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Met hods and Conpositions for Concentrating Secreted
Reconbi nant Protein BACKGROUND Chitin, a b-1,4-1inked

wanedenarsehed pol yner of /Vacetyl gl ucosam ne ( QCNBS005/035697

constitutes the second nostl abundant pol yner on earth
followng cellulose. It is a major conponent of insect
exoskel etons (Merzendorfer, H, et al., J. Exptl.

Bi ol . 206: 4393-4412 (2003), the shells of invertebrate
crustaceans and of fungal cell walls (Riccardo, A, et

al dMé}!ﬁt?d@aﬂd‘@@ﬁ{p@élt%‘ﬂsfﬁiﬁcblﬁéﬁtmmglSeaﬁeted

nases, ed. P. Jolles and R A A Mizzarell
pub. Birkhauser VerRegomishtant P3witeinr| and (1999)).
Chitinases hydrolyze the b-1,4-glycosidic bond of
chitin and have been found in prokaryotic, eukaryotic
and viral organisns. In the yeast Saccharomyces
cerevisiae, chitinase plays a norphological role in

efficient cell separatBAEKGmum M, et al. J.
Biol. Chem 266 :19758-197/67 (1991)). Additi onal |y,

plhants express ch|t| nzﬁses i n defense agzﬁi nst I
Ex'pt Voo b1 ehinkadad Tatancned BAlimEERdThr ant o has

I
ﬁx@aﬁ&%ﬁ?é?ﬁﬁﬂwSébééfm‘%%fﬁ%gg EA R g Houndant

2ﬁe5ro§n(é’é}Qﬁ)follbWH% c\éll,uléée alIt iBizpfajor Biarhpehelt.of
em 67:847-855 ); J. et al. Trans. Res.

1age@wéxgsMe|(e20@3)0\4er@mndomé@e§4 be&tballg, ﬂoEgptlheB/of amily

%%@%@@éaeﬁéé W eI L EEshresru3atdghs and
8 9
Bty Pﬂsﬁ?@n@é 4 é?ea‘f 3PN £l an s

drefihectirt Ogitin &rfd enerihases,hedi Prdoliés @rid RNA.A. Muzzarelli,
hydro1 ysis that result in either retention (faml|y 18)

mrb.i Birkhsiuser (Mertag y Base! ,ob wit@eslwitb 1 8980hf i dul @tna&es
RO SREGT efrdmRasicle wond e cFit and BavemediBURd
I@g?qoﬁrelggll\ge' ’%ﬁiygtlé‘ £hd WA Yr8lahismRubin Bhekhdaster
Saccharomyces cerevisiae, chitinase plays a morphological role in
efficient cell separation (Kuranda, M., et al. J. Biol. Chem.
266:19758-19767 (1991)). Additionally, plants express chitinases
in defense against chitin-containing pathogens. In fact, the
heterologous expression of chitinase genes in transgenic plants has
been shown to increase resistance to certain plant pathogens
(Carstens, M., et al. Trans. Res. 12:497-508 (2003); Itoh, Y., et al.
Biosci. Biotechnol. Biochem. 67:847-855 (2003); Kim, J. et al.
Trans. Res. 12:475-484 (2003)). Chitinases belong to either family
18 or family 19 of glycosylhydrolases based on their amino acid
sequence similarities (Henrissat, B., et al. Biochem. J. 293:781-788
(1993)). Familial differences in chitinase catalytic domain
sequences reflect their different mechanisms of chitin hydrolysis

that result in either retention (family 18) or inversion (family 19) of
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Switzerland (1999)). Most chitinases have a nodul ar
domai n organi zation with distinct catalytic and

woeweoatsad yti ¢ domai ns that function i ndependePtT/ySb5/035697

each other. An 0-glycosyl atzd Ser/ Thr-rich region
often separates the two domamins and may serve to
prevent proteolysis or aid in secretion of the
chitinase (Arakane, . Y., et al. .lnsect Biogh :
tar Gnoragrice g RS Shagardtinc (ReRerHsr oty iy
“PREBIPS A fBDSnE Ry k 8 iRNERtin BROCAItiRagne
FREPaC R nd S A EPEd o dedt 1§ it BAdoRAddad
el ¢t o esesnié TT.A. Al M lizzd religsp(be BinldsatserB/erlag: Basel,
"Classification of chitinases nodules,” in Chitin and
SwiitzemaRdd1980))P. Jolles and R A A Mizzarel li, pub.
Bi rkhauser Verlag : Basel, Switzerland (1999)).

Dependi ng on the individual chitinase, the presence of
2 CRRGahishaRes AR Acsdditsaedinad organidatioh witto! -
Snorog Xhifibegs Al D e o A ot 0,
didtinett catlalytic et heni-obtalyiz:dadainsgobat f@oo0Ph chitin

in _d;ér'mééiaflyb%fuég& b ok RGeS I region
ot bt esratia o, A0yTd g Ry sl sBrb Bl prevens

p%&f(ﬂiygﬁs bP GdijhigecrefibACEStHSBenMdgse WArdkanef Y&) Q. et al.
Anal . "Bi ochem 327:278-283 (2004); Ferrandon, S.,

TnsecBBimifiem. Bioiiol, 34163145 120033))4d\|@af;ca;)ajyti<§t§hitin
dfiem. ok 7 2l
DRGSR 95| (FBBFIAISE TRITEH (5t 88 ﬁe@bﬁﬁeﬁ,@ef@gq Gite of
SRR SR 7 8% WSt e
sfhilaBitREN MenBisgahlyB. “GRisaifidfidn 'of Ehitifab@8AbH uées]” in

to chitin-coated mcrotiter dishes (Bernard, M P., et
GHlitinsavat! ClBtineses, eg2 P.Jrdlezsand Rodup) Muszanedle pub.

el bereicy Bpag caghl st tseaant @ Saa - poeRnifio U the

i@%ﬁ/ﬁ&ﬂ?l él‘?itﬂ"laaldgﬂ{,octh‘aei %éﬁdé%f gtd:BD can either enhance

r )
aper onée-ne ed protern folding etc.) 1t is also

(K@lﬁhhéb', ¢ |, etsgic e B0 CRIhéay g266 AT DT B8 E9768n11991)) or
eukar yot I C

inhibit {(Hashimoto, M., et al. J. Bacteriol. 182:3045-3054 (2000))
chitin hydrolysis by the catalytic domain.

The small size (~5-7 kDa), substrate binding specificity and
high avidity of CBDs for chitin has led to their utilization as affinity
tags for immobilization of proteins to chitin surfaces (Bernard, M.
P., et al. Anal. Biochem. 327:278-283 (2004); Ferrandon, S., et al.
Biochim. Biophys. Acta. 1621: 31-40 (2003)). For example, the B.
circulans chitinase Al type 3 CBD has been used to immobilize
fusion proteins expressed in bacteria on chitin beads to provide a
platform for intein-mediated protein splicing (Ferrandon, S., et al.
Biochim. Biophys. Acta. 1621: 31-40 (2003)) and to chitin-coated
microtiter dishes (Bernard, M. P., et al. Anal. Biochem. 327:278-
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cell's. However, many eukaryotic cells, especially
fungi, secrete endogenous chitinases that conplicate
wo b@ciomswbi | i zat i on of CBDt agged proteins to chPCT/U82005035697
conpeting with the CBD-tagged protein for
chitin-binding sites, by co-purifying wth the
CBD-t agged protein during chitin inmmobilization

AP0 B SR a 0 PRk B S op syt ore
cgﬁla'cﬁe g'ﬁtb?ofd?%ﬁcélubf&é&ieﬁmﬂeéb§sim@ vt Yatetal Isystems
'uted resulting in a costly and cunbersone

(puy.i pratain giytosytatiangehagarons-madiatedgotein tlding etc.)

iR EPrEes FoRIG Ho SREEFE [ BLIPGHeHruptams BRghdtUEnRtc
o ! ey .

5y B ARG AR Vilie LA Horloqigny VBhG, sealte

e@i‘cfdgg{rﬁwcﬁmmd@wtﬁhtoéom;mat@qnérimrﬁmamieneaf CBD-
purification. For exanple, proteins in secreted

taghedreratainsto lchitiedtye dotypetieg ivpith athieoG;BDFﬁagged protein
foF BBIPRRIPAD des: Bycr Py TainG T B L FEL: Baderthatein
firig BT ARASDYERTHE apPhtabbRe, A Byl degraihy thet
tdPh &t thRin-zbated Isuafiskei gni ficant expense to protein

harvesting. Additionally, precipitation can result in
significant |loss of protein function. Another approach

5, CIBIERS SR 00, MBck U 1681 B U Rcing e
e R ) VLRl ghunNPsHraupTRY sorfe

puH ficatformeeh ranapg epesisiedes hitoisglesihebleetd nedtica thieosost
flowrate (typically, 1-10 M mn 1) . This can a,e_
ang inarease dbies@as @ @Fi senatating: BEOLARS £romy Hie Maedifeld

of . i um nust be ocessed. For exanple, 100 liters
‘%?'CEE@\%Y EDW&FEGF?S% um passed through a resin at a 5
m mnlflowrate would take 333 hours to process.

Addi tionally, these types of
A variety of approaches exist to purify proteins from large

volumes of media. These approaches vary in cost, efficiency and
length of time required to achieve purification. For example,
proteins in secreted culture can be harvested by precipitation. This
approach requires addition of large quantities of a precipitating
agent such as ammonium sulfate, acetone, or trichloroacetic acid,
followed by centrifugation or filtration. Many of these agents are
toxic or volatile, and all add significant expense to protein
harvesting. Additionally, precipitation can result in significant loss

of protein function.

Another approach is chromatography using various resins
such as anion/cation exchange resins, hydrophobic interaction

resins, or size exclusion gels. Harvesting proteins by
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chromat ogr aphy resins do not selectively purify only
the target protein and nust often be used in

w@ewsassd on with ot her methods in a nulti-stepCT/US2005/035697

purification process. Affimdty chromat ography resins
that specifically bind peptide sequences incorporated
into the protein's structure are often used because of

chP§H{atBEERBhY e TR Biat Slnord Sed AIRL Mkeigibe

_ _ at _egy, a peptl _ sequen
pR2BEH A ralghbedy résint ape fownkisahratie (ypécalbguent@)mi s

engi neered’into the desired protein's sequence. A
npinot)ei Thésc pas 3 ey thimeneonsultiagdntingsanges where large

Rl ST 5 o BRI g o
SRR PSSy Pdyonl i oy s oo

reEd Winsld taey33Behdurs tepronesheiAdditiaciallyalthegeftypes of
processing | arge volunes by their cost

d

gheo hatogna shyFrasirg&Qppﬂelt salnativsdy wrﬂﬁyﬁgw FRaitAsoet e
gt 3 aueE o Brckiced 4§ CoMpBRAchtRY sl metpods
g 'IEi-§fé;§3?ﬁ'ﬁﬁ?ca‘%foth%té’éé?e resi dues. Magnetic

techni ques i'ng magnetic carriers including beads
have been used to purify proteins fromcultures

(Safarik et al. Biomagnetic Research and Technol.o .

2.7 (0ity) i pRSBUGRNY RS Dathestrahid BddreRtide
d t t omi h [4C.; '

S BB el R T B S SRR b Befi e

Iiﬁgz%'ﬂs%téﬁ’tﬁéir Aipghtd Reladdvdaltputifipandsgee proeeiralis a
I's al so represents hurdles in efficiency and cost.

typiceo stratesss a paptide saféence i(esg batpepiide rantized ¥t ed

protein and a substrate have_been exgloi

. . S ed. For .
epitons 6 hepahishaiNRseaUBNRE) g SRAFNRPESH {1810 Elﬂ?tqq"?"éedj
t - en i i .
RS SBaBRCBE AN ESpEBEH ey BiPBE L tags wil
s?él‘?ﬁi@dﬂyﬁﬁite‘fléét Rigphysdgakpdhtigsegii @26 3BBesin having
1993))." SUMVARY o .
an immobilized antibody or a nickel resin for hexahistidine binding).
While these methods often produce highly purified proteins from
small volumes, they are limited in their practicality for processing
large volumes by their cost and performance. For example,
antibody affinity resins are very expensive and nickel resins can
result in co-purification of undesired proteins that happen to contain

stretches of histidine residues.

Magnetic techniques using magnetic carriers including beads
have been used to purify proteins from cultures (Safarik et al.
Biomagnetic Research and Technology 2:7 (2004)). A problem with
this approach has been the need to customize each magnetic bead

reagent to bind individual secreted proteins. This may involve
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In one enbodi nrent of the invention, a nmethod is

provi ded for obtaining a concentrated preparation of a
WG eweesrsd r econbi nant protein, that includes tPET/F8BPT035697

of : (a) transform ng host expression cells with a

vector containing a DNA the DNA encoding a fusion

protein conprising a CBD and a target protein; (b)

BB ExcotEnitry 8- A BeB PsSo iy SE8T e BIF RS This
al<d r@bfé&éﬁﬁstqwrgﬂégﬁﬁtesﬂcfemyoanar@s@ ntoa

preparation o Itin by nmeans of the CBD, the fusion
protein being capable of elution into a desired buffer

vol ume under nondenaturing_conditions so_as to obtain , .
t he cbheeme gaggs,ppgpgradtq%gﬁltégs hq:gwgga g'feegecreteda protein

SIS PRY R B, PP BT, e e
b GiPRY 8By $6r @A ol Bfht! Wﬁ@ﬁbtl‘i@hbnpezg avhitesenzyme is

provided which involves the st eé)s of: (a jprovi ding a
exipaiseldetor ehitim,, itwdaer berputitied {Giafpekvelc 8briqunas o

)lasmid in E., coli and,integrated, iLgto,LRe of a
adsemis) aadidianbutical T 22cnek 303 I e

DNA encoding a fusion protein conprising a CBD and a
target protein; (b) transform ng a chitinase-deficient
host expression cell w SUMMARYittle vector for
expressing the fusionprotein in the yeast expression

cell and secreting the fusion protein therefrom and

(c) hhnohegrmbedimenttofdhieusiventiomt @imethod is provided for
preparation of chitin

b th D
B ot et nER R ot £ BB BeBinbhant

BEBEE, DgBShBERATERLS: 8F (1 U RO expressior
c‘;eﬂga\!i)ltﬁ 9fvé&bﬁg?ﬁtaﬂwg BUD N tHex D& Erttading.a €esibn

IS capable expression in the host expression
prekéin campeicing| @ GED @nids attasgebiprobeint | @ )vexpiassing the

e S Bist TR rebee G aBHRIB Bl usion
FHoRQirc et e LG (RS bindRY the secreted fusion protein to a
preparation of chitin by means of the CBD, the fusion protein being
capable of elution into a desired buffer volume under non-

denaturing conditions so as to obtain the concentrated preparation

of the secreted recombinant protein.

In another embodiment of the invention, a method for
obtaining a concentrated preparation of a secreted recombinant
protein is provided which involves the steps of: (a) providing a
shuttle vector, wherein the shuttle vector (i) a plasmid in E. coli and
integrated into the genome of a yeast expression cell, and (ii)
contains a DNA, the DNA encoding a fusion protein comprising a
CBD and a target protein; (b) transforming a chitinase-deficient

host expression cell with the shuttle vector for expressing the fusion
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15

expression cell that is chitinase-deficient. The host
expressi on system may be yeast cells, for exanple, a

wa@mglogisyeast speci es sel ected from a Kl uyver oPgT/ES2008035697
Yarrow a, a Pichia, a Hansehula, and a Saccharonyces
speci es. \Were the yeast cells are a Kluyveronyces
species, they may be sel ected from Kl uyveromyces

p{lrﬁ@ibaig\/@w%%é% Lol r@gélloh.sgé“ ahﬁé%&etmgﬁé%% ?f‘otein

tRetdfFoht; hRe (@)'tSME:lﬁwg“tHeUS”écﬁFéte@Quswrt bratdinrtooa at
the end of the 'cultivation. Wiere further cultivation

poeparationra chitin by sheahs afetha EBD 80 ah&o chitaim they
beacoatln a col | oi colum, a matrix, a
copseptizted lgr‘é‘?ﬁﬁ@%@n éFEr‘%ﬁ@d@ﬁ&i &8-is a bead, the

bead may be either porous or non-porous. Opti onaIIy
the chitin bead may be magnetized. The fusion protein

may IgtheseRiditharnterakeoardnipliffed using edslebttle velayor,
appl ying a magnetic force. The binding of the fusion

whichdhncersairhembodisnepts tﬁqaapgbbao'ébﬁlm €lened hifampot

t he fusionprotein can ber ed f
emgss%r&n it g A e SRR RS 18 A BR% e
%lb?\néelflé?rAH é%lrﬂ?ie b tﬁ& et véd®r is that
en Ion, a preparation of Kluyveromyces cells is
vithighassretbimse @ modifieli tAG4gEromegte ardrbdnothygreexemplified
wherei n the phenotype is the result of a nutation in
byheKEAGY.nase gene expressing secreted chitinase, the
preparati on being capable of growing to a simlar cell
density as wild-type Kluyveronyces cells. The cell
densiggth féﬁﬁfoﬁuhﬁéﬁﬂ&ear@ ms@ee%h;ﬂfﬁé‘&luls g K#8shour s
of cu tlvatlon (Colussi et al. Applied
expressiomeoelhithst és chitinasg- defickanst- Mhost)exp)ressmn

Preferably the preparation of Kl uyveronyces cells. i
SYSHRID B2 beyhabisraip dRl SENRIFnS SO BRashaRecies

SR PO S Rl TR, RO A S, B
attt bt S Sconsriorhy bay spacresloWherd thédGeast cells are a

Kluyveromyces species, they may be selected from Kluyveromyces

marxianus variety fragilis or lactis.
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In examples of the above embodiments, chitin may be added
to yeast cells in the culture medium during cultivation or at the end
of the cultivation. Where further cultivation occurs, the chitin should
be sterile. The chitin may be a coating, a colloid, a bead, a column,
a matrix, a sheet or a membrane. Where the chitin is a bead, the
bead may be either porous or non-porous. Optionally the chitin

bead may be magnetized.

The fusion protein may be recovered when bound to
magnetized chitin by applying a magnetic force. The binding of the

fusion protein to chitin is optionally reversible such that the fusion
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pronoter for expressing a protein in Kluyveromyces

whi | e expressing substantially no protein in E. coli.
wao\eooexarspd e of the shuttle vector is pKLAC . TPET/US2005/035697

preparati on of Kl uyveronyces cells descri bed above nay

include a culture nmediumin which the Kluyveronyces is

capabl e of at |east one of growh and mai ntenance. The

PEB i ol B HEAR Ay St b i e ho e Ellatartna i
cHRARARL §s @habidifeRgrdi tharegnaltisnatedbindingn the

culture mediumor in contact with the vessel
containing the culture nedium LIST QF FI GURES Fi gure
1 shows a V\éstg_rn bl ot..in which. three Erot e{.ns tfhat

ar eséBraft eénboditnens &fithe ivendinn: @ RIEParaUABRum
! . _ L _
KUV L PR s TR, PR Serzediby, Attt  heagthe

p@@idt?PeBNh@irémJtW@glﬁﬁdt&péhbtﬂh@f gt of aoneiatiqrain the
CBD) ane 1). The 85 kDa protein binds to chitin )
chitiniasegeneoexpseesidg secreted shitinasei theaseppratienXeing

A) sh lti-d [ | Ct sl it
I of ajharingesn Acamiar sl aenstycas afidtkbloma n
L L coh e . _
KB PEtomiroa e Bormins (B Qe IV MEE g aherdty yelghs of
cefis W48 HArs"dP cultii ativre (ZoR)sss retvs!. tApp/idd el p
bel ongs to Family 18 of %I §cosyl hydr ol ases. The
BEmaéchromentabiickahiolagy € 1628&gRcR8PP (2@B5het ween ani no

acids 150-158. Alternative am no acids for each of the
9 positions are provided in brackets. ("X' represents

any m%aﬁyggﬁ%@r&#&?a@éﬁ)no_R‘R)’Wér’@?ﬁyi‘éﬁéllﬁ capable

is
contains at tin- i ng ‘domain. The KICtslp
oFRX shld amedsedrstireg aymeon BBR tofustos yroseiuence
(SEQ ID NO 14) predicted by SMART (Si nEQIe Modul %r .
Extriessisnt may Reseegptad dy addicdaronetaruar aodification
tﬁlei*eof, for example, using a shuttle vector having a modified LAC4
promoter for expressing a protein in Kluyveromyces while
expressing substantially no protein in E. coli. An example of the

shuttle vector is pKLAC1.

The preparation of Kluyveromyces cells described above may
include a culture medium in which the Kluyveromyces is capable of
at least one of growth and maintenance. The culture medium may
also include sterilized chitin. The sterilized chitin may be in the form
of magnetic beads capable of binding to a magnet placed within the
culture medium or in contact with the vessel containing the culture

medium.
LIST OF FIGURES

Figure 1 shows a Western blot in which three proteins that are
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Nucl . Acids Res. 30:242-244 (2002); Schultz, J., et

al . PNAS 95:5857-5864 (1998)). Shown is the alignnent
wo@toobloe1skd Ct sl p CBD (SEQ I D NO 15) with exanpP€r/Uus2005/035697

proteins containing predict®&d type 2 CBDs from fungi

(d adosporium ful vum (SEQ I D NO. 16); Racespecific

elicitor A4 precursor), bacteria (Ralsonia

<ERL AP AT LD 0 i P O R frmere
rRRg8EH oF IN266) 85ManHE G k¥ abe srpsSrRaCtERWIEh NOpolyclonal
19); chitinase) and insects (Drozzgj)hl | a nel anogast er

aretd\Draiseoy gainssbriscekins GaslA shititdisgingdomain (a-
cysteine residues are indicated i,n bold . print.Fiqure 3
@M Ianea )1 HEhad e KPsh PROFEIRDIBASIEO PRIt Bearsiy

. dat. [ hiti tivity.
oo ol iRt 20 eacarea
follow ng growth of cells for 22, 44 and 68 hours in

YPD nedi um at 30Q0C. Activity was assayed as the rate
of Fédessa(A) shovs mi multicdemainudGts Lpraditisase Wiknta,

So0et Bafite (ORES) haArghais ForaT (diviade SERTY Hish
FshSH gglh‘?fér?galﬁs% Eé&gﬁ{ﬁﬁdfﬁﬁ%ﬁqﬁiﬁmkg).1)Si\%1éarl peptide

correspondi et orr mit ant
@@é\t,?:@@mcw§ afeadAly, detected for the wild type (Iane
2). Figure 4(A) shows the presence of secreted

chitinase fromK lactis (KLCslp) on Western Blots

usi a- nti bod Thi S requi t
oo Mol R R oo bR B A b 408

I OUFfar i ! td&1Hgidsor
SIEBahYLROor T et voopy Bl B e iackey
Hetw@ert amihooaticlsi 150- b8 urAltatmative iamidi ackls/fot each of
20 mM NaOH. Chitin-bound KICslp wag eluted in five ,
thec? gasitiens are pradeegds Bracketsv NXOTEPESSERtREYe2MINO
Eo,represents the colum void volune), separated by
a§I1L5§')PAGE and detected by a-CBD Western bl otting.

Figure 2(C) shows that KICts1p contains a type 2 chitin-binding
domain. The KICts1p CBD was aligned with a type 2 CBD
consensus sequence (SEQ ID NO:14) predicted by SMART (Simple
Modular Architecture Research Tool) software (Letunic, I., et al.
Nucl. Acids Res. 30:242-244 (2002); Schultz, 1., et al. PNAS
95:5857-5864 (1998)). Shown is the alignment of the KICts1p CBD
(SEQ ID NO:15) with example proteins containing predicted type 2
CBDs from fungi (Cladosporium fulvum (SEQ ID NO:16); Race-
specific elicitor A4 precursor), bacteria (Ralsonia solanacearum
(SEQ ID NO:17); Q8XZL0), nematodes (Caenorhabditis elegans
(SEQ ID NO:18); probable endochitinase), mammals (Homo sapiens
(SEQ ID NO:19); chitinase) and insects (Drosophila melanogaster
(SEQ ID NO:20); probable chitinase 3). Conserved cysteine

residues are indicated in bold print.
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Figure 4(C) shows that KICslp that has been eluted in

20 MM NaOH retains chitinolytic activity. Chitin-bound
wWER@bmhB4mas el uted fromchitin mnicol ums w PET/US2005/035697

vari ous concentrations of MaOH and the el uates assayed

for chitinase activity by neasuring the rate of

release of 4-MJmn 1 from50 nM 4MJ G cNAc3 at pH 4.5

and370C. Figure 4(D) shows that native KICBD can

function alone or as part of a fusion protein as an

el UF@&@ Sfé‘rLdM ¥hbeghehesietiohenfeRBnk ofdb! Adtrddbesmot
K. tis, the fusion protein (Human serum al bumin
setefe KICBDp as detprressed bynchitomase agbeief i ci ent K
lactis nutant (K. lactis Dctsl cells) and the
conditions for elution fromchitin beads are 200V

 chlan® SPRNSABls (IR Ll MBSyl fefiBTiRg growth
o?*?fe‘llisrfo?eé‘?,s4hrh|'?d)6‘ﬁ Aokt iT e enédlm (& BBPCL. sActivity

usion protein eluted by boiling chitin peads. Figure
was hesayetiagpttRNrate opkekEse ek grMibimin véelativeThe
desired gene is claoned in.the ne.fr | at i.phal
fllesesaanée it ETRRE ] fEPaa0 w”@ﬂgﬂi@cﬁ 3at PH 4.5
a}&ggﬁgkpn | eader sequence that resides in the vector.
yI"nker containing unique restriction sites is
present to allow cloning of the desired gene. Figure 6

shows secretion of reconbinant proteins fromK. lactis
Dct Sigure BEB) Bhgwrs: tvatanossraneted ahétinase soould be detected

T e
AL RALPRES kiR, A6 rshiegessaet R gfe wilo

tzlg%fpéuéiz))n of the fusion protein fromchitin in 20 nM
. Figure 7 is a flow diagramoutlining secretion
of CBD-tagged proteins fromK lactis cells.Figure 8

Sho‘ﬁgl? r%s 4%&%%%3 Eﬁctaiporrés%ch cgl} §@c9%?gd tEll’ﬂﬁﬂase from K.
lactis (KLCts1p) on Western Blots using a-CBD antibody. This assay
required that the secreted chitinase be bound to a chitin column

and then eluted in buffers of varying pH or by boiling for 2 minutes.

Figure 4(B) shows that elution of chitinase (KLCts1p) from
chitin occurs almost immediately with 20 mM NaOH. Chitin-bound
KiCts1p was eluted in five successive 1 ml fractions of 20 mM NaOH
(Eo-E4 where Eg represents the column void volume), separated by
SDS-PAGE and detected by a-CBD Western blotting.

Figure 4(C) shows that KICts1p that has been eluted in 20 mM
NaOH retains chitinolytic activity. Chitin-bound KICts1p was eluted
from chitin minicolumns with various concentrations of NaOH and
the eluates assayed for chitinase activity by measuring the rate of
release of 4-MU min™ from 50 mM 4MU-GIcNAcs at pH 4.5 and
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W@ 20060us4poi nts of culture grow h.

serum al bumin (HSA-CBD) isolated fromcultures using
magnetic chitin beads added to the grow h nedi um at
Lane 1 showBCT/US2005/035697
nol ecul ar wei ght markers. l#ne 2 shows HSA- Kl CBD
obt ai ned from autocl ave sterilized chitin nmagnetic
beads that had been added as a nedia conponent to the
3§0¢ actis culture for 72 hours. Lane 3 shows HSA-KI CBD
bt-ai ned from autocl ave sterilized chitin magnetic
beads that had been added to a K lactis culture for
48 hours. Lane 4 shows HSA-KICBD obtained fromchitin
magRigire HER) shatdethatnahivekIGBI Gan &m¢tw'@ alpBeyuas

p??%%%%ahar¥ﬁ$rb28tn RS BAARIR AT, ) WATaIA: R GO 1
0@%@16%@ 1 B SRt el G e SR ol anin

(IﬁlswyLm@Bbl)t@ e@@ir@tssea inf ghitn&de GEélmént Kagdaetis enutant
chitin beads are sterilized (e.g. autoclaving

(K Yachis dices1 icefs) anid thelicanddions heRekalion rfé%'ﬂ‘hﬁhtt'n

Step 2: Sterilized ch bead dde
0GR gl NAChl- (b SSERPkLT SHORP PRASHAT Pl o

L] f bal:
B der TS B BECB 4 Sy it ?Q&Eﬁ'ﬂ'ﬁ feads
il Bidrhm Nawsli nThdosmtirol PBaRB) ¢4 Fesien) prdtedp eduted by
Secreted CBD-tagged proteins beconme i mobilized to the

boHgmne tchitio adds.beads in the growth nedium Step 4 :
At sone point during the gromh of the
cul ture, magnetic chitin beads contai ni ng bound
e It i Fe@s'ién %‘é@tor The
ar omjgﬂ% gléj{rﬁﬂkt’)§ Q%p%ds;gpgl%tjgﬁgt'ﬁggrze% fieldt

deiveli here ishtohedda.th® spnte tidemlistianal vea@nexg ﬁmainheaas
desired buffer or nedium
the mating factor alpha pre-pro secretion leader sequence that

resides in the vector. A polylinker containing unique restriction

sites is present to allow cloning of the desired gene.

Figure 6 shows secretion of recombinant proteins from K. /actis

Acts1 cells.

Figure 6(A) shows secretion of maitose-binding protein (MBP)
from Acts1 K. lactis cells showing yields that are as good or better

than from wild-type cells.

Figure 6(B) shows secretion of an HSA-KICBD fusion protein

from Actsl K. lactis cells and elution of the fusion protein from

chitin in 20 mM NaOH.

Figure 7 is a flow diagram outlining secretion of CBD-tagged

proteins from K. /actis cells.
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Step 6: The chitin bead-protein conplexes are rel eased

fromthe magnetic field. Step 7a : If a CBD that can
wheoodiossaci ated fromchitin is used i n construpCT/UR200$/035697

the fusion protein, purifiddi CBD fusion proteins are

eluted fromthe nmagnetic chitin beads. Step 7b:

Dependi ng upon the desired application, harvested

proteins remain i Mmobilized on the chitin nagnetic

beads indefinitely. Figure 9B Step 1: culture medi um

' ackrqugégs'bg{d\@ gpsipndeasipdratictrepiGBBLagddd human

cells ow ng cells secrete proteins (open
s€rurel @Ifb)l,lrhhﬁ(H&Ae(Ingﬁblatedw ﬂaommwltureﬁ Heing NREREHC

(black circles). Step 3: The cylture can be cle of
chigin be@ds@d@@ﬁttplmngWH“ ey 2 NaroUS Rl ?.C%

| om n Ils to settle by gravity, etc and Step 4a:
csg\ltugﬁ)p eﬁ\- during the growth of the culture, sterile
magnetic chitin beads can be added directly to the
culture Step 4b: Magnetic chitin beads added to the
cl eat_adespamovesiholecutardweig hisnepkess. and 5b

D Lt e o) e B Pl 8fuizec
ST e e e s et
t@%@ R! M&Wc@nwé%es'zf hoavs. he magnetic field. Step 8a

a CBD that can be dissociated fromchitin is u
in cctLBSIErBlcsﬂ‘lams dﬁSAﬂ@CfB\J%D@rﬁa érqm w&qéa\é@ steri zed

c Itiéer'egén%&%ﬁ%@“«i%‘@naéﬁ%hﬁgaﬂaﬁi# I Ke dPrdR ifture for

FEREER oo geet o remmin dmobilized on the chitin

Lane 4 shows HSA-KICBD obtained from chitin magnetic
beads added to the K. lactis culture one hour before harvesting.
Lane 5 shows HSA-KICBD obtained from magnetic chitin

beads added to supernatent from cell culture.

Figures 9A and 9B show a cartoon of how chitin magnetic

beads can be used to purify proteins from a dilute solution.

Figure 9A
Step 1: Magnetic chitin beads are sterilized (e.g. autoclaving,

ultraviolet light, irradiation, chemical treatment, etc.).

Step 2: Sterilized chitin beads are added to growth medium
prior to inoculation of the medium with cells. During growth of the
cell culture the cells secrete proteins (open circles) that are tagged
with a chitin-binding domain (black circles).

Step 3: Secreted CBD-tagged proteins become immobilized to
the magnetic chitin beads in the growth medium.

Step 4: At some point during the growth of the culture,
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indefinitely. Figure 10 (a) shows a magnetic rack
sui tabl e for separating magnetic beads froma

w@e@pasmid on in a mcrotiter dish. Figure 10 (PQT/5h2905035697
a magnetic rack suitable fd?2 separating nmagneti c beads
froma preparation in a mcrocentrifuge tube. Figure
10 (c) shows a nmmgnetic rack suitable for separating

il repanat i on d
FEERELE SHER Beod R TLAran A8 I RY Qb et roteas Bre
sepiatatdd figh Gslppaati qowikgnetdianbdpdexposura to a magnetic
preparation in a standard 250 ml centrifuge bottle.

ﬁleil@mﬂdnlmqmbizgﬁbgsb%a@ﬁ-agr am of a subnersible

electro et pr ptabl e, f ' '

Pea&iepﬁ:%ésagge%ﬁw%“sbﬁ%i it 8 dsred Buleir g onectm.
er . i : ial

o T, PSRRI b priv) o pERgsSrepcabasdd i

thennhagrietie flekt.ei ns i mobi | ized to nmagnetic beads

(gray). Step 3: The electromagnet is turned on _and the, .
magéepc Botldn GEIS ¥Hat HBUPE HePUALed £ SRk Isshiggd In

sl SEEPETRBR cHPRE P iod CASTRER b B re
TGt dmBeRAM &Y Weti € chitif Deadltows a di agram of a

magnetic device suitable isolating magnetic beads from
t he Stepl Tient Depeadig npatothedegitat applisatipn, siasyested

Ef fluent froma feyrnpentor vessel contginin di a,
prekeis saffiMAbIEMe B@@ﬁdo'f‘%ﬁa‘gHg‘ﬂ E“a&éa%éc P&%&Cﬁe
Jlows.fromthe fernentor into or through a nmagnetic
'Pg‘éﬁﬁ{tﬁbﬁ device. Step 2: The nmagnetic isolation

devi ce consisting of an el ectromagnet or a renovabl e

per nenant magnet separates the nmagnetic beads fromthe
Higuee ®iBhg ef f| uent.

Step 1: culture medium lacking magnetic chitin beads is
inoculated with cells.

Step 2: Growing cells secrete proteins (open circles) that are
tagged with a chitin-binding domain (black circles).

Step 3: The culture can be cleared of cells (e.g. centrifugation,
filtration, flocculation, allowing cells to settle by gravity, etc and

Step 4a: At any point during the growth of the culture, sterile
magnetic chitin beads can be added directly to the culture

Step 4b: Magnetic chitin beads added to the cleared spent
culture medium.

Steps 5a and 5b: CBD-tagged proteins are separated from
cells and/or growth medium by exposure to a magnetic field to
immobilize the beads.

Step 6: Beads are washed with a desired buffer or medium.

Step 7: Release the chitin bead-protein complexes from the

magnetic field.
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Step 3: The cleared effluent flows past the magnetic
separation device. Figure 12 shows that secreted
WOQRWeHOBMD f usi on protein from Bacillus circul aneT/U8200He35697
obt ai ned regardl ess of whetltBer magneti zed chitin beads
are added at the beginning or during cultivation of
the cells or after the culture supenmatent has been

obt aEheR 81 f e SR e e et e R R A, S
ir?%bh%ﬂ%d&lbrﬁ@?tﬁé%‘s%ﬁklfbfrfl)géin, lanfidd protéing are eluted

unst al ned standard ( Mar - I'nvitrogen, Carl sbad,
1M, tHeamea ghet@chitoh bea@wuC protei n; Lane 3: Overni ght

i ncubation of  QuC-CBD transforned B. cir.cul.ans cell
Vegn SEeR e cHPEPANBIMA PR B e aPRUERTP g rTveSted

nmegdi. e. s i t Lan: 1118%% - ni ght
Hrﬂgﬂﬁg}ﬁ%&ﬂé@}'@3@'&%&%%#@?&%8 . C|érté%PaQré§%cel ls.
indgmsfbRed chitin beads were added to the culture
medium 1 hr before collection of the nmedium Lane 5:
Overni ght incubation of G uC CBD transforned B.

neti zed chiti

*he FlapaDda) s & agaelingash o Bae Rl alathid
gkt RS S B e Fatton A T r B A

fractions froma chitin columm reveal that

| 'uci ferase-CBD was el uted in non-denaturing conditions
i n Figiote d0s(k) shows avinagnaticiagkastitakle \art sepa@ting
in fraction , 4 and 5. TALLLED DESCR

BRGEEEE HeIdR BaMAE RBRETHOR P SOMCERE TN MY DF PR ns
after their secretion into culture nmediumfromthe
host cells in which the proteins are made. The process
uti IFigee 10e(d)istibwe aahiagnétic ohckBDitabledortsepanating
can be enhanced by using cells that do not secre%F
roagnebiseeadhitamaa repgsatioe ipad skardarde ipldapergtory
thgaul t of a

Figure 10 (d) shows a magnetic rack suitable for separating
magnetic beads from a preparation in a standard 250 ml centrifuge
bottle.

Figure 11 (a) shows a diagram of a submersible electromagnet
probe suitable for separating magnetic beads from a preparation in
a growth vessel or fermentor.

Steps 1 and 2: An electromagnet probe (dark gray) is
submersed into a growth vessel or fermentor containing proteins
immobilized to magnetic beads (gray).

Step 3: The electromagnet is turned on and the magnetic
beads become immobilized on its surface.

Step 4: The electromagnet (turned on) is removed from the

growth vessel or fermentor thereby isolating the magnetic beads.
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genetic nodification or may occur naturally. It is
desirable that these chitinase-deficient nodified
w@edlbm4133n be grown to simlar density and at PCT/US2005/035697
conparable yields as wild-tlype cells. The host cell
can be transformed with a vector encoding a target
gene fused to DNA expressing a CBD under a suitable
pronoter such that relatively |arge anmounts of the
target protein are secreted into production nedi a by
therpase gel(b) sHswsh Hidyrawh g atheagnetibeleviesentitable
the production nediumor 1n a separate reaction vessel
idadatipgl magmetfebeadgdropy theieffluant of aaferimenter or growth
Bi ndi ng of the CBD fusion protein concentrates the
VEEselet ed reconbinant protein on the surface of the

Chi 40 1" AL AREIPo P BPHFAREE YN POk UrRRineS hikia,

any anu rof approac or exanple, In o

cenefidphdteiffDoind to rhagmeditebeadsl (ghaly pfloegnétom the
field is applied to the production medi um
feomeabor intongr theowgh & magnelic igglatient d@WICg. magneti ¢

Sur e Ot SIBREOL s LU AL bR ol
eﬁsél}gg?ﬁgcl%ﬁtﬁéfﬁ 5%14\59%1@???9{&%{ RRfhhééparates the

e term"concentrated" refers to a ratio of
nv&d abtictbeady froen tthat rexhiaéning effametur e has been
executed is greater than before the procedure. .
MbdBtepati dhetclawed eéluent Bowsdastotiie emanatse
expression The preferred host cell background for
Sgggf%'i'?)erf?%\f'c?econbi nant CBD-tagged proteins is one

that: (i) produces no chitin-binding proteins or

chitinolytic activity that woul d contam nate

pr ep&iglireond stiowsthat ed:cretdd GlpCe€BDhEusibat prafeiaifrom
Ii) is capable of achjevin [ [

E%ZIDfmﬁ( gircufany Fen)be gRtINCG reege f?@Jgé E%f gft?llale\*g%g%é%&%{?md
B3 5% A0S ALY SRR o Sy Snd B3 eeorret e
CEUERR AEEUECHIENC Wb ke o enchetupes, e oo
shbws astowmtsodf GheCrCBR tiiat were obtained after elution from
magnetized chitin beads by boiling in SDS sample buffer.

Lane 1: Control - unstained standard (Mark 12 - Invitrogen,
Carilsbad, CA);

Lane 2: Control — GluC protein;

Lane 3: Overnight incubation of GluC-CBD transformed B. circulans
cells. Magnetized chitin beads were added to the culturé medium at
the start of incubation;

Lane 4: Overnight incubation of GIuC-CBD transformed B. circulans
cells. Magnetized chitin beads were added to the culture medium 1
hr before collection of the medium;

Lane 5: Overnight incubation of GIuC-CBD transformed B. circulans
cells. Magnetized chitin beads were added to the supernatent after

harvesting and centrifugation of the culture medium.
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contam nation of chitin-inmobilized fusion proteins by
endogenous chitinase; and (iii) elimnation of

wale@oadssd on of the target chitin matrix by enPChERINT035697

chitinase. Suitable host cdbls include production
lines of various insect cell cultures and manmal i an
cell lines as well as yeast production strains and
bacterial cells. Exanples of cells from which proteins
are secreted for purposes of manufacture include E

col i FigaldmRedHEws RERItBgraRCin WiichRRPBILS of luciferase
St reptonyces species, etc.), plant cells (e.

- g.
oBtainietb s Bssenpes o€ $tactions fipacd efjticaotaminhtraveal that
species, N coti anﬁnjtéae,ci es, za species

tfaeee-Cb s g uteBdn, fon ARt RS CopelisRY T Hhaetions
uywer L; : | €S haht a
2 ALCRRRRE pRdTes o RY O PR cIREE 34 aha's.
Neur ospor a speci es, Aspergi |l us species, Penicillium
speci es, Candi da species, Schizosaccharomyces speci es,
Crypt ococcus species, Coprinus species, Ustilago

speci es, Magnapor ' speci es,
etc.), insect cel TALl S g i 2 cells,
Trichoplusia ni cells, Drosophila species etc.), or
mamal i an cells (e.g. primary cell lines, HelLa cells,

NSO peprsceddHs desdrshbedifer2d forecbaceRbiRtlly pebtains after
etc). These cells may be grown in cultures rangi n%_
theisraenretion g mdtturreemcguwfmm the bast gedls. inawhich the

pietdibE TS s nd NeoEdCas eareanbe g difibfiy "6 "ceo
f(glaEhItYI?(l%lWEéﬁ% ERREHERYIBY @&ind kel kadsitSd@hdthecrete

enus uyver omyces according to enbodi nents of the

chitieade .oChithedseipagativeeaslls can defrnade &y aviesuleof a
Valt in The Yeasts , ed. N. J. W Kre e_rvgn Rij:
genesia eodifieativarq; may ogcupnaturaiby, ﬂaﬁd ?ﬂé@b[?e”?@t

BRI Bt o QB Ful g B kel o TEPHF RSk
b O o Ber Soycsat ' e e
can be transformed with a vector encoding a target gene fused to
DNA expressing a CBD under a suitable promoter such that
relatively large amounts of the target protein are secreted into
production media by the host cell. The chitin substrate may be
present in the production medium or in a separate reaction vessel
for pulling the target protein out of a mixture. Binding of the CBD
fusion protein concentrates the secreted recombinant protein on the
surface of the chitin. The protein can be concentrated further using
any of a number of approaches. For example, in one embodiment,
the chitin is magnetized and a magnetic field is applied to the
production medium, concentrating the chitin beads adjacent to a
magnetic surface. Other embodiments include precipitation of chitin
beads by centrifugation. The target protein can then be recovered

from the concentrated chitin substrate.
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In those host cells that naturally secrete one or nore
chitinases, a chitinase deletion nmutant can be nade by
wa2@enetste nodi fication. CGenetic nodification PEF/ESR0S/35697
any of suppression, substitleti on, deletion or addition

of one or nore bases in the target gene. Such
nodi fi cati ons can be obtained in vitro (on isolated
DNA) or in situ, for exanple, by neans of genetic
engi neering techniques, or alternatively by exposing

the trpgttegeh"soheeRtizadniref@gerd 8, ratis bf aseighdi tat volume
(X ray, gamma ray, ultra violet rays and the |ike)

or
thvak aftedl a yonedute has been exesctedqgs\gnaatenthandefore the
functi onal groups of the bases of DNA, and for exanple
PEPK§FYtG-ng agents: ethyl nethanesul phonate (EMS),
N-nmet hyl - N - ni tro- Nni t rosoguani di ne, N-nitroqui noline
1-oxi de (NQD, bialkylatingagents, intercalating
Magifitatiandof R8st ckls tbUtridtek out ehitihesexxxmesson of
the target gene may be suppressed by nodifying part of
the regi on encoding the chitinases and/or all or part

f the t i pti I t ' ti
moai hespFapered R ZeibhegR urdd Ry Saerifof B0t £ on
S BNG PO Bl R et G progupegio
cHisrbihdithg proteinexamphitinadytic eativityaplpat eadlld to any

Kl uyveronyces species. | n Exan})l e l, a chitigase %en,e
centamingteakPCEBRRIRRS @f Segpetad fusign PrRfeds thpt gohtain

511D 1 Bl LS 968 MR ARE P A ane o
caHLSFician \Ege?r@@ Fe@m®find hE pebtdihBasEndeitfsaritages of a

]
exanpl e, t Irst 168 ami no acids of the naturally
host cetli thatkdoés oot sednete chitnasminadidersa Gigladiniatéion of

cgaa{ﬁk@eéti%%%gsc;ﬁ&grsﬁﬁé JebeheanLaR kol ngteins
. : et . |
ahEvEngraents cHifiRsky (AT imfiehef of thedisk oy o ©
cBRtdimin&tiBAl SYOCitirt-iMhh 6Bl izedcfuasn \protems( by @dodous

and coul d abundantly secrete reconbi nant o
chitinase; and (iii) elimination of degradation of the target chitin

matrix by endogenous chitinase.

Suitable host cells include production lines of various insect
cell cultures and mammalian cell lines as well as yeast production

strains and bacterial cells.

Examples of cells from which proteins are secreted for
purposes of manufacture include E. coli, Salmonella species,
Bacillus species, Streptomyces species, etc.), plant cells (e.g.
Arabidopsis species, Taxus species, Catharanthus species, Nicotiana
species, Oryza species, soybeans, alfalfa, tomatoes, etc.), fungal
cells (e.g. Kluyveromyces species, Saccharomyces species, Pichia

species, Hansenula species, Yarrowia species, Neurospora species,
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protein (Figure 6). This strain proved well suited as

a host for production of reconbi nant CBD-tagged
WEe@boi849 For producti on purposes, it is desirBGi/@S100&035697

a chitinasenegative nutant 1host cell wll achieve a

simlar high cell density as wild-type cells in

culture despite the lack of secreted proteins with

q o te the o rel : Wt
Asreralie.Reres: Relidie fla gy AR Soltiesn °°
S%rh‘?}dﬁélérg:cpy?f@n%ési 5PEERE TR pYEchils spbtiesioprings be

use ernentation to efficiently makepurified
spgcmﬁp:mﬂvagprmed:ias, Mageapardh CRRGES héricliodecma) SBecies,
via a linker peptide or |inkj chemical, gr,oups th
fede Msemlsci Bt 519 pelipost b Blg, HekheP/gea, o s

r i_n ret | | fo QI iy
LER6EM Ik athEs FER o e b Ta Y Befis T 6 Brfhary Rell
IiVeas Held eeligsRSdedllsNBMK kers eHEM-29%a8lls LRER-C6 cells,
1267- 1283 (1998) and also in US 4, 859,596, US o
efcp17TBese dafisareiysbessowWsin custLres Iranging, f7es) migroliter
@6, 548, 285,. US 5 679, 544 and U.S. Application Seri al
VIRIUMES) i N UHFEITER VOl BIRPer onyces. Expression vectors
may be exogenous. For exanple, YEp24 is an epi sonal

shuttl e vector used for gene over-expression in

Sacchrakamyeaoragteyispetted Neuséd diaredtdilhistbate hoo
| pswich, MA). Qrher exanples of episomal shuttle
seccetmdsprofeingifuseddanCBR aap hareanislly @ash easilyreepesated

Fear Puxenpsed N RARE pkeh€RastiBt KIVEmy ep Bsqopding to
FBadfenten e i flofinclytthe Pensty Srcrifed byt
vhPBd3B W AKIBZ) he IYeautdi tednNt . Wi KregdrvarRipr Elsevier,
smal l er vectors containing the pKD origin and a

Ngw-Yark, MY spaBiad {}98és@d QﬁEﬁQedﬁé@enlﬁfé’f?'&%é/@rru@@és
(oot 380 L8 Eh VRSB Bl 8RB frians
\ﬂér%}aééﬁhhé%%) f;g.c t@'@&‘épl‘?f%ﬁﬁﬁ??ﬁtﬁm waltAlHfd other

replicate 1 n Is. A plasm
strains classified as Kluyveromyces in the art.

In those host cells that naturally secrete one or more
chitinases, a chitinase deletion mutant can be made by a genetic
modification. Genetic modification refers to any of suppression,
substitution, deletion or addition of one or more bases in the target
gene. Such modifications can be obtained in vitro (on isolated DNA)
or in situ, for example, by means of genetic engineering techniques,
or alternatively by exposing the host cells to mutagenic agents,
such as radiation (X ray, gamma ray, ultra violet rays and the like),
or chemical agents capable of reacting with various functional
groups of the bases of DNA, and for example alkylating agents:
ethyl methanesulphonate (EMS), N-methyl-N'-nitro-N-
nitrosoguanidine, N-nitroquinoline 1-oxide (NQO), bialkylating
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carrying both a centronmere (cen) and autononously
replicating sequence (ars) has been used for

wez@opssion cl oni ng of fungal cDNAs in K | act PET/S2I5/035697

der Wl ug-Bergmans, et al. BBotechnol ogy Techni ques
13:87-92 (1999)). Additionally, vectors containing a
| actis ARS sequence (KARS) have been used to

K.

ss . f . a- i B Curr
agERLS TsbHaHating 24805 phY AR Al FLEGRIIORS, fhe
e&??é%éﬁroﬁh@tar@tfgede rBagchemupbBdssédby7 Afodifying part
(1989)). Other vectors may be |nte/qrated into the host
ofi ¢hamegi o renooaing eheush b reeesedrd/ arsa b orepanteef
U S ¢/ tgcl)i cation Serial. No. 11/102,475 for plasmds
tEaNSCrIRLON 3 QP 17919 he genone of Kl yveronyces.
The vector should contain at |east one or nore of the
following : (i) a strong yeast pronoter; (ii) DNA

encoqidg@né&tie Mbdificd tiarie canedlsortse obitéirset byt gene of
the protein into the nmediumis desired); (iii) th

dignuptiamcodimexahepler of genetdspepEeprasgutinaseis provided

) ExorTl dRR T Her Ra i T b Blkghiig described i the
t .y ' i g-sect

R B R, R o R P S eve.

protein production. Vectors of this type are referred
to as shuttle vectors. Wiereas shutt|e \léf(ﬁtt rs are

pr ef éndbtample dusk Chiéyasgehe PRERRANEd S%P RGE!

[ to t f . t he F I
Brrsgtieidn &5 dra el il el R L9 80 gE Brergrably
ISHETRNE K. %i&f@ﬁé?@qésrﬁw.athé Abripiea cidurged By t he
yeast genone coul d be constructed by PCR or _
sheistitatiaghe pertient ofbipe iahittinase 4D, fandexdmede the first

i ntroduced into yeast cells. Alternatiyvely, .expression
T R MR R A

ER S5 BrB B AR T shshah B4R RielsbaiGavassetts;
mor e

K. lactis GG799 Actsl cells were capable of achieving the
same high cell density as wild-type cells in culture (Example 2),
producing no proteins with detectable chitin binding or chitinolytic
activities (Figure 3A), and could abundantly secrete recombinant
protein (Figure 6). This strain proved well suited as a host for

production of recombinant CBD-tagged protein.

For production purposes, it is desirable that a chitinase-
negative mutant host cell will achieve a similar high cell density as
wild-type cells in culture despite the lack of secreted proteins with
detectable chitin binding or chitinolytic activities and these cells can
abundantly secrete recombinant protein. The chitinase-negative

host cells may thus be used in fermentation to efficiently make
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generally in yeast involves construction of a shuttle
vector containing a DNA fragnent with sequences

W@ aiobalpised f or directi nghi gh-1evel transcripti oPCDUSH05/035697
gene of interest upon intrd8uction into the yeast
host. For exanple, PLAC4 can function as a strong
pronoter for protein expression in yeast when present

pﬁglf%é‘%@'g@ﬁééﬁ Ppl)l?eﬁﬁgqirﬂ{eoaf‘o HBS UEhePUpRetY §H6Hh a

ors, m cron-contal ni ng vectors,

liﬁkérCp@ﬁtrmrri|mmﬁt@f@mcmegmmsetha:mhaeadaduseqaneuuaty.
(if secretion of the protein into the nediumis

( g XD eSS =5
ggse-nating factor pre-pro secretion signal
; romyces killer toxin signal peptide) or
synthetic secretion signal peptides can al so be used.
Alternatively, a secretion |eader can be omtted from
t he \Exaroples ebgyprressieny/e@prefer ¥arioysayeasts 85&i on

of the desj pr.ot ei\n._ A shut \ l\ows 4 ;
dBserrehobien i nd ShRs AR TP Hg Ao o US
4 Bsbr 68! alecs | o9 1l 0SYS 16 O, UE®E, 0517aSIS 9B
Howeter ,’ yeast expression systens that utilize
eI 64- 1 86 UBL 60848 A8 HeUsdy s 2%/54abhdclt é5l. Applination Serial
serendi(s)i t ous expression of protein from genes under
Nont #6104 70 fan Ky (@ BYE8$- host cel |'s such as E.

coli. This pronoter activity can interfere with the
cloning efficiency of genes whose translati onal

Pr odyst a2t rdob el 1Py be ®XRRFERIUSA. FoH eréihplel NEPX is

W th nut at e@ Pribnow box-1ike sequences can be created
apyeplsoendl skattie vactagesedi fortgene oviestexpiessign ddt ai n

th bility t o f t in .
SaGEEPOTHIE CRIRASIEE CNSHENS Bt BUR 1SRG, TNErm HRSIVIENe

I i S. . f ' . .
iy R e BRI YOEi e Tor i orgarism
Pk ROW1B0XH S &4 S PRENICE & ndNp RBHUA-6. yRetdricAfioTisty t er m

“mutation” 'is here intended t o include any of: a
replisatingt vectora indleyvenomtycas iaghide piKdE (Fatcate gbrad.,

PlaShags 1% g Py 8865 B SPA) SHHIS" Wids Res. 14:4471
(1986)), pEW1 (Chen et al., J. General Microbiol. 138:337 (1992))
In addition to full pKD1 vectors, smaller vectors containing the
pKD1 origin and a cis-acting stability locus (CSL) have been
constructed and used for heterologous protein expression in K.
lactis (Hsieh, et al. Appl. Microbiol. Biotechnol. 4:411-416 (1998)).
Other episomal vectors also replicate in K. lactis. A plasmid
carrying both a centromere (cen) and autonomously replicating
sequence (ars) has been used for expression cloning of fungal
cDNAs in K. lactis (van der Vlug-Bergmans, et al. Biotechnology
Techniques 13:87-92 (1999)). Additionally, vectors containing a
K. lactis ARS sequence (KARS) have been used to express fungal a-

galactosidase (Bergkamp, et al. Curr Genet. 21:365-70 (1992)) and
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In an enbodi nent of the invention, the fungal
expression host is the yeast Kluyveronyces species and

WO b@oloaxsteri al host is E. coli and a series of PEUESH05/035697

vari ants characterized as 26l lows: (a) the -198 to
-212 region of the pronoter for exanple at positions
-201, -203, -204, -207, -209 and -210 do not

syRstant | i helLPe s aBiddAamOT1 841699-706
AR el (Y FaRE4E of el FLRc Ploctietm i1 84
(¥gg§22; (b) the -133 to -146 region of the pronoter

or anpl e at positions -139, -140, -141, -142 and
-144 do not substantially interfere with strong

S CACINIC A RIS WO
{ d t p st 8 - ( :
9B Ie S e 602 R L1 B8 3RS s U 51 Arficeiar Serial
Nd1el 1/1%03 @728% pREIMAIIsOthat atamitey rBtéddinto Thesrenome of

substitutions are described in detail in U S
Khpperarayces. Serial No. 11/102,475. An exanple of a
transcription term nator sequence is TTuc4- The
yeast - sel ect abl e marker gene can be for exanple a gene

t hat f ' : IO | 18,
nyor IGer EEBY SRYTERAS 1283 PRt nbfe O U0 o

SRRy AWIPE Swbhg(edst prradotér;p(ii) DNFSenlcpsitngrad t he
l'i ke) or an acetam dase (andS) gene. Expression of
saceetion deader segugnseorifreackasion of dhesprgtedhdntaihe

T T
cJ5BSBEE! S5 n SR M Godonite] bper Y

yeekeaidlestabie adrker yeat. i These isspreraeacsimporents are
popul ations for cells that have incorporated nmulti gl e
ty proadiy assegbled ona prasmiskvacioninsEdcad fransferred to
vector .and that prodyce rer by |
veRsh el Bricearaievane ey ar pauFiehe " YBBNrLhLsypedre
C I i ts of PLAC4 have been inserted

r?ﬁgegﬁtoéggﬁ@p%%%gﬁ'wces integrative shuttle

vector, for exanple, pGBN and pKLAC (U. S

l'icati Serial No.

PP IV\(;ﬁe:'gans sﬁthté}e vectors are preferable because they can be
prepared in E. coli prior to transforming the host cell, the present

embodiments are not limited to shuttle vectors.

For example, DNA fragments capable of integrating into the
yeast genome could be constructed by PCR or Helicase-Dependent
Amplication (HDA) and directly introduced into yeast cells.
Alternatively, expression vectors could be assembled by cloning

steps in bacteria other than E. coli or directly in yeast cells.

Overexpression of proteins in Kluyveromyces and more
generally in yeast involves construction of a shuttle vector

containing a DNA fragment with sequences suitable for directing
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11/ 102, 475), respectively, which integrates into the

Kl uyver omyces genone after transformation of conpetent
whomb/oeshd s and subsequently directs protein PCT/US2005/035697

expression. U S. Applicatiéh Serial No. 11/102, 475

descri bes shuttle vectors containing a nutant PLACA

for use in yeast and nore particularly Kl uyveromyces

UBTBUE!GEhebiieh 37 BeRECH gebubgl migmsusNeo
tRedldastHostISFor &iarfiBfe 1%§C4G:aﬁﬁilw4&lonlﬁ 6,266n386,

US ', 548, 285, US 5, 679, 544" This i nprovenent results
droomotidrefout pridtein tapresgivasisi yeasthwieds presemoantaed
Rl o e LB e R e

. ! | .

S0 2 SR B b B Aol Altprs. e
éer&P@tibﬁ%aaéHs%q%rem@.eEir sest@thdn Jfathef prowikdnyotthe

and prokaryotic cells (Mller, J.F. Mthods Enzynol .
ra8diansis3dEsicadpmay aclaiena D, cerievdsiae aIRdyE-pro

E . 204:63-11 1991)). | d .

sebr 4008 Ieafer narine: (AHSOTGHasoRG & Rukpidats sasretion
or of . Readd

SORRR RS bRl Ve K RSB precore

Rrhetiph Rl RpiRRa KRG IerDriyted KiIREAOIS Sighal peptide)

orlgymthkRid 2886tiorsshmealopeptidesicanielstods uasd.Bi ol .

130 :155-164 (2000), Schenb t al, hods,, Mol
Albomathgdy, eeseanlldrIRIer san bearittad B ey Peter

t Kl.uyver ony.c S ' [ :
Ahooctbiet (e EhAYE EEIYRE sSSPt e uEEN Hpsin.
(1983)), Durrens et al. {Curr. Genet 18: 7 (1990)),
Karube et al. (FEBS Letters 182:90 (1985)), and Patent
Appl i & shiutteBrReG@6t s Foope thirepaghaticBDe! churedigeges in
el ution properties. CBD as _a conponent of, chitipase n
SactepeapHEn tor IR ity OH L OPatOSGL4ElIs Bi eRBTSIoN.
SRS er PGELEE 'S rBE RS tE m&'2REE itilize wild-type P ,c,can be
adversely affected by the serendipitous expression of protein from
genes under control of P, in bacterial host cells such as E. coli.
This promoter activity can interfere with the cloning efficiency of

genes whose translational products are deleterious to bacteria.

PLaca Variants with mutated Pribnow box-like sequences can
be created by site-directed mutagenesis that substantially retain
their ability to function as strong promoters in Kluyveromyces
species exemplified but not limited to K. lactis. These mutant
promoters function substantially as well or better than the

unmutated Pribnow box-like sequences in wild-type Praca.

The term "mutation” is here intended to include any of: a

substitution, a deletion or an addition of one or more nucleotides in
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Any CBD originating froma chitinase may be used
herein al t hough CBDs separated from chitinase
we ai0aloytsee activity are preferred. Al so preferP€dUSBOH035697
CBD that is capable of disa&gsociating fromchitin
under non-denaturing conditions different fromthe
conditions that permt binding. Not all CBDs are
ca le o [ S iating fromchitin under
an"(‘fﬁagé/rpft bpﬂéﬁﬁggg&gﬁ fons. For exanple, B. c/rcul ans
CBD binds tightly to chitin and is not reversible
unless a nmutation is introduced into the protein as
descin edembadignest 8§ thedayveotion, rig fuizdaleexmgssion
2005-0196804 and 2005-0196841. In contrast . ,
hRBE o EPBWRASS IOHUPES TSR BReGieR A Y HAE RGBS gkt s

chF A S P30SR B s sgnts) he

-$98 td Ly oripI6AsoPIE peemtendanexaneple as paditions -201,
secret ed enddchitinase (KCB;)}O,f which is shown here b

> ! y .
-28%, 0204dn -0 202 anide- 210 ot substantially ynieigere with
al logw for the reversible_impbilization or .
therabilipaef &Eeo?mng@ri l%if'ﬂﬁ‘et'%? ag a1t ong RPmpter in K.
eihs...Ehe c | etk | t
B B S 880 reredstiyf UL pirpBser fegBkantble 2
po4nsshon139, an 4, f-i1ai t,y- 14 aeid al4veider nbbgalbsitgntially
expressed protein in Kluyveronyces as_exemplified_i
irieytereswith atrdorgBpramoeter %@MT%VGeOE (ehikRei-i9® o -&&%hand
within a range of about .5 nMto, 500 :
885 o ohftB 1B o 0B D AREBBO AR O Do b BT Sl Proter
|14 L g ngqebi W, addrevisi
V@%chféréeﬁg @ﬁtt ?%ngrggg t?gl%sssgng @1 f)clhnozl |8(r13g;%(;Bg?$ usi on vistae
(BeYytPEEproAfoerargplaciefy syatteto e 283 tegicnsob&et/grEs &, -
chitosan, polynerized N-acetyl gl ucosam ne N :
Tinesessichstiutitns apeldassedred indetail inll-oLRRlicatiopSerial
r I rized gl ucosam ne nonosacchari des,
N%?-i ggéﬁ@hdgfﬁdes or pol ysacchari des where the
gl ucosam ne i s subsequently chem cally acetyl ated.
Exanpl es of naturally occurring chitin are chitin
deri yerekapamle of a transcription terminator sequence is TTiacs.

The yeast-selectable marker gene can be for example a gene
that confers resistance to an antibiotic (e.g. G418, hygromycin B,
and the like), a gene that complements a strain auxotrophy (e.g.
ura3, trpl, his3, lys2 and the like) or an acetamidase (amdS) gene.
Expression of acetamidase in transformed yeast cells allows for
their growth on medium lacking a simple nitrogen source but
containing acetamide. Acetamidase breaks down acetamide to
ammonia, which can be utilized by cells as a source of nitrogen. A
benefit of this selection method is that it enriches transformant
populations for cells that have incorporated multiple tandem
integrations of a pKLAC1-based expression vector and that produce

more recombinant protein than single integrations (Figure 5).
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crab shells, insect exoskeletons, or fungal cell walls
or fromany source known in the art. The chitin may be
wopitcossid y | mmobi |l i zed on a substrate as descPChE82005035697
Figure 7. An exanple of a g8bstrate is a polynmer such
as a plastic. Alternatively, chitin nmay be aggregated
to formfor exanple: suspensions, colloids, beads,
colums, matrices, sheets, or nmenbranes. The chitin
may be sterilized for addition to the fernmentation
medi ghaushdge RISERIVRT veaters caytaieing esutantsrof P, ., have
unsterilized formfor binding fusion protein at the
bead ipbette freoonentfat caiYKiupressnyceadniegratiypishedbee

oEBEa 8D AL AR ARSI SRR o
13027, oAy, AR EERet hL B kR oy cos
O e raonay & vl
smbeeqagnbl{'i «tirﬁatseprcgﬂeiqunr@saiosber Sed fr agnents such

as iron filings. In a preferred enbodi nent the
magnetized chitin is in the formof beads althoughthe
magn z ; S i

ddt L haPreSldh, PR NG 84/ 800 31 75 Hesgities Sputtle
vébeseasontaininy ef eiutedt erhodomese, int heastagndtinoed
material is magnetized chitin, other magnetic
pautticuiaxlys Kiayvermmyeas exampkilied: b K rlaptistRrayiding an

BT RVETES BnONR L eEho R ﬂéa&iﬁéﬁﬂlﬁ‘eﬁe‘?ﬁﬁﬂ%%Eﬁ%?.‘?ﬁ%%?%’s
SCI’I%S Zg% §%89§Fh®%ﬁgg éegf)fbggrgntbﬁi’q%td g%iéz:'gdIES 53%8? i nU%eads

6 baw B8] ISR PO 4. IThis inlprowierhent/igsalte fosredthe utility
bi nd secreted CBD fusion protein. The siz

Fole swpressiantircy st bRy bAbd-aad i Fiabling ho express
[ 00 i.n. di ; N -
P RER Ry Epaal thietistiond PEBP AP RE S e d e, PG elsy in
bRk ALA cidhiAB HSst g,

Introduction of DNA vectors into host cells

Methods of introducing DNA into host cells are well
established for eukaryotic and prokaryotic cells (Miller, J.F. Methods
Enzymol. 235:375-385 (1994); Hanahan, D. et al., Methods
Enzymol. 204:63-113 (1991)). In yeast, standard methods for
introducing DNA into cells include genetic crosses, protoplast fusion,
lithium-based transformation, electroporation, conjugation, or any
other technique described in the literature for example, Wang et al.
Crit Rev Biotechnol. 21(3):177-218 (2001), Schenborn et al.
Methods Mol Biol. 130:155-164 (2000), Schenborn et al. Methods
Mol Biol. 130:147-153 (2000). As regards transformation of the

Kluyveromyces yeasts, established techniques are described in Ito
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a magnetic force is applied (see for exanple,

5,160, 726). Larger beads nmay al so be used. The chitin
wheads413sy be solid (for exanpl e New Engl and BPGI/EBRN5/035697

Inc., Ipswich, MA) or poroads (for exanple, JP

62151430). Moreover, the beads may be nagnetized by a

variety of neans for exanple, by dispersing iron

k! PEcBhEEaH ;e PR PIoBId R BL AR Reore akabe
1801 Eroom) e Barkfd &Y 8). (PEBSqugteid1e8IR0ELIOBS) )¢ rtd n

used here’is in the formof beads in a preferred
PatbotiApgiicatirnEP 3tk @3l .and si zes of chitin surfaces
are not intended to be precluded. Magnetic chitin
beads can al so be added to growth nedi um during or

¢ fgscari ng
gr o€ O : or di ngl y,
it has been shown here that magnetized chitin beads
can be sterilized without significantly altering their
bi ndiGBD mopaamponent@f mtinaﬁembea@l@taaaaad%m many

syl ti [ ' duri . R .
ferentsparaamitor raanlE Hadl, Brtfsdaqblglidcand jnsects.
AR GBI oplgTHafifgirohP e CBRAPRATbENSCY HErkin) ahfitigh
GBD4 Gepa®uby@ frordit ¢t nasepeatal yiie acaivityt anefprefiesed: Also

al so possible. Proteins inmmobilized to magnetic chitin
prefersedrie s &BREhat is sanapiyeédisassediating; fgone copin

I e

D%EP‘I i?tb‘?ﬁdﬁ%m%tt A0 G598 ReA R dbledPl 488 odiRind Bbm

ease e magnetic fireld (Figure IB, Step 7)
caidn hend@shed-genatinisg candidonsn Fomekahipled Brcit¢igdans
chitin magnetic beads indefinitel F(SFi ure 9B, Ste
qrsipI

G tindsdgndy dosdirueed ie st fIYJgSs B BIGtaN is
. j n. el ut abl : tyh fddy t .

g odireRlg aght plagTa A Tetadted o (i 285 9.
Publication Nos. 2005-0196804 and 2005-0196841. In contrast,
Kluyveromyces species produce a CBD that binds tightly to chitin

but can be reversibly disassociated under altered conditions such as

NaOH (see Examples 5 and 6).

Kluyveromyces produce abundantly expressed secreted endo-
chitinase (KCBD), which'is shown here by way of an example to be
an effective affinity tag to allow for the reversible immobilization or
purification of alkaliphilic or alkali-tolerant proteins. The KCBD can
bind chitin in the absence of the catalytic domain (see for example
Figure 4D), function as an affinity tag on a heterologously
expressed protein in Kluyveromyces as exemplified in Figures 4D
and 6B, and dissociate from chitin in NaOH within a range of about
5 mM to 500 mM, whereas the CBD from B. circulans (BcCBD)

cannot.
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fermentation vessel, a very efficient one step process
for recovering a target protein can thus be achieved.
wab@eoelshs grow in the medi um cont ai ni ng t he nBRQNES1A®5697

chitin beads so that the sé@greted CBD-tagged protein
binds to the beads during culturing, and can be

harvested directly fromthe nedia by the sinple step

of applying a nmagnetic force froma nagnet external to
the fernmentation vessel or as desired, internal to the

c%%?ﬂ’éf&ﬁéﬁ%:d?@% fé?%dﬁi%fﬂeé C®BB1). This approach

“Tequ € magneti zed chitin beads be

sterilized. The yield fromsterilized chitin beads of

a size of 50-70 nm added at the Rel_glj]nni ng. or dur'tpng?]. di

f er mOXTANEDE B2 BUaYsPeri TG EN{EN KRaYRE USEd I9rTipinding
jel.d_of in o [ are.:

CHE s BFTeS, O R B ey e i e ey e

chf@s4he gqﬂym‘eq—jﬁcﬁwat:e@\ngrmrﬁme poonesacetarides,
secreted protein froma |arge volune is )

polygsatcharides oy olifosacchaddespgy pelymerdzedgldgesamine

he ability of a chitin-binding dongi Y
eORosAEli P BUSRRRGRN AR PO AR oF A GndY A the

Al RDBs B EERL SR A By Bt o e s
secreting the fusion protein do not natively produce

proteins that bind chitin, conpetitive bindj ng and
cont &xiamaplasnof satvialbeaccasmdichddn arne ¢hitin ggrived from

crad el Gy ansedt exoskeleiitbod IRaahEei YRt B Friuidhy
sé?jﬁ(&é’%&%@gﬂﬁﬁ%e%mer by mutating the CBD so that

e reversed under controlled conditions to
rel ease the fusion protein (US 6,897, 286) or

alternatively by using an intein cleavage system or
pr ot deechitirvagy heooptipeady iTnaghilbzed @1y poHRgHEate as

dRsarBesh il FIUTNE. BV RS Pt oSSR § poler such
a§§§ igl%gtlie.r OAl%éﬂné%Yv@\gg %ﬁgﬂimnwme agyrebaese toefosm for

nase, genena urin, _
example: suspensions, colloids, beads, columns, matrices, sheets,

or membranes. The chitin may be sterilized for addition to the
fermentation media during fermentation or may be used in an
unsterilized form for binding fusion protein at the end of the

fermentation process.

Generally applicable approach for concentrating any secreted
protein fused to a CBD using chitin-coated magnetic beads

The chitin substrate for binding secreted CBD fusion protein
may optionally be magnetized for ease in removing the target
protein from culture media. Magnetized chitin is made by
combining chitin with magnetic material. The magnetic material
may be dispersed fragments such as iron filings. In a preferred

embodiment the magnetized chitin is in the form of beads although
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factor X, etc.) if a proteolytic cleavage site is
present between the CBD and the desired protein. The

wo oiwast1seat ure of the CBD-chitin interacti on aP€DW82005/035697
CBDt agged proteins to rapi @y becone i nmobilized to
magnetized chitin in whatever formfor exanple beads.
Where the magnetized chitin is in the form of beads,

he it e . C i N . t o
the gt BEtRF D7 E (ded 25, RepRr Ry AP dRRional
ni8Ectsisthat! mEgsbpaBnal e £Ri% g gRthareeiseinna qaeferred
di ssoci ated fromthe magneti zed substrate b .
embatiahenh, the anagheatized matedal (g m%ﬁ‘ﬂ@ﬂlmémf\étl@ggther

et D el AR

2par at | Vil : i
IR Aislg T G o b SR SEERT oF AU EsBE, s Busion
withehe thPgat pJrateien dndegb) Beingl cdpdisieroft biveting2@0a m

Nal gene bottles, etc.) are used for harvesting
nearalgded ¢ante magnefized.few nicroliters to several
liters of culture nedium (Figures 3-6). The procedures
are easily scalable to allow for harvesting CBD-tagged

Pr ot ghnd kPAbbaIHRN: AlatiketiAbd BN Beddd!(Rew EnbRshd
enbodi nents, naghets are tonstructed fromrare earth
Biela)ss Ihe. 9lpswinthy MANareansed tonbindadecreted . GBDHuision
ot her types of magnets can al so be V%f@) (uequg
prekein: dde seant ke haads o REtical althouqlt begdsfiosmed

[ t duct i i .
PR T4 Y AT Ao BRAERLA ingBge.n ot
t"llégﬂaisf% %@ﬁ?ﬁﬂé‘rﬁlﬁng iftdrogfd ForiPl ddimBigtinymethe until

or which fernentation-based
prestyedtio fopreeeappliediseesforrexameds, babb@, 126 kelprger

neadl m, alfy eaased (5 €6 i PRadeatiavg Py S I LEEs,

0 A ey R e 4 S TR DI M R Pt
example, JP 62151430). Moreover, the beads may be magnetized
by a variety of means for example, by dispersing iron filings
throughout the beads or by forming beads with an iron core (by
coating the iron with chitin) (see for example 5,262,176). Although
the magnetized chitin used here is in the form of beads in a
preferred embodiment, other shapes and sizes of chitin surfaces are

not intended to be precluded.

Magnetic chitin beads can also be added to growth medium
during or after growth of a cell culture, or after clearing grown cells
from a culture (Figure 9B). Accordingly, it has been shown here that
magnetized chitin beads can be sterilized without significantly
altering their binding properties. When chitin beads are added to
cultivation medium during cell growth, it is preferable that the

beads be sterilized.



10

15

20

25

30

derivatives (such as serum al bum n, al pha- or
bet a- gl obi n, coagul ation factors, and for exanple
wo 260418 | | factor 1 X, von WI Il ebrand' s factP€T/US2005/035697
fibronectin, alpha-1 antitreypsin, and the |ike, or any
fragment or derivative thereof), insulin and its
vari ants, |ynphoki nes such as interl eukins,
interferons, colony-stinmulating factors (G CSF,
GW CSF, M CSF and the like), TNF and the |ike, or any

fr agrﬂ‘gbﬁ%acffyéqﬁ%b(YrWUrM%thﬂﬁ§@ff CIIDOMg_gé@@ﬁ’ot@n@Sumbhltm

as g rmone, erythropoietin,

btéﬁﬁs (djrtnglutmeﬂl LiStepsodaarnyd ﬁrbégNﬁhDC@ur wathivat iheur at 4°C,

ereo

hOAa\ET, SthaRTPRUREERIGRS S FaReT PBIET RES 1 S0 RAS TS

PYBfecibS SundBRflad 13 maYrRERAHIEN beads HhelFaricitet in a
@éh@ﬂ@'fﬁaﬂd((ﬁ@ﬁe OB, BiePsnBsiarel By ydeertisde fusions

suth as especially fUsi ons cont ai ni ng a biologically
ceotamenpting proteins and grawth imediyrpaane wmhed away from

chE ST ik b 280 R Rl e s ST e
oBEhTEIRATD 1 I MR 1 Red9S ana

h%l#bégtétﬁm'otlf_éﬁﬁma@ﬁ refersh |ﬁ1mabmzed:ohttkfmthtumdnagnei;lc
and conditions for transformati on Strains of K |

b@ggﬁng@émtﬂlgl (FégureaBiBe StepnBbe Orcian BE Jissect Ao
C@Iltula gélhjrgr ; eaféafﬁftnéﬁ %E%JE@?&FJEQ \?V%ét @Eg 2% the

ﬁ and 2% gal actose) at 3Q0C. TABLE 1. Yeast
strai ns%sed in this study. Research Cenetics,
I nvitrogen, Carlsbad, CA Transformation of K lactis

and S. cerevisiae was achi eved usi n el egtroB{)ratl on.

Tr anﬁ»baddiﬂ@ ropgRetizagiGhitindyeade s dNedivy t BReh on
ERaAEfB TS, B ARPeICHR B sebatBRSEES Ry recougging
a’nfgcgii id (%tg%//;téiﬁatﬂus”béré&ﬁév@é.seTh@"ée%@Qﬁﬁ)mCtheSGal
medium containing the magnetized chitin beads so that the
secreted CBD-tagged protein binds to the beads during culturing,
and can be harvested directly from the media by the simple step of
applying a magnetic force from a magnet external to the
fermentation vessel or as desired, internal to the fermentation
vessel (see Figures 9-11). This approach requires that the
magnetized chitin beads be sterilized. The yield from sterilized chitin
beads of a size of 50-70 um added at the beginning or during
fermentation has been shown here to be similar to the yieid of
protein obtained when beads are added at the completion of

fermentation (Figure 8).

A compelling feature of the present approach for

concentrating secreted protein from a large volume is its
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yeast nitrogen base, 2% gal actose) containing the

appropriate suppl enents needed to conpl enent strain
wa@eooessphi es. Detection and isol ation of secrPCRUSHN5/035697

lactis chitin-bindin a prot2&i ns Western bl otting was

used to detect secreted K lactis proteins that

cross-reacted to a polyclonal anti-chitin-binding

TR BY L aRR s RRARIday BBES ARARIHRGe fthe ability of 2
C?Niﬁiﬂlﬁﬁﬁmﬁ'doﬁﬁﬁiﬁ B glinadtobtiatizb@hemtused ps\archddiidnal

a) Spent <culture nmediumwas isolated fromK. lactis
pECY&n whetartbe furidtion of the-aidikiemad pyobeinhispyot
centrifugatjon at 4000 x f rec‘hg m nutes. After
CeEMRIIQm PYENSPHRIEHE gﬁ tﬁﬁ Bent nedi um were
separated by SDS-PAGE on a 4-20% Tris-d yci ne
pol yacryl am degel (Daiichi Pharnaceutical Corp.,

Mont w3l enshihgatihtt thanséps sedrétingribier usion protein do not
nitrocel lul ose nenbrane (Schl eicher & Schuell
raitbeaty evoeu crepraseing-FhatThénenshibi an somRre i ve linding and
e R e LG LY
¢ ] : . _ .
RS e S-S EERBRENT CBIS Bt BRAERS b e eoierec
fResEi@dhithh priaektalatse achjawgat eithantby nabtsting the CBD so
secondary anti body (Kirkegaard & Perry Labgratories,
tisat hiedisteucan vDreversashonder mestiolemcanditignsdp release
on-fat mlk). Protein- i.bod . L
ehRin Bk (8 B2k A ERTRARER i fing ap frtein
: . h . _ o
RIS IS0 b e Bt rdRoiodd o prom rom
thel ¢BDwehitirgtcomplex @YOR0VRPOBBdIGHN WSrS5,88 3H3b63.

Cells were renoved fromthe culture _by centrifugation .
Additionaliypahe G g GaB e AReratediram g desiied potein

t ai ni 1. of t h it .
gt T uitbe BioHEBke; (Ea EhERpihasar HEharTRe, fyrin,
FRERIP X CEREN A Y Srovicdly e v aiteois prdsehthsatwediehe
CBD and the desired protein.

The robust nature of the CBD-chitin interaction allows CBD-
tagged proteins to rapidly become immobilized to magnetized chitin

in whatever form for example beads.

Where the magnetized chitin is in the form of beads, the
chitin beads containing the bound CBD-tagged protein can be
harvested in a magnetic field within seconds. If desired, the CBD-
tagged protein can be dissociated from the magnetized substrate by
incubation in an elution buffer (if an elutable CBD was used).
Advantages of this method include improved speed, cost

effectiveness and simplicity.
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chitin beads were harvested by centrifugation and
washed with 10 ml of water. Approximately a 50 m

wa elodowised protei n-bound chitin beads was renoRerUs2Vd5/035697
boiled in protein |oading B&ffer for 2 mnutes to
el ute bound proteins, after which the eluted proteins
wer e separated by SDS-PAGE and subjected either to

vest grd aaal ﬁghgr%gn B iEDs RALY H: A hndh 1896FABr9 tubes

to a otelr n sequenci ng ySI S

&hy.top- \K)én%&r@tl@épﬂﬁﬁeﬁmrdéen*tﬂﬁhgé tubles; rlésml Falcon
derived chitin-bi ndi ng domai n f Kl Cslp CBD) KICslp

tlgbesndﬂo mil Faicoa tubes; 2563TdNalgene bgtd@ﬁ,ee%)jlalﬁﬁ'ﬂ\h%@,d
ound t f. ch

BB T R ar adsin a otsiRs arb S ey BT s
B B8 R SRR B bt iy 3101 Sy curEvare

eEbFF&demé?@Mnﬂ) Bredsfdrharvesting QBD- t@lggmlsabtbtmmslftmmrs
(Bi 0- Rad Laboratories, Hercules, CA vol une

|rgEy weldmes ofgspdifmt hin msferwedgemmdéﬁsewtés rpageets are
c&ﬁ@%?gé FeTh I BaHi B et (B nasRak B epfariarh

=huf e
HBaft SE D oY RSP fagnets bafaiso BeluSelr (d.67
fé\ﬂ‘rfm tdegahtiads eltromesumtsnded).i n 200 m of water,

transf’erred to mcrocentrifuge tubes and coll ected by

brief centrifugation. Protein remaining bound to the

hitip was eluted by .boiling the beads in 50 m of 3X
(New Engl and Bi ol abs, Inc.,

| pswich, MA) for 5 mnutes. Eluted proteins were

separ at ed by SDS- PAGE and detected by Western anal ysis

as desodubtidnadmod separitionsbipadlangebdproteini fronus ﬁgxture

5 GedLTed BIpIGEMRARGH a5P aumascec&w%‘\% WE‘EQ&? o e
GRS SR Ee D ELPUBE B URE Riraendinas shiskriove
pPolLetibhtprddinthyr @kidtacr is desirable is very large. A few
examples include superoxide dismutase, catalase, amylases,
lipases, amidases, glycosidases, xylanases, laccases, ligninases
chymosin and the like, or any fragment or derivative thereof, blood
derivatives (such as serum albumin, alpha- or beta-globin,
coagulation factors, and for example factor VIII, factor IX, von
Willebrand's factor, fibronectin, alpha-1 antitrypsin, and the like, or
any fragment or derivative thereof), insulin and its variants,
lymphokines such as interleukins, interferons, colony-stimulating
factors (G-CSF, GM-CSF, M-CSF and the like), TNF and the like, or
any fragment or derivative thereof, growth factors (such as growth
hormone, erythropoietin, FGF, EGF, PDGF, TGF, and the like, or any
fragment or derivative thereof), apolipoproteins and their molecular
variants, antigenic polypeptides for the production of vaccines

(hepatitis, cytomegalovirus, Epstein-Barr virus, herpes virus and



been inserted into 1.5 mM mcrocentrifuge tubes to

create spin columms. The flowthrough was coll ected by
wor@ecoemae ri fugation at 15,800 x g for 1 mn apdI/US2005/035697

di scarded. The beads were Bhen resuspended in 100 m

of NaOH at each desired concentration (0-40 mV) and

the eluates collected by centrifugation at 15,800 x ¢

Al DS AR RGN 16D, Soeahpt Ay R ivocpuce

flfiehsSUdH bk naspcieing fildoREHontAimeld- dasietbgres ipdctihe
used to construct a linear DNA disruption fragnent

paonfissd hg abtabiliadgpprionot er - G418 resi st ance gene

cassette having 80-82 bp of KICTSI DNA on either end.
When integrated at the KICTSl |ocus, this fragnment

caus f ' t ' 68 am no

5 aci dBToTRGTERT Blce e EEDERAN, A% el s 053, 2
PPoVidRsFalCAPpREAtion S¥al Nak, BYPEld, 426 dnd 60Y690,470, are
ADH- (418 sequence (no underline) and having tails
incorpiosated hefreid gySrefer@ne@quence (underlined), 5'-
CCAGTAATGCAACTATCAATCATTGTGTTAAACTGGTCACCAGAAATACA
AGATATCAAAAATTACTAATACTACCATAAGCCATCATCATATCGAAG - 3'
(SEQID NG 1) and 5'- MPLES
CCAAACTAGCGTATCCGGT TCISATT%I‘I‘I‘CGATATCGAAATCGAAA

10 CCATCGACGACAGCAGT GTCGAATGGTCTTTCCCCGEEGT GGECGAAG
AACTCC- 3 (g%% I D NO m‘Ql were used to anplif% t he
Examplei by Materialsand Metheds for-Subseausht Fxamples
vector pGBN2 using Taq DNA pol ynerase. Anplified
product was used to transformK. lactis GG/99 cells

Y‘é%gg %ghéjﬂ'lﬁe, %u!%r&,é ebAeitech® AndPE RARIo P Pt rdintdo A tion
. ol e-ce usrng a -specific
forward prinmer '-GGECACAACAATGECAGG B (SEQ ID NGO 3)
15  (desiqapgichsupsKr ¢actiotinidhS. icetegside ofTablee)) amtearoutinely
(A18-specific reverse primer 5 - GCCTCTCCACCCAA(I)G(%%O
cUBBRetDNNGP D) Meghus 4% Yeasksxtractar’ %epOPEYIE, and 2%
g?ll.lggs?e%sgll' Ve é’l%%l%rﬁ'\n%lg/g O0EE R rd B2 NABFLEAECERY 2%
galactose) at 30°C.

20 TABLE 1. Yeast strains used in this study.

Organism Strain Genotype Source

K. lactis GG799 MATo [pGKI1O pGKIZO] This study

PCKI1 MATa cts1:Kan™ [pGKI1° pGKi2®] | THis study

PCKI2 MATa LAC4:-BcCBD-HSA [pGki1® | THis study

pGKIZ°]
PCKI3 MATa LAC4:-:KICBD-HSA [pGKi1® | This study
pGKIZ°]
CBS 2359 | 1472 joGKIT* pGKIZ'] ATCC 8565
CBS 683 | yaTa [pGKIT" pGKIZ'] ATCC 56498

PRY297 | 1147, adet ade2 [pGKI1* pGKiz*t] | ATCC 46794
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integrated the disrupting DNA fragnent at the KICTS

| ocus.

O 20 transformants tested in this manner,
weaosl041849 | actis strains were identified and fPCT/H82005/035697

characterized. Heterol ogouslexpression of KICTSI

cerevisiae To express KICTS

in S. cerevisiae,

gene was PCRanplified with primsrs 5'-

COCCOAT

ACCAT

two

in S

t he

OO0 T WU

si t eunder |

Ol

[ SE

CACCCTCGTTTACT 1= s_,_gtsarm

OVIAT dNere § pdaB doGKi1 pGKI2 ]

ATCC 52735

ACATGCCATE
under | i neg

/(PlzgéQlD

GACGT CGGGTT IC’@A*&(#’% site

MA TR usadilpG o]the Ba

3. copdvidiasi
Kl CTSI ung

tB40f1 pM
er the co

WA TeBAs 31 1 deyB At megkipt@ssi on
nLFsdaef the

Bésearch
Genetics*

gatactose-
GALI O pron
i ntroduce

e Thi b

into S

A’féﬁ:‘éﬂﬁ%ﬁ?ﬁb%&n? AGSTEV

HF@‘?&E&J W train qua

Rb&&arch
LGgpetics*

t ransf or nd
starter cu

tR©@8Bc1 To
[ tures we

MAKzhisB4 & le2hmei 154 @x spl |
[ @raBAONYs i N kKSPVIRRUfpKIC TS| ai n

Phigistudy
ng 20

ng—uraci |
each cul

Y ealg

M1 over

1 Gragtice, IRVILR9 e oo

ght_at dU)(, after which, 1
d.to ino 2 YPD and
@ngj over ni ght

shaking at 30Q0C prior t o analysis of the spent
culture nmedium for chitinase production and cell
nor plfeaagfopiyationrosKofgctiChnti Saserawdsiad vwas achieved
measurenents Chitin olnﬁ&osaccharl des of  1-4

usm @lectraparatien. dkra

iORED Trbpoet cyitag 206 e eI i

Jmé' Wepse Io'b'té F?fét% bl gtdwtifliorcsty medium

C%

%éé\lﬁ%nsfﬁr

Itotetraosi

pradtaiafii4

m of
20
wth

[q&tf%were selected by

at
IoiWhereas S.

(8- @%Wykaasbeintnofgerybasé’ 2% gll\vt:ese) acﬁCﬁaL medium (0.67%

b Dchitotri

ygaghthitogasebpsee

i osi de

b3b aglagtosal)contaming bhe Riopriate

seppiEhests Tiedies ol B e @RBrotien

CA) .
the rel eas

e of 4-MJ

Chitinase activity was determ ned by measuring

Detection and isolation of secreted K. lactis chitin-binding proteins

Western blotting was used to detect secreted K. /actis proteins

that cross-reacted to a polyclonal anti-chitin-binding domain
antibody (a-CBD) raised against the chitin-binding domain derived

from Bacillus circulans chitinase Al (New England Biolabs, Inc.,
Ipswich, MA).

(a) Spent culture medium was isolated from K. lactis GG799

cultures following 48-96 hours growth by centrifugation at 4000 x g

for 10 minut

€s.

After centrifugation, proteins in the spent medium were
separated by SDS-PAGE on a 4-20% Tris-Glycine polyacrylamide
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using a Genios fluorescent mcrotiter plate reader
(Tecan, San Jose, CA) and 340 nni 465 nm
wez@ohasiion/ em ssion filters at 370C. Reacti onP@iT/W8R05/085697
each well of 96-well black3®icrotiter plates were 100
m and contai ned 50 mM substrate, | X Mllvaine's
buffer (pH ranged from4-7 in different experinents)

a =.10. S I
oL CRAUEH! Bl v s ot el ) ehjF Bstfed to
PF&traRSKitPd el hulo St anda grary YsehkiicHe MRl $6hgati-Bidksdiande,
Corp., St. Louis, MO were prepared under conditions
Kesee, fitil) 1 lthe eserilvanef wasdovkedi aremight im ghasphate-

ol B SPEA TR S 0 PP e pon-
h ' ;
RS S A vkt oo ety

( VZ(.")‘QHW i ﬂ‘?‘éb%‘ﬁhﬁrﬁﬁcﬁj@d/o'rhbﬁ#é@mﬁlH)&oﬂowﬁé&%}/a
propyl gall ate, 80% gl'ycerol). In septum staining

hgxse?dislntp:ero@mm Icgnn’ug\altacbanﬂi-galmbimsmdmacmmt,ibody
t . oui s, MO ded . h i i
(Rrkeboni s ey e anS T B PSS! 720808
Pl ERERI SR B e O IR PR Rt aREaiREPaY, ciftiptexes
Wit Vi3es1izE8! hsihar LehiGlsT st résg &ietd 6CelrSignaling

extracted with K and the chitin in the al kal i

Tiecholboldgiesyriieserty, MA9. hydrol yzed to G cNAc by
chitinase for quantifying by a mcro Mrgan-El son
assay as previously described (Bulik, D. A, et al.

EukayyotrdRldiate 88680 Srftdid thaxBIR @hitin, K. lactis

| den i'catton and bi ochem cal characterization o

d@PYO ey Wiena ol G IMIAPD! medina famdbhuoiyrs. Cells
rai sed against B. circulans Chil A chitinbinding domajn

werecsBnonasl from the wdtues Rywraitrifigatinn §a¢<her spent

i o e S Ao S Rt A KRR ol BF it
VAT SRR B S NER BRGNP BIEBS] Inc., Ipswich, MA) and
incubated at room temperature with gentle rotation for 1 hour. The
chitin beads were harvested by centrifugation and washed with 10
ml of water. Approximately a 50 ul volume of protein-bound chitin
beads was removed and boiled in protein loading buffer for 2
minutes to elute bound proteins, after which the eluted proteins
were separated by SDS-PAGE and subjected either to Western

analysis with a-CBD polyclonal antibodies or to amino-terminal

protein sequencing.

Analvysis of chitin-binding properties of K. lactis chitinase derived
chitin-binding domain (KiCts1p CBD)

KICts1p from 20 ml of K. lactis GG799 spent culture medium

was bound to a 1 ml volume of chitin beads as described above.
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(Figure 1). Secreted proteins in 10 nm of
unconcentrated K. lactis GG/99 spent culture nmedi um

W@ 2@clomsn9 gr owt h) were separated on a 4-20%  PCT/US2005/035697
pol yacryl am de Tris-glycin@3SDS gel and screened for
t he presence of a chitin-binding domain by Western
blotting with a pol yclonal antibody raised to the B.

, hiti I . o . 1
TR KK BoPorbrTESRRs s WA rs LR 8] H e dorepita

j t4 ¥ it A s b
r%%#‘#[?%@?%ﬁﬁ 21 ﬁ mtdgsﬁgﬁlgr Gfrg icg)ee"rj)ar at Pﬁéggr _DSEegAGE
d{speresiady. 100 i ediquidts aofythef KiGessle-pootrsl headeristabl e
to bind chitin, spent culture nediymwas m X

. ith
ndidus bdiaposahis POLENaE (Bp-RAf JAbIATOHER, Hercules, CA).

t T hi ti h '

A b G 6t dPrEct i BRE0NT B iy Rin S bR

| : 1 ina. | : O

Y it B ol oD s pi 3050

nalll RaQitrbt@dH15.0j 1 00FTgUrGlytinexNaQyl. pifr b 4),nun-buffered

purified directly fromchitin _bezR/E in tEis nmanner_ was

20L61MdVa@H BH) V2% 5iM VAt 8ndi% ' LisganckAGh e Uit HEFS

‘0 the identificati Firs NS i nal

thipnseseriovih 7 hn RRtEr e fRsruhh e BEaBE wERe! N
WM% i¢M3lcRAtAf

réglz%c usi ng thi s$%@g(§gggé&ﬁtﬁ%€§oa@la quer? lfl%e

tabebarkkqulectedibyabdet sentiéfudatienl Prpdein eempaining

sequenced K. lactis Q(iene havi ng a transl afion

hat
vt £ tharahitia RS &g babRatind: thaPpadns el 1 of 3X

{gni f Leant honml t C i_$i.a :
BB TR AR e o BRI Ter gy, M
F&¢ @Tﬂinﬂf‘é’s.s‘El@?é@%r?f@h&%éré“se?h?a@tﬁbv 9bS-PAGE and

work, the sequence of the K lactis genome had not yet
detented byr Wasbteilhanalysis, andesatibadtalovef Sout hern
hybri di zati on and anchored PCR was used to clone the
remai nder ofa partial KICTSI sequence originally

oot K B 2R TG chhechBRARI®S of naor
(098Dt W Edeidd anglint2dimiladwaanatr K Aliqeodtss(TBE ul) of
chitin-bound KICts1p were prepared as described above and were
distributed into microfilter cups (Millipore, Billerica, MA) that had
been inserted into 1.5 ml microcentrifuge tubes to create spin
columns. The flow-through was collected by microcentrifugation at
15,800 x g for 1 min and discarded. The beads were then
resuspended in 100 ul of NaOH at each desired concentration (0-40
mM) and the eluates collected by centrifugation at 15,800 x g for 1
min. Chitinase activity in each eluate was measured as described

below.

Disruption of the K. lactis chitinase gene (KICTS1)
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KLLAOC04730g in the recently reported K lactis genone

sequence (Dujon B., et al. Nature 430:35-44 (2004)).
wKp@sBk18encodes a protein with 551 am no aci dsPEHUBIVGS/635697

nol ecul ar wei ght of 85 kDa3#&s determ ned by SDS-PACGE.

KICTSIp is 53%identical and 82%simlar to the S.

cereV| siae Ctslp chitinase, and has a sim |l ar nodul ar

dOMBARCRIGIER Thath G IHSLEY o ansirdeels IAGR4 BNA

dsruptidnPfradiniént eonsiztirg gﬂ Be 23)*42 ﬁlrgn‘&itelP-GéﬂB\Nar e
(Nielson et al. Protein En 10 :1- 1997}) redict ed
radistanaegane cissetts gaxing S-BdebpreR KI5 QNAPRAIGE

el D e bed B %%@@5@@85@52 iif b, causes
r%%é%‘?&fé?ﬁ %H@oglﬁhﬁh% ﬁﬁo 5eRis of“'lﬂl@%lp

etween t epre cted I Ctslp catalytic

witteh @ Gatigteesstanieatdwsetihi Prmaees dondairdhgsD Niathat
KICtslp belongs to chitinase famly 18 (Fi

hybidizesmbe the ARHREAISEeaUpPEE| (0 @ﬁd§5lﬂm3)aa@d hgﬂvmg

rqizossneaHassh ficF51 PR pedieEe Ehstingd] soc s

CORIPANTNU ARTAT AT OAPTENEET PAAACFAGT TNGEAGARATACA

onmal N _contal Nl Ng SI X conserve
AGHSTATCAAPSATIIRS TARTRMEEACCATARGBCENTAATCATATCGAAG-3'

properties of both KIGslp and S. cerevisiae chitinase

(ScC(%E@)IM@ bbﬁﬁé‘r@d Because S. cerevisiae Ctslp

C@M%?@AE@AGRGGJA@%W@;MWL RCE pcefce:@GmTGGGCGAAG

“RIarsrp. AS shown 1n Figure 3B, chitinases from both
APECTRIG-3Ty(BEQYIIE WIZW),MA&FGGLISMCI@ amplzfmkiaa:dmmptmg DNA

bstr at Ho the K |act h ff
FRGIEDEEPD HIF A 2XeaRB-CoNGATD VECHILPBRNS USThg Taq

oA Ak AV B0 R EA S srbece. ocus
G799 RS 596 'Rl Giekrwars seddtedRSIFY ayut (@&@ﬁiﬁmg 200
Addi ti onal I y, KICslp showed maxi num activity at pH
mg 5418 ml™t. Whole-cell PCR using a KICTS1-specific forward
primer 5'-GGGCACAACAATGGCAGG-3' (SEQ ID NO:3) (designed
upstream of the integration site) and a G418-specific reverse primer
5'-GCCTCTCCACCCAAGCGGC-3' (SEQ ID NO:4) was used to amplify
an ~600 bp diagnostic DNA fragment from cells that had correctly
integrated the disrupting DNA fragment at the KICTS1 locus. Of 20

transformants tested in this manner, two Dcts1 K. lactis strains

were identified and further characterized.

Heterologous expression of KICTS1 in S. cerevisiae

To express KICTS1 in S. cerevisiae, the gene was PCR-
amplified with primers 5'-
GGCGGATCCGCCACCATGTTTCACCCTCGTTTACTT-3' (BamH 1 site
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approximately 0.5 pH units nore al kaline than that of

ScCtslp (Figure 3C). KICslp CBD-chitin affinity
wWar@bps$isg? The associ ati on of KlICtslp and chitiPChesnes/035697

was exam ned under a range3df conditions. Figure 4A

shows that chitin association of KICtslp is stable in

5M NaCl and in buffers at pH 3, pH5 and pH 10. In 8 M

urea n ||y denatures t

RS rinBal L BN ) AR B Y ki G el p i sooot at od
AUA@!‘GCMG@CTAGAD@@A%A@M@GWM@ ‘diSp¥ndisitd on
was ‘observed in 20 nM NaCH at pH 12.3. An el ution
up.dmrlmedw(sm IDnNB6Acand clanes intothe Barmht Iapledsites

amunt_ o

of P25 3 1) kel eacR e ss i op ks LibiebdRencontal of

AR Ao s e EP b relmsent 10
pKbFictep. T hilsedixpiredsios camsterctrwasiineddited imtoysi ¢
act|V|ty (Figure 40 . In fact, neasurenent of

cehevisiaes dctet suiaip REE94HI by Aransi@rAptea. phindHeei on

NaOH shoyed th %
PERUUEARBLRIPPLy S8 FEEEVLF Q90 NRASIFRRNE iy SPhe

e QD R TRAITRG 2005 fracil to TEFERTEAE 0o, fter
viiichetierfl sroeseh Yuttureesas diggcdbteiimsculatedr0 sef VRD and 20

al bumn (HSA) containing a C-ternminal fusion to the
nGBOPGat icudtliresontach mlt:weo\yaamosm ovferrigitswith shaking

KI CBD) was, secreted from K. |act For o
Georina soebire ofthe et Fultbimmenfifi Bl difinase
ﬁ% lactis in

p%égggﬁg rran‘filer S’é‘?gﬁb‘éﬁﬁﬂ‘éf‘@a re bound to
chitin beads as described in Exanple 1 and their
ch|t| n affl nities in the presence of 20 mM NaCH was

DAS EY dNeasurerfighns t hat t he HSAKI CBD f usi on
prote| n fuI Iy di ssociated fromchitin beads in 20 mV

wher eas t he HSA- Bc fu rotein re |ne
boun&:h'gnc‘l"\'l'g(i)%a%f'%st g%ﬁté@i‘%@r @Heﬁg Cgb
d"eM\}\ﬁ%d W]ﬂ*?%-methyl umbelliferone (4-MU) were used as
substrates: 4-methylumbelliferyl N-acetyl--D-chitotrioside (4MU-

GlcNAc), 4-methylumbelliferyl N,N'-diacetyl-p-D-chitotetraoside
(4MU-GIcNAC,), 4-methylumbelliferyl N,N',N"-triacetyl-p-D-
chitotrioside (4MU-GIcNAc3) or with 4-methylumbelliferyl

NN .N",N"'-tetraacetyl-p-D-chitotetraoside (4MU-GIcNAc,) (Sigma-
Aldrich Corp., St. Louis, MO and EMD Biosciences, San Diego, CA).
Chitinase activity was determined by measuring the release of 4-MU
using a Genios fluorescent microtiter plate reader (Tecan, San Jose,
CA) and 340 nm/465 nm excitation/emission filters at 37°C.
Reaction mixes in each well of 96-well black microtiter plates were
100 ml and contained 50 mM substrate, 1X Mcllvaine's buffer (pH
ranged from 4-7 in different experiments) and 5-10 ml of sample.

Initial rates of release were recorded and enzyme units calculated
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results indicate that the KICBD functions

i ndependently of the KICslp catalytic domain and that
W0 t@enlisgoci ati on fromchitin in 20 mM NaCH i SPERUS2005/035697

intrinsic property. Furthepfiore, these data raise the

possibility that the KICBD could be used as an

elutable affinity tag for the purification or

r [ [ i M -
Gl of F LT e L - SR Al hf YU f5Rme
A¢XAEh o€ SN LHILNS, Mw(}cwee@ prepéreti dmdeémnclnditéons sised

the KICTSI allele was disrupted in haploid cells. A
feCEhdasadtinnstfod amarsih froraFhemasseat DNKESH srupt i on
fragnent contai ning a kananyci n sel ect abl e nmarker

cassette as described in Materials and Methods. This

was used to transform K. lactis cells to
= istance. Transformants were screened by
whol e-cell PCR for those that had integrated the

di st iy ragirdite iy ngd@tum% oflceTis! weee Utarvest@®d and

coloni'es tested, two had correctly integrated the
fickiegl rptli m) otbl%S%a(gayfvhtgl(tbﬁantaédabyde hmvrge for ilcfa@uhg Cells
that KICTSI is nof essential, for viabj

feter WaShRAdWICeIth, Wake pad T ushenidadin a7 ep@aomate'v

1@3‘?@ fﬁthﬁgiﬁﬁ‘aﬁ@ﬁ)ﬁmm@ ;i_tllépépgg i \/I? gure

I Iﬁa‘tém80®)45I ceroBdi Iinsephernrgstyihngues Irhents
p?foég)%hg;al ogy .g%ct?? wi | d- tE ype (GG799 ar?geActsl

Ccaétmﬁumwmkexrﬁswa Aldrlwlﬁof@m Gin Lonis, YO wasagded to
Bl ORGSR S8 ey PRt LB 1 o 1 et
V&%G%{\{V&T W|'c:ll1Lé° R&FoVErE éﬁﬂq%lﬁfos%éPbsuﬁh@' F"@I‘i‘t

cof

ch|t|n- I ndi ng dye ['uor wh showed

ReFrlaskelihfaging wmflnedes/aantt DAPI fHEat seftmgsy e
5B, right panel) suggesting these cells are unable to
degrade septumchitin during cytokinesis. A simlar

rfot . has been observed for S. cerevisiae Actsl
as J. Biol. Chem 266:
19758- 19767 (1991)) Therefore the ability of KICTS
to

Cells were extracted with KOH and the chitin in the alkali
insoluble material was hydrolyzed to GIcNAc by chitinase for
quantifying by a micro Morgan-Elson assay as previously described
(Bulik, D. A., et al. Eukaryot. Cell 2:886-900 (2003)).

Example 2: Identification and biochemical characterization
of K. lactis chitinase (KICts1p)

A polyclonal antibody raised against B. circulans ChilA chitin-
binding domain (a-CBD) was used in Western blotting analysis of K.
lactis GG799 spent culture medium to identify native secreted K.
lactis proteins that contain a cross-reacting chitin-binding domain
(Figure 1).
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restore normal cell separation to S. cerevisiae Actsl
cells was tested. KICTSI was placed under the control

wo@Rooble1s@A\Ll O gal act ose-i nduci bl e pronoter i n BCBUS2005/035697

cerevi si ae expression vectéf. S. cerevisiae Dctsl
cells expressing KICTSI secrete KICtslp in

gal act ose-cont ai ni ng nmedi um (Fi gure 6A) and do not
formcell aggregates (Figure 6B). Considered together,
t hese data suggest that KICTSI and ScCTSlI encode

funeli-paald pr&%hg%em il 6f Bine®nBatraradt Kcingie GG799

cel " separation, presunably by facilitating the
F}egtaﬂﬁﬂur@nn'mmea'p(ﬁm fedirt gnowﬁi}arv\e&neesep@lfat@d on X4-20%
actis chitinase-deletiagn nut a The abi I é%[y of Act sl

p@éva@yﬂwqd@w i alyghecaPeuPel ABAReREY TG BEesence

okt shRffEaA Il pBRaR HEVBSERT BIAENY kg i onal
'dtﬁ%ﬁdyﬁpéi%aeki@ﬂw@tB QQPCLW&)’)Q@MQ)&!SEQM et$1$t|hhla|m1cﬁl5@6 of

t'ype cel However, cultures of wld-ty
darhain Clelnes1yr Gecreted 48 dieinsswere duerd m@aan@m beads and

) e B g LN ¥
Sl By Sog el oeo 1 0 1

strain yielded 20.8 1.0 nnoles G cNAc per mlligram of
dry cells upon KOH extraction of cellular chitin_ and
hydr dloykest ifyrohof these. pl’@h@hnéf\dﬁée alde gt Rinchenitin, spent

R R S e B o i @eﬁam y EFEREPTY 1 hour
A eh W8 GELA 38U OBhE dHiint Biddad eTesiveshedoamionaier

€ for comercia pro uction of

£rRPboudedp Ritel §s WereEémUedmecﬂyepm SDSPAGE Ioadlng
pGBN2- HSA— KICBD To create a fusion between the CB

Bof€esby oilngurdtesterarhlatthugiind{gatag  thetioplysthe % Bs’kpa
qﬁ-ﬁpﬂrﬂgﬂ)regggégl H%@)@AA%@&O(&% hitin® {rl'@ure 1, lane
2). Protein purified directly from chitin beads in this manner was
subjected to N-terminal protein sequencing resulting in the
identification of the first 20 amino-terminal amino acids of the
mature protein (FDINAKDNVAVYWGQASAAT) (SEQ ID NO:7). A
tBLASTn search using this amino acid sequence as a query to probe
sequence databases identified a partially sequenced K. /actis gene
having a translation that exactly matched the query sequence and
that had significant homology to the S. cerevisiae extracellular
chitinase Ctslp (ScCtslp).

Cloning KICTS1 and sequence analysis

At the onset of this work, the sequence of the K. /actis genome had
not yet been reported. Therefore, a combination of Southern

hybridization and anchored PCR was used to clone the remainder of



10

15

20

25

30

ATAAGAAT GCGGCCGCCTAGAAGACGACGTCGGGTTTCAAATA- 3/ (Not |

site underlined) (SEQ ID NO 9) were used to anplify a
wOpacsmgent encoding the Ctermnal 81 am noPEDUSRODH35697

KICtslp with Deep Vent (tn) 3®NA pol ynerase (New Engl and

Bi ol abs, Inc., |psw ch, MA) The Kl Ct sl p- CBD fragnent

was clonedlntothe Bgl - Not sites of the K

| act.i LV
A BT bt qur%n‘éépéﬁéﬁia"’@hﬂeﬁﬁﬁ% B
%@%@&MST@”@ ngrit?ﬁnV@st MOVE).S The KiCts1p
GAGATGCACA GAGTGAGGTITGCT-3" (Xho | site
saqdencenedy idSatcaDiNChe 10ansladed' product of K. /actis ORF
CGCGGAI CCTAAGCCTAAGGCAGCTTGACTT 3'(BanH | sit
KlhdOGG4HE309 (RiEhe @q@@tluiﬁ;Pa caf g H@B‘Oﬁﬂ% %%%Jence

(RUP & et ps e Y Gt AT s B3P on comst ruct

produces a single pol ypeptide consisting of the S
cerevisiae a-mating factor pre-pro secretion | eader
(pr 68ENE 1i enquekd p, prasajn avith IE5IBBMIROcagidsdnaving a

ngénﬁséfyr it Wik EipEDS epRserTIand Mo anSPASE. KICTS1p
|§§§]9 g@ﬁg%ﬁL%_n%50ﬂ51&%%?Et®tH’@?§ IeFeURISE dR1p

chiti A\ G mwm@amf\mﬁ 3rg&aizalttidn sohsisting
under | i ned) (SEQ ID I\IO 12) and

of ' AT UINAAPRECGRECECET AV L AdCoT@nCACRATINCESACI gMaingNd a

chisfo PTG dorBs B BT P ot TP e s EhgRER el st 2!
IJrB?emt %ﬁ&""‘lph 1: %999}2 @?ﬁltqéoe%%g?@%ﬁcé\@? & kel

to create

pRFBN aﬁélBI% clfé%e‘daafteﬁmﬁgf(F&gijmﬂAol Ohteig isrihcagiteereat
|-Bgl I | sites of ioGBNZ BcCBD as descri bed ahove
viklartheeamino fiesmiogal orotain SRqYeNGO A CberRMERAD TP Hrified

| aCtﬁq%hggqs}@gﬁ-{;étfheglnsvgftF% HFERWs el KorRday Bltween

the predicted KICts1p catalytic domain and those of other chitinases
indicates that KICts1p belongs to chitinase family 18 (Figure 2B).
Additionally, SMART domain prediction software (Letunic, 1., et al.
Nucl. Acids Res. 30:242-244 (2002) and Schultz, J., et al. PNAS
95:5857-5864 (1998)) indicates the presence of a C-terminal type
2 chitin-binding domain containing six conserved cysteine residues
(Figure 2C).

The catalytic properties of both KICtslp and S. cerevisiae
chitinase (ScCts1ip) were compared. Because S. cerevisiae Ctslp
has an acidic pH optimum (Kuranda, M., et al. J. Biol. Chem.
266:19758-19767 (1991)), pH 4.5 was initially chosen for defining
the substrate preferences of KICts1p. As shown in Figure 3B,
chitinases from both yeasts hydrolyze both 4MU-GIcNAc3 and 4MU-

GlcNAc, substrates. However, the K. /actis chitinase differs from
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Sacl|l and used to transformK. lactis Dctsl cells via
el ectroporation. Transformants were sel ected on yeast
we arbomsikase agar nedium (Difco(tn), Becton Di BKI/HSmNG/035697
Franklin Lakes, NJ) containdbng 5 nM acet am de by
growt h at 300C for 4 days. An Individual transformant
was used to st art a2 m YPD (1% yeast extract, 2%

t % o
sEEffh e tRESHHIR it S prifds ARe- & QuRcers UMDt
GHSEAL.0 Slgﬁ);déﬂ ARIEs & Thod®Shbwrd Yoy Kasbcaststeain, GEA99

pept one al actose) culture. The cul ture was
wiere Ui ert eatt f@3OCIGtinase4sedreted frdmhstriadns RBSZpeftand

cul ture nmedi um was pre m crocentri_f
CBaSh Adnitionals, HETEE0 Shoped maxiniint ge i, 8F pH 4.5,
cells. 0 [ I t hum
ageoRimAY FosBris Mtk afforg sTRaftis 38R R G SRS
(ﬁggﬁ,@lgct_oadi ng Buffer and heated for 10 minutes at
9 . A 20 m aliquot was resolved on a 10-20%
Tris-Adycine polyacrylam de gel and the secreted
HSA— KI CBD fu3| .on protein was detected by Coonassie
K D Gepl gNEVSE2 i on of HSA- KI CBD usi ng
chi t| n beads To | sol ate secret ed HSA- Kl CBD by
i mobi | i zation of the fusion protein to chitin, K
| act TheDsisdciggbhsohrIdeLipngnd fehitint lpgads @daS—ISAE{hﬂBId

expression fragnment (see_above) were grown in
uMeRr ree da ngefafr coed ikionss . F@émes4ﬁe&®W§ﬁB@E&hWBrﬁ5tsﬁ’é'at'0“

of MGt Ep 1 é‘t:a?lglteéfr; BRE NS i i, BlyrfetS A, BRf s g PH'8%and pH
ps@ﬁ Cﬁﬁwpﬁg od drﬂ:llpi dé'\ﬁéﬁ‘hﬁ'éﬂklatﬂ@nﬂ@e%bﬁrotbnﬁ?s .only

I ncu ate room tenperature wth
a®9Ut! 60 Y bachtin fssudd iKiQts 1 F kssddiated Hiezdstheeschitin

harvested by centrifugation, washed with 10
beads: Howe\ss, e pate] ¢issogiatism %aSe?bS@mﬁfEin %PemM

NFROHGH b Hobace-c it Fibi dROFld BEEh e duprIcTS

rabaalé&tﬁ%ﬂ SYudl § of terbeainf @Iﬁ,ltédﬂhrttt@flrst two
enove the chitin beads. Eluted HSA-KICBD i n the

feaRs A (dluding the walid zedume) suggesting that destabilization

of KICts1p-chitin association occurs immediately in 20 mM NaOH

(Figure 4B). Surprisingly, KICts1p eluted in this manner retained
chitinolytic activity (Figure 4C). In fact, measurement of chitinase
activity pre-chitin binding and post-elution with 20 mM NaOH
showed that nearly 100% of the chitinase activity was recovered.

To determine if the KICtslp CBD can function: i)
independently of the KICts1p catalytic domain; and ii) as an affinity
tag on heterologously expressed proteins, human serum albumin
(HSA) containing a C-terminal fusion to the CBD derived from
amino acids 470-551 of KICts1p (KICBD) was secreted from K.
lactis. For comparison, HSA was also fused to the B. circulans
chitinase Al type 3 CBD (BcCBD) and secreted from K. /actis in the
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SDS- PAGE and Coonassi e staining or by Western anal ysis
wth a- CBD or a-HSA antibodies. Additionally,

WOIDReKIBBD can be eluted fromthe chitin beadsP@lUS2005/035697
passage of 5 m of 20 nM Na®H over the colum. HSA
produced in this manner is free from endogenous K
| actis proteins that fortuitously bind to or degrade

hitin. - . ' i
Sl e P R s R PR L) B Uy RA S e o
d%E%@B@E% PRSiNEd bnel BRsTPRtiatAfinigesss theaiesenak of

BD-tagged protein with magnetic chitin beads during
20amiM NaGHages ddteruiinede BGiguerd Dserows dhaé tBe. HBar

EoBL 455 bl BT i AT 0Bl %0 o
B3, ALY LRI 0, 08 g Bound o

cRERECPe after ExtBhishre ashiog wiiahiZh mM NaGH. Sktedeed
chitin magnetic beads that had been sterilized

resulos lingicage fibat 2benKICERRSuagHoNsS: independantly & the
BBk e b R ASE R R o
rﬁﬂ%é%—&@?@%rin&i%r@ﬁeﬁ er Fli A HERENGHd, cheldiet Hatd paide

was a e cul ture dium The culture was

tha @ity ahagnhaddidBD rwiuldbehosed §< anhelutabls affjnity
at 300C with shaking at ~300 r.p.m Culture 3. AfFer
tagHfos the purieabnntomrengysdlecCihERtIMPRDAAEIPN 8T ¢ he

hird culture followed b | e shaki ng at room
aﬁ‘@!ﬂﬂ?'ﬁ?&reaﬁﬁ“"lpl%ﬁ?t p%ﬁ&ﬁﬁ%e 4 : Thegfourth culture
was cleared of cells by centrifugation at 5000 r.p. m
for 5 mn, after which 1 m of magnetic chitin beads
paruddidedof &/CASIcl eared spent cul ture medi um fol | owed

by gentle shaking at roomtenperature for 1 hour. Each
culture was decanted into a standard 50 nml capped

To examine the in vivo function of KICts1p in K. /actis, the
KICTS1 allele was disrupted in haploid cells. A PCR-based method

was used to assemble a DNA disruption fragment containing a
kanamycin selectable marker cassette as described in Materials and
Methods. This fragment was used to transform K. /actis cells to
G418-resistance. Transformants were screened by whole-cell PCR
for those that had integrated the disrupting DNA fragment at the
KICTS1 locus. Of 20 colonies tested, two had correctly integrated
the disrupting DNA fragment (data not shown) indicating that
KICTS1 is not essential for viability of K. lactis. Additionally, K.
lactis Dcts1 cells do not secrete chitinase as demonstrated by the
absence of KICts1p (Figure 5A) and chitinolytic activity (Figure 3A)

in spent culture medium.

The growth and cell morphology of K. lactis wild-type
(GG799) and Acts1 cells was examined. In YPD medium, the Acts1
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| aboratory tube. Magnetic beads were harvested by
inserting the tube into a 50 mM rmagneti c apparat us

w@ Bioglons4®) for 30 seconds foll owed by decant i PQI/UE®05/035697

supernatant. The tube was then renoved fromthe
magnetic field and the pellet of magnetic chitin
particles was washed with 40 ml of water and

-isolated | h tdc fi ' '
N

8 f d
B AR Sy ST domcosarg e

niiepsiscopy eficklls wWiaived evitiusperchitingbireogndyefCagrofluor

B

rw‘%’t‘?ﬁr@} 5 irggE'gﬁégg f%ﬁ@%e&%géﬂ@&&ﬁrgﬁ%@eptum

cﬁgﬁf glg'{)ﬁ'g@ gw%lg?l Sipesivh ﬁ‘%l“'gﬂénbﬂlﬁé fadbech observed

observed in eac anpl e’ 1 ndi cating that

foRSnelrev it e irctor adsssiaamsidd, M. cetpalir kBighe Chem.
CBD-t agged protein either during or after growh of
266e 10758+1676Th€1998) 3 diherefers, dhe-shllitymf K/ebkeh to

I ' d,| x|, :
eI 8L GON (HAH AT oD o L BRELRE AR el WERE
% L to col o
Gl RICES T HRe B sbBingSE iR contorbr (e cimane, 2e
GRSl teRe- RRIUEIbIRY BFavnter Gl 8T eerefisRas iexpressioncuketios.

transformed w th DNA encoding a fusion protein .
9, GaréviRiie Mtsiecaisiexpsessingridéiiot searetepkdCslp in

St aphyl ococcus, aur eu e gr in, 125 sks,

arvtticheeraaning medin driget A, 4l HepBt spLB e
[ Nk ain ' len .

SRy T Fl B0 SorptRered [dAMERTINESE data suggest
tRhardens 1t 868 EUES 1 (esrorte fuactioally ietmivaterdcpitaieins
Bi ol ogi cal Methods, ed. John Wley & Sons Lt'?"’ .New
tat lpartizipate. in3celB5eparationpoyeswaablypafaciivating the

ur poses, f uItuags were grown: one containing the

: ur
HSRABIONO §SPE‘§'§:‘F M5 uC endoprot ease, and three

Characterization of K. lactis chitinase-deletion mutants

The ability of Acts1 cells to grow to high culture density was
examined. The aggregation phenotype associated with K. /actis
Acts1 cells distorted measurements of cell density by light
absorbance at 600 nm (ODsgoo) to less than 65% of wild-type cells.
However, cultures of wild-type and Acts1 cells grown for 48 hours
produced nearly identical dry weight masses of cells. Additionally,
total cellular chitin did not differ significantly between the two
strains. Strain GG799 yielded 21.8 £1.9 nmoles GIcNAc per
milligram of dry cells and the Acts1 strain yielded 20.8 £1.0 nmoles
GIcNAc per milligram of dry cells upon KOH extraction of cellular

chitin and hydrolysis by chitinase. Therefore, despite their mild
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containing the plasmd for the fusion protein

(AQuCCBD). For all experinents, a 5% bead vol une was
w@odaes4t8a9 t he culture. As a control, the cul t uP€r/US2005/035697

contai ning the QuC constrdgt was grown overnight in

the presence of magnetic beads in order to exam ne

nonspeci fic binding (Figure 12, |lane 2). Mgnetic

beads re.added to.the t : - | &

ot RFPLRNaL HEs ACSL e EUbE PR PRdchip BRgCtne same
i ndi g Lddre it dih h rhia@thigiktrain

c%@%@h&%ﬁi%ﬂl}ﬂg&%@ﬁ@%rtzg éndcl:%%o eSt(bplggds for |t her

bsek'?fcﬁn&u evéldehesiitdbleuioe conmentéal3)rodieeticulaf ERBD-

2, The magneticbeads were added after 16 hours of

tag@ed Ipratei®®C and i ncubated for one hour at 37C with
shaking (Figure 12, lane 4). Culture 3 was grown
overnight at 37C with shaking and the cells were

EXEIRPEE 3V SRgbathtin ot pEBINSOASANRICBDIO M nut es).

gneti c beads were added to the supernatant and
i ncubated at roomtenperature for 1 hour w th shaking

Fi 12, | 5). | Il , d
Ol o oh 305260 oh R B hEman
Engl Bi ol Inc.. | ich, MA), hed th
SRS R B A by S e

G%%}}GMT’@I%ACW*@@@?CT@?A@M@MSU(B@I Insitefundédlined)

sferred to a 1.5 m eppendorf tube, and
(SEQt IDfNQe8)drod 5I-nmin at 10,000 rpmto renove |iquid.

The beads were suspended in 1 I ’
NGO BEEGRE T AAGAGIAS GRGRABEE iR A3
ei.n. T .t
(Refarsivk, yhiRsiRBHT (SHST JEFREY:ByWsts Rietcto Aoty SONA
fﬂﬁrﬁeﬁﬁ@rﬁ)@l‘i‘nﬁr’ch@ &0t PinB! igdli amiael acitisarfsKiTtsdg with
ot o PVDF nenbfane by Western Blot, and stained with
DesprRest? BIN® polyimerdset (NgwdEnglaadeBinlabBsplo€ei psKEsh,
confirmed by I\l-term nal sequencing, .The. r I
N/t JCeKIGRAL Pr B3 S e Lo Se. id JRFO NG EitleilANeL |
o) r LR : ¥ LA BO
16§ SR IFeG Ittt pEPResof g SOpiR (R
ééga -Btiasmasr,emd.; $pevich,sSMAY tohptoduee peBN2eKICHBR. HSA
added at any
was amplified with primers 5’-
CCGCTCGAGAAAAGAGATGCACACAAGAGTGAGGTTGCT-3' (Xho I site
underlined) (SEQ ID NO:10) and 5'-
CGCGGATCCTAAGCCTAAGGCAGCTTGACTTGC-3" (BamH I site
underlined) (SEQ ID NO:11) and cloned into the Xho I-Bg/ II sites of
pGBN2-KICBD. When integrated in the K. /actis genome, the
resulting expression construct produces a single polypeptide
consisting of the S. cerevisiae a-mating factor pre-pro secretion

leader (present in pGBN2), HSA, and KICBD.

A control construct that produces HSA containing a carboxy-
terminal type 3 CBD derived from the B. circulans chitinase Al

(BcCBD) was assembled in a similar manner. The primers 5'-
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poi nt during the experinment without altering their
efficiency. Exanple 8. Production of |uciferase and
w0 t@emkstd on fromchitin beads The gene encodi PQI/URM05/035697
wild-type K lactis CBD wag3cloned into the Notl /Stul
restriction sites of vector pKLACI to create vector
pKLAC - KI CBD. The gene encodi ng Gaussi a | uciferase

GHARSATERAd R AR TR R R RSB E o

u,&{ﬂ?“ﬂ{b@aﬁg?@ﬁ)mt gﬂﬁl vedsecretion signal and a

erm I on VVI the KICBD gene. This construct
5MAAAGARTIG 268G COECTTATIIGAAGLC TEGECAKAAGGGAGGAAC-3

(i Tatinsaie A S ST 8 Ay
it BRE Bt B P LY L OSely B bidiabs, Tl Aieh, .
Tﬁé%ﬁﬂﬂﬂ@@ﬁ' YroWiidtofadidionda ined wre SE unw@t(lzmemo)f of

ter ound protein was eluted with 20 nM NaCH. Four
pGiBNaz uoumreate aGBNA-Be€BDcoHSA veals amplified anshclangehgnto

MIris-Cl pH neutralize, the el uant
this Xho B oS R PPN RrBCGADhAS JereItict PBPVBr o of
a one in forty dilution of each eI uted fraction was

assayed for luciferase activity, expressed as RLU

Eg(ra‘ijnﬁtléV@' |p b uetidrs an disedretiGn ObHSAEBDniniKelactis
Guc was eluted in fractions 2 to 10 with the highest

Aetsiwelysfound in fractions 3, 4 and 5. \Wat is clained
is: 1. A nethod of obtaining a concentrated
preparation of a secreted reconbinant protein,

¢ The atpr ReaNZ R KICBR. S e fRR et Hzeahin
Sfalégi gﬂfjar gec?LtB tFQABfd %J I@cErB'Adt@@'d&lsﬂﬁladérmjtmﬁéﬁﬂon

protelin; (b) expressing the fusion

TRARERIrMa s Werbaslleebaer oasyeustce ibommbdse egart meditne
fusion protein therefrom and (c) blndlngthe secr et ed
(Difsodh, Beotan Dickingopy; dyanidindekss, NI X FANER %%‘ﬁ

atcg’(cean(;ﬁ3 e btthrcf)vl\J/ I At fé‘%%? 4b8a{)g C&%P\'d‘fvlﬁual
transformant was used to start a 2 ml YPD (1% yeast extract, 2%
peptone, 2% glucose) culture that was grown overnight at 30°C. A
1:100 dilution of the overnight culture was used to inoculate a 2 mi
YPGal (1% yeast extract, 2% peptone, 2% galactose) culture. The
culture was incubated at 30°C for 48 hours with shaking. Spent
culture medium was prepared by microcentrifugation of 1 ml of
culture at 15,800 X g for 2 min to remove cells. A 20 ml aliquot of
cleared spent culture medium was transferred to a new tube, mixed
with 10 ml of 3X Protein Loading Buffer and heated for 10 minutes
at 95°C. A 20 ml aliquot was resolved on a 10-20% Tris-Glycine
polyacrylamide gel and the secreted HSA-KICBD fusion protein was

detected by Coomassie staining.
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elution into a desired buffer volune under

non-denaturing conditions so as to obtain a
w@eonveonsiat ed preparati on of the secreted recopdl/ns2vs/035697

protein. 2. A nethod accordi#éng to claim1l, wherein the

vector in step (a) is a shuttle vector. 3. A nethod

according to claim2, wherein the DNA encoding the

ExBrifle i wufirldadlh $FHSA-KICBIARD MR bltads,

host expression cells. 4. A nethod according to claim
2, wherein the shuttle vector has a nodified LACA .
pr onbodsoftesanrehed HEAJIGER hyoiromebilizatipneptfhe fHeion

piata e b el Akt Saud bEPBRNGERRE it Hsa-
. T e | d T

bl AP LT RGP oo (e RIS AR A 20 0 YPO

nfedilien f8r 9B ABLROM GalPNdragemovedifrom thbaudturet by

yeast cells are a single species selected froma
cehuyfugasigrend therapedtiracdiimi wasLraasterrsd il a freshy

edhacarra g, b ohdatatwashed Lt BEF (Rl Ehgland
B@{Hlﬂge'iﬁ?y c3with; MABhBARABSeEd dt9rddmAethBePature with
eradf n tHe Rl uyver omyces 1S a Kl Uyveromyces marXxi anus

g¥Atieetotationgfdr ¢ houd. aThieschitih. béadstert hacvestiatybyo
claim1, wherein the host expression cells are in a
centrifugatiucwashed with 104nbef pvatesi and yesdependgd;iny & m!

he .cul ture nediu . t ' i
of W) PSS 1B ABESY By ol fh 50 mi
vBHIfer 8F BRSHIALIS hA T Hiththaadd o SOS . Somprs IMfer for 2
according to claim12, wherein the chitinis sterile.
nﬂiﬂ., félr!wﬁdcbhyfmicrmcentrdfug;amm fbri2nmiindio temomeckhes ghitin
the chitinis
beads. Eluted HSA-KICBD in the supernatant was visualized by
SDS-PAGE and Coomassie staining or by Western analysis with a-
CBD or a-HSA antibodies. Additionally, HSA-KICBD can be eluted
from the chitin beads by passage of 5 ml of 20 mM NaOH over the
column. HSA produced in this manner is free from endogenous K.

lactis proteins that fortuitously bind to or degrade chitin.

Example 6: Concentration of HSA-KICBD using magnetized

chitin beads

CBD-tagged human serum albumin (HSA-CBD) was used to
demonstrate the association of a CBD-tagged protein with magnetic
chitin beads during various stages of culture growth (see Figure 8).
Four 25 ml YPGal (1% yeast extract, 2% peptone, and 2%
galactose) cultures of K. /actis strain GG799 Acts1PCKI3 were
innoculated with 100 ml of a 2 ml starter culture that had been

grown for 24 hours at 30°C.
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added to the m xture after cultivation.15. A nethod
according to claiml or 13, wherein the chitinis in a

wo cooriogshiect ed froma coating, a colloid, a beRd/Us2005/035697
colum, a matrix, a sheet amd a nenbrane. 16. A nethod
according to claim1 or 13, wherein the chitinis a
chitin bead and the bead is either porous or
non- porous. 17. A nethod according to claiml16,
wherein the chitin bead is magneti zed. 18. A nethod

accocgitiget P; Priairrolihocuietienn 1nextmfaetmgact tkitfrushagnetic
protein bound to the chitin in step

beadprth§é¢@¢Meﬁm@tegllmby,aytp@,la;\@ngl r 6rfgtrh&ps added

RSO SRS BB, v HSREHC RS LHERINERpated 15r 72, hours
aflﬂ;‘f’j r?"sﬁbmrg%%gbemglre?%d fromthe chitin under

non- ena%urlng itrons that differ fromthe
conditions for binding. 20. A nethod of obtaining a

pr ot E:ﬁfhéuart@i%p%rtifﬁr ourR)0 8t T8l SRSEENE PEegertic
oL Beddieofiebided s ghrchutyre HpARR", S8 culpyre wag

lr(ddBat%QinFcﬁ* 28 a@jd?h*enat b PHAreNPothGgr Botal} iaerBETO VLN

conprising a chitin binding domain and a target
shakireg af 4BPOtmpmet or mi ng a chitinase deficient host
expression cell with the shuttle vector for expressing
the fusion protein in the yeast host expression cell

and rl{erlﬁie 59 @@F@’t gﬁké’nl %Pb?'dﬁlflﬁ%%bh‘é‘ﬂc Badd§Sas

bi ndi Usion protein to~a preparation

afbethid the tnirEanrupé rohewelBlb g gersti¢ shaling att foom
concentrated preparation of secreted protein.21. A

temmaur@rﬁoofl IfKDuyver onyces cells characterized by a
chi ti nase-negati ve phenotype wherein the phenotype is
the result of a mutation in the chitinase gene

expr ' e ein
oxXPr BRgER PIR B ARIURRRE ol BB gambYel N
centrifugation at 5000 r.p.m. for 5 min, after which 1 mi of
magnetic chitin beads was added to the cleared spent culture

medium followed by gentle shaking at room temperature for 1 hour.

Each culture was decanted into a standard 50 m! capped
laboratory tube. Magnetic beads were harvested by inserting the
tube into a 50 ml magnetic apparatus (Figure 9) for 30 seconds
followed by decanting the supernatant. The tube was then removed
from the magnetic field and the pellet of magnetic chitin particles
was washed with 40 ml of water and re-isolated in the magnetic
field. This washing process was repeated a total of three times,
after which the beads were transferred to four screw-capped
microcentrifuge tubes. To elute the bound HSA-CBD, the beads in
each tube were suspended in 250 ml of 3X protein loading buffer
containing dithiothreitol (New England Biolabs, Inc., Ipswich, MA)
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wi | d-type Kluyveromyces cells. 22. A preparation of
Kl uyveromyces cells according to claim21, further

weapabhs4df expressing and secreting reconmbi naPCT/US2005/035697
protein. 23. A preparation4ef Kl uyveronyces cells
according to claim 22, wherein expression is regul ated
by a LAC4 pronoter or nodification thereof. 24. A

[ fe Kl I
B REE Rt S RN SR Bt ey oot
ehéNiagnBlddirt §sharatddrd QIDDQQ% fSJIDSeRA%gehanal
protein in Kluyveronyces whil e expressi
vsuumnzadtmalaqpmasprmswmmgw(ngf@l 3)- f&kut&d PN RPi Was

oBreNIT B ChesaPTE N BRERAD tha: Mg Enfitfiin B "
s@%%%’fﬁﬂ?@acpetﬁréﬁltﬂh% é%@%ggggdt%&%ﬁ‘l QLt%Jer duFihBer after

ng a culture mediu e Kl uyveronyces

grGweRRE e efiitare) cRsd yirld of captawetl HEM-GBD e reate,
the cul ture nmedi um further CO_E)TI sing sterilized

caliire wagestimpteshe &6 6rmef Lid.uyver onyces cell's
according to claim26, wherein the sterilized chitin
is in the formof nmagnetic beads.28. A preparation of

EXaMpIecrY e of! : g\féﬂﬁ@d‘ahiﬂncbéh@szﬂor‘&Qﬁ’f@éﬁtﬁdﬁng

preparation 1s con in a vessel t he vessel

segiretad GJuCeOBD profednmagnet or in contact with a
magnet for reversibly binding the chitin
beads. NEB- 247- PCT. ST25. t xt SEQUENCE LI STI NG <110> New
Engl anotmtcthababnntmf ther magr@tnz%d beasts 19 copeentgte

CEJh Sumionpoi dEr et culthER SHBRRAT 25 Blep fémight cultures
oNE Ahfs RirbuidmOar £¥BRMNet’ Yith DNA encoding a fusion protein
(GIuC-CBD, where GIuC is an endoprotein from Staphylococcus
aureus), were grown in 125 ml flasks. The DNA encoding the GluC
was inserted into plasmid pGNB5, which contained the B. circulans
CBD. Transformation of competent cells was achieved using
standard techniques (Harwood and Cutting, Molecular Biological
Methods, ed. John Wiley & Sons Ltd., New York, NY, pp. 33-35, 67,
1990). For comparative purposes, four cultures were grown: one
containing the plasmid to express the GluC endoprotease, and three
containing the plasmid for the fusion protein (GluC-CBD). For all
experiments, a 5% bead volume was added to the culture. As a
control, the culture containing the GluC construct was grown
overnight in the presence of magnetic beads in order to examine
nonspecific binding (Figure 12, lane 2). Magnetic beads were added
to the three GluC-CBD cultures at different times to see if
incubation time effects binding capability. Culture 1 was grown
overnight at 37°C with shaking in the presence of the beads for the
entire growth cycle (Figure 12, lane 3). For Cuiture 2, the magnetic
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<151> 2005- 06- 14 <150> 60/ 616, 420 <151> 2004-10- 06
<160> 20 <170> Patentln version 3.2 <210> 1 <211> 98

WO 20BH4BMA <213> artificial <220> <223> pri nmer PRHO2003/035697
ccagtaatgc aactatcaat cattgfgtta aactggtcac cagaaataca
agat at caaa 60 aattactaat actaccataa gccatcatca
tatcgaag 98 <210> 2 <211> 104 <212> DNA <213>

SR MBS pogRal BB PR D B 7oy botea
Sogredms g oM st g gt it
wez2@rowniomsernight at 37 C with shaking and the cells were
removed by centrifugation (10,000 rpm for 10 minutes). The
magnetic beads were added to the supernatant and incubated at
room temperature for 1 hour with shaking (Figure 12, lane 5). In
all cases, the beads were harvested using a magnetic separation
rack (New England Biolabs, Inc., Ipswich, MA), washed three times
with 10 m! LB broth, and then twice with 10 ml of 1M NaCl. The
beads were suspended in 1ml of 1M NaCl, transferred to a 1.5 ml
eppendorf tube, and centrifuged for 1 min at 10,000 rpm to remove
liquid. The beads were suspended in 100 ml 3X SDS sample buffer
with DTT and boiled for 5 minutes to remove protein. The beads
were separated from the buffer by centrifugation at 10,000 rpm for
2 minutes. Samples were analyzed on a 10-20% Tricine gel,
transferred onto PVDF membrane by Western Blot, and stained with
Coomassie Blue. The identity of the eluted protein was confirmed
by N-terminal sequencing. The results indicate that the secreted
GluC-CBD fusion protein is the major protein bound by magnetic
chitin beads, and can efficiently eluted by boiling in SDS sample
buffer. The results also show that the beads can be added at any

point during the experiment without altering their efficiency.

Example 8: Production of luciferase and its elution from

chitin beads

The gene encoding the wild-type K. lactis CBD was cloned into
the NotI /Stul restriction sites of vector pKLAC1 to create vector
pKLAC1-KICBD. The gene encoding Gaussia luciferase (GLuc) was
then cloned into the Xhol/Notl restriction site of vector pKLAC1-

KICBD to create an N-terminal fusion with the vector deri\/ed
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<400> 3 gggcacaaca atggcagg 18 <210> 4 <211>
19NEB- 247- PCT. ST25 . txt <212> DNA <213> artifici al

WO 20004182923 > pri mer <400> 4 gcctctccac ccaagcgper/liS2005/035697

<210> 5 <211> 36 <212> DNA4&213> artificial <220>
<223> prinmer <400> 5 ggcggatccg ccaccatgtt tcaccctcgt
ttactt 36 <210> 6 <211> 34 <212> DNA <213> artificial

S SR, B BRI SR st Gene. This
construct was linearized and transformed into K. /actis competent
cells. One liter of spent culture medium obtained from K. /actis cells
secreting GLuc-KICDB was mixed with a 20 m! bed volume of chitin
beads for 1 h at RT. The chitin beads were poured into a column
and subsequently washed with 10 column volumes (200 ml) of
water. Bound protein was eluted with 20 mM NaOH. Four ml elution
fraction were collected in tubes containing 1 ml 1M Tris-Cl pH 7.5 so
as to neutralize the eluant as it came from the column. Twenty-five
microliters of a one in forty dilution of each eluted fraction was
assayed for luciferase activity, expressed as RLU (relative light
units). Figure 13 shows that active GLuc was eluted in fractions 2

to 10 with the highest activity found in fractions 3, 4 and 5.
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<213> Kl uyveronyces |lactis <400> 7 Phe Asp lie Asn A a

Lys Asp Asn Val Ala Val Ty r Trp d y Gn Ala 1 5 10
wa200508184 a Ala Thr 20 <210> 8 <211> 30 <212> BIKUSDLI035697

arti f i cial <220> <223> p@fiinmer <400> 8 ggaagatctg

actcctgggc tgttacaaga 30 <210> 9 <211>

43NEB- 247- PCT. ST25 . txt <212> DNA <213> artifi cial

<220> <223> primer <400> 9 ataagaat gc ggccgcct ag

aagacgacgt cgggtttcaa ata 43 <210> 10 <211> 39 <212>

DNA <213> artificial <220> <223> prinmer <400> 10

What is claimed is:

1. A method of obtaining a concentrated preparation of a secreted

recombinant protein, comprising:

(a) transforming host expression cells with a vector containing
a DNA, the DNA encoding a fusion protein comprising a chitin-

binding domain (CBD) and a target protein;

(b) expressing the fusion protein in the host expression cells

and secreting the fusion protein therefrom; and

(c) binding the secreted fusion protein to a preparation of
chitin by means of the CBD, the fusion protein being capable of
elution into a desired buffer volume under non-denaturing
conditions so as to obtain a concentrated preparation of the

secreted recombinant protein.

2. A method according to claim 1, wherein the vector in step (a) is

a shuttle vector.

3. A method according to claim 2, wherein the DNA encoding the
target protein in the vector is transcriptionally silent in E. coli and

transcriptionally active in the host expression celis.

4. A method according to claim 2, wherein the shuttle vector has a

modified LAC4 promoter.



10

15

20

25

30

ccgct cgaga aaagagat gc acacaagagt gaggttgct 39 <210> 11
<211> 33 <212> DNA <213> artificial <220> <223> priner

WE2@08/641819 cgcggat cct aagcct aagg cagcttgact tgcPGBUSREN035697
12 <211> 33 <212> DNA <21330artificial <220> <223>

primer <400> 12 ggaagatcta cgacaaatcc tggtgtatcc get
33 <210> 13 <211> 43 <212> DNA <213> artificial <220>

N T L S G

pRIAGE ] ci al NEB-247-PCT. ST25 . txt

6. A method according to claim 1, wherein the host expression cells

are chitinase-deficient cells.

7. A method according to claim 3, wherein the host expression celis

are yeast cells.

8. A method according to claim 5, wherein the yeast cells are a
single species selected from a Kluyveromyces, a Yarrowia, a Pichia,

a Hansenula, and a Saccharomyces species.

9. A method according to claim 7, wherein the host expression cells

are Kluyveromyeces.

10. A method according to claim 9, wherein the Kluyveromyces is a

Kluyveromyces marxianus variety fragilis or lactis.
11. A method according to claim 1, wherein the host expression
cells are in a culture, such that the fusion protein is secreted into

the culture medium.

12. A method according to claim 11, further comprising: adding the

chitin to the culture medium during cultivation.
13. A method according to claim 12, wherein the chitin is sterile.

14. A method for according to claim 1 or 11, wherein the chitin is

added to the mixture after cultivation.
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<220> <223> Type 2 chi tin-bi nding domai n consensus

sequence <400> 14 G n Asp Cys Thr Asn Ala Leu Asp Qvy
woewsiys4Al a Leu Gy G ucys 1 510 1 5 G u PrOr/Gsmos/035697

Phe Leu Thr cys Ser Ay Ayll i e Ala Arg lie Mt Asp

20 25 30 Cys Pro Al a Asp Leu |l i e Tyr Asn G u Pro

Leu Leu | i e Cys Asp Trp 35 40 4 5 Arg Hi's Asn Val

(5, ooty Bl PReTD TULER MR 48 o

fcﬁ'm' ddlect3ey frora dkbatiha, Aspolldid, lay bebide 2Atalurha, Ja 51a1t®|x
5 Cys Asn yrGIyAIaTrpVaI Tyr ThrGIucysAIa

aAﬂhesetcaryda]mambraoez 5 30 Cys Phe Al a Tyr Asp ser d
y Asp Ser Val Tyr Thr Ser Cys Asn Phe 35 40 4 5 <210>
16 <211> 64 <212> PRT <213> C adosporium ful vum <400>

?@Tﬁieé‘f@j %Egﬁgg@c%ﬁﬁm bYSr £3P vilSreif thBYEniftTPishan

chitin bead and the bead is either porous or non-porous.

17. A method according to claim 16, wherein the chitin bead is

magnetized.

18. A method according to claim 17, wherein recovering the fusion
protein bound to the chitin in step (d) further comprises applying a

magnetic force.

19. A method according to claim 1, wherein the binding of the
fusion protein to chitin is reversible such that the fusion protein can
be released from the chitin under non-denaturing conditions that

differ from the conditions for binding.

20. A method of obtaining a concentrated preparation of a secreted
recombinant protein, comprising:

(a) providing a shuttle vector, wherein the shuttle vector (i) is
capable of integration into the genome of a yeast host cell, and (ii)
contains a DNA, the DNA encoding a fusion protein comprising a
chitin binding domain and a target protein;

(b) transforming a chitinase deficient host expression cell with
the shuttle vector for expressing the fusion protein in the yeast host
expression cell and secreting the fusion protein therefrom; and

(c) binding the secreted fusion protein to a preparation of
chitin by means of the CBD so as to obtain the concentrated

preparation of secreted protein.
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Cys Thr Thr Tyr lie Gn cys val Pro Leu Asp du Val
Ay Asn Ala 20 2 5 30 Lys Pro Val Val Lys Pro cys Pro

wWQy®eig4deu G n Trp Asn Asp Asn 35 40 45 Val BEIT/UR3085/035697

Lys Trp cys Asp Tyr Pro Asi2Leu Ser Thr cys Pro Val 50
55 60NEB- 247- PCT. ST25 .txt <210> 17 <211> 68 <212> PRT
<213> Ral stoni a sol anacearum <400> 17 Phe Lys cys
Pro Ala Pro ser Ay Arg Tyr Leu Val Asp Asp Gy Thr 1
510 1 5 Asn Asn Arg Ay Pro Asn G n Val Pro Arg Thr

2'1*5 ”A(%(ﬁep%tﬂrgoﬁk/@y\?@m?ﬁ ya@s T:)ell Is%ktl‘&a ﬁé@te@ged&ap aAI a
n Ser H s Ala Thr Leu %s Pro 35 40 4

c@&lrnﬁeyn@gamvmphenetm@ vulyeremgtlmn@ eaptype IQ}IQE\}‘@SUHZ of
a Asp. .50 60 Al
2 DUEETan (BoHE CPRTNASA NG exartesg eteisd Sgétﬁ@gser the

PF Bl BT caratie W gt S C4F degeites

Wi tjh¥ Kigveeomipdeshselihe G u Q/s Pro

22. A preparation of Kluyveromyces cells according to claim 21,

further capable of expressing and secreting recombinant protein.

23. A preparation of Kluyveromyces cells according to claim 22,
wherein expression is regulated by a LAC4 promoter or modification

thereof.

24. A preparation of Kluyveromyces cells according to claim 21,
comprising a shuttle vector, the shuttle vector having a modified
Lac4 promoter for expressing a protein in Kiuyveromyces while

expressing substantially no protein in E. coli.

25. A preparation of Kluyveromyces cells according to claim 22,

wherein the shuttle vector is pKLACI.

26. A preparation of Kluyveromyces cells according to claim 21,
further comprising a culture medium in which the Kluyveromyces is
capable of at least one of growth and maintenance, the culture

medium further comprising sterilized chitin.

27. A preparation of Kluyveromyces cells according to claim 26,

wherein the sterilized chitin is in the form of magnetic beads.



20 25 30 Asn Jy Leu Ser Phe His Ala Asp Thr Met Met

Cys Asp Arg Pro Asp 35 40 45 Pro Ser Lys Cys Ala Lys
wWG006A1B#9 19 <211> 48 <212> PRT <213> Honb sSapPE€n®S2005/035697

<400> 19 Cys Ala Gy Arg A5d Asn Gy Leu Tyr Pro Val

Al a Asn Asn Arg Asn 1 5 10 1 5 Ala Phe Trp H s H s

cys Val Asn Ay Val Thr Tyr G n G n Asn Cys 20 2 5

28 K Srp B AT PR ORl S 6l kBRIl e esaitE 21y,
nft% BF@ r%%rﬁ?sléanﬁauﬁéanw éa/eggban@g@wgg,emow

s Thr u dy Asp Tyr Tyr Pro H s Arg
o&mlﬁdb/ dogtdinsnd asmna ay in Tpntact withe psmagnatyfor

Ala Leu Val Pro Ser i Gy Ay Asp 20 25 30 Leu
reivessitphp biaging ’SJ"@ Fb'tl_@/ el_afé Leu Cys Asp Trp pro @ u
Asn Val 35 40 4 G n Cys Val Thr 50



