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WO 2004/ 057007 PCT/ EP2003/ 012219 - 1 PREPARATI ON OF

ANTI FREEZE PROTEI N Background to the invention
wdanvisfosem@ze proteins (AFPs) are pol ypepti des proumeew3/012219

by a wide 5 range of species, particularly those

i ndi genous to col der clinmes, 1 which have the ability

to inhibit freezing of water and aqueous materials at

tenperatures bel ow 0C. In general, it is thought that

these prot ei NspidniGit-Al R TR Rind A SIGHGHPY Wi th

and inhibitimgthe gromtof—Tce crystars, but it is

now clear that 10 there are different classes of

antif ze protein mhlch may have different
Background’ Eoelie dnbe different effects. For

ddlthgn to cau3|n$ a t hermal hystere3|s

A@%%szef LP&Q?%@? fFTRg PEhaRPbReRFIdese RipolFed by a wide
ra¥Rd B spdEbss C%rt'l@ﬁh&?ﬂf eide $haPSeANk SiF@obet Nl imes,

crystals of ice fornmed when 15 freezing does occur,
Whmﬂh|hﬂﬂeb¢her@bn9stﬁlt@sgmhxhluﬁfne@e;ngboé waéeenam@ aqueous
been ,sugges d th proteins s ouI
e g B TR S "B P bratir 1pgye thovgne
tHAE attease @dtelrﬁucﬁdr&&t,loﬁ by, n@’adlslefﬂjnﬁﬁteﬂotlng with and
ol etters., 23 (2002), 89-92) 20 These attributes of
Iﬁ%égtﬁﬁgn thRagTrewdy %%h“ﬁh%%yﬁFéﬁéunEUte¥¥eé%sn@% clear that
I RP ek @§f§@f@n@scﬂa@%e§a§g Qb PrRLULT 1 0R, S.Hewhlch may have
texture and the stability during storade of "variou
diffiferent pmepharmtsens cdndacthon ecant yi%ﬁﬁerehhereffécts For

much 25.i.hterest in their pos CcOo rC|a
exﬁﬂﬁaeCaﬁfﬁnadd%%ﬁaﬁlgPlfﬁPﬁlPﬂeE¥oghe¥%ﬁhs tepgils in the
freaIpbPne TOMG Olbebbvi66r WifyStiak/HhpBAS %@n | gk can

to particular]ly favourable textures in frozen

iddiFEBERi BRS. ShaRR ovihewitze iF $her sgwstplepefties &dmeed when
eARsubl Brem L8&. Nalksiian, 8l Ai’::ngr’E:aﬁ?satlon 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)

These attributes of AFPs mean that they can have profound
effects on properties such as the ease of production, the
texture and the stability during storage of wvarious frozen
preparations and, in recent vyears, there has been much
interest in their possible commercial application,
especially in the food industry. For example, control of ice
crystal dimensions can lead to particularly favourable
textures in frozen confections. Improvements in storage
properties also result from the inclusion of AFPs in the
formulation. A review of the occurrence of AFPs and their
potential use in the food industry has been presented by
Griffith and Vanya Ewart in Biotechnology Advances, vol 13,
pp. 375-402 (1995).
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30 formulation. A review of the occurrence of AFPs and
their potential use in the food industry has been
wores@ited by Giffith and Vanya Ewart in PCT/EP2003/012219
Bi ot echnol ogy Advances, vol 13, pp. 375-402 (1995).
WD 2004/ 057007 PCT/ EP2003/ 012219 - 2 To be well
suited to such a purpose an AFP needs to conbi ne
desirable effects on the frozen materials in which it
i ncorporated, and to be readily prepared on an
i ndustrial scale. 5 The latter requirenent can be
Tpabei valar Ispipedbltenegiah si nperpesy aof AFRe rspesi & | tombine

[ AFPs ve been identified are not readily , ,
dégg%g%ﬁe o€ ﬁﬁeré?bl rvestiTg o gn3eadsi ng? safgch it
irfdPpohaved, beed foul ARdbeyVverspSistent iRl 8 lstrial scale.

denat uration, which places severe constraints on the

Thes gP&FPENTFBLHEIE IR FeR RarPasd iappprréen mohlemeliém simce many
ofY 1teW gg?ggféeirg'vjﬁi'cﬁuh%bg add Fe nh?aelqgﬁkeﬁzﬁsrebg}ot readily

consi e Interest 1n the production o
anep@bd eoto expmessial doretiggnes emoodsaind hegore AFPs have

bm)r% conv nl%%t expr essi on, psts,dfuch as . )

HC TSP aliCs e S aSPS RU RIS db ARG U TpF beesselich places

sehterlt sonkOFaimBNorA\Re 1BOVEVESn ddtRASHRERVES 15 & plied
probl ematic: they are often obtained in poor yield ané)

Exordtames In| adkeNg PR athéese t yilAdongtiae, noslhere has been

; ' Y. AEPs | ch._have been id ified 1is
0031%119 %Eéé@f% ,&é%g%%fn tle;e t@eeaﬁr Out ; Whi %ﬁ %?spsbe%yn means  of
exgeeisghay edcl3fedPlgeriss  Hiicedphot etRemasifioufdré 0 convenient

excel .injts ability to aid in controlling the shape
SXETESSi 7R St 5&4&9@ BLCTREIBFHPRP TS idHofRL L rted and

pre¢REBLE, IISParﬁig.pe“FBQr Mg Witk knpyhetdiPe kpAEPSnil proved

recrystallisation tests. "A further advantageous
predpBRtyC: | deayt idbeediten oppeindd iHPpOoL2 yweddt iad sometimes

.hqu i t._was._not 25 produced in substantial amounts
1%a¥EE§ %Hlaétﬁwfigduld be produced in good yield by

expression of a cloned gene encoding its
Among the most potentially useful AFPs which have been identified
is a type III AFP from the Ocean Pout, which has been designated
HPLC-12. This protein was found to excel in its ability to aid in
controlling the shape and size of ice crystals. The protein was
shown, for example, to outperform 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 yield by expression of a cloned gene encoding its
sequence in a transformed veast, thus providing a potentially
much more convenient and economically viable source for
industrial scale production than the fish in which the protein

naturally occurs.
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sequence in a transforned yeast, thus providing a

potentially nmuch nore conveni ent and economcally
woizellos7®our ce for industrial scale producti orRCTER2003/012219

the fish in which the protein 30 naturally occurs. WO

2004/ 057007 PCT/ EP2003/01221% -3 Protein

gl ycosyl ation involves a | arge nunber of enzynes and

deficiencies in one or nore of these can potentially

pdeBh td8c ?%S@i@nmtlnglﬂggéyl atjb%bfor trans%f enzymes and

activity of e enzyne responsi errin
dafigiehrses sigaene esirduerenbd ahésproaalpotemﬁxhlly alter the

tentiall reve gl y | at | Ccordln
Pt & LR ot 25k it ags 2 8 Yne  enzyme
rddpBnkiBRé | ANt c A Sidrriveasthst Farst h%gﬁ%enre51due onto a
suggested as a way to overcone the problem of

PEASREANEPUHT \ROSPICAELEN BFSTRIte POY 0gbYIStsy dtiras sadcordingly,
4 r i i

B S, L4080 IR RS, LU et By, s

yesrsLy IsErail rhamilﬁdmrmntgigeetécﬂltasea/eﬁa@f ‘to wivielrcding f €li€ndroblem

it LA LRI TE ——

(WBiaghbiuasgn. eﬂow@é?cprﬁﬁé A tAetAcA428 CARIR) A% :1%7)the fact

noted that of ten O0-glycosylated proteins stud

theity these gl y gy Hasedong @nﬁxme by thsthie famopdes Emtlseveral
d I her ur, sho a decr ase
Wﬁ%glclc(iﬁ)glr’gj’(')e#gl r%ttellzat I}énglf 1es o n s V&h%r]éeV1ew on

nos exclus| rvely
prtdteina«:t—m\anhgdspiattm erawmllpﬂbﬂlshﬁ@elbeéﬁ aatlol (BheMimica et
of the analgsed protelns was seen to

BH?FB¥§F9%05§F%§ed1 ## andt it  A¥sS0g¢ w@P&ﬁ@e thaiphi ©F ten
0- tgll?céﬁrlé/ﬂéd’ pﬁfotgﬁlﬁ¥ B R i §1k0§£-e 9213, \Aﬁ-‘é%;m Sreast by

tion didresult in reduced 0-nmanno
thehienizimee Pntl hendyermetd,c vaadleg tbendtbér afcpmnt | gt a decrease
orrel at nnos | atj

sgg%]?l Cﬁ;@;nhaam ogﬁlyag%aﬁeﬁa&{g Flgﬁ%ctl&r af = f r‘@lggpe the
acefivibe pIrotid shbghd abRrbhanasbariern demifded,. Rrdd of the
ania?LyggctiL F}_)D?E%%Iegll’lse twcrglsprseedelnCt té,)\’h Ib(éh hypoglycosylated in another
class of mutant, in which the activity of enzyme Pmt3 is lost,
however this mutation did result in reduced O-mannosylation of
chitinase in the genetic background of a pmtipmt2 double
mutation. No correlation between mannosylation specificity and
any sequence or structural features of the protein substrate has
been identified, so it is not possible to predict which
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.

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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25 particular transferase enzyne(s) are likely to be

responsible for initiating the glycosylation of any
weoaodiosuloar protein, whether it is a native pPOTEPZN0GHN12219

the glycosylating species, or a foreign protein

produced by heterol ogous expression therein. 30

Summary of the invention The present inventors have

now found, however, that type Il HPLC 12 produced in

tBELaotas AssPecedi £-a6tdY poRS E@eﬁ&ree'héf hie been able
recrystallisation inhibition assay, that is1ower than
tq hapownf tREF 20b48 032007 POTFEERROOS/ G220 P lvkosyhetion of the

ei NS t from Ccean Pout bl pod. They have been
PR by SOUBL Sl o R B B e iR R e
protgliyicdsy | pidduresf Bhetnpr atiehn BurbhResyessy, WHiFhthe non-
does not occur when the native protein is produced by
glresyiiated SRSsiiesi Agl §StBM-y the non- 5 gl ycosyl at ed
species is active. This was unexpected since such

experimental evidence as there is relating to AFPs
Thieveabsunexpeazad andiceosstst enpepiatenend wilendespethere is

t.Q. 9l vcosylatjon and.functiaqnality: indeed sone AFPs _
=A5iaE R d’&?ﬁ yreevﬁaéﬁsifk?elifole@ryc%ﬁ/l%%ﬂsw pattern with
reepabpl o PeMidBE Ltiodl anfiSehsNCRNhIZt{19{Adedd 3me AFPs are

reported that the activity of an AFP "found In
NatgreheyY nexeris iwitd vAslacesi tatrst otBreniasiatpleoseDeVirses et al

MLt yod ot p t dj [ e remved. |
<S%?%2¥é %géeg] t)e%g 3263y#§?§%%§iﬁé %og Gr 8V tﬁﬁgan AFP
fomad been sbovremotcdds t anderntpartiantndtdtHeReoMAFE loges its

ctivity.. For exanple rrall et_al (Science 282
ac%i%%if 114- 1‘%”76} . PEOHARC t KHSAsRBAT R %t aE Sl |gemoved. In other
cagkicosd a18aoALPaE 1 OM QY Qbsuyas: Pregused Rlﬁ%t B dSm not

surface glycans, its recrystallisation in i tron
Loafei Iporivay: feratthec AEH. aft biitiyl.afolrackanpl elependenteet al

sBE Yo ot (B, 2 LKA ! IR ety
glpresghitddnVARH of Som Ncd i tease Dfpodiekar alieteus! Yts surface
glycans, its recrystallisation inhibition activity was
unaffected. A similar lack of dependence on glycosylation, even
though it is naturally prgsent, for AFP activity has been noted
by the present inventors in the case of a heterologously
expressed AFP from rye grass. Thus there is no clear indication

of a general link between glycosylation and activity among AFPs.

Further, 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 IIT HPLC-12 protein which combines the convenience and
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

yield of recombinant protein and the specific activity of the
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expressed AFP fromrye grass. Thus there is no clear

indication of a general |ink between glycosyl ation
wanw4astiovi ty anmong AFPs. 25 Further, as a CcoOnBegEEZ®MSE/012219

of this unexpected finding, the present inventors

have been able to devise a 41&t hod for substantially

suppressing this abnormal glycosylation of type |11

AFP, and thereby have provided a nmeans for producing
rddtR®ihbht AbPSte S8ICRan 8Bt YRBrdddedPLCL2 RY,QL géfbt‘@]hc Ran be

conbi nes the conveni ence and 30 cost-effectiveness of
repeysireds fxomodtheorhpmti stallehi lagd yifel Wialy protwioduct greater

' 0 roachin t of the native protein.

pfﬁﬁe&ﬁ?gfgeﬁf e FREEAEN DL ATk %t et L) ng this

met hod, both the vyield of reconmbinant protein and the

AS ecific actiyity of the WD 2004/057007 _ _
%%éﬁ 1 0192197 5Ei¥ekonBFR&RE pr BREi npkgreps invention

prAEIRAsed, imehd®r &dJy OLRiJu campe 1 %g/?)\éer 6411 A0k i frecze
the host cells, and of that protéin, a greater
PERtSHigE t (AP of whihehpretéiod icomgotioes. dxpioexmitiqngly, ai flungal
ir aspec t.he present jinvention rovi des a ,
ho?rse hggﬁ%or&blréo%u&isnggggf(flb%mfI IlnanP?‘PFﬁgE‘e ghy@miption, a
nydAR)c wdich gt < aardEes @Y essing in a fungal
host cell which is deficient in protein glycosylation,
a nucleic acid sequence encoding the AFP. 10 In a

IﬂgraEfﬁéf%Qr;@Hb@%HEﬂﬁené,h%ﬁeUrf%ﬁ afoﬁ%sg e!:!a:lti Sis deficient in

eficient in proteln glycosylation by virtue of &

prRieati gl ycnsphet byn nby e vigenes ofneodhutgataRzy 8BS one or more
i nvolved.in protein glycosylation. 15 Preferably, the
SRR B cl ST ORGPyt ALGRSY RBt om-
preferably deficient in the activity of one or nore
protein mannosyl transferase enzynes. In a preferred

Preggsaphentthe Hehgahgael hoist dedlirigrt airyéasilyceaghat2;, more
RAFPactha er.evi.si ae ferably a .
P pme?_ dg}?i g@g%?f%rﬁ% / 8)'?1 atﬁ.{e acipf&lt%/ g£ olle or more protein

mannosyl transferase enzymes.

In a preferred embodiment, the fungal host cell is a yeast, such
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
protein (AFP) type III, or a functional equivalent thereof, when
said 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.

Preferably the specific AFP activity is measured by means of an

ice recrystallisation inhibition assay.
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pnt 2-deficient nutant yeast strain. In a related

aspect, the present invention also provides a nethod
woéanosiodomneasi ng the specific antifreeze acti vi PgTaEP2@B/012219

antifreeze 25 protein (AFP) type Ill, or a functiona

equi val ent thereof, when sai @ protein is prepared by

expression in a heterol ogous fungal species of a

gene/ nucl ei ¢ aci d sequence encodi ng the protein, by

e S R e

igreashiireacbdbyoyredasn®f odn selleeciwgr gstsalrbifatdfonthe expressing
i nhi bitjopn assay. WD 2004/ 057007 PCJ/ EP2003/ 012219 6
SHST1ESpPRT et r'etl %%8&?%&{1 5e AFEIVEEY o iR PEt BPRe enzymes

118i16R8Y L Al bt e iirnS AGRLSYEM % MBRBseAILBLlRf! LRImBre protein
strain of the expreSsing species which’is deficient

maroskié Bernsfanasef eprEme3. nore enzymes involved in
protein glycosylation, preferably one or nore protein
5 mannosyl transferase enzynes. A suitable

A ghyety katdlgaodel b el etdesticabnt | sty casl yypet&rledselected
froma range of such strains by analysis of the AFP

E5p e | ¥4I of eFHCIMNEERR RS pPyvdatetysench §BReAFP type III

I g sal dop [,0o4 S exp ed,. | | tyal nS. 1 s
e N I v A el
expresgsddinnsand assegiree. | tRrefERabtyi vihy amalysis of the AFP
functionality, nor referably its ice. . .
YR Y ATRR OF PR Thr g aBeRaY L5 1651 AFR qstddty o
fuaseechalihie, prasest ignegat-bplypravgdeside CHREFEEADNisation
. conprising reconbinant type Il antifreeze protein
1nhAPPY Ol 3 i Y itom about 50% to 99% of the AFP is
ungl ycosyl ated. Preferably, the type Il AFP is type

11 HPLC-12. 20 In a preferred enbodi nent, the
Ircompossdcan | sagd @i nabtiee npresent invention provides a

composition 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.

In a preferred embodiment, the composition is obtainable, more
preferably obtained, by the method of the first aspect of the

invention.

In a third aspect, the present invention provides a method for
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:

(1) providing a plurality of fungal host cells comprising a
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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preferably obtained, by the nethod of the first aspect

of the invention. 25 In a third aspect, the present
wonvamsion provides a method for identifyi ng BCTAERY®B/012219

host strain capable of expressing a type IIl AFP such

that | ess than about 50% of- the expressed AFP is

gl ycosyl at ed, which nethod conprises: (i) providing a

plurality of fungal host cells conprising a 30

ugl ei ' u e i i [ t he

D R e ey ERE Pl ! I TSR ST 8 Bhp | Pprossea
Allthder conditions that allow for expression of the

AFP; and WD 2004/ 057007 PCT/ EP2003/012219 7 (iii)

determ ning the extent of glycosylation of the
IreXprresedreArEnbddlnerl, ek BE UM BNthostNBe11s have been

plurality of host cells have been subjected to a
S Fﬁﬁ@ﬁe€?§i§FﬁﬁgeD§ﬁaﬁl%ﬁﬂﬁescription of the

invention This invention is based upon the finding

that when the antifreeze protein type IlIl HPLGC12 is
Defrasidace dldncmiriassicoh ihe amemmmlon 10 yeast strain of

a nucl ei c acid sequence encoding the protein, a
Trsigbshaaht Bdn prcopRsbiotped tHe fSaak fd ethdy QRN +RE OfMet Frecze

has ,been glﬁcos | at ed. Such glycaosylation is not
PLSELBnt tYREt REI nHFRYel2 photRiieparafdby eerpseesigns g ¢n normal
cdaRii Bkt sgy ! g t -
o oo ot e e hpasd Cace prrarahd A Woretn, 2
suogeagt yabsyrendmn.caf fodc tiheelspcabokd shectd¢hre Pifdduct has been

LVi f ~the otein I.n viewof this surprising )
gl% %Eﬁﬁy%ég%/e h es?%eﬁﬁg?gsﬁaa\%o&oﬁeg oPP% oPTERfA ety the native
proeehnd 4id norefeasl NOsdtorSResihi€iGctdada¥ 6h tR€ separated

type 20 |1l HPLC-12 antifreeze protein, oOr a
glyGreyiaed @a@ivgg%ygosylated fractions showed, surprisingly,

that the glycosylation effectively abolished the AFP activity of

the protein.

In view of this surprising finding, the inventors have gone on to
devise a method for increasing the specific activity of the type
IIT HPLC-12 antifreeze protein, or a functional equivalent
thereof, when said 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.

Unless defined otherwise, 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
biochemistry). Standard techniques are used for molecular,
genetic and biochemical methods (see generally, Sambrook et al.,
Molecular Cloning: A ILaboratory Manual, 3™ ed. (2001) cCold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and
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thereof, when said protein is prepared by expression
in a heterol ogous fungal species of a nucleic acid
weeoquasmw’encodi ng the protein sequence, by neengPef03/012219
reduci ng the extent of glycosylation of the protein.
25 Unl ess defined otherw se, gakl technical and
scientific terms used herein have the same nmeaning as
commonl y understood by one of ordinary skill in the
Auglibel €ef. alll, C8hbr€ UbLYE S0l ®P! B Widtlecud8Be R 68 {1999) 4t
nucl ei ¢ acid’ chem stry, hybridisation technlquegy
Edg0 Jsihgc HERtisst r§) Sossandacd t-ecdumi qobs dmélus&dshon entitled

u etic m.cal nethods
B RSt os I Tk BTt R Gy, AR A spcorporatea
hekabnrby(refewanuab,aﬁﬂcbhéﬁlcézoﬁéahdag,d Spring Har bor
Laboratory Press, Cold Spring Harbor, N Y. and WO
2004/ 057007 PCT/ EP2003/ 012219 8 Ausubel et al., Short

Anggggggglirb@qugecular Bi ol ogy (1999) 4th Ed, John
WTey & Somns, - and the full version entitled

n 0 U

Fogﬁgggp ugég%g§hé$etﬁl%€£§&Iggénée) a%%ﬁfﬁgﬁfgﬁlprOteln is a

prn’e@imdwhltﬂ’l Ahtif redene fpeatei hse F@éewgtmmq&nofmmmtlon
hi s |nvent|on an antlfreeze rotelnlsa roteln

pr%‘?"ﬁf‘%a?@l gfii FReEmiote 81y aEF y%ti%%qtlué?épgoﬁr@t?ﬂﬂfbl {TiSEh -
f e r ring,
e e P ORI e oa%??.ggéfy be
MeRHH Kb WENNeAnREy e a n@@@lﬁl@d tﬁijan&ssﬁgy asamdd}‘esembed in
d bed VO 00/ ignific
oS gasay. s desgpibed,n 10 S0Ls30ge Siani e

i c€ recryst ey
acdefitnedzas b&@ﬁlaea 83 whdesad us iqan afy td&uﬁEBn b8 8Re AFP

wt % sucrose, cooled rapidly (at |east 050C per m nute)
1nt%01E¢*zﬁﬁgrQ$§at§@OR©®|EHQAdkﬂ (laeadeadBOMS Q% pairmutiajte) to

C and then
—46 C, héafe 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 wmeasure, per unit concentration of the dissolved
AFP, of this ability of the protein to limit the extent of
increase in size of ice crystals as a result of

recrystallisation, in a given time.

The antifreeze proteins according to the present invention are
type III AFPs. These AFPs have to date been identified in a
number of polar fish of the family Zoarcidae such as Macrozoarces
americanus (Eel pout, Ocean pout) and Anarhichas lupus (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 kDa, a beta sandwich secondary structure and a

globular tertiary structure.
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held at this tenperature results in an increase in

average ice crystal size over one hour of less than 5
wonodilva7®peci fic activity is a neasure, per URCI/EP2003/012219

concentration of the dissolved AFP, of this ability

of the protein to limt the extent of 20 increase in

size of ice crystals as a result of

recrystallisation, in a given tinme. The antifreeze
A BRRiRENSE [ h n % e

R ciph e Al brpl By B S1hMBC pavies
argh Hawnb@Po6f PASER Ji shr ¢f60he46%n | VA Zoartcictderdychreferred

r a iL.C (Eel pout, Ccean pout) and
t&na&ﬁ?cﬁﬁga{%gz e?%#fﬁﬂﬁ?—s]l‘?)g - Barrett, 2001, Int. J.
Bi ochem Cell Biol. 33: 105-117. Type Ill AFPs

typically have a nol ecul ar wei ght of from about 6.5
fteo aé‘b‘t?@t afAdy BRIVENER QL SRHRAN EIPVbe ¥Rl Y1 sHPUEt LR eis shown
On@l0b ol [ r 004 / %7
PCT/ P2003/ Gragnie 1, S %?’tlgéﬁ%%%%o%og 131 g tO the
pltelsenAFPST\mnmotJeemcdlmﬂaaedp Eqaemadeandlahlam 1990, amino acid

SHRREPATE fiio TFRI TBPIRS 1 2% FYHGELoperl SR Leqterigireot

of ocean pout type |11 HPLC-12 is showmm as SEQ ID
hK{} Xpe 11 HPLC 12 polypeptldes according to the
Bypr edeRetianeht | edivisdenasé pb$yﬁéﬁﬂﬂdegﬂhhvmﬂ@yphktlde whose

e@ggfeﬂeeaﬁé afefuence ghown, as P%%%Lgoi\ﬁ A2

nctional equiva ents 't hereo unc ﬁé@5°' 90% or

9Eéqme@ﬂeane“ idsnteant watty ﬂméy@@pldrd:% \M“fosg/peselmlemc-lz as
has at gﬁ t 80% noremgpﬁferably at | east 85% 90% or
u

e pﬁe Prtyt W CEe oRrE S LS %@%eaFFFVltY: in
pah:'@'a;@ui—gr afce Sﬁ’lééﬂfyét%l@E%ﬂ:er\inﬁbﬁﬂgrﬁﬁh'(ﬁf ex A}LS, | is

AFP activity, particular ice recry stalllsatlon
PredRirEed oFjay F@lylcﬁépnalt@qumlegt&mm@faer ledsths0% of the RI

acg:gt(}?\nr:/ O&?l eg%é’l&é%};}%@&% gg‘vﬁrﬁftﬂee%%énggn%ﬁg& %gcaue@lce of type
IHeq-IIEJGICezofast Wiewn 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:1.
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 sequence comparison programs. These
commercially available computer programs can calculate

% homology, typically % identity, between two or more

sequences.

Most sequence comparison methods are designed to produce
optimal alignments that take into consideration possible
insertions and deletions without penalising wunduly the
overall homology score. This is achieved by inserting “gaps”

in the sequence alignment to try to maximise local homology.
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1l HPLC-12 as shown in SEQ ID No:1, nore preferably

at least 60% 70%or 80%of the RI activity of a
woaboswspior de having the amino acid sequence oPCTAEP2003/012219

1l HPLC-12 as shown in SEQ ID No:l. 20 R activity

can be conveniently be neasurgd-by means of a

nodi fi ed splat assay, as described in WO 00/ 53029.

Sequence identity calculations are typically perforned

with the aid of readily avail abl e sequence conpari son

progranms. These 25 commercially avail abl e conmputer
Hw@gena,nsthme oed 1 | cangp 0é=h owand hangls; at%&p'jgralﬂgaﬁbpenaltles" to

entit ween_twq or_.nore ., sequences.
u%ﬁ%gt%%ﬁngcgsﬁ et Hdifs %ﬁ%QWﬁ%gﬁgﬁﬁa F%aBrOEBEethe same
n&@o&ptdﬂﬁd@{ﬂmrgn&ﬂ&aécﬂcﬁ}@ d MR dardld@ht with as.
possible insertions and del eti ons wi t hout penal i si ng :

feihda?ys t A PevEiRle homsifdgytiser &iighkirs Hed sasiinewed between

e " he ng, to tr
o) S0 SIS T RIS B TR ke wner
orRCTWEE’BOGr%IrQ&Z@aﬁs - “IA&flh-l@vvegf@s cbhesﬁ e ﬁ?ﬂmngly used
th assi a ties' each gap .t hat
tmetc ?9r? t%gf%aig‘glg’ t%El&htr%%S ffor the sxistengepet a gap
arf d delii AN AHAS, e e %@@he 0N the gap.

as. 5 few gaps as possible - reflecting higher
This at®dhbssmpetwsemmore ﬂmdccgﬁlar@@blsmeﬁxze’sem wHigh gap

\ h = S t han _.one w
p%%ﬁrt%e:s gggigogts"ggre? R B uospetdLmJtst% éfp\;é\?ﬁrée%ts with
fawdmtgaes y Vogh edsynfehtt hercydagisente &f ©hdapa a@}én%ltles
[ler enalty for each subsequent residue in't
t‘b% e #ﬁ?% i sHPHVABst L€orfoMEeipraddydyP seee| ﬁ@e default

vl &L Mhdd gfblgfi_‘f’ sm%éftﬁ%fr‘@ lﬂorOf %% R Qrgvlé%%g,o s. For

optim sed alignnents wth st Al

thﬁﬂll owirige ghp Esial Wnﬁsondsm b@emudiiti eplackage (see
use_t he def aul t al ues

f dt
be\}#\ﬁo\eﬁv %}?enngU%H g %\%s%er?%rt}éeEﬂEn@g‘lP(?rrp?a%%oﬁﬁqu%‘Fes is

-12 for a gap and -4 for each extension.

Calculation of maximum % homology therefore firstly requires
the production of an optimal alignment, 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.S.A.; bevereux et al.,
1984, Nucleic Acids Research 12:387). Examples of other
software than 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

Ausubel et al., 1999 ibid, pages 7-58 to 7-60). However it is
preferred to use the GCG Bestfit program.
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15 exanpl e when using the GCG Wsconsin Bestfit

package (see below) the default gap penalty for am no
weachd/segaences is -12 for a gap and -4 for elCiVEP2003/012219

extension. Cal cul ati on of maxi mum % honol ogy therefore

firstly requires 20 the production of an opti mal

al ignnent, taking into consideration gap penalties. A

sui tabl e conmputer programfor carrying out such an

'Cgl%ge i St GGG W i.n stfit e .

A]?HL}Jini ver glltitléy g;lhg\%sccbngoﬁl??@?g '&Q% D%%/ermee%%‘ag?gall.rf terms of
ideg84tyNuthei elipinkntResearch 12:887)is thpdnpleg abt based on

ot 25 _spftware than can perform seqyence .. ,
o} R reBne e ot PR sAem ot FE A edat oo similarity
sddASTmRaekages( Adgubel ygdd akhat 1932 ignli dsaores to each

Chapter 18), FASTA (Atschul et al., 1990, J. Ml.

PHFILse CQUBIZUTIN frapeche@nGEREWDRKS siitlerdtycomrpavodenionary

t B a F r ilable for offljne
dlan Ir%ﬁl'i %Iérhsggr 1|engEB se% %uznl?%éﬁke?&gﬁ?n?‘ifggﬁge s the
Blidgic2pagpeesi®k- 58 the7-de@pultiowevelxi tfors ths eBargedsti@te of

use the %ﬁgﬁestfi t, program WO 2004/057007 . .
PETPER2008F 012%19'S PECIRPTR UG Y Mgl 96 Refotleyypublic
d&rnibe vaBasyr 8¢ ian LR %E/mbbgegbfnbéfriécﬁ?aﬁéﬁlganr@t supplied

process itself is typically not based on
(269 vgprnvamiag feal Cucbhpardgeils) nsieats rrefeared to use the

vm) ayd S matr i x .S ral |,y used t hat
plg:!slgcg%{sef;a)é%}ces {’:L gegaglr%) 5 W5 %%bgep%c vi <Un basbheofrase of
ottteersoatwstan [t tgratl eveltfikonanyh 48 FIRICR62AN

exanpl e of such a matrix conmonly used is the

BLOSUMG2 matrix - the default matrix for the BLAST

ortldl t €ndf sREQRGLETE, OG- Y seNSLA %g;&qggﬁg %ﬁgﬁf&ﬁm it is

use either the public “default valu
raspibot conmraldudenet &bhemdfocgupplrefardifl  Se@egsence identity.

n for further eta'lesss). H’ is_preferred_to _use
Thtréﬁe%g%ﬁ‘ﬁ T g’—é’f-‘)&ﬁ?gg@m %% f & 1Fhea%C@ad%Fck§’§e, tﬁ? j fEquence
capercase @fd ehbeatsofi warerithe gedad t matrix, such

as BLOSUMG2.
In a highly preferred embodiment, the AFP polypeptide is linked
to a signal sequence that directs secretion of the type III AFP
protein from the host cell. Suitable signal sequences include

the S. cerevisiae invertase signal sequence and the pre-sequence

of the a-mating factor of S. cerevisiae.

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, GAL4 (DNA  binding and/or  transcriptional

activation domains) and p-galactosidase. It may also be
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
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Once the software has produced an optinmal alignment,
it is 15 possible to cal cul ate % honol ogy, preferably
woneEgIance i dentity. The software typically #0efP2iB®12219
as part of the sequence conparison and generates a
numerical result. In a highlyypreferred enbodi nent,
the AFP pol ypeptide is linked 20 to a signal sequence
that directs secretion of the type Il AFP protein
tﬁ%g{]oﬁﬂ@t{'&?.tof eAﬂ‘P.S %xt %gleeiﬁ' e lgf%%%@%%% ' @Clﬁgggstuffs,
t S. cerevisiae invertase Signal Sequence and "t he
itprie prgierdsle do theid- et iuvsg baAcfosiad Brieerevi si ae.
25 The AFP may be fused to a heterol ogous sequence to
forma fusion protein, to aid in extraction and

AHXUEnEbE 8hd i 14 MBEESs Odnd BB PERLRIERAr t ner s
I nClude glutathione-S-Transt erase (Gl

H&ﬁ?%@hh@&ié%rﬁhﬁ GAlAnL DA B i%%saégﬁfgifing type III AFPs in

transcriptional activation domains)” an
a ( ¥lyebavizsiadtasefictienny Alrgmlbehd6t cortled ek t achieved by
. d.ncl.ude a praqteolytic_cleavage site between the,
IESAEETS ot%ﬁﬁ? p& neFueﬁéiizﬁgsgro?ei?P en@&igs sequence,

typllcal &gt aho explbowi sre My oOfwi s ehdydekeithe type III AFP,
sequences. Preferably the fusion CQVOteRn wi |l not
Eogehder Yheh Feaianaast yearired P dingwidag, ekpresspon of the

0 57 2 0 9 - t ol ion_o
ty%%P?l%orﬂ%ZeEﬁéﬁge%%réép% é% ion % ’oorg‘gct‘lu%l%g ,L‘L%Ji(f ?es&uences
erpogfiagald e typeavdill tARP usee ofgdrusicdhypattid@f®rated into a

TOREP B Rod SPBLEG R ontFoH CompPeLte. SRRFEcs RyiEgpke  for

1nthrbaBEPson Nintd Fnecesmbal | Besdeddiai enty fupgakch9sia sequence
This is achieved by introducing into the fungal host

engofiieg e ctuee dl Seqidhoey . thppi eapplan lexpr esBidreequence, a
ge\ﬁ%ﬁﬁgr DM' %Q Qﬁc?éjesat Hglﬁ}ycp eDI\IU‘-{ lsé%g.fénce.t,gg;%]baetrsfg%tic or

sequences required for recting expressi
sehyjpeyhthetAlP DNAt kegheste cel 11t Thas pratiekeéd @ei dise a cDNA

uences encoding a type Ill AFP are generally
TAtREby BT A e @RI C DN

The nucleic acid sequence encoding the type III AFP is operably
linked to a control sequence that is capable of providing for the
expression of the coding gequence 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 manner. A regulatory sequence
“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

S. cerevisiae or the GAL7 promoter. Promoters may be
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reconbi nant replicable nucleic acid vector suitable

for introduction into the fungal host cell. A nucleic
weachd/saguence encoding a type |11 AFP may, f®CT/EP2003/012219

exanpl e, be a cDNA sequence, a 15 genoni c DNA

sequence, a hybrid DNA sequenge, or a synthetic or

seni synthetic DNA sequence. It is preferred to use a

rat her than a genonmic DNA. The nucleic acid
nc g.Lh y oper

?ff‘sqii%%%?xga SonPT e Skl eRee, b L PR, suen a
ther GALdI pgotharert.he expression of t he codlng sequence

by the host cell, i.e. the vector is an expression

vector. The term "operably Iinked" nmeans that the :
TIONPMRNLS ARSI bad @fﬁqéﬂbr%eﬁell%ttbo%?'hé@l&%ﬁﬂ@ t31 host

themto function in their intended manner. :
cerlégullaﬁm seprdissl 25tedpemisisy |Susdbed'as o hea’od| shock or
t in a_way t hat expr,ession
e]ﬁw g%?%%f%ﬂe’qg%n e?vsldsc%ggvga{p on & di?tﬁe? onge s Urr are.

Tmmmﬁblcbbe Wby mdmlwbmgtu@w%q&sgt Ué&lc@.&bhgformed with
uences, Wi | I i nclude sequences such as pronnters

anSO XRECHITon¥PFYOX ¢ &fscieiioRal hiencerder elSROGtions to
px%v%ti%r aRly. e }%f@sﬁrd?ﬂoﬁf M S AN Pr Q%E#cﬁlﬁ%h &8quence

pr onot er of cerevisiae or th
erpﬂocﬂrmger ther orpeer SLIfay A8, WeRQ04BSR1L1ly recovering the

ePCT/Eg 003/012219 - 13 constitutive, such as the
RBASOR Pr 8Hter 'or i nduci bl e, such as the GAL7
pronnter The nucleic vector is transforned into a

sui tabl e fungal host 5 cell using standard techni ques
A giitHtad!l ﬁeaWe’élﬁ%%k T aessporat Pbn, at otypovi HEL f GIPLC-12

pSXREBESEON: 0f o T e type sLLI 1§‘F$ ?cxﬂﬂe @.5103785572’%343 except

conprise cu turlng a host cel ranstorne
thatpﬁé@smmﬁtveeﬂmrwaildbscgﬂpembyﬂunﬂenHﬂdEicﬂ@mﬁld$cméscrlbed
L provi de for expression by the vector of the coding

8 Uence 10 encoding the type 11l AFP, and optionally
recovering the

Where the type III AFP is not linked to a signal sequence, the
protein can be recovered from the host cells by standard
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 glycosylation

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 carbohydrate moieties to serine

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
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expressed protein. A suitable nethod for expression of

a type Il HPLC- 12 polypeptide in S. cerevisiae is
wdesarosted i n WO 97/ 02343, except 15 that thePOo&P2003/012219

cell wll be glycosylation-deficient as descri bed

bel ow. Where the type Il AFR is not linked to a

signal sequence, the protein can be recovered from

the host cells by standard 20 techni ques such as

orp¥BLOf LS chelss A0 PULIIYLRO bhe Lacaminagt Rl ehf more
romthe cell Tysate. ere a signal Ssequenceé is Use
erzmepr D@ Ivedannbproeeny eylgdobybat idre. Adefferebly said enzyme

. watant. . F | host cells with reduced |, .
L0 PEosPYal Toh 135 TRer BRLEETTBRY (Pt o WEFEOLyPitiRAigctly to
ant BRIAGPAdR] tafbieCahbyn ashitgiedrob¥ih itthaRE . Oflore preferred

O
. abolishing the activity of gene products, such as "~
iseppy FEEY™ME nkoleedi Ant Kbe hastadwiantgoficasprandeyl residue to

at P rahkky,. said. gl ycosyl.ation_iLs .
th%— gljlz%@%oé?’llat éjgénl% b% Wi c%e]lglsrge rrégnttha etog% ien esoj’fd ue of the
prpeadansulsaitxoly doabeyooseldigion)Q Sethise Shednddd typically
threinine resi dues at the protein surface. ILn a

seyPErer e e BATRENAIHYSr eticki GHVER JURSEdy| Hiadi i sit is

ne®eBEeMpd tBY JMaRs Qf 88LeCtddId @eatr ain 9fe 18 ivity of the
expressi ng WO 2004/ 057007 PCT/ EP2003/ 012219 - 14

spergaht senalined thadekicei efifechivhe iactglyicopybdtome bype III

r enzy.nes _iLnvol ved in protein glycosylation.
HPg?eE%r%Hﬁ%ggigﬁgﬂghzyne Is one involved in the

attachnment of a sugar residue directly to an am no

acid side chain of the protein substrate. Mre
Ther diasitr 22305 I eyRdam ivnvéthisdenh tife e ae@REwitofof an

en@yﬂ@nngﬁy!iﬂiﬁjegfe bQe 1 hydr oyl %ngp Igﬁclt%ftﬁ{é N8n the

of threonine residue of the protein substrat
cofr@egbyndisyd atenen) . TBecauszt tdremayabe tippthal tyding sequence,

BV RSP SRS Tcp Sfsh LAl SR e
acBeVivy!y ebnfdnation and/or stability of the resulting
polypeptide. The mutation may also be in the regulatory control
sequences, such as the promoter and/or 5'UTR, leading to a
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

enzyme of interest.

Typically, a suitable strain for expression is selected from
among glycosylation-deficient mutant strains which have already
been identified for the species in which expression is to be
carried out. In the case of expression in S. cerevisiae, for
example, at least four genes have been identified which encode
proteins involved in transfer of a mannosyl residue to protein
serine or threonine residues, said genes being designated pmtl,
pmt2, pmt3 and pmt4. The present inventors were able to

investigate mutants in which the activity of one or more of these
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10 specific enzynes that are effective in

gl ycosylating type Il HPLC 12 specifically. The host
wero@iod7dos typically deficient in the activityPOI/E®e03/012219

enzyne of interest due to one or nore nutations in the

15 correspondi ng gene. The-myg ation may be in the

codi ng sequence, such as an insertion, deletion or

substitution affecting the activity, conformation

geRBE/ 94 s SRR 'tEbef af Qﬁlﬂt%élul ggg? avg%y%@l%t@t L‘tgﬁe J0%etermine

mutati on may also be in‘t contr
thesgdesrestisuci asthhe pniohoteprarkdives BEEER: iveaidi ngducing

to a,20 reduct, on | ression of t ene roduc
eno rdvart | B Pl TR  SERaPCthecher, FhFy FHECaR . The
yienayse ekciatal e@ﬁoaeinafvfa%cta%o BhuAdMbabkoR fAflcted by the
anot her gene product which interacts with the enzyne

mugptioner eid A% Tyﬁﬁcaﬁ@vndaﬂﬁuﬂlaﬁbé stpat n pgferred gene

diS¥RLE * St ]19%_&3 iy

lg??%d%%}g?fonkggf m%%e n&g;n t%ﬁ?ﬁgtmﬁ chShipgat of pmtl,

sinteeddys heeducdenttte ebidlosstt hpispRcbes e Wihghycosylated,
carried out. In the case of

acﬁiﬁé gﬁiﬁ’%n 24 Pss?%iéﬁeﬁr& g0 1BY CeRarite, HsTUphden of the

geheupmgenasdahave beer identdfitedpwhi cheenaods, 30, extent of
proteins involved in transfer of a mannosyl residue t

glpeereiatriogeprneieldt hr eoni ne residues, said genes
bei ng designated pntl, pnt2, pnt3 and pnmt 4. The
present inventors were able to investigate nutants in
Acebidindlhe atiei dinvgnofownerevidey %1 Qﬁetﬂ‘i’dﬂs €preparing type
2004/ 057007 PCT/EP2003/012219 - enes was known
I o HBECH %1 uPT ef. ?ﬁ€§19%ﬁ¥a?ﬁﬁk¥%ﬂﬂﬂ§ ttdegepéy nivash enhanced

spb8ati di BFRIPLd0R19%, €iith ec‘orr@ﬁ‘irhseﬁ 98‘ £h8S o fcéfﬁé# Vxghen the

in reducing the éxtent of "glycosylation of "sect e
pr@@@%nlua joc: = ¢l sial 1o B lﬂh@heyp&ﬁamtoﬁtsemnbthw m&aﬂsaof Wa@re881ng

to be affecte nut ati ons and
» WhEUOEHE  RETERE hBUSTid bl BEHES i SRugt i By host
stf&tﬁq Rigfies eft ofn tilies AoV QDY OFF itthel RabyRAEs Pidoded by one or
more of the genes pmtl and pmt2, or homologues thereof.

Preferably, the gene disrupted is pmtil.

In this context, the term “homologue” thereof means a gene which
encodes a gene product having the same function as pmtl or pmt2

gene products.

In a preferred embodiment, the fungal host cell is an
Saccharomyces cerevisiae cell with a disrupted pmtl gene and/or a

disrupted pmt2 gene.

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

attachments is readily apparent in SDS-PAGE. The application of
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since this produces the highest yield of the

ungl ycosyl ated, active type IIl HPLC-12 protein. By
woaniwoasty di sruption of the gene pnt4 did noPChaP00ax12219

appreci abl e effect on the extent of 10 glycosylation

or yield. Accordingly, the-imwention provides a nethod

for preparing type 111 HPLC-12, or a functional

equi val ent thereof, with enhﬁnced specifl c AFP 15

ti in np t ai

o e oot a0 he™bar BHTbt 13 ) i dredas gt ibody
pr@ppre'sscpmg quq@abeofbtrdﬁP’s:@ql@nc’eo epm:mbmg aa«veﬁatern blot in

t st tra n def.i iin the
et EhP b (e, R aRBougi P ae s 2oHopEsGroandated)
ax@t&@péc@ﬂiéal&@d deltéted! @Qf@'tﬁﬂ#@ﬁac‘l@@éﬁﬁé of cta’%her proteins

Preferably t he ne dlsrupted is pntl. 20 In
suppreesed- tHes é]flg‘aOWor?@Ieog-@@ﬂt@ﬁw@@fomﬁngstaﬁg@ﬁe which are

ne fun
ef‘g’gbggtv %{ésggﬂ ?%(gﬁ S&l%}’%%%l&@f e e” cien%lfled
foe‘nbﬂdmpiem,t WJItRu@ututlgal nél@@ttcﬁ:qiadr:ufy iahe Bm:@hﬁcg %&%&n from
i.si ae, _cell h di ted pm ene,_ and/ or
fi TR0 Pt WU The xtBitebpagl sLassPhe| GRIBFLonal or
potLY@Eoﬂlél ERE Ondd iy osuic edehyi BRYbe 3Q2RA5SER %prc,e&ﬁ}e'}lg:lonal

strain can be readily gauged by nethods that
me§BAds t | Ve teanehevetier edded armr@bm@ﬂ \géyg:hsybamdhe and non-

ei F X ditional mass of
gl?ﬁgé%j[ﬁtgeadnp{%% afC%I 9 LS : ?nr)ea éia SrERRed us1ng reverse
ph&BS- PARIE . TiFelrahpimln@fé j ortlm‘ \P@l@ooéygﬁeﬁ@okoupled to mass
PCT/ EP2003/ 012 - 16 this method can further

SPEPHEPIPYuSPRY %nu%erﬁ |tl5’o&9ve%‘F3éi}9§reatsiP§ﬁlf%%e9§1&fCTQfOff@ﬁ

HPLC- 12, to performa Western blot in which the bands

due to the AFP (gl ycosyl ated and ungl ycosyl ated) are
Metheds f istgh! yaletb8t arkl weléctiwhoaekgs puntksterat Hefot, HPLC

anQi}% eé $hda =PLC coupled to mass spectroscopy were used by the
present inventors to identify the preferred strains of
S. cerevisiae for type III HPLC-12 production. It could readily
be extended to investigate further mutant strains of this or
other species, in order to seek out still more effective
expression hosts. Alternatively, 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 production of active type TIII

HPLC-12 in good yield.
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5 suppressed. This allows the identification of

strains which are effective in suppressing HPLC- 12
wahkyagsydoat i on to be identified, for exanple, PG ER2WOB/012219

the need to purify the HPLC-12 protein from the

mediuminto which it is secrgted. Suitabl e nonocl onal

or polyclonal antibodies can readily be prepared by

conventional 10 nethods. Alternatively, the |evel of

10! ¥y cosytatied .angnaen- gLy %o%n@e§d otfy %%ﬁ;gk'c_glé%eg- Yhich have

can be determ ned using reverse
beléur tidentbfeed t hdldﬂ@.(émm%mnoppbéuctm @S Senzymes  involved

t10scopy ca used.to.investigate specific
sxEPRELOSEaRLLCE0 18 MRS L0 LV EEE) JR1 8 PEE Lo cames ae
1n®‘o&0é<ﬂ ophopes - \dest er-nibkel, gtiday1arabusi(sran6 l']l_”?é-l(élnger
coqzled to mass spectroscopy were used by the present
et ngent GLechynirenetf Bidmwsicherdkdd® sitdf ns(1699) S, 297-307)) .

Mu%gﬁ‘é‘M ' §h & I dnedPh&s ZbQ{eﬂd? Jtﬂ%ﬂieo'! tcto%ﬁlél also, in

readr | e exten 0 i nvestigate
prsncaphs bk tlhi\@scbligaﬂe@t hher gper esheim putlesbilditseekor the

el R BeHEESLYe XD €Sl on OB, i

recrystallisation inhibition properties of an at | east
partially purified type Il HPLC 12 contai ni ng
Ther epabati saubdurtsderendid it doe detwrdedondi tithes @pecies. In

ol 4 U L 9. 4808 19 gl BEh! By 2oty been

deasrih@ikﬁgdcjntaﬂhanwcasesas&esslﬁguI@eb@tréadwlyﬁldéﬁtlfled
roduct. as _an antifreeze protein and by thus
Fog 2

r 55RRIYy BhvéRPERBT ndetodidass thes 590@1% of 1 Igwologue of
pmt DV ERLAT Snbays: LhUS T Qi ged g&%e rale @4,: 00, readily

i dentifying fungal stral ns sw to the pro&uctl
achievwed i vbyt yPERL | | usHREC- ];Zlmrgooaﬂeysllgheld Wising sequence
ARSI FLEPO RS M 1S ceusige
dekdetibe fhew, sé\zﬁl.ﬂé‘rﬁu@_ﬁ;prcﬁ.ssﬁw RIQEKGEBE8 GBZYMBSgene would
al!Lcr)]&l/oaL Vdeidsruption mutant to be constructed for this species. The
same strategy could straightforwardly be applied to other fungi.
In the light of the finding by the present inventors that the
enzymes encoded by pmtl and pmt2 are most effective in
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 suitable candidate
glycosylation mutants are thus acquired or, if 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.

In one embodiment, suitable glycosylation-deficient host cells
can be obtained by subjecting a population of host cells to

mutagenesis to obtain a population of mutant host cells and then
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in |later stages of glycosylation and which, in sone

cases are involved in both 0- and N-Iinked
wabkyagsydoat i on (Strahl - Bol singer 5 et al (Bi ocRCWER2008/012219

Bi ophysica Acta 1426 (1999) 297-307)). Mitants in

whi ch these genes have been ¢ srupted could also, in

principle be investigated to gauge their suitability

for the production of type Ill HPLC- 12 or a

L on equl . t ho al
schggihenphe SbyBlan, JD ATl SR 10y, gor cens
thgkycasy| aldfertdeéi clientpyatieant Sghpwssiydlatgady be€n particular
descrjbed and.in other cases these could pe read

I
ILVHRAYI3TEl OFat BRRplel WP o4/ JBESICHRRHS | BoeCehls can be
ca®h08h N80T A nBOAPLRGUS] YechPitled rQIRIARR! REHIYR a\ﬁ%tat?enesis,

Kl uyveronmyces lactis. This was readily 15 achieve y
uspaR, forsierpplienBNA - dusgimad chsinhcp se e i¢X-ray irradiation,

i nfor Lon framthe Saccharamyc gene. The authors.,
o3 GR Rt Moo S maong 051 CHREPKT gty digected
tol &abvs gebegevisl din aldcdWidicdilSEYBtien talt gdligdtO Dehomologous

constructed for this species. The sane strategy could
SeQUPRFY T GRREPET ySBRCIES i ed to other fungi. 20 In the

l'ight of the finding by the present inventors that the
enzynes encoded by pntl and pnt2 are nost effective in
Thgl| yewssyilest | by twpehl | éxpiRlsGid? | s Saechaedmmes, mby ik any

ggo}?gblg t hat grotei ns _honol ogqus to these ul d b(?
SUGPrabl EU PP yetREFLTS dFSTUIRAE PN YERES S &8 (but not
lifneed sib) ablpseansti dehe Jenghy Casybahi-ehydBYE, anksu@f-omyces,

thus acquired or, if necessary, constructed for other

Piphhgal Hapreaivds, taedidire SshigpaggcharamyRes anderhe like, and
| i  bo ant
e R St e L Y DAY T IA Lophd or e

geyperh dAgberaqudtliuvee Uypehdddrndbll Grit2r, s Nebtrospwtd e. Fuddrliom and
one, enbodinent, .suitabl e glycosyl ation-defjcient host

th@eﬁlg{e'caﬁr%‘ge & n@ﬁe bf%&?ﬁja%ctsi i cﬁegop]tﬁ afi ofedit, most

prBostai6B} | § tRechbbagNeshiscAD-BRRLEN RPOPM ald ONefevigiae.
mut ant host cells and then

Abnormal glycosylation has been shown to be a feature of

expression of heterologous genes in many of these genera.

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
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 one or

more genes involved in protein glycosylation.

AFP 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.
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WD 2004/ 057007 PCT/ EP2003/ 012219 - 18 screening the

popul ation of cells as described above for cells that
waneo4bafect i ve in protein glycosylation, in paPCT/ERR@®B/012219

gl ycosylation of a type IIl AFP. Mitagenesis of cells

can be carried out using stapndard techni ques such as

random nut agenesi s, 5 using for exanpl e DNA-damagi ng

chem cals or UV/ X-ray irradiation, or site-directed

mut agenesi s, using for exanple prinmers directed to

known pnt genes in one fungal species to target a
Thwsntvhegpueseseqimviestion gnotvidesspecbrpdsitdibheomprising at

speci in l.,ch, expression is caryied qut y be an
16&%5ta%$%”%uﬁgﬁ| ?Eecw%giﬁén65np3§%i¥ﬁf%ili§?gasE¥ﬂeaé%]: AFP
calbulabed ad id pecbdridagehose tetalh NEfA AFP, obtainable by

Saccharonyces, Kluyveromyces, Pichia, Hansenul a,
SXPARREFHAL T ZBiHivarcstic seTantce hendodiag 4 type III AFP

i i : a i m-ted to).those
Hof 1 ‘1’%93%‘?%?2 ‘%ﬁf&égéﬁﬁ %‘é‘,@# gl ST Nul%:%‘%f,era% Y, the
colipas Dispur acofusiaesumnaanteastheabblie. 6% £f e68bl yyohesr 803 by

Wegégcies selected s aééeaséb nost ?referably a

bi & of ey cWHGIRFYdatedc HFEe STLLerAR sicadculated as a

pefbBRESRd y@ggyl%ﬁb@qﬁag@een shown to be a feature
of expression of heterol ogous genes in nmany of these

genera. 20 However, in an alternative enbodi nent, it

Si b e af al host, strain of a
e R R et Bty Py oBLp e gfreigse less
thnghlyows Hoat bpnweldius dihelyeosyl o asypalit TONAFP, calculated

deficient" in the context of the present invention is
355t PRIt @295t §orBst et | KL% HEF hawEebeEaferably less than

abgeneid cadd y ImriPybhat edAﬁeefr%i%lP/p %%fé@sed, a composition
gl ycosyl ation. Nonethel ess, typicalfly,~a
of gl s s ynsenbien defonpiréaes hostglyebbylstahe twipechIII AFP and

o §BIRL1 358 WUASL BT 908 00,0 daep LINEIYST .,
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
be at least trace amounts of glycosylated type III AFP, which
would not be present in type III AFP expressed in a prokaryotic
host cell.

In a preferred embodiment, the composition of the invention
comprises from 50 to 99% 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 III AFP (regardless of glycosylation
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 is

at least 90% pure with respect to type III AFP (regardless of
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The nethod of the invention makes it possible to
obtain highly active preparations of type Il AFPs
woanmiasTiong a hi gh proportion of ungl ycosyl at edTAPRI03/012219
WD 2004/ 057007 PCT/ EP2003/ 012219 - 19 Thus the
present invention provides-aga@onposition conprising at
| east about 50% by wei ght of unglycosylated type |11
AFP cal cul ated as a percentage of total type Il AFP,
g19Rb8YTADI & DYy DX PRESSHON AT BoBUE! epfoliifl SEIHRRAES  more
éencodi ng the type Il AFP 1n a
prgifgcebiy @t diagef PEi ¥htof We§apuhest cell. Preferably,
the conposition conprises at |east about 60% 65%
70% or 80% by weight of the unglycosylated type 111
ThaFRboadail af gdefsion paNIeMe@enef degbativeparidd AEPerence
10 Accardingly, the conposition of the invention also
Eocorpf | 04 1Pkdag mlssut whBoghhyeneei ghlugtrative only and
| l4 d e ER, Lcul at a percentage
e D T peeE, 18R0 L8 FlonBEed Phi
about 40, 35, 30 or 20% Alternatively expressed, a
Desonppisidn @f theofidnlwed nventi on conpri ses
ungl ycosyl ated type Il AFP and glycosylated type |11
FighPei Daaiwebgbthemdiix ofedrceBhiadid® dP0iHe WA €integration
preferably from1.5:1 to 100:1, nost preferably from
cagsgtte 3ugeg, in1 the 108am0lsince The tGaseetbp AFPtains the
j fungal host, rather than a prokaryotic
foﬁﬁg‘??{?%ﬁg%\?\neﬁ'gener ally 20 be at |east trace
anounts of glycosylated type |1l AFP, which would not

_ present_in type |11 AFP,expressed in a prokaryotic
1R2EE Corl NFRL & % GPEPP et Gt ERD. LR eopd FEReRE
120f21d@ | NvENt é@ReviZT se0RRFORS ol 8 BRat 0 99% by

wei ght of type Il AFP lacking O glycosylation. In

additifopi8 it Parpiak auidd hrmpethetslasdnpuosteion is at
leaﬁ%SBQ%@ RNAse P subunit

1165-1959 weak similarity. to glucosidase, exo sialidase,
mucins
2103-2165 questionable orf
2165-2096 transcriptional activator of sulfur a.a.
metabolism
2397-2197 Antifreeze protein type III HPLC12
2457-2398 ISS - S.  cerevisiae SUC2 I(Invertase) signal
sequence
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

55461-5581 58 - S. cerevisiae rDNA 58 RNA

5582-6238 NTS1 - S. cerevisiae rDNA non transcribed spacer

Figure 1b is a schematic representation of plasmid pUR3993.
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pure with respect to type Il AFP (regardl ess of

gl ycosylation 30 type) based on total protein
woanmi4@itoo7nore preferably at | east 40, 50 or 68eamEER@3/012219

Where the AFP is to used for cosnetic or

phar maceuti cal applications 4gijhen it is preferred that

the AFP is at |least 90% pure with respect to type |11

AFP (regardl ess of WD 2004/ 057007 PCT/ EP2003/012219 -

20 glycosylation type) based on total protein

content, nore preferably at |east 95,98 or 99% pure.

Flﬁh@€p@e§@n& ARVERLS orhmuinlal-ogoambe descri bed with

reference 5 to the follow ng exanples which are

illustrative only and non-limting. The exanpl es

Exaebdest o figures: Description of the figures Figure |a
IS a schematic representation of the rDNA i ntegration
10 cassette used in the exanples. The cassette

Exafpi&i ng. the Dgeéii&”ﬂa[ﬂoﬁeq%@C%cr%s%gﬁli%&sgnhibition

cerevisiae rDNA non transcribed spacer
actevely sifhglyhesybsiont and DAL ¢EodyiVetedl fpans i af ARH type IIT

pps het i cal ot gi 485-916 RNAse, P subuni t
neh RS M Sea e, Sadutmtoprors, Grmgsiasee.  exo
sialidase, nucins 2103-2165 questionable orf 20

2165-2096 transcriptional activator of sulfur a.a.
EngdehBgl fEarkdons2 67 sAmddevderedpr ol mary@lyddsylated AFP

ELEH LGB0 SN R L o0

GAL? pronoter (synthetic) 4009 2801 LEU2d -

cerevi si ae EU%Q o
Fermentation broth containing AFP type III HPLC-12 (15ml) was
pipetted into separate conical tubes and 10ml refrigerated

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
at a temperature of 5°C for 5 minutes at 3000rpm. The
supernatant was then decanted into a separate conical tube.
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
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.
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
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4100- 4413 2u - S. cerevisiae 2u plasmd fragnment (non
functional) 4420-5460 NTS2 - S. cerevisiae rDNA non
wonrengsriobed spacer 30 55461-5581 5S - S. cer e¢TAIPA®3/012219
rDNA 5S RNA 5582-6238 NTS1 - S. cerevisiae rDNA non
transcri bed spacer Figure-ldpis a schematic
representation of plasmd pUR3993. WO 2004/ 057007
PCT/ EP2003/ 012219 - 21 Figure 2 shows an HPLC
ba&l QR AU @BxcdAMU RS 5 FXATR| £, Ergﬁ&féfn gat Jcﬂ? gr:latanol ,
recrystallisation inhibition activity of glycosylate ‘
thendagngbysosyipe et fants wefs AFPahgperrell H4PLG- 1Bre-weighed
pr.odu Saccharo es cerevisiae 10 Enriched
Eig rs%dt icfgg)s;)%’f agnl%l)cl & gls?yl &d ATdNGH- SWYy IS\VI°at EF YAES -
type Il were prepared fromfernentati on broth.
Fernmentati on broth contai ning AFP type |11 HPLC 12
The1 5ya wEsospiat g ilyssyarhed ABRi &xbet dB&s copdients of

thd0RL st B fipenated 4 aeg}% d A6 d;
secoﬁ%s. 6ﬁere t he %ﬁ% S E%&g?ﬂgﬁgﬁﬂ%.Sgb?ﬁelégﬁﬁgéa1'
corrected with 1M NaOH The tube was then left on ice

r at | t .20 inutes or.overnight in the freezer
Ta : t O 51%3 g?t 9-. R5er g{'%@_%e afireeds gthanol
pr2cibitées ald 3000rMRanthe supernatant was then

decanted 1nto a separate conical tube. The

precipitate was washed by addi ng 40% et hanol at pH

nixed;—ptac nce—for—atteast 20 mnptes—or
Magsg%%}ght in the F?égf@pﬂgﬁgi?ﬁ%% %ggiFﬁyﬁa%X#éE?d AFP
before. Finally, tlhey2b IrecipisatecymsyBshediWakhs total
Utrapure water into a pre- weighed flask, frozen and
dried by freeze-dr)\B5R}€1the super nat ant ®TPESHR above

FreELE GELE & ¥ g PTe- el gited 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

non-glycosylated component (0.4% total protein).

Recrystallisation inhibition (RI) assay

The recrystallisation inhibition activity of glycosylated HPLC 12
was used to determine the activity of the glycosylated and non-
glycosylated AFP type III. A sample of 0.0004% protein in 30%
sucrose 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

HPLC 12. The results are presented as the change in the mean ice
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centrifugation bottles and centrifuged agai n at

approx. 30 4000rpmfor a mninmmof 20 m nutes. The
weuparamant s were transferred i nto separate r8amaP2003/012219

bottom flask for rotary evaporation. The ethanol was

renmoved fromthe supernatantys hy rotary evaporation

whereby the tenperature of the water WO 2004/ 057007

PCT/ EP2003/ 012219 - 22 bath did not exceed 35C

Wi r I u o

e vaert Der et Bt i IER Y e for 2
holuroZ@abkad2)t.he wat er renoved by freeze drylng. 5 The

non- gl ycosyl at ed and gl ycosyl ated AFP type 11

contents of the resulting freeze dried preparations
Ta®1@ Nowt iiknidhhkech rekafilg 1: AFP type 111 profiles

of The freeze dried ethanol  precipitate and

supernatant 10 Materi al hbn-glycosylated AFP

ac
S

yG Cll cu I-\I_I' l ypc | | | [« T L LU
TeSt ﬁo groteln protein Freeze é%i 3 #WQ#%W“B 441

Co&d@@ln@i@fﬁséZEQQ‘&@l&{l ed ethanol3 3945 495 precipitate
VWhilst the ethanol precipitate still contains sone

Nomogilvepsilediadat @dPratepral 1IEhE JugePnat ant is highly
upfhrighed in glycosylated matgrial (41% of total
proteln) conpared to the 15 non-glycosyl at ed

Glgaopphendd (FrAvypetEi preokcein)|.13Rackrystal | isation

y The rprrvctalllcatlnn inhibition

activity of glycosylated HPLC 12 20 was used to
Th@e%&kﬁb”%- grac h&%t%th the Qﬁ 8 ype III

gl ycosyl at e AFP%type . sanp %% %ﬁgﬁ%%gbprotgyge
HPLG-BD%ilis active ag it 81gn1f1cant1y' reduces the amount of

growth compared to the control sucrose solution. However, the
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 is inactive.

Example 2. Preparation of protein mannosyl transferase

(pmt) deficient mutants

The pmt deficient mutants were constructed in Saccharomyces
cerevisiae VWK18gall (MATa, Ileu2, gall:URA3, ura3) using the
cre/lox gene disruption system described by Guldener et al
(Nucleic 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 cassette was verified
by diagnostic PCR and subsequently the Kan gene was removed by
expression of the c¢re recombinase. Correct removal of the
cassette resulting in a deleted gene with one remaining loxP sgite

was verified by diagnostic PCR.

The following deletions were constructed:
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sucrose solution was prepared and neasured (3 repeats)

inthe Rl assay. Two control sanples were also
woresnsad? 30% sucrose solution (i.e. contai NPAQG/ER2003/012219

AFP) and 0.0004% non-gl ycosyl ated 25 HPLC 12. The

results are presented as thexghange in the nmean ice WO

2004/ 057007 PCT/ EP2003/ 012219 - 23 crystal size

after undergoing recrystallisation at -6C for 1 hour

thabbe, 23s50)Tahlbgp2: Rl inhibition results 5 Test
pngolautl on Gr)ovvth (mcrons) Control sucrose solution

pmt2 (5042229 : :Ne#Pgl ycosyl ated AFP type 111 0. 74 0055
1 ated AFP type Il HPLC 12 13
pﬂ#ﬂ(% 263, gﬁ;}’({p

above e s show that the non-glycosyl ated AFP
type Il HPLC-12 is active as it significantly
reduces_t he anount of growh conpared to the control
Ex?ﬁ‘?llfﬁse 350l ut FBRSEIRRIGGE | afhe mEFagty c §39¢hrramidRIsC- EErains

I
SRS A SO IR B0 87 MR e

no effect on t he recrystalllsatlon i.e.

f tei n rrannos I
To't ?gﬁ%l Ve a%xbfﬁ pP ar {?Ehcgjteé‘%,g ccpﬁgr%}&ed e)é{pressa.on

ofdefFpei @;ﬂﬁ: mut:aﬂtes Ber @héoﬁééE ugteghi nssaEQP@&lcg%%)eSVWKl8gall
cerevi siae WK18gall (MATa, |eu2, gall: URA3

WeESi rnigF AT OTERE/ I"ﬁ'ai:hgeﬁlélﬂilislfmptCIO@mesysifemadesESB]P beskphyssion
ca@é@@é"e&eﬁtve@ f%%m( ?%5?%9 éﬁag :LCFz 1 adhe[ﬁl%;élsﬁ ﬁ.&lgﬁ%égrate at

DNA fragnent
tha/er@l\@enbcpcmsedaby dRERribedg oy | DEPekart | HXP (ggﬁgetbltgcgg Jul

15 GPA L B i SbBedTEReTY 197 ReRCHEmeamECcIRed. £rom
théeﬁEMﬁﬂéﬂéyplasmld by digestion with HpaI and the approximately
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 rDNA integration cassette and the PUR3993
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
during growth on medium containing glucose as carbon source and

galactose as inductor.

Example 4. Determination of AFP III HPLC-12 content in

fermentation samples

The sample components are separated by reverse phase HPLC using a
C18 column and the AFP type III HPLC-12 content determined by Uv

detection at 214nm by reference to a purified standard.
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expression of the cre reconbi nase. Correct renoval of
the 25 cassette resulting in a deleted gene with one
woensiodfag | oxP site was verified by di agnost PCTRER03/012219
The follow ng del etions were constructed: WO
2004/ 057007 PCT/ EP2003/01221% - 24 pntl (201, 2350)
c:loxP pnt2 (50, 2229) ::loxP pnt4(09,2289)::1oxP 5
Exanpl e 3. Construction of nutant Saccharonyces
Applaraidis transformed with a gene encoding AFP type |11
HPLC-12. To construct a strain capable of efficient,
AKEBNEXRIO%RY &lphBssion of AFP, pnt nutants of the host
Anéi?ﬁi@af-ba ereyi siae VWK18gal 1 10 were transforned
W mul t1 pl'e copies of an | SP expression cassette
Vageouy egll fg=onrpUR3993 pl asni d, designed to integrate at
the rDNA | ocus ,as described by Lopes et al (Gene 1989
VagLpus mipRSESF: {99nbeE) cleRe b i ntegration cassette
was excised from the conplete plasm d by digestion
with Hpal and the approximately 15 6283 by fragnent
Repgenrtggluced into the host strain by trasformation

' Lithiumgcetate nethod (Getz R D. and Waods
Ulgafé@gr%vgt%ﬁg s Enzyﬂf)ﬁlﬁﬁﬁcﬁ ¥86°87558°5™ The detail of
ActtenithNAd ntegrati on cagsetter-ad whe PYR3993 20

%ﬁsm'd is.shown in figures 1 (a) and (b)
Tr? HREAACEERLG. acTq offdPor HBHE 9xRslee sel ected for their

Ts@bidddnb1t O grow on nini i um wi t hout | eucine and
g’%e%ned for producti onﬁgffcti%%EFP during growt h on

nmedi um cont ai ni ng gl ucose as carbon source and
nductor. 25 Exanple 4. Determ nation of

| act
Pr%ta%ll%%aﬁfc-e YeRGitent in fermentation sanpl es

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

water and mixed.

Preparation of eluent B: 0.05% TFA in acetonitrile

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

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
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.

The HPLC conditions used for AFP type III analysis were as

follows:
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The sanpl e conponents are separated by reverse phase

HPLC using a 30 C18 colum and the AFP type |11
woelRLB/FocoNnt ent determ ned by UV detecti on aPCRERZ98/012219

by reference to a purified standard. WD 2004/ 057007

PCT/ EP2003/ 012219 - 25 Appsgatus: AKTA Explorer XT

10 Anal ytical balance Various glassware 5 Various

pi pettes (mninmumclass b) Reagents: U trapure water

InYEEE L BOTE AT ;S Acetontrite HPEC grade—Far
10 Trifluor oa%ﬁcpaalc?girTFA) HPLC gr ade
Injsepioparmsip HALC |gk@je  Preparation of eluents: 15
A, -0.050 TFA i-n U trapure water A volunme of |Im
In'%iiggla% Va%"lﬂieed’ tofqﬁ%o litres with Utrapure water
Neadlle mrxtd. Pregpar(aigeonpafl el uent B: 0.050 TFA in
acetonitrile 20 A volune of 0.5m TFA was diluted to
Dap@ehandligign t N ad&igmegr Fpekorad eqpepere sanpl es a
vol une or wei ght %intdt%\?v% terial was accurately
pi petted/ weighed,| In triplicate, into separate 50ni
vol unmetric fl gsks aridorsdest o wlfikrai t h el uent A
Sanpl es were 25 fliltered prior to being anal ysed using
the bel ow spedi fi| A IARFR/Acoyisatsmarepuri fi ed
CoD@ih gl ycosyl atied |AKRaLYBEotddn tﬁa@dcﬁ§ 21954
quantification standard. A chromatograph froma
Mobids qhiasef er ment athildn 8afPh €z ishUhhrapufe guter?. 30
1iJ&e HPLC condijti ons used for AFP type IIl analysis
were as foll gws:
: |B1, 0.05% TFA in acetonitrile

Gradient : | TO = T5:100% All

T5 —> T35:100% All —> 42% All, 58% Bl
T36 — T40: 42% All, 58% B — 100% B1
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 III 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.

Fermentations were carried out as detailed below.
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WO 2004/ 057007 PCT/ EP2003/012219 - 26 Injection type
Partial fill Injection |oop 100l Injection volune .
woeQabo4Nsanl e wash 20% | PA Dat a handl i ng Conpaq #esHp2@®3/012219
computer W ndows NT UNI CORN V3. 21 software _
UNI CORN A- 900 software Columy Mydac Protein/ peptide
C18 218TP54 Mobile phase All, 0.05% TFA in U trapure
water line 131, 0.05% TFA in acetonitrile G adient
TO -> T5:100% Al l T5 -* T35:100% Al l -+ 42% All, 58%
31 T36 -* T40: 42% All, 58% B - 100% Bl T40 -*
In@4711151m POGRABEti®n100% Al Il T41.5 -3 T44: 100% Al |
W I The pl.orer 10OXT
B B e A TRt T R SRR CReogting of 6.7 o/1

YNBut(geampl efutaient brickhe wenelLaaid Wi eGidfeo) and 5 g/1
Quantification was achi eved using the 214nm si gnal .

glocpee: 1&%@@!@@ heass Uichp sl 25K annick 12 80 m\b@lj:rseﬂol fstock
Jnge rintin ose onl Exanple 5. Effect o
oot g s atichRbREeR! st 2 Brommeefoddi At 120
rphab@aidguanale feidenhebs1uhl = ”@P&ﬁéf@f‘ﬁec‘i\’eﬁg a shake
carried out with each pnt mutant to determ ne the

flapke@ordiairiacteb @0 i 8% OFENRPM prodgéetong of 10 g/l Yeast
extract (Difco), 20 g/l Bacto Pepton (Difco) and 20 g/l
glucose-lag followed by incubation for 24 hours, 30°C at
120 rpm.

Fed batch fermentations
The 5.5L batch medium consisted of 22 g/kg glucose-lag, 10 g/kg

yeast extract KatG (Ohly), 2.1 g/kg KH;PO,, 0.6 g/kg MgSO,-7H.0,
0.4 g/kg Struktol J673 (Schill & Seilacher), 10 g/kg Egli trace
metals (a 100x solution of 5.5 g/l CaCl,-2H,0, 3.73 g/l
FeS04-7H0, 1.4 g/l MnSO,-1H0, 1.35 g/l 2ZnSO,-7H;0, 0.4 g/1
CuSO,-5H0, 0.45 g/l CoCl;-6H,0, 0.25 g/l NaMoO,-2H,0, 0.4 g/l
H3BO3, 0.25 g/1 KI, 30 g/l NaEDTA), 1 g/kg Egli vitamins (a 1000x
solution of 5 g/l thiamin, 47 g/l meso-inosit, 1.2 g/l pyridoxin,
23 g/1 panthotenic acid, 0.05 g/l biotin). The 4L feed medium

contained 440 g/kg glucoselaqg, 3 g/l galactose (Duchefa), 25
g/kg yeast extract, 12 g/kg KH;PO,, 2.5 g/kg MgSOs7H,O, 0.8 g/kg
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
(DO;) was measured with an Ingold DO, electrode (Mettler-Toledo)
and controlled by automatic adjustment of the speed of the 6-
bladed Rushton impeller to a maximum of 1000 rpm. The pH was
measured with an Ingold Impro 3100 gel electrode (Mettler-Toledo)
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conpared to the parent strain w thout any pm

deficiency. Fernentations were carried out as
wdev@iosa7 bel ow. WO 2004/ 057007 PCT/ EP2003/ 0122Q9/EP2002/612219

| nocul um preparation A shake flask containing 50 m

medi um consi sting of 6.7 g/lpg YNB (yeast nutrient

broth) wo amno acids (Difco) and 5 g/l 5 glucosel aq

(Avebe) was inoculated with 1.4 m gl ycerol st ock of

h cyb 48 h at ,120,
e A e L R N e P
ammbak& (Feask) .ch‘émpemaﬂgréO@zam masa@uumicbys laStP’.ﬂl@oOfelle%trode

Yeas;L Sxtract (Dfi% Bact o t on ,

DG IAESo 0 G 12 160G S JRAAK ol bhAng and heating
fihgeubation for 24 hours, 30C at 120 rpm Fed batch

fermentations The 5.5L batch medi um consi sted of 22

g/ kg gl ucosel aq, 10 g/ kg 15 yeast extract KatG

g R i 58 S et 1 ST aERory S0 Wy i i ozom

inbeaten ﬂ@tahé KD @edsahut Taa ebmbefatfide Q%g %a%H@ghned at
3.73 FeSO4. 7H20, 1.4 g/l MhSOH4. | H20, g/

307 Sen 7%l%v 2tgP| 1/ eimobDepies Gonsrfgﬂedc@@%veeﬁ.@@, pH at
.2 | Nadb 2420, Il B 5

5'%0 gvlhl%NaEDTA;g :éhl g/ kSQ%g?g Vi tgtrﬁs & %)%oggékegged below

3080ppmi dineof L&/ phahéarwas 47agted rrein- | tiesi feed. Dlgdde  the

oxi n, t hot ni aci,d,. 0. 05 bi ot i
el e e SEan bl AedCat0tgFke GrECLbIRE B¢ to 6

1/1@iﬂ1 gﬁ'héCt%@l (ﬁt‘éhesfra?é a%ﬁlléﬂ kgc&‘@ﬁﬁn/ixﬁé agh, els%onentlal
g/ kg KH2PO4, 5 g/ kg 7H20 . 25 Struktol

Prfizhe zr@qg;t@ E5Pi Wtaﬂééélﬂetaal grov.v_tkg/k@teEgpﬁ Wi -t04mi Wér.  The

el et bat oy RHeihan anedYere. PO AR LA RN Ridlenter
ioreactors wt vol une tres.

deBrssodd ethedrygans (@@é&jeam::rretalsmr ééew ttatan wagohthintained

11D()2 el ectrode (Mettl er-Tol edo)

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

HPLC-12 determined by reverse phase HPLC

Test Total AFP Non- Fold increase in

organism normalised to élycosylated 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 0.61 71% 1.9

pmt4 mutant 0.93 23% 0.93

The yield 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 shown in table 3.
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30 and controlled by automati c adjustnment of the speed

of the 6- bladed Rushton inpeller to a maxi nrum of 1000
wopm4/05fe7pH was neasured with an | ngol d | npr8CBEE2003/012219

gel electrode (Mettler-Tol edo) WO 2004/ 057007

PCT/ EP2003/ 012219 - 28 andgantrolled using 3 M
phosphoric acid (Baker) and 12.5 % v/v ammoni a
(Merck). Tenperature was neasured by a PT100 el ectrode

tegll M aza i | acket cool ing, and

Th%cgg(%ﬁ)% &%i ntg%rls. 5 'Fﬁ%wba?g#p léggt\%gg s j‘,;r Féghﬁ§ pmtl or

pmtRarsfeerlitisng 1660 nincfedad |imgridve % i o CubnnylpcdBPlated AFP
medi um Tcge tenperature was majntained at 30C

D 0 %0 mRe Bt snl SbreiBl | &g chsbes 30w total

AFPH gtiel8. Ois Wean grhe ta@@95a§éanafo£nIEJ@hog%ﬁﬂasang. pmt2
decreased bel ow 10 300 ppmthe feed phase was started.
MUERDERe fided phasE YIrey katiperatel@ des ideceeasdd due to the

it to 6 _1/m.n. The feed rat

AR SRR FAg Rt o B v s el prort 12 Fofa ana

1.Pediglddoteranl niacreasgr o eat §1 péody Ddd harPhe&or pmt1
xponential feed continued until the D02 Ievel in the

anflay or TSPRRSETIES e beFbw ISH-hREEeal el ethionf eeaf pmt4

akenvay maintaired o BRAT.r LAl & 3: ol ds, of o lated

apSI ycgsy?at eg and non-ogl ycoseyl ated AFP typedl??lﬁ grycosytate

pPrapuct 1 Prieduged nedt bylaesy eappephase HPLYROL Festectebale the
rease in rmalised to

oV BFS ARSI o Teh. &y SoUyT 51 807 Py ERE SEPSeYAAp ofilge for
theopakeAEPspradictingn ther @aital imtitantPde Dl 23 dwed that
thgtgghginal non-deficient strain contains both glycosylated
and non-glycoslylated AFP whilst the pmtl mutant produces
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

strains with reduced ability to glycosylate the AFP protein.

Example 6. Analysis of Glycosylation patterns of AFP type III

HPLC-12 secreted by a transformed mutant strain

Investigation 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 versus its main glycoforms
(AFP with 5-13 mannose units) are compared using the
selected ion monitoring (SIM) mass spectrometric responses
of their respective most abundant protonated molecular ions.
Detection is performed by positive electrospray ionisation

mass spectrometry. Separation was achieved by gradient
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pm!| nmutant 0.79 67% 2.3 pnt2 nutant 0.61 71% 1.9
pnt4 nmutant 0.93 23% 0.93 The yield of total AFP after
wOeQodars7der ment ati on and the effect of pnt dePeriEezooemi2219
non- gl ycosyl ated AFP productivity was determ ned
usi ng reverse phase HPLC andkg s- shown in table 3. WO
2004/ 057007 PCT/ EP2003/ 012219 29 The data in table 3
show that deletion of either pntl or pm2 results in
e JaTely Ingt % 0 ¢ t ' .
O e ape od e s, phr et oTALE, Boin g8 « fgsoriped
beflowal AFP yield is slightly decreased for both pntl
and pnt2 5 nmutants, the non-glycosylated yield is
i ncreased due to the decreased glycosylation activity
Apesdlthiang. iRRageatd:fold and 1.9 fold overall increase
in non-glycosylated AFP for pml| and pnt2
respectively. By contrast, deletion of pnt4
p t S (45 fect on the %
10%?3%%6“6%@ %t égé‘%é%r ?&‘E%tgrgg oduced but does appear
Qubabtsdi Dhidss dpecensmetidre (Vayehak |MARRmrEe) d. A
ison of the protein profjles for the parent
PREL, BO LG & -Oh %ﬁ?l%@%ﬁtlg&ﬂnéos gel showed that the
Ulerhgiralwden- defii ¢ ' ] bot h
gl y%(lasyj ated and n?ﬁrj%géFifgét%%%P whi | st the
ACBhRONL it leh orplbeie LIS ggrddomi nant |y non- gl ycosyl at ed
AFP (data not shown). Simlar results were obtained
from shake flask screening experinments. This provides
Prepaehationelbyf guvbdl esphaerisngoretipod for identifying
28°St rains with reduced ability to glycosylate the AFP
A:plGt BLPREICERGAD é6WABREl ysis of d ycosyl ation
B:PaEt £EdS OLAFP 4 YRR . -1.2 .secreted by a
t ransf or msdcerrﬁt %altrlnéf’t rag naggtﬁ]%ﬁ%%gati on of the AFP
type Il glycoformpatterns of the

Sample preparation

The samples were diluted 1 in 50 in water (1 g in 50 ml
water) and filtered (0.45 pm or smaller syringe filter)

prior to analysis.

Equipment conditions

HPL.C system

UV detector 214nm

Injection volume |20 pl (partial loop filling)

Column Phenomenex Jupiter C18 300A pore, 150 x 2.1
id mm
Mobile phases Maintained at 30°C

A: 1 % acetic acid in water

low rat : itri
Flow rate B: 1 % acetic acid in 80% ag.acetonitrile

Total analysis

1 ml/min



pmt| nutant conpared to the original non-deficient

strain was perfornmed by HPLC-MS. The degree of
wahkyagsydoat i on and the rel ati ve abundance of RAEPEP2003/012219

versus its main glycoforns (AFP with 5-13 nmannose

units) are conpared using the 30 selected ion

monitoring (SIM mass spectronetric responses of

their respective nost abundant protonated nol ecul ar

SO\

cip@NS. Detecti o4 $uREEERT Ted by posttive etectrospray
ionisation nmas|s spectronetry. Separation was achi eved
by gradi ent WO 2004/ 057007 PCT/ EP2003/ 012219 - 30

eltton—ustag reversed—phase HPLC colum as

Crgdstitbed bel QWLASSr at ug ®REReagents: 5 1050 HPLC
nmodul e (Hewl ett| fPackard) Quatfro | mass spectroneter
(VG now Mcronmass) PRP1 golum 4.6 x 250 nm
(Hamilton) U trladure water |-1OM | | i pore-Q water system
10 Acetonitril g gradient HF’%% grade Preparation of
nobi | e phases flor HPLC A oacetic acid in water B:
1% acetic acid |igv 80% aq. aagetonitrile 15 Sanple
preparati on Thg sanples wene diluted 1 in 50 in water
(1 gin50mM [fter) and fii%ered (0.45 mor snaller
syringe filter) 20 prior tqqanalysis. Equipnent
condi tions HPLUC system UV|detector 214nm

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

Source block temperature | 0.6 V
Desolvation temperature | 150 C
Multiplier 150 C
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 III fragment)




I njection volume 20 | (partial loop filling) Colum

Phenomenex Jupi ter C18 300A pore, 150 x 2.1 id mm_
wonbidos7gpohases Mai ntai ned at 30C A: 1 % acet i c PATIE®#2008/012219

water Flow rate B: 1 %acetic acid in 80%

ag.acetonitrile Total analysps 1 ml/mn WO

2004/ 057007 PCT/ EP2003/ 012219 - 31 tine 74 mnutes

G adient Mnutes o B 0 10 10 10 55 65 57 100 62

100 64 17 I e

after the %ﬁﬁg?é‘g@%hﬁﬁ 3’?35?%?#%‘% \%Ngﬁn&%ﬁé\?e?oiowe last

|/mn to t|ifeamise 3pbis radmether CSté’heirQ]atetuﬁpbfﬂE%% III) and
ctroneter, T e Capillary 3.2 V settings Cone

;ngrammc Wz pﬁgﬁt_egg (Pﬁ8gl%rf‘i FERHVVEERS fBF hgdySeipRieides)

bl ock tenpefepbur e 08, Vaweesolvald of, §&maerat difte 50 anne1

Mul tiplienq 150 C 650 V Desolvation gas flow Nebuliser

gas flow 36818¥n0.02 sec)

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

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

0.08 sec, inter channel delay 0.02 sec).

Table 4 shows that the non-glycosylated AFP type III yield is
increased from 23% to 67% using the pmtl strain and that although
the level of glycosylated product is reduced the glycosylation

pattern is similar to that obtained from the non-deficient parent

strain.
Table 4
% of Total AFP type III HPLC12
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 ] 3.2
+11 Mannose 8 4
+12 Mannose 6.5 3.3
S
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25 1/h M5 nethod Data is collected between 20 and 60
m nutes Scan: mz 100 to 2000 (scan tine: 5 sec,
wonvarsoan delay: 0.1 sec) SIR function 1 (tr2CKiERgN06H12219

an AFP 111 fragnment) WD 2004/ 057007 PCT/ EP2003/ 012219
- 32 mz 284.4 at cone voltage 70 V (marker for the
last 3 amino acids at the Ctermnal end of AFP I11)

and nfz 163. 01 (oxoni um i on, rraker for gl ycopeptides)

SR 8, LS5 BTl S L e

he/fi?:n g&c?gmrameii4gy :ilea’ﬁmqerﬂc%.;st ﬁ@ﬁ%%u%ﬁr&&dlﬁ-ﬂ%@‘g;ons and
n at ¢ VO (span

Vedwe! %lotnl O 6§eseéespﬁtlg)ﬁgchgﬁﬁgggﬁel agdo. §TZS§§@) of the

inTabltd oh shews that ddpaoen gkycosybated AP dypre ] |
ileld is increased @om 23%to 67% using thedpe“-{ the art

ighoxitn R rtHaD drcioldie adned @/’I'eltl'm hyemsibmt edAlthough
r IS c ) a1|on ttern is
B S eI e R b e G appoi fic
prszlflearrrad TabbeddmémnbE, Total squ:FhId/pQ)d | unbiBkGt2odPatBRt  the

nmut ant co yI atign type Ungl ycosyl ated 25 67
1n¥§ni9&ﬁﬁlosaes 4Cg Yriod” aBowh ke 128 Unduy vhamssedito such

spec®fic embodiments. Indeed, various modifications of the
described modes for carrying out the invention which are
apparent to those skilled in molecular biology or related
fields are intended to be within the scope of the following

claims.
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+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
waQodmmeo07 PCT/ EP2003/ 012219 - 33 Al |l publ pcatErems/ 012219

nmenti oned in the above specification are herein

i ncorporated by reference.-Various nodifications and

vari ations of the described nmethods and system of the

invention will be apparent to those skilled in the art

5 without departing fromt Bfope of the invention
Al t hough the invention hégg%een described in

connection with specific preferred enbodi nents, it
1 sho hat the .invention as clained

I under st ood '
'shoul’l‘l g“%‘g‘?ocge%ﬁﬁddﬁixf‘%%ft%dat otyaf‘chI&EpéatﬁfEeeze protein
(Ae) odiinedh S melthdele deoMpri 84S 'E%Qixféé‘@itﬂgon:%npfa”f%né%l host

gescrLbed nmodes_for carrying out the invention whi
cedle Wigharichtdebleirre 3Ri Pregein wdlveswydmathbicl ogy wucleic

kel Le e n to be within the scope of
Y he%fteglgﬁegvfcmbnlﬁﬂégﬁgﬁﬁs e 04! 0br007

PCT/ EP2003/ 012219 - 34 CLAIM5S 1. A nethod for

produci type LIl antifreeze protein _ (AFP) which
2+ et oiﬂ‘?@gﬁﬁgr%‘iﬁg’é‘d&gr Egsﬁ'@l_r? n EGRYRI R stutgade| host cell
iswbeehcignhtdali ehrentih %RP&HS%‘l%EQB%CB%WJﬂﬂL@’O@an t8&t%on in

acid sequence encodi ng the AFP. 2. nmet hod according
Ongo PFai APISWhEFBER t ARCPdingnl drommmesel linviodveddf i ¢henbrotein

glygbégfggydg_glycosylation by virtue of a nmutation in

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

cell is deficient in O-glycosylation.

4. A method according to any one of the preceding claims
wherein the fungal cell is deficient in the activity of one or

more protein mannosyl transferase enzymes.

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-

deficient mutant strain.

7. A method according to claim 5 or claim 6 wherein the yeast

is a pmt2-deficient mutant strain.

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

yeast is Saccharomyces cerevisiae.

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

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



10 one or nore genes encodi ng enzynmes involved in
protein glycosylation. 3. A nethod according to claim

wa 2004/08fm7r m 2 wherein the fungal «cell is defi eCemP2008/012219
0-gl ycosylation. 15 4. A nethod according to any one
of the preceding clainms whef®in the fungal cell is

deficient in the activity of one or nore protein
mannosyl transferase enzynes. 20 5. A nethod according
to any one of the preceding clains wherein the funga
cell is a yeast. 6. A nethod according to claim5
10wheﬂeknm@h@i¥e@@tcbmp&qmﬁwg-néaamﬁlaamtnmy®@tISErain.

7. A meth to ¢glaim5 or claim6 wherein
arf ke AL 4R IR PheTeir e ostEas s 60 Ro% of
th@emmmd1@0@@gdy@gsgga@@ﬁ_one of clains 5 to 7 wherein

the 30 yeast is Saccharonyces cerevisiae. 9. A nethod
according to any one of the preceding cl ai ms mherein

e BB B Ll By R

typecdﬁﬂlAE@tlSypgpblEIIaHPLtreeze protein (AFP) wherein
from about 50%to 99% of the AFP is unglycosylated. 5
11. A conposition according to claim 10 wherein the
type |11 AFP is type |1l HPLG 12.



