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DESCRI PTI ON - Gar bohydrate ‘Li‘brary Constructed by Gene
Alteration of ‘Cargo Receptors 5 TECHNI CAL FlI ELD The
present inventjon .telates to a nmethod for nodifying a
carbohydrate nviety of a glycoprotein and for
preparing a glycoprotein having a nodified
carbohydrate noiety. The present invention further
relates to a cell expressing a | ycoprotein having a
nodi fi ed carbohydratelﬂ%ﬁngpgﬁﬁﬁa net hod for
preparing 10 the cell. The present invention further
relates to a nethod for producing a glycoprotein
i £ [ . BA T
o By G A B PO R M e ors
genonme is being 15 elucidated and tailor-maid nedica
treatnment is going to begin based on the |arge
TECEMNHuALFIBELBuch information. A new era i s comi ng where
di_agnosi s nethods for extensively exam ning protein
exprePEFGH UBYSIIONACIaHiSpE0 anmreprads Eeni pradatying 2 gathghydrate

be carried out via conputers. In,.
modified

. he d
moietJ5FR BlvCopforl Fnlotor Brgitited ShaeFaeOhaILH 1

carboRydthatd Hoidy! | TR fREENE ehﬁoﬁrfﬂﬂﬂgxepﬂ'm foh$ cgﬁeﬁx?)ﬁ'essing a
0 various cytoki'nes or hornmones as pharmnmaceut ca
glycopiotgia adihg taexﬂoﬂﬁiﬂi@@?ciaﬂgilgzdrafecﬁibﬁdt?ta@ﬂ- a them@daf® preparing
recogni ti on mechani sns nedi at ed by vari ous
the cedl.i gg"élacpmmtdé@velﬁmlgé‘urtbhaimhl)tes o va vioeth®idnder surgducing a
noi eties.(carbohydrate npieties), attached on proteins
glycoproinhayingp ”é‘?(ﬂﬁ’@@s‘:a&iho? atg BRiYBrt or the
nmet abol i sm of , : gl ycoproteins, 25 they have great
i nfluence on the biological activities of these
BACKUGRORIND £epecially in vivo. Furthernore, it has been
suggested that structural changes of sugar noieties
offodhy cidier etéfensiucleotideedequengbnarimeie ot g¥home is being
. metastasis of cancer cells. Hence, it is considered
elucidpted; anghtail o appidumegicsl drensmaneivgeiagdo tegigshased on the large

amount §F 3BPE AEorGaibrn ot SEPHER i FOSUNG A ATE Gesberisrmgthods for
extensHR{P % ‘ﬁﬂﬁh{gﬁp?&girp%'%g%é@iélle%gﬂfgqb Act%'?psc'%gl\lﬁegg%%ilpgon of

technol ogy | oduci ng new drug “efficacy:

drugs bysedsomghsdeta cdreORAHIEY out tvi@@@ﬂ%ﬁrﬁpsih Rlaitaed, it is also

. only to regulate and/or determne cellular
consid ¢xsdathiay a¢doombinhng pyeprsowei e, mbrd eadilyoptalucedudmit the use of
fabol i sm of :

. the
_various cytgfxnes 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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5 gl ycoproteins. However, information concerning about

carbohydrate structures of glycoproteins is not

directly encoded in genes, so that technol ogy

controlling glycosylation cannot be achi eved by

genone studies or proteone studies directly.

Technol ogy for specifying and controlling carbohydrate
Caﬂjiéjuctures of 10 gl ycoproteins has not been

oAyALglei SHUGYes . UNBE E&PBGRY EREInESTIALT detlodqess can serve as

[ . -synt hesi,zed by. sequenci al acti on of .

teChn\%r )gufs}ﬁlg 9’?6":% %‘?‘gngflég agé‘éca(:g: g. ?:or s@éa’?P?@agé’ntusmg such
technBlddyi, Ciath ok & i 9 Ln, thi.s

p%gcyedur e, Bin%éé Fgék%glwgn?%%ﬁ?ngﬁ?r ﬁ?%%? a?%%?%é@ltezrfnﬁ’ée cellular
localightigns awfc hglyicdpsotbihsUSibng @tiako OReEAlatON the AMb1FHS W  of

days are required even when a synthesSizer is used.
glycopgrigings, 15 reconbi nant proteins expressed in E. cola

hqﬁe not bee | ycosyl ated and noreover, in the case

of "HELEL BIUIA A at €SI ROEe sbowt glopthopiyer elienssteucgures  of

1 | ent om.t hose of  humans. Based.on this reason, |
glycoPtdeb sl pbl MIHR° Eptia ot T dbner. Pectivbitiapologs sontrolling
glycoINEi0R@hROIBe a8hiRME] i EPRUS: N
_%}or ol i gosacc%r! dles ag?;%g%nngegéetﬁtgli%gfr %Jr%g%cg’ﬁ%s?yudles gireCtly'
| ichaslopy fad dpecifiyénd | Aldd RhtEedh gl BAbokol RE Rk @ures of
a di sease such as the congenital disorder °of
glycopfojriasyhas inef begme established i wetan Nowaohrbodydbaks cattached on
.di sease s treated by adm nistering oligosaccharides
pmte“gse?{ecﬂé‘ﬁ e?lﬁe‘i?}é’rﬁeﬂ&ﬁ“‘e‘ﬁf actiop gévaripus mhycesydeanslonases (e.g.,
P339 - - nt hesi.g 0 Lgasaccharides is |
% ff?’%gﬁt%%aeté‘g%@é?@ ﬁé-egg_@g@gf t(ﬁé_bgﬁas falhis procedure, it
takes Ieatd aiathaRave mAgkiAing0o19td JSRETHA bgﬁﬁilﬁf .‘%%t[ﬁﬁg% oﬁg’ration
avai | abl e because thesé are very expensive. erefofre, ?
and at éwindeyesirborequinducvey Waieh0ds sihihdsizef is used. However,
ol i gosacch_ari de and for convenient and rapid
recomRnalk prodeinst RERreserd Usefiul celiybepe otel reehagtydoaghted and
ife 2 _.SUMVARY OF THE I.NVENTI ON Chj ects of the
moreogﬁs@ngh? ne5t PonY S CBTiRIree apighsy emaglysppepteins are

differefetthod ' c r at | eti.es_of. .
1 eregI ycoprtg&g‘its n(ghgﬁghg%soggpér?qetxﬂo%@ég%oﬂr olgdﬁic{‘lﬁﬁcu“ to obtain
useful otdogoisiaaahalyicdpsotkiianast Pl nfRbalipadd GlgyCopr ot ei ns.

Further object of 5 the present invention is to

pResandly, aeqds Hou ofigosqroapides ng Fharalacennipaledsigsds dncreasing
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 _rapld screening method for useful glycoproteins have been

desired.




al ycbprot ein with different glycoformand for
- produci ng an carbohydrate library (sugar chain
library). As a result of intensive studies to achieve

t he above objects, the present inventors have focused
on the fact that structures -of carbohydrate noieties
of 10 gl¥coproteins are recogni zed during sorting

SUMMARY OF TERIBUVENTI@N zed gl ycoproteins w thin the

found that carbohydrate structures

cells,.And, they t _ .
at t SEREFDRE §he PEpeBt dventiomanete REgide aaneasy and rapid method

o .C ol | e y.altering.the r bohydrat e- bi_ndi
for B ng: Eptbborfaledt, BRicutS, sRoRL AT B, 3ofl gl method for
I ir¥sadclatifes f o : =ih8€ BLEREP Obi £
eroRBETA OigtpadlaBhe 5 A SRIARER Wy Sl Ae. RGP bject of

5 thePrestmts aveition v t6 pRovideh® dnbod est f)b@phgi_n'gha cell expressing a

carbohydrate noiety of a glycoprotein, whic
glyeaprptéipewithl differemy glycafdrehypodafer predugnig anrearbolnpirate library
cargo receptor to nodify a carbohydrate noiety of

: (Su%rﬁ%%’b B#)n. Specifically, the method for
a apr ot

modi f yi ng_a. car.bohydr at e noi et f |y i n, 2 _
o & Bt P ipfmSon gt Bebiovaelabiyie gbieqts, the prosent
inve A 2 EYe ‘ di.ng y 8 o .-
inveliEs ¢ ToSRHTOR RE ASE (i 3RRENSTISF Ehibonyipste moieties of
10 glycoprot@iieCidte hOGARPAE AR SSARY Opr e bt Re®lF Chvnthesized

&y a%ﬁgt(c) expressig%g a gﬁ?g%rg?ei n hgﬂﬁﬁg§abﬂog?fﬂi%dé}n eotze
glycomobeingdwdtidn licetylli.n ARG, ttheyalfomed aRhi .cakboliyiirate structures

above net hod for nodifying a carbohydrate noiety of a .
attached c @pr @lpcoproteins cangobe echmged i sndredmwralied bYyFshering the

nd/ or .C$3. Furthernore, exanples of the, .

carb@??{%ﬁ-gﬁ'giﬁg SREFISIRIGAD 0bCREO HeGaARtor thatteresinyiodved especially

s (1 S0 rv._proteins. 30 Al so disclosed s a .
in thEPEIT BrQle ) Hhins, the bRShent RuRRioDs have pmpleted the proseit
16 invenffeqi fied by the above nethod for nodifying a, 3
car bohydrate noiety.. Al so disclosed is a nethod for

producing a nodified opjgpsagrein % rg\gg'lg‘arfoﬁl‘hﬁaﬂilﬁé carbohydrate

. .cleaving an ol i gosaccharide fromthe a , .
moilety of a glycoprotein, which comprises altering a carbohydrate recognition

domain of a cargo receptor to medify a carbohydrate meiety of a glycoprotein.
Specifically, the method for modifying a carbohydrate moiety of a glycoprotein
20 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
25 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.
30 ' R Also disclosed is a glycoprotein, wherein:

a carbohydrate molety is modified by the above method for modifying a,
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gl ycoprotein. 5 Also disclosed is a nodified
ol i gosacchari de, which is produced by the above
production nmethod. Further disclosed is a nethod for
preparing a cell expressing a glycoprotein with a
nodi fi ed carbohydrate noiety, which conprises 10
cartdlSdriG A bohydrate recognition donain of a cargo
recéept or tgwrmdify a carbohydrate noiety of a
gl ycoprotein. Specifically, th%opj‘,%atlé g%éﬁgmp :
producing a modn" ed
t I st cha
olig6saYchatRle! Rehikp éo‘?[‘m@er@ges Efgav‘,;n% aﬂ"bg?ﬂ%g@F%ﬁ tide from the above

nucl eot i de’ sequence ‘encodi

- 8lyP@PERY&ni on dommin of a.cargo receptor gene; 15 (b)

i ntroduci ng the above cargo receptor gene into a dell;
(c) expressing the above cargo recept oAlsgediglosedt ibea mod?ﬁed

el ecting the cell expreSS|ng a
FBESechBlite. *HVF RlpSrd b iceborearbisyon Methorei ot 5.
FurthernDre t he above preparation nethod may conprise
the foll ow ng 20 steps (e) Eurt(léﬁdléwwﬁﬂsalnﬁbthcﬁﬂﬁ)rpreparmgaceil

cxpl‘@'ﬁﬁlg é@&%;ﬂ‘?; xjgg %d{sﬂt? 6{1 Wé?rg@yg‘ﬁgq%' Ialegpg;g,: which comprises

imte
“efr!f’ﬁtél ﬁaﬂmﬁvdgltemebbgmibdfdont@élhabﬂwg: &%lsgptfor Lo ‘modify a
i ire rote Vi ng
carb%ﬁ?gﬁ%ﬁ/ d{r}lg’tl&yngf %gy rofeiny heé e2lbh etiter @reparation method
and/ or -

compgiserothe fdlh)mgg;@epse@ﬁpt or is preferably VIP36
, In addi tion, exanples of the glycoprotein
i rﬁcﬁa Sﬁ%ngmrgeﬁb‘? %Ottfb‘b REIUPRes: enepdingl % cadohydoaty recognition

domqmcn%a eargdl meepiosgleqged is a cell expressing a
30 a nodified carbohydrate noiety,

h
vvhl X6} "*‘f%ﬁ %Bﬁr‘é‘a ahgve CRESOFRSFRIQII @RS iate arvebist hod.
Fw(chexnmangtthe b2 et gd RY Eb@%ﬁ&iﬂg&%ﬂ@&&?%@

AP e Bl tachnern. Bscvomn inge s i

c.arbohydrate moiety.

Furthermore, the above preparation metliod may comprise the following -
steps (e) or (f) (where, in this case, the order of the steps is not specifi ically
hm:ted) of:

(e) introducing the gene ofa des1red proteir into 2 cell; and

(f) obtaining a cell expressing a desired glycoprotein havmg a modxf ed

. earbohydrate moiety.

25

30

In the above preparation method, the cargo receptor is preferably VIP36

and/or ERGIC-53.
In addltlon examples of the glycoprotein include. 2 membrane-bound

_ protein and a secretory protein.
Also disclosed IS a cell expressing a glycoprotein with:

a modified carbohydrate moxety, 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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: a..gl
introducerthéretn in cael of ke ab@vqraﬁgﬁy%r ﬁg &°

"desired carbohydrate moiety (oligosaccharide) on the-egall. surface.

4 above cell and collecting a glycoprotein with a
nodi fi ed carbohydrate inanely fromthe obtained
culture. Furthernore, disclosed is a nethod for
constructing a 5 nodified  carbohydrate library,
whi ch conprises introducing random nutations . into
above cGH B yeh Rictinges aipedproteidowitin aomodified garialydsais %‘mﬁ?
- gene_an ressing a glycoprotein having a nodified
from th%ﬁb%ﬁ?ﬁ?‘%&%i ety. Specifically, the preparation
nmet hod conprises the follow ng steps of (a) )
H roduci ng .random nut ati ons i rfisticded iCh aettiodidfor constructing & |
é‘@[}ﬁ'@?}% encoding a 10 carbohydrate recognition tons
modified WHRbBhrate ibras, rwhizjt comguise (rﬁyod“ﬁ%d%‘il‘h'g gt
. cargo receptor .gen aui ng , fe3sing 2
ot = cheboaiis Brop LAY s AR Ee i et
glycoprdti aRaVeC s Jansdigiedt osarhehpdiute mpieghdonSRetiktqadns the
I ntroduced therei nl?:l g gach Ofteﬁgrg bove plurality of
preparation methed campsisgs (e FULOWIE SeRE 04 for screening for
@2\ igﬁ%uéfﬂgsi‘é}{m inRitationtiing i ticlaotiecefpence encocing a
. car bohydrate npi ety gf a gl ycoglgtt LJeOr an
carbohydyat¢yseengmtipn omath 91 FePEP I éf?cop’r otein or a .
(Ege?ﬁtfrb&u&h' JPRACEHIRDI Fecepidi Ngehdichabioge the| pbove random
e

. Kpressi ng | ycoprotein having a nodified
mutationgdntwkgek af & Pqﬁﬁlgb’)ﬂf @g@ei‘*‘f‘ cally, the screening

- (BF! rek ecdigbl pod shenps lefvig ranjom mutations
: Q‘(%fie%?ﬁg g?ggﬁﬁ%g(dgrgs%n o tggpgotei n ‘having a
substance; and' (b) det er ni ni ngsé Hiechsadisaonebad for screen
bet ween the gl ycoprotein or the . carbohydrate ' :
tost substiside, imteractish With L secélic FRESIDBIFALS BOLNI Sigh AT ‘5‘1‘:‘“.;"
. _may.al so c ise a Step i thspecificceligesaccharide
e oy Ry oo 18 Lol
using the aihﬁb@leydél&tecmsséng.a ghuoopreteinrhavingea apedidied. P%re%qﬁg
) t hag TiSe. a st e f6 REéwing 68dps of:
moiety. gﬂ?@%’sﬁ%s gﬁ)"gg TePREE ?8%?%?*2‘.5’%‘?%9?13‘? gar'}%d.i f1 ed 4 frod
(02 baRpHigt 8 welletexpressing desi ghwoprotothy BRWOE i é‘f?/d' 1

é()gl'i gosacchari de) on.jhecel |l su ce...hn one aspect of
carbohydsate pLiFHAl ﬁ%‘?ﬂ B‘H&‘ ?ﬁ%?‘es‘i%s&{)‘?%&v iaagd a method for

(l@nd?éé@rﬂﬂnﬁagcaim‘)hméﬁbﬁdﬁm betyweadn athyl yglysopreiom (Pry the
ell 1n culfure, whi CB
carbohydrate moiety with the test substance.

' ng the

The above sereening method may also comprise a step of growi

cells expressing the glycoﬁrotein 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 &

resent invention, there is provided a:method for

in one aspect of the p protein inf a cell in culture, which

| difving a carbohydrate moiety of a glyco_ > . hi
?oimpfyﬁlsgs altering -);t least one amino aclc_l in_a carbohydrate rgc?[?enzt;lgl?
domain of a cargo receptorin a cell, expressing the cargo reoegt_or in e cell' ;
and expressing a glycoprotein with a modified carbohydrate moiety in oll, -

wherein the cargo receptor is VIP36 and/or ERGIC-53.

dntact with a test ngfor @




conprises altering at | east one amno acid in, a
carbohydrate recognition donmain of a cargo Teceptor

. in a cell, expressing the cargo receptor in the cell,
and expressing a glycoprotein with a nodified
car bohydrate noiety in the cell, wherein the cargo

receptor is VIP36 and/or ERA C-53. 5 . In anoth

aspect of int4rothar@spett of HpeseH inEREoR t{" 9%28 ;ggeﬁoﬁaem:r:}gg
met heet producing rodligbsagcharids, MiChLOPRERF AN, btor 5 cell in
conpacidds aatarbehysgatet reregniioroAemal; i ca8oyrSe

. ; 4 glycaprotein
car - botifuie,cexprassngdhe 1caEge ERSABICR i e cqly PERICPENS § Y
a celthi m roadifiegr ecarkohydeata | H@'qthe'"céaﬁogécfg g%fvﬁ]glpgg
t he o:%dsa%ggﬁg%gr@nh@lleag‘gP%Rf%'ﬁFbt"@eFP‘" 1t FFON0¢ |‘F| e%
car bahgfdr ety in the cell, and clegavi.n
ol i gosacchmﬂqﬁ@rfasﬁmﬁq{éihfgpﬁﬁ'ﬁr'@feéﬁ%ﬂ?. tﬁﬂgr'g(ij% J' edﬂ?og”ty%l:la(i:
car glorreppingra cell m@lnﬁﬁcﬂiwp%'(ﬂ'%? gt %é) bhydrate
aspeatoialy, whieh peropdsss alieriegat deast ORgAMINY r’o i ggj &ing the
net hostoghiton drmply phg ara Fecepighrid & PlhyNaC ‘% &?%tein
al tewithg nwgifggamb@b{éfaé?ﬁmfﬂetﬂcw&e'i e SPE8HY APt e
r ec ogmnd/or ol in of a cargo receptor in a cell .
culture, bxpnaiberi agpechef thenPErsepk EWBRNAN. IRETeHR Pcfg‘(j{’]fhih"?:
and egiressingh@ glireontetein éﬁbr%s‘_@?ﬁ’iﬁedacg E)Sgg é:’"ﬂ > Wirkdre
a nopicpaed hydhdotefhndaefdherivention, apdwEpEIN 83* 1 '

recept or Imrsandktieg Gspeetdif the m@i@@ntlpm_tgq i RFO g eéggg
of tfoe cpnsineting iancalnlibirary, CARISNG 3 p&rglq;y Fells in it ek
_expr egesung aglghcoprateini withi @ hmadiied ¢are Yélfg? Hg’&?‘%u €o of
NDi etympridescintroducing opeded wyitatines HBiehadnYe eq_>tﬁ% eguep o
i nveparbonydrats devtpmitisinnderapio Ped (cargs TeReRIAl OERS. MR ucltl:s!of °.
anot b&go aspeptor géne H‘tav}mgettlenabweveqmﬂp@nmp;q;@pg :J‘l e?c e
pr ovpiegityeofroelld) @dpressing domsanga cesatpr geae in eagh,p & plurality ¢
conpeélli BEd @xpressiag ia glycdprotein with @ modified sarbohygrate mO'etg I'"
expr gaét og tiee pluyaliopobicells; wherkinatheoearge SRR ish Y IR3G; andior
noi eERGIGIE3ch conprises introduci ng random nut ati ons

into a nu authafaspedustioepesentiaventny.dheieds provided a method
r ecogpi ddr@shiriPNet 8 1kt substanee linterapting vdna, glycoprotein or an
| Nt T QRlyEREGEHAS wisioh Gompricep tontadinge im evilure, theecalhexpgessing
randgg gyksiroRits with @ emelifiedl carbohydratel mojetyf ageqreiag to the
eXPr &SShten drite 68l MfaryaR&s congrted by thachetbed apeording fo tlt:e
pl ur AlbdtibnGiith & ®st SubStBHce amdadetenining Gieyintaradtion between the
Wi t hoidedErelin 6 theé edrBoyiamirRoieyiwithythé test substance. |

.The present invention is explained in detail as follows. Tﬂe' P“”S‘f“t"
' féppl'icaﬁen.claims the priority of Japanese Patent Application No. 2002-2385359,
“which was filed on' August 19, 2002, and includes the contents as disclg-sed. n the

specification and/for drawings of the above patent -app!icatio'n.
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each of the plurality of cells, wherein the cargo
receptor is VIP36 and/or ERGA C53. In another aspect
of the present invention, there is provided a nethod
for screening for a test substance interacting with a
gl ycoprotein or an oligosaccharide, which conprises
contacting, in culture, the cell expressing the

gl ycoprotein with a nodi fied carbohydrate noiety
according to the invention or the cell library that

| STROMREEHE iRTe o tﬂ %rgt%gmcpggt%rg%ngg% M&q%@f £pmpstructing

i nvention wth a tes
carbohgtiestactibgarybes @ncﬁzhﬁ 1i8FHGOPS 194 fa
car bohydrat e Eol}l%ty with th éeﬁi es?écguggl?%h%é;qlbfﬁg) containing
varwm esgan stirnvtents end igly@fphak.ned herprdgémi 1|nvaﬁtd‘r§>|ﬂa%\ﬁconducted
d esent “application clains the priority of
stu ‘ejagawé% Pat et [asp shetc agrgonreckiptor2 0826 @ERB6 5y cophiteibs in the
ugust . 19, . 200 and incl udes the
Secret\é\%?npé‘m‘%ayaé’ &1%%11’6%“&“% i FHéafY%écfreflISc%t rote dadnwelved in the
5a  The

' proceﬁiﬁ‘ﬁv‘s c&@%hﬁ&% eéﬁ@scgﬁ_g&ée( atl nc‘{m'@te,ﬁﬁ? polg'[gnce the

present i nventi o

presemf invensdrs Ugdvien @et gl RN A Al 'chrk?aroﬂgﬁre{n%%@[igx‘ﬁ@ﬁ)' ndomam of
i brary, oligosaccharide |ibrar ntal ning- var

cargo swgapwgs r aod uh@s: amdceddedofinr ﬂiﬁ;dzfﬁh@g pé:ﬁﬁ@ﬂydﬁa@é/exﬂb%tﬁes of
conduct.ed 5 studies focusing on the fact that
exPreS@S%{ SOV FQUBHRIBF by raltesye suchgigmainsot ei ns in t he
secretion pathway of glycoproteins in eukaryotic cells
so as to be involved in the processing steps of
1. CarS@rb&dptdf ate noieties attached on gl ycoproteins.
nce, the present inventors have determ ned putative
CéebigwdeﬁrﬂOf'E(i@gﬂlgfeh@ﬁldl%'[ﬁbﬂcl@furecﬁfrggnirn?ﬁefgc?irlﬁ laying
and have succeeded in nodifying carbohydrate noi et el
importgpt rpdese ipr geebity goptupr ondi susrtmg alft giydoprotechs. As cargo
recept or 0 receptor"” is a

receptﬁéﬁ@&ﬁ%%ﬁe‘ﬁé@ 4 FRTaNl Ak Yagrotesnpfiayl the endoplasmic
retlcu]bﬂpo("Etlﬁm o gs G@l ug%ét)(/g‘f’sggrég{/%ﬁ@g ?Eg{gqleg gy control of

g ycoprotelns

B glycophﬂ%ﬁisvlfhdthlelﬂbfg@qmﬁﬁf 2 g XPOPE%t%Pﬁelfsr% W@ 32-37) are

endoplasmic reticulum (ER) to't
currentiyhkolowad i As ghakint in Fig]t r Odtft@;f beﬁ'gyﬁfiﬁﬁ@él%éd‘?n anfcIrlf}i9 having

carboh}%g% (Hauri, H P, et al., FEBS Letters 476

added iaythe RR thmukwwhowalls n cEnbgahyﬂirataf mefeties

n S|zed|naformhaV|n
(sugar pn JQgess)yo}' glycoproteins are subjected to processing. in the Golgi. 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 tfansport

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:
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car bohydrates added in the ER within eukaryotic cells,
carbohydrate noieties 20 (sugar noieties) of
gl ycoproteins are subjected to processing. in the
Golgi. In secretory pathway, newy synthesized
proteins are folded correctly in the ER and then
transported between organelles by transport vesicles.
During this process, proteins are glycosylated,
63 1-684t egﬂweloé@o(@aqcfandedi adsletl eblettedn raveeoligowcdharidést eransferred
fromwh'qre eachﬂgr(ﬁt@ei n ahoul d, function. Cargo receptors
kil ntprnediate 2aAspRNRinss 1§ esiigar eunite cogifiosed of mannose,
ot ej ns,angd.sel ect

N T A R

roteins to
moieflyr 3N REHSIDLOMICRSS, L 'ILQ:Q)S A, d r d 1
tyhe SéAZ‘n aa- lslerﬁsT%F pgpti gcl;éggﬁjgngoeda?%ag%?%%ﬁsg natrg of the
glycoarytean)i isorexoignigidhey 4 Metdin. Prohiynele pfoteift BbMsctly folded are
. (Karnfeld R and Kornfelds, Ann Rev Biochem 1985, 54:
subjegted o pauyvaiTht aoglugosacetidve,dasd abeedraahen nrarsported to the
froma lipid

Gol .oﬁijg{)s cchari dﬁs tra{}sferred
08 e rafmedifigetiomlArtnd aley Rddgand hecksor ddBogathoRev Cell
D , 1o9lhucose, and N-acetyl gl ucosam ne (G cNAc).

°v q@nph@?%i’:’&,z'tzﬁes)@ar bohydrate nviety of glycoproteins

( SubseqdeiyC o ank eERAGS1i O !

5 ¢l yg%pr ot)(Hei n) is reg%grﬁlzg@E@sedngezc??ﬁﬁ%ar@{ét ?%Iéblie the
zone tween AR eadrtbetGolglioBRGIGSE, osbhifatt @drdPré@ponal filfctions
) a glucose residue, and they are then transported to
in the fanspprtgpf rglycoproteies Moui the &R o (MedRIGIE. RDy thed Golgi,

) ackson. MR ‘Annu.Rev,.Cel| . Dey Biol, 1996, 12: 27-54).
fu”heéub%%*gﬁécrﬁti%ﬂs i Aft h%h%ﬁ-a%li‘agri‘a/q Nt%&F metArECE cOHparbyefgrious
glycos&mﬁﬁﬁerésté@ arﬂrp#f%gl@ﬁw"e%e% agd}ﬂset h(?el%e(gﬁla]%é%%nd? r§truc,'ture,-s

C- 53, one-o cargo recept

‘contaibing $UdnsP GleNHc, VLR BLHS:, fan@MikNe LR bPe Winly formed.

ERG C. In the Golgi, further nodifications o
Howewrrj gosthde haligaracahmidaproedsig &ymphte Otibohydrate structures
ferases and gl ycosi dases, whereby finer

(gl gclrﬁ/cgsy_l tran? g \ ‘
BlyCoRinsg A4e A i way s formad, and £ly eepnodeinis witkenthfuastional activity
-gal act.o f.ucose iali.c acid, are i nl
are alsf EfeRaeelS) EIETBpusntIRRRVAPEF il cneifartit anally Codtrol of
9L S aBBed i el | L i
shear (gl ycof gr rr%) Q’g‘?@l"ﬁ%‘?‘ S?\S\i/ab%ls% 8?%28,%’3%5’]5@2%8? gtl%(i'or%owms
from the tremst Gbigictd onalisaGolgi by ERGEC FFafeRARerateden dcil 3999,

t hought that VIP36 plays function in quality control
112 (Pof17)s udftk3-Adi nY1RB6apterdnton iprooeliens glncofrooeint oftem Being

th% transgort f gl ycoproteins )
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 vive. 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
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fromthe trans-Golgi to the cis-Golgi or ERGC
(Full ekrug J, J Cell Sci, 1999, 20 112 (Pt 17):
2813-21). VIP36 prevents inconplete glycoproteins from
being secreted by returning the inconplete
gl ycoproteins to the initial stage of oligosaccharide
processing in ERGA C or the cis-CGolgi. As described
. above, the term"cargo receptor” in the present
isolatedy e R egiding BRBIGHSci human | BRGIGH B chasabetmnggaseriet! under

recogni zes sugar chai carbohydrate 25 noieties)
Gem&t“%a%ﬁ&%“% “b’ﬁﬁ’(% rﬂl} 3%‘@?@@ -anids packegtide\seguence iieshown in SEQ
ran o | Vo | NS requiredqq i n
1D NOL I BRELS oin ALTFREAA FHALECTERID £Rg: 201 magthermore,
regardRIgIOVIFIEDR OhEniahAIGPIRE. ShyRbbAiofiiNEl $a8n20iMekba under
be di scovered in the futurg are a]| SO enconpas In
GenBehk asceptommuniter prfede0s 61 ifite Huicydti BN @ehE€ M kNown in SEQ
(gi scovered 2 types of cargo receptors have already
ID N@edrpnd7its ap1ine agid Reqpengeng sER@NGnSIE QRO ERCAE! 53nine (C.
familihas b%ﬂg §egi st.ered under _GenBank_ accessi on nunber of
1lighisge Y 1PPY ST, eesy remdstesediewrderi Sealank jafcemon |mymber of
xX7630N0. 1 and its am no acid sequence is shown in SEQ ID
NO 2. Furthernore, regarding VIP36, a human GP36b
gl ycoprotein has been regi stered under 5 GenBank

accessi on nunber of UL0362 (its nucl eotide sequence is
sKangoiracGEQr id Kndign 8 lawe d tcurhohydrafeidtopafi@nasmasn (also

%rom in %&'D NO 4) and canine (C. famliaris
referrqy peg ana s n at el§f s¢@rtead pAteen, GedBelmkrezogasmison glycoform
r of. X76392.. 10 Car,go receptor_is, known to have
(carboYHRSE  Bhicsf BR Hindt 45 A o RSy (Ess Hrbrer flodiqugnal of
Cell SefedeRD)T" t kS C I t.] [ recogni zes a
o o sar Borya Lt o e o S El§ R 888Ferca tha

carbolgidyziepmoietiedsof fladbprotbis. ofthdkbell sdPUEBYr Rbret&®dutside the
Sci ence, 113:587-596, 2000). The present inventors

cell camabe mpdifiedebealtenay theacrbbhvimate remigtiiies dfmain of a cargo

| ycoproteins on the cell surface or secreted outside
receptq, 56 23 teeq%angaﬁﬂ%ghfﬁﬁmméaawhadraép imRjetieto be recognized by

r ecognition domain of _a carga. receptor,
the ca/G8 AROPRI R ERLERROBu VRaP BTt BrspBnsanidis ABMEDyfodteot or
sortingd@ré &GEIRIrZ 8H BYrofeNf. CarQo rfl@tqlsp.t fr \A‘H(ﬁfﬁ éhg &?L&ﬁydrate
~ resulting in"a change in its quality cont Pol ®of
moletysofta nglypopass fand gley angthetef&rS préfiei i@t Hagkif @xpressing a
nodj fyl_ng a carbohydrate noiety of a glycoprotein and
glycoprafgimeayith e fopdiftash zarahydlreie marpr ¢ssimglifferent glycoform)

according to the present invention will be described as follows.

- 2. Alteration of carbohydrate recognit'ion domain of cargo receptor

25

(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) specifibities
of cargo receptors. The putative carbohydrate-binding domain corresponds to

nucleotides from 454 to 480 of the nucleotide sequence of human ERGIC-53

8
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20 gl ycoprotein with a nodified carbohydrate noiety
(with different glycoforn) according to the present
invention will be described as follows. 2. Alteration
of carbohydrate recognition domain of cargo receptor
(1) Carbohydrate recognition domain 25 Through
conpari son of honology with those of Legum nosae
| ectins, the present inventors have specified
cDNAJUSEQ Ve-Nar Bolyplimdt aty| (olamgdadomiiinationhiicdetanined to be 1)
particularly inportant for determ ning carbohydrate
and amuings4cidh&idn 1339@4@@ 16 (Lyy) ofaBB61Eet2pnung. actheequence
p lhve,carohydr at e- bi ndi ng _donai n._correspon to
(SR O e S TR AR othsty retemendhugl Lo o o0 duia &/ IP36
c 2O 195 52LAY 4
cor e P oo e G0 of STEPERHA(SER R D: 33l amino
acids aM8NQAsp) 6s 1f700(THY 20f AIPY 6t MnikPOadily $dquehc ERGES IH NO: 4).
am no acid sequence (SEQID NO 2). The putative
Carbodwdpetteykinding do mainsge fioomihonah darganeddpP36 can also be assumed

b dcor esp?nds to nucl eotides 484 to 510 of VI P36 cDNA
ase (%E%’?l N WHN lypan sprgp mespias 162 (Asp) to 170

DIPTSR 1Y —
domaineSeP s> FRBpArS aﬁﬁ:u@%ﬁg'ﬁe&rbgﬁfﬁ teQBil{Eil‘?ggldl%gryaim faltered.

human cargo receptors. prese I nven
In thehareaeiteinvzeadion) theatedn CedIRhNEE a6 of REPEHHYIrE recognition
domain of a cargo receptor, particularly a
domaigar msapdr sbas- bilredi g dangei mecémonl isereagresstd ke phateins, its
sent inventign, the term™"alteration o

that o?q{aﬁgerﬁ‘?eepfe%rnj]ss o?@%ﬂsgﬁ%gﬁgﬁ/ﬁggs?}q%{t@r% olrtﬁ]at a carbohydrate

car bohydra rrecognitron
moiety¥ 08k Ghaig- kb sk NQiddamBiftedi otk St}ufaf U nhfidk gfotein to be
native one in terns of sequence and/or structure; or
expresshdiin aear bblepde atread divioat tp heudar e clkatmbed epbafirRdddences,
differs fromthat of native protein to be 15 expressed
alteration gf|a eargpEpesptor, nwhektiby ®sarhehyHeataovietdifferibgdfrom that
to be %ﬁgc'fig sgg ences, . aHteration of a. cargo receptor,
| Feby U cHIHEHYbr dF &1dicaComaRTTedr imihe tei t lpdieratign of a
carboh r@t@?@goélﬁ{igfledcﬁﬁ%iﬁn aJt:'cQﬂ:Lin%%o ?ﬁ{gre%gﬁf’ﬂ%fn?%%' n the
erm"alteration of a carbofydrate reécognition
dhimailtetatéar Of i RErt chyldi8teD k@RIt SN\GRIMAiIAN-ankNnumber of any
_ alteration of a carbohydrate recognition donmain, any
amino ragadrercanf bamranged amdnohaciads manpacicahatgdimited. t Hywever,
are no articularly limted. However,

; _ on.of a
 carboRYGTRh AP EIT LRI 08 rteArRPAY drsterhindingdopein differs from

- when a car ofly rate recognition domain is altered by introducing mutations,

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

ions, 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. Amdng the above putative

9-amino acid-long Ioop determining carbohydrate-binding. specificity, it is

9
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when a carbohydrate recognition domain is altered by
i ntroduci ng nmutati ons, anong am no acid residues
bel ongi ng to a carbohydrate recognition domain,
aspartic acid (Asp) is inmportant as an amno acid to
be coordinated at Ca and Mh ions, and asparagi ne
(Asn) is inportant because its side chain forns a
q? perative 25 hydrogen bond with sugars. Asparagine
Pfefe”% A0S P AN A BIUARtioms HEO 2ehido aceds 482 (Aspher 156 (Asn)

in SRR 0 620 Bl 0,2 Lonsia TILS 908 1S e cae

of VIEFE StdsustddnteRf hydpate-binding [oop of cargo
r eCept oSr an Fts?@ Cagﬂ&% 0 gugars Anong t he above
putative 9-am no acid- I ong | oop determi ning
car bohydrat e-binding specificity, it is 9 preferred

2) Im‘ﬂiodutt’to)n of rodioce manytiontiato cardohydatarddognittdsldokfadn
or 156 (Asn) in the case of ERA C 53, or into

IJH] ﬁ%e RESS@8t 1Benfingn)it by prederreddapalten atdﬂébch'sfb‘ate)fecogmtlon

s A ST b By
mutat16§§qgfﬂ ti150Be ﬁj@naAntelcﬂnacp% E&e?ﬁt{%dﬁa}{gnﬁm?ﬁions bl’btﬁ,af. partial

preferred To alter a c e rec 1on

region(aff a ges@i PRy Ghaherlel 414 nwmﬁkla@ifon%&ﬁfegﬁ ﬁﬁﬁﬁﬁ)tn@rto be
by introducing nutations into its gene. A technique

introdycgd pnd rasefocliyiyarasb atdiog sspentfocitiepathiis adbtaimegi on voknawn, a
b h% is known in the art. Wien correl ati on between
carbohyfrate rsresmfogedemaimOioh faEEP ApePnier bomgedamby: phwdtedy and

h
R S v S D L R

glycopr@@aanis\ehaHbéd 8 nognd then confirmed whet her
gl ycof orns (carbohydrate noieties) structures of

gTy copo dicel metdtiomhandeehigrinfoh pafall IRIGHIYER gene, a random
nmutations randomy into a partial region of a gene, a
mutagengpid oS imthageheansbk sovmoyed.t hExanple:samf lsech a technique

are notlmttegda%wq?ﬂggf g(sj:élgghs O (El@e,q\glr eqd r(ggngcheotxdes a linker

|| i ng _nethod,
conif IS5 AT TR B i
please pb@ASHoBeRxa eexalﬂll%h@oulaﬂvbkﬁ&‘él ¥nta1 Protocol I"
Experi mental Protocol |" (parti cuI arI apter
(partlcqlmjgublgaptelFl\&)e(AakubeII rEvisleatadd tryniatsdu @aII%ranSa@ and
0 Sano, 1997 MARUZEN CO., LTD. ) and "New Genetic
YumlkoE%g:“ﬁee]rq Mg MAIRHEFIK" COpariiRz 0| and Y NewgeGerac t Bngis@pring
Handbo%ﬁr' (Epar"at}/clu?ar‘ily %Ca“ggé MNs todiZGS(%Berewsec{nedltlon 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 fof

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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Mur amat su and Masashi Yamanoto, 1999, YODOSHA CO.,

LTD.). In the present invention, to achieve the

pur pose of preparing as many types of random

ol i gonucl eoti des as possible in large quantities, a

techni que for introducing 25 random nmutations in

conbi nation with pol ynerase chain reaction (PCR
(ZJ)Eghggg% usi ng degenerate ol igonucl eotides as priners

erred. Such a technique for altering a
0 receptor by
o

c h recognition domai n of car

t ﬁieﬂﬂgcé%tﬁé?ho"bsl i GBERYaHer 21180BYS BHQ%‘ edt i @asedy
hend¥@e s ¢RdP ' t 8i; i i ) Principle
P e 8. Bl PRt g 2 v il "G e
synthewizéhdy phERgnBREIBofidat oHRGeMah & nedil MH&ﬂiﬁ&t hfjgﬁe time of

~having random nut ati ons can be synthesized by addi ng

oligonued¢atirld degntbebier t By noilivakionucbothigesedinighe tdéBenerate
T of /5 o(#jggonucl eotjde synthesis. By utilization of this
oligonuglefiqssehavdag etigiousemutiticas naelodored datcheagions varriespending

to car B m e B Mkl o Fareie rerersary 6er uogbiaed. The

method asih edePRd- S| &rat i

%ol isg;oguﬁgeoteip%gsmi}- g&\%!b}geiéué%nag gg 5 %e%m}t the giptation

rate qaat eeCasvnbIkantl inefediing N6F SRS BEIRE HRET AAREDA thGo of
addition ratio of 10 nucleotides (e.g.; to obtain a

nucleofigest (@a..r ta eolbhinl @vopeatiouciaet 081,098 péheaicleotide, 3 other
. 33% each) are added to 90% of nor nal

nucl egt i des _
mucleopidé Zgﬁ%&?.éh $yadded o308 @f mesmel ancleosides).abl e f or
- p [ degene ol j,gonucl. i des. For exanpl e,
CNERS, SR TR Eor hDertal f o 1 R 6 TofwraGRATas & desenerate
oligonfclebfiiagene)Fey  bARERTM D W Mt agenesi.sy Kidi.. n:
(TaKaRa) 15 can be l}gg%- tWe\rqE;é%fg% a El@tq{]%s%sg% ISltltzeegl),lrecmd
Mutageasi o St iStantgened i AnRCR Mo ns 18ar6M@SaheBR Rit (TaKaRa)
mut ati on and del etion and/or insertion of several
can be jised o oW liess seelh addt ivutilieed evariqupmeparte dabjng angfiows such
: ri,ner, design -2) Construction of random|library 20
asap @ln#sl ut lc?nog]i‘%i‘#%%té‘?’rb&naé’de’d’tséfmg‘?sr?@sseé’@ﬁ%laiﬂfﬁlﬁgﬂdes can be
convenS3 ROy {1 ins with various
Venrrut Q?Po s&}, &?]ajkgg%glgi'{%gﬂr}fngg%g?lg@ar go receptor genes
cont ai ni ng car bohydrate recognition domai ns wherein
mut ati ons have been randonly introduced are
(2-2) Cenpigvetieon od ramsdory liteadom pri mers conpri sing the above

First, to obtain cargo receptor genes containing carbohydrate recognition

the

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 easily
determined by persons skilled in the art, as in the case of PCR reaction conditions

and the like.
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degenerate ol i gonucl eotides. 25 As a random priner, a
degenerate oligonul ceotide hybridizing to a region

around a carbohydrate recognition domain is used. A

met hod for designing a randompriner is known in the
art, and a degenerate oligonucleotide can be easily

determ ned by persons skilled in the art, as in the

case of PCR reaction conditions and the like. 11

BRTHBEL thidtcapabe mailized| inz 8k presehe ipvensent are shown

tion are .sho bel ow, but they are not limted
below, ﬁgfg’{ear arg Qtpuited thersiqQ'sy the latter half fragment

. Pr@xﬁe?% g’mgh?%%@?altte%'h%@“ %gg}n%g \9|n%}1§r?3%gr%nbl%h rd%(g%n@rxﬂ\mg a

recogniti ormal n of

carbol@%ﬁa%cﬂ%’ﬁxt%d%&ﬂ\wvm NNK NNK- GAG CGC GIG TTC
CCG TA-3', (SEQID NGO 7: in the sequence, N denotes

AVIPrag3: BF C G Ta 6 K On GAes NNEIX NNK WIRKaAAT ENIANNK NNK

GICTIA AGC ACT CAG TAG AAG O TTG-3' (SEQ 1D NO. 8)
NNK {oAGr G GT6 IR iGGGt ﬁé }'at(S&EQ HA IN®r dgnantheomeqmce, N

denotel b BB St A SRS (T the seauence, the
o P A G SO B RSASE s (smo

ID NOABAATCCTGCTATAGTAATTAT-3" (SEQ ID NGO 14: in the
sequence, K denotes 15 Gor T, and X denotes any one

Pu@fcrAto BmydifyotheQpttERERIE-fBigment on the 3' terminal side containing a
boh CGTACTTAAGT AGTCAAAAGAATTTTTTG 3' (SEQ ID NO
carbo ¥§53t£\ FEPBBHIO A0 B\ REFBRG- DT i(ireithe degmgm@d the underlined

r bove is known 20 in the art. For exanple,
site deg&%gnel%gﬂ 'Y SREETESTPYe synthesis nmethod such as a

pERmh,OBm o teGTRINOE, 6AP2 k@&"fﬁAM?ﬂ%l Ricks RXXKA

the use of the above-des gne rnmers

ATA ATGATGATPATA GIN AT EATGU(SES) ) Iaocarcganmewq%ngﬁ\k\ ®notes
a cDNA library or mRNA as a tenplate. Exanples of

G or T4l Kfdenpteoany eactafen Br@ o€) | i nited and incl ude
ERGIC-BR: 5'-CGTACTTAAGTGGTAGTCAAAAGAATTTTTTG-3" (SEQ

ID NO: 15)

A method for synthesizing primers designed as described above is known
in the art. For example, a general oligonucleotide synthesis method such as a
pbosphoamidite 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 methods.
Using the thus obtained mRNA as a template, single-stranded DNA can be

synthesized using random primers and reverse transcriptase. Double stranded

12
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25 pol ynmerase chain reaction (PCR) and a LAMP net hod
(Loop-nedi ated I sothermal Anplification). Extraction
of nMRNA and construction of a cDNA |ibrary can be
carried out according to conventional nethods. Using
the thus obtained nRNA as a tenplate, single-stranded

DNA can be synthesized using random primers and
e ansc tase Doubl e stranded 12 DNA is then

rs t
DNA d§ {hin Synibasieed i ame Faisgle-srdeddaEnn, In e tusecafthe PCR

meth(ﬂ{jt&al bl lg)(s:ﬁg ggéegﬁgﬁt bfli ﬁgtse{l{aia dengNA &nﬂy, the thus obtained
doubldoitirdleg AR Rd; %&%éd‘?ﬂ PH{ @bfl%prmtg c‘%‘nmg vector so as to

appropriate cloning vector so as const
construet ombineanin byt Ovecfoien, TH, f@ﬁ@”’@éd&%ﬁm‘dﬁ?t%ctﬁf‘ncan be
be 5 transfornmed into Escherichia coli or the
transfgﬁge@ nete £sclresichiamoiisonthe Hkb ea:ﬁcbtﬂlemmaﬂgformants are selected
tracycline resistance, anpicillin resistance, or the
using |"P%°Y g GSHRCS @nmplgd iniegtstanned omthe Biker 2e8n dagicseor, so
rtien containing a tar get cargo
that rﬁgtc?gjbpg?aré%ﬁéaﬂc%n Eg E? ned from the obtained clones.
FolexINA pok
be 10 gnpﬁgf;/ggma'}'ﬁle N ?ﬁg%ﬁ?%rgom%%tgp gge 'Ig}xri)e c1685d from
the obtinediclamtsus oy BNOOCIBRIN, Fol ¥xaRpal, Iaabheclbiﬁng%ethcﬁiscan be
a TA cloning kit (Invitrogen Corporation). Fof
employed| atdbg Mcwmngsm@ﬂt@ rad be tdreluabal eistiog eiemmﬂgnercmliy

nucl de s nces are_deterni ned using
. avallaélﬁ% PI\IA%I}:\W 8 ﬁbF [ieg énf’gﬁ?ﬂe@t esrporpfienkot i de

S ' t echni ques

MU SR %l%?l SREHBEY n1 PHRoth e AR s 6P NA
nucleotid etdequ et (iR QY e raahES %mnghi’th] iFighiTbi ?trb Qﬁ]ctgﬁétsqgﬂup lages.

usi nlg'jman ML3 phage. I n general, sequen Ing I's car

obuclesitidg mquautmmamd)esgtsﬂeﬂmﬁﬁ byled RpBWY Nhniques such as

nucl eot.i de sequences (e. DNA Sequencer LONG READER
Maxamy 236 ;S#Htﬁﬁtcé Clwur_:ﬁ @mil%lqmoy neohddh crddie i ddedoytivdeotide

v SGL met ho based on the nucl eoti de
chain tgggﬂlgdﬁ%e c‘ésr’ﬂ% aﬂ’g@gatfg‘}ag@en D geRehilg feanRNciRg ipparried

out usih Ci]ﬁﬁhﬂ)@ﬁ( tfe@r b fEb £ % subst ituti
og i nsertng oﬁé{t ofg{é\(}gréé lﬁﬁlé’l g‘% l’eihge P e (€5, DNA
Sequencec LONGIEADERIGN00 prodtbe by LNECOR! aNGt . gect ed
mut agenesi s nmethod, nutants havi ng- car bohydr at e
recogm tion domains with different sequences while

& ni ng ta&ZS functions of a cargo receptor can
@ilﬁ apeyedlescribed wethedsj rhastddon 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 -
carbohydrate recognition domains with different sequences while maintaining the
functions of a cargo re.ceptor 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, W0O85/00817 (PCT Pamphlet),

Nature 316 (1985) 601-605, Gene 34 (1985) 315-323, Nucleic Acids Res. 13
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nmut agenesi s whereby one to several nucleotides are

substituted, nmutants can be obtained and utilized

according to the technol ogy as described in, for

exanple, Proc. Natl. Acad. Sci. USA 81 (1984)

5662- 5666, W85/ 00817 (PCT Pamphlet), 21 Nature 316

(1985) 601-605, Gene 34 (1985) 315-323, Nucleic Acids

Res. 13 13 (1985) 4431-4442, Proc. Natl. Acad. Sci.
(19850343794 442 8Pn0c6 2001 .6488d. Bci. IEFLrMe (1982 ¢4®B4Y13, or Science

431-1433, Moreover, these nutants can be prepared
224 (il?ff"éué‘f? lr hé3 4 eMageoyer; shesermntants ca be padparedithrough the use

of u AP0 MK LARERE iy IR, PRI, orcnemre

. error-EQt?)e ip%h%@l%gn&mngaﬁeggffgﬁu”f%{?‘?%wfog‘% @"C%?(ri); gag\s/oe Jknown as a

mutants.” I'n this t one er
methoducbegiref@dng amubgnts Nt TAdHGES dmbihcwe! Aatdtieh CONdnkl MSseveral
wth a |ow degree of strictness (fidelity) for
nucleqtigsisi catab¢ dntroduded| by Rlecingardndiioms, with Fa 1BGRdegree of

-, Met hqds .and plications 2 (1992) 28-33; Ml boeuf, C
strictngss eé%‘ l{tyhifg?e%lﬂﬂllal&égons f(dmﬁ) Ri0€4-#nd Nvee, @& F. PCR

. C, D. heor iol .. 7, 5 (2000 0,
Methelly A AYPIPAATNC 2 Joot P EadThth o) St Bibtechmiques
30 (20813788 ARWRYIGe NEC L €| reespaneing .t a- _
( ca?bohydr’at e rg’cgg%i' %itngn gmrrgal(gnéb?pgl gg%,%r'lgl(ﬂ‘ 7; 205 (2000
483-5Gd)cl eotides are each of A, T, G or C and 7
nucl eotides are each of Gor T, so that at |east 414 Xx _
2In  thengase sof rapdenm omwfatcans)i hat cnmpdé, segosgcescleotides
i ntcp ich tgti ons have been 15 random y i ntroduced
correspnCiBE 48iHF U Popydiate FReREitpB dosaiamieY IR Hbnkf gualepkges are
[ res [ . a carbohydr.at e cognitio
cach o o S o CrBR B iR R 2 % Br Tr P ahbaream s ' < 2
(that i, 3w ROIEE) dsmblieNiséns & sB i : :
- T, G or C)ang1 7 nucl eot i d sél%%g 1@2@%?&1?%&@58@@(3 been
randomlyjaintrébreedase pobsdibhst Prifhermdte, fohakahtple3athohg 9 amino
., 1010) conbinations of sequences into which nutations
acids  GQUESpONdBEN tp add i hohydratalutesagnidion ndomeicagt BRGIC-53,
VI P36, , Mareover, . by the .intrpduction of mutatiagns
mutatigly &6t bEREGHSTaq, Bitoi hgmine aeitn_ dioTteedd Pesiconfies sre each
£ A, T, €S Wrtd ngdra {4BE akd g5 t g reate 14
oA " aP AT HUE AL bl 6, 60T B I (HGEERES st leag
x 27 (thacinr3. Box 108Y) comdisdtisis O sb§uGRRS At Yo cHShRGHIIE have
above-obtained randomlibraries of cargo receptor

-been rgademly ointeddviced, cay bihytlieacese esoWilRIGN 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 above-obtained

random libraries of cargo receptor genes containing carbohydrate recognition

‘domains having various mutations.

A random vector to be transfected into cells can be obtained by ligating -

DNA of the above random library into an. appropriate vector. A transfected cell.
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domai ns havi ng various nutations. A randomvector to
be transfected into cells can be obtained by |igating
DNA of the above random|library into an appropriate
vector. A transfected cell 14 can be -obtained by
i ntroduci ng the above random vector into a host so
that a target cargo receptor gene can be expressed.
As a vector, a vector known in the art as a vector for
can be ahbarl@%(i ibeyn intaeduséng ubechbomeargiidesn ofecturcinta o/ éokdro that a
tar e{/ gptasm d DNA, phage DNA, animal 5 virus
g «"éacrlggrrgc gr geP%FF"@){PFrWé‘é‘SSSﬂ vacci ni a viruses, insect

i ruses bac

Vi RUS, V&G Pr%v‘éct%r kn %Ul o}/h gﬁdailgarsetc oarr#qrftlr%l?sgpction can be

artificra r ONDSONE (

used. CELQAMPRIIEOL YAED - 2 TRcidHS t
t he ra?]dom libr aré} escfdr%t g{cgu%e?%r ld; DR yhn%?nﬁl\& animal
virus rmestchaoc thal retrooiruess lereﬂa/ctdi@laavﬁ)flﬂ{sbﬁ' %e%ﬂ%st hre@fbrs e.g.,
appropriate 10 restriction enzyme and inserting the
baculpyiauses: o bactesied r puificial enlyareomime (BAL)NUL - geavti ngtificial |

site o appropriate vector DNA so as to ligate the
Chm e&;ﬂ@) vector can be enployed. It is necessary to

. ,gene i.nto,.a vector so
tﬂif‘mﬁféﬁfcuﬁ%&*?%% R getﬁs Hang|OtoliBratiesto gerestor, for
exampls, adficth@ th&t MW PEOERAVANA 22 uﬁl?le‘aabgspj{ rv?ﬁﬁpén appropriate
gene, a cis-element such as an 8 ancer 8
1estrfcgnoglnahzyme padd/ Ansaddingi the $IMNAalntoaa SekBEdtidN eﬂ’thlﬁ@r sit@ or a

Jé)rﬁl somne- b| ndi ng sequence (SD sequence), or the like
multi-glonipg sitegaf @B apprepiatconttinaMNess as | toj figdestihecBNA to the

. vector q]% |g$18 e>é<larrpl es of a selection rra_rk_er i nclude a

reduct ase gene, an anpicillin

r ?tslsshéﬂ%g m(?d}ﬂoﬂﬁg@’% rlee%' ﬁﬁogggéqe?e g q(ﬁs%;?? so that

Ilgatea 10 Vet of

- the fulbisi ghge gan cebﬁbél%ﬁgrte&\lexﬁen@e D{‘Jﬁaéaﬁwﬁ%ta ﬁ%jm@ter and a
SO

vector fragnment are anneal ed and then |igated,
cargo T‘W&Pt(ﬁ geasdendiveteoent sudoastn wahetcer( 2-shlicing s1gnal a polyA
ansfection into cell 25 Hosts used for transfection

add”‘o&r S&Ast; %5%‘@FT’PE&PW<CF7| aitthasomesbinshipe asgqueﬂw 6§ sequence),

or theeﬂﬁéaré/aq;a'rl])%ngg eéjl g%égr%b%?ug&tggho |]gg$ :Jg?n crddition,
examp%ﬁ&@'oéne%en@@dmhﬂ?lﬁc'incqﬁhéS NG R €8N ase gene, an

ampicillin resistance gene, and neomycin resistance gene.
To ligate a DNA fragment to a vector fragment, a 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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is applied to production of proteins derived from an

animal such as a human, it is particularly preferable

to use aninmal cells. 15 Wen yeast is used as a host

cell, for exanple, Saccharonryces cerevisiae,

Schi zosaccharonryces ponbe, or the like is used. In

this case, a pronoter is not particularly limted, as

long as it can direct a gene expression in yeast. A
- methben yerstiiatusedagianp st cellc Gaberamp ley Setcokarionty@ ey easdvisiae,

.1s not particularly limted, 5 as long as it is a _
S“"”zﬁé%‘fg' 4 g%ﬂ’ﬁ’c FPPBEGCPhEPONKE istusedeadn thixeassl espremoter is not

prs B B, WBEL Y470 EPECROHRIL Bt vent.

oplast . e
methMOESr Aftrédli o a%b&mb&a‘r&%%&ﬁﬁ iﬁté‘g}g&st i$ Bt g%&%ﬁ limited
cells, siman Vero cells, I nese” hanster ovary gel I’y ?

as lof L@ it ek | s methodifer li.nt@@dhicﬁnﬁr]al\uﬁiﬁo N E30mbles of such a
' cell's, Mardin Darby canine kidney cells (MDCK cells),
methog ip¢ladp| e elgcsraposationsa apperpesr meSRal, pralnwtigthium acetate
meth V40 pronoter, LTR pronoter, CW pronoter, or the
ke is used. In addition, for exanple, a pronoter of
hugg . C | Owi - rl epe .nma d. ..
Exain€¥¥ggﬁgghg¥kég§?8$%wn¥J%ﬁﬂcyﬂﬂgﬁqﬁ%ggﬁﬁFH%nﬂn“an Vero
cells, W@ithese ihakRtaNoalty @l Catlid @ eGh0 on
met hod, a calci umtyphossp ate 1?1%?}%%8,66%%1%8’ Tt ﬁH?’ human
FL cellspMardin drarbp capitodtidiey teily QMIPCRIcElNE6F Ahe i1THOaRNused.
animal cell can be conveniently carried out using a
As a RIGMATED| SR PraTtealf VA & prometesh LAR pefhetet, 8BV promoter, or
a1r cti;on reagent (Q AGEN) or Lipofect AM NE reagent
the Like RUREHS AR addFRER Horc o Alhea panBoast o baman cytomegalovius

early P& n ' ot ecel ) i ed_as ,a host, Sf9,.
v B 5 O N PR o e S B dpfiRafo g h reombinant
vectormatdied dndmal 0&N AAHIGHB Gnde168GOPBI MR m¥BIIOTa %a%'%ﬁ@hosphate
i nsect cell include a cal cium phosphate net od, a
method; padf edinafactiamd dAnmettect fopotatduoing I vaosfdatedn aalhsl cell
pean be sel iect ed,}égi l'izing the properties of a marker
Call DO AVeRIEY SafIG it VeiBAt aofommpspillyo apeilable kit, such as

Btfectele O Watest 0l O (STRBEECIR chinotagaLRE; heeagen

ne 1S use

(Invitr64dd shdeddaigtio the Iﬁﬁllﬁggﬁqer-%\gge&lggglsor not a target .

cargo receptor gene Is Incorporat into cells can
CWfifeinr aedninct tdedl RORgERAQAho NS BORINEHA the like can be used.
hybri di zati on nethod, or the | ke.

Examplés 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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-cabefﬁ'rﬁ%P*eengv%w i) "PeGrathCcy

For exanple, DNA or nRNA is prepared fromtransfected

cells, prinmers specific to an introduced DNA are

desi gned, and then PCR is perforned. Subsequently, 16

anplification products are subjected to agarose ge

el ectrophoresis, polyacrylam de gel el ectrophoresis,

capillary el ectrophoresis, or the |ike stained using

et hi di um brom de, SYBR Green fluid, or the |ike, and
amplifhentiatet gobddctas are sisngjextdndio SQLgtlhﬁE tQEI eIectrophorems

i ntryoduced DNA can be confirned. Furthernore, PCRis 5
POIY%V#@F%&%@ ﬁ@trmhqmﬁ@ papxll&snasalycﬂranledreeuswor lhe like stained

d h |
+ using, HEEIE RandF SV el Guekt tuid mn thckiborwad abiredntisted as a

smgl@lﬁﬁhd E?Yfgzitvtﬁ§ ncfﬁH&u B‘NaAlc];lhcbaet ﬂ‘g’? dgnglg’%ryitﬁollrr?c}ﬁe ECRIS

to a so asé such as'amtcro

perfotined angihg f}ﬂrﬁﬂéﬂsoﬁkem&ﬁswtlﬁb@édf %Hﬁfﬂﬁ&&@&‘&tf BBQ?E like, so
enzg reaction, or the |like can be enpl oye

that @gaphifization prot:iectsabztreradzso b dbteatair bmhyl@kratcﬁe a method that
recogn|t|on domain of a cargo receptor as descri bed

invo ‘é%G%US‘EéIaII@IEfXW%Pf@%t% p@d'-umil éogal yoloppbess sucti &b aamicro

d h t t t f
toe T S RO PS50 nLE LA pyme

reachggl MP@E@TlE}]canAb gyggr separ atl ng transfected cells
based on the specitic’ carbohydrate noiety is not

particularly limted, as long as it is based on
techni ques for |dent|fy|ng a carbohydrate noiety

(3) Sepgratewi orrr) known in the art. 1In the present
|nv?nt| because of its conveni ence, cells are
rafer & Fgﬁtm ebpfrse ey dpte Wmvpmgioala@amﬁaw@rg@t eeceptor

t
s Ao M08 Bl PRE B ch R A popageia” pith &y modified
carboliydraes ﬁl%létyp?élfpécreﬁi ér k ncsarh n& aregced baFed on its

car bohydr at e- bi ndi ng specificities.

carbolyabratenmoi¢tyl (gt ofgan).cus bi spor us (ABA) l ectin, Jack
bean (Canaval ia ensiforms) (ConA) lectin, Datura
stk afstihedn f@sAyepaeating, trapsfaceeds ceils nhases (&CAYhe specific

Lot us. Itetra onoLﬁ (Lotus) lectin, Maackia
gsselemufsedvuawgdpng psacnt. i based on

tech é B P seol us

54 20 OIS s AN A T RS e o
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 ensiformisy (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-E,), Phaseolus vulgaris lectin having homotetramer L-subunits
(PHA-L4), Caster bean (RCA120) lectin, and wheat germ (WGA) lectin.

Detailed studies . have been conducted concerning plant lectins. For
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(PHA-L4), Caster bean (RCA120) lectin, and wheat germ
(WZA) lectin. Detail ed studies have been conduct ed
concerning plant lectins. For 17 exanple, as shown in
the following Table 1, the sugar specificities have
been precisely analyzed. Table 1 Lectin Sugar
(carbohydrate) specificity Carbohydrate type ABA
D-Gl Olinkage ConA a-D-Man, a-D-dc NIinkage DSA
exampde,Dag sbivhm, it Olhe 46lioNAaY "TANA B-ReGhgaarasfecMifities have been
N-1inkage  Lotus a-L-Fuc MAM SAa2-3Gal N ‘or O i nkage
precipplX analygeda) NAc N-1inkage PHA-L4 D-Gal NAc N-1inkage
RCA120 OD- Gl N or Olinkage WGA D-d cNAc
(bisecting) N or Olinkage 5 As a plant lectin, for
exanpl e, as a biotinyl atefi lectin, Biotin-Lectin set |
—and-| 1 (HONEN Corporation 3(ij L MLLS Inc.)) are
Lty ci Suger fseabbhpdrete) Regifiding st udiadobpdikerfpe
|A&BAI ns and ol i gosBcGhari des or car bohydr ahegnkFe t he
demgpage of HENBMGERr papagion, with refer elggl?nﬁa%e
g%\ocol S ;ﬁr Ji%ﬁcar boh\édrate anal ysi s an
I i n-r ePaPelloNh6r (RI-PEHCNACAnt | ectins. ot her than
Hfo8e |isted pnDTEH, e-D-Mamgar speci fi ci t ilditkagreof
Letisni ques for puwsiLyiiuyg gl ycoproteins are published
Meee http://ww $agen:zgel j p/ finechen J&P(i)h/imfgei
PHAIE, com finechegrghynAke type of a nmoditied. ..o
pPERY-hghydrate noi gf ¥.¢dR pe determ ned uti laib I_]E(%g 15
REWIA, Speci ficitigs o(é the above pl ant k}ﬁ i JS2ER
% od for dﬁtﬁfﬁjé ?ell | s having carb ;R:Tr%tlélkage
ABT-et-i-es—bound 1%V 4y ,leiqu:t‘mg;,] ant | ectin®-io:O-lidtage
particularly Ilimted, as long as it is a techni que

known in the art. For exanple, such cells
As a plant lectin, for example, as a biotinylated lectin, Biotin-Lectin set I

and IT (HONEN Corporation (J-OIL MILLS, Inc.)) are commercially available.

L

Regarding studies on plant lectins and oligosaccharides or carbohydrates,
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 iswnot particularly
limited, as long as it is a technique known in the art. For example, such cells
can be detected by a techniqﬁe for detecting a labeled-plant lectin, or the like..

Preferably, to separate cells havihg- 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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, . i |
carbor iR 5B 31 BRGPINE, e o fiodet

can be detected by a technique for detecting a
| abel ed-plant lectin, or the like. Preferably, to
separate cells having carbohydrate noieties bound to
20 | abel ed plant lectins, a technique (Magnetic Cel
Sorting; MACS nethod) that involves performng
secondary | abeling using magneti c beads and separating
_cells 18 utilizing nagnetism or a technique that
utiliziny olagretisar, tamg tecnigudyha ligwo Rt UFRLiLY ceN3%ROI% ERBmetry
I nformation of |abeling can be enpl oyed (Fl uorescent
basedcgp|thgopfomeatioraéiabaittmdin bevemplioyed @t aeeteny el Sorting:
FAC ti I{hzgﬂ, cg} | s can be sorted by analyzing |abels of
ngetioddal  Veiens flaw evamedl 11§~ Helized, sisdsi the be sorted by
- 5..npj.eties, can he precisely separated one
analy g e} Wi TRLEN (RTonas oy RS lituber Rlbvue Careobyarate
moieG&NVRRI ayat 1 ' shert i
PO T e, FRRAER] SEamee] M d Sfhg Rhuld dbgof MACS,
procednodsethieatofearet anveaidn®nd Want e pbifsemed FHT DRIPPInG, resulting
i regardi ng the above techni ques Por separating cells, 1
in legsygamgge toechHp gl ey bigk cohdectesihl oomeaninsemer & the like.
Fﬁrthtri nmes, or 2 .or re types of 10 techni ques may be
gahgindFLarlinge thie Above| (pohpiansst & sRRerabingseelds.all type of
' tyri of the abagve-separated cells,
te(;hnitélglg}egmﬁ/a\ﬁé ngggggéﬁeﬁ i égcqecaﬂI bgﬁwpgttémﬁfyi &f i 5O dR0tse types of
techniqBe ey’ Bé edmbensd i ' | ek
domainand oo egﬁggérsﬁgh?‘é}gﬂed‘%téﬁ&ig Qfb R imes.
dé¥cr st lmibnge, oft ahe ebBb v Bef@bwe noellst eE&Lk qm%ws ecific
and nodified carbohydrate noieties can be el ucida edp
Carbo}BSﬂ%Ffe?n@@h?t_\}ﬁﬁ ¢a1 belgenerptratedi(éromshddt o car bohydrate
recogni ti on domai ns of cargo receptors and then
exam ni ng the carbohydrate structures (glycoforns) of
3 Codfltén ' teins. ef gr en_specific
PO N e R AOR Y Bl og B S g PP R 20

madi flesdilsar ObYEr 3bAeIMIA et REALIRAY Aofhdifl adusedified
site-specifically into a carbohydrate recognition

carbohydpatienmofetiesceayberadueidatn. bpsandehlp ihgohntigyenutations into
b kaovvn techni que such as a Kunkel nethod or a Gapped
carbohydFitexrsreRddon fomaing ephicesearaehertocartide therplesymdning the

intr dulced ~using, for
VEPPTREFIPFzi ng t he
SThé&redb fe ClvREn 28 dBti AAANEHi S "R PAGi £ Fr - 3 i
 (TAKARA BI O | Ncaj) and Mir ﬁ%”ﬁ?%%h%ﬁf’%?dﬂ : ‘5’.Ka specific
modified carbohydrate moiety, mutations are introduced site-specifically into a
carbohydrate recognition domain 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

19




10

- 15

20

25

As descri bed above, specific nmutations are introduced
into a carbohydrate recognition domain of a cargo
receptor, or nmutations are randomy introduced into a
car bohydrate recognition donain of a cargo receptor,
and then cells expressing 19 proteins having the
desired type of carbohydrate noiety are sel ected.
Thus, causing proteins having desired nodified
protegyr banipdr the desireti Bpet of hmriexdprdrasehoiory the e®ddteéd. Thus,
.becones f ssi bl e, and thus the nodified carbohydrate
CausIpgnapfede ((i)léf’m%'ré8$1f¢cb6’1Qﬂ1flgés%bh]a}‘drdéf) neetibeto be expressed

o) niently obtajned in. large quantities. 5 4. o
on i XMEL b BOEIE e wuli e Shofiied sediomistiengoieties (or
di ;i I L, et Clyl above, . when
o Y 2 oo R R G
carbohydrate noiety is determ ned, cells expressing
gl ycoproteins 10 having the specific nodified

4. Preparathpdpeét eelhoixpiryssiam decpprpeinedavilg ensdifiedelcyrbohydrate
such cells can al so be obtained by selecting cells

'mOiet%xpr essing gl ycoproteins having the specific nodified

c . iety.fromanpong cells wherein tations
st AIBLE AHBKEY kb RS v B b g hdamann and 2
diffe)C hd j f.a ec or e .
O any R e el i SR el *FCHBls” cxpl sy gl gooproteins
havingrtheespecific modifisadiarbellydratdaityetialag 5 pHYaFEE" Alternatively,

- i ndi cates that the sequence and/or the structure of
such cgllsivan adse betmpbdaied byoseleyting fckHs expraswinghglycopratrins having
th ua&] tere .CSL%O receptor. A Furthernore, in the present
© SPPETIh asiticd pearbehydraty maiptvofeam aneng sells avkersin muations
[ t. lety" 1ndjcates a.substance
have bB8H rBld AmBRHRPOLIA SR G omdtils R Bich dmalt R careo

sugars

 recept@ € 1GOMA) BRIskit BRI O tﬁ@(‘tBrrgt NEEdiffed Eéfr?){)ﬁg@faéé g%%iﬁt " or

; _Which a specific nodified carbohydrate noiet
modified cedprigdsaid strudihe:"dbduertey gpanke se@hdndeYand/or the structure
conventional genetic engineering techniques so that
of such 7 carhabyryateaaneistyi difiere dromethaowican oneheradr camonreceptor.
anpl.es. of such .proteins include, but are not |inited
Furthey 8! A BE PBYeEH BV ERLIRM b TEHA, RRSARPIAR" F GHTREEH With or
having SYC L 85. 18F by b el NS, %),gr | ocytic 25
gco_l orzily-ost%i}r wfi?@ﬁgﬁ ac cgil(rlg}ﬂ g &Sﬁ??sl{f‘m%rfoerﬂﬁ?sneéj, of fugars

(carbolgrirkfeedliaas .preegas difGre EB@aleinHP/hﬁﬁlr@l ety hgen

reported that nodification of fhe carbohydrate noiety
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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| eads to the prolonged half-life of the glycoprotein
in blood. Regarding an antibody, it has al so been
reported that nodification of the carbohydrate noiety
| eads to enhanced activity of the protein. Hence,
ol i gosacchari de (carbohydrate) 20 processing may be
able to confer effects equivalent to or better than
the properties (effects) of proteins or other
Proceﬁﬁ’é’rﬁnﬁ%@ﬂtb%aﬁm? tsefarfeprefpertt | @uiv{lenif et Sy better than the
‘ﬁh {ﬁ% %breover proteins to which a specific
prop Sffﬁ Ct%ar({fowaff’dﬁ% Poi @hgr (Rhargeseniéerlly dejefil properties
ed tQ protei.ns forwg har maceut.i ca

(effe(QQ}m{% of?log%a]rs'rpl e,V ProvéEnP S ect%ed t fdiFBECIE tedified
calbothdintHOmo #eﬁffgd%faca?z{rg)@gygr Ebﬁn T, Ite(ir{% proteins for

pr ot ei ns, cel I” recept recep
pharnuiventkahese.ecEpt @xampdedphiteing! ﬁ%edte@% étludml BRUNESIH vivo
i nvolved in |ntercellular recogni ti on, adhesion
eff“tﬁopéc‘iﬂrb%h}sdf@tﬁ B0 O/ ()neth&alprcehms amheenoneceptors NK cell
rece {(r)o #‘J cadherin, int el%rl n, LFA-1 é nphocyt e
P¥%Frcf Figeatecqrtarsi gen-MHC rdessdamn %I mpéfrcwétﬂ m‘aﬂved in

1nterc@ﬁFﬁ§'rQE‘o gg‘rﬁ’lrja ﬁé@iﬂ{xlﬁﬂgau ¥%§&4%]%éf z\gﬁ%m ?neura cel'l adhesion
molec@Xd)l CRIdhSHharinf@rin C?}Fﬁ?ﬁgypr ese en fun@t'?? cfglat%?eﬁltigen 1),

are al so enconpassed in i nvention
ICAMei( pfxela!s‘ceihdam aditbspo ot MbRecufe-t e aa@ow@m@w egct@ﬁlnl » Notch,
g e, as described in sections (2-3) and (2-4)
Delta <ﬂ‘11d errﬁaet iavalvyeshinofieveppoleptirat eeflsuiagnhairores slsh as mucin,
cargo recep gene. encodi ng the protein
and coqg%&ﬂsf‘é? ey ‘Frﬁ:todn%asrséé6%‘1%8Fﬁse’i}feb’t"@iltloand then the
16! BpreSs b A PRI (L EAISLECLE] Lt Oor CSlabipte, as

thi's time, to e press
descriwairhr ag@idirUi2d3 PERY %m) cbiﬂ“z Qﬁ‘f’é&h@)ﬂ Jfoca"i‘bg ate recognition
encoding the protein, a fusion gene is consttuct ed ©8
domal%n@ﬁd@rao seepttrdr ya %e@BalenS@ﬂugnﬂﬁ fRbtdinans 1akdrt&D into a
groteln tg the cell surface and a 20 sequence of a
recomtplngpl YEROTaABd ddgai theoredter lis transferoeed dutal br ddansfected into
anch [ seguence on t he sane gene

t.el a, GPl u i
cells. T%(P t?lué;tgxﬁegé%eeﬁpgef%é eB{quégs%sd aj feapnage-bound protein, in
additiohUot & HPre% i £ cr et

Pt DD ot BRATS AL P RaTSE A Tp encode o

secretotjnwgmcmnbha“oprt@ﬁzﬁip@xﬂﬂgi the SR6EH ooy 11 QBRI syrface and a
sequence on the same gene is constructed, and fh

sequenge, @ffmﬁ”anﬁngmbeam@ d@nmesﬁe@bllsnsméideslocﬁﬁzéd gaotehrya GPI
sequgnce (also referred to as a secretory

anchor s“feaH% Pt d es‘ée}eessw sIQﬁafpSlﬁ@pﬁ@e)S thengexpreasddyin cells.

e r in
_Furtherﬁ%@dté gxb&%s e S pro eulilsasoa s crg%eed pl’%téi?l ta)lefusmn gene encoding

the gene sequence that encodes the protein and a secretory signal sequence onthe
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 lto

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

via the cell membrane. In the present invention, any secretory signal sequences
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secreted outside the cell. In general, the sequence is
renmoved when proteins to be secreted outside the cel
is secreted fromthe inside to the outside of the cel
via the cell nenbrane. In the present invention, any
secretory signal sequences 21 that can transfer and
express a desired protein outside the cell can be
used. Cell surface-localized proteins are those that
that eanetransfer and expeessal desinedf protein|caysids thé chidstande bsed.

an hat .exi st ﬁn q(ihe cell surface., The cell surface
me&itd SHifacestocatized REpiginLAre Hoseihe MestixedoBrtiqeell surface

. I nd .cel l, menbra of 5 host .cel |
layer B2 Sst G948 WharBln G CRRIEARBEYe. B CollFoesEE means any
of thOM S fahelRReGRb: m@ﬁ'ﬂpﬁtﬁnf‘eh%.?rbgllrﬁgﬂoe{?ﬂ] Pél?trﬁémqgﬁ%e) of 2
via linkers or anchors from out er nos ayer o
host cel,| the Getetfagerfera@eh abal ditedn Hitola9eNendr @eNOtside of the cell

particularly Iimted, as long as they enable fixation

membypngesnd exgipropedtmediog tihdindkers osanélaoe frameths.out@rmost layer
g the cell

£ lX\V\enga desired Oprﬁ),t ein is expressed usin 3¢
of cellspr &L iy fetfslocghped prstednharawneh partagilatly damited, as long as
they GABRORNIIBh S rIRELY BIEEbRThe SLNSRLRLT  asc0r 4 0

resent 1 nve on,
nmoiety is added to the protein. Hence, according to
the present invention, a specific carbohydrate noiety
caWhbe bodesirtd praiesi riedeppbedd.uslde StheGoeiopx@t&sily the
with a nodified carbohydrate noiety In the present
slycoproyeing; oritht #r oughifiete” gabobyduee | mqieapafditfeasnt glycoform)
escribed in the ahove sectiops, "2. Alteration of
accorR oy BE bR GR O T o HeiBid R AN TH EeBO T is agded to
ofein Pr ti f I I i .ycoprotein havin
the profein” SRS, «Rlolinga hEREERY MVMKE R BPI, R arate
moiety cap bl Rthdcry PabyidsBproteni.ety (with different
gl ycoform) can be produced. In the present invention,
a glycoprotein with a nodified carbohydrate noiety

5 Gl can be obtajned by culturing the above-prepared cells
- GlygaRroteps sktth Rgmeiiedypabohyndrate maipy cul ture. The term

"euliure” ans_an cul.tured cells or 25 disrupted i
bl IR ahrilen His" o<k pULT befiuary i drsciived in
h i @ctimngondu : r .gen
b SO0 ORI BB FELIBHGETBEALY o e
receptall| bur'lhgPaefararich osMaell eRpAispied @Sfdipratein having modified

i cr oor gani sm

“carbohydrate moiety," a glycoprotein with a modified carbohydrate moiety (with

different glycoform) can be produced.

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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such as yeast as a host, either a natural or a
synthetic nmedium nmay be used, as long as it contains
carbon sources, nitrogen sources, inorganic salts, and
the like, 22 assimlable by mcroorganisns, and
enabl es efficient culture of transformants. Here,
carbon sources, nitrogen sources, inorganic
substances, and the like to be added to nedia are
assimigkedbhe bn mheomghmsﬁm tand egable s gefified @dtl yule@der bedradformants.
under aerobic conditions such as shake 5 culture or
Here, earbonotpuiaes. dgrrtog@ncmumﬁ unerganiappb sancmt @nyg 28dike to be

FOXI mat 18 hours to 10 days. During
addeép e%l%ar n?‘gﬁdﬂltg %’é‘utral ~pH is mai nt ai ned, such

aSCBHu?m efal Jc & oH ﬁ &119 }Sépﬁ?{tilé)%rs uch as shake

aci d, ne s |on
cultulfeulot*uﬁérraﬁonaﬁﬁdl bi idt d a8 ©
tetracycli ne may %e ggldguﬁpgésn%dHgﬁlgxlglhh%égszsgarc to 60 C for
approyyeatedy ni|8choursga;nuﬁmlayrsansmmrmgobmarrngam eXPEHEFShétIral pH is
. vector ﬁVIng an inducible pronoter used therein as a
mamt%‘l"é’ﬁat%’r" i 85 P t7u‘i1 edpHafs iadiisted umryg Beorgmiedrt arganic acid,

f e Far e n m cr oor gani sm
alkaliffE Sk i JOEY PBE&BE&%@%H’&/M&’O%‘&W 454 8 gggicillin or

eSS AN B A 0 e 1140

béVadaed nti Ermgalﬁsmv‘ﬁﬁﬂs fbPmad My thOA! 2P} Moh! %BP 'h%f-h g an
with an expression vector having a trp pronoter used
lﬂdumbff@ﬂ?épmqt%r vatd dhewin iandol pacettec iacudiuféd\n dhdbbe may be

dded g?ége added to_ nedia. As nedia for culturing

adade ttPa‘ﬁ‘§ tIE CERISREY o bF &l R¥EMBLY. nyhemianmlicroersanism trimgormed
with e o YRTEL el oL W SIRLLE, REMASEG TR0 B
isoprop9l- E%ﬂﬁé?&la@t@éicﬁegf?t?&(&%Sl)lk@rmnéﬁﬁé %ﬂﬁed fo media.  When

commer ci al avai | erumfree

a microgkgamismg tnassfcgemdr alithy ag adxpreskiont vddiot mﬁvﬂﬁﬁ etrr‘ﬁ epRfmoter

% CO2 at 37C for approximately 18 hours to 10 days.
used thegeingscenltanedngndelsasdtiocut (E4ah as tkanimey giay be added to
penicillin my be added to nmedia, if necessary. 25
"After culturing, a target glycoprotein with a nodified
cakb. |ff [ en | ycof. or C
By o B cORLREE il b7 BBtaiRed gt il cefls

host ceplsotfer examphengémeaRy RufiBybs PV IRIRREHOUBDYEM media, or
Froteln since such proteihs is
HAM F10 medla supplemented with 5% to 20% fetal bovine serum (FBS) or

media.

various commercially available serum-free media can be used. Culturing  is
generally carried out in the presence of 5% CO, at 37°C for appfoximately 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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produced on the cell surface, the proteins are
extracted by disrupting and/or solubilizing the
cells. Furthernore, when the protein is a secreted
protein, the 23 proteins are collected fromthe
cul ture supernatant. Subsequently, the target
proteins can be isolated and purified fromthe above
culture using one of or an appropriate conbination of
protegeneralcoblieotsie ficoml theet hivols sbhpérnatant eMeubyeslidn@ly, the target
rotein isolation andtpurification, such as ammoni um
protei)§) ¢4t ¢ gsalated eadipmifiehifran dhe orbmvegridpitg, using one of or an
chr omat ogr aph

=opro P PR 1 K FEk! BreHCH gk i g S loyed for
| - ' L. el h 1S,
proteRORA B pRREONOFU) AR ERnEiu ) SHLHPC R Pldtiap. ool

e
chroneato@ehiphiyethrcatdhahyeicat et Fhi& Qg '
asﬁ%ﬁeﬂgc?,i bod st o |@I§%%’\%ém&§ %ﬁgﬁfﬁlgﬁ ‘2’3"%2?‘2%‘%@5?
skWhedkri ort het ar tiargét ipsomisoipastaibled tanPbedy6sfidmed by
l.ycoprotein with a nodified carbohydrate noiety by
SDS"?ﬂibﬂ??rﬁlW@l%%ﬂcﬂi‘;@rw@rﬁ@iselryhﬁdﬂ@el | -free system A
kit for producing proteins utilizing cell-free system
(e.g., anin vitro translation systen) is
CONBBIGL akdy i l:apl e. ent ..invent | an_ he
achi e\Q/)gI(SJI LEASr L???‘@'lllézl?} ggsﬁlgﬁ%g%ﬁ%& n‘g’rtbefll V,OCﬁﬁP%u@?{%Phgdram
moietyluitilizing icells Gire &8 ddicMbbd An ddtaMSBIVBI | AV i RASLATHOPersons
..., Systemsuch as TnT(r) Coupled Reticul ocyte Lysate
skilledsym tthereart,r Hbisi also qtassiblodytEpdote BnglychpEaenl edthaeaiodified
b }%rm Extract Systens (wheat aern) mar ket ed by Pronega
CcarbolyGr a6 MOLS, bY droditving earbghydraje mewéptiorcelhastengysaem. A
and  a desired

. hvdr at.e. iti d [ . .
it fortthRng BEBGIMC L AIBLLCEORTESS RRHtCRNEE Rodih foaniro translation

oteln

systenQaid ARsmet allPi S¥¥idvie boupgh tr;ﬁﬁé%lﬁ fARRERS <Rk o%gi Yehieved

 For details of "the in vitro tra ati1on systens
utilizig omegla @orkdor at iBriefly,pl thesesis eehd hatilloseergert her esf virro
(http://ww. promega. con gui des/ive_gui de/default. htm.
transcrpptiop/éianis s ratsoveem t feclprass SmT®nenpiah Retindbcyte Lysate
25 of a glycoprotein with a

|limted to.the production
SYStel%g%B#D;gétdr téqlﬂgﬁ%gaqre Tadi® ¢ Gonpled f f@ermExtract Systems

et P ' f ' id
(et U o ¢ O AP Rt i gras receptor

v SN SyAREIAD RSB, Orfy ESCUBE i
expressed, so that the modified carbohydrate moiety is bound to the desired
protéin. For details of the in vitro translation systems of Promega Corporation,
please see the homepage thereof
(htfp://www.promegé.com/guides/ive_guide/default.htm).

As described abové, 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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24 nodi fied ol igosaccharide can be obtained. C eavage
of such an oligosaccharide can be carried out by
techni ques known in the art, such as a hydrazi nol ysis
nmet hod or degradation by enzynmes. Regarding the
hydrazi nol ysis nmethod, a Hydraclub hydrazinol ysis
- reagent C (HONEN Corporation) is marketed, by which 5
.oli gosacchari des can be cleaved according to the
modifipd todigoshertmridegar te nptaidedr aditd oy ebyf ety BB Dligo@hccharide
exanple, N-g|ycopeptidase or 0-glycanase is allowed
can b, camied Nt t By deghrigret dinesyn 4o theasart; leich as a hydrazinolysis
i gosacchar.i de, can be cl eaved. ,According tq the.
meth%*r é’geﬁegricageéﬂl‘i%lﬁ,e%ya’e%i r etFeREB8h{kR é]tygr%n@kywsoﬁnethod, a
Hvdr&li | nveni ent.ly and i,n .
y %é‘#%g?g%?‘?{)’?gss&%@igp&l t:}gﬁoﬁgz\?gt%ggorgﬁlgn is matkoted. by which
oligoscblyasdachuin des déseicauiesbsRink NdTeik fih&kdSidMC! UReBlrding
bi ol ogi cal and chem cal fields; however, the
degraggtiiuchy osnzeesoffohaskangtaj r¥aglyovpptid4ve @Bd{)—glycanase is
1 g(ﬁonom' c cost. The present invention is very useful in
allowed, 1 {Fact ety siyrepretsiin, sedhatidis dJigdsshyhpridesabe cleaved.
ol 4 harides. 15 7.. Carbohydrate |jbrary (Sugar |
KRt 0 b ApresRatinyention 28 desived carboldgpe moiety or
oligoshtdadide | Beh Udieng c aiped randor y "
BOS R oddtf:ci Eﬁﬁ rr%lteat?lzjﬁigufgﬂt 3%395‘21‘?!8@% e%lg t & &85, Quantities.
Carbohypdrgees Fhidceoligmcbﬁ@idésalﬁée?édlﬁfbcpfinc%hﬁ%uﬁieﬂﬁ GR€luding
X random library of the cargo receptor, a Ilibrary of
biological| andgheaviskhdie)ily,c bpmevei, nthewiprodaitidertaateof has required
much g.lé@/cof arrrs (modi fied 20 carbohydrate noieties) on the
WS a8 peRMICafcHe ddiSsPrasepkednventiends tiesy, usefig in every

field thdt g sed_of di fied aligosaccharides
e T %%%Sg?%%lgi%ﬁ‘gb%vr@%ﬁaﬁewPﬁ&ﬁ%"%@@&ﬁ-ornrs pr epar ed
according to the present invention. Since it is

t hought that the structures of carbohydrate noieties
7. Carlgyhydohtiedolsmey I{Sozaleshadn diramgl ved in vivo functions,
the carbohydrate |ibrary is useful 25 for
caf BORYdY Ht 2D rhave, aRanderaliptary mchatibghseduatees obtained
ety or .ol.igosaccharide having inportant functions
by randSmfy Yneadyeing mptrtiqsotate e CREPLEARFREQT & Yoy lrge. Hence, -

by theWrhedTelfiGh s QY ale I eligs or
'y ol i gosaclzch;dr*iege_s.g L%gﬁ%gﬁéegrt%%g@r (ng’ﬁ?rfyop ti.e cargo receptor, a
library caf loehly deap @ s5Mioe &1y @) rélelBOSABE rtﬁTfe@&;th%Yj:g&ﬁ‘oﬂn% (modified

3Zg_ecn‘lc structure or a specific functiom fromthe
carbohyerabomedetie® on bharcyll fwwface2%an be constructed. 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 functions, 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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exanpl e, a technique for selecting (screening for) a
carbohydrate noiety or oligosaccharide based on its
binding to a plant lectin, an antibody, and a receptor
or a technique for selecting in vivo radio-1|abel ed
cells based on their accunulation in organs
(targeting) can be enployed. 5 Furthernore, the
carbohydrate |ibrary enables the use of cells
examplen & 48y que afoir o seleefiipe ojseeresings , foo)y aolcagudpdohiar ndely or
. r. glycoproteins, i bilized on chips. Such chips are
oligoeeBiae Bpsedcp itsi t?;“éﬁyl&qu aPippiglectiny aamnkipodys ynda receptor
c i l.i gosacchari.de hawing a .
or a CREMANEY 3P cPReEhE % JEPPRETIRRUET o1t Bafed on their

accum@Oadié @$h or@dds 608y b&ese @mfbysppr ot ei ns having
specific cg;dr b%%r@at gj 10 s?r uthgu%les or cells can be
prenthengioye,stieecirbdhydrace libeargaskhydtiad @sé idBrodil¥, expressing
. imobilized respectively on various fluorescence beads
varioug |l onet e per aligesacchardehppgly caproteheninusetiliS3dctn chips.
[ are useful for

Such &Il.uor escen g.eads. or .chip f
extendi vgf‘%ﬁ_b PRSI S ¥r Petﬁpﬁggf@gge%%tfaﬂpgscarbohydrate
moiety 8r gylit%/ogﬁ@é}ﬁl'rw hing & lsﬁ‘?cﬁflﬁﬁsg%gé}éléegﬁ{ %Pﬁ%‘gﬁ%? é‘w"lctf‘% In

car bo rate structures.
contraster rolidosaseiLIHsNJor _ieP fhvisgl egld bohydrat

candi dat es such as sggsg{bz)r??%s havi n‘é %spg%éic?igg carbohydrate
structuges bwhydHat eanstbeupteniesslyr sdebrdaticss eechiftiohgltate library,
. biéllEte acting with specific carbohydrate structures, .
Immobiiized FEFRETINEIN 98 ¥ameyn dlusuescsnon heedeud uminex Corporation)

.car ydrate structures.in a carbohydrate |ibrary so
or chif8" B HS Tisi i Liffiatbiar 65oegEbot eST ghipghate useful for
extensiv@ly O i i € ces, nteracting

W t}L ggfal%ﬂg\gﬁ’(g%eregggd ng& I ;‘?tg%ﬁg?‘% nie'%'avﬁ)ﬁggeéfb ci ¥i ccells
recognstingicipecific carbdhgardiohydicairRs! i bh anY presNRGhLESFA Yihe term
3 the screening nethod of the present invention
screerdpgpringans 4 gtep exanpleefing hearfditidtewi suphstaspsulftanded) having

cel|l expressing . a glycoprotein wwth a

: .. bringing.a
SPeCIfl?mafillgﬁOgng%Pbéf{yaggg% OhpfUlisiAnses o sperdficpdy  interacting with

inold [ glyecoprotein with.a nodifie 25
speci Icar%gﬁgg(?%t%e %gﬁltgl:l{/e n'fl%d: pfgqull%ag?s V\'ﬁwteh.sg?itngstout 09 numerous
carbohydiasd 8ftGEiuradch ﬁ@ar@é@ﬁrﬁt@ﬂbfﬁgesroa% t@Bafow BEwn candidate

gl ycoprotein or the carbohydrate noiety
substanCed,i gostEc sapiviied domtnhof bendidate susiRRSntéracGheRvith cells

(a), the nmethod for contacting is not particularly
expressiigyi glggopipseins ehariprespesifiel strextpresssm ng @rbohydrate library.

.~ gl.ycoprotein with a ified carbohydrate noiety or
Spemfu%é}/y, Phé screening metggg 01L _t(i!xe present 1nvention co¥1p1'ises, for
example, the following steps of:

(2) 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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a nodified oligosaccharide or a glycoprotein with a
nodi fi ed carbohydrate noiety can be brought into
contact with a test substance by m xing them
Furthernmore, in the step (b), the nethod for
exam ning interaction is not particularly Iimted,
either. Interaction can be exam ned utilizing various
met hods known by persons 5 skilled in the art. The
a mogifndeo ligrseesharid avet hqdy omprodis avitinal kit dst#Bobf drate moiety
rom ng cells expressing a glycoprotein with a
can b PPBEfdlearO&arﬁﬁdr%tth aisisksybymaeoby anistieg thém. Furthermore,
: eRniyn ar | expressing a desired glycoprotein .
in the steg" () g%%%er‘g?‘iefl%ieé@ B2 PREACHPR 1S AqtapdrticpiTly limited,
eithereX el S . rotein,W,ith a
oot o 8 e L PESREAT R il SRR Gul i’ o wn by persons
skilleddnhbéyerate |ibrary can be grown according to a
general cell growth nethod, so as to be able to
i nEheabeve I“S@r%ﬂnmgltmefhotdhmayrmﬁbfilﬁdhdharab@d&pdbﬁtgeowing cells
noi ety.. Furthernore, since a glycoprotein wth a
eXPrefsing SheycaPErtRt Biith psmedifiek satbobydrwk | moiaty tand/or a step of

ipvention, a ecifi,c carhohydrate noiety or,
SCf%HS{l?Zf%*;éeg PSS 3B S S RRTOLR 1 4 Fazrf%ﬁaydrate moiety on
the cdlESINFhELIESEL I . tr Pr.ot e| ns. -

r ec%glri}(?ézji anorsg)é%Fp gbéqieéfrsb%rg%(% gea nﬁ%@é:toip (re(gtegll} e 16]? taeﬁl':’d]fled
carboliynireleviadidty inslatde0Us adé£588RPSratd N6} G ¥ EAdwn according to
i nfections, bacterial infections, and the |rke. Thus
a gengral jcgllgarqwiddnteshedr eerasf oy banebldi acoverastiathe amount of the

Moreover, it is _known that infection is

modifRrotel n@w it _ _
&4t LATRUNGEAtSy RPiEthi noF wghemasgecsinfe a glycoprotein with a
b gasaceharid viruses oy, bacterja havin o
carb o AT boRoR et P iEan lpecBaset foVilliap specifi
carbohlydene bty CINSBEsRIhEABE! danCa1Sa" ; gL i
with anti b%di es orS cgl I's réigu? g?e‘%ot elﬁﬁéftﬁ%ﬁé tg?hmques
such ag flolw aptoinixdi.es or cells. It has been desired to
eéam' ne such reqgul at o_%y mechani sns. Hence, it is
eXx{ReINE f eEngi Izt speciicvenrbphygdrate orojeties hamiostem imfvolved in
. rpteins recogni zi ng, specific carbohydrate noieties or
Va”‘.’“géﬁgo%“%%e%}ﬁ‘i‘ n@a?’ﬂ%hy'g‘?%f'tté”ﬁoit@FF“ééaIV\Hflec‘b@“S: and the like.
Thus iflli§CPMEIQd ' ta it inyention, and ...
s 1015 CAURTRLIAQEREA 10 (Bt DRCREERSILR JYERLT ORgofer, 1 i
known dhateiatesiar is eitagneisdd 65 thé blindI8E YT pel B oligﬁgﬁé‘&ﬁérides on
] enabling efficient design of drugs with no I de
virusesepf ducterin dhahinghepetdice|cach ayrostes mefietdé s @aseslls. 271t is also

Bﬁl EF DESCRI PTI ON_OF DRAW NGS
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 moié_ties or
of specific carbohydrate moieties will be discovered according to the present
invention, and that then target molecules (éugaré) 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.
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Fig. 1 shows cargo receptors (ERGA C 53 and VI P36)

i nvol ved in carbohydrate processing of glycoproteins

and the quality control of carbohydrates (sugars) and

the outline of secretory pathway. 5 Fig. 2 shows the

outline of VIP36 library construction. Fig. 3 shows

the result of introducing random nutations into VIP36.
ws the nucl eoti de sequences of the putatlve

BRIE@aP@@KfMP&ﬁ@%Qfd%W&NﬁSwS of VIP36 and "B" shows
am no aci d sequences thereof 4 shows ] )
ohbithgraghewss aueh eW&%ﬁoﬁEBﬁQr@gré@ldVMiEéﬂ nimobyed in
carbo%ngﬁlelﬁocJ:sfsgl\geé? %B’ac)%ét g?nslbaerbc{j Iﬁ,gglléad l%{%(}f Boﬁydrates

ct1 n-posi
su a%dCﬁﬂd(ﬁ}t]];{Q%fLéeeleert unt ransfected cells,
(sug he m ddl e row shows g\%tggg%P% transfected ceIIs,

anﬂlgt Reshoowetherauninb @SV TP lignsy e6hagueoag.r ol MDCK
cells. 15 Fig. 6 shows the binding of PHA-E4 and WGA

t oFigect iiopisstha vesylt eal) imtmodudipgt iandoegahinaeiops! k) VIP36.
row shows wild-type cells

« A FI/DCK T t
AT siREs §ﬁ%BHglePﬂangESH%?“ngqfdéemmvmerépéadw&%ndmg domains
o VISR oS 08 OO O B 7Y P

t he second row rom

t reipshes |
et he el RoLGBrBERIof e Rio o raRRTI B T MDCK
cells.transfected cells resulting fromthe 3 d separation.

Fi.g. 7 shows the effect of trypsinization on the

bifi8i Rg skews cldei hindingps PR {ecemisntmtiectsnipoditiat dded) and

h EDT d
o A0 SRR st s
the midAN PR Rihlo RN ﬁu&%@d'\r/‘fﬁﬁdg%ﬁ&% te%s?c%? ndogldg‘u t o%gnrséw shows

into the carbohydrate-bin

untran@kcﬁétb\b@nt@olphﬂ)@gr@pn showi ng sanpl es prepared using
an anti-FLAG anti body as an primary anti body and a

ggsg @nhowsnbls bindj@-dfl FICAaE, and SEGondalgctanbbbiedy @sd) and

lect hen. obzb%rvedM# a fluorescence m croscope. As a
ectin- HS%%HW CRapelis-t yhBe Mperrmebt sowishewsbwddviage cells,

the sec?o%d':ﬂogv fr%%n ¥0\513 sahoovtr]so tm%%t%ﬁr\/ﬁg%\,\fsrggsfsegt%% c? ilsprre%gﬁlrnegdfmm
the 1St separatlon, 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 - FLAG anti body as a primary anti body and goat
anti-nouse 1gd@-FITC as a secondary anti body and then
observed by a fluorescence nicroscope. As a positive
control, VIP36-FLAG cl one8 (cl ones whose const ant
expression has been 5 confirnmed) was observed. Fig.
9C shows photographs show ng sanpl es prepared using an
anti-FLAG antibody as a primary anti body and goat
anfig.miB e shg@ - Bl floasgrapkechodaiy saﬁﬂﬁllebog)/elﬁd’iédthgﬁg an
‘gfgf%ved ba}éa fl uorescence nicroscope random

anti- APEEORErAS & pam&racwdmdu end/[gmt cati mouaadgGhefiTC as a

| ec ri ed, out 10_10 days with 1.5
Se°°’§d% %5‘&%"3%59?@ Hiean, OPﬁ%fvéél by exeﬂBO%?ég@rc\ﬁeemcmsgopgo As a

Posﬂﬁz‘%od’éﬁ]tmlskf‘?%é"ﬁ,%ﬁé%scr g&%negs")ﬂgots%cfo\l}g&?%éépre sionthas been

I's follow ng enin

confihhed) Wik abeérvlegCtins as primary antibodies and
FI TC- | abel ed streptavidin as a secondary anti body. A

bI Bigk 9G sleows phoat gshscariwial MGHcephd recﬁuﬁz@l@ dd B&i-FLAG
dicates, a (-) fraction foll ow ng MA 15 and a
antibegS, a 3[ |pﬁlén4rardwah<ébf ang goat rantt-mouse Figgh - AT G howe secondary

h ult of | by FACS
antlb% SRR \g&{“%é[n Vel Om%gnggﬁﬁgczrbgﬁ%ﬂeectERQICTHéﬂdom
Ilbrar{é'sgﬂéﬂggtr%srf@&%ﬁnnﬂ; I\W vvéerleg Cat())'llaatglcg &eﬁ:ﬁtlgg] \)i%s g?{&ﬁéi out for

10 dayphetthgl sphg/iBhGWI BIakd ehdrEa ée‘ils%ei/@élh%we@' otting
carried 20 out for PNA (-), PNA (+), and PNA2 (+)
udilsg B tshpes dlﬁStngmmmydh@mdgl tod iresul@isof Faﬁllalmzﬁ g the cells
foll ant i mgﬁ%s and streptavidin al kali ne phosphatase as a
OllOWdRZ 0 aHUERRIES. USing Yariempwkiatinglatedullectis as primary
I h rb rate-bi ndin ecificit
antiboBl, M4 T R B S e S b s Ca P b0 W or A black: Jine

each cefll
M. _or

indica@Nddftol I&IWCK c)elis {a}lAgé é)ne ”@Q&fﬁ f%]aclﬂlo'g wmgzI%[ACS

PNA as a primary an y an reptas/

~and a gresedomdardicains el{edyrackiog. 14 shows the outline of a

t echni que for separating cells having specific
cgfﬂoon? H1Ves rfpihettp granbyshiovawgc thteomesuly ofr amallsragrgeﬂalyc FACS

Ol‘tl ing |abeled |ectins. Fig.
MDCK Fells Higuiaired, by ASH bt B8 frssnpor Thbeindsh@iiength of
1 a e e havi n
P AR E PRGN B R A S e
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 (+),
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) using labeled lectins.

Fig. 15 shows the intensity of fluorescence for labeled PNA lectins in a
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| ectins were separated by flow cytonmetry (FACS) and
then enriched. Fig. 16 shows the expression of
carbohydrate noieties to be recognized by altered
VI P36 and PNA lectins in clone 12 and control CHO
cells. BEST MODE OF CARRYI NG OQUT THE | NVENTI ON The
present invention wll be hereafter described in
etail by referring to exanples, but the present
procqsﬁv‘éfh@lieoﬁelll% haging icatady dpgtet odetiox appdifisallj Bxiadpie to PNA
mlibrary 10

Co f 36
lectinglw o S b D v A OREI I APAGS) 41 Thes @xighgle | n

LR B B TE b BhaBliv

alteredNeIF3d hOWPNOA RIckiNRIiS c]&‘ﬁ‘é ?de%\s;l'[)(’%&?fbl‘@}gb dd dom sed
ol i gonucl eoti des, overl apping c encodi ng

car bohydrat e- bi ndi ng donmai n so that when pol yrrer ase
gIPCR) was 15 perforned, the anplified

chain_reaction
BEST&H@D MBY NAOU T/ITEE INYANTIONe from 481 to

| eqti des) contain

1044, of tFr{J size of %407 nu
ran%omve {iteation wih beyhersriden dpssrths ddigndstall boneeferring to
examﬁl@k | oy {Rg rQ&HnIt ’?IE)\]/J}R{O% 1\_@&1{& Iﬁft%d{ﬂolgﬁh%gﬁgﬂ %#11% ' ngTGT

I P36 r andom rar

C@x@ﬂﬂamg:cmetr@a%mms A9d3F BbrapEQ | D NO 5;
wth restriction site Hincll: GIC GAC | hcl uded at 5'

(1) ledopRo/@dMéfatﬂdnghVAﬁmnz 5' - GAG CTC TAG AAA GAT

Gg GCC GTG GAA-3' (SEQ ID NO 6; with Xbal site:
TEF thsaesgmple, é‘h@fdef\AOPﬂ"éh@U® rapdPm GUTALGIS (PAC Abkirtion of

oA A T e T o
were d@sig,rﬂééﬁgw?tg rggﬁl_%lgﬁgv\ﬁﬁ%@é @éscgggrlgm%%@%gncodmg the

carbohFUGR-biiBEQ HPMMA s8;thid WheBf fdlyickSse Qﬂfn%ﬁzﬁén gRCRO) was
end) VI Pranl and VIPran2 prinmers were used in

perfor@@ﬁstthwmpslﬁmbbl\bi x4 P8éntgeman(ed WPf rmgiestide from 481 to

1 80,nucl eotides of the entire Iength of 1407
1071 ‘Eﬁ 38‘taﬂde8éie S méf*%7m#teclﬁ¢m%@s)ph@@ﬁnmy|rm@unim trhietated

carbOth?éatrtngg g)lélgz&ﬁdlp 10 >?<>0K|V|nz\)tr ?gln E)ﬁf ?/elr)A 1(()I\Ilewmltzngl and
%H%&E&o&aﬂmé foul ﬁlfimjags WVereTBsed 1t égns%tcﬁﬁg Y1P3k Igdndom
library (Fig. 2A): VIPranl: 5°-GCA TGT CGA CAT AAC TGA CGG CAA CAG
TG-3’ (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 BfI 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 pho_sphorylated in the mixture of: 10 pl of
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The sol ution was kept at 37 C for 2 hours. PCR was
performed with reaction solution consisting of: 1.5 |
of each phosphorylated primer, 5 gl of 10 x KOD 5 plus
buffer (TOYOBO, 2 41 of MgSO4 (TOYOBO, 2 | of.2 nmM
dNTP mix, 2 | of pBluescript-VIP36 (as tenplate, 10
ng/l), 3.5 pl of water and 1 p.1 of KOD plus
(TOYOBO) . PCR progranme was run in either PCRexpress
VIPrgiHy b2i g/ pbk  10GeheAnIIrer? s@speim 24000 PRIIKI » IEnaeio, buffer A
inni.ng. wi.th 94 C for 2 mn foll onwed by 30 cycles
(Newgﬁg%ng'g,to‘i‘%@, é° yg of 19 mdd ARy 1l ofiwatar, b8 1d, of RérKinase.
t,,,at o L n.  Anpl i,.fi.ed VI Ph.fragpent .
The S\%g%ﬂfﬁgr%%s%(%% %Ey% %Bg%rg?g’so rs'gek)fcgt Qs gl with reaction
solutidubgaiathd ergel ' ' r act i
R R % 5 B o aaeh A BhOf el Bifinel S 301 §P 5 koD
plus Hufégn@i@ Y @0).iyat ef MgSh, PEOYESRO) P 1 REIURIE INEP mix, 2 ul
ng(+). (Stratagene)) at 15 C overni ght after Snsal
of pBy gesint oA (ke igteal Wahghe), 15 phpffavaise and 1 pl of KOD

hus CEHEGL . BENe b hinag et ohibos ernaRanatses. (lybaid) or

hegh: I . B- |.at it 0, f X
Gene 100K R AV A0 PEATY 2B D 10 5 2 min
followasadbd 30 Bfclel SIRIPRYM:-d4 b gobetashqal agt pside,d PTD ihen

for col our selection. Plate was i ncubated for over ’

kept ah6§HIC faMns. mencol AupHfied oV fragimRhe waklIRel ede@BY 1 % agarose
in LB mediumin the presence of

1 cultured 20 overni ght _
ge “i%oégf/fﬁﬁfsofw&mt ItPi gel( eBrAption riEiAgwick FhesFixtrabhids Kit,
e act ed over.ni -cul tured medi um usi ng
QIAG%SQS%?&(;%{(AIS? 1%1{]5[ ngg{%)g. gﬁé stored in TE buffer.
PEFPYI r S it | gest Lt h Hi | and
i S%ﬁ&ggc?’?’%t SR, ﬁf’ﬁg \He‘gr‘%\éﬂ?igré%tneﬁ%%“es"“l’t SK()

(Strataegept @d M PHC f so@amitits afe¥ Phynal WiikeBs@of eRIRBL USRS | Akali
nucl eotides at 3' end, cut 25 vvithl%ancl 1 a%?l'l\loqu)rat aline

' phphatage freapmsyt. weFleueprepared cnixsiregweh Acisfde nieed into CaCl, treated

J .acl.i Ki d din TE buffer. VIPh
. oD 8o e e i Brmp plate it
/ - ' had di ted wi Hpal d
50 I REF) SBnid-afentbLR- MRS NREp el oBie " bl analg ‘anal of
: 1- i ) -fl 1 b
soproREt HELBRSELLHTI) APIRY MGG (GAE0 R e

a altered pRc

incubaigidi fdr bheg nigt. sSHhEsaD |5 redACobAR AW rEACIGAd A8 ShGured
.AAG 3" (SEQ ID NO 9) was inserted into between
overnight njay LB megeumam $ha gB¢seanicesef)uOncrgsnlz of Soddibf)ina(idB-Amp
. al .
medlunﬁp 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 Hincll and Nofl in pBluescript containing VIPh ffagment.
Digested VIPh fragments (VIPh’, with a few pBluescript nucleotides at 3’ end, cut
with Hincll and Nofl 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 Norl (Hpal site and
Notl si_te present in flag tag and pRc/CMV2, respectively). pRc/CMV2-flag
. (5.641 bp) was a altered pRc/CMV2 (Catlog No. V750-20, Invitrbgen) which flag
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restriction sites of pRc/CW2. Ligated m xture was
transfornmed into E. coli and cultured on a LB-Am
agar plate at 37 C overnight. Four col onies were
picked 5 up and cultured in LB-Anmp nmedi umrespectively
at 37 C for overnight. pRc/CW2-fl ag-VIPh was

harvested by Plasmd Mni Kit, and then sequenced.
CW2-f 1 ag- VI Ph, di deoxy nmethod with

‘ For ,e&uenci n APRC/
sequegicg 1106¢C tToAtél 261 GCoRAdoHA GIGAG SAG-G. 1BEQ IBNO: 9) was

AR Vet BURER Yo PrTab ol ibiersize S1The) a0 Hpal
et SRS S SRR ) Pkt ik SR ARAGL 2, o en

Reaction Bu

culturkdSod agfBWanQr a g raP4! 3'275‘%(2 oVegigh. | FBlir LBRnidY Weld Bicked

was applied into four O. t ubes each and the sane
up ardrounturned6 ih ) LB-Angd AR ivad TrERpeckialf and3 ddGT PfoseroRernight.
@%Q&? res‘ﬁfctively. PCR was performed wth the
PRe/(QAV3rflag- Yibd wias hartested by ®Aesnisk MosdKit:andithen lsgquaced.
md. at 95 C. 15 fol d.b cycles of 30 s at, 94 C,
S0 e Bescang, RNV s VAP, EieRgey smethoik with 6.5" ul of
total doMuiQ : W r f | nserted
otal sehitbH RonpRlink 0T o HOUPST SRUCKHY 2b L AR AR5 Blipeph 0175 i

of pRATCMVERSt(Féxedrb@Ndpd tsrihbh)l | b.d | pkes) 18S mumigneeiced i1 of
into plasmd vector. It nakes easy to insert VIPh and

Thermgispyugnasgiéfush)2ad ithod ThRoh@RrehbeefMsReneidn Blulffer (F¥®), 1.5
ntary ol igonucl eoti de sequences of the |inker
ul of I\%ﬁ’n@ﬁ%éﬁ@% ane 1ol ahavater vooe apptied:  Theed § bl of the
: o AELLL | inke nd 5'- TTA AGG ACT
mixtulfyad Rppfef iy P 2 by Rifes ehglirang) e, ki amapi (16 u) of

ddATH iddrarp, deehesi ' d
(T TR GHE AT Wl R Eed PhapRRRLeAL RCRYas performed
]§\f mh at 95 °C,

with thespaotiovelnyixt? Ritlststarndiaxd Up cetiur0firsty,
linker 1, 20 | of Afll linker 2 and 0.5 1 "o
followed by 3ocypler. of Wesat 196 1GBUE atGO T ander) s abl76PQdastly, 50
s at 70t the room tenperature in order to anneal to each
ottier. Second, pRcCWZ2-flag-VIPh vector was digested
afy | egtriction site by appr i at
efﬁlzy&r?gg,?(bﬁltrh?rilg% ﬁgﬂb%%]t fo;a n%srltr g%céﬂeédmﬁgﬁiﬂ) fg@‘.&oﬁé‘ﬁef was

constngged.el @UIgOPOAHFREmER! WHMEA AY redtiBAAYEK AP linker) was
Extraction. Third, anneal ed Tragnments of the Iinker

introdugad inpReGMWRId Vego| IPhn{ldisgesyer aiseXoFIPhidnd VIP{3fragments

. d of VIPh, and Apal site in
into pe.lgc/C?\/IVZ-ﬂag sequentially. Two complementary oligonucleotide

inserb%ﬁcl/n

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; AfIII linker 2). In the AfIII linker, cohesive end suitable for Xbal and

Apal (GGGCCC) sites were formed in each 5° and 3 ends, respectively.

First, mixture of: 20 ul of AfIII linker 1, 20 ul of AfIII linker 2 and 0.5 ul
of 1M Tris/HCI ph7.5 were boiled at 100 °C, then cooled down to the room
temperaiure 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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pRc/ CW2) was ligated as follows: 3 | of 32 nM
pRc/ CW2-fl ag-VIPh, 3 | of roughly 172 gM Afl 11
linker, 6 | of Solution | (Takara) of Takara ligation

kit. 5 Ligation mxture was incubated at 15 C for 6 h
or overnight. Ligation m xture was then transforned
into E. coli cells (JML09). In detail, 4 | of the
reaction m xture were added into 50 gl of CaCl2
QlAquigly &ple Exteaqtion. cibinded anmealsdmi fraghentsefaff ethndlinker and
followed by .incubatijon at

kegpt [ f 30 m
L MR B IS o
i ice. ] Al f
PRO/CAVEEver LRl BNLFE S IS RN LRV AT VIES, 3t of
ST AN, S8 5 T i
Ligatgpgigtur&@tasdn08bayed lat VSMICKSr 6 h dr MdypR®. m x 10 i,

per.500 m) at 37 Cfor 1 h, cells were applied on a

L BH&RHiof BHETHAGWRh dhemiteanséoamed ghto & @i Ceflsr JM109). In
nies were picked up and

ea:1CQl ONi to gr.ow. .15 Four co [ p '
detaildd fbicthe; traPHOMmI s Wineovisiash e 0 HIbl Gkl tigated £ coli
hilleB! @S ' t hese fiour coloni.es,.at.le
e one gﬁg%&%?ﬁ@g}ﬁ?lﬁ,m ?’gs hl% L oY 1S B9 rBf“ge@{Od’YFd by
incubaviéh a&f42 I°f gbt avwetln byigbastdhar | Fi it
Plasmid (pRc/ OW2-f1 ag- Vi Ph-Afl | %iugéqu%‘%fgég’%%‘ it was
cooledtqyr ddei fpr 20@ih. of Aff&r hudrfséormt860ceily/ Were 261 16@Red Viiith SOC
di i ni)géﬁson i.nto %ﬁ/ CwW2- f | at%- VIPh-Afl 11 VIPran3 and
mediugy v, YinpeBeRiedgwith Prmk of Golvs ghurese3SOinfedium:

s . of the

baco L T, 608 4L 450 0T N 8 LIRS Lo v

+ 1 M Mgaoluend) 1 d kg K ol M[eLAsE .23:;
Rre s o RatAL: Ire 00, 1) gglp P 2?@%"5@&%%%&?%\’%% applied on a
LB-Amptplatietand ismsabeteds@rerhight REB7 G 6Ceol¥hi¥s braament s
were to include randomy nutated nucl eotides. Various
PERUE satAnipHMsTOPickedesp edd tonlmped b 48 -reap thatium overnight,
condi tj ons, as nunero mount and w de diversity of
fo}lowﬁﬁ&é’t BIFSTA e Xt ragtitBnt Lséj}/\g’reéeerHDiCPBwlF%ratrlﬁﬁﬁo@ﬁe colony was
firthb®r@r nstruct i on, a resu opt i, mal _ :
confirme 1@ Yav BERACTHY RleelTob HER U felfowh vivplocigppnoresis

(Fig. JC). MEPasiad @Rbﬁ@ﬂ@%%ﬁﬁﬁhp&ﬁm'waé %egegﬁcfeﬂsﬁndt red in

concentration for the VIPran5 priner was determ ne
100 pltod TH bpfifek (B 50 ng/yddr ti cul ar, PCR

(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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cont ai ni ng 25mM MgSO4 was sel ected. KOD pl us (TOYOBO
DNA pol ynerase was al so used for PCR 5 anplification
and some conditions were tested for optimsation. VIPt
fragments (Fig. 2B) were digested with Af/Il (3" end

of the fragnents) and Xbal (5 end). Eelctrophoresed
to renove the small digested fragnents, VIPt

fragnments were then ligated to
(VIP1gnd/ionmer) wag-detemined | to, 30 widiuXbdh sirteasat theheo@ientration

fortndy VL Ph .and MTai@itee in AfIIl Iinker of 10 )
ﬁ‘hc 52 \PPHCAs Map emificgede el (ngl/ubD) InL pesicudar, PCR
tadAhut j t 15 C overnight.

conta] npgrjtsgw}/@%spég”t%?%‘%lggtﬁ%si te AFl11 was di gested by

r egOD chien @Yo @ rbNer o0y FIEST sd

recogni ged t he sam@éequencgblﬁgéﬁg?l Pfaesnzdé%ré HISéC# a%oc{, PCR
amplifieeting ,aniltsonesscomficiche dvdry tEdred TBNLHAGE sHtedn t hat the

site digested by Af/1l enzyme resulted in | ow

of YIRS dragmesnts | (Ijgt i 8B) r wace i digestetli etith 18/AA(3’ end of the
I,brary gé){}structi on, Transformation into

gritic 0 , )
frang‘.ﬂséo"}‘}a"] }IIWE)JS\AB?’ §irABNeresedy fa arcan et ibel wrall digested
£ PRV | rat] s rfo |
Fo Y Dk E LS SHoC e dlsare ey ARETEM Ve vipn-anm,
whichTe@amokiegi &s:thEasal am Nee ib319531 N B?ifthﬁ} AN linker of

el ectroporati on was perfornmed, PI gation sol ution was
PRc/CpAY 2§V Eth-AdU I c onerent digesddby(Fég. haa®). pr @Gk aisat sORition was
. vviéh standard protocol. Also, 1 nl of SOC nediumin a
incubajed apyl 5 (hevarght-o- Inpotiantdy restr3TicD, side cAfiidtwas dizested by

-ehilled ons.ce, and 1 | of Rc/ GW2-f 1 ag- VI Ph- VI Pt
restricfl pESpR0 P T 96 Tatsof. WBUSbi PeeBRIAC] b sampesaapence

w18, S BERE. SEVEEL L AP G SIS e o

cont ai ni ng
digest¢d bysAGI] genfhe RisDREA | iRTlow Fék“ﬁéi@h_@'? Bof fghtiolll PehbfiSn, which
: was transferred to a previously chilled cuvette. Then
was crigjead fpppbrayewnsttustioondi ti ons of 1 2. 45kV and 129 S2
b% EI?ctro.CElI Mani pul ator (r) 600 (BTX). The above
c OFERST V&R RS e O 1M1 09 Wirs dene ging aatthwdardfmethod as
several conditions in voltage. Voltages exanm ned were
1.5, 2.0, 34 and 2.45 kV. Imediately (wwthin 1 mn),

IET8ct10b o Rit RrVa 48 QIs%Ogﬁié@?}nHm Y8se E@%ﬁ%h@%ﬂﬁ}ggwhaﬁm

above.

ently. Solution was renove n a fresh
cells ¢@ibeoaBRL, Life Technologies: Catalog No. 11319-019).  Before

electroporation was performed, ligation solution was purified and concentrated by
ethanol precipitation with standard pro'tocol. Also, 1 m] of SOC medium in a 15
ml tube was pre-incubated at 37 °C, a cuvette was chilled on ice, and 1 pl 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-E. coli mixture was transferred to a previously chilled cuvette. Then
electroporased with conditionis of: 2.45kV and 129 O 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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i ncubated at 37 Cfor 1 h. Then, each 100 | of
one- hour-cultured solution was spread onto a LB-Amp
agar plate. Plates were then incubated overnight at 37
C. 5 Electroporation was repeated until the nunber of
colonies fornmed reached 1 x 106. Sone col onies were
chosen for sequence analysis to confirm whether the
random rmutation of pRc/ CW2-fl ag-VIPh-VIPt was
and 24t k¥dudednqdintgly Ewithiurtbeis, afmi bfipes-edmiedagDenhediim was
dd dgmfctor transfornmed by both cal ci umchlori de nethod
adde miKed eeBysr atSOéWl%N@Sdéﬁ@nmnn@adbytq adreshctd o1 tube and

ti-0R and Bfr ecovery of VI P36
incub e PP ) BT EneRc e 100,57 o Qhe Raimnenturaisaption was
IRa% I col oni e o
Spfeﬂwte@gﬁd?m“%%%a%&ﬁ"m%% yite by B cgﬁe”%t GoffsrehiRaT °c.
Electragaratiyn g@Blrbyedtbd ungil 6B 90M®Sr WirtdB1d18s @&%?é’d 'hH{inl x 105,
using a conradi stick 15 (TGK). Suspension was
Some tqoélmiﬁ%rweed chosen ffoeseqxfe@;cmanm_x,tses tS6s pr NS ﬁ)heﬂh@ﬁ the random
with LB-Amp mediumin order to

muta‘“@.nve gﬁ’:ﬁ& §rﬂg&e‘aﬁl’dm\’ﬂ8? vers| fntgedivael. (igs pons iMmmberrs of
insertdE MeaHTiR o Yokt Pad ¥ Himed v Borhcalsomreeridnaetipd and

condr |on|ng
electrd &Etl@ﬂ%&b%% nfiel W 5
rpecover ed as aerst ock, )@%gﬁlc&?ﬁ {iﬁ%ﬁgﬁ/o%ﬁ}?g@\ra@fangt’?fﬂ)
- 80 C. The above procedure was done W|th each single

ar plate. In order to extract plasmds fromthe

(3) Re§@|‘§?§§rfsﬂ%ﬁ’3fmﬁm®m lidraryvol unes of the suspension

te t | at d
B R RE et B ThEn sedpunven addesants wolitr pom agar
e GESEL SN LR85 10, RE R Lo o

nunber
the ag@vby Gehely RAipaktéABhas @ﬁhrf‘l’ﬂeagd%@d%g&; gp%ligoa conradi stick
predom nate over the other ones. Plasm
(TGK)r econspersion rvean thee tmindferred by aQréBEDD Bhipamed Mitdhekdibn was
and stored in 100 | of TE buffer. Then plasm ds
then megsed Ut tof SPREI OVItE- LBadma Phedivpt ini bhderpta aiveeddditional
drate recognj.ti on domains in VIPt

med’“‘{&eaflraé S5 e bo%l’reﬂl;?l%w i W&B“e@étﬁéie%@éféﬂllﬂht at 37
°C. Nxh@oﬁ&’i‘tﬂo?l%%‘gvag)ﬁﬂﬁ%i %‘Qiesmd;% 8116)(?“‘5& ggnd ed ]fl.lt #overmght

e1n uce opI

- cultured df. arilesu speneion whE de sty 28 a4 5t AL adoiddasiind 7 59B)ykerol at -

Jcoli cells were
~ 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 buffer. 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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digested with Xbal and Bfrl. In a plate with | ow

nunber of total colonies grown (usually from40 to.

200 colonies), 10 out of 12 colonies exanmned (83 % 5
contai ned the target plasm d, whereas 4 out of 6

colonies (67 %9 had the target plasmd in a plate

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

wako examépe ghe mostest VBPR6 1IBNA Rabddmtnpdouedtieth gérsenids, a

encodi ng carbohydrate recognition domain of VIP36was
fow IR B8 Dy FRA ot AR SOGHRIAE cPlaRaIg Sram( F: ools) celko were

iges AR B anb B, P Th el b BLcRie BupbebeTt g} Spjpnies grown
(usua%@nﬁbﬁﬂaﬁoe% | 70 X TPhigs) 7‘.1‘23?&:);6?6‘? 'bél}fléltf‘i'egt é(xatlﬁﬁ)regtl(% %)

tubes, plasmds in 17 T er was

_contaipeéthe edrdey dasmid)i Wheredb 400t o8NS cOfonkdD(E %) had the target

sol.utions separately stored in thirty two i ndependent
plasmigbdnsa RWate ovsh Bighumuorsrnpf edtalasobbmier ffoad 1000 to 6000

loni2ScOr ing tg the size of independent clones including .
COlOMIER).| i BPATS 18P csHERI§HBIze ofifihe lebrapy masicthendsx t1@ Kaep x 107,

Rl cd W05 R0l 8L AR 55 8L ML g

ognitro

confirinéBas) neotidk 88qd iR dnla Brd YrRf shhe size being 500
cl oﬁ)(?s, 5.4120 Fq(O.G Ina5;9)¥f%gr?15] i brary of the size

6000 clones, 0.1 1 (0.1 gl x 1) from library of the
si.ze 1000 clones, 1.0 1 (1| x 1) fromlibrary of the

siBxample Akirangfestion ingsceligl (6 pl x 11) fromlibrary
es, 1.51 (1.51 x 1) from

h ' 6 4 cl
(1) Stal%?%fl‘éﬁ?v%%‘fzt?qlhg?sﬁ]fgeé’t% x 104 clones, and 32.0 | (8 |
{ DF: ' | . 125 Th
PPy 188 5 0, T e T8y

1.5 miltubesrplaesiidyin digeashi op ™ barRIIhds ard ﬂr@ﬁéﬁ%t 6§ Rmbining
37 C overnight. Linearized VIP36m x was then applied

portionsoof Iiragasobuiage sejaeateiy pharedsirs tibmy exb riadependemnpools.
Ratio AEoflans SPUSEALLZUEN. L Lhe DA aiter o gestion vas
ctones GO LIBEIEEF 3T, T oD BB P b of
the divieiBNbF Y8 oRbetiNGar B8Ny @latd T8OTE6Gbh Hdmain (CRD). In detail,
2.5 ul (0.5 pul x 5 tubes) was taken from library of the size being 500 clones, 5.4
pl (0.6 pl x 9) from library of the size 6000 clones, 0.1 ul (0.1 pl x 1) from
!ibrrary of the size 1000 clones, 1.0 pl (I pl x 1) from library of the size 1 x 10*
clones, 66,0 ul (6 pl x 11) from library of the size 6 x 10* clones, 1.5 pl (1.5 pl x -
1) from library of the size 1.5 x 10* clones, and 32.0 pl (8 pl x 4) from library of
the size 8 x 10* clones.

The plasmid prepared as above (named VIP36mix) was linearized b’jr
digestion with Bg/Il and incubated at 37 °C overnight. Linearized VIP36mix
was then applied to 1 % 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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According to procedures provided by the manufacturer,

VI P36m x plasmd was transfected into MDCK cell s.

Four g (i.e. 8.42 1) of VIP36m x was 5 applied into a
15m tube. Then 300 | 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 left at roomtenperature for 4

(ATCfy pecessinr tnumebaght CCLeB 4 Efweret enleculeagénio (tRRAGED) calts were

ded to the above m xture . and voltexed gently for 10
80—903@0q0nﬁ1gnﬁio)gttgpél taensfACt@tt at room tenperature 10

fo ' ' the preparation of , D10 Lum :
(onr el BlssRabl MR Pk intacuuer. SIEAMP plasmid
was tPMRFLARBNIRE M 1Qgp bovi f ser F vl
HEPES and pgnwgdljll(i (r%éizgl)'oo!F %ﬁ?ﬂ‘%ﬂ'?é%%ﬁn clsn%s)l‘{)%%%mlx was
applieg/ mitd o Vsl tbecartiesh 300 |GWARC W AMPCOIARER bRoRded in a kit
lastic dish ($ 100 M) was washed wit 5 m “of PBS
of Effephiens sranséediisir magdnvavaneddedrhed aekbd gentle wsispenites mixer
£ .ijp?m ofcﬁS esh. DO nedium In the other tube, 3nl
OT JUSt Pfo SHENUum 0ae RHHEEE 183t Heft pNnacewatpmpensityteufer 4 min.

d i |y pipetting 2 ti -
Fouro LRI RBRRENS, A EF (A BTN Xa®labBhbisp it ip v ivr
d i . f
ol P OSIn BRI AR M
for 9 mig. m¥dhilenthasprepplazioado ANBN &4 18] 0VaseAdgedD(fidab's modified

concentration: 2.0 ng/m) 20 for selection of
Eagle'y ge (DNMEM;aSigme) sppidhentedeivith WeVe Hoafite fletallderum

(FCS) e TP0R gRERE S Briis it (L0 ierls Statsmye n. L1 sedm) veas
decantggﬁﬁdwgﬁﬁfwg?f@gggg?lgfat\'\@l?i@{it? glﬁsgl?&ﬁﬁbggnm) was washed with

success
5 ml od B ®XphesHare-bAGresod @RliaS) WeT§ge | len
ol 2.0 ol TG, ohc) S LS e BE R ol of
fresh Di@onedinam NHT RO @0hSatebgnbmhtofoD 19 R361inx waS added to the
D}U&_Ere ared as nentioned above. Cells were prepared two
I %&‘g’tb{%’f”é'i“éetl?féﬁélff‘é'ctaﬁoﬁb%‘&tmect Ry geetle pipetting Dotimes.
wer e

oS30 8 Ryt LRS00, R0 STl oSl e

-above. t r?ﬁ%{)ﬁm% EQMs wife QuRhired Fo%ﬁiindéy% ?i"g'{nl %é’\%lr 9912 i‘rllglglbator,

pg was diluted into
D10 m&bdur eds Seplaved/bnidu®418 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
neorﬁycin-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 LipofectAMINETMZOOO
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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(G bco BRL). At the sane tine, 75 | of

Li pof ect AM NETM2000 Reagent (I nvitrogen) was added

into another 1.5 m of Opti MEMr) | Reduced Serum 5

Medi um and i ncubated at roomtenperature for 5 mn.

Then both VI P36m x DNA and Li pof ect AM NETM2000

Reagent in separate nmedi um were conbi ned and

i ncubated at roomtenperature for 30 min. Wile

VI P36 iex dpRofatrdnsiection.e24 A NETWRRIGN Re BQEAL(iver5s pl of 439

B e R LN
: 0 di dded., W dy, 3
(o 10 M40 35, 9087 000t St Tl Bt s

nvi erRyd ' ; ' o | .
(nvitGgedfiNag MAREhi, ebe™Fs, B b PP ERMe 3 Bliuced, Serum

Meditar a2d incabatdd & rodmaepPéraidfe i ReUDALGY - PALED RS VIP36mix
of incubation, Opti MEMr) | Reduced Serum Medi um was

DNA 25d ddpp{est AMINE BE2O00t Rieaarent Wi tshp sitasen eheerdih p ass@g@mbined and
culture protocol, in 22.5 n of D10 nediumin two

incubgted i SRQD. IAPPEFAILE Hor aflr nugns \WiBilgddH@3pmis DA and
. i final 2. [ m |l
oo Ry RBIETRE Ok M s, 50 s v

I NCu

washeldwothdermf QF I@S}%wﬁet?ﬁléf ank f’:ehﬁlS%% S)tpgg\g@g\%éo%f g%}fﬁ%edl Serum

~after transfection, cell's were a uent”

Mediunhewps extrtede oWh2nOremgim3 ahl o20tHeA bhfixtr3) o OSEF MAHIAA and
i of mutated VIP36 by fluorescence m croscopy To

Lipofess AMENE™ 200 Repagbuic wiasnad deceolingfetlyDEKocMIDEK salipldrsp by

e prepared or fluqgrescence m croscopy. Mcro
drop. Bl racedied btk anb i VAFUSNERIG megbyiRdrier 24 h at 37 °C
; 5 84 e § in 100 % et hanol and by a gas burner, and
e I ai (onir?%tﬁgg{cgbttom of each well of a 6 well plate

beffesre 2aehl 81 WREGLARNY, | OFtiMELED lff%t?d]nQ:%dc%xlu;& pﬁl’redium was

sanpl e were passaged into a 6 wel ate for
removed|dns swhyanltvasthewithi ttanPRI pamage dlamelpmtodf], 4a @2% mi of
fgrmal_dehyde in PBS was added and i ncubated at room
D10 medpparigityre 16em dishes. o After 24eh dater 5418 wed added sntethe two
ed onc th 38 were treated with Inl of
15 omgRSREE Phal b FREFHL ookils: Hewperabatamet At 1 oo &5 % COs
incubafdufst PETdHADI | SE81 §EED bj
et ai ntracel | ul)gr laﬁﬁéﬁg.%?ﬁgpl\ﬁe?@g ée?ﬁ'e{réqgf?vg\/\e&ot %ays after
transfestiangd callsr aere ta@oPE BILAUTR nFen2 A nMiHe pfé%'eh@é’\’eocf ) 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
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five-m nutes-washing with PBS 3 tines. Bl ocking was

next performed by 5 adding 1 m of 5 % BSA (bovi ne

serum al bunin) in PBS and placed at room tenperature

for 15 min. Cells were washed for 5 min with PBS three
times. After PBS around a cover glass was renoved by
swabbi ng, 200 | of anti-flag antibody (2 g/m) in5 %
BSA/ PBS, . whi ch was prepared from3 ng/m anti-flag M

were dreate@ dyith | Bn) of iad " ntoe?&(-dﬁoa(fbgmﬁ 1| RBS sahthaé antibodies

could FelsBialli g ARt mtans TR WA ighiceliag apveenbdy Cells were
then bhl@gwfehaQOt ay lfﬂf Ef‘:]géoqmgs\aagggratmpesr]%jr f?@e%nogg] ?%llowed by

hree tines, ne as descri
five- Iﬁmlhewmh hiig PBS 3 Mimedy BRScEREeSdsi e P
of fl uores?:%fn i sot hyocyana‘tae FI T%:)1 ?abel | ed % p?e fornled by
addingnl i mhoafs& YgBS A( Ghowtifre Tsﬁ;uml\/blbe:@mjln;lrmPPBBeandl 1&/edl it room
in 5 %BSA/ PBS was applied on a cover glass and 15

temperatiigatadd! ¥ opim HCells vorm weshsst doridSe nfior wtAMPBE Tree times.
e washed far

ti,fl t| bod Th [
RN R N .

i O 81 5L S R S R 01 o

M2 aniBGEN(IBY), Oh¥E aiint & iohneh) cdfer Stigud %ﬂ?e(ré)cen'slﬁt%%e rown for

Antifade Kit (Mol ecular Probes) was ad on a mcro
obsergitiate gCals vale (MAESHANKI tempanat uae mepa]rm anoviag An&idsdy to

tsga ggaced on he slide glass, with cell-grown side
bind flge tag Gt @Péﬁéé B3Ry d¥arhedofame0 snindenrge dises, sialnpkmg was

C ate nani cur.e n S
done e I2cTn ?ﬁﬁ CoUE WEghaE ERsn DY RS hieeryimes, 200
I r
o o ABISLGaL 3 R BITESIRREI o U v
Moiecmarapaﬁ;evlmﬁg/ﬁ{hemest%nnsadm@nmg pliedanshecdrd glass and
cells were, therefore, 1.26 x 105 ceIIs per 2.0 X %

incubageq |fer 1That moptetenyferaiuge )foanmﬁiTGUtoabméchxhyﬂag antibody.
mm di sh twi ce

ntin qu nt cells on 4 100
Then Gl avary piashed r]e%éTHPaWFt\lﬂePBﬁoﬂH@? 4pnes i rLptilise i of 100
t A
mM ﬁ&ﬁff@tSBs-HlE‘?%% gg%he férdog% c{ﬁg}f &S C,SM%@C]&I% ;)robes)
and 3 YRIE @WPONEN'P%r(ant:f@adter@?@faﬁﬁr?@%c%?gl %}r’]fgrté{is%lowfade®

MDCK cel l's, respectively Exanpl e
Light dpitéfageb&sed(M8e pauddri Probés)Tvans faidedd ogelal Smcf(i) slide glass

(MATS%I%%Mll_)eC;Adng 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 (Fi.g. 4B or E) and overlay of the both (Fig. 4C or F) were shown for both
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5 Several plant lectins were used to separate
transfected MDCK cells according to particul ar
structure of oligosaccharides displayed on the cel
surface. 10 kinds of lectins were used to distinguish
a variety of oligosaccharides. Carbohydrate-binding
specificity of lectins used were precisely anal ysed as
shown in Table 1. 10 Biotinylated |ectins (Honen Co.)
transfgetant gndseid dppe MWD CKectlin rbepavdivedt.| s  coul d be
recogni sed by Streptavidin McroBeads (M Itenyi
Bi ot ec, colloidal paramagnetic M croBeads conjugated

t i d] ti d ABA | in,. Co
S bl PR R
(1) Pleg€l kbrinPhaseol us vulgaris lectin with homotetrameric

E-subunits (PHA-E4), Phaseolus vulgaris 15 lectin with
hoSmteeslr giiti edtiifulwetet sddPHO- kdparaRCAIRArE@CHI MDERT cells

WGA lectin. These lectins were sel ected anong ot hers
accorgiagdgspartiostar struchinn aerlegdeaovimarides diephged sm e ¢aikadface.

10 k'a?dgg?g' i nked ol i gosaccharj des. N-Iinked i )
181§ o decing i Wels uged efor Kotigrguish bevaretygRf zeligpspccharides.

j ) I den . FOr netic cell sortin
CarboftatEpthIihg oFedititine o FRPR Rebouers HisbHyy aejysed as
shownaindTsdleril i sed by filtration 20 using 25 mMm

Acrodisc(r) Syringe Filter 0.2 m(Pall Co.). (2)
I\/ﬁgnﬂhybte@lécm (Hﬁgemfcmtﬁé@dcﬂﬂs%ﬁ&d ftmsr&@i‘hegound cells

MDCK cel | s Nhgnetic cell sorting (MACS), the system
could { s iregegnised eky ndigartaykin| MicteeddsedMiliehyi fBioec, colloidal

unl gbel l.ed cel|s, was chosen to collect_cells based on
param3in Qe MIEo B Eds” homBeriad iy Sueriegiion t RECUBR [u3ed were ABA

' lectin,i(g 1|L§qgct' / BisM“Q%finM&%% IERA af.@t&lsggégi,gleﬁf{me%ﬁn?fPhaseolus

s and ‘macronoletules, were p
vulgarid llecivyi wBhohemor dr s MACSEVAD usiist BPHA-EQ) BRP&AL! QMigaris
~of up to 107 magnetically |abelled cells, and a Set
lectin whthahwnntaywe@seSe pasatinors (AHA ;L 2, RGOS 2Midtin, SndnW,GA lectin.
nd. M5 Col unms were included. Streptavidin M croBeads
These 3%?%”&0?’186‘? dalectrt amegseptibervbervBsariost ofijthemt vere known to

o SEYTESEL A 3R bR MBS e

ere STV AN il TR Ml o

lectins arfdl figmParBSAd i sed $n BB (FiREd5 Qe/bNP a B NWERG LAY 8- filtration
) Both buffers were sterilised by filtration using
using 25 mm Acrodisc® Syringe Filter 0.2 um (Pall Co.).

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

Magnetic cell sorting (MACS), the system that separates magnetically
labelled celis from unlabelled cells, was chosen to collect cells based on
carbohydrate moieties presented on the cell surface. MimMACS, 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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25 mm Acrodisc(r) Syringe Filter 0.2 gm PBS-EDTA or
Trypsi n- EDTA was used to suspend the cells cultured
on 4) 100 mm di sh. A day before separation, nutated
VI P36 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
(coll ther Trypsin- EDTA or PBS- EDTA for 20 min. After
co %Q?\/é@f"f”ﬁ netle MigreBeade consigsterbdoi trepiavidin) Dvao used for

indirdER AT O orR00hy 106y BTl ol Cals:  Fol | 0w no

cent
Cepifrbi gl | CEPR
bl eet 12”2}\12?2%&‘119@2@%%%% gggéﬁti% bhﬁlffel?e(lﬁggbs e mM
EDTAJemtd ISfepgmildmbaff%g&(llnx I@BShﬁltWeZ angDﬁAl aﬂde@ 519, 15 A) as
15 M of lectin solution (5 g/m). After th
describgd Ubathomanwfacwréor Bethnbuffers wetd mebdwed belfilsrat@neusing
95 coIIe &gﬁ centrlfu ation. \ﬁggernatant was aspirated _
mig AaIpgfse hEB ilter Qi umTo RBSIELBAIe TiomsopBDi/sds used
|bo in 300 gl (or 1 m) of
to SUSEQI%CPP‘PE E)Sa&flé?rewas gd@@d‘ g’c%‘ls s were washed twice.
Centdhi fua%@le% @r g t | r S.MAs
aadeq’t o ore JeR aﬁ?‘%h%lix’pﬂg?gd\r’ PRI s Feghb & IR et were
propaghtgddiowslat abodt 80l wned %Oc@tfﬂwﬁt aln theCdhprof sﬂe”}:afﬂt[bn Cells
M c¢roBeads- bound cells were then coll ected by
were washef | Wil @ BY éwicspentitidatadmvB0Ceitheof TrSppar-BD TN obBHBEDTA
on ice fg§§ene foll ow ng, separation. Before

d pl
o 203 DL s LG S SR oy B e
count PAERGHBEr Q)@ eMshi I\ﬂ%@ﬁq@% : a}f’c!{ 0, tlQ%é Q}Sio@g 1{;:)(33% 5 min

MACS Mul'ti and bo
(same ldennifl@ation SERBLRHCaHHIdS; \
£/I ep afhgg by adding 5 gl t%?alg?%&a%laew?gf] P%MWS) ﬁ?”s were
washed/jopeeoByatio ioluntl PES.| sCentri@ed ovfce Sain atélon wepethed diluted
. e. applied aon the col um. plied solution was
m 15 %‘ié’sfe]&"? iRotflgHOBY(S gebmil y Afitest heT feciftagigant hnougrfpr 30 min,
was collected in a

tectin-YEET FE LR, 0612 tlﬁmy\/\éF’éﬁ\ﬁﬁgﬂé@nth§PBE@1ﬂt§;‘“bW§@@P¥ated
careful®f SRPAMIIRRIPUT RS widl €81k F@rso&%“?xq?sggtelggc%n ggz{lggjody

passed through” the col um 1 n wash
binding;080@qtietbri M e ofalBbditn butfféli?ewag—l"a%ld'g@ CQEHIN WS washed

then renmoved from MACS Stand for positive cell
twice. p Q@QVeﬁgged%@qet,u e pdedfl stneptatvﬁmncMmmBéadsaﬁramdkieattedbmd

fresh 1 tube by addition of I m of
blOtlnygléB(irlg({tillb% Ipélron was I%{IXCd well and allowed 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

Dbuffer were applied on the column. Applied solution was passed thourgh by

gravity flow. The flow-through, which contain negative cells, was collected in a
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i mredi ately followed by firmy flushing out positive
cells using the plunger provided by the manufacturer.
Positively and negatively collected cells were
counted by a henocytoneter (Erma) and shown in Tables
2A and 2B. In the tables, the nunber describing in
the colums of transfected MDCK (A) and (B) 10
i ndicates the result fromtwo i ndependent transfection
15 mb%&&r n“élaﬁ solumbwere weshplithersighly bgl309 skphSapedtioy buffer

R M T T
t

v RO PSRRI T P o

from 3MACS BlultiRiREfE4 P@s@w%zcéil 58‘3@% g%S’IIE@E n‘%ﬂ%‘]]%otél@ column

cell no cell nfa nfa n/a n/a
was cblBEtedABA O f2sh815.M] htbed b3 @d(ﬁ510|HH8f 4 ml6oP Sepdrioh buffer,
1,85 2.95 MAM 17 20 0.38 22 0.85 4.55 Lotus n/a n/a
lmmeélaéglmﬁo](bo‘ﬂe@f g5 fimgs Auahing ot Zositios @16 uﬂ.ﬁag4ﬂleBplunger
f posi ti ve and negatlve cell s separated

PI’OV‘fﬁa CA L fhe o7 ’é‘fi”é)a“ef TERIS Uy ot disgntive B C‘F{,lﬁé@doﬁells were

Coum%glsgl tive negﬁt Ve p ?’}a)\/éhgteg&"fmwié ﬁgg%l?vein the

blesCoRA n9n 8
(eblesp I niinter cboribing I e Folumfls o tifbdel MDCK I and ()

indicap@AthROreniia from twoaindbpemd emt nfansfection experiments.

Table 2
A: Numbers of cells separated by plant lectins [ x 10°].
Transfected Tansfected
Types of Cells MDCK (A) MDCK (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-E,4 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,4 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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WGA 35.1 64.9 45.6 54.4 58.2 41.8 ABA 33.8 66.2 32.6
67.4 83.5 16.5 PHA-L4 63.5 36.5 43.2 56.8 38.5 61.5
MAM 45.9 54.1 1.7 98.3 15.7 84.3 Lotus n/fa n/fa 2.9
97.1 3.9 96.1 DSA n/fa 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

B: R‘I‘té‘?;f’f ﬁ§S‘éW;§e3rﬁdrﬁE%ﬁathCﬁlhdw@miedltblywlamtr Feictid s §04).

twice. Separ al eq ghifectd®! € COl GGLFrtEg
TRSlIreate Ll e MbeRY, | Ve T i\ﬁbg‘iﬁim nena WlT b8 MDCK

COV,El cu CC L STt ootnh

M "§ﬁﬁat{oum .posn,w.m mgavvs maﬁﬂm one;aetrlw T&BF'é"Z‘A) negative

and QWE‘\ratl o 96. 4separ£t1 on wa26.8hown 71110 Takl.2 2B. 8.3
Cal cLiC#t ed rat4b8 showezl2t hat geparatignrati oy 290 8

PI—H)EA;p the Bigst eyperineng s remversed f t he
H e (tg/id rowm Table6§,g) g\g}ﬁo of 60]:3 32/7
|ve fract easednan the 8&ond ™2

/

p03| was d&
expe Ciftnt froirﬂ-oiS 5 0)§4 8f tot®-Ocel | $%%cover’d 2o 1. #1.8
% (erBit h row B¥-8Tabl 6@B) . | B2c6nparitdoh wit 183.5 16.5
sepﬁHAtlL@n rat63o8 of vid.8 typetsMDCK, pesgtivesgracti ogy s
by hoANs resul4sed in 20115 angd 3.9 %ggfztotaljsoplls g4 3
recoygged in sgparatiop,of bothtransf a wld

e F'& e 3 row Cl|t‘nthea§;gttom 96.1

typ R/DCK cel surfac (secan
-?D»?« e 2 P42 ght n/fa..mqu 4 ew flgpfgse redi’gyes 12.9

are di spl ayed on the cell. DSA lectin separation

showed | ess positively recovered cells of
t rAalhs thec tprnteditrean ntdunatonetl \wbbde t ypsicakldos eathe 1@Qin off ten

ab) ZE? 20 At the tinme of first experinment
examipgd’ ?é’.nﬁ deCbut HeBul WGA. (4BA, PHAbLes ,ABC&IQ0, Lotus
E were chosen as its, positive
and D?r act ‘ﬂc—gﬁ sé:a(\)ﬁ" efcr%nz lggtips teﬁBemE“&PE\Iwarseﬁgl\?BF’éﬁlemly carried out

twice.Car bohydr at e- bi ndi ng specificity of the positive
fraction was observed also by flow cytonmeric anlysis

( SepataxadgleHs 4yered cOBEctddl bi NE&iINRBBRIVEC of 9-|nleu§ﬁ{f& | faflctions.
of PHA-E4 and WGA positive transfected cells
The nymbeps fo reppvarest ogllp3én thahspesitivd Mk epative ﬁeucaon were
Br Ceq to
counted b 1emocytomete1 (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).

.20

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

%glé\ﬁgs three times with procedures described above,

and -Bode@iinsamare peosenaas e positivhéactibe shesid Bse% of the
cel and tiv ells, respectively, Simlarly .

total nglc%)gere rer@ %%}‘%‘%ﬁagﬁ%f’@”f’%r%ﬂ?& iGiky it the pesitiveotrartign was

obsefvid [ : f I e,.counted by a
: heEDeagilc% gge&t%%‘?’%?%%gg)m}%és %Zeglﬁéxgﬁﬁ%e@nunber of cells
sorted by PHA-E4 and WGA [ x 105]. No. of M ni MACS
M ni MACS, 1" round M ni MACS, 2"d round M ni MACS, Y4
5 (3) Mudtinte mpBOSti¢ calitsooting of PHAE NeghW G fasiivé vanXfedted cells
negati ve x prositive X 3 negative x 3 PHA-E4 0.8 2.2
4. 5WE grogps eiemuiatyd ¥IP36 tpamnsfgtad MBCK Lells (Mare proceeded to

‘secontABIPHFY B8 3R uagihel el briad Byr o RenRiSHWpE Keparation of
each @Eﬂcgﬂﬂpe%haﬂj‘?ﬁ@.réeBg%éﬁagpglfethgﬂéfi ﬁii\{\',?eg’t%é’g'glu@tc)? :j Seu§étaup of

abové and shown in

transfeered: cdlts ShodeiAweRHATEE-E WebtinARAti PEWrbdlp, (HAMhel
and DSA | ectins. 25 [Exar#pl e 4%“ Lﬂrf%ce et HAEWGA

10 positivg yeussy| Zheon tavakysips by dedlbwwayt ofietiier 4plidd qw sorting by
Mi % tré of separated cells of both transfectant and
n %ﬁ thpek Wity peeaedyresndesr bedxalmiee  andrtherfvemet @nd the
[ ' .ne carbohydrate structures aqn the _.ce|l
tater LAMERLS B Roblife R0 ANl kel it Yonmeatiuiv sighlarty, cens
were Estell|tOWueIL TRESAfic Ry r
%ﬁor escence int en%i tlyc of tsﬁlzthige%?ﬂgglggngg%w KoY of ceils
were douat ¢y at leginb egtointetéro{Ta00ed) by streptavi din-FITC, was
. nmeasured and recorded in histograns. Transfected
15 cells positively separated once, twice or three tines

by M ni MACS, and transf egrtag negatively separated
once, twice or three tinedafkr?

The number of cells sorted by PHA-E4 and WGA [ x 10°].

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

MACS fraction positive nepative positive x 2 negative x 2 positive x 3 negative x 3
PHA-E, 0.8 2.2 4.5 4 3.8 10.6
WGA 52 6.2 4.8 4.2 6.7 1.1

(4) Magnetic cell sorting of wild type MDCK cells
20 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.

25 _ [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 cel | s.
cells (o celi types) for each lectins (9 lectins, ABA

CopA.. .DSA, LCA, . Lotus, MAM PHA-E4 and WGA) were
Subt WPRRamETe) iy SUR tod e der Paghaigbelativaichegs on the
i [ t] d otal of 8 .
cells oMb b TRA Rl 2riigh g REE iR, HovPeytometric
analysisbtwaisalpepforthedl OUPfuore¥cdnlde ﬂﬁléngw thkOWells, stained with
~_cytonetric analysis, each group of cell's ‘was
biotinylidtedrledtin follomtedoby Btr@ptavid inAF I TC Awas Ghedbuséd $8d treaérded in

. cells did not reach confluency when anal ysed. 20 On
histogramse aylransigatady eslés pesitivelyi sepraeteddomde, wwicanas bege times by

R Y'Y ith P foll b ith 500 pl  of
MBS A Bl SIS W LSSV, WA SO0 ROl
subied) ' b e 2 | _of

e 87, WBORHA0 a0 SUSRGRILE R R U Eparcs

transferred to
posititdi§06r nppAtitaly by MmiNSOE weNishi AR i£TetQ i
centrifuge neZt i}é)ned bel ow) . Therﬁ cells were \?vasr?g&dargg with
those o trgei¢ctantsFACS thtdlf 68 iHBASS deft heouBRLY MDOKaLBINGrepared

' .OulﬁﬁéﬁA and 0.1% sodium azide). For prinmar .

by MigiMiAH P gSepapptionfwarachsadecthart (Tpogjtive) amhs negiisee groups (2
aroupO6F YRR ERISHRe G0 i bl PRV ERLES o ce e Gient gy ach
lectinleg 1RELROO AR AT FAGS PifA e%cfpp' L8¥ni§g 10 MC%ME%%@Q WGA)

and decant ati on was ‘done’threg ti . cantatio
were sEBGBabof B3ér grobpswagnerhedl Wellyg@aiphi Afai@et 1Y m@disle Magnetic
. turning the 96 well plate upside-down to avoid
sorting gpedari swhtateh.ofS8carmamsy Bartbald MBIOK i cedlswhs 9 lectins were

Subtot%%tfgr med by addition of 50 p.1 of streptavidin-FITC

BiPYPRni t h i ncubation on ice for strictly 30 nin.

Fol, g ' i.ce by 150 gr 200 41 of FAl

oot B 08, BT Aol oFEiitait"Sndlsiic tach Phongy MK cells
was cufAEEd T4 el 8RB IEHSEINt & 8 o of BlisH YOSLAMRLSN 4;

Bi onedi cal Products). After adgli tion o‘? ]1.%)0 Hﬁg%d ém reach
conflugyioyl wpeopindiysedi odi de (PI, Sigma), cells were

anal ysed by FACScalibur(r) (Becton D ckson). Data

aRH| Wpsi day 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 1 min (same
condition applied to all centrifuge mentioned below). Then cells were washed
by 200 pl of FACS buffer (HBSS (Gibco BRL) containing 0.1% BSA and 0.1%

sodium azide). For primary staining, 50 pi 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

C tiprIE,tric_ alysis using the sane |lectins (Figure

was %"%L? W CRTSe QH@Yeﬂusfé%rtaﬂu@ﬂ e 2@lwell Weteguprids-down to

at. show sl i

: f | ect.i hat. ht »
avoid iy Bind ol NscoRhan BRUAGD brrtingarineredimed ycaddition of

50 ul Rﬁsétf‘é;}f@vi@lﬁl-@?ftsggﬂrEéﬂﬂl&&iggh&g’at?&oég accl;r 28%&%%%*%%0 min.

were well sorted descri

Followihg Ridbhing twizshyPHA0EL 206611l §F PRES, bYBWEV&RLh cell pellet was
separated with apparently unique separation ratio Even
suspepgiredh ins20y NG FARBahuffar uesl otmoebdttiove 1/2uailessenq®arsh

. i pt it asured was 1786. 00 for TF-PHA-E4 +,
Biomegigalaprodetsye prierean ditionsed; 8snh 0BA 1edimd pdonitamee dide (PL
: for. it i].d S ctively. The .nepan value of .
Sigma) o telld S hhited B P A SRBRu ET Re ot DigES e e, dnalysis

in a coReRitkt GAdsl Ookried Ty ! L B
transf ect esd cgllel S.Eu%g{?ﬁ E‘ﬁ‘%@lﬁ%@%ﬁé iﬁgnghé?gm?@é @%ramme'
The reselth areveliewh wi Fher. 5 end isched by M ni MACS separati on,
and anal ysed by flow cytonetry. Results showed that
t b psgn of amutaiedf VIE3 PHAENsfecledosklls,vana=| b separated cells
Showegol | ect af tde two 25 M ni MACS separation, sane i
BASr BT HG8h é{?ﬁﬁqﬂégs B2 SERAT AR T¥o ppptle firficime expgsiment.
Thi el Fig.. 6).. (2) Eflfect of .
fs B0 W cLEERREL Do pybkiic BRIt Alpdiabe, pme lectins
(FigureXam e thiexahpes! sepfardtiyPoicReny u@ﬁg l\ﬂ’(‘fﬁ@?&es not so good for
. glycosylaiton, two 46 independent groups o Wl?d t§pe
lectins\hekskew |séighe defferemat dd the tper RBSagDIAnesative cells and positive
S%r %psi_n- EDTA, respectively, when cells were suspended
cells spgivngin kable st fibaveg. Timisoveedist wrese ryelprsotalinssngdiACS as
- pr.ogeeded a ti bove (1). . T results are
descrit¥go TR PRowPl " 6 EA-B7 %0 o - ca cotsi aupngrowever,
se 12hoved Wole [ di el i_ndi af f i ni ty,
: palralWher ealsnag)gls‘1 r%ﬁls}{ aﬁggewb%l{waqéﬁpﬁsr%t&cﬁqﬁndiwg%lna)}léc’bng MACS.

Mean Wabfesr ofi nelatige @fufordidencel iktedPisy Nnmlehfeqd v | 5786.00 for
In addition, it was noted that trypsin

Fig. 7).
TF-p Hé‘r]@tat*ecg‘?@eﬁ'ﬂ Sonelie- PAaA o y ~s tveliereds IOBH. 201 an8 UDEBER Nfr the
. nost of cells did not die
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 bry 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
, 1t was

nder BRI o SN KERRBOE BN STt it DA o
Trsp RS TRC AT bR, AL, P! ASSed 0P SRS sraming

cell's
Flow ﬁ:ygﬂhéﬂr?%ﬁbcéﬁufrfz?'ﬁfe@&_(f)rb(fbeldggtds%ghtqgh&gabg&é tf/)' UYThe resuits
so, repeated screening using lectins may enri‘ch
are shoatl & Eigre of which specificity for a certain
carbohydrate noiety is enhanced. 20 [ Exanple 5] Design
of OWCRIpPi tastinsonsédyt Bothetineg shaweddnmondighiforant odifference in

. .. E -.53 Tp introduce random nutation into a putative
- bmdm&ﬁ?&ﬁ?&ﬂﬁ?@ﬁﬁ? sallhgtanetarh drotEREtiBeisobual hisbepbiding

ffini ' Lptreductyon is carried out in two :

R e%};?%tpéﬂit‘%%?,&d;s?eﬂ% PR tho el pafions Tiawth nefed 1% trypsin

treated>RMR| Wede hwely2&a 888! A¥8IdPI FiGeo iS50 - :
~correlation be?'vvegn desi gned E‘?%‘?f%}@@aﬁfg)s{ Eg(ﬁe&SSg].d not die

during' ¢@)erimestsdes tlgnkdvasbex 68Rom)pri ner for randoni zi ng

t he ]%;Jt ative carbohydrate-bi ndi ng domai n. PCR was

pék iorareRiet di-A phoviendhe egpyrinedty Batathe caERGhHAEe amruatures

e ate..The thus erated DNA fragnment (the first ]
o th%aizgh SUFRCS n WSt modiisd: Ry tReradacHihydnde@ binngatigns  into

b e -5 rej 47.referred to as
carboliyeie F?Eag'?ﬁfoﬁcofbﬁggrﬁgt eélp?{r{ggg%l?dy 2- 1888 A gasport of

glycopvertinin sptrenayqdtbyali gati ng a CD8 signal sequence and
a FLAG tag to pRC 2). Subsequently, PCR was

pBifwyingdedtsinm floav cutooatryrit vers d@hodieatad RhaTBRID CR) celis
had and ER%C—,SB cDNA as a tenplate. The thus generated
ad a Fuety olypligesaccherides anthe el surfegesi oTransleattidnyREK cells
_ r yer - bi_pdi domain of ERG C-53, hereinafter
sorted ?2@@%@4 ?%C%‘?C‘%ﬁ&f%m%%aow&&énr Sierancedni lsetnrHading
tivitp RCAGEMV =R Whes & ; - n .
e %Dnsertéd.ggvéﬁfg%?ﬁéceh a %tsegw%%aﬁg%g% eg'égﬂc,&gg ?13380% which

specifiitpfar y centaicondohyidifd mSSeReR &dincegi on into which
random nut ati ons had been introduced by this technique

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¢cDNA, the PCR method, by which introduction is carried

out in two separate steps as in the case of VIP36 described in Example I, 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 nanes and the nucl eoti de 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 ID NGO
referrpd) tog ) ERQA(CFBiingerpiratad oo iRD- GV 2 S FE A® (a vector

Xpba .l site: K corresponds to G or, T; X corresponds to
Pl"epag?]@ bgnzlggﬁhg, aqt é mgpalc)sequence and a FLAG tag 1!% pRC-CMV2).

S.ubs%ﬁ%ﬁ%FW@%an gi‘r(lx %T%A%&C&% £ ?Jrimer (4)

d ROl RENIOH, PR AIESOENE Rl PR oy o

~ latter [ Enddnpowid] iGohsting cthieonatio hERGEE-H53d Fran 4R dih Db ArYR 85C-53,

1('%: Preparation of plasm d pRC ERG C-F The PCR net hod
hereingdter ncreferradd tosi Ay ERGICIBramion) novepoidredudedt ointo  the

PRC- GBI LS, Rueralf b FaRbICH Rrlohesmotsertidudi Wigh such a
i |41 ' C-53, As . .
techniglf, KR PRONCD FRlRGRADH RS Rsallogh cSiep drg dBion into

hichER&HEmFm |{BBRnig0e | Cmplifi
whic M@ﬁoﬂ§@iﬁdQ§een4§m§)dﬁl%c}lA\WF¥dﬂH§ t%ﬁnlgﬁg ‘ggﬁg&ﬁ“gﬁ‘f‘ed

was used as a reverse prinmer. CR react|
by PCRayappupanwdtioys wanibegndoducdd ehenlfor ward pri mer
Eﬁg CFF, 2 1 of the reverse priner ERG CFR, 2 pl of
t Héet RApFa e ety tuggotdnaequenags) 9f the preparefl @hman are as

(TOYOBO), 4 Id of 2 mM dNTPs (TOYOBO), 4 | of 5
Sh°w":\%§% buffer for KOD-PLUS (TOYOBO), 0.8 | of KOD-PLUS

(1) ERQE-FPOWMARFARG! pIfACE e dioflagso i@l Mek) | - Q vater.

PCR reaction was® perforned under “con

f 6% GTAT BIGGA C(BCHTHGEA GEAT IS 6sééqn NS 3%)
seconds, and 68C for 1 mnute) x 30 cycles, and 68C

(2) ER(JE-FRrfumdedéned portinidarrespondstth Xird freits) t hat had
bge ] phosphoryl ated were used. From 10 the
Pl L RAG L A MR A A e a s (SR OSphic &9

3) ER@TClﬁ@?a@J%ﬁglsl?ned portion corresponds to Xba I site; K corresponds to G

~or T; X corresponds to any one of A, T, G, or C)

5'-CGTATCTAGA TXXKXXKXXKAATXXKXXKXXKXXKAATAATCCTG
CTATAGTAATTAT-3' (SEQ ID NO: 14)
(4) ERGIC-BR (underlined portion corresponds to Bfr I site)
5'-CGTACTTAAGTGGTAGTCAAAAGAATTTTTTG-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 designgd 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 (BIOL0O1), so that insert fragnents

were prepared. pBluescript Il SK (+) was treated with
a restriction enzyne Sena | 15 (TOYOBO),

dephosphoryl ated (treated wi th al kal i ne phosphat ase

B derived fromEscherichia co/i), followed by
a for%ﬁ@mﬂ‘%@ EXGIsctRowaangeéanantiverss pomsit ati BER reaction

oAb B L 3% 0y P B SR, 2t o
the sl nSTROICOPR, 4 o LORPIRRLEERSES T U8 (1 g

m xed at a nol ar
3.2 pl bfa@s oM MgBer, (T@adB), 4 fe JrEAGNOoINT P Y
transforned i nt4o corrpelBt'?nt ?el s JMLO9 bysg?g'%g@’ 4 ul of
10xPGRt Hudferarfdr t K&HD tReUBel(TOYOBO)| nosul gt esk oMOIBPATS DNA
) T%I at es {égm eBm)ng bl ue and white colonies that grew
poly astene(Tﬁf 80), oAld 3dved apf WHlli-Q cokteni esPGRr geaction was
m_of an L

' Lcul t vernight in i B
P erfmﬂ‘%uﬁgd&g@gﬂr@&i"&ﬁq ‘tufgg‘ﬂ?‘gifﬁf %gg’éﬁ%qeéi f?‘i (€ &or 45t sqegmds, 52°C
for 30careant ! ald 88 of l.ds, ere.then ., .
Dr. ‘extracted by a(g fgflgg?]%@e%?ej;d ﬁ&ﬁg’da%ggtggﬁr 7 minutes. In
additieybhebteimes thas aud bebs ghevioh9lyCohPhEsyIARId WoiLHsdd1® From
insert DNA fragnment had been found to exist in the

the PGRcpraduch| thenitargek tiragmenn BRGGIG#r miasdsepatatadaby 196i Bgarose
Thus, the sequence of

a.Plasm d M.ni_Kit. . (Q AGEN). ]
electrqhyigr BT MRslo 1 iginsdl Teaitonimerisclerthy GOSN BUO co, Itd.)
d thef are LL-&R ot . of . i-ned fragment s
an cof}; d Eg‘fé’ n%i rmadctl%’11 §\]/)én l(jr@?bqoﬁicfsggﬁ?td@ls ¢ fragments
were psegiiedces. One of the fragnents was determned to be a
target vector to be obtained in this exanple, and

t pBluassagti B Ske (10l hawi ngatdpericient @strictBPSdH e Sma 1

ei.n the inserted DNA fragnment having the correct
(TOYCﬁgéﬁleHE@hoqphométfxﬂeetf@&teWégg@kehne@hospram(mAtH) derived
and Xba |

. ct.l on zymes Hinc Il (TOYOBO ;
from %?%V&f%m 5ﬁ§5]1 H{éﬁoﬁ?&j 3%5’{ e@?@T&IQ&ar@@EﬁC@QH and ethanol
recipidt@sd, tAPRBY St Sini F9EL QIR fragnent ERACF
P pWas purifi gd usllnrlln Eq%"?\gﬁtf@‘g‘%éf g(flrvgg{{?on Ki t
(Thehehdye votop B W08 BkAG) (RatVELT BEeP cBPRLSH SWa I and
| igating a CD8 si gnal
the DNA Tragment ERGIC-F were mixed at a molar ratio of 1:10, followed by
ligation. After ligation, the reaction solution was transformed into competent

cells IM109 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 (that had been cut with Hpa | and

Xba 1) and _the above DNA fragnment ERG C-F were m xed
DNAasteqé}vea(rLIr(aQRd of 1:10, followed by ligation. After

l'igation olution was transforned into

corgrpé TRl 608$ﬁaylemb§aglﬁénféa‘éﬁ’tﬂ dnks keafirmsd t10h@'|l1‘“3 correct
nucleh%ecs%hbén re Oﬁ@8?%ea¥r§1gm§ﬂ OWT%FB g’é‘f%gf 8?1‘? g% bf:if’alial get vector

Sever al onies were pic

to be gbeayned hhﬁ‘ Rdxa
checllz b; thles co?’%ﬁ; gﬁﬂﬂléﬂhﬂ(}&%ﬂ%@gﬁﬁgg{lﬁ% eQPﬁM‘nents

r ebkalds wdreceint thieninstieed WAt fraghent BAGQE the correct sequence
4) - CW2- CD8- FLAG vectors having ERG G F incorporat eg
in thq KEFET 1 enBesede Fiad Hﬁateﬂh‘éltﬂ?afregmctmemmmn’aém:df{ MOS0 BO)

F he foll
A T L Ve M
P
Then YSETLEL 8 B GHGRC FUSATITERy OGP, by ol

‘st ockS of

Extractedu IKQE(@IA)GE@I) -80C. (2) Preparation of
pRC/ ERA C- Random I n a nmanner simlar to the nethod

deﬂ’e‘h%&z EIIS}}*“LMVG; \tdneorP@IRemeﬂOEy H@aiiBgWaSCD8 signal
Ig orrre% ng ERG C cDNA as a tenpl ate, thereby
Sequelch PPf A éagl 9t PBp EMW) edsutientgdt Wethcmsbouyom @neymes

i+A O t he, gene
Hpa LCEPAYOBET SR o L B QRO S o R Whpragease el
electr@kbrEHS CaﬁR Was S ver
rrea(;‘tl on was tperfo e@ erl{ggoaﬁd?ﬁAgns of Ggrgﬁétrfa&]oﬁ Kit
(QIAGENL es, (94C for 15 seconds 54C for 30 seconds, and
68C for 1 mnute) x 30 cycles, and 68C for 7 m nutes.
THS et shayet vesien pRii- (RRU2CRS -Ehddin(ties leepheat edi varld Hpa I

rified UICk Gel Extraction Kit
and th("QF’A he %%%ﬁi%gf%ﬁmw RicAgri nter@emixnedesit & enokit patio of
1:10, ﬁ%We'dC§ y >
PRIy TR PEL S Mastiah b it P Btis s teanormed
into competent cells JM109 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

pRC/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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and then purified using a Q@ Aquick CGel Extraction Kit
(QAGEN). Thus an insert DNA fragnent was obtai ned.
The vector pRC/ ERGA 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, thereby separating a target fragnent.
Aqui ck Cel

ves 5P SRR DN A o 4kt b
latteruiﬁagﬁBﬁﬁ&ggﬁlteo%aﬁb%gdr%? oé%:fttlc?x; d%%lgﬁ)&a ]{,ﬁ‘%élf:-gig the gene
of ERE@EIJ:&I LB’ g@:}ﬁ@@% E@fﬁ%%ﬁ%;ﬂ%%‘ﬁ&%ﬂt rﬁ?a:%}g"aa A ERGIC-BR

was ushé asenctverse poimeri OrP CRS eh E186S s RATd i &Y uﬁ@@i’p@é@cﬂhons of
cells JMLO9 by the Cal 2 nethod, and then the cells

94°C far @ mitias.af94C Fom bS sBeous, MACeEar 20 seahmis, endwesE for 1
ked Ip. f.rom col onies that grew on the 25
mmmﬁ?ésgoe(g‘ }/"‘slﬁ%i &Jf?ru?é’?.)m&{ﬁér night in 3 mM of an LB
Ig p W|tha icillin at -
fifn‘g\liI gc]gﬁge%rﬁ‘%ﬂoﬁko %Or PP “fag BREe ey af)‘fia@l‘?i“dp““f‘ed
using @QI 1bI@fGélyE>ﬁFa@id‘iﬁKW@Hf(GENjEt hod. Subsequently,

the plasm ds were cleaved wth"2 restriction enzynes

A[&lbbecﬁﬁl’e@‘t’@@heafrdgiﬂlend wdd tedfAIORAh ragdictidanenzymes Xba 1
éected to 1% agarose gel el ectrophoresis to confirm
'(TOYQR preddifed 6FO i%lB jeefiedoin il % wpergseasati elsctrophoresis,

nsert. re cont ut of 24 plasm ds
and el PhiTioh" oot QLBRVick el dBra ik ERUBAER).  Thos an
tm@glﬂz | he insert DNA fragment
nser (E ?l{a{ﬁg%n?&%é%e&subj ected to plasm d extraction
(PI asm d M ni Kit (QAGEN was used) again. To

confirm whet her or not a portion corresponding to the

i Aber verIa mM@E&GIQER@repBedandOM) | soveducsed freated with
ERGA C-F, had been reliably random zed by PCR, DNA
restricBg canumea il CORAYS Oy ant L TdHO Y RO had seljectsd Lo 0.8%
s the pu

agarosg %f&beehé:c r‘%{{%‘)?g? ﬁ}%e%gﬁgit’ﬂt Eé%qlé}eée% aggﬁ_‘dlt gf‘%g %agment
was théﬁ'q:futrif?éd B QQ% ek | el Bixd r‘ig\tg{ub KJEEH%'EIIA@IQI%  Thereafter,

sequence was analyzed usi ng encer .
the fragmsnt Wasmfseéaquarmoﬁnal ysi s, the nucl eotide sequences

of the putativ
he above vector pRC/ERGIC F (that had been cut with X?a 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 IM109 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 (supplemented
with ampicillin at a final concentration of 100 pg/pl), followed by plasmid

extraction by an alkaline prep method. Subsequently, the plasmids were cleaved

with 2 restriction enzymes Apa I (TOYOBO) and Hind NI (TOYOBO), and then

subjected to 1% agarose gel electrophoresis to confirm the: presence . of
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potar ChRTRy Pk

car bohydr at e- bi ndi ng domai ns were found to differ in
all the plasmds. (3) Construction of ERG C 53 random
library 15 In (2) above, pRC ERG C- Random (nore
specifically, the vector pRC CW2-CD8-FLAG wherein
ERG C-53 having random nutations into the putative
car bohydr at e- bi ndi ng domai n) was prepared. Anong 9
am no acids (DTFDNDGKK) of the putative

ERGI araslopniimthe plasaiidg dbrerts, wareapimeirgdi ids2 Mevieof 24 plasmids
random zed (DXXXNXXXX; X denotes any am no acid).

picke ver, in the 20 present invention, there had been a
t f _th havj. [ . '
R a oSS TN B nlhis3 s, PRYET e 3P e T Ehi 2 TRsere DN A

fragmﬁgg FER@CPBQa%B@nlc):_ wERNgde; étb@rtgirﬁ{n%%gdr Qgt?gét%ﬁ: ngqu%lll@ Mini

addition, such a library Is her err

- Kit (QIAGEERGMGs' aned)n dgabi.ar yTo ( Sodfirfxaidiaél asr afot a portion

conditions for the construction of ERG C random
corresppBeHigy to5thehdnserheDNWectfoagpRE ERBIGIC-Bprapansd iatnoddded in

d.the insert DNA fragpent ERGJ G B-random _
PRC’%@E@?@EE‘?#@F HoV e andemizgdghy Rt RN Arseauencanalysis was

carried Y5515 35 YEBe ST BT ot b ace
ool o | DECORO e 33y v s i

lengthcorident tht isoquafce26as ngilyzaddisih® ahhaBIN®Quencer. As a result
(approximately I Kb) with a concentration of 520 ng/41
of  sfguencgsedpnalyfion tihansiuchetiden, segeaneuntof thRA putative

' carbohér fr%tgtli)/\i)gig%aﬁtabg n j&sgw?r’% rq%tastfgo i df;]géo Q{:eio&gg%ginsgo pl

of conpetent cells. 5 2 types of conpetent cells
(JMLO9 and DH5a) were used for transformation and

(3) ConftencitompaBRGIQYs3afshi 6imengdariboth types of cells were
conpetent cells for use in the Cal 2 nethod). In

abii {(2onabave MR GERGIC-Ranidonhe (meoeet apetificklig i figertector

n L | was 1:6. As a result of the experinent,
PRC"szﬁéh%gﬁgh cobensin ERGLE- Hhdayimguiapgem mytatiens into the
ﬁase where the nolar rati

me domjain r d 1%510]‘ t?e i id

di&r (ORI Y PISRISS: o AOIPRR ¥ af PP Qracids
DTFDNISGKIC) 6f tROptitaeive 3 el dhyRiratk. did '

( an opt’i num rr%l ar Vr atio. }@J?t_her rm\‘?%,dg%agfﬁﬁ ﬁg]qur)rglﬁn were
randonoEe ONDMEKX NXHXHedX dBnotes 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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the case of 5 41 of DNA per 50 gl of conpetent cells,

t he nunber of colonies was |largest. Hence, in this

experinment, it was determned to use 5 gl of DNA that

15 had been subjected to ligation per 50 | of

conpetent cells. Furthernore, the nunber of col onies

that grew in the case where DH5a had been used was 5

times greater than that in the case where JMLO9 had

the Izbegr(alppe@bsmil'd’tabf 1 Ktb)weish adeineenimaadntod 29enddbaver@@sed.

- Coll ection of ERG C random|ibrary The nunber of
BﬁPe§r%?§59rf§?téWaoﬁlﬁ ham@uanip BN (aftes degationd to  be

e SHE0 R BT RS T RS  50

- ofcoﬁb@{e%%,cei] e nunber of which had been counted. These

colonies for 25 confirmation were cul tured overni ght

i 2 3typenf ofin cbﬁlplete%“ demedi(ym (02oNisH nDHBoEL)OOWQIZémused for

anpicillin), followed by plasm d extraction “and I nsert
tfaﬂSf@ﬁ@@klo(lt pedt gikn wiottpared t forc effdciceny y (gh Apgpels afidcells were

H nd Ié and then subjected to 1% agarose gel )
COMPEERE £F ﬁrfef 8¢ &) theanC wethodder dnraddddan,ythsi mrbd ratio of the

dt t th t
vector fetid B 7R 02 FNasduBnce confi fmti on (to: 53
CQ(‘J LIRSS NGk F{?{ﬁ)gﬂﬂ{enrt aﬂ%"@};g:dg%&‘% foﬂ]@gtha%qﬂ)d glowp was

i ntroduced into carb
the lafdeht $qhenaes wHdas ehe ﬂfbl&hﬁat'i@%lﬂﬂh% wltor tf@ﬁﬁfetm@@ﬁcxjﬁas 1:10.
and DNA sequencing, the ratio of effective clones to
Thus, @ gyedar ratae dfadhe Yradontonhe hesqt atfel: IWawas alecarhdted .toShe an
es ot her_than those for confirmation were

optimaIE EHHP coF VREEAT. MSRenEmeEn ot LA curvakesined, in
e oBEA0 BT 5L TELL VBRI b s
largestSpeHleflbé? Netmne fpeP;rrrmn(t‘oktl %E'&Qelg‘lqidedbﬁ) g?esgrhpg‘flpglgA that

follo 15 nml of an LB liquid medium (containin

had beggy/ ndlb_]antmbitd)lllgallo\naper 30 Lﬂddﬁdzoﬁﬂ)&a@ﬂ?célﬁ' Anpufthétifore, the
and then colonies were physically peeled off using a

numbe&@rﬁr%}j@nsﬁm thRt grew llpkel chse mkenﬁﬁmad eearmieghtvasts times

se uently, 00 the culture
greater, &ﬁﬁ?l '31 atcés*i/va‘g ?Fo?é@ sgfﬁﬂ éPBI uggdock Thypge it was

determ’ SERLNLEY ]j:ﬁg&ure solution was subjected to plasmd
extraction using a Plasnm d

(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 111, 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 su'bjected to sequence confirmation (to
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Mni Kit (QAGEN). In addition, plasm d extraction was
carried out for several 15 plates together. At this
time, the culture solutions were m xed in an anount
proportional to the nunber of colonies that had grown
on each plate (when a culture solution collected from
a plate on which 1000 col oni es had grown was m xed
with a culture solution collected froma plate on

confimhi obhét@6r cot ondtesahasm ohoWionsh@adnerh Qhirbfeced into the
former culture solution was used in an anmobunt 10 tines

carbohydgptedriadinghdamahzt byf at BAA ategeencarl t Based obmttheresults of
plasm d extraction). The nunber

: d th ted t
mseftg‘?he&g‘l %’pﬂ bﬁ%gﬁﬂga%ggmﬁ? ERSisr okieRgekyy chamsgooclonpethat had

: [ for_confir on were randomy sel ected at
growx?%lnotpeﬁ%ate wasl?aé%lflgg# and then subjected to insert

cheslomdd NG 8EAUBNRSENS n&%ﬁ‘iﬁéd@ééﬁ &Q@laltagegélfected

25 were contained in EO col oni es on es

AmoraviheagsdlecRed oo dinig, pbRsTTEEsn aﬁ@mfelch%dmb,yb@% calculated in the
sequenci ng, the putative carbohydrate-bi nding domai ns

abovehgmeshod Were @ﬁcd rfoc| EBGIG,‘e remtpue nibsaridsenSpecifie methods for
1 nunber ﬁﬁ(g E@i) Ionles was determ ned to be
co ec&'ﬁﬁ‘r%’i} s 0Y"épr esenting 20/ 24 of the
t oI o i es., Thus,. th f eac
Eaél %ﬂr gﬁ omi% qugi1 ’élfl? d&?’éﬁ"gf’g Egﬁ @ﬁt ?‘H’Bl‘i)\)dén) was
added 2% 1d2h IOIA 11BEA8e 'aHH 3htL£ 2ol 19%1%% ?h}rﬁggﬁg ptefed off using a

prepared for each plate, an en s
conragee$ti¢lgefodlioovedaby sBAG- il tevermight AFTCOX] "Eﬂl&leh[uelﬁ@;@% part
col oni es m xed together were subjected to plasmd
(400 Iél)t phcbr omityadsalhéan peropéateawas 20@ked! as tdipcéoll | gviing The

e plasm ds were ed 5 experinments.
remainip3 nﬁ&?‘g’eﬁf’qgﬁﬁpg‘ggﬁ S50 hes GTF o RV ARG 1St AgPlasmid
Mini I%Q{}]li g ﬁdﬁ%ﬁs:ﬂ&‘%xﬁang?gga?sd(garpn!glflgr r esseveral

constructe wer e

plates Qegbﬂae&indﬂthﬂﬂs XRE e$]$@dzult§'f@ss%%ﬁ6‘ﬁ§ Wer@xﬁ‘ifeﬂs '119”&11 %Qlount
was confirmed by the Western bl otti ng net hod ( Exanpl e

pr0p0r81)0nahdottﬂn@ numibﬁecuf cdloutsse i nicad ambwhoody emehhplte (when a
(1) Exam nation of transfection

C“lt“feeﬁ?ﬁﬁnPOéhGS) lpgied oy andlpte vinowhigh 1960 Bﬂmamqsahmbmrown was
mised WP A LSRR G0 5, £ b2 BB Epories
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, t_he'size of each ERGIC random library constructed at - -
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was transfected into MDCK cells using an Effectene
transfection reagent (Q AGEN) and an Li pofectam neTM
2000 reagent (Invitrogen), so that EG-P genes were
expressed tenporarily. Subsequently, transfection
efficiency was exam ned by nmeasuring fluorescence
intensity using a fluorescence-activated cell 20

thi sorting Sﬁqgtem (hereinafter referred to as FACS).
s e WasEe i natdiagthgse dbrades e ghissrelgsteek evaseprepared for each

t ti.on ., eagent. The expr.essi, ficiency of an.,
plate, pREIHER P BF B Toruieralieh: Aty o b iR mately
5000 lkﬁil@ﬂie_@-n%%@zdg%zléetﬁéﬁg%r% L'?bj(eg'eg\%zgﬂ mif° extraction, and then

Speci fically, x 105 cells“were In cuﬁ ated on g ™

stored-atel2090.at én (FALEMNow3RE Ot xHAiplehe tHaye BREANRIs were used in
transfection, and then cultured overnight at 37C in 5%

expergepntsOn the day of transfection, a nmedium (nixture of
500 M of DMEM (SIGVA), 55.5 m of immobilized fetal
bovi ne serum (FBS; |INTERGEN), 5 m of 10 nM HEPES,

ot syitled) ERBPLSG oF X eioin JEes, SSHHE MBS oel
V\Hheth\i\@selﬂﬁﬁﬁpﬁ)é'lcﬁemﬁkh}%%ga? & §13rb1:£'ri)es AMdtrdBEaD i&']@xmple 6

of a new nedi um was ad n the neanti ne,

were phafoied Dhd WESCHAckelts bad ahdiberprebitie agehdely@Bntly, expression
adjusted to be a total of 100 | using a buffer E)é A)n
was ceRHamedr by dhacfasters biattiobethethodfEEimptd éeand the indirect

oS A et S 5

second, left to stand at room tenperature for 2 to 5
m nutes, and then spun down. Next, an Effectene

(1) Examanati @ bf BiansRadenteffRse@gded to the solution. The
solution was vortexed for 10 seconds, and then | eft

t Bedorgntransfectom vEnher BERGIC frand&mt Hbdfids Rutee MDEO cells,
medi um was added to the solution, and then

.| 10 of ] o
conditignsetherpiprwasre xemiacdut SpeeilcallyThelRd $EGER (CLONTECH)
|t | ded,to t.he solutjon (1) abaove, and
was SRHARD b0 MOCR S viPB L3R, EabiTorts udnitgtan reagen
TAGHNeN 258! 851 T i g 8 the dr.u
QA G R 5 PR INAEnaRE Or O Epatr S PicEbiy, 5 b B ore
genes 4&rhoexmesdeldetehpansiloct i UbhsequeitBe StrafsfRbiibal BNFYeNBP was
.15 conpared by FACS. Specifically, cells at 48 hours
examingft sy meagwishgdligasewroe inberstigdusing ceflubtdscPBS-a2timhted cell

. of PBS—E. 5,m¥| EDTA was added thereto, and then
sorting system (hereinatter 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 ug/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. ug/ml)) was:
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the cells were cultured at 37C in 5% CO2, so that the

cells were rel eased. Whien the cells were rel eased, 2

m of a FACS buffer (9.8 g of HBSS (Hanks' Bal anced

Salt Solution, N SSU PHARVACEUTI CAL CO., LTD.) was

di ssolved in MIli-Q 20 and then to which 0.35 g of

NaHCO3, 10 ml of 10% NaN3, and 5 mM of 20% BSA/ NaN3
| 1 owed by adjustnent of th

sspirE b RGP RATT 1ot pellacteiEameth A B 1 onPRAS(I mi), and
then qrﬁaﬁl@ @rrr?é:j,{ 0?161% a2s ?jg%éye(ﬁg).and then centrifuged

m nu super nat ant mas
dl Eﬁ&hdeﬂleaﬁﬁﬁﬁeh IA®h |l r I
o ool TR DRA (8! HAARETS FOTI YE agg then
adeSthi o rienedtotahef skdloutd aningsa cbamtemﬁ@gedmatErﬂ&Qcar 9QIAGEN,
for 10 mnutes, and then the supernatant was
attachfdsioaprédfectene yansferoanweagelitiNitledas added ACEdedlngon. The
achi eve. 8, x 106 then the dil uted

| 1s/ni]
oty B e bttt s HOF ACSEE i, 161 ¢ fhand st room
tempe@ﬁﬂf?b%‘ theltng de; dm@ﬁ‘elg %%91 Lh ﬁ]]nng eﬁgt ey *Et‘s'fectene

t hat iTute so’l I on con

transfacidoh heagehearascalded twerhe lidiised. Tﬁg%oﬁﬁllééu)’é@rv%rtexed for 10
anal yzed by Cell Quest (Becton-Di ckinson
secongymantbthyaroteft oo ytaBylsiternmm teinpgrAdESforGakd Dar miMitah! €600 pl
LIs were se|ected based on forward scattered |ight,

of a n%egf‘émawas a¢dad ko Uy ﬂql\gmn i thanap pietinguees qered dinufi2).
d 10000 vi abl e
carlecipkRegiohuidLiPima’ aarg b e FoiSHaai () ghove and then the
mix P
ofd encsonna oL SE RO BRI R GBI 4] et o

i ntroduced pl RE

using anlabyzeet diugthisaddete4s Asuss kRSHIrhnsfebtivas reveal ed
that the best efficiency of transfection was 3.65%

M@hfheh@mamaht%oﬁmars @efgaentl awﬁ‘etaom rgpOesBign affibNAcy was
of an Effectene

Compaf?%n@f g‘%ﬁﬁgn rlg%\ fh{ Xvn&eﬂg 5‘3 18 douss mftaretrapefeciigs were

M S S
the celww&@%dltﬁ%d ameef 66 el ng&;%%%%\%@%%ﬁ@ﬁf re}éased When

Sw nvi trogen) using a pl RES‘E
the cel Wera rehxamdgn:t malt bHa FACS. thidbero@ .8 .¢ SPEE IS ‘(Hahks HaPénced
]l |1 s were inocul ated on a 6-well plate (FALCON

Salt So utlon NISSUI PHARMACEUTICAL CO LTD.) was dissolved in Milli-Q,
and then to which 0.35 g of NaHCO3, 10 ml of 10% NaN,, and 5 ml of 20%
BSA/NaN; solution were added, followed by adjustment of the solution to I 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.
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3046) on the day before transfection, and then
cultured overnight at 37Cin 5% CO2. The cells were
grown to be 90%to 95% confluent on that day. 20 In
the neantinme, 4 gg of plasnmd DNA was diluted in 250 i
of an Opti-MEM (attached within a Lipofectam neTM
2000 reagent Kkit, Invitrogen) ((1)). 10 1 of an

contaH'ROft Ct%n%;ligl iiggolp&rar Lﬁé’%ﬁ%ﬁ%ﬂéﬁ?ﬂé&éf gt\rgﬁ]%éoafnalyzed
oy OOk 1 g P LTG0 SERS e

conpl exe were forned
Calibsol uViapie (Bllsarekrt hfé]e@tb‘@l BA&leingnt R wasd U datfaled fh&ht,zéateral

solution to static culture at roomtenperature

scattem:chhgég arithetadming | etk propidéu mddesdd IGTG{AQe' |'ﬁ1usa|i‘1‘£’format10n
en cultured at 37Cin 5% CO2 for hours. ours

- on IOQPPe\flaPkaﬁ%lﬂ%MSo@pHm@ﬂ andmIMhan@eddWmh ffhmsémence of

foll db h h f
GFP QEAE Pgtfins Bt dr et Bheraedues P RS HGEP CRONTHGHD was

detect\é@%nadaﬂﬁ after transfection. Furthernore,
at 48 (3}; tgtéllri] tlr ansfection, FACS anal ysis was

Cy aetksoli! lt hah sar dVRBIRY tisk mhleaﬁesq: Oeﬁ‘&f?etnc Nof Jrrall)sfectlon was
above. As a result, the transfection effiCiency
3.65%g whew thEhemef:of @f atrea\géht comieingtign 018 du ¢ GCBINA, eut ] of an
the foll ovm ng transfection using the Lipofectam neTIk;I
Enhanseiy® b 5 %(fstaw siganfection) redgpnesaidoR9 G LERS Chuffer EC
was uﬁre gndom I [ br ary In this exanple, the ERG C random
I'braries constructed in Exanple 6 10 were
transfected into MDCK cells using an Li pofectam neTM
2000 reagent (lInvitrogen). At this tinme, the ERAC
(1-2) Bramdant lonrfaeftiesed dynedn mﬁoﬁkﬁtdlﬁﬁkFMCiOW‘reaggﬁty nme
treatnment were transfected. Al the ERGA C random
| Espeassion effioiengbyvas orxatmined dor an IHpafigutembne¥r 2000 reagent

\ ected to restriction enzmstreatmsnt wth Sca I,
(invier G P hngur s { BES B (GhOMRGORbK ColAEitnaes | oith 2

i AFEN) addition, the ERA C randomlibrary
concen alé)(n}?érel n \/bﬁé/ﬁprepared by m xing colonies so as to

cmoaﬁaanjrl 4t feg oL g %ﬁar@tmofzmt&?% A LA éiéﬁgaeig @A1EoN

calculation (in the case of asmds o
3046) ewlthe cpy rige {600 taakfuvi ies, and tﬁhﬁ&i@lﬂﬁe@bﬁ@kﬂ%ﬂt fay 37°C in 5%
cr?ll | ecti ng 5000 col oni es, the

e cells were grown to be 90% to 95% confluent on that day.
In the meantime, 4 pg of plasmid DNA was diluted in 250 pul of an

Opti-MEM (attached within a Lipofectamine™ 2000 reagent kit, Invitrogen) ((1)).

10 pl of an Lipofectamine™ 2000 reagent was diluted in 250 pl of an Opti-MEM,

and then cultured at room temperature " for 5 minutes (@n.

DNA-Lipofectamine™ 2000 reagent complexes were formed by mixing solution

(1) and solution (2) and then subjecting the resulting solﬁtion 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. |

247h0urs 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
on, the day before

-wel | pla FA , 3046
drug’?trh%ni\@gc‘?’%o?l‘g&éjgﬁt H“%‘Fﬁt?f)rféan#%}r‘?ﬁ-ght at 37Cin 5%
Li brar [ had been cut .
e rgermPE A8 fod 30T R A B30y S8 Siged out
in a lﬁa@ne}fsiﬂzilairp@ftggttia,n@nqa?'l'%g@é)o reagent (Invitrogen) per-
well, and then the cells were cultured for 24 hours at
376si A BYuIEO2he 2datsdectsomidffitidncan®hecs 0%, NERERINRS 6t was
exchanged with fresh nedia, followed by another 24
deter%{wng tgf cary tUHeths following BvarGiectim 48inpuhs lfpodectamine™
nsfecti.on, nedia were exchanged with nmedi a
ZOOOE% eélitgf‘}wvdgog? ‘my/ M (418, and then sel ection was
initiated. After the start of selection, the cells
wer e observed once a day, so as to confirm how the
(2) Esmleesibh @f BROGICRaAE6MAdeskary 10 days after the
initiation of selection, cells that had grown in nedia
colmt tiini axgniple, wiyg R @A Gandom libeaiadcwhdthucted in Example 6

trg/gsgi n-EDTA (SIGVA) and then released frc_)mTche pl ate
were Jransieeted ; grtowMPR K rells aingnath ddiplodestawamd it rRAN0 reagent

: nunher . of. cel | s hen counted, 10 days after . .
(Inyltg%nt) i onrmotﬁj ISG&FSe thlﬁéﬂgﬁﬁrr@nﬁwé‘t lgb"sallj‘rersalé'ée%dc]b‘éﬁ gginction
enzyml ir8atndhttyi& eGRAd sFeciffen the number of the cells was

cal culated, 9.5 x 106 cells were found to be present
orAkabb BRGEC Irapd Gineliblxis@@sk 0’ plomptatied lgFE(iE{(h fel 6 were
anmpl e

.. was confirmed by the Western blotting netho
SUbJeCéﬁfd dadrestictiondienayme treatoress oeith Suat Ioenky thed hedified using a

. l.e 9) usi one_of the cells in the follow n
QraaifE TR B RS AOTRGP N i i ion, G RGN Esondmm library

met hod \Whet her. or

A blot ti : t the .
used WEEGOREG UL, B B L D0 WS RS s

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% CO,.
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 I's obtained by transfection into the MDCK
cells and selection using 20 (418 in the above
Exanple 7 was confirnmed using the Western blotting
method. In addition, untransfected MDCK cells were
used as a control. Sone of cells on day 10 after

sel ection using 418 in Exanple 7 were transferred

[ 4-wel | pl at e. (FAL , 3047), dt |t d. .
O U TS PR TSGR St v

1.5 n@gfeh|t Gang, Wh&‘?lileﬁv\gﬁ%%gfvg?éﬂl&&%%%fég%rszﬂﬁl %ﬁé%lection,

i nocul ated on a 24-

the cellst weed obséivicdabhye Map theaceb! S afhweank ‘
50 pl of trypsin-EDTA (SIGVA) was added ther et oy}%lﬁé 1on had

procegdedr esul tant was then cultured at 37C in 5% CO2 for

apg(go imately 20 minhutes so as to rel ease the cells.
50 pffélyéfafaernfém itiaaen eb selggtidnt ectlhgheehhd gmivensednedia
on was carrjed out at 10

contal W3 %mB)gf Bread Vit e et Toipeniesia WagRia) and then

s e S0 50 0L SRR Ly, o

numbeushecitedral th&Dcdbumedl x PBS. 25 1 5 of a 2 x SDS
sol ubilization buffer (reduction) was added to the

sudhdapy efier aflditiowed GY1% thenaitas phtdeaifats aadsTesdted with

1 C and el ectrophoresis using 12.5%
the CESGI'yg@PWatﬁFd@I@EFT & theocellst piassmlenlatadesd. 51xn 10° cells were

found e pRRenCh LR S @l G31% ) TR J0n el e pRBRFIC 1 was
confirBdt iy upe Wedhs %%&t?ﬁoé‘agle%d%dsggil){)%ﬁoﬂ]ggg\)/t 84 the indirect

proteins el ectrophorese e weré

fluoresgeamsihtibody methBYDE xatple aesidd ombidrand Velis aashefollowing
Menbranes, M IIlipore) at 100V for 60 m nutes. After

examplésansfer, narker portions were cut out, stained with

CBB, and then destained. The renmi ni ng nmenbranes were
i mersed in blocking solutions, and then left to stand
a erdi - 15 lutions were shaken,.sq that, .
tg%ﬁa(r%je%r agﬂe??) %eféréﬁﬁ]rﬂ ooff(r)ﬂef/(plr?ﬁsrg’rnséﬁ”?% eQNBSItSEkﬂH@m“g
methodol utions). After bl ocking, each nenbrane was put in a
bri-Bag Soft (COSMO BI O, and then allowed to react
Irethett obodi ¢be BRGEC pabdamylibnirid2osre @xpressed 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 MDCK 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 I gg/m 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 anti body. As the secondary anti body, a

added 0b Whe @B]1§ 4efeabdd HRYIERRE %%t@%celﬁ'rfﬂiﬁét?&l Y a9O0H ]’Ieg]:\)pl\,lt at 1000
anti-nouse |1 g al kali ne phosphatase Cconjugate

rpm fgr mic0es; fiod dheti the sugrernstang waus hli oekd ed) S!Fhétrbﬁﬂuﬁéf/@ellet
skimm | k was adjusted using TBS-Tween20) was used

was veiiied ] b dines withct xatBSoom tenperature for 30

1 Rt shedpanef 08 Mg Koo dasFunpafcasin SaHd o8 IWrﬁR%s 25 ul
of a Qf x"\@ﬁy @Qiuﬁ%gﬁlgn érn@re%ﬂf I g%d@%} %ﬁg%@gtg'r ﬂ?ée suspensmn

nbrane was I'mrersed in+a C

foIlovsfﬁl Wtyi Nmamekel heM hlef trdameheRd llU@Jt el 2P é?%gt Qhorems using

peared on the nenbrane. The chronobgenic s

12, S‘Vusdjqjyamyla/msle ebpar @00bY dddi 49 @3mAds of IanadMEiTicst Oftoteins

I Iutlo (50 mg of NBT was dissolved in 1 m of 70%

molec VRig ’E}@Fﬂéﬁfh@%‘ﬁhfarﬂbépaalﬁhl Puge Chonied!it wag0Ged as a

nd 34 pl of a BCAP stock solution (25 ng of BCI P was
markeg!

dissolved in | m of 50%DI\/F 5 and then stored at

- 23Qhd @sedofMh SUbgt

buffer — cont aleg?vﬁg&{g(?iﬁ?rﬂi\;l t]ﬁ%?tﬂf?é ﬁls(gteg}s ff) OHRiP"esed as
describaClaboasdwardrivtdvig€irzed Ro M/lljF ﬂmﬁan@stdlﬁﬁn&ﬂléﬁm Transfer

col or devel opnment, the nenbrane was washed in tap
Membygpesy h@ﬁhpoﬁén&tal GOVHrf‘pe@O MnetERG & fteandamsfen, bnarkee portions

Werf_:cvdgﬁrettrans ct into MDCK cells, selected 10 w th
ity ghain C%daft%éhﬁﬂsé%}téwéd {Ihevgsmaining membranes

R A I I
solutioh@t weee 3hLOIBSE Y ethat Nhb hlﬁeﬁl%'?@rré%f welle u'ﬁ‘?ﬂ?ﬁ Sind) %?sre\éeﬂ] the

bet ween 66 kDa and 42 ecul ar wei ght mar
blockipg sphdioma).ed i n the nane ERG C-53, the nol ecul ar
wei ght t hereof was 53 kDa and al nost in accordance
wf\f 5T tHe cling; tea@h TS mMfraphevbapy! iHemddybritBagsSoft (COSMO
rmsdthat he ERG C rands

mlibraries were
B10), §98; LleBE R inisk Teaty ith %&adéem &pnt iRTRENHrRibody, 2
solutloﬁ’)mrﬁﬁﬁb YrepsreB % Gf’i'u{l‘ﬁ%t arl WHRTESK B fntih nc}y ?ma%&bnelg}? using
a blocking solution at a concentration of 1 pg/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

25

diluting a goat anti-mouse Ig alkaline phosphatase conjugate (BIORAD) at
3000-fold dilution using a b]ocking 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 confirmed 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
bandgweappeendd rovedhe 2mefiteaid)di TAEt chioHes £SEENuRTatdWYution was

nmet hod i nvol ves all owi ng an unl abel ed anti body to

prepargd by idingad? ahof garYBBbistatingolationudlesgenc N BiTatvek diksolved
anti body, and then

in 1 GFEERG @@?&W=f’%éwﬁn°e&3ﬂf$r%§%agar@oaygmmi ©N2056) and 34
ul of ABTIE B8Rk Ol B8 el e es Wis oy mb ofise DMF

fl uorescence-
and tén &tsRKOAAANY @NLLDOdY) ophes e e Qndh

di stribution 615]of an ant i ge%ms%{)%t gﬁé@ﬁa?&ae ??%%ﬁ%e buffer
contagringel 06 wdh Des-al@l YEEA9 W) hogoadvis BREI! it ¥- mMPI DIGE 1, in

..,.the |ibrary-conposi ng ERA C was FLAG t agged,
Milli-Ghsepy tigre tmstopasalpedevelopment,hthe fikmbrese ensevashed in tap
i.Gr.oscope ,usi,ng an anti-FLAG anti body (n2Ab, IBl) as

Watergngrtﬁﬁﬁlﬁffr"gﬁtefibody and a goat anti-nouse |1gGl-FITC

cory gt I robes) a econ

ant | bogyﬁq rl}1@ é\(? | t‘%ﬁ?‘%ﬁ%%&?‘@?f@&am@@h% CGigselected

with GSEIf@s 1@ da§gabhy Bh&PIY;Okted 3OIWYLRBR HIGHRLC |s8r{ﬁat86xpression
(cell line tor which constant expression of

was confimnedggébnvpR86 Wil theanoconfansi@d}d WID QISRR1I8S adand that
sitive control. A cover glass (MATSUNAM ) subjected

had nd HngPRssreed ip dhesate of tid moghtwanobsdveddetweenh 66tkda and
upon which sonme_(2x105

. | at FALCON, 3046), .
42 kD%f 9}0}1@%‘;‘18&‘?%%9&%?5%%3& %Hfd‘%aéF‘éc‘Pi e weme @Iq-ﬁ%, the
: i th | t »
moleciE TLIght (NEICBLMIACK] DR nd Mol hoadso it Rt dRGicion

of theclparet. edHeht & ithevageddnFirnldd agddi {HORR it rr@ﬂ&(‘;zﬁcfiﬁﬁiries were
MDCK cells and VI P36- FLAG clone 8 used as controls

expres§ed i1 MREKcoellured sinmilarly. 15 On the day of sanple
preparation, it was confirmed that the cover gl ass
was covered with the cells to sone extent. After the

j r ' d, th cell s were, washed onc
TR 1, CoFRStn (6F oifesd o omeink cMyiRsspaguorescent
antibodAemetiglsted, and then treated at roomtenperature for 60
m nutes, thereby imobilizing them Subsequently, the

dal the wkoee BeheslcOBCE Wat ltonBPmed 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 tinmes of washing (5

m nutes each) with PBS. Bl ocking was carried out using

a bl ocking solution (I m) at room tenperature for 15

m nutes, followed by 3 tines of washing (5 m nutes

each) with 25 PBS. 200 | of the anti-FLAG anti body
of an(amtgnn hiBisyamntiel off £disaie ar censeah At hdlyz&f withoiedd sensitivity.

usi ng._a bl ocki ng sol uti on was added onto each cover

Smcegp g bragygcempasingl ER@EE weos (Rlak - -aggedonbianpdoatwase carried

out Gfgmnutes followed hy 3 tinmes _of washing (10
it r@é%%cequome GBI LG RN AD. D) s

@ prifl efbBd Tl 2 UARLERLE RO GY GR0E TS, dabmatey (Molecular
Probespsii HGetondd Uirﬁ?ocﬁﬁrcggﬁm%%%%oﬁglﬁptl%ggf&ke@ﬁlg&% cells were

anti-nouse Ig FITC
used gonoegetisticontol, ZhdIVIP3 SFLYIG:1BhOSKIcRT 150 B @Blc‘ﬂaéonstant
added onto each cover glass, light was shiel ded, and
expresien ¢lelbyiGriageesd YaP36 dudobeemtconfiometprpeyr atad es of positive
contr qo m nutes, followed by 3 tinmes of washing (10 m nutes
each) with PBS. 3 Al of DAPI (Mol ecular Pr obes) and 3

ldr‘%gggdls %%}y%f(gﬂ'g{élggtﬁgﬁy %ubjmfg%&mﬁ %rg\gs&gg E‘Fat sitﬁrlhzatlon
was lgill asist oW % - HeACFRAtONFLREIDS! B@Qg’ér%ﬁﬁ} %1&{1@51&{ ﬁZXIO ) of the

cel | -adhered face becanme an ace
cells afteg] léblda}ns u§ selgctianivat €4 180indBxi@phy 2Ad¢e iad€ltated, and then
ght was shielded for the sanples and then

the refsﬁé? N4\ ¥ o §F’6P@ﬂi at 34CC Theb%r €Par entik &0pPLesofindree wells were

cover L B EE " oS oo RBVIDG Sellgegd VIP36-FLAG
clone S’l@é@d w8 Gonfidd w;le{?e Bg%fhﬁﬂﬁla& IsYngagtrol VI P36- FLAG

cl one 8 was observe to confirm whet her

aftni Heolylay asfcsdmple BRRILIL & Irad QMt MEd lthaNaet e
MDCK cells into V\hh?%lq the ERA C rgndérm [i br%rl esc%\?ﬂ% glass

was coygged Wlﬂhéh@@ﬁgd tarsdmehextienver Aftenehe mediaegeteddiscarded, the

cells ee gr es i br ar| es were observed. Specifical la,\éte
S e‘P’sf QPP‘? JHiEh BRS. etor abdetnily md erfod te@afarfgnn hyde/PBS

was a&&&i‘t aﬁﬂduﬁé@*}}éaté&dm rggmt %m?)aer tlulges forn%O mznutes thereby

immobilizing them. Subsequently, the cells were washed once with PBS.

The cell membranes were permeabilized By treatment using 0.1%

.TritonX-IOO/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 blockiné solution (I 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 ug/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 sanples 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

Sh%\z,iv overlay of phase contrast inmges of 25 the cells

( gBagokiapdvasragetedobut heaigehdise St B A T

(green). A photograph og t he n%;datglid\}ng:"oﬁw%ﬁnwglcgd) at room
tempeigtyis fog IShwinnten follpwa@ibpadimbabf ofashhfz P8Iihidee each) with
PBS control VIP36-FLAG clone 8 is shown in Fig. 9B. In the

case of the positive control, each cell emtted very

st g,green; . that is, staini ith FITC, the

se%ggdggy Ogttlhﬁooa;ﬂn“%@s'&bs%r(ﬂg%ﬁd%S (FBd. 1096F3 holikpted at a
concoMBl@fiozebf 3 QBART ter n tion of the ERA C

random [ i br grgi es\ﬁgﬂ@a %Oﬁ85§@%0?51§§P80WP8r?%egh(.’“tﬁ?. gach cover
glassnijght wad Shielind! bid thégwesotioh wak cAri€d It PR room temperature
for 6Cghot ograph can be seen to have emtted very strong

paries, johviveedt bng mesod vetshing (LD wiihiiteE1chCh) Wieh PBS.
onda if{foﬂy' The total nunber 5 of the cells
r‘H@d"%i’@ﬁ)rﬁ gruphPrinhss)38nd Dfilnbf @hstdve fadeb@folecular
I S stained with FILTC s 12. Anon
Probeff sSfdich ASWEPEHrYpBed e insiide lews PR SNARIN A cover

S erve

glass beasspigde d ;&e! et
glas sSpiddet h@l ekéhcglds %9%1’%; Qb A& ; ecl:ﬁ-a)(g%eﬁ? [Fg%ﬁ:&cgme an

cells expressing the raries strongl
undersuofacgc raadntiheg Al dAGS UBBEE thc1Seg 36 2 psligRBpare_each sample.
. specificity of plant lectin and FACS analysis for
Light wap |Sh&16@%¥<sr| the SERG1ES raddben Hidyraese storéchas4eganpl e,
specificities of plant lectins were

tq%esgggr-gtij ndi ng _

f 0CUs @HCRATCY afmBlss| SV pPBsatived brie 2 ERToreFeende mmicroscope
' ' : b . ifically, th

LT s i R o N o .

S expressing 't he es" ™
then pusitivee | dontlod bRIRSIS W AGS Q¥ els Wﬁe%bgérvj@gOtéon%lsanedconfirm
Legum nosae | ectins, magnetically labeled”wth
whethegtandihoalyi r¢eetion drdieadscarded dubere!sCr ReREAhYVIDER cells into
sorting system (Magnetic Cell Sorting

which gﬁ%%?g@gfa!nlgﬁnbﬁibrgzgﬁmadcbpgs trdqmsfeaitedifdrel which were then
cousca BPETHAL TG SERTIHEL b Sl e posions
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 1wras 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 | ectins, 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 gg/m, and then
sterilized with a 0.45 mfilter (MLLEXOR-HV). 2 days

befig.eSVAIB vec NEXCK geells vbidiTedeltts womerdomRaubatiBd ERGIC
on _sixteen 10-cm dishes, and then cultured at 37C in

randagylibrpriespnd A8 dray off selpc®switbehb npg/mhE4d8! | dnwhisefigure, 1
64 which 5 nil of PBS-0.5 mM

dt th PBS,  t
o 2%@?%&%@%8@“2%&%%%% ¢@1 havensmitiedc iighy edrang green,
mdlcéﬁl 'sﬁgﬁés%m 9v A FIPCh Qr Ve%éo&%lgleylggé bo@yf of hg total number

ation carrre

of thei crtﬂlseﬁhn@@doﬁ hﬁrlbhtolﬁ@gﬁbﬂﬁ\ﬁ?st 3Ry %d‘a’edaf%?%m]ﬁ%l Bf cells

type of lectin (10 was a
stronglyr stagrach ivath tRITG was U2 oNA R f@im (esMoBYéRSd in this time,

r]trlfugatlon was carried out: 10 m nutes at 30 x
Spemfgca Shditt Q%éa%ﬁbﬁtnéﬂamllwtr@ﬁﬁ@é’d celAb t @ 1%4swieny cells
abel ing buffer (prepared using PBS

expr#g w}ﬁfsz‘%ﬁbesz‘“ﬁ%ﬁ SHTA with MIT]- Q, followed by

filter sterilization), centrifugation was carried out
at 300 x g for 10 mnutes, and then the supernatant

Examply ed] Skoeddia r S
Y\gbél | Egybu%fere tog\%ﬁ{ E\?;A%‘% gas%gfcp@@q grp'tbgbaﬁgig sp@f:]fﬁ:lty of

plant 1@pbp@5§£ﬂ%C$Mﬂaﬂ3e€nylfochdi egpfagbiny BRSIaddedont Bbie
)f % m nut es of reaction at 6C to 12C. After was ng
Bt %)cﬁngnIHF & §efv}e&adtbléﬁmgbaﬁe@ﬁcqq@mmfr @@MS!m:gms were

focuse\llaﬁ?n( 91}11} cleﬁ% vSé‘d’rBV Eg I-rﬁ}érﬁgg&g r|5a?{og BSABﬁnfgrl?esMulrelr:e _screened by
MACSQenS{)éJlﬁGQIthro@hH\’aéelfsa%& R st 1 \}3%81 ngarﬁi)élhohbrarles were

m nu t he super nat an was T enp

primarglysebsledn witls sevdérabdiypet ofi bibthBAaRY of ediminosae lectins,
separation buffer. A M5 separation colum (MItenyi

magneHratle clabpige) wiks streptavidiot meicrotiealis,a anM tienMAGESened using a
yi Biote magnet, and then 500 pl of a

mag“e§8p§P§t.S&’ﬁ“n%uf%’é?e%él\%w% Gello Sewding| anth. Separation of
BiomoRBFEIUEREInAft NG ARY S FELS ﬁﬂ%%%.mlgl?bsequently, 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 Il (Honen Corporation)
were used. ConA, BPA, ABA, WGA, SBA, SSA, DBA, DSA, RCA120, LCA,
PNA, PHA-L,;, PHA-E4, Lotus, UEA-I, and MAM (I mg/ml each) were each
diluted with PBS, adjusted to 10 pg/ml, and then sterilized with a 0.45 u‘m 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
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20 applied to the M5 separation colum, and then the
cells eluting out fromthe colum were collected as
negative cells (flowthrough). 500 | of a separation
buffer was applied 3 tinmes to the M5 separation
colum, and then the cells eluting out fromthe
colum were al so collected as negative cells
_(flowthrough). The colum was renoved fromthe
whicheigméof PEEIOINeM EDTA wis #d&@Danatthen theBePyiies if¥tbated at
.~applied to the colum.. The colum content was pushe
37°Coutit SUs Ok, tsheas pd Urageest ahe acedlsr | MQetaifiskdthan wahecaaledSout at

190 el iti Sg@out fromthe colum were collected as
B PE PBIYLES, @nd Ahep the pepespetanh sxhsphstarideé and

' f t h trjf d at 300
BRI Y1 |k i Y B P B s i dGg o bl fompeaction to
' ' t of
O A oy, RS B ed [ouf o RRLARE OB Pl syt 30
g, andyfln @&4d lperlitaga HUSRE NS G HBS Awuhﬁﬁlﬁggg%iﬁn@t{ﬁs pl of a

W th an appropriate size (a 6 cmdish or
.labellagslpf_)f;fefalﬁﬂrephmﬁ uisng #BS (pHr .2)cand v edMag@D TR witThMs11i-Q,

experient was, performed with intent to screen for
followed bk L cio s BN 221 1AB )t SARSE gt ioxy WiehyarEed avsiadta0dsx g for 10

inut r ' ded .to the nenprane proteins on the
mmng éérﬁq‘%st&:épg%gg?‘lﬂ%ﬁa?%tn‘&ast &Y f§ar - bi ndi ng
spa@ Editd Wees s@pdRchiiBSo0 DS rGeldbitin! d i th
bi otinyl at ed ISecl%i ns a’n a pﬁifgadiajtbgllf\}ﬁ@%m%r éwgr}fwh 10 ul of
streptatiidind @didroBead neyfilieviei @ibte (Grhsmztﬁagtmja)edarf@uowed by 15
positive cells. Since it was thought that the 10 cells

minm‘?snﬁéd?%ﬁtgwafaﬁf’@rfol\/lm.haéfweemasiéﬂgneiltly sdenpbed,a tdymration
after MA

nber of the | ounted on the da CS
bufer d8F e st RGP hVs Zoml BD Tk end 03 BEW witheB1li-Q
- il - il . e results.are shown iin the
wrater, o R AR TRl S dr B diRiaR, SeB S el Tk 3 300 o
for 10 @hinoves ke ant i fel el ' i QLi:
O.r I(nglgel egt;j Rczlgﬁfgnandt?ﬁ%nﬁesﬂuﬁegétagg t%%pﬁﬂl&%llg?%%waggg}h@d out
with 5l @f4 depetatmoiNegffer.ve Positive nanme (fl owthrough)

GR% 80% 20% - R
S separation column (Miltenyi 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 collimn, and then the cells elﬁting
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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DBA 88% 12% LCA 90% 10% PHA- E4 85% 15% PNA 95% 5%
UEA-1 80% 20% WGA 86% 14% ABA 75% 25% DSA 70% 30%
Lotus 93% 7% MAM 20% 80% PHA-L4 82% 18% SBA 85% 15%
SSA 60% 40% BPA 90% 10% As i s 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. Anpng
was guspegéed ifiraactpmopriabt aimeohtiof & hheditinmewhR0REd Mready been
cells  fl.owthrough) were designated (-),cells that
supplgmented aath dH mglmltGdl bl uFhe sbspansich baisnigoculated on plates
ed by MACS wer

: C .zed as sitive,cells and sele e
with 4 dbptafidarecini 8 % cin. {§he of ecl§ icﬂ’aldfsfhscépqi dberdhpells were
cultuR@Saddiye cells were designated ConA (+), Regarding

other lectins, simlar notation was enpl oyed. A total

of TR} t¥Retmedt whabgeer&ehdd Wil ?nt%Hpjtg%%gééP;?orgﬁ@ based on

analysis in the follow ng experinents.
the tyapalof siasb @y dryteesoistiesglshgart tlatinkpgd dedern 9@l 186#m®daky proteins
hMACi? in (1) above and then grovvn successfully were
on the,gell suEfacps ubheme theetisarcintling spesifieities ofdeetiab] oibd cells
0.l t with, 15 types of, biotipylated lectins as. .= .
labeled? o Viottby it deotia o0g sesliebupobAGS Ghers il siivided into
negative! &REF16%-@ n | agd Lhen chapnges, |
s 15 f1 uo¥ escence t%ﬁ{si toy%ﬂ\g/\‘/lreérogg%%ses&ecg ﬁs‘f"_ﬁﬁ%ﬁa@.ﬁ ﬂﬁ‘t the
cells monietianely ufter vVIaiCCthad 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, 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 90% 10%

As is understood from Table 4 above, most cells selected by MACS in this
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MDCK cells were used as a control. On the day before
FACS, 2 x 105 cells to be anal yzed were inocul ated on
a 6-cmplate. On the day of FACS, each type of cell
was washed twice with PBS, to which 2.5 nl of PBS-0.5
nmM EDTA was added, and then the cells were 20 cul tured
at 37Cin 5% CO2, so as to release the cells. \Wen the
cells were released, 2.5 mM of a FACS buffer
exan{ide eperee dolbgeted Ssoﬂquglrﬁughg Ofi fiefspoef Mepeblling on the lectins
PHARMACEUTI CAL CO., LTD.) in MIli-Q and then to
used\y¢reral cleardy ebsernadicos, 10 m of 10% NaN3, and 5 i

of 20% BSA/ NaN3 .so) uti on weye added, followed by
adj tEPRENtISs CeHe LafiiRIHNO fé“’i‘eqlfl’telﬂ}lsmdémﬁddé@gaﬂ% cells

flow> %HH{IA}Q%ER%%? a[té‘ﬁ‘zf @9 ﬁnﬁﬂt lgzlf BT T tbt Ubélr theycolumn after

cent ugatlon

beingTr edtigdszed s pbbRIVel E‘&lss HRE rs@?c’,tcf{’t'?tf1 bg@ﬁ&t‘ﬁ%‘é}%et:ges%ﬁnat?d ConA

Furthernmore, the cells were once Wt
(-, an@AC]SISblﬁxf.zﬂfy collecradniaer pofitivie c6igd |\$eﬂ&a$le§ﬁ%hﬁfem| MRFhA (+).

mentrlfugatlon was carried out at 190 x g for
Regajging: @ther Jrdinsheimilpe notasérm atasnempleysddi s”ca-nuéd)f BY types of

with a F ffer to a
these Bl sfteapbiieed ta At ghaid S*S(lﬂﬂ%sipﬁewm exppidments.
diluted solution was transferred in anount of 50 pl
into a 96-well Ubottomplate (3077, FALCON). 50 41

(2) FACSIdhadgrigl biotinylated lectin was added as a
primary anti body to each well. The solution was gently

st3Q teees oscahsj thatehadbeenedldcoed eacIADS nﬁe(laaibo%@ and then
m nut es I%ka of a FACS buffer was added
growrgali!%&qsaﬁpl gzebeeﬁlgq,lyggbb(ﬂ EACB80 Specifidadty, thercells FEre allowed

R N T T S S N SIS

pl1e

FITCA \l\ﬂ%]bﬂlgtx%ﬁﬁ{v@&ino@m]ﬁyﬁg coﬁ gaatxﬁ’lg)é)tdwgﬁlg%ghéh hanges in

di tion, wash I Ng was carrle

ﬂuoreacﬁik@Smtil:ﬁsxbjufxﬁrare absaaeh Ilﬁlﬂ?) FA@@ p'InOfadgft[cﬁPt airhdTected
FITC (diluted with a FACS buffer to 20 pg/m) was

MDC IS(P&@@ "a@"eal@é@érﬂjmlytr@lntl body. The sol ution was

19% I% st ght was, shiel ded, and then the
REEA 0£F| 15 FEaeilsom lpfténalazedz@vqre iggeulated on a

6-om a8t &n t%goda?enfgﬁ?" ug'gg%gt yfggg’rfxc 1‘3’&@ W%ﬂlegqmlﬁ%t‘”&h PBS,

to Wh;(;é:%;n;;gl ¥dval‘:P§lSP6r5n%§IﬁmEm s CAHAd arfd $haH HBE 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 gof HBSS (NISSUI
PHARMACEUTICAL CO., LTD.) in Milli-Q, and then to which 0.35 g of
NaHCOs;, 10 mi of 10% NaN3s, and 5 ml of 20% BSA/NaNj 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.
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operation was repeated once nore. 200 pl of a FACS
buf fer was added to each well. After pipetting, the
solution was transferred into a FACS tube. 100 pl of 3
pg/ M propidiumiodide (SIGW) was added, and then
dead cells were stained. The cells were analyzed 20 by
Cel | Quest (Becton-Di ckinson | munocytonetory Systens)
usi ng FACSCal i bur. Viable cells were sel ected based
onTherostisdvereaditwweédvith giA CE aheTal tosC ad i @nedtibh®Tt8 x 10%/ml
?Q? staining with propidiumiodide (SI GW).

(Ax TR0 il Sheodiluted omdutipmbies trasfarehsn caidwettetisand into a

llyzed. In.th mlibrary, random )
96- QO F R R LAl kA LRUOLH | 56 61 of gl bietiaglated lectin
ondi 0 tative carb dr at e- bi ndi n .

was SO AR Pk et BS ot e R T il o el stired,
and ehdrshBowed ttb385Q ] ic\éef%ir@,loeﬁn{m&%ing bet ween t he

endoplasm c reticulum (ER) and the cis Gol gi and

sel @¢ yil vl 3y FAtSahsffor tvais (dddedusiee 51utiba ﬁé&é‘émpﬂfﬁgt%@ﬂt 580 x
[

£ gpeci ficity of carbohydrate recognition donain,
g Tor i miputes, withtbarethensweoastantepe tiesstrdadinn@hy pellet was applied

coproteins. Hence, .68 [t .is considered that
to Ve BET oy QiRStTEN i r ahcFIIATL HSbIRg PRERiipn was further
r : - oJTRi .N ;0r .
e B S R ROl R 3 o b igine 200 W of a FACS
bufferspeedchi téinehes differing fromthe original specificity
of ERG G- 53 are generated in the ERA C random
| i58Y gt pf srepptanitiont EUT ERGHIGEEB with la BACS Budffer to 20 pg/ml) was
copr ot ei ns havi ngyvarl ous 5 carbohydrate noieties,

I
add3d26¥t%a?tecf’ﬂéafd’a@88h9 at d heopelugiony yess dightlyy stipred; digls was
shield b AR ety D BHb D Syl e P b e 16 20p 13 misutes.

sqrbegl Hraath 08 | nd | .61 Ll esalsee

e T e ARrer PRI B LN ORRRSH NS chpBRneetac sso

g for Beatinntesysad hiesreithe sapdridien als! 8Gtededas SeRRLRL €washing
fractions. Generally, when a lectin binds to a

operatyofy WoRyapeated moicetmyorei t 10 recogni zes a size of around
and identifies the

i ?3@%@9%?@%ﬁaﬁ§€e¥ﬂ§éﬁﬁez\m gesbs el noA RACpetiing, the
solutidhWER cPartthBlel ¥RE B'eACIRBEY S R SUIBL S et SFapidium iodide

e cel
(SIGMBi)OWapydat@dah@ehém dead Bellall e Sekifich! N 1Re! IR were analyzed

Specificity
by CeiIQuest (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 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

. . . . 2+ .
domain, it binds to mannose in a Ca®*-dependent manner) glycoproteins. Hence,
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name ConA Canavalia ensiform s a-D Man Jack bean
a-D-Ad c DBA Dolichos biflorus DG1NAc LCA Lens
culinaris a-D-dc a-D-Man PHA-E4 Phaseol us Vulgaris
D- Gal NAc PNA Peanut (Arachis hypogaea) D Gal
Gal 01-3GalNAc UEA-1 U ex europaeus a-L-Fuc WA Weat
Germ D-G cNAc ABA Agaricus bisporus (3-D-Gl DSA
~ Datura stranonium (3-D-GlcNAc. (foreign species)
it 1s Galsideré@ahNAhrohglt Urddiickionl 6£FanAGEN BIRMSFo Ry dnt &Y carDbdrate
Maacki a anmurensis SAa2-3Gal PHA-L4 Phaseolus Vulgaris
recogniizgn NagnapwrSogidahy draBGe-biidin g6dorBEA, Sagsbbiading specificities
diff si ehoi di ana SAct 2- 6Gal / GalNAc _ BPA Bauhi ni a ur purea
LN EAT RS- @4810¢h 8PP §iGHty so b ERENES S3natieyasnerated ishidenERGIC
i j . Ei [l fol |l owi ng MACS ) )
randorf il 38 kel EECIGRR v i ¢ 80 otk e heying various
carboWel fate CA d,gqa t hen ' renee i Ver, .
fI uor escg% Eeé%l’ nstoeggaitte}%wgéﬁg)gg g?%gdﬁgg&y A S}E?Sg.oqggcgpmtems

transpgiréexk ohionthe eul] arbhegabbguefant valll MOGKrice! | $n MACRIcarried out
line indicates the (-) fraction follow ng MACS, and a

in Exgmpln 10 pells mereaored bheed o) theawtanbindihgseecifioomesi(see the

ot g ey 5T Gt o e Ehe b bk b et
as sepaPiterPhct S o@é%rSﬁ% GhRth S RBGAISS BY ae:rairbrgj}lry%rate 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 o-D-Man

Jack bean
a-D-Glc
DBA Dolichos biflorus D-GalNAc
LCA Lens culinaris a-D-Gic
a-D-Man

PHA-E, Phaseolus Vulgaris D-GalNAc

PNA  |Peanut (Arachis hypogaea) D-Gal

_ GalB1-3GalNAc

UEA-] Ulex europaeus a-L-Fuc

WGA Wheat Germ D-GicNAc

ABA  Agaricus bisporus B-D-Gal

DSA Datura stramonium B-D-GlcNAc

(foreign species)
GalB1-4GalNAc

Lotus Lotus Itetragonolous o-L-Fuc
MAM Maackia amurensis SAa2-3Gal
PHA-L, Phaseolus Vulgaris - D-GalNAc

SBA Soybean D-GalNAc

69




10

15

20

95

| abel ing with PNA and ABA, followed by MACS screening.
Specifically, it can 10 be said that anong ERG C
random | i brary-expressing cells, cells presenting

car bohydrate noieties specifically bound to PNA | ectin
on the cell surfaces were sélected by MACS. SBA, DBA,
PHA- E4, PHA-L4, and BPA are all lectins specifically

bi ndin -0 D-CatNAe—As—shewr—ih—the FACS result in
Fig. 110594 t e vapubics sipbolaiang nd SA o 6hlamsial Nde
di ffered®s ware Bpwbiniegurpumeer ageDfGabt¥ AseBrtel
intensity between the control and (+) and (-)
fractions. [Exanple 11] Analysis of cell specific to
PNBht e@bihis |07 FACS axayRlse hif g4 hep s L
by MACS of the PNA (+) Voot prd RRGHE NI L NS0, ghorid o, cells
followimg WEAIGS edtr¢amingiramh welttdl peies qRtidyper MIDCK cells) were
car bohydrate npieties specifically bound to PNA
comppigds jaRd dhen pee difference imewveragfhudresormce, inteanitlyyweasobserved.

L R RN R,
S j ing of .the PNA(+) .cell
) 8o 2SIk, 3o LR, B TAER Ry oo

obtained I n

- showitpeavdrige Bl dresBice ﬁﬂ@ﬁﬂ?}e%fb%eﬁggsfrakﬂgfe}%ﬁs& i}\gélt’eof’lsthe (-)

.a control for FACS, untransfecte
fractiqm digherothan-thpt S€rtbeniomyrdl owefdNdnky+Hhebye IMAGS: An¥d ¥5primary

1ab 1.ceI I.sébsa%NA(ﬂ) were inocul ated on a 10 cmdi sh
abeling= 1B NS 303)AB dndollraredchy MAES sereemBgi n SvectiRaliywrit can
; S.._.The were washed twice wwth PBS, to which
be saffl PEamlllE GHG fa@%Eﬁrf{%gy-Fﬁ@WSawe&,ﬂ@o cglisy presenting
b YeStoldice ' ' t+ carri ed out . at
e o e e D) bl 1R #19R, 183, A AL YhgteBes were
selectetl bgMALE. Biotinylated PNA lectin (10 g/, 2 m) was

added to the cells for binding to occur on ice for 30
nSRut.eBB AGHH A Ey il Achs,wars] BRArdrechlbidctiats $@0ifkcally binding

10 m nutes, .and then the supernatant was renoved.
to D'dxig‘t{lérc- wekh i%hﬁww lflrf%f@f‘s@@ eS8 Higibbhy hvgﬂwmsmqfvall lectins,
cent 1 i.0 rri;ed out at 300 x for 10,
st B8\ AR RS Gl i Rekahe 00 ool iy berveen
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 th¢ 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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The cells were suspended in 90 [d of a | abeling
buffer, to which 10 pl of streptavidin M croBeads
(Mltenyi Biotec GrbH) was then added, followed by 15
m nutes of reaction at 6C to 12C. After washing with
500 gl of a separation 15 buffer, 10 m nutes of
centrifugation at 300 x g, and then renoval of the
roduct was suspended in 500 pl of a

supernatant, the
(l“l)sggﬁ?‘blflgécﬁr Bmﬁéffbﬁhm%par ation colum (M Itenyi
Bi ot e t together with a_ M ni MACS
( M&)P& E%ﬁgg% @ﬁ§(§owf%ﬁw§i%t66m 2 H8resobsh (BALEON, 3003)
i r appl hed to the col um.
and tﬁ&p%mﬂegﬁtyﬁgg %Aékg@gz ?gf P d%ﬁ@pensi on was 20 applied

Subsequen

L OThirzeNE weRARAhOR (6abdMlin BHE LRERHDE Ll 5 PBS-0.5 mM
eluting out fromthe colum weré collécted as

EDTAegatther added,ssq b owvhahreatighy) celB00 CedfrifgaBPANMS &ried out
buffer was applied 3 tinmes to the M5 separation

~at 19Q%1948% 5 eiauteseand keercthel w1pefnatamgwaedisdarded. t he

.l ected as negative cells

cgh.um r 0 .col
(%%&&“ﬁ@‘éggﬁﬁ Tt dlldnHeimls 2 by etrst adaed He the cells for
bindi : . a ration 25 buff.er was
indidPGBLopraf (E0ES: doThintle® SCRTFRLESon S b e S 300
g for a0t mimiteg, bhe theh UhgesuRinfasy Wa@gﬁirﬁm&.heﬂfttep%fs%liﬁ@ with
eluting out fromthe colum were collected as e
300 phodi 2ilnbeldeg | ufféxf t @nttiReyativhaivae deg10Ridt bNE 280 x ¢ for 10
e cells (flowthrough) were centrifuged at 300

. hegati
mm“‘?@»%ﬂfia en phésypRraatant easgigpomvedt ant was renoved. The
0

peklet , .71 was suspended in a ppropri ate amount of a
e Rt R PR AR, bk AE ooBRehBmEERT f S¥Rich GO uI of
streptdVid il M&&bBead § R ' : at ed | shes
P th an appiaoplg%?%ﬁgfgz&?g %@gﬁb 319%%{}'&11 aadﬂ%g’ g owed by 15
minutadi shjeaceiod 4theC tthel 2o¢) | SAWRF Qvashithd Witk 5283, Mot i
result, 65% of the coll ected ce%sl S éwerle fouﬁ%l ?o%bsge%aﬁanon
buffer,nd§amipstese(ofs cextrifopatibm catgBPOand B35%n®f tHee removal of the
col | eﬁted ells were found to be positive cells.

superngiant,; thesyraduct,was spsrender 118 5081 1leek @depyrasiop| byiffa.
P d y P - ] d .
ANGS)sch RGBT EVEHEED &l abf e o Sosntis wit

positiv
MiniMACSPISR(tehyi HlordGulbiD | AHEHkO! ( 10)
95% of theycel l's were PKIA‘? at’n 806’0 %ﬁpﬁie%sfa?reseparanon
buffer was eipphad (te) theAtotiulven. 2nSulisRqnenf, Mot 8 PRLSSE G was
. 0of the cells collected as the (+) fraction increased.
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 m! 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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(1-2) FACS analysis On the day before FACS, 2 x 10
cells to be anal yzed were plated on a 15 6-cmdish
(FALCON, 3002). On the day of FACS, each type of cell
was washed twice with PBS, to which 5 nl of PBS-0.5
mM EDTA was then added, and then the cells were
cultured at 37Cin 5% CO2, so as to rel ease the cells.
When the  cells were released, 5 m of a FACS buffer
was §p¥pesdaedin Thepdspptipen ameynt tofanshediven ((mtohad Hrealy been

supplsRigd SELA 1 aé/hﬂﬁG#’ﬁi)éﬁté% Egiéiési%ylaﬁﬂégaiﬁé@?%? dishes
with BHCAHGOEAE shO3ACP Ko IO 5y LERGE GUSC L8R e were

cultueRnigdihugati on was carried out at 190 x g for 10
m nutes, and then the supernatant was di scarded. The

ceflssa weswt,db 5%t efl thé tdollecfedCBeldyifWert fodnd to be negative cells
c%ncentrati on of 8 x 106/m 25 (4 x 105/50 "gl). "The
(flowgthrongh) aed &S rrinths colewedreadls imerafound tof b&@ogitive cells.

1 96-wel |, U | (3077, FAL .50 pl
Hefﬁlé?f‘%?beﬁﬁﬁ"%%llﬁ sohiteisd s T%’ﬁfééﬁ gw%m@ttam% %§r2?efermd to
- . sol utign vas
o PNgzi(rq?’eg?@gth%ycag ?&?&é}é‘&g 9y PSPl re ke ?%\ﬁlgéﬁg‘lsrgw‘é‘z(ﬂ'

then al [ owe
At theri iybesd oIQ@AbSO{E:@mE €S Qubkes oPaR — %
sol ution was centri flulged dgf 5800x 7‘;&%6‘?8?& gﬁr%(n&taélg;/ of

the sagred wene PNAE+upaitihe 21 roasd dif MMATK the hecoabbetofwas cells
1 %gjgl ied to Vortex mxer to disassenble it. Asimlar
collected ps Fip Godrasti ohingigasedrt her repeated twice. 50 gl
of streptavidin FITC (diluted with a FACS buffer to 20

g/m) was 5 added as a secondary anti body. The

(1-2) EQb\gté,gﬂygi@s slightly stirred, light was shiel ded,
and then the solution was allowed to react on ice for

2@t oh3@ayi afbas FALK) glx 00° 2eFRGS Baifahely 208Swaddgthied on a
the solution was centrifuged at 580 x g'for 3
6-cm ¢ish {Féd.CQANd 30AZ)h t Ae thepdmynal BACSyemcHitgpandes]] The washed

cice ) PR S, A AN S s e
e ey AR 1350 I8 BT e e

cells Weifd etlesssd, agddad bp LAACYeblrrefT {85 RRAL LI PR diStion 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 § x 10%/ml
(4 x 10°/50 'ul). The diluted solution was transferred in amount of 50 ul into a
96-well U-bottom plate (3077, FALCON). 50 pl of 10 ng/ml biotinylated PNA
lectin was added as a primary antibody to each well. The solution Was gently .
stirred, and then allowed to react on ice for 30 minﬁtes.

100 ul of a FACS buffer was added, the solution was centrifuged at 580 x
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solution was transferred into a FACS tube. 100 1 of 3
g/m propidiumiodide (SIGVWA) was added, and then
dead cells were stained. The cells were analyzed 15 by
Cel | Quest (-Becton-Di cki nson | munocytonetory Systens)
using FACSCalibur. Viable cells were selected based
on forward scattered light, |lateral scattered |ight,

a:ﬂd stalnln W th propidiumiodide (SIGW).
g for hmjpptssi 6ﬁ dhen phpeeparnatsng wasl discavded colMhecpadtbt amak applied
11. PNA(-),

zed. Th resul are shown..in F|
to V%ql\l%f AU %WE &y %e 303 ’é’b‘%"ar"%‘ ings opegafin gvas further

repealtl,gu fRnsfected MDCK cell's were used. As shown in Fig.
, the average fluorescence intensity of PNA2(+) was

hl ghail 6ﬂ1§tﬂeﬁtﬁﬁid1ﬁ)fFITB\|ﬁ{1ﬁ)tedS\k‘ﬁH%SFA@%SBHI%r ?«?'2'03u%/m1) was

£resent|ng nore carbohydrate noieties (sugar chai
adde m@cafsmhﬂyubcaunﬁodp PlAeosoltufi@nc olds Slughie adirv@d, elight was
o] Iectgd in PNA2(+). 25 (2) Lectin stalning using

shielqqde apddher tho pRutiongvaselioneBasadacion tre foeddl to 30 n(idptes.
PNA2( +), was cells group

R A Rl
s o £ R TR LA, CRIEDABH o

he case of PNA

to Vofteﬁtmnesttaldisa%lexwﬂﬁe far rdiad) LUk a 48 h RS debst eg
by the Western 73 re blotting net hg pTﬁan(lzl d\lﬁ'as bbsted once

more ginf achhgngesvmshntghwasiegrmﬁi olit yaddding 2000ngo PANKAQS buffer at

h NAf; and PNA2(+) were observed. Furthernore,
each e gh the use of 4 types of |ectins (ConA NMAM

00t L ol FRGS gt g e %ﬁ?qﬁé%me@kf hgehdupging, the
solutz&h fﬁ@rﬁﬁﬁsfﬁ%érmm A5 Ty ERECHiC f%?%mém éir%pxdlum iodide

by conparison. In add

(SIGM@hmm adduzdt laadlsﬁemdedd MK walel faiRbe USRAcel{WePe analyzed
were inoculated on a 6-well plate (FALCON, 3046), and
by  Gelluestul t ulBectam-Biakinso15% IDDﬁuunbyﬂontdterycel $wstéink) edusing

t f |1 th |1 h
racsEfthy 7ot th} e eiso splegreds diased| gn i Eoriard ccagtEoedlight,
10 0 T 00 1 PNVBF,
laterel | Jscafefed Otfae T AhAD, iR n‘ﬁqngS?r%‘i‘“é‘Hdéﬂg’tdgi { (RIGMA).

| eupep

Infornﬁeﬂdnson liﬂ@Ot)hﬁEbIeht?el%OJNH& b@ﬂemﬁ ﬂda&ﬁqy%ﬂ ice for 1
to 1.5 hours so as to lyse the ce

The results are shown in Fig. 11. PNA(-), PNA(+), and PNA2(+) were

compared. As a control, untransfected MDCK cells were used. As shown in

Fig. 11, the average fluorescence intensity of PNAZ2(+) 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 PNAZ2(+) 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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After treatment wth the cell lysis buffer, the cell
| ysates were subjected to protein quantitative
determi nation using a BCProteins assay kit (PlIERCE).

15 The cell lysates were diluted using PBS at a
concentration that was the sane as the | owest
concentration. 10 | of each cell lysate diluted at the

I owest protein concentration was transferred into a
blottipgsmethadytsnd thenMiffereaces of the Glegr&DS! stoinitky laraigl PNA(-),

ffer, (r ction) was then added, followed by 5
P NAG%"%n 3?85‘( %ggﬁt)af”ef? bservedt  dnrtvomors,threns the yise of 4 types
C 1£S arri t .af 200 V.f.or 20 45
of le R JR0UT PYBS A Ph B A geleciayselimRpawtiorireind out by
the Westeeh N bRitBihl| hagind h Ve t s odi
© proteins vverreg W%@Peﬁ%é#t%cg@&%ﬁgkﬁaﬁggé}%w S;dgar-bmdmg
specifititimbifloan Tthat TsRPNAr VHEWEaN8s, coMphtisBRr €nabddi®®nY as a
for 60 minutes. After transfer, marker portions were
contrel, pngigpsfectadaMiddKnielts @BB, usedd t hen dest ai ned. The

regai ni ng nenbragnes, were 25 i mersed in bl ockin
so@ﬁ oh eah’&o?@ﬂedt &ns Paftv el E@“@v@%@@t&(ﬁﬁgﬁ), and then

eS0T o BB IR RES LS

blwekh v soilishb@naksciRhilg" Cki
put in a Hybri-Bag é%l%%%ﬂ?(%gk;% %Bp%hﬁgﬁ 1%‘@1‘”&%&@3’ mM
EDTA; o). 2¥adriton tX- 100, i batlMePMPE andri [Rroil aBkpRHY wede atBusted
. ﬁ%l&tl on (4.5 m) prepared by diluting a biotinylated
using i Maseddedi tp|the leieHs, arbithan the solusiovowaeplacati omiaf for 1
ImM was used, and allowed to react at room
to l'sgigﬁ‘ﬁseﬁoa?ﬁ?%%fs&rthf ‘i?gGr s. Subsequently,. the nenmbrane
Wasr WS tl mes (5. TN ach). w a washing ..
oo & oame iR He el TS BREBR° e fohyBusRaug ybiected
to proa¢ini hoshtitativet BereSRACOANRA YisAt 'abB@_Pr_o@eiﬁ?l é’stshgnki@ 4PYERCE).
) prepared by diluting streptavidin alkaline
The cqlhdgsaes weee wiltted usinge RBiSgats ol dsinicentrifion that was the same as
he 1 concentratiagn of 1 /mM was used and allowed to react
the lowest ORGEREAIIERat J0eF of eoh welUyeate dibutedeafurhiet lowest lpeotein
total (15 m nutes

Hed. 3 ti .
concen'rfr:re 2 Vs éﬁlag%?rrﬁ%nm%ggé g?? Vglglg]:ﬂl}?g)towut chy Z‘Ngémfn@% x SDS

nut es,

- solubilPHtiBY bufibt Qfed%%fbinpgwast %ﬁ%ﬁﬂgﬁéﬁ%ﬁ%ﬂﬂﬁﬁ‘?gs b heat

a chronogenic substrate

treatmettaatd] Q0T | sbwa@eaﬂp,earee&ogﬁomes WRIEDEAPRA d\t & 30A® for
to stop col or devel opnent, the nenbrane was washed I n

45 minpgs ueanged 220% achplanside gt ed.

By the use of the Western blotting method, the above-electrophoresed
proteins were transferred to PVDF membi‘énes (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 b]ocking 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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The results are shown in Fig. 12. In the results of
Western blotting using PNA, band thickness was
observed in the descendi ng order of PNA2(+) > PNA 15
(+) > PNA(-) > control. However, no significant
di fferences were observed, suggesting that the
specificities to PNA were at the sane |evel for all
the cell fractions analyzed in this tine.
solutheur t(Hef noi)e prépuredieby eflitingofa \bestigylatdd QbétimOwitHSk NBlocking
ConA, PHA-E4, and PHA-L4, no large differences were
solutisys & \iegomrankession pAd pefmk otasamgbdPNA(d- 31loWhik(te) reast at room
er ns %f the degree of staining. 20 In the

'temp?r_é‘g‘ﬂﬂ%t Eo Yer UQF%ﬁlﬁnﬁ’g 8 rf@emmnf‘a“éﬁls!@!hﬁhed 3 times (5
minutga'esféa%% %@h %%gg tilﬁtctgﬁﬁstgrzn al%&?%’oegedcgmm)a secondary

scen I Ng or

antib&ENA2( A) - th'é'eéﬁoon%ﬁﬁ aﬁﬁﬁoﬂj}?gﬁ es%hﬁfim?g@'thﬂPtp‘?%;%J}eﬁw diluting

| ectin was conpar €d t hi'ékness as resu
streptatfa:imlaibal\ms phbslﬁratsﬂ: withthelsigsserdinbotdecoates@fon of 1
> 25 PHA-E4, PHA-L4 > PNA > MAM I n every case

He/ml skrs diseg ené ldowedlto PRI - }i roPNA(teinpepatdrdPMaR (39 . minutes.
-b| ndi ng %pem ficity of each lectin

SubscGBERtyn R 2ea irapr a‘fatsl‘ﬁgs ¢fn3 tHpes 65(5&?1 kEhmipytes, 5 minutes,

o I g R R

was ifQigrseX-ihy Peciabholdeft SBHVRSE- sto\flﬁ’ﬁon and then Ieft 0 stand until
hybri d-type sugar chains. Furthernore, both and

bandspPayfpdited how thé f mambyand OrAD-aGkﬂMCtoaﬂdpbbcﬂdrtdlavelopment the
conpl ex-type carbohydrate noiety anong

. membaglﬁawaguwﬁeshsﬂnmtﬁ@ Wa\}??feaflﬁbthwhé}AMIE’ei moi eti es. PNA has

|n|t for tin ec c to , .
SdMIeTigsbts Be SPBBHPdia b2 nolaihe SEufiagt Plestern blotting using
i i hdsq
P R kT Ra b Sael i MR b T Ay > PNA
(+) > IBEA(R) spewintiod. t@IoSﬂf@Jeh“Cnécél n$QcdMadiffdreRédvere observed,
strongly to SAa2- SGa1(31 3GINAc. In ternms of the
suggedsings yhathete @p@mﬁcﬁw tf PINOA iwgesastc e isahas, let/hk for ghl the cell

' f mannoi osaccharides are added in the cis
: fa"“oéswgﬂ 7(@@/ 1t és Sepl equrttW@l@]e» dbdhe cieanit defs Waseern blotting

using BRARTIAR-EE AE TES U R ae PR ol e SPha oY dyteen

 the coﬁi’bghnd I@@A?D?YIWIAYJ? ), B B A %3 Zﬂ'tgﬁnss'o?lthg d%gkéjesof"sﬁammg

ed in the final processi the 't
In theGod:sgults DieMéestary bottiap akiild QWIAMt veaighbhegigfdragds in band
and the results of
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-E4, PHA-L; > 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 o-D-Glc and binds to biantennary complex-type and high mannose-type, and
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Western blotting in this experinent wherein the band

t hi ckness was detected in the descendi ng order of

ConA > PHA-E4, PHA-L4 > PNA > MAM Specifically, 15

Western blotting using lectins specific to

carbohydrate noieties to be added at earlier stages

i n oligosaccharide processing resulted in thicker

staining. This suggests the possibility that nost of
hybridelypgl sigagcheiopr offeirthermere, hathr AL paydtiEAFEedhawchffinity

h ifferepces anon | ycoprotei ns expressed on the
for be'ﬁtl‘:ﬁé&rfﬁl‘gs etPg|‘gﬁ%m@ﬁytwﬁawa.rbqﬁyctra;e moiety among

: l,at i [ h rans_Gol.gi esul.t of
aspar GRSl e Rber G bRy oaiRtifk. 2B, bR iy fr Dot and
is a 18tin WpRERTN tD1a08 &/ Yob DL MMy AP R etgrlzloythsalé'ig articularly
: di fferences were observed 1n rntensity of "band anong )
stronglgclbindaphe Galp M8 GANAQ! . PMMeoYer, PNAAN - h80d sg&ificity to
PNA2(+). Hence, in this exanple, intensity of band
SAaZrEgal windgisf rolecilss spraificbicotstalivg avilr go qhantit tahdyedtsongly to

determ ned, It was considered that since intra- and
SAazéi{:;?{fﬁll’Pgﬁi%Cpr ot elths tgFms| yebd thegebimsynthrtianaipzess of

ycopr ot ei ns
Golgi| $hb! r | {18 b ;
B s APV AT LS RISER R 1 heaie an
trans Gbigippnaottbe Ser Tavilivgkddl oo c3RaGHES Sict ¥dded FNe TFBHS Golgi.
anal ysis by flow cytonetry was also carried out.
Carbohydrefe mpipijes bavisgrigalipaglsaralagded ihie fimabpanesssing step in
Western blotting in (2) above were 5

bt ai ned
the tra Go(ai oy %ér‘izﬂtfé& § FPHERH Rgtveren hage fagialapdethe results of

| OIigO%PCIYE%eeSr nthglﬁ%igﬁgpgia%h{'%aeg%ﬂg%ggé%hhﬁg%t? ;Jz{ri%Sadded in the cis

TN T —

the desdvmalingsrdérmel 0anAne MYSIBIPNALULSPEGA SN M €& REiffally
band to be quantitatively determ ned and conpari ng ’

Westeray blattiagvading dectithepeedid ts areolphiowe indiéties to be added at
. followi.ng Table 6. 10 Table 6 PNA MAM Control 4554000
earlier,stgg@pgn oligosaccharide processing resulted in thicker staining. This

suggests the possibility that most of cellular glycoproteins were being

biosynthesized and that differences among glycoproteins expressed on the cell

surfaces were relatively small.

(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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PNA(-) 4618000 4776000 PNA(+) 4638000 4750000
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 MMM the intensity 15 of
band was observed in the descendi ng order of the
membomer gly copiitibins) haviRA(nding>s RN E ity .toHRMRAV er Thii§) Satfsis by
case, the difference was as subtle as approxi mately
flow gytomerpwas g apraiggsedt. 20 Next, anal ysis focusing on
rane glycoprotei.ns on cell surfaces was carried
(3'U%ﬁ‘f“&ﬁ%‘?ﬂﬂdg‘%@ggﬁm{lﬁéeﬁay before FACS, 2 x 105 cells
to I 1 s,, PNA(- PNA( +
ana Endgh gt SEBES) b eiely Clatiner b (PhLikiye were
nant3R@iRkly Qeidragnddyudhe FACS 141 S
1 vvashegtvvi ce wth EF]’ S@@ﬁgﬁgﬁﬁ%&%({% Blgogasl:% PHOTO
FILMBDARd waen ttemsigdd@bandmdstdoampdrbé cel |'s 25 were
I ncubated at 37C.in 5% C32, so as to harvest the
cefpalysisesingtibedelags amplymsriavobles diuding5ihel avefrage value per
.. FACS.buffer s added., The_ sol ution s transferred
unit arga Bf 3%%5&{1?%%%@86%? ¥ %tafmawdmmvéa EAMPAEAS AYerage values.
' : en the supernatant was
The ri:lllsi%gtcsgarrgg&?“ﬁéﬁt%%ﬁ%&m?@b&ﬁ s were washed once
with 5 m of a FACS buffeggpidde nunber of the cells
was det er m negr—5b—eent+ugatlon—was—carried out at
190 x g for 1Q-mnutes, :n:l)ﬁf en per natant was
di scarded. The cé&lonéroler e4#i40M0e4734009| a FACS buffer
to a concentr qt iRNAGf—B x440BYO0 47000105/ 50 |). The
di l'ut ed sol uti 0Bk 7 Jpcmmpunt of 50 |t

into a 96-wel ALCON). 50 | of
10 4g/ M bioti | MAM | ectin was

added as a primary anti body to each well. The

solution was_gently stirred, and then allowed to react

oS 8RoWpin3Falie fuibave,100the ghseaoEABStoUf béottimgsusing PNA,
. dd the solution was centrifuged at 580 x g for 3
‘mensﬁ%’n‘ﬁ?"eas‘{d WAS CPRERY @t?p%%cr?afi%t ofgles o 'gemwl AFRER(-) <
PNA(# K'PNA@("%' at¥PPh 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 céll 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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held to the pellet to renove water, the pellet was
applied to Vortex mxer to 15 disassenble it. A
simlar washing operation was further repeated tw ce.
50 | of streptavidin FITC (diluted with a FACS buffer
to 20 g/mM) was added as a secondary anti body. The
solution was lightly stirred, light was shielded, and
then the solution was allowed to react on ice for 20
were trél‘@@edn’ Aunksef a1BACK biffer WACSidaietlf erThwasolatidedyad hansferred
| ution was centrifuged at 580 x 20 g for 3 mnutes,
into aaﬂé hdube, hféerguﬁegamnamasmgnadsmaradewo Afg Eor &0 Kninutes, and
eld t tet to reno er, the

then YR é?efwggalﬂpwﬁf STy ¢ ERFhESupTR et Sl aisn ashed once
with AS S logr 4 @S‘f' 1r atth@”mlfj%% [ eppayied c%ﬂ%l wngf t%‘g];ermmed

200 | of a er’ was to each we
centrifi P& b REss da'ﬂﬂed%‘i?ﬂt Wt i190 e stok Nangh s desd icmh(é &hE

tube. 100 I of 3 g/n prgﬁgdlun1|odlde pl n / %ﬁﬁgnnumn
was dagfdeded.and then dead cell's were stained. The ceIIs

were analyzed by Cel |l Quest (Becton-Dickinson ¢

| rﬁhﬁq%ﬁc‘% Biees é’rlytegy‘s’ttérﬁafA butfEAcsesionbentration apBex 10%/ml

(4 P PRL SRS ARG sl e "G ol Svato R 88 wih nto a
96- weﬂdUdﬁot(téhl%\H Qdﬁ‘g 0 ;rlﬁﬁ L)1 %Pu?%ﬁ’ Y 3B o1 bl%%ny?ated PNA

was coIIecte he uUs€e~o

lectibbi @t MiyMtletih ewhi rh((dwl\/hﬁra BW&&@S aﬁtlﬁbﬂg&*oy el WPOUY The
and streptavidin FITC as a secondary anti
solutiqn, mm@esnrmcémdttylemmwmhmream baricé fmeB(D minutes.

fr n contro w |l d-type cells, PNA(-
(é 100?5( M@)W%ﬂd‘i%t gépégtémma@ec@%tr%@@@dfat 580 x

o AR O BT iy v

held t@nﬂiebggldet theeMplwewaterd e ﬁyéfélg{?vag lféﬁcgﬂe]r Ttex, r11mxer to

intensity was observed int ascen g or

disassembie dl <A BMWA(a) wﬁslﬂhig(dﬁerﬁlﬁ’ﬁxlk?a(s%rtﬂdﬂ repéat BB aRtdeTe,

in the results of FACS using MAM as a prinmary
affi sl strepiavidinyBl ¢ (dﬂetealkufdage FAC S dnéferanc2d pg/ml) was
descendlng order of the

dad d|ntenS|tA>/ S observed
added as A secan &%gy F,N}i(bgdy; PJIRIE? olytiprapias) lighglycstinredy light was
shielddd)%n deﬁl'élkttﬁﬁgr)ltfi%%ﬁ'aﬂg%wo r%g? %)p cé? u#(%ﬁ ?hﬂ'{;@]c?es

usi ng an | nverse corre

t &0 @ssfl § FAGH Bufrer mogda%BC%aVb&lf&tmewa?%Hhﬁ?fugEd at 580 x
anal ysis of the degree of staining in Wstern
g for 3pmomttiengauditen tre suprgratantlyzefiscdided, iATtéres Kinofowel 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 pl of a FACS buffer was added to each well. After pipetting, the
solution was transferred into a FACS tube. 100 pl 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 10d1de (SIGMA) Information on 20,000 viable

" cells was collected and analyzed.
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ol i gosacchari de processing, the results are
considered. To Ser/Thr linked 15 ol i gosacchari des,
car bohydrate noieties are added in the order of
Gal NAc- Ser/ Thr -> @Gal (31- 3GalNAc- Ser/ Thr ->
SAa2-3Gal01- 3Gal NAc- Ser/ Thr. PNA specifically
recogni zes and binds to Gal (3l -3G1NAc-Ser/ Thr, but
does not recognize at all when SA (sialic acid) is
adeedht hegeedObiddinytl bR doldRen (MAM MAM\IA)Sa@ al #GHlaPy antibody
that specifically recognizes and binds to

and ma‘QGMfEITGGaamCsﬁenﬂﬂyr aﬂmlxodgfpeﬂumscemogmenelty was

sugar chains at a stage where a sialic acid has

measig foat? sel fragiinns (arenteal MDA rvilHelyab ciedlss T4 (- JarRNA(H),
it PSRRI LD il 12 A Sakeh Logeie, 1LLp,
showr SRl (F:%% Jgalife 1§er1|§N2§ (t%)ré }egglt?edﬂ&ﬁ@rsf le‘ﬁg }%ﬂ%ﬁ? a primary

wer e oIIecte | es

antibodpp\tBe w108 G OtAINaReradei ﬂ%of@EEMsnt?%ﬁ?&ﬂﬁ@ﬂ)éﬂgln the
to the putative carbohydrate-bi ndi ng donai n of

--ascendHRE aEd 68 pf tlmmdmnmhﬂﬂﬁm(m)sﬂmmH)ntrmx?e@ i Mihcthé meantime,
‘hf?‘g XOXXNXXXX; - X denotes any amno acid) and
‘in they ﬁ%ﬁ ¥ &@c‘éﬂﬂg ALAMRe 2amimary patipedy.dhe valhwsof the average

fluorefRied lend(; o AkeriBia i cepbeadibel Per Shabq wapurol >
PNA(i)hS PR‘A@?S@@ gwﬁ)ed é&ec?fsee{@fstl{ee?&%’?ﬂs”@ﬁ% ?%5'1&1@3 MAM

tion, the cel’ls are referre
and the CreiidISS ek PACSS 1 5ig g BEREAG o3 ihvdik@icbf®latioM t €Furthermore,
transfection, selection using (418 was carried out,
the regylgs | wiersr deracsordanser wath fthe results ®xpnalysisngf the degree of

¢ n% ycog;ot ei n; havi ng vari ous, car bohydr ate npieties on
staining, an - \qsten, plodng fhsingfan (inegee|aeNasre plekear 11 yterms of

- otigos EREHEP AFD ORI B bR P TR O ot fiked

magnet i cal

oligosddt@Brides e%ﬁfﬁtﬂﬁ@@&e"%ﬁé@ﬁe@“ ardSi Redkde FRINRLI Corder of
cell sorting system ( MA As a result, MDCK cells

GalNArceSet'Thg —wi Gal Bsev@amAty&mﬂw —+ A @D Galpll B GEINAc-Ser/Thr.

separ at ed; that 10 is, cells having specific
PNA speificallli regpemizas tandi bindstteaGal bl -3618NAG- Sgé&hf.bw figes not

hydr at e e s) could e obt
recognf AHll eSS RITEESTIIER A bafPpadIt rimamiet fagd. MAM
i Elcel | 1desigNg F{I\ a L foment,. ex ssi
' gl ycoprotein v(%n?th ggeaga ?Hgd car %1% lF%’:lt Q{,& Bind to
SA02-3Galfi-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 Galf1-3GalNAc-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 carbollydrate—bfnding domain of ERGIC-53, random

mutations were introduced. into 7 amino acids (DXXXNXXXX; X denotes any

amino acid) and then introduced into pRc—CMVZ, the vector. Thus, ERGIC-53

79




10

15

- 20

25

15 noiety (1) Construction of nutated VI P36-expressing
CHO cell library CHO (Chi nese hanster ovary cells)
cells (provided by the Cell Resource Center for

Bi onmedi cal Research, Tohoku University) were cul tured
in RPM 1640 supplemented with 10% fetal bovine serum
(FBS) in the presence of 5% CO2. 20 CHO cells cul tured
to be confluent were collected by trypsin/EDTA,

randagh libredes $@+é obdstracddf HenlibraridsareeUrinsreste@uafMIBEK cells,
of plasmds (linear) of the nutated VIP36 gene

12 g
and {hepr the cebisenet Earced Bxanpiess | rasambiseet ERGIC-53. In this
.giraﬁsfegﬁion into 2.4 x 106 CHO cells according to a _
spectyeatiaiy, ihqe5elbyy aiei Ffetepofecsantalds exmessiegBERGIC random
: | L d f 48 h in RPM | 640
irart o AR GELLRGIBLE U Bt I R ok HE R rcer

to screeh Ifsr vene ' ; . r i -
0 s1aSh or BN oSphI AR AR Ttk grp moiris

on theagell sifizces oindrgofelthe | delids weoa Shriiatily elabe®ddnRSSd Nehrious
. . mutated VIP36 were selected. (2) Screening for ‘

biotinglated dactinpIsagngiicadlyi ligetasl withystfépsavidyn ddroBeadq and then
The altered VI P36-.expressing CHO cells prepared in_ (1)

soreeqBE 2o, EirEled L UGS e BRSO PORIME FREmIEMACS) As a

9154 t . er-48 hours. . the cells
e R er e refeelgg;ge&tcgﬁlg ‘%g{:hlslé%&? gaé tﬁéésn&f gecﬁms%%g{iebebm&aé?teﬁ, that
is, celRHh#vihg spEETA RBSin 1R RigNabGvRy 5 (i BRTALAND 01306 ML all
NaCl , and then suspended ir% % OYSYm(tI%(# a FACS Bu?P%r. ey
recogiNeg tcartmihydiratgl mosdicdBNAol kché nbussedadded as a primary
antibody at 5 gg/m, and then left to stand on ice for
30 minutes. After excessive biotinylated PNA |ectin

e ffo using a FACS buyf.f Bect on i
DUERIRBEE f2 1 st el ol morwe W6 Honste iettical dising FACS
d eBFENNER i rati f . 00/
B Y el ST Sneo AAPREOLAR VAR £ IR hepgnyarate
moietyn nutes. After washing with a FACS buffer, an
aggregated cell mass was renoved by filtration
(1) Coppirpeigtn af munatesk HIP FhexpaiskmaEHO seldpdmdad in a FACS

b r.at a concentration of 105 cells/m . The
sgﬁa@r{@b‘?ﬁsﬁa@@ﬁﬁf QY aph cele) qelds Kprosdded by, theofebeRpsource

Center S SRR RO RS s kIS 0
supplefeated ith 16bOWeEM DERLEYsHER OS] 8 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 plasrﬁids (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

12000 (GIBCO). After the cells were cultured for 48 hours in RPMI1640

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 gytoxﬁetry
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out using FACS Vantage (produced by Becton Di ckinson).

Foll ow ng optical axis adjustnent and channel

sterilization, the cells prepared as described above

were sorted according to the manuals. A screening

wi ndow was provided for a PNA |ectin-positive cell

fraction to be approximately around 0.1% 1.4 x 106 20

cells were sorted, and then 1,187 PNA-| ectin-positive

celhe f aitered oNIP herezpodstsmign62HO Ienllt uprepafaalr in (1) above were
.. . collection, |actose, the hapten sugar of PNA, with a
dilutedqtoc bal0%e iconflgent mo2 MO ¢racdipkernd thsn ewktredaddelier 48 hours,

the S P B 0 5 B BREr g 79
j f.. 59 ] .
T4 008 Sy 1 AREDEL Rl SRy L3 8y b

or rel

0.5 mt©|f|a_SFAbJES:BUﬁEr.PN%k@QﬁbﬂnfﬁWPM 184811 §lals 2dARY as a primary
provide a cytotoxic effect. 2 weeks later, the cells

antibogor et s§ ajigbul, watich tBMA lefcttonstaaddohhése fbhe3(rmipartéd. onAfter
of PNA-positive cells was examned (Fig. 15, 1st

excespKa bipfinyigied FMHlgcdnrvinyashed off vstw aUtAGS buffer (Becton
. ¢ JTEL RO N lar o, that.of the first sorting b .
DickiffE)0 G nled SurkRtvidh b Addd prt Fetdiany, gatibogy at o
o h T a€tiin0 ' I r . 25%
concefiGhlgh’ €0 Pefl, B PRt BRI ARk {'REact 8 g for 20
minute¥. CUlfteir evashhgy Geilth Sa VIRA€SSharRed ani hhoRNAtddeGeilNmass was
and then the 1p;ercent age of PNA-positive cells was
removes iy Adldatisn ghrough Byldnphieght) ) Ths ceB) vitrersuspemmfedPidAa FACS
P | ectin-posit] ve%fceu S Tf)e PNA-| ectin-positive cells .
buffer af|3 cenesatiationnelt SXCelts/ @dr ¢ (TG wepensienspengercd anige until
sortin%ﬂ of RPM 1640 contai ning 10% FBS. The suspensi on was
‘nocul ated in a flat-bottoned 96-well plate with 200 |
oF ol Re1iSdsP&NRE O o | - -
cultured A TR e Wn%ﬁ\?hﬁgﬁrbggﬁagﬁs\gg W%'h?ﬂdltn%%%&e?ﬁ using the
method ontllikiig NIAGS sudeboritoanfi Exeshplael | Flbavéyi@nidtry was carried
concentration of 1 colony per well were selected and
out usingpeFAGH| ¥entagewipradwHiAbPBBectasl [vkinsby).s ubelibwing optical
9 qut of 50 wells had 1 col ony

. 24- I late. . C
axis adjisgn; 5avehaRed] FiralignBiAne e GallErearsd thecseringd ebove

~ were sBHaHSAREFATE GO Hﬁﬂﬂal&?i %ﬁ%ﬁgee%gnﬁgﬁﬁﬁggajt h&g@gﬁﬁs&eﬁnf@r a

PNA | ecti n “was exam ne

PNA 1dctimpbolsiiwe 6!l Strhona Xo%eaiaﬁ?fbﬁﬁﬂatﬂel%%xpdﬂﬁd énd,a 1.4 x 10°
plurality of PNA | ectin-positive cell clones were

~cells webt adrted, amghehaf 1, 18AE¢Acleatiaspogitioneel3frattsomsheere bbtained.

15 (GQ one 23). The upper row of Fig. 15

. . Fig.
In tubes f%r collection, lactose, the hapten sugar of PNA, with a concentration of

20 pM, had‘ been previously added to FACS buffer. Positive cells were
inoculated on a 24-well dish, and then cultured in RPMI1640 containing 10% FB.S
in.the presence of 5% CO;. Lactose was used for releasing PNA lectin from
PNA lectin-positive cells, because PNA lectin bounﬂ to the cells may provide a
cytotoxic effect. 2 weeks later, the c.ellswere stained with PNA lectin, and then
the proportion of PNA-positive cells was examinéd (Fig. 1'5,-.1 st PNA(+)).

The se(_:ond sorting was carried out by é-method similar to that of the first

~ sorting by, providing a screening wi_ndo_w.for'a PNA lectin-positive cell fraction to -
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shows fluorescence intensity before sorting, that
after the 1st sorting, and that after the 2nd
sorting. The lower rowin Fig. 15 shows fl uorescence
intensity of clone 23 obtained after the 2nd sorti ng.
As shown in the graph at the lower right 20 in Fig.
15, FITC fluorescence intensity was 3.2 in the case of
the CHO cells, the parent line, whereas in the case
be apfrozimarlZdrolhd VBISZ682,552 WRIIC BradBidns BPPHOLOMBLBLY  After 2
100 times greater than the former fluorescence
weeks mifengiurg, thetpelix arraatdioed ofitFPNG. {agigandesiehahe fercentage
Fp | ectin-positive cell clone 12 25 For one of the
o FSEEH T hépsi srapaned hbige 10¢ 2odPNAY+H)whet her or
not nutated VIP36, the product of the foreign gene,
was expressed was exam ned wusing anti-FLAG anti body.

3) ChpfARg GMANAUSL fgodiliy pd VI P36 gene, it vas

desi gned such that tag sequence was added to
t hEhd- PeTANIastén-poeitbe, cellle cBHRERISIIANRE @lcbRlCdorting were
VI P36 can be exam ned by staining it wth the 82
suspegded - I AG mhtafhBIMI TEH0S cobliivingcl0%- PBS. t i Dige Gakpension was
ne 12 cultured to be 70% confluent was harvested

: | o
inocufgte TegrArpRetigmed Kemvel pieavit 20856k ohkhensuspensidnein each

orso bl S AR b L LTt B AL e co

be viAfallBr cWRERNBY, WdR ﬁa{i@% Q\%ﬁmﬁ{:ﬁﬂtﬁ?q%?loql Prb%ég\@f per well were

further 5 allowed to abel e
selectatandnthes ecdibpGt b wit! BDTAMPE FHollowed by subculture in a 24-well
(pha/coeryt hri n)l-l abel ed streptavidin (1 gg/m) on ice
plate.{ o}9 ppt Gif MK wells IRdubrastemnper melbnsit yhofindevical tle culture

. anal yzed usi ng an.anal yzer, (FACSCal i bur) (Fiqg. )

in they B8P bIAE et r a0 e fradinhcat pheh el dlonarioPNA lectin
POh LAY CORK j i pAar nti body h een .

was N0, BESEPRINT,. oP ToBChER ahES, A55a wiv

PNA, antlia @mral@fmmorémilﬁ ti00lcelOcRed W& e HHRa6Rld. S One of
had been allowed to reac as a primary anti ogy to

these eloaes ¢lhae @3l lis shawhish Figpl 8¢€tdse RBR 1 Theluppeheswidferig. 15

. bioti nyl ated PNA |l ectin had been allowed to react as a
8 OWSprPV?ﬁSye%ﬁﬁ igsasity deders gortings thet lafterathe stnsortimlgAGnd that

e I A ot S IR ST L 9%y o
P t . t i | | i .
ine 2 ks 6 20RO, LI L B Bl i

in Fig FLAGTDG ifliotescdl iAPeIsYS %a®f ik 3heda¥e BBRhORNBO cells, the
expressed on PNA-positive clones
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 expressionbf 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 expression of altered VIP36 can be examined by ‘staining it with the

82




10

15

20

- 25

MRNA was extracted fromvarious PNA | ectin-positive
cell clones using a 20 u MACS system (Daiichi Pure
Chemicals). The cells cultured to be 50%to 60%
confluent in four 10-cm di shes were collected with
trypsi n/ EDTA, and then suspended in a |ysis/binding
buffer (Daiichi Pure Chem cals, attached within a
kit) so as to disrupt the celI's. nRNA was anneal ed to
anti- ELAgba(luH'Qdyn cTiob RISA IeBanipoBitisRucs] chard taks)turant be 70%
then applied to a MACS colum. The colum was 25
conflpgnt was hﬁ@éﬁﬁé@ﬁ With ER TA RS Bhédheny aliuwedrtcamﬁca w1th both the

anti-MERE ARG 6.3 St 8o B0 EriaTeon P e G W) chwultaneously
on ic€Ybe 30§Pﬁ{ﬂé§sﬁkhﬁﬂ% slﬂﬁlgg \%41{1 A@C% hé)fff-é'aglf ag&{% ‘308% further

as to
allowelit abnedadir omth. Frrcl | f

di ssolved in 20 | gfc Iq\)/lgbe@gd 51\3\%%2%60 WI\@S\A@%/W ﬁnd PE
(phycggryithgg)-dibakd gt cipraviesn ac{deq;g/ﬁhgé SN UGN f¥AS 20 minutes.

heated .at 70C for 10 minutes, and then chilled on
Fluorgsgence aneng,lfty oh thMc@N$mas4arg11yzﬁd Osing MDAy ly 2er (RAC&Qalibur)

hi,bi t d 8 pl first strand

(Fig. t%ifer Bl doachoee emrerentphe E‘??Pﬁt‘ivg?fl iﬂrailﬂﬁgrqr?g&sapndmg to
f % d.. foll owed b

« ks RS LS T e

anti-rasByG astidotl g Mo nbPho HiR@ thOWOPEERI ﬁ@@tlﬂe%ﬂ alfdfed to react
reaction was performed using the VIP36 gene 5
as a pramainhantibndy 3o steimithalcedlls] JBN2NArgrries@its thexeyspltewhen the

used upon |ibrary construction. Reaction
blo““kijéée@g’%i?féa’ had rlfgee@(}jkpwg% t@mtﬁoawmasery eTAYOBOFo stain

“the cePngﬁ%Qﬁs)@g(ﬁ]dg@S gf 5%1?{&% : 31315 egﬂ L onbgir&(} antibody

had bednCal®d WEP irOsbtas @%grgxgﬁé' dntfl nt%l stg}’ t@@éﬁ? € Al |u§h the

el ect rophoresi s, orresp 6 appr oxi et

-expres9BM nlggkledni dbongai2 Scyds wanf ldvﬂe@l@lﬂ;'d ihecéidiSwere clearly

obt ai ned DNA fragnent was col | ect ‘ed. The coliected
FLAGmqafétivss inserted into the Sma | site of pBl uescri pt

[l SK, replicated wthin Escherichia coli, and then

extract ed. Thus, the nucleotide sequence was 15

'5 A e t nal yzi a n odi ng
() AnfERR 1 BREy O TRl il BB PR o080 FRFEScl one
1&anauwshe@&tbalef SRAMEIGE PRACRRY- 1G]
| oop was found to Ee 5' GACCCTGA%‘?’%%A&%SIJCQ%]%S E'gmga
4 MACSE@sten (IDaticHibPusnGhprgckils). e ATREcB0s 2Gi1Hr SE Y 8BSRNAS 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 -

Chermcals attached within a klt) and then an elution buffer (DanchI Pure

: Chemlcals attached W1th1n a kit) was added s0 as to elute mRNA from the column.

' "6 3 mg of mRNA was obtamed from 1.1 x 107 cells:

1 mg of mRNA was dlssolved in 20 pl of M1111 -Q water, and then to. Wthh .
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10

15

- been introduced into clone 12, the nucleotide sequence encoding the mutatedd

20

25

Asp- Pro- Asp-Ser-Asn-. @y-A@y-Ser-Phe (SEQ ID NO 17).
20 Al'l publications, patents, and patent applications
cited herein are incorporated herein by reference in
their entirety. I NDUSTRI AL APPLI CABI LI TY 25 Accordi ng
to the present invention, a nethod for nodifying a
carbohydrate noiety and cells expressing gl ycoproteins
having a nodi fied carbohydrate noiety are provided.

1 pgSifcdligo@anbeby ddaéd nPhetsylut{d WARSRGGHRR: deychay Wnflnutes,
speci fic sugar structure and gl ycoproteins having such

and thegariibngdrmaiee. nol ef yofai® mMdNTRI 4 pl toffed 1 il DFTOR pl of 40

icin Since such 84 oligosaccharides and proteins
u/ lﬁiﬁ%xr&em@@a c%#@@ﬁ.aewfygsaﬁaanwudfqr wcmeafdeét hotifter the
solut{o%rwqg%géfn%cﬂgﬁﬁ@{?ygd%lr f‘ %ﬁrgnr)#gt tnlgn\gas;g etgllowed by 50

expressi ng

minuﬁ_é@rchohé’a@rti%tneatr@ﬁ‘g; g ?ﬁféoé% At 9015“811%%83? Las @ template for

invention are us hernDre
the nextv @GR aeactikes PCRPesstiBhewhs }%}ﬁ&tn'iééphsﬁ‘ig the VIP36 gene 5'
ollgosaccharlde library conprising cells expressing

tefml%irﬂléﬁ@ éeimjoshotigar D pringese(EatampiekhoWiPranl, 5) used upon
accharl es, .and exam ne the useful ness thereof.

hbfafis ERCENPREE fon vasees qy qtessusing B.OI3-pley A icdymerase
' SEQ | D

B T T A,

anneaBngaaPahydr ?JrGBUDée%BMde 9é1>5ﬁg£’€181§ eé[tnéédt For “Eldhinbfe. By

culture, which conpri sés ter east one anno

agarosec Btlwtmpahoresis baﬂyzifdat:@rreqmgﬂhgl 1N afiPRiMally DarBhdeleotide
receptor in a cell, expressing the <cargo receptor in

. pairs PR %@}fﬁrm@dq@ndxt@pe'ggusn@ataugaldy&iﬁAofregmem twasacollected. The

i fied carbohydrate ty.in the cell, wherein the
collecfB khe Gui i TRMed D eaRe Sed dr o1t CRES bgser il o8 it

within?ESRL s Wt Qi AdMHenMIGE 1Ry L h"ai‘l'%lsy?l-?g LOLELRALS sequence was

determined. As a result of analyzing a gene encoding the altered VIP36 that had

loop was found to be 5-GACCCTGATTCTAATGGTGGTTCTTTT-3' (SEQ ID
NO: 16) and -predicted amino acid sequence was

Asp-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

.carbchydrate moiety are provided. Such a carbohydrate moiety

‘ (ollgosacchande) having a specxﬁc sugar structure and glycoproteins having such

a carbohydrate mmety are required in the fields of - medlcme - Since such
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10

menbr ane- bound protein or a secretory protein. 3 . A
nmet hod for produci ng an oligosaccharide, which
conprises altering, at |least one amno acid in a.

car bohydrate recognition domain of a Cargo .',

receptor in acell. in culture,, expressing the cargo
receptor in the cell, expressing a glycoprotein with
a nodi fied carbohydrate noiety in the cell, and

oligogcehsiides amd pritgusacemabé deofinoed tdomvehicmolyr ahéi rapidly, the
QP%;ein the cargo receptor is VIP36 and/or ERG C 53
methogl  ToReMeditéRE o cerBphydrage chaiety 3and wHier eieH ewpressing such
fromthe

s RS ERIAGL £ Sy R T Be ¥Bne o g presn

inven88f a2k uEBd,NACc. 86 5. . A nethod for preparing a cel
expressing a glycoprotein with a nodified

candretivreiort e th®i PlegentinoBnGOFIPMARES Rl hELIIFR ¥ L&RASfuct a
. one amno acid in .a carbohydrate recognition domain
oligosgtcharede Jibraec epimoprising aellel expressiupt sarpuexeligssicolarides,
the cargo receptor in the cell,- and selecting the
gene"tts|qn‘f<@£wme%1s$%@cahaj“§@mpéteeqamw the usefnﬂ)@nssitg@reof-
car bohydrate noiety, wherein the cargo receptor is
VI P36 and/or ERGA C-53 6. The nethod according to

SEQUENCIFREE Wigfei n the glycoprotein is a
menbr ane- bound protein or a secretory protein. 7. The

SEQ IDnNOS0d @ct@r infigeti Ooliahiitizotiie §N=30i ThGf s Cher
conprises introducing the gene of a desired. protein

SEQ IPnNE: d 7c ey nthieticquelptidee and obt ai ni ng a cel |
expressing a desired giycoprotein having, amdified
car bohydrate noiety, 8 . A cell expressing a
gl ycoprotein with a nodified carbohydrate noiety,
which is prepared by the nmethod according to any one
of claims 5to 7 .: ,. and wherein said cell is in
culture. 9 A nethod for producing a glycoprotein with
a nodi fied carbohydrate nvoiety, which conprises
culturing the cell according to claim8 ' and
collecting a glycoprotein with a nodified
car bohydrate noiety fromthe obtained culture. 1_0 ,,
A method for constructing a cell . library conprising
a -plurality. of cells in culture, each expressing a
gl ycoprotein with a
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nodi fi ed_car bohydrate noiety, which conprises

i ntroduci ng random nutations into a nucleotide

sequence of carbohydrate recognition domain of a cargo
receptor gene, introducing the. cargo receptor gene
havi ng the above random nutations-into each of a
plurality of cells,, expresSLAMMS he cargo receptor

gene in each of the plurality of 87 cells, and
expressing a glycoprotein -with a nodified

car bohydrate noiety in each of the- plurality of

cel | s, lL.whengthod foremodifgingr £capbhydrate NbieBboBRY Roprotein in a
%gﬁiC-SS. 11 A nethod for screening for a test

stk tiBnewi st ¥ Richi pemprises @ltegingcaprlotdi pnaramimo acid in a

. . . . . . t t . ’ . '
PR R S FhpBEL PR e ErSptTpi Dl et spipsiae the
e M.k L Able B P P Bdlelea,

accobdiyigate onoielyainmihibOcetl,t Whereinetie &d1B6 trad¥peor, isaWiP36 and/or
%ﬁ{@{qgjni ng the interaction between the glycoprotein

- St ar bohydrate “noiety with. the test substance.
874 SEQUENCE LI STING <110> YAMAMOTO, Kazuo Sunitono
Cor poration <120> Carbohydrate |ibrary 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 <210> 1 <211> 2768
<212> DNA

2 . The method according to claim 1 -, wherein the glycoprotein is a

membrane-bound protein or a secretory protein.

3¢. A method for producing an .... . oligosaccharide, which comprises
altering at least one amino acid in a carbohydrate recognition domain of a cargo
receptor in.a cell in culture. exp&.séina._the cargo yeceptor in the cell, expressing a
glycoprotein with & modified carbohydrate moijety in the cell, and cleaving an
oligosaccharide from the glycoprotein, wherein the cargo receptor is VIP36 and/or

ERGIC-53

4. The method according to claim 3, wherein_the oligosaccharide is selected

from the group consisting of D-gal, D-Man, D-Glc, D-GleNAc, L-Fuc, SA, and D-
GalNAc, ‘
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<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 Gn Arg Ay Leu-

Arg 1 5 10 gcc aga gtt cgg ccg ctg ttc tgec gee ttg
ctg ctg tea*et & pgthod fer 9oparihg amel expresfing aPglycdprotein with a

P L L L Ser L Ay Arg 15 20 25 tt
gdl%é carbghﬁcgu etgieta'te Slhbcg; coggygls@sa%ltgg{g aééﬁas@f’%e eejg]&o (::J.Cld in a

S R i B Bt i

dhy cargo r_a&gtdran tlegell, bhd SAEtIgIhe 681 6 eSS %gﬁ/c&p&&em with a
His Arg Arg Phe Au Tyr Lys Tyr Ser Phe Lys
mpdified, val 45 SraEmhydmte myictpawhgin e caeg rscﬁptdrtm VIP36

t gcg ggg aat get att 243 Gn Ser Asp Ay
'?%glogl%?‘cgro Phe Trp Ala His Ala Ay Asn Ala Ile 60 65

70 cca agt tea gat caa att cga gta gee cca tct tta aaa
agc caa aga 291 Pro Ser Ser Asp Gn lle Arg Val Al a
Pro Ser Leu Lys Ser Gn Arg 75 80 85 90 ggc tea gtg
tgg aca aag aca aaa gcg gcc ttt gag aac tgg gaa gtt
339 dy Ser Val Trp Thr Lys Thr Lys Ala Ala Phe Qu

Asn Trp du Val 95 100 105

6! . The method according to claim S - , wherein the glycoprotein is a

membrane-bound protein or a secretory protein.

7. The  method according to claim 5 or 6, which further comprises
introducing the gene of a desired protein into a cell in culture, and obtaining a cell

expressing a desired glycoprotein having a modified carbohydrate moiety.

8" . A cell expressing a glycoprotein with a modified carbohydrate moiety,
which is prepared by the method according to any one of claims 5 to 7" -:.-, and

wherein said cell is in culture.

9 . A method for producing a glycoprotein with a modified carbohydrate
moiety, which comprises culturing the cell according to claim 8 and collecting a

glycoprotein with a modified carbohydrate moiety from the obtained culture.

10 . A method for constructing a cell - - . . .. library
comprising a plurality of cells in culture, each expressing a glycoprotein with a
modified carbohydrate moiety, which comprises introducing random mutations into
- a nucleotide sequence of carbohydrate recognition domain of a cargo receptor gene,
introducing the cargo receptor gene having the above random mutations.into each of

a plurality of cells, expressing the cargo receptor gene in each of the plurality of
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gag gtg aca ttt cga gtg act gga aga ggt cga att gga

get gat ggc 387 du Val Thr Phe Arg Val Thr Ay Arg

Gy Arglle Ay Ala Asp Ay 110 115 120 cta gca att

tgg tat gca gaa aat caa ggc ttg gag ggc cct gtg ttt

435 Leu Ala lle Trp Tyr Ala Qu Asn Gn Ay Leu GQu ,
Grslisppesl Geiresding 4 8kcdB0telB5 - ggavithemmydifiegadartadhgdiaggmoiety in

aat t.t a eta ttf ttt gat act ttt 483 Gy Ser
Afaé;h%g EJ’%%@H“’%?%Q syvhereay thexegrep | racephar ipNER Ksqrdfar ERGIC-53.
Phe 140 145 150 gac eat gat gga aag aaa eat aat cct

get ata gta att ata ggc aac 531 Asp Asn Asp Ay Lys

Lys AsH Asr prethag ofor | seregaing ifer |al ¢esQ spbftance] SBerk6lng with a

. eal gga.caa gte cat tat gac cat caa aat gac
glaggcoég?qelggf) ‘ cag‘aoﬁg?sa%‘g‘?“dﬁsn Gy @n lle His Tyr Asp 3
H.s. G Asn %PchQ&fnﬁs@sg Ser cgtyﬁﬁgg i&zlﬁlﬁg,oth%g:?ll g%%n%ssing the

gca agt tgc,cag agg gac ttc cgc aat aaa ccCc

gilecopgdieifi 2¥ith laemodified SeirbdBydrdtd M6ty ATBrdifle tchifSY = or the

Lys Pro Tyr Pro Val Arg 190 195 200 gca aag att ace

t-"&ﬁ" tac cag aac -acalibragy dbat igteonatrgeted dyathe method Abcording to
Lys 1| e, Thr, Tyr Tyr Gn n Thr .Leu Thr Val Met

Pl 6 pefin s Sutess) b tec i Sfssiminine dhe, Wiesieijon Datgeen the
of}dteit 8 { dy Phe

T O oo R LA ST VAV

G u 220 225 230 aat atg att atc cct gca caa ggg cat

ttt gga ata tct get gca act 771 Asn Met Ile Ile Pro

Ala Gn dy Hs Phe Gy Ile Ser Ala Ala Thr 235 240

245 250 gga ggt ctt gca gat gac cat gat gtc ctt tct

ttt ctg act ttc cag 819 Gy Ay Leu Ala Asp Asp His

Asp Val Leu Ser Phe Leu Thr Phe d@n
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255 260 265 ttg act gaa cct gga aaa gag ccg ccc aca
cca gat aaa gaa att tcg 867 Leu Thr Qu Pro @y Lys
GQu Pro Pro Thr Pro Asp Lys Qu Ile Ser 270 275 280
gaa aag gaa aaa gaa aag tat cag gag gaa ttt gag cac
ttt caa caa 915  du Lys ys Tyr Adn GQu
G u Phe Au H's Phe dn %%H@g%ﬁ‘jggy%S gaa ttg gat
aaa aaa aaa gag gaa ttc cag aag ggc cac ccc gac ctc
<11096B\MABDTOLdiazAsp Lys Lys Lys Glu.Qu Phe G n Lys Qvy

Hi Surremésqoripeva 8 305 310 caa ggg cag cct gcg gag
gaa ata ttt gag agt gta gga gat cga gag 1011 Gn dy

ro Ala Gu du |le Phe Ser Val. Ay Asp
120§ el ey bl cufefiincs by feee e pllogoal Chyeo
adtecegtoBtt cat ctt gaa atc aag 1059 Leu Arg G n Val
Phe Qu @y An Asn Arg Ile His Leu Au Ile Lys 335

<1308401-3456PTlAag ctg aac egg cag tta gat atg att ctt gat
gaa cag aga aga tat 1107 dn Leu Asn Arg A n Leu Asp

<140Vt Ile Leu Asp Gu A n Arg Arg Tyr 350 355 360 gtc
tct tcc tta aca gag gaa atc tct aaa aga gga gca gga
<14‘1>atg cct 1155 Val Ser Ser Leu Thr Au Qu Ile Ser Lys

Arg Ay Ala Gy Mt Pro 365 370 375 ggg cag cat ggg
cag att act caa caa gaa ctg gat act gtt gtg aaa 1203

<150A7p SHep-tsgsEdy G n Ile Thr AGn Gn Gu Leu Asp Thr
'<151>V§boé/§(58-|-1¥)5 380 385 390 3/15 act cag cat gag att ctg
aga

caa gfa aat gaa atg aaa aat tec atg 1251 Thr Gn
Hs Qu lle Leu Arg Gn Val Asn Gu Met Lys Asn Ser
<160>\@¥ 395 400 405 410 agt gaa ace gtc aga ctg gtc agt
gga atg cag cac cct ggc tct get 1299

<170> PatentIn 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)

400> 1 _
ggtcgegtte cagaatccaa g atg geg gga tece agg caa agg ggt cte cgg
Met Ala Gly Ser Arg Gln Arg Gly Leu Arg
i 5 10

gee aga gtt cgg ccg ctg ttc tge gee tig ctg ctg teca cte ggt cge
Ala Arg Val Arg Pro Leu Phe Cys Ala Leu Leu Leu Ser Leu Gly Arg
15 20 ' 2b

ttc gtc cgg gge gac gge gtg gga gga gac cccﬁgcg gtc geg ttg cca
Phe Val Arg Gly Asp Gly Val Gly Gly Asp Pro Ala Val .Ala Leu Pro

115

51

99

147




cat
His

cag
Gln

cca

Pro
75

ggcC
Gly

gag
Glu

cta
Leu

gga
Gly

gac
Asp
155

aat
Asn

ttg
Leu

geca
Ala

Ser Gu Thr Val Arg Leu Val Ser Ay Met Gn H's Pro

Ay Ser Ala 415 420 425 gga ggc gtc tat gag aca aca

cag cac ttc att gac ate aaa gag cac 1347 dy dy Vval
Tyr Qu Thr Thr Gn H's Phe Ile Asp Ile Lys GQu His

430 435 %40 ctg cac ata g%a aag agg gac atg gat aac

tta gtg'cag ega aat atg 1395 Leu His Ile Ve Lys Arg -
Asp Ile Asp Asn Leu Val G n Arg Asn Met 445 450 455
CBcacged taagagydacaagn clog aga titgeaag gggaecgtcaccetg gt 195
Art Acg Phee@l d 442 LI TyeebeAPheQ. gk I6¥S PFO Hi¥SL&Y YaPr o
AQu jgu Pro Pro Phe Prg Ser 460 465 470549t ttg tct

aeg gtc cac ttc att ata ttt gtt gtg gtg caa act gta

1491 Cys Leu Ser Thr Val His Phe Ile Ile Phe Val Val
2951 87 HERhPC/RILEA9%: 480 L 8400caq €8E 1448 @t #rft atht 243
SareAsnt §lvathmdgltBto Phg Taa AJadligedlgetlygdsnibiZoIlteu
Boe Ile Gy Tyr Il& Met Tyr Arg Ser7@n Gn GQu Ala

Ala Ala 495 500 505 aaa aaa ttc ttt tga ctaccatttt

R e R e e
Sphgiet 5gt§1t%at1§3 &t@é olp | é??%fg“t 5%4%%{5@1{&"‘%

aacattgatt tge88ttaag aat aaacett8%aaagcaaaga 1714 90
caaccacatt ttaatttgtt cacagtatgt aaatctgtct aaatttcagt

tgaadtigt egggacJJZég écf‘aa%éltgfﬁt gQ@aﬁchgé %a’é%@g aktt 339
Ség%qagf al'hgag y?a@%t 99 %e f’u AshATES G199¢,

t at gaat cc? at tgcaggtt & ct gta aac
1894 gtaa acac ttgccctcat ctcccaga atatg ,
taattaagaa gtccatcagg 1954 tttattttgt aaccaaagtc

gtq tackt Ayagegt ebgacttt gzetapat gaagagect gugcett 20t4gdd 15387
VgL ahircRled tArgani LiThaatl 9oaactl € Qlirgt I DARAYCAR: 3apat B L T T

gt ctgagpgc 2074 tttaaggalc tggtaataga ctigpaaatg
ttaagtgaaa tttttttttc ctctatttat 2134

gea att tgg tat gca gaa aat caa gge ttg gag gge cet gtg ttt 435
Ala Ile Trp Tyr Ala Glu Asn Gln Gly Leu Glu Gly Pro Val Phe

125 130 135
tca get gat ctg tgg aat ggt gtt gga ata ttt ttt gat act ttt 483
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 get ata gta att ata ggc aac 531

Asn Asp Gly Lys Lys Asn Asn Pro Ala Ile Val Jle Ile Gly Asn
160 165 170

gga caa atc cat tat gac cat caa aat gac ggg gect agt caa get 579
Gly Gln Ile His Tyr Asp His Gln Asn Asp Gly Ala Ser Gln Ala
175 _ 180 185

gca agt tge.cag agg gac titc cgc aac aaa ccc tat cet gte cga 627
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 675
Lys. Ile Thr Tyr Tyr Gln Asn Thr Leu Thr Val Met Ile Asn Asn.
205 210 215 '
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ggc
Gly

.aat
Asn
235

gga
Gly

ttg
Leu

gaa a
Glu

gaa
Glu

caa
Gln
315

cta
Leu

cag
Gln

gte
Val

BES
Gly

caatgatata tttcactttt aaaggaaatt ttagaggaaa attaatagct
gctttttgca 2194 ctaaaaaacc ttgtgggtgg aaatattcct
ctgagaatgg cttttatagg tattttgcct 2254 ggtaat gt at
tcattcatga ttgcccatat tcttgaatgt ttcttcattc caatggggtc
2314 aggtcaatat tatgaaaata atttttatat ttatatttgt

%3ct aa(ggaat ttatttctcc 2374 ctttactaca cgat gt aaat
Ylatt C54a58 T At g%& Eatghdfgseet hitadet cecaggaay gaa 723

Phectlye dxet Ase dtvisc ey tAsot BraGl ugbha Lost £kt dast YalcGdyggt
A28gt gaccat 2494 PPfcatactc ttttaaaBoa aggaggct gt
agt agaggca gttttaagat tcttgaaggc 2554 aaaatttgaa

i e R

attacagaaa cadgi8t gtaa at aacattt245aagatgcaaa 2734250
tttaattctg ttcacagctg atttatactg attt 2768 <210> 2

ge2ldet 330 g2%3z BRI o5 Elg’%% b@m&aewr&g 5690&0 Mt 319

Al Xl§§£fgp svgm SERe Tt G P18

Ay Arg P Arg Gy Asp?®y 20 25 30 Va|6é|yely

Asp Pro Ala Val Ala Leu Pro Hs Arg Arg Phe A u Tyr

agh 4@ 45t lggm Tyr SHar cBheckyscloraPpat Haa bea afal t&d n 867

TiBerG1AsPr&ot yThys \Gllu PE® @b 68 FablRsPngsPhpu TR fa

Hs Algzgdy Asn Al a Ilegl?}lgo Ser Ser Asp Ggylle 65 70

75 80 Arg Val Ala Pro Ser Leu Lys Ser A n Arg Ay Ser

VaI Thr Lys 85 90 95 Thr Lys Ala Ala Phe G u Asn
%%qﬂﬂaacpﬁg\kﬂt 99§ %PRe8% §tVagag cac ttt caa caa 915

Lys Glu Lys Glu Lys Tyr Gln Glu Glu Phe Glu His Phe Gln Gln

285 290 295

ttg gat aaa aaa aaa gag gaa ttc cag aag ggc cac ccc gac ctc 963
Leu Asp Lys Lys Lys Glu. Glu Phe Gln Lys Gly His Pro Asp Leu
300 305 310

ggg cag cct gcg gag gaa ata ttt 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
350 355 360

tet tce tta aca gag gas ate ict aaa aga gga geca gga atg cct 1155
Ser Ser Leu Thr Glu Glu Ile Ser Lys Arg Gly Ala Gly Met Pro
365 370 _ 375

cag cat ggg cag att act caa caa gaa ctg gat act gtt gtg aaa 1203

Gln His Gly Gln Ile Thr Gln GIn Glu Leu Asp Thr Val Val Lys
380 385 390
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100 105 110 Thr Ay Arg Gy Arg Ile Ay Ala Asp Gy
Leu Ala Ile Trp Tyr Ala 115 120 125 du Asn A n dy

Leu Au Gy Pro Val Phe Ay Ser Ala Asp Leu Trp 130

135 140 Asn Gy Val dy IIe Phe Phe Asp Thr Phe Asp
P y 145 55_160 Pro
et LA LB PRI, Y i
mHi?sGl 68%%’ &H G s GlaMetshys dsp 2em M_eéu
5 Ala Ser Cys d4P0Arg 180 185 1980Asp Phe Arg Asn 4lfs
‘ Pro Tyr Pro Val Arg Al a Lys Ile Thr Tyr Tyr 195 200
agt g?a%5a<:9 A aTJ’cr Al et o c%cAéé‘t %ﬁ@ @6’ Jehe
Ser Gl Tﬁfo"f@sﬁgu 238 8 BP0 WO E ST g%bﬂ%s
240 Gn Hi s PheGIyII 2Q»erAlaAIaThr

Leu Al a Asp Asp 245 250 255 His Asp Val Leu Ser Phe
dgeugThrtaRheagacal et The &al tRcoaf wakystc 260 265 c2¢0
CByUVET oy 010 MhrPTi- AR hys PileUT]d %sﬁeneG'Lg '—(YFU ﬁlg

Lys G yskys 275 280 285 35T YT Gn Qu Gu

Phe G n nGIuLeuAspALy

GQu Qu Phe An Lys Ay His Pro Asp Leu dn @y dn
CPFoA Y £l6 898 368 Fr0ajassd@p@acE ip kBlle Piecgh pentyal

Hasyl b Yahr by GhAug Uep Alg Am A¥al L&hdal Gir325z 336 8356
445 450 455

gga

Gly
Hi s

ctg
Leu

tca
Ser

cca ttt
Pro Phe

cca
Pro

cta
Leu

cea
Pro
470

tge
Cys

ceca
Pro

aat
Asn

tca
Ser
460

gaa
Glu

cca
Pro

gaa
Glu

aag ccg aaa
Lys Pro Lys
465

act

Thr

gta
Val
490

ttt
Phe

att
Ile

gtt
Val
485

gtg gtg caa
Val Val Gln

ata
Tle

tct
Ser

tte
Phe

tgt
Cys
475

ttg
Leu

gtce
Val

cac
His
480

acg
Thr

tta ttc att ggt tat atc atg tat agg tct cag caa gaa gca gct gee

5 Lys Lys 290 5480505 U6/ 1e

Leu Phe Ile

tte
Phe

aaa
Lys

aaa
Lys
tgagtcgttt
cttaataaaa
caaccacatt
tcagtatgat
caaccctgga
gtaaacacac

tttatttigt

Gly Tyr

495

ttt
Phe
510

tga

tgagggaatt
taactgttta
ttaatttgtt
gcagecctetg
tatgaatgtt
ttgeccteat

aaccaaaglc

Ile Met

Tyr

taagtattta
aacattgatt
cacagtatgt
agcagaatat
accccctaag
gcetececaga

ttttttagag

Ser Gln

500

Arg

aattgcttca
tgcagttaag
aaatctgtet
tgaccagtaa
tetccaatat
atatgaggtc

gtcagacttc

4/15

Gln Glu Ala

Ala Ala

- 505

tagtctaaat

aataaacctt

aaatttcagt

gagggtaaat

tgcaggtttce

taattaagaa

ctaatcaaag

ctaccatttt cctgtgtact tcatctattt gtgtacaaaa

tattaatttt

aaagcaaaga

gaatttectgg

aaagtgggeg

cctgtataac

gtccatcagg

geetgggeet

A 1251

1299

1347

1395

1443

1491

1539

1594

1654

1714

174

1834

1894~

1954

2014




Gy @n Asn
Arg A n Leu
Arg Arg Tyr Val Ser Ser
Ile Ser Lys
G n IIe 370

ys Thr

Adn Hs Gu

Leu Thr

Il e Leu

du

Arg lle Hs Leu Qu Ile Lys G n Leu Asn
340 345 350 Asp Met Ile Leu Asp Au Adn
355 360 365 du
Arg Ay Ala Gy Met Pro Ay Gn Hs Ay
375 380 Thr Adn dn Gu Leu Asp Thr Val

385 390 395 400

Arg
gcagﬁﬁCﬁtﬁkﬂC%ﬁgﬁtﬁatugﬁ@ﬁ@ﬁ39§tA@ﬁsaSQchﬂaags%?anéﬁa girteggpec 2074
Ser Ay Met Gn Hs Pro Ay

Arg Leu 405 410 415 Val

tttaaggpt Al @eGaytdday cVidaabyt g QibafhfaaA20t 4251430 tdvatCeamt 2134

Hs Phe Ile Asp Ile Lys Qu H's Leu Hs Ile Va
caatgArtgt?;]t?’c% ptAt;%A'gz@l@S %al:lc F;f F2)

G u Leu Pro Pro Phe Pro Ser Cys Leu Ser Thr Val

Asp Asn L
486" %55

\al

e e {if

Lys

cd/ttQ Hg%an

H s

2194

ctaaagzggca A0 84752 B0aadFpd tre & dligagPhigdvalt Maltayal talititTpet 2254
Ile 485 490 495 Met Tyr Arg

Val

aggtcaaggt
ctttactaca
acctgeccact
ttgecatactic
aaaatttgaa
tgtgaagcac
ctttgtgecat
tttaattctg
210> 2
<211> 510
<212> PRT

<213> Homo

400> 2

<
7115 -

Leu Phe Ile Ay Tyr

gtaa@@taﬂgﬂ&agiébﬂﬁ%utfﬁééc@kﬁtﬁﬂd%t
<210> 3

211> 1407

gx&¥§§%§t£¥v%a%h@

3>

cai@eplfe

Hono sapi ens

221 CDS
tatgaaaata atttttatat ttatatttgt aactaagaat ttatttctce

cgatgtaaat
acattctggt
ttttaaatca
aaacagtgaa
ttgttagtaa
acttctgggt

ttcacagetg

sapiens

tcacgtcaaa

ttacattagt

aggaggectgt

tacttctaat

acttaacctt

attacagaaa

atttatactg

ttcgatgatc
tacttcatge
agtagaggca
tgtttecttt
gaaatgtcag
cagtctgtaa

attt

Met Ala Gly Ser Arg Gln Arg Gly Leu Arg Ala

1

Phe Cys
Val Gly

Lys Tyr
50

5

Ala Leu Leu Leu Ser

20

Gly Asp Pro Ala Val
35

Ser Phe Lys Gly Pro

40

bb

10

Leu Gly Arg Phe

25

Ala Leu Pro His

His Leu Val Gln

5/15

tgaggattta
tggetgegsgt
gitttaagat
tagtgccaga
actggaagga

ataacatttt

Arg Val Arg

Val Arg Gly

30

Arg Arg Phe
45

Ser Asp Gly
60 '

aattcacaaa
tagtgaccat
tcttgaagge
actaagacat
gtttttatgt

aagatgcaaa

Pro Leu
15
Asp Gly

Glu Tyr

Thr Val

2314

2374

2434

2494

2554

2614

2674

2734

2768




<222> (1)..(1071) <220> <221> sig_peptide <222> (1).
(134) <400> 3 atg gcg geg gaa ggc tgg att tgg, cgt
tgg ggc tgg ggc egg egg tgec 48 Met Ala Ala Gu Ay
Trp Ille Trp Arg Trp Ay Trp Gy Arg Arg Cys 1 5 10 15
a .CC cit c C,CC ccl g Cc
Pro HIQ9R P15 P8y Ay A BROPES peeiet el s
65 Ay Pro dy Pro®Thr Thr Pro 20 2%°30 etc ttt ctt 88tt
ttg ttg ttg ggg tct gtg act gcg gat ata act gac 144

Arg (AuAPbePrceGetkelleu eys LR Gey Adgy 6Bersevala ThirpAlir Al
Ile Thr AspggS 40 45 ggc aaggagt gaa cat etc gpg egg
gag cat tcg etc att aag ccc tac 192 dy Asn Ser Qu

Hs leu Lys Arg Qu H's Ser Leu |le Lys Pro Tyr 50 55
Thr Ig6 ét%\ gﬁﬁ? éﬂé’gf‘s‘ﬁ cePabhi tVed Gy VadcThex cphﬁgéxﬁgéfélttc

cag ggctl@ge 240 A n Ayl¥al dy Ser Ser S0 Met Pro

Leu Trp Asp Phe A n Ay Ser 65 70 75 80 act atg etc

Thr B§IARY%G1G28r¢ AQ <98 eL&fla192 c
i 2381 hrgrl\/la\{é LelﬁJ TfhEF %%grg%ﬁgr@%y%&%glgglgﬁga %ﬁgfgo
Asp ]éu Arg Ser 85 901 5 aaa gag ggc ate tgg aac
336 Lys Gu Ay

cac_cag.ccg tgc ttc etc aaa gac tg
Glu AsarGln %hrgem_%dm—ﬁ}bv &ra ¥rlo P sG]mwgete&la_y‘@pAs@ Trp
- 1300 105 110 gaa H¥g cac gtc cac ttldgaaa gtc cac ggc
aca ggg aag aag aac etc 384 du Met H s Val H's Phe

Asn GtkySVEMalGl{fli fleGP}ﬂeTIBHe gs PhdSp ﬁs}rejyspl%é ]L 11: ?
o A e el gt S NORGERR 20 G

Asn Asn Pro Ala Ile Val Ile Ile Gly Asn Asn Gly Gln Ile His Tyr
165 170 175

‘Asp His Gln Asn Asp Gly Ala Ser Gln Ala Leu Ala Ser Cys Gln Arg
180 185 190

Asp Phe Arg Asn Lys Pro Tyr Pro Val Arg Ala Lys Ile Thr Tyr Tyr
' 195 200 205

Gln Asn Thr Leu Thr Val Met Ile Asn Asn Gly Phe Thr Pro Asp Lys
210 215 220

Asn Asp Tyr Glu Phe Cys Ala Lys Val Glu Asn Met Ile Ile Pro Ala
225 _ 230 235 240

Gln Gly His Phe Gly Ile Ser Ala Ala Thr Gly G‘ly Leu Ala Asp Asp
245 250 255

His Asp Val Leu Ser Phe Leu Thr Phe Gln Leu Thr Glu Pro Gly Lys
260 265 270 :

Glu Pro Pro Thr Pro Asp Lys Glu Ile Ser Glu Lys Glu Lys Glu Lys
275 280 28b

Tyr Gln Glu Glu Phe Glu His Phe Gln Gln Glu Leu.As.p Lys Lys Lys
290 295 300

6/15




Hs Gy Asp Ay Ile Ala Leu Trp Tyr Thr Arg Asp Arg
Leu Val Pro 130 135 140 ggg cct gtg ttt gga age aaa
gat aac ttc cac ggc tta gee ate ttc 480 8/15 Ay Pro
Val Phe Ay Ser Lys Asp Asn Phe Hs Gy Leu Ala lle
e, 145 150 1 60 _ ct cC a tac c aat gat_ .gag
clu Q8 PRg T ve e e B Tt Cln i TR oA
305 pro Asn Asp G0Thr Thr G u Arg3Val Phe Pro Tyr 3265
170 175 ate teg gtg atg gtg aac aat ggc tcc ctg tee

Glu llac PEacGlGASeRd@: 1288y 9ep AlE Gl8eleYaArgMeln MBIl PO GAsN
Gy Ser Leggser Tyr Asp Hi's Qf Lys 180 185 1%)5 gat

ggg cgc tgg ace gag ctg gcg gge tgc acg get gac tte
cgc aac 624, Asp Ay Arg . Trp Thr Gu Leu Ala Ay Cys
Gly Gy App Args bl el sakgl A 156 LpeoGhod.cuclen dae ehi Lgic
ace ttd34ftg get gtg ego B4 tec egg ggc cdbictg 672
Arg Asp H's Asp Thr Phe Leu Ala Val Arg Tyr Ser Arg

~ Asp WY THE O ke R0 u2d %@5 REQ GLOvEL Be g§e19$%}10@gﬁ al

gac g aac gag tgg
Thrgﬁp Leu Au Asp L Asn Au Trp Ly 6sn Cys lle

225 230 235 240 gac ate acg gga gtg cgc ctg ccc ace
Glu IdgcSemd-ysakra (Gd yghlp §ér Mete Pr68GlyASHNnI His Ty @ry IVal
3409 Leu Pro Thr &35 Tyr Tyr Phe d ggAl a Ser 245 250
255 gcc gge ace gge gac ctg tct gac aat cat gac ate

et e t 6 Thy, d u Ser;Asp

Tor SRR B R ) VA iy STachlndlf Y T LeRE

cag . ctg atg ng Ogag cac acg cc ac gag gag age pe

gac 864 Leu Phe A n Leu Met Val Qu H's Thr Pro Asp

Arg GhwWal dsBellu Met Asys 28h B0M285er Glu Thr Val Arg Leu
405 410 415

Val Ser Gly Met Gln His Pro Gly Ser Ala Gly Gly Val Tyr Glu Thr
420 425 430

Thr Gln His Phe Ile Asp Ile Lys Glu His Leu His Ile Val Lys Arg
435 440 445

Asp Ile Asp Asn Leu Val Gln Arg Asn Met Pro Ser Asn Glu Lys Pro
450 455 460

Lys Cys Pro Glu Leu Pro Pro Phe Pro Ser Cys Leu Ser Thr Val His

465 470 475 480
Phe Ile Ile Phe Val Val Val Gln Thr Val Leu Phe Ile Gly Tyr Ile
485 490 . 495 '

Met 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

<2202
715




tgg ace aag ate gag ccc age gtc aac ttc etc aag teg
ccc aaa gac 912 Trp Thr Lys Ile Gu Pro Ser Val Asn
Phe Leu Lys Ser Pro Lys Asp 290 295 300 aac gtg gac
gac ccc acg ggg aac ttc cgc age ggg ccc ctg acg ggg
<2219%S Asn Val Asp Asp Pro Thr Ay Asn Phe Arg Ser Ay
Pro.Ley Thr Ay 305 310 315 320 tgg egg gtg ttc ctg
<222>ct§)ct§10c7tlé tgcget etc ctg gge ate gtt gtc 1008 Trp
Arg Val Phe Leu Leu Leu Leu Cys Ala Leu Leu Ay Ile
<220¥al Val 9/15 325 330 335 tgc gee gtg gtg ggg gee gtg

<22153tsgth£.é7ptfi§9 aag egg cag gag egg aac 1056 Cys Al a Vval

<222>V3(I6) Ewgga Val Val Phe @n Lys Arg G n Qu Arg Asn
340 34 0O aag cgc tte tac tga gtggcgcctc cggcggggcc
tgtccctggg cccaggagcc 1111 Lys Arg Phe Tyr 355

<4002 at gt gaact ttttttttta ccgggattat aaaagaacaa caagatgacc

atg dogagts Glakagdd £k &€t gigict co@ tabaged Gablonagkaddd ttge 48
Met Adat ALAtdIL cgﬁtﬁgt 10C T pagRAa9gact y1 33) cBOALEILAIR s
gccgaggctt ggtctgge acccccggca gctggagaeg gaggctctcc
1291 tggggctggt gtctcaggag caggggtctg tgtctacaga
tgggct gt gg ccectgcagg 1351 cagctgttga acact ggagg
ctg ggﬁc@%%@ggag&fcaéacqu‘ggggtgggcggec@ctgagga@01no?;aca<zm©> 46
Leu G4214r¢ 356 Glg2l2e IRRTGIR1Rz BOpoPrafilero TUO0RhM Pkt
Ala Alagu Gy Trp Ile Tagp Arg Trp Ay Trpggdy Arg
Arg Cys 1510 15 Leu Ay Arg Pro Ay Leu Leu Ay

cte t%%ché% %t%wé%gG%XgFgéﬁ ggé é% rggg(%c oggg ég% ata act gac 144

Leu Phe Leu Leu Leu Leu Leu Gly Ser Val Thr Ala Asp Ile Thr Asp
35 40 45

ggc aac agt gaa cat cte aag cgg gag cat tcg ctec att aag ccc tac 192
Gly Asn Ser Glu His Leu Lys Arg Glu His Ser Leu Ile Lys Pro Tyr
b0 b5 60

caa ggg gtc ggt tec age tet atg cec cte tgg gac tte cag gge age 240
Gln Gly Val Gly Ser Ser Ser Met Pro Leu Trp Asp Phe Gln Gly Ser
. 65 70 75 80

act atg ctc acg age cag tac gta cgt ctg acc cct gac gag cge age 288
Thr Met Leu Thr Ser Gln Tyr Val Arg Leu Thr Pro Asp Glu Arg Ser
85 90 95

aaa gag ggc tct ate tgg aac cac cag ccg tge ttc ctc aaa gac tgg 336
Lys Glu Gly Ser Ile Trp Asn His Gln Pro Cys Phe Leu Lys Asp Trp
100 105 110

gaa atg cac gic cac ttc aaa gtec cac gge aca ggg aag aag aac ctc 384
Glu Met His Val His Phe Lys Val His Gly Thr Gly Lys Lys Asn Leu
115 120 125

cat gga gac ggc atc gee ttg tgg tac acc cgg gac cge ctc gtg cca 432
_His Gly Asp Gly Ile Ala Leu Trp Tyr Thr Arg Asp Arg Leu Val Pro
130 135 - 140

- ggg cct gtg ttt gga agc aaa gat aac ttc cac ggc tta gec atc tte 480

8/15




Leu Phe Leu Leu Leu Leu Leu Ay Ser Val Thr Al a Asp
Ile Thr Asp 35 40 45 Ay Asn Ser Au H's Leu Lys Arg
GQu Hs Ser Leulle Lys Pro Tyr 50 55 60 dn dy Val
Gy Ser Ser Ser Met Pro Leu Trp Asp Phe Gn Gy Ser

75, 8 eu ,Thr Tyr V,
o1y it Bomes Ee&\y‘a Sk R G ey Ty 1, ‘*’11
14 Trp Asn HIS G hPro Cys Phe Leu E?s Asp Trp 10/ 1% 100
105 110 Qu I\/Iet Hs Val Hs Phe Lys Val Hs Ay Thr
ctg £d¢/ aeystdy schsfatl @udtlday 220 daAd gakl SgGgyglsiy Gy ddce 528
Leu ﬂf’i Th@UT @rEyAsnT I'Arsp’%gl ARP N9 th-@umﬁl\!a?r}%e P30 1%?15

Gy Prci6)é Gy Ser n Phe HI?_S
Leu Ala Il e Phe 145 150 155 160 Leu Asp Thr “Tyr Pro
Asn Asp Au Thr Thr Gu Arg Val Phe Pro Tyr 165 170
atc Yops gte| etSaEte\edc Net 84t thsrcisticd tecSenc leas 8ee apgr 576
Ile Jeap Vhil sM8eValyssn K80 Q185 SEDULoAsPetd WyrARgp THiE Thr 1Gsu
Leu Alaggdy Cys Thr Ala Agp Phe Arg Asn 18§y 200 205
Arg Asp His Asp Thr Phe Leu Ala Val Arg Tyr Ser Arg
Gy Arg Leu 210 215 220 Thr, Val Met Thr Asp Leu Qu
gat %@y CE?/ 865 At %ﬁ%rflbg/%@ 8% ‘@sarg sctogge Sy 985 angy 624
Asp @flé’pA}”G elrrhihg Gluvhpu Ailg Gy GrisoTimrAlg gsmyitheTrs Psa
Ayl®a Ser 245 250 2% Ala Gy Thr Q§5Asp Leu Ser
Asp Asn H's Asp Ile Ile Ser Met Lys

cge gat cac gac acc ttc ctg get gtg cge tac tee cgg gege cgt ctg 672
Arg Asp His Asp Thr Phe Leu Ala Val Arg Tyr Ser Arg Gly Arg Leu
210 215 220

23]

acg gtg atg acc gac ctg gag gac aag aac gag tgg aag aac tge att 720
Thr Val Met Thr Asp Leu Glu Asp Lys Asn Glu Trp Lys Asn Cys Ile
225 230 235 240

gac atc acg gga gtg cge e¢tg ceec acc gge tac tac tte ggg gee tec 768
Asp Ile Thr Gly Val Arg Leu Pro Thr Gly Tyr Tyr Phe Gly Ala Ser
245 250 25b

gee gge acc gge gac ctg tet gac aat cat gac ate ate tec atg aag 816
Ala Gly Thr Gly Asp Leu Ser Asp Asn His Asp Ile Ile Ser Met Lys
260 265 270

ctg ttc cag ctg atg gtg gag cac acg ccc gac gag gag age atc gac 864
Leu Phe Gln Leu Met Val Glu His Thr Pro Asp Glu Glu Ser Ile Asp
275 280 285

tgg acc aag atc gag ccc age gtc aac ttc cte aag teg ccc aaa gac 912
Trp Thr Lys Ile Glu Pro Ser Val Asn Phe Leu Lys Ser Pro Lys Asp
290 295 300

‘aac gtg gac gac ccc acg ggg aac tte cge age ggg ccc ctg acg ggg - 960
Asn Val Asp Asp Pro Thr Gly Asn Phe Arg Ser Gly Pro Leu Thr Gly
305 310 ' 315 320

tgeg cgg gtg ttc ctg ctg ctg ctg tg0'gct cte ctg gge atc gtt gte 1008
Trp Arg Val Phe Leu Leu Leu Leu Cys Ala Leu Leu Gly Ile Val Val

915




260 265 270 Leu Phe Gn Leu Met Val Qu H's Thr Pro
Asp Au GQu Ser Ile Asp 275 280 285 Trp Thr Lys lle
Gu Pro Ser Val Asn Phe Leu Lys Ser Pro Lys Asp 290
295 300 Asn Val Asp Asp Pro Thr Gy Asn Phe Arg Ser
Gy Pro Le hr dy 305 310eL 15 320 Trp Arg ?{g\l Phe
Leu Leu Leu Leu Cys Ala Leu udy lle Vval Vg 325
330 335 Cys Ala Val val Ay Ala Val Val Phe dn Lys

tge A seEned lgggr@CCAgﬁg gte 16c 34F 345 @Fp0cagysngArge RPle
Cys Al V3DValBlO>Atm ¥2311¥a1208he <RAh2by ONAg<B13>6 1A ht# iAznal

Sequencgyg <220> <223> Degggi ption of Artifdsg

Sequence: ol i gonucl eoti de <400> 5

aag(%%?%gg

c%ac

igq

synt hetic
ataackgacg gcaacagtg 29
FLeRFEF i CRECESEGGE Nk coedars- cegppaagce

i al

<210> 6 <211> 30

Lys Amgs€hephiton of Artificial Sequence: synthetic
ol i §bhucl eoti de

aatgtgaact ttttttttta

actgtttcaa
aggtggcaga
tggggetgat
cagctgttga
<210> 4
<211> 356
<212> PRT
<213> Homo
<400> 4
1

Leu Gly Arg

Phe Leu

35

Leu

" Gly Asn Ser

50
Gln Val
- 65

Gly

Thr Met Leu

Glu Gly

ataaatgatt
gccgaggett
gtcteaggag

acactggagg

sapiens

5

Pro Gly L
20

Leu Leu L

Glu His L

Gly Ser S

Thr Ser G

85

Ser Tle

Trp

ccgggattat aaaagaacaa
aaagtatttt catacatttt
agggtetgge accccccaca
caggggtctg tgtctacaga

gtceccegga ccacactgge

Met Ala Ala Glu Gly Trp Ile Trp Arg Trp Gly

10

Leu Gly Pro Gly Pro

25

el

Leu Gly Ser Val Thr

40

eu

eu Lys Arg Glu His Ser

bb

Leu Trp
75

er
70

Ser Met Pro

Leu Thr

90

1n Tyr Val Arg

Asn His Gln Pro CYé

C10/15

caagatgace

gcttettgee

gcetggagacg

tgggetgtegg

gtgggetect

Trp Gly Arg

Thr
30

Gly Pro

Ala Asp Ile

4h

Leu Ile Lys

60
Asp
Pro

Phe Leu Lys

Asp Glu Arg

ttatitctta
cagcagggac
gaggetctec
ccectgeagg

gaggac

Arg
15

Thr Pro

Thr Asp

Pro Tyr

Phe Gln Gly Ser

80

Ser
95

Asp Trp

1056

1111

1171

1231

1291

1351

1407.




<400> 6 gagctctaga aagatggcta agccgtggaa 30 <210> 7
<211> 53 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: synthetic

ol i gonucl eoti de <220> <223> N=A, T, Cor G <400> 7

cgtgctc{@g acnnknnknn kaat nnknnk nnknnkgagc gcgtgttccc
gta 53 10> 8 12/15 <2193 30 <212> DNA M913>
Artificial Sequence <220> <223> Description of
Glu Myt HikcVell Hoedqhenles Vanthetély Th iQdenUed eotsi den 440>
8 atjggtcttaa gcact cagfosgy gaagcgcttg 30 ;5210> 9 <211>
<212> DNA <213> Artificial Sequence <220> <223>

24
. SGri ion.of Artificial Sequence: synthetic
His 5%% 36Hfﬁﬁyeg%¢(ﬂéa 1;; f}p Tyr Thr Arg ?ZgyArg Leu Val Pro

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
180 185 180

Asp Gly Arg Trp Thr Glu Leu Ala Gly Cys Thr Ala Asp Phe Arg Asn
195 200 205

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
11/15




<400> 9 gactacaaag acgatgacga caag 24 <210> 10 <211>
24 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: synthetic

ol i gonucl eoti de <400> 10 ctagaagtcc ttaagagtcg ggcc 24

<210> <211> 16 <212> EPA <213> Artificjal Sequence
<220> i%5§> Descri ption 8t Artifici al Seq%@ﬂce:

synthetic oligonucleotide <400> 11 13/15 ------------
Lys AgaBhetlyaa ggactt 16 <210> 12 <211> 23 <212> DNA

<213zs Artificial Sequence <220> <223> Description of

Artificial Sequence: synthetic oligonucleotide <400>

(210)1%

<211> 29

<212> DNA

<213> Artificial Sequence

<2207
223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 5
gcatglcgac ataactgacg gcaacagtg

210> 6

<211> 30

<212> DNA

<213> Artificial Sequence

<2202
223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 6
gagctctaga aagatggeta ageccgtggaa

210> 7

<211> 53

212> DNA

{213> Artificial Sequence

<2200
<223> Description of Artificial Sequence: synthetic
oligonucleotide

220>
- <223> N=A, T, Cor G

<400> 7
cgtgetctag acnnknnknn kaatnnknnk nnknnkgage gegtgttece gta

<210> 8
12/15

29

30

53




gt acgt cgac ggcgtgggag gag 23 <210> 13 <211> 30 <212>
DNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: synthetic oligonucleotide
<400> 13 cgtatctaga aatattccaa caccattcca 30 <210> 14
¢211>° é1> 58 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: synthetic
<21229PNfonucl eot i de <220> <223> N=A, T, Cor G <400> 14
{213 draiticaigd Femiennknnk aat nnknnkn nknnkaat aa tcctgctata
gtaattat 58 <210> 15 <211> 32 <212> DNA <213>
¢ Artificial Sequence 14/15 <220> <223> Description of
tifi.cial S%gﬁgncF:.s¥n§hetic ,oliggnucleotide <400>
rtiricia

<223>l escription o equence: synthetic
oligonucleotide

<400> 8

"atcgtcttaa gcactcagta gaagecgettg 30

210> 9

<211> 24

<212> DNA

213> Artificial Sequence

220>

{223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 9

gactacaaag acgatgacga caag 24

<210> 10

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 10

ctagaagtce ttaagagtcg ggce 24

210> 11

211> 16

<212> DNA

213> Artificial.Sequence

220>
223> Description of Artificial Sequence: synthetic

oligonucleotide

<400> 11
13/15




cgtacttaag tggtagtcaa aagaattttt tg 32 <210> 16 <211>
27 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: synthetic

: ol i gonucl eoti de <400> 16 gaccctgatt ctaatggtgg ttctttt
é% <210> 17 <211> 9 <212> PRT <213> Artificial

cgac 1aﬁ@n€% ¢%3920> <223> Description of Artificial 16
Sequence: synthetic peptide <400> 17 Asp Pro Asp Ser

210Aslk Ay Ay Ser Phe 1 5 15/15
<{211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 12

gtacgtcgac ggegteggag gag 23
<210> 13

<211> 30

<212> DNA

<213> Artificial Sequence

220
<223> Description of Artificial Sequence: synthetic

oligonucleotide

<400> 13

cgtatctaga aatattccaa caccattcca 30
<210> 14

<211> 58

<212> DNA

213> Artificial Sequence

{2207
223> Description of Artificial Sequence: synthetic

oligonucleotide

<220>
223> N=A, T, Cor G

400> 14
cgtatctaga tnnknnknnk aatnnknnkn nknnkaataa tcctgetata gtaattat 58

<2i0> 15
- <211> 32
- <212> DNA
- <213> Artificial Sequence

14/15




<2205

<223> Description of Artificial Sequence:

oligonucleotide

<400> 15 :
cgtacttaag tggtagtcaa aagaattttt tg

<210> 16

211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 16
gaccetgatt ctaatggtgg ttetttit

<210> 17

211> ¢

<212> PRT

<213> Artificial Sequence

<2205

<223> Description of Artificial Sequence:

peptide
<400> 17

- Asp Pro Asp Ser Asn Gly Gly Ser Phe
1 5

15/15

synthetic

synthetic

synthetic

32

27




