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DESCRI PTI ON Car bohydrate Li brary Constructed by Cene
Alteration of Cargo Receptors 5 TECHN CAL FlI ELD The
present invention relates to a nethod for nodifying a
carbohydrate noiety of a glycoprotein and for
preparing a glycoprotein having a nodified
carbohydrate noiety. The present invention further
relates to a cell expressing a glycoprotein having a
nodi fi ed carbohydrate ' nmet hod for
preparing 10 the cellﬁgghgképiggﬁf i nvention further
relates to a nethod for producing a glycoprotein
having a nodi fied carbohydrate noiety. BACKGROUND ART
dodayyingegNbidr h g ggtm
genorrg is bei ng9 %ﬁeﬁﬁgél(g?g&gn[gﬁt@%t%r%ﬂg? rregf%péfm
treatnment is going to begin based on the |arge

amounts of such information. A new era is coning where
TECHTH&ﬁﬂsfgﬁhﬁkhods f or extensively exani ni ng protein

adb DR SEHe oot B Ef;gf‘a:‘?@gk dr #P%Bgﬁm ar S Dphydrate

. mme@fj%'fté?élycbﬁ&t in?h 3@ fo? gxqﬁ t%géoﬁf? 11y, Qﬁlgltg gsmodified

nor e e
carbcﬁ@rd\/étfelrﬁbifetgyt ‘Thﬁb'}ﬁﬁséﬁ"t 19961{{%}?%11@%%&@@@8%éélﬁlexpressmg a
drugs wll Dbe increasingly accelerated. There are
glycapgogmiltaivorg rembdifishsarbediydtad dyiey@andus method for preparing
ol i gosacchari des (sugar chains) In vivo. Since sugar
the Cﬁblu et The Rf@awony@mapé fitleari selptest taacheaetbad faropridwsing a
ved avte S vera ef f ﬁ th trans%ort or the
BIYCOREP'Sh flglrﬂgo? “tﬂ‘@ Sgr‘%f rarfgn? &Y have great
i nfluence on the biological activities of these
proteins especially in vivo. Furthernore, it has been
BACRKGR@END ARt structural changes of sugar noieties
of gl ycoproteins involved in abnormal growth or
mefadandhs eftitcanveleotidel sesuekesc@f ilte hsnmongedemedis being
en varlog proteins are used as drugs,

eiucuﬁﬂé&ﬁﬁi&i oy oF graif Ba ﬁ@?h&e\?ﬁ??%@ Blpedroieain drsed on the large
amoudly SEREE B AR, bR e dn LR SUbASGE HBoas ror

extenbReDP @ niny peskefl RIp AR S Hgin%f DINERGip f%ldeﬁl%@'&llﬁtlon of

by using such technol ogy, it beCones possible
drugsoldsgdtan thegdhtat eanabelcarrigtebet mianeomplitatk ar In addition, it is also

considered that recombinant proteins will be more easily produced and the use of

~various cytokines or hormones as pharmaceutical drugs will be increasingly

accelerated.

There are recognition mechanisms mediated by various oligosaccharides

‘(sugar chains) in vivo. Since sugar moieties (carbohydrate moieties) attached on

proteins have several effects on the transport or the metabolism of glycoproteins,
they have great influence on the biological activities of these proteins especially
in vivo. Furthermore, it has been suggested that structural changes of sugar
moieties of glycoproteins involved in abnormal growth or metastasis of cancer
cells. Hence, it is considered that when various proteins are used as drugs,

technology for producing various glycoforms of glycoproteins with distinct
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| ocal i zation of glycoproteins, but also to regulate
the nmetabolismof 5 glycoproteins. However,

i nformati on concerni ng about carbohydrate structures
of glycoproteins is not directly encoded in genes, so
that technology controlling glycosylation cannot be
achi eved by genone studies or proteone studies
directly Technol ogy for specifying and controlling

ar pohydrate structures of. 10 gl ycoprotejns has not
Carb@kvéﬁ Iaf‘\ét%{ﬂfﬁ TeRfsg WHE W‘Ea@ﬂ&ﬁﬁf‘é‘@esteﬁlﬁlﬂéﬁ%dc% serve as

techxﬂﬂ8ég' nr?tr G &cin §Q§/Slcfr3g % flgzt g}uencfgorsé%%%)lﬁ Tgaqbérntusmg such

var yCOS rans

techf1Bk¥, Cﬁt b@ébrﬁé@lﬁ%'sglbl\p no@-]orﬂ?%@e%u(l%%ggﬁam#dkt{exl?hﬁﬁe cellular

procedure, it takes 2 to 3 nonths for synthesiz
localudmtgnsaofhagriy@ﬁobﬂnsJSIng nEiRual tooprsgatdten, theaﬁﬁleﬁbf)ﬁ\ﬁdn of

days are required even when a synthesizer is used.
ngQﬂﬂMEUéﬁ 15 reconbi nant proteins expressed in E. col

not bee cosyl ated and reover, in the ca
of gYer cH&B%ﬂ%ﬁ?%t EORDTEI s gautg|gﬂgggla5@r@,tqhsstap§tures of

glyccﬂ:]rf) eqf1§rl qugtomge{;]tg§o%1t%ode&m%n§ asedé%ﬂ‘b% I;ilpfo(?gayscc):ohtrolhng

aln

0ch®'sz&§3&{ @ﬁﬁid’tsoea&}ﬁ dW%HBbﬁ@'stﬁjdl\%g%f Aj’%ﬁfe%%é YudR&Hectly.

for oligosaccari des as pharnmaceuti cal gs Is

i ndeechsology 26 ispetilfiginki @end obntredlimd rerbdiofdrexasplu@tures of

a di sease such as the congenital disorder of
glyco@lf%%%%lﬁ’tsl aat t'%ﬁﬁé Fgabhshed gean iNdwancarhehudoitésc attached on

sease | m niste ol i gosacchari des
protef F2; Srtrsit hLR SpaNnsht bt Qb BF VAGos &l g Bramsarases (e.5.
t [ ac j de

J%ﬁfﬁ?f%ﬁ??ﬂ%g%ﬁ&*n.fﬁﬁ%m S LEE2005 s FLOOGISCHEtI ek dure, it

takesnend I%m@dﬂ@ﬂ#&;y&ﬂh’es@ilﬁg Al d ks G s Eﬁeﬁsﬁiﬁgemﬁﬂﬁal @peration,
avai | abl e because these are very expensive. Therefore,

and g etawi dues dror rqquottdciergn veheous kymitissiaér is used. However,

qy gosaccharlde and far convenient and rapid
recomunagh PFOTEREE heEP st dudBT @M}cbﬁw@tnéeﬁa\/gly@@éﬁiated and

moregx'?éj rﬁq? g §%|¥MA‘? eq:t Tngbol}%V% %te FOégéeCt%aoglgﬁ?%mtelns are

|nvent on re’to a

dlffer@fﬁ{ Heskn fiRke TR RSs. CaBQQJW@ﬁaEh‘?s ¥R &inl q§ i9Tdifficult to obtain

gl ycoproteins and also a nethod for proéduci ng
usefubreqposbimenaplydesréteam 4shpisarabicaitiesl ¢ghugsopr ot ei ns.
Furt her object of ) )

Recently, needs for oligosaccarides as pharmaceutical drugs is increasing
in the field of medicine. For example, a disease such as the congenital disorder
of glycosylation type Ib that is an infant metabolic disease is treated by
administering oligosaccharides deficient in such patients (Alper, J., Science, 291:
2339, 2001). However, synthesis of oligosaccharides is difficult technically
because of the reasons mentioned above and also oligosaccharides are not-
available because these are very expensive.

Therefore, techniques for producing various kinds of oligosaccharide and

for convenient and rapid screening method for useful glycoproteins have been

desired.
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5 the present invention is to provide a nethod for
preparing a cell expressing a glycoprotein with

di fferent glycoformand for producing an carbohydrate
library (sugar chain library). As a result of

i ntensive studies to achieve the above objects, the
present inventors have focused on the fact that
structures of carbohydrate noieties of 10

I r ' ni zed during sorting process of
Slﬂwﬁééﬁﬁpg@%fﬁ@ipgggbéﬁgﬁgproteins within the cells. And,
t hey,: b .ate structures attached on
ol Sy BEEE e RreRBY BB e 16 HEGHIRECpp Bt A8 TaRd methoo
for @an@lihdOcdrbShydratdanyidiiat _G()p'%'l?b otH&§! 5'1(?:'415(?551 oiﬁethod for
cargo receptors that are involve espeC|§I y in thrs
prodsdngi slgg@mocieasdesThHum, tHd%eolﬂfaﬁfe@ngl}ficﬁ}iS_ﬁiﬂeﬁfs.s RMeher object of
- conpleted the present 15 invention. The present
the prasenitinyentiendset providest medhédrfonmyeiepyiing @ cell expressing a

car bohydr at noi ety of a glycoprotein, which _
leCOCPdPrE?JPs%Eﬁ ﬁfféF?%ggléc%é%‘B’oﬁ dat @ro@edpaian ebobydeate library
f.ia: eceptor to nodify a carbohydrate noiety of
(Sugag Cglflg%g%?% in. Specifically, the nethod for

Modisf ¥ irBeh1f of FhRARKA ﬁh@itﬁDﬂerMligrf% ggugle%%%’ (@848 1 present

conprises the follow ng steps of: changing a

inventod eve decssguenciheeficodthag saruetrrboyfdeatbehydrate moieties of |
recognition domain of a cargo receptor gene; (b)
slycopretedp ciisg repeemiped ederingo spapt procgeneof mevly centhesized

o BR0hRY PR TR )R, SSRPIS RO S o
Iyl b dr at i et f
avac TEURGR B0l X0l BN Lah Bl Y, Bl

carbobd{are-HiRENG: §ikcifi bitiek T SEB re€XRBPY B%atOdretilfolved especially
gl ycoprotein include nenbrane-bound proteins and

in thigetoraingryropewt ei Haus, 30e Presqnt éseentorsihent icompdbted the present
) relates to a gl ycoprotein, wherein a carbohydrate
mventighaty i s nodified by the above method for nodifying a

3 8L k}ﬂ@é’&ﬁa‘iy&?eﬁ@&?tr&ates to a method for modifying a carbohydrate
moiety of a glycoprotein, which comprises altering a carbohydrate recognition
domain of a cargo receptor to modify a carbohydrate moiety of a glycoprotein.
Specifically, the method for modifying a carbohydrate moiety of a glycoprotein
comprises the following steps of:

(a) changing a nucleotide sequence encoding a carbohydrate recognition
domain of a cargo receptor gene;

(b) introducing the above cargo receptor gene into a cell; and

(c) expressing a glycoprotein having a modified carbohydrate moiety in
the above cell.

In the above method for modifying a carbohydrate moiety of a
glycoprotein, the cargo receptor is preferably VIP36 and/or ERGIC-53,

Furthermore, examples of the glycoprotein include membrane-bound
proteins and secretory proteins.

The present invention also relates to a glycoprotein, wherein a

carbohydrate moiety is modified by the above method for modifying a
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The present invention also relates to a nethod for
produci ng a nodified oligosaccharide, which conprises
cl eavi ng an ol i gosaccharide fromthe above
gl ycoprotein. 5 Furthernore, the present invention
relates to a nodified oligosaccharide, which is
produced by the above production nethod. The present
invention also relates to a nethod for preparing a
cek% expreSS|ng a glycoprotein with a nodified
carbiY gt MOAtE noi ety, which conprises 10 altering a

Camﬁhyﬁs@hﬁlﬂ@%ﬁgw A8 efRBRILH a%e%d-‘@mo FEARM S hBdified
3

nodi fy drate noi ety of ycoprotein
0118%5%%‘1%@% ngcht RRMBF BEArdeF URSNRE rﬂiegowéﬂmrnc&eirqmethe above
glycdptbk@wi ng steps of: (a) changing a nucleotide sequence

encodi ng a car bohydrate recognition domain of a cargo

r ec#ptT MGEReth eﬂge(;ﬁ)t inyeptian diehiges he aamedifiehogigosaccharide,

hich8§ @Rb AlcICBLtHEWOVR S@lductibfm&xBAESSI ng the above
WICcargo rgéegggr gene |é§ihglabove cell; and (d)

selecting the cell expressing a glycoproteln havi ng a

NDdipfel %@eseﬁ@ﬁ%@@ﬁh%ﬁt £1s80F Qhdkes Fd”é £ 'E!e'fm”b‘? DONE 2 cell
o P ovi g 15

reparatlon met hod may conpril se
eXPres%tsgtgsa E@ycprotgin winher modified warsb@arsieatetmele@y,dwhudf comprises

alterltn%e aSEEIFP}%h'yﬁraﬂQtre%Q@ﬁitfdrFQiolnYaml bf“at ed) d)frecép?c})r to nllodlfy a

|ntrodu0|ng th gene of desire rotefTn into a
arbojyygrite) mupek; of iy %lye@mot@sapr e%pﬁcmgcdhde&er @deparation method

conmgh%gqgéqggb@nﬂgﬁbﬁgog nmodi fied carbohydrate noiety.
25 In the above ?aratlon nmet hod, the cargo receptor
1

s (9 ehappg 2 wqﬂse dareaypEReN &3 3 waridivdirate, recognition

donu@%@qghgﬁggﬂe@aﬁogégﬁgprote|n i ncl ude a nenbr ane- bound
tein Qd a secretory protein. The present invention

aI R indrogducing Bieaalwéﬂqcaé&@rré%eaﬁtwggan@ry@@m@teu n VVI th
30(@ éﬂ}ﬁ‘biéu@@ tl@@ﬁmgirgberemt% Ben¥ih Gk hSoRS @tﬂ?{

? ove preparation net'’hod.” Furt her nor e,
seleatiRenthencelb] sBisspBea amel HeRPTPbin p hawiig ey modified

carbohydrate moiety.

Furthermore, the above preparation method may comprise the following
steps (e) or (f) (where, in this case, the order of the steps is not specifically
limited) of:

(e) introducing the gene of a desired protein into a cell; and

(f) obtaining a cell expressing a desired glycoprotein having a modified
carbohydrate moiety. '

In the above preparation method, the cargo receptor is preferably VIP36
and/or ERGIC-53. |

In addition, examples of the glycoprotein include a membrane-bound
protein and a secretory protein,

The present invention also relates to a cell expressing a glycoprotein with
a modified carbohydrate moiety, which is prepared by the above preparation

method.

Furthermore, the present invention relates to a method for producing a

glycoprotein with a modified carbohydrate moiety, which comprises culturing the
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gl ycoprotein with a nodified carbohydrate noiety,

whi ch conprises culturing the 4 above cell and

collecting a glycoprotein with a nodified carbohydrate

noi ety fromthe obtained culture. Furthernore, the

present invention relates to a nethod for constructing

a 5 nodified carbohydrate |library, which conprises

i ntroduci ng random nutations into a carbohydrage

recqgni tion dopain of a cargo receptor gene an _
abovg, Olgsaélu n@oléectgl}%/@os})f&@@me%aw% 32“?%% ieflegprbohydrate moiety
:&omQﬁ%bﬂﬁwﬂé@k@hﬂPeety Specifically, the preparation

nmet hod conprises the follow ng steps of: (a)

i ntroducing random mutations into a nucleotide

3eq;lﬂ]@ﬂ{éﬁn@iq@%‘e%e@entlﬁv‘éﬁﬁgﬁmé% ?o LeReAY f&nc%l}]structing a

in of a cargo receptor gene; i ntroducl ng

mOd‘g‘aﬁdgﬁarrbé’@éSt%P lraay.h axhi ply %Pramvéltfmng nutam ongations
into htafh@AGRat@freoPhitfl ddManf 0P§| (53) &@ﬁﬁ@%kﬁ&ssmg a
t he above cargo receptor gene h ng r nuta _
leCC?HfPF%Hud’é‘éf“%&elamfﬁoﬂﬁl%char@hm@tabmew ur alSpeyifofally, the
8. r gnvention rel ates
prep‘?ﬁ*‘*’ e B TGy B o cibst ance |
HEE9dhg g tfhnféo@ﬁ@éta‘tl@sc@ﬂ‘b@hydﬂabédmeauyn@f epcoding a
C&I’bd}l}’ﬂ@%ﬁ@&@élﬂtl‘éﬁl déRail 619?913, gt% %eﬁ gved froma
coprotein or a sp eC|f|c ride using the
abb¥e ‘6‘€IOIduéW;Sr ddsi ﬁ@f@ woy@btpr ogém‘n havingg the nobio¥é¢ echndom
mutaﬁaﬁbgmsdera@h%f APhEh Nty §P@&l}§ igal 1y, the screening
met hod conprises the fol lowm’ng steps of. 20 (a)
br (HgERRy easiag| '1heeﬁb‘?\é%§ﬁfﬁj) acgfipyen gene diavihguingom mutations

1ntr0tﬂﬁﬂ§ﬂdfﬂh%9e1nQﬁ@ﬂ@ﬂ)&grtﬁ@ QbiPE il}’rah%gf cepfact with a test

stance; and (b) detern1 e interaction between
g ﬁﬁ%ﬁ%ﬂ B¢ 1 %ﬁentt h@verﬁa?rlbbﬂdglmsépea mﬁtlmcy foul s¢reemiag for a
test shBﬁhnS&hﬁEﬁdb@ﬁl \-ﬂlﬂ APRNETi 8 ThBsdH Qatgrxf) Wi% ly§8protem or

step rown1 t he pres

an Oklﬁg? 5%&’ oqléwﬁ% fomga PPP’éﬂelélanohyme&tfeC rﬂil%itsymharlde
usmgFtHet BI@(WHJEQH é)f}ﬁeémﬁgea 4 &b egn MTRELAQH a”ﬁl\b ﬂ@@rdéi?@olﬂrdrate

f en for. a "cell expressing esir
mow*gr yg%%ﬁbfs E’ ? ﬁcréeﬁrbfta edlp & 69 BBy ol bheefqim\femg ssepsgof:
de(sau)r Qi pdh 9O RY dicat eeme%m%( Ql | H9SRGHRE %)v tahemodiﬁed

surf.ace, 30 The present invention is explarlned

carboggfi%ﬁt‘s nagetfyomtg\ﬁgntaﬂqéwbb adg&#itsubstance; and

(b) determining the interaction between the glycoprotem or the

‘carbohydrate moiety with the test substance.

The above screening method may also comprise a step of growing the
cells expressing the glycoprotein with a modified carbohydrate moiety.
Furthermore, the above screening method may comprise a step of screening for a
cell expressing a desired glycoprotein with a modified carbohydrate moiety or a

desired carbohydrate moiety (oligosaccharide) on the cell surface.

The present invention is explained in detail as follows. The present
application claims the priority of Japanese Patent Application No. 2002-238559,
which was filed on August 19, 2002, and includes the contents as disclosed in the

specification and/or drawings of the above patent application.

on
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application clains the priority of Japanese Patent
Application No. 2002-238559, which was filed. -on
August 19, 2002, and includes the contents as

di sclosed in the specification and/or draw ngs of the
above patent application. 5 The present invention has
been conpleted for the purpose of constructing
carbohydrate library (sugar chain library,

ol i gosaccharide |ibrary) containing various sugar
structures and glycoforns. The present inventors have

co C : P focusing on the.fact that cargo )
FeddsinFEen BN EREE vgP PHRR TR rBRle e PdBiechl BRnstsucting
bdBRNRY 1i8Fa ! YSORIOLRARS 1 kgt yOLd Sy; ini
o bgjtdi nvollve%i@i 3r$ ]t?%a prlocesl?g?ﬁg @tl%%sacg?&gg% blé yé?);tcéo%tammg
varion®isekhestrattiaehadd aflygbfiempr otiengresE@NGfientdl® have conducted
present inventors have determ ned putative
studigh fpersjag aire the foynibal carglonedaptofs recaggzer glyepportsins in the

and haﬁe succeeded in nndifijng car bohydrate noieties
secrefion pAdhwan fsglWQopTafeigs HBAkATBiF aeHeF? 9§ tedeninvolved in the

B T T e R e R

presenfRAVEABEs _'h@’v@sdét@rrﬁ’d%éhiﬂMaﬁ?@tJa%olﬁ;}ﬂai?EeoR%dgé%g%n domain of

gl ycoproteins. As cargo 15 receptors,

cargo meodpteck iamdt hanspendceetied)| MCapsditEings chrtynyidife moieties of
endopl asm c reticulum (ER) to the Golgi and VI P36
exprespibelyearreteiiraby rltetoatstoh dofmaigs.ycoproteins in the
ol gi (Hauri, HP, et al., FEBS Letters 476 (2000)
32-37) are currently known. As shown in Fig. 1, after

| ' thesized in a formhaving carbohydrates
1.Ca§§g§gw?%ﬂthe ER wi t hin eukaryotic cells, carbohydrate

0! @4rig@S reiept S10R aMBERdra P S nfincWMEOFOPT &liR%1 AkBtins playing
] subjected to processing in the Golgi. In secretory
impoganthwales newhyalsiyntdeesiol eshpratrahps ofir glykoprtadins,  As cargo

corrﬁéinéin,the ER and then transported between _
recepiigakeiqies S pyny plsd poriranspericelosly conrotaipst fire Preovdoplasmic

- t gl re glycosyl at ed, ed sel ected, an
o BALIER) 34 BV TP TRBRLSEL ghifly eonvr o
glyc:o?ls}:%!hﬁl mUunetdGoni (HRLE0 H-eCePLOr FERX E%tltcgg 475 o 32-37) are
ransport 25 vésicles recogni ze carbohydrate hoieties

currefy dinpeopr odeishewanth Fed. ek tafprob&ingSsyindheddged in a form having

transported outside the cells. During translation o
carboRydrabess added gds Hree Wk i wishins eukanyotisr edlls,ocayehydrate moieties

Asn-.Xaa-Ser/ Thr pept.i de se nce, (Xaa represents an
(sugara CH>8<85%)| 8[? Tﬁtéglg)rpﬁgﬁs are s%%}eected 0 proce?sing,in the G%Igi. In
secretory pathway, newly synthesized proteins are folded correctly in the ER and
then transported between organelles by transport vesicles. During this process,
proteins are glycosylated, sorted selected, and directed to move toward a site
where each protein should function. Cargo receptors existing in the transport
vesicles recognize carbohydrate moieties of glycoproteins and select proteins to
be transported outside the cells.

During translation process, oligosaccharide is transfered to the

Asn-Xaa-Ser/Thr peptide sequence (Xaa represents any amino acid other than

proline) of proteins (Kornfeld R and Kornfelds, Ann Rev Biochem, 1985, 54:

6
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proline) of proteins (Kornfeld R and Kornfelds, Ann

Rev Bi ochem 1985, 54: 6 631-664). The

ol i gosacchari des added herein are oligosacchari des

transferred froma lipid internediate and contains 14

sugar units conposed of mannose, glucose, and

N-acetyl gl ucosanine (A cNAc). In the ER the

carbohydrate noiety of glycoproteins (e.g., a glucose

resid | ocat ed outernost part of the 5 glycopr.otein)
63168} o0 i e spgcharides; pddedohereinharepplisesdrshagdprdrangferred

fol are bj.ect to remgval of a glucose residue

from, @ ey b ru YRR R RO ECa o Bt ot GRpafed o HRannose,

lucdddr t figd  RRgld: ' i D, dilagkso

ducdi b FORG b A ERRAND. oM oy

moieSphsfeghienblyteins (¢8e ERICOOD rédides MBoital cowermast PRAt of the
(ERG C, the 10 zone between ER and the Gol gi),

glycgratainb3s renegwed ty edectin.r eOmpy dhs, prbtains iconzctlynfolded are

.the transport of glycoproteins fromthe ER to the
subjeegy ¢0 rFHquHi Cot dlucoseureshide. gdi feyatricothgnofransported to the

ld [de. are carri by vari.ous
ool GEIRHE oL Ba"g s, Sl B v, R
Dev Bid199986Char belggtruct ures containing such as G cNAc,
gal actose, fucosé, and sialic acid are mainly forned.
15 Shbweyiaintly, nint bhes ERi@Oghdatanicdeatpr 06858ithdat (ERGIC, the
conpl et e _carbohydrate structures (glycoforns) are not
zone Fefiggen E& ard thamwlgi)yEBSIIEH 83 nenevdf Houtargonetepoad, functions

. fivit I ted., It_is thought that_VIP36 .

in 18 ratsnaT o oF GASSOPTOUAPY (0 Bt BB gp heu B GHhai s the Golgi,
t o Qn. pr.ot ern ions_in the transport of .

furthf] | P QcR o Sy Ao e ¢ oplled crARGobY Various

glycd%ﬁrltEBﬁf@ra(sEb”dlﬂkﬁég:o@ida%esge%heﬁ%iy, fih8PDligtaddmar{d structures
17): 2813-21).- VI P36 prevents inconpl ete gl ycoproteins

containipg Haings deiet edldsyoseetfucomiengnt hdalinaoiphet mainly formed.
q%%coproteins to the initial stage of oligosaccharide
Howgiiegc di sing 9l sregiarile precessiqecotagiplenss casedtidsag structures

ave. the term”cargo recept,or” in.the .present . L
(elyePRERD b8 e il Bk R oniloiah MRS gengt activity
are alsBCOGNZRY. SUPAE (RORIMSnECHTIPIY | ghiigs)

e azft t achéd on glycoproteins and | )sbquéﬁxgﬁ%g”ﬁ”ﬁi ?%ég?@ contro} of

sugart clanispattachéd @hnypepsias eindsfunediont dd the tyinsport 6f glycoproteins
addition to recently discovered-ERG C53 and VI P36,

from ¢he granseCopgiots thhats-falg ei MRGIC f(Enbekoms JaddCell 19ci, 1999,

112 {?ﬁefi ggg%?%%qt)!ng\}F}E’ggegfetv:éh&e?ﬂgqe%ﬁél%?e egq)(z:gon;;pr%tsesigg flrgm being
secreted by returning the incomplete glycoproteins to the initial stage of
oligosaccharide processing in ERGIC or the cis-Golgi.

As described above, the term "cargo receptor” in the present invention is
not specifically limited, as long as it recognizes sugar chains (carbohydrate
moieties) attached on glycoproteins and is involved in the transport of
glycoproteins required in vivo. In addition to recently discovered-ERGIC-53 and
VIP36, cargo receptors that have similar functions and will be discovered in the

future are also encompassed in the scope of the present invention.

The currently discovered 2 types of cargo receptors have already been

7
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The currently discovered 2 types of cargo receptors
have al ready been 7 isol ated. Regardi ng ERG C 53,
human ERGA C-53 has been regi stered under GenBank
accessi on number of X71661. Its nucl eoti de sequence is
shown in SEQ IDNO 1 and its am no acid sequence is
shown in SEQ ID NO 2. Furthernore, regarding VTP36,
a human GP36b gl ycoprotei n has been regi stered under 5

: Bagk >ess f it | eotide -

isolafZgh L oR B MRERE IR TR ok P RBCIS-Shcfins eaf igiiered under
; i | D N i G :

Conpa Frn o DIRAR PR, HonaflelR R0LRE: iatgen in SEQ

ID Néxceasd oty amitescial seqiéhOB. sHdwiCat %@ ¢DENDO. | SFurthermore,
known to have a "carbohydrate recognition domain (also

regardgfer Véb3 6,0 aashu@RD) " GBB6bt glywmptrowin pbad ilowen Wepisbered under

recogni zes a glycoform (carbohydrate noiety) and )
Ge“%"ﬁfdécqeém@lﬂy%ﬁg%& ef 5@0@%&@%, migleotide sequencgogrshawnoin SEQ

I i.ence, 113:587-596,.2000)..T t :
o N S 6 ling fii SGuriy isnshovitin SERYIBINE Myiad cagine (.
milfhri9) YEAH QRN e O ! €
Jams ou??! de the 1% cgll %ggstg%ldng?%{ Zﬁt@%@ﬁ%l?tgcﬁégg?hgumber of
X763®ar bohydrate recognition domain of a cargo receptor,
so as to change the glycoform (carbohydrate noiety) to
be recogni zed by the cargo receptor within the cells,
resulting in a change in its quality control or )
ﬁﬁfq’fgf%%&%lslé oWyt Bays 8t eproby iR e reepgRitipgrdomain (also
di, fyi ar pbohydr at noi ety of .a.glycopr.otein and
mfen%ﬁetgrjre%ag%_ﬁpgr_ gtr E%Sarcl%ﬁgag %oerl%lo){lexgp}scgisirﬁﬁo ol g_e}waorm
(carb@hy®:ARE GhSliety Wk d) bnd P Ll RS peafANYARRLE HD &1 %1 (Wolifhal of
different glycofornm) according to the present
Cell Boieant) dd3vliS7-SHR 2@6®r i bHk asedent liowsntods hAlé elisgddveRed that

of carbohydrate recognition domain of cargo receptor
carboppyrafy maiehighydraly eoprecvgnion de edhewifagsoTheengtdd outside the

conpari s f. _hopnol.ogy,w th those of Legui ni nosae
cell RS modifisd by RLEHRE P e TR, ecggBitiqn dgmain of a cargo
Cativa. S . o . |
ecer Bl 0 ORI BRSBTS o Eaanied
the cdrgtgaiceptoai withapae éd1d, _trieﬁgﬁltin(gfinCél_rcGQné@G}@ﬁ’isodj@alit?rh%ntrol or
put ati ve car bohydrat e-bi ndi ng domai n corresponds to

sortingy pregsiss s ghsarasdinso ABE afethhé forchedifyieg segasndydrate

. of urman ERG C-53 . .
motety of a glycoprotein and the method for preparing a cell expressing a

glycoprotein with a modified carbohydrate moiety (with different glycoform)

according to the present invention will be described as follows.

2. Alteration of carbohydrate recognition domain of cargo receptor
(1) Carbohydrate recognition domain

Through comparison of homology with those of Leguminosae lectins, the
present inventors have specified putative-carbohydrate binding domains, which
are particularly important for determining carbohydrate (sugar chain) specifiéities
of cargo receptors. The putative carbohydrate-binding domain corresponds to

nucleotides from 454 to 480 of the nucleotide sequence of human ERGIC-53
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cDNA (SEQ ID NO 1; "a" of "atg" (translation
initiation) is determned to be 1) and am no acids
from 152 (Asp) to 160 (Lys) of ERA C-53 anmino acid
sequence (SEQ ID NO 2). The putative

car bohydr at e- bi ndi ng domai n of human VI P36
corresponds to nucleotides 484 to 510 of VIP36 cDNA
(SEQ ID NO 3) and anmino 5 acids 162 (Asp) to 170

T VI P36 amino acjd sequence (SEQ | D NO 4).
- CDN&A%%%%HA%-% %di(}’fg a&%rréﬁrﬁ%ﬁé?mﬁdﬁ&rﬂméla Iéairegwr)uned to be 1)

r b S ba nol .ogy wi,th
ond {EGEPAEES A LEPARD ASTATFyo bR BRGI ST A et auence
(SECEBY ®e3-es).zedhi hkhidfe %a%}%ﬁ]m!ﬁ%ﬂizﬁe%%ﬁﬁ | human VIP36
domai n of " a cardgo receptor, "particularly a -
correspohdhycdnatleotid exli 84 16l MBI gT, VIES Ga&]DEITABGSE? 10 No:theand amino
__present invention, the term™"alteration of a
acidsc h¢Bdiysed drel T& BN of MAPdSmaInitio meahsequmaicewfEQaAD NO: 4),
t [ d tei , It
Carbg@%g@g?%ggghgé%é%ng g;gme aq?rhgér,%osr{eEgptolrs gan also be assumed
r -.bi ndj orain differs from that of
basmﬁgﬁ?®g¥gﬁggﬁﬁgég?ﬁ@gégfggdﬂgﬂ%%“and/or_structure; or
t Nahe e gEMORYERALR is PRLBIN e SUPR, k2 RhrddhyRPaRA4R e nition
differs fromthat of native protein to be 15 expressed
domaiim of @l ¢ago Heomeaor, ipardciliat iyod chthoherabmied tesddhbed is altered.
speci fic sequences, alteration of a cargo receptor,
In  thgh@ressyit ainvaptieny dhat termoi’eltpradionf efi agcdrbohyditase recognition
g be, added before alteration, is alsqg enconpassed in the
omagiy, ICaRs eati BHCBT 2a CaLER bUIYRICL &5 r BEYGHIAG Gi¥  proterns, its
di t he..pr i_nvention. ln._. ..
carb o TRUG e BOE RN Mot B B B e agin gjers from

that dlUADEYe @necaifyterdd STEuMCE A PN sRBc@hangLehaNg dabSdhydrate
are not particularly limted. However, when a

moietya bedardehtio) riec bgnnddoh didfeas nfrom ahitenédndiyve protein to be
oduci ng nutati.ons, . .anong. ani no aci d residues

i nt . . €3
expfe:ag?‘{)ﬂbfﬂ&-t oHgneariBowitian éo The 8BAYe Heverthsdeainecific sequences,
s GRS R PP R o v
to be(ARdRd b§fdr€mt’ér§‘1%u,b?scﬁl—&%eefa&si\ﬁnﬁ]s@@dCilﬂa{h% { fmﬁalgerﬁéion of a

cooperative 25 hydrogen bon sugars. Acgpara |
carbohgdmits oe¢cagniridbanb rasn'anceomding: acitt preesitduecfivohe

coordi nated and bound to Ca ions. This neans that

t s altgrating oAd @arbedy deetegresagnipiamemadn amy keepbergof any

amin N5, HSUAL 2pRLfy SoRCEYOLa e bindng, Lonp ol cargo .,
e G0 LT AL ARG PSS iascing mutsions
among amino acid residues belonging to a carbohydrate recognition domain,
aspartic acid (Asp) is important as an amino acid to be coordinated at Ca and Mn
10ns, and asparagine (Asn) is important because its side chain forms a cooperative

hydrogen bond with sugars. Asparagine is also important as an amino acid

residue to be coordinated and bound to Ca ions. This means that these amino

- acids may be greatly involved in keeping the structure of a carbohydrate-binding

loop of cargo receptor and its binding to sugars. Among the above putative

9-amino acid-long loop determining carbohydrate-binding specificity, it is
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preferred not to introduce any nutations into am no

acids 152 (Asp) or 156 (Asn) in the case of ERA C 53,

or into amno acids 162 (Asp) or 166 (Asn) in the case

of VIP36, so as to conserve the amno acids. 5 (2)

I ntroduction of random nutation into carbohydrate
recognition domain In the present invention, it is
preferred to alter a carbohydrate recognition domain

éor a carbohydrat e- bi ndi ng domain) of a cargo receptor

prefegyed; lmtrtadat:fpﬁgce AOY MYIGHSDF ARt am@Og@ﬁés 1A2t(@émh|oqde56 (Asn)

n o Ghed PEERSHELSH BV 1L 0% L0 I DAL v 8L BB e cue

ofVIP%% 2818 E&m*%? ¢-Phd gﬁm@m@ and car bohydr at e- bi ndi ng

specificities t us obtalined i's unknown, a
carbohydrate recognition domain of a cargo receptor is
random y nutated, and then confirned whet her

(2) Ingqud@@tlomm" r@odmhmhytﬁaﬁem!rmmetbcé@)ir&b racégigsnafomain

nuf qfrotelns IS changed or not, To introduce
It eol?f§sa’»15r+aaﬁwonm dS:PTB%qua‘IO #légfi dRadohydgtpaecegnition

doma{nn,zg g&%gﬁﬁ%&% 1 1n§LI ﬂnq\é\pnt)eg%hr%eﬁgggtrg?gpq%teby introducing
mutat dl’fﬁ‘ 'i:ﬁ@ ﬁ@g%én'éd l44Eiece Iﬁﬁh@%r”ﬁt%u@ﬁ%?ﬁ){ghgns dnio a partial

ol i gonucl eot i des, scanni ng

regiomef aogedwazekn©mn I?ERhe E&egaerg ddpsRtibR BRKEME Sutations to be
) | ease see, for exanple, "Ml ecular Biology
intro péranﬁbwamohlyﬂm‘t@elvmdmg sppeificitied abusy obheipeéris8ynknown, a

Eﬂﬁ Ausubel FM . et transl ated by Kaoru Saj go and 20
carbolydrage 1 g%\%ml?@g@)mmmﬁm‘?@@,q “L‘J‘FB“)r BntAndQayly cawéeted, and
[ d ages .2
then AHEAGRL oM RRRORARE LLGUORANP AR ded, (ke of
glycopasianhiis ¥aRRe®f 65 ndO99, YCDOSHA CO, LTD.). In the
present invention, to achieve the purpose of preparlng
asTmanyodtycpesutaftlmaarrdndodey igrona p he il irdgi®nasf peeae) bh @andom

in large quantities, a technique for |ntrodu0|n%C
m“faqeaﬁﬁrénkf’fﬂ)’flhtlil he arh canrits APl O tﬁﬁmplymfas Aaieahnique

B e
scannin%ClMEtHé'@ bRE 2 4Re@oliChhis %nC?b@C’hgég%g r{zggciﬂgﬂa' ttécﬁﬂuques

domain of a cargo receptor by the
pleaseusiery dlegeranaipe ol I goumlleot Bisgs gy |Bxheidesal i pedidddl 1"
detail as follows. Z-)
(particularly chapter 8) (Ausubel, FM et al, translated by Kaoru Saigo and
Yumiko Sano, 1997, MARUZEN CO., LTD.) and "New Genetic Engineering
Handbook" (particularly pages 216 to 226) (3rd revised edition, edited by Masami
Muramatsu and Masashi Yamamoto, 1999, YODOSHA CO., LTD.). In the
present invention, to achieve the purpose of preparing as many types of random
oligonucleotides as possible in large quantities, a technique for introducing
random mutations in combination with polymerase chain reaction (PCR method)
using degenerate oligonucleotides as primers is preferred. Such a technique for

altering a carbohydrate recognition domain of a cargo receptor by the PCR

method using degenerate oligonucleotides will be described in detail as follows.
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10 (2-1) Principle The nethod using degenerate

ol i gonucl eoti des i s based on the phenonenon that

degenerate ol i gonucl eoti des. havi ng random mnut ati ons

can be synthesized by addi ng nucl eoti des other than

normal nucleotides at the time of 5 oligonucleotide

synthesis. By utilization of this technique,

degenerate oligonucl eoti des having various mnutations

igﬁrodrced into regions corresponding to carbohydrate
(2-Dgitsghle i on dommins of cargo receptors can be

obtai ne The nmethod using degeneraje.. .

ol itlglgndgFtél& i de¥Ps ‘getf\?ﬁﬁ{agﬁeé’glﬁoinﬁael‘?é’tdeﬁhésmhaéf”ii oPn the

I i ' r easi h

P e e ool DAL EE P BERTR  Ban e

synthesizat i N addimy ahckUdeerothsctifgt hdfnaBnotRSlides at the time of
nucl eoti des (3.33% each) are added to 90% of nor nal

oligopueleetite deypthasimy kiBys atibzatoonmreofi ahisy wehniqak| e dégenerate
. _preparing degenerate oligonucleotides. For exanple, )
oligoppgleplidet dyinscremasedusptienDitteeduced Wie aggieasi crrisponding

o ol Rl b GBS DT B s o
meth¥d®IdsPs deRERR S RFELREC 5ig%§ qy%d%ﬂﬁﬁﬁegﬁs anﬁl'apltthe mutation

mut ati on and del eti"on an insertio sever a

rate oanl bet cdesolied be isorRvSRizeRY! ne@fe@@affgedhey a6BANA NGtio of
primer design. 20 (2-2) Construction of randomlibrary

nuclepfiday (etd, diot abtrisar gwutateptrote géné8%carrannélagtide, 3 other
car,bo te recognition domains with various
nudeﬂﬁfiﬁst gé%’ P%\‘tﬁcﬁ{glaidﬂfe‘irt? 87! pargal recleptides)genes

c i, Ni c 0 . oqni i dommi ns _wher e

CO0lA 8% CPEUAALHEE 0L P IS Begencrae

oligoRd1Ebtided ed UirnJexARPIRM RAé MBLS i LONMPI PERMDaIE BRMSirected
degenerate oligonucleotides. 25 As a random priner, a

MutagrygeiteKat ¢Sthiagone) oedt AdRCRYYrindivziogMttagenedgion (TaKaRa)
around a_carbohydrate recognition domain is used. A

can beusgdy Morergaagiyaiki sautib asti orerisvisiautangs kavimg ortatioas such

. .a_de erate ol igonucl eotide can he easil
s o by AuB STRESPISIG SunRPatoriiamaF seperadnifeatdes can be
conveR@SR1yOhrdpeted B?Q;th'aﬁgin‘"goﬂ%%f ggﬁgnand the like.

(2-2) Construction of random library

| First, to obtain cargo receptor genes containing carbohydrate recognition
domains with various mutations, random libraries of cargo receptor genes
containing carbohydrate recognition domains wherein mutations have been
randomly introduced are constructed using random primers comprising the above
degenerate oligonucleotides.

As a random primer, a degenerate oligonulceotide hybridizing to a region

- around a carbohydrate recognition domain is used. A method for designing a

random primer is known in the art, and a degenerate oligonucleotide can be casily
determined by persons skilled in the art, as in the case of PCR reaction conditions

and the like.
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11 Random prinmers that can be utilized in the present

i nvention are shown below, but they are not |imted
thereto: . Primers to anplify the latter half fragnent
on the 3 termnal side containing a carbohydrate
recognition domain of VIP36: 5 VJPran3: 5'-CGI GCT CTA
GAC NNK NNK NNK AAT NNK NNK NNK NNK GAG CGC GIG TTC
CCG TA— 3", (SEQ I D NO 7: in the sequence, N denotes

or, C and K denotes G or T) VIPran5: 5'-ATC

GT &WWAEEW@@I’ tocanbe ARSI BECI T T PrefedE@nveDiNOarg)shown
the latter half fragnent on

I ] f
below, EPé’téf)el’ gf‘?rf’ﬂfafn’é{% tlhé%ﬁf"ai ni ng a car bohydr at e
- Pfl 9% fgv ttglf A':lli_’z(ﬂ" t(d | on t%ﬁrgw.pg 5de g?ntalmng a

rI|ne eno €s a

carb OEB@ e BEco 1t1@§%-51 AR AEAT PP%XXKXXKAATXXKXXKXXKXXKA
ATAATCCT ATAGTAATTAT-3' (SEQ ID NGO 14: in the

seyiProg; SKAHeTdhET CIA GEAﬁlr NRK aMid KXNOE0 0t £F NINK BINK. NNK

T C) ERA C-B
NNK S0 ARG A orcﬁr efﬁ@&;wee&msm@sm SEQin Ithe Noquence, N

t ho ynt hesi prinmers designed as
denma%écﬁr@ Kg RRA 0.’2 in the art. For exanpl e,

phgs (raglm S:AtTgP%qgt can émefm e@fé}% Gsl‘_",ﬁ%; 3'3&?1'3' (SEQ

ID N©ohe) use of the above-designed pri rrer s, anplification
reaction is carried out using a cargo receptor cDNA or
- PrameDN£o hinipd iy ythedatm&NAIf fimgandie gl eiee3’ tExamal e&leofontaining a
I|f| catian reactl on are not limted and include 25
Garbogzs FESRESHHANNd o Baky b ERGERS3afa thel svmensehde underlined

t,ed Isoth I lification Extraction
site déljrmqf‘q“rg{ W%Q{r? t?odln??%d%?e%n% ongpc:I)N:A l'i br a)ry can be

CaER BC- Bpt sa@@m'r@ﬂ"&@ﬂ@{m%&t ﬁﬁ@&KSI ;r'if’}gﬁxkﬁ XXKA

the thus obtai ned TRNA as aterrp ate stran
ATA ADUC T & AT A GTALATERA -6 ($BQNID Maddam pk ltnerssq@m:e K denotes
reverse transcriptase. Double stranded 12
G or T, and X denotes any one of A, T, G, or C)
ERGIC-BR: 5'-CGTACTTAAGTGGTAGTCAAAAGAATTTTTTG-3' (SEQ

ID NO: 15)

A method for synthesizing primers designed as described above is known
i the art. For example, a general oligonucleotide synthesis method such as a
phosphoamidite method can be employed.

Next, through the use of the above-designed primers, amplification
reaction is carried out using a cargo receptor cDNA or a ¢cDNA library or mRNA
as a template. Examples of amplification reaction are not limited and include
polymerase chain reaction (PCR) and a LAMP method (Loop-mediated Isothermal
Amplification). Extraction of mRNA and construction of a cDNA library can be
carried out according to conventional méthods.

Using the thus obtained mRNA as a template, single-stranded DNA can be

synthesized using random primers and reverse transcriptase. Double stranded
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DNA is then synthesized fromthe single-stranded DNA.
In the case of the PCR nethod, doubl e-stranded DNA
can be obtai ned. Subsequently, the thus obtained
doubl e-stranded DNA is incorporated into an
appropriate cloning vector so as to construct a
reconbi nant vector. Then, the reconbi nant vector can
be 5 transforned i nto Escherichia colt or the |ike,
and then transfornmants are selected usin

DNAtigithge penthesizedshr amatheesinalepsteandadnDNes s?rati_@,fes:asﬁr of the PCR

e Gy A N B, A OB S5 £80 Bt
- f -aht aj .

sousSEOR s, PADE £ 5N LS, R0 LNE ELARESo s

constb@ct 1D edmIndigsnt W&tdA Cl PREMNY et RedoaBhaR® vector can be
conducted using a commercially available kit such as

transfprikdcinoiAsghkiit hid oodi or abedikEompdrtath amnsfdhoiadthare selected
. isolated DNA cl ones obtained in the above screening,

usingt {earappaling yesisEnr e mpipidc sesistppoel crtethei hikeel apsinnigdicator, so
ampl i fication products gs tenplates. Nucleotide

thm’?ﬁgﬂ@dgggrgéﬁag$e téWWﬁned by a known techni ques such
asnk5, M . , . {ficati ho
CNER PSS B RE g S0 edmath ! LG LA fom

the obtSingl alnbl.3 PHATNA IToABEFR exa3RFIMEACT A1 dring ¥dth8d can be
out using an automated system for determ ning

employas. eoTheeT4eqgwenuesnétbod. caDNe cSaduetedensin@NG RoADER:ially
.ajﬁo\%épro uced by LI-COR INC ). 20 In addition to the
availaplg it H\bc(j"c‘i‘% pdd phepHuak!t (bRetPesn GH@oRIEDot i de
se nce . of c receptpr .gene hrqugh t he use
SSRUETFE BN S ESP bR T T R L ER The DA
nucleBfidk REEHEALRG a@@%efﬁlﬁﬁé’cﬁﬁﬁng%éﬁﬂkéﬁgﬁ 8&(‘9&&‘(@» 5? templates.

|
nucl eoti de sequence, such as the site-directe
miNagkeotisliesseapehod;, coubandgehaiedgby cakhewydeabBiques such as
recognition domains with different sequences while
MaxappandaiGilbegt's ehepgcalumadibigstion metadyerr Heedidroxyancleotide

enain Y RSB Beu BT Rg' d BEE i s carie
out v 3Rk Wk A0 D B 0BG NC LA 5., D

SequeaxanMpONG EAOERARD0 pAeadecedSey LIUSORGINCLY84)
5662- 5666, W85/00817 (PCT Panphlet), Nature 316
(1985) 601-605, Gene 34 (1985) 315-323, Nucleic Acids
Res. g 13 (1985) 4431-4442, Proc. Natl. Acad. Sci. _
Ugﬂ Jilé {t1yB 2y glypogbgzgfgi,esgrrlbg&i@ﬁ@@ds, based on the nucleotide

sequence of a cargo receptor gene, through the use of technology for artificially
deleting, substituting, or inserting one to several nucleotides into the nucleotide
sequence, such as the site-directed mutagenesis method, mutants having
cafbohydrate recognition domains with different sequences while maintaining the
functions of a cargo receptor can be prepared. For example, for site-directed
mutagenesis whereby one to several nucleotides are substituted, mutants can be
obtained and utilized according to the technology as described in, for example,
Proc. Natl. Acad. Sci. USA 81 (1984) 5662-5666, W085/00817 (PCT Pamphlet),
Nature 316 (1985) 601-605, Gene 34 (1985) 315-323, Nucleic Acids Res. 13
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224 (1984) 1431-1433. Moreover, these nutants can be
prepared through the use of a commercially avail able
kit (Mutan-G and Mutan-K (Takara)). Furthernore,
error-prone polynerase chain reaction (error-prone
PCR) is also known as a 5 nethod for preparing
mutants. In this nmethod, nutation of one to severa
nucl eoti des can be introduced by selecting condi tions
w degree of strictness gflde|lt for

(1985:1%11}}-'461&@, gﬁoq AlatleicadrSce, USAd 9dye82) GA0E-64pGRor Science

o QT NGRS S
of a éomﬁ‘l@%ll}m'&adﬁﬂﬁ&e Bit (‘M thhe8 dandBM‘Hta I({?agéafl"éf)ooq;urthermore

3-503 In the case random nut
error@faﬁvllﬁolyﬁmﬂmﬂa l&ﬁ@ine%écﬂﬁﬁl (6%?%9@@@’@@) liQ fso known as a
car bohydrate recognition donmain of VIP36, 14
methmcfogoprmgu@r enuteaish ofn AhisTmeEhodr nitadnd &f one to several
%Ieotld s are each of Gor T, so that at |east 414 X
n”‘”"‘?*ﬂ €8 t (Rt eslntBO@%d1@IO§elé'é%gn‘amdbhgn%fwgbqae}wesdegree of

s QB 2 B S, RS, TSt ALD0UES.
Methé‘&é @ﬁdcﬁl?ﬁl@é‘aqm'f‘Ql@%Zl)a2§%r3b%¥f# g? ée 95y 41 ?x.ot?chmques

domain o C 53 tations can oduce
30 (200&W1O04€&;IM80rd'|€IBCE addt MaGheotd des). arﬁe&atmol of 2’95 (2000)
G or Cand 7 nucleotides are each of Gor T,
4835@ﬁ&t there are at least 414 x 27 (that is, 3.4 x
10 0) .conbi nat J ons .of sequences into which nutations

% Gésh YaddBAPy imEtebgneedor agximPine @ ofucleotides

t he troguction t
e OIS Bt bR PRSP o
each 6RAUM I r@NGRIM hi,Breatides avd lellclpef]t}aéﬁl"ascgﬂﬁﬁta?rl%%st 41 5 27
nunber of various sequences. (2-3) Random vector
(that isect.érx flor *)cebmbimraainsikest bajuenses omst whedleataiibgs Hage been
ahove- obt ained random i braries of cargo receptor
rando iy e QuCAS N8 gPewiehy divathermesagfit esamphonanasg 9 amino

R A
mutatlYd &fn bbenRbeY&dr ﬁi@g%lllnftgf gEMs' ntI-Pen%Et R g?{)dt?&e% are each

vector. A transfected ce cah be obt ai ne
of A, MG, eduCiang 7 heclabhides hARNEKUR YRGL O T) &8 tha thesd al‘%oat least 4'*

, that a target, cargo receptor gene can be expressed
x 27 (that is, 3.4 x 10'%) combinations of sequences into which mutations have
been randomly introduced, as in the case of VIP36. Moreover, by the
introduction of mutations such as those involving deletion or insertion, the

resulting random libraries will contain a greater number of various sequences.

(2-3) Random vector

A vector for cell transfection is constructed using the ébove-obtained
random libraries of cargo receptor genes containing carbohydrate recognition
domains having various mutations.

A random vector to be transfected into cells caii be obtainedr by ligating

DNA of the above random library into an appropriate vector. A transfected cell
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As a vector, a vector known in the art as a vector for
transfection can be wused. Exanples of such a vector
include plasm d DNA, phage DNA, aninmal 5 virus
vectors e.g., retroviruses or vaccinia viruses, insect
virus vectors e.g., bacul oviruses, bacteri al
artificial chronosone (BAC), and yeast artificial
chronmosonme (YAC). To insert a cargo ][eceptor glene of
t he rand li.braries into a vector, for exanple, a
can %PP%“?&%V ipvedvdas dheaiharg aanﬁ@rm fiestPTDNOVA thesarso that a
10 restriction enzyne and inserting the
targegﬁg{%%plreggémlr&eﬁ|CéiP|bc?n CXPAG siyt e or a multi-cloning
Si g é)fve@t'ﬂ)raﬁ’megﬂfr' l?ﬁcﬁm‘é‘?ﬁttﬁé a% ﬁov&%lt B frgﬁg@c{lgf can be
DNA to the " vector can neces
used.i NEQap@lat of asuedr lovdc@@ﬁﬁ)ﬁdlﬁd@l%gsﬁ)m "-DIQAVGIQL%r PNA, animal
that the functions of the gene can be exerte Hence,
virusj Meeiats te. @n tetroviprisesnirevaendia videsangoed ecieps Ofectors e.g.,
s-el ement,_such as an enhancer, a splicing

bac“@i"&r‘fé?s jjlaﬁbqu%& Adtificiadn chrgmaroma Bl i endmareret | arsificial

ndi ng sequence (SD sequence), or the |i ke
Chnnﬁb&ﬁ%g??' ted to a reconbi nant vector, if desired. In

ad‘I}btthé’rt a @%%Bpﬂe‘é@]tat%fr g?en%e(!-feﬁ]t : %d%{ lﬁ%rrr?liigs‘:liﬁ{gea Yector, for
di hydr of ol at e reduct ase gene,
exampBsi & tnadthed gae ,inesideH eNBbh p z[?ﬁﬂrﬁie?tﬂm\lgeﬁf@th ) aﬂiﬂ)roprlate
ligate a DNA fragnment to a vector fragment, a known
1estr1§j|\w1|¢1§.ggge @ad insertisedhe NORHA 1atoD|a|Arcfsrt1agnmmtermymea site or a
ctor fra nt are anneal ed and then ated, so
multifiGETE b oA BB E dshd Hbedo qezlafiaeie the DNA to the
nto cell 25 Hosts used for transfection
Vemnire no?ﬁﬁlgg ?lcally limted, as long as they are
eUItaE‘,YISHcleﬁszﬁ?'tbSmcgﬁﬁfm{ee§ d&?oé%&p@oh%ﬁﬁe 1HﬁJ Fq/eector so that
yeast, animal cells (e.g., C5 s, or
the fummhns@lfltbyt,geancbanﬁzeaeexeroﬁi | SHexW‘ff;nntdald1@®E$@I’atpr0moter and a
invention is applied to Broductlon of proteins
CargoqEreRiQq 8FF6:ni* &18- aﬁwt syGeHsan epliaean, a Bpli¢ing signal, a polyA

addltlBﬂrStlglqgll arl (a&r(% gﬁ% lgx? aigllbﬁggmg 1g§g}gggtl=ecl1usence (S%hsecmence)

§ use
or the,S"JI‘i;l@éWQfaﬁr B¥Cﬁ,§at"éﬁr?d”as'r@t%mb1§%m Zv%%@&‘:hi"i‘rt?{gﬁce%s pﬂlnggdltlon
or the like iS used this case er

examjplast oL ul asrellgctldlmma&er aﬁlcllmﬂg aaSilhirdeﬁ‘Bla% rﬁ@hc@asgeg@ne an
expression in yeast. A
ampicillin resistance gene, and neomycin resistance gene. A
To ligate a DNA fragment to a vector fragment, 2 known DNA ligase can
be used. Next, a DNA fragment and a vector fragment are annealed and then

ligated, so that a random vector is constructed.

(2-4) Transfection into cell

Hosts used for transfection are not specifically limited, as long as they are
eukaryotic cells. Examples of such a host include yeast, animal cells (e.g., COS
cells, CHO cells, or MDCK cells), and insect cells. When the present invention

is applied to production of proteins derived from an animal such as a human, it is

| particularly preferable to use animal cells.
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met hod for introducing a reconbi nant vector into yeast

is not particularly limted, 5 as long as it is a

nmet hod for introducing DNA into yeast. Exanpl es of

such a nethod include an el ectroporation, a

spheropl ast nethod, and a lithium acetate nethod.

When an animal cell is used as a host, siman COS-7

cells, siman Vero cells, Chinese hanster ovary cells

(CHO. cells), nmouse L cells, rat GH3, human 10 FL

celWaen weadh it wedis &hnstreelkifensyaoele,sSqamarometdserevisiae,

or the like are ed. pronoter, SRa pronoter, .
Sehi&ss R smiiees Porvic. it oLk R pr Jiolieh Cagh @ pigmoter is not
partxhi&fr%gl SiHRed. aFr}loﬁgSgg 1P ;ggregf(aa%g%egxﬁégsggﬁ & %ast. A

cyt omegal ovi ear ene _
methoXafep|i 8o cidgnetdt@ehtifint Wi GOHRED AR ad: fsSERATRIAAMarly limited,
vector into an animal cell include an el ectroporati gn

as lomgt dodt, isna catdiodnfghiospkdat mgl PNwetinod yeastd d@xamples of such a
i pofection. A method for introducing a vector into an
methgd; ipgludepn elegifoperationy ansrherpplasametbdd oand wsiitlfum acetate

meth%gm’rer cially available kit, such as Effectene(r)
ransfection reagent (Q ACEN) or Lipofect AM NE reagent
(1 Rwi en; ' ey, Jan (MUJA=N L
br of et PEC Rl S B dad ATpORO BB LS esll, spign Vero

cellsc€lhiseser himgtel id@re arl1bq 0180 cells30 nfXARPL €2119f r& GH3, human
net hod for introducing a reconbi nant vector into an

FL cehiseMardil Darbynchote kidoay cielim GMD<Hhated sfreothdd, lille are used.
I'i pofecti gqn, and an el ectroporation. Transfected cells
As a promplers SR Peematsy SYi40gprameotsr.obER threg106eT, £LMAF Reqmoter, or
. at ] .constituent of a gene taq .be i
the HEEF ysbfn 1 BGRiaORab s ol BrlBRc it riuen cvigmagetovirus
earlyJ€ie hayubedise§e! Isx eDLFiaNG kRS $HAT hpsf '
yG418 drg; ar eSe 25 sglﬁfgclz‘t ed. aV\héat her %r %?&gﬂlgﬁgé‘%&%bmam
vectoganiyoan eneptbeelyémeuils anrgdectpoy@iedni méthodekl@ldam plssphate
confirmed by the PCR nethod, the Southern _
methpgpndip AHqfeeioiet hddnedwodt fies intreducingor vextamphte, atDhtimal cell

of RNA is pre ar%{i from.transfected cells, priners
can G et SRMISH  piutune DR BesEalgnatei TG Eheuch as
BffectReb S RERdreLIBS. SHbaRa AL SR ST Ny of
products are s j ect e@jﬂt o&gfgjiéérégs. ggp‘pe]l.r]&??‘?%p orl\é%l Sr’eagent
(Invipogyreici ydoadinderogtl wiRIhEQPRO! BEdtscolgapi I lary
el ectrophoresis, or the |like stained -using ethidium
br Biicdean SYBRt Gedlers fibad ds aohosthSfPidedls @nthe hka can be used.
d?t ect.ed as, a ) . . .
Examples of a method for introducing a recombinant vector into an insect cell
include a calcium phosphate method, a lipofection, and an electroporation.
Transfected cells can be selected utilizing the properties of a marker gene
that is a constituent of a gene to be introduced. For example, when a neomycin
resistance gene is used, cells exhibiting resistance against the G418 drug are
selected.
Whether or not a target cargo receptor gene is incorporated into cells can
be confirmed by the PCR method, the Southern hybridization method, or the like.

For example, DNA or mRNA is prepared from transfected cells, primers specific

to an introduced DNA are designed, and then PCR is performed. Subsequently,
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singl e band, so that the introduced DNA can be

confirmed, Furthernore, PCRis 5 perfornmed using

prinmers previously |labeled with fluorescent dye or the

like, so that anplification products can al so be

detected. Furthernore, a nethod that involves causing

anplification products to bind to a solid phase such

as a mcro plate and confirmng the anplification

products by fluorescence reaction, enzyne reaction,
ampl@)?w@qh@nl i K@dgats berenpiubjedted 10tq 3)ag8epeer aigiebn edfc@ophoresis,

n of. a caybohydrate recaognition domain of a

| t i
y%%{ly Tr B c1“305%1p91(‘§f3“ ogéord:é erqalﬁe%aréb%[\‘iétmﬁ P1egise 0 g kg stained
0 [ dj,fi ca h
usm e%lﬁ)i%?th%dl? é?ﬂgh?ﬁ%c(‘g e‘@nnﬁugdagoor e Sggg,r g{uiggglg gecgﬁd as a
singlelBandl 30 AREOAIVIAERAEPIRIX Ll YCOIRfiMthed A FLRKBAAOILTPCR is
separating transfected cells based on t e speci
perfcn'areknlohymgaplemm ptavibsslpolabphadt Witk flubyedcen Heel oraghe like, so

as it is based on techniques for identifying a
that @mpgévﬁﬂdm eromices wapgrlye dpordefediedwnFurthetmore; ta method that

: resent ent.i on, ecause of its ¢ ence
imvolygF | BUERE ymalbFap pradSeadpariad s isaBALTF geh as a micro
plateCQHJ 9%@# 2 {ﬁgl %lhﬂrt:?tg%lgl ;écf?lpcggnogl ﬁﬁ'ugregr ensc%e%agt%n hgnzyme
reactmrgr(ﬁlthaq[]Qe(garp[ﬁe EM@@@yéaf,_ p! ant | ectins havi na
car bohydr at e- bi ndi ng specificities. Exanples of plant
l'ectins include Agaricus bisporus (ABA) lectin, Jack

bean (Canai,alia ensifornfis) (ConA) lectin, DatWa
(3) S§P?@Fﬂ2’6‘n| um (DSA) l ecti n 25 Lens culinaris (LCA)

e% er ik n (Lotus)t | ectin, a

iyt S Sl Rant 1 SRRy s cagh 6Tt Gomis pREE receptor
P I ys

as d%}sﬁ:\fg%rgl Egﬁ%telt:ﬂ?ﬂ%&?lr‘{gs E{(‘gfm %(Zi;frlgr E@rc%é%oteﬁpa@ﬁﬂ ¥Smodified

carbc(li%’iid&aﬂe4)m01@ayst atifleean (g?fé‘dfb@}nﬂ eehi Be aBgarehRBRtbHREMoOn its

(éw lectin. Detail ed studi es have been conduct ed
carbodyeatenmaigtplaiycof@at)i ns. For Z~ 17 exanple, as shown

Ibgé:]heﬁ{lbcg ggr;gsgggqbaiy;@é trgrrllsefegt% arce?ﬁecgafsggl tolnesthgavs%ecific
carbohydrate moiety is not particularly limited, as long as it is based on
techniques for identifying a carbohydrate moiety (glycoform) known in the art.
In the present invention, because of its convenience, cells are preferably
separated by identifying a carbohydrate moiety of a glycoprotein expressed on the
cell surface of each transfected cell utilizing a plural number of types of plant
lectins having carbohydrate-binding specificities.

Examples of plant lectins include Agaricus bisporus (ABA) lectin, Jack
bean (Canavalia ensiformis) (ConA) lectin, Datura stramonium (DSA) lectin,
Lens culinaris (LCA) lectin, Lotus Itetragonolous (Lotus) lectin, Maackia
amurensis (MAM) lectin, Phaseolus vulgaris lectin having homotetramer
E-subunits (PHA-E4), Phaseolus vulgaris lectin having homotetramer L-subunits
(PHA-L,), Caster bean (RCA120) lectin, and wheat germ (WGA) lectin.

Detailed studies have been conducted concerning plant lectins. For

17



10

15

20

Tabl e 1 LectinSugar (carbohydrate)

speci ficityCarbohydrate type ABAD Gal O | i nkage

ConAa-D-Man, a-D-d cN-|inkage DSA(3-D d cNAc,

(01-4GIlcNAc)" LCAa-D-d c, a-D ManN-Iinkage

Lot usa- L- Fuc MAMSAa2-3Gal N- or O | i nkage

PHA- EAD- GalNACN- | i nkage PHA- L4D- GalNAcN- | i nkage

RCA120(3-D- Gl N- or Ol i nkage WGAD- G1cNAc

(bisecting)N- or Olinkage As a plant lectin, for

lwlanﬁlSeshoa@l an Bhet forleveingdTatdet 1,ntheBegarnspeificiticsehate been

f?f‘r@ S} EN Corporation (J-OL MLLS, Inc.)) are

precbsg ’f'%l' #4-y available. Regarding studies on plant

| ectins and ol i gosaccharides or carbohydrates, on the

honmepage of HONEN Corporation, with reference to

protocols for 10 car bohyqlglggel anal ysis and

Lectins other than
isdia | | Syugeri(parpbydrate) mﬁcgmem fi cCarbedivdmdedppe
t 8&hi ques for purilyFalg gl ycoproteins areOplibkaghed
(GeAht t p: //vmm.mMan DT | nec?em d_h¥ Np;&hkw

|, cor ' T of a nodifie
CBIS ohydrgz?(‘flj ﬁ égh ﬁ{@ hyéd?ér‘m ned utilizi n]g
ﬁ&g‘r speci fi & Q cof-Prdadbove plant | echNrliskage
nedHéd for detecticd-Evtls havi ng carbohydrate
Mdidéddi es bound t & ApdsiGdlc pl ant |ectinsNi gr Wblinkage
PaAtEgul arly |inbi@sNAs long as it is a Neghpigie
Kngwn, i n the art.pkeginexanpl e, such cells NCHHkégf‘e
I@@A@g@ed by a tecrﬂwm@%lfor detecting a Fploeﬂlngggt
cell's

heid . or thediiKa. fielerag!y. to sepap

pl ant | ect| ns, a technique (Magnetl c Cel I Sortl ng;

hod) that i nvol ves perform ng secondary
% 4R Iﬁé?ﬁgﬂ g riseimrlpeay ¢ bindngeped badting RietinsLa@in set 1
and Ii"gir-lltdll‘ﬁ%ﬂg% ?%{’/c'n? I mm#@ghg g eartehc%tmzhg}lglal\{y available.
Regarding studies on plant lectins and oligosaccharides or carbohydrates,
g P g y

on the homepage of HONEN Corporation, with reference to protocols for
carbohydrate analysis and lectin-related information, plant lectins other than
those listed in Table 1, sugar specificities thereof, techniques for purifying
glycoproteins are  published (see http://www.honen.co.jp/finechem/;
http://www.j-oil.com/finechem/).

The type of a modified carbohydrate moiety can be determined utilizing
sugar specificities of the above plant lectins. A method for detecting cells
having carbohydrate moieties bound to specific plant lectins is not particularly
limited, as long as it is a technique known in the art. For example, such cells
can be detected by a technique for detecting a labeled-plant lectin, or the like.

Preferably, to separate cells having carbohydrate moieties bound to
labeled plant lectins, a technique (Magnetic Cell Sorting; MACS method) that

involves performing secondary labeling using magnetic beads and separating cells
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based on the information of |abeling can be enpl oyed
(Fluorescent Cell Sorting; FACS nethod). Wen fl ow
cytometry is utilized, cells can be sorted by
anal yzing | abels of individual cells, so that cells
havi ng specific carbohydrate 5 noieties can be
preci sely separated one by one. In the case of MACS,
procedures thereof are convenient and can be perforned

.in a short tine, resulting in |ess danage to cells

utilizing megnatissk, of aachqiialthaonyvahienatdrting aeilstthe flloivk eytometry

b Furthermgre, regar ig .the above techni&aes f or .
ased o ther pTRatipd offlapolips pn beeemalaysd (Rlyorssoent Cell Sorting;
0 d o ornseveral times, or. 2.0r re types of
FAC%O%E@%ﬁ'quggﬁ%yﬂ%g 83?96?%@6 lgné'gﬁllégﬂec‘iqq&elcﬁn be®sorted by

leangduebed ONGRIRLISAY ' : ul f s kg
ana }?ﬁegabove-sepa?ig{l%%ﬁcg{l s’,stolcgﬁ%sc Igf‘ﬁgﬁ‘ pg%%flg Ca%Ohydrate
moie¢izs bofy dbat precivety | apacaad beneobgesis at agd (garéghedy. MACS,

3. Confirmation of altered domain and nodified
procedirpo yareaf arqropevaniam #nl desbeipsetbratedvie, a shortdime) onulting

) ]bet en alter Esdo ins and dified carbohydrate _
n eﬁﬁiag’ﬁ’%gf é%n"ﬂg ahticioFat! bagheramt gontamingtiepngr the like.
L0 ' r dr.at.e.recognhiti on domai ns, of
Furd{BhAEL P08l 8 R iR gt PR PR lsa e type of

techifif i8Iy €Be (S MRREQT MhlceObr LRl AlNgd @! &P%gr Bk ntgrpes of
Therefore, when specific alteration i1s carried out t :

techroft e mag tlepeonbined 2@ rgedtivedy canbofigdroaice Jre@tdal times.
mut ati ons are introduced site-specifically into a
caPFortpleakteringc gnthe oab a¥emeeparased acelds,goetecbprimg. specific

such a. technique, a kno t echni que such as a
Carb@ﬁﬁ%le e eﬁf&ﬁ Cgi‘lq’a? @W@Hab{fn\f;@é‘%wﬂﬁ%od, or a related
nmet hod can be enpl oyed. Miutations can be conveniently

i ntroduced wusing, for exanple, a kit for nutation

3. Coinfitr madiweit o oait éred| doahdig dnfdemsH ifrddédr86h 88228 moiet
nmut agenesi s nethod (e.g., Miutan-K (TAKARA BIO Iﬁb.)
andsMigsnibed @owARPIBIRtIDNGD dtweeAsaltesdr d hedimbard, modified

cific mutations are introduced into a carbohydrate

Carboﬁ‘ggsﬁﬁﬂl?’&ﬁleao%&i ﬁe &5‘1%‘1@5@91& Fardopelyr intgpdupirgmwagons into

n hafr G | Nt a _car bohydr at _

carboBEAENARTRNIL RS (G EEER “hR Femerneminiae e

carbo@¥ PrRs $irgtuk? gtdtsnd) i thY dbbeindeSiYEfhrb¥fs Of
cgrbohydrate ﬁggg?y aréﬁselected.nThS%f&ﬂgausﬁ%g

pr bheiefisrehavheay gesifiedlmatién dd carfedhydr abeobmietd €fecific
modittigd bcearbeé(lgderitseegnoiety, mutations are introduced site-specifically into a
carbohydrate recognition dmﬁain of a cargo receptor. As such a technique, a
known technique such as a Kunkel method or a Gapped duplex method, or a
related method can be employed. Mutations can be conveniently introduced
using, for example, a kit for mutation introduction utilizing the site-directed
mutagenesis method (e.g., Mutan-K (TAKARA BIO INC.) and Muran-G
(TAKARA BIO INC.)).

As described above, specific mutations are introduced into a carbohydrate

recognition domain of a cargo receptor, or mutations are randomly introduced into

a carbohydrate recognition domain of a cargo receptor, and then cells expressing
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on the cells becones possible, and thus the nodified
carbohydrate noieties (or nodified oligosaccharide)

can be conveniently obtained in |arge quantities. 5 4.
Preparation of cell expressing glycoprotein having
nodi fi ed carbohydrate noiety As descri bed above, when
correlation between an altered domain and a nodified
carbohydrate noi ety is determ ned, cells expressing

ycoproteins 10 having the speC|f|c nodi fi ed
pr Oteé%ﬁ ﬁ’@ﬁgﬂb& dhe dasieady tngn obecasheprdrate moicty rraei sed¢gred. Thus,

d.b I 1
caus By PaE & G b i B QMRS oK M T IPTES ol Pepfessed

a f ations
on SERNIESELTRRERN,  FATVACEDN, SRR LISEE e o
mod1ﬁ%6Qﬂngds|a@@héiﬂl@ldhnq{e Soridndhtly 8Eﬁﬂ)ﬁélf1n JaR Egﬁantltles
present invention, the term "nodif car bo‘%

noi ety" or 15 “modi fi ed carbohydrate structure"
i ndicates that the sequence and/or the structure of
4. Preparption ffh 6y despiesHBEesly copr olein Kavang t matdifodd anarbohydrate
moiety unal tered cargo receptor. Furthernore, in the present
tnventron t he ternr"glycoprotein" or "protein with or
hayisnge r%ﬁbm a\k% rfT%'oﬁIeY ’f‘\%gﬁs afl 5’1 Bacpclﬁam and a
conposed of sugars carbohy and pro erns 1
modifie@ coanvahgdrdty Beiisg tie Qét(éhm%éher ceR9 Bptsiing g@coprotelns
whi ch a specific nodified carbohydrate moiety T's
havingsthegperfss s dified wertahydeatprepat edac bkl prbyared. Alternatlvely,
%Vventl E genetic englneer|q% techni ques so that
such €l g3 rﬁgﬁrfy f 2PEIRBE éwe&%fﬁmrgec bwaarte@smaelmwermns having
I roteins i ut ar ed
the AR EPaftied AT Do 5 PR Binects ! PGt stratations
have Be&N rARI AN I RRRICRH i A% é%ﬁ@oh&s{"?@qlee&% i 1‘on2(§3ma1n ofda cargo

col ony-stinul ating factors i nt eukl n

 receptmt i HodihespreRegaimiengion EBR tértm Ha/sodaﬁeeaﬁyb@gmate moiety" or

reported that nodification of the carbohydrate noiety
modtfﬁéﬁéatb@hvﬁéatsrswwﬁgea indichtdsi thet tiie s¢miegky eoglaottdi rstructure
i bod Iso been

of sulf 5or By G HOBIEY CUfTEoh i ot ebrBonyalraed iAbeRUgCepior
Furthéﬁﬁ&% ﬁﬁéﬁg??g@%%? i ft dnt 3fh r)atlngog c%%)%t%tn“kgln r’ote:n with or

ol i gosac car ydra essi ng

havingbhe dagbslorfrere ahbRey'S @Quiatal ent sﬁlﬂst@ﬁcebeddn@ﬁosteﬁa%f sugars
the properties (effects) of proteins or other

(carbgdtyakr aesanil pabteynuthet are povpentlydmund to each other.

Proteins to which a specific modified carbohydrate moiety is bound is
expressed in the above-prepared cell by conventional genetic engineering
techniques so that the carbohydrate moiety can be bound to the protein.
Examples of such proteins include, but are not limited to, proteins to be used as
pharmaceutical products such as erythropoietins (EPO), granulocytic
colony-stimulating factors (G-CSF), interleukins, and antibodies. Regarding
EPO, it has already been reported that modification of the carbohydrate moiety

leads to the prolonged half-life of the glycoprotein in blood. Regarding an

“antibody, it has also been reported that modification of the carbohydrate moiety

leads to enhanced activity of the protein. Hence, oligosaccharide (carbohydrate)
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(effects) to proteins. Mireover, proteins to which a
specific nodified carbohydrate noiety
(oligosaccharide) is bound is not limted to proteins
for 5 pharmaceutical use. For exanple, proteins
subjected to studies on the in vivo effects of
carbohydrate noieties on the proteins, T cell
receptors, NK cell receptors, chenokine receptors,
and MHC class | and Il nol ecul es involved in
Processing cBRY ulbhr ablec dgnrenisn, elasiesponivatintctn e dgtter athan the

oo RPHERL 581 e B! S e fdlE Lt propries
i gen-1),0: 10 | i nt 1] ul i o -
el i | Bl 5 O hgepc gt

carbdgfdrate ndivg) (BHgb s dBYAHOPTR Yound¥iy GOk | BMitBH to proteins for
matrices such as mucin, and collagen are also

pharpacortpesd seck. | Fdrhexgmplsenirotginestib@etedT 0o sxpties nathe in vivo
desired protein in the above-prepared cell, for

effects Hipicarboly drafes arqiplaes jan dhet pisvieing2-B) cadhdegeptays,oNK cell

o A PSS A e B
intert&1Bfat ?ch%htiﬂoﬁ‘, L AL RN ECER ?sgfgglékt&qie@tehpaq cell adhesion

vector Istransformed into or trans 0 ce
moledtilehhicadhesiR, ihteg@dDI EBA-1 h@yRHBbeR &$ndion-related antigen-1),
menbr ane- bound protein, in addition to a gene
ICANInk odntegeelhdapraothesion andlesilenl yeard | @lydbast-1 pcteeilin,o Notch,
Del enc%d a s.ecrietor,y si gnal sequence for transporting )
elts, 7 p%e‘iﬁf ieninygvedeincdavicl epimeble €xhi5q11au 120 nesHgeh SuClHRS anucin,
r.ane in.of .cells surface-].ocalized
and Ctﬁ?%gg?ﬁa?%ﬁﬂé %ﬂ%%_ an %‘%}n Eléeqﬁlgﬁglét OY°tH8 same gene.
Therof &igirets aediired piREinCXP USRS 866vd-Br&Rlrb$ cell, for example, as
Furthernore, to express the protein as a secreted
descrprast &1 megctaofsu@-dname (B-49 ndodi mgteration genarbEgRBRErecognition
that encodes the protein and a secretory signal _
domagipgRe riBEgenTe9sBtoTE arfe S§8Ae eNeodibAstheugrein aisd ingreted into a
5 A secret

*secon i SEEROSRE 3SR SREFE s e TSRt e

cells.Si @RYLiOTtiRe, El-gfée R 15 %}%keiﬁe&t iad%r%%agg-%%qﬁlfileérotein, in

bound to the m nus of" proteins secre
additiout &5 degenkeezeling the penemla filshen gefeieNebnitbudiedRY@Ghcode a
when proteins to be secreted outside the cell is
secretpayr ygaal se@mnchefor isamworting e ouioséidetoothet bell cairface and a

Vi a (éhe cel | nbrane. I n the present |nvention, any
sequegge (i b IANSMEINT 288 (98I B L foaelish sy Tegmlqaqatined @y otpip or a GPI

wncn RICR Sl SRPLE M3 5 A Bl in ce.
Furth@fifofd, ¥6 kxpPhedsN@eGfloteif Wsf 8GBereted protein, a fusion gene encoding
the gene sequence that encodes the protein and a secretory signal sequence on the
same gene is constructed, and then the fusion gene is expressed in cells.

A secretory signal sequence (also referred to as a secretory signal or a
secretory signal peptide) is generally bound to the N-terminus of proteins to be
secreted outside the cell. In general, the sequence is removed when proteins ‘to

be secreted outside the cell is secreted from the inside to the outside of the cell

via the cell membrane. 1In the present invention, any secretory signal sequences

21



10

15

20

25

| ayers of host cells and that exist on the cel
surface. The cell surface neans any of the inside of
the outernost nmenbrane (e.g., cell wall and cel
menbrane) of a 5 host cell, the interface between the
outernost | ayer and the outside of the cell nenbrane,
and regions protruding via linkers or anchors fromthe
outernost |layer of cells. Cell surface- Iocalized
proteins are not particularly limted, as |long a

that @fwevaé#@blaédfeuxms«smd@ﬂraﬂielsrm@a qmmie.thg cold qaneba:vesdd

5 W
x50t SutfaIdrg e REaie b Hasenge b °ﬁ§p@@gpt,hgtceqxh§urface
layer‘é"ottho%t %Qngg fahg%&a&g?{?{g E?%Selmhﬁtax ( dﬂlg il rfatCﬁ means any

i Vet on
of therqﬂgﬂ‘dlee&r GRr habyb st ﬁeﬁ%‘r@ﬁé/ (é. ? actiieHaliCand BEll Hﬁ&hsfarhe) of a
Hence, according to the present invention, a specifi
host caflbmhg/dntadrﬁacenbctt&tqenm bt ebaosiddyer andedier ediside of the cell
groteln 5. Gycoproteiris with a nodified
men %ﬁn@ow@lrfag@nﬁmr@trydm YHieliess ontanchowsnirpanthet dutermhst layer

ells ared as descri bed
of oellicy st SunfiCagSefliss oPFOcS?”]éaﬁrﬁdlﬂ?d?aéfléu{;é]é’ogﬁ}lf‘?cgrﬁs long as
they O9IRE Wlﬂtl&?f)ggemf&fzg fns ¥ the'kelFLGRAIADLEN O cell
expressi ng glycopr ot aV|ng no e
carbohydrate noiety," a glycoprotein with a nodified
carbohydrate nmoiety (with different Aycoforn) can be
pr 8doed desitdde pypEsents iaxpeedsednpsiaggltye opelbt @fpressing the
with a nodified carbohydrate noi ety can be abtai ned
813’00&}0%9% ubiltly ¢ h&xadibed- maélb%{éidaf@emgleéﬁd(étff@réeha@coform)
accordm %géﬁé %6$seé1r ?{RO% borbg[ thnrugqlffg EPE%‘F g‘équ‘g! 1sAadded to
the p["@ttem)d f—l@hcguéédérrﬂﬂ% {d ASHEGRA ifRdionl ﬁ ¢! Grbohydrate
conducted dccording to a fret hod genernlly enpl oyed
moiefyotarché bouhdgo hoddsicdl proteiAs a medium for culturing a
transformant obtai ned using a m croorganism such as
yeast as a host, either a natural or a synthetic
as it.contains carbon

5. Glg%%ﬁf&é@ﬁﬁﬁ*fl?} Bd’é%gl@k?ar‘i?ééogﬂf&ltegﬁlﬁﬁysal ts. and the
b?thez rt%%ﬁ el ? eroméil t‘PlgrLg‘:%erS(%me @%‘Ba?&ﬁﬁ’i 88scribed in

I Cl eht cu ture of "tran ormant s
the asows GRStioNs "0 0CNe FG@NC B ,cat EH @R MeCr dBRIANE D mARdof cargo

the like to be
receptor” or "4. Preparation of cell expressing glycoprotein having modified
carbohydrate moiety," a glycoprotein with a modified carbohydrate moiety (with
different glycoform) can be produc.ed.
In the present invention, a glycoprotein with a modified carbohydrate
moiety can be obtained by culturing the above-prepared cells and collecting the

protein from the culture. The term "culture" means any of cultured cells or

disrupted cells. A method for culturing transfected cells in media is conducted

| according to a method generally employed for culturing host cells.

As a medium for culturing a transformant obtained using a microorganism
such as yeast as a host, either a natural or a synthetic medium may be used, as

long as it contains carbon sources, nitrogen sources, inorganic salts, and the like,
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added to nedia are known in the art. Culturing is
generally carried out under aerobic conditions such as
shake 5 culture or aeration and agitation culture at
approximately 28C to 40C for approximately 18 hours
to 10 days. During culturing, a roughly neutral pHis
mai nt ai ned, such as pH 7.4. pH is adjusted using
inorganic or organic acid, alkaline solution, or the
.like. During culturing, antibiotics such as anpicillin
assingjlable by apicspprasnisys,bandddebl esoeffedent, cifureeofstsamsformants.
H 10 %%ﬁp a mcrogrgani smtransfornmed wth an expression
CTCy EBTUY FAVACRE ANTOSSRAIRUTRFS 1BPEFAE @ FUbsieACehaans) Hieghke to be

addeR QMRIAE ak& 1 GHLLULSHe ) | Nducer may be added to
nedi a, |€ e =

necessary. For exanple, when a nicroorgani sm
tr gghRide s é%éf@ll?%'ﬁﬁ@ﬂe(ﬁft'LHl'aeY%%P(ﬂfic NGB L3 as shake
pronoter used therein is cultured,
culturs apr apydtidr3-aRdt bgegabaciunairdeat hpPpfIxigatélpe2br&ecgrayec for
be added to nedia. Wien 15 a m croorgani smtransforned
appregiipritely &% pgraassitenl ¥ deyor PRavinggewltumpg,peowogbly nestal pH is
in is cultured, indoleacetic acid (l1AA). or the
Hoii 4

. her e [ . .
mamf%‘ﬂ% miythés aided % o P upled BHing ST SRFt @ iORgRnic acid,
a e 5 .obtaj n ing animal cells. as hast,,.
ekl R B O (e ke CERRTE el By ouERie B G5 atin o im o
tetradWEMenBEN de MdedQoMMMiE1E fRAEArpUPPI enented with 5%
to 20% fetal bovine serum (FBS) or various

c oviesrc b ahl groaxginf ab | tearsformed wéeh ardé@pressiodereds@thaving an
) Culturing is q%gnera_l ly carried out in the presence of
inducgbfecppomptes eserothespiiy axiamprangtersis pwltiared; ginl idiepps . may be
ring..cukturin ant.i bi otics such as kanamycin or
adde U} i Hhe e ROt gaTen,  TIECREEa i sgstormed

- i t. gl yc i n.wi difi
vich 5] RO ol T, A6 PO AL SRR | e
isopropylap AedhisiatgrtasideNEPaG) reans 1@ mayrid ¥ddWl to media. When

_proteins. Wien the protein is a nmenbrane-bound
a migpgrgamsmsiraselosmed witbt & rexpressiqur odamedhaving he toelpromoter
rface, the protejns are extracted by disruptin
used Tzl B iTibhy ol 6P s (b areiholie MRgreq fdded to

mediProtein is a secreted protein, the 23 proteins are

collected fromthe culture supernatant. Subsequently,

t hastaegRt foPEalktaH RS @@@sf@@teti?a%wst 86t 206k RUEAJ lagfndr €8s as

t he above culture using one of or an :

host cells, for example, generally-employed RPMI1640 media, DMEM media, or
HAM F10 media supplemented with 5% to 20% fetal bovine serum (FBS) or
various commercially available serum-free media can be used. Culturing is
generally carried out in the presence of 5% CO; at 37°C for approximately 18
hours to 10 days. During culturing, antibiotics such as kanamycin or penicillin
may be added to media, if necessary.

After culturing, a target glycoprotein with a modified carbohydrate moiety
(with different glycoform) can be obtained using a general means for purifying
proteins. When the protein is a membrane-bound protein, since such proteins is
produced on the cell surface, the proteins are extracted by disrupting and/or

solubilizing the cells. Furthermore, when the protein is a secreted protein, the
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appropriate conbi nati on of general biochem cal nethods

that are enployed for protein isolation and

purification, such as amoni um sul fate precipitation

gel 5 chromatography, ion exchange chromat ography,

and affinity chromat ography. \Wether or not a target

protein is obtained can be confirned by

SDS- pol yacryl arni de gel el ectrophoresis or the |ike.

Met hods for producing a glycoprotein with a nodified
protegy gohye baceed foompthet pulinid iseperpatasitl s Sabeegisently, the target

. described.in detail abgve. As is known by persons
protegiy Frib e 1$O{HET A0, pyiphpd fa%othﬁoé@m ety epprgageaof or an
P J 0. Wt | T carpohydr at ety b

wpprl PR Sl it O B Re i Gehs PR LR FL S L fBloyed for
protefd lisd1afioRr A¢tH GudFi JAkBheIsiieh Ws lahﬁlll(ﬂgu%elshl'fgfeeﬁre%yﬁittﬁ%n, gel

(e.g., anin vitro translation syste I'S
chromatogeslivaliby eavhadgebdieonbbegraphgeatd afiMent L neAbghhy.

achieved 15 utilizing such a kit. Briefly, through the

ut Whether oor gfotam it#rget t proteinr ahsebliaprddorganr dreslcaniiomed by

system such as, TnT(r) , Coupl ed Retjcul ocyte Lysate
SDS- 3 BB AR dp et < REHTOPERR @ s T T( 1) Coupl ed. Wheat

Germ Extract Systens (wheat germ narketed by Pronega

Corporation, for exanple, a cargo receptor having an

al Wﬁgdtﬁafrobogydm@h% rae?)ﬁ&bﬂﬂo%]ndm N aRga e afshydrate

protein are 20 expressed, so that the nodified
moietyanhbhygr atlés ard et Yebsilbmund demil heowtesi Aeds kpoeinebi.persons

... For details of the in vitro translation systens of o

skillegy gl atloripdp s mossipleats @raduce peelhiormioneje withr egnodified

B T e e AT
kit fd ﬂ&ﬂo?ﬁgiﬁgopP&Qirﬂr@@Hﬁ'h Ofk]-£r2e0fysPed! RCOPTLQL 5 Fitm tn@ation

|

nodi fi ed car bohydrat e iety in-a specific cel

systemy siseonfimefRigiflucivaoabdd. oNMihgopacseharinden@Eeca be achieved
.. glycoprotein with a nodified carbohydrate noiety is

utilizgigt apydd as kitlescBrizdly, atbsanghanthe! | wolsestirar pfieasanin  vitro

be cl eaved fromthe protein, so that the 24 npdified
transiptigiiragplatioge s¥aifhes téisngd‘.T(% Coualpd dietiudocn Lysate

syl ARBTG5y B3 5% S8 Whkyd S50 B st
Crhsspao o6, SRR o L DUl iy oot
havingoaparlttrednyarbshpdiraketredogiiyionhidomain and a desired protein are
expressed, so that the modified carbohydrate moiety is bound to the desired
protein. For details of the in vitro translation systems of Promega Corporation,
please see the homepage thereof
(http://www.promega.com/gﬁides/ive_guide/default.htm).

. As described above, the present invention is not limited to the production

of a glycoprotein with a modified carbohydrate moiety in a specific cell system.

6. Production of oligosaccharide

Once a glycoprotein with a modified carbohydrate moiety is obtained as

described above, an oligosaccharide can be cleaved from the protein, so that the
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5 ol igosaccharides can be cl eaved according to the
i nstructions. Regarding degradation by enzynes, for
exanpl e, N-gl ycopepti dase or 0-glycanase is allowed
to react with glycoproteins, so that the
ol i gosacchari de can be cl eaved. According to the
present invention, a desired carbohydrate noiety or
ol i gosacchari de can be produced conveniently and in
large quantities. 10 Carbohydrates and
modi§ied pligaseneharits car beradyainedd iGleavane 61 elds ai ndigedhncharide
bi ol ogi ¢cal apd chem cal fields; however, the

can bg CRIHEd odite R rlE6RNIGHES (IGHWD 8 theu@H- 158 ahd hydrazinolysis

0 ' 2 e present 4nvention i very useful
meth§F A Be oy, &Y By iTG0s AR kis Dot i EiAnb R method, o
Hydr@¢8asae ' ' r i

A R Ao Faie Rt C (HOREN CAPEa T MRS, by which

oligobadwhariyles nchwdbrgelseape narsrdibaitoethe bystrandond.y Regarding
i ntroducing nutations into a cargo receptor is very

degradgtiga. brersdaymepy foheerampks ed-ghrcoptpiidides arsithglydmmase is
of the cargqQ receptor, a, library of

random | i brar
allowgg i R Ll HEPRIPIFBH: b Bichahap IROCEhasighcan e Cleaved.
gl - [ ] 0. carpohydrat e noi et on the.
oL KESONFE &of iSRRI BBl S hERag, Wiy o
oligobd d¥hafi¥le MdanDeb & OBPORALJOT coMetinid ael, oLbhgosgcchagd dggamities.
or glycoproteins with different gl'ycoforns prepar
Carbagalorthisngntio ofiigesprohacides i amxenteigaired Siimceainy iffelds including
. . thought that the structures of carbohydrate noieties )
biological gndyssamierdr figkls; ah@vevrrol thedpiadugtivn themeef das, required
. uchtlglcargoh drat.e Iibraiﬁ is useful 25 for carbohg rate
TUCh ST 889 FOROBNGHSE,  ADE SSTRIAIHERTAB; St Yelyy useful in every
field ®lak § [ i ' ' : t j ons can be
T R R R R
i ncl ude various carbohydrate noieties or
ol i gosacchari des. To select (screen for) a
7. CagdwrhtydhstérisdirerwbSugay abaimlibgoyacchari de having a
specific str re or a specifjc functjon fromthe )
cagﬁog Wﬂlatfb?%c"&ﬁragw?: Pd@nggme Brasy dncluding spgegnees gibtained
Is : L.Ng: far. C hydr at e .noi ety,_or
by ra R e R E S o e B MR AT SR, Hence

by thbe@hidTecBbn ¥ OO YisiANEh@ BEERAL Abrar9’ of thERAREIURCceptor, a
for selecting in vivo radi o-1abeled célls based on

library hef rcellac expmgksing oplyicopostgans wWitlardjéfererg) gbanfdens (modified
enpl oyed., 5 Furthernore, the carbohydrate library
carbolé%w%énqlﬁge@s@n dre goll| syrEagss egsi hryconstructed.  In addition, the

library may be composed of modified oligosaccharides or glycoproteins with
different glycoforms prepared according to the present invention.

Since it is thought that the structures of carbohydrate moieties or
oligosaccharides are involved in vivo funcfions, the carbohydrate library is useful
for carbohydrate studies. For example, a carbohydrate moiety or oligosaccharide
having important functions can be searched for from the carbohydrate library,
which include various carbohydrate moieties or oligosaccharides.

To select (screen for) a carbohydrate moiety or oligosaccharide having a

specific structure or a specific function from the carbohydrate library, for
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various glycoproteins, or oligosaccharides or

gl ycoproteins imobilized on chips. Such chips are

useful for extensively detecting (screening for) a

carbohydrate nviety or oligosaccharide having a

specific structure or a specific function. In

contrast, oligosaccharides or glycoproteins having

speci fic carbohydrate 10 structures or cells can be

previously selected fromthe carbohydrate |ibrary,
exampleppditephddue epeselevinyg GaresmnpUoTY lausrexdwdeaichadsty or

. Lum nex . Cor poration),. or chips, and then ysed. Such

oligofqeiBads Stk BB dtO Ui nhipS BIRR! (f6Bpy pnagy body; and & receptor

e ivel y. d i ng {scr.eeni f u n .
o aCHERRhE or N 7 68 okBlRTIbdsT SRS RSed on dheir
accunfda e ok S sStArbetineg San IR diigloREgsent invention, the

term 15 "screeni ng" means a step of selecting

c alfutit blerimesr e s tieh card obiyrsdtaritbesrhavalilgs thp@ce fdfccells expressing

. carbohydrate structures or substances specifically )
varioymglyicaprotagswos Bligepecaherides ar isdrsanratedns i mebikized on chips.

d indicat h i fti t of
S A
moie’c2501I Qligé‘{arcgﬁ‘éx‘}i@é"@ﬁﬁ%db%?égifics g@?&fﬂ?g o%:a bedifi® function. In
of carrdi S

arromfng own ( te su ances i nteracting
contraitt holigbkdocRRrig¥Pr @8Si F19c HpvEARE OtiRivivsy NAYEHE: S Pe&ibbhGdrate
structures in a carbohydrate |ibrary. ~ Specifically,
structtbes ocredhsi ngn niet hodvisfusttheeprads®nfroinnvientdaomohydrate library,
) Eqnprises, for exanple, the follow ng steps of: (a) _
immoRilized; rspactéealy @ prgoars nduereseonsspberdsi (- wmingxa Corporation)
nodi fi ed,car bohydrat e ety or dified.
or oS S CHRAr PR or 342 TBufibedie Bpth of biny s usdl for
exten§@ERONYAEEE£r MPLGEYninB! FofPNEbAkatMeth (8 o €Shroteins) or cells
substance; and (b) exam ni'ng interaction of the
recogglzyng ppedificncadboiyracastrobysleat elntlieepsesent invention, the term
(oligosaccharide) with the test substance. In step

“screqnadg’ tgandeehsiEpf of tdeeting i qigdidateotsuphr 83 cwibaranges having

mccity TSy 5% ARS8 Coll SR ESSLI0 S crngingg it

secth, 01 4001 BORRGRAETLAE 9l YEPEERUAL T Y Fumerons

carbolpaitbachiridtliPesaint € Sharfdhsl RCEbRYyY FbXdsN® A€8W down candidat
Furthernmore, in the step (b), the nethod for -

substaggesyi o thy harewing downi of naotdipatet substzckey ihfemdtedy with cells
either. Interaction can be_exam ned utilizing various

eXPressifis GECUHEIFIN 1 4YaPS otecific sytryqtenssi W eheaghqhydrate library.

Specifically, the screening method of the present invention comprises, for
example, the following steps of:

(a) bringing a cell expressing a glycoprotein with a modified carbohydrate
moiety or a modified oligosaccharide or a glycoprotein with a modified
carbohydrate moiety into contact with a test substance; and

(b) examining interaction of the glycoprotein or the carbohydrate moiety
(oligosaccharide) with the test substance.

In step (a), the method for contacting is not particularly limited. For

example, a cell expressing a glycoprotein with a modified carbohydrate moiety or
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The above screening nmethod may al so include a step of
grow ng cells expressing a glycoprotein with a
nodi fi ed carbohydrate noiety and/or a step of
screening for a cell expressing a desired glycoprotein
or a carbohydrate noiety on the cell surface. For
exanple, cells expressing a glycoprotein with a
nodi fied 10 carbohydrate noiety included in a
car bohydrate library can be grown according to a
a mOéefh@d arg@éaqchgﬂéwon angdyhoptotsio vaish tiombdifadsl earbohydrate moiety
e t he anmount .of the d|f| d car.bohydrate
can B BERENT Eit RO REy Bithet i sy aaye% VOB EGER. o Furthermore
r ty. | REessed on. cells
in thg%ggwyltﬁéen gﬁ Yog %paglzlél% m A5ty by B Pﬁ{} C&IVI%rhmlted
e1the@| ' Hﬁ%?é‘c%%réﬁebé:@ﬁaﬂhﬁéﬂ @ﬁh%it ;édvapﬁjodét tlet Zddi%nown by persons
techni ques 15 such | ow cytonmetry. Proteins
skilledeoogre &itng specific carbohydrate noi eties are often
involved in various diseases, including vira
| nfTé\@t tlmes, sereeniong alethed evey ahey indlddehe stéke! gMivisg cells
is desired to screen f nd di scover suych

expre&lsmgela ycwloégge\ylt i3 m lfllsao%ﬁ belirate, maigtyoangd/er a step of
screeﬁﬂ%%ﬂ S qi 39 rés@ éggl‘.l?gd géfsc%g%: 'ein ra. cgr}ﬁolvzq{ate moiety on

osacchari es oI Vifu acteri
the cePegirfide. Cardrobydhgilee o8Ik &t ?@ssh% GeiivBopidteinS wHIS? modified
known that contact of speci |c car bo ydrate noi eti es
carbokiydhatantoieoylieduded teklcarboleglihiat iésrat heah rcgrioons acfording to
such anti bodies or cells. It has been desired to
a gensfahicgl gigeribr mgthed, o?%/ aﬁe@hhm% toHasEeasei the @mount of the
ect at. the ul at ory mechani sns
mOdlﬁFg &HHS W@é%‘ﬁn.r‘}?‘ﬁgv speddh %@5? boti§ft at e8 ng?t‘ég} ovith a
carbo%?d?:ftesfﬂ%?étsr' 5 EﬁSIQQEBﬁdroﬁt Ee IOl £lhESpMsbht l?l?ventlon specific
di scovered according to the present Piaventi o A

carbohpdtatt haoidtarqgesli §od wchiede (c%ﬂgﬂﬁé)beoitudldﬂgﬁtlﬁ&[n techniques-
di seases or diagnostics will becone clear, thereby

- such anéleM Aytoatdtici ent deS| gn of drugs with no side

R Bk DESERP PR P TRANNEIN g te ﬁfog%laé’é?%i%g@ﬂnvolved in
varioﬁ?ﬁ:ﬁp aggraﬁe pr1og5%n%?qny% i?’cﬁl)s b%%? rlaef in ec:té‘milﬁ,1 and the like.

essing o e| ns an

Thus quaki ¥sif@ts Wcr&dn §aF kh@l'ﬂya[s%b€§r sﬁ§N%ﬂ6§éln§ndM&%over it is
outline of secretory pathway. 5 Fi sh

knowopuhht ndection/iPagablibhat Hy dhmﬁﬁmdmglafmpelélfgc oHgshaosharides on
the result of introducing random nutations into VI P36.
viruses or bacteria having specific carbohydrate moieties to cells. It is also
known that contact of specific carbohydrate moieties with antibodies or cells
regulates the functions of such antibodies or cells. It has been desired to
examine such regulatory mechanisms. Hence, it is expected that the in vivo
regulatory mechanisms of proteins recognizing specific carbohydrate moieties or
of specific carbohydrate moieties will be discovered according to the present
invention, and that then target molecules (sugars) of drugs for diseases or

diagnostics will become clear, thereby enabling efficient design of drugs with no

side effects and higher level diagnosis of diseases.

27




10

15

20

25

"A" shows the nucleotide sequences of the putative

car bohydr at e- bi ndi ng domains of VIP36 and "B" shows
the ami no acid sequences thereof. Fig. 4 shows
phot ogr aphs of overexpression of altered VIP36 in MDCK
10 cells. Fig. 5 shows the binding of plant lectins to
| ectin-positive (red) and |ectin-negative (bl ack)
MDCK cel |'s, The upper row shows untransfected cells,
the mddle row shows nutated VI P36 transfected ceIIs

BRIF&E@E&@M%WN%MM Gt r ansf ect edpﬁznt r ol
. bi - ;
Cols 1 fateiE e Bl o S S e
carb g%i%ljn ess-{ag fotf%?fﬁﬁﬁ{m Y ‘é‘iﬁ& @Qg‘ﬁu %\1&{ 86 %}?@S(gte Hr%bhydrate S

(sugatrrspaﬁdeﬁésdﬂﬁﬁléfsséc@auw gmw‘raﬁpm the 't separation,
the second row fromthe bottom shows nut ated VI P36

t r ¥nsf 2cheds tied bstliresoll ViRay fiboanyt dumsBruedoaepar at i on,
and the | ower nost row shows 20 the nutated VI P36
tr Eh%f dctlbawe dpesrasalupf |1ﬁgc>fir1©mgt mendpm @uéqmrm i, VIP36.

«p ff
A Gl hy BRAPd nE SRpcS Lt ot R e Rl s lgingg domains

of VWZ&FhaJQe‘dB” §ngts E%ﬁpﬁhpng%}% %erqgl g%sg{helrg’of i ndi cat ed

bl ue I'S an out wng the design of

r aFgor M s!hblvﬁeﬁﬁotf)gfaph@t6f03v|§ﬂe5i9res3§)nr anw@réﬁﬂﬁme% MDCK
into the carbohydrate-b ind ing domain of ERG
cellSF|g 9A shows a photograph show ng sanpl es prepared

ng an . anti-FLAG anti body as an primary antibody
Elgg JostoWhithe nbndng o ém‘frdea*sma tos deGitgapsitive (red) and
lecti@ﬂgbﬁwyéﬁggﬂﬁﬁ ne;g Y\e/ngg '{%rpfgrur%\gﬁe? g‘fre'g,slélt‘i\?ﬁéf@“ed cells,

the nfi@lHleSroversBoARSBLMEEN 83 E'tgans?&:téﬁ%@lsaaHEQBQ%\%Q{:row shows
showi ng sanpl es prepared using an antl-FLAG ant|

untraasfeatancmarqd MiiCKadylsand goat anti-nouse Igd-FITC as
secondary anti body and then observed by a

f | Bt s etk the biskiespé PI-B apbdY 6A/® I:e@hmrmmwe (red) and

i R O LRSI PR35, 0RRL R, SRV SRR e c,

the ségﬁﬂpf}%ﬁg%ﬁn SOWIP G SARLER e P RAPAGETa T A1 resulting from

the 1* separation, the second row from the bottom shows mutated VIP36
transfected cells resulting from the 2™ separation, and the lowermost row shows
the mutated VIP36 transfected cells resulting from the 3" separation.

Fig. 7 shows the effect of trypsinization on the binding of lectins.
PBS-EDTA treatment is indicated with red, and trypsin-EDTA treatment is
indicated with blue,

Fig. 8 is an outline showing the design of random primers for introducing

random mutations into the carbohydrate-binding domain of ERGIC-53.

Fig. 9A shows a photograph showing samples prepared using an
anti-FLAG antibody as an primary antibody and a goat anti-mouse IgG,-FITC as a
secondary antibody and then observed by a fluorescence microscope. As a

negative control, wild-type MDCK cells were observed.
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anti body as a primary anti body and goat anti-nouse
lgd -FITC as a secondary antibody and then observed
by a fluorescence m croscope. ERA C random |ibraries
were transfected into MDCK cells, and then sel ection
was carried out for 10 10 days wth 1.5 ng/m (418,
and then the cells were observed. Fig. 10 shows
hi st ogranms showi ng the result of analyzing the cells
follow ng MACS screening using various biotinylated
| edigns®Bs shewsary phatigrbphli eBowing Féaitpleabgrgehred using an
i #r tavidin as a secondary antibody. A black line
anti-FLAG 4055 O % P NEK deibady and gtpat janéi-meyse de6s-FHTC as a
fracti fall.owng MACS, , 15 gnd a green line
secodaby ERGROEN il YR DRsRNEE b '3 AURede et thogne  As
ositPRow t @S 0 A 3 |
P e By TRCS SEPR (YRRE Bl E (s AT p Rl has been
confismedngtal cdfsersR¥A (-), that of PNA (+), and that of
PNA2 (+()é to PNA were conpared. Fig. 12 shows
ph&todtashews pbatagyapivesheging sanoflesvpsemarad bkotg amgnti-FLAG
.carried 20 out for PNA (-), PNA (+), and PNA2 (+)
an“ba@w@ & RIYBRY BRtiBPYY iang| se@dantéuneyss B8G1-FFTHegya secondary

o381 ST 66, SLSALERLRY S AL L5 BSSBE! BR At Funcom

ndary an SOl eSul
librard&alnteé BAnkRRIEAIROMYBTa @it Nl the3P&SE it l;v%is Bhried out for
each cell fraction when FACS was carried out for a

10 dagenwitll, 5 RNMAM(-G418PNMAd (thin thaodllPWAZe Obyetveiing MAM or
PNA as a primary anti body and streptavidin FITC as 25
a Biconbashovnt hisegyampi ghovtingsribasrashls ofit inalpziog ashe cells

t echnj for separati.ng cells havin ecjfic .
followfigy oMb St SCTRSRENY cUSIBY MRGVEy CAHTYYIGT lcHBgneti erimary
i | . y j Rlatie _
antib§fles S FITG.1a0dBSlrepibldinl 808 RLhEY incdil iblack tine

indicites tconsrol MBCRO cPll QLA WHETAdICRldsSa NAVIrA&ion following MACS,
car bohydrate noieties specifically binding to PNA

~and ajggeen hiweviedwasespafa) frdcthiynf | ow cytonetry (FACS) and

then epriched. Fjg- 16 shows the_ expression of
c lﬁoh%r%‘f’@’snﬂi biegsamg shewing d§ai Feulthgl ampivriag by FACS
i s M, R I e T G e o
PNA (-), that of PNA (+), and that of PNA2 (+) to PNA were compared. ’
Fig. 12 shows photographs showing the results of western blotting carried
out for PNA (=), PNA (+), and PNA2 (+) using 5 types of biotinylated lectins as
primary antibodies and streptavidin alkaline phosphatase as a secondary antibody.
Fig. 13 shows the result of analyzing the carbohydrate-binding specificity
of each cell fraction when FACS was carried out for a control, PNA (—), PNA (1),
and PNA2 (+) using MAM or PNA as a primary antibody and streptavidin FITC as
a secondary antibody.
Fig. 14 shows the outline of a technique for separating cells having
specific carbohydfate moieties by flow cytometry or a magnetic cell sorting
(MACS) uvsing labeled lectins.

Fig. 15 shows the intensity of fluorescence for labeled PNA lectins in a
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The present invention will be hereafter described in

detail by referring to exanples, but the present

invention is not limted by these exanples. [Exanple

1] Construction of VIP36 randomlibrary 10 (1)

Plasm d pRc/ CW2-flag-VIPh-AfIll In this exanple, in

order to introduce random nutations into a portion of

cDNA encodi ng a car bohydr at e- bi ndi ng domai n of VI P36,

the followng priners were designed with random sed
Processi {yhpifc celdt ilaaeng epehrahys) pﬂtﬁgm@mmseﬁb‘tfdfiﬁglllf heinding to PNA

lectlr%sh\rg?ﬁeh egaégaﬁtgg??y( | ngcyagglgﬁrg @g&éﬁ é\‘ﬁ‘ﬁ rrfa Isgd
igglifg ‘;][ %l% é;g:l@gs éﬁ@g’ca ?ﬁtg ezt:i%ng]ttg'%Je Ilegognlzed by

alterddaV ORI ‘indﬂPMﬂ?@btnﬁaﬁlmbﬁgrléta?l'dbéd}ﬂfd”l%lq@@élﬂs The
followi ng four primers were used for constructing

Vi P36 random I|brary (Fig. 2A): VIPran | - 5'-GCA TGT
CAA CAG_ 20 TG 3' (SEQ ID NG 5;
BESW(HDFeQFﬂé&WWt@HmEEW@@N ncl uded at 5'

&ngOf nucl GOt ' m gl nZ: ft%r ﬂ%b\cerégqﬁlirﬁg A@ﬁy ngeérmg to
e ﬁﬁ%%ﬁm&“%ﬁmkﬁ %&éf R U HEE TS

SEHE AN 11 TComtarcRidd 6SVIPIE HiRlod 1ibtdyG C and K
mxture 25 of GT, wth Xbal site at 5 "end), and

(1) PMEﬂn@ch/@M\M«ﬂa@TEIRHmfA@c ACT CAG TAG AAG CGC
%](SEQIDNO 8 - th Bfrl site: CIT AAG at 5'
this prpEiple. @nerdgr Fbpaﬁgosmrmd%wteyeas iiptopeRoron of

| f f V| P36 ene VL.Rh . f.ra
CDNfﬁ%Q%é@%%nucﬁfeb@ﬁ Gullec i BRPRIL O ST FE Tagwing primers
were Ge§ikaed |\x€i§§}and:c’:rn'11r§€di %l‘g%hﬁclfebﬁﬁtes DMM%?IH%%WA'&CB@% the
m xture of: 10 ~ 0O VIPranl (2 g/ | of
carbolryPraaerdifding/ dc)mam ddl tloft iBex pliymaéiaca chufd esachion(((WEVR) was
Engl and Biolab), 1.5 1 of 10 M ATP, 6 1 of water, 1.5
perfoxm%ﬁ the xpRkEed cON& &ﬂgmq%ﬁ (pemek SpiPtanugizoGdeofrom 481 to
PCR was sol ution

1071 (R girhg B BT BT I@g@t@%‘”’iékﬁﬁm cEi o | mytated

us buffer (TOYOBO), 2 p.1 of MSHA
CarbOth@‘f\?B%%)ﬁdlz Aot e X, 2 1 of

pBliweSolbpting/| 1036 I(raﬁlefﬁlw)firat@sed]-@ol’n@bhét,rué’tu% W36 random
Iibrar)\;va(tl:g ,’?K(}:i %fllgranlo% K((EJ(?A TGT CGA CAT AAC TGA CGG CAA CAG
TG-37 (SEQ ID NO: 5; with restriction site Hincll: GTC GAC included at 5’ end
of nucleotides), VIPran2: 5°-GAG CTC TAG AAA GAT GGC TAA GCC. GTG
GAA-3’ (SEQ ID NO: 6; with Xbal site: TCT AGA at 5° end), VIPran3: 5°-CGT
GCT CTA GAC NNK NNK NNK AAT NNK NNK NNK NNK GAG CGC GTG
TTC CCG TA-3’ ,SEQ ID NO: 7; where N is mixture of A/T/G/C, and K mixture
of G/T, with Xbal site at 5° end), and VIPran5: 5°-ATC GTC TTA AGC ACT CAG
TAG AAG CGC TTG-3’ (SEQ ID NO: 8; with Bfrl site: CTT AAG at 5’ end).
VIPranl and VIPran2 primers were used in PCR to construct 5° half of

VIP36 gene (VIPh fragment, 133-480 nucleotides of the entire length of 1407

nucleotides). Primers were first phosphorylated in the mixture of: 10 ul of
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plus (TOYOBO) . PCR programe was run in either
PCRexpress (Hybaid) or GeneAnp PCR system 2400
(Perkin Elnmer), beginning with 94 C for 2 mn,

foll owed by 30 cycles of 20 s at 94 C, 30 s at 52 C
and 1 mn at 68 C, then 10 kept at 68 C for 5. mn.
Amplified VIPh fragnment was harvested by | % agarose
gel el ectrophoresis, subjected to geI extraction

((\]1 gu ick Gel Extraction Kit #8 , and stored in
VIPragl dgfmeil) FlQ.rlod) ViRgapg @ag Dt zvua of il§ak ingition buffer A

| u (+ Stratagene)) at 15
(Ne“ggé‘ fﬁ"@hﬁ‘ﬁ?é’gq S d%é’?\ﬁ %"l%l)sféMl WAy, Llsk!él Phd4 TKinase.
h pr ed. m xture
The pu RO REREpL e 3L 2ot Fetura” BT Lo hFolhen ggection
luthatsh d t B: pl h
% ut50 I §o?§%n ofirr]n(;l Z CWO%%ME hgy Iag%edt %ragﬁgﬁgﬁéb x KOD
plus bu@f@a{TOé’r@B@); 2¢fl of MgSO, (TOYOBO), 2 pi of 2 mM dNTP mix, 2 pl
i sopropyl -1 -thio-beta-D gal actoside (I PTG for colour
of pRlupeciptoNIPHH {ee t@mglate,n%@tm/bﬁ Bo? 1dvelt watghand 1 ul of KOD

o WA R S0 L T o
Gened) PER! 544G ﬂ'@’o %1 ?gbagn%%&%% $4 °C for 2 min,

extracted from over um usi ng

folloWkawyi 4o MyieKbf 20Q é@ﬁl?ﬂ) Can33b %taqr@"t]naﬁrcﬁlbhﬁﬁrﬁ Q¥ - 68 °C, then
pBS-VI Ph vector was then digested with Hincll and

kept Mob$ °Criop B mes.cr Amtpleied MIAh feedthEit Faagamsted by 1 % agarose

est ed VIthra ments (VIPh', with a few pBl uescri pt
gel eﬂ?fifg’f%ﬂfa%é, Aporgetaghéo gﬁﬁjteXZEC\MOﬂih(Ql/h&Pleaﬁﬂ NExtraefton Kit,

e tract u g d Aqui ck Cel
QIA@i?aﬁh%ﬁfe pathicy &Céj% ?%?TE buffer. W Ph'
f rggpentss él@t Iwgéltq add 19vifh Op@nnEQitp: i
pRc/ CW2- ?grqgg whi ch hf’i\éo:i1 been 1d| ggst ed& fpt Wﬁ%ﬁvescr?t SK()
(Strathgihe)) Hpal 1 51 %@ @nanighol dftsi tengr eﬁgmndm ff)ll@g/eﬁa%yaﬁﬂ(ahne
pRc/ CW2, respectively). pRc/CW2-flag (5641 bp) was
phphafasy trepmenRe/ T pmmrp@bgmmirewgﬂtrzosformdumgé?m;:lz treated

E. coy\'h ! Cagnfllé\%ggﬂb S]K%lflsel gthoi gggﬁt%%ﬁ%%bgtbﬂ%%p %?\a(l;[e with
50 u'l"' BF”S HrBARE4Pa 1‘% %%&0@{1 b%%{%%g ssiEge -éllﬁ,lp)apgnql pl of

restrlctlo sites ure

1soprd}@8 It- EI&@SIB&IBHJBCEdlﬁt@mEe QmTGPnﬂ)r Ce'é'ldlh‘r %@1&'&0% LBPAR was
agar plate at 37 ' C overnight. Four colonies were

IHCUbBﬁedkﬁn‘ gvelp nagl . cl)NhLIﬁecdalwreﬂBedlnplaxedwmnsempattamdednyltured
37 ' C for_overnight. Rc/CM\/Zflg{g VI Ph was
OVETDhAFVIé’ngd MRAipma ihithe mrpsenetof AAR wevaH @%@m@ébn (LB-Amp

medium). Plasmid DNAs were extracted from overnight-cultured medium using
Plasmid Mini Kit (QIAGEN) and stored in TE buffer. pBS-VIPh vector was then
digested with HincIll and Nofl in pBluescript containing WVIPh ffagment.
Digested VIPh fragments (VIPh’, with a few pBluescript nucleotides at 3” end, cut
with Hinell and Noil at each ends) were extracted using QIAquick Gel Extraction
Kit and stored in TE buffer. VIPh® fragments were ligated at 15 °C overnight
with pRe/CMV2-frag which had been digested with Hpal and Notl (Hpal site and
Notl site present in flag tag and pRc/CMV2, respectively). pRc/CMV2-flag
(5641 bp) was a altered pRc/CMV2 (Catlog No. V750-20, Invitrogen) which flag _
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For sequenci ng pRc/ CW2-1f 1 ag-VI Ph, di deoxy nmethod with
8.5 gl of total solution consisting of: 0,75 pl of
pRc/ CW2F (forward dye primer), 0.75 pl of pRc/CW2R
(reverse dye priner), 0.5 ~tl of 2.5 MM dNTP, | ~il of
10 Thernos equenaseTm (usb), | p] of Thernosequenaserm
Reaction Buffer (usb), 1.5 pl of pRc/CW2-flag-Vl Ph
and 1.5 ~tl of water were app Iied Then 16 pl of the
Xt ure was Eplle i nto four t ubes each and

sequis S A GTTAGIAARSCAG (A CATEAL dGD: GRETEOMNE: o) was

e (I Y T
restrfc'tiro%t %’ﬁ’es of 1{)‘?{5‘/(%%\/%5 tL(;'w%tJeﬁ é] gp%‘%qs antncig%r?ﬁ/eg % ¥ coli and

cultu|ra:$b|nya LB0Angp afar/PlatCat BN °Qr §@rni Ot VIHGurr @NSRRY were picked
fragnent to be Inserted, Affil |inker was

up fmdn@vﬂtmctctdm GlB-ghnﬁ)NmefdulagnEmpemmhlyAfdtl B7r €6t foct dvagmnight.
fIII | i nker) i ntroduced into plasmd

PRC/?M&Y%T o4V RIS bAigsied il dig cethen scquenced
cor b adses sReRoROE Ve Ul Bl Bakoq i 85wt of
| % -3

total sfffn WREsiiE ofI QT SRERGEMUYE BShu ek 75 W

of pRGICMWR(SEQef@ NG ptiknedf fo kb luinker22) . mM §NEPAD | 4] of
I i nker, cohesive end suitable for Xbal and Apal
Therm@m@)assw bssbel gulfodr et maseqacinss™ Mcaoneﬁ;w&w (usb), 1.5

ve 25 First, mxture of: 20 ~tl of Affi
M °ﬂﬁ‘ﬁ§ﬁ‘4{f %8 p}fIPé'fal%ér 145 14 Pﬁw@ﬁefz\vﬁﬁfaanpkedt | Then 1r5|\nt1 of the

h 10 h | ed
oo HCSPaOBE L8 PR, 409 o5 SO o
ddAT®! B@TTPSREGTE 2 RRAGWND- kA2 dd ddre sy 8Ly WaP (H 9R3{Rformed

at its Xhal and Apal restriction site by appropriate
with ehzymdshont herturhewithc simdass presediad: b&rsiﬁ@ as anhsext 95 °C,

electrophore3|s followed by M 32 Q Aquick Ge
follo‘Eﬁ@ bxci¢ erclerif P s ahRéaICe B ¢ agﬁﬁn%Cs apd SOheatl 7AREs lastly, 50

s at 7@%3: pRcCW2-fl ag- VI Ph (di gested at Xbal site in 3
'of VIPh, and Apal site in pRc/CW2) was |igated

o ULk, g A I ST, ol

const{ukakar aj0lifo Wﬂrﬁtagmlﬂt @th KT reStricki@at bio® (AINI Ulrker) was
was i ncubated at 15 "C for 6 h or overnight.

introduced into plasmid vector. It makes easy to insert VIPh and VIPt fragments
into pRc/CMV2-flag sequentially. Two complementary oligonucleotide
sequences of the linker were: 5°-CTA GAA GTC CTT AAG AGT CGG GCC-3’
(SEQ ID NO: 10; AfIII linker 1) and 5°-CGA CTC TTA AGG ACT T-3° (SEQ ID
NO: 11; AfHII linker 2). In the AfIII linker, cohesive end suitable for Xbal and
Apal (GGGCCC) sites wefe formed in each 5’ and 3 ends, respectively.

First, mixture of: 20 ul of AfIII linker 1, 20 pl of AfIII linker 2 and 0.5 pl
of IM Tris/HC] ph7.5 were boiled at 100 °C, then cooled down to the room
temperafure in order to anneal to each other. Second, pRcCMV2-flag-VIPh

vector was digested at its Xbal and Apal restriction site by appropriate enzymes,

then the vector was rescued by 1% agarose gel electrophoresis followed by
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Ligation m xture was then transfornmed into E. col

cells (JMLO9). In detail, 4 p] of the reaction

m xture were added into 50 pl of CaCl2 treated E

coli, <chilled in 15 m tube beforehand. It was kept

on ice for 30 min, followed by incubation at 42 'C

for I mn wthout shaking the tube. Imrediately it was

10 cooled on ice for 2 mn. After transforned cells

were cultured with SOC nedi um (SOB nmedi um ]
QIA%‘H&EI ntEragten. 1 Chitd.of amenteyl uBegmensofedieuntinker and

pRc(gl@gﬂgfarg%@ﬂg .(é%egﬁedf)gtm%%ggt ige$I tmﬁmwxa?% , site in
oReIPSyESS W Neaa 3 B AL ol ot 570 MECRASRBLARE L2 o

rougEi3! 0N gEMt AT OMiker 56 TQUSE SOLRMYES (Wok&aPict Bk arP 18ion kit
DCKS’: tured in LB-Anp rre?iqum over ni ght(?Pg fol | oned by s
LigappbagmixtirextaaotaubatedGt theGdof 6Ur ocovemigls, at | east

one .col.ony was confirmed to have plasmd by digestion
Wi iﬁgﬂﬂ% ImpgRIcoRed thenelrartioomedr mep F. ¢l geellBC(IM109).  In

o ' [ -f1 ag- VI Ph- Af | |1 d d ,

s 5L PR A SID TPt - con
- i fQny d | GM2= |.ag- VI Rh: P

onidh B Lo N5 08! S L Tl B MR oo by

incuttididn af 42VP@3forgengin Without48aidAd kheueheot TRese bt P8t was
entire length of 1407 nucl eotides, wth nutations

coolgdnomoderc ey 3 Rnip. 2After Atid@fodesd DS pobnenmenbtaeed5vith SOC
.(TO , Wth arelatively | oose proofreading )
mec“é’&% {3%9 meduun sHeglemenged porh 10l NbrelpeespnetPB medium:
014 NC n at l,eot i ri
pacto ikl B SHES JARF et o BN o8 % 86T p e ?ﬁ? MgCl
+ 1 MOWMRSIO OR%x 13SmMUPE! 946G RO 7 canghW ge i Lapfled
rruo?gélt eoi1 VI>I£3t flrna’gﬁrrgns vverljgé%r equi rf}é f of Cra{%g,‘c})me biftied on
LB-Ampplaty andonstbated iovarnidht at 3230 for dolieniepté grdw.
concentration for the random zed priner 33 (VIPran3 _
pr F A8 polgadesywess picked uroasd cplinred in LB-Aom mediumtdwernight,
entration _for the Prani priner.was determn ne
follof 88 §5"bieShid bspit®liab | Q1 G5 el SElghich At Aot colony was
. . -TOY, ) 0 .
conflﬁg@gf)‘;‘%?vuezggﬁ%r@dlycg@eﬁidﬁ wi IPYPRP) £l ROLY BEAS Sphoresis
(Fig. 2C). Plasmid (pRc/CMV2-flag-VIPh-AfIII) was sequenced and stored in

100 pl of TE buffer (350 ng/ul).

(2) VIPt insertion into pRc/CMV2-flag-VIPh-AfIII

VIPran3 and VIPran5 primers were used in PCR to construct 3’ half of
VIP36 gene (VIPt, 481-1071 nucleotides of the entire length of 1407 nucleotides,
with mutations introduced) (Fig. 2A). A KOD dash DNA polymerase
(TOYOBO), with a relatively loose proofreading activity, was chosen for PCR,
since VIPt fragments were to include randomly mutated nucleotides. Various
PCR conditions were tested to optimise reaction conditions, as numerous amount
and wide diversity of mutated VIPt fragments were required for random library

construction. As a result, the optimal concentration for the randomized primer
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5 anplification and sonme conditions were tested for

optimsation. VIPt fragnents (Fig. 2B) were digested

with Aflll (3 end of the fragnments) and Xbal (5

end). Eelctrophoresed to renove the small digested

fragnments, VIPt fragnments were then ligated to

pRc/ CW2-fl ag-VIPh-Afl 11, which Xbal site at the 3

end of VIPh and AfIll site in AfllIl linker of 10

pRc/ CW2- VI Ph- Afl Il were digested (Fig. 2D). Ligation

(VIP%%‘I%PHIWYWS qetermpiaee toad 0 IJSMEU ldverlm gfhttrast, the concentration

ted b
o LT S D A, v
r nce as Aflll enzyne did and,
Comaggglgg%}lﬁ S fgggfc’?gg%@y the manuf acturer that the

Si K@Ddlpﬁhﬁsﬁt PoR) . DNENZYWIEnERSH! t“%i Ians& OWsed for PCR
ef ficiency of ligation reaction, which _

amph(frqattnomaandf mmé cbn@m)ontsomatertastteddhr ojfnansitwmatl on into
coli JMLO9 was done using a standard nethod as

abWBt fEF%@?’F"ép&F@l SR naseral digepleds ovitedAlSl ng’ end of the

fraguifglf) BREGTAL. (Cariibg RolcUppasedon FHaper dhsosmal digested
fragr{ﬁeln?§t ‘\QPWF}BQB@M’%@%&@ ft%érg'elggatleéll]gf%t L0 /BRlybL t??g-\w[%h-AﬂII

purified and concentrate anol” precipita

which Xbalstsiredar diher Gt oegli . of\ VDFh'aﬂH RIS eemegli NENT Nifker of
15 m tube was pre-incubated at 37°C, a cuvette was

pRe/(MMA-¥dPbrAflbe, warel digestdd (fg/ CRBY- f | dgigwtiPh- \AbRIUon was

n another fresh 15 nl was chilled on ice. Twent
mcubgiNe/‘-}o?t b5 |fﬁ>‘rﬁén§ﬁv cémP@fWé?!r,lYap‘iﬂfﬂ@Tdoil rslttehféffﬂbwé dﬂgﬁﬁéed by
restrl&?&g %II’IQ#H[P] / etri%a]%(l)gnfisg 15£ reéOgebgled% Xs(aﬁqee sequence

as AfM@%nifrﬁBﬁIﬁ@%h&dsédbrﬁ M%ﬁébQHﬁdﬁe&B&lth@ SHMELLSer ?rfhe site
V and 129

el ectroporased with conditions of: 2.45
digestedelby r4f/Teédzymvaneputet ar (o) &FRi{BIXpf lﬂ'g”aemalbﬁé&tlon wh1ch
condj tion was chosen after a brief exam nation of
was Cé‘é\?é’f 5ot Kysay cpasigustionol t age. VoI tages exam ned were

fangi;orglﬂﬁg ﬂ%gi 42 k l 3} O%Gégmg%iatgﬁgl%g}ame’thod as

abovegently Sol uti on was then rermved into a fresh 15 ni
tube and incubated at 37 C for 1 h. Then, each 100 |

ofElengeporatioaukasr €do Spéifbined Wasng EC2EMRTD PH5alpha-E™

LB- Anp plate. Plates were then incubated
cells C{@bﬁpgﬂiﬁuat Iife cTechnologies: Catalog No. 11319-019). Before
electroporation was performed, ligation solution was purified and concentrated by
ethanol precipitation with standard protocol. Also, 1 ml of SOC medium in a 15
ml tube was pre-incubated at 37 °C, a cuvette was chilled on ice, and 1 ul of
pRc/CMV2-flag-VIPh-VIPt DNA in another fresh 15 ml was chilled on ice.
Twenty pl of DHS5alpha-E™ cells was applied in the above tube containing
pRc/CMV2-flag-VIPh-VIPt DNA. After two times of gentle pipetting,
plasmid-£. coli mixture was transferred to a previously chilled cuvette. Then
electroporased with conditions of: 2.45kV and 129 Q by Electro Cell
Manipulator® 600 (BTX). The above condition was chosen after a brief

examination of several conditions in voltage. Voltages examined were 1.5, 2.0,
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El ectroporation was repeated until the nunber of
colonies forned reached I x 106. Sone col oni es were
chosen for sequence analysis to confirmwhether the
random nmutation of pRc/ CW2-fl ag-VI Ph-VI Pt was _
introduced (Fig. 3). Nunbers of inserted fragnent in
a vector, transformed by both cal ciumchloride nmethod
and electroporation were determ ned by restriction
h Xbal and Bfrl. 10 (3) Recovery of VI P36

and f%ﬁg‘gftﬁ: I |“HF‘§‘5‘9W3M@(1HHF lamin), éOll’ﬁMO oF etﬁmﬁﬁ‘ ﬁ@:@ wedium was
s YA A9S, T B P  FE\ 0 e
inculRS&! apy’? genidry; Bl X"ﬂ‘% gh%&ﬁ? u"f"é)tfhoﬁ@f?ogldggv\g%%dso ution was

using a conradi sti uspensi on

spreatilrcﬁﬁsfaeILB%‘Sinfipoag’?«atrfIilﬁﬁé1 51Qai'gs WeRahe PURARSIR LR R VMRS LNEM 7 o C,

messed up to 50 mi with LB-Amp mediumin order to-give

Electafdmrailgmavas repeited dgil thelnungreowtfhcol Suiepebsmed reached 1 x 105,

iumwere cultured overnight at 37 C._Air
Somegg aptqso‘ﬁ?%?gcmﬂnﬁ%é&qwqeeanaﬁwbap|cmflrm waeHhadhedandom

muta ﬁ%lgg%fg¥ﬁryg agc %E%ﬁéd&% ::IH‘[I'? |(§bgewgf aNuppers of
inser®d fragiBst ﬁpgvﬁﬁﬁp%gwfgrﬁ{\@@ bg V\éatlpl %?%ﬂlcﬁl@%ln‘?ethod and

agar plate. In ordér to exira asm

electropspaingl were dpRIOPidAbe ryaliviles 4@ edthﬁl SUROBAST & BAL
fromusually ten different agar plates were m xed
toget her. Vol unmes of the suspension to be m xed from

| h pl re determ ned according to the ratio of
®) R?G‘?ngeﬁﬁﬁ‘géﬁp 1@888’[’?1 ]éé?ag}’ om ea::hdplvﬂae. Thi st was to
a (e e 0
oA OIS S50 AL 80 THAALH AR e L-am ag

plate f@Ccoesiedoidan tvl'r‘&e”gﬁét\w e @Mlo%&GEJ\érE’Hﬁﬁm&lM gém@ﬂzéd from
and stored in 100 i of TE buffer. Then plasm'd

the agari bt gentlpfmipiReg Col@aith agt/kRha VI &t mddibm wsuhgta ¥ehdadi stick

andom sed car bohydrate recognition domains in VIPt)
(TGK oy gﬂﬁmsw Bies Hhap trapsfarpedi tosa dreshuisbm] anble.us Suspansion was

e GREPLLEI S SIPSATEISE 5 Toseiar e e e
meduﬁx‘i"f@f"c‘%ﬁ YRIVEL P %geHBognﬂ Eﬁh&%}g}‘ggﬁ%@ﬁeﬁ {)5&91]“51t at 37

coli cells were este

°C. Alilatmdmnbhlﬂg)Waﬁmaiwd waifil et i@t abate®l ONFR% BiMad 511 of overnight
(usually from40 to 200 colonies), 10 out of 1
culturgd)|fo fodssuspansinadwasseagyered as a stock stored with 17 % glycerol at

— 80 °C. The above procedure was done with each single agar plate. In order
to extract plasmids from the suspension, appropriate volumes of the suspension
from usually ten different agar plates were mixed together. Volumes of the
suspension to be mixed from each plate were determined according to the ratio of
the number of colonies from each plate. This was to avoid for a particular
mutated VIP36 DNA to predominate over the other ones. Plasmids were
recovered from the mixture by QIAGEN Plasmid Midi Kit and stored in 100 ul of
TE Dbuffer. Then plasmids (mixture of pRc/CMV2-flag-VIPh-VIPt with
putatively randomised carbohydrate recognition domains in VIPt) were pooled in

thirty-two 1.5 ml tubes and used in the following experiments.
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5 contained the target plasm d, whereas 4 out of 6
colonies (67 %9 had the target plasmd in a plate

wi th hi gh nunber of total colonies (from 1000 to 6000
colonies). Hence, the estimated size of the library

was either 8 x i 05 or 6 x 105 Randomy nutated gene
encodi ng carbohydrate recognition domain of VIP36was
confirmed by nucl eoti de sequence analysis (Fig. 3). 10

[ Exanpl e 2] Transfection into cells (1) Stable _

Tr 4RsTPEips fhsymptated RSPV BRI te devimBBlucep riaty plasmids, a

nstructed in anpl e .1 was stored i. hirty t 5
few GqIOR 5o dleT) Mo ingy p4 R Bsrad oLt adl pelly were
. e i - r : '
sisss ECORER OB 19 IS P LI solopsy o
(usuaflgolftom Rad i 10 QDOSQQ)MM@?‘LS.W 8l oa32deb RnN@Hamined (83 %)
according to the size of independent clones including

_contajned il targeoplasach, pdekeasThisit oxf] € wodtiien (6AsYs) hakethe target

equal of the diversity of random sed carbohydrate
plasmﬁgciﬂgrﬁ #Hi&ie a6 el onbpben widgatal 1colomies (fromo1809 so 6000
colonfysineSiens¥l Post BiFg e SThe b} Moy, wrsfificy £ onbfsn x 10°
Rand &3HY nﬁ'utgfh%s?mpe ln&oc{igg Jca?b&%ﬂd)rafea%fghitp{@ ¥mQln BFe\{Iﬁ’gﬁwas

si Ze 1000 crones, 1.07pl (1°1 x omlibrary o

configh@® b noclétidecsuefce ﬁﬁal@sﬁ]ﬁﬂi@. p.l x 11) from
library of the size 6 x 104 clones, 1.5 1 (1.51 x 1)
fromlibrary of the size 1.5 x 104 clones, and 32.0 |

( x 4) fromljibrary of the size 8 x 104 clones. 25
Tﬁé’ﬁi"ﬂéﬁ@d %ﬂ@f}%FHBné’étoaﬁdlﬁe (named VI P36ni x) was
i [ ' [ opyW th Bgill and incubated at
1 Stgt}gg?%\?éfe%t%%ltl?ﬁ ?%ég%n%znéd VI P36m x was then applied

t B écdips8 JRIFBTRIiBRlry &l RGHLORAIAB K SmPNd 169h ¢ 3 Ed 1A tRRy two
the gel. Concentration of the DNA after digestion was

1.5 mi76besy/Masriis cayl hdfdr ef TEabsffec tagnirshprepareddybyombining

. cani ne_kidney (MDCK) cells 36 (ATCC accessi on nunber:
portiong) 0B Abr gy SORIIOMS| tapeetieko stased inhdide| 1wo wadepenggnp@ools.
Raio Y CRBHEE Pt Do B PhA RS SIS e
clones‘;(’%i?(zlmigm.gdrié}??i)b}%%n%f g%%ﬁ‘?gby\;gjfﬁ%lgﬁlah%n W% R@ep cqual of
the diversity of randomised carbohydrate recognition domain (CRD). In detail,
2.5 ul (0.5 ul x 5 tubes) was taken from library of the size being 500 clones, 5.4
ul (0.6 pl x 9) from library of the size 6000 clones, 0.1 pl (0.1 pl x 1) from
library of the size 1000 clones, 1.0 ul (1 pl x 1) from library of the size 1 x 10*
clones, 66.0 pl (6 ul x 11) from library of the size 6 x 10* clones, 1.5 pl (1.5 ul x
D) frorﬁ library of the size 1.5 x 10* clones, and 32.0 nl (8 ul x 4) from library of
the size 8 x 10" clones.

The plasmid prepared as above (named VIP36mix) was linearized by
digestion with Bg/Il and incubated at 37 °C overnight. Linearized VIP36mix
was then applied to I % agarose gel electrophorasis and extracted from the gel.
Concentration of the DNA after digestion was 475 ng/pl.

One day before transfection, Mardin-Darby canine kidney (MDCK) cells
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5 applied into a 15m tube. Then 300 p] of EC buffer
(Q AGEN, provided in a kit of Effectene transfection
reagent) was added and m xed gently using voltex m xer
for just one second. The m xture was |eft at room
tenperature for 4 mn. Fourty eight | of Effectene
reagent (Q AGEN) was added to the above m xture and
vol texed gently for 10 sec. The mi xture was again |eft
t roomtenperature 10 for 9 mn. Wile the

(AT(% 5888 9 MWRbeACCH-16) deecushboUiwed cep habdhti edls were

| e di um ( Si . suppl enented with 10%

So'g(fg\glf?f%ﬁ‘f&gﬁaqn @ér%%rﬁ@é%gg B%M HEPES and peni ci | I?n

(1 in. 6 ~ d .

(%5115 AT D AR00g AL o SOTBRER prmic
was Wagsfearddedn sl MDCR wbliof BRSr (Rhogrhad 82 buff 8f edrP36mix was

saline). The cells were suspended in 7 ml of 15 fresh
appli@ll Ontoedil 6iml thbe.t h€het BOO 1tlubfeE C3nd ffaf (QIKOGBRdiptovited in a kit

dded to the DNA-reagent m xture prepared as above, )

of Effgciens Bynyfentipy reagsatt wag added gad. mixedrgsaithyt egipg tipdtex mixer

i Xt i ed .drop b to MCK cells just .
for JEHERF B Rgov e PEATBITE R As it hereB b PG oI55 4 min.

i 0 i i .
Fourtf g6l 3 e Se B SRACHAER) Mas o RACHL P v
and voQeRed g0ty ofor 9@l &kt | OTheomigtiee eosl MddiX 16 aRSLe6! 8dnperature
cells. Cells were left for 14 days since transfection

for Sunti.| Weoly the prewsirstiomtofcBINA, PridwmepRon QN2bvent ©modified
has a. neonycin-resistant glene whi ch. was expressed
Eagleyi, e dip B SPRLEN SUEEws SFRP eypentod il s! Gt Bevine fetal serum
r ' approxinqptel.y .1 ol oni es wer rmed
res) AR SRRRLIELT By SRR G oy i) was
decanlé@Bsd @aHuPEY @WDCKP@@I?SCIrAMp'}ES-EWQ%g @aﬂﬁ) ﬁ@Was%ashed with
VI P36 above. I's were

m x was prepared as mentione
5 ml pf AR éphdsphadapsfoeddraiie)ansiiec teldn weoe tshaperddilyin 7 ml of
were over 95 % confluent when transfection was
fresh JA1G gpesinm. celn shaustkerciibeurisel of Q00 medipmDwias added to the

nmedium 37 On t y of .transfect. 24

' he d , 2 . f. :
DNA-F4bl; QPENES (RreBaredbar ahovgsgninges Pongsn b larTtinged times.

Immei(i%_tt%y]thé rhﬂ;]tu%z wt%;’télb@Aﬁ%ﬁ)ﬂ%ﬁﬂéﬁﬁﬁé&ﬂﬂ%&ﬁymst prepared

co BRL).
aboveli pofiecthiV NETVRAOBulReagefdr 2 §hywht 3Pg€Mh #89,a0dedncubator,

into another 1.5 m of Opti MEMr) | Reduced Serum
D10 medium was replaced and G418 was added (final concentration: 2.0 mg/ml)
for selection of successfully transfected cells. Cells were left for 14 days since
transfection until neomycin-resistant cells grew. pRc/CMV2 vector has a
neonﬁycin-resistant gene which was expressed when transfected successfully. 14

days after transfection, approximately 100 colonies were formed in the presence

of 2.0 mg/ml of G418.

(2) Stable Transfection by Lipofect AMINE™2000
Same amount of VIP36mix was prepared as mentioned above. Cells
were prepared two days before transfection so that they were over 95 % confluent

when transfection was performed. Cells were cultured in 10 ml of D10 medium.
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5 Medi um and i ncubated at roomtenperature for 5 mn.
Then both VIP36m x DNA and Li pof ect AM NETM200O
Reagent in separate nedium were conbi ned and

i ncubated at roomtenperature for 30 min. Wile

VI P36m x DNA and Li pofect AM NETM2000 Reagent were
form ng conpl exes, MDCK cells were ~washed with 5 n
of PBS two times and 13 ml of QOtiI\/EI\/(r) I Reduced

Serum 10 Medi um was added. When read of the
mi Hutke &@wapsf@nmnaﬁd 24Lmoarfe‘él n\mmﬁ)@dlmeasgsenﬂ of 439

B
(Glbfz@rBﬁﬁ)h At e Csanllé"\]/é%{lé %%duce E‘é)crtA]\@I\thjﬁijz?(fOOh Reagent

i ncubation, Qpti er um

(In\rlﬂl’fwéﬁﬁww aaﬂgd SiabE Wnloek&d 1. 3Mrh I o$t©gQME'M@SIS%%uced Serum
culture protocol, in 22.5 in] of medi umin two

Mediugt mndi sivebatedf aeroam hemlamrtatuﬂﬂﬁ fiamimdd@ten ricoht WEP36mix

two, . 15 cm di shes (final mg/m), Cells were
DNA; Wu%a?tOé“actétMéHEB“éW%R@a%w sepAtAl st oy engcempined and

f (#A18- |1
incutlgled 81 roofl  ERIEAGR R 3 r it ho W o Ll DNA and
Llpofelaﬁ‘AMIm%O@f R%ageﬂg/vmreofbrngg A8 Ie(x%)sy(ﬁif(ff(atc%:ﬁp were

mutated VI P36 by fluorescencemcr sco

washé&twlmhtsenﬂhﬁ' PBENS# € Cinh éxNasic@tigSmPlof NXAMENIES I B8 Serum
were prepared for fluorescence mcroscopy. Mcro
Medl@ﬁvevaSgladés@s WiBex readyyi A, MVATSEUNAND)xtuRS ofeVdP36 DNA and

% et h I d_ by b and
oo RPN B 508 RSB SR ERTE o
drop.ggf’ﬁllrtg v&a%l xlo%k‘é@rb%cﬁ d o(fith Al &&2‘? I%V%? Iéiilcé.ﬁ}a é 5% 25 h at 37 °C

wer e passage 0'a b6

‘inasc‘%l Cs)zvyﬁ&@bmﬁhed vvlth PBS once. Then | nm of 4.0 %

f ormal dehyde in PBS was added and i ncubated at room
t efgper atdirte dfoindubhatioa, fOxtiMEMEelll Bedbtodkdeeahl Mydiud was
washed by PBS once, they 38 were treated with 1m of
femOYﬁds angl TrbeBHRradh ov i fakdardnpFmsse suithes PamolcbbdmeQZ 5 ml of

D10 SEH IR LA BT IS Ak Shy i o he o

15 mﬁtcﬁsﬁesatflﬁﬂowd RPRA gﬁfMUCEMEﬁ{é %Oln%gateﬁo%Ll 93&% by a5 % CO;

five-m nutes-wa
incubatext fqret 0 arayednbyrder dddi Gg1$-redistaht 2efle ESAgx(ob@Vl ne days after
serum al bumin) in PBS and pl aced at room
transfection, cells were about 80% confluent in the presence of 2.0 mg/ml of

G418.

(3) Observation of mutated VIP36 by fluorescence microscopy

To estimate the transfection rates of MDCK cells, samples were prepared
for fluorescence microscopy. Micro cover glasses (18 x 18 mm, MATSUNAMI)
were sterilised in 100 % ethanol and by a gas burner, and laid on the bottom of
each well of a 6 well plate before cells were applied. After 4 x 10* cells per

sample were passaged into a 6 well plate for 24 h, cells were washed with PBS

~once. Then 1 ml of 4.0 % formaldehyde in PBS was added and incubated at room

temperature for 1 h to fix the cells. Fixed cells were washed by PBS once, they

38



10

15

20

25

tenperature for 15 mn. Cells were washed for 5 nmin
with PBS three tines. After PBS around a cover gl ass
was renoved by swabbing, 200 | of anti-flag antibody
(2 pg/m) in 5 % BSA/ PBS, which was prepared from3
ng/mM anti-flag M antibody (1Bl), was nounted on a
cover glass where cells were grown for 10 observati on.
Cells were left at roomtenperature for 1 h for

i -fl i b hi fl ) f, d 36., ..
wereSShe P97 1P R SR 8 B
'- = ' shi ng. f i n. by PB
cou 898581 HeH S Sy A GO BRI BT BBl wer

then (fallbGled! afoel ttadd anki ToBMS StehiferatuAVEG T80 YRl eqylidtved by
Probe, 10 pg/m) in 5 % BSA/ PBS was applied on"a cover

five-glingtesamashibg i wetho BRI T ofimésh &Blochiony tvespereat up&fboned by
.GAMFITC to bind anti-flag antibody. Then cells were
addigg dnhad 96F Yo Bih (Rpvinepssuphedaiminyes PBSsang, placed ot room

10 DARI (4', 6-di am di no- 2- nyl) i ndol e i
temp iy Bniicr TOE, " KT ScOPS: "AoBEhdy i, PBS three times
f : " ‘
Aftol PHE aEEJeﬂ}iF)Aa(%thqgﬁt i(‘%gg’gg{%‘)teﬂ(%még‘%lgg‘}g%@féé)gffm%‘%“'ﬂag
antibadded |007nd) 1h & % BSiAIPBS! &ﬂﬁc@%eﬂs%@ﬁ%’vﬁbm andoAn] anti-flag
prepared cover glass was placed on the slide glass,
M2 aptibiedycdBI),grawnmeiitkedobn covevergbhss Whedengeltowereogrown for

the slide %I ass. Sanple was encapsul ated by manicure
observREABY0)CARWBERS ket ir asyr dempeigresdent! fer vuedng antibody to

- 2, Fi A-E). I l.s captured i )
ving (3005 R ol 01 €0 RistCTRAP 1E5LF 53 B blogging was
. - \Y/ . '
donclih Bsthopadoare] CIPLEMRL, bR RERLTHREDLERRA, 200
ul oflfifiocsickm parthoyanald@FLEC)-Sabelltd muihiesuRf 1260 (GANGFITC,

was obtai ned by counti % confluent cells on 4 100 mm
Molegplap Rrgbee 18r1g/mlpdnty e BSARES osasnapplisk ophotcoyeaghess and

ncor P DRCE COMLASSL TR (10 AR QD L uerescnce
E -ant |
mhen 2 B8 ST o D08 A ESIBLACHAN VTN o v

mM DetpiokydbadiemiDinet ¥-presg¢HnSeRaM ) 20 cRforileaNSigeh A Probes)
Cells (1) Plant Lectins, 5 Several plant lectins were

and 3ugbdf tQONRANENT t fmsifedt adad@EK ncglyksroldndbedi afgSlowvfade®
Lightt)%gti:fébj%: a{&ljﬂ élfeléllrllearo%rgllaés?o%%gcgc?crhladdegn dgsg}li?ryoedsﬁ%ré glass
(MATSUNAMI), and a prepared cover glass was placed on the slide glass, with
cell-grown side of cover glass facing down to the slide glass. Sample was
encapsulated by manicure (Kanebo) and observed by a fluorescent microscope
(Olympus BX52, Fig. 4A-F).

Among cells captured in microscopy, it was revealed that 50 of 792 cells
(6.3 %) had overexpressed mutated VIP36. The estimated number of transfected
cells were, therefore, 1.26 x 10° cells per 2.0 x 10° cells. The number of 2.0 x 10°
was obtained by counting confluent cells on ¢ 100 mm dish twice or three times.
Representative photographs in phase contrast image (Fig. 4A or D), fluorescence

image (Fig. 4B or E) and overlay of the both (Fig. 4C or F) were shown for both
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10 kinds of lectins were used to distinguish a variety

of ol igosaccharides, Carbohydrate-binding specificity

of lectins used were precisely anal ysed as shown in

Table 1. 10 . Blotinylated lectins (Honen Co.) were

chosen so that |ectin-bound cells could be recognised

by Streptavidin McroBeads (M Itenyl Biotec, coll oidal

par arragneti c M croBeads conjugated to streptavidin).

ctin, ConA lectin, DSA

trans#"e@ﬂ%“ q'é’é’leel}@%ﬁgt"ﬁ S JESPEFHIValM | ect i n,

Phaseol us wvulgaris lectin with honotetraneric

E- subunits (PHA-E4), Phaseolus vulgaris 15 lectin with

homBk 2inb&T8T CarbolSMpLaI theiety B%Joﬁ :

VW£P|EC?IH ! Thegéw ect?§§€'§§?2ﬂ§gFecte ngg%%b%¥;éﬁéeus
(1) Pheeg dussingost of them were known to recognise N-linked

and O-1inked oligosaccharides. N 1inked

ol SgBerd chtant destingeere m@ghtompbeatpeu@gmfemﬁ BYDCK cells

VI P3 ectin I C ceII sorting

sccofiiig ¥ﬂ£36?°qﬁbﬁw0%§? o aiied Hieg hirho peﬁw(prlmﬂ o8 gyl purface.

10 k@gt?sl %fgﬁe}:étllﬁ:%%x {lée{dt ? ll%r[.]llléé ) S(%n%g)égnft igggﬁcch@’ndes

Carb@](i’jfdﬂa’f@bﬁfdlfi‘?t %&ﬁiﬁy&f%@ tleainas e&§e%d FF@dléély analysed as

Magnetic ce sorting (MACS), the system
showgagpdizdied. magnetically |abelled cells fromunl abell ed
cells, was chosen- to collect cells based oil 25

caBb‘b‘H?ldlaéftde“?ﬁﬂl@t (Ié%nqcnr Esehwsge ghospe seethat Jastimbound cells

o RS S SN T
paranMgHemcﬁll\‘}ﬁ?Béalﬂ' tﬁ}lé th?lt%eﬁ?én@td ) #Qctﬁfﬁ gr?&i\%&@re ABA

magneti cally | abe
lectinSeparAateam, UDBA, leatiVACB A Métinl, L%taﬂ%ctﬁﬂqvlmq@ét%mhaseolus
were included. Streptavidin M cr oBeads 40 (col | oi dal
Lgép’é!é‘?ﬁighéﬂtb MoptBemis ic ofjsuban e &RHAtEeptBalwsdolm)s vulgaris

d f di | abel | of biotinylate
ectin B ol e LSk TEHAS) o B FoeAva fectn

f TA
e STl
recogB®8) Nasinked Q&L r@hﬁﬂkem’oﬁ?@sd&ﬁh‘ﬁﬁ% ur 8y.1inf304 rblpéégs €§l§ar1des
were sterilised by filtration using 25 nmm Acr odi c(ar
were Swlighgeo biel teeo giDiz2d iy FABS-EDIFS ©fectimy psi or- mBEHeti@sell sorting,

us })sus pend the cells cultured on 4 100 nm di sh.
lectins of Img/ml were diluted in PBS (final 5 pg/ml) and sterilised by filtration

using 25 mm Acrodisc® Syringe Filter 0.2 um (Pall Co.).

(2) Magnetic cell sorting of mutated VIP36 transfected MDCK célls

Magnetic cell sorting (MACS), the system that separates magnetically
labelled cells from unlabelled cells, was chosen to collect cells based on
carbohydrate moieties .presented on the cell surface. MiniMACS, MACS
separator for separation of cells and macromolecules, were purchased from
Miltenyi Biotec. ~ MiniMACS was suitable for separation of up to 107
magnetically labelled cells, and a set of a MiniMACS Separation Unit, a MACS

Mutli  Stand, and MS Columns were included.  Streptavidin MicroBeads
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A day before separation, nutated VIP36 transfected
MDCK cells were propagated so that about 80 to 90 %
confluent on the day of separation. Cells 10 were
washed with PBS twice and treated with either

Trypsi n- EDTA or PBS-EDTA for 20 mn. After harvesting
the cells were suspended in 2 mM of D 10 nediumto
count the nunber of cells. Followi ng centrifuge at 19

oy ST Bt P GEPR L MEBHSTGSLE S
mdlrg\@ts%g”g gt{ﬁ%t‘]“ l{[‘&t{l‘?%cti@—% C(? |fuged once again,
e

ceI rﬁS of lectin solution
(5Iﬁ{ffﬁr); usél iR thikh&p bﬂﬁiékih@tdzé}@ 19l in§ glﬁfexs‘(g MPRS with 2 mM
i ectin-bound cells mere col |l ected by centrifugation.
EDT:SDdenae]mrhtlmﬁSlnﬁ"ﬁqu (late@dBScandf 2 M APUTROAR &t 819%. BSA) as
To wash cells for optimsed secondary anti body
desc%‘?%|bﬁgth83m@npfa1;n(r@r 1Bath b@ffeltab’edrlerfgelbhﬁécbﬂaymﬁh:ratlon using

25 miy GRS Surthan Biler O Disshels PRSsERIduar 18 s AEDBA was used
to sug%c{?:tdi g&tll%dcult%%d trdgg) @_% %Ijnocq yas m xed wel |l and

to stand m n. M croBeads-bound
cell dapeseFotd@BpHaAtibBChRtaPlg GaPhE] {rgﬂﬁ‘ec{eﬁs}éﬁﬁeﬁd%glls were
in 500 | of Separation buffer and placed on ice

PTOPQQ%‘BCF @bltbﬂi agouste&@utat‘}i&)% cBeflaest bhethsehar af Is@paratlon. Cells
e to a M5 colum was prepared on
were Wﬁ o:gﬂsé? H’Hcéﬁm@rﬂ eatefljwigh it heniloynAcERiiptar PBS-EDTA
, th steri 25 70 % et or der
for 2 tcr)r%élepar ate h%réflefténg th\/%gli%l"vl?ﬁﬁ SPeRende E§P%p’tné|6’gr R0 gedium to
2 AgmBAP of! S T
coun SiS, HemB e gglfr?ggce%g I@vtnlhgrb(?lﬂ'ﬁflf eS%tpggar?l(é(r)]OO rB]n%) for 5 min

(sameneeetrafughiiod @mdﬁhen caplplied. toARpl tied ceflriftib® M alBw), cells were
passed thourg gravity flow. The flowthroug

WaSh%hloéﬁe &Yni%unﬂ ﬁ%é&sl veCenstifsgedvamsce alghiog teedlsi were dienldiluted
. ..The col unn e washed thoroughly by 500 pl
in 1501?’] §gb§|mdt“| W Ber f(ér“b)t""ﬁﬂee Afterpthe S@b‘gﬁﬁﬂncﬁﬂ Wf@? 30 min,

cun BRI U0 LOBTE) AP AR, P e

carefilnenaid ravnes etelly. 0 MTWAGE MU Ickils SEaN %pftl%ls@cpsé etcbﬁﬁalé)el dnt d1body

recovery. P03|t|ve cells in the colum 5 was col
bmdlmg; 306 riglshorld mil) tofibleatinligd diutieonwad alidell. ofCells were washed

ration buffer, imediately followed by firmy
thceﬂ %ﬁf%@&?&t ORsssi k0 wb efebirspiagidig M@rqﬂaﬂﬁgewas added to bind

t manuf act ur er, Sitiv
blotlnﬁfeagé ﬂ\?%llf/glco?ﬁ%é%ltoé‘dwé%lnllg{eae‘iy%ﬁ and aﬁov\//eg to stand at 8 °C for
15 min. MicroBeads-bound cells were then collected by centrifuge, resuspended
in 500 pl of Separation buffer and placed on ice for the following separation.
Before the separation process to begin, a MS column was prepared on

MiniMACS Separation Unit clinging onto MACS Multi Stand, both sterilised by

70 % ethanol.

In order to separate cells, a MS column was first prepared by adding 500
pl of Separation buffer. Then MicroBead-bound cells in 500 pl of Separation
buffer were applied on the column. Applied solution was passed thourgh by

grav_ity flow. The flow-through, which contain negative cells, was collected in a
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counted by a henocytoneter (Erma) and shown in Tabl es
2A and 2B. In the tables, the nunber describing in
the colums of transfected MDCK (A) and (B) 10
indicates the result fromtwo i ndependent transfection
experinments. Table 2 A: Nunbers of cells separated by
plant lectins [ x 105]. Types of CellsTransfected
Tansfected W1 dtype MDCK MDCK (A) MDCK (B) MACS

T A AT
e TP SEE D RSO GE M n v proces

was #1B0%odl2Pe Bl hdQaBe PMILALEY. 2SR LofiRgn Was then removed
MAML7200. 38220. 854. 55 Lot usn/ an/ a0. 68230. 24. 95

from DA BM@lb23n0 50 r o Hivi2 c 8l r%\i’e@?/.Of Ppoiiviel ¥81s2iidthe column
: ne?at ive cells separated by plant lectins (% . Types
was gplleged gmr arfs¢sbicd 8dmT4nbe dut eddividaKof A) mIDGK Bparation buffer,

X J.1 d fractiQnpositive negative positjve
‘mm‘ﬁ\%%fteﬁ%gf%b‘gg“%i g@cﬁé’a& hushebin e, BogUYEoeslls P3ing ghe plunger
i _ 8 -2 9 PHA; E43. 6, 5
g8 SN BT B3B8 QN e e v
counted by a hemocytometer (Erma) and shown in Tables 2A and 2B. 1In the
tables, the number describing in the columns of transfected MDCK (A) and (B)

indicates the result from two independent transfection experiments.

Table 2
A: Numbers of cells separated by plant lectins [ x 10°].
Transfected Tansfected
Types of Cells MDCK (A) MDCXK (B) Wildtype MDCK
MACS fraction __positive negative positive negative positive negative
ConA 16 1.6 2.1 5.7 4.4 0.4
LCA 11 12 3.2 3.5 3.3 1.4
PHA-E4 0.8 22 3.5 0.55 3.3 1.6
RCA120 no cell  no cell n/a n/a n/a n/a
WGA 13 24 5.2 6.2 2.3 1.65
ABA 9.2 18 5.8 12 4.3 0.85
PHA-L, 16 9.2 1.6 2.1 1.85 2.95
MAM 17 20 0.38 22 0.85 4,55
Lotus n/a n/a 0.68 23 0.2 4.95
DSA n/a n/a 5 21 4.05 0.6
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WGA35. 1 64.9 45.6 54.4 58.2 41.8 ABA33.8 66.2 32.6
67.4 83.5 16.5 PHA-L463.5 36.5 43.2 56.8 38.5 61.5
MAMA5.9 54.1 1.7 98.3 15.7 84.3 Lotusn/a n/a 2.9 97.1
3.9 96.1 DSAn/a n/fa 19.2 80.8 87.1 12.9 Al the
procedures nentioned above applied to each lectin of
ten exam ned: ConA, LCA, PHA-E4, WGA, ABA, PHA- L4,
MAM RCA120, Lotus 5 and DSA lectins. For first 7

| ectins experipent was independently carried out

B: Ratip & posipvs ab@aceivS Coltt eeRAGRISd dveplags lectins (%).

l'ectin-positive Dansh@qadi ve T apiigBsted ThE NUNDETS
T¢hed 6{5@:\éﬂ§ed cel MpCK poj h POsi RN @B)Ne92t Wikdtype MDCK

UﬂI eu by, a teno tonmeter—(Tabte- ZR)
Mg?g:c fr;\acrflo,pr oPas itve iy iti egati ive nnegative

Cal clPated rat i%st shovve% It hat g6farati @d Irati 09bf7 8.3
PHA- BLANn the f47t8t exXpBeli nent7W8as ref2rsed f80.2t he 298
secPRAH,me (thrsd rowdiens Tabl @s2B) . Ragizo of 73 32 7
posRUAquractlga_by ,was degreased j,n the second
expegi ARt fror§151'5r %6 toterg ells recoveré io 1. 7418
%(eiﬁff‘h row of ablei} : arl% with

sepaf®tion rati’ds® of woPe t ype3MOCK, pb&ittive $%4&ctionl6.5
by EbtArd.4resul ttdSin 236.95 and32.9 % 66.8total 386l s 61.5
recovexMd in se&pag ati osd4of both ¥ransfegiant apsl7wi | d g4 3

t ypeLoMaCK cel I§/asurfacrga(secor2d9row fegem the Rogtom o4
of Ta ZB). Iltl/mgh evv_fuere_ses

shomed Iess positively recovered cells of
transfectants than that of wild type cells (the bottom
r vl bfﬂrr«' mrecgtsyres 2meptioppd ebowe ofppliedsttoexper i lestin of ten

cxonts ERAEY 4L 05851 AL p DRALTFRLES AT 820, Lows

aed ]ﬁgﬁqéc@lnlsShqiro?dﬁ%t% 188yt Pﬁelhﬁgﬁtlf u)'a% %ﬁ@é&?ﬂently carried out

Car bohydr at e-bi nding specificity o
twicd.raction was observed al so by fIOMIcytonerlc anlysis
(see Ex le 4). 5 (3) Multiple magnetic cell sorting
of S P’Pﬂ\(ﬁ@rg)&nHSV@rqocgliwtvé &y davgfrepoeitiveebt snedaove fractions.
d. VI P36, transfected MDCK cell s were
The gpwggbqjé)é ?%:to%te?ed cells in botl? positive and negative fraction were

counted by a hemocytometer (Table 2A) and the ratio of separation was shown in

~ Table 2B. Calculated ratios showed that separation ratio of PHA-E, in the first

experiment was reversed for the second time (third row in Table 2B). Ratio of
positive fraction by MAM was decreased in the second experiment from 45.5 %
of total cells recoverd to 1.7 % (eighth row of Table 2B). In comparison with
separation ratios of wild type MDCK, positive fraction by Lotus resulted in 2.9
and 3.9 % of total cells recovered in separation of both transfectant and wild type
MDCK cells surface (second row from the bottom of Table 2B). It might suggest
few fucose residues are displayed on the cell. DSA lectin separation showed less
positively recovered cells of transfectants than that of wild type cells (the bottom
row of Table 2B).

At the time of first experiment was carried out (result of (A) in Tables 2A
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"Were geug

second and third round of magnetic cell sorting for

| arger extent of separation of each cell group than
the separation nethod of the above (2). One group of
transfected cells chosen were PHA-E4 lectin positive
group, the other was WGA 10 positive one. These two
groups of cells were further applied to sorting by

M ni MACS three tines with procedures described above,

d ? éﬂgh ornmer. and thg | atter enriched the positive
an 2@ i 1§+ HEGARS WETe Ehpien ppEpRasitYg Jraction shared 3.5 % of the
cell r | to..further.magneti.c cell. sorti
totalg oy epel L CE IS TG R o TR B RBeg, Tachn was
bsePRIOENE QR 8E (taRlcE: unber of cells
o b PLA. 3462135’%3‘)&/&9‘[53@%0%@“%@4& M ni MACS
M ni MACS, 1s  round M ni MACS, 2" round M ni MACS, 3a
round MACS fraction positive negative positive x 2
(3) Myelgind ¢ veagaepicpasdl sarviegofP AR Rved WGA FoHtiEd tandfe2t & cells

4. 43'810'f6 WA 5.2 6.2 4.8 4.2 6.7 1.1 (4)
VhchR ZEOuRS 11 B eiedg B S ireeegise MRSK callsswats mrocgeded to
- e 2 exan ned ni MACS wi th .
ol S54SR L BT, SEETRER S DA Al i o
- oty nink.a i S
s 120, A1 By BN 10t o
transéevdedSAllk exdioisas . wéte PHASBEPlectH pOsitiveSurcuas @he other was WGA

. dycosylation Analysis by Flow Cytonetry (1) Flow
positexa owst r yIsfses bpar grcads c&f cslleof whist Hutthansipptiednto anding by

WM t MDCK 44 lIs,In this. le, i der t
MinifQ €5 H0EG Ui Dot e SSErBES GPESeofid et Teaetsand the

' - j gg VI P36 .
e e PHERUREES T €0c AL SRR "Shmilarty, ceils

were Bubpgcesd s derthet aiiginedic Uellt Hiatiagl fhsee $f‘n~?ésneCBWhtT%o§p of cells
biotinylated lectin followed by streptavidin-FITC, was
U:\%biy argemeyoedetkri(Tabkei Bt ogr ans. Transf ect ed
cells positively separated once, twice or three tines
by M ni MACS, and transfectant negatively separated
once, twice or three ti nesuer.e

The number of cells sorted by PHA-E; and WGA [ x 10°].

No. of MiniMACS MiniMACS, 1** round MiniMACS, 2™ round MiniMACS, 3™ round

MACS fraction positive negative positive x 2 megative x 2 positive x 3 negative x 3
PHA-E, 0.8 2.2 4.5 4 3.8 10.6
WGA 5.2 6.2 4.8 4.2 6.7 1.1

(4) Magnetic cell sorting of wild type MDCK cells

Wild type of MDCK cells were examined by MiniMACS with procedures
described above. Cells were counted as above and shown in Table 2.
Biotynilated lectins used were: ConA, LCA, PHA-E,, WGA, ABA, PHA-L,,
MAM, Lotus and DSA lectins.

[Example 4] Cell Surface Glycosylation Analysis by Flow Cytometry
(1) Flow cytometry of separated cells of both transfectant and wild type MDCK
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subjected to these anal yses. Two groups of wild type
MDCK cells separated positively or negatively by
M ni MACS were al so anal ysed to be conpared with 10
those of transfectants. In total, 53 independent
groups of MDCK cells prepared by M ni MACS separation
were used. Lectin-positive and -negative groups (2
groups) of both transfected and wild type MDCK cells
I (2 cell types) for each lectins (9 lectins; ABA,
CellSConA, DSA, LCA, Lotus, MAM PHA-E4 and WGA) were

su L Enriched cel | u obt ai ned
oy TP P, B8 BB TSR a2t B e o s on the
lsHcRH bgih MRGK f iy ' i
* Ssubt g?glns;gg 9 or oups?(ﬁ%?l;%ﬁe%g%t%{g?ngﬁ}fé}Agév&’ flow cytometric
analyzyt owes r perfanatdsi FlueasbeteoUptedlsityDEK gRl IcellsWaSained with
. .cultured in 4 M of DIO mediumin a 6 cmdish so that
biotigglated ddiméllowet by tomptivdneF]IERewanakysedd a2@ @rorded in
hist the dayTof nal sig, cells.in each dish was washed
USIOBIGBE wi' [HPSPRECd Cegp IPOREEY )Y SePaRt s RfictHy PHCS M threst times by
Lo D in- 37 for , 30 min.in ab
i SERCSOTA BT ST BT S, (7R g wer
bjelck@n3b ethkessl dn@lyAes welrlyoblad L anxlﬁzﬁc t
o j (1800 rpm for )I% iSni n (Osgrreﬁpsggﬁdv?{t??oﬁbgpp ie% %%%Sal(éfeparated
positoeshy rarf nggativeht ibgnkdnideAGS weTbalss ahblysv@ne BshRPardd with
by_200 | of FACS buffer (HBSS (G bco BRL) contai ning
thosegof] trapeigcimys0. ingotebdilumdepeddnt SwupsrafDCK cells prepared

' tai,ni g, 50 |. of h lectin (10 g/ dded t

by MBS ssRRraiicl WEFF Usedi | Sibatingho RE 546 TPER VR cEoups (2
. gAY T Con n

sroul oS0 By e B MSCIS Sl 2R B co

lectiman(® dectdnd;aniBon, GREAJODSAL ERA LI5S, mgﬁnpﬁtﬁi@% 2id wGA)

7

FACS buffer 45 was carefully carried out by quickly
were suptiitalgof A€ eupe! | Eptiahed upbigieupowhtdined byanditiple magnetic
: cont%{ﬁ naLi on, ?econdary ant i body_ bi ndi ng_was ]
sorting. MG sHOIRFAL @di $ i PRUBE  SEentradf MIPEKpeals dion- Filearins were
ith incubation on ice for strictly 30 mn.
Subw%ﬁfgév\%%u%shi ng twice by 150 or 200 pl of FACS
bubhefhe @a¢mbetlel 186! LRLMAS cOarlisasndsd, | &y
FACS bu‘ffﬂﬁra and rermve)g( to acla.uz%r?ﬂ t ube F%ﬁ%ﬁﬁf MRk cells
was cBilowediicad nFr ofl idi0snedAfthein addiin divhofo KM delRfdid not reach
g/m Eropi djumiodide (PI, Sigm), cells were
conflugnayywaem gpakyaescal i bur (r) (Becton Di ckson). Data

an@'nytshiesday of analysis, cells in each dish was washed twice with PBS,
followed by treatment with 500 pl of PBS-EDTA (or Trypsin-EDTA) at 37 °C for
30 min in a 5 % CO; incubator. When suspended, 250 ul of cells were
transferred to 96 well plate and centrifuged at 51 G (1800 rpm) for ! min (same
condition applied to all centrifuge mentioned below). Then cells were washed
by 200 ul of FACS buffer (HBSS (Gibco BRL) containing 0.1% BSA and 0.1%
sodium azide). For primary staining, 50 pl of each lectin (10 pg/ml) was added
to each appropriate well, followed by incubation on ice for 30 min. After lectin
binding reaction, washing by 100 or 200 pl of FACS buffer followed by

centrifuge and decantation was done three times. Decantation of FACS buffer
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in a conputer was carried out with Cell Quest(r)
(Becton Di ckson) programme. The results are shown in
Figs. 5 and 6. 10 In case of nutated VIP36 transfected
cells, nost of separated cells showed no significant
differences in separation ratio for the first tine
experinment. This result was supported by fl ow
cytometric analysis using the sane lectins (Figure
eparation of cells_usin

gé.fl this exanple, s : g MACS

was Gatefilly @Tighouit bY ey RunintathaRBwell plse upside-down to
i - f. £ I1s.and ...

avoid bobEfRGihy , SPERRTAN 08y ral St B ormea Hepadition of

50 pWeF @tﬁgg{dvimtmtt ush [L%/Eﬁﬁri incd®366h %%diaegfo‘?’%%{mh? 30 min.

12. PHA-E4 + and -~ cells were, homev r,
Follogeipgrabgdnyi ticappal Enol 200N o€ FREPRUILAFTedN et tOll GHERt was

when using MACS. Mean values of relative fluorescence
suspengednsn 130 sefr &b Gashuff@6 200 famovelFt®HA-IE2 m] tube (Marsh
Bior 6§9'a§ﬂ3 f gr ?\'RI'}: PHA- E4 -, whereas 1034.20 and 1127.68

negical frospetiy| gAftep@dditiametd PG el \of Srha/mbar idivae iodide (P1,
. - ' cell was..852. 76. ln the . .
Sigm3F ARt Shalha ol BECIPH PR (BsctBopRaTonTonPRrS shalysis
in a toapst&cied &ﬁhleﬁ-O@WﬁhTE“eﬂ'I@{/e%f]@ﬂ]?&QOH_ﬁDﬁH@ﬁ[%48;1”]ogramme.

cell's were further enriched M ni MACS separ at’l

The ramdtans sisodn oy Fidsow aydt émetry. Results showed t hat
t he nmean val ues of TF- PHAE4++ (positive cells
colt ekasedohf mutatedoY BB v tianbesed epelinat most  efarseparated cells

showgcﬁ])%%gs\élgl?itf{rc%gbggf?%:réggvbtenl‘:?%?ar%;l]gn g:%lg) z!fz "figr‘[ieme ]é}]ESeSriment.
This 687 i ik [8fe ¢ i
5801 P A S A TOAELTS ST e e s
(Figuge §rosin it aanmple tpatafapendend ugiﬁl%\qﬂ%(ﬁg wils| fbttbPEs0d for
. MDCK cells were treated with PBS-EDTA or
lectinFrthpis shnEpTiaht diffprente vellye pahmntag ¢ Snegatvesed pemttgositive
for pri staining. _Flow cytonmetry procedures were
cells sPERBotfod BUE rbbPERed TWevee(lt) Werndvilbdurtes using FACS as
W, | i 7in 5 | egt i ed, 8.lectins
descrBRAIn' Rubhic 12 Camtiartie & alde PR 151 nachl® arerey dgwever
separdf@r dsh ClpaPeril i IR §dpakDISS 180 Qe $RLAYGing MACS.
hi gher binding ~affinity of trypsin treated cells

Mean( pafies7)of rrelatiddi fluonesdehcoamtontied measurkd ypaisn 1786.00 for

reated cells were hardly stained with Pl, suggesting
TF-P%— 1 &% R3S far T EdH A —, whereas 1034.20 and 1127.68 for the

wild type, respectively. The mean value of non-separated wild type MDCK cells
was 852.76. In the specification, "TF" means a fraction sorted from the
transfected cells. Both TF-PHA-E; + and TF-PHA-E; — cells were further
enriched by MiniMACS separation, and analysed by flow cytometry. Results
showed that the mean values of TF-PHAE4++ (positive cells collected after two
MiniMACS separation, same abbreviation applies below) and TF-PHAE4-— were
1135 and 660, respectively (Fig. 6).

(2} Effect of treatment by PBS-EDTA or Trypsin-EDTA

In order to examine the effect of trypsin on cell surface glycosylaiton, two
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during experinments (in the |lower box of Fig. 7). 10 In
Exanpl es 1-4 above, the experinents that the
carbohydrate structures- on the cell surface was
nodi fi ed by introduci ng random nutations into

car bohydrate recognition domain of VIP36, which

i nvol ves transport of glycoprotein in secretary
pathmay. By using lectins in flow cytonetry, it was

. nstr at ed at MDCK cells 15 had a varijety of
inde IR0 SEaty PHOCIONTPRAMDGR. ealis Heea treﬁ?%é’ﬁ@tﬂ’&ﬁ EDTA or

[ |
Teyp YD e BT e Me™ Seect PR BIWTAGY H5e PUTEgY saining.
Flow%}ﬁé?mefr%'p&%tc%iuﬁ:%r\ﬁ%'ﬂ]‘%cb‘édé?lgaé %%Piz@ﬁe@%ﬁo@@r(ﬁfh The results

| s clone of which 'specificity tor a cert
a:esh@wbohyﬂgare noi ety i s enhanced. 20 [Exanple 5] Design
of PCR priner for introducing random nutation for
ERQUC- Qg Srdestmey odede & dectom rshoakidonoi Bligmlﬁceput dtﬁfmnce in

d b d d f ERG DNA, PCR
bmdlﬁg{ﬁ%ﬁ&}ﬁﬁ)?ﬁﬂmﬁ%ﬂfﬁl ?téﬂl%g?ﬁ’v&ﬁo#%méd??ﬁ“@d‘lsplmd highardpinding
afflnggﬁ*'ﬁggsfﬁtt?ggtea célﬁ ﬁ?egﬁse- dgktép??;g e\fsv%gn%?ed 'Rt trypsin

5 enplo
treate@?&élﬂ’é abdremh gl yReneesi anest Wug??%@?l%stﬁ?ﬁa&?%ld not die

3)" was designed as a random om zi n
during fexpprimedity €in tharibefky doate-Hignd).ng donai n. PCR was
performed usin rimers (1) and (2)-and ERGA C-53 as a
t ehpFxaaplané- ‘? Iﬂggvgeﬂ@r evk et iR sf thaty e caxticiy df atesstructures

a ort on not di ng the carhohydrate-bi ndi ng
on 1 £k PSRy B3h o MAHES vt artragus BRerFetp o TANaRS into

F or ed. RC- ELAG
carbob e ThedBiliDh oAb St oV B R IR e etapert of
glycoardte MG @@:r&ﬂr@lﬁ@tlﬁ}%@) Subsequently, PCR was

performed using the random primer (3) and a priner (4)
andy ERICI&3insDNAflaw eytbereptyatie wa¥Rlentdnssragaeh ezt CK cells
(the 5 latter half portion_including the

DNA fra
had aQUe sl SHELRARAEIoRaR Coll ERGCEs 63 Transératen YRUK cell

sorie S50 80eL 0,35, EBAC Bl R 88 LMIAOEEY 104 g

' act1v1t}nseA!§ﬂ ref¥dtBd SURdEntng LSERNIQHRs ALY ERGLE éﬁsrﬁﬁgg which

I'tbrary was constructed. Since the region into
specificityl dor aweatironsbbagdd ee madinty sdindadcdy this techni que
is not anplified
[Example 5] Design of PCR primer for introducing random mutation for

ERGIC-53

To introduce random mutation into a putative carbohydrate-binding

domain of ERGIC-53 c¢DNA, the PCR method, by which introduction is carried

out In two separate steps as in the case of VIP36 described in Example 1, was
employed.  Fig. 8 shows the correlation between designed primers and
ERGIC-53.  "(3)" was designed as a random primer for randomizing the putative
carbohydrate-binding domain. PCR was performed using primers (1) and (2) and

ERGIC-53 as a template. The thus generated DNA fragment (the first half

~portion not including the carbohydrate-binding domain of ERGIC-53, hereinafter
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10 by PCR, various nutations can be introduced evenly.
The nanmes and the nucl eotide sequences of the prepared
prinmers are as shown below. (1) ERA C FF (underlined
portion corresponds to Hnc Il site)

5' - GTACGTCGACGECGTGGGAGGAG 3" (SEQ ID NGO 12) 15 (2)
ERA C-FR (underlined portion corresponds to Xba |
site) 5' - CGTATCTAGAAATATTCCAACACCATTCCA-3" (SEQ I D NO

ctedghof 2 LI NS BOCLRR. ESHEESRIS L8 (e
o 3 SRR R N BT T Bl G 10 sRC-CMV2)

S.ubs@ﬁéﬁﬁ%f%ﬁ%aﬁ' ekfoERed BN tﬂé}al{g%)é? Eﬂl%(égl F@) and a primer (4)

(underlined portion corresponds t

and BROIGFAETIDNAT GSTAGE pAAACARRE TTRUE Gz énera@QDNPANDag 2 ht (the
anpl e 6] Construction of ERGA C 53 random i brary

Ex
' lattel[zélaéfl)pwtiepairmludﬁngothep|calsww@a@ﬁm@i@ RlotheinP@R ERGIC-53,

.nmet. hod S rf orned [ ERG C-53 cDNA i .ncorporated
here‘inﬁ{tsr 6?‘15& riidt ads Eﬁtcgﬁ;ppé’@é,go?ﬂerﬁ’w dRpoApgethg into  the
' ‘ rtion not .
PRI ) 8095y Fhe BRQRLE BEF LR pRRbet, Wit sueh o
technfdiéd, Gb BR RC-5B! 2B b & 1ibPASewaeeb8Retktka, E’S?ﬂ'&! fhedregion into
above were used. ERG G FF was used as 48 a forward
whichrande mamdtERGEsCh#Rbees inseduasl By naketEhnpiid® noPamplified
PCR reaction _solution was prepared by mxing 2 pl of
by PGRe Ve pamptpiiopesaERGint fuced evesly. the rever se
ri-mer ERA C-FR, 2 | .of .the tenplat RA C-53 cDNA (|
hoFBF)nemss I Fhgmusicotidq seteieen PEDaTed pramggyare as
NEPSw( TOYOBO), 4 p.1 of 5 I OXPCR buffer for KOD-PLUS
TOYOBO), 0.8 pl of KOD-PLUS DNA pol ynerase (TOYOBO),
(1) ERG C2BF | (uatleMdddi pdtioat @irresBofd§ &REtHOM Vs performed
under conditions of 94C for 2 mnutes, (94C for 15

seé'oﬁ&écﬁm%ﬁﬁ%GE@bG@QGAGGBF&EQSE_ 1tu_cm' m)tb e% hx

. n, 0

() ERGIESER Gingened bR o etasa805 (pHASHHBI atod wer o
g;%d%g@A%%Rd&ﬁAt 2 I@@%&%ﬁg?@?g‘@éﬁ% (B9 Yo 13)

Was separ a
(3) ERGIC-BF (underlined portion corresponds to Xba I site; K corresponds to G

showf
(

or T; X corresponds to any one of A, T, G, or C)
5'-CGTATCTAGATXXKXXKXXKAATXXKXXKXXKXXKAATAATCCTG
CTATAGTAATTAT-3' (SEQ ID NO: 14)

(4) ERGIC-BR (underlined portion corresponds to Bfr I site)

5'-COGTACTTAAGTGGTAGTCAAAAGAATTTTTTG-3' (SEQ ID NO: 15)

[Example 6] Construction of ERGIC-53 random library
(1) Preparation of plasmid pRC/ERGIC-F

The PCR method was performed using ERGIC-53 ¢cDNA incorporated into
pBluescript as a template, thereby amplifying the ERGIC-F gene, the first half
portion not including the carbohydrate recognition domain of ERGIC-53. As

primers, those .designed in Example 5 above were used. ERGIC-FF was used as
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el ectrophoresis (Mipid-21 mni gel electrophoresis
bath: COSMO BIO co, Itd.) and then purified by a CGene
Clean Spin Kit (BI010l), so that insert fragnents
were prepared. pBluescript Il SK (+) was treated with
a restriction enzyne Sma | 15 (TOYOBO),

dephosphoryl ated (treated w th al kal i ne phosphat ase
(BAP) derived from Escherichia coii), followed by

o B TS AR T a0l S5 24 B reacion
ot BRSHEIRE Y BEAERCLLER 5 BB Pr 2 o

the rmei@éi patmar md@qrc m Izou@foflth%oben g)% eOE'R@}I@éss ?c‘i)NA (1 ng/ul),
ligation. After ligation, the reaction solufion

3.2 mircafnzﬁ o MeMd 0.0 (TOMDRBONt 4 gdl 652 IMDINTP hm@aﬂ@) 4 pul of
and then the cells were i nocul ated on LB-

10><P§|Rat I@gf‘feaprgm FRORGPEUfe @AY QR ©08 opi eoft KAD RIS DNA

Poly%?r@ﬁ%d(fgé?ﬁoa,urql%lr zzgvg*r,l:lroﬁl g‘/ﬁ]tl 1?(%0%40}?; g? \g‘?ﬁﬁgactlon was
I t 0

prtobh 2, A SRVSEN AT ML 01, 4 Blonds, 520

for 3@%tEAedsCtnlYs BT Pélk‘ﬂ'nhﬁﬁtd)rﬁlor@tcm&d A ole : 7 minutes. In
subj ect ed to insert check. To col onies for ch the

additioms éoth PNAndrs abarelntd bech preeioddypdotphayisatd Ivﬂ:rta Reed. From
vector, plasm d extraction was carried out again using

the PCTopgedvet. Mbsi taxeet TrgmecEN§RGTEWE, wahsepaatshdy % agarose

e R GAFHIL  SAT ol chaefon  10

and tROMIR L BYf al r@@fé tpea ay 1nCRr1f fo18¥F! &0198 dopert fragments
s d 16 pe?d

sequences. ragnent s wa erm ne

were peapgesd. vector to be obtained in this exanple, and
then used in the followi ng experinents. Plasm ds
whBkiesctipe W n§Kr (e WHrcfetgdewtltﬂﬂawlrngrtdm@nccenzmt Sma 1

(OB Do e S s bt 1A erves
e S
eyt ag dainmg ek Ry Sreson KL

|.igzt ehgve veD®rgiBfmabeript 11 SK(+) that had been cut with Sma I and
the DNA fragment ERGIC-F were mixed at a molar ratio of 1:10, followed by
ligation. ~After ligation, the reaction solution was transformed into competent
cells JM109 by the CaCl; method, and then the cells were inoculated on LB-Amp
plates.

From among blue and white colonies that grew on the plates, only several
white colonies were picked up and cultured overnight in 3 ml of an LB liquid
medium (containing ampicillin at a final concentration of 100 pg/ml). Plasmids
were then extracted by an alkaline prep method and then subjected to insert check.
To colonies for which the insert DNA fragment had been found to exist in the

vector, plasmid extraction was carried out again using a Plasmid Mini Kit

(QIAGEN). Thus, the sequence of the insert DNA fragment was confirmed by a
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sequence and a FLAG tag to pRC-CW2) was treated with

restriction enzynes Hpa | (TOYOBO and Xba |

(TOYOBO), subjected to 1% agarose gel

el ectrophoresis, and then purified using a Q Aqui ck

Gel Extraction Kit (QAGEN. 15 The above vector

pRC- CW2- CD8- FLAG (t hat had been cut with Hpa | and

Xba 1) and the above DNA fragment ERG C-F were m xed

1: 10, followed by ligation. After

D}“ﬁ?ﬁﬂgFlﬁﬂ'hﬁagbhgactlon sol ution was transforned |nto

conpghEl € 6bi a?néd\/[t%’ b Ql%nﬁa%éd;ﬁ%%spg{@g Eave correct

'S were 1 nocu

nucleRURS g u‘éﬁk@dﬂ @11%?%@?&%%%n@§v¢a@%&%19@&1 €3 bter@farget vector
grew on the plates, and then subjected to insert

to beottaalneldyint thes emimpﬂy&, PuRthet hodl infthedfollesdh expbgnts.
reveal ed to, contain the insert were target
als opRerEimthe tsetied DNV frggmERGhEY g theorqroeatt sduence

o L S T S e et LT Home
and Q’PB (méBO%Rganﬂ&gEE\gm%e% (g ﬁ%ﬁd ag%s#%s/'gg? oqél‘ectrophorems

Thenstakszed’ DAL FERGh 6ot PISGEC AT QP4 %@rmﬂa LS Gy Buick Gel
refrigerator at -80C. (2) Preparation of

Extrq@R@mERCﬂ(QIMﬂEﬂﬁ)n In a manner simlar to the nethod
descr | bed |n 1(41) above the PCR net hod 50 was

pePRér i “THREGC(83veen preparecerhpl digatinghar €98 signal

LAl ﬁ%@e%%?ﬁte%&ﬁt%?éﬁ?ﬁ -

Hpa EIRQ’I@ﬁd ngomd ERE3, C1 B éacteﬁ’r‘f\@r Mrﬁﬁose gel
was used as a re rse rlme

eiectxroﬁf.ﬂhm't@m vasl pdeh opiedidindeding ondi Q106 cRf G@"rcE)Et%ct?on Kit
m nutes, (94C for- 15 seconds, 54C for 30 seconds, and
(QIAGE®Yor | minute) x 30 cycles, and 68C for 7 minutes.
random was separ at ed,

hihte%& VFi TSP RGOy AP B IcR LRt Bed Rawnigit with Hpa 1
and X¢d 1‘)%1}9 the émqﬁm kﬁégrrfe&%ﬁ}i?%ﬂ &V\e’a?nﬁ%g(gfa:t mwiar ratio of

restriction enzymnes
1:10, (AD¥RD by sighiiekt et llg/ﬁtﬂﬂﬁrtﬁ?:Qe%ﬁo@ls@l%ttloﬂp\k}9§ %%'n§formed

and then purified using a Q Aqui ck Gel Extraction
into ¢QnpGEN) . cathudMAI09 by the CaCl, method, and then the cells were
inoculated onto LB-Amp plates.

Several colonies were picked up from colonies that grew on the plates,
and then subjected to insert check by the colony PCR method. As a result, those
revealed to contain the insert were target pRC-CMV2-CD8-FLAG vectors having
ERGIC-F incorporated therein. Hereinafter, the target vectors were referred to
as pRC/ERGIC-F. For use in the following experiments, pRC/ERGIC-F was
purified using a Plasmid Mini Kit (QIAGEN). Furthermore, glycerol stocks of

pPRC/ERGIC-F were prepared and stored in a refrigerator at -80°C.

(2) Preparation of pRC/ERGIC-Random

In a manner similar to the method described in (1) above, the PCR method
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insert DNA fragnment was obtai ned. The vector

pRC/ ERA C-F prepared in (1) above was treated with 15
restriction enzynes Xba | (TOYOBO) and Bfr | (TOYOBO
and subjected to 0.8% agarose gel el ectrophoresis,

t hereby separating a target fragnment. The fragnent

was then purified using a Q Aquick Gel Extraction Kit
(Q AGEN) . Thereafter, the fragnent was used as a

- hat had b
was BEio0hes WRind EERICEH ONAZe dndopRifn dbsrebongnp ity ing the
f - B: . tio of
el SGORN R AR AT A TS BpdnTY BRCIELS Bl son
of ERG@RCIB 9indith Ut BERGV@SBH haiRsiedBda iffwar dCHNRELL 8 ERGIC-BR

cells JMLO9 by the CaCl2 nethod, and then the cells

was wisdeas moewdrat gaiment 0P CR- aptiph atasperZdrmed anides cord@ions of

randomy picked up fromcolonies that grew on the 25
94°Crioate gringled. (HEX don darsegondsr i ghforn A0 Feapnds, and 68°C for 1

. i i [ I d ith icilli t
minugQ) 80 TR GenPRAPReh (61 TT0GUGH) . ol | owed by pl acrid
exﬁ“ﬁ@ﬁtgf%ﬁ] dt?( @Bnf 1B -PLER R DO ??E?g?e%eoaql%ntﬂllé{’ gurified

t he pl as re cleaved wth 2 res onenzyire
usingAP@IA qLIRYGBLE xaaetibh it (QIAGEROBO) , and then: _

subjected to 1% agarose gel el ectrophoresis to confirm

t hBulpregsenide Ofe SlagiR@tCvaardoted nvithereptrativrdenzymes Xba 1

ts were contained in 21 out of 24 plasm ds _
(rov gL andoral ROrZoBRY). ambiesset to die earprash alscrophoresis
fi.rF to.contaln the insert \ frag
and (SR ETE B UM GF Eyraslion oKL RRLA RN 1 ohhus on
insert(IPNaS Fa@mhPiwaskithaldfACEN) was used) again. To
confirmwhether or not a portion corresponding to the
insert DNA fragnent (ERA C-B-randonm) introduced in

pPRG ERG C-F had been reliably random zed by PCR DNA _
sebieneectanapRETBREAE-F c arenased out . (IJhebove| sesi deeated with

.sequence to,be . a at .S tli the putative
restriGb SRoPEr AL Chvarte o ERPECED) nd fiictaed To 0 5%
j [ ' : T, e o
ozsro S BEL R RENS S b2l B e ragmen
was th&s phtifieﬂfuﬁﬁgttemlﬁc%ﬁl@l Gl Fixtk @i JWURT € PO AUk S S atter,
of the putative carbohydrate-binding donai ns were
the frggyupet wes di$d ey aivectdrl the pl asnids.

The above vector pRC/ERGIC-F (that had been cut with Xba I and Bfr I)

-and the insert DNA fragment ERGIC-B-random were mixed at a molar ratio of 1:6,

followed by ligation. After ligation, the reaction solution was transformed into
competent cells JM109 by the CaCl, method, and then the cells were inoculated
onto LB-Amp plates.

24 colonies were randomly picked up from colonies that grew on the
plates, and then cultured overnight in 3 ml of an LB liquid medium (supplémented
with ampicillin at a final concentration of 100 pg/ul), followed by plasmid
extraction by an alkaline prep method. Subsequently, the plasmids were cleaved
with 2 restriction enzymes Apa 1 (TOYOBO) and Hind II1 (TOYOBO), and then

subjected to 1% agarose gel electrophoresis to confirm the presence of
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(3) Construction of ERA C-53 randomlibrary 15 In (2)
above, pRC/ ERA C- Random (nore specifically, the vector
pRC- CW2- CD8- FLAG, wherein ERG C-53 havi ng random
nmutations into the putative carbohydrate-binding
domai n) was prepared. Anong 9 am no acids ( DTFDNDGKK)
of the putative carbohydrate-binding donmain, 7 am no
acids were random zed (DXXXNXXXX; X denotes any am no

i d Howeyver . in.the 20 present invent.ian, ere had
ERGR G oAb as 8145 i LREHY B & HASBTRAVI G 08t pbad plasmids
plckegrﬂl{go acids at the putative carbohydrate-binding

Hence, a pRC/ ERG C Random | i brary was
COAStar tb%h&dof inReAddickk OPlasii&d c8nfit HEQRY doRtain the insert DNA
hereinafter referred to as an ERA C random |1 brary.
fragn(e&i IERB{mBnHmdom)O\fvemondjjE¢t®ﬂ$tofplﬁsﬁlhbeﬂt@lﬁtﬁdﬁtﬂ@l’ia@ﬁnd Mini
of RGICrandomllbrary 25 When the vector pRC ERG C F
Kit (RIAaENd wves( Ysedbosgriand The cppBemt vONahef rergmerit a portion

oS AR et G ) Sidls
pRC/ﬁﬁtﬁtHP rfﬁqd?ete gﬁlsantdgﬁggeq i)g y ngfsé(aue%lr&% a]ﬁail)%is was

i gat e

carrieddREt e 1@%1&&1&1%&9\)@":8 to %@ddntaﬁﬁkd 4thivRaleOkas the Futatlve

(approximately 6 Kb) with a concentration of 265
carbohpdira5@ bi b npg nkendin( @pBRONICAAS ednd waklys stiorhagm 9 amlno acids in
concentration of 520 ng/1 were used. _Upon
lengtl., a'ﬁh\%rtﬁﬁtmﬁen%@mamm zegh UPRG, qnaABdr sqqiugawron)As @ result
d. i nt et.ent .cell s was vari

of %)ee(]utehgé]gfl%zggg{swe ) 5 HGLEOTPE ¢ o ApBREGES cePFs. thoe 2 p‘%at“’e

carbohy&‘ﬁ%e-gfncﬁﬁg% xd hs GRkk %ﬁrﬂd\’ﬂ&ﬁlf@é}dm?for hfaysed

for transt on and then conpare |C|ency

(both types of cells were conpetent cells for use in

the Call2 In addition, the nolar ratio of the vector
(3) thltWOMrﬁeERGlﬁoﬁﬁ Fangtenn dibrowys 1:6. As a result of

wdd 28 ohvPar gbCTERYIERR «Rded Wi ecifised. {4kt o vector
pRC- @M\ﬁf‘%}[?@%tﬁ}{c}t Qavﬁej?gm' Eﬁéfc 485y 111%01‘1an£l§|f}1u mutatl%s into the

atio of the vector to i nSer

- putatidet &irBbReEtat & bDRIIAR dOREinYURRDh R aF &1 OA nfdid @efaﬂ%@ acids

when t he anmobunt of DNA was examned, in the case of
(DTFPNSIGBNA qfghe5Mitativd cadopeteait- bcediﬂng,ddzhemnﬂrmﬂmooiads were

randomizedm(%%()\é%NXXXX X denotes any amino acid). However, in the
present invention, there had been a need to produce many of those having various
amino acids at the putative carbohydrate-binding domain. Hence, a pRC/ERGIC
Random library was constructed. In addition, such a library is hereinafter
referred to as an ERGIC random library.
(3-1) Examination of conditions for the construction of ERGIC random library
When the vector pRC/ERGIC-F prepared in (1) above and the insert DNA
fragment ERGIC-B-random prepared in (2) above were ligated, the molar ratio of
the vector to the insert was determined at 4 stages to be: 1:2, 1:3, 1:6, and 1:10.

The ligated product was then transformed into competent cells JM109. In

addition, the vector (approximately 6 Kb) with a concentration of 265 ng/pl and
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| argest. Hence, in this experinent, it was determ ned
to use 51 of DNA that 15 had been subjected to
ligation per 50 p.1 of conpetent cells. Furthernore,
the nunber of colonies that grew in the case where
DH5a had been used was 5 tinmes greater than that in
the case where JMLO9 had been used. Thus, it was
determined to use DH5a. 20 (3-2) Collection of ERGAC
.random | i brary The nunber of colonies that grew on the
the ipggrisfappsprteateliet Kowithedcqnsentration qfl F0eng/ad were used.

SR R 5 T DAL b ve
transPAGRE R oG &gnt E—gﬁgg%t%a?g)agi%ﬁfeéoéeg’nuﬁgchd? gm éﬂaﬁégg 3%50 pl

were cultured overni

' of cohgém ¢ding 100 gg/ M anpicillin), followed by plasmd

extraction and insert check (treated wth restriction
enZyngpeApafl cantbetbmd dells, @Ml ahenndul)igss edwepe 1Used for
garose gel el ectrophoresis). 6 plasmds were
transpImpdiaYy idc kBen uppmpEedt her miEsiAngy (botdf itypesd afocells were

compighelis G E B8 e IPAPARLL Gt S0itiod: ThagR retio of the
vectofibaht Qﬁ‘&rpﬁ_ﬂgﬁﬁ%ﬂtﬂoﬂt&&dﬂ%@d into the

car bohydrat e i ng donai n) by a DNA sequencer. Based

~ onAsher¢RIUbE shobxpdraent tEEeGknRRbIMNBRIURRCHAD grown was
the ratio of effective clones to clones that had

the lgygesininothet tasepivheresthsamobal mtibatothe Bed@ot dnmitkes imdehemwas 1:10.
than those, for confirmati on were i mmedi at el

Thus. g malareigtio afbhg vertordol thecinsartcef éhl%é",’asc%q’f@ﬁpé@di tp be an
: tiye n r calculated in th ove nethod , .
optinfilly ShORE S, "EREHe P AR BhE Prisdint STRRA HRsdbngtLed. in
the iR of SQUIl ATHNAO Y4 Kb %fdﬁﬁﬁﬁétgﬁtdca%,ftﬁ}al:%\f’@oer.]oﬁf {Hloﬁ}fes was
an LB l'iquid medium (containing 100 p.g n]1 anpicillin
largestas Hatceaddethis expadmehB- iAnpapldateemiant tb hge £ollafi BNA that

were physically peeled off using a conrage stick,
had legp| sikaectsy %ég@treuman@ o eofnigmpetant 320s.  Furthermore, the

numSUBESRIEERL XLl o Sy DBGEEHLLHeSs ORI e
r I Iy i I ' ' :
oren G5 03190 VS, ECIPLABOII RIS ST SCHAT 1 v

determphesimduexDienti on was carried out for several

(3-2) Collection of ERGIC random library

The number of colonies that grew on the LB-Amp plates were counted for
each plate.

24 colonies were randomly picked up for confirmation from colonies that
grew on the plates, the number of which had been counted. These colonies for
confirmation were cultured overnight in 3 ml of an LB liquid medium (containing
100 pg/ml ampicillin), followed by plasmid extraction and insert check (treated
with restriction enzymes Apa I and Hind III, and then subjected to 1% agarose gel
electrophoresis). 6 plasmids were randomly picked up from _t.he plasmids

confirmed to contain the insert, and then subjected to sequence confirmation (fo
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15 plates together. At this tine, the culture

solutions were mxed in an anount proportional to the

nunber of col onies that had grown on each plate (when

a culture solution collected froma plate on which

1000 col onies had grown was mxed with a culture

solution collected froma plate on which 100 col oni es

had grown, the amount of the fornmer culture solution

was u e%@i n an anmount 10 tinmes 20 greater than that of
confifpe Wg?’& Fenl fol Fagdpiw | BHiations tidn bagpj eetredugesl into the

1 d . extraction). The er of colaqni es collected

carb QB R hin i B hv0 B P Neir BapGni diiseg, SF the TeSules of
insesf QRELE TR DR AN RO Y s S8 B9\ PHbcRLe IBndd FPcBhes that had

col | eck an

ection and hen Subjected to insert ¢

- growsesiUenRcplagesf whs coldhiatedt i on, the inserts 25 were

contained in 20 col onies per 24 col oni es on aver age.
Re§aoitieg ghas mhas thewenfir weufibyadbi weguanmiedgtelyheollected.
utatiVﬁ car bohydr at e- bi ndi.ng domai ns have different
Amofig ifie 5p] giel ed g@li@He B colpigs dn anrriteftiscrumbercts edlenlaged in the

bovEMEMCEE RS wEALPOERRIC darfall DhPhas, CoRr b omediods for
colledo® willNGe 86421 KachHFRA C random |ibrary

constructed at 54 this tine was 2x 105 . For these

|'i b6 ami asf, af YBYLGHd mEdosk (@htPhepared ﬁgfmle@ﬁ@icillin) was.
£Iate, and then stored in a refrigerator at -80'C .
addedif ehel FBr-4mpmpintexindathsnycols0e weleqriysscahiyxeetled off using a

t oget her re subjected to plasm d extractign, and ‘
conrqggticks fall apred by, Yeke:cultyre Ky e uERb A4 exafpbeaguently, a part
t hes 1 -used i 5 experinments., [ Ex e
S L T T i BT, T
remaining Rust@¥ aEPiigon W %&eﬁaﬂ%d?mskﬂi@r@ﬁfa%ﬁon using a Plasmid
~constructed in Exanple were tTansfected into
Mini dat (QIAGENhenlrexpdiciose ¢lastildsequmnidnywaexpréss bon forl everal
was confirmed by the Western blottjng nmethod (Exanple
plategyogeifiet. neAf fis &ene, theysplbutenelitinnsi woty misehoa an amount
. 2 I (L) Examd nation,of (transfection
propog AT of b e PP TeFUeR 7' TR BRarClrcthalae (vhen o
cultutd BERIIRS cdNEQeMIEMCE180e odOwERAdLEH® A

wer e exam ned. eSpeci fi1cal Iey? pl RES- EC}—P%&%E&% grown was
mixedvagth raaosi et sxluiioh aoMacked éldns augiang oanwhidtecbern®lonies had

transfection reagent ]
grown, the amount of the former culture solution was used in an amount 10 times
greater than that of the latter culture solution, and then subjected to plasmid
extraction).

" The number of colonies collected was approximately 238,000. When
colonies for confirmation were randomly selected at the time of collection and
then subjected to insert check and DNA sequencing for confirmation, the inserts
were contained in 20 colonies per 24 colonies on average. Regarding plasmids
confirmed by DNA sequencing, the putative carbohydrate-binding domains have
different nucleotide sequences. Hence, the number of effective colonies was
determined to be approximately 200,000, representing 20/24 of the collected

238,000 colonies. Thus, the size of each ERGIC random library constructed at
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(Q AGEN) and an Li pofectam ne Tm 2000 r eagent
(I'nvitrogen), so that EGFP genes were expressed
tenporarily. Subsequently, transfection efficiency was
exam ned by measuring fluorescence intensity using a
fluorescence- activated cell 20 sorting system
(hereinafter referred to as FACS). (1-1) Exam nation
of efficiency using Effectene transfection reagent The
. expression efficiency of an Effectene transfection
this Hggguat 2x &P ACERgT theas libtarened sliwienyl Bosleavagprepiared for each

| RES-, EGFP ONTE . 25 § ifically, 4 105 s
RIS, SR T TR
5000t 881085 BRELOS ecoéét@.@?fvgg/r:e' Sgl%je@@ Eﬁgﬁllaéggic%;é&%%ction, and then

overnight at 37°Cin

storelir ansReeCi onn ahdTE@IleWingl khipldf B@% M1aohidEMre used in
(SIGW), 55.5 in] of inmobilized fetal bovine serum

experimBsts. | NTERGEN), 5 ml of 10 mM HEPES, and 5 m of
penicillin (100 Um)-streptonycin (100 ~Lg/m)) was
55 aspirated fromthe plate. The cells were washed

TR S
vag, agdegd %l hs !ﬁ]RGP@era??glrﬁ g%?ar’&(?]sdj&ﬁﬁgtﬁgct&? iQeEQampIe 6

total of 10 using a bu ancer

were (fAnAfFhed ifio NMD@KRE]Ik Andnchhfsxpresied!t r 8a5E&filen®R, expression
reagent kit) was added to the solution. The sol ution

was opif1aped divethasVegem Wotteng meatbod f Gixampec®ndnd die indirect
to stand .at room nperature for 2 to 5 mnutes, and

fluoreschace %Bﬂﬁo%mf‘h%%”fa‘ﬁﬂ}%ﬁ'ect ene transfection

reagent was added to the solution. The solution was
vortexed for 10 seconds, and then left to stand at

(1) EXQ0TNa RITPSF RAMTEci & effidi@ndy M nutes. 600 | 10 of a
medi um was added to the solution, and then pipetting

waBeaer iregsfoctiof (X) Yhe HREIGI paidoad 18ahties oimtd 2VMIWOK cells,
.added to the solution (1) above, and then the mxture
condifigys ciierefredvete graminrd. 485 peifisallyh GARESHEGEPoACKENTECH)

rr4e ut . usj a drug, the dr s added 48 hours
was GApERRfed ojo (P T wolii o aEHERAE e hsfeaitn oagen
IAGEANSHREt 4PN |T™ 8hhie i r
Q byNgACS. Speclpfg%%?gﬁﬁf}{,eace% S a{r&%%ﬁ%‘é{%?&gtrégf ggnpg fis EGFP
genest mansfeqireodwasmep orafisied Subsequantkiyh tPBSfediddl fficiency was
PBS-0.5 nM EDTA was added thereto, and then the cells
examifgf ebyc epseng AluoFTenane §96e08ty using haluwicecasich sctivarted cell

. rel eased. We
sorting system ?herema?‘ter referred to as FACS).

(1-1) Examination of efficiency using Effectene transfection reagent

The expression efficiency of an Effectene transfection reagent (QIAGEN)
was examined using 0.526 pug/pl pIRES-EGFP (CLONTECH).

Specifically, 4 x 10° cells were inoculated on a 6-well plate (FALCON
3046) on the day before transfection, and then cultured overnight at 37°C in 5%
COz. On the day of transfection, a medium (mixture of 500 ml of DMEM
(SIGMA), 55.5 ml of immobilized fetal bovine serum (FBS; INTERGEN), 5 ml of
10 mM HEPES, and 5 ml of penicillin (100 U/ml)-streptomycin (100 pg/ml)) was
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the cells were released, 2 ml of a FACS buffer (9.8 g
of HBSS (Hanks' Bal anced Salt Sol ution, N SSUl
PHARMACEUTI CAL CO., LTD.) was dissolved in MI1i-Q 20
and then to which 0.35 g of NaHCO3, 10 m of 10% NaN3,
and 5 m of 20% BSA/ NaN3 sol ution were added,

foll owed by adjustnent of the solution to 1 litter)
was added. The solution was transferred into a 15-ni
tube, and then centrifuged at 190 x g for 10 m nutes.

aspirgirs Ggpethitaplatn. whbe diells averedvashed: orgenwitd, 1 phBBScE) md), and
hed ith 2 FACS buffer, th
then ﬁﬁﬁé% ne%%l%lpc IW\E':?MSWE% aﬂ@jf%f(:h)ﬁgd, t heusoIeLt i onevvas
Ce@ﬁrﬂhfeu%%lﬁhe}gﬂaé(mgd fﬁf\IA}_QN{Q ﬁPH?@’toanig-gfﬂ]n tl%lr'ee and then
[ 0 ITuted 1n

super nat ant was scarded. The solution was

adjusteFACD b Uf {REl ©P PRNIBVEsiBg Xa WRGfegekCS/ My Mnc&thIAGEN,

the diluted solution was transferred into a FACS t ube.
attacBedtoran Fidgpitenaimans fediide St GYitwass addedité thasolution. The

anmount half that of the diluted solution 56 containin
solutiqip was| paitatghdisie . YeHEXCBINY {8 b sseanhelelt thatand jag room

by . | -D cki
B LT e b
transFitich ﬁ’é’%ﬁ@nts\ﬁhse%@ngq P(SEI?@S(%E&%W eyl s%cfl?tt&)ﬁru% Vdrd¥ed for 10

| ateral “scattered , staining wth propidium

secoridgliade thSh BM)o sTAMS at robart@aipjepitude 66y 3Q00M wiialle8. 600 pl
cells was coll ected and anal yzed. In addition,

of a mpdiomne rerrddedto tigrpolugioamenanfl |then pittriog vsotagrie) ot ((2)).
i ntroduced pl RES- E (CL CH) was, detected and
aniﬁlﬁféﬂetaqdo fCHP@OPi?CﬁE .W%&sﬁa\iggé&w? sojutiqpasl rahpws) apd then the
. a h t_.eftficignc f trangfectio s .3.65%.
mlxu%/\rﬁgeha% hcgl@?n%%nt %? g f'r%éa)gggen OWdnt gﬁr}h‘?“née%,c OF| yagfcarried out

using[l\'é\rugf@-tﬂe dlu@lvaanddld hanGcalrier8risrafiican Ef fectene

transtection reagent, and 99.5 ~A of a buffer EC was

usEdrthedm@)e, BtadAB nhowmen afier efdisfe@iny esgpregsion efficiency was

Li pof ect ami ne TM 2000 reagent Expression efficiency.
compgged dwahiMed f dpesH1alpof eellamtnd® Thewsoefter dgersfection were

wasnd] 10 RVRUSAO 8 BHEES, EG BRIy e and e
e SRR Skt f 010, el IREL S BBcRuscd e
the célianstecticased, @nchltden RAUCS buettr (9e i FhBAS FHaks' Balanced
Salt Ssool/gltion, NISSUI PHARMACEUTICAL CO., LTD.) was dissolved in Milli-Q,
and then to which 0.35 g of NaHCO;, 10 ml of 10% NaNs, and 5 ml of 20%
BSA/NaNs solution were added, followed by adjustment of the solution to 1 litter)
was added. The solution was transferred into a 15-ml tube, and then centrifuged
at 190 x g for 10 minutes. The supernatant was discarded. Furthermore, the
cells were washed once with 2 ml of a FACS buffer, the number of cells was
determined, the solution was centrifuged at 190 x g for 10 minutes, and then the
supernatant was discarded.

The solution was diluted in a FACS buffer to achieve 8 x 10° cells/ml, and

then the diluted solution was transferred into a FACS tube. 3 pg/ml propidium

iodide (SIGMA) was added in an amount half that of the diluted solution

56



10

15

20

C02. The cells were grown to be 90% to 95% confl uent

on that day. 20 In the neantine, 4 ~tg of plasm d DNA

was diluted in 250 ~tl of an Opti-MEM (attached

within a Lipofectam ne TM 2000 reagent kit,

Invitrogen) ((l)). 10. ~il of an Lipofectam ne TM

2000 reagent was diluted in 250 jil of an Opti-MEM

and then cultured at roomtenperature fo r 5 mnutes

((.2))- DNA-Li pof ectam ne Tm 2000 reagent_ conpl exes
contayging’ ther ¢alls ppdrihen mipagdosallsi warestaggd. anbihe 6EUs ivesre (@amplyzed

by COlfRbRE" (POl BI it B RO R P b0 Sttt Dok FACS
i h LS, t t d
CalitSRTENTHOR VOIL PYUCLeibOpl Eal! bf  rtlfar" SRePet HHUIR areral

scattdre@NifleChhORia i AE@ ¥ithes @ peK e handede (S1EMAE S hTBdiiAformation
fol |l owed by another 24 hours of culture. en

on 1Mlextabdn calls way coldectodtandsamgyzed7 Hr additidue ftirargscence of
was added at 48 hours_after transfection. Furthernore

GFP Lgregn flprescercedirotsinh o daiioghce ERESESAGTE (CLENTECH) was

ied gqut .in a nner simlar to that in (1-1)

detecg%xoé%fa@yéeq 3@&?’?%{‘%‘e transfection efficiency was
8. 2Q% rdiAf ef0h8s rbleMBS that HR! GENY Qﬁﬁi&l@?)p%rfrﬁ‘al%'f tion was
the follow'ng transtection using the Lipofectam ne

3.65%008ed ehgetoldtnyf tar AgeRht c()ﬁ'baixﬁ)ﬁlﬁr essSuenoPDNERGEA 1l of an
random | ibrary In this exanple, the ERG C random

Enhangasr §r hkeof eonEffleatemedtramsiBxt@omplreagent,1 @ndei%s pl of a buffer EC
transfected into MDCK cells using an Lipofectam neTM

Was Us6%0 reagent (lnvitrogen). At this time, the ERGC
random | i braries linearized by restriction enzyne
treatment were transfected. Al the ERG C random

(1-2) IBxRhAhhEEn OF offiddaky GRANSE LusdreckahiinERanDbE rBagiBli €
subjected to restriction enzyme treatment with Sca I,

anBx pies si opuefififci et yusan gxamidds farAquilipo feelanbxt FAQ000reagent
Kit (QAGEN). In addition, the ERG C random library
(Invitgegemhev €8 was PRRESAEEF Poy (G QIIEECH) orfi eseépimge} owith a
concecgr%ﬁinn Iaé)l 5 he /Cﬁ| onies at the sane ratio based on a
120 a8h R %i"fgfl e case of plasnids obtained by

ggiél%eg%flfsﬁgygggéclgg%ugfsz ﬁ?ﬁgbaﬁmeﬁsoﬂ% 3LAeH PMie (FALCON
3046) on the day before transfection, and then cultured overnight at 37°C in 5%
CO2.  The cells were grown to be 90% to 95% confluent on that day.

In the meantime, 4 pg of plasmid DNA was diluted in 250 pl of an
Opti-MEM (attached within a Lipofectamine™ 2000 reagent kit, Invitrogen) ((1)).
10 ul of an Lipofectamine™ 2000 reagent was diluted in 250 pl of an Opti-MEM,
and  then cultured at room temperature for 5 minutes ((2)).
DNA-Lipofectamine™ 2000 reagent complexes were formed by mixing solution
(1) and solution (2) and then subjecting the resulting sofution to static culture at
room temperature for 20 minutes. The complexes were added to the cells, and
then cultured at 37°C in 5% CO; for 24 hours.

24 hours after transfection, media were exchanged with fresh media,

followed by another 24 hours of culture. When selection was carried out using a
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concentrations thereof were each neasured and then the
|atter plasm ds were used 20 such that the anmount of
DNA t hereof was 10 times greater than that of the
former plasmds). After purification, each
concentration was neasured using a spectrophotoneter
(JASCO, V-550). 4 x 105 MDCK cells were inocul ated on
a 6-well plate (FALCON, 3046) on the day before
transfection, and then cultured overnight at 37C in 5%
drugcthe Y%W?ﬁéd@ﬁbﬁt“ggﬁﬁbh@ﬁt'i”bfrfaﬂife?%ﬂch had been cut

g oy T ke et L PRI Gt Peimi £ R et S garied out

in a Wahher &M 1IM@ LS, EP-% lh§owere cultured for 24 hours
at 37Cin 5% CO2. 24 hours after transfection, nedia

verss exedamgedewrbisfet@sh ¢fEdichey Halsl 9B, DY TREQRENE it was
24 hours of culture at 37Cin 5% CO2. 58 48 hours

deterafingd tor ganfreott che fubldivengetrensfiectiamgedngi thh hipdifectamine™
containing. 1.5 ng/m (418, and then selection was

2000 repgent dAVitage®)- the start. of selection, the cells
wer e observed once a day, so as to confirm how the
sel ection had proceeded. 5 10 days after the

(2) ExBrddsil] OPERGREAfdonP b &gl | S that had grown in media
containing 1.5 ng/m (418 were treated with

tr ¥pshie ekihpld, ShSVBRGIOd rddiem litekees atbnkirafeddnm: Example 6
plate as cells for which transfection had been

werec ignpfaseesl Mhe MIdeKercels usings anad.ippkectaoime! €d20Q0 reagent
.days after di.tion o , the tire plate surface . .

(I“Vl%aﬁe%at E\a t@ﬁt fhmeq bhg E@%ﬁr@ﬁw gﬁ)rﬁﬂes nisBEEeh Py Igtriction

enzylgxglttéatﬂﬁitWérglﬂ}a%tﬁ?%:te@' 5 x 106 cells were found to

resent on eac wel |l plate. Expression of nutated

ERGEICtIR3 ERGSIC ¢t drh TRA2AYs (D8 YOS &54%tRIPLd INBxABHNOE were
(Exanmpl e 8) and the indirect fluorescent antibody

subjegtachbal r¢ Exmtpneeymsitrgtmonte vofh tSee Ledddsthen phefied using a
fol |l ow n exanpl es, 15 [Exanple 8] Confirmati on of .
QlAqy gl SediFgrassiongKtnQMEZEN) n e g ditinp, the FdkGUhearam library
used %%r&gtw%b%r%p%geg bryal%l}%r]?gl olbfles®so 184S o arigsaﬁfsgqe colonies at

preci sel'y~i
the same ratio based on a calculation (in the case of plasmids obtained by
collecting 500 colonies and plasmids obtained by collecting 5000 colonies, the
concentrations thereof were each measured and then the latter plasmids were used
such that the amount of DNA thereof was 10 times greater than that of the former
plasmids).  After purification, each concentration was measured using a
spectrophotometer (JASCO, V-550).

4 x 10° MDCK cells were inoculated on a 6-well plate (FALCON, 3046)
on the day before transfection, and then cultured overnight at 37°C in 5% COs.
The ERGIC random library (which had been cut with Sca I) was transfected into
the above cells using 4 pg of a Lipofectamine™ 2000 reagent (Invitrogen) per
well, and then the cells were cultured for 24 hours at 37°C in 5% CO,.

24 hours after transfection, media were exchanged with fresh media,

followed by another 24 hours of culture at 37°C in 5% CO,.
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MDCK cel s obtained by transfection into the MDCK
cells and selection using 20 (418 in the above Exanple
7 was confirnmed using the Western blotting nmethod. In
addi tion, untransfected MDCK cells were used as a
control. Sone of cells on day 10 after selection using
418 in Exanple 7 were transferred into a 24-well
pl ate (FALCON, 3047), and then cultured at 37C in 5%
CO2 unti l the cells filled each well. In addition,
VDAR lt‘etfﬁ§ t?ééaa%e%w@@ﬁwbp werenpi@iaaBed Wi siidie egntaining
ate FALCC]\I 30: nd ,t.hen_cul tur
1.5 x3fa, GA1 BB febechionsves Rifrtedcn AT the kil Sopetection,
p I t
the %etl’éﬁteﬁﬁéﬁg“e?h?n@ ot $h ey Ry S, selection had
proceddpioxi mately 20 m nut es so as to rel ease the cells.
500 | of a nediumwas 59 added to the cells rel eased
fr d;ﬁn ddys pftat e¢he deniatiohughitsetavtioas cedlsrihat hadt gatwi @A0media
for. 5 mnutes, and then the supernatant was

contaiiiggal et/ Mhd 4 Liraraiedrerpe evith asp SibdHOBAASIGMA) and then
eteald BRI pleck S8 THF BRRSUBHARD Bl Y150 SERERANE" e

numb2P o Riel1k 2344 Ql%n%fiﬁ'l?eréi (reduction) was added to the
suspensi on, by 5 mi nutes of heat treatnent

at 10QGye oot gdEHebhoghoresi sha!shilge pldeSMrface was coated with
pol yacryl am de gel at 200 V for 45 ntnutes In
the Caﬁéil t Molrgn roh@mmﬂ:@r ofbtlecukls wws ghlcutmedkep.s' BailD?:Imells were
Dai i chi rﬂscal s) was used as a

10
foundBEP  bhThE o £ PIRtBI oF PR SHE ABENtEted. ERGIC™SS was
confifthd ePgS tﬁé GWeS%%E)F%?GQ‘C%% 1et%?§ﬁ1‘([ggle%8ne?_o ).el.r Wesftétre indirect

transterred to anes

fluorddRehr anebod MnldiheP(BYadhlelOPVsih@rscB BT M 88)s Af RS followmg

transfer, marker portions were cut out, stalned w't
exam@BB, and then destained. The remaining nenbranes mere

i mersed in blocking solutions, and then left to stand

at 4C overni ght (the 15 solutions were shaken so that

ra for i mrersed in t | ocki :
SIS ST AFERPTBABERI R, CEER RanbF Me thbs MRS n Dptiing
methddy/bri - Bag Sof t (COSI\/D BI O, and then allowed to react
Wi th antibodies. As a primary anti body, a
Whether or not the ERGIC random libraries were expressed precisely in

MDCK cells obtained by transfection into the MDCK cells and selection using
G418 in the above Example 7 was confirmed using the Western blotting method.
In addition, untransfected MDCXK cells were used as a control.

Some of cells on day 10 after selection using G418 in Example 7 were
transferred into a 24-well plate (FALCON, 3047), and then cultured at 37°C in 5%
CO; until the cells filled each well. In addition, MDCK cells used as a control
were also inoculated on a 24-well plate (FALCON, 3047) and then cultured
similarly.

When the cells filled each well, 50 pl of trypsin-EDTA (SIGMA) was
added thereto and the resultant was then cultured at 37°C in 5% CO, for

approximately 20 minutes so as to release the cells. 500 pl of a medium was
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solution (4.5 m) prepared by diluting an anti-FLAG
anti body (nRAb, IBl) using 20 a bl ocking solution at a
concentration of 1 p.g/mM was used and then allowed to
react at roomtenperature for 2 hours. Subsequently,
t he menbrane was washed 3 tinmes (5 mnutes each) with
a washing buffer, and then allowed to react with a
secondary antlbody As the secondary antibody, a

ion di ] uti ng a goat

prep
added fp thigeub Pgeaa?‘lémlﬁéﬁ i%tﬁha?%guammg\éaSeca(rspm)at 1000
f a bl.ocki,n ution.(5%

rpm &, SRR, a8t Inf L kel v GBS “Ta eBit e bene
was \@Qﬂlﬁ@' 3 eyedihes ‘(ﬁﬁ'ﬂ ~appgoom tenperature for 30

m nutes. Subsequently, the menbrane was washed 3

ti Mhe washedtpdllef bF the rRYllesvasSsu¥bBsd@Bin 5and &f MRBSS 25 pl

of washing) with a washing buffer. After washing, the
of a denbrdh® scxmlslhzﬁﬁensb@lffeln (sedzivtiomp gead @ddabstcr abe suspension,

solution and then left to stand until_ 60 ba
fo“o‘é(ﬁfBLel% o AU §500 t dpeatmeRg aéh}%f?mgeﬁné el@&ﬁgpha&eéls using

: 12.5%0}) {)}a%ﬁrlﬁﬁugd%gf af, %&W %gggfﬁégu es la%aﬁg%tx%(ygrotems

moledMNbr (Meight %dYﬁEPYUa‘PIE:HPnEﬁe@Dﬁ%ﬂm @E@ﬁl@éja]?} wad0R8eh as a
and 34 ~tl of a BCIP stock solutio n (25 ng of BCIP

markewas dissolved in | m of 50%DMF 5 and then stored at
-20'C) to 5 m of an al kal i ne phosphatase substrate
buBeie usemfdhniVesteooblemtimeg inethiodl, theiprotaiys elatraptioresed as

desorl{3d, OB oSSR Te 158 rortbY Bhe iAol S i gp Y Transter
MemlW?ﬁl@E R!ﬂﬁsé a‘?' r()D‘iéfr mm%u@(; 9\ ?r%ghf bEnaar ﬁlsportions

were tran into cells

were G441 8ut Oftaﬁﬁddﬁycﬁ CBBd ahﬁeﬂheﬁuiHsﬁaﬁh&ﬂ “PhWi@fn%hﬂno membranes
blottin so that expression was confirned. Corrpar ed

were ypters lrnbbi@kungrsgm:med aMDCKe &tk $¢ sterdlaaid4 t Gatverigtlt (the
I .not been o served in the case of the nbock was observed
solutigas WWEr glliesasaifat 4be premhmngs (vaie WaifgrHa mimweyrsed in the

d in the nane ERG C-53, the nol ecul ar
bloc}(ﬁ% E(ﬂl?'kl?%gefeof was 53 kDa and al nbst in accordance

W'Ahte} ha o PRt 16aBh 1@eRibrime wanFut Henc eiyoirl- B*’X%SSOft (COSMO
confirmed that the ERA C random [i brari es wer €
BlO),expd edsedailowk®A6 cehdts wiflExanipbdied] Qonfd mprahign aefibody, a

expression using indirect fluorescent antibodg met hod
solution (4.5 ml) prepared by diluting an anti-FLAG antibody (m2Ab, IBI) using

a blocking solution at a concentration of 1 ug/ml was used and then allowed to

react at room temperature for 2 hours. Subsequently, the membrane was washed

3 times (5 minutes each) with a washing buffer, and then allowed to react with a
secondary antibody. As the secondary antibody, a solution (4.5 ml) prepared by
diluting a goat anti-mouse Ig alkaline phosphatase conjugate (BIORAD) at
3000-fold dilution using a blocking solution (5% skim milk was adjusted using
TBS-Tween20) was used and allowed to react at room temperature for 30 minutes,
Subsequently, the membrane was washed 3 times i-n total (15 minutes, 5 minutes,
and 5 minutes of washing) with a washing buffer. After washing, the membrane

was immersed in a chromogenic substrate solution and then left to stand until
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20 In the above Exanple 8, it was confirned by Western

blotting that the MDCK cells into which the ERA C

random | i braries had been transfected, and selected

with 418 for 10 days, expressed the ERG C random

libraries. Next, through observation using the

i ndirect fluorescent antibody nethod, the percentage

of the transfected cells expressing nutated ERG C 53

was confirmed, 25 The indi rect fl uorescent anti bOdY )
bandseiRpsarshyl VBe BEMBNRHY akhanthivaieaenintsubstyte selution was

I T e
in 1 b %?'Wtﬂﬁm ' ﬁe('ﬁme/f\lagl%ﬂﬁﬁ% cﬁe@ n*aot%éa HOGY! AN20%¢) and 34

an anti gen a secon ry an
pl off 4 B @S §e0k eol@hel egs I@HBM@%M:@W&OW){ $ olfsﬁ)d/ DMF

as a secondary anti body, whereby the presence or the
and ﬂlegt stiobert iabn-2602Copftoafh mhtofgem atkdinteaphesyifat ase |sssst6aterbuffer
| s can be ana_dized with good sensitivity. Sin

Comat"ﬁ’é‘gl il BF aPM c bipdit hg PHRS T, weY) FJLMGNa&'g}geﬂdld S mM MgCIz in

seryaf i.on s carr a fluqrescence
M1111§9§0r osc%f)lén% ﬁb‘)paﬁ()lz?ﬁtqevﬁﬁ’/ﬁ@%t F}l?o@fl %ﬁﬁ% Wwasgyvpshed in tap
watePa] tHEY Yir@iMdfody and a goat anti-nouse |gG-FITC
conjugate (Ml ecular 5 Probes) as a secondary

anThb EBGIC raaddint Iibrridsnivepn bR st IMAEK MBIGIS BILE selected
used as a negative.control, and VI P36-FLAG clone 8

with 8| forr ifed 430w, anki thhn @uhsetcafn:t to Bgstersdilotting, so that expressxon
FL ed VI P36 ha heen confirned) was used as

s ot Comtptad Witk o afggnsm%wms< ol cobans that
I gt ion ai d

b 2 RLARERE e St LA LY aplFeaind B pe e

42 kph ltnBBedil@iﬂ %e@éﬁteha}gelqay%Qfm&%bfe@ PR ﬂznncgﬁ{@@[@ 53, the
Exanple 7 were inocul ated, and then the resultant was

mole@uhkt weeghtathe3&E was 5% KIR andtdlmo90ivmotordaacsvetitls thepesition

covered with the cells. In addition, untransfected
of thﬂ/ﬂ‘@l{“dcel Henggn dt Wwessopfinged cthshdhg ERGICasandom (liireries were

ultyred simlarly. 15 On the day of sanple
eXpre\égegdS%lrwgg,cﬁlrs‘ms confirned that the cover glass

was covered with the cells to sone extent. After the
medi a were, discarded, the cells were washed once

wi Bxa3fe 199 @undhmdatidn odf 4%0ppedsador eindenydrtEBSuorescent
was added, and then treated at room tenperature for
amleBb’ mieaces, thereby inmobilizing them Subsequently,

n teel la ove Eexampﬁheéj Pcn\(;:vgs Vgotn?lnﬁ; § by Western blotting that the
MDCK cells into which the ERGIC random libraries had been transfected, and
selected with G418 for 10 days, expressed the ERGIC random libraries. Next,
through observation using the indirect fluorescent antibody method, the
percentage of the transfected cells expressing mutated ERGIC-53 was confirmed.
The indirect fluorescent antibody method involves allowing an unlabeled antibody
to react with an antigen, binding a fluorescence-labeled secondary antibody to a
primary antibody, and then tracing the antigen. A primary antibody functions as
an antigen for a secondary antibody, and a fluorescence-labeled immunoglobulin

antibody is used as a secondary antibody, whereby the presence or the distribution
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20 The cell nmenbranes were perneabilized by treatnment
using 0.1% TritonX-100/PBS (1 m) for 30 m nutes at
roomtenperature, followed by 3 times of washing (5
m nutes each) with PBS. Bl ocking was carried out using
a bl ocking solution (1 m) at room tenperature for 15
m nutes, followed by 3 tines of washing (5 m nutes
each) with 25 PBS. 200 |I.LlI of the anti -FLAG anti body
(m2Ab, IBlI) diluted at a concentration of 2

of a%%‘Fth%e%SblP%élkqen@ 331S5¥¢ OR oRHS caadé‘daltﬂimecba@ﬂa g@%sensmvxty

e ALy o
out WitRyt ﬂﬁoﬁ%egac %I?F‘%g) la%cgrhtg%%\')?é %ﬁfﬂdd&d(ﬁfkb IB) as

agai n using 2 b ion

a primgdngeraatibodyf ond 15 aﬁuhﬁﬁ,mé@ié qQ }herS ¢d of (Molecul
washing (5 m nutes %%ch) with PBS. 200 . 1?€$a (Molecular

Probesit is possentigd aﬁﬂlﬁ'@ix CBIrﬂ@@dhlt‘-)ondldﬂﬂta&ﬂfmte@ MBCK cells were

concentration of [m_ using a blockin eg sol uti on was
used 38 dREIHTE %wlcév VIR asEL ﬂ I‘?ﬂe\ﬁa@ hiiag ded whagtd constant

hen r n_was omt erature for
exprisgih EidCrEBRcRT B d ihrel con PRI doetanua Basitive
contrg@ch) with PBS. 3 | of DAPI (Mol ecular Probes) and 3 |

of a slow fade (Mol ecul ar Probes) solution A were

dr apgeckrailh e @IATISUN AMAS Sub MTHINAMh-pressoéeieat 3rilization
gl ass was pl aced on each slide glass so that its
was lagd longelive pedell gdeteb@dn®Odh U@ spof ackichasuiné [{2r10°) of the
so.as_to prepare each

mani cur e '
cells §§%ﬁ‘-b%3 H fgflhﬁe SRS Wity G448 inExample n‘dl%%‘%l%tﬁ@nand then

S at The .p red.sa
the rgg.gganv\ﬁ %g éuq{%r 6o%te§g%%01é] %]/%e(g ﬁ %‘%wﬁg e wells were
coverB¥S2ith thk rc%lls n?ﬂ%ﬁﬂﬁﬁnﬁ%ttlra%fml\/ﬂﬁtkscé’l’?{ #nd VIP36-FLAG
observed, and 15 then positive control VIP36-FLAG
clonect omed 8s wastrobswemedso soltased sintdarly.r m whet her
anti body reaction had been carried out well. Next, the
3Y oAt G MBARI| RFRP 188 OBREY @a.samérfmeudbﬂmt.tég doxer glass

was F%&sraﬂhiw st Sohieidebbecrt Eﬁ?hesﬁ FF husgfdjsearded, the
cells ?@e‘f@r\%smsbﬁé@%th PR t?)a@ﬂ%"ﬂ Y rﬁ 0?04‘% %érraﬁépnpa%ghyde/PBS

left and right) sides esarrp
was added, and then treated at room temperature f01 60 minutes, thereby
immobilizing them. Subsequently, the cells were washed once with PBS.

The cell membranes were permeabilized by treatment using 0.1%
TritonX-100/PBS (1 ml) for 30 minutes at room temperature, followed by 3 times
of washing (5 minutes each) with PBS.

Blocking was carried out using a blocking solution (1 ml) at room
temperature for 15 minutes, followed by 3 times of washing (5 minutes each) with
PBS.

200 pl of the anti-FLAG antibody (m2Ab, IBI) diluted at a concentration

of 2 pg/ml using a blocking solution was added onto each cover glass, and then

allowed to react at room temperature for 60 minutes, followed by 3 times of

- washing (10 minutes each) with PBS.
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20 the sanmples were recorded. The total nunber of the
cells and the nunber of FITC positive cells filnmed on
t he photograph were counted. The nunber of the cells
observed to show expression was quantified. As
results, photographs of the sanples for a fluorescence
m croscope are shown in Fig. 9Ato C Fig. 9Ato C
show overl ay of phase contrast inmages of 25 the cells

(g and i mages of the cells stained with FITC
(gfezé%‘jmgAW%GﬁH&rdaaﬁt aEaInHesipR dablogking aeluslonnvbcrl) at room

Lls | in Fig. and.that .of the si.tive .
tempEEei% 4%, SpRUeR Lol o7 B SiRp o Sashig (R eapt) with
PRS.case of the positive control, each cell emtted very

strong green; that is, staining wwth FITC, the

seeondarly @htiHeodynti-WasusebsIRGIeRITG3 (BHL 1 REFIhQMfited at a
MDCK cel | s observed after transfection of the"'ERAC
concegratomn lof bF aug/wmé wang 20bldalm g soleeionc vaseddietl horltoSeach cover
or 2 cells per

" 418.. this fi 1
glassgﬂ%ﬁ& d\‘aaspﬁ“ﬁfaﬁ%dbélné éélﬁg turreaem% Vi 4 Bigd vadityatsiopgh gemperature
indi cat i tr t gi. ni ith FITC .th
for 6958 0es, SOFRIGN TR FoPafiRatfomisiie ) wdfh 28BS
fi f
o B DRI EREer AR P PSP 06 MBS olecutr
Probesgnplleson s ensreddiappedi entbi analideperaist i(MBATIUNAMERN Recover

said that 12 cells out of 387 cells (3.1% were cells
glass ewpt gdacety omheadh sHdei glesstsoothyityits 1@ 1 &kepd efat®]became an

Screenin VA ased .on sugar-bi nding specificity
““defc‘%‘ffgﬁ?=aﬁ'?d Rﬁ%‘i iSﬁal&HanF%&t@g dRAMET S oS 26l Pregaysr 8adh sgmple.
iohtBRA Gii Ol B I.n. t.hi npl e he o
nghtsugag{i%?dr%gi ng tlslgé\%i[h }eﬁ?i Iﬁdetsh%gﬁ ﬁ%’ SHE & ISEEER 7S Wnbr e

f oThis egreparedddhngbs Swerd I @seiAg the FRA & ekatifdieMn;
l'i br arlges wer e gg?eened by MACS. Hggeci fi caelsl Y, the @ cOPe

(OLY MRS, &Pk si Figsts hegeRGE GomndoMIDCr aellesweer ebi&ved, and

b Erimari ly labeled with several types of biotinylated .
then pagiihien §eaEof e¥ti HsFLARRgHenr clI Wys| absereer, wie has to confirm

e R BN LA LR SEER a0 DR SOBEC KBS R o
A, opotet gl LA LSE e, LI S which were i
caused efioeekprss thel lisransewanalopzedredy FAGSifiddlly, several positions
were randomly selected from both (left and right) sides of the samples, and then
the samples were recorded. The total number of the cells and the number of
FITC-positive cells filmed on the photograph were counted. The number of the
cells observed to show expression was quantified.

As results, photographs of the samples for a fluorescence microscope are
shown in Fig. 9A to C. Fig. 9A to C show overlay of phase contrast images of
the cells (gray) and images of the cells stained with FITC (green). A photograph
of the negative control MDCK cells is shown in Fig. 9A and that of the positive
control VIP36-FLAG clone 8 is shown in Fig. 9B. In the case of the positive

control, each cell emitted very strong green; that is, staining with FITC, the

secondary antibody, was observed.
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(1) MACS screening for cell expressing ERGA C random
library As biotinylated lectins, Biotin-Lectin sets |
and Il (Honen Corporation) were used. ConA, BPA, ABA,
WGA, SBA, SSA, DBA, DSA, RCA120, LCA, PNA, PHA-L4,
PHA- E4, Lotus, UEA-1, and MAM (1 ng/m each) were each
25 diluted with PBS, adjusted to 10 g/m, and then
sterilized with a 0.45 Pmfilter (MLLEXOR-HV). 2

days b for MACS screening, 4 x 105 cells were
i NGC& 8K SRl noelin Abaeiedhatier a\meqvéwncqut@ﬁeERGIC

iy r%ne?ea%mﬁv ST Eain -
or 2PB&19. pe Isna"i‘ad%% andot 6P t BRIt lv%rif‘egt?ong green,

|ncubat ed at so as to harvest

indicefhksstrdenital ding arhltl@ FIDES tﬁéirsébtﬁiﬂa@y'tan@ﬂ:aodﬂlgo TheGok A number
5 mnutes, and then the supernatant was di Scarded.

of theagells ;fgienetdf Ohe&tpthQgﬂlp@}/anaS B &7, ofvachicldctbd momble of cells
g‘h s for reaction to occur on ice for 30 m nutes,
strong tSWIF’ﬁ@a’tVi‘t nfhhS Ef&ﬁri%d SURORGrSaTpleg mthésveait igothys time,

spemgwtaﬂg d%) <r3]e.~3a=181t%1J p@g?%”%&%’?éytr egoig'grcg g Aé%ﬁ,gg}g cells

expre(s@iﬂgﬂh%)hmgie?f sTHYhERTA with MITi-Q followed by
| ter sterilizati© ) centrifugation was carried out

at 300 x g for 10 minutes, and then the supernatant
was renoved. 10 The cells were suspended in 90 | of a
| abéximpleb L Sereeningnby M AIOS [baged cstt swegptrebinding specificity of

BRI LB 5 TR W S i
1010990 b PR OBy LI R RRTDF UL PP e

focuskal dpwet Ryl iekgﬁéssﬁigeﬂhé !E@@GI@'?)md&ﬁnl‘ilSﬂaﬁ'fégaﬂ%@ sf@ened by
carried out at 300 x g 15 for 10 m nutes,

MACSupebpextifinglImathe estlseexpransing htre mmlmaﬁd()MStlblarles were
) grrled out wth 5001 of a separation buffer. A M
primaggya labslsh (‘,‘YiFfUn?PV(eM]I tlaRgs Bf obWEinGhEEy Wegusdnosae lectins,

wossh GO Y AR (LTSRN BLEE SOy g
magnBAYT 41l NdoPtihpe s 8&|6W(M§§9§t?8ug&z/sySoﬁfﬁ%a%eS%}Fyatlon of

suspensi on was applred™to th sepa
Biomalegdutdsenhdrbmadiel | sbigleuidtad autMACSN t MBubsequently, after FACS

selection, cells were analyzed by FACS.

(1) MACS screening for cell expressing ERGIC random library

As biotinylated lectins, Biotin-Lectin sets I and II (Honen Corporation)
were used. ConA, BPA, ABA, WGA, SBA, SSA, DBA, DSA, RCA120, LCA,
PNA, PHA-L,, PHA-E4, Lotus, UEA-I, and MAM (1 mg/ml each) were each
diluted with PBS, adjusted to 10 pg/ml, and then sterilized with a 0.45 pm filter
(MILLEXOR-HYV).

2 days before MACS screening, 4 x 10° cells were inoculated on sixteen
10-cm dishes, and then cultured at 37°C in 5% CO,.

On the day of MACS screening, the cells were washed twice with PBS, to

64



10

15

20

25

colum were collected as negative cells
(flowthrough). 500 | of a separation buffer was
applied 3 tines to the M5 separation colum, and then
the cells eluting out fromthe colum were al so
col l ected as negative cells (flowthrough). The col um
was renoved fromthe magnet, and then 1 nml of a
separation 25 buffer was applied to the columm. The

' f
whic§h s O e BT Rev v S ad ond Lok The BAiE Rere habsted at
37°CMR{ %%:%(5 ecsté)egs gﬁqa?9§§tt t:h?égcezifs:. lo\?vc_qrﬁ{n %iohrg&?agt (faellr?iee out at

t
positive dnd negative Ce

190 £ @Mk isf Mﬂﬁﬂeﬁ,tanﬁo@xeﬁltﬁefsﬁ erh@tdTk %se&‘isc%{ﬁ@dsuper nat ant

was renoved. The pellet 65 was suspended I n an
apfiizobrypt ef demim{1®{gmirednlynwashiddied hadhalceBadyr Peftion to
suppl emented 'Wth 1.0 ng/m G418). The suspension was
occuy aades 4¢ed0 arinptest esntrifughtiom vegspraoped aue for 16 mmubeent 30 x
n the cells were

dj O 10 di sh), and th
& a”étlsfpfﬁ é&gaﬂ%ﬂeﬁlﬂfeh&ﬁ@ é?’ﬁ‘@?’?‘ient”@ﬁswﬁéh%r wegh WG pl of a
' 0 S n he of . 1
abetlff SO GTGRER e AL JaRPRE) By LMoo mai
folloWReBtHyafigt ePIs@drdh Nio0N cERQifBhliof Wi LEASicH bkt £ F‘@O LNE for 10
sugar - bi nding specificities of lectins. The cells
minutesbehédhe tiie hiperhatghttvad rémoteds and applied to MACS

were all divided into negative cells (flowthrough)
and hposilsiwerecaispsnde) e 8lin! ofas labedughbuffhattot which010 ul of

sren iSRS A MR B ED 20U EL bt b 15
. - . the.ratio at _mhich .

o 1 02 Con 20 ST P40 g g frvon

buffes [{prapaied Ubia gl BBROWHT. Tl envt. EDIWE VI, 0 804 1B D10 a@h WRilli-Q

(fl owthrough) and positive cells labeled with biotin
water] dpHpwed 1281 sberikipasno )y vieptrifagation MAGScalirizdl, odBat 300 x g
for IJ?nbllmei‘te%, t eecgljprn]enll\l‘% g% iw\élg rgg?)ivteci:l,vgndn?hrg%(;Jsggl;igglo#gshzzarried out
with 500 u.l of a separation buffer.

A MS separation column (Miitenyi Biotec GmBH) was set together with a
Mini MACS (Miltenyi Biotec GmbH) magnet, and then 500 pl of a separation
buffer was poured into the column. Subsequently, the above cell suspension was
applied to the MS separation column, and then the cells eluting out from the
column were collected as negative cells (flow-through). 500 pl of a separation
buffer was applied 3 times to the MS separation column, and then the cells eluting
out from the column were also collected as negative cells (flow-through).

The column was removed from the magnet, and then I ml of a separation
buffer was applied to the column. The column content was pushed out using the
plunger of a syringe and then the cells eluting out from the column were collected
as positive cells.

After the obtained positive and negative cells (flow-through) were

centrifuged at 300 x g for 10 minutes, the supernatant was removed. The pellet
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ConA80%20% DBA88%1.2% LCA90%d0% PHA- E485%15% PNA95%%5%
UEA- | 80920% WEA86%1.4% ABA75%25% DSA70%30% Lot us93% %
MAMRO9Y80% PHA- L482%418% SBA85%4.5% SSA60% 40% -

BPA: :]::::: 90%40% As is understood from Table 4
above, nost cells selected by MACS in this 66 exanple
were collected as flowthrough. D fferences dependi ng
on the lectins used were not clearly observed. Anpbng

the cell .fractions pobtained in this tine, npegative

was BiHeBEEq b P BRI GO igh AP edium | B Bad [hjready been
t t lu .bei ng recogni zed

supp RAFAREF 3 100 MHEM B34EP o oTBe Yy micll B HEERRRR Bpares
with GanpR0rieR) bizefl dan@lchy d¢@ begt &8l cas dPaDi Lhi&heR!ths cells were

wer e ‘desi gnated ConA (+). Regarding other |ectins,
cultus¢dragan. not ati on was enpl oyed. A total of 30 types of

these cells were subjected to FACS analysis in the

f oilihésnierperesgat ivesnperfomed it Aosnanal seséen $or cyPedased on

of cells. that had been sel ected by MACS in (1) above .
the thg Qeijh‘@ﬁbog‘F%\%e BRie s PR chind) afid, W thawgrembeane proteins
on theR&S drbAlesYrilidfig Gl sig¥Bh HiaRld QB ficities of lectins. The cells
labeled with biotinylated lectins and applied to MACS were all divided into
negative cells (flow-through) and positive cells. Since it was thought that the
cells immediately after MACS had been severely damaged, the number of the
cells was counted on the day after MACS screening, and then the ratio at which
the cells were divided was confirmed. The results are shown in the following
Table 4. However, both negative (flow-through) and positive cells labeled with

biotin labeled RCA120 and then subjected to MACS died.

Table 4
Lectin Negative Positive
name (flow-through) ,
ConA 80% 20%
DBA 88% 12%
LCA 90% 10%
PHA-E,4 85% 15%
PNA 95% 5%
UEA-I 80% 20%
WGA 86% 14%
ABA 75% 25%
DSA 70% 30%
Lotus 93% 7%
MAM 20% 80%
PHA-L, 82% 18%
SBA 85% 15%
SSA 60% 40%
BPA 0% 10%

As 1s understood from Table 4 above, most cells selected by MACS in this
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to react with 15 types of biotinylated |ectins as

primary anti bodies and FITC | abel ed streptavidin

(PIERCE) as a secondary anti body, and then changes in

15 fluorescence intensity were observed using FACS. In

addi tion, untransfected MDCK cells were used as a

control. On the day before FACS, 2 x 105 cells to be

anal yzed were inoculated on a 6-cmplate. On the day

of FACS, each type of cell was_washed twice with PBS,
exan@lﬂethﬁh% lectey %‘srﬂpest yonghi BIffareness atrpendingnantthenlecting
usedxﬂ?r ﬁ wer e b S [tured at 37Cin 5% C02, so as to

&a R %é’lf% en the cells were released, 2.5
m of fif e a diss [
Hpdd (ﬁﬁs’g&g Q%:II_%AR{%&%{%BSP 'E)Sfjac%é/d e Qgﬁ\é ntgw]% ng%Qtlve cells

flowathdod Fonweee %mghm@d%ﬁ Geflk tthaMassJeQ hro@dh 119e/‘2:01umn after
NaN3, and 5 nl of 20% BSA/ NaN3 sol uti on wer e a dded,

being obtmded)wsamsmvwnﬂs ahdtsetecded byi MIAED Wwerei cﬂ&segx)ated ConA
was added. The solution was 25 transferred into a
(), fsldnﬁ‘%klab%nalélénwﬂtfcm%tqsorﬁomg%&ﬁlﬂﬁewe%t e5tBNg0Th Gy (+).

h
el B RS BRI M i s o
thesddIly ﬁreP‘é S%Je@teﬁﬁgsﬁﬁeéfa% g{s'ig‘?n Wfov&%gdé?%e?ﬁﬁélﬁ

was determ ned, centrifugdtion was carri ut at iQO
x g for 10 mi nutes, and then the supernatant was
di scarded. 67 The celI's were diluted with a FACS

(2) Fﬁlﬁ& analysisa concentration of 8 x 106/m  (4x 105/50

The di lLut tion was .transferred i n anount of
50 351 AP & Fot 1 Gt e sty LH BA e MAB AP ey e

f [ | e de
growglrl rra?%f%%? xgé%' ar{%l 3# ?ﬁ\ﬁé T%Seémﬁ t%% ce g] g\g%rtel allowed
to r&ddir hach 15 ﬁﬂﬂast mnbﬁith@ﬂ@ﬂ:dt Qeét@x@s‘:tasorbr'uﬁgr}f Oeﬁnt%})dles and
m nutes. 100 T of a FACS buffer was added, the
FITGsbibgiddostrepevobnt (PIERGE) ata 5:8:@)n)darygafmbo<$y ranauthes,changes in
and then the supernatant was_ di scarded. The pellet was
ﬂuoramnucedmt%ﬂ%rwﬁ phsesyed gising dWehb| dnjaddimos; mntzgnstected

eration was further repeated twice (in

MDCQ@% itlpgv vvgsa aﬁa‘\s/\éiméarrl ed out by adding 200 | of a

FAGS t1kQyRHbE SN %@?@ HaTRL11s20 to GlaipldLRLAY |

FI TC (di Iél}tjed T h e EACS burTaf tc?%ly$ rﬁ’ ifdcliated on 2
6-cmaideed a@nahs elgnafaF ¥ Canteablodype EheeHOdvaﬁ Mﬁhw&;\rlce with PBS,

lightly stirred, |ight was
to which 2.5 ml of PBS-0.5 mM EDTA was added, and then the cells were
cultured at 37°C in 5% CO;, so as to release the cells. When the cells were
released, 2.5 ml of a FACS buffer (prepared by dissolving 9.8 g of HBSS (NISSUI
PHARMACEUTICAL CO., LTD.) in Milli-Q, and then to which 0.35 g of
NaHCO;, 10 m! of 10% NaNs, and 5 ml of 20% BSA/NaN; solution were added,
followed by adjustment of the solution to 1 litter) was added. The solution was
transferred into a 15-ml tube, centrifugation was carried out at 1000 rpm for 10
minutes, and then the supernatant was discarded. Furthermore, the cells were

washed once with 5 ml of a FACS buffer, the number of the cells was determined,

centrifugation was carried out at 190 x g for 10 minutes, and then the supernatant

~was discarded.

67



10

15

20

25

shi el ded, and then the solution was all owed to react

on ice for 20 to 30 mnutes. 150 tl of a FACS buffer

was added, the solution was centrifuged at 580 x 15 g

for 3 mnutes, and then the supernatant was di scarded.

A simlar washing operation was repeated once nore.

200 | of a FACS buffer was added to each well. After

pi petting, the solution was transferred into a FACS

t uhe. %gﬁﬁl of % g/ M _propidiumiodide (SIGVA) was )
addetf, cehaWere i weddvita g BA (Srlu fieralione gondeigr agisin) of 8 x 10°/ml

| yzed | B - Di ckj .
(VB D Y 00 BT B RSB ot spen o
- f 1 | | 3 3
96 l%lul @-W*@msﬁhﬁcwi@ﬁ%ﬁ@ﬁg O%Wl%éwgﬁhgﬁboégrgﬁ%%d lectin

| ateral scattere _ stai ni ng

wad adidaead Sl foMANry hinfibsdiatd emcioell0, 0Pk Yo mblod weekkStly stirred,
was col lected and analyzed. In the ERG C random

and| thgn ad\ow edatedtrachonacd fors3 hadnbiesn i ntroduced into 25

anigghagigs corresponding to the putative _
cartOhyiPae s AdIUREF! dbrarddest theralutioswaprenifsged ¢t 580 x

s o A S L ECR S BB s o
to VeRlkd naRér 6! &chdsvhlye itr a%@%ﬁ%g&{é/’%ﬁg{tﬂ eo&frattigx? was further

sugar - bi ndi ng specificity of car recogni tion

repeateddimice i(in bddicidnt o agRINZOGES icﬁrr@e@@ﬁﬁb?%ﬂmﬁﬂbo ] of a FACS
nanner% gl ycoproteins. Hence, 68 it is considered that
buffergt qagh timet.oducti on of random nutations into a
" car.hohydrate recognjtion. donmain or _a
ooy &F S Ep RGP oE e A e Ton 3 BAGS Byffer to 20 pg/mi) was
ddeg§PeCifiGLLd I f: I ng 0 original..specifici.t
¢ e%f %ﬁ@ségélgfagyeggté%g@at e’gfull} ngp{lﬁggﬁR&a% h%%ﬁ%o rre‘é’ light was

shieldedyr a1dy/thcantiensel i @ weE@ 16vwad W ddacPbRGed Bor 20 to 30 minutes.
gl ycoproteins having various 5 carbohydrate noieti es,

solbhatl ¢he FeCDHobidr atas adsiedt yhe yplesionf was yeopifoged a6 580 x
f transported onto the cell nenbrane surface will be .
g for, & puputesy apdctheaathy supguetant nwex hiptasded, debimilaemveshing
opereﬁﬁj;nt %gaﬁz?]ggaqeg% Ehe sugar-bi ndi ng specificities- (see

W ng ?a%ang) of various biotinylated

| egpi ' I e as te.
(1 a0t 1o LA bt M 480 E R0, SRR SR bckting, the
solutmar ek ydiratferrediietoya FACI uecopmd 28 $igzal odauAdodide
that of a trisaccharide, and identifies the
(SIGMdyewagiaddndi andithen deast celés wanalstained.usiThg cElESvere analyzed
eal s, .wh e of _car boh%/'dr ate nojety i s present

|
by ¥R o Pngon s Miios EPPEIBY BT AE e g dCSCalibur.

Viable cells were selected based on forward scattered light, lateral scattered light,
and staining with propidium iodide (SIGMA). Information on 10,000 viable
cells was collected and analyzed. '

In the ERGIC random library, random mutations had been introduced into
amino acids corresponding to the putative carbohydrate-binding domain of
ERGIC-53. ERGIC-53 is a molecule that exists in transport vesicles moving
between the endoplasmic reticulum (ER) and the cis Golgi and selectively
transports (because of the sugar-binding specificity of carbohydrate recognition

. . . . + .
domain, it binds to mannose in a Ca? -dependent manner) glycoproteins. Hence,

68



10

15

biotinylated lectins. 15 Table 5 Lectin
OriginSpecificity name ConACanavalia ensiforrnis
a- D-Man Jack beana-D- G ¢ DBADol i chos bifl orusD GalNAc
LCALens culinarisa-D-d c a-D Man PHA- E4Phaseol us
Vul gari sD- GalNAc PNAPeanut (Arachis hypogaea) D-Gl Gal
J31-3 GalNAc UEA-I U ex europaeusa-L- Fuc WGAWheat
Ger nD- A cNAc ABAAgari cus bi sporus(3-D Gal DSADat ura
strani onium J3-D-Ad cNAc (foreign species) Gl 31-4G1NAc
it 1s ¢onsidered jhay theew gly orict dresipn o e dvMviaekées into a carbohydrate
amur ensi sSAa2- 3 |  PHA-L4Phaseol us Vul gari sD- GalNAc . . .
recopaR RBATR Gt RADOBY B4R bIAMIECIRT e SBEM Amding specificities

differin82r B CBLMGI sPEA iy br BRGIAA DY PSR R in the ERGIC
random library, and mutated ERGIC-53 will bind to glycoproteins having various
carbohydrate moieties, so that the carbohydrate moiety-types of glycoproteins
transported onto the cell membrane surface will be varied. In MACS carried out
in Example 10, cells were sorted based on the sugar-binding specificities (see the
following Table 5) of varidus biotinylated lectins used herein, and then collected
as separate fractions. Generally, when a lectin binds to a carbohydrate moiety, it
recognizes a size of around that of a trisaccharide, and identifies the
three-dimensional - structure.  Analysis using FACS reveals what type of
carbohydrate moiety is present on the cell surface at what ratio by staining with

biotinylated lectins.

Table 5
Lectin Origin Specificity
name '
ConA Canavalia ensiformis a-D-Man
Jack bean
o-D-Gle
DBA Dolichos biflorus D-GalNAc
- LCA Lens culinaris a-D-Gle
a-D-Man
PHA-E, Phaseolus Vulgaris D-GalNAc
PNA Peanut {(Arachis hypogaea) D-Gal
GalB1-3GalNAc
UEA-1 Ulex europaeus o-L-Fuc
WGA Wheat Germ D-GicNAc
ABA Agaricus bisporus B-D-Gal
DSA Datura stramonium B-D-GlcNAc
(foreign species)
Galf1-4GalNAc
Lotus Lotus Itetragonolois a-L-Fuc
MAM Maackia amurensis SAa2-3Gal
PHA-L4 Phaseolus Vulgaris D-GalNAc
SBA Soybean D-GalNAc
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GalNAc>D- Gal The results of FACS anal ysis are shown in
Fig. 10. In Fig. 10, cells follow ng MACS screening
and control cells (wild type MDCK cells) were

conpared, and then the difference in average
fluorescence intensity was observed. 5 In Fig. 10, a

bl ack line indicates the control MDCK cells, a red
line indicates the (-) fraction follow ng MACS, and a
ey BRI U T T T 0 A R A A e P O

aver age—t-Herascete -y and
RA

t hat Lof (Y Paubinig puppyies: t hah-SARAsTDr Gal
control were only the cells obtained by primry _
| abeling with PNA and ABA, followed by MACS screening.
Sp&dief fesalth yof FACSaandlyshe asaisdotvihain #@Ng0oEREh Grig. 10, cells
random | i brary-expressing cells, cells presenting

followinrg) MMyl &t €reamiivg i ard sgadrgli calls y(viblirtgpeo MMBK eetlsh were
on the cell surfaces were selﬁﬁted by MACS. SBA, DBA,

CompﬁFﬁLéﬁ{d é%—tﬁﬁ,‘h HEIBPAD & 61380 Y FE IS eI PEUISHY Kt 9bsewed-
Pl ngli o D= ¢al. . [ e FACS resul t. i.n

tn Fi 80" a0 FRULEs 2 POH Pt Sl T Titerjptbaces e

(-) HidiclibarRNeesn YR CHSHIVAGrédh AYETAGRaTdsUREQS G ERion. Those
intensity between ‘the control and (+) and (-)

showingeveogs. filEeampie Liendinal ofStie ¢F) ¢elctionpeasd fthat 0@ the (-)

PNA lectin In this exanple, thr oug)g further screening
fractigy igber ghan Hrat piatheryortap] sereenhbthe wellsiabtEosdphe primary

ety AT B RSG5 B DABARY Soprgincat. i an
be sdi§ClHal ﬁﬁohé‘eEﬁ@i{Ig ?%Eéiscﬂgﬁgb{%gt[%)&?éﬁrﬁ%celfas[]aééﬁsl ?)ﬁfésenting

was carried out by F I ng using

carboédtae mbledkt ispgeifivrtinosburdlio MRES|&eRabAtthOR AN BRACS were
anal ysis of PNA(+) 25 Screening of the PNA(+) cells

selectgfital MoAICSn Exanpl e 10 was carried out by MACS, and
th t e r nal yzed by FACS, In additign, as. K
2 S5 &i‘?/gf E’EAlﬁcgﬁ%ﬁw 3R4AIRA are RbdRCRY FReciBPally binding

to D-B3R9Ac.  As shown in the FACS result in Fig. 10, in the case of all lectins,

-+

almost no differences were observed in average fluorescence intensity between

the control and (+) and (~) fractions.

[Example 11] Analysis of cell specific to PNA lectin

In this example, through further screening by MACS of the PNA (+) cells
obtained in Example 10, we tried to enrich cells presenting more carbohydrate
moieties specifically bound to PNA lectin on the cell surfaces. Furthermore,

analysis was carried out by FACS and lectin staining using the Western blotting

- method.

(1) MACS separation and FACS analysis of PNA(+)

Screening of the PNA(+) cells obtained in Example 10 was carried out by
MACS, and then the cells were analyzed by FACS. In addition, as a control for
FACS, untransfected MDCK cells were used.
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70 (1-1) Screening for PNA (+) by MACS 4 x 105 cells
(PNA(+)) were inoculated on a 10 cmdi sh ( FALCON,
3003) and then cultured at 37Cin 5% CO2 for 2 days.
The cells were washed twice with PBS, to which 5 m of
PBS-0.5 mM 5 EDTA was then added, so as to harvest
the cells. Centrifugation was carried out at 190 x ¢
for 5 mnutes, and then the supernatant was di scarded.

jotinylate NA lectin (10 .ig/mM, 2 n) was added to
(1-1)5#1%38@%5 of gnNPABThEYMA occur on ice for 30 minutes.

Centy i fu ' carried out at 300.x f.or

i A0 OB PR PRES bRt ond e (AR cgpY, 3009

d thesRuAGred 4B ¢ 309 ERfrop ol ARSI I Ng buffer,

o centrif{Jgati on was car Pigeg out lg]at 300 x g for 10

mi Akt es:llsawdrd henRhthavdoparingirBg, wasHienoy ed. ofP8S-0.5 mM

celI's were suspended in 90 | of a labeling buffer, to
EDTAnvasttheo added, senp épthaviait thdiceHoBeQdstrifMgatienyias carried out

i ot ec H) was then added, followed by 15 mnutes
at 19&?‘ gz%%m&i&e then > SuRerpRtak igs wgssarded.500 p. |

of ti f A0 monutes of
ccnfb AR A, el (%) 1l PN Rt pdeegstoy e cells for
bindifERETIRBLABR ick 8r BOOMMAHe YRS CIMRRTAIAMN a2 Mdricduitat 300 x
separation buffer. A Ms separation~colum ( tenyi
g forBl ®teimu@sBHndwdens the soganheint Wi rémolkdi MAGRr washing with
(Mltenyi Biotec GrbH) nagnet, and then 500 | of a
300 wlephrandabshingpbnfler. weririfppitien was chwiebloutmat 300 x g for 10

mins R Bl o RGP 0 2 20
el #hé RENOW rF;sﬁﬁ%tjﬂFed ﬁ'nobb'gﬂ)é/yeégﬁ)cq%nloegﬁﬁgr §r\glt'1ilcgn10 pl of

negati ve ce Oowthrou of “a sep

streptuidie MasBapdy (MitéSnylii BRSed Onifie) Mas IBBRRAEED Yollowed by 15
colum, and then the cells eluting out fromthe
minutgg|afneapiere aalcSE tollP&Ct edh fier weglanigveitheS0& pl of a separation

fl owthrough). The colum was renoved fromthe
bUffe‘lgraéﬁeF{muaiﬁagP eientrifgagiony ad e axi 8n angs thes fremaged of the

. e s, pushed
superB8RhL e bPodN% X Hben 0 1 300 S8 he il pRHRE Gl <

dsin

el AR GehttatfomOdB 1k R @@hl%lvﬁ%?e&@]n{ﬁﬁ? &fhs &?éogether with a
positive cells. After the obtained positive an

MiniMaget i(Veiteryi Bi¢fdcoGnbidpugdgnenerrd then 500 pl of a separation
buffer was applied to the column. Subsequently, the above cell suspension was
applied to the MS separation column, and then the cells eluting out from the
column were collected as negative cells (flow-through). 500 pl of a separation
buffer was applied 3 times to the MS separation column, and then the cells eluting
out from the column were also collected as negative cells (flow-through).

The column was removed from the magnet, and then 1 ml of a separation

buffer was applied to the column. The column content was pushed out using the

plunger of a syringe and then the cells eluting out from the column were collected

as positive cells.
After the obtained positive and negative cells (flow-through) were

centrifuged at 300 x g for 10 minutes, the supernatant was removed. The pellet
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centrifuged at 300 x g for 10 m nutes, the supernatant
was renoved. The pellet 71 was suspended in ai
appropri ate amobunt of a medium (that had al ready been
suppl enented with 1.0 ng/ G418). The suspensi on was

i nocul ated on dishes wth an appropriate size (a 6 cm
dish or a 10 cmdish), and then the cells were
cultured again. 5 As a result, 65%of the collected

cells re found to be negatlve cell (fl owt hrough)
was SHepoIdss o FReATHPPEAtATRRN ©OF mérl@eamdt by bed aiready been

suppge%’?éntte 3}}/1%13' lPMgr @' rlg/giiseip% a%n:,sycgrb%fagl ﬁlgggiatg ofi dlshes
with %W;ﬁprb riafd si%‘és ol b V& QR4 Br Caohb em Qﬁls ydatnheth%ﬁ%ea{e‘?ls were

r ef erred to as (+), At the I't

cultuf&kagpine 10), 95% of the cells were PNA( ) and 5% of
10 the sane were PNA H At the 2nd round of MACS, the
pen‘\@emr&glelt,oﬁSf/h@fdéblg)lle@md ecledvers fdvmd( 49 bermegation cells

[ d t he day before FACS,
(Ao, NSRS Toa T3 o e s S o o o) BL S coll

e LT 0 e e g gt
as PN’AZP—E}S anE}JJEM1E@-E€‘11¥‘@§IIEBt%@ %ﬁﬁa‘jsarﬁQQré I?@férltetaetocgsl. E‘NAZH)

were cultured at 37°Cin SO0 as to rel ease t
At thed®™ syundhsfivitA@s (Eehh@w\eog a5eh @@ske cefis MeroPNAFAGR 5% of
buf fer was added. The soI ution was transferred into a
the samepvere BNA Cont rAt the?i orpundso oA C8d thpupersentzgpxef the cells
nutes,. and then the supernatant was

Couea'iegcaa?rt&83+5n§{ﬂﬁltlf?€rlﬁﬁFeélse‘i]he cells were washed once
wth 5 mM of a FACS buffer, the nunber of the cells
was determ ned, «centrifucyation was carried out at
(1-2)I20CK anafydis 10 m nutes, and then the supernatant ZD
ZD was di scarded. The cells were diluted with a FACS
buPiethet daw bebrreeRACS: i bF° Belks 1@6venanaly2& (Were plated on a

105/ "~t|). The diluted solution was transferred in
6-om Gk APABL S 200t o0 thogaeh AL Botairas cer o washe
. F ted PNA C
twice! i bhs 00 vt B?gu i of gEal ody%{[oégjgch SE e 33dSL dhe then
the ¢8I We‘r@'&u%?ecﬂ%’ﬂ@byc 1§t5%r@ég, ands thepreakd QH\?geHQ When the

react on ice m nut es

cells were released, 5 ml of a FACS buffer was added. The solution was
transferred into a 15-ml tube, centrifugation was carried out at 190xg for 10
minutes, and then the supernatant was discarded. Furthermore, the cells were
washed once with 5 ml of a FACS buffer, the number of the cells was determined,
centrifugation was carried out at 190 x g for 10 minutes, and then the supernatant

was discarded.
The cells were diluted with a FACS buffer to a concentration of 8 x 10%/ml
(4 x 10°/50 ui). The diluted solution was transferred in amount of 50 pl into a
96-well U-bottom plate (3077, FALCON). 50 ul of 10 pg/ml biotinylated PNA
lectin was added as a primary antibody to each well. The solution 1w‘as gently

stirred, and then allowed to react on ice for 30 minutes.

100 pl of a FACS buffer was added, the solution was centrifuged at 580 x
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100 0 of a FACS buffer was added, the solution was
centrifuged at 580 x 72 g for 3 mnutes, and then the
supernat ant was di scarded. The pellet was applied to
Vortex mxer to disassenble it. A simlar washing
operation was further repeated twce. 50 | of
streptavidin FITC (diluted with a FACS buffer to 20
g/m) was 5 added as a secondary anti body. The
solution was slightly stirred, ght was _shi el ded,

g forgh JUpHEsH: Pﬂé tE g]l“’r é’r‘up"x‘ﬁﬁétaﬁF “@\R/éijs?%dﬁéact hsrpglled Wfb?r applied

er wa

to V?ﬁg}(slgf’petrl o@ﬁg@s%@ﬁ%ﬁ ugedSle?1 %'8(3"8? ] fo&er%wn Was further

repedib@@WyR®. and then the supernatant was discarded. The
pell et was applied to Vortex m xer to disassenble it.
Si 50| j@lr ofNegBp1AgiHAEFIIIC OdilvRE wiRREAFRT PBEFed Qo Moy @g/ml) was
éln addi ti on, washing was carried out by addi ng 200

addedfasa aFpE®ndary emtdtodyeadrhet sokition20Gspslightly ast FAGH 11ght was

shieldef. Aicciend gtdssgnié)rbﬁﬁgg IPied 18 TPAGT ap%:tér'%%mp%c‘iiwes
dded
de a0 PR SR bp AR s e lla $150PR S SBE0EET gy 50 »
g forCehlifdRs! aﬁ@@ﬁé@ﬂqeps rH%ﬁt W ecHh et qfh\éep?f%gzﬁ%) applied

using FACSCalibur. Viable cells were sel éect
to Vootexf miverid $catdeaitdd 1t | gBimilad dlaskinly SEatiienadad tqghhied once
and staining with propidiumiodide (SIGW).
more| (i @ aHtcoWashing voosocarrigdl et dyl kddings2 Wbl eftacBABSdbuffer at
F%nal yzed. The results are shown in Fig. 11. PNA(-),
and PNA2(+) were 20 conpared. As a control,

unﬁb@ f@fgtaeﬂA%@cﬁuﬁ%k l\éasvvgcﬁfecy c?deacﬁswg]lr’l' %&(r 5)1pwgt§ng, the

average fluorescence |n ensi
solutfﬂingﬁﬁﬁ tidmdPerr&@intdf 2 FANA tibe SUDEESEY I07B LAk ‘15%151%111111 iodide
presenting nore carbohydrate noieties (sugar "chains)
(SIGMp’e)cwﬁs ediiey, polithen deadPdbllowerdistained. sThe acHs werenalyzed
oll ected in PWH‘E‘% 25 (2) Lectin staining using the
by  $ediQuast bl ot {BegjoRdP s insmas e dMEH RIRY tOBEIATY oS ystems)  using

it i der ed th p
PACENRy novBRle IR, AFaF o fibfer Bestpian onifed, Spalfgd tiaue,
0 I n [ rf Wi
Iatera{l e§c§§g£’éﬂg‘f1 NEAI( +)aﬁ?%r stéﬁiu% w1§1’tJ éﬁﬁ?ﬁhﬁﬁnp%cggg (tSITGMA)
Inforllnentmronst(alOﬂDngaMﬂSced:larwasecbl@aﬂtedJahﬂgmfah&eH’NA | eCtI n

by the Western o
The results are shown in Fig. 11. PNA(-), PNA(+), and PNA2(+) were

each

compared. As a control, untransfected MDCK cells were used. As shown in

Fig. 11, the average fluorescence intensity of PNA2(+) was higher than that of

"PNA(+), suggesting that cells presenting more carbohydrate moieties (sugar

chains) specifically bound-to PNA on the cell surfaces were collected in PNA2(+).

(2) Lectin staining using the Western blotting method

Based on the result-of (1) above, it was considered that PNA2(+) was cells
group having more carbohydrate moieties specifically bound to the PNA lectin on
the cell surfaces compared with the case of PNA(+) or PNA(-). Hence, in this

example, lectin staining was carried out using the PNA lectin by the Western
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73 blotting nmethod, and then differences in the degree

of staining anong PNA(-), PNA(+), and PNA2(+) were

observed. Furthernore, through the use of 4 types of

| ectins (ConA, MAM PHA-E4, and PHA-L4), lectin

staining was carried out by the Western blotting

nmet hod using |l ectins having different sugar-binding 5

specificities fromthat of PNA, followed by

onparjison. In addition, as a control, untransfected

blottacRIcgbad,shnd ther élfereasss & Whe &l agnee oif atei e aalong PNA(-),

PNAPR! St BT ke taried i Dt ey Uooue e lh of ¢ ypes

o125 (DA, 9842 L RS LT S0, Ao

the WasMMMifottaid ihetlgafdﬂ udifs PeVtiny Viﬁﬁﬁn diguséRdt WdH%binding

PBS) was added to the cells, and the he sol uti on was
specqﬁicaicesj fommi tleatf of ANAt ofollobvddoubrys CS)G)]}’BSISbQ | yime atihgion, as a
|s. After treatment with the cell lysis buffer, the
C0“’”@& yntransfecied WPEKs gl e stese USN) prot ein quant itative

T5CEHE Bke Rl e arheiEa 6% WABkesd 036 and then
cultuFé:H‘Qteﬁcr@ﬁﬂ 98y U@t 1}’{@?}& Q%llg f‘%&ﬂ%d%gﬁl dach avel

concentrati on. eac ysat e ute

t hay hangst cemsol"isﬂi mffre@mgn% cﬂ;trh omwgw otfrc@[li&flﬁ"lﬁ 8d rfeR (90 mM
a 1.5 m-tube, to which of a
EDTAp0udsiol "Iflzialri ¢4 160f flemM r}ﬁﬂﬁft jam) 1V\|a§/n’(1hh3rmpaplﬂ3dwere adjusted

5 mnutes. of heat treatnent at 100C
usmgsﬁ%ég %Fd B £h] Pphamastinen il sodvtipedvpuplaged ppoicy for 1

2 t ng 12.5% acrylam de gel. By the
tol. g%ur“% t%s é‘g% Eﬁ%ttl ng net hod, the

ab@fﬁr&'r@ﬁh‘fe%@hﬂrtﬁstﬁg ceHrl LA B§ff@?rﬁet éélf‘ﬂs%%se@e%) subjected
PVDF menbr anes (| nmobi l M Transfer Menbranes,

to pritdihi poargjtadve 1cﬁ)ﬂeiv‘nfrxa[1060usmguh eB CPAbttetilis tasmrsﬂ{etr (PIERCE).

mar ker portions were cut_out, stained with CBB, and
The qalehy gay were d1uTek usiegaP BSra) ansebeeiisatioritkat28as the same as
rsed i | ocki

d | t 4C
the 18R (REhen FetieRor (ko Ectore! dHacert iR KB (D Raies brotein
0 I I t
v IR AL IS i 4 o .+ 5
solubﬁhmi@mQufféﬁ((t‘ed”{ﬁsmﬁlaﬁﬁas\ﬂﬁﬁenpwddédl £ 1 ldyiasd bﬁag m3afifes of heat

(COSMO BIO), and then allowed to react wt
treatnagnti Yo &L, ASubsqguiently.yelzntriopbdigsimwas carried out at 200 V for
45 minutes using 12.5% acrylamide gel.

By the use of the Western blotting method, the above-electrophoresed
proteins were transferred to PVDF membranes (Immobilon™ ™ Transfer Membranes,
Millipore) at 100 V for 60 minutes. After transfer, marker portions were cut out,
stained with CBB, and then destained. The remaining membranes were
immersed in blocking solutions and left to stand at 4°C overnight (the solutions
were shaken so that the membranes were uniformly immersed in the
antibody-containing blocking solutions).

After blocking, each membrane was put in a Hybri-Bag Soft (COSMO

BIO), and then allowed to react with antibodies. As a primary antibody, a
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74 solution (4.5 m) prepared by diluting a

biotinylated lectin with a blocking solution to a

concentration of I pg/m was used, and allowed to

react at room tenperature for 2 hours. Subsequently,.

t he menbrane was washed 3 tines (5 mnutes each) with

a washing buffer, and then allowed to react with a

secondary 5 anti body. As the secondary antibody, a

SO|L%IOH 4.5 m) prepared by diluting streptavidin
solutap i 5(4. het d%ﬁ%@ésby v IRS d?dmln@las@d Jeston whaa blocking

entratio

I
solu g5 SiBs e fismbef & et dhossb St niftbaflowsd to réec o room
h t
temp?%ﬁ?n@ﬁ??slﬁogismen%ﬁggﬁwﬁﬁemﬁégﬁgage twefge%asﬂeé % Fmes (5

minutéd Baéh)arsdhi GvARHirfcebufféy tRId MRSNINGwed BE rBRADK ARG @&:ondary
was i Mmersed in a chronogeni ¢ substrate sol ution and

alltlblOIden |lAef the cesdmiady amtibodybanstdutippe@r ednldrpriepered by diluting
rane. At a time to stop color devel opnent, the
Strepﬁae%frhﬁ&W RiEsRbetape Wilp avbdﬁ@kmgrﬁpwmtra.arccmcue@tranon of 1

/ hersu%qts re sho |nF In the resulé} %
he/mhe Sear S AYBHHnte "orel Bafie D niecRifeL Thator 30 minutes
Subs@@é{t}ﬁedchb%&Hﬁrﬁ%%g{q,agge@@dﬁﬁlegfmFfw((ﬁ Rines, S Minutes,

> contro wever, no signi dant
and ﬁmlﬁar@mﬁwammg) QHEELRWeskhi 8¢ GUERL] NAfidRaladhifs, the membrane
specificities to PNA were at the sanme |evel for al
was thmegsdd infa abtqmgemmalugamdta solutiom &ndrehen left to stand until
Furt her npr e, |n the result of \Western bIottlng usi ng

bandm,]mea OBt eaﬁEFanH&“Eﬂf A%oaltémﬁet%sf‘?%r"@iﬁfe e\f\%llo@mem the

t,r d . PNA PNA( +
memGENEASh AP g IfF AU Bep AB7GFS W i g, 20" 1
t hqnteef%@um aﬂaf sﬁ%ﬁ{ o bl prti ngtllrbsllé@,g“k/% (}V@stéltﬂ.hgmtting using

difference in band thickness was observe

PNA,dbsnérttimk@eesdms aisetval conhe aleseeRNA -grder oPNA(AR(®) > PNA
PNA%& Next, when the degree of staining wth each
() 3 N s cestphr eﬂowevm,cme@,gnd@aat rdéffgrances were observed,

sugggstt%@ghﬁ%m EZspoegs ci 1&5 ton e“%}(z%careﬂ Ig\r)%ﬂ,oe ger oEor allAhe cell

_ fracn%%g%ﬁu%e ekt P QNG fgl Ppl}lﬁ(er}r%ore PNF‘QH-% ’res%ﬁﬂ Eect NRrabEhn blotting

sugar-bin |ng speciticity of "eac

usingu€edAl, PRASEEr andPBIALNY nol NuirgHidsffexdees MRt diserved between
expl ained. ConAis a lectin showng affinity for
the centmeivand Peh%l(-a} BN CHard BINAAEH) m bﬂ:la'ﬂit entigr gegree of staining.

In theolr:rgsu? espe?'nh{)fgottlggnggﬁlg tl\XRM, a sllght difference in band
thickness was observed in the descending order of the control > PNA(-) >
PNA(#) > PNA2(+).

Next, when the degree of staining with each lectin was compared,
thickness as a result of staining was observed in the descending order of ConA >
PHA-E;, PHA-Ls > PNA > MAM in every case regarding the control, PNA(-),
PNA(+), and PNA2(+).

Here, the sugar-binding specificity of each lectin used in Western blotting
in this experiment is explained. ConA is a lectin showing affinity for a-D-Man

and a-D-Glc and binds to biantennary complex-type and high mannose-type, and
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75 hybrid-type sugar chains. Furthernore, both PHA-L4
and PHA-E4 show affinity for D-GlcNAc and bind to
conpl ex-type carbohydrate noi ety anong

aspar agi ne- bi ndi ng-type carbohydrate noieties. PNA has
affinity for DGl and is a lectin specific to a

Ser/ Thr-type carbohydrate noiety so that it
particularly 6 strongly binds to Gal (3l -3Gl NAc.

Nbr eover, M has specificit 0 2-3Cal_and is a
hybritB PR AEEERITE  © & GO el IoBH onht and IHAGGs Show atfinity
Ly, t S 3Gal f 31- I . ln.ter of the
for TEAORAL.. 19 oo ot ORPRINRE  ne PRELI S e iy amon
aspardBIHROB Al YR ey b&%ﬁ?grﬁﬁ'rﬁi@ﬁti@ﬁe aegedat B rtilRy %of D-Gal and
&l gi (ER); the conplex-type oligosaccharides are
is a lectaegseific noth §erdthiralpandridhydi aesmendtgiso and it MRrticularly
Ser/ Thr |inked oligosaccharides are added in the trans -
strongy gbindsCdpbdhalfd ai@alibdet | eMivgovery MAM c hasi dpeeifieity to

ed in the final processing step.in the trans
SA@%%%@S@%&@ I SPEG e fRtT M Bstdwsenthahddebipder grongly to

1 Al |4t s of S bl attj,ng i,n this .
SAaZCABEIEINAS o7 e IR Cifc kB, Wat i, ebrocsss of
oligoﬁilﬁ:hgﬁﬂﬁﬁnﬂi&ﬁi%l{ d8inRfseG9PE 5li g8 EtaridddPalet add EMAD>the cis

MAM SpecificallTy, 15 Wesfern blfotting using |lectins
Golgis (BR}) f tle tompbrboipedoAtesamhetiies at® pbecadedédnahe medial and

ear|ier stages in oligosaccharide processi n(g_resul ted _
trans jGplghi adethesP e/ R finkhodi gos uefhesides wahe agded iinithe txans Golgi.

cars By Rt b8k S YEAPAP D B RS Bocesing ep i
the trdh @ﬂﬂfgp.t eTHéreletFﬁ.Q{( g%s%(%)r&%tigneoe‘fﬁlegn tﬁéﬁrefﬁ%ﬁszalﬁglﬁ%results of

relatively sna ycosylationint

Westdsal glotieg anr@sdllekp Ofiméas totidietdl B baed RIckingsk Mdk ddlected in
(2) above, in the case of Wstern blotting using MAM

the degsgndiug owier T omht> BHA-EheREEs Iwer @NobseMAML. i nSpecifically,
i ntensi.ty of b?nd_armng .each sanpl e of the control,
Westgmlel_o)tt’mémcqg lecting speg t@ﬂ:gﬁg@ﬁ@@teirﬁoteﬁieg to be added at
. e, | ' resul fi fromWestern . .
coref BFRLE o LR e 0SSR AR O TR il o

suggesnSiieresksifiaty Sknge st dof a8dIuIXt ERRILSMeREs were being
proteins are |ysed together and anal yzed in Western
biosybthesizedgand ithatr dcffélenbas aimomet giyeophyieomy ekprazsedveimethe cell
redom nant, so that it is inpossible to clearly
surfacgsseeree edptiedy sigds bet ween such intracel | ul ar
gl ycoprotei ns and

(3) Glycosylation in the trans Golgi
As a result of Western blotting carried out in (2) above, in the case of
Western blotting using MAM and PNA, only slight differences were observed in

intensity of band among each sample of the control, PNA(-), PNA(+), and

PNA2(+). Hence, in this example, intensity of band resulting from Western

blotting were quantitatively determined. It was considered that since intra- and

extrcellsular proteins are lysed together and analyzed in Western blotting,

~intracellular immature glycoproteins were predominant, so that it is impossible to

clearly observe differences between such intracellular glycoproteins and
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76 10 nmenbrane gl ycoproteins having binding

specificity to PNA. Thus, analysis by flow cytonetry

was also carried out. (3-1) Analysis using inmage

anal yzer The menbranes obtai ned by Western blotting in

(2) above were quantitatively determ ned using an

i mge anal yzer (LAS-1000, FUJI PHOTO FILM, and then

intensity of band was conpared. Analysis using the

i mage anal yzer involves finding the average val ue per

memmﬂn@ &Iryéﬁptﬁtealsb%‘ﬁngdDIBé“t&Jél?ﬁqlfla’ttV\ff@I ]&}N%Et eThwe@palysw by

average v | ues. The results are shown

flow cp{gq n?a)}’ﬂrs %Sﬂﬁaﬁfé . Table 6 PNAVAM

<3-1W@El&f%@%’%@%@%%ﬁ%ﬁ% 1) 4747000471400 As shown in

Talihe GmelbYsnesi DbHidiRegaDy OleMest ebrbtﬁhgt tihng2yshkhdve were
PNA, intensity of band was observed in the ascending
quanUtade/relzofdetthsnctﬁdt using< aRNifage ankiyxler) (IsA PNARO) FHIH PHOTO
case of Western blotting using MAM the
FILM%@@H§PF§/ integsisy ofHand\was eHaR#ged in the descending

f. th |
gL PGSO URtas bHrt il trtdEs e SUpags vale per
unit %QV&XJ 9?1&(?%6’ b@rgqg&nﬁ?htg)ely':ﬁ%r fl‘éd’ﬁh& c%girﬁél?ﬁltﬁ verpge values.

anal YSI S T ocusi on menbr ane gl ycopr ot el

The reviifiaanssh@sn i6ahd Flowlig T&h18G. FACS. On the day
before FACS, 2 x 105 cells to be analyzed (contro

MDCK cells, PNA(-), PNA(+)abland PI\IA2(+)) wer e
i nocul ated on g 6- cm ars PN@L 2). On t he day

of FACS, each of l,er G\ Wi ce w th PBS,
to which 5 nl 8.5 €§$§§$§ }g %en added, and
then the cells 2? Ge)ln in 5% C02, so

as to harvest th&NA(+3. \ﬁﬁéﬁo‘@@]é%@pﬂ%
PNA2(+) [4747000 4714000

As shown in Table 6 above, in the case of Western blotting using PNA,
intensity of band was observed in the ascending order of the control < PNA(-) <
PNA(+) <PNA2(+) and in the case of Western blotting using MAM, the intensity
of band was observed in the descending order of the control > PNA(-) > PNA(+)
> PNA2({(+). However, in each case, the difference was as subtle as

approximately 1%.

(3-2) FACS analysis

Next, analysis focusing on membrane glycoproteins on cell surfaces was
carried out using FACS. On the day before FACS, 2 x 10° cells to be analyzed
(control MDCK cells, PNA(-), PNA(+), and PNA2(+)) were inoculated on a 6-cm
dish (FALCON, 3002): On the day of FACS, each type of cell was washed twice
with PBS, to which 5 ml of PBS-0.5 mM EDTA was then added, and then the cells

were incubated at 37°C in 5% CO;, so as to harvest the cells. When the cells
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77 were released, 5 nl of a FACS buffer was added. The

solution was transferred into a 15-ml tube,

centrifugation was carried out at 190 x g for 10

m nutes, and then the supernatant was discarded.

Furthernmore, the cells were washed once with 5 m of

a FACS buffer, the nunber of the cells was determ ned,

5 centrifugation was carried out at 190 x g for 10

m nu es, and then the supernatant was di scarded. The
weredigle @e%,ﬁema,qftﬂ EAGH buifar prexdsieds erT hegs@lution was transferred

into §ELBe1 EFvEiegarton MaorerPd o rakuin £ §pr 9 minutes, and
then 'tHE %u?lerrgaqg%f‘fnwyalsg%lggﬁrggﬁ? pgﬁ @gtﬁfigy%rthmw\%erg%ésh%fd once

with an@ﬂ af a WAOBI budfet] hady nhmbeacBf Wald . cellR€ was determined,
sol ution was gently stirred, and then allowed to react

centrofugatenfwas 80rrednuites. 19000 gj foof 1 (aniA@Sshuhd eliene® supernatant
added, the solution was centrifuged at 580 x g for 3
‘i‘ﬁsﬁ%ﬁdéé and then the supernatant was di scarded. After

D g 0 PO TR A 0
(4 @'lﬁ%ﬁeu | §nklail eﬁ's@dt%%%hﬂfr%f@ﬁ%ﬁwh' nﬁ@f%SO pl into a

further epeate twce streptavi

96- &lil LtRAt ot tplhata (BATH, PALWN? o 20 ,d/¢d )0 \ﬁ@&m adstesh 1afed PNA

a secondary antibody. The solution was Iightly
lectigt jor r BOAM ilefiin wees adthédladed, pranndry hamiltddy $olaschowell. The
was allowedq ta react onlcefo to 30, mnutes. 150
solufiogrwas BREdy lirreds ap@dh %a’éaweé ﬁe T%‘F*LRI} 1§ a0 minutes.

e |fu r3mntes and t :
sun? it FCS Btk v okl i BRPRTueE P aSEed ffisso »
g fortﬁlﬂiﬂ@te@ehb&tthélptlfeeﬂg?é@nmmeﬁmstd}?ca(i‘@Hi et A\@?e? aaﬁﬁ)lln' ®el was
to Vortex mxer to disassenble it. Asimlar washing
held opeahat pahetwas rempeat wateoncle: etlet VQzQ;Oabpbéd aoFR&%ex mixer to
buffer was added to each well. After pipetting, the
dlsasg%n‘akq bn vesinijamyreipe @pemty mvEAGS thabecpeatml twie. 3

Goal ey RGP AR IE, hbT ot HERSBRRR) sEA0) was

addecpeisl @@é&o%gfftﬁﬂl@d@l ab R sh t%&p%ﬁ qg’gﬂ{t yséx‘?% egEPlt was

usi ng FACS bur e ce S were s

shieldwl, fandwaed the abluefoadwhi ghbwellabeeadt &t alel Rired o Phininutes.
and st ai ni ng with propidiumiodide (SI GW).

| ni &0 mdtafonF A6 2y o0 wes aidded, thel $cdutias wad tevtifagerhat 580 x
g for %nr%n)llutes, and then the supernatant was discarded. After a Kim towel was
held to the pellet to remove water, the pellet was applied to Vortex mixer to
disassemble it. A similar washing operation was repeated once more.

200 pul of a FACS buffer was added to each well. After pipetting, the
solution was transferred into a FACS tube. 100 ul of 3 pg/ml propidium iodide
(SIGMA) was added, and then dead cells were stained. The cells were analyzed
by CellQuest (Becton-Dickinson Immunocytometory Systems) using FACSCalibur.
Viable cells were selected based on forward scattered light, lateral scattered light,
and staining with propidium iodide (SIGMA). Information on 20,000 viable

cells was collected and analyzed.
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78 By the use of biotinylated lectin (MAM or PNA) as a
primary anti body and streptavidin FITC as a secondary
anti body, fluorescence intensity was neasured for 4
cell fractions (control MDCK wild-type cells, PNA(-),
PNA(+), and PNA2(+)) and the average val ues thereof
were conpared. The results are 5 shown in Fig. 13. In
Fig. 13, in the results of FACS using PNA as a prinary

antibody, the value of the average fl uorescence
i nBendiet ysenaé bapdey ket ﬂwttméMﬁeMcehdhl\hfg) % depriofary hantibody

and P“e]?tﬁ&q'l@s?}ﬁ &F<?A§"( ¥ |aﬁ3@ "I\}ﬁ %é' hSP}err;gFgceeaqtnltqu“y was
measﬁ'fktd' P&dx ce‘ilh?ra‘é@l) 69%11&5‘1‘3{\@3852%(1 ﬁyp%ggegfger B~} BNAG),

tensi scen

and PNRQ(QD Encﬂ-@héjw/%\cé usﬁhlé\é The%o?%"'&omﬁﬂ%ﬁ' fipeal ké’sults are

the results of ing MAM and the results of
shownsinngigPNS .s hbowEds.ah3,i v elies eesudtsr of FAICH usirigr PNy m@rze,primary
the results were in accordance with the results of
antibadyy| the yalye pﬁéh@e@%%%ﬁluwﬁwmcnglmfwsvfdsmnobserved in the

s A B8 050 BT Bl P e
in theC s Eltg%é%qlicg%sr% MU 44 Q??gnagﬁ' a%t lﬁ)%?faﬁ]Ch\%lu? S the average

rate rT'OI Ies are

ﬂuor@@éﬁ@@-zﬁﬁﬁﬁsﬁgrms @ds@%@@@h&i@%&%’eha—ﬂfg order of the control >
SAa2-3Galr 1- 3GalNAc- Serl Thr. PNA specifically

PNA(récbgﬁNﬁés) anHNb’Lﬁ(dép t Sp€ailf{cally3Eat NAsu:iSenk THXCS buudmg MAM
es not recognl ze _at all when SA (sialic acid)
and t%beéé!lttsfféfr%%g g ﬁ’é\%@heweﬁaﬂﬁoﬂnvm cqrgelatxp@ct Frthermore,

the &gl 30561 SBrarteif€ ST TR PRNBBEABET coths seree of
staini@BY 15 UOREtFRabNRLAL Bsind! 39 1%§Eeﬁﬁ’alg%@ ' Crﬁ%d 1Ha§cfms of

not yet been added™t her &t o. ove ct’s
oligodadvehaddell procchany, | theFirgsulfs3 aae e chakeerddogetrberSeriTthrl Jinked

considered that cell fractions presenting nore
oligogagrhziideGal NboBgdratar mwietivs calrt saddedcednt hdreoforder  of

| I ect . I
GaIN XE Tl o B G N e (T DNS ARG Gabt e st dienger The.
: t I
s BRSSP VLRSS VI8, SO, B b doc o
recogfi¥iena aalICw(ﬁ%n (XXX KK d s sdRdel @Berdfy.  BORI1AR AREMha I MAM
then introduced into pRc-CWwW2, the vector. Thus,
is BERG Ces8n that specifically recognizes and binds to
SAa2-3GalB1-3GalNAc-Ser/Thr, but does not recognize any sugar chains at a
stage where a sialic acid has not yet been added thereto. When the above facts
and the results shown in Fig. 13 are taken together, it is considered that cell

fractions presenting more GalB1-3GalNAc-Ser/Thr on the cell surfaces thereof

were collected in PNA2(+).

In Examples 5 to 11 above, among 9 amino acids (DTFDNDGKK)
corresponding to the putative carbbhydrate-binding domain of ERGIC-53, random

mutations were introduced into 7 amino acids (DXXXNXXXX; X denotes any

“amino acid) and then introduced into pR¢c-CMV2, the vector. Thus, ERGIC-53
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79 random | i braries were constructed, the libraries
were transfected into MDCK cells, and then the cells
were forced to express reconbinant ERG C-53. In this
specification, the cells are referred to as "cells
expressing ERGA C random libraries."” After
transfection, selection using (418 was carried out,
and in order 5 to screen for cells expressing
coprotelns havi ng varlous car bohydrate noieties on
ra“d‘?lﬁé '&rélﬂesgﬁmrﬁg@&trvﬁ@de@he lbh@?ﬁeWﬂ@ wendepieidnaie MDCK cells,
varlous iotinylated | ectin

and | ﬁl cﬁ‘f:l fef UGN {Jon XPr té?/‘iod'ﬁllﬂnﬁ/l"cﬁ%%gégsﬁ andn this

specxtfh:%'i‘losr’%?{hl%ﬁghggsétﬁgs f%kég;eqooﬁ l4:%'11'39 {'Kﬁ% %%Keé (ﬁ{% random

librafie@Ct | AGtepitidhsSeR¥RmAlsele B0 1ing Ml'Sn\%a§ Qé&jrgzdbgut and in order
separated; that 10 is, cells having specifi

to scheent far- cbalhdﬂsxpgemmg ‘gilyqop(rbfmﬁs hsvmgl\&trtcmssmbbﬁy@xahé Yhoieties
ecogni ze car bohydr ate nnletles) coul d be obt ai ned.
on “|[; | 1asps JheERi rigeofelhuitueed PuinPR eyt dabrle@écesiag various

R TR
scree(ﬁ'ﬁg Qod@séarHQ% JonLy u@fn%eahﬁgngljlg %@Iles)ﬁp é%&%ﬂjf@g As a

brary i nes€ hanst & ovary ce

resul( ﬂﬂMﬂ&ﬁéll@ﬁeh&@n@@d’dh BesaUl Bfpese TeBfiné Qbuﬁ Bg%sﬁé;ﬁlted' that

) Research, Tohoku University) were cultured in RP

is, chpph@nrsgt epeaifit hlek0dt bietdang bostivity sghatmif FRSE to dpeeifically
r.esen of 5% CQ2 é)[ CHO cells. cultured to be

recoglizd FHDS M%“EHFF% W \per 9Biaeds EDTA, di | ut ed
10-fold, and then further cultured overnight. 12 pg of
plasmds (linear) of the nutated VIP36 gene |ibrary
conskdipleetia] N SEXAHRA 8 phel fgC g
g S e o B e Using FACS

and eretdiodentsohgelli ol ect mgriangly 2po6te(1GMBAO)]. nddified tdagbohydrate

. cells were cultured for 48 hours in RPM 1640 25
mOIe‘dfont aining 10% FBS in the presence of 5% C02, the

' h | di
o Gl §r B Baviicestgioatesl Forrio o 1a
day$10 é@ﬁ%?eseqmrﬂst&elokra} @Qﬁs)c%ﬁ gﬁl%tvic}’e%l X}( SRR'EAY ' ource

mut at ed VI P36 wer e sel ect ed
Centeal foe rBidmddrea -Feeqeaess i Tehdkal Unbyerkit @wweyd @ﬁﬁhféﬂ BORTIMI1640

al tered V1P36-expressing CHO cells prepared in (1)
supplamgntedysiith 10% fetal bovine serum (FBS) in the presence of 5% CO,.
CHO cells cultured to be confluent were collected by trypsin/EDTA, diluted
10-fold, and then further cultured overnight. 12 pg of plasmids (linear) of the
mutated VIP36 gene library constructed in Example 1 was used for transfection

into 2.4 x 10° CHO cells according to a standard method using Lipofectamine

2000 (GIBCO). After the cells were cultured for 48 hours in RPMII1640

containing 10% FBS in the presence of 5% CO,, the cells were cultured in the
same culture medium containing 1.2 mg/ml G418 (CalbioChem) for 10 to 14 days.

Thus, only cell lines constitutively expressing mutated VIP36 were selected.

(2) Screening for altered-VIP36-expressing cell by flow cytometry
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diluted to be 10% confluent in a 10 cmdish, and then
cultured. After 48 hours, the cells were rel eased and
col | ected using a phosphate buffer (pH 7.4)

(EDTA/ PBS) containing 0.5 nmM EDTA and 150 nM Nadl, and
then suspended in 5 0.5 m of a FACS buffer. Next,
biotinylated PNA |l ectin was added as a prinmary

antibody at 5 p.g/nm, and then left to stand on ice

for. 30 mnutes, After excessive hiotinylated PNA
|eibr:nalﬁ%rﬁmé{iﬁé6~ea<ﬂ3re%§snangCIé0FA S pRFePared pectlgnabove were

o D ekinsar) .. FLTC-] abel ed streptavidin was added, gs
diturgd FERRION sbibgay WoF ToRefRn PG GRS o B8 hours,
t L1d 1 I .eac [ 0 1
e SI8,1080 SLBAL 1y LIRS QLGAECK, SRLpR Ohufl: o 7.0
(EDTAgUBSgabachifRlg 0rfamd/l EISTA nedons@dmby NadL aati®en suspended in
t hrough nyl on nmesh. The cells were suspended in a FACS
0.5 ndudff @ FA4LS hutfencehtexit biohingfatdd BN ll¢gimiwasTkled as a primary

.. suspensi on was stored on ice until sorting. For cell
antibagdy ednPnge/mhodneythsnelsy Nastande@n( migy. fo1430 i mutway  After
ugj t hod ilizin CS. as rib [
excesdlve By g FRATRARE v SR A U CRRR, biliEs Becton
Dicki¥8oh RO T LAIES Gt BAATL WA £KIS30)a sEQHM Nehtibody at a

opti‘cal axis adjustnent and channel sterilization,
concdnbertivgl bs 10 epdméd aad theacsintiedypboMevedves ereaor toddice for 20

. according to the manual s. A screening wi ndow was
minutgsoviAf@ar fwrshang PNithl @c FAK-Sdeiffary einc algierégased i eall toass was
be oxi mat el round 0. 1% 4 x 106 20 cell re
remoig} PR ICoE i et DHIPTRIGE R e hE. S0 W o sgended T & FACS

ti : tiaps I n far. col | QR . - .
butfe SEF cofBE g P L¥flamb T TRRSFeki o bk ShdrB g igg wnei
sortingf 20 M had been previously added to FACS buffer.

ositive cells were inoculated on a 24-well dish, and
t hgor cell soreeding) TRPNIcYGeDetrgnyas niaug(Fig%l FBSstead bh@sing the

pres,f,npe of 5% CO2. Lactose was used for releasing PNA |
methqdptifiging MACS ssndescaded indoampledd.ceFlaw cytumeisy venacarried

out i, ERCO (ke [ Bl B AR B BB g itbfmpyppica
axis dB&4tkibnt Y E%‘%ﬂlelts@@riﬂé&ﬁ’@ﬁ tin@nc Qf E}r}gsaeeéiatsi Y& cFi®klSabove

was exam ned (Fig. 15, 1st PNA(+)). second sorting

- were waidedaccoridngud thy manedlbod ASkereb@imgt windwat wods phevided for a

PNA pmenin-pesitine tiracsianelq bier spmroshmeiglgErpend 0.1%. 1.4 x 10°

[ 250 [ /6.3
cells \?_/gger gc)é(r:t%@;a_egdﬁfhtaergfll{g% %}?E-?e t%ﬂ—%%%itfveel !:elﬁ rfraaccttzjo%rs]Swere ob)%ained.

first sortipgﬁgib provi ding a screening wi ndow for a

In tubes for collection, lactose, the hapten sugar of PNA, with a concentration of
20 uM, had been previously added to FACS buffer. Positive cells were
inoculated onl a 24-well dish, and then cultured in RPMI11640 containing 10% FBS
in the presence of 5% CO,.  Lactose was used for releasing PNA lectin from
PNA lectin-positive cells, because PNA lectin bound to the cells may provide a
cytotoxic effect. 2 weeks later, the cells were stained with PNA lectin, and then
the proportion of PNA-positive célls was examined (Fig. 15, Ist PNA(+)).

The second sorting was carried out by a method similar to that of the first

sorting by providing a screening window for a PNA lectin-positive cell fraction to
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weeks of culture, the cells were stained with PNA

lectin, and then the percentage of PNA-positive cells

was exam ned (Fig. 15, 2nd PNA(+)). 5 (3) doning of

PNA | ectin-positive cells The PNA-lectin-positive

cells collected in the second sorting were suspended

in 10 mM of RPML1640 containing 10% FBS. The

suspensi on was inoculated in a flat-bottomed 96-wel |

plate with 200 | of the suspension in each of 50
be aquxsmamiu atoend cUR6 Ur 683 5Atcell héractiopsithenc dof orwlizy.  After 2

t he could 10 ge Vvisually confirnmed, wells

Weelﬁa 'ﬁ t‘éreeél\?lﬂ\eé’ﬁ P AX§TEHtHned vath BANA peqtinweind {henethe percentage

of PR B Al 3405 R inE Bl *ﬁfﬁqﬁﬁv@?’o 50 wel I had

1 colony per well. At the tine when the culture in
the 24-wel|l pl ate becane confluent, binding of each
(3) (ehingcd PN A hecHNApd#tive Rellvas exam ned. Anpng 19
mells the cells in 13 wells were strongly stained
elﬂ)wecancpCEl@ermlis yCOéI‘GCFINA ineghe nspusidt i seeting were

cl ones wer of these clones, clone
susp?rgedl énsl oW pﬁ%ﬁ?]&tl?g (C@anﬁgmgg)lo%rﬁ@%ppgherwpgpsmn was
i nt ens, e sortin
moc"ﬁhat a effaq?lﬁv&t i%)sor‘?' dﬁatgn%fetﬁh%qyug etsﬂép%bgﬂ in each
of 5@klkNgad T LOMEredr OV 1 theRige va-ﬁ_’ensli‘@l\eﬁlefsl %ﬁgﬁ??ﬁ@%lls could
intensity of clone 23 obtained after the 2nd sorting
be vidsaHpowamfinméd)jewgliaphavatg theordceneiationgbf 120clonyFp@- well were
15, FITC fluorescence intensity was 3.2 in the case of

Se]ecffﬁ’éa@-l@%léICP!sleC&eldeWItbaE]éﬁﬁ/?Bﬁefol\lxm'v!ﬁ@d?sf subcuifieirc ds e 24-well

| one proxi ma er

8. wh h
p]atelod t Pt SPe‘gFgm?ﬂzlnc?ﬁélyf%‘%ﬁ‘é'F I ﬂr@?c‘éﬁéew enthe culture
in thé rﬁ@%'llt %ﬂaté DecExam At andﬁidAgﬁﬁ%hea(e[H %ﬁﬁ# o{bn%\IA lectin
one o

l'ectin-positive cell clone
was eﬂamasd obtsansegd 1onweBy, hlbetls(i6!1BN&elid)wereh@idily Qtained with
not nutated Vi P36, the product of the foreign gene,
PNAasd axphuskts o N Axlantingm sitired ngllaﬂt)nestlé@e abtainedy. One of

on constrycting a nutated VI P36 n was ,
these&@%?%é&‘)% - thftovy PLAE t by( %@@G%&de \/E%tserOt%of Fig. 15

' show%/i}gé%kets&r: nﬂtctmg_l%p%gf% th%‘tx%)lélp:] SSI?EW Sh ?]ﬁi sgépng, and that

can pe exam-ne

after @Ré DnBLAGiaB! | QQQYIOVGQ}L{'%W RNR;d eP5 sRoRQSHEdreSc&iRle! intensity of
clone 12 cuftured to be 70% confluent was harves ed

clonevi hb&iT PBSr sindd2tdheortald. owksd showneiacthevdraph hothe 1dvger right
anti-FLAG antibody (3.3 pg/m) and biotinylated PNA
in F]g 33 Bh# )ﬂlg}lﬁﬁﬁqnéﬁégtmsyy was 3.2 in the case of the CHO cells, the

parent line, whereas in the case of clone 23, it was 268.5, which was

approximately 100 times greater than the former fluorescence intensity.

(4) Examination of FLAG tag expression of PNA lectin-positive cell clone 12

For one of the clones obtained in (3) above (clone 12), whether or not

- mutated VIP36, the product of the foreign gene, was expressed was examined
using anti-FLAG antibody. Upon constructing a mutated VIP36 gene, it was

~designed such that a FLAG tag sequence was added to the N-terminus. Hence,

the e_xpr_ession of altered VIP36 can be examined by staining it with the -
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on ice for 30 mnutes. After washing wth a FACS
buffer, the clone was further 5 allowed to react with
FI TC- | abel ed anti-nmouse 1gG (5 pg/m) and PE
(phycoerythrin)-I|abeled streptavidin (1 g/m) on ice
for 20 mnutes. Fluorescence intensity of the cells
was anal yzed using an analyzer (FACSCal i bur) (Fig.
16). In Fig. 16, none represents the result when
not hi ng corres ondln a primary antibody had been
anti- EIalééTtr antippdy.r ol hy P édﬁetsemxtmecfrlé@lmte Whenltared® be 70%

r at

confBN BEBrha FuRbaviFD HLELAT D SEnd (PR At Bo wigh both the
ant1~€£1@x'cpa£{l ?(gfl(%mgmanaﬁ)géﬁ gﬁlesd ﬂ‘?xmg tﬂ%gtlplégg?mé‘lgaergously

“on 1c@rfpi’f@r0ym@ﬁ\§t|e90d)ﬁﬂé? whdify Wil aRA LS. bR RO o el A% further

represents the result when the anti-FLAG anti body
alloviedd toeereaal | ovghd FXT C-@aindleds aatipholse YIgBt i(Bodyg/imd) and PE
stain the cells. Although the 15 expression |level in
(phycqesyidirip-labeled weiseptewidiel drie ng/mel| | en wéee dbeardly minutes.

FLAG ositive. Si s tat ed VI P36

Fluorgiiag B TP i Ve® EPONEEs HRIGE 9B.8neeract 4GS Calibur
fir.@m usg P |.e u

(Fig. 169 m&gsigt Eﬁn %éﬂéﬁé’xﬁgl}b%\‘%ﬁ%%eﬁ rsoor%ﬁi?ﬁ gor?%pondmg to

a prlﬁufﬁ WhEBod P Hae QY 40 e80%" CoRffdl Ugkrt rdgteb Qs tﬁ@ T&4B1t when an
di shes were collected with trypsin/EDIA, and then

anti-ptid pGnaieidb ody &nbwsi wdtbiontlindgtcbGH @ ree{lDdiadchéerPallewed to react
Chem cal s, attached within a klt? so as to disrupt

as 2 PRHENIY| PRIDoHINA vrésinaﬂr?earléﬂ N[ rg@rwm)s Hitq:rewéfad\shen the

brotug}??tlerqnpf!.ﬁhgecgl&q?%]bcal 3 gwfe dttothgeg&rl\gg Brlwaﬂz} agtrlgA%\S to stain
the cé1Y§'§r{db*d?r‘i|i mmfAtﬁr re%?%e%té/\ﬁfé“féggrtb%%ﬁhé gﬁ'ﬂ lrfrDAG _antibody

Pure Chemcals, attached wthin a kit
had bekwtail wdaifd Eelfac¢ [Baia primaPynatibChend ealis, th@tde@l@hedﬂxlthough the
wthin a kit) was added so as to elute nRNA fromthe
expreggioamievels i’ pipnsf 1PRNERIsasvasbtlatnedloneom2l .celly ¥&Te clearly
ells. 1 nmg of NnRNA was dissolved in 20 1 of MIIli-Q
FLA(%&P(Oértlveand then to which 83 1 g of oligo(dT) was
added. The sol ution was heated at 70C for 10 m nut es,
and then chilled on ice. 2 1 of 10 mM dNTP, 4 pl of

| (5) ARal¥sM AThutadell VIP36fgeh@ extgrdssBBanePNANLBL R, 18Rk 8

p.l of a 5x first strand buf fer were added. After the

sothNémmsxmnédr@n vaR©uUsPIPA lettiSupmeitice cpll clénesassing a

aélg fol | owed by 50
u MACS system (Daiichi Pire Chemicals). The cells cultured to be 50% to 60%
confluent in four 10-cm dishes were collected with trypsin/EDTA, and then
suspended in a lysis/binding buffer (Daiichi Pure Chemicals, attached within a
kit) so as to disrupt the cells. mRNA was annealed to oligo (dT) microbeads
(Daiichi Pure Chemicals), and then applied to a MACS column. The column was
further washed with a lysis/binding buffer and a washing buffer (Daiichi Pure
Chemicals, attached within a kit), and then an elution buffer (Daiichi Pure
Chemicals, attached within a kit) was added so as to elute mRNA from the column.

6.3 mg of mRNA was obtained from 1.1 x 107 cells.
1 mg of mRNA was dissolved in 20 pl of Milli-Q water, and then to which
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5 mnutes of reaction at 42C. This reaction solution
was used as a tenplate for the next PCR reaction. PCR
reacti on was performed using the VIP36 gene 5'
termnal and 3' termnal oligo DNA priners (Exanple 1,
Vi Pranl, 5) used upon library construction. Reaction
was conducted usi ng KOD- pl us DNA pol ynerase (TOYOBO)
under conditions of 35 cycles of denaturation at 94C
for 15 seconds, 10 annealing at 51C for 30 seconds,
1 pganfiobigotdBl wen asideds8CThersolutiomwas h&ted agatid€efor 10 minutes,

| ectrophoresis, a band correspondi ng to approxi nately
nd G150 FALEORR 6. pAilisohdd T FRAecH ShcoT hd MRBLT. 3 1l of 40

SRR A BT S B ST o w58 HSAES s
solutidn s gvg%_l?_ﬁﬁage@"@“i Ll'l Df ?Eér‘éﬁ‘t‘ A %%E'wddgqgfc}lpoe@ed by 50

extract t hé nlicl eoti'de sequence was

minuded ef meaeton As 42°CesUttis @baditH ¥@Iubrawds R e NHE0slit&fplate for
the altered VIP36 that had -been introduced into cl one

the nmext RGR rrastiont | PR aqacthae varscpdifngnehersing abeddP36 gene 5
l o%p \gaDil found to. be 5' - GACCCTGATTCTAATGGIGGITCTTTIT- 3'
termyngk@nip’ \§ning) olige N ademsss RxaBPkcild VdBEiEhcD Wees upon

Hora B SaF PR oot anon Nab sl o iRe S0 Dapiol A fhtymerase

(TOOBES U816 tonl O 080 Nl B 8 Tt decona

annetlng het PraGefolr 30Mwendndy),arml RRIMQEidnoat B3dCl YémMg minute. By
carbohydrate noiety and cells expressing glycoproteins
agarqpgy Pleglraphotisis. el basdr tuksspoatngnvd eappraxiangselyw Pdednucleotide

puns S0 BB B8 R Sl DR RIS B i
colle@tegagmw a8 e 1By qw/o gl{eergh%qi“sﬁt%dofﬁ thrfgsc“ ?lﬁsﬁﬁf replicated
nmedi €I ne. §| nce such 84 ol'I gosaccharides e pr ot el n&

withi@aBsdierp/od uedd dnieli &ifdcye@NdThapi HeynudlBstiddBEQNR A ce was
for nodi fying a carbohydrate noiety and the cel

detergpupedssids serilt ofhyadppimgt 2 grse kavodiggahardiciéd®IP36 that had
‘car bohéﬂr.at e NDi et& according.to the present

beenighodureh gt clans dk. the puclepiidfosequaice greoging the mutatedd
loop ' W¥ETHLAE HRKSS 5.6 ACERTY AT e 1A AT GRTCTTTT-3' (SEQ ID

NO: 16) and predicted amino acid sequence was

Asgp-Pro-Asp-Ser-Asn-Gly-Gly-Ser-Phe (SEQ ID NO: 17).

All publications, patents, and patent applications cited herein are

incorporated herein by reference in their entirety.

INDUSTRIAL APPLICABILITY

According to the present invention, a method for modifying a
carbohydrate moiety and cells expressing glycoproteins having a modified
carbohydrate moiety are provided. Such a carbohydrate moiety
(oligosaccharide) having a specific sugar structure and glycoproteins having such

a carbohydrate moiety are required in the fields of medicine. Since such
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ol i gosaccharide library conprising cells expressing
various ol igosaccharides, -generate unknown
ol i gosacchari des, and exani ne the useful ness thereof.
SEQUENCE FREE TEXT 10 SEQ ID NOS: 5 to 16: synthetic
oligonucleo.tide (N=A, T, G or C SEQID NO 17:
synthetic peptide 85 CLAIMS 1. A nethod for nodifying
a carbohydrate noiety of a glycoprotein, which
. conprises altering a carbohydrate recognition domain
oligoggcchagidegoand qupteans t@n §enpefiduged eenvraiguthatadnpipdly, the
0 | ycaprotein. 2. .The nmethad accqrdjng to claim.1,
meth{hofou HEE o Go PHBIIGHE, SUFBGada ity ore EraReaITE such
o d 0 o¥'s [ ai.m: I (=]
slyocfortip IR APMaATRE! ol Bl b pscorcIE 8 fhe present
inverSRG &leOigefprotein. 4. A glycoprotein, wherein a
car bohydrate noiety thereof is nodified by the method
acEortliengotey trey popeenof imleativn Imdkes3it Hosbibld twetdoastruct a
. for producing a nodified oligosaccharide, which ]
oligogarpharides libsiyavompr ing | ¢ofbss RxoResitE Yaromst ledigosaccharides,
| ycopr ot ei n. accor,di to claim4. 6. A.nodifijed
genergid YBEARN A iEASColir SR s; P Brrmistgy U R oHEE o
20 net hod according to claim5. 7. A nethod for
preparing a cell expressing a glycoprotein with a
SEQUENICJHE s® EE@EDOhYdr at e noi ety, which conprises
altering a carbohydrate recognition domain of a cargo

SEQ Hedepfok tool roginfhetin aigdmivyebtade (Neiketly Gfordl)

ycoprotein, 25 8. The nmethod according to claim?7,
SEQ {RaYE! a7 Renthgtig@eptdeptor is VI P36 and/or ERG C 53.
9. The nmet hod according to claim7 or 8, wherein the
gl ycoprotein is a 86 nmenbrane-bound protein or a
secretory protein.
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10. A cell expressing a glycoprotein with a nodified
carbohydrate noiety, which is prepared by the nethod
according to any one of claims 7 to 9. 5 11. A nethod
for producing a glycoprotein with a nodified :
carbohydrate noiety, which conprises culturing the
cell according to claim 10 and collecting a

gl ycoprotein with a nodi fi ed carbohydrate noiety from
the obtained culture. 10 12. A method for constructing
a nodi fi ed carbohydrate GIBABYY, which conprises

i ntroduci ng random nutations into a carbohydrate
recogni tion domain of a cargo receptor and expressing

a gly é?ﬁﬂertﬂ(g E@r E?ﬁﬁf?%ﬁegg%gﬂ)%gat%aﬁgpeéfdrat ygﬁ;&ro“?e% which

15 1 or-’s

compridedr ankiing W ézﬁb@hyd}lai@QEE@éxﬁ'tl%noﬂoﬁﬁupldfggsé‘é}%t]afé&ﬁtor to
cl eaved froma gl ycoprotein, or a specif

modidy iageesrhobirdrat €l enoiwdyi afha gmpt@tencel | expressing the
gl ycoprotein with a nodified carbohydrate noiety
according to claim 10 or the rmdi fied carbohydrate

|IBY g1 IS cgnstruc he .met hod accordi ng.
t 0 2 LR EDROd 6 es B GRieE | SYPRESIET E S AMOPE T is VIP36
and/dPERGTCSEHN t ono Cbrporatlon <120> Car bohydrate library
constructed by Gene Alteration of Cargo Receptors
<130> PH 1716PCT <140> <141> <150> JP 2002- 238559
<151> 2002-08-19 <160> 17 <170> Patentln Ver. 2. 0
<230TMe method according to claim 1 or 2, wherein the glycoprotein is a

membrane-bound protein or a secretory protein.

4. A glycoprotein, wherein a carbohydrate moiety thereof is modified by

the method according to any one of claims 1 to 3.

5. A method for producing a modified oligosaccharide, which comprises

cleaving an oligosaccharide from the glycoprotein according to claim 4.

6. A modified oligosaccharide, which is produced by the production

method according to claim 5.

7. A method for preparing a cell expressing a glycoprotein with a modified
carbohydrate moiety, which comprises altering a carbohydrate recognition domain

of a cargo receptor to modify a carbohydrate moiety of a glycoprotein.

8. The method according to claim 7, wherein the cargo receptor is VIP36

and/or ERGIC-53.

9. The method according to claim 7 or 8, wherein the glycoprotein is a.
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<211> 2768 <212> DNA <213> Hono sapi ens <220> <221>
CDS <222> (22).. (1554) <220> <221> sig _peptide
<222> (22).. (112) <400> 1 ggtcgcgttc cagaatccaa g atg
gcg gga tcc agg caa agg ggt ctc cgg 51 Mt Ala Ay
Ser Arg A n Arg Ay Leu Arg 1 5 10 gcc aga gtt cgg ccg
ctg ttc tgc gcc ttg ctg ctg tca ctc ggt cgc 99 Al a
Arg Val Arg Pro Leu Phe Cys Ala Leu Leu Leu Ser Leu
Ay Arg 15 20 25 ttc gtc cgg ggc gac ggc gtg gga gga
memlﬁé@e “&d@f%‘tlé QFAgSactfOEL R1A¥M. Phe Val Arg Ay Asp
Gy Val Ay Gy Asp Pro Ala Val Ala Leu Pro 1/15 30 35
40 cat cgc cgt ttc gag tac aaa tac agc ttc aag ggg ccg

caggcC coHi S - P V1S
coto Okl Bl in g Qe AV L oMb 3 gl moir
whicReLpBip@r & By k& nfedlfo &Ecdiden f{gal%g&)@%tf Bt to 243
Gn Ser Asp Ay Thr Val Pro Ph rp Ala Hs Ala Ay
Asn Ala Ile 60 65 70 cca agt tea gat caa att cga gta
gca cca tct tta aaa age can aga 291 Pro Ser Ser Asp
1| pempthpdviar produpng sedyeenrotsis veish agmedifigd r@rlacdzydrate

mmety, w%nch comprises culturing the cell according to claim 10 and collecting a

glycoprotein with a modified carbohydrate moiety from the obtained culture.

12. A method for constructing a modified carbohydrate library, which
comprises introducing random mutations into a carbohydrate recognition domain
of a cargo receptor and expressing a glycoprotein having a modified carbohydrate

moiety.

13. A method for screening for a test substance interacting with a
glycoprotein or an oligosaccharide cleaved from a glycoprotein, or a specific
oligosaccharide, which uses the cell expressing the glycoprotein with a modified
carbohydrate moiety according to claim 10 or the modified carbohydrate library

that is constructed by the method according to claim 12.
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gge tea gtg tgg aca aag aca aaa gcg gcc ttt gag aac
tgg gaa gtt 339 @Gy Ser Val Trp Thr Lys Thr Lys Al a
Ala Phe Au Asn Trp Au Val 95 100 105 gag gtg aca ttt
cga gtg act gga aga ggt cga att gga get gat ggc 387
Gu val Thr Phe Arg Val Thr Gy Arg Ay Arg Ile Ay

Ala Asp Gy 110 115 120 gigupgeR aktriy@g tat gca gaa
aat caa ggc ttg gag ggc cct gtg ttt 435 Leu Ala lle
Asn G@n dy Leu u Gy Pro Val Phe

<110i2 T@JS?(@&QB tea get gat ctg tgg aat ggt gtt gga
at aittome tGorgaratictn ttt 483 Ay Ser Ala Asp Leu Trp
Asn Ay Val @y Ile Phe Phe Asp Thr Phe 140 145 150
<12098Cardahy8pdt 09 b ARG @@ﬁ‘s%Et@@tbyc@En&%l%@?@tﬂ)tnaof‘téargo
Ly

at c 531 Asp Asn Asp Ay Lys
}@E(%%@g Ile lle Ay Asn 155 160 165 170 aat gga

can ate cat tat gac cat caa aat gac ggg get agt caa
<130gekH5796PHsn Gy A@n Ile His Tyr Asp Hs Gn Asn Asp
"Gy Ala Ser dn Ala 175 180 185 ttg gea agt tgc cag
<14030g gac ttc ego aac aaa ccc tat cct gtc cga 627 Leu
<141 a Ser Cys G n Arg Asp Phe Arg Asn Lys Pro Tyr Pro
Val Arg 190 195 200 gca aag att ace tat tac cag aac
aca ctg aca gta atg ate aat aat 675 Ala Lys Ile Thr
Tyr Tyr A n Asn Thr Leu Thr Val Met Ile Asn Asn 205
<15021I? 2082-23B558gc ttt aca cca gat aaa aat gat tat gaa
<{151rt200Rg08€gEc aaa gtg gaa 723 dy Phe Thr Pro Asp Lys
Asn Asp Tyr Ju Phe Cys Ala Lys Val du 220 225 230
160937 atg att atc cct gca caa ggg cat ttt gga ata tct
get gca act 771 Asn Met Ile lle Pro Ala Gn Ay Hs

Phe Ay Ile Ser Ala Ala Thr
{170> Patentln Ver. 2.0

<210> 1

<211> 2768

<212> DNA

<213> Homo sapiens

<220>
£221> CDS
<222> (22).. (1554)

<220>
{221> sig_peptide
222> (22)..(112)

<4007 1
ggtegegttc cagaatccaa g atg geg gga tce agg caa agg ggt ctc cgg
Met Ala Gly Ser Arg Gln Arg Gly Leu Arg
1 ) 10

gce aga gtt cgg ccg ctg ttc tge gee ttg ctg etg tea ctec ggt cge
Ala Arg Val Arg Pro Leu Phe Cys Ala Leu Leu Leu Ser Leu Gly Arg
15 20 25

ttc gte cgg gge gac gge gtg gga gga gac ccec geg gie geg tig cea
Phe Val Arg Gly Asp Gly Val Gly Gly Asp Pro Ala Val Ala Leu Pro

1/15
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cat
His

cag
Gln

cca
Pro
75

gEC
Gly

gag
Glu

cta
Leu

gga
Gly

gac
Asp
155

aat
Asn

ttg
Leu

gca
Ala

235 240 245 250 gga ggt ctt gca gat gac cat gat gtc
ctt tct ttt ctg act ttc cag 819 dy Gy Leu Ala Asp
Asp H's Asp Val Leu Ser Phe Leu Thr Phe G n 255 260
265 ttg act gaa cct gga aaa gag ccg ccc aca cca gat
aaa gaa att tcg 867 Leu Thr Gu Pro Ay Lys Qu Pro
Pro Thr o0 Asp Lys G u Ilkg Ser 270 275 28Qpaa aag

gaa aaa gaa aag tat cag gag gaa ttt gag cac ttt caa
Qu Lys Tyr Gn Gn G u Phe

caa 9 u

®h Cﬁl%s“thegaé afeaﬁa ‘3%"« 566 %@58 BiEaa CHataCa a8 B
e AjagP & lut Tyedgsabigr gge lﬂ‘a?thf@cG]g'a retitisoggu @lu
Leu AsSp Lys Lys Lys &0 Ju Phe Gn Lys568y H's Pro
Asp Leu 300 305 310 caa ggg cag cct gcg gag gaa ata

& edd e ?tg%%%g 5%? {0 et e E R et B ©
%ézoﬂs pooE 145 rf’l’ag e fit o

cat ctt gaa at %aag 1059 Leu Ar G n Val Phe G n
Gy Gn Asn Arg Ille Hs Leu Qu lle Lys 335 340 345

é?gagt@bgg@la‘éaﬁgglt7’@@gatéﬁ @3k @@t@tttt%tbagaégc%aat |
a e e
BRI M BRI 2 07, SO
tta aca gag gaa atc tct aaa aga gga gca gga atg c
1155 Val Ser Ser Leu Thr Au Qu Ile Ser Lys Arg Ay
WaagCEytadencPrea 365a3%3 376 Yygtthgagabagggecage atitt
St Vehal:gadhgaay £TPr Jats a¢h Jtat PBE Glaadsd 209 GG WaE n
Hs Ay Gngkle Thr Gn Gn {gon Leu Asp Thr Vahs Val
Lys 380 385 390 3/15 act cag cat gag att ctg aga caa

ggEta aat tgEaa atégJE aaa aat tcc atg 1251
g act gga aga ggt cga att gga gect gat gge

Val Thr Phe Arg Val Thr Gly Arg Gly Arg Ile Glvy Ala Asp Gly
110 115 120

geca att tgg tat gca gaa aat caa gge ﬁtg gag ggc cct gtg ttt
Ala Ile Trp Tyr Ala Glu Asn Gln Gly Leu Glu Gly Pro Val Phe
125 130 135

tca gct gat ctg tgg aat ggt gttt gga ata ttt ttt gat act ttt
Ser Ala Asp Leu Trp Asn Gly Val Gly Ile Phe Phe Asp Thr Phe
140 145 150

aat gat gga aag aaa aat aat cct gct ata gta att ata gge aac
Asn Asp Gly Lys Lys Asn Asn Pro Ala Ile Val Tle Ile Gly Asn
160 165 170

gga caa atc cat tat gac cat caa aat gac ggg gct agt caa gct
Gly Gln Ile His Tyr Asp His Gln Asn Asp Gly Ala Ser Gln Ala
175 180 185

gca agt tge cag agg gac ttc cge aac aaa cce tat cet gte cga
Ala Ser Cys Gln Arg Asp Phe Arg Asn Lys Pro Tyr Pro Val Arg
190 195 200

aag att acc tat tac cag aac aca ctg aca gta atg atc aat aat
Lys Ile Thr Tyr Tyr Gln Asn Thr Leu Thr Val Met Ile Asn Asn
205 210 215

2/15

St:“aé dat'Ccgt

196

243

291

339

387

435

483

531

579

627

675



£EC
Gly

aat
Asn
235

gga
Gly

tig
Leu

gaa
Glu

gaa
Glu

caa
Gln
315

cta
Leu

cag
Gln

gtc
Val

EEE
Gly

Thr An Hs Qu Ile Leu Arg Gn Val Asn Gu Mt Lys

Asn Ser Met 395 400 405 410 agt gaa ace gtc aga ctg
gtc agt gga atg cag cac cct ggc tet get 1299 Ser du
Thr Val Arg Leu Val Ser Ay Met Gn Hs Pro Ay Ser
Alla 415 420 425 gga ggc gtc tat gag aca aca cag cac
ttc att gac atc aaa gag cac 1347 Ay Gly VaI Tyr Glu

tTer aEQrcc(a a'f||§ J’I’égt t;/ Cél I }(_)%

s AR B,
Asn Leu Val G2ﬁ5Arg Asn Met 442350 455 cca tea

aat gaa aag CCg aaa th CCa gaa eta cca cca ttt cca

A@aalﬂﬁﬁ Reo saf r@g? Haf—ytst%ugﬁga tLaytt%t e¥e & cftg & Gckeu 771
0 r C

iz I?%?laer?ré’tﬂ ogrd I QHGCLEnE el i

Leu Ser Thr V |s Phe IIe IIe e Val Val Val

Thr Val 475 480 485 490 tta ttc att ggt tat ate atg
gedt cAggedacigatagpocaat gaa gta et tgtcttib39g deeutBheakl e 819

OFhy LaWrAld @spBlspl¥is Alsgp BT 1GunsE PHE Yed BirAPRe A1
495 500 509zpaa aaa ttc ttt Jgga ctaccatttt cc %tgt act

~tcatctattt gtgtacaaaa 1594 Lys Lys Phe Phe 5

tgagtcgttt tgagggaatt taagtattta aattgcttca tagtctaaat
§Cht Baattalt 886547 8EE £5La8eh ACaatEYtata2 v caet gblt ttcg 867
Thac Gt thyag Ghntlama bt tPraabye daagBrd 74 Lraddoatht Ser
ttaatttaiot cacagtatgt aaat®tgtct aaatttcaggogaatttctgg
1774 tcagtatgat gcagcctctg agcagaatat tgaccagt aa

AR 90D BRI o vl SRNEEC NIRRT baa 015
L B e TN e

gtc%%@cagg 1954 ttta&®Ptt gt aaccaaagtc2 ttttagag

gt cagacttc ctaatcaaag gcctgggcct 2014

ttg gat aaa aaa aaa gag gaa ttc cag aag ggc cac ccc gac cte 963
Leu Asp Lys Lys Lys Glu Glu Phe Gln Lys Gly His Pro Asp Leu

300 305 310

ggg cag cct geg gag gaa ata tit gag agt gta gga gat cga gag 1011
Gly Gln Pro Ala Glu Glu Ile Phe Glu Ser Val Gly Asp Arg Glu
320 325 330

aga caa gtc ttt gaa gga cag aat cgt att cat ctt gaa atc aag 1059
Arg Gln Val Phe Glu Gly Gln Asn Arg Ile His Leu Glu Ile Lys
335 340 345

ctg aac cgg cag tta gat atg att ctt gat gaa cag aga aga tat 1107
Leu Asn Arg Gln Leu Asp Met Ile Leu Asp Glu Gln Arg Arg Tyr
350 3565 360

tet tce tta aca gag gaa atc tct aaa aga gga geca gga atg cct 1155
Ser Ser Leu Thr Glu Glu Tle Ser Lys Arg Gly Ala Gly Met Pro
3656 370 375

cag cat ggg cag att act caa caa gaa ctg gat act gtt gtg aaa 1203
Gln His Gly Gln Ile Thr Gln Gln Glu Leu Asp Thr Val Val Lys
380 38b 390
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act
Thr
395

agt
Ser

gga
Gly

ctg
Leu

cea
Pro

tgt
Cys
475

tta

Leu

aaa
Lys

4/ 15 gcagtccctt tcatcttaat gcaacttcct ttgaaatcaa
agaatatttt gtctgagagc 2074 -tttaaggatc tggtaataga
Cttcaaaatg ttaagtgaaa tttttttttc ctctatttat 2134
caatgatata ttacactttt aaaggaaatt ttagaggaaa attaatagct
gctttttgca 2194 ctaaaaaacc ttgtgggtgg aaatattcct

g et A gt ol B0 AR e i (12!
SEANSHET ddk f3“ PR i e R Fggaﬁe&t Ef% o Sopirt

aact aagaat tta Yctec 2374 cttfletaca cgat gt aaat4!
tcacgtcaaa ttcgatgctc tgaggattta aattcacaaa 2434
gxctagecand ageattLicggtadtt geatdtagtat acid eat gect ggetldggat 1299
¢ BOMYACEAL 4249y WEOCRLAGYG Jidd ERaA AP AIUAGOSED 1.

agt agaggca ,gktttaagat tcttgaaggc 2554 aaaatt a
aaacagtgaa4tq§cttct aat tgtttcic%(ttt t agt gccaga a%‘?%agacat

2614 tgtgaagcac ttgttagtaa acttaacctt gaaatgtcag

2R gG&atfja 8Bt aqA abytca®6rac ot eyt gvat abetaset ggytcac 1347
@t ¥edghaa Gda. THicTht Gla Hiaddat (1t Aa0dlgdadacy s
tttaattgl@ ttcacagctg atypgtactg attt 2768 46210> 2

<211> 510 <212> PRT <213> Honp sapi ens <400> 2 Met

Ala Ay Ser Arg Gn Arg Ay Leu Arg Ala Arg Val Arg

G5 aTaE s g 10h i BOBIACRaL A EB HGuC T Bof st A 41395
fhrsg IPReValallyardy sohgp Ads Ery Aspolow 3d Gl AckyAg WeAsp
Pro4Aba Val Ala Leu A5 His Arg Arg Phés& u Tyr 35 40
45 Lys Tyr Ser Phe Lys Gy Pro His Leu Val @ n Ser Asp
t@ayagbrga\éalaa 5&g5§a;§Qg%/ &éa Pé%% E’P C-Erap &+ i§ t%aGI Y1443
S%%’nA'anaGllul fyg)rlpros §s yrs p“%&’ unLéf%rOGE%%hESP;S?Ser

460 465 470

ttg tct acg gtc cac tte att ata ttt gtt gtg gtg caa act gta 1491
Leu Ser Thr Val His Phe Ile Ile Phe VYal Val Val Gln Thr Val
480 485 4990

ttc att ggt tat atc atg tat agg tct cag caa gaa gca get gec 1539
Phe Ile Gly Tyr Ile Met Tyr Arg Ser Gln Gln Glu Ala Ala Ala
495 - 500 - b0b

aaa ttc ttt tga ctaccatttt cctgtgtact tcatctattt gtgtacaaaa 1594
Lys Phe Phe
510

tgagtcgttt tgagggaatt taagtattta aattgecttca tagtctaaat tattaatttt 1654

cttaataaaa taactgttta aacattgatt tgcagttaag aataaacctt asagcaaagas 1714

caaccacatt ttaatttgtt cacagtatgt aaatctgtct aaatttcagt gaatttctgg 1774

tcagtatgat gcagcectctg agcagaatat tgaccagtaa gagggtaaat aaagtggggg 1834

caaccctgga tatgaatgtt accccctaag tctccaatat tgecaggtttec cetgtataac 1894

gtaaacacac ttgccctcat gectcccaga atatgaggtc taattaagaa gtccatcagg 1954

tttattttgt aaccaaagtc ttttttagag gtcagacttc ctaatcaaag gcctgggcet 2014
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Arg Val Ala Pro Ser Leu Lys Ser G n Arg Ay Ser Val

Trp Thr Lys 85 90 95 Thr Lys Ala Ala Phe A u Asn Trp
GQu Val du val Thr Phe Arg Val 100 105 110 Thr dy
Arg Gy Arglle Ay Ala. Asp Ay Leu Ala lle Trp Tyr
Ala 115 120 125 Au Asn Gn Gy Leu Gu dy Pro Val
Phe Ay Ser Ala Asp Leu Trp 130 135 140 Asn dy Val

ecae i s BodtiE 10D ARl PP EAICH ¢are i1 FlE aigee 207
Asn Asn Gy G@n Ile His Tyr 165 170 175 Asp H's G n
tttagggntAspeiaptiaba cSéra@at Al badgigash o 1S6Lt Qe GhataArtgat 2134

180 185 190 Asp Phe Arg Asn Lys Pro Tyr Pro Val Arg

caat tfbtbé%tﬂda%tir@% a%%g%ﬂ:tg%g%a%gg%%%g%%@ Eglf'fttl-t Ha 2194

220 Asn du sAIaLsVaIGuAsn
Ctaaﬁ\?eata% Etsﬁgégﬁ% aﬂpaattzﬁz‘»é 9@@%@@@3@4@*6 atagey tafkiteset 2254
Gy lle Ser Ala Ala Thr Ay Gy Leu Ala Asp Asp 245

ggta@2Gia25bcHitga s tVagtcdaatSectfhatkewtthtcte Chmtdegdtc 2314
Thr Qu Pro Ay Lys 260 265 270 Qu Pro Pro Thr Pro

aggtéﬁ%% #y§a¢gaﬂa%ia ai?%t{%#étc¥§a¢§t%tg% aa ga%?ﬁ% Eﬁg%%?%§gc 2374

Lys Lys Lys 290 295 300 6/15 Au du Phe dn Lys
cttt@t@om eshEda ARl teate @aract eadtaale G ABEa Gty aattcacaaa 2434

acctgecact acattctggt ttacattagt tacttcatge tggetggggt tagtgaccat 2494
ttgcatactc ttttaaatca aggaggetgt agtagaggpa gttttaagat tcttgaagge 2bb4
aaaatttgaa aaacagtgaa tacttctaat tgttteccttt tagtgccaga actaagacat 2614
tgtgaagcac ttéttagtaa acttaacctt gaaatgtcag actggaagga gtttttatgt 2674
ctttgtgcat acttetgggt attacagaaa cagtctgtaa ataacatttt aagatgcaaa 2734
tttaattetg ttcacagetg atttatactg attt | 2768
210> 2

<211> 510

(212> PRT
<213> Homo sapiens

<400> 2 |
Met Ala Gly Ser Arg Gln Arg Gly Leu Arg Ala Arg Val Arg Pro Leu
1 5 10 15

Phe Cys Ala Leu Leu Leu Ser Leu Gly Arg Phe Val Arg Gly Asp Gly
20 25 30

Val Gly Gly Asp Pro Ala Val Ala Leu Pro His Arg Arg Phe Glu Tyr
35 40 45

Lys Tyr Ser Phe Lys Gly Pro His Leu Val Gln Ser Asp Gly Thr Val
50 55 60 |
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Pro
65

Arg

Thr

Thr

Glu

Asn

145

Asn

-Asp
Asp

Gln

Asn

225

Gln

His

Glu

Tyr

305 310 315 320 u Ile Phe Gu Ser Val Gy Asp Arg
Glu Leu Arg @dn Val Phe u 325 330 335 Ay G n Asn
Arg Ile Hs Leu Qu Ile Lys Gn Leu Asn Arg G n Leu
340 345 350 Asp Met Ile Leu Asp Gu Gn Arg Arg Tyr
Val Ser Ser Leu Thr Gu 355 360 - 365 . GQu Ile Ser
ENS P /x\g;gAﬁ Wifl M LB yMedn Bne Qo pE B seQA/spGGIJnIIl%
370 375 380 Thr7(f3 nadn du Leu Aip Thr Val Val \@
Thr An Hs AQu lle Leu 385 390 396 400 Arg A n I
Asn G u Met Lys Asn Ser Met Ser GQu Thr Val Arg Leu
Yipb Ad20Prr Sevaleuwsdys Ger KBn AdenGHY Sapr Yald Trpséhr Alys
Gly Ay Val 88%yr Au Thr 420 9825 430 Thr G n HpS Phe
Ile Asp Ile Lys Qu His Leu Hs Ile Val Lys Arg 435

4 5 I I
& e A@j@’hk Qe85 ggfs%iasﬁt;‘gﬂa?e@é"ﬂ & Ty
Pro Prol®Bhe Pro Ser Cys L Ser Thr Val H|]s1 465 470
475 480 Phe Ile Ile Phe Val val vVal @n Thr Val Leu

Fhe ArkeCIGTWrEyEld Gdy M85 A4P0G149Be Ml aTV e Ay Ser Adan

GniGu Ala Ala Ala Lys Lys Phe Phe 5095505 510 <210>

3 <211> 1407 <212> DNA <213> Honp sapi ens <220>

Asn Gln Gly Leu Glu Gly Pro Val Phe Gly Ser Ala Asp Leu Trp
130 135 140

Gly Val Gly Ile Phe Phe Asp Thr Phe Asp Asn Asp Gly Lys Lys
150 155 160

Asn Pro Ala Ile Val Ile Ile Gly Asn Asn Gly Gln Ile His Tyr
165 170 175

His Gln Asn Asp Gly Ala Ser Gln Ala Leu Ala Ser Cys Gln Arg
180 185 190

Phe Arg Asn Lys Pro Tyr Pro Val Arg Ala Lys Ile Thr Tyr Tyr
195 , 200 205

Asn Thr Leu Thr Val Met Ile Asn Asn Gly Phe Thr Pro Asp Lys
210 215 220

Asp Tyr Glu Phe Cys Ala Lys Val Glu Asn Met Ile Ile Pro Ala
230 23h 240

Gly His Phe Gly Ile Ser Ala Ala Thr Gly Gly Leu Ala Asp Asp
245 250 255

Asp Val Leu Ser Phe Leu Thr Phe Gln Leu Thr Glu Pro Gly Lys
260 - 265 270

Pro Pre Thr Pro Asp Lys Glu Ile Ser Glu Lys Glu Lys Glu Lys
275 280 285

Gln Glu Glu Phe Glu His Phe Gln Gln Glu Leu Asp Lys Lys Lys
290 295 300
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Glu

305

Glu

Gly

Asp

Glu

Thr

385

Arg

Vail

Thr

Asp

Lys

465

Phe

Met

7/15 <221> CDS <222> (1)..(1071) <220> <221>

sig _peptide <222> (1) .. (134) <400> 3 atg gcg gcg

gaa ggc tgg att tgg cgt tgg ggc tgg ggc egg cgg tgc 48
Met Ala Ala Gu Ay Trp He Trp Arg Trp Ay Trp Ay Arg
Arg Cys 1 5 10 15 ctg gga agg cct ggg ctt ctc ggc ccc

0U6 P GIICLYGCE1ACHisaPR, &b B8y diguc )Glﬁr Br&maE M
Leu Leu Ay Prg ?Iy Pro Ay Proﬁg Pro 20 253%0’30
t a

etc ttt ctt ctt g ttg ttg ggg tct gtg act gcg g
ata act gac 144 Leu Phe Leu Leu Leu Leu Leu Gy Ser
VA Pirer CAnaSeasBal I vThAep Agp BB Aguabrggdnabiel e Gan
cat etc aagdbgg gag cat tcg &k att aag ccc t&35192
@y Asn Ser Qu His Leu Lys Arg Qu H's Ser Leu lle

bYR R0 éérﬂ%%?% 99 6aR 1@991,395 | 19%ed 3 gﬁé b B,

ccc et Caq gac ttc cag %
Ser Ser r Met Pro Leu T Asp Phe G n @& er 65 70

75 80 act atg etc acg agc cag tac gta cgt ctg ace cct
Yat Idaglegcispg6l288n Ahg Avet THre¥aTheiSSer@ su Thr O/l
Arg 3dssu Thr Pro Asp (GRep Arg Ser 85 90 @psaaa gag ggc
tct atc tgg aac cac cag ccg tgc ttc etc aaa gac tgg

?138 JeExS b gt b pR Y %f%féfycﬁét

gtc cac ggc acH® ggg aag aag aac3®& c 384 du I\/bt
HIS Val H's Phe Lys Val His Ay Thr Gy Lys Lys Asn
Gk GIn Glu Leu Asp Thr Val Val Lys Thr Gln His Glu Ile Leu

390 395 400

Gln Val Asn Glu Met Lys Asn Ser Met Ser Glu Thr Val Arg Leu
405 410 415

Ser Gly Met Gln His Pro Gly Ser Ala Gly Gly Val Tyr Glu Thr
420 425H 430

Gln His Phe Ile Asp Tle Lys Glu His Leu His Ile Val Lys Arg
435 440 445

Ile Asp Asn Leu Val Gln Arg Asn Met Pro Ser Asn Glu Lys Pro
450 455 460

Cys Pro Glu Leu Pro Pro Phe Pro Ser Cys Leu Ser Thr Val His
470 475 480

Ile Ile Phe Val Val Val Gln Thr Val Leu Phe Ile Gly Tyr Ile
485 490 495

Tyr Arg Ser Gln Gln Glu Ala Ala Ala Lys Lys Phe Phe
500 - 505 510

<210> 3

<211> 1407

<212> DNA

<213> Homo sapiens

220>

7/15



<221%sepdhe

115
€gg
Leu

999
gee

120 125 cat
gac cgc etc
Trp Tyr Thr Arg Asp Arg Leu Val
gga age aaa gat aac ttc cac ggc tta
8/15 Ay Pro Val
Leu Ala Il e Phe

cct gtg ttt
ate ttc 480
H s (]y

<2229390@9Q1gﬁ@ cc

G u Arg Val

<4001

ctg
Leu

cte
Leu

gEC
Gly

caa
Gln
65

act
Thr

aaa
Lys

gaa

Glu

cat
His

ggg

L

Phe Ay Ser

gga gac ggc ate gee ttg tgg tac ace
gtg cca 432 Hs Ay Asp Ay lle Ala
Pro 130 135 140

Lys Asp
145 150 155 160 ctg

aat gat gag ace act gag cgc gtg tte

eu Asp Thr Tyr

Phe Pro Tyr
<220gt g aac aat ggc tee ctg
<221P| sigSeepVide Met Val
<222H 61)Ser(18yp 180 185 190 gat
gcg ggc tgc acg get gac
Thr Qu Leu Ala Ay
200 205 cgc gat cac .ga

alg geg gc8efRyfeggbstdittictep G‘E?
Met Aba AMlaaGMalGlAr Griryid eSkrp Arg
1 acg gtg atg ace gac ctg gag gar aag aac gag tggsaag
aac tgc att 720 Thr Val

% ?\ggspr

Asn

165
tee
Asn

ttc
Cys

Met Thr Asp Leu Qu Asp Lys

i

Pro Asn Asp G u Thr Thr
175 ate tcg gtg atg
age aag 576
Ser Tyr Asp
ace gag ctg
Asp Ay Arg
Phe Arg Asn
get gtg cgc
THE Hfe

170 .
gac cac
Ser Leu

cgc tgg

tac
Ay
ggg
cgc
Thr
ace

aac 624

Al a Asp
ttc ctg

t9F GUAShREHEEC AP
Ty GAy gT e 612 10r2 B5g 220

2 ctﬁ%th%% gge 225 2 0 23265%%:
Y?f@f t1=ﬁl=' A% Poa é’rEe%lvaasoEﬂhr

Tyr Phe @y Al a Ser 245 288 255 gee ggc ace3lygc gac

ctg tct gac aat cat gac ate ate tee atg aag 816 Ala

v cthrcd %t

PRI 1kYS1.20Q ¢
acg ¢gc gac gag gag ag

aac
Asn
50

ggg
Gly

atg
Met

E3dg
Glu

atg
Met

gga
Gly
130

cct

agt gaa

Ser Glu

gtc ggt
Val Gly

ctc acg
Leu Thr

gge tct
Gly Ser
100

cac gte
His Val
115

gac ggc
Asp Gly

gtg ttt

cat
His

tce
Ser

age
Ser
85

atc
Ile

cac
His

atc
Ile

gga

Prd QUoSess ASR NS ablkScASRat ! £d bet Sele
ts%‘f \%319 fégAfJ‘at ngtlgleg‘ilﬁrcf?s%

ctc aag
Leu Lys
bb

age tect
Ser Ser
70

cag tac
Gln Tyr

tgg aac
Trp Asn

ttec aaa
Phe Lys

gee ttg
Ala Leu
135

age aaa

6Pef {u S8

cge
Arg

atg
Met

gta
Val

cac
His

gte
Val
120

tgg
Trp

gat

gag
Glu

cee
Pro

Arg

cag
Gln
105

cac
His

tac
Tyr

aac

8/15

cat
His

cte
Leu

ctg
Leu
90

ccg
Pro

EgC
Gly

acc
Thr

ttc

tcg ctc
Ser Leu
60

tgg gac
Trp Asp
75

acc cct

Thr Pro

tge tic
Cys Phe

aca ggg
Thr Gly

Cgg gac
Arg Asp
140

cac gge

45
att

1le

ttc
Phe

gac
Asp

cte
Leu

aag
Lys
125

cge
Arg

tta

aag
Lys

cag

Gln

gag
Glu

aaa
Lys
110

aag
Lys

cte
Leu

gee

cce
Pro

ggC
Gly

cge
Arg
95

gac
Asp

aac
Asn

gtg
Val

atc

tac
Tyr

agc
Ser
30

age
Ser

tgg
Trp

ctc
Leu

cca
Pro

tte

.

8

©

6

144

192

240

288

336

384

432

480



Gly
145

ctg
Leu

ate
Ile

gat
Asp

cge
Arg

acg
Thr
225

gac
Asp

gce
Ala

ctg
Leu

tgg
Trp

aac
Asn

305

tgg
Trp

Leu Phe G n Leu Met Val AQu H's Thr Pro Asp Gu Qu
Ser Ile Asp 275 280 285 tgg ace aag ate gag ccc age
gtc aac tte etc aag tcg ccc aaa gac 912 Trp Thr Lys
Ile Au Pro Ser Val Asn Phe Leu Lys Ser Pro Lys Asp
290 295 300 aac gtg gac gac ccc acg ggg aac ttc cgc

296 GUIPRE G165t 8eAAGs088 WA PsMiYablyAsBuASR: e ARy
Gy Asn Phe Argsger Gy Pro Leu l'gsr y 305 310 3

320 tgg egg gtg ttc ctg ctg ctg ctg tgc get etc ctg

ggc ate gtt gtc 1008 Trp Arg Val Phe Leu Leu Leu Leu
693 MWcatperccedaTapt| Beg Val Rell 2981523258380 385 tae 228
gse UugTot Prggdsyospgbiu ghg Thic Giaghemyat gthe &go ghyg

cgg aac 1055 Cys Ala Val Val7@dy Ala Val Val jPhe A n
Lys Arg G n GQu Arg Asn 340 345 350 aag cgc ttc tac

198 g%rgg%%%eg‘%fy?a%%@%&?@3&@‘52‘&&‘:&e???qcf%%%g%a9°éatl%%ﬁl 576
§%a‘f§léaké% Vedaden deacClx dert ket Se11¥mr Asetlgis deralys

at aaat ga8® aaagtatttt catl®atttt gcttcttgctdtagcagggac
1231 aggt ggcaga gccgaggctt agggt ct ggc accccccaca

Qé g%@ge § Q290 GheCy %9 cLagt o %Cf&a%g@gaac 624

9%%9?{%3%32@%3‘ ggéoé Xc cgggcc‘@;at gca YZ Asn

gtg ot cct gaggac 140 210> 4 <211> @Q@ <212> PRT
<213> Hono sapiens <400> 4 Met Ala Ala u Ay Trp lle
g4 Acgedd pcd ytdrcpgGyt Atg & teyStec cgg gge cgt ctg 672
Asp His Asp Thr Phe Leu Ala Val Arg Tyr Ser Arg Gly Arg Leu

210 215 220

gtg atg acc gac ctg gag gac aag aac gag tgg aag aac tge att 720
Val Met Thr Asp Leu Glu Asp Lys Asn Glu Trp Lys Asn Cys Ile
: 230 235 240

atc acg gga gtg cge ctg cece ace gge tac tac tte ggg gee tec 768
Ile Thr Gly Val Arg Leu Pro Thr Gly Tyr Tyr Phe Gly Ala Ser
245 250 2565

gge acc gge gac ctg tct gac aat cat gac ate atc tec atg aag 816
Gly Thr Gly Asp Leu Ser Asp Asn His Asp Ile Ile Ser Met Lys
260 265 270

ttc cag ctg atg gtg gag cac acg ccc gac gag gag age atec gac 864
Phe Gln Leu Met Val Glu His Thr Pro Asp Glu Glu Ser Ile Asp
275 280 285

acc aag atc gag ccc age gtc aac ttc cte aag tcg cce aaa gac 912
Thr Lys Ile Glu Pro Ser Val Asn Phe Leu Lys Ser Pro Lys Asp
290 295 300

gtg gac gac ccc acg ggg aac ttc cge age ggg cec ctg acg ggg 960
Val Asp Asp Pro Thr Gly Asn Phe Arg Ser Gly Pro Leu Thr Gly
310 315 320

cgg gtg ttc ctg ctg ctg ctg tge get cte ctg gge ate gtt gte 1008
Arg Val Phe Leu Leu Leu Leu Cys Ala Leu Leu Gly Ile Val Val
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tgc
Cys

aag
Lys

1510 15 Leu Ay Arg Pro Gy Leu Leu Ay Pro Gy Pro

Ay Pro Thr Thr Pro 20 25 30 Leu Phe Leu Leu Leu Leu
Leu Ay Ser Val Thr Ala Asp Ile Thr Asp 35 40 45 dy
Asn Ser Qu Hs Leu Lys Arg Qu H's Ser Leu Ile Lys
Pro Tyr 50 55 60 Gn Ay Val Gy Ser Ser Ser Met Pro
Leu Trp AsgaoBhe G n Gy Ser 3fp 70 75 80 Thr Net Leu
Thr Ser Gln Tyr VaI Arg Leu Thr Pro Asp Qu Arg Ser
SerIIeTr Asn HHs Gn Pro S
AP sgg&s dorast 567 16070 P06 Gk SO B CER Soval 1056
Ale YedeVe §1\VaﬁleH| eld/3l Phe @ny Lygshng §lashlu dug Asrs
120 1253#4s Ay Asp Ay 1348 Ala Leu Trp Ty3s0Thr Arg
Asp Arg Leu Val Pro 130 135 140 dy Pro Val Phe Gy

AR SRRt AR il
%\r Eﬁe Pro Tyr - 165 170 175 Ile Ser Val Mt Val

Asn 3§§n Gy Ser Leu Ser Tyr Asp His Ser Lys 180 185
190 Asp Gy Arg Trp Thr Gu Leu Ala Ay Cys Thr Ala

aatghAgucEhet g tASA cck®Da2 30D NagaASihddhdgASP tThEttetta 1171

Phe.Leu Ala Val Arg Tyr Ser Arg Gy Arg Leu 210 215

actg ca hgt tg%F{ ég%%té%¥%tL%gt§%§%t€%F%Jf%%tég%% %%gc;gé%ac 1231

aggtggcaga gccgaggett agggtetgge acceccecaca getggagacg gaggetctee 1291

tggggetggt gtetcaggag caggggtetg tgtctacaga tgggetgtgg ccectgeagg 1351

cagetgtiga acactggagg gtccceegga ccacactggg gtgggeteet gaggac 1407

<210> 4

<211> 356

<212> PRT

<213> Homo sapiens

<400> 4

Met

1

Leu

“Leu

Gly

Gln
65

Thr

Lys

Ala Ala Glu Gly Trp Ile Trp Arg Trp Gly Trp Gly Arg Arg Cys
5 10 15

Gly Arg Pro Gly Leu Leu Gly Pro Gly Pro Gly Pro Thr Thr Pro
20 25 30

Phe Leu Leu Leu Leu Leu Gly Ser Val Thr Ala Asp Ile Thr Asp
35 40 45

Asn Ser Glu His Leu Lys Arg Glu His Ser Leu Ile Lys Pro Tyr
50 55 60

Gly Val Gly Ser Ser Ser Met Pro Leu Trp Asp Phe Gln Gly Ser
70 75 20

Met Leu Thr Ser Gln Tyr Val Arg Leu Thr Pro Asp Glu Arg Ser
85 90 : 95

Glu Gly Ser Ile Trp Asn His Gln Pro Cys Phe Leu Lys Asp Trp

10/15



225 230 235 240 Asp Ile Thr Gy Val Arg Leu Pro Thr
Ay Tyr Tyr Phe Ay Ala Ser 245 250 255 Ala Gy Thr
Ay Asp Leu Ser Asp Asn His Asp Ile Ile Ser Met Lys
260 265 270 Leu Phe Gn Leu Met Val Qu H's Thr Pro
Asp Qu Qu Ser Ile Asp 275 280 285 Trp Thr Lys Ile
Gu Projfggr Val Asn Phe Lgy Lys Ser Pro Lygi;gisp 290
295 300 Asn Val Asp Asp Pro Thr Ay Asn Phe Arg Ser
ro . Leu Thy, Ay 05 310 315 320 Trp Arg Val Phe
ot figh, P VeEhicobhoyYsalal tha Bhs 18Ry CH dogalSaden a5
330 B35 Cys Ala val Vva20dy Ala Val Vall2Phe A n Lys
Arg An Ju Arg Asn 11/15 340 345 Lys Arg Phe Tyr 355

; > 7 2 i4fd.Cj q ce
e IR ERARS TR N 4 gL e
synthetic oligonucleotide 350 <400 gcat gt cgac

at aact gacg glcaacagtg 29 <210> 6 <211> 30
Gly Pro Val Phe Gly Ser Lys Asp Asn Phe His Gly Leu Ala Ile Phe

145 150 155 160

Leu Asp Thr Tyr Pro Asn Asp Glu Thr Thr Glu Arg Val Phe Pro Tyr
165 170 175

Ile Ser Val Met Val Asn Asn Gly Ser Leu Ser Tyr Asp His Ser Lys
180 186 190

Asp Gly Arg Trp Thr Glu Leu Ala Gly Cys Thr Ala Asp Phe Arg Asn
195 200 20b

Arg Asp His Asp Thr Phe Leu Ala Val Arg Tyr Ser Arg Gly Arg Leu
210 : 215 220

Thr Val Met Thr Asp Leu Glu Asp Lys Asn Glu Trp Lys Asn Cys Ile
225 230 235 240

Asp Ile Thr Gly Val Arg Leu Pro Thr Gly Tyr Tyr Phe Gly Ala Ser
245 250 255

Ala Gly Thr Gly Asp Leu Ser Asp Asn His Asp Ile Ile Ser Met Lys
260 265 270

Leu Phe Gln Leu Met Val Glu His Thr Pro Asp Glu Glu Ser Ile Asp
275 280 285

Trp Thr Lys Ile Glu Pro Ser Val Asn Phe Leu Lys Ser Pro Lys Asp
290 295 _ 300

Asn Val Asp Asp Pro Thr Gly Asn Phe Arg Ser Gly Pro Leu Thr Gly
305 310 315 320

Trp Arg Val Phe Leu Leu Leu Leu Cys Ala Leu Leu Gly Ile Val Val
325 330 335

Cys Ala Val Val Gly Ala Val Val Phe Gln Lys Arg Gln Glu Arg Asn
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<212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: synthetic

ol i gonucl eoti de <400> 6.gagct ct aga aagat ggcta
agccgtggaa 30 <210> 7 <211> 53 <212> DNA <213>
Artificial Sequence <220> <223> Description of

Artificgsed Sequence: synihgtic oligonucl epfg de <220>

<223> N=A, T, C or G <400> 7 cgtgctctag acnnknnknn

aat nnknnk nnknnkgagc gcgtgttccc gta 53 <210> 8 12/15
Lys E@ﬁ%ﬂesgff<212> DNA <213> Artificial Sequence <220>

<223%%Description of Artificial Sequence: synthetic

ol i gonucl eoti de <400> 8 atcgtcttaa gcactcagta
<2109aagcgcttg 30 <210> 9 <211> 24

211> 29

<212> DNA
<213> Artificial Sequence

<2207
223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> b
gcatgtegac ataactgacg gcaacagtg

210> 6

<211> 30

<212> DNA

<213> Artificial Sequence

220>
223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 6
gagctctaga aagatggcta ageccgtggaa

2100 7

211> 53

<212> DNA

<213> Artificial Sequence

{220>
223> Description of Artificial Sequence: synthetic
oligonucleotide

220>
223> N=A, T, Cor G

<400> 7
cgtgetetag acnnknnknn kaatnnknnk nnknnkgage gegtgttcee gta

<210> 8

12/15
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30

53



<212> DNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence: synthetic

ol i gonucl eoti de <400> 9 gactacaaag acgatgacga caag 24

<210> 10 <211> 24 <212> DNA <213> Artificial

Sequence <220> <223> Description of Artificial
¢2119eqguence: synthetic oligonucl eotide <400> 10
<2129t aagtcc ttaagagtcg ggcc 24 <210> 11 <211> 16

< > DNA <%13> Artificial Sequence <220> <223>
213D b1 D S88UHISE fi cial Sequence: synthetic

ol i gonucl eoti de <400> 11 13115 cgactcttaa ggactt 16
<220x210> 12 <211> 23 <212> DNA <213> Artificial
<22356FH4LREFtion of Artificial Sequence: synthetic

oligonucleotide

<400> 8
atcgtcttaa gcactcagta gaagecgectig

210> 9

<211> 24

<212> DNA

{213> Artificial Sequence

220>
223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 9
gactacaaag acgatgacga caag

<210> 10

211> 24

<212> DNA

<213> Artificial Sequence

220>
223> Description of Artificial Sequence: synthetic
" oligonucleotide

<400> 10
ctagaagtcc ttaagagtcg ggcc

210> 11

211> 16

<212> DNA

{213> Artificial Sequence

2202
223> Description of Artificial Sequence: synthetic |
oligonucleotide

<4005 11
| 13/15

30

24

24



<220>" <223> Description of Artificial Sequence:
synthetic oligonucleotide <400> 12 gtacgtcgac
ggcgt gggag gag 23 <210> 13 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> Description of
Artificial Sequence: synthetic oligonucleotide <400>
Cgac%gtgg;%%gggga aatattccaa caccattcca. 30 <210> 14 16
<212> DNA <213> Artificial Sequence <220>

> Description of Artificial Sequence: synthetic
<2108I onucl eotide <220> <223> NA T, Cor G <400> 14
{2llgg®at ct aga t nnknnknnk aat nnknnkn nknnkaataa tcctgctata

<212gtB@ttat 58 <210> 15 <211> 32 <212> DNA <213>
<2135 k#fiifGeak] Sequence 14/ 15

220>
223> Description of Artificial Sequence: synthetic
oligonucleotide :

<400> 12
gtacgtcgac ggecgtgggag gag ' 23

<210> 13

211> 30

<212> DNA

213> Artificial Sequence

2202
<{223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 13
cgtatctaga aatattccaa caccattecca 30

210> 14

<211> b8

<212> DNA

213> Artificial Sequence

220>
<223> Description of Artificial Sequence: synthetic
oligonucleotide

<220>
223> N=A, T, Cor G

<400> 14
cgtatctaga tnnknnknnk aatnnknnkn nknnkaataa tcctgctata gtaattat 58

<210> 15

<211> 32

<212> DNA

<213> Artificial Sequence
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<220> <223> Description of Artificial Sequence:
synthetic oligonucl eotide <400> 15 cgtacttaag

tggt agt caa aagaattttt tg 32 <210> 16 <211> 27 <212>
DNA <213> Artificial Sequence <220> <223> Description

of Artificial Sequence: synthetic oligonucleotide
<400> 16 gaccctgatt ctaatggtgg ttctttt 27 <210> 17
¢9905211> 9 <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: synthetic
<2235e§ﬁﬁcaép2h%9f1 riddicippb Segpersy AgRthgticqy Ser Phe
1 oligphagleotide

<400> 15
cgtacttaag tggtagtcaa aagaattttt tg

210> 16

211> 27

212> DNA

<213> Artificial Sequence

220>
223> Description of Artificial Sequence: synthetic
oligonucleotide '

<400> 16
gaccctgatt ctaatggtgg ttetttt

210> 17

211> 9

<212> PRT

<213> Artificial Sequence

2207
223> Description of Artificial Sequence: synthetic
peptide

<400> 17

Asp Pro Asp Ser Asn Gly Gly Ser Phe
1 5
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