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Abstract G lycosan noglycans (GAGs) were lnear polysacchariles present on all aninal cell surfaces and n the
extracelblar matrix Lage numbers of GAGs can bind proteing nclud ng chanokines cytoknes grow h factors

morphogens enzymes extracellularmatrx or adhesbnmolecules and these proten— GAG nteractions provide nu-
merous mportantb bbgical actwities Understanding of these nteractbns is of findanental mportance n the design
of new highly specific therapeutic agents In addition, he understand ng of carbohydrate — protein nteractions has
lagged beh nd that of the more thoroughly studied poten— proten and pwoten— ucleic acid interactions This re-
view Dcuses on aspects of the methodology of glycosan noglycan protein interactions nchiding AC ( affnity chro-
matography), PAGE (polyacrylan de gel electrophoresis), CE ( capillary electrophoresis), gel/electrophoret mob-
ility shift assay (GM SA /EM SA ), surface plasnon resonance( SPR), m ass spectum etry (M S). Analysis and com-
parison of thesemethods is to provile nbmation for further studyng on the GAG — poten interactions

key word glycosan inoglycans( GAG ); heparin protein receptor interaction sulfated polysaccharides

( glycosan noglycans GA Gs) CS) (dematan sulfate DS)
, ( keratn suflate, KS) ( hyaluronic acil
, HA) (heparin sulfate HS)""
GAG GAGs GAGs HS Hep
( heparn, H ep) ( chondroitn sulfate (2ol (1),
* (N o 30800860)

ok Tel (0574),87600590 E - mail yanxiaojur@ nbu edu cn



— 2172 — Chin J Pham Anal2009 29( 12)

’ s
, GAGs ,
[7]
)
1 GAG -
Tab 1 The selected GAG - binding protein and the biological activ ity
( protein receplor) GAG ( the canbination ofb olbgical finction)
(grow th facor)
(fbroblastgrowth factor FGF) He MHS ( din erization protection fran degradation)
( hepatocyte grow th fac oy HGF) He MHS (grow th factor sequestering)
(phtelet derived grow th factor) He HS ( affect recepor binding)
Y- (V- nterferon) He MHS ( dinerzation modu latim of proteoly tic processing)
Annexmn V HeHS (‘anticoagulant activity )
II' (Heparin cofactor II ) KS/HS (local anticoagulant)
( chenok ne)
t— (tssue— type plasn inogen ac tivator) He MHS (‘clot dissolution)
- §( hterleuk n— 8§ IL- 8) He HS ( sequesters the chemokine )
L (L- selectin), P (P - selectin) He MHS ( 1 flamm ation)
4( thranbospond h— 4 TSP- 4) Hep/HS LS / ( cell alhes ion/ grow th)
(superxide d Bnutase) He HS (them ain defense)
(‘enzyme)
( lipoproteinase) He MHS ( din erization stbility partial lipolys &)
(antithrenb ) He HS (ncreasng antihranbin activity)
(V iral protein)
(hempes smp lex vius HYV) He MHS (atadment to the host cell)
( ot and mouth disease virus FMDV) He HS (attachment to the host cell)
(Rabies Viwus) He MHS (atacdment o the host cell)

(‘extrace llular matrx, EQM )

(b i in) H o HS EQM (adhesim o EQM)
( fhronectin) HopMHS , (adhesion fcal adhesion fm ation)
CD44 HA I (cell alhes ion/transfer)
GAG- , / )
1973 , Rosenberg
Danus (AT - 1991 ,
1), , AT- 1II ( fbrob last grow h factor FGF)
, ( fbroblast grow h factor recepioy
AT - I GAG- FGFR) MS ,
" 20 FGF — FGFR - Hep , Hep/
) HS bFGF ( basic fbroblast grow th factor)
, X , HS
: FGF  FGFR  2:2:2 (1
AT - 1II , FGF - FGFR , FGF
AT - TII FGFR )
, , FGF—- 2 FGFR
AT - 111 , 3-0 1l ,

- 5. , —
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1 FGF- FGFR- ( : Rbert ) Linhard 2003)
Fig 1 The stmcture of FGF— FGFR - heparin can plex( Fran: Rbert J
Lichardt 2003)
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12 (PAGE)
PAGE GAG -
GAG ,
PAGE  GAG-
’ ol ’
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Christian (2001)
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CE( capillary electrophoresis)
L ’ CE
Scatchard (Eq 1
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1.3.1 (CZE)
CZE( Capillary zone electrophoresis)

B

) Scatchadd
K n
, H eegaard( 1992) CZE
, CZE
[15] ’
, 10
) CZE ;
- (Hep—- BSA) ,
bFGF L
Hep- BSA )
GAG- CZE
, CZE
(G- CSF)
) G-
CsF , N- G- CSF-
, 23-0-90;
A e L(2006) G-
CSF A ( 1)
G- CSF A
, A ;
G- CSF
[17 18]
1.3.2 (ACE)
ACE (affnity capillaty electrophoresis)
GAG-
ACE
, mM - M ACE

complex

2 439 Hmol L' G- CSF A
CZE ( :Aiel, 2006)
Fig2 Elkctropherograns of 439 Bmot L™ ! G- CSFm xedw ih va
rious concentrations of A carrageenan by CZE ( Fran: A iye I, 2006)
a 00025Hmor L' b 0.05Hmol L°' ¢ 0.1 Hmols L'

d 0.2Umol* L-! e 0.3Umol L-!
(
) .
() |
; (2)Agarose
3 (3)
ACE - 9
$g ’ ’
, H eegaard( 1995) ACE HPIC
MS s
ACE R ,
0l ACE
[21]
1.3.3 (FACCE)

FA CCE ( frontal analysis contnuous capillary elee-
toophoresis)

, FACCE
H attori
(2001) FACCE (BSA)
( 13 500 ~ 15 000)'*

FA CCE

9
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BSA, BSA
(1) ;
BSA : BSA
FACCE (BSA  R- )
’ [ 23]
1.4 (GM SA /EM SA )

( gel/electophoretic
mobility shift assay GM SA /EM SA )

DNA - ,
, RNA -
GAG- GAG -
EM SA
CAG : "
GAG , ,
GAG HS
B- (B-VIDL) B-VIDL+
E(apdt), (LDL)
(1IDL,
B- VIDL  B- VIDL+ apoE),
4 Jonghoon( 2006) EM SA
s ( Chem ilun nescence CL)
- B1(TGF - B1) (
3), CL- EM SA -
[25]
1.5 ( SPR)
( Surface P lasnon Resonance,
SPR) 90 Biacore AB
( bie-
sensor ch p) SPR
( )
; ( )
( ) . SPR
, SPR ,
[26] ( 4)
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o © °
80
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[TGF-B1]
B
3 CL-IMSA TGF-B1

( : Jonghoon K, 2006)
Fig3 CL- EMSA of biotinylated heparin and TGF - Bl iteraction
(Fran: Jonghoon K, 2006)
A. 0 M ( 1), 50 mol* L' (2), 100 nmol
« L7Y(3), 150 nmol* L™'(4), 200 nmol* L™'(5), 250 mmol*
L™1(6), 300 mol* L='(7) 400 mmol* L~'(8) [ protein con—
centratonswere as folows 0 mol* L™' (lane 1), 50 nmol* L~'
(lane 2), 100 mol* L™'( hne3), 150 nmol* L™' (lane 4), 200
mol L~ '( lane 5), 250 mol* L' ( lane 6), 300 mmol L'
(lkne7), and 400 nmol* L~ '( bme 8)] B. TGF-B1
TGF- Bl ( degree ofbinding in per

centage was p btted against TGF— Bl concentration)

900 -
Conc. of aFGF

g 700 - 33 nM
3 ] 53

.J N
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o
& 300 4
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4 SPR aFGF ( : Fum ing

Zhang 2002)
Fig4 SPR sensograns ofa FGF and heparin interaction ( Fran: Fu-
m ing Zhang 2002)

GAG ,
, SPR ,
HS
. 4-
6-—
DP6
., DP8-12
1271 , EvaMunoz (2006) SPR

GAG - 111



— 2176 — Chin J Pham Anal2009, 29( 12)
, III 400000 1
100000
B B . »2-0- 300000 80000 |
SO5, 6-0- S0;  3- 0- S0O; 10000 | —
28] 200000 60000 |
I SPR 40000 |
GAG - 100000 20000
’ * " 120 1600 2000 2400 07120 160 2000 2400 ws
A
’ 5 LC-ESI-MS ( : Adan—
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Fig5 Research on interacton of non— covalent canplex by LC - ESI-
MS(From: A dam czyk M, 1996)
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’ tH
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’ [ 31]
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» ESI 1.7
, (LC - ESI- MS) X — [32]
(CE- ESI- TOF-MS) , (NMR) (33] GAG—
GAG -
MALDI(m atrk — assisted laser desorption/ion iza-
ton) , M aciej HS— GAG
(1996) > 3 , FGF TIT( AT -
BSA, 15 TIh) (IMDV)  Annexin V
- BSA , ESI-MSMAIDI-MS — IMDV
SDS- PAGE 12
12 , 2 IC - ESI
-MS(C ) B3A SLC= yprve2 vp3 (6 ,
ESI-M S BSA 25
R HS- GAG
MAIDI-MS
,MS CE HPLC
Gerald (2003) CE- ESI- TOF- MS ( capillary
electophoresis — electrospray bnisation tine — of —
flghtmass spectram ety ) -
1o , 6 ~ FMDV ( : Mulloy B 2001)

5 CE - ESI= TOF - M S

Fig 6 The crystal structure of heparin— FMDV  can plex( Fran: Mu lloy
B 2001)
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Tab 2 Partly methodobgy of GAG - protein interaction

( researdh m ethod) (provide nfoma tin) (application scope ) (advantage) (dsadvantag e)

PAGE (‘only got the gpparant
( cambinated or not) (initial detection) ( easy operatin)
conbinatim infom ation)

AC (difficult to
(affinity constant) (h gh specificiy) (technical stebility ) preserve dirama fography)
CZE (bind-
ng consant and sites) (slw reactin mte)
ACE ( fast dissoc iz (study o the un-
(bnding constant) tion equilbrim sy sten) known concentration of sanple)
FACCE (bind- ( fast dissoc i
ng constant and sites) tion equilbrim sy sten)
MsA ,
(‘associative property) (‘high sensitivily, reproducbil-  ( technical instabiliy)

ty, the detection signalwas a lnear)

SPR (w ihout

(‘associative property) molecularmarker;, and fast reponse) ( sensor chip type was sngle

and non— specific bndng

MS (hih

(stoich in etric nun ber) sensitiviy, resolution and nmwion-  (technical instability)

in)
NMR /X~ ( can— (canplex
( nuclearm agnetic res ( three— dinens onal stme- bne visual nfomation and delem he  operation and epensive equip-

onance/X— ray diffraction)  ture) the binding site) ment)

GAG -

( )s GAG-

’

, CE-MS CE- NMR HPIC-
CE HPLC- CE-MS
1 Inberty A, Lortat— JacobH, Perez S. Sttuctural view of glycosam -
oglycan— protein nteractions Carbohydr Res 2007 342 430
2 Tumbull] Powell AL Gumond S H eparan sulfate decoding a dy
nam icmultifinctional cell regulaor Trends CellB n 2001 11: 75
3. Tumova S W godsA, Coudman JR Heparan silfale proteog lycans
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