions as the
polypeptide to be tested i.e. comparison  5    of the same w/v of
polypeptide or protein. The manner in       which such a recrystallisation
assay can be carried out and       evaluated is illustrated in the
Examples. A polypeptide       exhibiting any or a number of the above
mentioned       characteristics   may   be   considered   corresponding 10
substantially to HPLC-12.          In a preferred embodiment of the
invention the DNA        construct and the cultivation conditions of the
host        organism are such that it secretes a monomeric polypeptide 15
with an amino acid sequence substantially corresponding to        that of
AFP type III-protein HPLC 12. The DNA construct        will thus preferably
not express in tandem a dimer or        multimer  of  an  amino  acid
sequence  substantially        corresponding to that of AFP type
III-protein HPLC 12. The 20    production of dimers or multimers will
require additional        downstream processing steps or can prohibit
secretion of an        active polypeptide. Preferably the DNA construct
will        therefore comprise a nucleic acid sequence encoding an
amino acid sequence substantially corresponding to that of 25    AFP type
III-protein HPLC 12  in the monomeric  form.        Naturally the DNA
construct may comprise multiple copies of        the nucleic acid sequence
encoding an amino acid sequence        substantially corresponding to that
of AFP type III-protein        HPLC 12 in the monomeric form in tandem. 30
A further preferred embodiment of the invention involves a        DNA
construct in which the nucleic acid sequence encoding        the amino acid
sequence substantially corresponding to AFP-        type III HPLC 12
comprises the preferred codons of the host 35    organism of the process.
This is preferred in view of the        fact that translation efficiency is
increased by avoiding        certain codons in particular host organisms.
Preferred          WO 97/02343
PCT/EP96/02936                                   - 18 - 



codon usages differ in prokaryotes, in yeast and plants       from codon
usage found in Winter Flounder. For example the       codons GCA, GCG and
GCT together account for more than 65%       of the alanine codons of known
genes of E.  coll, S.  5    Cerevisiae and Z. mays, whereas they account
for less than       25% of the alanine codons of a fish such as the Winter
Flounder. Similarly this is the case for threonine codons       ACA, ACG
and ACT (PCT/US90/02626). The codon usage as       preferred by lactic acid
bacteria and yeast can be derived 10    from   literature   specific   for
these   groups   of       microorganisms. A person skilled in the art of
recombinant       DNA technology with these particular expression organisms
will know which codons are preferred.   15    When the host organism is a
yeast a preferred embodiment of       the DNA construct will comprise the
DNA pre-sequence of the       [err]-mating factor of S. cerevisiae as
signal sequence. It may       also in a further embodiment comprise the
pro-sequence of       the [err]-mating factor of S. cerevisiae between the
pre- 20    sequence  and  the  AFP-encoding  nucleic  acid  sequence,
whereby the pre-sequence, the pro-sequence and the AFP-       encoding
nucleic acid sequence are in the same reading       frame. Alternatively
when the host organism is a yeast a       preferred embodiment of the DNA
construct will comprise the 25     invertase signal sequence of S.
cerevisiae preceding the       nucleic acid sequence encoding AFP.
When the host organism is a yeast a preferred embodiment of       the DNA
construct will comprise the inducible GAL7 promoter 30    or  a
constitutive  GAPDH  promoter  of  Saccharomyces        cerevisiae. For
other host organisms suitable promoters for        inclusion in the DNA
construct are well known.          The following references are cited as
providing examples of 35    possible transformation systems or elements
thereof: for       yeast Campbell and Duffus, for plants PCT/US90/0626 and
van       den Elzen et al (1985) and for animals Hanahan, (1988).
WO 97/02343                                     PCT/EP96/02936
- 19 -        Prior to the subject invention no substantially isolated
and purified foodgrade recombinant polypeptide or protein
substantially equivalent to type-III AFP HPLC-12 exhibiting       such high
AFP activity had been produced. For the first 5     time   substantially
isolated   foodgrade   recombinant       polypeptide or protein
substantially equivalent to type-III       AFP HPLC-12 exhibiting AFP
activity higher than that of       Winter Flounder has been produced. The
invention covers       substantially pure and isolated recombinant
foodgrade 10    polypeptide or protein exhibiting improved properties of
modification of ice crystal growth processes influencing       size and
shape characteristics of ice in particular in       regrowth thereby e.g.
minimising potential freezing damage       e.g. by preventing or inhibiting
ice recrystallisation upon 15     freezing, so-called recombinant
anti-freeze peptides (AFP)        exhibiting APP activity higher than of an
equal amount of        Winter Flounder AFP-type-I, said polypeptide or
protein        having an amino acid sequence substantially corresponding
to that of AFP type III-protein HPLC 12. Such recombinant 20
polypeptides and in particular recombinant polypeptides or        proteins
exhibiting the above modified activity such as ice        crystal growth
inhibiting activity, so-called recombinant        anti-freeze peptides
(AFP) exhibiting  a specific anti        freeze activity higher than that
of Winter Flounder APP, 25    prepared by a process according to any of the
preceding        embodiments of the invention also fall within the scope of
the invention.          WO 97/02343
PCT/EP96/02936                                    - 20 -         2.
Materials and Methods          2.1 Strains and growth conditions.    5
E. coli strain JM109 (endAl, recAl, syrA96, thi, hsdR17, rk-        mk
re1A1 supE44,  Yanisch-Perron, et al, 1985) was used        for
amplification of plasmids.. S. cerevisiae strain SU5O        (MATa,
cir[err], leu2, his4, canl; Verbakel, 1991) was used for
transformation of the multicopy integration plasmids. E. 10     coli
transformants were selected for on Luria agar plates        containing 100
[err]g ampicillin ml[err] Sambrook et al (1989).        Yeast strains were
maintained on selective YNB-plates 



(0.67% Difco Yeast Nitrogen Base without amino acids, 2%        glucose, 2%
agar) supplemented with the essential amino 15     acids (histidine
20[err]g/ml, uracil 20[err]g/ml). The same liquid        medium was used
for pre-cultures, which were grown for 48        hours at 30[err]C and
diluted 1:10 in YP medium (1% Difco yeast        extract, 2% difco peptone)
containing 5% galactose for        induction of the GAL7 promoter. 20
Plasmids          The relevant details of the APP-III containing plasmids
are        given in table 1. 25        Transformation
Transformation of JM1O9 was according to Chung et al.,        (1989).
Transformation of the yeast strains was performed 30     by
electroporation, mainly as described by Becker et al        (1991).
Transformants were recovered on selective YNB-        plates. A person
skilled in the art will realise that        various transformation methods
are possible. Alternatives        depend on the organism to be transformed
and are well 35     documented in various handbooks such as Sambrook et al
(1989) and Campbell and Duffus (1988).          WO 97/02343
PCT/EP96/02936                                    - 21 -        Molecular
Biological Procedures         Restriction enzymes and DNA modification
enzymes were       applied as recommended by the supplier.  5
Oligonucleotides were synthesized on an Applied Biosystems        380A DNA
synthesizer and purified by standard procedures.          Purification of
AFP-IIl 10        The AFP III from Ocean Pout, Macrozoarces americanus, was
purified from the blood of fish caught in the coastal        seawaters of
Newfoundland. The AFP III sample was prepared        by centrifugation of
the clotted fish serum as described by 15     Hew et al, (1984).
Cation exchange chromatography.          Cation exchange chromatography was
performed on a Mono S 20     column  (HR5/5, Pharmacia Biotech)  on the
SMART system        (Pharmacia Biotech). Sample buffer was 10 mM
Na[err]HPO[err]/NaH[err]PO[err]        ,(Merck) pH 6.0 and the elution was
done with a 0-0.5 M        NaCl (Merck) linear gradient, with a flow of
100[err]l/min.        Peptides were detected using the [err] Peak Monitor
(Pharmacia 25     Biotech)  at 214 and 280 nm.  Fractions were collected
monitoring the 214 nm signal using the integrated SMART        system
fraction collector, system temperature was set at        15[err]C.   30
Reversed phase high performance liquid chromatography.          Reversed
phase high performance liquid chromatography (RP-        HPLC) was
performed using a [err]RPC C4/C18 SC2.1/10 column        (Pharmacia
Biotech) on the SMART system (Pharmacia 35     Biotech). The sample was
applied to the column in 0.06 %        Trifluoroacetic acid (TFA, Merck) in
Milli Q water (Solvent        A) and eluted using 80 % Acetonitrile
(Merck), 0.054 % TFA           WO 97/02343
PCT/EP96/02936                                   - 22 -        in Milli Q
water (Solvent B). The used standard gradient       was programmed as
follows: 0 min. 100 % solvent A, 5 min.       100 % solvent A, 10 min. 65 %
solvent A, 50 min. 40 %       solvent A, 55 min. 0 % solvent A, 57.5 min. 0
% solvent A  5    and at 58 min. 100 % solvent A at a flow of
100[err]l/min.       Peptides were detected with the [err]Peak Monitor
(Pharmacia       Biotech) at three wavelenghts 214, 256 and 280 nm. Peaks
were collected monitoring the 214 nm signal using the       integrated
SMART  system  fraction  collector,   system 10    temperature was set at
20[err]C.         AFP-III isoforms 1 ,2 and 3 were separated by means of a 



modified gradient: 0 min 100 % solvent A, 10 min 60 %       solvent A, 35
min 55% solvent A, 36 min 45 e solvent A, 45 15    min 45 % solvent A, 46
min 0 W solvent A, 50 min 0 %        solvent A, 50.1 min 100 a solvent A
and 60 min 100 %        solvent A. Buffers and all SMART system details are
the        same as those used with the standard gradient.   20
Sodium-dodecyl-sulphate polyacrylamide gel        electrophoresis.
16 % polyacrylamide Tricine gels (Novex) were run on an        Xcell
electrophoresis cell (Novex) according to the 25     suppliers  protocol.
Sample buffer  was  from Novex and        consisted of 3.0 ml TRIS-HCl 3.0
M, 2.4 ml Glycerol, 0.8 g        SDS, 1.5 ml 0.1 % Coomassie Blue G, 0.5 ml
0.1 % Phenol Red        and 5% [err]-mercaptoethanol, final volume was
adjusted to 10        ml with distilled water, pH=8.45). Running buffer was
also 30    from Novex  and contained 12.1 grammes TRIS, 17.9 grammes
Tricine and 1 gram SDS in a total volume of 1 litre of        distilled
water, the pH value was approximately pH 8.3. The        gel was coloured
using 10 % Coomassie Brilliant Blue R250        (Bio-Rad) dissolved in a
solution of 40 % Ethanol (Merck), 35     10 % Acetic Acid (Merck) and 50 %
distilled water, this        solution was heated in a microwave for 45
seconds, then the        gels were stained for 15 minutes on a rotary
shaker. Gels           WO 97/02343
PCT/EP96/02936                                   - 23 -        were
destained with a solution of 10 % Ethanol (Merck), 7.5       % Acetic Acid
(Merck) and 82.5 % distilled water. In case       of molecular weight
determination MARK 12 prestained       markers (Novex) were used.  5
Western Blotting.         Novex Tricine gels were blotted using trans-blot
transfer       medium (Bio-Rad) on the western transfer blot module 10
(Novex) according to the supplier protocol. After blotting       the
membrane was blocked with 5% skimmed milk in 150 mM       NaCl, 50 mM
Tris/HCl pH 7.4 and afterwards incubated in 1%       skimmed milk in 150 mM
NaCl, 50 mM Tris/HCl, 0.1% Tween 20,       pH 7.4 and a monoclonal
antiserum against Ocean Punt 15    antifreeze peptides. Two different
antibodies were obtained        (gifts from M.M Gani, Unilever Research,
Colworth House        Laboratory), one for the determination of the S
groups and        the other one for the determination of the Q group.
Incubation was performed overnight at room temperature 20    under soft
agitation. Unabsorbed antibodies were removed by       washing with the
incubation buffer (3 x 5 min) The membrane       was incubated with the
second antibody (Goat anti-mouse IgG       (H+L), Alkaline Phosphatase
Conjugate; BioRad, Richmond)       for 2 hours at room temperature. The
enzyme was developed 25    using BCIP/NBT (Biorad).          Tryptic
digestion.          For trypsin digestion, the sample dissolved in 0.1 M
NH[err]HCO[err] 30    buffer  pH  8.3.  Trypsin  (TPCK  treated,
Worthington,        Millipore Corporation) was added in an enzyme:substrate
ratio of 1:100. After 30 minutes the pH was checked and the        same
amount of trypsin was added once more. Incubation was        carried out
overnight at 37[err]C. The digestion was stopped by 35    the addition of
TFA to yield a pH value of pH 2. Peptides        were separated by means of
RP-HPLC on the SMART system        (Pharmacia).           WO 97/02343
PCT/EP96/02936                                    - 24 -         N-terminal
amino acid sequence analysis.          N-terminal amino acid sequence
analysis was performed on a        LF 3000 Protein Sequencer (Beckman)
according to the 5     suppliers protocol. The PTH-derivatives of the amino
acids        were analyzed on an automated RP-HPLC system, system Gold
(Beckman).          Protein determination by amino acid analyses. 10
The AFP-III samples were hydrolysed in 6 M HCl containing        1 % Phenol
under vacuum at 110[err]C for 24 hours and then 



dried. Analyses were performed on an Alpha plus series 2        amino acid
analyzer (Pharmacia Biotech) using the suppliers 15     protocol.
Recrystallisation assay          Samples to be tested for AFP-III activity
were mixed with 20     sucrose powder to give a 30 % by volume sucrose
solution.        A proportion of this solution was placed on a microscope
slide, covered with a cover slip to prevent evaporation and        set on a
Linkam, THMS cold stage, connected with a Linkam CS        196 cooling
system and controlled by a Linkam TMS 91 25     controller. This solution
was crash cooled to -40[err]C ([err]        99[err]C/ min.) and
subsequently heated to -6[err]C. The growth of        ice crystals was
examined microscopically over the course        of 30 minutes incubation at
-6[err]C.   30     For assay of HPLC purified peptides, samples from the
RP-        HPLC column containing purified APP-III isoforms were dried
in a Speed Vac Concentrator (Savant) twice after one        rehydration
step in Milli Q water. After the second drying        step the samples were
solubilized in 100 [err]l of Milli Q 35     water and the pH was checked to
make sure that all of the        TFA from the RP-HPLC buffer system had
been removed.        Samples were diluted to an absorbance value of 0.700
at          WO 97/02343                                      PCT/EP96/02936
- 25 -         [err]=214 nm, this is equivalent to an approximately 0.1
[err]g/ml        fish AFP-III solution. To make sure that the samples
contained an equal amount of AFP-III, they were later        checked by
amino acid analysis. When purified samples, AFP- 5     III isoforms, were
used, their purity was checked by N-        terminal amino acid sequence
analysis.          Fed batch fermentation.   10     Inoculation  procedure:
a  culture  of  the  appropriate        transformant was grown 25 ml
minimal medium and cultured        overnight at 30[err]C and 300 rpm. The
culture was subsequently        transferred to a 1000 ml shake flask
containing 500 ml YP        containing 2 % glucose and cultured overnight
at 30[err]C and 15     300 rpm. This culture was used as inoculum for the
fed        batch experiment.          The following batch medium was used:
110 g glucose.1 H[err]O        made up to 500 g with demineralised water.
25 g Trusoy, 50 20     g yeast-extract (Ohly), 10.5 g K[err]HPO[err], 5 ml
1 000 X Egli        vitamin solution, 50 ml 100 X Egli tracer metals (Egli,
1980), 0.25 g L-Histidine.HCl (Sigma), 3 g MgSO[err]., 2 g        antifoam
to 4500 g with demineralised water. The glucose        solution was
heat-sterilised and the vitamin solution was 25     filter-sterilised
separately. All other components were        heat sterilised in the
fermenter. The temperature was        regulated at 30[err]C and the pH to a
value of 5.0. The        fermenter was inoculated and the cells were
cultured at an        air flow of 2 l/min and a stirrer speed of 600 rpm.
After 30     18 hours the feed phase was started.          The following
feed medium was used: 1100 g glucose.1 H[err]O        made up to 1750 g
with demineralised water. 62.5 g yeast-        extract  (Ohly),  30 g
K[err]HPO[err], 5 ml 1000 X Egli vitamin 35     solution , 50 ml 100 X Egli
tracer metals (Egli, 1980),        6.25 g L-Histidine.HCl (Sigma), 6.25 g
MgSO[err].7H[err]O, 2 g        antifoam to 850 g with demineralised water.
WO 97/02343                                      PCT/EP96/02936
- 26 -         The feed pump was regulated to a constant RQ-value (ratio
of moles CO[err] produced and moles O[err] consumed) of 1.05, based
on software tools as described by Keulers (1993). The        culture was
harvested after 37 hours.  5        Example 1 Construction of a synthetic
gene encoding a type        III AFP          A nucleotide sequence encoding
the HPLC I antifreeze 10     peptide,  optimised  for  expression  in
Saccharomyces        cerevisiae was constructed as follows: a set of 12
oligonucleotides  was   synthesized   (invafpl,   invafp2,        invafp3,
invafp4, invafp5 invafp6, invafp7, invafp8, 



invafp9,   invafp10,  invafp11   and  invafp12),   mainly 15     comprising
the DNA sequence of the mature AFP expressed in        preferentially used
S. cerevisiae codons. The synthetic        gene was designed to contain 5'
single stranded regions        compatible with PstI and HindIII generated
sticky        ends.(Fig. 2) 20        For the assembly of the synthetic AFP
gene, 50 pmol of each        of the oligonucleotides were dissolved in 12
[err]l water,        incubated for 2 min. at 95[err]C, and directly placed
on ice.        After this denaturation step, the oligonucleotides were 25
phosphorylated in a final volume of 20[err]l, containing 2.5 mM        ATP,
5 mM DTT and about 10 U of polynucleotide kinase, for        40 min. at
37[err]C, followed by a 2 min denaturation at 95[err]C        and placement
on ice. 10[err]l of each phosphorylated        oligonucleotide was mixed
with their most complementary DNA 30     oligonucleotide to obtain duplex
formation. After 2 min        incubation at 95[err]C for denaturation, each
duplex was cooled        slowly to 30[err]C. Again 10[err]l of all six
duplex mixtures were        pooled and incubated in a final volume of
100[err]l, containing        50 mM Tris/HCl, pH 7.5, 8 mM MgCl[err], 8mM
DTT, and 40[err]g/ml 35     gelatine and 1OU of DNA ligase, for two hours
at 20[err]C. The        ligation mix was then precipitated, and redissolved
in 30[err]l        of TE-buffer. 15[err]l of the mixture were placed on a
2%          WO 97/02343                                     PCT/EP96/02936
- 27 -         agarose gel, and the DNA band of the expected size
(approximately 224 base pairs) was cut out of the gel and        finally
purified through the Gene Clean II procedure, as        recommended by the
supplier.  5        The obtained DNA fragment was then ligated into the
PstI/HindIII linearized vector pTZ19R (Pharmacia) and        transformed
into E. coli JM 109 by standard procedures.        Plasmid DNA of several
transformants was isolated by the 10     slightly modified alkaline-lysis
mini-preparation method        and analyzed by restriction analysis with
several enzymes.        The sequence of the insert contained in one such
plasmid        was confirmed by Sanger dideoxy sequencing of the double
stranded plasmid (Sanger et al, 1977). This intermediate 15     construct,
containing the coding region of the synthetic        AFP-III cassette was
named pUR7700 (Fig. 3).          Example 2 Construction of yeast expression
vectors        containing a synthetic gene encoding AFP-III HPLC-l 20
The synthetic APP-III gene carried by pUR7700 contains none        of the
information required for expression of this peptide        in yeast. To
obtain expression and secretion of this gene,        constructs containing
translational fusions of the AFP-III 25     gene with a suitable secretion
signal sequence must be made        and these fusion sequences brought
under the control of a        yeast gene promoter.          Suitable
secretion signal sequences can be selected from a 30    variety of genes
encoding proteins efficiently secreted by        yeast. eg invertase
encoded by SUC2 or [err] mating factor,        encoded by MF[err]l and
MF[err]2. To obtain a suitable fusion with        the invertase signal
sequence, a PCR fragment was generated        containing the invertase
signal sequence, part of the GAL7 35    promoter and a suitable restriction
enzyme site to ensure        in frame fusion of the invertase signal
sequence with the        synthetic AFP-III gene.          WO 97/02343
PCT/EP96/02936                                   - 28 -        To obtain
this fragment a PCR primer, invafpl4, was       designed with the following
sequence:     5                                      NheI  BamHI         3'
CCA AAA CGT CGG TTT TAT AGA CGATCG CCTAGGGC 5, invafpl4   10        G   F
A   A   K   I  S   A          This primer was used as the 3' primer in a
PCR reaction in       combination with the 5' primer PG7 05 AF (Verbakel,
1991) 15    which hybridizes with the sequence  found in the GAL7
promoter. Using pUR2778 plasmid DNA as template (Fig. 4, 



van Gorcom et al, 1991) the reaction generated an       approximately 243
bp fragment. This fragment was eluted       from an agarose gel and
purified by the Gene Clean 20    procedure according to the manufacturers
instructions. The       purified fragment was subsequently digested with
SacI and       BamHI and the resulting approximately 88 bp fragment
ligated into the appropriate sites in plasmid pTZ19R. The       ligation
mix was introduced into E. coli JM109 by 25    transformation  and  plasmid
DNA  isolated  from  one       transformant and sequenced to confirm the
identity of the       cloned insert. This plasmid was designated pUR7701
(Fig.       5) .   30    To obtain an in frame fusion of the invertase
signal       sequence with the synthetic AFP-III gene pUR7700 was
digested with NheI and HindIII and the approximately 196 bp       fragment
isolated and ligated with the approximately 2911       bp fragment formed
by digestion of pUR7701 with NheI and 35    HindIII. The resulting plasmid
was named pUR7702 (Fig. 6)           WO 97/02343
PCT/EP96/02936                                    - 29 -         In a
similar manner, a PCR fragment containing the [err] mating        factor
pre-pro signal sequence was generated using primer        MFaAFPIII as 3'
primer:   5                                 NheI          3' CTA TTT TCT
CTC CGA CTT CGATCGCC 5'     MF[err]AFPIII             D K R E A E A 10
A PCR fragment containing part of the GAL7 promoter and all       of  the
pre-pro  [err] mating  factor  coding  sequence  was       generated from a
pUR2660 (WO 94/03617) DNA template using 15    MFzAFPIII and PG7 05 AF as
primers. pUR2660 contains the       pre-pro [err] mating factor sequence
under the control of the       GAL7 promoter. The resulting approximately
462 bp fragment       was purified as described above and digested with
SacI and       NheI. The approximately 292 bp fragment so obtained was 20
ligated into the approximately 3025 bp fragment obtained by
digestion of pUR7702 with SacI and NheI. Plasmid DNA from        several E.
coli JM109 transformants obtained from this        ligation was sequenced
to confirm that the correct fragment        had been cloned. One of these
plasmids was designated 25     pUR7703 (Fig.  7).          To construct
plasmids capable of expressing the APP-III        cassette in yeast the
synthetic gene- signal sequence        fusions were introduced into a
variety of yeast expression 30     vectors as follows:          The
approximately 278 bp SacI/HindIII fragment of pUR7702        and the
approximately 488 bp SacI/HindIII fragment of        pUR7703, which carry
the invertase and [err] mating factor 35     fusions to AFP-III
respectively, were cloned independently        using standard techniques
into yeast expression vectors        also digested with   SacI  and
HindIII. These expression          WO 97/02343
PCT/EP96/02936                                   - 30 -        vectors both
carry the S. cerevisiae GAL7 promoter such       that insertion of genes at
the SacI site enables GAL7       directed transcription of the inserted
genes.    5    pUR7704 (Fig. 8) was made by insertion of the invertase
signal sequence AFP-III cassette from pUR7702 into the       multi-copy
ribosomal DNA integration vector pUR2778 and       pUR7706 (Fig. 9) is
pUR2778 containing the [err] mating factor       AFP-III cassette, derived
from pUR7703, inserted between 10    the SacI and HindIII sites.         



WO 97/02343                                   PCT/EP96/02936
- 31 -        Example 3 Expression of AFP-III in S. cerevisiae
Plasmids pUR7704 and pUR7706 were linearized by digestion       with HpaI
which targets integration of the plasmids to the 5    yeast   rDNA  region
then  subsequently   independently       introduced    into   S.cerevisiae
strain    SU5O    by       electroporation. Transformants were selected
through their       ability to grow in the absence of leucine. To achieve
expression of the cloned AFP-III genes, transformants 10    carrying
pUR7704 or pUR7706,  were first grown for 40 hours       in liquid minimal
medium at 30[err]C then subsequently diluted       1:10 in freshly prepared
induction medium (Yeast extract       1%, Difco peptone 2%, galactose 5 %)
and incubated at 30[err]C       for a further 48 hours. At the end of this
period samples 15    of the culture supernatant were tested for their
ability to       inhibit the growth of ice crystals.         The growth of
ice crystals was examined microscopically       over the course of 30
minutes incubation at -6[err]C. It was 20    clearly demonstrable that
supernatant samples derived from       yeasts carrying the synthetic
AFP-III gene had an       inhibitory effect on ice crystal growth when
compared to       similar, control, samples prepared from the supernatants
of       untransformed yeasts or yeasts carrying the expression 25
vector but lacking the synthetic AFP-III gene. However, the
recrystallisation inhibition activity of the yeast produced        material
was significantly less than that of an equivalent        amount of fish AFP
preparation.   30    For further analysis of the produced antifreeze
peptide, 10        ml samples form the induced culture of pUR7704 and
pUR7706        transformants were centrifuged for 5 min at 4000 rpm and
the cells and supernatants collected and stored at -20[err]C.
Denaturating SDS polyacrylamide gel electrophoresis was 35    used to
separate the proteins and the AFP was detected by        western blotting
using an anti-AFP specific monoclonal        antibody.          WO 97/02343
PCT/EP96/02936                                   - 32 -        The presence
of a band with an apparent molecular weight of       6.5 kD in the
supernatant samples from the yeast       transformant carrying pUR7704 and
pUR7706 clearly shows       that these transformants are capable of the
production of 5    AFP-III. The peptide was purified by reversed phase HPLC
and the N terminal sequence was determined. This sequence
demonstrated that the HPLC-1 peptide was correctly       processed and
secreted by the yeast.   10           WO 97/02343
PCT/EP96/02936                                    -33 -        example 4
Identification of the most active Ocean Pout       Antifreeze peptide
subtype         Isoforms from AFP-III were purified using a two step  5
procedure.  First  the sample was loaded onto a cation       exchange Mono
S column and eluted using the described       gradient. The elution pattern
is shown in Fig. 10. One non       retarded peak (the Q peak) and four
eluted peaks (S1 to S4)       were isolated from the column. S1 represents
the protein 10    with the lowest binding capacity to the Mono S cation
exchange column under these conditions and S4 contains the       protein
with the highest binding capacity to the column.       The peaks were
collected and loaded onto a RP-HPLC column       using the described
gradient. The chromatogram from the 15    total material is shown in Fig.
11. The peaks are the AFP-        III isoforms and are numbered from 1 to
12 according to        their behaviour on this column using the specified
conditions. All AFP-III isoforms elute between 25 and 45        minutes.
The RP-HPLC chromatograms of the Q and S1 to S4 20    fractions are shown
in Fig. 12 to 16. Fractions each yield       different AFP-III isoforms and
which AFP isoform was       contained in each peak is summarized in table
2. Fractions       collected from the Mono S and RP-HPLC columns were
tested 



with mouse anti-AFP-III antiserum and all isoforms from S1 25    to S4 gave
a positive reaction to the S type antiserum,        isoform 12 from the Q
group reacted positively to the Q        type antiserum. The N-terminal
amino acid sequence was        determined from five of the isoforms (Table
3). The AFP-III        HPLC 7 peak was contaminated with fish lysozyme but
the 30    other amino acid sequences identified could be related to
the known sequences of the AFP-III isoforms. Equal amounts        of the
purified proteins, were tested for antifreeze        activity.   35    As
evidenced by recrystallisation inhibition assay only the        HPLC-12
isoform of AFP-III showed significant antifreeze        activity. To
confirm this finding the Ocean Pout AFP-III          WO 97/02343
PCT/EP96/02936                                   - 34 -        isoforms
were reconstituted in the presence and absence of       the HPLC-12
isoform. The completely reconstituted peptide       preparation maintained
the activity of the crude fish       preparation whereas the preparation
lacking the HPLC-12 5    isoform showed greatly reduced antifreeze activity
as       evidenced by the recrystallisation assay.         Using a tryptic
digest of isoform 12 the total amino acid       sequence of this isoform
was determined. The sequence was 10    found to be identical to that
described in the literature        (Davies and Chow, 1990).      15
WO 97/02343                                      PCT/96/02936
- 35 -         Example 5          Construction of a synthetic gene encoding
the HPLC-12        variant of type III AFP. 5        A nucleotide sequence
encoding the HPLC-12 antifreeze        peptide, linked to the invertase
signal sequence and with        codon usage optimised for expression in
Saccharomyces        cerevisiae, was constructed as follows: a set of 15 10
oligonucleotides  was  synthesized  (HPLCl2.1,  HPLC12.2,        HPLC12.3,
HPLCl2.4, HPLCl2.5, HPLCl2.6, HPLCl2.7, HPLC12.7,        HPLC12.8,
HPLCl2.9,   HPLC12.10,  HPLCl2.11,  HPLC12.12,        HPLC12.13, HPLCl2.14
and HPLCl2.15), mainly comprising the        DNA sequence of the mature AFP
expressed in preferentially 15     used S. cerevisiae codons. The synthetic
gene was designed        to contain single stranded regions compatible with
SacI and        HindIII generated sticky ends. (Fig. 17)          For the
assembly of the synthetic HPLC-12 gene, 50 pmol of 20     each of the
oligonucleotides were dissolved in 12 [err]l water,        incubated for 2
min at 95[err]C, and directly placed on ice.        After this denaturation
step, the oligonucleotides were        phosphorylated in a final volume of
20[err]1, containing 2.5 mM        ATP, 5 mM DTT and about 10 U of
polynucleotide kinase, for 25     40 min. at 37[err]C, followed by a 2 min
denaturation at 95[err]C        and placement on ice. 10[err]l of each
phosphorylated        oligonucleotide was mixed with their most
complementary DNA        oligonucleotide to obtain duplex formation. After
2 min        incubation at 95[err]C for denaturation, each duplex was
cooled 30     slowly to 30[err]C. Again, 10[err]l of all the duplex
mixtures were        pooled and incubated in a final volume of 100[err]l,
containing        50 mM Tris/HCl, pH 7.5, 8 mM MgCl[err], 8 mM DTT, and
40[err]g/ml        gelatine and 1OU of DNA ligase, for two hours at
20[err]C. The        ligation mix was then precipitated, and redissolved in
30[err]l 35     of TE-buffer. 15[err]l of the mixture were placed on a 2%
agarose gel, and the DNA band of the expected size        (approximately
291 base pairs) was cut out of the gel and          WO 97/02343
PCT/EP96/02936 



- 36 -        finally purified through the Gene Clean II procedure, as
recommended by the supplier.         This fragment was ligated with a
vector fragment derived  5    from the multi-copy integration vector
pUR2778 by digestion       with SacI and HindIII. The sequence of the
insert was       confirmed and the resulting plasmid was named pUR7718
(Fig.       18).   10    Plasmid pUR7718 was linearized by digestion with
HpaI which       targets integration of the plasmid to the yeast rDNA
region       and was then subsequently introduced into S.cerevisiae
strain SU50 by electroporation. The resulting transformants       were
selected through their ability to grow in the absence 15    of leucine.
To achieve expression of the cloned HPLC-12 gene,       transformants
carrying pUR7718 were first grown for 40       hours in liquid minimal
medium at 30[err]C then subsequently 20    diluted 1:10 in freshly prepared
induction medium (Yeast       extract 1%, Difco peptone 2%, galactose 5 %)
and incubated       at 30[err]C for a further 48 hours. At the end of this
period       samples of the culture supernatant were tested for their
ability to inhibit the growth of ice crystals. 25       The results
(recrystallisation assay) clearly show that the       culture supernatants
had high levels of antifreeze       activity. Comparison of these results
with those obtained       for the yeast expression of the HPLC-1 variant
showed that 30    the supernatant from the transformant which produced the
lowest level of HPLC-12 antifreeze activity exceeded that        from the
best HPLC-1 transformant.          A fed batch fermentation was performed
with a SU50 35    transformant carrying pUR7718. At the end of the feed
phase, the cells were harvested by centrifugation in a       Jouan LR 5.22
centrifuge using 1 1 buckets, for 30 min at          WO 97/02343
PCT/EP96/02936                                   - 37 -        4650  rpm
(7200  g).  The  supernatant  was  tested  for       antifreeze activity by
the ice recrystallisation inhibition       test. Undiluted supernatant
clearly prevents crystal       growth, which demonstrates the presence of
high levels of 5     active antifreeze peptide in the culture supernatant.
A western blot of the supernatant from this fermentation       showed that
AFPIII-HPLC12 material was secreted. The       apparent molecular weight of
the yeast produced HPLC12 was 10    equivalent  to  that  of  the  fish
produced  HPLCl2.       Purification and amino acid sequencing of the yeast
produced  peptide  confirmed  that  this  material  was
indistinguishable from the HPLC12 peptide produced by Ocean       Pout.
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Description         Figure 1. Isoforms of type III AFP. The boxed regions
represent regions of identity and the shaded amino acids  5    are those
identified  as  important  for the  antifreeze       properties of the
peptides.         Figure 2. Synthetic gene encoding AFP-type III HPLC1.
10    Figure 3. Schematic representation of the construction of
pUR7700, a plasmid carrying the synthetic AFP-III gene.         Figure 4.
Restriction map of the yeast expression vector       pUR2778.
Figure 5. Schematic representation of the construction of       pUR7701, a
plasmid carrying the invertase signal sequence.         Figure 6. Schematic
representation of the construction of 20    pUR7702, a plasmid carrying the
synthetic AFP-III gene        linked in frame to the invertase signal
sequence.          Figure 7. Schematic representation of the construction
of        pUR7703, a plasmid carrying the synthetic AFP-III gene 25
fused in frame with the mating factor pre-pro secretion        signal
sequence.          Figure 8. Schematic representation of the construction
of        plasmid pUR7704, a multicopy rDNA integration vector 30
carrying the synthetic APP-III gene linked in frame to the        invertase
signal sequence.          Figure 9. Schematic representation of the
construction of        plasmid pUR7706, a multicopy rDNA integration vector
35    carrying the synthetic AFP-III gene linked in frame to the
pre-pro mating factor signal sequence.           WO 97/02343
PCT/EP96/02936 



- 43 -         Figure 10. The elution pattern of Ocean Pout antifreeze
peptides from a Mono S column.          Figure 11. Chromatogram of
antifreeze peptides separated by 5     reversed phase HPLC.          Figure
12. Chromatogram of Mono S Sl antifreeze peptides        separated by
reversed phase HPLC.   10     Figure 13. Chromatogram of Mono S S2
antifreeze peptides        separated by reversed phase HPLC.
Figure 14. Chromatogram of Mono S S3 antifreeze peptides        separated
by reversed phase HPLC. 15        Figure 15. Chromatogram of Mono S S4
antifreeze peptides        separated by reversed phase HPLC.
Figure 16. Chromatogram of Mono S S1 antifreeze peptides 20     separated
by reversed phase HPLC.          Figure 17. Synthetic gene encoding type
III AFP HPLC12        invertase signal sequence fusion protein.   25
Figure 18. Schematic representation of plasmid pUR7718.           WO
97/02343                                       PCT/EP96/02936
- 44 -         Table 1.          AFP-III containing plasmids     5
Plasmid Name    Relevant Characteristics           pUR7700         pTZ19
carrying HPLC-1 synthetic gene.         pUR7701         pTZ19 carrying
invertase signal                          sequence.          pUR7702
pTZ19 carrying invertase signal                          sequence-HPLC-1
fusion gene.  10      pUR7703          pTZ19 carrying mating factor [err]
signal                          sequence-HPLC-1 fusion gene.
pUR7704         Yeast expression vector carrying
invertase signal sequence-HPLC-1                          fusion gene.
pUR7706         Yeast expression vector carrying
mating factor [err] signal sequence-HPLC-1                          fusion
gene.          pUR7718         Yeast expression vector carrying
invertase signal sequence-HPLC-12                          fusion gene.
WO 97/02343                                                PCT/EP96/02936
- 45 -          Table 2    Mono S fractions containing  APP-III 3 isoforms.
5                     Mono S Fraction         AFP 3 isoform
[err]                               1 2  



S1                     4
5     10                              S2                     1
2                                                         3
S3                     7  15                              S4
7             WO 97/02343
PCT/EP96/02936                                                 - 46 -
Table  3    N-terminal amino acid sequence of   APP-III          isoforms.
Lysozyme of Ocean Pout, the peptide formerly referred to as  5       AFP 3
isoform 7                                                    10
20
Lys-Val-Phe-Asp-Arg-?-Glu-Trp-Ala-Arg-Val-Leu-Lys-Ala-Asn-Gly-Met-Asp-Gly-T
yr- 10          21                                   30
40
Arg-Gly-lle-Ser-Leu-Ala-Asn-Trp-Val-?-Leu-Ser-Lys-Trp-Glu-Ser-?-Tyr-?-Thr-
15       Isoform number 9:
10                                      20
Ser-GIn-Ser-Val-Val-Ala-Thr-Tyr-Leu-Ile-Pro-Met-Asn-Thr-Ala-Leu-Thr-Pro-Ala
-Met- 20            Isoform number 12:
10 25
Asn-Gln-Ala-Ser-Val-Val-Ala-Asn-Gin-Leu-lle-Pro-lle-Asn-Thr-Ala-Len-
WO 97/02343                     PCT/EP96/02936
PCT/EP96/02936                                                     - 47 -
Table 4: Amino acid sequence of tryptic peptides of AFP-           III
isoform number 12.             Peptide no 1:  5           N-terminus 1-23
10                                       20
Asn-Gln-Ala-Ser-Val-Val-Ala-Asn-Gln-Leu-lle-Pro-lle-Asn-Thr-Ala-Leu-Thr-Leu
-Val- 10                      23           Met-Met-Arg    15        Peptide
no 2: 24 to 39             1                                   10
Ser-Glu-Val-Val-Thr-Pro-Val-Gly-lle-Pro-Ala-Glu-Asp-lle-Pro-Arg   20
Peptide no 3: 40 to 47              Leu-Val-Ser-Met-Gin-Val-Asn-Arg 



25             Peptide no 4: 48 to 61
10 30        Ala-Val -Pro-Leu-Gly-Thr-Thr-Leu-Met-Pro-Asp-Met-Val-Lys
Peptide no 5: 62 to 66   35        1           Gly-Tyr-Pro-Pro-Ala      40
1.      A product comprising one or more of         (a) a polypeptide or
protein having at least 80%         homology to AFP-type III HPLC-12; and
(b) a recombinant food grade host organism capable         of expressing at
least an AFP-encoding nucleic acid         sequence, said nucleic acid
sequence being         comprised in a DNA construct, said DNA construct
not being present in the native host organism and         said DNA
construct comprising in the order given         (a)  a strong promoter
active in the host               organism,         (b)  an ATG start codon,
(c)  at least one nucleic acid sequence encoding               an amino
acid sequence having at least 80%               homology to that of AFP
type III-protein HPLC               12, said nucleic acid sequence in
reading               frame with the ATG start codon, and
optionally         (d)  a stop codon bound to the 3' end of the AFP-
encoding nucleic acid sequence.         said product being selected from
the group of food         products and biological material and said product
not being an edible organism naturally comprising         said polypeptide
or protein in said form or amount.   2.      A product according to claim
1, wherein said food         product is selected from the group of ice
cream,         frozen dough or frozen bakery product.   3.
Substantially pure and isolated recombinant         foodgrade polypeptide
or protein exhibiting         improved properties of modification of ice
crystal         growth processes influencing size and shape
49         characteristics of ice in particular in regrowth        thereby
minimising potential freezing damage by        preventing or inhibiting ice
recrystallistation        upon freezing, so-called recombinant anti-freeze
paptides (AFP) exhibiting AFP activity higher than        of an equal
amount of winter Flounder AFP-type-I,        said polypeptide or protein
having an amino acid        sequence having at least 80% homology to that
of        AFP type III-protein HPLC 12.   4.      Recombinant foodgrade
polypeptide or protein         exhibiting improved properties of
modification of         ice crystal growth processes influencing size and
shape characteristics of ice in particluar in         regrowth thereby
minimising potential freezing         damage by preventing or inhibiting
ice         recrystallisation upon freezing, so-called         recombinant
anti-freeze peptides (AFP) exhibiting         AFP activity higher than of
an equal amount of         Winter Flounder AFP-type-I prepared by the
process         of         1) cultivating a food grade host organism under
conditions whereby expression of at least an AFP-         encoding nucleic
acid sequence occurs or is         induced, said nucleic acid sequence
being comprised         in a DNA construct, said DNA construct not being
present in the native host organism and said DNA         construct
comprising in the order given         (a)  a strong promoter active in the
host 



organism,         (b)  an ATG start codon,         (c)  at least one
nucleic acid sequence encoding               an amino acid sequence having
at least 80%               homology to that of AFP type III-protein HPLC
-50        12, said nucleic acid sequence in reading       frame withthe
ATG start codon, and       optionally (d)  a stop codon bound to the 3' end
of the AFP-       encoding nucleic acid sequence,       and optionally 2)
collecing the product expressed from the AFP- encoding nucleic acid
sequence obtained therefrom.            WO 97/02343
PCT/EP96/02936                                   - 51 -
ATG start codon, and optionally            (d)  a stop codon bound to the
3' end of the AFP-                 encoding nucleic acid sequence,
and optionally 5    2) collecting the product expressed from the
AFP-encoding       nucleic acid sequence obtained therefrom by further
processing in a manner known per se.         11. A process according to
claim 10, wherein the DNA 10    construct comprises a signal sequence for
the host organism       enabling secretion of the expression product of the
nucleic       acid sequence encoding an amino acid sequence substantially
corresponding to that of AFP type III-protein HPLC 12 by       the host
during cultivation of the host. 15       12. A process according to any of
claims 10 or 11, wherein       the host organism is a microorganism.
13. A process according to any of claims 10-12, wherein the 20    host
organism is a yeast.        14. A process according to any of claims 10-13,
wherein the       host organism is cultivated under conditions such that it
secretes a monomeric polypeptide with an amino acid 25    sequence
substantially corresponding to that of AFP type        III-protein HPLC 12.
15. A process according to any of claims 10-14, wherein the        nucleic
acid sequence encoding the amino acid sequence 30    substantially
corresponding  to  AFP-type  III  HPLC  12        comprises the preferred
codons of the host organism.          16.       A process according to any
of claims 10-15, in        which the DNA signal sequence is the DNA
pre-sequence of 35    the [err]-mating factor of S. cerevisiae.
17. A process according to any of claims 10-16, in which            WO
97/02343                                  PCT/EP96/02936
- 52 -        the DNA construct also comprises the pro-sequence of the
[err]-       mating factor of S. cerevisiae between the pre-sequence and
the AFP-encoding nucleic acid sequence, whereby the pre-       sequence,
the pro-sequence and the AFP-encoding nucleic  5    acid sequence are in
the same reading frame.         18. A process according to any of claims
10-17, in which        the DNA construct contains the invertase signal
sequence of        S. cerevisiae preceding the nucleic acid sequence
encoding 10    AFP.         19. A process according to any of claims 10-18,
in which        the promoter is an inducible GAL 7 promoter or a
constitutive GAPDH promoter of Saccharomyces cerevisiae. 15        20. A
food grade recombinant host organism having improved 



properties of modification of ice crystal growth processes
influencing size and shape characteristics of ice in        particular in
regrowth thereby e.g. minimising potential 20     freezing damage e.g.  by
preventing or inhibiting ice        recrystallisation upon freezing, said
food grade host        organism  containing  and/or  being  surrounded  by
a        polypeptide or protein substantially corresponding to AFP-
type III HPLC 12 and/or AFP being produced by a process as 25     claimed
in any of the claims 10-19.         21. A food grade recombinant host
organism capable of        expressing at least an AFP-encoding nucleic acid
sequence,        said nucleic acid sequence being comprised in a DNA 30
construct, said DNA construct not being present in the       native host
organism and said DNA construct comprising in       the order given
(a) a strong, optionally inducible, promoter active                 in the
host organism, 35         (b)  an ATG start codon, that may be present in
an                 optional DNA signal sequence capable of secreting
the protein produced by the host organism during          WO 97/02343
PCT/EP96/02936                                   - 53 -
expression  of  the AFP-encoding  nucleic  acid                  sequence
of (c) below, which signal sequence can                  be homologous or
heterologous to the AFP-encoding                  nucleic acid sequence and
is in reading frame  5               with the ATG start codon,
(c) at least one nucleic acid sequence encoding an                  amino
acid sequence substantially corresponding                  to that of AFP
type III-protein HPLC 12, said                  nucleic acid sequence in
reading frame with the 10               ATG start codon, and optionally
(d) a stop codon bound to the 3' end of the AFP-                  encoding
nucleic acid sequence.          22. A recombinant food grade host organism
according to 15     claim 21, in any of the embodiments disclosed in any of
claims 10-19.          23. A product comprising a polypeptide or protein
substantially corresponding to AFP-type III HPLC-12 and/or 20     a
recombinant food grade host organism according to any of        claims
20-22, said product preferably being a food product        and said product
not being an edible organism naturally        comprising said polypeptide
or protein in said form or        amount. 25        24. A product according
to claim 23, said product being a        product destined to be frozen, for
example a food product        such as ice cream, a frozen dough or frozen
bakery product.   30     25. Substantially pure and isolated recombinant
foodgrade        polypeptide or protein exhibiting improved properties of
modification of ice crystal growth processes influencing        size and
shape characteristics of ice in particular in        regrowth thereby e.g.
minimising potential freezing damage 35     e.g. by preventing or
inhibiting ice recrystallisation upon        freezing, so-called
recombinant anti-freeze peptides (APP)        exhibiting AFP activity
higher than of an equal amount of          WO 97/02343
PCT/EP96/02936                                   - 54 -        Winter
Flounder AFP-type-I, said polypeptide or protein       having an amino acid
sequence substantially corresponding       to that of AFP type III-protein
HPLC 12.    5    26. Recombinant foodgrade polypeptide or protein
exhibiting        improved properties of modification of ice crystal growth
processes influencing size and shape characteristics of ice        in
particular in regrowth thereby e.g. minimising potential        freezing
damage e.g. by preventing or inhibiting ice 10    recrystallisation  upon
freezing,  so-called recombinant        anti-freeze peptides (AFP)
exhibiting AFP activity higher        than of an equal amount of Winter
Flounder AFP-type-I        prepared by a process according to any of claims
10-19.   15    


