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Abstract 

Integrins are ceii sdm receptors that mediate cell-cdl and celi-tnatrix adhesion. Memben of the 

O, integrin subîàmiiy recognize multiple ligands such as fibmnectin, laminin , wllagen and play 

important r o k  i~ many biologid events. The biadiag capacity of integrins to their ligands is 

reguiated by cdls. The 8, subunit play an important d e  in nguhtiag D, integrin binding capacity. 

In previous studieq a gtoup of monodonai anti.bodies were produced agaiasr the human 0, subunit 

and identifieci as stimulatory anaies  that cm upregdate integrin ligand binding capacity. In this 

study, epitope rnapping ofthese a u t i i e s  wcis used to i d e  regions of the 0, subunit involved in 

this fhction To achieve this, a Dl epitope library which was arpressed as a fusion protein in an E-coli 

host strain was genmted and s c r d  with a panel of stimulatory antiiodies. The epitopes were 

identifid by sequencing the insats of positive clones to *ch the a n t i i  reacted. 1 found that there 

are two distmd molcnilar regWns influencing upregulation of 8, integrin mediated attachment. The 

epitopes of the stimulatory mAbs JB lB, 838 1 1 and 21C8 are located on the membrane proxbd 

region (648-705aa) of 8, integrin The epitope of the other stimulatory monoclonal antibody N29 is 

locafed on the amho terminai region (IdOaa) of8, integrin. In the study of hctional regdation of 

IJ, integriqthe homologous r Jorn (residue 1-6 and residue 602-690 ) have been shown to be the 

sites recognized by stimulatory annihodies to ligand-induced bmding sites. This study indicates that 

there are multiple regulatory regions on the O, subuait and suggest structural and f'unctional 

homology between the locations of& and 4 regulatory sites. 
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S o m  W o n s  of integrin are known to be afkted by pst-translational modification. Through the 

study of deglycosylation ofthe B, native protein, we found t h  B44, a stimulatory antiidy of 13, 

integrin recbgnizeci a &hydrate epitope or partiai carbohydrate epitope. This suggests that 

carbohydrates miy rlso ailkt the bindiag caprcity of8, integrin. 
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INTRODUCTION 

1. .CELL ADHESION MOLECULES 

Cellular adhesion rad recognition mechruù'sms are lmoag the most basic requirements for the 

evolution of Illatltioellular org"sns. Durhg the dmlopmait of an emtnyo, ceMar adhesion proteins 

can @art positio~~specisc iiifocmafion which guides d migration, localization, and the transfer of 

information betweea ab. As oeUs are triggered to Werentiate to form tissue oc organs, adhesion 

proteins help to mahain the orpanization and integrity of the body. 

There are two principal types of ce1 adhesion; cekell adhesion and ceil-extracellux matrix 

adhesion Morphological, celI biological and biochernical studies ali indicate that even a single ceil 

type utilizes multiple molenilar meçhamsms in adhering to other cells and to extracelluar matrix. The 

cell-ce11 and celi-extracelluar interactions are mediated by several f'amilies of adhesion molecules 

which have been characterized molecularly, including cadherim, selectins, members of the 

immunogiobulin supedhmüy and integrins. 

1 .CADHERINS 

Many cells ofmulticelhitar organisms are able to distinguish Merent ceU types, generally adhering 

preferentially to cells of th& own type. E d y  developmental studies have shown that embryonic celis 

can reaggregate after dissociation by enzym8tic treatment and refonn tissue-like structures. 

Furthemore, when ceUs firom different tissues were mixed, they sorted out (Holtneter, 1948; 



steinberg, 1970). This selcctive celi adhesion or ceii sorting is thdamental to controlling the 

development and maintenance of tissues and is obsmed in a wide variety ofdevelopmental and 

pathotogicai events (for example, egg-spem interactions, neuronal connections, and lymphocyte 

homiog). The c a d h e ~  f ofcell-ceii adhesion ceceptors is centrai to these processes (Takeichi 

199 1). Cadherins are a ainiily of ce11 surfàce giywproteins which are expresseci widely in the solid 

tissues of ôoth VCttehates ad mvertebrates (ûda, 1990). They are Ca2+-dependent cdl-ce1 adhesion 

molecules which hold c& together by a homophilic interaction (molecules on one ceil biid to other 

moldes of the sam LiDd on adjacent celis) (Takeichi, 1991)- To date, more than a dozen cadherins 

have been identifid (Redies, 1995). They can k grouped into at least four classes based on their 

molecuiar stnicture: 1) the clasgcal cadhains which are N-, R-, E-, P-,Mg, and T-,cadherin (Pouliot, 

1992; S u d i ,  1991; Tanhua, 1994), 2) the nimkrrd cadheriag *ch are cadherin 5 to cadhe~-12 

(Suzuki, 1991;Tanihara, 1994), 3) the protocadherins (Sano, 1993). 4) the desmosomal cadherins 

(Ddseg, 1993; Grunwald, 1993). The cadherins typicaliy consist of five tandemly repeated 

extraceiiuar domains, a siagle membrane-spiuining segment and a cytoplasiiic domain (Takeichi, 1990; 

Blaschuk, 1994; Overduin, 1995). The N-terminai exftaceliuar domains mediate cell-cell contact 

(Nose, 1992) whiie the cytoplasmic region interacts with the cytoskeleton through the catenins 

(Kemler, 1993). Cadhains play an important role in regdating morphogenesis through selective 

adhesion (Takeichi, 199 1). 

2. SELECTINS 

Sel& are lectin-like ceil sratiroe siycoproteins that have b a n  Unplicated in playhg a crucial role 

in the many steps in lymphocyte recirculation and idammatory responses(Mackay, 1992; 
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Picker.1992). So nir, there are thre  known seleains, termed L-, E-. and P-selectins. They have a 

common structural oqphtion composeci offive distingukbable domains: 1) a lectin domain at the 

exaant N-tetIllillL1S which contains some of the CaB b i i g  sites (Weh, 199 1); 2) an EGF do&; 

3) a domain of variable Iength containhg a series of rrpatiDg regions about 60 adno  acids in site 

that are relateci to complemeaf-iegulatozy protein; 4) a transnembraae domain; 5) a short cytoplasmic 

domain (Cummings, 1992). Seleaiiis are expressed by leukocytes, platelets and endothelia and 

fiuiction in ceIl adhesion ewmts. Gsdodin is reqiiirrd for homing of naive T-ceils to PLN benpheral 

lymph nodes) (Hamann. 1991). and is also imrolved in the biiding and extravasation of neutrophils 

in idamautory sites (Watson, 1991). The activateci endothelium presents a ligand for L-selecth that 

mediates the adhesion of lymphocytes and leukocytes to the endothehm and leukocyte rolling 

(Springer, 1991). P-sel& is stored in the a granules of platelets and the WW-Palade bodies of 

endothelia1 cells (McEver. 1991; Hsu-Lin, 1984) and is rapidly transIocates to the plasma membrane 

upon activation (such as exposed to thrombin or oxygen radicals) Vatel, 199 1). P-selectin is an 

important mediator of leukocyte rolling. The other member of the selectin femily is E-selectin. It is 

not stored. but r e q u b  de novo synthesis following stimulation and is expressed on the membrane 

of endothelid celis only under infiammatory conditions The hction of E-selectin in leukocyte 

rohg  in vivo is conîroversial (Olofison, 1994; Ley, 1995). 

The irmmmoglobulin superfamily is characterized by the presence of a common structural feature, 

the immunoglobulin homology domain. They are found in species f3om insects to human and play an 

essential role in infiammation and immunoresponses (S pringer, 1990; Dusth, 199 1). Some members 



in this *de; ICAM-1 (iiiitacdhikr di adhesion moleculle- 1), ICAM-2, ICAM-3, VCAM- 1 

(Vascular cd adhesion moleCule-1). sed PECAM-1 @latelet endotheiial ceU adhesion m o l d e l ) .  

The first four serve as endotheliai ligands for leukocytes. 

The three b w n  ICAMs (rCAM-l,4, and -3) have fke, two, and five Ig domains respectively, and 

ICAM-1 and ICAM-3 are the most closely related.(de Fougeroiies, 1991; Va~aa, 1992). The 

ICAMs ali b i i  to the leukocyte integrin a,& and ICAM-1 also binds to an additional integrin aM& 

(Diamond,1991; Stauntoq 1990). The different expression profile of ICAMs support that they have 

dserent functions. ICAM-1 is apnssed at low levels under nomial conditions and is strongiy up- 

regulated by c y t o h  ILI,  TNF, or intedixon-y after s e v d  hours stimulation on many ce11 types, 

including leukocytes, endothelial cells, keratinocytes and fibroblasts QohleinJ988; Doussis- 

Anagnostopoubu, 1993). This may in- ceii-dl intezaction and leukocyte extravasation at 

dammatory &S. ICAM-2 is constitutively expressed by all leukocytes and endothelial cells at low 

levels and may be important for leukocyte trafticking in d a m e d  tissues, as in lymphocyte 

recirculation. ICAM-3 is constitutively highly expressed by leukocytes and absent on endotheüum 

ICAM-3 is the dominant ligand for a,~(Cmpanero, 1993) and provides a costimulatory signal for 

ce11 proMeration (de Forgerolles, 1994). Al1 the ICAMs play important roles in directing the 

migration and coloahtion of leukocytes in infiammatory sites. In addition, ICAM-3 appears to be 

the major ligand for a& in the prllnary phase of an immune response and fùnctions as signal 

transducer via 0, integrin and 4 integrin pathway @Iemandez-Caseiles, 1993). 

VCAM-1 is an adhesion m o l d e  expresseci in vitro on cytokineactivated endothelium (Springer, 
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1990) and in vivo on inflanmi vascuiar eadothelium @ce, 1990). The major form of VCAM-1 in 

humans contains seven Ig domaias and binds with integrin a$, through the nrst and kunh Ig 

domains (Osborn, 1992; Pepimiry, 1992). VCAM-1 is absent on resting endothehl d s ,  but is 

stn,n@y induccd by L I  and W ~ o v s L y , l 9 9 0 ) .  VCAM-1 is aiso a reguiator of lymphocyte 

extravasation at sites of Mammation, 

CD3 1 (also known as platelet endothüal ceii adhesion molecuie-1 PECAM-11) is a member of the 

irnmunoglobulin M y  and bas six Ig domaias (Newman, 1990; Sinmions, 1990). CD3 1 is a 

constitutively and abmcîantly expressed surfacc glycoprotein on Mscular endothetium (Newman, 

1992), platelets, monocytes, and naitropbis (Stockinger, 1992; Bud, 1993) and plays a roIe in the 

transendotheiial migration of monocytes and neutropbils (MUller, 1993). 

4. INTEGRINS 

Integrhs are the W y  of celi sulàce receptors which mediate attachmeat to the extracelluar 

rnatxix and c e l l d  inîeracti~ns~ Integrin-mediated celi adhesion plays a cntical role in the regulation 

of many cellular fùnctions, such as embryonic development, tumour celi growth and metastasis, 

programmeci d deata<ipoptosis), haemostasis, leucocyte homing, and activation, dot retraction and 

the respome of celis to mechanical stress (Desirnone, 1994; Juliaw, 1993; Schwartz, 1994; Shattil, 

1994). The istegrins that bction as artraduar matrix -tors can also direct the assembly of 

extniceiiuar matrix by cells. The name of integrin was coined for these receptors because they are 

thought to dow for the interaction between the internat cytodce1eton of a cell and the extraceliuar 

mat& The details about the integrin's classincation, structure, fùnction, and fùnctiod regulation 



wül be givea later in this thesis. 

II. THE COOPERATION AND IN'IERACTION OF DIFFERENT 

ADHESION MOLECULES IN BIOLOGICAL EVENTS. 

The organization of animal celis in the differentiated organs and tissues bas been poshilated to 

depend on ceii sdàce interactions both with molecules on the d a c e  of other alls and with the 

ECU Localitation of cells can thus mainly be driven by the interplay between interactions with celi- 

SUCIàce and maûix molecules that regulate adberence, and chemoattractant gradients that direct ceU 

migration The digerent adhesion m o l d e s  «>operate and interact with each other to achieve a 

physiologie fiutction. The mechanisms for regdahg adhesion are partidarly richly üiustrated by the 

adhesion receptors of the immune system. 

To patrol the body effdvely for infectious organisms, the ceIls of immune system must both 

circulate as non-aciherent cells in the b l d  and lymph and migrate as adherent d s  through tissue 

and rapidly accumulate at sites of injury and infection, and then subsequently return into the 

circulation. Abnormal accumuWon of immune tells in unwanted sites migbt lead to the development 

of autoimmune disease and ceU-mediateci tissue destruction. There are three hmiiies of adhesion 

receptors that mediate lymphocyte h o h g  to lympboid organs such as peripheral lymph nodes (PLN) 

and Peyer's patches and localization of leuicocytes in inflanmatory sites. niey are 1) the 

immunoglobulli supedbdy, which includes the antigen specific receptors of T and B lymphocyte, 



2) the integrin M y ,  which is important in dmc ngulation of adhesion and migration, and 3) 

the sel& famîy, which are prominent in lymphocyte and neutrophil interactions with vascular 

endothelium These bir& Gindies ofadkdve nceptom nceptonpemte and nit- in ceîi adhesion m t s  

(Butcher, 199 1; Springer, 1994). 

No*, leukocytes aâhere pooriy to restjng endothefial ails. But when Manmation occurs , the 

locai endothehm is dramaticaUy modified by cytokines, such as L l a n d  TNF which are mainly 

produced by macrophages sb'imulated by microbid products and IFN-y, which is released by natural 

küier d s  and T d s  that have met their specific d g e n  (Imhot: W S ) .  These cytokines induce the 

exocytosis (P-selectin) andfor biosynthesi*~ (E-selectin) of sdectins on the surface of activated 

endothelial cdls. The selectins bmd carbohydrates (th& ü p d s )  on the leukocyte surface and cause 

the leukocytes to tether to the v a l  wall and roll dong the v d  waU through labile adhesion 

(Lanrence, 199 1; Ley, 199 1; von Andrian, 199 1; Mayadas, 1993). 'ïe!the~g b ~ g s  leukocytes into 

pro* with chemoattractants that are displayed on or released fiom the endothelial iining of the 

vesse1 wall. The chemoattractant receptors on the leukacytes, which are G protein-wupied 

receptors,boid with chemoattractants that are displayed on or released fiom the endothelial ceil and 

transduce si@ that activate integrin adhesiveness (Spcinger, 1994). Five inte- play critical roles 

in the interaction of leukocytes with endothelid cens. They are a,& a,& or,& a40, a4D, (Sp~ger,  

1990; Aernler, 1990; Beriin, 1993). The activated integrins whkh are inactive on the resting 

circulating leukocyte sudàce and with their mmer-recept~r Ig superf8miy member such as ICAMs, 

VCAM-1 and achieve stroag adhesion ad  est (Springer,l990; Laa& 1993; Diamond, 1993). The 

importance of the leukocyte integMs is üîustrated in the ledcocyte adhesion deficiency (LAD) in 



which tûey are defician ofmutation in the common B, subunit (Kishimoto, 1989; Anderson, 

1987). Patients have r d g  infections, ofken &tal in chiîdhood unless they are tnated by bone 

mamw trensplantation. The binding of the 0, subhmily integins to extracelluar matrix protein 

contributes to invasion and migration hto unddying tissues and controls leukocyte locaiization in 

inflaaiaiato~y sites. So this compbx adûesion event rspuins a cascade ofadhesion, invo1vhg several 

different adhesion receptor fàmiliies. 

III. CLASSIFICATION OF INTEGRINS 

Integrins are a famiy of stnicturaüy related glywproteins. They are d a D heterodimers. So far 

meen dxerent a subunits and eight different f3 nibunit have been identifled. These subunits 

seldvely heterodunerize to fotm one of twenty-one compkxes and these complexes fùnctionally 

behave as receptors for different ECM proteins (Clark 1995). 

The integrin fhmiîy can be subdMded into eight subfhmiiies based on the D subunit which is show 

in Table l(Ruoslahti, 1994). The O, integrin subf8müy is the largest and most widely distniuted. 

The [I, subunit can &xm a D heterodimers with aine Mêrent a subunits (a ,, and a, ) and form the 

receptors for fibmnectin, hmimh, various collagens and v i t r o n d  (Sonnenberg 1993, Hynes 1992, 

Kieffer 1990). The second subhimüy is composed of one of the four a subunits (a, a, a ,  a, ) 

complexed with the 4 subunit. Tbis subfàmily fom leucocytespecific receptors and plays an 

important role in guiding extravasation and migration of leucocytes at inflanmatory sites (Larson, 

1990).The O, integrins mainly mediate celi-cell, rather than celi-matrix interadious by binding to 
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s p d c  ligands on other ceiiü. The cyîoadhesions (a&, a& ) fonn the third subfamily of integyins- 

They are f i d  on a variety of ceb, inclum btood platetets, a ~ d  they bmd several rnatrix protein, 

inchidkg fibrinogen,and phy m important îunction in haemostuis and thn,mbosis (Phillips, 1988). 

The 0, subfbnily is composeci of a,& and or,& They ut expresseci on a subset of lymphocytes 

*ch donize the gut and gut-BSSOCi8ted tymphoid tissues@oImiann_ 1989. H~J, 1992). Neuhaus, 

199 1. Schweighofk, 1993) and mediate lymphocyte homing to Peyer's patches(Iinh0f and Dunon, 

1995)- The fhctions ofthe rest of the integh s u b ~ e s  aie stiU beimg characterized. 



Fig. 1 

THE CLASSIFICATION OF INTEGRIN 

This table is copied âom reference (Ruoslahti, 1994) 



VI. STRUCTURE OF INTEGRIN 

htegch~ are inipoitan~ receptor protek kaiuse they are the main way îbaî celis both bind 

and respoad to th tbe maraalhilu They are a fimnily of transmembraw receptor molecules. AU 

Uttegcins are a II hetaodmias and both subumts ccni be d M d d  iao three domains- From N-terminal 

they consist of a large extraceliuar domain, a short single hydrophobic trammembrane do& and 

a short cytoplasmic domain (Fig.2) (f3, is an exception which hss over a lûûû amino acids in it's 

cytoplasmic domain) @ynes, 1992). The extmceliuar domaias of the two subunits non-covalently 

associate to form a D heterodimers. The association of a and D subunits does not rely on the 

transmembrane and cytoplasmic domah (SoIowska, l99l) but is promoted by divalent cations 

(-1988). Newly synthesized receptor molecules are transportai to the ce1 surface after the 

aibunits are combiied (Cheresh and Spiro, 1987). Electron microscopie images of several htegrins 

show a giobular head apparently comprishg parts of both subunits and two stalks extending to the 

lipid bilayer (Carrel, 1985; N' 1988). The a subunits aU have large extraceliuar domains which 

contain three to four divalent cation bindkg domains and this region also contributes to the ligand- 

binding domain (Hynes, 1992). The O subunits aii contain a four-fold repeat of a cystine-rich domain 

which is formed by intanal didide bonds ( C h e ,  1991). The N-terrnina 40-50 Kd is tightly folded 

with intenial didide loops and contributes to the ligand-biuding domain (Hynes, 1992). Chemical 

crosslinkmg studies show tbat the ligand biids in proximity to the N-temiinal cation biiding domain 

of the a subunit and to a 100 aimno m d  segment in the 0 subumt, the later which is aitical for ligand 

binding as demotl~trzfted by mutagenesis studies (Hynes, 19%). Thus the N-terminal domains of a 

l3 subunits assoaate to fDm a ligand-binding heaâ on each iategria This ligaad-binding head is linked 
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by two s t a b  which span the membrane and fk the nceptor on the cell d a c e .  The cytoplasmic 

domain of both subunits are short except for $ 



Fig. 2 Strucaaal features of integrin receptors 

(a) a shows the o d  as deûuced fiom dcctron microsoopy, as weli as the putative locations 

of the cystine-rich repeats of the B subunit( crosshatched) and metal-Viding sites in the alpha 

subunit@l++). The shaded are represents the ligand-b'mding sites. 

(b) schematizes the rrrasgement ofthe polypeptide chahs with the cystine repeats h t d y  folded 

and the head region ofthe D subuait containing i n d  disulfide loops, some but not ali of which are 

show are shown A H d e  bond k m  the middle of the i3 subunit to a point close to the membrane 

has been proposeci (Cakete, 1991) but is o d e d  bae for clanty- Xs indicate positions of mutations( 

ofhunan beta 2 or beta 3 subunits) known to afFect iigand binding or alpûa beta dimerization. The 

positions of altematively spliced segments in Drosophila subunits are shaded. This figure is fiom 

reference (Hynes 1992). 



This figure is fkom reference (Hynes 1992) 



Integrins M o n  as transncmbrioie linhrs which mediase the interaction between the cytoskeletoa 

and the extfliceiiuar matrk which is required for d s  to adhere the ma& They also hction as 

bidirectiod signahg m o l d e s .  

1. GENERAC BINDING PROPERTIES 

1.1 Diversity 

Most integrins are acpressed widely and most ccOs express severai imegrins. Individuai integrins can 

bind with more than one ligand and individuai ligands can be recognized by more than one integrin 

m e s ,  1992). For example, T cdl can express a ,Dl, a$,,a3fll, a4&, a$,, a6B,, aL& htegrin 

a#, c m  bmd to cohgen and hmhk. Coflages can feact with a,B,, a2f3,, a&, ( S ~ ~ e n b e r g ,  1993). 

However, different integrias tbat recognize the ssme ügaud may mediate dinêrent functions. For 

example, both a,, 4 and a,,& biad to viironectin, but ody a& promotes migration (Leavesly, 1992). 

The cytoplasmic domain is clearfy important in such postligaiid binding events. This has been 

demonstrated by constructiag chimerie integrins which contain the cytoplasmic domains of various 

o t h r  Uitegrins (Chan, 1992). 

1.2 SpeQficity 

The bimdbg spdic i ty  of a paiticular integrin may vary accordhg to the ceii type m e r  increasing 



the cornplexity. is a oollagen -or on platdets and a collagdaminin receptor on endotheiial 

ceUs@rchofa, 1990). Thedore, i n t e  mediaîe an exftaordinary varie@ of biological processes 

by Usmg diffaCpt integrins to bind to diffèrent exbgceiluar ma& proteins (ceil-ECM adhesion) and 

integral membrane proteins ofth immunoglobulin supanimily (ceii-ceii direct adhesioa). 

2. TRANSMMTING SIGNALS INTO OR OUT OF CELLS 

The interaction of& with the extraceîiuar matrix regulates tell shape. motility, growîh, survival, 

differentiation and gene expression, through inte@-mediated signal transduction (Damsky, 1992; 

Hynes, 1992; Chrk,1995). Integh fimtion as signal transducers and regdators behaviour in nearly 

every cd type- Perhaps the most-studied hction is ce1 cyck progression. Replication of normally 

adherent cdls such as fibroblasts and endothelium requires anchorage to a soiid substratum (Stoker, 

1986; Folkman 1978). 

The activation of Ieukocytes and platelets is also regdateci by adhesion to the ECU A weli 

documenteci example is a& inte@ which is the major integrai platelet mernbraue protein (1 7% 

of the platelet memkane protein mas) (Pbinips, 1988). When a,,,& integrin is activated by its ligands 

such as fibrinogen, th- is tyrosine phosphorylation event is induced (Shattil, 1991). Recently, there 

is additional evidena to indicate that tyrosine phosphorylation is a cornmon response to integrin 

engagement in many di types includiag fibroblasts, wcinoma ceils, and leucocytes (Juliana, 1993; 

Hynes, 1992; h y o ,  1994). 



htegrins have ban ideaîSed as the signal Ûansducing molecules that mediate control of gene 

expression by the ECM Thuq dhesion of T cdls to fibrond via a,B, and a$, or to lamimn via 

a,D, provides a co-stimulatory signai for CD3 dependeni T d proWmtioa (Shimizu, 1990); 

treatment with 811ficbodias to 8, integrin resuits in the expression of idammatory mediator genes in 

monocytes (Y'urocko, 1992). 

Apotosis or programmed cell death is potentiaily growth-related fiinchion modulated by integrins. 

Just as deprivation of growth fhctors cm lead to apotosis of alis in culture, maintaining celis in 

suspension without contact with ECM proteins can also trigger programmed ceIl death- I n t e g ~  a,D, 

rnediated binding of fibronecth to leukaexnia celJs inhiiits gtowth factor dependent ptoliferation and 

induces apotheosis (Sugahara, 1994). 

3. INTERACTION WITH THE CYTOSKELETON 

Intraceilulariy, most integrias are linked to cytoskeleton Foilowing the binding of a typicai integrin 

to its ligands in the tnatrix, the cytoplasmic tails of both a and D subunit bind to both talin and or- 

actinin through indirect linkage, involving taiin, vinculin, a actinin and other mleailes and initiate 

the assembly of a cornplsr of imracdhiler attachent proteins that ünk the imegrin to actin filaments 

in the celi cortex ( f d  contact)(BWndge, 1988; Hynes, 1992). Both the a and i3 subunits are 

though to be involved in binding to the cytoskeleton. Intedering with any of these three elements 

r d t s  in disniption of adhesive ceU-rnatrix interactions. Further evidence for the importance of the 

cytoplasmic domain of O, subunit cornes from data showing that mutants or ioofonas altered in this 



region fail to associate with f d  contacts (&da, 1992; Balzac, 1993) and may even inhibit focal 

adhesion and celI s p e g  (Baizac, 1994). So interaction with the cytoskeleton is Otely to be 

important in the functions mediated ôy integrin. 

V. COMFORMATIONAL CHANGES OF INTEGRIN 

The activities of inte* are reguiated by the ceb expresskg them. Whereas tbe matrix-binding 

Urtegrins of maay tells in tissue are constantly in an adhesive-conpetent state, the integins on blood 

ceUs often k v e  to be activated More they can mediate cdl adhesion. It has been demonstrated that 

adhesion is criticai to the regdation of the distriiution of vascular cells withiu specific tissues and 

organs. Uaüke most other cells, most v&ar d s  express a wide repertoke of inte-. For 

example, platelets coatem ai least ihe members of the inîegrin M y ,  lymphocytes m e n ,  endothelia1 

ceUs six (Andrews, lm). Vascular cells may be selectively retained within speafic organs and tissue 

or recircuiated through the bloodflymphatic system and pnsent extremely complex adhesive 

properties. To rneet these diverse aâhesive requirements, the ligand biiding properties of intefins 

undergo cell speafic regdation. For scample, in tissues stimuiated by infiammatory mediators, 

cytokines, or in the presence of a variety of cognates of the adhesive receptor, non-adhesive 

circulating lymphocytes may aîtacb to the endothelium, extravasate and migrate to the idammatory 

sites. The exact mec)uuiisms ofregulation of imegrin M o n  are complex and regdation of integrins 

by mty modulation is oniy one of the mechanisnu (Smyth, 1993). 

AEnity modulation of integrin is a terni used to descrii the phenornena that is the remit of agonist- 
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induced convasion of integris fiom a form tbot can not interact with ligands to one that can It has 

become iact.easlligiy apparent duit oatain celis aquire specifjc adhesive properties by altering the 

structure of exïakg htegchs thiaigb an unidentifieci Sefjes ofiiltraceliular seps that are iaitiated by 

cellular activation ad ocaa wiihm seconds (Smyt41993). Afnmty modulation U a property of a& 

(Bennett, 1979), 4 (Crowe, 1994), O,, and B, integrins (Fauii, 1993). Recedy there is iacreasing 

ewidence to indicate tbat som integrins are expnssed on the ce1 d c e  in a latent form. The latent 

form can not intemct with ligands but can convert to an activateci form by altering the structure 

through an unidentified saia of intradular steps m the response to the stimulation of agonist, some 

monoclonal a n t i i e s  etc (Shimimi, 1990; Wülons, 1991; Smith, 1993; Chan, 1991). The weli 

characterized example is integrin a& WeffLm and Philüps, 1990; Pbillips, 1991). Integrin or,&, on 

the resting arculatmg platda does not binâing any of its soluble iigands and does not aggregate. Only 

after platelet activation by thrombin, coilagen, ADP (adenosine diphosphate, thromboxane A, 

agonists, does a& become an effdve receptor for soluble fibrinogen and cause tbrombus 

formation @ennett, 1979; Piow, 1980; Bemett, 1981; Marguerie, 1981; Phillips, 1991). This 

activaton of platelet a A  in response to thrombin is mediateci by heterotrimeric G proteins (Shatti, 

1987) appearing to act through protein kinase C (PKC). Integrin cytoplasmic domaias are plausibte 

substrates for PKC. 4 but not a, is phosphorylated in tespoase to activators of PKC (Schwartz, 

Schaller and Ginsberg, 1995). This activation is also ac~mpanied by a confiormationai change in 

a,& which cm be detected immunoIogidy (Shattile,l985; Guüao, 1990; Kouns, 1990; 

OToole, 1991; Andrieux, 1991). The mechanisms responsiile for the transition to an activateci state 

are unkuown. A mode1 of aflhity modulation of intw bas bew proposed (Schwartz, Schaiier and 

Ginsberg, 1995). CeU-type-specific energy-depeadent cytoplasmic signals target the integrin 



cytoplasmic domains. The unidentifid aictor(s) responsibie for these signals interact with the 

cytoplasmic domains to induce changes in the spatial relationships or cu~&odons of the a and 

subunit cytoptasniic taiis which is ptesumabiy tmsaitted in some manner to the extraceliuar 

domains. 

Another piece -*dence was ObtaUred ushg  aib body directed qpht  ligand-induad biiding sites 

(mti-LIBS). LIBS are the sites expressed on the d surnlce receptor only afta ligaad binding by 

receptor ad this causes the receptor to change conformation and expose the epitopes for anti-LIBS 

antibodies. Li the case of a&, a number of stimulatory antî-WBS antiôodies ( D3GP3 

(K0~11~,1991), AP5 monda et ai, 1995) wae generated and these aat i i ies  oniy prfferentidy react 

with ligand-occupied coafomers of a& which suggest there is a ligand-inducible coaformatio~ai 

change (Frehger, 11990). It is apparent that a& an exist in either a resting form or active form. 

SMar to the a& system, the activated status of 8, integrin is dependent on the activation state 

of the ceil *ch may induced by a number of stmiuli such os PMA and antibodies to the B, subunit. 

Inactive ab1 on paiphrai B lymphocytes is comnrted to a hi@-aflFinity state upon brief stimulation 

with the phorbol esta PMA or monodonal ann.bodies (Postigo, 199 1). Integrllis a2O1, a,Ol, a44 in 

T-ceUs can be activated by PMA or D, specific monoclonal antîWes. These activated integrins bind 

to their respective ligands within minutes of exposun to the stimuli without an increase in receptor 

surface expression (WiUOas, 199 1 ; Chan, 199 1; Shimizu, 1990;). Similady, treatment of penp heral 

blood lymphocytes and ailtured haematopoietic ceii lines with al-specific monoclonal antibo- 

increases adhesion to fibronectin via a,O,, afl, and to laminin via aQ, (Kovach, 1992; Arroyo, 



1992). So it is apparent that ligand and receptor a d d o n  are accompanied by conformational 

dumges in integrim that in incmsed ligand afniiity- The mechanisms ofafkity modulation stül 

need to be ielucidated. 

VI. THE ROLES OF LNTEGm'S CARBOHYDRATES IN 

INTEGRIN FUNCTION 

In general, the biological functions of msny glycoproteins are not detectably difEerent if the 

Cafbohydrates are removed (Creigùtoq 1993). But ia a fcw cases, the carbohydrates are invoIved in 

the biologid actRrity of the ptein The most relevant properties of glycogrl groups attached to the 

protein are 1)their variable stnictures, which parnit spdcity in th& interactions with other 

molecules; 2) their hydrophillic nature- 

There are two types of glycosylation d e d  N-type and @type. N-type glycosylation occurs 

exclusively on the nitrogen atom of Asn side chahs. O-glycosylation occurs on the oxygen atoms of 

hydroxyl, partiailady these of Ser and Thr residues (Spûo, 1973; Wagb, 198 1; Komfeld, 1976). 

8, integrin bas 778 amino acid cesidues. The predicted mole!cuiar weight ftom secpence data is 86.3- 

KDa. nie moiecuiar weight of O, arpnsssd on the cdl surface is 13O-KDa under reduced conditions. 

Obviously D, integrin is hi- gîycosylated protein. Then are twelve potentiai N-giycosylation sites 

on the m o l d e  (So~eaerg, 1993). In recent years some papas have reported that carbohydrates 



are imrolved in the biologid activity ofintegrin. Kategrindependent ceIl adhesion to fibronectùi is 

greatiy promoted by optimal GM, concentration at the suroice membrane (Zheng, 1993). Ceii 

adhesion mediateû by aJ3, (to f i b r o n d )  or adl (to laminin) is inhiiited by m m g  N- 

glycooyiation procasSne ofthe integrin receptor (Akiyamq 1989). N-giycosylstion both of the a and 

fi, aibunits of aBI integrin is essential for d a t i o n  ofthese subunits and for optimal bhding to 

fibronectin (Zheng, 1994). Ail the pmious studies mgest tht  the carbohydrates of i3, integrin do 

affect its binâhg capacity in vitro. 

VIL RESERACH AIMS 

O, integms are widely a r p r d  on lymphocytes and leucocytes and play a critical role in 

lymphocyte homing and in respoase to mediators or idammation Wynes, 1990; S h h ,  1991). To 

identiQ regions involveci in the biotogicai fùnction of& integrin, a panel of l3,-spacinc monoclonal 

antiidies were generated in this laboratory and assessed for th& ebilities to inauence lymphocyte 

capacity to adhae to The hunen T leukaemic cd üae Jurlriis was used in these biaciing assays. 

This ceU liae expresses a d  întegrh and displays a low spontaneous levd of adherence to collagen. 

However, trament of Jurkat cells with d i n i  l3,specific a n t i i e s  can change the adherent 

capacity ofsniphocytes. Base on the biading assay, al1 of the monoclonal antibodies can be divided 

into three categories: 1). adivatmg a n t i i e s  which mQce lymphocyte's adberence to coliagen, such 

as Ber, N29, JBIB, B3Bll. 21C8). 2). inhiaitory a n t i i e s  which prevent lymphocyte's adherence 

to collagen, such as 3S3, JBlA 3). the neutrai amibodies wbich do not Muent lymphocyte 

adhesion, such as JBl. A part of binding assay results w n  shown in Figure (3) which were done by 
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Shem Gregorash M o u s  studies have demonstrcrted tbat treatment of Jurkat wiih a,-specific 

activatiag monocional BIttibody JBS2 aiso causes inawcd ceilular adherence to collagen via a,& 

idegrin (Stupack et 4 1993). S i m i M y ,  a number of reports indiateci that some ( ~ a f i i e s  to the 

0, chah could adivate b g i n  b0mdin8 to extraaihm mtrk @Covach, 1992; Arroyo, 1992; Van de 

W~ei-Van K m  1992). Ali these resuits suggest that D, mediatecl adhesion cau be upregulated 

or d o m  reguiated on Ipphocytes. Mapping the tegiDons recoogmzed by these fmctiod mtihdies 

may provide some iasight înto understanding the reguiation of 0, integrin. ControUing integrin 

hction rnay offi a molecular basis for a novel ciass of compounds that can modify celi adhesion 

for therapeutic pirposes. 

My major project d e s c r i i  in this thesis was mapping the epitopes of O,-specific activatiag 

monoclonal antiies as it may provide the meaas for better understanding the structural and 

fùnctional relationships of BI integrin. It will be usenil for fûture study. To achieve this, a 0, epitope 

libraiy which ody can be used to identw wntiwous epitopes was constructecl and saeened. This 

work has been perforrned in tbis laboratory successfùiiy. Two monoclonal antibodies' epitopes had 

been identifieci. We also identified some problerns, such a reduced nimber of positive clones than 

would be theretically predicated based on the the average size of the LI, cDNA and the size of the 

inserts. (there shouid be one positive clone in two thousand clones). There were several possible 

explaaation for these r d t s :  1-the liirary m y  be not big enough and doesnt contain all the 

a n t i i e s '  epitopes, 2. some epitopes an not expressed by the host(E.coli), 3.some antibodies may 

have carbohydrates epitopes. So it was necessary to detamim which antiiodies could be used to 

screen the libraty and wbich m û i i e s  had &hydrate containhg epitopes. We hypothesized that 



if activating or inh'biting O,-spocioc monoclonai auti'bodies have carbohydraes or parihl 

carbohydrates epitope, t& carbohydrates of 8, subiait miy be imioived in modulating the Vmding 

capacity of lyiapbocytas to ECM. A feiated project presented in tliis thesis was to determine whether 

carbohydrates of the O, subunit inîafQe 8, mediated di adhesion. 



Fig. 3 

The binding assay of Jiakat ceil to couagen 

Jurkat ceils were pretrcated with indicated anti- beta 1 moaocloael a n t i i e s  for one hour and 

presemed to immobilizad collagen The adberence of ceüs ans deâexmhed. The adherence of 

untreted cells was useû as control. 



Fig. 3 

Effect of Antibodies to B I  on Jurkat Binding to Collagen 

0.40 1 

Data provided by Sheri Gregonsh 



MATERIALS 

1. Chemicals. 

Chemicals were purchased fiom Sigma Chernical CompMy(STLouis, MO USA), ICN 

Company(Cost0 Mesa USA) and Fisha Scientific Company(Fair Lam NJ USA). 

2. Kits. 

Ail the kits used for constructing the epitope iibniy were purchased fiom NoVagen 

Company(Markham, Ontario Canada). The dsDNA cycle sequencing kit was bought fiom 

BRL(Gaitherburg, MD-USA). The plasmid purification kit was purchased fiom QIAGEN 

Inc(Chatsworth, CA). Giycofiee'IM deglycosylation kit wes purchased fiom Oxford Glycosystems 

Ltd.(New York USA) 

3 . Anti'bodies. 

The rabbii 8ati-mouse IgG alkaline phosphatase wr@&ate for western blotting and immunoscreening 

was purchased fiom Sigma Company(ST. Louis, MD USA).The monocloaal entiiodies used for 

immunoscreening were produced ia this laboratory and listed in table (1) (Wikim, 1996). 

4. Membranes 

Hybond-C, Extra, Nitroceliulose(0.45~) used for immunomeening was purchased firom 



Table. 1 

Stimulatory 

Stwilatoq 

Inhiitory 

Inhibit~ry 

Inhi'bitory 

A n t i i y  

JB1A 

B3B11 

N29 

JBlB 

21C8 

B44 

B 14-5' 

AIIB2# 

Antibody is active in immunoblot ofreduced antigm 

' Efféct of antibody on adherence to fibronectin and coîlagen. 

Speaficity 

BI 

I), 

0, 

B, 

L3, 

O, 

O, 

B, 

B 14-5, also called AP 138, was a generous giA fiom Dr. Andrew Shaw. 

Blot! 

+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 

* AIIB2 was provideci by Dr. Caroline Dansky- 



Amersham Company(Arli0gton Heights, IL-USA). Nitroceliulose membmes(O.45pm) used for 

western blotting were purcbesed fiom Bio-Rad@ichmond, CA, USA). 

5. Radioisotopes 

Adenosine S'-[r-32P]triphosphate(ATp-r-32P), >7000Cilmmoi, was pwchased fkom 

Amersham(Atlinton Heig&tq IL. USA). 

6 .  Cell line 

Jurkat was pmvided by Drs.CBleakley a d  VPaetkau, Uiiivnsity of Alberta It was grown in RPMI- 

1640 with 10.h fètai calfsecum and 5xl@!M 2 -~OefhSLt l01  at 37°C in a 5% CO* environment. 

7. m e r  reagents 

Protein A beads were purchased ftom Sigma Chernical Company(ST.Louis, MO USA). Poly-Prep 

chromatography CoIumns were purchased Eotn Bio-Rad(RÏchomond, CAUSA). Centricon 

Concentrators-30 were purchad fkom Amicon Iac (Oalrville,ûntario. Canada). N-Giycosidase F was 

purchased fiom Boehringer Maanheim (Motneai, Canaâa). 



METHODS 

THE PURIFICAnON OF THE pECEFnRBl PLASMID 

Bacteria carrying pECEFnROl plasmid were obtained âom h E-RuosIahli (La Joua Cancer 

Research Foundation). The pECEFnRBl plasmid contains the fiül length pFnRûl gene and Amp 

gene. It is 6.4Kb in length. This protocol is a modification of the procedure descn'bed in Molecular 

Cloning a Laboratory Mannual (Sambrwk 1989). 

The stock pECEFnRO1 plasmïd containing bacteria were streâked on LB agar plates containing 

50pg/ml ampicillin end incubated at 37OC for ovemight. A siagie bacterial clone was transferred into 

3ml of LB medium containing the 50pg/mi ampicillin in a loosely capped lSml tube and incubated 

ovemight at 37'C with vigorous shaking (270 rpm). The 3ml of cultureci cells were transfefred hto 

3 0 M  of LB media containing 50pglml ampicillin and incubated overnight at 37'C with vigorous 

shaking (270 rpm). The bi ic td  celis were barvesîed by cmtrifiigation at 4,ûûûg for 15 min at 4OC 

in a Sorval GSA rotor. The supernatant was discardecl and the centrifuge bottles inverteci to allow 

al1 of the supernatant to drain away. The bacterial pellets were resuspded in 20ml of ice-cold 

solution I ( S W  glucose, 25mM T M 1  pH 8 4  lOmM EDTA) by vigorous voriexing and 40ml 

of M y  prepared solution II (0.2N NaOH M y  diluted fkom a 1 ON stock, 1% SDS) was added. 

The contents were gentiy mixed by invatiDg anâ roiiing the bonle rapidly h e  times. The sarnple was 

placed on ice for 10min. Then 30ml of ice-cold solution m(3M Potassium acetate, SM acetic acid) 



was added. The sample was mixed by inverting 5-10 times and the solution III was ailowed to 

dispase thoiigb the visaus t r a c r d  rysate. The sample was placed on ice for 5 min and cetltrifirged 

at l2,OOOg for S a i n  at 4OC. The supematant was W e d  to a âesh bottle. The supemtant was 

applied to a QIAGEN-tip 500 cohimn praeqiiilibnted with LM of Mér QBT. The supernatant was 

siowly passexi through the column twîce- The column was Wasbed with 6ûmi of the b s e r  QC. The 

DNA was eluted with l5mi of buffer QF and pdpitated by adcüng 0.7 volume of isopropanol 

mDMg weli and maibatiiig for 30 min at m m  tempetaaire. The DNA was coiiected by centrifùgation 

at r l5,Oûûg at 4OC fk lSmin. The DNA pellet was washed with lSml of cdd 7û% ethanol, air dried 

for lûmin and dissalved ia 80pi TE b&er (1ûtnM TrisCl, 1mM EDTA pH 7.5). In order to assess 

the yield and qua@ ofDNq lpl of above prodwts were run on a 0.8% agarose gel and compared 

with DNA standards in the adjacent lanes. 

DNase 1 DIGESTION 

The method is based on the observation that bovine pancreatic DNase 1 causes double strand 

cleavage of DNA in the pressce ofMiiB(Campbrll and Jackson, 1980). The clewage is random but 

the rate can be controiied by varying the enzyme concentration, temperature or incubation period, 

such that any size of fiagrnenits can be generated. 

The following protocol useâ a 6xed amount of DNA with increasing dilutions of DNase 1 to 6nd 

conditions that produced the highest quantity of the desired fragments. In this case, 10pg 

pECEFnRBl plasniid were used in each reactiom First the test reaction were perfomed to find the 



appropriate -DNA ratio, ad then the appropriate reactions were performed agah on a larger 

d e  to produce enough fragments for cloning The degnd hgment length was 150-300bp. 

1. Titration of DNase 1 

The 2ûûpl DNNareI dihrticm M a  was made by adding 1ûx DNase 1 buffér(û.SM Tris-HCI pH7.5, 

O.Smglml BSA) 20~1,  lOmM MnC1, 20pl, to 160d sterile deionized water. A 1:133 dilution was 

prepared by addmg 1 pi of DNase 1 to 132pf of dilution bu&r. and 30pi of this dilution was added 

to a tube containhg lSpl of dilution buffer to obtain the 1:200 dilution. The same procedure was 

repeated three tirnes to obtain the 1 :3W, 1:450, 1 :6ûû dilutions 

2. DNase 1 digestion 

The foilowing mictions were set up (aü compoaents except the enzyme were added in the O.Sm1 

mimcentrifiige tubes at room temperature). 

sample lOxDN8seI lOxMnC1, Target DNA 

bUffWcil) (PO (PI) 

1 0-9 0.9 5.5 

2 0.9 0.9 5.5 

3 0.9 0.9 5.5 

4 0.9 0.9 5.5 

DNase 1 DDH20 

(riil (ri0 

1 of 1:200 1.8 

1 of 1:3W 1.8 

1 of 1 :450 1.8 

1 of 1:600 1.8 



The reactions were started by adding the enzyme and d g  gently, incubateci at room 

temperaturr(20°C) for exactiy 10 min, and stopped by adding 2fl of stop b u f k  (1 00mM EDTA, 

3W & c d ,  and tracking dya). A 1pi sample of each &on was alialyad on a 2% agame gel 

and compared with the DNA molecuiar weight d e r s e r s  

FRACTIONA~ON OF DNA FRAGMENTS 

The NU d o n  miinUres were separateci on 2% agarose gels. Electroelution was used to recover 

the desired fhgmmts h m  agame gel. The band oorrespo&g to 150-300bp fhgments was excised 

and electroeluted by using Unidirectionai ElectroeIutor (-temationai Biotechaaoio@es Inc, New 

Haven) followhg the manufktweis iiistruction. Foilowing elution, the sample was sequentially 

extracteci wiui 1 volume TE-buffered phenol, 1 volum of phenol:CLAA(l: 1), (CIAA=chioroform 

: isoamyl alcohol24:1) and the final aqueous phase was transferred to a k h  tube. The DNA was 

precipitated by adâing 0.1 volume of 3M sodium acetate and 2 volume of l W !  ethanol and 

incubahg on ice for 30min. The precipitated DNA was recovemd by centrifugation at 12,000g for 

I S h  and the @et was washed with 70% ethanol and air-dried for 30mh at RT and resuspended 

in 30pl TE b&x(lûmM Tris-HCl pH8.0,lmM EDTA). The DNA concentration was estimated by 

assessing the absorbana of a 3p1 sample in 697pl TE bu€& at 260nm. 

SINGLE dA TAILING 

The Novagen single dA tailkg kit was urnd The kit supplies the nagents needed to blunt the DNA 

fiagrnent ends and to add a sinde 3' dA midue in the consecutive reaction. 

F o r b l d g  theDNAends, 2.5pl(about 1-1.1pg) 150-300bp hgmentq 2.5~1 flush buffer(0.SM 
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Tris-HCl pH8.0, S W  MsCI, I @ d  BSA), 2.5@ IOX dNTP mk(lmM each dCTP,dGTP, dTTP, 

dATP), 1 .Zpi 20X DTT(lûûmM), s t d e  deionized wetar 15.75jd, 00.5p1 T, DNA polymerase(1- 

2units) were mâed in a mi-ge tube and incubateci at 11 'C for 20 min The reactioa was 

stopped by h d g  for10 min at 75 O C .  

For dA tailingthe aitire flushing d o n  was wed. To the same miaoceatrifiige tube, 8.5p110X 

dA taüiag ~ 1 0 0 m M  Tris-HCi pH 9.0,O.SM KCl, O. 1% gelath, 1% Triton-X-1 W), 5 1 pl sterile 

deionized water wae added and the d o n  was started by adding 0.5~1 Tth DNA polymerase(1 .ZS 

units) and mWDg gently with the pipet tip. The sample was incubated at 70°C for 15min and then 

extracted with 1 volume of CM& vortexing vigomsly for 1 min and rxmntrütgiag at 12,000g for 

1 min. nie aqueous phase was transferred to a fiesh tube and s t o d  at -20°C. 

LIGATION TO PTOPE-T-VECTOR 

For a standard d o n ,  SOng of pTOPE-T-Vcaor was iïgated with with amouats of insert DNA 

in a final volurne of lOpL The following components were mixed in 0.51111 microcentrifuge tube: 1 pl 

10X ligase buffer(200mM Tris-HCl pH7.6, S O m M  MgCl, 0.5~1 lûmM ATP, 1pl of pTOPE-T- 

Vector(SopB/rii), xfl tailing products, ypl water. T4 DNA ligase 0.5p1(2-3 Weiss units) was added 

to start the reacfioa by gently stirriag with a pipet tip. The samples were incubated at 16OC for 

ovemight . 

TRANSFORMATION 

NovaBlue(DE3) cornpetent cells are the host d s  for transformation. Celis(200pl) were thawed on 

ice and aüguot of 20pî of cells were dispenscd in pre-chilled eppendorf tubes. 1 pl of iigatioa products 
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were added d i r d y  to the ceOs and mixeci gQllly and placed on ice for 3(haia Mer wirich the tubes 

were heated for auctly 40 seconds at 42'C in a water batb, placed on ice for 2 min. The ceUs then 

were mixecl with 80pl droom taiipenhite SOC mdBmi ud shakert a 250 rpm at 37°C for 1 hour. 

50pI of each ttansfi,rrrmtion was piatd on LB agar containhg 50pg/ml catbenicillin plus 1 Spglml 

tetracyche and hcubated overnight at 37OC. 

IMMUNOSCREENLNG OF B, EPROPE LIBRARY 

The plates were ovedaid with nitrocellulose filtem. The fiiters were rnarked by poking a needle at 

three asymmetric places into the atm and plate. A f k  1 min contact with plates, the füters were 

peeled off and plaad on the semi-wet paper towel (wlony side up). The plates were reincubated at 

37°C for severai beurs to ngenaate the doaies. The Papen with filters were placed in a large glas  

dish contahg a s m d  beaker with chioroform soaked tissues- The dish was coverd tightly with 

S a m  wrap and lefl at RT for 15rni.a The filters were removed nom the chamber and placed colony 

side up on a piece of Whatman 3MM paper sahirateci with denaturing solution(20mM Tris-HCI 

pH7.9,6M urea, O.= NaCl) for lSmh et RT. The füters were blocked for 30 min with blocking 

solution(l% gelath in TBST(l0mM TrGHCl pH 8.0, 1 59mM NaCl, 0.5% Tweea-20) and washed 

twice with TBST with shkhg anci incubated with a panel of monoclonal antibodies diluted in TBST 

for 3060aiin The amibody solution was removed. The filters were washed three times with TBST 

for lOmin each with &&hg and incubated with rabbit anti-mouse IgG Iilkaline phosphatase 

wnjugate diluted 1:25ûû in TBST for 3060 min. The fihem were washed three times as above and 

one time with bufièr C(0. 1M NaCI, 50mM MgCI, 0.1M Tris-HCI pH9.5). The reactive colonies were 

visualind by addmg coiour devdopmait soiutio~0.375rn~d ofNBT(nitrob1ue tetrazolium chloride) 



and 0.165rnglml BCIP(5-bramol4-cblor0-3-indoEyl phosphate) in ln& Cl. The colour developrnent 

was stopped by rias'mg the filters with water. The positive colonies were picked fkom the master 

plate, replated and mmeued d pure positive colonies were obtained. Pure positive colonies 

were rescreened with individuai antiboâies to i d e  wbich a n t i i  fegcted with these positive 

colonies. The tilters were cut into strips and each strip reacted with a different a n t i i -  

PLASMID PREPARATION AND SEQUENCING 

Single positive colonies were transfe~ed hto Sm1 of LB medium containhg 5Opg/ml carbenicülùi 

and 15pVml tetracych in a culture aibe and hcubated at 37°C with vigonws shalamg(270 rpm) for 

ovemight. A 1.5d sample of the culture was t r a n s f d  into microcentrifiige tube and centrifùged 

at 12,Oûûg for 1 mia. The media wme removed. The pellet was left as dry as possible, resuspended 

hto lûûfl of iceoold solution I ( 5 W  ghicose, 25mM Tris-HCI pH8.0, lOmM EDTA), miwd with 

2Wpi ofâeshly made solution IC(0.2N NaOE 1% SDS), and l& on ice for 3mia Then L50p1 of ice- 

cold 3M sodium acetate pHS.2 was added and mixed by inversion and left on ice for S m i n  The 

sampIe was ceatrifiiged at 12,ûûûg for 5 min. The clear supernatant was transferred to a fiesh tube 

and extracted with 4ûûpl phenol:CIAA(l : 1) by vortaMg for 30 seconds. The top aqueous phase 

was tmsked to a h h  tube ad mixed with &Op1 ethano1 by vortexing and left at RT for lOmin 

The sample was centnfiiged at IZ7ûûOg for 15min and the supanetent was discardeci. The pellet was 

washed with 70% etbol, air dried, reSuSpQded h o  30pi TE b a e r  mtaining ZOpg/ml RNase and 

incubated ait 37'C fbr 3ûmh The RNA breakdown pmducts were removed by adding lOpl of 30% 

PEG-8000(poIyeuiyene &col), 1 .SM NaCi, vortexing thomughiy7 incubating on ice for 60Mo and 

centrifiiging at 12,ûûûg at 4OC for l5min. The supernatant was removed and the smd DNA peilet 



was left behiad. The pellet was rinsed successiveiy with 1W/o ethanol and 7 M  etbanoi, air dried, 

and fineILy nsuspeidal in 20pi TE bufk  The plasmid qUrüty was asJessed by ninnllig 2p1 of above 

produas on a 1% agarose gel. 

DOUBLE STRANDED-WCLEOTIDE SEQUENCING 

The forward T7 gene 10 (GAGGTTGTAGAAGTTCC) and the reverse T7 terminator 

(ACCGCTGAGCAATMCïAG) primers wae used to seqence the msats  of the positive colonies. 

The Sanger dideoxy-mediated chah temination methods was useâ. The protocol used was descllied 

by T-Maniatis in Molecuiar Clonhg Bwk@age 13.42-13 -77). 

EXTRACTION OF FUSION PROTEIN 

A single clone was dtured in 3ml LB media containing 50pglml carbenicillin at 3 7°C at 270 rpm 

for ovemïght. 1.5 ml dtured ceUs were harvested by centdùgation at 12,000g for Imin, washed 

once with TE bufkr(5ûcnM TrisCl pH8.0,ZmM EDTA), resuspended in 150~1 TE bder, Iysed by 

adding lSOp1 of 2x teduchg sample treatment buffer(62SmM TrisCl pH 6.8, 2% SDS, 10% 

glycerol, 5% Z-mefc8~tOerhiiIK)r) and heatmg at 100°C for Srnia. The sample was ready for loading- 

SODIUM DoDECYL SULFATE-POLYACRYLAMIDE GEL ELECTROPHORESIS(SDS) 

SDS-PAGE gel was used to sepante proteins according tu molecular weight. The àiscontinuous 

but f i  system of rsenaili (1970) wwas used. Ali rragaits were electrophoresis ptuity grade. The gels 

were in 0.02!iM Tns-Cl, O. 192M glycine, O. 1% SDS and run at 30 milliamps for two sides of minigel 

and 60 milliamps for two sides of large gel util the trachg dye reached the bottom of the gel. 
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Estimation of molecular weight was done by ushg the rainbow molecuiar weight 

standards(Arnersham). Myosin 200-kDa, phosphorylase b 97k-Da, bovine serum albumin 69- 

KDa,carbonic anhydrase is 46kDa, trypsin inhiiitor 30-Kda. The gels were eitha coomassie blue 

stained to visaah protein bands or used for western blotting. 

COOMASSIE BLUE STAINING 

Mer electrophoresis, the gels were incubated with 5ûad staimng b&ii0.25% coomassie bdiant 

blue R-250 in 5û% trichioT08cefic acid at RT for Zûmin with shaking, draineci and mixed with 50ml 

destaking bunér (5Wo mentbol, 1W d c a i  acid) s e v d  tirnes until the bands were clearly 

visible. 

IMMUNOBLOTTING 

The proteins separateci by SDS-PAGE wae transfmed onto a nitrocelidose membrane(NCM) by 

using LKB 2117 Multiphor II Electrophoresis system foliowiag the instnictions provided by 

manufacturer. The NCM with bound protein was immersed in blocking buBer(3% BSA in lOmM 

Tris-WC1 pH7.5, lOOmM NaCl, 0.5% Tween-20) to privent noa-specinc binding for lhr at RT or 

ovemight at 4OC. The membrane was then reacted with primiuy a n t i i y  solution at RT for lhr with 

gentle shaking and washed three times with TBST(lûmM Tris-HCl pH8.0, 15ûmM NaCl, 

O.S%tween-20) for lOmm each the, then incubateci with xcondary anti irabbit  anti-mouse whole 

IgG alkaline pbosphaEaEe conjugate diiuted 1:2500 in TBST) lbr at RT. The NCM was washed three 

times as above. The fouth wmh useâ the bUna C. The method useâ for colour development was 
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descnied in i m m u n o d g  part (page32). 

PREPARATION OF JURKAT CELL LYSATES 

J- wac hmestcd by -on, d e d  twice with PBS(137mM NaCi, 2.6mM KCl, 

1 O m M  N@IPO,, 1.8m.M KHpOIt ImM 1mM MgCl3 ad Lyseû by adding lm1 lysis 

b~fh(1%NP40,1mM PMSF in PBS) to IO@ cells. The sa~nple was incubateci on iœ for 20min with 

g d y  shaking- The ceii debris wps femoved by Oentritiigatio~~ The supematants were kept at -20 OC. 

COUPLING ANTI-01 mAb JB 1 TO PROTEIN A BEADS 

A n t i i y  was bound to protein A beads by ushg the mahod (couplhg annhody to protein A beads) 

described in book - Anti'bodies: a labotatory mannual (Hariow,E., Lane,D., 1988) 

PURIFICATION OF B1 NATMZ PROTEIN 

This protocd is a rnodincation of the pocedue described by TaLada YX, a al. 1 S h i  of collecteci 

Jurkat ceil lysate (fiom 1.5~10~~cdls) were ceotrifiiged at 5000g for lûmin. The supernatant was 

transferred to a f k h  bot&!, mixed with 2ûûpl protein A kads aad mtated at 4°C for 2 hours to pre- 

clear the lysate. nien the beads were spm dom anci disc8fded The supanatant was mixed with Iml 

JB1-protein A begds and rotsded at 4°C for o d g h t .  The beads were spun down and washed twice 

with Tris buffer(O.02SM Tris-Cl pH7.5, O. 15M NaCl, 0.4% NP-40, O. 1% SDS, l m .  PMSF) and 

added into a Poly-Prep Chromtography Columa The wlum was washed with lOml tris buffer, 

1 omi of b&er 1 ( S M  NaCl, 0.1% deoxycholate), 1 Oml of b&er II (1 OmM Tns-Cl pH 7.5.0- 1 SM 
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NaCl, O. 1% d8olcycholaîe). The bound integrin was eluted with elution bder (5ûmM diethylamine, 

O. 1% deoxycholate, 5% giycerol pH1 1.5). The 0.5d eluates were colle*ed in the eppendrof tubes 

with 50 pl per tube of 1M TrisCl pH 6.8 to mutrab the dudes. The protein concentration ofeach 

hction was detetmiaed by asseshg the absorbana at 280ma In orda to check the efficiency of 

dution and the purity and pwmity of pire D l  glywprotein, 20p1 ofeach M o n  was m on a Ph 

SDS-PAGE gel and coomassie bhe stained. The fiactions which contained 01 glywprotein were 

pooled and dialysai a g a h t  2 litrrs of PBS at 4°C ovemi@. The samples were stored at 4°C. 

GBINDINTHEN-DEGLYCOSYLATION OF B1 NATIVE PROTEIN 

Purified Dl native protein was used in this experiment. For each reaction, 5pg of D l  native 

protein(lmg/ml) was diiuted 10-fold with 2û1nM phosphate, 0.5% NP40 and heated at 100 OC for 

5 min The samples were cooled dowu to room temperature and 2p1(0.8 unit) N-glycosidase F was 

added to each d o n .  The samples were incubated at 37°C overnight. The reactions were stopped 

by adding equal volume 2X reduced sample bufEer(62.5mM Tris-Cl pH6.8,2% SDS, 10./o glyceroI, 

5% Zinercaptoethanol). Tbe natM and the Ndegtycogyilited D l  samples were nin in adjacent lanes 

in a 7% SDS-PAGE gel as d e s c c ~ i  as above. The proteins were t r d e m e d  to NCM After 

blocking, the NCM was ait into strips(native and Nd Jycosylated D l  protein were treated as one 

group). Immunoblotting was performed as described as above. 

CHEMICAL DEGLYCOSYLATLON OF B1 NATIVE PROTEIN 

Among the principal methods wbich have been employed for chernical deglycosylation, the use of 

anhydrous trinuorornethanesulfonic acid (TFMS), has been found to be the most successttl in 
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cleaving N- and 0-linked glycans non-selectively fiom giycoproteins, leaving the primary structure 

of the protein intact. The protocol was provided by the nuin- and involves four stages. 

Sample prrpontiœoa, &&m&tion, muimüd011 of arcess reagent and recovery of degiycosylated 

polypeptide. 

Sample preparation 

The D 1 native protein solution was dialysed against two Iitns of O.lYb(VN) trifluoroacetic acid 

ovdght at 4OC to remove salts, metal ions and detergents in the protein solution and concentrateci 

to 1-2mglml by usbg Centricon-30 concentrator. An aüquot of the selt fiee Il glycoprotein 

0.5d(260pg) was t r s n s f d  to the bottom of a reaction via1 and dned thoroughiy by 

l y o p ~ t i o a ( s 5 ~  Torr, for 30hr). 

Deglycosylation 

A dry idethano1 cold bath was prepami. An ampoule of Reagent A(trifluoromethanesuEonic acid) 

was broken open and 6ûpi of reagent B (containhg tduene) was added by using dry syringe and 

mBred gaitly. The capped via1 containing the dry sample was p l d  into the ethanoVdry ice bath to 

cod d o m  for 30 seoonds. Using the ryringe, 50p1 of the reagent A and B mixture was added to the 

sampie by piercing the tefion-iined septuni ofthe viaî with tbe syringe d e  and then the reagent was 

allowed to ~n slowly dom the side of the reacîion vesse1 over 20 seconds. The needle was 

withdrawn and the 4 was left in the bath for a M e r  30 seconds. The via1 wes placed at -20°C for 

Smin. The contents of the vial were checked and shaken briefly to aid melting of the contents ut i l  

the contents became homogeaous. 



Neutrhtion of excess TFMS 

The d o n  vial was miiovcd h m  tbe necPr and the septum was removeci Rom *de of the cap. 

The via1 was plaad m the etbanaLIQY ice bath a d  dowed to cool for 30 seconds. 1 SOpl of reageat 

C(conta-g pyridine) was siowty dded to the viril by aiiowing the reagent to flow dom the side 

of the readion vessei over 20 seconds. The viai was piaced on dry ice for Smin and then on wet ice 

for a natha 1 h h .  400N of0.5% ammonium bicarbonate was added to the via1 and mixed briefiy. 

Recovery of degiycosylated poiypeptide 

The neutrahed reactioa mixture was transferred to a diaiysis tube and diaiysed against 4x1L of 

0.5% ammonium bicarbonate buffer for over lob. The final polypeptide solution was concentrated 

into 500d by using Centrocon-30 as above. The "EMS treated 01 poiypeptide and the native BI 

protein were run in adjacent lanes on a N. SDS-PAGE gel as d e s c r i i  More. The proteins were 

transferred to NCM and the NCM was nit into strips. Immunoblotting was pdonned as descnied 

as above. 



RESULTS 

PART A. CONSTRUCTION AND IMMUNOSCREENING OF 

THE EPITOPE LIBRARY 

PURIFICAnoN OF pECEFnRD1 PLASMID 

A total of lSOpg ofpECEFnRB1 was obtamal h m  a 1 S M  ova Mght bacterial culture. The punty 

of the DNA Pnperstim was detemiiaated (F&l) dong with a cornparison of the DNA levd to DNA 

standards for <FiantiEation The naal concentration ofthe purifid plasmid DNA was estimated to be 

~ P ~ P I -  

DNase 1 DIGESTIûN OF pECEF'dU1 

The results of the DNase 1 titration indicated that a 1:20 dilution of the a i y m e  gave the highest 

yield of 150-300 bp hgments (Fig-5). Thenfore this dilution was used in ail subsequent reactions, 

The 150-3ûûbp hgments were coiiecîed by electroelutio~~, The mncentration of recovered 150- 

3ûûbp fbpents was about 0.525mp/ml, Appr~ximateiy 15pg DNA frrgments were rwvered fiom 

60pg starhg DNA 



Determination of the quality and quantity of pECEFnRB1 plasmid on agarose gel 

1p.i ofpuised pECEFnRBl pfasmid(6.418) ad stmdard DNAwae eledrophoresed through a 0.8% 

agarose gel. 

Lane 1. IKb ladder 

Lane 2. 1 pl of pECEFnR.0 1 plasmid 

Laue 3. 1 pg of standard DNA 

Lane 4. 1 Spg of standard DNA 

Lane 5. 2pg of standard DNA 



Fig. 4 



Fig. 5 

Detemination of the qyadty of the DNase 1 for pECEFoRl31 plasmid digestion 

The amouat of enzyme DNue 5 nquvcd to generate the bighest quantity of 150-30bp fhgments 

was titrateci by using dinaad amounts of aiyme to digest 10pg of pECEFnRB1 pllismid under same 

condition The products ofdigestion were separated on 2% agarose gel. 

Lane 1. 1 pi of 1 :2ûû diluted ~N'ase 1 

Lane 2.1 pi of l : 3 0  diluted DNase 1 

Lane 3. 1 pl of l:4SO dilutal DNase 1 

Lane 4. lpl of1:600 diiuted DNase 1 





TAILING, LIGATION AND TRANSFORMATION 

Tf8asfonnation &cîeacy depads on the efticiency of tailing and ligation. The way to chedc the 

efficiency of iigation Y transformatiox~ There are mrsl W o n  relateci to the ligation efficiency. 

Such as dkteiliqg, pTOPE T-Vectds dT &gs, vectocinsert ratio. The triüng conditions have 

been opthked by the manufhcturer. 

The pTOPE T- Vectors were provideci by mandhctmr. The vectorinsert ratio is very important 

and usually 1 : 1-1 :4 will yidd the best resuits. The pTOPE T-Vector is 4Wbp h l e n a  The average 

size of insert is about 200bp. If 5hg vector is used in every ligation r d 0 4  2Sng-long of 

insert(rati0 is 1 : 1-1 :4) shouid give the b e -  rrsuk It is acassary to titrate Werent vector:insert ratios 

to estabiish optimal conditions for ligation. Ll(ligation 1) only contains the vector(no insen). This 

reaction was used to the check the perceatage of pTOPE T-vector tbat lose the dT overhangs. L2 

(iigation 2) oniy contains iasert(~~) vector). This reaction was used to check whether the inserts were 

contaminated by vector. In W 1Sng ofinsert was used. In LA 6ng of uisert was used. In L5 of 12ng 

insert was used. In L6 24ng of insett was used. The transformation etnciency of each reaction are 

show in TabIe(2). It is CI- that the IA is the optimal anâ its vector: iasert ratio is 1:2.4. LI had 400 

coloniei. LA-LltS.625. That means about 17-84 PTOPE T-Vector lost th& dTsverhaDgs and self- 

ligated. U diddt yield any colonies. This coiifirms that the h s a t s  were not contamhted by vector- 

Using vector:insert ratio 1:2.4, aii Med insetts were iigated into vectors to prevent the loss of the 

single dA aad dT overhangs. 



Approximately 8x10110' colonies of the h'bmy were saeened with the monoclonal amibodies 

which hchided JBlB, B144,3S3,844, NB, AIIB2. Smaposiiivc clones named clone A to G were 

picked afta first saenhg. Clones A,B,D,E,G w m  positive &a a second immunoscreening. 

Analysis of the clones with individual monoclonal a n t i i e s  indicated that the f i e  positive clones 

al1 reacted with a stimulatory mAb JBIB.Th d t s  of clone A are shown in fig(o). 

Approximately 104 colonies of 'brary were scieened with a second anti'body pool which includes 

N29,3S3 and B14-5. Fiive positive colonies were picked a f k  the first scrrening. Ody one clone was 

positive &er the second immunoscreening. This positive clone reacted with stimulatory mti'body 

N29.(fig 7)  



Table. 2 

The efficiencies of different Iigation reactions 



fmmunoscreening of B l  epitope library 

The D l  epitope h b a y  was with the nnt monodonal antiibody pool w k h  includes 

ml%, B14-5.3S3.844, N29, AïIB2. The positive cIones were picked and rescreened until the pure 

positive clones were obtained. Then the pure positive clones were plateci and screened. The fiitem 

were cut into strips to id- which mAb rricted with the positive clones. 

Figure.6 shows one of the h e  JB lB positive clone- 

A One of the men positive clones(named clone A) after first screening. 

B. The pure clone A 

C. Clone A reacts with individual mAb of the cintibody pool. 

1. pooled a n t i i i e o  (positive control). 2.383 3. JI3 1B. 4.N29. 

S. Negative controI. 6. B44. 7B 14-5. 8.AIIB2. 

Figure.7 shows the N29 positive clone 

A One of the f i e  positive clones(named clone C) 

B. The pure clone C 

C. Clone C reacts wïth individual mAb ofthe mbWy pod 

1. N29. 2. 3S3. 3 .negative controt. 4. B 14-5. 







THE SEQUENCES OF THE INSERTS OF THE mAb JBlB AND N29 POSITIVE 

CLONES 

The PM& of aii positive clones were purifieci .ad JI iDsars were sepend.  The sequences of 

the inserts of JB lB positive clones are üsted in Fi@). Clone E contains the shortest uisert which 

spans the Dl sequaice 647aa-705aa. This region also contains the epitope of a stimulatory 

monoclonai ambody B3Bll wfiich bas beai i-ed by Dr. Wilkins, Caaia Shen and Heyu Ni. The 

sequence of the iasan of B3B 1 1 positive clone is listed in Fi@). 

The Sequence of insert ofN29 positive clone is listed in Fig (9). The insert is 163aa in length. The 

6rst 56aa of the insert is not similar to any part of 81 sequence and contains two stop codons. But 

the host cell-NoVaBhe(DE3) contairu the SupE44 wbich can insert a glutamine residue at the stop 

codon. ne entire insert stül is expressed in hme. The ~eqlleace of the remainder of insert is identical 

to the B1 sequence which starts at 2aa before the mature 01 starting site and ends at 105aa. This 

region also contains the @ope of an hhibit~ry motloclonai a n t i i  JB lA which has been identifid 

by Dr. W~lcins and Caixia Shen. The sequences of the inserts of the two Ji3 lA positive clones was 

shown in Fig(l0). Cornparison of the sequences of the inserts of the N29 positive clone and JI3 lA  

positive clones were show in Fig.(lO). 



Fig. 8 



Fig. 9 

The amino acid sequence of the insert of the N29 positive clone 

*The nucleotide sequeace of these two amino acid is TGA (stop codon). NoVaBlue (DE3) 

competent host cells coatain the Sup E44 wbich can iasert a glutamine residue at the codon TGA. 

# The starting site of mature 01 protein 



Fig. 10 

Cornparison of the- insert length of N29 and 
JB1 A positive clones +-  

Clone N29 I O ~  

N' C 

55 Clone A (JB1 A) 93 

61 Clone C IJBIAI 105 



WESTERN BLOT 

The hion protein used fi>r immunoblottmg was extmted by lysing the bacteria celis in boiluig 2x 

sample tnetment bu@&. Equil amounts of bacteria lysite were e1ectrophoresed in SDS-PAGE gel 

uider cedllcing oonditiot~~. Tht pmSeiaP were transfened to NCM The NCM was cut imo srrips and 

each strip i.eacted with a diffèrent monoclonal anthây. 

The fùsion protein of one of five JBlB positive clones, clone E, was used in this study. Under 

reduchg conditions7 JBlB, B3B11 and 21C8 reacted with a 46-KDa band corresponding to the 

fusion protein. In wntrast, an inhibitory aati-13, JBl A, fkiled to react with this fision protein 

(fig. 1 1 B). JB lB, lB 1 A eod 21C8 fàiled to ract with a B3B 1 1 positive clone (fig. 1 1 A). These results 

indicated that the bh&g of 46-KDa fision protein with JB lB, B3B 1 1 and 21C8 was specific. It was 

apparent that 21C8 only reacted weakly with this 6 K D a  fusion protein under reducing condition 

(data not show). It is worth wthg that 21C8 Med to react with II, native protein This may suggest 

that the epitope of 2 lC8 may be a discontinuous or partial discontinuous epitope. 

Awrrding to the prior studies in this laboratory, JB lB7 B3B 11 and 21CS wmpeted for binding to 

O, integrin- It appeami that these three a n t i i e s  rnay recopize a related region of the B, m o l d e  

(Wilkins, 1996). The redts presented here M e r  support this conclusion As mentioned above, 

JI3 IB, B3B11 fecognized the linear sequences of the 4 chah since they cm bind to 8, integrin under 

reducing conditions. 2 1C8 recognized a discontinuous epitope since it is reduction sensitive. 



The second positive clone obtained f b m  screening D, epitope library reacted with stimulatory 

monoclonal antibo<s. NB. Fuitha immunobIot adysis of SDS-PAGE separated lysate of NZ9 clone, 

not oniy N29 but dso a inbiiitory monodonai mnWy JBlA re8Cted with a 51-KDa band 

corresponding to the fiision potein (Fig-UA). In contrast, N29 n3ed to react with a 36-KDa JBlA 

fiision protein (fhm clone A) (Fi& 12B) a d  tt 3%- JB1A nison protein ( h m  clone C) (Fg 12C). 

This indicated that the buidhg of NB with the 5 bKDa hision protein was specific. 



Fig. 1 1 

Immunoblotting the Ji3 lB and B3B 1 1 nision prote with mAb JB IB, B3B 1 1,21C8 and JB 1 A 

The JB lB and B3Bll Mon protein were electrophod on 10"/. SDS-PAGE gel under reduced 

condition. The proteins were t m s k d  to NNCM The NCM was cut kt0 strips. The strips were used 

to perform the westem blot wah ditliérent anti'bodies. 

A The western blot r d s  of 83B 1 l positive fision protein. 

B. The western blot results of JBlB positive Lsion protein. 

Lane 1. immunostaining with moaoclonal mti'body JB IB. 

Lane 2. immunostaining with monoclonal a n t i i  B3B 1 1. 

Lane 3. immunostaining with monoclonal a n t i i y  21C8. 

Lane 4. immunostaining with monoclonal aatibody JBlA 

Lane 5. negative control(oniy incubate wîth the secoadary m a î y ) .  

The tnolecular weight markers from top to bottom are 200kDa, 9-4 46- and 3OkDa 

respectively 



Fig. 1 1 



Fig. 12 

Ixnmunoblotthg N29 and JB lA fision proteins with N29 and JBlA monoclonai mtibody 

The N29 Won proteins were el~~tropboresed in 10./r SDS-PAGE gel and JBlA hion proteins were 

run in 12% SDS-PAGE gel under d u c e â  condition. The proteins wae transferred to NCU The 

NCM was cut into strips and each strip was reacted with a different monoclonal antibody- 

A The western blot r d t  of N29 fusion protein. 

B. The western blot d t  of clone A fiision proteia(JB1A positive). 

C. The western Mot remit of clone C fusion protein (JB IA positive) 

Lane 1. immunostainhg with monoclonal annibody JB 1 A 

Lane 2. immunostainmg with monoclonai antiiy N29. 

Lane 3.  negative control(oniy incubate with secondary antiiy). 



Fig. 12 
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PART B. DEGLYCOSYLATION OF B 1 GLYCOPROTEIN 

Integrins are highly glycmated protebm. In cecent years, it has ken reporteci that carbohydrates 

may be i n v o M  in the bidogical açiMty of bteghsmtesrins We hypothesized that if activating or inhibithg 

!$-specif~c monocIouai adbodies hove carbohydrates or psrtisl &hydrate epitopes it suggests that 

the carbohydrates of the DL subunit may be imrolved in the moduiating the biiding capacity of 

lymphocytes to ECU To test this hypothesis, purification and degiywsylation of BI native protein 

was perfbrmed. 

COUPLING THE ANTI-01 MONOCLONAL ANTIBODY JB1 TO PROTEIN A 

BEADS 

In order to check the efliciency of wupiisp, the saniples saved h m  each aep were electmphoresed 

on a 10% SDS-PAGE gel. Mer the electrophoresis, the gel was stained with coomassie blue. The 

resuits are show11 in fig(l3). The initiai coaceritraton of JBI was about Zmglml. 4ml of this antibody 

solution were used for couphg. After absortion with 1.1 ml of protein A beads, almost all of the 

antiaody moldes were bound to protein A beads and d d  not removed of by PBS. The antibody 

molecules were covalently Iùiked to protein A using bethylpimelimidate@Pw. 

PURIFICATION OF 131 NATLVE PROTEIN 

The Jurkat ceil lysate was made from 1 . 5 ~ 1 0 ~ ~  ceiis and lm1 of JB 1-protein A beads were used in 

each purification. In order to check the efficiency of elution, punty and quantity of purineci 81 



protein, 20pi of each fiaaion were ektrophoresed on a 7% SDS-PAGE gel under reduciag 

conditions. The pl was stahed with c o o d e  blue(data not shown). The protein was ehited rapidly 

at -011 3 and was completeiy drited with 2mi of elution bu&r. About 2SOpg of 81 native protein 

was puined fiom 1.5x10m ce&. S k î y  iitres of Jurlot cells were grown. Appro>rimateIy lmg native 

B1 giycoprotàn was purified h m  6x101* ceus. The purifieci native 01 protein was used to perfbrm 

the deglycosylatioa 



The coupihg of anti-81 monocIona1 antiboây JB 1 to protein A beads 

Ln order to check the efficiency of coupüiig, the simples d fkom each step were electrophresed 

in 1W SDS-PAGE gel. The gel was stained with coamassie blue. 

Lane 1.10pl ofinitiai m t i  soiution. 

Lane 2. 10p1 of a n t i i  solution after absorption with protein A beads. 

Lane 3. lOpl ofwashing JB 1-protein A beads buffér- 

Lane 4. lOpl of JB1-protein A beads More iinking with DPM 

Lane 5. 10p1 of JB 1 -protein A beads &et linked by DPU 

The m o l d a r  weight was given in kDa. 



Fig. l3  



Fig. 14 

Determination the p>nty of putified B, native protein 

201.11 of each coiiected fbtions was electrophoresed on a 7% SDS-PAGE gel mder reducing 

condition. The gel was stained with wrnassive Mue. Lanes 1 to lane 7 represent sequential eluted 

fraaons. The molecular weight was @en in kDa 



Fig. 14 



N-DEGLYCOSYLATION OF 01 NATIVE PROTEIN 

The Ndeglywsy1atd 01 and the d e  01 protek wece elestrophoresed on 7% SDS-PAGE gel 

under reduchg conditions and the p r o t h  were W e m d  to NCM The NCM was cut hto 

stripgthe NdegEycoBykted and the niitivc 81 protein wae loaded on adjacent lanes. These two Ianes 

wen wnsidered as one grorip) d each saip was reacted with monoclod antibody Dl 14 ,  B3B 1 1, 

B44, JB IB-, N29 and JB lA The western blot results are shown in Fig(l5). Zn each lane there are two 

major bands. The top band is the mature 81 and the bottom band is the precusor 01. The 

electrophoretic mobility of the N-deglycosylated 01 is markecüy increased. However the N- 

deglycosylated 01 retains reactivity with D 1 LA,  B3B 1 1,844, JB 1B,N29,and JB 1 A 

TFMS DEGLYCOSYLATOPN OF D l  NATIVE PROTEIN 

The TFMS treated Dl native polypeptide and the native 01 protein were electrophoresed on 7% 

SDS-PAGE gel aad the proteins were tresistimd to NCM The NCM was nit into stripithe TFMS 

treated 8 1 and the native 0 1 were loaâed on adjacent lmes and these two lanes were considered as 

one group) and eadi sttip reacted with Dl 1-4 N29,and 844. The western blot redt  is show in the 

Fig (16). The TFMS d Jycosylated 01 sa reacted with moaoclonal antibodies Dl 1-4 N29 and 

M e d  to react with 844. This expeNnent has been repeated three times and double amount of total 

deglycosylated D l  was loaded in the lane which was used to r e m  with mAb B44. It appears that 

stirnulatoty monoclonal a n t i i  B44 rtcogeins an O-linked carbohydrate epitope as it reacted with 

N deglycosylated but not N plus O liaked deglycosylated II1 integrin 



The native D l  proteins(the knes were marked asm -"in figure) d the N-degiycosylated Dl 

pmteins(the lanes were m d e û  as "+" in the figure) were dectrophoresed in 7?4 SDS-PAGE gel. The 

proteins were traasfemed to NCU The NCM was cut into strips(the + lane and the - laue were cut 

as one group) and each strip reacts with different monoclonal atlfiies(iidicated in figure). In the 

each lane there are two major bands. The top band is the mature B, and the bottom band is the 

precursor of Dl. In the lanes reacted with JB 1 A and D 1 1-A monucIonal a n t i i y ,  there are lots of 

bands below 97kDa They may be the degraded 11, protein. 



Fig. 15 



Fig. 1 6 

Immunoblotting d y s i s  of TFMS-treated B1 polypeptide 

The native D l  protein(The tanes were marked asw -* in figure) and the TFMS-treated Dl 

polypptide(the lanes wae maricd asm+" in figure) were eledrophoresed in 7% SDS-PAGE gel. The 

proteins were tran&md to NCM theNCA4 wu nit into strips(+ and - lana were cut as one group) 

and each strip reacted 4 t h  di&rent monoclonal anti'body as indicated in the 6-16) 



Fig. 16 



DISCUSSION 

The members that form the 0, subfhmily of integrins are involved in cellular attachent to 

extraceUar matrix proteins and in interceiîulu adhesion. But the mecbamsm of reguiation of ligand- 

binding cap* of integrin is stül unlmown. Some D, integrin speafiic monoclonai a n t i i e s  can 

Sgdbdy kcmse the ligand-binding rapacity of8, integrin Thu, the identification of the regions 

recogniæd by tbese a&&g mb~~~:lonal anti'bodies may elucidate the regdatory mechanism of the 

8, subunit at the m o l d a r  level and may be usdtl for potential phamacological intervention in the 

the fùture. 

The resuits presented in this thsis prwide the fôiiowing information. 1) There are no less than two 

distinct molecular regions influencing up-regdation of 4 integrin mediateci anachment. 2) The 

epitopes of a group of stimulatory mowclod a n s i i i e s  JB IB, B3B 1 1. and 2 lC8 are located on the 

membrane pro- region (648-705aa) of 0, integrin. 3) The epitope of stimulatory antiiody N29 

locakes on the amino taminal region (1-105) of O, i n t e  4) B44 recognizes a carbohydrate 

epitope which has not been laaked and W sensitive to conditions which removed O-linked 

carbohydrates. 

Through the use of a 4 @ope h i .  the epitopes of JBlB and B3B11 have b a n  locaüzed within 

the region 648-7OSaa. The fision protein encoded by region 648-705aa of li, integrin also can 

immunologicaiiy react with JBlB, B3Bll and under ceducing condition and M e r  confinns the 



above result. Using the same approach, the epitope ofB3B 1 1 was localued withh the region 636- 

670aa (Wülrins, 19%). nie &sion protein encodeci by region 636-670 of& integrin only reacts with 

B3B 11 but not JBlB . This suggest tbat the B3Bll epitope is in the region 648670aa and the 

epitope of JBlB waJd appear to be wataîned in the region 671-705ar The cpitope of B3B 1 1 was 

further localized by using three overlapping synthetic peptides which spanned the sequence of the 

B3B 1 1 fusion protein. B3B11 reacts speciscally with the peptide which conesponded to residues 

657-670 ofthe 0, sequeme. JBlB and 21C8 Wed to react with tbis peptide (Wilkins, 19%). Based 

on the above evidence, it is clear that the epitope of lB lB is located in the region 67 1-705aa on 8, 

integrin. 

2 lC8 is reduction sensitive. It does not react with native O, protein under reducing conditions but 

reacts with native fi, protein under non-reduchg conditions (data not shown). However, 2 1 C8 did 

react with the 51-kDa JBlB positive fision protein eacoded by 671-70Saa on Dl integrin weakly 

under reduciag condition. The partid @ope ofthe other stimulatory anti'body 21C8 may be located 

in the region 671-705aa on 8, integrin 

Using the same tlpprosch, the @ope rwgnized by another stimulatory monoclonal anb'body N29 

has beea identifieci in the region of 1-1OSaa on 4 intcgrin The region 1-105aa also wntains the 

epitope of a inlnitory monoclonal antibody JBlA locaüzed by Dr-Whs  and Caixia Shen There 

are two JB 1 A positive clones narned clone A and clone C respectively. Clone A spans AASS to 93 

on 13, integrin. Clone C spans AA61 to 105 on O, hitegrin. The N29 positive fision protein encoded 

by region 1-1OSaa of 0, integin cen react with both N29 and JB lA JBl A fbsion proteh (fkom clone 

A and C) ody react with JBlA itself and does not react with N29. So it would appear that N29 



epitope may be loc85ed in the region correspoadiag to &dues laOaa on the D, quence. This was 

fider wnfhed by cloning AAl-57 iato a expression vector. The exptessed fiisioa protein 

specindy nacts with N29 @&yu N b  -pt m pqmmth). But a synthesized peptide spanning 

amho aads 1-15 ofB, did mt react with N29 (personal wmmuru'cati~n, H Y ;  JW). Collecîively, the 

data suggests that the N29 *tope is located in the region ftom AA 1 to 57 on 0, h t e g ~  

There are s w d  pnMous studies which have localized the epitopes identifiecl by regulatory 

monoclonal anti'bodies to 8, and B, int- using different approaches, includhg intempecies 

chimeras, and site cürraed m u t a g d  of the 4 gene and B, genes (Takada, 1993; Sbih, 1993; Du, 

1995; Honda, 1995). 

Shih et al have localized the epitopes recognized by a panel ofstimultory and inhibitory chicken 0,- 

specEc monoclonal mti-es by producing and expressing a series of mouse/cbicken chimeric I), 

subunits (Shih, 1993). These chimeric subunits were M y  bctional with respect to heerodirners 

formation, but Merd in thar abüity to react with a panei of rnti-chickem 8, specific monoclonal 

a n n i e s .  Epitopes were identifid by a loss of rnti'bady binding upon replacement of regions with 

the mouse 8, subunit. They fouad that the @topes for one set of inhiiitory antiibadies mapped 

toward the N-terminal region (1-260aa) of the 0, subunit. They also found that another set of 

antibodies that block ligand binding, aher ligand specificity, or induce a/D subunit dissociation, 

mapped to the cysteine rich repeats near the transmembrane domah of the moleaile and tbis region 

was considered a regulatory region Coiîechdy the& results suggest that there are several regulatory 

regions on 0, integrin. The epitopes of inhiiitory monoclonal antiidies were mapped to the N- 



terminai region of 4 (1-260aa) and the epitopes of u i t i e s  with other adVities were mapped to 

the more membrane proxhnai sites. 

Takada a d useû a siinihr rpproadS but got diffèrent d t s  (Takada, 1993). Thy have identified 

a smaU region o f 4  suôunit (nsdue 207-218) thst is d c a l  for the bindhg of both human O, specific 

activating and inhiibitiag monoclonal a n t i i e s  by using humsnlmouse chimeras. This result was 

mer CO- by using SitBaVBded mutagenesis. The replacement ofS207N,E208K,N21OE and 

K21 IV of wild type chicken Dl d t e d  in the gendon ofthe highly homologous regions of the 

chicken B, integrin whiïh can a h  be recognizeâ by some regufatory mn'bodies. AU theu data 

strongly iadicated that the sequence 207-218 is dinaly involved in the biiding of activahg and 

inhi'biting anti-human 0, monoclonal anti.bodies to the humaa O,. 

In the study of fùnctioaal regdation of 4 integrin, Du reporteci that anti-LIBS, a 4 specific 

monodonal a n t i i ,  can srimrlete f k o ~  binding to the intact platelet in vitro and also stimulate 

fibronectin biading to purifid sohible a& @u,1991). The epitope of anti-LIBS, was localwd 

within an 89-residue region immediately adjacent to the transmernbrane domain and 400 residues 

carboxyl-terminal to the knom ligand-binding site by ushg anti-LIBS, to meen a lambda gtl 1 

expression library constructeci with random hgments of 8, cDNk ln addition, the Vindimg of anti- 

LlSq to a d 3  was increased 20-fold by addition of a 6brinogen-mimetic synthetic peptide RGDS. 

Thus anti-LIBS, and ligands bhd cooperatively to integrin a&. Thae may be a niactional and 

confofmational ünkage between the ligand-bbiadiag site ad the amibody binding site in spit of the fact 

that these two binding sites are 400 amino acids apart and separateci by about 16m in the three- 



dimensional structure of a& integrin Thus, thy suggested that the bînding of ligand to a d 3  

integrin r d t d  in a c o ~ o ~ o n s i  c b g e  which is pmpagated to the ad-LIB$ bmding site. 

ComerSeiy, tbe ûincüng of the d-LIBS, to the receptor d e d  in a conformational narnngement 

propagated to the ligand- site. S i  d-LIBS, recaepwS a discontinuous epitope and there 

are " cysteiIEes waaai an 89aa mgion (602-690), tbey suggested t h  the changes of the long-range 

diPulfde bond@ pattern may be imrolved in the codormationai change of or,& AU the B subunits 

of h t w  have effy-six cysteiaes and dure the saw distnauton pattern (Calvete, 1991). The 

disuifide booding pattern of the affy-six cysteiaes of& has been partially elucidated. Cys6ss t o m  a 

disuifide bond with cysw as mggesteci by Calvete (Caivete, 1991). cysU5 regides in the middle of the 

~ r o ~ - ~ r o ~  region coataitu'ng the anti-LIBS, epitope. 

Honda et al monda, 1995) have idaitifid the @ope of an integrin 4 specific monoclonal antibody 

AP5 which can iaduce fibrinogen aadLig to integrin a& and also induce platelet aggregation, using 

recombinant human-xenopus 4 chimeras produad in a bacuiovirus expression system. AP, 

reoognizes a kapeptide sequace GPNlCT (residue 1-6) at the amho terminai. The binduig of A . ,  

to a& is sensitive both to the bmdiag of ligand and to micromoiar difkreaces in divaient cation 

Ievels. This r d t  M e r  confirms the hypothesis thu activation related evmts induce global 

tonformafional changes Wacb may be fPrüitetcd by long-range disufide bonds, and putative disuifide 

linkage between cy$ and cysUs iikdy contributes to physical proximity betweea the AP, epitope and 

the C-terminai portion of 8, (Cdvete, 199 1). 

ln summary, the studies of 4 integrins suggest that cyss and cysos fom the long range disuifide 



bond which resuits in the formation of an at least 384 amino acid loop (global) structure wntaining 

two liganci- sita. Cys6m and f9mi aotha ioq-cange didiide bond. These regions may 

be flexible and invohted in codormationai changes. So the 'nding of stimulatory moaocloaal 

antibodies to amho terminai or ciirboxyl taminal regions may cause 4 integrin conformationai 

change and expose the iigand-binding site. 

In aU known B subunits of the integrin M y 9  except 0,. thae are certain structurai and functionai 

features which are b m i n g  apparent and which are highiy dntahed overall. These include the 

position and number of the @-six cysteines residues; the four cystinerich repeats; the hiehly simila. 

amino acid sequemes wahlli the 100-350 peptide stretch which is the ligand-bhding domain for the 

II subunit (CaIvete9 199 1). Thenfore many of the fhctionai mechanisms may by shared by other 

integrin receptors @ynes9 1987; Cho ,  1987). 

Colidvely the sl~dies in 8, and 4 Uitegrins wouid seem to be most compati%le 4th the presence 

of multiple regdatory regions oa the 4 subuait The stimulatory epitopes appear to be dispersed on 

the two temiai of the II, subunit. 

The iimctions of integrin receptors are known to be afliêcteâ by pst-translational modification. In 

recent years, there is more and more evidence to support the hypothesis that carbohydrates of 

intepriiis may k imroiveû m the bi01ogical Mniity ofiasegrh. Early in 19% Chammas reported that 

N-Wed carbohydrates of a6B1 integrin play a part in the laminin-integrin a&, interadon by ushg 

metapenodate oxidation, metaboüc inbiition of deglycosylation and enqmatic deglycosylation 



(Chammas, 1991). They found that arA integrin N-linked oligosaccharide playd a part in this 

reaction. Biading of Bl6/FlO melanoma cdls to lamimn via aa, integrin receptors was nearly 

aboiished when d s  were treated with tuaicaaych, and binding of q-labeled laminin to a%, was 

abolished by treatmeat of laminin with endo-FIPNG--FF This study indiateci that giycqdation of 

both laminin and its ordl integrin receptor are aun'al for laminindependent h i o n  of B 16 cells. 

They suggested that &hydrate moiaies h m  each ligand int- with amino add residues fiom 

the other, as in lectin-le& interactions (Shoran and Lis, 1989). 

The bction o f d  surface 0-Wed oügosaccharide in adbesion ofHLoO cens to fibronectti has 

been reported (Kojima, 1994). The adhesion of the myefogemus leukaemta cell Iiw, HL 60, to 

fibronectin was erihanced by blocking the elongation ofû-linked oligosaccharide on the cell surface 

with BZaGaINAc and 12-0 tetradeawyl phorbol 13-e P A ) .  The treatment with an N-linked 

oligosaccharide modiner(Swaiasoaine) did not aEect the aâhesion ofH.00  celi to fibronecth The 

increased adhesion of HL00 cell to fibronectin is =A4 and VLAS dependent and was g r a y  but 

not completeiy iahibited by the 8Zlfj-VLAS monoclonal antiibody -33. p d y  inhiied by ami- 

VLA 4 monoclonal antiihdy, SG-73and completeiy inliibited by the combination of auti-VLA 5 

mnoclonal a n î i i  and anti-VLA 4 monoclonai anti'body. The expression level of VLA4 and VLA 

5 did not change during tmtment wiih BZaGaINAc or TPA. These results strongly demonstrate that 

integrindependent adhesion ofHL 60 cdls to fibronectin is dependmt on elaboration of ce11 d a c e  

0-linked oügos8ccharide. These earlier studies al suggested that giywsylation of both the integrin 

receptor and tbeir ligands are esedai for optimal ceIl aâhesion but the mechanism rernain udcnown. 



The results presented in this thesis demonstrated that the O-liaked carbohydrates in 8, may play a 

role in Dl integrin mediated d adbasion. B44, a B, spdic moaodod anfibody, can significantly 

enhance the adhesion of Jurka celi to fIbmnedn and Irimima. B44 m c t s  with Ndeglycosylated D, 

protein and hiüs to rcact with II, poiypcptide (TFh4S tmatui native 8, protein) immunol~gically~ 

Thedore!, 844 r e q p b  a carbolyhte epitope or partiai a r b o h . t e  epitope on Dl integin and 

through an udmown rnechanism, moderates the aûïnity of@, integrin The ligand-ôiiding domain 

of the B, subunit may be blocked by surrounding sugar moieties. The binding of 844 to ce1 surtace 

B, subunit may cause the eorifi,cmafi*onai cbange oflocai arbohydrates and expose the ligand-biiding 

domain The location of the B44 epitope stiU needs furthe study. 
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