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Studies on the development of a high-quality

agricultural product using 3-dimensional structural
analyses of glycoproteins
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SUMMARY

(FE8HE)

I. Title
Studies on the development of a high-quality agricultural product using

3-dimensional structural analyses of glycoproteins

II. Specific aim and significance

Much effort has been concentrated on searching for new biomaterials,
Since many worldwide databases for natural products were already
established, it becomes more and more difficult to obtain a new
physiologically active material and is very competitive such that
searching efforts now extends to extremophiles. Among many natural
resources in our country, ginseng is widely known as one of the most
competitive biotechnological product, However, the research subject in
ginseng plants has been narrowed down to saponins for the past decades so
that the research on other materials in ginseng has been limited. Protein
and carbohydrate engineering techniques in life sciences are valuable
tools for developing new biomaterials from our original resources,

We have worked on glycopeptides using structural methods with two
research targets, in order to search for and to identify high-quality new
biomaterials. First, it was to obtain a glycopeptide with a physiological
activity and a glycoprotein with a wound-healing activity. Second, it was
about carbohydrates which interact with a protein and whose purification,
identification, and whose function has been investigated. In particular,
the acidic polysaccharide fraction isolated from ginseng showed an
anti-adhesive activity against Helicobacter pylori-induced
hemagglutination. Its activity was higher than that of conventional

carbohydrate candidates, much less than the concentration of mg/ml.



From the past experience and information, search for new biomaterials
from ginseng would be successful and competitive in world markets. Those
paterials such as glycopeptides and carbohydrates from ginseng may have a

tremendous effect on biotechnological markets.

Ill. Experimental Design

Protein pattern analysis of red and white ginseng

Establishment of purification techniques for glycoprotein and

glycopeptides

Identification of glycopeptides using peptide mapping

Carbohydrate analysis of purified glycoproteins and

glycopeptides

Establishment of physiological and pharmaceutical activity

techniques

Structural studies of physiologically active peptides and

carbohydrates

Design of glycopeptides for developing a natural biomaterial
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B 6 42y FUEES o8 5 FARES oF 1 on YA 2
712 A EE thE, 100gY QA RIFES HEL3} Py Eaysiact 2
%t homogenateE cheese clothZ o] &3} oJ3}3t 5| 25,000g0) A} ¢F 40 E7}
SEES 2 yRAg wekls R VA gl Agopch Y5

ammonium sulfateE 713l = 25% (w/v)7} EE& 3 T}, 25,6000g004 1
T ddE2stdnh. AR Y A5 HE amponiun sulfate =7} 80%
(w/v)7} H =& ammonium sulfateE HH3] 713 Tt} oF 1 AIZIRE FHL o)
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..11_
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pl/hrZ 3tQ3 2899 $EF 280mE F53tE FEUS 2ot 5521 vhs,
DEAE Sepharose CL-4B& ©]&%! ion exchange chromatographyE 0-1M NaCl
gradientE o]&ste] ThilAe EYsigirt. 25kDa whA L] Fe|7t golsiA] ¢4
o} HPLC & reversed phase W ion exchange prepacked columng Z}2} o]-&3}191
on] £t jon exchange HPLCE F2RE £Y& ATl °]-&3taich
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8 AS, B3 PehBAZ Rol: major THAL proteasec] th] wi-
resistant3}7] wiEo] denature® AEIER JMeEI 2A-E FHYSALM(6),
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@ AzA BEEF P 24

In vitro 3QH3(7, 8), FREAE g (9) B e wE(10)S st
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AP B dale] 27 #¥Yg ARt ¥UY2 F 7HA] drug screening
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5) FAol4 Welol=2) ¥l 0 3

FARAE BFBUCE o 1-2E shaking A2 The oy &Y
2o0g vacuum filtration®® 3Z|4=3}%c}. Ammonia sulfate fractionation
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N 1202 e t}e superdex peptide HPLC prepacked column® 2 FHE
226nm ol FEIIATL

SEEE

1xpdse] Fouehia oMP25e] ¥2|8A A= o8] chromatography W&
o] &3slgLolxE E5ta GMP thiA WMEHTh &t o & FAMEY oy #
=& A7 odbrl olE 2adEolAM @2 Ee|BA WHeR eFEel
7} 4EAO R o]Foix]7] wWEo] E2FAY BUH A=viEIgY] A= A
it

F QA n]Za 6d2e FARE A Mol FAHY thE, ammonium
sulfate fractionation® o|&3te] whijd RE£& HAAAcrh HAZEL &3,

248 2993, A5 G B9 crude U AEE g3 2
SQas m T BFHLT 5 spAe Wl WE BAsigon, WA
Apere that 20,00000A 66,000 Ale]e] £EE RoFolrt (Fig. 1). F3] °l&
& native gel electrophoresis® %t A7} Fig. 26 Uehalch AF d4te]
Zgehma (o]} GMP)-L subunit 25 kDa?] F7|E Ztom 27§o]4}e] subunit

2 ¥ oligomergd S W 4= g4t}

TIglate] 2o whAg Rolk 66kla ThHAL EE| A7 ¢t
Bio-gel P-100g ©]-2%t gel filtration chromatographyE $33}alt}. Void
volume o]FHE S&E 2L 280 nmollHe] &L absorbanced Hol& #Hrl
2} peaks}, elution 78] mix| o} ghAloA W& absorbanced Roli 2f2 peak

66K

as¥
30K
70K
14K

Lttt

Fig. 1. SDS-PAGE patterns of the crude protein extract from
ginseng roots. Lane M: Molecular weight marker: Lane 1
Panax ginseng crude extract: lane 2: Panax quinquefolium

crude extract,
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2] F 71A] peak® FEH 3Tl 7t peakol 8] fractiond YAFSIA A3 3
Amicon membraned ©]& FH3lo HINEELE £3H oL}, gel filtration
column F& A|te] BAglel Z7/EE YR wAEL] AJFE IHL 2
ol7} ol WAL 2 A4} njFitel &3 A [EF Fof 23}
A7 B35S AAE A3t Fig. 30 uely gk F 4bel] alojA SDS-PAGES A
© 4% A& Ze V=Eol TPt pl & Zhe thAYde] EHE T,
isoelectric focusingolld= BAA T2 4 AR A4tz n)Fatey
Zpol7h 221 A7 95 ¥ A} iyt pl PENA 2 HolH Eo] wAF o},
29 kDaz} 20 kDa Alelojld majlate] B2 o A 719 pIgkEolA whidoe] W
A =Hoen, njFate] A9 o ul Y pl gholA whdo] WAL QD njZat
o] pH 7ollA e Aol d UARA] ¢ A JHSITt 20 kDaolstolA
E F ABY AolF Kol WA S £ AoE UEldta shie 5d
3t =hdo] wdstgch A OT 29 kDad} 20 kDa AlojollM m|Zato] pH
7oA UAEE o] udi & xlo]BoE Azte] FHI 20 kDaolslo
Me L date] pH 7 HoM LA E o] n)jFaz) v B o 24U
27el golA ThE es wus .

Major peak £3F& poolingdle] DEAE Sepharose CL-4BE ©]-£3} ion
exchange chromatography& =383} @<t} SDS-PAGE Az} A} 702] peakZ 7}

Fig. 2. Polyacrylamide  gel electrophoresis under
nondenatured condition, Lane 1 : molecular weight markers:

Lane 2 : Panax ginseng proteins.

2t peak7t ©AE vlfF R UFo] LAF QT S3] SDS-PAGE Aboj)
A] 25kDa major protein 2o T2 whiAEo] gel filtration W ion exchange
chromatogrphyE +¥slolol= EFSIa Fe|EA] g7l wj&el, FPLCE o]
2317 = gltl. Reversed-phase®} ion exchange FPLCE 4=3%} elution profile
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2} native gel electrophoresis& &3 S&4Halo] a3t o|gso] FalxE At

DEAL 9|3t thymol-sulfuric acid stainingg o] &3l e 23] 8
chilAo] whe EEE complex Yol FAH YL, YHY F=E HEShed of
Ao 3 gt A Yo 1WI FIYE 5+ Us oz FlEct
Fluorophore-assisted-carbohydrate- electrophoresis& ©o]-&3lo A L2
Srre] waot AdZN BAshE APE AT 2de YUsiEulE FFEAL
wuax7} oA Ros DSt B, freshdt BLE AMESIE Aol 32
gt 2oz Bt}

% & ion exchange FPLCE ¥ -2 25kDa major proteindl] tidle] 7t4E
3 ARG 435 A3} proteaseo] thste] g 7 AP Hola I o
o) hee) 28] Bylo] A= gttt miebd Ho] thi)AS denatured Al
7 Aejolld FHeEslS $sto] mappingel WA FAH 2US gylstact
Chymotrypsino|l} trypsinit & 7l4Es] Hid AL A AW
protease Xoll TishA mappingol Wog AL $FA71E 22 HAHAUTH

(A) Panax ginseng C.A. Meyer  (B) Panax quinquefolium L.

S i

pH? pHS pH? pHS

[ sime spess Q) bittaresi spens i Disinci bandi W Varines ] vatees

Fig. 3. Two dimensional electrophoresis protein patterns,

Left : Panax ginseng: Right : Panax quinquefolium,

ZAte] AL #Eloj=2] F2]= Biogel P-6 column E3}% superdex peptide
FPLC columng o|&3ld.om Helso| erysigdrt. 53] Fa¥e|st vapelz
Bg A2 FPLC elution profiled H|a EM#o2H Fo| E4H& WA 4
glol o (Fig. 4), olo] mWE Mel®y &3& £Rstych. 53 Fig 4o et
U 39 23 st upatole] PP UA 2ol & Role EHolsth
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Eo] Yrhy Az} gilelo| =] el BPYEF
) EA gehAe #HE}o| = mapping
- 221 A7N%%E ol &
3) Mapping S3F WHelo] =] A
4) g e} eh3lE(&aY) 4
5) 2@ ANTA TAo] it G us| L Pt T2 Y 53

[y

SR

1) Aol 2] gehad Felga]

XS 100g0]4 Hd 838 280 molAdY FSER &AL, & A
thalge] 5= SDS-PAGEE B3l #olslgtt. 23 homogenateE cheese
clothe 13} oJ=431 10,000g0l4 30 27t A& st 2 F5dS @i
Halo] Algstgct o] A459& ammonium sulfate 25-80% 23 =xoM £2
3 The, AxlEelo] ojs] WAY S 1 nl buffer Aol §3AIFIR FHS
sto) gadstdrct. o] H%YE microfiber filter® o} 2}8t ¥ Sephacryl S-100
column (3X33cm) 2.2 223413, Resource Q FPLC&} 0-1M NaCl 34 ‘X8|
2 Ag3ld i) Zeistact. P 28-S t}A] Pharmacia Mono P columng ©]
83} pH gradient(pH7-5)2 GMPE E¥sidrh. 2FHo= esIeB WS
50 oM Tris-HCl (pH 8.5) & Al&3te FA% TlE, resource Q(1 oml)e}
NaCl gradient& o]-&3}o] Ez2|3tsch
2) wehde] WElo]Z mappingg ©olgstd FF BN NElel=
fragmentd] 3.

2-Dimensional Gel Electrophoresisg °©]-&3}= Dunbar?] ®hHL #yI A
oz 121919 Aol &% Ea)E thA] 22142 SDS-PAGES ol-8siA T
Azl ulet £elsts, staining2 silver staining o Coomassie Blue
staining& ©|-&3talch
3) Ea® gohg o guelolse] BEA 9w 54 U M9 ZA

Bio-Rad®] Enzymatic Deglycosylation Kit Instruction Manual (Catalog
Number 170-6500)0] 7]&% ule} o] E2jH 13Ut major protein 2.9
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12 o] 4 & 5Xreaction buffer & 7}5te] 2hg B Enlsidrt. WS &
oo 2 uf NANase II, 2 b O-GlycosidaseE 71813l 37TolA 1A%t Fet kg
A F, 10 @4 F74. 10 4 pH adjustment buffer, 2.5 uf denaturing
bufferE 718 thg, 100ColA 583 FE3igTh. o] g &AL 4TolA 5
B2} cooling®}al, 2.5 ub NP-40, 2 £ PNGase F& 7138}l 37ColA 1A T&
¥rg A7}, o] ¥hgedS 12% SDS-PAGEE 4333t ThE Coomassie blueZ FAJ3}
of thijd wi=e] o] R EE FHlstyct

4) FatojA getol=o] Fe] W A

ZTamaE fxgoog oF 1-2X 75Qt shaking W incubation A]Z ThE,
oF 1 cp QuEAS AV|E A ML thE, 100 g8 I FUFES B3I EY
2 g7 Basteict. 2213 homogenateE cheese cloth® o28tALE vacuum
filtration® 2 3]43t4tt. o] & 15,000 x gollAl < 40 £3F AHE2|ste]
Aeag sElole o thid Fajo] AREstATh. AE el ammonium sulfated
718t S 35-80% (w/v)EE= Yt 24 Fajof §3jA]H Biogel P-6 column
o2 280nme} 226mme] T RN Y3tk &S FIEE Hole EFHE
pooling Al#A M 21ES=Z e T superdex peptide FPLC prepacked column
o8 FWE 26nmold EYsisch o]E EHE poolingste] FPLC RPC
(reversed phase chromatography)& ©]-&3}od t}ix] £2]3t4ct.

5) 223 Bo] wehyd g yele|l= gely Y
O Fazd 5% (11)

In vitro 3}¢Had, sIR¥A w xspyd wbig gAsiglon, o] FoM=E
PN L AxE o] &3ttt £5E freshdtZ] @ol(ZALF 143oMl) €&
Q0 ¥)u}g HASIL cold roomol A teflon homogenizerE& ©]-§3}e] phosphate
saline $+3-8(40 mM phosphate pH 7.4, 0.142 M NaCl)o.2 oF 2&7t Ea§3}
gt} 1,000 x gollA 15 £7t M EeF 4F YL -70 Coll BAdlo £ F2
28 A}23}dcrh. BHE AY homogenateE phosphate HF-Edo]| T |
ng/nle] S22 AT 5, TAAN F&T HElol= Y sampled 37 “ColA
1A Zt5¢E incubation ¥t ThE, 28% TCA €9 1.25 mlE 7}stgich &S
3,000 x gollA 1027 QAEast 2 ol A3Edo] 1% TBA £ 0.5 nl & 73}
315 27t LAk 532 oA FFEE FFY F, ol Mol whe} At
X AEE AAstech Controld FAFEES 94 S o] WEF & F
2529 FUEE ooyt

Abs(test) - Abs{0 time)

BIAEAE(%) = [ 1 - ~—=-----=-mmmmmmmmo oo e ] x 100
Abs(control) - Abs(0 time)
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@ FEEE 53

Hu7 me 7] A7 N4 40 mo] 160 me] FFFE sIste] L)
235A g F, 0-100%2 3 A3}o] 405 mm EE 540 molA HEF &EY 5
=9} Tus AUPAS A3 olF JELE BN ZAIPUSS 3HFL
2 AYsl Z3E 88 FHEE SYAEE VA 7 APF2 &EE (%
hemolysis)& AASIATE WRBR FRE ARFAATL0] Y2Usiel st
adct.

@ Topoisomerase I drug screening assay(12)

Supercoiled DNA (250 mg/mé) 1 £, 5Xtopoisomerase 1 assay buffer 2.5
WE 7 Y3, o] urggdo] camptothecin (topoisomerase I inhibitor)<&
25T 200 M, 1 oM, 2 oM, 10 oM2 Z}Z} 713F Thg 7} ig-ee] Ry E
28242 9 w7} §52 3}4ch Topoisomerase I (2 units/uml) 1 W& 7}3to
37 ColA 10 £ w3171 ¥, 10% SDS 1 @& 7iste] HgS BFA|AZich
Proteinase K& ¥1-2-golo] X =% 7} 50 ue/méo] EHEE Y3 37 TollA 30
Bzt ﬂ}%/l]ﬂ % ube 2oz} 2+2 oFe] CIA (chloroform : isoamylalcohol =

) 8L 7}81aL vortexet UAEEE Itk AFAUE I Fol gel
loadlng dyeZ 7}3}31 1% native agarose gel 7|95 3l EtBrE E4351al
th o] w mElQAte S HE a3 GMP (3 g/l MW, 25 kDa) 1 £ (12 M),
2 4 (24 M), 3 p& (36 M), 4 8 (48 M), 5 pb (60 uM), 6 w& (72 uM),
7 14 (84 pM)E ZtZ} 7}8}o] screeningdtoitt.

@ Topoisomerase 11 drug screening assay(13)

Supercoiled DNA (250 mg/mé) 1 uf, 5Xtopoisomerase 11 assay buffer 2.5
WeE A di, o] u¥hkg Lo amsacrine (m-AMSA: topoisomerase 1l
inhibitor)Z & %% 200 M, 1 mM, 2 oM, 10aME Z}2} 7Her o2, 2 Hke
golo] BuE Z2F54E 9 wrt HEEIC} Topoisomerase II (2 units/u2) 1
UE 7}5} 3 o]3} topoisomerase I drug screening assay®} T2 WHOER
st

a4

1) gatolAe] gerwiael ovP 22 B A

s E2) protocole] wel BAE st mwl, o8 chromatography =
ol&stdgolE Bsia oMp A wiewch okt of & EAMY whid
=2 A A7) 7L olsisich. ool wmhel HHIA HE Lty MEE

T mlo
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protocolZ A£G Om o] WHoeg Holx 4% MPE Yy ATsldc}
3 3kelElgrt, AlE 100g SAIEES o], 50 mM Tris- HCl1, pH 8.5, 0.01%
NaNss} 37 EfSloiTh. WU B2 280 m EAEE, 7w chage

+ SDS-PAGEE F3to] Hqistoirt 23t homogenateE ojz}sl WA Rz
5ty @2 AJFHYL ammonium sulfate 25-80% L3} BXolA gt t}e,
Sephacryl S§-100 column (2.6X70cm)C.2 =2|3lgd  (Fig. b5), FPLC&
Resource Q¢} 0-1 M NaCl |4 S=FulE A}gslel tha] Ezjsloict. oMp 53
2] SDS-PAGE 4=3§%t Z=z}, gel filtration®} ion exchangeE o]-&3%t Ea]ojA
66 kba ThUE R AAsr] YE WADolglie] 66 ka Helel Wesp o
A3 AAHUSS T gk P E¥E& 22}, 50 mM Tris-HCl (pH
8.5) §9& Al&3le £A% thS, FPLCE Mono P column (5/5)& o]-&3to pH

@i

Ir
'F
[

Fig. 5. The elution profile of GMP from ginseng roots after
Sephacryl S-100 column(26 mm x 300 mm). flow rate: 60 ml/hr,

gradient (pH 5-7)2 E2|3tt} (Fig. 6). AASI 742 olaigynl GMPRE.T}
7Y 2 EAE 2 A WS Mono PE o] &39S o A8 AA g
&2 YAsTh ol SIS-PAGEE EMs|2 3}, HZHOT 20 kDao|s}e)
MAZRE MPE E2]3id 4 gtk Resource Q columg THA] AHEBHE S
wj 2] SDS-PAGE #4-& ¥ ZA2}E Fig. 7ol Uehygch

rSL A

2) ZatrelolAe] Helole Ea)
1I4d=old #H3® £ protocole] uwel BAE st w), ofz] FPLC
columsSg °] &3l FolE 73t FREANS 98 4587 o oy
o HYgE e st A2 protocol S AESIGON H|T TLC Ao
T3 EelE Aok siekg o)
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Fig. 6. The elution profile of GMP from ginseng roots using
mono P5/5 starting buffer(1.5 ml): 25 mM bis-tris/HCl, pH
7.1, and elution buffer (6 ml): PolyBuffer 74/HC1, pH 5.0.
pH gradient: pH 7.1-5.0

Fig. 7. SDS-PAGE analysis of

: purified GMP from each
chromatography step. Lane M :
i molecular  weight  markers,
lane 1: crude extract, lane

: ﬁ e 2: after sephacryl S-100,

lane 3: after resource Q,

lane 4: after Mono P,

Fig. 8. The elution profile of red ginseng crude extract
after Superdex peptide FPLC. flow rate: 60 ml/hr,

=t V= s i
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Zab 2252 wEjo] =4 FPLC column superdex peptideo] 2% applydte] 500
of 4] 7000kDa Ato)e] Ezlzk HeujolM B2t (Fig. 8), ol& & =¥
He BG3ta gl G tlA] Pep-RPC FPLCE ©]&3te] Eeldt th& (Fig.
9). o] EYE EAEE TLCE AT A &4 Fel7t Holoka U
gt} (Fig. 10).

Fig. 9. The elution profile of red ginseng crude extract
after PepRPC FPLC. flow rate: 60 ml/hr, starting buffer:
buffer A/water, 1:9, 15% NaCl, elution buffer: buffer
A/water/acetonitrile, 2:3:15, buffer A: 0.5% (w/w) HaPOs
(85%), pH 2.5(NaOH).

Fig. 10. TLC analysis of each
purification step of red ginseng
extract, lane 1: crude extract, lane 2:
superdexpeptide fraction (major peak),
lane 3: PepRPC fraction(3¥H#] peak).

Solv, butanol:acetic acid:water=4:1:1

3) ZatmeloM &3 Helol=iYe JEYd 4+

sratsid WP

Ea® 2o oyt gz F3E $RstEa, FAEd £ 4] sampled]
hydrophobicity7} 8%t 2ol A of WA= sampled 4X|FEE

n%
ol



7} ol ethanol®t 4 AEHIE EYUTN ohE AulFes o g2 BEFAE
aA =k A8 BY FoME atsgdo] JriHoE 52 major peak £
2 t}A RPC HPLCE E3lod 272 peakE& FAL o] FollAd ¥ 78 &Y rio]
(#17-1) 57%8] F8E& Bolt Patxpd g HAsta glolrh Table 1o UERd
ute} o] #17-1 AE2) AP RdUs Aela AREHH o] ol
t] gt Mass spectrometry®} NMRE ©]-§3t HEFZ 4L 8] AT LA
A Alzstgdont, o9z HEelol= B¥o Ee A7t B P FF3toirt

Table 1. ¥4} &8 Y9 ity

=¥ FBE FAared (%)
BHT(O0. 1ppm) 0.39 79
major peak on superdex 0.285 90
#17-1 on RPC 0. 605 57
#17-2 on RPC 1.333 -
#17-3 on RPC 1.349 -
stR s YML

g AP == E7] HET HHY 40 mo] 160 L8] FFFE 7Isted ¢
5 28EA & F, 0-1005F 3 AF}od 405 m E+ 540 oA AP EFY
=59} FBE AVUAE J|E02, BN AL 33 HMELE 73|
233 28 FUSE LIYEE A 2 APLY &HE (% hewolysis)
& Aatstgct. o] AjoAE FEEY 2N FUW =2 AAHETE F
£48 L83 APl 56ToA 30 £ Fx|sled EBEHYE BA AEBLE
A &Rl A7 o 2 A S¥YPoT sk AlE A ARHES
tfxlel] Sare] GUBT g2 Y2 APILE I3l AR Mio T FHEE
BAstch YREAY HSFLS AETHATL 4 E st FsideH,
Table 20] UERY uiel Zo] Fatold E& Y YRAY BAo] wrhe A
2 o 4 Jddrh akel HojA GMPe FA0lN L Fo T FFo] B f
T YA (e 87%)olth, #9(FAH) #10(F4)2 ZtZ} FPLC Z2]A T
oA B EFoln o] F #5 FHYulo] oF 30.1%] P ZIL gl WA
Hgch #5 2Y& E=§ A3 UelA Xo] & Role F sl E¥F shiel
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£ Zol ti¢ Fu|2& Holdrh 5] #99 #7102 ol wom ol 94X
major peakOZ FE Fe|B EYolelx= HolM ULET FRFTMo] EWE o)
ol 52 B BAE FIAZE 4 A= 7ol wriaL AEE YT

Table 2. 44 W F4l £l iy ¥R B 23

Test Sample 0.D (S.D) Inhibition (%)
control control control
GMP ($=41) 0.132 86.6
#3(Z4t) 0. 844 13.8
#4(F4) 0.864 11.7
#5(&4) 0.685 30.1
#6(Z4) 0.968 -3.6
#1(34) 0. 886 5,1
#8(F4d) 0.894 4.3
#9(Z4) 0.166 82.2
#10(Z4) 0.216 76.9

In vitro topoisomerase A 3[&A

Agarose gel electrophoresis® in-vitro topoisomerase activityol th¥l A
g WEY Az T4 HElols £YF #2, 4, 504 Aol UAH ATt
(Fig. 11). E3] topoisomerase I o tigt Asjj/dol FHo] LIl oW o] £
E-2 major peakshe THE B oA EejEodon, wets Fatsdzt drgd

S LR 12345617839

Fig. 11. Inhibition of topoisomerase activities by the
fractions partially purified from red ginseng extracts. 1%
agarose gel was used and stained with ethidium bromide. S :
supercoiled DNA: L : linear DNA: R : relaxed DNA,
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AFA}E e SdolA e Ayt M3 dasitia B, ol E¥ulY
4 53R4T Yu|dE dojzta HetF gt

29 gehd o gulelojze] EA o o] 54 W Mo =4}
golal Fovha GMP-250] iyt At FHo2 Felad YFIEE
7}eBs) BAE o]&3tgtt. &g o2 HE N-acetylneuraminic acidE A
AsH= NANase 1I, ©|% Gal(B-1,3)GalNAc( @l)E Ser/Thr residueZH-¥
AdH= 0-Glycosidase, NP-40 (detergent), 22|I1WE AsnCE2HE A=
PNGase FE o]&3lo] ®iA Iaaide] AR A& T& 7H4E8 Azt o
Wh-g-o)S 12% SDS-PAGEE +33le] whi|d M=o ojFFEE HAsorth i1
olAb =9 ThiA GMP7} NANase II, O-Glycosidase, PNGase Foll 2|3t 7lh&3|
E B3l 1 kDa F =8 BRI ZA4FHE Zo] WAFHCH

o] el mHUAF i PFrbhdAg 3ty glojA] SDS-PAGEE 3T
o, PAS A Ruthenium red @4, Stains-all g4} 52 AA|stgc] (data
not shown). PAS @4 W& A GMPoll QlojA 7HF &b @aolad
th Ju 2EMoE JdMH el WMETL gel oM FFHLT A&
A Eeh= thdo] 9lgl3, Schiff’s reagentZ GAE & mf oA 4 24
A zto] A9 et webdA @Ae] ®rhE ¥hH O E Thymol-sulfuric acid &
Aut e A E5gls, EZF SDS-PAGEE AAIE Fol Stains-allg AHESHich
Ruthenium red EAo]A]= marker TR Qi) EFMoz g oOZN Q3]7
non-specific bindingE X F¢ 3 calcium binding protein®] 7FeAd2 ¢ict
2 AzZt=Eich. ey} enzymatic deglycosylation® 3%t Fof SDS-PAGE &2
ol MEZ W EXFEROZ o|Fdte ZLoE HolN ¥HLHES EI3)=
Yrhaaole] #elxlgith. E¥ band shift7} ¢F 1 kDa BE o|Fdle 2o
Rol A3 5-6712] ZE|ngo] AYH AdE ZALe= AlZHrh Enzypatic
deglycosylationg £33t A3t Uit Fachydeos Fo] AYUF UL
o 4 glolx AR oR, JAPHE o g3 ARTI:E E43 WHE 8T
Blo] o §83%F Zo® MgrET) Calcium binding proteing ZAA3}7] ¢8|
Ruthenium red& AMg-3}olit, o] G o]&3to] AYMEL proteinES
MelRog daste] 7ZHYA O R calcium binding proteing HUY 4 Qitix
En¥ v} gith o]E el o calcium binding proteing] ZAF ZAIE
Table 30 Re¥s}git}.

234t GMPollA] topoisomerase (I, I1I)oj th¥t AsjEzh} FEAH/FO]
olg3t @Eo] EAIFLE J|odY M8 S viAY + eBEE MY TE
B AAM 23 A Helo] g 7zt ZFRYE FHER A4S &

4)

AR

.

[«)

=

2.
=
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2 glog|at EBr}l. EF gJold dAY /s BAES A4 AT v N
=9 o]53E T Immunoblottingg F3hA wde] Zi= A& B F
22 FEY 4 gleg|zl £t} Topoisomerases transcription?} replication
o] &IA supercoiled DNAS UA|HoE ZUetEOEAN DNA2] winding& R A3}
T oA gt Topoisomerase 1] Inhibitor® camptothecing A5 5L
topoisomerase 112] inhibitor: amsacrine (m-AMSA)E Agel o]-&3talch.

Table 3. T4 Faghade] B42A A3

Stains-all
Bogrjat PAS &4 Ny deglycosylation| ruthenium red
j =9
ey 2] pink blue or purple| band shift -
Calcium binding
. = = = red
protein
) . non-specific
e elat GMP pink purple band shift .

staining as red

gazst | gewd | wewd | gudd :

o]E inhibitor: topoisomerase (I, II)7} supercoiled DNAS] AT F29
2g3lo] topoisomerase’t DNAZRE Holx Urtke A& WIHLEH
supercoiled DNA2] windingg A2 =2AY 4 U ot=ct, @)
topoisomerase assayl= anticancer activity &X& & in vitro activity
assay WO 2 o] €E 1 glen, 53] Aihie A&l in vivoolAd M Ee]
tigt et 2T ool A lth
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A3 3=
A7 AL Ug

1) 22l BAE YHEelo| =] LZEMG 2L A A" 273 €y
- N termical sequencing
- efol= % 7 T
2) $Elo]= @ ©} sequencing
3) HElele W o LREY
- NMR, Mass ¥ x-ray ©]-&
4) AENEE A% dElo| = T]A}Qd
- B g Hioyx] Aat

SERT

1) ¥ ol BhpedtE FF

AA ¥$3HE, uronic acid W whiAe] k2 phenol-H:S0, ¥HH(14),
carbazle(15) and Lowry ®¥(16)2 Z}7Z} Glc, GalA and bovine serum albumin
& standard®2 A}E-3te] ZAAsI9ct

2) Gel filtration chromatography

Dialysis %} crude extracts& (5mg) Sephacryl S-200 column (1.5X90cm)o]]
apply 3lglt}. 2|3 a) low ionic strength 0.2M CH;COONa, b) high ionic
strength 0.2M CHsCOONa in 1M NaCl, pH=6.8, 8O 2 15ml/he] £ 8 {§&3}
ek,

3) Monosaccharides =4

7}. Hydrolysis : Sample} standard Z} lmg& 2M trifluoroacetic acid 1mf
o] . 100CollA 10X 7H54Qt glass ampulesoll A N; 7|A|3tollA} incubation 3}
ch. A3 ¥ §Y&rotary-evaporationd 43335} iTt,

L}, Reduction : Samplez} standards& 50042 0.05M NaOHZ} 2mg of NaBH,oj]
7}z} 7}3t3 room temperatureollA] 4A]7HFQt incubation A]ZTl TP
excess sodium borohydride:= glacial acetic acid& 7}sto] A As}gct.

T}, Acetylation : ¥ monosaccharides= 0.5m¢ pyridine, 0.5mé acetic
anhydrideE 713} acetylation AJZth Al-&oA 12x]7H5¢t sampleso] AR
2ef 7} E oh7}A| evaporation F}AI, 10048 toluened LMo Ar}sted A
3] evaporation 3}gitl. ZAZH residues& 0.5m¢ chloroform/water(l:1)ef =
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o] sampleg vortex3dtt}. 1,000g00A 2min, room temperatureofr] Uilwe]
2 3} organic?} aqueous phasesE +2|5l9lt}l. Organic phase= 3130l A

evaporationd}gict.

4) Methanolysis& ©]-&3} Monosaccharides 4]

2AZH sample?} standard mixtureoll 1mé 0.625M methanolic HCl (methanolic
HC1S acetyl chlorideZ 100m¢ dry methanole] 7"*7}'5’}0% S=thE A7y
t}. Methanolysis= sealed ampulesolr S3E]231 80T A)F<¢r incubation
X ZAch. A% T} methanolic HC1 Z-ZAYejo| Al evaporation 3tgiTh

5) Trifluoracetilation (&-& acetilation)

AZH residuese dichloromethane (2004£), trifluoroacetic acid (200.£)¢]
93} trifluoroacetylation 3}3ir}. TubeE 2] A|A3}3L room temperature
ol A wtal5-qt uncubation d}ATE

6) GS-MSof &3t £

Sample (1-3/£)& gas chromatograph (SHIMADZU, GC-17A) CBP5 25-m fused
silica capillary column (0.25mm 1i.d.)ol 7}, sugar derivatives&
flame-ionization detector2 ©]&3le &3 3}%it}. Oven temperature program
S start temperature 140C 2|3 Ax} Z715}994C/mwing] gradient®2AM 27
0C7HA] E4rh GC-MSe AP FEL FF771d0l &JFste] =33t

7) Protease A} 2]

Sample® protease®} 1:20 2} H|&ZE Ao} chymotrypsinz} trypsing 0.1M
ammonium bicarbonate (pH 8.0)&, pepsinﬁ- 0.1% Trifluroacetic acid (pH2.0)
E Htg-gelog 37C 2A|17HE ¢t vhgA Tt ol AMS-H sample2 w42 H
GMPE AH&3}aict.

) GS-MSell 2]¥ 2

Sample& gas chromatograph CBP5 25-m fused silica capillary columnoi 7}3}
3. sugar derivatives® flame-ionization detector& ©]-&3}o] &73}aict.
Oven temperature program start temperature 140C 22|32 Zx} F7}319
4C/ning] gradient®A 270C7}A] & AH&3tgcl

7) ELISAE o]-8%t B AN 2-g2t H pylori A% AH3|&EH

Mucine] conjugated ¥ peroxidaseE spectroscopic BIHOoE HFY FH 4
ELISA plateE o]&%ich BEANZEL =Y A pylori o T
hemagglutinationS microscopy® ©|&3}% visual inspectiong& 3} (17),
gastric epithelial cell® ©o]£% A3 =282 digital camera image
system(CCD detector)& A3t A3t ch

8) Helicobacter pylori W E|g]o}= fetal bovine serung XE¥d}= Brucella
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brotholl A 10% C0;, 37-°C ZZo|A 7| F harvest 3o} -70 °Coj HFste] A
ol AT

9) whza A3 =7 &4 Wl single crystal HAY

AAA2E {7|EE  2-propancl, 2-methyl-2,4-pentanediol} polymer®
polyethyleneglycol (PEG)-400, PEG-1500, PEG-4000, PEG-80002 ammonium
sulftate 5 & Z=9lr}. Yutzozw chiax AAsN= wihyze] Iititel
(supersaturation)ol] A o]Fojxjd] 1 A3} 2A2 FH 5% + ¢ 4
of dA% 4, 839, Z:la ARA T Ag2A 2o YA ddo] =
£33} A (factorial search) WASA #rl &£ d-FojM= hanging-drop vapor
diffusion methodS(18) ©]&3}H screening XA &4 AE3}3le] w351
th @x) A ZER ZAAR3lo] Yol o]-&F 9l sparse matrix sampling
technique(19) 2.2 ZA 3} screening®] A& ©HE3H3T

10) PAEHY FAA BN WEPl= $Y 2o

FAHE 20mM Tris-HCl (pHS.0) ©3F&o] Y3 =l 23 F 13000 rpnoi
A 087 YU de PEAG AR Agsdch del 2zl
23] (Gel filtration chromatography) Superdex Peptide ZH-E& T3t A|R&
S ZR4E ALESHl 0.5ul/ming] f40T SE9UT 7 BYE 28 74
o N4stgnt. AzohEadn Az FRE 26mold EAsiilth ole
2% I 2Tn}lE Y] (Anion-exchange chromatography): ¥4t} AL RHoles
B39 Resource-Q AL o]L3le] 20 oM Tris HEF LA oA 0.5 M NaClS
Ay 71712 BBIEA Lol ¥ AZRnEIHIE £yt o] o F
42 0.5 nl/min, 72 YL 28 NF2E I3H FHE 226 noollA £
st

a2z

1) Low and high ionic strength buffer& ©]&%F Gel filtration
chromatography

Z9 TR(GMP)E RAMIZ] 818t poly- &2 oligo-saccharides$}
complex® THE4lT}. Sephacryl $-2002 ©]-&3}o] low and high ionic strength
bufferE o]&3}alct. Elution profile ©] Fig. 12¢] leR}elct Major
protein peak?] elution profileo| carbohydrates®} & UXPE & olt}.
23U high ionic strengtho]A2] elution profile sugarsE phenol-H:S04 4
Hoz At w) oMPe} T FolM dAXA] sttt F3] carbazole
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pethod®i= o]w ¥t sugars® TAEA] ¢fatct

2) Gel filtration chromatography

Elution profile® A& u|asle] ionic strengtho]l whE  gel
chromatography Z}7} Fig. 130l Y€t} gltt. Gel filtration chromatography
& 2742 $2314& o MPE ¥YH €& 4 AUMrh A carbohydrates}
protein &2 7zt 7x2t 86%U & 'dAslTh

Figure 12. A comparison of the elution profiles of ginseng
extracts when a low (upper panel) and a high (lower panel)

ionic strength buffer was used.

R S AN

Figure 13. Gel Filtration of dialysed crude extract on column with
Sephacryl S-200. Flow rate 15mé/h,

Carbohydrate #23¢] GMPoll th¥t ZAz}s} Fig. 14e] Liehglch &=359]
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=L pass spectrung ©]-&3}3T} (Fig. 15a and 15b). GMP& o} b A%t %
o] x|t neutral monosaccharides©] A E o1, E3) arabinose
(characteristic base fragments with m/e 103, 115, 145, 187, 217, 289)¢}
galactose (115, 139, 187, 217, 259, 289, 361)7} = glct. GMPo] Z3IEof
A B3R 2Ao] Tt dFE A MPY] ®¥3E FHE JheEslste
Ao Aastgon oc N GCHSE AHBSlel %Y AW protocol & THEI
ket

Hydrolysis
\

Reduction

¥

acetylation

{
GC

¥
MS

REREEENN

T
“_! i - | l
‘:.]:.-:;'"\——LL—"‘ ",':‘:‘."‘)Ll'&"l*l”'ul“ _._“a-;‘.ﬁn-:wl.-—-—

[

Figure 14. GC-Chromatography of acetates of alditols of

sugars from fraction GMP : 3-peracetate of arabinitol

GMP2} Et31E Rojole] H|AE XA $18le] GMP7} acidic poly- F2
oligo-saccharides$}2] complex 7}sAdoll ths)a ZAstaith. -$A1 Q4te] ¥e
ol ] 3}8ke] polygalacturonic acids7} &AFE L gl HE GMPE] positive
charge® zt3 9l olmkxat 7|9}  negative chargeE E{%
polygalacturonic acids&te] AtZzhgo] mj$ 7}5¥ 7oz AIEE=E ATt Adit
U f2l olmlxal FollA 71 wol WAEE olmi4te] arginineolels FL
Aaysle vl 3cia 2ot Q4 oM Farhid ¥ GMPE neutral

¢

_31_



S~ |

« ¥ B F 4§ % 2N K E
LB O

1

i

==

—

{r=___
i

Figure 15 : (a) Mass-Spectrum of Arabinose, (b)

Mass-Spectrum of Galactose.

sugar¢l arabinose$} galactoseE ¥-3-3l: ¢l2°] GC-MSE T3t HAFc)
M} oluz} carbazole methodo] 2]3}e] uronic acid®e X-F3l3 Q= Zo=E
sictEl it (Fig 14, 15). )& ©3E2 oMP AHA1Y] HA fo o8 71#] 4
PVELE BE{3tn glgo]l daA 93, carbohydrate ZAOZ  xylose,
arabinose, galactose, galacturonic acid, glucose, rhamnose F°]| f{:}-f-.’-ﬂoi
oitiz adaA it 53] ol&L immune systemo] QlojA o8 712 BE S
fola gl Aoz HIFol Q7] wiEe ©4EEY Fu2d A EHU}"“I
AFZA7} ZloiE s gl

4) Peptide mappingZ $]%t ollv]d ¥

Protease¢] resistant ¥t A& A Jle¥® v}l Zt}l Chymotrypsin,
trypsinoll tisted AHFHL 2t Q= Ao uctE|glon, protease Xaol:
BEHoz JhpEsiEln, I pepsing o]&% A= wvEE MPE
pepsin® 2 Hz|319lE wl ZbErt ol wiEA 8¥F3) JAPHri= LS
oA =gtk (Fig. 16). PepsinZ $13uo] Ezi3te £3 71423 E42A
pH 1-20]4 37 PGS Bo|: Jiolth gt oz Aie Be|&E A &3 H
Aol MPY 783 A A8 JHA] peptide® EEE 2L /1Y o
o]5 GMP 7h=i-3ll ZA2}e] peptided] Aej®Ad R{7t sbediriz wtHrh
GMPo| th3t N-terminal sequencing @ amino acid ZAJ-& Ztz} 7|23}¥td1A]
AME o] oZ sl AE @At} (Table 4, 5). ¥ og Aihy /2] oin)
At Z4o) o5 arginineo] 7HY W ZoE ddA ded e
oful it ZAJ A oshd Faghiae] omjiitels 2T AVS ic’q—;ﬁ

- 32 -



Al

3 Lt
e e u

<?§§F

Figure 16 : SDS-PAGE analysis of protease-treated GMP. T :
Trypsin, Cy : chymotrypsin, P : Pepsin

3

9)x] oottt EFF GMP2] N-terminal sequencing®® FE| ¢ 157)]2] olu|i=
o] MES ¥R 3 glon, BLASTE §% AM4E sinilarityd HAIF A
olA|71A] &R whAzfe] [APGE A R3IA drh ohmix: A TIE T
WY JHsEE A £ QAR JtEEHE T8 MElo| = opniAt Y

>

Table 4. GMP252] o}m]i=at ZA

AA MOL (%) AA MOL.(%) AA MOL (%)
Cya® 3.43 ARG 3.20 MET 0.94
ASX™ 13.38 THR 6.11 ILE 3.26
GLX™ 11.98 ALA 8.43 LEU 8.13
SER 5.30 PRO 5.30 PHE 6y i
GLY 7.39 TYR 2.13 TRP 1.53
HIS 3.43 VAL 4.51 LYS 6.42
Total 100

‘CYA wean the sum of cysteine and cytine
**ASX, GLX mean the sum of asparagine & asparatic acid and glutamine and
glutamic acid, respectively.

Each number is expressed as picomol,
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Table 5. GMP2] N-terminal sequencing W BLAST database &2]2]% ZAz}

N-Arg-Asp-Tyr-Pro-Ala-Ala-Met-Phe-Ala-Leu-Arg-G1n-Gln-Trp-Pro-

Smallest Sum

Sequences producing High-scoring Segment Pairs
4 B g High SantE High Score Probability

P(N) N

Q07471 THI3_YEAST thiamine metabolism regulatory prot 45 0.91 1
Q44292 INRTA_ANASP nitrate transport protein nrta 44 0.96 1
P21438 IMYC_FLVIT myc transforming protein 30 0.9995 2
028350 !MYC_CANFA myc proto-oncogene protein (c-myc) 30 0.9995 2
P06877 !MYC_FELCA myc proto-oncogene protein (c-myc) 30 0,9995 2
PO1106!MYC_HUMAN myc proto-oncogene protein (c-myc) 30 0.9995 2
P49033!MYC_HYLLA myc proto-oncogene protein (c-myc) 30 0.9995 2
P01108!MYC_MOUSE myc proto-oncogene protein (c-myc) 30 0.9995 2
P09416!MYC_RAT  myc proto-oncogene protein (c-myc) 30 0.9995 2
028566 !MYC_SHEEP myc proto-oncogene protein (c-myc) 30 0.9995 2

ol Zl5dAE & o PAY FRE AL 5 ez} ARsh

5) ELISAZ o] &% B4 si2-82} A pylori AY AsH53

284 2ZE ZoA o2z ARnEIHIE ™ A4 TER
(acidic polysaccharide)i= in vitro hemagglutination& A3}sl® L &3}
T}2 iy o) ulsled AP ez Rolrh dutdo R cigfo] o AX

2%
o] A g/nl T912 S FEE HWAE shed Wst, 29 tYR
L 108) ol4te] ute wxolM HPFQ agglutination H3|BFE Holi it
L dolM ¥Ho] &2 PuldA= =gt (Fig. 17).

5) sty FAtA RN HElelE £ £

224 Fa 2229 A o3 ARnlEdNY AFE FAAA A A
oo wa} 6712 By oz EestArt (Fig. 18). Zt B¥o st HEE &
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Fig. 17. Micrograph images of
hemagglutination induced by Helicobacter
pylori. 2% Erythrocytes were treated by
trypsins. The hemagglutination inhibtion
by purified polysaccharides is shown at
the concentration of (A) 1 mg/ml, (B) 0.5
mg/ml, and (C) 0.25 mg/ml. In (D) the
polysaccharides were treated with

pectinases, (E) negative control with

erythrocytes only and (F) positive
control with erythrocytes and H pylori.

A% Az} EY0rt H 2 At Bt BEDE thi Eelshr] <Ist
o gole AW A=t E AAF Fig. 198 ZA}E ik ZHIA
1 u]43t 2] ghatsl ¥4g Bk 2412 £x]o 2H3HA de £
o3 AwEre] o] EYFgl: AL AW 4 Ugich wE FHII= ¥3
A7)7} BYIRT WA o= EFStn vy 22 BEE Holx 2|7t
Lo|g Ao uitislo] BHIIE thy Y A&2 ZAFslisich

L
d

alin. g

PR O - Lk et et

.
[t

Fig. 18. Gel filtration chromatogram. Crude extract of red
ginseng was eluted on the Superdex Peptide column with
distilled water at flow rate 0.5 ml/min and each fraction

volume was 1 ml,

- 35 -



Keeary & i~ ¥

ot e — T L
= = e il Bl o S
=t [ S N
7 3= Lo | a8 VL
i =

herte i !
.
L

e e

Fig. 19. Anion exchange chromatogram using Resource-Q
column. The fraction D obtained from gel filtration was
eluted with 20 mM Tris-Cl, pH8.0 with increasing gradient of
0.5 M NaCl,
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Hq3a 48
A1d 4743 2L =9

(1) GMP252] &t S8 dF

Zzorhigel GMPe] Ee¥3 protocolE AYHLE AFSHArh o3
chromatography #'H-& o|-&3tggol® B3t GMP hdEct 2t o & &
Z1zke] Tl =g AAsZ 7 oYt 2xpdE Fitvle] efMof FHyH
w2 )| 33ted A EE protocol S A|EFHGoH o] WHOE &% MPE &
Ly Azsldctz miet®Ec (Fig. 7). 53] Resource Q  FPLC®}
chromatofocusing®] Esieol EMd3le EFEelst sbestalch Ty
chromatofocusing2 331717} YA UL, AAFH L2 o] §37)o] o2 A
o2 H|ZF ¥ YWAR ¥ £ UEE, 3RdZoL olE tAl¥ + U=
FPLCE 43Tz ¢5E2E 3y 4 ddoh 43 trypsinz}
chymotrypsin®]] resistant¥t GMPS] B4 Atd, o]& HAE 0]8&3} crude
extractE 7}E3i%t £¥-S ammonium sulfate precipitation }¢iT}. Trypsin
3} chymotrypsin® 2 A 2|3t51& wl, 25-65 kDa Alo] A A Eo] A9
AAEL oy 4 glgr} (Data not shown). Dialysis ¥t Tl DEAE jon
exchange chromatography, Superdex 75 FPLC, Resource Q T}A] Superdex 75 gel
filtration FPLCE o]&3le X F o429 GMPE Fdon (Fig. 20), dxj
£ Ayl protocol 2 ©]§313L it

(a) (b)
Fig. 20. (a) An SDS-PAGE result of Superdex 75 eluted GMP

and (b) Superdex 75 gel filtration FPLC elution profile of
GMP, flow rate: 0,25 ml/min,
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&22a)5 GMPE SDS-PAGEAJo]A 25kDa] wUWi=g vtehupA|mt, |Zhe] 2t
AL 52| batchol] wizbd 2708 WEE RojF3 glch o] Eof tzt whwz
EQd7E £33y Az 249 WME=EE HAFE chz].e  N-terminal
sequencing®] T4 Hstsch N-terminal otmli=it Ndo] 7] wiEel,
ope Q4 BoMEuel ZASE isoforn THA ey, Fe
post-translational modificationo] doj e 7tsAd fox A Fe|FA
3 Zo] HYEHAL AT wiAstA] ¢a lch P A FelBAo] 3
oA A% T thag Eastsd J]4d osol® EFSia @A P
N-terminal sequencing AP ZHE ¢ 157] oim|:xAte] MEE R =32
glom, whilA database® Z¥ ohu]iAt MY similarity® HAT A3 olA
74A @A A sie] §Apd-g 3x] Bsla gl oint® ofH 7R YWH A
A8 O SUAY MR YAAR, A4EIE BT WElel=g ofn)
Ado] AssiAd & o VA FRE A& 4 oozt A=k &0
Azt2 A o}AL preliminarydt xtZ2o|A|7}, ¥zl C18 columnE ©]§3}o]
= 7}2]¢] elution peakE RoFE= EARHE 433t vt (Data not
shown). ©o]¢} & T 7] peako] A ¢ 7|&H F 78 band protein3}
Ax3tA Hd m$ 2EFHA Azeln AE"rh IR SR recombinant
broteine. 2 WHEE A9, T WHUEAE £ g Wl WS s
= 297t 9l7] oo C18 reversed phase colummo = Ha)7} JksslR, &2
g @A o] QuAEQ Ago] HsA o] M E HAFIL Tk

U g
Ho 2 rlo

ke

2229 ol BuA By f4 oE A3t AN Y} (Table 2).

o2 P} THaEEse] ANEE HEll= BB iy ¥4RF AE

92 Ea4 =9 /4R By welo|=e el sbsstelet By, ®a A

ol TIaEE Mol Baago] UEHW T4EIle] AL TR

de 4 glozlz Brh GPrh 23 gle Esie] B4, & W s+
_% .

sl zio

- A

!

X
So) mao] chel resistant® Aol VEHE 97t B2 AL
= ARTTh dewd AFERY g Fa: geE Fse WA ¥ 7
PRl Balrgel slAdRel 3 gBe nxe oyhct

i1}

T o¥ o2 ML
ol

1%} SDS-PAGE ZAzpe] wE whad wizel AHzkael Aojd Aojde AXzt
reproducible st ®]ZL Mgt 19 olule] Azlzbssith. w2t F A8
ol S ol 8e AE nle] ANEEZ HA o1& & glon 2F JA HriA
o mixlel g7 i $U=I de FIHTY HadE &Y 5 e
Fhetolt}. o] 23} W/RFL ot & ol ALY vlaiHS ¥ !

2

T

o

fr e

N
X
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N&3g 2ka Q7] wiol EbFatate wlaEAel HAsitia 2tk FAH F
Al Aekel FAzto] HPLCE o] &3 me{date] E4o] gez o]&d 71e4
20) meelate] 843 wE 9 HElel= ] Aol A7
3} HPLCE E WY 748 473l & "art ioka whekdch

o2 °
of yo ©
N
8
Fd
2

ARAZzZ B 9|3 oMo AA3} RAL ©Asle] 30% MPD, 0.1IM Na acetate
(pH 4.6), 0.02M calcium chloridedilA AL UAY 4 gt o]&o] X-A
of tisted FAIALGL Rolexof Uiy AlgE & ¢ Ak A 513 A=
o] GMPE o] &3l Tt AR ey HdE opsia glch

(2) 4178 ttdwe 5484+

D EsH(glycobiology)& 90t EolstA Zi&d Hel side] whet Fno
2& dFHnEAN A glen, AE ZHY e X Edle o
71 223 AENY Ay, dd e AT AN F
leukocyte-endothelial M|EZA3F} (cell adhesion), Hlo]gjAn} vle|zlete] Bol
Lzhxete] A%, HAYH gMEY QAL T2 Ao i FL23T 7
Lo 4+33la gk olgy 7edFE £ ol&H= shte] WHe=
L gt B2 o]F 4shE lecting] FFo] AAAY Zolth. F3] M=
Fdo|u} vhide] AP E @2 FAR] Y3l AF 2EEE Zo] oh7)
2o T2 WL 9% engineeringd] A XU o]& T FAAIZZC] oY
t}. wetd g3 344 glycoconjugated] TIAI1IE F3te] X 24| (therapeutic
agents) &ES susi=d =¥& AHF3ta gltl. #T carbohydrate-based
receptor @ selectin AHHAE T4 tizxlel Fo=2H HEF5F¢(inflammation
site)o] A leukocyteg} U3 M| XE(endothelial cell)2] A¥} 7|Ztoll gt AF7}
B3 Eloen(21), Helicobacter pylori, influenza virus ¥ HIV Zr-& A3l
& 4= 9l oligosaccharide ¢Fo] &l Y& RAFA Qlth 53| A
pylorio] &J3t AAl A" A ME ZAte] HT|A3= adhesin} Lewis b
antigen®] 117} o] R ¥ u} QltH22). H pylorix Gram-negative 2} |
dolza QAlel B4, B4 A9, ALY L AL 5T FYAE 2O U3
A YRAOITHz3-25). AU 23 604 o) AT F 4 ol 4ol o]
utggjolo] ZddEo] glon, JUEAIItME tiFEY A3t FE71FE
ZaEe] g Rog HE0] lTth(26, 27). 24 FE 8itrlo] Fote] B¢
oF 10%7} o ZEE7] wEel 10t FAado] HE AL tFEe] AEHE &
A& Rolz glth olAolEs A4, AU B2 A% Ao| A o= it
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Table 6. $I4AM A7 D YA - o ATAY B

) at =524 SiE
Glaxo Group |[BlUE|R] H]|ARE Alo| EFlo| E(Z Y| 3AH x5 okx
(8= A 334 )
Alpha washerman rifaximin @ carrier(A]&}3}3 AIEFZ X BH)
(o]&e]o}) ZRE)
Pfeizer HEZ IS Sel2lol ZExEA)
(u] =)
AP -F MBRI-2 % 3}A|ZAZL kit PAREE A=
AFA(3)
LG }3t vacuolating cytotoxini} Cagh& A zuby w
(0F) | o8 YAULE kit W wease | ADE EHE
noh Rincitals FAAZ Y
XL Btej 2o} adhesin ¥ n|AYE Az v YE
(37) UreA2} B 2 =%} n]RE
(12 H913 FAZUAR)
ek & 2ol Hol golol s1sH, WdoT AR, AFE W 444 o
A Foll 2sted dFo] WA AZAAT, 2 Zo] Mot H pylorio] &) 3t

2EHAS ™ dFol DAVThe 2ol U= Hoglnl. @Zo) Fustzyx
HAA HA YAz wAstA Ha, ez uiz 3yEHE Re ohx
W H pylorio] ZEHW g0 AMWH shsMo] 350 E Holx= o
2 dEAa glrh. $dATA] olE AL ABE 98] HAkA] (antacids), 3|
LB #8310 AL Fol ALgEo} Yrt nT FPYRAAL oury) =
Rboll etMo} 4 pylorio}t 13 At BAE QA sto tetracyclineo|i}
amoxicillin?} ZH2 A o] A}2-S TS x| ZA|2} ¥ 85}e AbRE 4 gle =
A&t drh28). Zut P Al WE Qe &7, 2zalg W
BE Ze welEiold] 2W wBo] FIHoE A ARG ANBY £~ qu
thAorES] Jiiel 2 E T gtk 2, 9 YAAY X 2A Q oug )2 ¢]
M dBE i, B9 Aaddolu 3 o] 8stAL wtealo} Mxe) S
BLE o8 kite] H2RIL FHE o]F3 9lon olaAzix] HILAAle] THois}
LA E o] &3 A o] ARG o 4 Qlr} (Table 6).

Lo

—
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A A whd QAFQA H pyloris AN 918U By oA o] A3t
2 o Ao o7 Jix) 1A AR A - THA ddog 2EIta 9
t}, Y MY EHL Au Ayt AU vy deHE 24
Re3tn glem in vitroolA H  pyloriet AYHeTH FHE
(hemagglutination)& Qozith. o= Mt A AY W FEAE 7]
S olch £ Q7AelN Q9B dFHelE ABAU +84 28
oA ol2xn¥ AxuntE 1)y EeH 4 tldRF(acidic polysaccharide
in vitro hemagglutination& A33ty 2 &7} ¢} ctidfFol vldte Adry
08 KUl 9WACE riEFol T HAEZZYY ANEIE ng/ml DY =
2 58 Wee =g uvsty, B tiFE 108] o] R sXolA
AYP o] agglutination Hs|BEE Holx gt Hold Bl &2 By
A2 srgkEc} (Fig. 17). Al AHdoidie Eels @A ion exchange
FPLCE o|&3}o] 3)A3ta alx|qt, affinityl} gel filtration ¥ TS FT7/Y
e shsts Zlo] dxpdel ojggo® uwiHch OnkE oidRY &
AL AgHog 4= e Byl oz, B=EIL ml Yol HHEIAE
AXEA yield7t Z&aste 5, thia, yakap 212 thE macromoleculed] H]
3l EejFAI7 olale o]l Aol FEsof & JeFAd Azt utd
t}. GC&} GC/MSE o} &3t Bl3lE 274, 54 Y ELISAE ol 8% 3 #
23} gastric epithelial cellZ}e] AYAs] =& o 73] Fiol 23
dojAle gl &40 tizt JdFE AYsta sirk

~——

2 ool e ok o %

D] Qe T F43] PAstE 2olEA ojn] AAIFdMe FxrFolrt
ghilolgP A X8 F YABAZAY o]&L #13] glycosyltransferase T4
o] 2% glycosylation AM3|AE 7hgsta gl AFolrh(29). FryAe] B¢
N-linked &L 0-linked Z2}o]FA|Y ZAYE o]F& T2 uiet chide
ojlu|x=At 7] &, asparagine =& serine(threonine) Fo]4d &7t ohjsz},
0-linked: TH7l xtel2 ZAYER, N-linkedd] - 14718 Zelaidde] 2
%) 31y Fof processing® = 7]2to] @A QltH(30). Post-translationg] A}
olo] Bolgoz g3l T ANAE ARAZAM /MUy #J3te] A=E
A Jhge]l BustA o] FolAa glch VA FuldHE Fs] o]&HI gle
&Y A3 AZHAINAZAN BEHE AANE o]&dte=tl A= EokolA
9t gehdde] AgE] Qe Iue AHYH ENJ|lgddE o|8&E Jte
o] Atk FulgA e EE T3l HEAYAN F2 WAF = lectin T
E9) Ea)BALL s Aat, AXE @ 2z A2 =F2A Aokl o]
2537 QTH3l). EF HE EH nYL o] &3t FFHE izt HAlo]
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R0]|2}E2|, xenotransplantation& RISl tissue rejectiong & 4 4l

eeage] olEJZR] I o]&2 FZstn gk X MEER
glycoconjugate system& H}Fo] K& “glycoform remodeling”o] A Q%L
£ AAe|ti(32).

o o fr

ANBAQAA RelY 025 T4EE AUl thRet Ayt 5XE
st chgaelel ArAgel ot dTE we duigde doletn

t}, whAsl oo ZgelE ionic interactiono] FH AYUAR A7
g, 4 pyloriol T3t ARBEE BRT 4 thFE o] ol &3heA
o Tt AT o} Hojalx] SiTh GNP} DAEE Rglste] BAE ZAsH]
9]3}lo] GMP7} acidic poly- &2 oligo-saccharides®}8] complex 7hsAdof i3t
ZAH= W4Ho|th, B3] a2 polyglucuronic acids7t FFEHI girte H2
GMP2] positive chargeZ Zti Sl ojm|i=4t Z17]9} negative charges B85
polyglucuronic acids®}e] A& zhgo] g 7t ZAe= AIE¥th  Gel
filtration chromatographyS =34 GMP:= uronic acid®} ionic complex® &
233t o] A2 TIA] high ionic strength buffersolM= M2 Fe|FH& o2
Hol thilA el431E AT 2o o3 TAE AFY Zes Hckdrt

(3) Helol= E¥e] 5HdL

ZahgolN Eej® wEeloj= FEHo] ojy Ay I
extractL} £ o] ol ¥y EAY 5} &£
side GAER T T AZsle 9 ARAWE, 2 2
o] WANZA gonl, FE Bz HEelo|=rt wo] EAste|et FHHI
gltl. E3] 0|5 Helol=4 EAFo ABVEE BAY ELHAC] A AR
dolzt 209 a7ol tislel 2& lEE RHelFeieln VUL Table 10]
Uehd vle} gol f-94d0ls Fashgg BR3 HElol= ol sty 2
AAE +usAc Q270 HWelol= 2ol LelE SlslA Bio-rad P-6
columng ©]&38t gel filtrationz} superdex FPLCE H33tgs, P& B
ol B¥e] Aol superdex FPLCE o] &%t w7l £alsol &2 A& HAUS}
AR, TSk NR B4 A3 e4gelsl ol o 9 jes BRHch Wel
ol= AR Exlale] e BAe] Ei, B3 484 EFY TEle 8L E
Ao HEajo] st HjF o olgde AL T 2 oREE A8
EAL organic solventd ©]&%t fractionationo] ¢, E¥ C18 columns o]
8% 2250l Huse gt W, 484 2Ue Fe Eelol Yay
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columno] o] 7igEol 9] ke A, A= Feld WAE ZE 5 el ¢
= gtAg B3 oyl & A¥Alole C18 reversed-phase, Peptide
RPC (C8-18) column 2joj:= Superdex peptide FPLC column, Resource Q FPLC
columnz} 2 &% columES H-F31L golx &35 GMP Eel B} ¢
e Ao E ALdlgry. 3xpdxoe] 2IA X Superdex peptide, peptide
RPC, Resource Q 58] chromatography ©tAS +RUYLEN ¢4 EE A =3}
ARt JFFHolzr| Estgrh FPLCYt T2 FElsol &S systemoME ©A
peakE Hoj EZ & NMRo|L} MassZ HEA{3|HH of2]¢lo] contaminationo] 4
slo] 40| EVMs3 A 4ok W2 AYARE AFY ol @A & A
FAo A 4389l 8] protocol crude extract, Superdex peptide gel
filtration FPLC, Resource Q FPLC, reversed phase FPLCE 433l ©HAE F
A OAkEst= Zloltt HElol= EYo tiyt FAHE T3 i EE17t JHsshAl
HH Z olE o] BRI HIEY Uy F2F U I £H4ES £sHY
2 grh gy Z iAoMY FasE S B3 B o3t €2 A8y
o] &gith. ©Ko] BHTLL ascorbic acidete] Aoixdd ¥ vlas: B3 -r°r3]’“
o] gl&o| H=Ea glon, Fu|E-g AL Superdex FPLC Z7]e] F&H:=

Hol A= ninhydrin-negative® Rolil glou} &l43tE ZAFUHO=R 7} —:—2
< Z33 A3 se3E £Yo= AlHrl (Data not shown). o]&Fe] Ele]
= E#3} interaction Lt binding dh= 7hFsAdel tidt 4FE B3l olnix
gHElolE 2 gt Ayo] Myt £YLo 2 ALREHA ) olE ¥4 &

SHE 475 40 glon] PaEpel Sl Y FFl thAE A7
=] 741-*46}1 ek,
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