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Background to the invention Antifreeze proteins (AFPs) are pol ypeptides

. produced W 5 range of species, particularly th b s to
col der c|"?ér‘r%@‘,4%%ﬁ?ch have the ability to inhibit freez?(r%lgmg?%\%\g?g?ﬁand
aqueous nmaterials at tenperatures belqw OC. In general, it is thought that
these proteins function by neans of inferacting with and inhibiting the
grow h of ice crystals, but it is nowclear that 10 there are different

cl asses of antifreeze protein which may have different nechani snms of action
and different effects. Wﬁﬁ%ﬁm% BROTELNi ng a t her nal
hysteresis in the freezing/nelting behaviour of ice/water systens, AFPs can
«i nfl uence the shape and size of the crystals of ice formed when 15 freezing
does occiackamdundhtdi the derveptabii sation of ice. More recently, it has
been suggested that these proteins should instead be known as Ice '

‘St ruct ur imgiPreteenprotéPsgs (EFpgkeare Gdlypddittideey prSdlicedabyg ki ndider , N,
Cryoletters., 23 (2002) 89-92) 20 . C These attri butes of AFPs nean that
they eanHFRGE Pf oPBEFES oREELSUEAT I SHOFEI ARILYRPPUS: tonE0LEdRE BFimes,
product | il hNavbeXhUr erangd Neo skt rdurking st ORA6E: Ofnd Uditnd rozen
preparations and, in recent years, there has. been nmuch 25 interest 1n their
possi bl e redereat&aktapEnpeabtores leslpeci .y Im ddrerided dtndus t thoudker

exampl e, contrql of ice .crystal dinmensions can lead to particular
{ avour ablERtt GHARRedPT Ty TS5 1PRO Y o MBS0 15 Ggah
properti egnabseingstht &frewen her e WshaRa0E, AbS i1 idenow clear that

,(. 10 there are different classes of antifreeze protein which may have

different mechanisms of action and different effects. For
example, in addition to causing a thermal hysteresis in the
freezing/melting behaviour of ice/water systems, AFPs can
influence the shape and size of the crystals of ice formed when
15 freezing does occur, and inhibit recrystallisation of ice. More
recently, it has been suggested that these proteins should
instead be known as Ice Structuring Proteins (ISPs) (Clarke,
C¢.J., Buckley, S.L., and Lindner, N., Cryoletters., 23 {2002)
89-92)
20
. C These attributes of AFPs mean that they can have profound
effects on properties such as the ease bf production, the
textﬁre and the stability during storage of various frozen
preparations and, in recent years, there has been much
25 interest in their possible commercial application,
egpecially in the food industry. For example, control of ice
crystal dimensions can lead to particularly favourable
textures in frozen confecticns. Improvements in storage
; properties also result from the inclusion of AFPs in the
30 formulation. A review of the occurrence of AFPs and their
potential use in the food iﬁdustry has been presented by
Griffith and Vanya Ewart in Biotechnology Advances, vol 13,

pp. 375-402 (1995).
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considerable interest in the production of AFPs by means of
expressing cloned genes encoding them in more convenient
expression hosts, such as microorganisms or easily cultivated and
processed plantg. For many AFPs, however, this has proved
problematic: they are often obtained in poor yield and scometimes

lacking in activity.

Among the most potentially useful AFPs which have been identified
is a type II1II AFP from the Ocean Pout, which has been designated
HPIC-12. This protein was found to excel in its ability to aid in
controlling the shape and size of ice crystals. The protein was
gshown, for example, to ocutperform the well-known type I AFPs in
recrystallisation tests. A further advantageous  property
identified for type III HPLC-12 was that although it was not
produced in substantial amounts in E. coli, it could be produced
in good vield by expression of a cloned gene encoding its
gequence in a transformed yeast, thus providing a potentially
mich more convenient and economically viable source for
industrial scale production than the fish in which the protein

naturally ocecurs.
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sequence in a transformed yeast, thus providing a potentially nmuch nore
conveni ent and econom cally viable source for industrial scale production

than the fish in which the protein 30 naturally occurs. / 07
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enzynmes and deficiencies in one or nore of these can potentially alter the
pattern of glycosylation. A loss of actidvity of the enzyme responsible for
transferring the first sugar residue onto a 5 protein could potentially

prevent any gl-ycosylation. Accordingly, use of such a protein mannosyl
t r ansf er aserqsimn) -glefdasyéat iont dmvolyeast sidxgen hasbdeenfsguwveed ast a way

to overco he problem of abnormal gl.ycosyl ation_of het | ogqusl y.
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In strains where the activity of the enzyne Pm 4 has been abolished. None

of the arﬁfﬁ%e&?ﬁ%’fleh%% efE MEFEEBeaﬁy%O‘@?Wp%ﬁvﬁrgﬂ'm?nt]é‘?lolf’?@?le“bI ass
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‘Whi ch with different protein-specificities. For example, in a review on
protein O-mannosylation, Strahl-Bolsinger et al (Biochimica et
Biophysica Acta 1426 (1999) 297-307) noted that of ten
O-glycosylated proteins studied, six are glycosylated in yeast by
15 the enzymes Pmti and Pmt2, while the other four show a decrease
or lack of O-mannosylation exclusively in strains where the
activity of the enzyme Pmt4 has been abolished. None of the
analysed proteins was seen to be hypoglycosylated in another
class of mutant, in which the activity of enzyme Pmt3 is lost,
20 however this mutation did wresult in reduced O-mammosylation of
chitinase 1in the genetic background of a pmtipmtz double
;£~ mutation. No correlation between mammosylation specificity and
any sequence or structural features of the protein subsgtrate has
been identified, s=so it is not posgible to predict which
25 particular transferase enzyme (s) are likely to be responsible for
initiating the glycosylation of any particular protein, whether
it is a native protein of the glycosylating species, or a foreign

protein produced by heterologous expression therein.

30 Summary of the invention

The present inventors have now found, however, that type III
HPLC-12 produced in yeast has a specific activity, as measured in

a recrystallisation inhibition assay, that is lower than that of
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unexpect egrsteie buchlexpwebgent alhileyi dinsse agt t lpgcari swhare| hhé ngattd vAFPs
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gl ycosyl aggdeodprarexpmpkeiebels ifm it al (Science 172 (1971) 1152), reported
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(Science 172 (1971) 1152), reported that the activity of an AFP
found in northern cods and Antarctic notothenioids loses its
activity if the pendant disaccharides are removed. In other
cases, the glycosylation that occurs in nature has been shown not
15 to be important for the AFP activity. For example, Worrall et al
(Science 282 (1998)115-117), found that when a naturally
glycosylated AFP from carrots was produced without its surface
glycans, its recrystallisation inhibition activity was
unaffected. A gimilar lack of dependence on glycosylation, even
20 though it is naturally prgsent, for AFP activity has been noted
by the present inventors in the case of a heteroclogously -
expregsed AFP from rye grass. Thus there is no clear indication

of a general link between glycosylation and activity among AFPs.

25 Purther, as a consequence of this unexpected finding, the present
inventors have been able to devise a method for substantially
suppressing this abnormal glycosylation of type III AFP, and
thereby have provided a means for producing type III AFPs, such
as type III HPLC-12 protein which combines the convenience and

30 cost-effectiveness of yeast as a host organism, whilst yielding a
product with a potency approaching that of the native protein.
The present inventors have found that using this method, both the

vield of recombinant protein and the specific activity of the



by the present inventors in the case of a heterol ogously expressed AFP from
rye grass. Thus there is no clear indication of a general |ink between

gl ycosyl ation and activity among AFPs. 25 Further, as a consequence of this
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for substantially suppressing this abnormal glycosylation of type Il AFP,
and thereby have provided a neans for- pr oduci ng type I'll AFPs, such as
type Il HPLC- 12 protein which conbines the conveni ence and 30

cost-effectiveness of yeast as a host organism whilst yielding a product
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protein is active. 5 Accordingly, in a first aspect, the present invention
provi des nmet h d r produ0|ng pe_LllL antifreeze ei n_( AEP). mhlch
nethod%co T5eE I5§§¥e55|ng fn 5 Fﬁﬁga?sPﬁggf CE#F wﬁxfﬁepé déRVERER
protei n glyessyded | o, mecHBE| eid aghbBERYURNC eRggH ng ftihe aﬁEEfrb@zzlen a
preferred enbodi nent, the fungal host cell is deficient in protein
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one orlnnmn¢mén¢ﬂab1dnﬂﬁquaﬁcérémmﬁ&ﬂm§ej&n2¥ﬂ£s In a preferred

enbodagent the fungal host cell is a yeast, such

’ (~ In a preferred embodiment, the fungal host cell isg deficient in
protein glycosylation by wvirtue of a mutation in one or more

genes encoding enzymes involved in protein glycosylation.

15 Preferably, the fungal cell is deficient in O-glycosylation, more
preferably deficient in the activity of one or wmore protein

mannosyl transferase enzymes.

In a preferred embodiment, the fungal host cell is a yeast, such
20 as Saccharomyces cerevisiae, preferably a pmtl-deficient and/or a

pmt2-deficient mutant yeast strain,.

In a related aspect, the present invention also provides a method
for increasing the specific antifreeze activity of an antifreeze
25 protein (AFP) type III, or a functional eqguivalent thereof, when
sald protein is prepared by expression in a heterologous fungal
species of a gene/nucleic acid sequence encoding the protein, by

means of reducing the extent of glycosylation of the protein.

30 Preferably the specific AFP activity is measured by means of an

ice recrystallisation inhibition assay.



20 as Saccharonyces cerevisiae, preferably a pntl-deficient and/or a

pnt 2-deficient mutant yeast strain. In a rel ated aspect, the present
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equi val ent thereof, when said protein is prepared by expression in a

het er ol ogous fungal species of a gene/futleic acid sequence encoding the
protein, by means of reducing the extent of glycosylation of the protein.
30 Preferably the specific AFP activity is neasured by nmeans of an ice
recryst al Thsatpmfemiedbenbodd vstgy thaOra2d0dl 35y Aoy pPCEEER2§DA/R 221906 | n
a preferred enbodi nﬁo, the reduction in protei gl co;yl tion is achieved
by means of SEFEEYTRgPY JERREn £ S ﬁg‘—” %%e e i CHRLESSABY ci ent »
in the ackhuiiys Ghidhe i P& &I WiPShe! AV WA, I0E BhE! 8F Nudlley @SytakI On,
preferably one or nore protein 5 mannosyl transferase enzynes. A Suitable
gl ycosyl atienldet ilei saptsin aglydassuwlpbionl | praefErediydongr om moreaapgetefinsuch

strai ns bé anal%yfi S of theSAFeP t e 1l protein which is produced when a
gene €enco FHYCSE & &DSFEF% T ™Y fpressed in said strains. Preferably, the
analysis of the AFP , type IIl protein is based on an assay of its AFP

activity or functionality, nore preferably its ice recrystallisation

i nhi bi t or$ axitebts. givcesylatderoAglaghart | st ris chyPiqpidint issHastted des a
conpositi onprising I jn typ I .freeze r i F

wher ein fr%g(r)nﬁa ‘otfta%g%%c%fg 00 %lg%A%@}i%n& nég Sycﬁy{f%%egﬁgP?éér E%)[Fy, t he
type 111 AFBrésntypibcd l1s pRbdhdsd wikn a gene encoding said protein is

10 expressed in said strains. Preferably, the analysis of the AFP (5

type III protein is based on an assay of its AFP activity or
functionality, wmore preferably its ice recrystallisation

inhibitory activity.

15 TIn a second aspect, the present invention provides a
compogition comprising recombinant type III antifreeze
protein (AFP) wherein from about 50% to 99% of the AFP is
unglycosylated. Preferably, the type III AFP is type III
HPLC-12.

20

In a preferred embodiment, the composition is obtainable, wmore —

| preferably obtained, by the method of the first aspect of the

invention.

25 In a third aépect, the present invention provides a method foxr
identifying a fungal host strain capable of expressing a type III
AFP such that less than about 50% of the expressed AFP is
glycosylated, which method comprises:
(i) providing a plurality of fungal host cells comprising a
30 nucleic acid sequence which directs expression of thé AFP in the
host cell;
{ii) culturing the host cells under conditions that allow for

expression of the AFP; and

.
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In a preferred enbodi ment, the conposition is obtainable, nore preferably
obt ai ned, by the nethod of the first aspect of the invention. 25 In a third
aspect, t i nvention provides a nethod for id id ol unga
" host stra@ﬁﬁé@%@@é of expressing a type Il AFP such ?r?ﬂét/ﬁ]?ig@gn%ﬁgn about
50% of the expressed AFP is glycosylated, which nmethod conprises: (i)
providing a plurality of fungal host cells conprising a 30 nucleic acid
sequence which directs expression of the AFP in the host cell; (ii)
culturing the host cells under conditions that allow for. expression of the
AFP; and WD PoosdeisouripeT taer 6ors e 291 99l ycogyliatioge of fihe FFPERESESt ent
of glycosxgﬁyion of the expressed AFP. In a preferred enbodi nent, the
plurality of host cells have been 5 subjected to a nutagenesis step.
Detail ed description of the invention This invention is based upon the
finding that when the antifreeze proteiin type 111 HPLC- 12 _is_ prepared by
expressi ontih Qféhﬁr SPROJERRRE stthg PL aigﬁﬁc? i%?%ﬁﬂqgiééqﬁgﬁ€eg%ﬁ%oding
the prot egilyya:tedbsbhant at adieRard iseBpof the secreted protein product has
been glycosylated. Such glycosylation is not present in the native
protein, and recrystallisation inhibition assays on the separated
gl ycosyl a egaffg_u&gggga_gL.£egffE,8tl Med, surprisingly, 15 that the
gl ycosyl at+of—eFFettvety =6 A etivity of the protein. In
view of this surprising.finding, the jnventors have gone qn to,  .devise a
rethod 1 ofiTh RS AG he ST HETME PP Y GD ChEC, s the heiBFEeSS

protein type III HPLLC-12 is prepared by expression in a normal

: (f 10 yeast strain of a nucleic acid sequence encoding the protein, a
substantial proportion of the secreted protein product has been
glycosylated. Such glycosylation is not present in the native
protein, and recrystallisation inhibition assays on the separated
glycosylated and unglycosylated fractions showed, surprisingly,

15 that the glycosylation effectively abolished the AFP activity of

the protein.

In view of this surprising finding, the inventors have gone on to

devige a method for increasing the specific activity of the type

20 IITI HPLC-12 antifreeze protein, or a functional equivalent

'.<; thereof, when =aid protein is prepared by expression in a
heterologous fungal species of a nucleic acid sequence encoding

the protein sequence, by means of reducing the extent of

glycosylation of the protein.

25
Unlesg defined othexrwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art (e.g. in cell culture, molecular
genetics, nucleic acid chemistry, hybridisation techniques and
30 Dbiochemistry). Standard techniques are wused for molecular,

genetic and biochemical methods (see generally, Sambroock et al.,
Molecular Cloning: A Laboratory Manual, 3™ ed. (2001) cold
Spring Harbor Leboratory Press, Cold Spring Harbor, N.Y. and



20 I'l'l HPLC-12 antifreeze protein, or a functional equivalent thereof, when-
said protein is prepared by expression in a heterol ogous fungal species of
a nucl ei c?,gqfﬂgmgqa”ence encoding the protein sequence, fyrBEEARS019%19r educi ng
the extent of glycosylation of the protein. 25 Unl ess defined ot herw se,

all technical and scientific terns used; _herein have the sane neaning as
commonl y understood by one of ordinary skill in the art (e.g. in cel
culture, nolecular genetics, nucleic acid chem stry, hybridisation

techni ques and.30 bi ochem,stry). Standard techni qgues are, used,for .nolecul ar,
genetic dHPi e nidal %5d$r(°§85°g§népaﬁf’g,ec%§ r%ﬁ‘%l%qy af1999)\t ecul ar
O oni ng: y Labeat AL YeWhruatons3r dred, (200d) Gl druBr vBgskn benciabenatory
Press, Cold Spring Harbor, N'Y. and WO 2004/057007 PCT/ EP2003/012219 - 8
Ausubel efuzgtent Systocplst ddolMpliasulbire &CAPIBI oMbgyh( BFe9)intorpordtedohn
Wley & Sons,. ln¢c. -can e _full,versi i;tled Current Protocols in
I\/blecular§1 F%“b%?,re ?E cggeaF#cSPS@%a%ggmgﬁé?éfn by reference) and chenical’
nmet hogs. 5 Antifreeze proteins For the purposes of this invention, an
antifreeze protein is a  protein which has significant ice recrystallisation
i nhibiti t t is therefore an ice structuring protein (ISP)

lce 10 recrystallisation inhibition properties can conveniently be neasured
by neans Bfr schmddipapesplalt Hysayinuentdeser pbe@ntafrogro0ps302n is a

Significant .ice recrystiallisation, inhibjtor iwvi-t.y _can be defiped as
where a QO THo | B o SORREIERY | Ko erbr LA et o ettt Ry ot
| east ASOSrdieirtieBUbAY i® therefore an ice structuring protein (ISP). Ice

10 recrystallisation inhibition properties can conveniently be ( )

1™

measured by means of a modified splat assay, as described in
WO 00/53029. Significant ice  recrystallisation - inhibitory
activity can be defined as where a 0.01 wt% solution of the AFP
in 30 wt% sucrose, cooled rapidly (at least A50°C per minute) to
15 -40°C, heated rapidly (at least A50°C per minute) to -6°C and then
held at this temperature results in an increase in average ice
crystal size over one hour of less than 5 pm. The specific
activity is a measure, per unit concentration of the dissolved
AFP, of this ability of the protein to limit the extent of

20 increase in size of ice crystals as a result of

recrystalligation, in a given time.

The. antifreeze proteins according to the present invention are
type III AFPs. Thege AFPs have to date been identified in a
25 number of polar fish of the family Zoarcidae such as Macrozoarces
americanus (Bel pout, Ocean pout) and Anarhichas Jlupus (Wolf
fish) - Barrett, 2001, Int. J. Biochem. Cell Biol. 33: 105-117.
Type III AFPs typically have a molecular weight of from about 6.5
to about 14 kba, a beta sandwich secondary structure and a

30 globular tertiary structure.



15 -40C, heated rapidly (at | east A50C per mnute) to -6C and then held at
this tenperature results in an increase in average ice crystal size over
one hour Qf. |ess an 5 m The specific activity is a uni t

" concentra @5W0ﬂ¢”@ﬂe di ssolved AFP, of this ability of 't eﬁ%ﬁgvggﬁgtolirﬁt
the extent of 20 increase in size of icg crystals as a result of
recrystallisation, in a given tinme. The antifreeze proteins according to the
present invention are type |IIl AFPs. These AFPs have to date been
identified in a 25 nunber of polar fish_of the fam |y Zoarcidae such as

Macr ozoar GeBUBHRT (RLaFESCEEBICRbRY taPEahlhotith® ARTSARERRI elrered Upa¥iesvl f
fish) - Bgﬁfieﬁévlgl, 200 akand g, Bh???ﬁé’é—%s‘) Bl ﬁlbga:?‘éicéféf%yligef&@%dl Il
ly ha a t

AFPS typica ve a nol ecul ar wei ght of from ut o. out 14 kDa, a
bet a sanduwyph BEc@hfary sypecIUr élPaddla. 30 gl obular tertiary structure. WO
2004/ 057007 PCT/ EP2003/012219 9 A nunber of genes encoding type Il AFPs

have been cloned (Davies and Hew, 1990, FASEB J. 4: 2460-2468). A .
partiayl arhy pheierded doRenck! oAFBckant yoer | tpd PG kb8 13hesaghspnaci d
sequence of Ccean pout type Il HPLC-12 is shown as SEQ ID NO 1. Type I
HPLC- 12 pekypBEPt fBel0atecoftibagILd HREC-b? eBeiirsnhigesi arwcphéingeto the

pol ypepti des havi ng _the. am no_aci sequence o] as_S I D.NQO 1 and
functi onapr%%?ﬁ%vaﬁg‘ﬁ Iétjt%g]r eof’ ilucl}% @fﬁ%ﬁ%cjf?%"na a‘erﬁﬁ?vglgeentam%nso n%gﬁ? any
pol ypept i dequdiese sheegquasceEhapd a3k :heand Secitpne pgeieslabity aheleass 85%
90% or 95% sequence- identity with the sequence of type IIl HPLC-12 as
shown in SEQ ID NGO 1 and which exhibits AFP activity, in particular ice

et PSR |G (et g el ! g SRR e
- sequence has at least 80%, more preferably at least 85%, 950% or
95% sequence’ identity with the sequence of type III HPLC-12 as
shown in SEQ ID NO: 1 and which exhibite AFP activity, in
particular ice recrystallisation inhibitory (RI) activity. It is
15 preferred that functional equivalents have at least 50% of the RI
activity of a polypeptide having the amino acid sequence of type

IIT HPLC-12 as shown in SEQ ID No:1, more preferably at least
60%, 70% or 80% of the RI activity of a polypeptide having the
amino acid sequence of type III HPLC-12 as shown in SEQ ID No:l.

20 RI activity can be conveniently be measured by means of a

modified splat assay, as described in WO 00/53029.

~

Sequence identity calculations are typically performed with the
aid of readily available gequence comparison programs. These
25 commercially ~available computer programs can calculate
% homoleogy, typically % identity, between two or more

sequences.

Most sequence comparison methods are designed to produce
30 optimal alignments that take into coneideration possible
insertions and deletions without penélising unduly the
overall homology score. This iz achieved by inserting “gaps”

in the sequence alignment to try to maximise local homology.



activity of a polypeptide having the am no acid sequence of type II
HPLC- 12 as shown in SEQ I'D No: 1, nore preferably at |least 60% 70% or 80%

of the R [ Vi of a polypeptide having the am no ag)j I of type
III_HPLCﬁX§%§@X§h%%n in SEQID No:I. 20 Rl activity cangggﬂggnvengéatly be
measured by neans of a nodified splat:L ssay, as described in WO 00/53029.
Sequence identity calculations are typically performed with the aid of -
readi |y avail abl e sequence conparison progranms. These 25 commercially
avai |l abl e conputer prograns can cal cul ate % honol ogy, typically %identity,
between two or nore sequences. Mst sequence conparison nethods are

desi gned u i ' ewd nt o, ] atLan
possi bl e ﬁ?%%%%?igﬁgﬁggdﬁg%%2?#%§%égpﬁﬁg%§d%2%%?%€$ngé%%d8§§g§%ggéov%?alI ;
honol ogy sachegaphichaks cachirev eich byhe nagignment gaps'thaitn tier stelgpiensme
alignment to try@%o, ximse |local ho Iogg. WO 2004/0ﬁ7007 ,

PCT/ EP20083¥29519F 48P EbeRl e?MiRReRE1 ADr e cORBIER FrefhodRMeRti Yht R ¢ap

penal tg esto,05588CH 0 SNB OCCUESET dlot 1Ry %i&wnfse§9té&%ssfeé];{vagnsm

nunber of 1dentTcal amno acids, a sequence alignment with as. 5 few gaps as
possi bl e theetvectdrpgahedheequehatednesslbeaokieevet Achigheroaparedtbaguences
- wll achieve.a, higher score t} .one wWith ny, gaps. Affi ap cqgsts"
are typi calfy "iddy “q?lﬁ}ét g@ﬁ’&rgetbg&]el?%t P78l fqr‘i%%g% cgg? ft&pltcf?gﬁégi @?8ﬁce of
a gap anehatsaﬁafgé @eﬁaiéwi$@1yeagghsu@§QQE@ﬂttﬁ@seﬂygtéﬂcéh@fgapga%O Thi s
is the nost conmmon £$US6d gap scoring system High gap penalties wil of
course praddca &pelheseaenilgrinfarsegifbhsubasgiegapsesiise ani Fheeasp.

R R e e
penalties will of course produce optimised alignments with o
fewer gaps. Most alignment programs allow the gap penalties
to be modified. However, 1t 1is preferred to use the default
values when using such software for sequence comparisons. For

15 example when using the GCG Wisconsin Bestfit package (see
below) the default gap penalty for amino acid sequences is
-12 for a gap and -4 for each extension.
Calculation of maximum % homology therefore firstly reguires

20 the production of an optimal aligmment, taking into
consideration gap penalties. A suitable computer program for
carrying out such an alignment is the GCG Wisconsin Bestfit
package (University of Wisconsin, U.S5.A.;. ‘Devereux et al.,
1984, Nucleic Acids Research 12:387). Examples of other

25 software thaﬁ can perform sequence comparisons include, but
are not limited to, the BLAST package (see Ausubel et al., 1999
ibid - Chapter 18), FASTA (Atschul et al., 1990, J. Mol. Biol.,
403-410) and the GENEWORKS suite of comparison tools. Both BLAST
and FASTA are available for offline and online searching (see

30 Ausubel et al., 1999 ibid, pages 7-58 to 7-60). However it is
preferred to use the GCG Bestfit program.



val ues when using such software for sequence conparisons. For 15 exanple
when using the GCG Wsconsin Bestfit package (see below) the default gap

_ penalty f‘%béﬁ{;g;{%ﬁ%’?d d sequences is -12 for a gap and ??Fg‘ﬁ”‘ﬁﬁ’m”

ext ensi on. i on of maxi mum % honol ogy therefore y requires 20
the production of an optimal alignment, _taking into consideration gap
penalties. A suitable conputer progra"mif[oF carrying out such an alignnent
is the GCG Wsconsin Bestfit package (University of Wsconsin, US. A ;.
Devereux et al., 1984, Nucleic Acids Research 12:387). Exanples of other 25
sof t war e AhElPuEn e f difrdeqtiecdefpardiadonkei measyeedpuin &e&mFotof i ni t ed

to, the B nack al 9. Jd.hi. e , ~FASTA
{ At schul %@%ﬁl%lggg S%?SW&‘%&%&ES %B%e%% aﬂr}gj * %1%%%?{%% ui'te of
conpar i soant abl sor-BoithiByASE1randupdSTzbrar narabtable doal edf fimi harhingd
online searchin see 30 Ausubel_ et al., 1999 ibid, pages 7-58 to 7-60).
However i¥opee g‘?gﬁ‘i‘réﬁ tgeneEr ke @fﬁ#s&?ﬁgi SRR D058 o%afge)?_
PCT/ EB20034 £4,2:%19 comFé%is&ht]QQé@i‘ drh&rkiiakl %Ml A8, B Re1ieasad in

terns of “identity, the alignment process itself is typically not based on
an al | - ordheitdriasg piii r czampaei son. steist sadataisc atemnailyi | ased y isscohe

matrix i s 1y . used th assigns,scores_to.each 5 LW se .conmpari son
based on %ﬁ@% I %?t-fﬁllxari_t?;th r %\’/%1"@5 Wgrrﬁ’x dl?osrt aﬂla%. %ih‘rsﬁﬁxa%ﬂ%g oagsuch a
matrix coprdftaneyseda wikbens Bl QodvEdnaageheral Ivhaiefcahbrmahei yubDic t he
BLAST suite_of :-prograns. GCG W sconsin Er ograns generally use either the

public déekRHC Wallies OF 2 cedtiom sibell comparisem table if supplied 10
(see yser g%@é‘%?é o R L&g%ﬁf BblSdetdih d)S EEeigr%fgfé&elﬂs%ot hEe Aplic
Ues for the package, or

({é‘fault Y, I'n the case
‘ public default wvalues for the GCG package, or in the case of

other software, the default matrix, such as BLOSUMG2.

Once the software has produced an cptimal alignment, it is
15 possible to calculate % homology, preferably % sequence identity.
The software typically does this as part of the segquence

comparison and generates a mmerical result.

J In a highly preferred embodiment, the AFP polypeptide is linked
20 to a signal seguence that directs secretion of the type III AFP
protein from the host cell. Suitable signal sequences include

'a(; the 5. cerevisiae invertase signal sequence and the pre-sequence

of the o-mating factor of S. cerevisiae.

25 The AFP may be fused to a heterologous sequence to form a fusion
| protein, to aid in extraction and purification. Examples of

fusion protein partners include glutathione-S-transferase (GST),

hexahistidine, GATL:4 (DNA  binding and/or  transcriptional

activation domaing) and P-galactosidase. It may also be
30 convenient to include a proteolytic cleavage site between the
fusion protein partner and the protein sequence of interest to
allow removal of fusion protein sequences. Preferably the fusion

protein will not hinder the RI activity of the AFP. However, for




other software, the default matri x, such as BLOSUW2. Once the software has-

produced an optinmal alignnent, it is 15 possible to cal cul ate % honol ogy,

preferabkMO%&ﬁﬁgmgpce identity. The software typically QQﬁ?ﬁ&ghﬁ?gi part of

t he sequencé "conpari son and generates a nunerical result.

Iy

preferred enbodi nent, the AFP polypepti e is linked 20 to a‘signal sequence

that directs secretion of the type ITI

Sui t abl e signal sequences include Cthe S. cerevisiae invertase signal

sequence and the pre-sequence
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AFP, together with sequénces required for directing expression of the 10

7R | L hsFRosh dékl homtusselducl efouaci duskgieneesd sequences
encoding a type IITI AFP are generally incorporated into a
recombinant replicable nucleic acid vector suitable for
introduction into the fungal host cell. A nucleic acid sequence
encoding a type III AFP may, for example, be a cDNA sequence, a
genomic DNA sequence, a hybrid DNA sequence, or a synthetic or
gemi-synthetic DNA sequence. It is preferred to use a cINA

rather than a genomic DNA.

The nucleic acid sequence enceding the type III AFP is operably
linked to a control sequence that is capable of providing for the
expression of the coding sequence by the host cell, i.e. the
vector is an expression vector. The term “operably linked” means
that the components described are in a relationship permitting
them to function in -their intended mamner. A regulatory seguence
“operably linked” to a coding sequence is ligated in such a way
that expression of the coding sequence is achieved under

conditions compatible with the control sequences.

The control sequences will include sequences such as promoters,
and optionally transcriptional enhancer elements. Preferably,
the promoter is a strong promoter such as a GAPDH promoter of

5. cerevisiae or the GAL7 promoter. Promoters wmay be

FP protein fromthe host cell

: of the a-mating factor of S. cerevisiae.
The AFP rdyp BECfUSkoR b MRS feirog68s 18 bR neEeRaration I derdatubkst ei n,

. Eerfeo AR SIF SSPIRCIRTR
oo Rrore T SR PVBIASHRT Loy S RS I R ReY L4 (D i nci ng-

and/or transcriptional activation domains) and (3-gal actosidase. It may
al so be 30 convenjent ta includ prot eol yti.c cl eavage site between the
f usi on pEﬁEEEEE&i AUt RELRE 0T PR EHEACR VS M erest to  al | ow

Preferably the fusion protein will not
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encoding a type Ill AFP are generally incorporated into a reconbinant
replicable nucleic acid vector suitable for introduction into the fungal
host cell, A nucleic acid sequence encoding a type III E‘ %ﬁ&

: qﬂkﬂ? . PEE’@SJ 1
exanpl e, %’823&2 7sequence, a 15 genom c DNA sequence, P§EEy ri o?
sequence, or a synthetic or sem-synthetic DNA sequence. It is preferred to
use a cDNA rather than a genom c DNA 1¥he nucleic acid sequence encoding

the type Il AFP is operably 20 linked to a control sequence that is
capabl e of providing for the expression of the coding sequence by the host
cel |, i.econsfelt2®ivect 6nchs agn tdepREPHO pProwetady . oThanderiblaperati yad i nked"

nmeans that t n s described are in a relationship permtting them
to functi@ﬁei%flgﬁgfga?n ehded manner. A regul atory sequence 25 "operably

|l i nked” to a coding sequence is ligated in such a way that expression of
t he codi ng sequence i s achieved under caondjtions conpatible with the

control sB¥teRBeseITHECRHM rof Sequeraedyiintg m| faetaRlfichealsudptas
Pr OMDEET Spey 130 ﬁgﬁn Pt Lenakl Y3 t r aRSEH ﬁésonaé&cg{‘uzal%ger h%%@”e;gk%gkpr elerably,

the pronoter is strong pronoter such as a ronoter o cerevisi ae
or the GATeqgmmmpotretio®r obotpresvivky fue WRp2664145 700 7tIRCTERR20DBY (W19 -

13 constjitutive,. such as. the GAP ronoter qr inducible,_ such as, the
GAL7 pr ot BRRRESRBRY, COVBEARS TS LREAHE BrTRAE 9. & TeReEaRret rihl  host
5 cell usimgeshaBdalsh t @ebbguas SHEBcRHRLabLSROCknAbr &l&LiitargEation, to
provide for expression of the type III AFP. This process may conprise

cul turingezp Eer | exprastormedywittie wecepressithe veedirg asedesnts bed

above  under. condi tipns 19..Pr eVt dedd” XA eS8 QM f NG LBGLOL, 9T e
: €0d| ng sequence ‘
o expresged protein.

A suitable method for expression of a type III HPLC-12
polypeptide in S. cerevigiae isg described in WO 97/02343, except
15 that the host cell will be glycosylation-deficient as described

below.

Where the type IIT AFP is not linked to a signal seqguence, the
protein can be recovered from the host cells by standard
20 techniques such as lysing the cells and purifying the recombinant
protein from the cell lysate. Where a signal sequence is used,

;<, the protein can be recovered from the culture supernatant.

Fungal host cells with reduced glycogylation

25 A reduction in the glycosylation of the AFP is typically achieved
by inhibiting or abolishing the activity of gene products, such
as enzymes, involved in the host cell glycosylation pathways.
Preferably, said glycosylation is O-glycosylation, by which is
meant attachment of pendant' carbchydrate moieties to serine

30 and/or threonine residues at the protein surface.

in a preferred embodiment the reduction in glycosylation is

achieved by means of selecting a strain of the expressing



10 encoding the type IIl AFP, and optionally recovering the expressed .
protein. A suitable nethod for expression of a type Ill HPLC- 12 pol ypeptide
in S. cerevisiae is described in WO 97/02343, except 15 é@&%(%? ng t cel
will be gMRIWOIOILN deficient as described bel ow. Wef & @ Il AFP
is not linked to a signal sequence, the protein can be recovered fromthe
host cells by standard 20 techniques sifch as lysing the cells and purifying
the reconbinant protein fromthe cell |ysate. Were a signal sequence is -
used, the protein can be recovered fromthe culture supernatant. Fungal

host cel | srgethsmedbded glsycdsflaidron 256 Aheedactivityl nof heorg yoosyicatei on of
the AFP is typically.achieved by inhibiti or ahgl ishi the, activity of
gene prodGRFETeS ROy ﬁeﬁy%%t,gjirh\?gly\%aﬂ]%t%%' %%ﬁfse@#?yﬁ%%s%%%n
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meant attachment of pendant carbohydrate noieties to serine 30 and/or
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HPLC-12 specifically.

The host strain is typically deficient in the activity of an
enzyme of interest due to one or more wmutations in the

15 corresponding gene. The mutation may be in the coding sequence,
gsuch ag an insertion, deletion or substitution affecting the
activity, conformation and/or stability of the resulting
polypeptide. The mutation may alsc be in the regulatory comtrol
sequences, such as the promoter and/or 5'UTR, leading to a

20 reduction in expression of the gene product. However, it is also
possible that the activity of an enzyme of interest is affected -
by a mutation in another gene product which interacts with the T

enzyme of interest.

25 Typically, a suitable strain for expression is selected from
among glycosylation-deficient mutant strains which have already
been identified for the gpeciesg in which expression is to be
carried out. In the case of expression in S. cerevisiae, for
example, at leagt four genes have been identified which encode

30 proteins involved in transfer of a mannosyl residue to protein
serine or threonine residues, =aid genes being designated pmtl,
pmt2, pmt3 and pmt4. The present Iinventors were able to

investigate mutants in which the activity of one or more of these



necessary to select strains deficient in the activity of the 10 specific
enzynes that are effective in glycosylating type Il HPLC 12 specifically.
The host strain is typically deficient in the activity of

i nterest WEFHIMWE or nore nutations in the 15 corres%fgn |%%0§§é%g§ The
mutation may be in the codi ng sequence, such as an insertion, deletion or
substitution affecting the' activity,i%dhfornation and/or stability of the
resulting polypeptide. The nutation nay al so be in the regulatory control
sequences, such as the pronmoter and/or 5 UTR, leading to a 20 reduction'in
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identified which encode 30 proteins 1nvolved in transfer of a mannosyl -
resi due tdspuptedm feerilme prmdwessomhethiesi duasiticn degdies lodi maptl,

designated pntl, . pnt2 nt3 and pnt4. The, se i.,nventors were ahle to
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were thus able to determine that disruption of either pntl or pnt2 was
ef fecti vaeng maddciddgd noke haveer cioryiardabyeatitdnchf oBedhet edteppeof| |

HPLG: 12. i of : ed protein was also found to be affected by the
. E"m?[%ti g-r_']i %gﬁﬁi%ﬂ)v\l}as?rfg%f that the nost preferred gene

Accordingly, the invention provides a method for preparing type
III HPLC-12, or a functional equivalent thereof, with enhanced
specific AFP activity (in comparison to that obtained when the
15 protein ig produced in the parent strain) by means of expressing
a nucleotide sequence encoding gaid protein in a fungal host
strain deficient in the activity of the enzymes encoded by one or
more of the genes pmtl and pme2, or homologues thereof.
Preferably, the gene disrupted is pmtl.
20
In this context, the term “homologue” therecof means a gene which
?(; encodes a gene product having the same function as pmtl or pmt2

gene products.

25 In a preferfed embodiment, the fungal host cell is an
Saccharomyces cerevigiae cell with a disrupted pmtl gene and/or a

disrupted pmt2 gene.

The extent of glycosylation of type ITI HPLC-12 produced by any
30 chosen expressing strain can be readily gauged by methods that
are sensitive to the increased molecular weight of the wmodified
protein. For example, the additional mass of the glycan

attachments is readily apparent in SDS-PAGE. The application of



di sruption for the purposes of this invention is that of pntl

since this -

produces the highest yield of the unglycosylated, active type Ill HPLC 12
protein. Q&)%ﬁgbgﬁﬁ;, di sruption of the gene pnt4 did npErhaYRsaihe

appreci abl'e

ect on the extent of 10 glycosylation or yield. Accordingly,
the invention provides a nethod for preparing type |Il HPLC 12,

or a

functional equivalent thereof, wth enhanced specific AFP activity (in
conparison to that obtained when the 15 protein is produced in the parent

strain) bé means of xpressing¥ a nUﬁ$eotidecfeq¥ence encoding said protein
in a fungdhifosietiPF ai A ef FEFERRT | P e8] vity HSH% éfyy it ded by
one or nBE@pQ-f:aEi}ﬁ;,g%li‘%%m li@ﬁ%' FRRA PR 21 2 ON e HOPDFQAME S SRS, piefigr ably,

the gene distupted is p
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means a gwhachhtlbd bamiodhe dogshe pFBdlglytesylegethendamgl yoesylated® pnt |,
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10 methods. Alternmatively, the level of glycosylated and non-

15

20

25

30

glycosylated type IIT HPLC-12 can be determined using reverse
phase HPLC. Furthermoxre, the HPLC system coupled to mass

spectroscopy can be used to investigate specific glycoforms.

Methods such as 8SDS gel electrophoresié, Westernn blot, HPLC
analysis and HPLC coupled to mass spectroscopy were used by the
present inventors to identify the preferred strains of
5. cerevisiae for type III HPLC-12 production. It conld readily
be extended to investigate further mutant strains of this or
other species, in order to seek out still more effective
expression hosts. Altermatively, an assay based on the
recrystallisation inhibition properties of an at least partially
purified type III HPLC-12 containing preparation could be used to
detect conditions or strains that produce a good yield of active

protein.

By identifying the absence of glycosylation as the key criterion
in assessing the utility of the product as an antifreeze protein,
and by thus providing convenient methods to assay this, the
inventors have thus provided a general method for identifying
fungal strains suited to the preduction of active type IIIX
HPLC-12 in good yield.

“‘ﬁuﬂd_”lf I



are specifically detected, with the background of other proteins 5
Suppressed. This allows the identification of strains which are effective

i n suppressing HPLC-12 gl ycosylation to be identified, _f _ wi t hout
t he need W8 2p4¥957497t he HPLC-12 protein from the nedi urrlpfjﬁhgggfﬁ}i@#??t is

secreted. Suitable nonoclonal or polyclonal antibodies can readily be
prepared by conventional 10 nethods. “Alfernatively, the |evel of

gl ycosyl ated and non- glycosylated type Il HPLC-12 can be determ ned using
reverse phase HPLC. Furthernore, the HPLC system coupled to nass _
spect r osclopys cacebevisieg ttherpyesti gatmumdgecidi oWieyr dfeaness whishvetdveds such
as SDS gel elec r%\%or sislaov\éstern bl.ot , HPhC anal ysis _and HPLC CO§p| ed to
nmss spe qeﬁsc%%? FelustiPssy THEFeS5e8e RECPHTERL OFS EBZY Rt PPN
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coul d readil be extended to investigate further nutant strains of this or
20 ot her ispedived, innbeklep- tand bl igheds glyrosmka iery détrabl -Balriassiron
host s Al t.erpatiyply, -3n_assay ??39/9 th ecryst alldsat | inhiRition
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pr epar at iMutatesl dnbehiiskdchese dgdrest Iegedibeeandierustadi aulichail sar,oduce a

good yield of active 25 pratein.. By identi fa’jn t he ,absence of
gl ycosyl &518F1RsSt 8 kEWRSHIGeFPEn B9 nda&es ‘ﬁgrt FELERPH Y of oFhdBSr oduct

as an antjfreerech’ ot Qiybe 12R0HBYC IS PEOYIMNEHEANENI §5 Bt hods to assay

this, thé 30 inventors -have thus provided a general nethod for identifying
fungal strains suited to the production of active type IIl HPLC12 in good

oy DRSBTS adball & SHE" gt o0 o
B some cases glycosylation-deficient mutants have already been
described and in other cases these could be readily identified.
For example, WO 94/04687 describes the cloning of a homologue of
pmtl from another yeast, Kluyveromyces lactis. This was readily
15 achieved by PCR, using primers designed using sequence
information from the Saccharomyces gene. The authors go on to
describe how sequencing of the Kluyveromyces lactis gene would
allow a disruption mutant to be constructed for this species. The
- same . strategy could straightforwardly be applied to other fungi.
20 In the light of the finding by the present inventors that the
enzymes encoded by pmtl and pmt2 are most effective in
4Lr glycosylating type III HPLC-12 in Saccharomyces, it is probable
that proteins homologous to these would be suitable targets for
disruption in  other species. Once guitable candidate
25 glycosylation mutants are thus acquired oxr, 1f necessary,
constructed for other fungal species, the same strategy that has
been exemplified by the authors for Saccharomyces would be
applicable to identify the strain in which the best yield of
active type III HPLC-12 is obtainable.

30 7
In one embodiment, suitable glycosylation-deficient host cells
can be obtained by subjecting‘va population of host cells to

mutagenesis to obtain a population of mutant host cells and then



been identified, whose expression products are enzynes involved in later -
stages of glycosylation and which, in sone cases are involved in both O-
and N-1i (cosyl ation (Strahl-Bol singer 5 et al (Bi L

Bi ophysi::\gsie(?ié%%@G (1999) 297-307)). Mitants in which e‘?‘e&ﬁ"e‘%e? have
been di srupted could also, in principle be investigated to gauge their
suitability for the production of typ%SFTI HPLC- 12 or a functi onal
equi val ent. 10 The nethod could also readily be extended to other species.
In -- sonme cases glycosylation-deficient nutants have al ready been

descri bedsamrgningother popgéatidiesef coal Ik basr dagiribddicnlvd e etor Fekls

exanpl e, 94/ 0468 escribes the cl oning. of a honpbl ogue of | from

oot her | yaRLr - BRFuy SRS Ee  hot PESIH o ShdoPela IS s S nPRs B HAOR

using pr ign@rc%sggﬁtg@@doﬂshn@g@@qmcwpi.nf anmeideRikaf EOMH Nes13ac chal apa/ces
e

gene. The authors go on to scri be how sequencing of the Kiuyveronyces
lactis gerrETied Butarsiew standpugt Ferhmgest stehbes dedan dEageBesidi s -

speci gs. . T r at e C [ L 8l f I ) L A er
gl 5 2ot FBE AL BlpC Al At COALRGE AL BED oS 0al B B
enzynes encodec-dy rpotéd anttaguaEn2sdse mpbhg efdecétanglien prdmgeesyiiatcngdt ype
1l HPLC-12 in Saccharonyces, it is probable  that proteins honplogous to

these wollQl MB¥YaYiikhB8TEEr 4Bt SREoF NGRS rIRRGIGT itP SORTRs FedPBRLOZHER
suitable:ﬁgﬂg&ggt§n2gmgh¥ﬁp§§ggggg?'nutants are thus acquired or, if
u

necessary, ~constructed for 0ther ngal species, the sane strategy that has
been exenplified by the authors for. Saccharomyces would be applicable to
identify the strain in_which the best yield of active type |Il HPLC12 is
obt a-Rabi TS 3BPF e OURon EPEPELHN ¢ 15 yERERISA | GHEGOPTEi B TBEL ('

cell's cafftennbt afr1bysdkact idicapRapuvhat 8Bses Bosh G | Boltd not

limited to) those of the genera Saccharcmyces, Kluyveromyces,

Pichia, Hansenula, Candida, Schizosaccharomyces and the like, and
filamentous species such as (but not limited to) those of the

15 genera Aspergillus, Trichoderma, Mucor, Neurospora, Fusarium and
the like. Preferably the species selected is a vyeast, most
preferably a species of Saccharomyces such as S. cerevisiae.
Abnormal glycosylation has been shown to be a feature of
expression of heterclogous genes in many of these genera.

20
However, in an alternative embodiment, it may be desirable to use
a fungal host strain of a species that does not naturally carry
out significant O-glycosylation. Thus the term “glycosylation-
deficient” in the context of the present invention is not limited

25 to host cells that have been genetically manipulated to reduce
protein glycosylation. Nonetheless, typically, a glycosylation-
deficient host cell is one which comprises mutations in cne or

more genes involved in protein glycosylation.

30 APFP compositions

The method of the invention makes it possible to obtain highly
active preparations of type III AFPs containing a high proportion

of unglycosylated AFP.



nmut agenesi s to obtain a popul ation of nutant host cells and then WO

2004/ 057007 PCT/ EP20031012219 - 18 screening the popul ation of cells as
descri bed_above for cells that are defective in protei jon, in
particul VOBV ation of a type 111 AFP. NUtagenesiE(gh%E@ﬁFéﬁ%%n be
carried out using standard techni ques such as random nut agenesis, 5 using
for exanpl e DNA-damagi ng chem cal s or /X-ray irradiation, or
site-directed nutagenesis, using for exanple prinmers directed to known pnt
genes in one fungal species to target a honol ogous sequence in another
species). 10 The species in which expression is carried out nmay be any

sui tabl e .fungal, specie nconpassi ng veasts S t not . l.imted to)
hose of Ve gl b casne n SPERTERT RiERo R TR oo

Candi da, 1eehitzospeaharzngy/ cey andighe |dikeunahdcodylarant aypeSPELT eRFFUCh as
(but not limted to) those of the 15 genera Aspergillus, Trichoderma, Micor,
.Neurospoﬁ&ﬁcpé§§?@uﬁ$aﬂdPQF?@Pqqg@aoﬁmkﬂﬁéﬂaBVPetH IspER} esbRInatled bYs a

yeast g reRE85AT 8Pl ¥ ﬁuéﬁﬁfe'%,e%%ﬁ %%Rééogﬁegéilﬁ'c%%@s%&e CAe W ae.

Abnormal glFycosyl ation has own to be a feature pressi on of
het er ol odousa geheosyhamaoy-ddfidient dgengad. h@st Hoekler , Prafareldht,erohet | ve
%% host, strain of a species

enbodi nent, it may be desjrable tq use f ungal, . .
t hat doescqqﬁpsﬁﬁfé?aFPVP’éJa?‘?%/ a‘butcle@sbnra%f)&gnt 0-g18cosyl &t i Sh. BfRuSY he

term " gl yeasykat bpnvrdef ishBRicsynthe et extrrof atbe RRS$EREENVANt bon is

not limted 25 to host celTs that have been genetically manipulated to

reduce pegcenhageyebddtati bype NbhetAédl-ess, typically, a glycosyl ation-

defifgent host cell is one which conprises nutations in one or nore genes
Y

f,fﬂvo ed in protein glycosylation

o Accordingly, the composition of the invention also comprises less
than about 50% by weight of glycosylated type III AFP, calculated
as a percentage of total type III AFP, more preferably lesg than
about 40, 35, 30 or 20%. Alternatively expressed, a composition

15 of the invention comprises unglycosylated type IITI AFP and
glircosylated type IIT AFP in a weight ratio of from 1:1 to 100:1,
more preferably from 1.5:1 to 100:1, most preferably from 2:1,
3:1 or 4:1 to 100:1. Since the type III AFP is expressed in a
fungal host, rather than a prokaryotic host, there will generally

20 be at least trace amounts of glycosylated type III AFP, which
would not be present in type III AFP expressed in a prokaryotic

(t : host cell.

In a preferred embodiment, the composition of the invention
25 comprises from 50 to 929% by weight of type III AFP lacking
O-glycosylation.

In addition, it is preferred that the composition is at least 30%
pure with respect to type IITI AFP (regardless of glycosylation
30 type) based on total protein content, more preferably at least
40, 50 or 60% pure. Where the AFP is to used for cosmetic or
pharmaceutical applications then it is preferred that the AFP ig

at least 90% pure with respect to type III AFP (regardiless of



30 AFP conpositions The nmethod of the invention nakes it possible to obtain-
hi ghly active preparations of type Il AFPs containing a high proportion

of unglyc \ FP. WO 2004/ 057007 PCTI EP20031012219 pep/fhoodiidsiot N
present i é%'%%ﬁmgrovides a conposition conprising at -Teast about 50% by
wei ght of unglycosylated type 111 AFP 8§alculated as a percentage of total

type 111 AFP, obtainable by 5 expressi of a nucleic acid sequence encodi ng

the type Il AFP in a glycosyl ation-deficient fungal host cell. Preferably,
the conposition conprises at | east about 60% 65% 70% or 80% by wei ght of
the ungl y3b&5Asstiadi0hpetiPe) APPaged c Pt PES: a PYIREEENt SFELERTY ot BPTEype

L1 AFP. I PGl CApPss t of the invention also conprises
| ess thé%gg%%ﬁﬁﬁ Oa§b$ wé%gﬁg%gfgng%o§§ ated type 111 AFP,.calculated as -

a percentage of total type Ill AFP, nore preferably |less than about 40, 35,
30 or 20%, Alternatively expressed._ a_conposition 15 qf the invention

conpri ses BRgPYEICHEA R T | VL REPTNd 55| E085T BeRd "t FHISERP PR a
vei ghts ragho tofe oM dwind 0 3B@iphes M LR her abl Yudt PRt Ive: brl1q 18841,
nost preferably from2:1,” 3:1 or 4:1 to 100:1. Since the type ITI AFP is

expressednon-himighgat hEke, examphiest Hahen ppokagysese host, there will
generally 20 be at |east trace anounts of glycosylated type 11l AFP, which:

woul d not_be present i.n P&, |11 AFP expressed in a prokaryotic host cell.
In a' préE%ﬁiﬁﬁﬁﬂﬁﬁeafngﬁgriﬁﬁﬁfﬁonposition of the invention 25 conprises
from 50 to,9996§¥ wei ght of type 111 AFP | acking C)glycoiylation. )
Figure Ia is "a schemdtic representation of the "rDNA integration
10 cassette used in the examples. The cassette contains the

following sequences:

1-126 NTS1 - S. cerevisiae rDNA non transcribed spacer
127-2186 S. cerevisiae chromosome IX DNA
15 114-348 partial orfl= hypothetical protein
485-916 RNAse P subunit
1165-1959 weak similarity. to glucosidase, exo sialidase,
mucing
2103-2165 questionable cori
20 2165-2096 transcriptional activator of sul fur a.a.
metabolism
2397-2197 Antifreeze protein type IITI HPLC12
2457-2398 IS8 - 8.  vcerevisiae SUC2 I(Invertase) signal
sequence
25 2775-2486  Pgal7 - S. cerevisiae GAL7 promoter (synthetic)
4009-2801 LEU2d - S. cerevisiae LEU2d

4100-4413 2u - S. cerevisiae 2u plasmid fragment (non
functional)
4420-5460 NTS2 - S. cerevisiae rDNA non transcribed spacer

30 55461-5581 58 - S. cerevisiae rDNA 5S RNA

5582-6238 NTS1 - S. cerevisiae ¥DNA non transcribed spacer

Figure 1b is a schematic representation of plasmid pUR3993.

N



In addition, it is preferred that the conposition is at |east 30% pure with
respect to type Il AFP (regardless of glycosylation 30 type) based on

total protein content, nore preferably at |east 40, 50 % pure . \Were
the AFP WO 30840¥8Y for cosmetic or pharnmaceuti cal appf@%gEQ%&QM?ﬁ%n itis

preferred that the AFP is at |least 90% pure with respect to type Il AFP
(regardl ess of WD 2004/ 057007 PCT/ EP268631012219 - 20 glycosylation type)
based on total protein content, nore preferably at |east 95,98 or 99% pure.
The present invention will now be described with reference 5 to the
foll owi ng exanples which are illustrative only and non-limting. The

exanpl es_refer .to,figures: scription of the figures Figure lais a
_schenat?%M$%Eﬁé%éﬁ?ggf%h%%?Efﬁﬁr %Rﬁ?gﬁw%gration 10 cassette used in the

exanpl es. The cassette contains the follow ng sequences: 1-126 NTS1 - S
cerevisiae rDNA non transcribed spacer 127-2186 S. cerevisiae chronosone I X
DNA 15 iH@ampbesartial orfl= hypothetical protein 485-916 RNAse P subunit
116551959 weak simlarity. to glucosidase, exo sialidase, nucins 2103-2165
guestionabl e orf 20 2165-2096 transcriptional activator of sulfur a.a.

met abol i Ewangd®/- 21:97 Adetaradnetpont epf t yperystalHRIsET20A451nRBBBLIMS - S

cerevi siae S | (I nvert ase i gnal equencge, 2 775- 2486 Pgal 7 -_ S,
cerevisi%ﬁ?%é%%% B%oaﬁgﬁﬁsﬁi?§ﬁ%hngc?néiY OSfiateg UL ArpEype 112

HPLC-12 produced by Saccharomyces cerevisiae

10 Enriched fractions of glycosylated and non-glycosgylated AFP

type III were prepared from fermentation broth.

Fermentation broth containing AFP type IITI HPLC-12 (15ml) was
pipetted into separate conical tubes and 10ml refrigerated

15 ethanol added and mixed for 5 seconds.

Where the pH was lower than 6.0, the pH was corrected with
1M NaOH. The tube was then left on ice for at least 20
minutes or overnight in the freezer before being centrifuged
20 at a temperature of 5°C for 5 minutes at 3000rpm. The
_ supernatant was then decanted into a separate conical tube.
i_(« The precipitate was washed by adding 40% ethanol at pH 6.0,
mixed, placed on ice for at least 20 minutes or overnight in
the freezer and then centrifuged as before. Finally, the
25 precipitate was washed with Ultrapure water into a pre-

weighed flask, frozen and dried by freeze-drying.

The supernatants from above were decanted into pre-weighed
centrifugation bottles and centrifuged again at approx.
3¢ 4000rpm for a minimum of 20 minutes. The supernatants were
transferred into separate round bottom flask for rotary
evaporation. The ethanol was removed from the supernatant

by rotary evaporation whereby the temperature of the water



4009- 2801 LEU2d - S. cerevisiae LEU2d 4100-4413 2u - S. cerevisiae 2u
plasm d fragnment (non functional) 4420-5460 NTS2 - S. cerevisiae rDNA non
transcri hed 5PaR867; 30 55461-5581 5S - S. cerevisiae r Dij-oepaih¥ei2H82- 6238
NTS1 - S. cerevisiae rDNA non transcribed spacer Figure Ib is a schematic
representation of plasmd pUR3993. WO E20511057007 PCT/ EP2003/ 012219 - 21
Figure 2 shows an HPLC chronat ogram anples 5 Exanple 1: Determ natiaon of
recrystallisation inhibition activity of glycosylated and ungl ycosyl at ed
forms of AFP 't 1] HPLC 1 oduced.by,hSaccharonyces cerevisiae 10

Enri ched qartallzt%jg‘ﬁsn%‘f‘ ﬁﬁ%%‘éy%?@d aﬁﬁ?%ﬁ%—lﬁﬁyE&WW e(ﬁ’%A et?%éarlml' wer e
prepar ed dHOMfRISRIY abipBrRaOhAt ReE S nbald T At hreonh aighdGyvdidhdape |11
HPLC-12 (15m ) was pipetted into separate conical tubes and 10m )
refriger aileapk 150 eetemoanddoesl wadem kedoved By stcepds:dyhend. t he pH was-

| oner than 6.0, the pH was corrected with 1M NaOH. The tube was then |eft
on ice for at least 20 mnutes or overnight in the freezer before being
cent r 5f ugae: 2@itgladogated Uakd 0b15€oéPlatedri Avs esyd  BOD0EpAterdte of
supernatant was then decanted into a separate conical tube. C The

preci pi t dhe wEesulaing dfrseze) dragl s TRHeoNSa TP Yo iR Telleplaced on ice
for at least 20 mnutes or overnight in the freezer and then centrifuged as
before. Finally, the 25 precipitate was washed with Utrapure water into a
pre- wei gheddle | ask AFH ozgre afti Idpedilesf reezehdr Vitegze dried ethanol

precipitate and supernatant.

10 C

Material Non-glycosylated AFP | Glycosylated AFP g
type III as % total |type III as % total
protein protein

Freeze dried ethanocl 0.4 41

supernatant

Freeze dried ethanol 39.5 19

precipitate

Whilst the ethanol precipitate still contains some non-
glycosylated material, the supernatant is highly enriched in

glycosylated material {41% of total protein) compared to the =

[l
Ny

ey

15 non-glycosylated component (0.4% total protein).

Recrygtallisation inhibition (RI) assay

The recrystallisation inhibition activity of glycosylated HPLC 12

20 was used to determine the activity of the glycosylated and non-
- glycosylated AFP type III. A sample of 0.0004% protein in 30%
gucrose solution was prepared and measured (3 repeats) in the RI
assay. Two control samples were also measured: 30% sucrose
solution (i.e. containing no AFP) and 0.0004% non-glycosylated

25 HPLC 12. The results are presented as the change in the mean ice



The supernatants from above were decanted into pre-weighed centrifugation
bottles and centrifuged again at approx. 30 4000rpm for a m ni num of 20

m nutes. The supernatants were transferred into separate Lo Egﬁ)ﬁg éon1f|ask
“for rotarWOHPARHP% i on. The ethanol was renoved from t hECEEREPHERAR,

rotary evaporation whereby the tenperature of the water WD 2004/ 057007

PCT/ EP2003/ 012219 - 22 bath did not™ @éceed 35C. Fol | owi ng renoval of the
et hanol, the aqueous supernatant was transferred to a pre-weighed fl ask,
frozen and the water renoved by freeze-drying. 5 The non-gl ycosyl ated and

gl ycosyl ategstEP sype BFteronndatrgotiy teeryssulltisagidmeeke -dhiCedfor 1
preparations a ho in Table 1. Table 1: AFP type Ill profiles of the
freeze drﬁgﬂrepﬁﬁﬁﬁianprecipitate and supernatant. 10 Materi al

Non- gl ycosyl ated AFP d ycosylated AFP type Ill as %total type Il as %
total protein protein Freeze dried ethanol 0.4 41 supernatant Freeze dried
et hanol 392B1¢92:pR&ciphibhibipni reeUlhe et hanol precipitate still contains
sone non- gl ycosyl ated material, the supernatant is highly enriched in

gl ycosylated material (41% of total protein) conpared to the 15
non- gl ycposytat edigenpanent (0.4% total ptokewdh. (Reafoyshal |1 sati on

inhi bitign (IQI\ assay The rpr‘r\/c'rallls;atlnn Lnhi.bhitiaon at:'rl\/l'rv of

gl ycosy| pE@At P CUEzos2osHeigded to det ¢RAAett M- Bactivity of the
glycosy'FNE%Cgiyﬁogfiated AFP type III|0.7 = 0.5

HPLC 12

i ( . | Glycosylated AFP type TII HPLC 12}13.4 + 0.5

The above results show that the non-glycosylated AFP type III
HPLC-12 is active as it gignificantly reduces the amount of
growth compared to the control sucrose solution. However, the
10 glycosylated HPLC-12 shows the same growth as the sucrose
solution. Therefore, the glycosylated AFP type III HPLC-12 has no

effect on the recrystallisation, i.e. it isg inactive.

Example 2. Preparation of protein mannosyl transferase

15 (pmt) deficient mutants

The pmt deficient mutants were constructed in Saccharomyces
cerevigiae VWKl8gall (MATa, leu2, gall:URA3, ura3) using the
cre/lox gene disruption system described by Guldener et al
20 (NMucleic Acids Res 24 (13) :2519-24, 1996). DNA fragments with
short-flanking homology were generated by PCR using a loxP-Kan-
loxP cassette. Correct integration of the casgsette was verified
by diagnostic PCR and subsequently the Kan gene was removed by
expression of the c¢re recombinase. Correct removal of the
25 cassette resulting in a deleted gene with one remaining loxP gite

was verified by diagnostic PCR.

The following deletions were constructed:



gl ycosyl ated AFP type I11. A sanple of 0.0004% protein in 30% sucrose

sol ution was prepared and neasured (3 repeats) in the R assay Two control
sanpl es were al so neasured: 30% sucrose solution (i. go AFP)
and 0. 000%9AY cosyl at ed 25 HPLC 12. The results are pr esen{e as t he
change in the nmean ice WO 20041057007 PCTI EP20031012219 - 23 crystal size
after undergoing recrystallisation at 26Cfor 1 hour (Table 2). Table 2: R
inhibition results 5 Test solution Gowmh (mcrons) Control sucrose
solution 13.0 + 0.5 Non-glycosylated AFP type Il 0.7 0.5 HPLC 12

d ycosy| apreil (RRR, 23pe) 1 1Jo¥8PLC 12 13.4 0.5 The above results show that the
non-gl yco d t Il HPLC-12 is active as it significantly reduces
t he anouﬁ?%%ﬁ%% WF% %%%%gred to the control sucrose solution. However, the
10 glycospih@i(exﬂa BPBE 121 @ttows the sane growth as the sucrose solution.
Therefore, the glycosylated AFP type IIl HPLC-12 has no effect on the
recrystallisation, i.e. it is inactive. Exanple 2. Preparation of protein
mannosy!| ferase 1%, ci gt S ci ants
wer e %ons%}gu ted I%?l Sacc%har onygggéhceggwisﬁli%%%mm%%hgpm%% 5 % 3EH§

gal | : URAStran=dprmadi wijth e getiee thomdijemeARH siyppt ETH HBIST-AR .descri bed by

Qul dener et al 20 (Nucleic Acids Res 24(13):2519-24, 1996). DNA fragnents
with short-fl anking honol ogy were generated by PCR using a | oxP-Kan- | oxP

casset t e.pLUL RGP £0L@E 9D Bhable 68SSEElE MRS ¥Shifdeld expression
of AFP: pmt mutants of the host strain §. cerevisiae VWKl8gall

10 were transformed with multiple copies of an ISP expression ("

bt
" /,r

cassette derived from pUR3993 plasmid, designed to integrate at
the rDNA locus as described by Lopes et al (Gene 1928% Jul
15;79(2) :199-206) . The rDNA integration cassette was excised from
the complete plasmid by digestion with HpaI and the approximately

15 6283 bp fragment introduced into the host strain by trasformation
using the lithium acetate method (Gietz R.D. and Woods R.A.
Methods Enzymol 2002;350:87-96 ).

The detail of the yDNA integration cassette and the pUR3993
20 plasmid is shown in <figures 1 (a) and (b) respectively.
Transformants were selected for their ability to grow on minimal
medium without leucine and screened for production of the AFP i
during growth on wedium containing glucose as carbon source and
galactose as inductor.
25 |
Example 4. Determination of AFP ITI HPLC-12 content in

fermentation samples

The sample components are separated by reverse phase HPLC using a
30 (18 colum and the AFP type III HPLC-12 content determined by UV

detection at 214nm by reference to a purified standard.



by di agnostic PCR and subsequently the Kan gene was renoved by expression
of the cre reconbi nase. Correct renoval of the 25 cassette resulting in a
del eted gene with one remaining | oxP site was verified by diagnostic PCR

© The fol | oWORYOHEA7847 ons were constructed: WO 2004/ 05700?‘%@‘72@%‘2‘56@?012219

- 24 pntl (201, 2350)::10xP pnt2(50,2229)::10xP pnt4(09, 2289)::10xP 5
Exanpl e 3. Construction of nutant SaccRaromnyces strains transforned with a
gene encodi ng AFP type 11l HPLC-12. To construct a strain capabl e of
efficient, controlled expression of AFP, pm nutants of the host strain S.
cerevisi agppa¥aBgakl 10 were transformed with nultiple copies of an | SP
expression ~,. ggsset%g derived from pUR3993 plasm d, designed to integrate
at the rDNE# OX&*qgSctd bed by Lopes et al (Gene 1989 Jul 15;
79(2):199AI25Q@Eicgl1ebé%é ntegration cassette was excised from the conplete
plasm d by dilgestion with Hpal and the approximately 15 6283 bp fragnent

i nt r oducePFifs DRasEvarestrain by trasformation wusing the |lithium acetate
met hod (G.ef.z R D. . . ds Enzynol 2002; 350:87-96 ). The

det ai% o%?%léurgDﬁipgﬁ %%g? %&nﬁuéag%ge‘/%yand the pUR3993 20 plasmd is shown
in figures 1 (a) and (b) respectively. Transformants were sel ected for
their ability to grow on mninmal nediumw thout |eucine and screened for
product i JHFBICHFE AFP  during growth on medi um contai ni ng gl ucose as carbon

source a t S ind I : Determ nation of AFP |11
HPLC- 12 len“—t e t?]%ng‘?é&a{fl YR Olipct? wabERWhdtch

Acetonitrile HPLC grade, Far UV
(_ 10 Trifluorocacetic acid (TFA) HPLC grade

Isopropanol HPLC grade
Preparation of eluents:

15 Eluent A: 0.05% TFA in Ultrapure water
A volume of 1Iml TFA was diluted to two litres with Ultrapure

water and mixed.

Preparation of eluent B: 0.05% TFA in acetonitrile

20 A volume of 0.5ml TFA was diluted to one litre with acetonitrile.

: L To prepare samples a volume or weight of test material was
accurately pipetted/weighed, in triplicate, into separate 50ml
volumetric flasks and made to volume with eluent A. Samples were

25 filtered prior- to being analysed using the below specified AKTA
conditions. Purified non-glycosylated AFP type III was used as
the quantification standard. A chromatograph from a typical

fermentation sample is shown in figure 2.

30 The HPLC conditions used for AFP type III analysis were as

follows:



fermentati on sanpl es The sanpl e conponents are separated by reverse phase
HPLC using a 30 C18 colum and the AFP type I

by W detection at 214nm by reference to a purified st
2004/ 057349 28 BD003/ 012210 - 25 Apparatus: AKTA EE’E?@?’%?"%@?”%%

Anal yti cal bal ance Various glassware 5 Various pipettes (mninmum class b)

HPLC- 12 content determ ned

Reagents: U trapure water MIIi pore wat®r system Acetonitrile HPLC grade,
10 Trifluoroacetic acid (TFA) HPLC grade |sopropanol HPLC grade

Far Wwv

Preparation_of eluents:

of |Im
Pr epar a
was di |
wei ght
into se

Sanpl es | Wergleswash t er ed) prji 9% tlFPei ng anal ysed using the bel ow spgecified

AKTA c
quanti fi
is sho

were as

10

EAjmabich [uteed tio: t vBadtiedledimilth U trapure water and ni xqd
honeo%iel ent B:j (
8d*to*The IR re

fintest i sRtRIIRe Was| s@gcuratel y pi petted/ wei ghed, in triplilcate,
arate 50m vol upetlfric flasks and made to volune with eluent A

i)

t he

15 Eluent A: 0.051 TFA_in U trapure water A vol une

O'QﬁﬁﬁggA in acetonitrile 20 A vol une of (15n1 TFA
Wi It tonitrile. To prepare sanples a volune or -

i ifiked - Q) e pe Il was used gs
2%%%oﬁ£§?%§ rd.{ A gﬁﬁ$r§¥§§%a %&fggﬁggx%ipical fernentatﬁon sanpl e
in figure 2. 30} Thewtiidwscordi ti ons used for AFP type |l |anal ysis

UNICORN V3.21 software
_ UNICORN/A-900 software
Column : | Vydac Protein/peptide C18 218TP54

Mobile phase : {Al1l, 0.05% TFA in Ultrapure water
line

Bl, 0.05% TFA in acetonitrile
Gradient : 1 TO — T5:100% ALl

TS — T35:100% All — 42% Ali, B8% Bl
T36 — T40: 42% All, 58% B — 100% Bl
T40 — T41.5: 100% Bl — 100% All

T41.5 — T44: 100% All

Flow rate : | 1.0ml/min

The AKTA Explorer 10XT chromatography system was fitted with
A900 autosampler and a triple wavelength UV detector.
Quantification was achieved using the 214nm signal. Other
wavelengths such as 254 and 280nm were used for

fingerprinting purpose only.

Example 5. Effect of pmt deletion on AFP type IIT HPLC-12

production in laboratory scale fermenters.

Fermentations were carried out with each pmt mutant to
determine the effect of the deletion on AFP production
compared to the parent strain without any pmt deficiency.

Fermentationg were carried out as detailed below.



follows: WO 2004/ 057007 PCT/ EP2003/ 012219 26 Injection type Partial fill
Injection loop 100L Injection volunme . 50)21 Needl e wash 20% | PA Dat a

handl i ng Conpaq deskpro conputer Wndows NT UN CORN V3. -
" UNI CORN/ A“gggmé’m?f’%re Col uim Vydac Protein/ peptide C18 %@%&%l l e
phase All, 0.05% TFA in Utrapure water _ line Bl, 0.05% TFA in acetonitrile
Gradient TO -3 T5:100% Al T5 -4 T35 160% Al | -4 42% All, 58% Bl T36 -*
T40: 42% Al l, 58% B -+ 100% B1 T40 -* T41.5: 100%Bl1 -* 100% All T41.5 -3
T44: 100% All Flow rate |.Or/m n The AKTA Expl orer 1OXT chromat ography
systemwas fitted with A900 autosanpler and a triple wavel ength W

det ect or %ﬁg%%&%%ggﬁ@éégachi eved using the 21l4nmsignal. O her 5

wavel engiﬁ% S Onm were used for fingerprinting purpose
only. ExamptkRake Eflbedi intainidel €10 onl onedPEmt ypastikkiHBLGELZ . prodlcti on

in | aboratory scale fernenters. 10.Fernmentations were carried out w th each
pnt nuta @g(yeast nutg?.ent rotle) w/o amaino acids (Difrco) anc¥5 g}l

5 glucose-lag (Avebe) was inoculated with 1.4 ml glycerol stock

of the strain and incubated during 48 hours at 30°C at 120

rpm. Subsequently, the inoculum was transferred to a shake

flask containing 500 ml medium consisting of 10 g/l Yeast
extracﬁ (Difce), 20 g/l Bacto Pepton (Difco) and 20 g/l

C 10 glucose-laq followed by incubation for 24 hours, 30°C at

120 rpm.

FPed batch fermentations
The 5.5L batch medium consisted of 22 g/kg glucoselaq, 10 g/kg

15 veast extract KatG (Ohly), 2.1 'g/kg KE,PO;, 0.6 g/kg MgS047H0,

0.4 g/kg Struktol Jé73 (Schill & Seilacher), 10 g/kg Egli trace

metals (a 100x golution of 5.5 g/l cCaCl,-2H0, 3.73 g/l
FeS04-7H,0, 1.4 g/l MnS0,-1H;0, 1.35 g/l ZnS0,-7H0, 0.4 g/l
CuS0,-5H,0, 0.45 g/l CoCl,;-6H,0, 0.25 g/l NaMoO;-2H,0, 0.4 g/l

20 H;BOs;, 0.25 g/l KI, 30 g/l NaEDTRA), 1 g/kg Egli vitamins {(a 1000x

( golution of 5 g/l thiamin, 47 g/l meso-inosit, 1.2 g/l pyridoxin,
23 g/l panthotenic acid, 0.05 g/l biotin). The 4L feed medium
contained 440 g/kg glucose-laq, 3 g/l galactose (Duchefa), 25

g/kg veast extract, 12 g/kg KH,POs, 2.5 g/kg MgSO.7H.0, 0.8 g/kg
25  Struktol J673, 20 g/kg Egli trace metals, 2 g/kg Egli vitamins.

' | The fed batch fermentations were performed in standard
bioreactors with a working volume of 10 litres. Dissolved oxygen

(DOz) was measured with an Ingold DO, electrode (Mettler-Toledo)

30 and controlled by automatic adjustment of the speed of the 6-
bladed Rusghton impeller to a wmaximum of 1000 rpm. The pH was
measured with an Ingeld Impro 3100 gel electrode (Mettler-Toledo)
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In the feed phase the

"The fed batch fer rrent atjons were
urisErlioini thes. o

300 ppm the feed phase was started.
temperature was decreased to 21°C and the airflow was set to 6
1/min. The feed rate was applied according to an exponential
profile required to wmaintain a growth rate of 0.06 1/h. The
exponential feed continued until the DO, level in the fermenter
decreased below 15% whereafter the feed rate was maintained

linear.

Table 3: Yields of glycosylated and ncn-glycosylated AFP type III

HPLC-12 determined by reverse phase HPLC

Test Total AFP Non-~ Fold increase in

organism normalised to é{lycosylated Non-glycosylated
parent strain |AFP as % total |AFP production
productivity '

parent | 1.0 23% 1

strain

pmtl mutant 0.79 67% 2.3

pmt2 mutant 0.6l 71% 1.9

pmt4 mutant 0.93 23% 0.93

The yvield of total AFP after 60 hrs fermentation and the effect
of pmt deletion on non-glycosylated AFP productivity was

determined using reverse phase HPLC and is ghown in table 3.

BI85 woslahd G g

B 4‘(_\.
|



(D2) was neasured with an Ingold DO2 el ectrode (Mettler-Tol edo) 30 and
controlled by automatic adjustnment of the speed of the 6- bladed Rushton

i mpel ler to a maxi mum of 1000 rpm The pH was neasured with an Ingald |Inpro
- 3100 gel WOWOHHIET(Mett| er - Tol edo) WO 2004/ 057007 PCT/ é’ﬁé%%%’i‘gég@ - 28
and controlled using 3 M phosphoric acid (Baker) and 12.5 %v/v ammoni a
(Merck). Tenperature was neasured by -a2PT100 el ectrode and controlled via a
cooling jacket and cooling and heating fingers. 5 The batch phase was .
started by transferring 500 mM of full grown inoculumto the batch nmedium
The tenpeTlad udetwasimmaiabaened show3@Gaanddele¢flow af 2ilian. phER was

control | ed above 30% EH at ,5.0. Wien the ethanol signal in the off-gas
decr eased®Bet ovPTBL 3801 Bpift ABCFBRESpATsENfas StarY By I WEasye et se the

t enper at Ur £, 4Rscdeebpacddat ¢ 2LGangatharaidd oW Wag) sebudR €nel/dBihy The
feed rate was applied according to an exponential profile required to

mai nt ai n ZFYr gt d atie 0B10gDELY/ edheaseX pdiment balthf eput & orandugentut i |

t he D% | evel in tgﬁ fermenter 15 dgc&ease el ow. 15% vvhe?r{egfter the, feed
rate was THFARET neb e PREAPLYFRBFE2 5o Yads ofF gt ebsSTatedUEndC the
non- gl ycasyd st 26 ARPL {¥pey1at iofPhE: 19 €t eeplinedngy ihewense mase il C 20

Test Total AFP Non- Fold increase in { organismnormalised to glycosylated
Non- gl ycosy? afeddpareitalsh r iparede adnomest-all v pPrddec tABn fprodwmetd vity

and pmt2 respectively. By contrast, deletion of pmt4
apparenﬁly has little or no effect on the % non-glycosylated
10 product produced but does appear to slightly decrease the
overall AFP yield. A comparison of the protein profiles for
the parent strain and the pmtl wmutant on SDS gel showed that
the original non-deficient strain contains both glycosylated
and non-glycoslylated AFP whilst the pmtl mutant produces
15 predominantly non-glycosylated AFP (data not shown). Similar

results were obtained from shake flask screening

experiments.

This provides a relatively quick screening method for identifying

20 strains with reduced ability to glycosylate the AFP protein.

i(« Example 6. Analysis of Glycosylation patterms of AFP type IIT

HPLC-12 secreted by a transformed mutant strain

25 Inwestigation‘of the AFP type III glycoform patterns of the
pmtl mutant compared to the original non-deficient strain
was performed by HPLC-MS. The degree of glycosylation and
the relative abundance of AFP wversus its main glycoforms
(AFP with 5-13 mannose units) are compared using the

30 selected ion monitoring (SIM) mage spectrometric responses
of their resgpective most abundant protonated molecular ions.
Detection is performed by positive electrospray ionisation

mags spectrometry. Separation was achieved by gradient
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patterns o

1; gl@ﬁ‘ge‘?{??b@o L @f&ﬁrﬂ'@on@- Anal ysis of G ycosyl ation

Ultrapure water — Millipore-Q water system

10 Acetonitrile gradient HPLC grade
Preparation of mobile phases for HPLC
A: 1% acetic acid in water
B: 1% acetic acid in 80% ag. acetonitrile
15
Sample preparation
The sgamples were diluted 1 in 50 in water (1 g in 50 ml
water) and filtered (0.45 um or smaller syringe filter)
20 prior to analysis.
Equipment conditions
HPLC system
UV detector 214nm

Injection volume |20 pl

Column Phencmenex Jupiter

id mm

Mobile phases Maintained at 30°C

A: 1 % acetic acid

Flow rate

B: 1 % acetic acid

Total analysis 1 ml/min

(partial loop filling)

C18 300A pore, 150 x 2.1

in water

in 80% ag.acetonitrile

+

VY



" and the

HPLC- 12 secreted by a transforned nutant strain 25 Investigation of the AFP
type I'll glycoformpatterns of the pntl nutant conpared to the original
non- defi cj st 1Al was perfornmed by HPLC-MS. The degr yl ation
@%}Pﬁéﬂ%&gundance of AFP versus its main gl ycoﬁlﬁzog{/%%%%wm
5-13 mannose units) are conpared usi ng., he 30 selected ion nonitoring (SIM
mass spectronetric responses of their respective nost abundant protonated
nol ecul ar ions. Detection is performed by positive el ectrospray ionisation

mass sp chaueu_y_SapaLaT—gn_\gas_a@hLeied”by_gLach_enLMQ_ZQOALOElaD? '
PCT/ EP2G03¥®12219 - 30 ¢l’4t "dRURF ng a reversed phase HPLC col umj as
descri bgd bel ow. Apparatys & Reagents: 5 1050 HPLC nodul e (Hew et

Packard)| Quattro | mass spectroneter (VG now Mcronmass) PRP1 columm 4.6 x
250 mm ({Hewadieort) Ul trapunelinvates - Mkl Bpore-Q water system 10 ’
Acetonitirile gradient HPLC grade Preparation of nobile phases for HPLC A
1% acetilc acid in water B %1% acetic aéPd in 80% ag. acetonitrile [L5 Sanple
prepar at{i on The sanples werg diluted Lipn 50 in water (1 g in 50 m| water)
and filtlered (0.45 gmor smaller syripge filter) 20 prior to analypis.

Equi prerft condi ti ons 55 65

57 100
62 100
64 10
74 10

A split rate of 1/5 was applied after the chromatographic

separation to deliver 200 pl/min to the mass spectrometer

5 The Quattrol mass spectrometer

Tune page Capillary 3.2V
settings Cone programmed as part of the
(file HV Lens method

Scurce block temperature | 0.6 V
Desolvation temperature 150 C
Multiplier 150 ¢
650 V

Desolvation gas flow

Nebuliser gas flow 300 1/h
25 1/h
MS method Data is collected between 20 and 60 minutes

Scan: m/z 100 to 2000 {(scan time: 5 sec, interscan

delay: 0.1 sec)

SIR function 1 (tracking of an AFP ITI fragment)




HPLC system UV detector 214nm Injection volume 20 | (partial loop filling)'
Col um Phenomenex Jupiter C18 300A pore, 150 x 2.1 id nm Mobile phases

Mai nt ai ngQ aloydPho?s 1 0 acetic acid in water Flow rat epBI/ER2006/a2219 ¢ aci d
in 80% aq.acetonitrile Total analysis 1 m/mn WO 2004/057007

PCT/ EP20031012219 - 31 tinme 74 mnutgs . Gadient Mnutes %B 0 10 10 10
55 65 57 100 62 100 64 10 74 10 A split rate of 1/5 was applied after

t he chronmat ographi c separation to deliver 200 gI/m' n to the nass

spect r opeter—5—The ct € e—Capi A
settingp Cone progra nedbéa,éé 4p<';1“éﬁ:t %1% tﬁ%ﬂm 2 IL-{K/ ge ]6dtk$eod]raégé: bl ock
temperature 0.6 V Bsahyﬁ&IMdsemet&éuceté.ﬁﬁrﬁl Mmlit bgl Aep 160D GuRbD V

m/z 163.01 {oxonium ion, maker for glycopeptides)

'__“

{span 1 Da, dwell time 0.08 sec, inter channel

delay 0.02 sec)

SIR functicn 2 (ions for 6 charge state of AFP
glycoforms)

wm/z 1308, 1335, 1362, 1389, 1416, 1443, 1470 and
1497 at cone voltage 20 V (span 1 ba, dwell time

0.08 sec, inter channel delay 0.02 sec). QQ}
Table 4 shows that the non-glycosylated AFP type IITI vyield is
increased from 23% to 67% using the pmtl strain and that although
the level of glycosylated preduct is reduced the glycosylation
5 pattern is similar to that obtained from the non-deficient parent
strain.
Table 4
% of Total AFP type III HPLC1l2 g’;
Parent Pmtl mutant
Glycosylation type
Unglycosylated 25 67
+5 Mannose 4.5 2.2
+6 Mannose 10.5 4
+7 Mannose 11 5.5 . .
+8 Mannose 13 5.8
+9 Mannose 12.5 5 :
+10 Mannose o : 3.2
+11 Mannose 8 4
+12 Mannose 6.5 3.3




Desol vati on gas fl ow Nebuliser gas flow 300 1/h 25 1/h MS nethod Data is
col l ected between 20 and 60 m nutes Scan: mz 100 to 2000 (scan tinme: S sec,

interscan_ del ay: 1 sec) SIR function 1 (tracking of ag-¥rFebidizbfagnent)
" \AD 2004/ o%@?*’éﬁ?&%mo%lmzzw - 32 miz 284.4 at cone voltage 70 V

(marker for the last 3 amno acids at .the CGtermnal end of AFP II1I1) and
mz 163. 01 (oxoniumion, maker for gl'yc°’ peptides) (span 1 Da, dwell tine
0.08 sec, inter channel delay 0.02 sec) SIR function 2 (ions for 6 charge
state of AFP glycoforns) mz 1308, 1335, 1362, 1389, 1416, 1443, 1470 and
1497 at cbhé wihldgmtzeng (vpahiened, Wwekhet ghove. gpesd€icpiion ca@nel

del ay O. o) N t on- ; . ) I yield
is incr gégggg%lr %#ggﬁoélg%%gg}gbgs ?%tgey%gw%ﬁt I g}sét&flﬂé gﬁlﬁﬁ%‘{a}?ﬁ%u%%d t he
| evel of ghytasybatedofrodoet dssceibedd méehgllycosydatspat&mpadf ertohe s

simlar to that obtai ned fromthe non-deficient parent train, Table 4 % of
Total APPLEVBBEEPR HPLEL2 PPaPERETEREI FRt drioSe yieyiest i df thRE ot

Ungl yopsydat 88ugSa8hartdnyBrReRe thed céofe of the invention. Although
the invention has been described in connection with gpecific
preferred embodiments, it should be understood that the
invention ag claimed should not be unduly limited to such
specifié embodiments. Indeed, various wmwodifications of the

10 degcribed modes for carryving out the invention which are
apparent to those skilled in molecular biclogy or related
fields are intended to be within the scope of the following

claims.

15



+6 Mannose 10.5 4 +7 Mannose 11 5.5 . +8 Mannose 13 5.8 +9 Mannose 12.5 5
+10 Mannose 9 3.2 +11 Mannose 8 4 +12 Mannose 6.5 3.3 WO 2004/ 057007

PCT/ EP2003/ 012219 - 33 All publigations nentioned in the above
specification are herein incorporated by reference. Various nodifications
and variations of the described nethods and systemof the invention wll
be apparent to those skilled in gf#gMdrt 5 without departing fromthe scope
of the invention. Although the invention has been described in connection
Wi th specific referred enbodinents, it shoul d be understood that the

i nventiort-as 2I%Hed SRBUPEPHSE Be® ubtRA v It #PFEtF 6% sBERS8peci fi ¢

enbodi ment®s?r) | ndedd, matdot ogsmprodet | eaprarrinof it he IOngdschidsbed nodes for
carrying Qui &ﬂﬁ%b‘@Meﬁﬁﬂ%%@eﬂ!"fﬁhg@&é%sy%&%%?hegk t@d hegeyskikl ed in ol ecul ar

biology or related fields are intendéd to be wthin the scope of the

fol | owi nGoRIHI"AE. to5 the, pegent GHAPME 1. BACHEChSF forepiddaci ng a type 111
anti f r eezacpdicigethe (a&BPP) whi ch net hod conpri ses expressing in a fungal host

5 cell which is deficient in glycosylation of type IIl AFP in conparison to
the parent strain, a nucleic acid sequence
2. A method according to claim 1 wherein the fungal host cell

10 is deficient in protein glycosylation by virtue of a mutation in
one or more genes encoding enzymes involved in  protein

glycosylation.

3. A method according to claim 1 or ¢laim 2 wherein the fungal

15 ceell is deficient in O-glycosylation.

4. A method according toc any one of the preceding claims
wherein the fungal cell is deficient in the activity of one or
more protein mannosyl transferase enzymes.

20

5. A method according to any one of the preceding claims

wherein the fungal cell is a yeast.

6. A method according to claim 5 wherein the yeast is a pmtl-

25 deficient mutant strain.

7. A wmethod according to claim 5 or claim & wherein the yeast

iz a pmt2-deficient mutant strain.

30 8. A method according to any one of claims 5 to 7 wherein the

yeast is Saccharomyces cerevigiae.

9. A method according to any one of the preceding claims

wherein the type IXI AFP is type III HPLC-12.



encodi ng the AFP. 2. A nethod according to claim 1l wherein the fungal host
cell 10 is deficient in protein glycosylation by virtue of a nutation in
one or nore genes encodi ng enzymes involved in protein I%cos lation. 3. A
met hod ad¢@PHHAE™D claim 1 or claim 2 wherein the fungﬁgn E§W¥QPF"1S
deficient in Oglycosylation. 4. A nethod according to any one of the ~

preceding clains wherein the fungal-cd# |- is deficient in the activity of
one or nore protein mannosyl transferase enzynmes. 20 5. A nmethod according
to any one of the preceding clains wherein the fungal cell is a yeast. 6. A

met hod according to claim5 wherein the yeast is a pntl- 25 deficient mutant
strain. 7. A method accordin% to claim5 or ¢laim6 wherein the yeast is a

vpnt2-defﬂ@kenﬁ-ﬁQWQHFlEFPEiH g 1§10 ﬁ@Fﬁ@HlﬁéeﬁrGVﬁ& f{dLlany one of cl ai ms
5to7 \Ma%rtgfwetel&% p¥8Rakinl a5 CHALID CEE BRI B¥bELA8 059 o AgBRt Red according

to any one of the preceding clains wherein the type Ill AFP is type Il
HPLC- 12. tWe 2APD44i870031PCTEER2068/.012219 - 35 10. A conposition conprising
recoq%inant type Il antifreeze protein (AFP) wherein from about 50%to 99%
of the AFP is unglycosylated. 5 11. A conposition according to claim 10

wherein the fhypembbkiAEBni acbyR@ihtl tHPeCald- 16 wherein the
type III AFP is type III HPLC-12.



