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SUMMARY
(BE8%E)

I. Title

Development and application of new pharmaco-medical proteins from the crab
Macrophthalmus japonicus

II. Objectives

To investigate the application and usefulness as a new pharmaco-medical
or nutraceutical composition of the Korean crabs, crustacean, invertebrate
populates in the west coast area, the functional protein that possesses the
important biological functions including the binding to cancer cells, mitogenic

and anticancer activity was isolated ad investigated.

HI. Contents and scope

The present study was performed to assure a new protein source from
Korean marine crab. For these, the crab was collected at the west coast of
Korea, and used fo identify a new proteinn We fried to purify and
characterize a novel lectin for the investigation of its biological functions. To
elucidate the physiological function, RNA extracted from the hemolymph of
the crab and primers designated according to the conservative regions of
lectins. From using these methods and results, a protein with an anticancer
activity as well as structural information was investigated.

IV. Results

In the present study, a lectin has been isolated by using chromatographic
methods from the crab. The stability, function, structure of a lectin with a
sialic acid-binding specificity was investigated. Especially, this lectin exhibited
a strong anticancer activity against human colon cancer cells and mitogenic
effect. The partial sequences of the lectin was investigated, which were used
consensus sequences of c-lectin like domain from several different species. In

order to confirm the possibility of the effect on immune system, we tried to



express lectin on HEK293, RAW264.7, Jurkat and Raji cell lines. RAW264.7
expressed TL-P has more produced NO and IL-18 than wild type. It will be
possible for cloned lectin from crab to increase the innative immunity against
various pathogens and cancers.

V. Practical use

The present lectin was granted a domestic patent that must be new,
inventive, and industrial applicable as well as published in scientific research
papers. In addition, the new protein and the development method was
established for the research on the industrial use. The present lectin will be
used as one of the positive anticancer-candidate drug.
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O AY¥T v

gEs AN AFFF AA 118vlE]e] YT A o 18mee] T9lA
f9L Ao, ol vEF ¢ 015med FIh AL Ao s
YT S-S AAT d, ALY ABO ¥o disiMe 47 S48k
€ Jelyouy, E7, HE, FAMe FA4uEE vepliti(Table 1). &
3, E7] A¥7E 2568, RE FHI & 320, 8F HY 7= 1l6vlE 3§
g AL7tA FAGukesS Uedth Alge FA¥F o= FE NeuAcrt
EA3y  E7, E, #dH9 ALde NeuAc o]99 NeuGe,
O-acetylsialic acid 5°] EA3t= RI12HE A Y= o] EA
g 7ol & AR FRAHUT

Table 1 - Hemagglutination of erythrocytes by M. Japonicus lectin

Common species

Erythrocytes® L . Hemagglutination titer”
of sialic acid

human A NeuAc -
human B NeuAc -
human O NeuAc -

rabbit NeuAc/NeuGe/50%0—AcSia 256

rat NeuAc/NeuGe/25%0—AcSia 32
mouse NeuGc/20%0—AcSia 16

a. Erythrocytes were prepared for 2% suspension in 0.15M NaCL
b. Hemagglutination titer was defined as the maximum dilution fold
causing agglutination.

O H¥F A TS

AYT SANS AA2RE F FAAEA S o) FFE] FQAstax F
7 A& A3 AF 9F, o173 F ¥ deNAAe] v E
gt Hth(Table 2). AT SPANS 2, ddLddors 9%
2 o|FHe difiME AN JehA Rt or) A LitelA Ayt
S& velfoy Ajgite] AdE Fa A dEiA® AN JE
Wt} 53] bovine thyroglobulin®] 7% HA Assxrl 1.95ug/mlE 7}
F 4L AAE YedY. dutzo s HAANsErt HE5E duya
of tig dEe FolAo] Erti HiHo Qe FoEZRE A Hud
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del 3 S serrata f¥ F¥ I} Paratelphusa jacquemontii f-2} €Y
thyroglobuline] W& A A e=7}l 2tz 2.4pg/me, 625pg/meQ] A H]
wshd v W gro 2 thyroglobuline] g AHHo 53] & AL
& 4= A%} Thyroglobulino]l X A]¢4HE A A 3§ asialothyroglobuling]
Ale AL A FE7) 625ug/mE 1.95ug/me] thyroglobulindl] ]3|
608 F71sle AL #FUsIHY. T3 bovine submaxillary mucing
62.5ug/ml 0. 2 thyroglubulinol] H)3jA = <Fg ATE Yelyl o}, A|g4t
€ AATE Afoe 125/ me 2 HALANFTEI 24 S8

o] ZAZHE FHA /A dRFALdgele AEAE Folxoz ¢4
sl 9o EAFE Fldgon, T YL dvtEQ "o 54
7 H3HA @9 Hoe 3a9A S Soj3oz QAdta 1 FME
bovine thyroglubuline] gt A¥Ado] 7HF &L Aoz eyt

Table 2 - Inhibition of hemagglutination activity of M. japonicus lectin

L Minimal
Inhibitors L .
inhibition concentration

D~ (+) glucose NI®
sucrose NI?
maltose NI?
methyl @ —D—gluco—pyranoside NI?
a —lactose NI?
B —lactose NI?
D-lactose NI?
D(+) —mannose NI?
D(+4) —raffinose NI?
D{(+) —cellobiose NI?
D(+) —galactose NI?
L(-) —fucose NI*
Sialic acid (N—acetylneuraminic acid) 20mM
thyroglobulin 1.95ug/ml
asialothyroglobulin 62.5ug/md
bovine submaxillary mucin 62.5u1g/md
bovine asialosubmaxillary mucin 125u8/mf

2% rabbit erythrocytes was used for this assay.
a. No inhibition activity was exhibited at 100mM.
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O @HAAY e £ & e A

g ddqoznE HRAE EEEr] st WA dAL 22,000xg
4T A FAEF F 10mM PBS(pH 7.3)& @590 2 3l Sephacryl
S200 AYo 2 F3tY Im¥ EFHF 280nmoA FF=E FHsta A
8o dis] AT SH{EE AT 2 2, Y 8-14dAe &%
Egol o8 A AT NS ¢ ¥EE YEHed, I 99 &
ore LSS YA Utk 53] £ 8, 9= o4u] HAT A
S7AA FGug-& Vel (Fig. 3).

HYT SHAMAE o3 thyroglobuling} 2= AHAE 383}
o] Sephacryl S200 Z@ez: EIFI EFY 8149 Ui
thyroglobulin-affinity Y& o] &3 FAE A =3t Fig. 29 &2 23
g 4tk Yo AR gL EAQA £ 11574 AASHILH,
HEo| Aoz AFPE EZL AA3Y S8 HSB(high salt buffer, 50mM
Tris-HCl(pH 7.5), IM NaCl, 10mM CaCly), LSB(low salt buffer, 50mM
Tris-HCl(pH 7.5), 0.3M NaCl, 10mM CaCh)&2 2 AFsgoyd 3=
#ol & BEFo] gE AozHY EF 36HEHE 03M NaCl, 10mM
EDTA7} %% 50mM Tris-HCl (pH 7.5)8 o] 83l 1% 8L v
% 100mM CaCl: 10044E 7}3tich (Fig. 4).

2E 2o o3z HEF AN S HAAG A £ 3741904 ¢4
&S Jehdo] ddo] FAHASES st o]l& MJL(M. Japonicus
lectin)2 B3t FAE ML ©]&3tq HEF FIAsNSS 4
Aeti gl A ddoMe] Al FUT AAE dof, dHALRgA 1}
el FAEAe] ML o4& AYE FUAT
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Absorbance at 280nm

Hemagglutination titer

05 4

1 6 1 16 21 26 31 36

Elution volume(ml)

Fig 3. Elution profile of the crude protein extract obtained from the
hemolymph of M. Japonicus on the Sephacryl S-200 column. @,
absorbance at 280nm.; (O, hemagglutination titer against rabbit

erythrocytes.

0.25 -
0.2 4 p

0.15 -

0.1 1

Absorbance at 280nm

0.05

1 6 1 16 24 26 31 36 M 48
Elution volume(mi)

Fig 4. Elution profile of M. Japonicus lectin -on the

thyroglobulin-agarose affinity column. Elution buffer was used as (a),
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O v¥d ¥ % &g

AAE MJLe| i3] Bradford HE& ©]&3lo 2zt ﬂﬁl%i chula e
7 35E&S ¥sHth M. japonicus P2 RE] AL DAY A4
4] Sephacryl S-200 @& 3} thyroglobulin-agarose afflmty AEL 33
o7 AXNAA HFHOE P A (specific activity)o] 170.72 ?7]-%1 =1
15mge FARL FFE&L 56%E UgWth(Table 3). ©] 35&2
jacquemontiic 2 H-¥ affinity BY-E& ol&slyq HA®g AAF 35
01%9} HlmsA 56%2 508] oA =& 34ge Uehdth ok 73
ZA%e UEhd thyroglobuline] 3t 2sH4 Wol BeTFolA
¢ HYolASE UEE Aotk

Do o UM

L.
hue
&

Table 3 - Summary of purification of M. japonicus lectin

Hemagglutinati  Total

Purification Specific  Recovery

on protein( oy e
step titer® ) activity (%)
crude protein extract 128 27 4.7 100
Sephacry S—200 fr. 128 18 7.1 66.8
th lobuli
yroglobuin 256 1.5 170.7 5.6

agarose affinity fr.

a. 2% rabbit erythrocytes was used for this study.
b. Specific activity is expressed as the ratio of hemagglutination

titer/ protein mg.

O H&ol2o] &4d w| 5‘]*‘15 I

oz Faolee AYe YA JBe VAL Aoz %A I
o, Cajanus cajan @44514 ¢ Ca2+3d Mg2+e] 5%t S/ &2 &
Aol F713te Aoz RuEy ot §HA) Artocarpus integer #El-&
Faoled oa B4 9L BA W Ao RIHF U B
TolA F&ol2o] MJLE A4 WAe FFE AT d, 98
EDTA Ad ASolE wso] F43 AP} 625mM Caz+e
A% A BAol 100% FAHDCH M2+ o £e] AeolE 25% 47
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He AHE AAt(Fig. 6). o] AA2ZFEH ML @¥d Fo] F&Ho|2
o] EA3H ol& AMAA BAo] fAAU F&HolLE e wE o
Al 840] BE3le Aoz FAHUT

100

.

Hemagglutination activity{%)
»
=1

0 mM €25 mM

Fig 6. Effect of CaCl2 (M)and MnCl2 ((JJon the hemagglutination
activity of MJL.

O 2%, pH W87 4 viAl= 9%
LA dele &5 E 20C0|3}, pHE 7.3-8.004 714 <A 848
ey th(Fig. 7, 8).

Hemagglutination activity(%
8

Temperature{C})
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Fig 7. Effect of temperature on the hemagglutination activity of MJL.

8 2 2 3

Hemagglutination activity(%)
]

3

19 316 404 563 600 730 800 906 1008 10.89
o

Fig 8. Effect of pH on the hemagglutination activity of MJL.

O Y ELE BE total RNA ¥

Y=o B-ME7} X349 Buffer RLT 1.4ml& 23 vortex ¥ pipetting
st & H1n RRAL FASANNAFY] A8 3500 B 4R ol
collection tubed]] ¢l& QlAshredder spin columnol] o] QAR IY
ot AEE 533 oY 70% ethanol 350plE z+2} 231 collection tube
o] g2 RNeasy mini columnd] 23 Y4E B 3F silca-gel membrane&
HAZA AT RNAE Ho0]7] $135] RNeasy column® RNA tube® &7]31
RNase-free water 50ulE columnol] ¥ & 78 €3 10000rpmol A 1
7 94E 283 RNeasy Mini Kit?#} QlAshredder (QIAGEN)E ©
sty Y ZoA total RNAE Rt RNA &4& 2u¥ 1.0%
agarose geldl] A71953 23 39, 4¥AF oA 1859} 285 rRNA band
7} EFR1=EAT} (Fig. 9).
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O Plasmid ¢DNA library ligation ¢l

Not I#} Sal 1 (Takara)S ©]&3} plasmidE digestiond}3l Master
Mix (Promega)E ©]-§3le] PCRE 3o 2 DNA ligationg <13}
@Gt} Agarose geldl H719%53 A3 pSPORT 1 vectorrt 7}F R
bandZ #ZFH 5L, cDNA libraryE2 th43l sizeZ ligation® Zeo] &
Q= A tH(Fig. 14).

NgoA IV 3878
Dralll 3572 . Aatll 191 —jw"“""
ey Pot 1260 4 G
; Nar | 852
J ~
5Pg promotat - Esp3i 682
Tt intorgenic

- N3 tear

xmn 3320 fefion T7 promoter
copz \ | EcoRV 743
{3 .
36313212.7/ Y
— A § Apa 1984
! pSPORT 1 o
} 4108 bp BstE Il 1009
\ EEIN / - R g
ssa1 2801 iact promaotor N /\
Eor105 1 2729 )\\ N oty
o™ AN
S e B e
\\\ W .
7 e ste
e .
TN
AN 12252 Saptinig

PSPORT 1 muttiple cloning site and primer binding reglons: 125-372
150

() 5P8 transeription start 220
BA13/pUC Forward 23-Base Sequencing Primer $P6 Promoter Primer .
5 -COCAGT CACGACGTTG TAAAACG-Z — 5 -ATTIAGG TGACACTATA 63 — faut
5 -COCAGT CACGACGTTG TAMAACGACG GOCAGTGAAT TGAATTTAGE TGACACTATA GAAGAGCTAT GACGTCGCAT GCACGCRTAG GTAAGCTTGS ATCCTCTAGA
oo §P6 prometes ——nt T ST Wl BT Rdl BT et R
e} [ ——
Sl el
20 30
. a-peplide start ¢
{ree—eee T promotef et -
GGRTERACCE GOGAATTLCG C TGCAGGCETA CCAGCTTTOE CTATAGTGAG TCGTATTAGA GCTTGROGTA ATCATGGTCA TAGCTGTTTC CTGTGTGAMA TTGTTATCOG CT-3
SET Sl EaRT AW Fl AT 3 -GG GATATGACTC AGCATAAT-5 3 G GACACACTTT AACAATAGSC GA-5
Acel 17 Promoter Primer M13ipUC Reverse 23-Base Sequencing Primer
Kpn2l PA T SseB3871 L o
T7 transeription start

“Regires s " DA for complets digestion.
* The M| restriction site is contained wiithin the Saf | adapter introduced fnto the ector upon Siation of the cDRA insert.
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Vector NTI advanced 10 (Invitrogen)2 ©]-83}o} amino acid sequence
ZHE mRNA sequenceE of|4J3le] primerE A &3}t Amino acid
sequence % Glu-Ala-Ser-lle-Leu-AlaE Vector NTI advanced®] Back
Translationo] YJgsld LHAE o] ¥ codong A primerE A 33}
tH(Table 4).

Table 4. Back Translationg ©]83} -2 mRNA sequence ¥ primer.

Amino acid Glu Ala Ser Ile Leu Ala
Back Translation | GAA GCS AGC ATY CTG GCS
Primer #1 GAA GCC AGC ATC CTG GCC
Primer #2 GAA GCG AGC ATC CTG GCC
Primer #3 GAA GCC AGC ATT CTG GCC
Primer #4 GAA GCG AGC ATT CTG GCC
Primer #5 GAA GCC AGC ATC CTG GCG
Primer #6 GAA GCG AGC ATC CTG GCG
Primer #7 GAA GCC AGC ATT CTG GCG
Primer #8 GAA GCG AGC ATT CTG GCG

O EX {3 g4 938 PCR ¥ Gel Extraction

Library cDNAE F8 22 & PCR 4I-§8(PCR Master Mix, Promega)S-
Fdto g EF FAAR F=2H+= DNAEESE ZZ3 § MinElute Gel
Extraction Kit (QIAGEN)2.2 A A8t} Vector®] M13 forward 4 9-&
5 primerg 3d}31 &4 amino acid2%E back transcriptiond}e] A &}gk
primer #1-8% 302 3J+EF agarose gelo] A 7953l PCR AAHES A
1TH(Fig. 16).
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AAR € 23T 2R E circular dichroismol] ]3] #<lagc}t. 1
A3} Yang et al.o] WY 93] Al4Fsto] a-helix 43.1%, B-sheet 15.6%,
random coil 41.3% 2 T35} Y& <3 THFig. 18).

CO{mideg}

Fig 18. CD .spectrum of lectin

O H-o|EAF &<l

12 d =0 SDS-PAGES] 28] #2+3F 65kDag] @i aA UL sty o
T gelfiltration (Superdex)ell <3+ HPLCol| ]3] £fi o] EA&
< FAsgoh. 1 25 P8 130kDacdlA @ 9= E Yehl 65kDag)
monomer Tl A 2707} A% E dimere] FejYe et

O 7I1E€ ddze ZAuln

AYT SAASNNS 29, dFAdgore a3 E o|FFol uis]
e Asse dehiA ggtoy Baude gside Aswes o
ElWllty. 53] bovine thyroglobulin®] 7ZA-$- H4 AFE7} 1.95us/mE
g e g dehid duHes HxAdsEs 2ers Fuy
Aol 3 A Solgo] Euw Hmsel glE YoEry AA Bu
H 9% F S. serrata ¥ F®WIF} Paratelphusa jacquemontii 2] =gl
9] thyroglobulindl] th3t 2 AdMex7} 2+ 2.4ug/ml, 625ug/meQl AT}
v Za o) 3o 1o 2 thyroglobuline]] i3t AFHoe] B3] & A
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& ¢ & A

O opvxit 2o 9% &4

g 7 AFHEA HolFo g Fd¥ste 84S A dAY, fA
& 7ol Ae A%E duid ZAgAAH A 49 /FE Z‘_/\}b‘}T
THog @ obrlnitel £AFR AT YA Aste) HBUAS 2AHR
t}. £3] histidinez7]9] 4=24)o]+= diethylpyrocarbonate, lysinezt7]9] o}
ux=7le] 2o dicarboxylic acid anhydridev} 24,6-trinitrobenzene
sulfonate, aspartic  acid$} glutamic  acidz7]E& 9] Ao+
N,N-dicyclohexylcarboxyimidet} 1-ethyl-3-(dimethylaminopropyl)
carboxyimide, argininez}t7]9] 4=2]ol&= phenylglyoxal, tryptophanZt7]e]
FA ol = N-bromosuccinimide, tyrosineZt7] 9] F2] ol &=
N-acetylimidazole, cysteinZt7]2] 4=2]of|= N-ethylmalimide §& A}-&3}
At FAREE o] Tt A Al Afole AL €L dyoziy

U GATE WA, AT B9el ARAPE Goison, A9
T AREA FolHo g A EA4E (A A, &4 & 7HeA
o] Y& AlkE AXT Yo FEAHA @2} 849 58 AL B
oz & otmx=te] FAHH A B4 Aste LBB/AE ZAMEHE
. 2 A3, diethylpyrocarbonateE AFE3le AZXF #Hed Ue
histidine Z71& F243tR o, ddo 4 W3yl A9 UAT &, 3
2Ege due] @ dARge] EFsel UA @ ol AA=Aey,
EYEHRS FHT Brole 8ol 25%2 AstEo] LR FoF
olpl:=ito 7 FRFHU

O ¢AX AHEaF
A9 GAEd UFg 4L AE AAYHCI-116), LEBNU-,

Korean Cell line bank)A| X o] thsl] AA&sich 37C, 5% CO290| A vk
g oM E(1x105cells/ml)o] AW =5 2sted 50U 6well culture
plate(Nunc)ol] 7} & 72A13F E<F v stz Aoldes GAE vl S
CCK-8(Dojindo) assayHoll oJ3f AzsAte] W7ol mat ALbstdot.
el 100ug/meo A o] M E g BAAE ZAMGE 23 54.0+2.9%,
AGAEA e 39.2+22% ] MEAPEEAE e THTable 5).
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Table 5 - Cancer cell viability

General . o
Cancer cell Medium Inhibition %
name
Human RPMI 1640 90%, FBS
HCT-116 54.0+2.9 %
colon cancer 10%
Human
RPMI 1640 90%, FBS
stomach SNU-1 39.21+2.2 %
10%
cancer

O Atg Y=o vhg-2 HIZAM X g vlo]lEA &4

At §E o} vk B A R tiE ol EA &9E FQ1sy] 43
o] nucleotide{! 5-bromo-2-deoxyuridine(BrdU) o] &% 4L =H3H
t}.  5-Bromo-2-deoxy-uridine labeling and detection kit III (Roche
Diagnostics Mannheim, Germany) &2 A#3slg o vl splenocyte
Tt USF 2ol #£d8HA0 454 65FF BALB/c mousedA] HIF &
#3sta 60mm petri dishQte] lysis buffer (Sigma)9} 187 Yo FAoh
5cc syringeZ B]F-& F& F o 2% fetal bovine serum (FBS) 7} 714
PBSZ M3tz 287 3000rpme.2 A48 gk oA 3 A A H
ARG E 33 FFAE AAT Fo 10% FBS RPMI 164002 A ZE
Wl gFatAth AbEe] lymphocyter thg3 Zo] EE3Att. §-8aA|st
A AT HAQAANA B2 Ao PBSE 713t slAEF) slad
o] FicollAmersham Biosciences) & 7}3F & 400xgol] A 1583 ¥4
e E & Fo buffy coatFTS FH3te] RPMI 16409 P31 100xgof| A
107 dARHE st AFAS A A 10% FBS RPMI 164002 A
XE WiFSATH

HA mouse splenocyted] thsf] AE wiF Aty Heda HEol wkg
ANZrg Zhzy @Elste] 4P AT Mousedl A HIZE I F, AEE
3459 WiFstTh. 1 AT AE wFALL 3 (72A3)e] TbY AP
SR vVt Z Hdd ME ¥ AR 3¢ (72A17h)0] A4 AT
9t =3 AE/# deoln mitogenc 2 & &#A ConA (Sigma)
Rohe O @40 ke Ugout sHsAel UAee Fesyt &
A €& BALB/c mouse splenocyte$} Al =7 gs] REE=

e
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A& Ul oA AXWd #Est HEZFY FHo 9FE FE
Uehlle ZAFolti(Table 6). =& AA #Hgo] Agd we} Ao ¥
zoEHog it

Table 6 - Stimulation index of lectin

Human lymphocyte Mouse splenocyte
Stimulation Stimulation
Conc. . Conc. .
index index
) 100 5.21 100 2.70
Lectin
10 4.02 10 1.55
100 4.85 100 3.11
Control (Con A)

10 3.92 10 1.97

O BEX 3% FHT DNA sequencing

133k FAA de AL cDNA libraryE FEOo 2 3}il, amino
acid sequenceZ%E] back translationdle] €& mRNA sequenceE
primerg A8-3le] PCRES F33tog EX 43X TR cDNAE =
Z38l¥t. o] c(DNAE TA cloningdle] dojZ 1B7, 2A5, 2A6, 3A1, 4A2,
5A7, 6B1, 6B8, 7Al, 7A7, 8A6, 8B2 A5 sty DNA sequencings
A A8 31, NCBI Web BLAST (http://www.ncbinlm.nih.gov/BLAST/)
o] DNA sequenceE 1% A3 d¥ e 19 {fAMG dwld g e
Ale FAAE FYHA &gt

O EX #AA HA4E A3 MEL primer A|F

Amino acid sequenceZFE Yo]A primerZ 433 PCR ZHIE
DNAGIA 98 EE #4 wejde BEolis 817 @487 oo
22, EF PCR primer AZo] FadA HUoh wepA gt F
AEAA LddEHE dee] {F2HA sequenceE GeneBanko A A% &
Vector NTI advanced 10 (Invitrogen)& ©]&3}lo] {AMGES Bl w3} )
4 (Bos taurus, NM_001010994), FA]7§4©] (Oncorhynchus mykiss,
AMO041212), A#F (Rattus norvegicus, NM_012599, NM_022704), = 73]+t
(Stichopus japonicus, AY625513), §3}% (Taeniopygia guttata, EF191733)
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o #fAAE vy 23}, Fig 194 Re uvie} go] g AEQ E718
A3 FRAMEA FAMEO]l 7ME EoBRE o] F {FAAAM 5] &
Aol & FEE o] 838 o ANEL primerg A Z 3¢ tH(Table 7).

Bos taurus (0.1699)

Oncorhynchus mykiss {0.2531)

1 ‘ Stichopus japonicus (0.2984)

- Taeniopygia guttata (0.3473)
Rattus norvegicus1 (0.1884)

Rattus norvegicus2 (0.1830)

Fig 19. Phylogenetic tree showing the relation between various MBLs.

Table 7 - Primer sequences for lectin.

Species Primer Sequence

5 cag tca ttg cca tca ctg ata aa 3’ (forward)
Stichopus japonicus

7

cta acg tcg att cta ctc ¢ 3’ (reverse)

5 cag ttc atg caa gca cta aca aa 3’ (forward)
Oncorhynchus mikiss

4

gtg aag tag act gtt gac ccc 3’ (reverse)

O A2 primerE ©]€3 PCR ¥ TA cloning
A ¢l cDNA libraryE FEO =2 33 AFA AF3 primerE o] &35
o PCR ¥&& FIP3At o wf E7IsE FAMEodA &
primerg A2 WXAA A T7A Eé}if}ﬂ T VA FF79 4
@—’E’-a kS A Z 3l (Table 8), = A3} 2W 7 3¥H 5 lanedA] ¢ 350 bp
9| ¥ band”} &<15 JoH(Fig 20).

-

Table 8 - Primer sets for lection from cDNA library.
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T T
0 50 100 150 200 300 400

on various cancer cells

Fig. 33 Flow cytometric detection of lectin-FITC binding to colon
cancer cell

O FAHEJY HE F3}he] I

A EHZF shtelde due &4 JheAe] AVE 5 erzZ,
olel tig £, FAZt Hadw, o] N2 d¥Ax AEo ¢jol #
dol L g3es AAY 7heAe] AeA AFE ey 1
ol= e S HAdd F AT @, ALl AAY HEFANA
€ B30l @A Age ste d4S YA

_.48._









Mo ZE cloninge] HA @stry] Wi 983 2L WYoeEs A A=E
39S

B. c-lectin like domain & ©]-&$t cloning

delo] st AEA dHEgE Ao 7IYstd NCBIlA MBL#
dE fAAE #ds] £ A, clectin like domaino] ©jF-£2] MBLoj
A dehdthe FE ol 43ld A9 MBLYME clectin like domaino]
e RO BHE o] domaind] )3 primerE A 231 S.

EKTFKTAGFVKPFTEAQLLCTQAGGQLASPRSAAENARLQQL Vv a - knEAAFLSMTDSKTEGKF TYPTGES GEPHDDERSEDCVE TF TNGKWNDRACGEKRLVVCEF
NKFFLTNGEIHTFEKVKALCVKFQASVATPRNAAENGATONL Tic- - - - EEAFLGI TDEKTEGQFVDLTGNE GEPNNAZ sDEDCVLLLKNGQWNIVPCSTSHLAVCEF
KKFFVTNHERMPFSKVKALCSELRGTVATPRMAEENKATQEVAK - - - - TSAFLGITDEVTEGQFHYVTGG! DEPNDHg sGEDCVTIVDHGLIMD T SCQASHTAVCEF
EXTFETAGFVKPF TEAQLLCTQAGGRLASPRSAAENABLOQL Vv - knEAAFLSHTDSKTEGKF TYPTGES GEPHDDzgSEDCVE TF THGKWNDRACGERRLVVEF
DHVEST 'WQSVNFDTIKEﬁ(TRAGGNIA\!PRTPEENEAI&SIKX\"/- yoNYVYLGMIEDQTPGDFHYLOGAS GEPRGQ: - KEKCVEHYTOG TWRDRGCLQYRLAVCEF
DHVF STHGOSVHEDT IKEMC TRAGGHIAVPRTPEENEATASTALL - ~NYVYLGMI EDQTPGOFHYLOGAS GEPRAQ: -KEXCVEHY TDGTHNDRGCLQYRLAVCEF
KKYFMSSVRRMPLNRAKALCSELQGTVATPRNAEENRATQNVAK - - - -DVAFLGITDQRI EHVFEDLTGNE GEPNINVE s GENCVWLL THGKINRIIVPCSDSFLVWCER
KKFEVTHHERMPFSKVKALLSELRGTVATPRIAEENKATQEVAL - - - - TSAFLGI TDEVTEGQEMYVTGG! DEPNDHE sGEDCVTIVONGLMNDISCQASHTAVCEF
ELFYYIVQEEKIYRESLTHCRIRGGMLAMPKDEABKTLIADYV sk 2 o FFRVF IGUNDLEREGOYMFTDNTE GER FOCVEMLSSORWNDTECHLTIYFVCER
TXIYLLVKEEKKYIDAQDYCQGRGGTLSHPKDEATHSLIASYInhag ISRVFIGINDLEREGHFVYSDRS! AEFMNA, ¢ EEDCAERVSSGGHNDVSCLITHYFICEF

golsl A3} clectin like domaing] olw]x=2t X go] S} gow, 1 3

7} conservedtAl UEhd FEo] ANME o= AHE e oivqt

A3 Hd ez st A9 dJE. (F4 2A) I olF, A9

g oflulkxit MEo] ZHAE i MEE E4 s ted 2L dHE
2dE F AN+

A
1 WBLZ, Hot PREARE CCCRAGGAATG AGAAT 2 LOCAB61Z PRNAE
Wi, Mus PREALE COCAGERATT! ARARL LOCATI26 PIEALE CCTARGASTGCT GAGGAGRAC
Mbiz, Ratt PREAEE COCRGGANTGUTGREGARART
. Y U p——
MBLZ Par PRNAAE CCCCCAGGARTECTHCAGAGA MU bus PRNALE CLCRGGAATGCTGAAGAGRAC
MBLZ, Gal PREFAE COTAGGAACGAGGCTGAGART Mbl1, Rat PRNAEL: COCRGGARTGUTGAGGAGARAC
B
1MBL2 Hos LAVCEF CTGGCCOTCPETSARTIC 210046612 IRVCEY ATTGCCGTCTGTGRGTTT

10047926 LAY TCTGTGRACTT
Mbil MurEay TOTGOGREGTTC
Mbi1, Ratt TAVCEY ACGSCTCTCTGOGAGTTC

MEBL2, Far LAVCEF CTGS 5
MbiZ, Mut LATCEFR TTGGCALT
Mbi2, Ratt LUVCEF DTGETAGTTTEIGRATTC
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A M EF2] HEK293 cell-lined] /] pcDNA3.1-TL-P ¢DNA2] transfection
o] 2ulE $IY=E AL yPonz, WA AT FA U
lectin®] 9388 ¥7] ¢35l murine macrophage A EF< RAW264.79
TL-P cDNAE transfection $%. Lipofectamine2 ©o]&3}o] RAW264.7
cell-lineo]] AP pcDNA3.1-TL-P ¢DNA ¥ &4 UZFOE empty
vector (pcDNA3.1 only)g Z}Z} transfectiondt ¥, macrophage® &/33}
A7l lipopolysaccharide (LPS) lug/mis} 37 24212 &<F w8t
nitric oxide (NO) Al % pro-inflammatory cytokinegl IL-182] AMAS
2}913t. NO= Griess reagentg& ©]£3l9 &332 Fig. 3794 K.
£ AT o] vector E TL-P cDNAE transfectiondl oA+ AAE
X ¢o}, LPSE HEg ToAe NOZl AAHJew 5F3) TL-P
cDNAE transfection3d} ] lectin @3 @S W& 3}= RAW264.791 4 empty
vector ol BlE & £Fo g MAINYEL. IL-1B9 79 ELISA ¥ &
AHE3te] EAstHow NOSH wi7A 2 LPSE AE3lA] &2 TolA e
AREA got LPSst A widd ellA NOZF BA4dHJL, TL-P &
Wgds e oA 28R &L T vlEle & FECE AAYE
(Fig. 38). w2}A] lecting 1 AA TS E macrophageE A3t 71#] &
o}, LPSet 22 dF Al EZ g AxY w¥EE U F7HAF.

Nitric Oxide Production of RAW264.7

Nitric Oxide (M)

«

Fig. 37 TL-P @9 &8 933+ macrophage 4| X3 RAW264.7¢) 4 LPS
o] 2]3} nitric oxide A4
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IL-18 Production of RAW264.7

IL-18 (pg/mi)

e

\‘00\0‘ i\
Flg. 38 TL-P @9 A& 933} macrophage 4| 53 RAW264.79) 4 LPS
o &% IL-18 44

O ¥ABAH mA= I

%A AHG-E pcDNA3.1-TL-P cDNAE ©]83 9¥d Id Al="dS T
lymphoma MXZ<] Jurkat ¥ B lymphoma M| X391 Raji cell-linec)]
23l F=Fo g lectin®] FLEAHE A3 Jurkat ¥ Raji cell-line
o] Lipofectamineg ©|-83}o] pcDNA3.1-TL-P ¢<DNA % &4 hxFo=
empty vector (pcDNA3.1 only)S Z}z} transfectiondt ¥ A EFE FQ
Al BA3 24X & MIT assayE 33t A Xo A&EEL &9
g A¥ A7 T F=EF AHEF JurkatdlAE pcDNA3.1  vector¥t
transfectiondt o] thsle TL-PE L3St 9 AEFo] 83% F=Fo
2 Yy, B 323 AXF RaidAE /ARSI iz vlsty
lectin @l A& LA FA 8% AEES Jeld. ©ekA lectin
AL JEF XY JEES TAAATIERE FIGEA, 53] EqLF
o g Aol A= A= A= H(Fig. 39).
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Viability of Lymphoma Cell-lines

Viability (vs Vector-transfected Group%)
(-3
o

Jurkat

Fig. 39 9= MXQl Jurkat®} Rajie] AlX AEE.
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H 4 2 d7lid SxEMHE 3 2tEZ oo

o 7]z

*dEY ATEE ¥ WARARA 44T AFALEEY C4E 2
#ALoke] SR AR F¢ JE '

1d d4ER g4

0 & ATNE $U AIAAPELZRY AF ALH BF 499
$uE 9ste] Y FAFFE GAF) Sahe AS As ALoIA
AARL 1 YUzeRY A2 A9 A8 2L Ao,
o2 UUBAE By A% PHe AEsAx, 1 BB A
A7

O &EF, A EAste g 29 A9y d& dFYNsT] fAsty
A R 898 ANsta, F29E 99 o3 AW WolrjHd ¥
Z7o FENPo 2N A2 FAATA S8FF FAA AT ol
@3 GAlEele] Agt Fol /8% EZE FR1E e JFd uig o
T FFE SAS

¢

O d¥le uiE AL 3t FAY ﬁé"é °ﬂf~1 deg TR
cDNA libraryE ZFH3Y dEL YAste BF FA4E 2238 A
G BF A9 97 HEe o8 w9z 's'-._}a Neue rEsa 2
742 WY MEF transfectiondte] F2338 Hege WA 7.

< o AEFe Ag 485 d7ete Bddd dg
o, dAlxete] A% R GAE AR S A dde] Jied

7o) os] 2HE YL olfdld FATBA AY WL AN
Z HAEslY ARG FAsH, ol & EF dolgE §
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#H7t g8 t5e ARE FxAEFLYoRRE THIE ARRAL
HYUs] HES F AP widzAE st AXdoNg 27
2 A4S FAsHE-

O SAE A 7 EAA N FAEAH] YA ARE FRASHL
9, 3L, sigelgdol ¢, A, EEsY AEdd g 4FS AA
33, £3] CCKMTT) assay$} GAIE F4 A EAE g

O FA BIHZF sttolde] dde &4 7teidol AVE F Jerusg,
ol g Eal, FAr} Basiy, o] 2 GWAE Axe I3 #
do] F2 B3ES AA” 7ol AeEA 9FE FAsAE

O Ag4H 2% 9" I8 AlAHE 293 cell lined] WS A F T &
T3 A XEF9Q Jurkat cell, B ¥ A X< Raji cell, macrophage A3
9] Raw264.7 celld] Z}Z} transfectiondled AJLgA A% g€ Wy HY
AETFEL FYT. Raw264.72 IL-18 A3} NO Aol 718 &<
31

O A|gAt 27 HEle wdo) os] Wy MEe F4 Aol FUseA
39135}y 95ty el 48 T Y=Z 7 HEZE Jurkat celld} B =F M X
Zo) BAL XA MIT assayS E3] viability7} 725S &3k

O EA|, FAE W T =79 T4 FTH& FUAIZ s
co-stimulatory molecules ©]&-3t anti-CTLA4 antibody, B7-Ig59 A=
F 9Mdse] 352 B g U g AASA g Az 3
o] Al vaccinee]i} adjuvant © Yolr} X8 EF=Z29 A8 E BHAN B
2 B3 ¢ A5 A FEAH FESY O € XEdE 8T

KR
=

a7

4
30
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2 d BEECHY 7Hx

O 4do] vtz E8 % A3 AY, =3 F 54 e A9E
BFE vt Qg EALE 883 IRIHN BBIFE AF
A3E 5 e 7Nke] 2A4H.

O sl A7l Tx&FFHA WHF FATHAHA PHE =T
A #¥E AYe BARAA AFTEA FAEF FHAEE LRIHA
e A@ANASF T

O AES HAIFE] fdte BA4He AT S FHFH2E Adste
AL dEFHR] TH7P7EA AL BELY, FUSE W oo ¥
AEoelH, vlS, A& FAME 2147 B3] Aok HYHA
€ EFANA F7HA ALl a7AEE HS F333 S

O due S5 47 BHE Astel AT ¥ VP A7} Be
BAY. #AT AF AL A5 AR FolN 23 EAsGEE A7)
ARHY. Gty 229 T 99 U gages gud A7)
Assta, 4dse A wAE e 5+ AL

=)

-
=2
=

0 2EY AEJIEY FHE WS BFHIL G 4AY BAY 3
9 iz JAAT e HEH A, 4P JVFL THD AY 99
el 2 dA o2 A% Abgel 198 AXn Yn ASHA 37
FA 31

O #8e &g g9 o)A vaccineo|} adjuvant T o}l X8 B
229 7Hs4S B3 B 5 o 9 AF5A AEA FEFY o
R ARAE FHET ¢ JoEE FFHLE AUt FEHL AYRL ¥
HIANEE T3l AF FY J&3e FYAE X AT 5 de 7}

401 e
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O

AZFAA B - AASA doAe §F 2do Adse duiEl ¥
g2 WA AEgHo EAse 5F & A4 Ha, oj¢h 2L
Aol HARozHE QAL QoA Fo] B o3| °1’—‘454°174 73
< A8 Vg F o, 53 B A7 | @A dudges
olxd "eg, olu] Buy ule} Zo] PMEo] Eo]HQl galactose %
lactosamine$ U3 HWE o] L5l Loz FHolge] AUPE 3
g ¢ Je 4% A9 Hod & AS

O A 3 monoclonal antibodyo] #HEE ZAFAA WE
immunotoxing ©o]-&3le] M Eo] FHEAFHE GHEe GifiE FFAdol
AejEl s 2UMREe] AA o] AstE B9l macrophagest 72 effector
cello] Hgl FE&3tA MEE FIAA 7= Z89 Hu2RH, F¢F
§& Ze JAEZY MEE ol A F US AY.

O H¥lo) 23 T Qo] Gy Ao AT & ITFE F
Ao g2 HE, 82 F&AH ALE $3 drug delivery systemol= -
L34 ol8E U IS Ao =E JdE.

O Transfection 7]&& o|&3tq Hz AEAA LA} =5 £
o] AL duAL yFoz WHY & A =HW, WY Ax E4E &
g &

1

»
52
X

Fgoz WaFe A L WA ol AN du A%
& 9@, g% BHE ATHOE Aol Y W] MNE IF &
ARl tste] AT 5 98-

O AAe Wy wrge A AFEY (innate immunity)z} FH-FHY
(adaptive immunity)© 2 & F glom AH QA 7MF 87 F
& AAse AL E_ﬂlﬂl‘ﬁ BAE Y Yo At gudy d4F
Loz WY AxE FHA2 fxsty, Hdds Fadsy 99 Ax
o] o4 & E—?-w], BLTEE AR AEAI7I= § (Fig 1).
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H 5 & AlLdZEnte &#3SH =

O HFAEL AN FE&F 71F HFLR o]8HI ov, HYBE
ol e 55 dAVIeH AHED T& TY € JUF ¥8EE A
iz HT Q2R AETE o]FAR S

O AAH HFAEAL FIAGE ALTERFY A7TF S ol
d¢ ojgie A Aoz sl mdd Wue 433F FnF So
77 AFSHE, o s APPEALE AN H5E Adoz 7
A% #YE UA 957 olge] AT ANsd AzE g

3 23 5 AYYEAL] ZUE A9 ALY, BYALANL, A
Rul, o gH 5 YRS F8 Urke Aol Bash

O ANt A YBFo| TAHT oS UF ATFE § A% @A
21 $8EE $ITAE.

O #do] A¥H A9 7B vola &gz Zgd A =&HAUE
Bazh QI3 A9 €Qlo] He 22U ol AE dEd AP
Z AEE IdAE F dve Eax A =¥ F¢ N=E A8 3
ga¥s Ao R STV AAs WgYo] Ad FAE U
ol g9 AEL #AIAN FEF A¥E S/MIIe ReE ¢ w
gt A" dAA e ARG AWl UL

O 2@ 7|zt T, & dAI FAo) gojA AAY WA EHH
A FolE FYPA R3le AL & AT FF EolF Y (tumor
specific antigen)®] d&Hol F-F3l7] wWFolzl A=A 8. 18y
9 ATES T WA 7% Adue A4 T % 3949
RAE ol TG HMX A9 3L doF & e Yol d¥IY
Athe ARl ¥ .

O YL q¢ XEo| olA vaccineo] } adjuvant ¥ Yo}yl g E
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A29 715AE HA & § g EF Y9 A5 A FEE dHEFY
q 2 XFox HLEE 5 A

O @A #d 999 AdTFEAFEAN Y Alfgrie viEad(mg)d oF
209Hgloly, AAZHE dojd d¥iAL AGAE A4 5]?1’3“’3
Q3 wEaYF 309 TS A3EH, ol a¥(g)T 39Y S AT
A1, 4 98 L AMAF ez o 40aRFEH, °]E— 1209 ¢4
Az HF3e &Ly 5948 g F AS.

O d3seld e A E4d9 oA, &A87d, AFsEA B2 A
Ztsh v 8ol EAW, I FrPHAE ded] 2, |t q3uEdd 120
HLF 60% sFsh= oF 724 9E 7Y + Joh Y, HEEH, 1
43S, FUUA, FE7IREFRE OFE A5 FA8 XD A
AFE-EE dAst HEART AL FHE A8 1&8FE, FAY
AR FEEHRE VAT F AE. 535, I8 AMES AR 2 28E
oF2E ATEAIYT AGAY FHAR E871T AeE Jug.

O AlgAE Z+F ATEC B 883HE Fo= ol§ dH3e A
el Hde O #8rbesAdo] An WA ulole oJoFE AjYeF A9
28< q8 4SS MRS

O MEZH] A4 AXFEAHY TS T8l o] FAA Hewl, 287
Astdr e B2 AdHste BEAZE AZREHA EAstoof 33, I d=
A AEEW 4 22 Py gude] X7 ez A 4.

O WEH nF7P7HA] A ABETE 4d BAHSE 2147 A A7)
A8 7k 5ol Zed & Jlon, 53] 48 AINEDY ¥4
€ AYste 298 Fuo FANRA EHE FE2E 5 A

O 318}, 9o, AF, 874, Ad T T8 Jdd9 && ¥ gdg 5

FFEH7E 2A FLE Aoz JdEHY, S 6AE HIEPEAL
AAH 71A FU3lE =13
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0 Az F2, AR 5 AEZANE o Ropd) szdATsl BU
AR gom AL /WY Boke] A ARINYANE A7
Ao 4FRES AFYELR olAsE FAY.

O A4H MEL oFF EokolA 713 Bdsiy w<, 7e 48 FE, A
BEEA, 8333H st = XEHT, ALY ddde FIAFTF
B, ANFTES AZX[E X8t FA, A o|277A AAAY F
8 o] =% ¥FE.

O HZ dF AT AEZY &4 dAE Yoy AL T 4g
o HlFE Fi on vFe FTHHATENC)AME FLAE B3}
< AW o|71EHE AN dFERE FHstd HAFEDE WFom
R ate dAd EY3RE

O dA AdstEo e 3“%“&‘%:615} AFZE o4, AT 579 5
o], 5o AFEF, A L ol7lE2, &9 E A (Pseudoteropsin) g ©]-&
g S AF AMEFoln, &4 vmAFFER 53 gEdA 39 gy
e Fa7t e ALE dEHA U

o AYe SEF 47 Yo Astd A7 L Vs AA ¥
§UY. AT AR AU A AAR FAN 2% EASuE A7)
ASHY. B g29¢ B 992 U 4rFoz BB A7
Fssta, Adste R BAE AFE 5 s,

O B dA7ARE ZAgEAd 1 AHAI} AAH s&Hoew A=L
woron k3 EFHFHEOE QA3 AFA, VeA, FPES AFEL %
I AREIANE o2 F 33 23 AFAZe] £X2FA A3E A
o2 AdEH 4¢3l 8 7Hed A E AlgH.

O AFYEL vmA AF7} vHEokel HiE Fe et ATHYAE

olw] 2001'd ¥ WAZ FH FEELS FE3}Y IS, FA(WF)
53 & §5F B0l Ao olF e g AU E A% d7E AS
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Hog AP Y. EF 2 A= KBSH29 Z4F A&dd LE
SR AU ES Be BAE e A FEdHe) FIHLRET A
E£HOoE FHYAES XTFT YRULAITE AT AT EH I
B vlol A dA JleoldE A A F o &8 gele WA
Mg dgshe Ed9 §A4E Zde vole dF8 AdegM 83
g 434

O ¥ 472%e HFIQ T LA dFEor A7 AT HAY
WS =Sty #d A4S 8434713, AFAUY FAET FAY
€ AFIPHA HLAPe s AZANLSF e AVIZ Z8o] sy,
FF ASHY ALY 34 Aoz S v/l fFPEALY
BAH 748 SHE7} ol Fo A= A7t ZIHH.

*F7rdTe 284, BT &8, TIgs RS Ve
*AT7I8AY T ANE 540 wme Exle ¥R e d
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ARQTZE
(@AY F16E A7EE)

g Ko
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AA BYEZE A% AF, EJ, AE, vhe= YT

1 (99399 &9 HE7 £A03 . ! 100
AEUY TR AVT TS g s9wee GAsa ducAE oy
Sephacryl S-200 ¥ Thyroglobulin-affinity 2%l
2 |ZzotEOHg] 4 Hdo] £ g HAgol 98 ER8 65kDas &Y #a ¥l 100
AF
3 Aol Astd 2o A disA g HUsn A
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3 3RS ® o] AAY FRALAA BEAo) 60M FA 100
4 (4899 £x8d A7 4 E5 Aod3t HPLCH 93] 2YELYL &9 100
5 |[ARgA vixE I F&olL, 2%, pH W o g4e g 100
RNeasy Mini Kit®} QlAshredderg o] 838l @@ I o)A
x ¥ 2 total RNA, mRNA # 00
6 |2¥= 2 % tota A lotal RNAE 24 !
Dynabeads Oligo(dT)s®t Dynal MPC-S  (Dynal
Biotech)E o]®3t] mRNA Eafom SuperScript
. Plasmid System with Gateway Technology for ¢DNA
7 [{First strand second strand A3 100
irst strand  second str 4 Synthesis and Cloning2 ©°] %3t mRNAZZH first
strand® ¥448l3 first strand2% 8 second strand ¥
A
DNA Zho} AFdFaA 23t cDNA A
8 |4 ge A BH® \Sal 1 tigation 3 Not 1 digestion € %€ cDNA A% | 100
SuperScript Plasmid System with Gateway
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