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Second Wave of Islam - Islamic Revival and the re-assertion of Moro Identity 

It was in the context of changing population demographic landscape and decline 

of Sultanate in Moro territories that a a power and identity vacuum existed. The space 

was filled through a reconnecting with the dormant Islamic consciousness that made 

possible through the return of Islamic scholars from the Middle East Islamic 

Universities. Chief among them was Ustadz Hashim Salamae an Al-Azhar alumnus. 

These scholars not only brought new political thinking but also the Middle East culture. 

Among the earIy signs of their influence were the replacement of traditional local 

Muslim dresses by a Middle East fashioned dresses. Customary rituals perceived deviant 

to Islam were prohibited. The Ustadz (religious scholar) slowly replaced the Pandita 

(Traditional Muslim preacher). Political and religious thinking began to echo 

contemporary Islamic thinkers in the Middle East, Hashim Salamat admitted drawing 
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Abstract 

Leukocyte integrins (P2 integrins) are involved in many immune and inflammatory 

responses. The key function of leukocytes is impaired in the LAD-I patients due to the 

defects in P2 gene. Two missense LAD-1 mutations N ~ ~ ~ s  and R'~'c were studied. 

~ L P ~ N ' ~ ~ S  can mediate constitutive adhesion to both ICAM-1 and ICAM-3, 

~ I I ~ P ~ N ~ ~ ~ S  which is corresponding to N)*~s in P2 also can mediate adhesion to 

fibrinogen in the absence of activation reagents. Through mutagenesis analysis and 

conformation study, we demonstrate that this Asn is critical in shaping the I-like 

domain by stabilizing the conformation of the a7 helix and the P6-a7 loop in the I-like 

domain. 

Although a ~ p 2 ~ ~ " ~  is active in adhesion to ICAM-1, the 0 2 ~ ~ ~ ' ~  cannot form 

heterodimer with a M  or a x .  We ruled out the domains in a subunit that is 

incompatible with the RS7'c mutation in the P2 subunit. We also showed that the 

positive charge in position 571 is important in heterodimer formation. Further 

experiments are required to pinpoint the residues that are responsible for the 

heterodimer formation for aMP2 and aXP2. 

Combining the adhesion property of LFA-1 with conformation study, we defined two 

intermediate states between the resting state and fully active state. By introducing a 

disulfide bond between the PSI and IEGF2 domain, aLP2cc is locked into a bent 

conformation. However, aLP2cc can still be induced to express the epitope of 

MEM148 and mediate adhesion to ICAM-3. The results suggest that the leg extension 

and hybrid displacement can be independently regulated during integrin activation, 

and ligand binding and conformational change is not coupled in a cause and effect 

fashion. 
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Chapter 1 : Introduction 

1.1 Overview 

Cell adhesion molecules, which are both receptors and ligands for receptors, are typically 

transmembrane proteins. They are composed of three domains: an intracellular domain 

that interacts with the cytoskeleton, a transmembrane domain and an extracellular domain 

that interacts either with other cell adhesion molecules on another cell or the component 

of the extracellular matrix (ECM) (Joseph-Silverstein and Silverstein, 1998). Their 

functions include adhesion, recognition and communication between cells and between 

cells and components of the extracellular matrix. 

Integrins are a family of cell adhesion molecules with key roles in cell-extracellular 

matrix and cell-cell interactions (Mould and Humphries, 2004). They are involved in 

many fundamental biological processes. First, they mediate stable adhesion of cells to 

their substrate by providing a physical link between the ECM and the cytoskeleton 

(Hynes, 1992). Second, integrins can act as signaling receptors that relay information 

from the substrate to the interior of the cell (outside-in signaling), which can, in turn, be 

interpreted as growth, differentiation, or survival signals (Giancotti and Ruoslanti, 1999; 

Miranti and Brugge, 2002). Third, integrins are vital for cell migration (Lauffenburger 

and Horwitz, 1996). Fourth, there is evidence that integrins are themselves involved in 

the assembly of the extracellular matrix substrate to which they bind (Schwarzbauer and 

Sechler, 1999). 
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Each integrin is a heterodimer with a a and a P subunit. These two subunits are type I 

transmembrane proteins and associated with each other by non-covalent forces. Integrins 

are present in all metazoans, including sponges and cnidarians (Bokel and Brown, 2002). 

Generally, the lower organism has a simple integrin system. In human, eighteen different 

integrin a subunits and eight different P subunits have been identified (Hynes, 2002). 

From these subunits, only 24 integrins have been identified (Fig. 1. I), which implies that 

not all possible combinations exist. 

1.2 The P2 integrins 

The P2 integrin consists of four integrins having the same P2 subunit but with different 

a subunits. They are aLP2 (CD 1 1 dCD 1 8, Leukocyte Function-Associated Antigen- 1 

LFA- I), aMP2 (CD 1 1 b/CD 18, Mac- 1, the Complement Receptor Type 3 or CR3), aXP2 

(CDl lcICD18, p150,95, the Complement Receptor Type 4 or CR4) and aDP2 

(CDl ld/CD18). The P2 integrins form a close subset in the integrins superfamily, since 

none of the four a subunits interact with another p subunit, and the P2 subunit is not 

known to interact with a subunit other than the four listed. 

The P2 gene is located at chromosome 21 (21822.3) (Solomon et al., 1988) and the four a 

genes are located in a cluster at chromosome 16 (1 6p11.2) (Wong et al., 1996). Further 

refinement was obtained when the human genome was sequenced (Fig. 1.2). 
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Lymphocyte function-associated antigen- 1 (LFA- 1) is expressed on all leukocytes. LFA- 

1 plays an important role in inflammation and leukocyte trafficking (Springer, 1994). 

During an inflammatory response, leukocytes attach to endothelial layers and leave the 

bloodstream at sites of infection. They first slow down from blood by engaging in a 

selectin-mediated interaction with the endothelium resulting in the rolling of the cells on 

the endothelium. At the same time, the cells become activated upon stimulated by 

cytokines and chemokines, such as IL-8 released by macrophage, C5a and anaphylotoxin 

derived from complement activation (Janeway CA. et al., 2001). LFA-1 is transformed 

from its resting state to an active state. Its interaction with ICAM-1 on the inflamed 

endothelial cells enables firm adhesion of the leukocyte which is necessary for their 

subsequent migration towards the junction of the endothelial cells before squeezing 

through into the underlying tissue (Butcher, 1991 ; Hynes and Lander, 1992). On 

neutrophils, it was shown that LFA-1 and Mac-lcooperate in the inflammatory responses 

of neutrophils (Henderson et al., 2001). LFA-I contributes to neutrophil rolling by 

stabilizing the transient attachment or tethering phase of rolling while Mac- 1 contributes 

to emigration from the vessel. LFA- 1 is also involved in the migration of T cells into 

lymph nodes. However, this function is shared by the a4P1 integrin (Madri et al., 1996). 

Mac-1 is primarily expressed on leukocyte of the myeloid monocytic lineage and natural 

killer lymphocytes (Larson and Springer, 1990). It is a remarkably versatile adhesion and 

recognition receptor, binding both endogenous ligands as well as an array of microbial 
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(Ehlers, 2000). Mac-1 can cooperate functionally with a variety of other surface receptors, 

including uPAR (the urokinase-type plasminogen activator receptor) (Tang et al., 2006), 

FcyRs (Fernandez-Calotti et al., 2003), Toll-like receptor 2 (TLR2) (Hajishengallis and 

Harokopakis, 2007) and CD14 (Ehlers, 2000). The interaction of Mac-1 and uPAR are 

required for fibrinolysis by myeloid cells (Simon et al., 1993) and it was reported that 

uPAR can promote Mac-1 binding to fibrinogen (Zhang et al., 2003). Mac-1 can 

recognize many pathogens directly and can mediate the phagocytosis of microbes. 

The complement proteolysis product iC3b is one of the most important ligand of Mac-1, 

the efficiency of phagocytosis is enhanced significantly when Mac-1 binds to iC3b 

(Mayadas and Cullere, 2005). The functional study of Mac-1 has now been expanded to 

include a role in modulating the life span of neutrophils due to its involvement in 

aclhesion-dependent neutrophil functions (Mayadas and Cullere, 2005). 

p150,95 is expressed mainly on myeloid cells and its tissue distribution overlaps with that 

of Mac- 1. It also contributes to leukocyte adhesion to endothelium and phagocytosis 

(Stacker and Springer, 1991). The ligands of pl50,95 include iC3b, fibrinogen, ICAM-1 

and LPG (lipophosphoglycan) and denatured proteins. It was reported that the acidic 

residues that are exposed in denatured or proteolyzed fibrinogen function as a damage tag 

for recognition by the p150,95 (Vorup-Jensen et al., 2005). 
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aIIbP3, a receptor for fibrinogen, vWF, fibronectin, and vitronectin, is absolutely 

required for platelet aggregation (Bennett, 2005). On resting platelets, aIIbP3 is inactive, 

but when platelets are exposed to agonists such as thrombin, ADP and platelet-activating 

factor, aIIbP3 undergoes changes to assume the extended, active conformation that binds 

fibrinogen. Ligands binding to aIIbP3 crosslink platelets into a homeostatic plug or 

thrombus (Bennett, 2001). Because aIIbP3 plays an indispensable role in homeostasis and 

thrombosis, it is among the most intensively studied integrins. 

aVP3 is expressed on the surface of endothelial cells, smooth muscle cells, monocytes, 

and platelets (Switala-Jelen et al., 2004). The aVP3 receptors recognize a wide range of 

extracellular matrix ligands that are similar to those recognized by aIIbP3. Although 

aVP3 mediates platelet adhesion to osteopontin and vitronectin in vitro (Bennett et al., 

1997; Paul et al., 2003), it is uncertain whether it plays a role in platelet function in vivo. 

Increased expression of aVP3 is observed on the vasculature in tumors and on several 

invasive malignant cells, indicating a role in tumor angiogenesis and metastasis (Li et al., 

2001; Mizejewski, 1999). aVP3 is expressed on osteoclasts and plays an important role 

in bone resorption (Shimaoka and Springer, 2003). 
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1.4 Ligands for LFA-1 and aIIbp3 

The experiments described in this thesis involved LFA-1 mediated adhesion to ICAM-1 

and ICAM-3 and aIIbp3 mediated adhesion to fibrinogen, these three ligands are 

therefore described in more detail. Ligands for LFA-1 and aIIbp3 are summarized in 

Table 1.1 and Table 1.2. 

1.4.1 ICAM-1 and ICAM-3 

Intercellular adhesion molecules (ICAMs) are cell surface glycoproteins (IgG 

superfamily) expressed on a wide variety of cell types, they play a critical role in the in 

immune and inflammatory responses. They are ligands for LFA- 1 and Mac-1 . They 

contain two or more of immunoglobulin-like domain, with a short cytoplasmic tail. 

ICAM-1 (CD54) has five IgSF modules in its extracellular domains, the binding site for 

LFA-1 is located in the first IgSF module (Staunton et al., 1990; Vonderheide et al., 

1994). ICAM-1 is expressed at low to moderate levels on vascular endothelial cells and 

on some lymphocytes and monocytes (Rothlein et al., 1986). However, its expression can 

be stimulated with inflammatory cytokines (Dustin et al., 1986), tumor necrosis factor 

(TNF) (Pober et al., 1986a), interferon (1FN)y and Lipopolysaccharide (LPS) (Pober et al., 

1986b). Its upregulation on endothelial cells during inflammation points to the 

importance of LFA-1 mediated adhesion role in leukocyte trafficking. As a ligand to P2 

integrin, it also participates in signal transduction across cell membrane when the signal 

transmit from outside of the cell to inside (Hubbard and Rothlein, 2000). 
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ICAM-3 (CD50) has five Ig-like domains sharing low homology to ICAM-1 in the 

extracellular region. Unlike ICAM- 1, ICAM-3 is absent on the endothelium and it 

restricted to resting lymphocytes, monocytes and neutrophils, representing the major 

LFA-1 ligand on these cells (de Fougerolles and Springer, 1992; Fawcett et al., 1992). It 

was thought that ICAM-3 is important in initiating immune responses for its constitutive 

expression on lymphocyte (de Fougerolles and Springer, 1992). However, this concept 

may need to be revised when it was found that mouse does not have ICAM-3 (Sugino, 

2005). Nonetheless, it is a usehl ligand in characterizing LFA-1 activation states (Tang 

et al., 2005). 

ICAM-3 expression has been demonstrated on dendritic epidermal Langerhans cells, 

whereas it is absent on dendritic cells from other lymphoid organs. A fimction of ICAM- 

3 in initiation of Langerhans cell-leukocyte interactions taking place during immune 

reactions localized to skin has been postulated (Manara et al., 1996). 

1.4.2 Fibrinogen 

Fibrinogen molecule is a dimeric soluble plasma protein comprised of two sets of 

disulfide-bridged Aa-, BP-, and y-chains. Each molecule contains two outer D domains 

connected to a central E domain by a coiled-coil segment (Weisel, 2005) (Fig. 1.4). 

Fibrin is formed after thrombin cleavage of fibrinopeptide A (FPA) from fibrinogen Aa- 

chains, thus initiating fibrin polymerization (Mosesson, 2005). 
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Table 1.1 Ligands of P2 integrins (Modified from Gahmberg et al., 1998) 

Ligands for 82 integrins 

LFA-1 (aLp2) ICAM- 1, ICAM-2, ICAM-3, ICAM-4 and ICAM-5 

ICAM-I, ICAM-2, ICAM-3, iC3b, fibrinogen, factor-X, neutrophil 
Mac-1 (crM82) inhibitory factor, kininogen and denatured proteins 

ICAM-I, fibrinogen, iC3b, LPS, LPG and denatured proteins. 
p150,95 (aXB2) 

d B 2  ICAM-3 and VCAM- I. 

Table 1.2 Natural ligands of P3 integrins (from Switala-Jelen et al., 2004) 

Natural ligands for  P3 integrins 

collagen, denatured collagen, decorsin, disintegrins, fibronectin. 

fibrinogen, plasminogen,pro thrombin, thrombospondin, vitrone ctin, 

Von Willebrand factor. Borrelia burgdofen 

adenovirus penton base protein, bone sialoprotein, cytotactin, 

denatured collagen, disintegrins, fibronectin, fibrinogen, HIV Tat protein, 

aVfB laminin, matrix metalloproteinase-2, osteoponin, prothrombin, thrombospondin, 
Von Willebrand factor, vitronectin, Candida albicans 
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Fibrin(ogen) plays an important role in blood clotting, fibrinolysis, cellular and matrix 

interactions, inflammation, wound healing, angiogenesis, and neoplasia (Laurens et al., 

2006). Through binding to fibrinogen, cross-linking of aIIbj33 on platelets by fibrinogen 

is required for platelet aggregation, which is crucial in thrombus formation. The diagram 

of fibrinogen binding to aIIbp3 is shown in Fig. 1.5. Fibrinogen also binds to aMj32 and 

aXj32, and is involved in inflammation by facilitating leukocyte adhesion to fibrinogen- 

deposited tissue and implants. Besides fibrinogen, other natural ligands for j33 integrins 

are presented in Table 1.2. 

All these ligands have an RGD or RGD-like motif that is exposed in the central part of 

their receptor-binding site. The sequences containing RGD and RGD-like motifs are key 

to P3 integrin interaction. Such sequences in integrin ligands are frequently flexible and 

often occur in loop regions (Kodandapani et al., 1995). The crucial recognition motif in 

aIIbP3 is an RGD-like Lys-Gln-Ala-Gly-Asp-Val (KQAGDV) motif near the C-terminal 

end of the y-subunit, although two RGD sites in the a-subunit may also be recognized 

(Shimaoka and Springer, 2003). 

1.5 Integrin structures 

Integrin is formed by two non-covalently associated subunits, a and P both are type I 

transmembrane glycoprotein. They have a large extracellular domain, a single 

transmembrane domain, and a short cytoplasmic tail. The electron microscopy shows that 

(Du et al., 1993; Weisel et al., 1992), the overall shape of the extracellular domain is a 

global headpiece with two long stalk anchoring the integrin to the membrane. 
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1.5.1 The a-subunit 

The extracellular region of the integrin a-subunit is linearly organized to contain, from 

the N-terminus, P-propeller, thigh, genu, calf- 1 and calf-2 domains (Takagi and Springer, 

2002) (Fig. 1.6). Nine of eighteen a subunits also contain a inserted (I) domain in the P- 

propeller (see later). 

Seven segments of about 60 amino acids in the N-terminal region have been predicted to 

fold into a seven-bladed P-propeller domain (Springer, 1997), which is analogous to the 

GaIGP complex in G proteins. Each of the seven blades comprises four anti-parallel P- 

strands. Strands 1 ,2 ,3  and 4 are connected by successive hairpin turns, and strand 4 of 

one blade is connected to strand 1 of the next (Fig. 1.7). The inner strands (strand 1) line 

the channel at the center of the propeller, strands 2 and 3 of the same repeat radiate 

outwards, and strand 4 form the outer edge of the blade (Xiong et al., 2001). 

Three solvent-exposed ca2+ binding site are found in the loop connecting the strands 1 

and 2 for blades 5-7 at the bottom of the propeller from the structure (Xiong et al., 2001). 

An additional site can be found in blade 4 of some integrin a subunits (Springer et al., 

2000). The presence of calcium is likely to make the interface more rigid (Xiong et al., 

2001). The P-propeller domain directly participates in ligand recognition in those 

integrins that lack a I-domain (Hurnphries, 2000). 
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Nine of the eighteen human a-subunit (al ,  d ,  a10, a1 1, aE ,aL, aM, aX and aD) contain 

an additional I-domain, which is inserted between blades 2 and 3 of the P-propeller 

domain of the a subunit (Springer, 1997). The I-domain is composed of approximate 200 

amino acids and is homologous to the von Willebrand factor A domain (Fig. 1.8). The I- 

domain adopts the dinucleotide-binding or Rossmann fold, with a central hydrophobic P- 

sheet surrounded by a number of a-helices (Emsley et al., 1997; Lee et al., 1995b; Legge 

et al., 2000; Mould et al., 2003c) 

I-domain is the major ligand-binding domain in those integrins with an I-domain. It had 

been demonstrated that deletion of the I-domain in integrin aL abolished its binding to 

ligands (Leitinger and Hogg, 2000; Yalamanchili et al., 2000), and the isolated a L  I- 

domain which is locked into high affinity is sufficient to bind ligands (Lu et al., 2001 b). 

Binding of the I-domain to ligand is divalent cation-dependent. A divalent cation 

coordination site designated the metal-ion-dependent adhesion site (MIDAS) binds 

negatively charged resides in the ligand, which is located on the upper surface of the I- 

domain. The cation in the MIDAS is ligated by five side chains located in the pl-al,  d -  

a3, and P4-a4 loops. Three coordinating residues in the first loop reside in a characteristic 

sequence of I-domain, DXDXS. ~ n ~ '  and M ~ ~ +  have been shown to enhance ligand 

binding, whereas high concentration of ca2+ results in the inactivity of integrin 

(Shimaoka et al., 2002b). 

Two crystal structures of a M  I-domain was obtained in the presence of different metal 
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ions (Lee et al., 1995a; Lee et al., 1995b). One is with M ~ ~ +  representing the open form 

with a ligand-mimetic contact. The other one is with ~ n * +  showing the closed form with 

no ligand binding. They differed in the structure of the surrounding loops and in the 

position of the C-terminal a-helix. In the open form (Fig. 1.9 A), two serines and one 

threonine make electrostatic bonds to Mg2+ via their side chains; two water molecules 

also interact with M~~~ and two aspartic acids make indirect contacts via water molecules. 

In addition, the side chain of a glutamate residue from a neighboring I-domain completes 

the coordination sphere, which may be viewed as a liganded I-domain. 

In the closed conformation (Fig. 1.9B), the bond to is broken and replaced by a 

direct bond to ~ s ~ ~ ~ ~ ,  thus reducing the electrophilicity of the metal. Three water 

molecules complete the coordination sphere. There is no equivalent of the exogenous 

glutamate, therefore the MnZf I-domain appears to be unliganded. The largest movement 

in the transition from the closed to the open structure is the C-terminal helix a6 which 

moves 1 0A down the side of the domain (Lee et al., 1995a) (see later). The structural 

difference between the ligand bound and nonliganded of the I-domain in the a 2  and a L  

subunit are remarkably similar to those of the a M  I-domain (Emsley et al., 1997; Emsley 

et al., 2000; Huth et al., 2000; Legge et al., 2000). 

1.5.1.3 Thigh, calf- 1 and calf-2 

C-terminal to the P-propeller are three large P sandwich domains: thigh, calf-1 and calf-2 

(Xiong et al., 2001). The contact between the propeller and thigh domains has a surface 
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area of -700 A2, there maybe some interdomain movement in this area during activation, 

which could be regulated by the calcium ions in the propeller. Between the thigh and 

calf-1 is the "genu", which is capped by a divalent cation. It has been shown that the 

gendcalf- 1 interface is important in maintaining integrin activation, and the extension of 

the integrin legs may occur by a structural rearrangement at the thighlgenu interface (Xie 

et al., 2004). The interface between calf-1 and calf -2 domains (-500 A') is largely 

hydrophobic, suggesting that these two domains form a rigid structural entity (Xiong et 

al., 2001). 

1.5.2 The a subunit 

The P-subunit ectodomain consists of eight domains: PSI domain, the hybrid domain, the 

I-like domain, four EGF-like domains and a P-tail domain (PTD) (Fig. 1.6). The integrin 

P-subunit contains two domain insertions: the p I-like domain is inserted in the hybrid 

domain, which is in turn inserted into the PSI domain. 

1.5.2.1 PSI domain 

The N-terminal cysteine-rich region of P-subunit share sequence homology with 

membrane protein including plexins and semaphorins, it is therefore known as the PSI 

(for plexin-semaphorin-integrin) domain (Bork et al., 1999). The integrin PSI forms a 

two-stranded antiparallel P-sheet flanked by two short helices, and a highly conserved 

side chain of ~r~~~ form a small hydrophobic core of this domain. The integrin PSI 

contains four cysteine pairs connected in a 1-4,2-8, 3-6, 5-7 pattern with the eighth 
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cysteine being located, in the primary structure C-terminal to the hybrid domain (Xiong 

et al., 2004). 

1 S.2.2 Hybrid domain 

The hybrid domain is a P-sandwich domain that is folded from amino acid sequence 

segments on either side of the I-like domain. From the structural data, the hybrid domain 

is inserted into the last loop of PSI domain (Xiong et al., 2004). 

In a5P1, Mould et a1 (Mould et al., 2003c) have provided biochemical evidence that 

activation of the head region involves a swing of the hybrid domain away from the P 

subunit which is coupled to the downward shift of the C-terminal a helix of the I-like 

domain. Several antibodies that mapped to this domain can only stain the integrin when it 

was activated, which also suggest that the hybrid domain may be displaced outward 

during integrin activation (Mould et al., 2003c; Tang et al., 2005). The displacement of 

the hybrid domain had also been shown to be important in propagation of the activation 

signal in aLP2 (Tan et al., 2001a; Tang et al., 2005; Tng et al., 2004), and part of this 

work will be discussed in this thesis. 

1 S.2.3 I-like domain 

I-like domain of P subunit, which is inserted in the hybrid domain, is the ligand binding 

domain in integrins that lack I-domain in a subunit. It assumes the nucleotide-binding (or 

Rossmann) fold found in GP and integrin a I-domains and it contains a putative metal- 

binding DXSXS sequence motif similar to that of the MIDAS in the a subunit I-domain 

(Lee et al., 1995b; Ponting et al., 2000). In addition to the basic structure of the I-domain, 
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it contains two extra loops. One is named SDL (specificity determining loop) (Takagi et 

al., 2002a) which is crucial for integrin dimer formation and ligand binding; the other 

forms the main interface with the P-propeller domain of the a subunit (Arnaout et al., 

2005). 

I-like domain consists of a central six-stranded P sheet surrounded by eight helices. The 

MIDAS motif occupies a crevice at the top of the central j3 strand, as in the a I-domains 

(Lee et al., 1995b). The overall geometry of the metal-ligand coordination is similar to 

that of a I-domain. Mutation of MIDAS in P2 I-like domain abolishes ligand binding by 

aLP2 (Bajt et al., 1995). Unlike the I-domain, the I-like domain has two additional metal 

ion coordination sites. Adjacent to MIDAS lies a metal ion-binding site (ADMIDAS) and 

it was previously predicted to be an inhibitory high ca2+ binding site and an active ~ n ~ +  

binding site (Nishida et al., 2006). Mutation of ADMIDAS in aLP2 (Nishida et al., 2006) 

and a4P7 activated ligand binding (Chen et al., 2003). A ligand-induced-metal-binding- 

site (LIMBS) is located in the I-like domain, which is only 6A away from the MIDAS. 

All the residues coordinating LIMBS are conserved in I-like domains (Xiong et al., 2002). 

LIMBS were assigned as the ca2+ binding site (Xiao et al., 2004), LIMBS mutations have 

been reported to abolish ligand binding to a4P7 (Chen et al., 2003) and also abolish 

ligand binding to aLP2 (Kamata et al., 2002). Collective data from a4P7 (Chen et al., 

2003), a5Pl (Mould et al., 2003a) and aLP2 (Nishida et al., 2006), suggest that the 

LIMBS and ADMIDAS are the site for positive and negative regulations by ca2+, 

respectively. 
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1 S.2.4 IEGF domain 

Following the hybrid domain are four tandem cysteine-rich repeats (IEGF domains), 

similar to the epidermal growth factor (EGF) modules. The boundaries of these modules 

were defined (Tan et al., 200 lb) and the paring of cysteines in these repeats have been 

characterized in the C1-C5, C2-C4, C3-C6, C7-C8 pattern (Takagi et al., 2001a). The 

EGF domains found in the integrins as well as those in TIED (ten P-integrin EGF-like 

repeat domains) are distinct from the EGF domains found in the laminin whose eight 

cysteines are arranged in the C1-C3, C2-C4, C5-C6, C7-C8 pattern. Unlike the integrin- 

EGF domains 2, 3, and 4, each of which has 8 cysteine residues, the IEGF1 has only a 

total of 6 cysteines engaged in three disulfide bonds with the C2-C4 disulfide pair 

missing (Shi et al., 2005). 

Three P2 activating antibodies KIM185, MEM48 and KIM127 are located in the different 

domain of the four EGF domains. The KIM127 epitope localizes within cysteine-rich 

repeat 2, MEM48 bind to epitopes in cysteine-rich repeat 3, and rnAb KIM 185 maps near 

the end of cysteine-rich repeat 4 (Lu et al., 2001a). 

Two crystal structures of the IEGF domains of P2 have been solved in our laboratory (Shi 

et al., 2007; Shi et al., 2005). Their significance will be discussed in Section 1.8 in 

association with conformational change of the integrins during activation. 

P2 tail domain (PTD) consists of a four-strand P sheet that contain antiparallel and 

parallel strands and face an NH2-terminal a helix (Xiong et al., 2001). In the structure, 
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only two weak hydrophobic contacts are found between PTD and EGF4, indicating the 

interface between them is flexible (Xiong et al., 2001). In the P3 integrins, PTD is not 

essential for heterodimer formation, but it can restrain P3 integrin in a resting, low ligand- 

affinity state (Butta et al., 2003). 

It has been reported that the variation of contact region between the PTD and the P I-like 

domain can regulate integrin aMP2 binding to iC3b, which suggests PTD plays a role in 

integrin activation (Gupta et al., 2007). However, another study demonstrated that the 

mutation or deletion the P3 tail domain loops had no effect on the ligand binding of 

integrin aVP3 and aIIbP3 (Zhu et al., 2007a). 

1.5.2.6 Transmembrane (TM) domain 

The transmembrane segment is about 25-29 amino acid long, it is likely tilted or coiled 

inside the membrane (Armulik et al., 1999). Modulation of the interhelical TM interface 

has been suggested to involve in signaling in both directions across the membrane, 

however, there is no consensus on the precise nature of the TM interface movement and 

its effect on activation (Arnaout et al., 2005). 

1 S.2.7 Cytoplasmic domain 

The cytoplasmic domain of integrin a and P subunit are comparatively short, generally 

with only 20-40 and 45-60 residues in length, respectively. Integrin P4 is an exception, 

which is specialized to connect to the keratin cytoskeleton and contains fibronectin type- 

I11 domains (Hynes, 2002). The cytoplasmic domains of integrins play a pivotal role in 
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the bi-directional signaling processes, through interaction with the cytoskeleton proteins, 

signaling molecules and other cellular proteins. 

Deletion of the membrane proximal seven residues of the P3 subunit cytoplasmic causes 

constitutive ligand binding of aIIbP3, indicating that this membrane proximal region of 

the P3 subunit is critical to maintain ctIIbp3 in a low affinity state (Hughes et al., 1995). 

Complete truncation of the 02 cytoplasmic domain also resulted in constitutive activation 

of aLP2 and aMP2, demonstrating the importance of this membrane proximal region in 

the regulation of integrin adhesive function (Lu et al., 2001d). 

Integrin P cytoplasmic tails make direct association with many signaling and structural 

proteins, which include actin-binding proteins, enzymes, adapter proteins, transcriptional 

co-activator and additional proteins of unknown function (Liu et al., 2000). The first 

cytoplasmic protein that was shown to bind to integrin P is the actin-binding protein talin 

(Honvitz et al., 1986). Their interaction is important for a variety of integrin function 

(Liu et al., 2000) 

Unlike the P subunit, different a subunit cytoplasmic domains share little sequence 

similarity. However, all integrin a subunits cytoplasmic tails contain a conserved 

"GFFKR sequence at the membrane proximal region. The a subunit cytoplasmic domain 

is important in the regulation of integrin-mediated biological responses. For example, R- 

ras can enhance a4P 1 mediated cell migration. Migration is enhanced by R-ras when the 

a 4  cytoplasmic tail is replaced by that of a2, but decreased when replaced with that of 

a 5  subunit (Keely et al., 1999). 
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"GFFKR is important for retaining integrin in its resting state, deletion of this sequence 

in a subunit cytoplasmic domain results in an active aIIbp3 (Lu and Springer, 1997). 

Similarly, removal of this sequence from integrin aL subunit can promote aLP2 

clustering and make it constitutively active (van Kooyk et al., 1999). 

Interaction between the a and p tails is important in regulating integrin function. 

Mutagenesis studies suggest that R~~~ from the aIIb subunit cytoplasmic tail and D'*~ 

from the P3 tail forms a salt bridge, which stabilizes the association of the membrane 

proximal regions and maintain aIIbP3 in a low affinity state (Hughes et al., 1996). 

Some cellular proteins that can directly associate with a cytoplasmic domain have been 

identified, for instance, F-actin binds to the a2 cytoplasmic domain (Kieffer et al., 1995), 

calreticulin can directly interact with the GFFKR motif (Rojiani et al., 1991); paxillin, an 

intracellular adaptor protein, binds directly and tightly to the a4 tail (Liu et al., 1999). 

1.6 Integrin related diseases 

1.6.1 Leukocyte Adhesion Deficiency type I 

More than 25 years ago, a group of patients were diagnosed with delayed separation of 

the umbilical cord, neutrophilia, neutrophil defects and recurrent bacterial and fungal 

infections and impaired wound healing (Crowley et al., 1980). Subsequently, these 

patients were found to have defective P2 integrins. Molecular analysis showed that the 

defect is due to mutations in the P2 integrin gene. The disease is now known as leukocyte 

adhesion deficiency (LAD)-I. 
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The degree of severity of the symptoms of LAD-I is correlated with the level of 

CD11ICD 18 expression and residual adhesion activities on the patient's leukocytes. 

Patients with less than 1 % normal levels of CD 1 1 ICD 18 are susceptible to frequent and 

life threatening systemic infection (severe form). Patients with higher level of 

CD 1 11CD 18 expression up to 10% of normal may survive up to adulthood with proper 

medical care (Anderson et al., 1985). 

The molecular basis of LAD-I can be broadly categorized into two main groups. One 

group of mutations leads to grossly abnormal gene products. These mutations include 

nucleotide deletion and abnormal splicing defects. Grossly abnormal gene products can 

also arise from nonsense mutations in which a stop codon replaces an amino acid codon, 

leading to premature termination of translation. 

The second group of mutation involves missense mutation, which results in a protein in 

which one amino acid is substituted for another. Biochemically, CD18 with these 

mutations translate into either a non-expressed CD18 protein, or the expression of a non- 

functional CD 18 protein (Hogg et al., 1999). There are also mutations, which result in a 

differential ability to associate with the three CD 1 1 subunits to form the LFA-1, Mac- 1 

and p150, 95 heterodimers (Shaw et al., 2001), andlor with abnormal adhesion properties. 

To date, there are 18 different missense mutations described at the molecular level. All 

the missense LAD-1 mutations found are listed in the Table 1.3. Most mutations do not 

support CDllICD18 expression or at a very low level. Two mutations S' (Hogg et al., 
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1999) (MIDAS) or D* '~H (Mathew et al., 2000) (LIMBS) were capable of supporting the 

expression of LFA- 1, Mac- 1 and p 150,95, but none of CD 1 1 ICD 18 with these two 

mutations possess any adhesion activities. Most LAD-I mutations located in the I-like 

domain of the P2 subunit results in impaired integrin heterodimer formation or defective 

function. Surprisingly, LFA-1 with mutation N ~ ~ ~ s  can constitutively adhere to ICAM-1 

and ICAM-3. Another two mutations R~"C and c ~ ~ ~ R  which are located in the IEGF-4 

also can promote LFA- 1 to constitutively adhere to ICAM- 1, though their expression are 

lower than the wild type (Shaw et al., 2001). The mechanism of these three mutations 

activate P2 integrin will be studied in this thesis work. 

1.6.2 Leukocyte Adhesion Deficiency type 11 

Patients with LAD-I1 have a defect in the fucosylation of various cell surface 

glycoproteins, some of which function as ligands for selectins. As a result, the initial 

"rolling" of leukocytes over the endothelial vessel wall in areas of inflammation is 

disturbed. Thus, the leukocytes do not slow down, leading to decreased leukocyte 

adhesion to the vessel wall and decreased transendothelial migration into the tissues. The 

molecular defect in LAD-I1 has been identified as a deficiency in a GDP-fucose transport 

protein in the Golgi system (Luhn et al., 2001). 

1.6.3 Galnzmann 's thrombasthenia's 

Glanzmann thrombasthenia (GT) is an autosomal recessive bleeding disorder 

characterized by deficient or dysfunctional glycoprotein (GP) IIbJIIIa (alIbp3) 

complex. The hallmark of the disease is impaired platelet aggregation stemming from 
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Table 1.3 Missense LAD-1 mutations 

Nucleotide changes Amino acid change References 

-64T + A -2 1 Met + Lys Sligh et a]., 1992 

316 G + A 106 Asp + ASn Matsuura et al. 1992 

326 A + C 109 Tyr + Ser Uzel et a]., 2007 

346T + C 116 Ser + Pro Hogg et a1.1999 

380 T + C 127 Leu+ Pro Wright et al. 1995 

439 G + A 147 Gly + Arg Wardlaw et a1.1990 

467C + T 156 Pro + Leu Back et al. 1992 

521 A + C  174 Lys + Thr Arnaout et al., 1990 

625 G + c 209 Asp + His Mathew et a1.2000 

688 T -+ C 230 Trp -+ Arg Roos et al. 2002 

787 C -+ T 248 Ala -+ Val Shaw et al. 2001 

751 G + A  25 1 Gl y + Arg Hogg et al., 1999 

784 G + A 262 Gly -+ Ser Wright et a]., 1995 

955 G + C 319 Ala + Pro Shaw et al. 2001 

986 A + G 329 Asn + Ser Nelson et al., 1992 

1690C + T  564 Arg + Trp Nelson et al., 1992 

1702T+C 568 Cys + Arg Shaw et a1.,200 1 

1711 C + T  57 1 Arg + Cys Wright et al., 1995 
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defective fibrinogen binding to GPIIbIIIIa. Affected patients exhibit a prolonged bleeding 

time, absent of clot retraction and failure of platelets to aggregate in response to ADP, 

collagen, thrombin and epinephrine, but ristocetin-induced aggregation remains intact 

(Seligsohn, 2002). 

Patients with severe (less than 5% of normal) GPIIbIIIIa deficiency are termed type I, 

patients with moderate (1 6 2 0 %  of normal) GPIIbIIIIa deficiency are termed as type 11, 

and the patients with half normal to normal GPIIb/IIIa levels were termed variants 

(George et al., 1990). Some Glanzrnann's thrombasthenia patients have been reported 

with normal or near normal levels of GPIIbIIIIa but with their platelets fail to bind 

fibrinogen and the ability to aggregate (Ginsberg et al., 1986). Currently, more than 100 

mutations in either GPIIb gene or GPIIIa gene have been reported (Seligsohn, 2002). 

1.7 Inside-out and Outside-in signaling 

1.7.1 Inside-out signaling 

Circulating peripheral blood lymphocytes (PBLs) generally express a resting form of 

LFA-1 that does not bind ligands. Intracellular signals can be generated after lymphocyte 

activation, for instance through the T-cell receptor TCRlCD3 complex or by phorbol 12- 

myristate 13-acetate (PMA) or encountering chemokines, which cause the transient 

activation of LFA-1 to bind ligands (Dustin and Springer, 1989; van Kooyk et al., 1989). 

In the unstimulated platelet, aIIbp3 is in a resting state. After activated by thrombin or 

ADP, it undergoes conformational changes in the extracellular domain that result in 
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increased affinity for adhesive ligands (Shattil and Newman, 2004). All these process are 

referred to as "inside-out" signaling. 

"Inside-out" activation signals are propagated from the integrin cytoplasmic tail across 

the plasma membrane to allosterically induce ligand binding of the ectodornian of 

integrin. For an inside-out activation signal to be propagated, it must pass through the TM 

and cytoplasmic tail, so the cytoplasmic tail and the transmembrane domain have been 

regarded as the key integrators of inside-out signaling. Deleting or mutating in the 

cytoplasmic and transmembrane domain invariably leads to constitutive active integrins 

(Hughes et al., 1996; Hughes et al., 1995; O'Toole et al., 1991; Peterson et al., 1998). It is 

proposed that membrane-proximal helices of the a and P subunits were found to a clasp 

in a weak "handshake" which, when disrupted, would lead to integrin activation 

(Vinogradova et al., 2002). 

1.7.2 Outside-in signaling 

Extracellular ligand binding to integrin, initially reversible, becomes progressively 

irreversible, and promotes clustering of integrin on the cells, and further conformational 

changes that are transmitted to the cytoplasmic tails. This results in the recruitment andlor 

activation of enzymes (e-g. FAWC-Src complex, Ras and Rho GTPase), adaptors (e.g. 

CasICrk, Paxillin), and effectors to form integrin-based signaling complexes, leading to 

downstream signaling events (Shattil and Newman, 2004). This process is called outside- 

in signaling. 
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It has been demonstrated that binding of soluble, monovalent ICAM-1 to K562 cells can 

cause spatial separation of aL and P2 cytoplasmic tail but no detectable aLP2 micro 

clustering (Kim et al., 2003). However, the binding of multivalent ligand fibrinogen 

caused detectable aIIbP3 clustering (Buensuceso et al., 2003). Micro clustering of a5P1 

has also been demonstrated in fibronectin-adherent cells (Wiseman et al., 2004). Because 

of multivalent nature of the physiological ligands of integrin, it is possible that both 

integrin clustering and intramolecular modulation contribute to the overall outside-in 

signal transduction. 

Several protein kinases and phosphatases have been demonstrated to attach directly to 

integrin, which provide a logical mechanism for initiation of outside-in signaling. For 

example, Src family protein kinases (SFKs) involve in numerous aspects of adhesion 

signaling, which is required for integrin mediated cellular response (Klinghoffer et al., 

1999). Integrin clustering can promote the activation of SFK by initiating the 

autophosphorylation of SFKs tethered to the cytoplasmic tails (Shattil, 2005). 

1.8 Integrin conformational regulation 

Numerous functional and structural data had confirmed that integrins undergo 

conformational changes when it becomes activated or binds to ligand. 

1.8.1 From bent to extension 

An extended integrin extracellular domain with a globular head connected to two legs of 

extended from had been demonstrated in several EM studies (Du et al., 1993; Nermut et 

al., 1988; Takagi et al., 2001b). However, the major advance in understanding the 
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conformation and function of integrin come from the X-ray structure aVP3 (Xiong et al., 

2001). The crystal of aVP3 extracellular domain showed a compact, V-shaped structure. 

The a V  subunit is bent at the "genu" located between the thigh and calf-1 domain. The 

IEGF domain of the P3 subunit was poorly resolved in this structure, but the bent must 

occur somewhere within the integrin (Xiong et al., 2001). This bent aVP3 is also 

observed by negative stain electron microscopy in later studies (Takagi et al., 2002b). 

Subsequently, the crystal structures of a complex consisting of the part of the 

extracellular domain of aIlbP3 revealed an open, presumably high-affinity conformation 

(Xiao et al., 2004), which matched the EM images of the ligand binding extended aVP3 

(Takagi et al., 2002b). 

The I-EGFI and I-EGF2 domains are not resolved in the aVP3 structure because of poor 

electron density (Xiong et al., 2001) and are absent in the aIIbP3 head piece structure 

(Xiao et al., 2004). In our laboratory, the structure of PHEl fragment comprising the 

PSVHybrid domainl1-EGF 1 of the 02 subunit was determined (Shi et al., 2005). The 

structure reveals an elongated molecule with a rigid architecture stabilized by nine 

disulfide bonds (Fig. 1.10A). Superposition with the integrin P3 receptor in its bent 

conformation suggests that the bend in the P2 subunit is present at the linkage between its 

I-EGFI and I-EGF2 modules and emphasize the importance of this region in integrin 

conformational change. 

Based on the PHEl structure, we have further determined the structures of two fragments 

of integrin P2 subunit (Shi et al., 2007). The first fragment (PHE2), consisting of the PSI, 
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hybrid, I-EGF1 and I-EGF2 domains, showed an L-shaped conformation with the bend 

located between the I-EGFI and I-EGF2 domains (Fig. 1.1 OB). By introducing disulfide 

bond in the integrin P2 subunit, we found that the bent conformation adopted by LFA- 1 

integrins mirrors the PHE2 structure (see Chapter 5). The second fragment PHE3, which 

includes, in addition to PHE2, the I-EGF3 domain, showed an extended conformation 

(Fig. 1.1 OC). The extended structure of PHE3 reflects the extended conformer of LFA- I 

because of its reactivity with the extension repoter mAb KIM127. The major 

reorientation of I-EGF2 with respect to the other domains in the two structures is 

accompanied by a change of torsion angle of the disulfide bond between c ~ ~ ~ ~ ~ - c ~ s ~ ~ ~  by 

180" and the conversion of a short a-helix (residues ~ e r ~ ~ ~ - ~ ~ s ~ ~ ~ )  into a flexible coil. 

The work on PHEI, PHE2 and PHE3 suggests that the conformational changes within the 

I-EGF2 domain may be a key to the transition between the bent (resting) and the 

extended (active) state of the P2 integrins. 

Taken together, a bent integrin with close association of the a and P subunits, after 

activation, leads to moving apart of the juxtarnembrane domains and separation of the 

a and p subunit stalks, results in dramatic rearrangement of the quaternary structure to an 

extended conformation. This transition from bent to extended conformation has been 

described as analogous to a "switchblade-like" movement (Fig. 1.1 1) (Beglova et al., 

2002). 

In an alternative integrin activation model, "deadbolt" model, inside-out signals are 

postulated to transmit conformational changes through the transmembrane helices into 

the immediately proximal P TD. It was proposed that a helix in the P TD interacts with 
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the p I-like domain a7 helix and "locks" the integrin in an inactive state. Inside-out 

activation through the cytoplasmic tail leads to some movement of the a helix in TD helix 

to unlock the adjacent PTD "deadbolt". Upon activation, the "deadbolt" slides away from 

p I-like domain, rendering it ligand binding competent (Arnaout et al., 2005). 

Additional studies are required to thoroughly test and refine existing models of integrin 

activation and, in particular, to fully understand coordinated transitions among the 

integrin extracellular, transmembrane, and cytoplasmic domains, molecular movements 

that will likely affect outside-in as well as inside-out signaling. 

1.8.2 Conformation change of I-domain and I-like domain 

I-domain of the a subunit is the major ligand-binding domain in I-domain containing 

integrins. An open (active) and a closed (inactive) aM I-domain were crystallized and 

their structures were determined. When compared to the closed conformation, there is a 

10A movement of the C-terminal helix down the body of the I-domain in the open 

conformation, accompanied by a large rearrangement and downward movement of the 

loop connecting this helix to the preceding P-strands (Lee et al., 1995a; Lee et al., 1995b). 

It has been confirmed that the similar structure modulation of the P6-a7 loops take place 

in a 2  (Emsley et al., 1997; Emsley et al., 2000). 

Crystal structures of the closed, intermediate and open conformation of a L  I-domain 

showed that downward movement of the P6-a7 loop with a disulfide bond could convey 

the conformational change from other domain to the I-domain (Shimaoka et al., 2003). 

An isolated a L  I-domain when locked in the open conformation with a disulfide bond is 

3 9 
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constitutively active (Lu et al., 2001b). The structural differences of P6-a7 loop in the 

open and close conformation of I-domain of a subunit is shown in Fig. 1.12. 

The P I-like domain binds ligand directly in I-less integrins and it regulates binding 

ability of the integrin with an I-domain. Integrins with mutation in the I-domain can 

affect the ligand binding capacity of integrins (Bajt et al., 1995; Hogg et al., 1999). It was 

demonstrated that a conserved ~ l u ~ ' '  in the I-domain of the a subunit, functions as an 

intrinsic ligand for the P I-like domain. It is thought that MIDAS of the P I-like domain 

binds to this Glu and exerts a pull on the a7 helix that activates the a I-domain (Yang et 

al., 2004b). 

Similarly, I-like domain may be regulated by pulling down of the a 7  loop. Disulfide 

bonds were introduced into the I-like domain of P3 integrin, to constrain its P6-a7 loop 

and a 7  helix. Depending on the location of the disulfide bond, P3 integrin can be locked 

into high or low affinity (Luo et al., 2004). The deletion of the final turn in the C-terminal 

a-helix in P I-like domain also confer constitutive activation of the aLP2 and a4P7 

integrin (Yang et al., 2004a). This is in agreement with comparative analysis of the 

structures of the compact aVP3 and the open headpiece aIIbp3. From the compact 

unliganded aVP3, the Pl -a1 has to move inwards whereas the P k 7  loop and the a 7  

helix move downward and assume the position in the liganded aIIbP3 structure (Fig. 

1.13A). Changes in metal ion coordination are closely related to loop movements in the P 

I-like domain. The LIMBS and MIDAS were not occupied in the unliganded-closed 
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structure. Coordination of the ~ e t ~ ~ ~  backbone carbonyl in the P k 7  loop to the 

ADMIDAS in the unliganded-closed conformation is broken in liganded-open aIIbP3 

(Fig. 1.13B). 

1.8.3 The hybrid domain displacement 

The most revealing information in aIIP3 crystal structure is the piston-like displacement 

of the a7-helix resulting in a 62" reorientation between I-like and hybrid domain of the 

P3 integrin subunit when compared to the aVP3 crystal structure (Fig. 1.14) (Xiao et al., 

2004). It was proposed that this orientation plays a critical role in the global 

conformational change that regulates affinity. This hypothesis was supported by 

experimental data from other systems. Recombinant truncated a5pl  with a mutation 

L ~ ~ ~ A  in the a 7  helix of P I-like domain has high constitutive ligand binding activity. 

Two conformation-sensitive mAb 1517 and HUTS-4, which were mapped to a region of 

the hybrid domain close to the lower face of I-like domain, are highly expressed on the 

this mutant a5P 1 (Mould et al., 2003b). Therefore, it was suggested that the hybrid 

domain is involved in the transduction of conformational changes through P I-like 

domain, which is linked to a swing out of the hybrid domain. A glycan wedge at the 

interface of the I-like domain and the hybrid domain was introduced to open the angle 

between these two domains in aIIbp3, aVP3 and a5p l  integrins. They all show 

constitutively high affinity (Luo et al., 2003). The displacement of the hybrid domain had 

also been shown to be important in propagation of the activation signal in aLP2 in our 

laboratory, because the mAb 7E4 located in the hybrid domain can block the signal 
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transduction from the membrane proximal side of the hybrid domain to the ligand- 

binding site (Tng et al., 2004). Thus, these studies all support the significance of the 

change in the interface between I-like domain and the hybrid domain in integrin 

activation. 

1.9 Activation states 

Previously, the requirement of different affinity states of aLP2 to different ICAMs has 

been observed (Buckley et al., 1997). From electron microscopy images and crystal 

structures of integrin aIIbp3, aVP3 and a5P 1, it shows that integrin may undergo at least 

three activation states depicted by different quaternary conformations (Takagi et al., 

2002b; Takagi et al., 2003; Xiao et al., 2004; Xiong et al., 2001; Xiong et al., 2002). 

It had been shown on platelets and Chinese Hamster ovary cells that three different 

conformation exist for a2P1: (a) a nonactivated, resting state with no collagen nor IAC-1 

(activation reporter mAb) binding; (b) an intermediate state, induced by outside 

manipulation, with collagen but no IAC-1 binding; and (c) a hl ly activated state, induced 

after inside-out stimulation, with both collagen and IAC-1 binding. These different 

conformations are related to different function: a2p 1 induced after outside manipulation, 

resulted in significantly more cell spreading on coated collagen compared with 

nonactivated or inside-out stimulated cells (Van de Walle et al., 2005). 

Meanwhile, LFA- 1 can transit between a bent conformation and two extended 

conformations (with or without hybrid displacement) from the negative stain electron 

microscopy observation (Nishida et al., 2006). Our laboratory also showed that LFA-I 
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binding to ICAM-3 need a higher affinity state than binding to ICAM-l(Tang et al., 

2005). Further study on activation states will be discussed in this thesis. 

1.10 Study in this thesis 

Activation of LFA-1 was studied by ICAM-1 and ICAM-3 adhesion, the conformation of 

the LFA- 1 in these states was characterized by the expression of the KIM1 27 epitope 

(reporting for leg extension) and the MEM148 epitope (reporter for hybrid displacement 

or hinge open). This is described in the beginning of the Chapter 5. During these studies, 

two LFA-1 variants were constructed and they were invaluable in contributing to our 

understanding of the structure-function relationship of LFA-1, The first one is the 

mutation found in a LAD patient N ~ ~ ~ s  (Chapter 3), which revealed, in atomic details, 

how the I-like domain of the j32 integrin may be constrained in their resting state. The 

other was created by protein engineering: a disulfide bond was introduced between the 

PSI and IEGF2 domain which gave a LFA-1 that is locked into the bent conformation 

(Chapter 5) ,  leading to a new understanding that ligand binding, leg extension and hybrid 

domain displacement may be independent of each other. Other studies are discussed in 

Chapter 4, which include the characterization of the R ~ ~ ~ c  mutation found in another 

LAD patient and the study of the different requirement for aLj32 and aMP2 heterodimer 

formation. The studies in the Chapter 4 are incompletely but it will provide a platform for 

further experiment. 
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Chapter 2: Materials and Methods 

2.1 Materials 

2.1.1 General reagents 

Most general chemicals and solvents were of analytical grade, and were obtained from 

Sigma Aldrich Chemical Company Ltd., BDH Chemicals Ltd., Becton-Dickenson Ltd., 

GIBCO-BRL Ltd., Pierce Ltd., unless otherwise stated. All restriction endonucleases, 

ligase and other enzymes were obtained from New England Biolabs, Promega Ltd., 

Fermentus Ltd, Roche Diagnostics unless otherwise stated and were used according to 

the manufacturers' instructions. DNA marker was bought from Fermentas Ltd, Protein 

marker are from New England Biolabs. Protease inhibitors Complete-mini protease tablet 

was from Roche. DNA polymerase pfu was bought from Promega Ltd. DNA loading dye 

was purchased from Fermentas Ltd. Biotin was bought from Pierces Ltd. 

2.1.2 Commercial kits 

QIAprep Spin Miniprep Kit, QIAquick PCR purification kit, Plasmid Maxi Kit, Gel 

extraction kit all are purchased from QIAGEN Ltd; ECL Detection Kit was bought from 

GE Amersham. Site directed mutation kit was purchased from Strategen. 

2.1.3 Cells 

MOLT-4 cells (human T lymphoblast), 293T cells (human embryonic kidney cell with 

SV40 large T antigen) were purchased from ATCC. COS-7 cells (African green monkey 

kidney cells) were purchased from ATCC. 
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2.1.4 Vectors and cDNA 

pcDNA3.0 was bought from Invitrogen. CDl 1 a (integrin aL), CD 1 l b  (integrin aM), 

CD1 Ic (integrin ax) and CD18 (integrin P2) are provided by Prof Law SK (School of 

Biological Scciences (SBS), Nanyang Technological University (NTU)). ICAM-1 -(Dl- 

D5)-Fc and ICAM-3-(D 1 -D5)-Fc are kindly provided by Dr. Simmons (IMM, Oxford). 

pEGFP-Nl was offered by Dr. Liu Ding Xiang (SBS, NTU). 

The aIIb and P3 pcDNA3.0 expression plasmids were kindly provided by P.J. Newman 

(blood center of Wisconsin and Medical College Wisconsin). 
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2.1.5 Antibodies 

Anti-GFP rnAb developed in rabbit was bought from Molecular Probes, Purified IgGs of 

MHM24, LPM19c, KB43, KIM127, KIM1 85, 1B4 were prepared from hybridoma 

supernatants using Hi-Trap protein G columns (Amersham Pharmacia Biotech) 

Monoclonal 
antibodies 

MHM24 

LPM19c 

KB43 

1B4 

MEM48 

MEM148 
MEM148-FTC 

KIM127 

KIM185 

KIM202 

MHM23 

10E5 

7E3 

Function 

anti-d mAb 

anti-clM blocking mAb 

anti-aX blocking mAb 

anti dP2 heterodimer 
blocking mAb 

anti-P2 activating 
antibody 

anti-P2, bind to active 
integrin LAF-1 

anti-P2 activating mAb 

anti-P2 activating mAb 

anti- $2 mAb 

anti d P 2  heterodimer 
blocking mAb 

anti-allbp3 blocking 
m Ab 

anti-p3 block ing  mAb 

Epitope 

I-domain of the d 
subunit 

I-domain of the 
subunit 

I domain ofthe aX 
subunit 

I-like domain of 
the P2 subunit 

IEGF-213 ofthe P2 
subunit 

Hybrid domain of 
the P2 subunit 

IEGF-213 of the P2 
subunit 

1EGF-4'P TD of 
the P2 subunit 

Hybrid domian of 
the P2 subunit 

I-like domain of 
the P2 subunit 

P-propeller of d b  
subunit 

I-like domain of 
the p3 subunit 

Sources 

From Prof McMichael (John 
Radcliff Hospital, Oxford, UK) 

From Prof Law SK (SBS, NTU) 

From K. Pulford (LRF Diagnostic 
Unit. Oxford, UK) 

From Prof Law SK(SBS, NTU) 

From ProE Horejsi (Prague, Czech 
Republic); From Zymed 

laboratories 

From Serotec 

From Dr. Robinson (UCB, 
CellTech, UK) 

From Dr. Robinson (UCB, 
CellTech, UK) 

FromDr. Robinson P C B ,  
CellTech, UK) 

From ProE McMichael (John 
Radcliffe Hospital, Oxford, UK) 

From Dr.B.S.Coller ( The 
Rockefeller University, NY) 

From Dr.B.S.Co1ler ( The 
Rockefeller University, NY) 
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2.1.6 Ligands for cell binding analysis 

ICAM- 1 -(D 1 -D5)-Fc and ICAM-3-(Dl- Prepared by Miss Elianna Bte Mohamed 

D5)-Fc Amin and Adeline Sen-Yun Foo (SBS, 

NTU) 

Fibrinogen Bought from Sigma 

2.1.7 Media 

All media were sterilized by autoclaving unless otherwise stated. 

LA broth LB medium containing 60 pglmL ampicillin 

LA plate LB agar plate containing 60 pglmL ampicillin 

LB agar 

MOLT-4 cell culture media 

COS-7 cell culture media 

LB medium 

293 and 293T cell culture media DMEM (JRH) containing 10% (vlv) 

heat-inactivated FBS, 100 IUImL 

penicillin, 100 pg/rnL streptomycin 

1% (w/v) Bacto-tryptone (BD), 0.5% 

(w/v) yeast extract (BD), 1% (wlv) NaCl 

LB medium plus 1.5% (wlv) Bacto-agar (BD) 

RPMI 1 640 (JRH) containing 10% (vlv) 

heat-inactivated FBS, 100 IUImL 

penicillin, 100 pg/mL streptomycin 

RPMI1640 (JRH) containing 10% (vlv) 

heat-inactivated FBS, 100 IUImL 

penicillin, 100 @mL streptomycin 
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2.1.8 Solutions 

blocking buffer (western) 

blotting buffer (western) 

cell freezing media 

irnrnunoprecipitation buffer 

lox SDS-PAGE running buffer 

4x resolution gel buffer 

4x stacking gel buffer 

sodium bicarbonate buffer 

20mglmL ampicillin 

PBS containing 1% (wlv) non-fat milk, 

0.1% (v/v) Tween20 

12.5 mM Tris pH 8.0,96 mM glycine, 

10% (vlv) ethanol 

10% DMSO in heat-inactivated FBS 

50 mM Tris pH 7.5, 150 mM NaC1, 1% 

(vlv) NP-40,0.5 mM PMSF, 2.5 mM 

iodoacetamide 

0.25 M Tris, 1.9 M glycine, 1% (wlv) SDS 

0.25 Tris, 0.4% (wlv) SDS, pH 8.8 

0.5M Tris, 0.4% (wlv) SDS, pH 6.8 

1.36 g sodium carbonate, 7.35 g sodium 

bicarbonate, pH 9.2 

20 mglrnL in ddH20, pH 8.4, 

filtered (0.22pm) and stored at -20C0 
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2.2 Methods 

2.2.1 General Methods for DNA Manipulation 

2.2.1.1 Miniprep and maxiprep plasmid DNA 

The bacteria clone were cultured in 3-5 mL LB with antibiotic in shaking incubator at 

37°C overnight and the plasmid was purified according to the manual provided by the 

plasmid purification kit. For maxiprep plasmid, the bacteria clone was cultured in 3-5 

mL LB in 15 mL tube for 8-12 hr first, transferred to a flask containing 100 mL LB 

with antibiotics overnight. The following step was performed according to the manual. 

2.2.1.2 Quantitation of DNA 

The concentration of DNA was determined by its absorbance at wavelength 260nm 

based on the calculation; 50 pg/mL double-stranded DNA gives an OD,,, of 1. The 

OD,,, was also read and the ratio of OD,,o/OD,80 was calculated to estimate the 

purity of the DNA solutions. An OD2,dOD280 ratio between 1.6 and 2.0 was 

considered satisfactory. 

2.2.1.3 Restriction endonuclease digestion 

Restriction endonuclease digestions were usually carried out in a 20-80 p1 reaction 

volume: 2-5 U of enzyme used for up to 500 ng DNA together with BSA and 

appropriate buffer for 1-3 hr at 37OC. Digests with more than one enzyme were 

carried out simultaneously in a suitable buffer. When the buffer requirements were 

incompatible, restriction digestions were performed sequentially with individual 

buffer for each enzyme. 
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2.2.1.4 DNA electrophoresis 

A 40 mL 1 % (w/v) agarose gel (Agarose was melted in 1 xTAE) was regularly used 

for analysis of 0.1-8 kb DNA fragments. Ethidium bromide was added to a final 

concentration of 1 pg/mL followed by casting in a mini-gel apparatus. Electrophoresis 

was carried out in horizontal apparatus with the gel submerged in lx  TAE. DNA 

samples were loaded with loading dye. DNA fragments were visualized by 

fluorescence over a UV light (302 nm, UV transilluminator TM-20, UVP), under 

which DNAJEB complexes fluoresce and the image was recorded with a Mitsubishi 

video copy processor. 

2.2.1.5 Purification of DNA fragments from agarose gel 

When a particular fragment of DNA in a mixture of fragments was required, e.g. in 

ligations or as a PCR template, it was routinely separated from other fragments by 

agarose gel electrophoresis. Gel slice containing the DNA fragments to be purified 

was cut from the gel using a razor blade, carefully avoiding their exposure to the UV 

light. DNA was extracted using a QIAquik Gel Extraction Kit. 

2.2.1.6 DNA ligation 

DNA vectors with complementary ends to be used for ligation were prepared by 

restriction enzyme digestion and where necessary treated with alkaline phosphatase 

and purified using agarose gel electrophoresis. Vector DNA (- 10 ng) and insert DNA 

(20-40 ng) were ligated by incubation at RT for 2-3 h, using 1U of T4 DNA ligase 

with ligase buffer provided together with the enzyme in a 20 p1 reaction volume. A 

reaction with uncut vector, a reaction without insert DNA and a reaction without both 

insert DNA and T4 DNA ligase were included in the experiments as controls. 
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2.2.1.7 Preparation of E. coli competent cells 

The E.coli strain DH5a was used to prepare competent cells in advance which were 

stored at -70°C. A fresh plate of cells was prepared by streaking out cells from frozen 

stocks and growing overnight at 37OC. On the second day, an individual colony was 

picked and grown in 10 mL LB broth culture overnight. On the third day, 5 mL of 

overnight culture was transferred into each of two flasks containing 500 mL LB broth. 

Incubate at 37OC with aeration until the culture reaches OD,,, of 0.5. This should take 

approximately 2 h. The cells were transferred to centrifuge bottles and spin at 4OC for 

8 min at 8000 rpm. Pellets were gently resuspended in 250 mL ice cold 0.1 M CaC1, 

and combined into a single bottle. Cells were resuspended again in 250 mL ice cold 

0.1 M CaC1, and centrifuged at 8000 rpm for 8 min at 4OC. Finally the pellet was 

resuspended in 43 mL ice cold 0.1 M CaC1, in ddH20 with 7 mL sterile glycerol. 

Competent cells were distributed into convenient aliquots (0.2 mL) in cold 

microcentrifuge tubes. Cells were store at -70°C. A portion of the cells was saved to 

assay for viability, purity and competence. 

2.2.1.8 Transformation of plasmid DNA 

50-100 p1 of competent cells are necessary for one reaction. Competent cells were 

defrosted on ice. DNA was added to cells: plasmid DNA 1-2 pg, ligation product 10 

p1. The mixture was incubated on ice for 30 min followed by a heat shock in a 42°C 

water bath for 2 min and in ice for another 2 min. 500ul LB broth was added to the 

tube. The tube was incubated at 37OC with constant shaking 150-200 rpm for 30 min 

to lh. 50-500 pl of the mixture was streaked out onto plates containing the 

appropriate antibiotics. 
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2.2.1.9 Purification of plasmid DNA 

For small-scale purification of plasmid DNA, 5 mL LB with appropriate antibiotics 

was inoculated with a single colony that contains recombinant plasmid from an agar 

plate and incubated at 37OC with constant shaking overnight. A QIAprep Spin 

Miniprep Kit (QIAGEN) was used to extract DNA according to the manufacturers' 

instructions. For large-scale purification of plasmid DNA, a Plasmid Maxi Kit 

(QIAGEN) was used according to the manufacturers' instructions. This kit routinely 

yielded between 200-750 pg DNA from 100 mL of overnight bacterial cultures. 

2.2.1.10 Standard PCR protocol 

PCR was routinely performed in a 50 pl reaction volume containing less than 1 pg 

template DNA, 1 pM of each oligonucleotide primer, 200 pM of each dNTP, and 1 U 

DNA polymerase. Taq polymerase (Fermentas) was used for PCR colony screening. 

Pfu DNA polymerase (Fermentas), which possesses a 3'-5' proofreading activity 

resulting in a twelve-fold increase in fidelity of DNA synthesis over Taq DNA 

polymerase, was used for high fidelity DNA synthesis. Each polymerase has its own 

reaction buffer, normally supplied by the manufacturer. The reaction mixtures were 

subjected to a varying number of cycles of amplification using the DNA Thermal 

Cycler (MJ research). 

2.2.1.1 1 Selection of colonies 

After transformation of competent cells, colonies of interest were identified using 

either PCR screening or restriction digestion, depending on the availability of suitable 

PCR primers for screening and the degree of background indicated by the control 

plates. Each colony to be tested was used to inoculate 15 p1 LB. 1 pl of this inoculated 
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LB broth was added to a 25 p1 PCR reaction containing 0.5 U Taq polymerase. A 

negative control and, where possible, a positive control were included in the 

experiment. Colonies containing the recombinant plasmid of interest were identified 

by the size of their PCR products using agarose gel electrophoresis. Positives from 

PCR screening were confirmed using restriction digestion. 

2.2.1.12 Site-directed mutagenesis 

Point mutations were made using Quick Change Site-Directed Mutagenesis (SDM) 

Kit (Stratagene), and following the manufacturer' s protocols. Overlay primers with 

the desired mutations were used in the long PCR cycle. The restriction enzyme Dpn I 

was used to digest the original template. The Dpn I treated PCR product was 

transformed in competent E.coli and plated onto LB agar plates with appropriate 

antibiotics. All constructs were verified by sequencing (Research Biolabs). 

2.2.2 General methods for cell culture 

All cell lines were maintained in 5% CO, at 37OC in a humidified tissue culture 

incubator using Nunc tissue culture flasks or dishes. 

2.2.2.1 Cell storage in liquid nitrogen 

Cells were sedimented at 400 g for 5 min, resuspended in cell freezing media at a 

concentration of 5x106 cellsImL and dispensed into Cryo Vials (Greiner). Cells were 

frozen in a NALGENTM Cryo 1 "C Freezing Container (Nalgen) for 24 h at -70°C to 

achieve a 1 "Clmin cooling rate. Thereby the vials were transferred into liquid nitrogen 

for long-term storage. 
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2.2.2.2 Cell recovery from liquid nitrogen 

Cells were removed from the liquid nitrogen storage and quickly brought to 37OC in a 

water bath. Cells were washed in 10 mL warmed media to remove DMSO. Each cell 

pellet was resuspended in complete media and cultured in 75 cm2 flask. 

2.2.2.3 Culture of 293T cells and COS-7 cells 

293T cells were maintained in DMEM with 10% (vlv) heat-inactivated FBS, 100 

W/mL penicillin and 100 pg/mL streptomycin in a 5% C02 and humidified tissue 

culture incubator at 37OC. Cells were passaged when they were subconfluent. Cells 

were washed twice in PBS, incubated in 0.25% (wlv) trypsin (GIBCO) for 5 min at 

RT, followed by tapping of each flask to dislodge the adherent cells. Trypsin was 

inactivated by adding full media and cells were directly seeded into fresh culture 

media in new flasks at desired cell density. COS-7 cells were cultured in the same 

methods, except PRMI 1640 was used. 

2.2.2.4 Culture of MOLT-4 cells 

MOLT-4 were grown in cell culture flasks in RPMI1640 with 10% (v/v) heat- 

inactivated FBS, 100 WImL penicillin and 100 pg/mL streptomycin. Cells were 

passaged by diluting cells with fresh media. 

2.2.3 Transfection of cells 

2.2.3.1 Transfection of 293T cells by the calcium phosphate method 

Cells were seed in 10 cm dishes the night before to give 40-50% confluence at the day 

of transfection. Next day, 10 mL of fresh media containing 25 pM chloroquine was 

added to replace the old media one hour prior to the transfection. 10 pg DNA was 

57 
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added to ddH20 (1095 pl total) in a 15 mL sterile tube, followed by adding in 155 p1 

2M CaC12, 1250 1.11 of 2xHBS (8.0g NaCl, 0.37g KC1, 201mg Na2HP04m7H20, 1.0 g 

glucose, 5.0 g HEPESl5OOmL pH 7.05 and filter sterile, store at 4OC) was added to 

that tube drop by drop with gentle mixing. Finally, this mixture was added directly to 

the cells drop by drop. This step should be done within 1-2 min after adding 2xHBS. 

The cells were then incubated for 7-1 1 h. After incubation, 10 mL of fresh media was 

added to replace the old media which contain chloroquine. Cells, or culture 

supernatant, can be harvested 48-72 h after transfection 

2.2.3.2 Transfection of COS-7 cells 

COS-7 cells were seed in 75 cm medium flasks the day before transfection to give a 

50-80% confluence. On day of transfection, trasfection mixture was prepared as 

follows: 5ug plamid DNA, 0.1 mL 10mM chloroquine in PBS (filter with 0.2 pm 

filter) and 0.04 mL EDTA DEXTRAN were added into 10 mL RPMI (no FBS, no PS) 

in tube. Cells was washed once with RPMI (no FBS, no PS) before adding the 

transfection mixture. Then the cells with transfection mixture were incubated 4-5 hr at 

37C0. After that, the contents of the cell culture flask was jettisoned and washed 1 

time with PBS, then 10 mL DMSO in PBS was added to the flask, after exactly 3 min 

washing twice with PBS, and full medium (with FBS and PS) was add to the flask. 

Next day, wash the flask with 2 times PBS, trypsinized the cells with 1mL trypsin and 

add new full medium, and transfer to a new flask to culture for another day before 

collecting them. 

2.2.3.3 Harvesting transfected cells (adherent) 

24-48 h after transfection, the cells in each plate were washed in PBS and detached in 
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5 mL 0.5 mM EDTA in PBS by incubation at RT for 10 min with gentle rocking. 

Cells were collected and mixed with 10 mL full media and transferred to centrifuge 

tubes. Cells were spun down (400 g, 5 min, 4°C) for subsequent analysis. 

2.2.3.4 FACS analysis 

Cells were incubated with 10 pg/mL primary mAb in RPMI1640 for 1 h at 4OC. The 

cells were then washed twice and incubated with FITC-conjugated sheep anti-mouse 

F(ab')2 secondary antibody (l:400 dilution; Sigma) for 30 min at 4OC. Stained cells 

were washed once in RPMI1640 and fixed in 1 % (vlv) formaldehyde in PBS. Cells 

were analyzed on a FACS Calibur flow cytometer (Becton Dickinson). Data were 

analyzed using CellQuest pro software (Becton Dickinson). Expression index was 

calculated by (% cells gated positive) x (geomean fluorescence intensity). For the 

analysis of MEM148 epitope expression, MOLT-4 cells were incubated with 

MEM148-FITC with or without activation reagents: Mg/EGTA (5 mM MgC12 and 1.5 

mM EGTA), mAbs MEM48, KIM127 (each at 10 pg/mL), KIM185 (2.5 pg/mL) at 

37°C for 30 min. Stained cells were washed once and fixed in 1% (vlv) formaldehyde 

in PBS. Data were collected on a FACScan flow cytometer (BD Biosciences) and 

analyzed using the CellQuest software (BD Biosciences). 

2.2.3.5 Surface biotinylation of 293T cells 

Biotin was diluted in PBS with a concentration 2 mg/mL, 0.5 rnM MgC12 and 0.15 

mM CaClz in PBS to make up Solution A. Then 2mg/mL Biotin solution was 10 times 

diluted in Solution A. Aspirate away medium in dishes, the cells was washed once 

with PBS. 4-5 mL Diluted Biotin Solution was gently added into the dishes, and 

incubated in RT for 0.5 hr. Then, the cells was washed once with Solution A and 
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quenched by washing once with quench buffer (10mM Tris-HC1 pH 8.0 and 0.1% 

BSA in PBS). After that, cells can be collected and for later Immonoprecipitation 

Assay. 

2.2.3.6 Preparation of rabbit anti-mouse IgG coupled onto protein A sephrose beads 

Protein A sepharose (PAS-RaM) (Manara et al.) (Sigma) (lg) was swelled by rotating 

in an excess of PBS overnight at 4OC. The swelled PAS beads, which occupied a bed 

volume of 4 mL, was sedimented by centrifugation (3000 g, 5 min, 4OC), washed 

twice, and finally resuspended to a 25 % (vlv) suspension in PBS. Rabbit anti-mouse 

IgG (RaM, Sigma) (4 mg) was added and the mixture was rotated for 1 h at 4°C. The 

PAS-RaM bead were washed once in PBS, once in IP buffer, and resuspended to a 25 

% (v/v) suspension in IP buffer. The PAS-RaM suspension was stored at 4OC. 

2.2.3.7 Irnmunoprecipitation of biotinylated cell lysates 

Cells were colleted to tubes with PBS and spin down followed by washing once with 

PBS. Cells were lysed in ice for 20 min with lysis buffer with protein inhibitor 

cocktail. Spin down cells in 13000 RPM 10 min to assure the cell debris was 

precipitated, The cell lysate in the supernatant was collected in the eppendorf tube. 

0.5 mL of biotinylated cell lysates were precleared by adding 3 pg of irrelevant mAb 

as appropriate, and incubated at 4OC for 45 min with rotation. 40 pl PAS-RaM 

suspension was added and the mixture was rotated at 4OC for 30 min. The PAS-RaM 

was sedimented by centrifugation (1 0000 g, 2 min, 4 OC) and the supernatant was 

transferred to a fresh tube. 3 pg of appropriate mAb was added to the precleared cell 

lysate and incubated at 4OC for 45 min with rotation. Subsequently, 70 p1 PAS-RaM 

suspension was added and the mixture was incubated at 4OC for 1 h with rotation. 
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For MEM148 and KIM1 27 immnoprecipitation, cells were incubated in MgIEGTA 

with mAbs (MHM23, MEM148, or KIM127) in RPMI media containing 5% (vlv) 

heat-inactivated fetal bovine serum and 10 rnM HEPES (pH 7.4) for 30 min at 37 "C. 

Cells were washed twice with PBS and lysed in lysis buffer with protease inhibitors 

(Roche) followed by irnrnunoprecipitation with PAS-RaM. 

The PAS-RaM was sedimented by centrihgation (10000 g, 4"C, 2 min) and the 

supernatant was discarded. The PAS-RaM was washed in 500 p1 IP-buffer for three 

times. Thereafter, 100 pl protein solubilisation buffer containing 40 rnM DTT was 

added to the PAS-RaM which was then vortexed, heated at 100°C for 5 min. The 

immunoprecipitated proteins were resolved by directly running on SDS-PAGE gels, 

or were stored at -20°C until used. 

2.2.3.8 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 

SDS-PAGE was performed as described by Laemmli (1970) with slight modifications. 

Protein sample (1 5 p1 for minigel system) was mixed with an equal volume of sample 

loading buffer (2x) under non-reducing conditions or in the presence of 40 mM DTT 

under reducing conditions. Electrophoresis was carried out at 200V in a Mini 

Electrophoresis Set (Biorad) in SDS-PAGE eletrophoresis buffer. 

2.2.3.9 Western blotting 

Proteins separated by SDS-PAGE were transferred onto a PVDF membrane 

(Immobilon-P, Millipore) by western blotting. The PVDF membrane was prepared 

according to the manufacturer's instructions: the membrane was equilibrated by 

washing in ethanol for 10 sec, then water for 10 min until miscible, and then in 
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blotting buffer (12 mM Tris-HC1,95 mM glycine, 10 % (vlv) ethanol) for 5-10 min. 

The SDS-PAGE gel was equilibrated by washing in blotting buffer once. One western 

blot sponges, the PVDF membrane, the SDS-PAGE gel and finally the second sponge, 

was assembled and placed in a semi-dry western blot apparatus (Biorad), bubbles 

between each layer were removed carehlly. Western blotting was performed at 25 V 

for 30 min. After protein transfer, the PVDF membrane was transferred to blocking 

buffer and was rotated at RT for an hour or overnight at 4OC. 

2.2.3.10 ECL detection biotinylated proteins blotted onto immobilon-P membrane 

Biotinylated proteins which had been transfered onto PVDF membranes by Western 

blotting were labeled with a streptavidin-HRP (Horse radish peroxidase) conjugate 

(Amersham) and were then detected by enhanced chemiluminescence (ECL). The 

membrane was removed from blocking buffer and were washed three times in PBS-T 

(PBS, 0.1% (vlv) Tween-20 (Sigma)) at RT for 10 min. The membrane was then 

incubated with the streptavidin-HRP conjugate (1 : 1000 dilution in PBS-T) at RT for 

60 min with gentle agitation, and was washed again for three times in PBS-T at RT 

for 10 min. Thereafter, the membrane was developed using an ECL Plus Detection 

Kit (Amersham) according to the manufacturer's recommendations. The membrane 

was then exposed to Kodak X-Omat film and developed using a Kodak X-OMAT 

ME- 1 processor. 

2.2.3.1 1 Coating microtitre plates with ICAMs or fibrinogen for cell adhesion assay 

Goat anti-human IgG (Fc specific) (Sigma) was diluted to 5 pg/mL in sodium 

bicarbonate buffer , pH 9.2, and 50 p1 was added to each well of a microtitre plate 

(Polysorb, Nunc Immuno-Plate). The microtitre plates were left at 4 OC overnight. On 
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the next day, the solution was discarded and the wells were washed twice with 150 pl 

PBS per well. A solution of 0.5 % (wlv) BSA in PBS was added to each well (150 p1 

per well) and the plates were incubated at 37OC for 30 min. The plates were washed 

with PBS once (1 50 pl per well) before the addition of 50 pl per well of ICAM- 11Fc 

or ICAM-31Fc (1 pl ImL in PBS containing 0.1 % BSA). After 2-3 h incubation at RT, 

the plates were washed twice in RPMIIHEPESIFBS (RPMI1640 supplemented with 

10 mM HEPES, pH 7.4 and 5% (v/v) heat inactivated FBS before use. 

For fibrinogen adhesion assay, fibrinogen at 1 pg/mL in sodium bicarbonate buffer 

was added into each mocrotiter. The microtitre plates are incubated in 37" for 3-4 h. 

The solution was discarded and the wells were washed twice with 150 p1 PBS per 

well. A solution of 1.0 % (wlv) BSA in PBS was added to each well (150 pl per well) 

and the plates were incubated at 37OC for 30 min. The plates were washed twice in 

RPMUHEPESIFBS before use. 

2.2.3.12 Cell adhesion assays 

Plates were prepared as described in 2.3.3.11. Cells were then incubated with BCECF 

dye (2',7'-bis-(2-~arboxyethyl)-5(and -6) carboxy fluorescein, acetoxyrnethyl ester) 

(Molecular Probes), at the concentration of 1 pg/mL for 20 min at 37OC. Labeled cells 

were transferred to wells (2x104 cells/well) alone or with stimulationJinhibition 

reagents and incubated for 30 min at 37OC. Nonadherent cells were removed by 

washing. Cell fluorescence, which indicated the number of cells adhering to ligand- 

coated wells was measured using FL600 fluorescence plate reader (Bio-Tek). 
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I 2.3 Plasmid construction details 

2.3.1 Wild type plamids 

The P2 cDNA in 58. lE  (Douglass et al., 1998) was used as a template for construction 

of the P2 in mammalian expression vector pcDNA3.0 (Invitrogen) (Fig. 2.1). KpnI 

and SpeI were used to digest P2 cDNA from J8.1E and the fragment was ligated into 

pcDNA3.0 vector which was digested with KpnI and XbaI (SpeI and XbaI digested 

DNA fragments have compatible ends). aL, aM and ax cDNA plasmids were in 

pcDNA 3.0 vector with the restriction cutting sites KpnI and XbaI. 

2.3.2 P2 variant construction 

2.3.2.1 P2 with GFP tag 

P2 cDNA was amplified from the original P2 cDNA plasmid with the primers 

carrying XhoI or KpnI enzyme site respectively. The PCR product was digested with 

XhoI and KpnI and the fragment was ligated to the pCDNA3.0 vector which was 

digested with the same enzymes to obtain the new P2 CDNA. GFP fragment was 

amplified from pEGFP-Nl plasmid with the primers bearing XhoI and Xbal site 

respectively and digested with XhoUXbaI. The new P2 CDNA was digested with 

XhoI and XbaI as a vector, then was ligated with the GFP fragment digested with the 

same enzymes to get P2lGFP plasmid. All the P2 variants in Chapter 4 used were 

constructed by SDM based on the P2lGFP plasmid. The primers for SDM are not 

listed. 
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Fig 2.1 Schemetic illustration of plasmid J 8.1E and pcDNA3.0. 
The P2 cDNA in J8.1E (Dougless et al., 1998) was used as a template for the 
construct of the P2 in mammalian expression vector pcDNA3.0. KpnVSpeI was 
used to digest P2 cDNA from J8.1E and the fragment was ligated into pcDNA3.0 
vector which was digested with KpnI and XbaI (SpeI and XbaI digested DNA 
fragment have compatible ends). aL plasmid was in pcDNA3.0 vector with the 
restriction cutting sites KpnI and XbaI. 
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2.3.2.2 P2 variants used in chapter 3 and chapter 5 

The P2 constructs bearing N3"s (Nelson et al., 1992) or R'"C (Shaw et al., 2001) 

mutations was generated using SDM kit with the relevant primer pairs. P2C23* is a 

P2 truncation mutant in which the codon of cys4" (the 23rd of the 56 conserved 

cysteines in the extracellular domain of the P2 subunit) was converted to a stop codon 

(Tan et al., 2000). P2NVl is a human P2/P 1 chimera in which the I-EGF and PTD 

domains of P2 were replaced with the corresponding region of P 1 (Douglass et al., 

1998). P2cc in which a disulfide bond was introduced by converting ~ 1 ~ ' '  in the PSI 

domain and ~l~~~~ in I-EGF2 to cysteines was described in Shi et al., work (Shi et al., 

2007). aLcc with an engineered disulfide bond by converting L ~ s ~ ' '  and Lys2" into 

cysteines was constructed according to Lu C et al. (Lu et al., 2001~). Integrins with 

more than one mutation were generated by sequential SDM, these include 

P ~ N ~ ~ ~ s / D ~ " H ,  ~ ~ N " ~ s / s " ~ P ,  ~ L C C / D ~ ~ ~ H ,  ~ L C C / S " ~ P ,  P~N"~s/D~"H and ~ 3 ~ " ~ s  

/sI2'p. All constructs were verified by sequencing (Research Biolabs sequencing 

service, Singapore). 

2.3.3 OX subunit chimeras 

The aL(IM) were constructed by swap the the I-domain of a L  with that a M  subunit; 

and aM(IL) were constructed by swap the I-domian of a M  with that of aL. 

They were constructed by three steps PCR: Fragment 1 ,2  and 3 were separately 

amplified, they then were joined together by PCR. The long PCR fragment was 

digested with Hind111 and XbaI followed by ligated into the vector (aL or a M  

plasmid) digested with the same enzymes. 
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chapter 3 were created using PyMOL. The solvent accessible surface area of P3 

~ s n ~ ' ~  of the three conformers was calculated using AREAIMOL (Collaborative 

Computational Project Number 4) with a probe of 1.7 radius: 46.1 A2 (conformer I); 

1 6.5A2 (conformer 11); 68.8A2 (conformer 111). Structural models of wild-type P2 I- 

like domain or variants were generated using Modeler 9.1. Energy computations of 

wild-type P2 I-like domain model or variants having ~ s n ~ ~ ~  substituted with Gln, Ala, 

Ser, Thr, or Asp were done with GROMOS96 implementation of Swiss-PdbViewer. 

The models generated were examined for potential hydrogen bond(s) formation 

between ~ l n ~ ~ ~ ,   la^^^, ~ e r ~ ~ ~ ,  ~ h r ~ ~ ~ ,  or  AS^^^^ of the a 7  helix with ~ e r ~ ~ ~  and G ~ u ~ ~ ~  

of the P6 strand. In the wild-type P2 I-like domain, Asn319 6 ' 0  and iS2~132 hydrogen- 

bond with ~ e r ~ ~ ~  and main chain carbonyl of G ~ u ~ ~ ~ ,  respectively. In variant N ~ ~ ~ Q ,  

329 1 Gln E 0 hydrogen-bonds with ~ e r ~ ~ ~ .  The variants N ~ ~ ~ A ,  N ~ ~ ~ s ,  and N ~ ~ ~ T  lack a 

hydrogen bond between Asn329 and ~ e r ~ ~ ~  or ~ l u ~ " .  In variant N"~D, ~s~~~~ 

hydrogen-bonds with SerjZ4 but not with G ~ u ~ ~ ~ .  

Note: Amino acid numbering of the integrins is based on Barclay et al., 1997 in this 

thesis (Barclay, 1997). Amino acid numbering started from Glutamine in P2 subunit 

that is the first one after the signal peptide is cleaved. Amino acid numbering starts 

from methionine in some of our publications (Shaw et al,, 2001; Tng et al., 2004), we 

had made corrections in this thesis for the purpose of consistency. 
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Chapter 3 N ~ ~ ~ s  mutation Promotes Constitutively Active 
Integrins aLp2 and aIIbp3 

Integrins are bidirectional signal transducers despite having no known intrinsic 

enzymatic properties (Hynes, 2002). Integrins with an I-domain in the a subunit binds 

ligands via the metal ion-dependent adhesion site (MIDAS) in the I-domain. Integrins 

that lack the I-domain (henceforth referred to as I-less integrins) are found to bind 

ligand via the P propeller of the a subunit and the I-like domain of the P subunit 

(Arnaout et al., 2005; Luo et al., 2007). The I-like domain in the integrin P subunits is 

structurally similar to that of the I-domain. However, it contains a specificity 

determining loop, which was reported to contribute to the specificity of ligand binding 

and the ap subunits association of the integrin heterodimer (Takagi et al., 2002a). The 

MIDAS of the I-like domain is flanked by the adjacent MIDAS (ADMIDAS) and the 

ligand-induced metal binding site (LIMBS), which serve as negative and positive 

regulators of ligand binding respectively (Chen et al., 2003; Chen et al., 2004; Mould 

et al., 2003a). The conserved coordinating residues that are involved in the three 

cation-binding sites of the I-like domain are highlighted in Fig. 3.1. 

The N ~ ~ ~ s  mutation was due to A ~ ~ ~ + G  nucleotide transition in one of the alleles of 

the P2 genes in a LAD patient (Nelson et al., 1992). The other allele of this patient 

carries a point mutation in intron 6 which leads to a splicing defect resulting in the 

insertion of four amino acid residues at the exon 6/7 junction. The P2 subunit with the 

four additional residues was shown incapable of supporting the expression of the P2 

integrins (Wright et al., 1995). Incidentally, another substitution was found in this 

allele, R ~ ~ ~ w ,  which was shown not to contribute to the LAD phenotype (Nelson et al., 
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1992). The patient's mother was heterozygous with an abnormal allele that carrying 

splicing defect, but the patient's farther was found to carry two normal alleles. 

Therefore, the N ~ ~ ~ s  mutation in the patient was not inherited from his parents and 

must arise from a mutational event. The P2 subunit with the N"~S mutation has found 

to support moderate integrin aMP2 expression when transfected into COS cells. 

However, functional studies were not camed out in 1992. 

In previous studies, we have demonstrated that transfectants expressing the LFA- 1 

variant ~ L P ~ N ~ ~ ~ s  can constitutively adhered to ICAM-1 (Tng et al., 2004). The 

N ~ ~ ~ s  mutation is located in the I-like domain, and it may affect the overall 

conformation of the aLP2 integrin. From the work described in this chapter, it shows 

that the LFA-1 variant can also mediate the adhesion to ICAM-3 without 

any activating agent, and is therefore in a high affinity state. When the same mutation 

was introduced into P3 integrin, the I-less integrin aIIbp3 is also active. 

Two other mutations S'16p and D 2 0 9 ~  were identified fi-om LAD-1 patients. P2 

integrin with either mutation was able to support aLP2, aMP2 and aXP2 surface 

expression, but these integrins cannot mediate adhesion to all the ligands tested 

(Hogg et al., 1999; Mathew et al., 2000). Ser1I6 and ~s~~~~ are located in the I-like 

domain of the P2 subunit. Ser1I6 is one of the coordinating residues both for the 

MIDAS and the ADMIDAS, whereas ~s~~~~ is one of the coordinating residues for 

LIMBS (Fig. 3.1). Combinatorial analyses of N ~ ~ ~ s  with S1I6p or D 2 0 9 ~  showed that 

the activating effect of N ~ ~ ~ s  requires finctional MIDAS and LIMBS of the I-like 

domain to allow propagation of the activating signal to the I-domain of the aL subunit. 
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wloMHM24 dP2wild-type El: 38.7 

d P 2  d P 2  d P 2  d P 2  
wild-type N329S wild-type NSagS 

Fig. 3.2 Adhesion of ~ L P ~ N ~ * ~ S  transfectants to ICAM-1 and ICAM-3. 
MgIEGTA (ME) and KIM 185 (1 0 pg/mL) were used to activate aLP2. Adhesion 
specificity was demonstrated using the aLP2-specific function-blockin mAb 

3 8  MHM24. The cell surface expressions of wild-type aLP2 and aLP2N S were 
assessed by flow cytometry analyses using rnAb MHM23 (P2-specific heterodimer- 
recognizing mAb). The expression level was represented by the Expression Index (EI) 
that was calculated by % cells gated positive x geo-mean fluorescence intensity. 
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In the liganded I-domain in a2 and aM, a significant downward displacement of its C- 

terminal helix was observed (Emsley et al., 2000; Lee et al., 1995a). Consistent with 

this observation, open conformation aL and aM I-domains, which have high affinity 

ligand binding properties, were generated by introducing cysteine that stabilized the 

last helix of the I-domains (Shimaoka et al., 2001; Shimaoka et al., 2002a). Similar to 

the I-domain, the last helix of the P3 I-like domain was displaced in a ligand-mimetic- 

bound aIIbp3 (Xiao et al., 2004). How ~ 2 ~ ' ~ ~ s  confers aLP2 constitutive propensity 

to adhere to ICAM-1 is unclear (Tng et al., 2004). The substitution of an amide to a 

hydroxyl side chain (Asn-Ser) hints at the possibility of hnctional group contribution 

towards the marked difference in the activity of aLP2 with P2 ~ s n ~ ~ ~  or ~ e r ' ~ ~ .  

Therefore, four other variants, ~ L P ~ N ' ~ ~ T ,  ~ L P ~ N ~ ~ ~ Q ,  ~ L P ~ N ~ ~ ~ A ,  and ~ L P ~ N ~ ~ ~ D ,  

were generated and tested for their capacities to adhere to the ICAMs (Fig. 3.3). All 

four transfectants showed constitutively adhesion both to ICAM-1 and ICAM-3 in the 

absence of MgIEGTA (Fig. 3.3). The expression levels of ~ L P ~ N ' ~ ~ T ,  ~ L P ~ N ~ ~ ~ Q ,  

~ L P ~ N ~ ~ ~ A ,  and ~ L P ~ N ~ ~ ~ D  were shown to be similar by flow cytometry. It is 

apparent that the introduction of a hydroxyl group as a result of N ~ ~ ~ s  mutation does 

not have a primary role in generating a constitutively active aLP2 because the 

substitutions N ' ~ ~ Q ,  N ~ ~ ~ A ,  and N'~'D in 82 promoted comparable ICAM-adhesion 

activity. The altered binding property of aLP2 N ~ ~ ~ s  is likely to be attributed mainly 

to the loss of the side chain amide group at position 329 of the P2. However, the P2 

mutation N ' ~ ~ Q ,  which has a side chain amide and also confer constitutive activity, 

suggests that a CP instead of Cy amide group at position 329 of the P2 I-like domain 

is required to maintain the functional integrity of aLP2. 
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EI: 29.9 29.8 27.8 41.9 

EI: 23.3 30.6 25.7 30.9 

Fig. 3.3 Adhesion of aLB2N329 variants to ICAM-1 and ICAM-3. (A) ~ L P ~ N ~ ~ ~ T ,  
~ L P ~ N ~ ~ ~ Q ,  ~ L P ~ N ~ ~ ~ A ,  and ~ L P ~ N ~ ~ ~ D  transfectants adhered to ICAM-1 
constitutively even without Mg/EGTA (ME). (B) Constitutive adhesion of these 
transfectants to ICAM-3 was also detected. MHM23 was used for flow cytometry 
analyses and surface expression represented as EI. 
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3.3 The LIMBS and MIDAS of the I-like domain are required for 
the activating effect of N ~ ~ ~ s  in I-domain-containing aLp2 

In I-domain containing integrins, the I-like domain allosterically regulates the ligand- 

binding activity of the I-domain (Yang et al., 2004b). It is reasonable to suggest that 

structural changes at the locality of ~ 2 ~ ' ~ ~ s  are propagated to the ligand-binding face 

of the I-like domain. This may trigger I-like domain binding of the invariant Glu in 

the last C-terminal helix of the aL I-domain, hence activating I-domain ligand- 

binding. Therefore, disrupting the ligand-binding sites of the I-like domain should 

abrogate the activating signal of N ' ~ ~ S .  Indeed, transfectants bearing aLP2 having 

composite mutations N ~ ~ ~ s  and S' lop or D'O~H failed to adhere to ICAM-1 even in the 

presence of activating agents (Fig. 3.4). The adhesion specificity mediated by aLP2 

was demonstrated in all cases by the complete abrogation of adhesion in the presence 

of mAb MHM24. Ser' is the third coordinating residue found in the MIDAS motif 

DxSxS of the I-like domain, and the function disrupting effect of s"~P, identified in 

LAD-1 patient, has been reported (Hogg et al., 1999). ~s~~~~ is a LIMBS coordinating 

residue. The LAD-1 D ~ ~ ~ H  mutation abolished P2 integrins ligand-binding capacity 

(Mathew et al., 2000), which corroborates well with the role of LIMBS in stabilizing 

MIDAS mediated firm adhesion (Chen et al., 2003). Collectively, these data suggest 

that the activating effect of N ~ ~ ~ s  is propagated through the ligand-binding site(s) of 

the P2 I-like domain, which subsequently activates the aL I-domain. 

ihowing a pre- 
h m  Mindanac 

\RMM Areas 

hispanic 
I 

- 

- 1  

,~.,,,<,,,,<,l. 5. i 
I.'r,..<l,ll,:.ll~ ,,,,,<.I('.' 

,., ."'(' ,*,,.,,:,.ti';' 

, i  ,,,,,, 1 *'"' 
,' . ,.,,tl~ 

,\I,,,:.,: 

C c .  
# '  i '  j '  

t 1  

4 2 1 1 .  ! 

, , l , , , . t .  + 
1 
. i l  

& ' .  Z 

Ficrure 2 - ARMM Mat, 

Second Wave of Islam - Islamic Revival and the re-assertion of Moro Identity 

It was in the context of changing population demographic landscape and decline 

of Sultanate in Moro territories that a a power and identity vacuum existed. The space 

was filled through a reconnecting with the dormant Islamic consciousness that made 

possible through the return of Islamic scholars from the Middle East Islamic 

Universities. Chief among them was Ustadz Hashim Salamae an Al-Azhar alumnus. 

These scholars not only brought new political thinking but also the Middle East culture. 

Among the earIy signs of their influence were the replacement of traditional local 

Muslim dresses by a Middle East fashioned dresses. Customary rituals perceived deviant 

to Islam were prohibited. The Ustadz (religious scholar) slowly replaced the Pandita 

(Traditional Muslim preacher). Political and religious thinking began to echo 

contemporary Islamic thinkers in the Middle East, Hashim Salamat admitted drawing 

8 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

drd
Rectangle



0 

E 
" j;! " 2 

d P 2  cLLp2 d p 2  d p 2  aLLp2 
~ 2 0 9 ~  ~ 1 1 6 ~  

d P 2  
wild-type ~ 3 2 9 s  N329S NZa9S 

Dao9H s1l6p 

EI: 65.7 45.6 42.7 39.3 38.5 40.1 

Fig. 3.4 Effect of N"~S in combination with S " ~ P  or D'O~H on aLP2-mediated 
adhesion to ICAM-1. The mutations S1I6p and D ~ ~ ~ H  abrogated the activating effect 
of ME or KIM185 on wild-type aLP2 ICAM-1 adhesion. Similarly, these mutations 
abolished constitutive adhesion of ~ L P ~ N ' ~ ~ s  transfectants to ICAM-1. MHM23 was 
used for flow cytometry analyses and surface expression represented as EI. 
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3.4 Introduction of N"~S in $3, which corresponds to N ~ ~ ~ s  in $2, 
generates a constitutively active I-less integrin aIIb$3 

To further demonstrate that the activating signal of Asn mutation is propagated to the 

ligand-binding site(s) of the I-like domain, we extended the investigation to the I-less 

integrin aIIbp3 because the P3 I-like domain participates directly in extrinsic ligand- 

binding (Xiao et al., 2004; Xiong et al., 2002). The corresponding ~ s n " ~  in P3 (Fig. 

3.1B) was substituted with Ser to generate ~ 3 ~ ~ ~ ~ s .  ser1I6 and Asp209 of the integrin 

P2 are also conserved in all integrin p subunits. The corresponding residues in integrin 

P3 are ~ e r ' ~ ~  and Asp2I7. Thus, the MIDAS variant ~ 3 s ' ~ ~ ~  and the LIMBS variant 

p3D217H were constructed. In addition, the composite variants ~ ~ N ~ ~ ~ s ~ s ~ ~ ~ P  and 

~ ~ N ~ ~ ~ s / D ~ ~ ~ H  were generated (Fig. 3.5). Expression levels of aIIbp3 and its variants 

on transfectants were shown to be similar by flow cytometry using the P3-specific 

mAb 7E3. Wild-type aIIbp3 transfectants adhered avidly to its ligand fibrinogen only 

in the presence of activating ~ n ~ + .  By contrast, a 1 I b p 3 ~ ~ ~ ~ ~  showed constitutive 

adhesion to fibrinogen. The specificity of aIIbp3-mediated adhesion was 

demonstrated using aIIb-specific function blocking mAb lOE5. Substitutions sIZ3p 

and D 2 I 7 ~  in p3 abolished aIIbp3-mediated adhesion to fibrinogen, both in the wild 

type and N ~ ~ ~ s  variant. Therefore, we conjectured that the mutations N ~ ~ ~ s  in aLp2 

and N ~ ~ ~ s  in aIIbp3 affect the respective I-like domain in a similar manner. 
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r l i l  I Fibrinogen 

Fig. 3.5 Effect of N ~ ~ ~ s  with s'*~P or D'"H on I-less integrin aIIbp3-mediated 
adhesion to fibrinogen. Adhesion specificity was demonstrated using the aIIbP3- 
specific function-blocking mAb 10E5. 1 mM MnCl2 ( ~ n " )  was used as the activating 
agent. The cell surface expressions of wild-type aIIbP3 and variants were assessed by 
flow cytometry using mAb 7E3 (P3-specific mAb) and represented as EI. 

------ 
dIbP3 dIbp3  dIbp3  dIbp3  dIbp3  dIbp3  

wild-type N ~ ~ ~ s  D217H S m P  N ~ ~ ~ S  N339S 
~ 2 1 7 ~  ~ 1 2 3 ~  

EI: 53.2 52.9 47.3 45.1 46.3 43.3 

ihowing a pre- 
h m  Mindanac 

\RMM Areas 

hispanic 
I 

- 

- 1  

,~.,,,<,,,,<,l. 5. i 
I.'r,..<l,ll,:.ll~ ,,,,,<.I('.' 

,., ."'(' ,*,,.,,:,.ti';' 

, i  ,,,,,, 1 *'"' 
,' . ,.,,tl~ 

,\I,,,:.,: 

C c .  
# '  i '  j '  

t 1  

4 2 1 1 .  ! 

, , l , , , . t .  + 
1 
. i l  

& ' .  Z 

Ficrure 2 - ARMM Mat, 

Second Wave of Islam - Islamic Revival and the re-assertion of Moro Identity 

It was in the context of changing population demographic landscape and decline 

of Sultanate in Moro territories that a a power and identity vacuum existed. The space 

was filled through a reconnecting with the dormant Islamic consciousness that made 

possible through the return of Islamic scholars from the Middle East Islamic 

Universities. Chief among them was Ustadz Hashim Salamae an Al-Azhar alumnus. 

These scholars not only brought new political thinking but also the Middle East culture. 

Among the earIy signs of their influence were the replacement of traditional local 

Muslim dresses by a Middle East fashioned dresses. Customary rituals perceived deviant 

to Islam were prohibited. The Ustadz (religious scholar) slowly replaced the Pandita 

(Traditional Muslim preacher). Political and religious thinking began to echo 

contemporary Islamic thinkers in the Middle East, Hashim Salamat admitted drawing 

8 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

drd
Rectangle



3.5 A functional 82 I-like domain is required for aLB2 I-domain- 
mediated ligand-binding even if the latter is made constitutively 
active 

The MIDAS (s"~P) and LIMBS ( D Z o 9 ~ )  mutations nullified the activating effect of 

I ~ 2 ~ " ~ s  in aLP2. We noted that S1I6P and D'"H also abrogated aLP2 function in the 

1 
1 
I 

presence of activating agents such as KIM1 85 or Mg/EGTA (Fig.3.4). The disrupting 

effect of S " ~ P  and D ~ ~ ~ H  on KIMl85-activated aLP2 function may be explained by 

having a dysfunctional I-like domain that is unable to engage and propagate the 

activating signal of KIM1 85 that is initiated at the C terminal stalk region of aLP2 to 

its I-domain. On the other hand, Mg/EGTA may act on different sites on aLP2, 

considering that there are eight other possible cation-binding sites other than the I- 

domain MIDAS (Amaout et al., 2005). Thus, it is unclear whether I-like domain 

disrupting mutations can negate the ligand-binding property of a pre-existing 

activated I-domain. We therefore use the constitutively active aLP2 that has its I- 

domain locked in an open conformation with an engineered cysteine (Shimaoka et al., 

2001), the aLccp2 transfectant adhere to ICAM-1 constitutively (Tng et al., 2004), but 

does not adhere to ICAM-3 unless activated by either Mg/EGTA or KIM1 85 (Fig. 

3.6A). Thus, aLccp2 is in an intermediate affinity state. Next, we tested the effect of 

P2 substitutions N"~s, S'l6P or DZo9H on aLccp2 ICAM-1 binding (Fig. 3.6B). The 

level of adhesion to ICAM-1 was comparable between the aLccp2 and a L c c p 2 ~ ~ ~ ~ ~  

transfectants. By contrast, transfectants expressing a ~ c c a 2 ~ '  I6p and a L c c p 2 ~ ' ~ ~ ~  

failed to adhere to ICAM- 1. These data suggest that a functional I-like domain is 

required for aLP2 ligand-binding even when the I-domain is activated independently. 
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Fig. 3.6 The effect of I-like domain disrupting mutations S"~P and D'O~H on 
aLccP2 variant. (A) Binding of transfectants expressing aLccp2 to ICAM- 1 and 
ICAM-3. (B) Binding of aLccp2 with I-like domain mutations to ICAM-1. MHM23 
was used for flow cytometry analyses and surface expression represented as EI. 
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3.6 The extended conformation of ~ L P Z N ~ ' ~ S  

The conversion from a severely bent to a highly extended conformation was shown to 

be an important event during integrin affinity state transition (Nishida et al., 2006; 

Xiao et al., 2004). We examined the conformation of using two P2 

integrin specific reporter mAbs. The rnAb KIM127 recognizes an epitope that is 

buried in the P2 I-EGF2 in a bent aLP2 conformer. This epitope is, however, exposed 

when aLP2 adopts an extended conformation (Beglova et al., 2002; Lu et al., 2001a). 

The mAb MEM148 recognizes a masked-epitope in the P2 hybrid domain, and it 

serves to report hybrid domain displacement (Tang et al., 2005). In 293T transfectants, 

both KIM 127 and MEM 148 can give a positive signal in flow cytometry because they 

can stain free P2, which can at times be seen on the cell surface. We therefore chose 

the method of surface labeling and immunoprecipitation, which would allow us to 

examine heterodimer reactivity with the P2-specific reporter mAbs by detecting the 

level of aL coprecipitated with P2. Cell surface aLP2 and a ~ p 2 ~ ~ ~ ~ ~  on transfectants 

were labeled with biotin and immunoprecipitated with MHM23, KIM127, or 

MEM148 with or without MgIEGTA. In this study, aLccP2 was also included. Wild- 

type aLP2 was precipitated by MHM23 (P2 integrin heterodimer-specific mAb and it 

serves as a control in this experiment) (Fig. 3.7). However, wild-type aLP2 was only 

precipitated by KIM127 or MEM148 in the presence of activating MglEGTA. A 

similar profile was detected for aLccP2. In contrast, ~ L P ~ N ~ ~ ~ s  was precipitated by 

KIM 127 and MEM 148 even in the absence of MgIEGTA. These data suggest that 

~ L P ~ N ~ ~ ~ s  adopts an extended conformation and a displacement of the hybrid domain. 

This conformation was proposed to depict a high affinity integrin (Xiao et al., 2004), 

and it is in agreement with our binding data. The lack of aLccP2 precipitated by 

KIM127 in the absence of exogenous activation was also consistent with previous 
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Fig. 3.7 The N ~ ~ ~ s  mutation transforms aLP2 into an extended conformation. 
Cell surface labeled wild-type aLP2, aLccP2, and U L P ~ N ~ * ~ S  were subjected to 
reporter mAbs MEM148 or KIM127 binding at 37OC with or without ME followed by 
precipitation using protein A-Sepharose beads (Experimental Procedures). 
Immunoprecipitated integrins were resolved on a 7.5% SDS-PAGE gel under 
reducing conditions, and detected by ECL. MHM23 was included as control mAb. 
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observation that aLccP2 was stained weakly with KIM127 by flow cytometry (Lu et 

al., 2001~). 

3.7 Discussion 

Naturally occurring mutations identified in LAD-1 patients provide usehl insights 

into the possible functions of residues and domains of the P2 integrins (Hogg and 

Bates, 2000). Two such mutations s1l6p and exemplify the importance of the 

MlDAS and LIMBS respectively of the P2 I-like domain in aLP2 ligand-binding 

function (Hogg et al., 1999; Mathew et al., 2000). Many LAD-I mutations disrupt P2 

integrin biosynthesis, heterodimer formation or generate dyshnctional cell surface 

expressed P2 integrins (Anderson and Springer, 1987; Hogg and Bates, 2000). 

Previously, we reported three LAD- 1 mutations ,R'~'c and N ' ~ ~ s  in the P2 that 

generated aLP2 variants with ligand-binding activity (Shaw et al., 2001; Tng et al., 

2004). This study further characterized the N ~ ~ ~ s  mutation. The ~ s n ' ~ ~  is conserved in 

all human integrin p subunits (Fig. 3. IA) as well as the P subunits of lower metazoans 

including coral and sponge (Brower et al., 1997). Our data suggests that a CP instead 

of Cy amide group at position 329 of the P2 I-like domain is required to maintain 

aLP2 functional integrity. Because of the availability of structural information of P3 I- 

like domain, we first reviewed ~ s n " ~  in P3 that corresponds to the ~ s n ' * ~  in 02. The 

P3 ~ s n " ~  is located before the a7 helix (last helix) of its I-like domain (Fig.3.8A). 

The orientations of the P6 strand and the a7 helix in the P3 I-like domain are different 

in the structures of a bent aVP3 (red) (conformer I) (Xiong et al., 2004), a bent 

liganded-aVP3 (green) (conformer 11) (Xiong et al., 2002), and the fibrinogen 

mimetic-bound aIIbP3 with open headpiece (blue) (conformer III)(Xiao et al., 2004). 
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~ e r ~ ~ ~  side chain may hydrogen-bond with 6 ' 0  in the P2 I-like domain model. 

The residue at position 322 of P2 and 332 of P3 is different. This is, however, 

irrelevant because it is the backbone carbonyl of this residue that may hydrogen-bond 

with the conserved Asn. 82 I-like domain models with the substituted by Gln, 

Ala, Ser, Thr, or Asp (materials amd methods) showed potential disruptions in 

hydrogen-bond formation between these residues at position 329 with ~ e r ~ ~ ~  and main 

chain G ~ u ~ ~ ~ ,  which may account for the activating effect of these mutations on aLP2. 

Taken together, these suggest that the polar contacts between ~ s n ~ ~ ~  with ~ e r ~ ~ ~  and 

G ~ u ~ "  may serve to stabilize the 82 I-like domain in a fashion similar to that in P3 

conformer I. It is noted that although p 2 ~ e r ~ ~ ~  ( ~ 3 S e r ~ ~ ~ )  can potentially hydrogen- 

bond with the conserved p2As1-1~'~ ( ~ 3 ~ s n ' ~ ~ ) ,  this should be extrapolated with 

caution to other integrins because ( 3 2 ~ e r ~ ' ~  is conserved in P3, pl, and P7 but not in 

other p subunits (Fig. 3.1A). In addition, the contribution of the conserved Asn 

towards the function of other p subunits awaits further studies. 

Integrin affinity states are governed by its varied conformations under different 

conditions (Arnaout et al., 2005; Luo and Springer, 2006). In a global setting, the bent 
I 

integrin conformer depicts a resting low affinity state and the extended integrin 

conformers are assigned as the active receptors (Takagi et al., 2002b). The extended 

integrin conformers are further divided into two major populations based on structural 

differences in their headpieces (Xiao et al., 2004). Extended integrin conformers with 

or without hybrid domains displaced are assigned high or intermediate affinity states 

respectively. In this study, the mutation N ~ ~ ~ s  induced an extended aLP2 

conformation because in the absence of activating agent, ~ L P ~ N ~ * ~ s  was 

immunoprecipitated by the reporter rnAb KIM127 (Beglova et al., 2002; Salas et al., 
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2004). Under the same conditions, a ~ p 2 ~ ~ ~ ~ ~  was precipitated by mAb MEM148, 

which reports hybrid domain displacement (Tang et al., 2005). These data suggest a 

high affinity aLP2 generated by the p 2 ~ ~ ~ ~ ~  mutation. Indeed, our functional data 

showing binding constitutively and effectively to ICAM-3 supported the 

assignment of a high affinity receptor. It is unclear at present how N ~ ~ ~ s  triggers such 

a dramatic global conformational change in aLP2. Not only does N ~ ~ ~ s  incur 

activation of the I-like domain, as demonstrated in ~ I I ~ P ~ N ~ ~ ~ S ,  it also induces 

unbending of the entire integrin. However, this need not be unexpected because it was 

reported that one-turn deletion in the a7 helix of the P2 I-like domain promoted aLP2 

binding to ICAM-1, and exposed the epitopes of extension reporter rnAb KIM127, 

and the activated I-like domain reporter mAb 24 (Yang et al., 2004a). 

Our data also point to a dominant role of the I-like domain over the display of a 

functional I-domain. It is well demonstrated that the I-like domain regulates the I- 

domain allosterically (Yang et al., 2004b) but the overbearing effect of a 

dysfunctional I-like domain on an engineered I-domain that was made constitutively 

active (aLccp2) warrants attention. It is apparent that aLccp2 conforms to an 

intermediate affinity receptor because it bound ICAM- 1 constitutively but required an 

additional activating condition for ICAM-3 binding in this study. Further, mAbs 
I 

KIM127 and MEM148 failed to precipitate aLccp2 without MgIEGTA activation. 

I Thus, these observations suggest that aLccp2 is unlikely to be in an extended open 

I conformation. The lack of reactivity of aLccp2 to mAbs KIM127 and 24 was also 

I reported previously (Lu et al., 2001~). Collectively, these observations suggest that 

I aLccp2 is not adopting a fully extended conformation. Abrogation of aLccp2 

constitutive ICAM- 1 -adheison activity by the P2 I-like domain mutations S' 16p or 
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D ~ ~ ~ H  suggest that these mutations possibly revert aLccp2 into a conformation such 

that steric factors disfavor disulfide-locked I-domain binding to ligand. 

In summary, we have further characterized the LAD-1 mutation N ' ~ ~ s .  This mutation 

generates a high affinity aLP2 with an extended conformation. activates the P2 

I-like domain. The corresponding mutation in ~ 3 ~ ' ' ~ s  had similar activating effect on 

aIIbp3. The conservation of this Asn in all integrin P subunits through evolution 

suggest a primary role of this residue in the shaping of the I-like domain. Based on 

available structures of the P I-like domains, and structural predictions, this Asn may 

serve to stabilize the conformation of the a7 helix and its interaction with the 

preceding P6 strand. However, definitive revelation of its role in the shaping of the I- 

like domain will require structural studies of integrins with these mutation(s). 

ihowing a pre- 
h m  Mindanac 

\RMM Areas 

hispanic 
I 

- 

- 1  

,~.,,,<,,,,<,l. 5. i 
I.'r,..<l,ll,:.ll~ ,,,,,<.I('.' 

,., ."'(' ,*,,.,,:,.ti';' 

, i  ,,,,,, 1 *'"' 
,' . ,.,,tl~ 

,\I,,,:.,: 

C c .  
# '  i '  j '  

t 1  

4 2 1 1 .  ! 

, , l , , , . t .  + 
1 
. i l  

& ' .  Z 

Ficrure 2 - ARMM Mat, 

Second Wave of Islam - Islamic Revival and the re-assertion of Moro Identity 

It was in the context of changing population demographic landscape and decline 

of Sultanate in Moro territories that a a power and identity vacuum existed. The space 

was filled through a reconnecting with the dormant Islamic consciousness that made 

possible through the return of Islamic scholars from the Middle East Islamic 

Universities. Chief among them was Ustadz Hashim Salamae an Al-Azhar alumnus. 

These scholars not only brought new political thinking but also the Middle East culture. 

Among the earIy signs of their influence were the replacement of traditional local 

Muslim dresses by a Middle East fashioned dresses. Customary rituals perceived deviant 

to Islam were prohibited. The Ustadz (religious scholar) slowly replaced the Pandita 

(Traditional Muslim preacher). Political and religious thinking began to echo 

contemporary Islamic thinkers in the Middle East, Hashim Salamat admitted drawing 

8 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

drd
Rectangle



Chapter 4: Characterization of LAD mutation R~"C 

Previous study in Prof Alex Law's laboratory had shown that the P2 subunit with the 

RS7'C mutation can support aLP2 expression on COS-7 transfectants. These 

transfectants can adhere to ICAM-1 coated surface but would require an additional 

activation agent, such as Mg/EGTA to adhere to ICAM-3 (see Chapter 5). 

Surprisingly, this mutant p2R5"C does not support the expression of Mac-1 and 

p150,95 (Shaw et al., 2001). Since aM and ax share much similarity in sequence, we 

focused on comparing ~ L P ~ R ~ ~ ' c  and a ~ p 2 R ' ~ ' C  in this study. 

4.1 P2 with R'"C cannot form dimers with aM 

Previously, it was shown that ~ M P ~ R ~ ~ ~ c  can not be expressed on the cell surface 

(Shaw et al., 2001). It was not known if the heterodimer cannot be formed or it is 

formed but failed to be transported on the cell surface. a M  subunit with either (wt) P2 

or P ~ R ~ ~ ' c  was transfected into 293T cells. The transfected cells were biotinylated 

and then lysed, followed by immunoprecipitation with KIM202 and MHM23 (Fig. 4.1 

A). aMP2 can be precipitated by KIM202 (anti-P2) and MHM23 (heterodimer 

specific). Very faint bands were seen with the sample from the a ~ p 2 R ' ~ ' C  

transfectants, confirming that the p 2 ~ ~ ~ ~ ~  can only support minimal heterodimer 

expression with aM. In addition, it also showed that p 2 ~ ~ ~ ~ ~  is not expressed on the 

cell surface as a monomer, because no P~R"'C band was precipitated with KIM202. 

1 The control experiment with aLP2 shows that both aLP2 and ~ L P ~ R ' ~ ' c  were 

expressed on the cell surface. 
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In order to detect whether there is P ~ R ~ ~ ' c  or ~ M P ~ R " ' C  inside the cell, 02 subunit 

with a C-terminal GFP tag were used. The lysate of the ~ L P ~ R ~ " C  and ~ M P ~ R ~ " C  

transfectants were subjected to irnrnunoprecipitation with KIM202 and MHM23. 

After SDS-PAGE, the P2 subunits were detected by Western blot with an anti-GFP 

antibody. can be precipitated by KIM202 and MHM23, however, 

P~R'"C was precipitated by KIM202 from the ~ M P ~ R ~ ~ ' c  transfectants, but not 

precipitated by MHM23 (Fig.4.1 B). It suggests that the P2 subunit is synthesized but 

cannot combine with aM. Thus, p 2 ~ ~ ~ ' ~  is synthesized in the ~ M P ~ R ~ ~ I C  

transfectants, but it is restricted intracellularly and cannot form a heterodimer with 

aM. 

4.2 aLlaM chimeras 

In order to find out why the P2 subunit with the R'~'c mutation can associate with a L  

to form hnctional LFA- 1, but not with a M  to form Mac- 1, two a subunit chimeras 

were generated (Fig.4.2). In one, the aL I-domain is replaced with that of the aM I- 

domain, (&,(IM). In the other, the aM I-domian is replaced with that of aL I-domain, 

aM(IL). These two a subunit chimeras are co-transfected into the 293T cell with P2 or 

p2RS7'c. Heterodimer expression was assessed by flow cytometry, with the anti-a 

mAb LPM19c or MHM24 and the heterodimer-specific rnAb MHM23. MHM24 is an 

anti-aL subunit mAb and its epitope is located in the I-domain, and was used to test 

for the chimeric aM(IL) expression. LPM19c is an anti-aM subunit mAb and binds to 

the I-domain of the aM, and was used to detect the chimeric aL(IM) 

expression (Violette et al., 1995). From the expression profile, aL(IM)P2 can be 

detected by both LPM19c and MHM23; aM(IL) can be detected by both MHM24 and 
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MHM23. It suggests that these two a subunit chimeras can associated with P2 subunit 

l and were expressed on the cell surface. On the other hand, MHM23 can only detect 

1 the ~ L ( I ~ ) P ~ R ' ~ ' c  expression, but not the ~ M ( I ~ ) ~ z R ' ~ ' c ,  suggest that the I-domain 

of aL subunit cannot rescue the expression of a ~ p 2 R ' ~ ' C .  These results are 

consistent with the previous report that the I-domain is not essential for the folding, 

/ heterodimer formation, and surface expression of Mac- 1 and LFA- 1 (Y alamanchili et 

! al., 2000). It should be noted that the CIM(I~)P~R'~ 'C  transfectants are MHM24 
I 

positive. It is known the a M  subunit can be expressed on COS-7 and 293T 

transfectants without the P2 subunit (Berman et al., 1993; Goodman et al., 1998). It is 

demonstrated here that this monomer expression is not affected by the I-domain. 

Another two chimeras were generated, they are aLM and aML (Fig. 4.2): aLM 

consists of the head-thigh (include P-propeller, I-domain and thigh) of the a L  subunit 

and the calf-tail (include calf- 1, calf-2 and cytoplasmic tail) of the a M  subunit. 

Conversely, aML consists of the head-thigh of a M  subunit and the calf-tail of a L  

subunit. Both chimeras can combine with wild type P2 to form heterodimer which is 

demonstrated by MHH23 and MHM24 or LPM19c expression (Fig. 4.3). Heterodimer 

formation can also be detected by MHM23 in ~ L M P ~ R ' ~ ' C  transfectants, but not in 

~ M L P ~ R ' ~ ' C  transfectants. Again, aML chimera subunit alone can be stained by 

LPM 1 9c. 

Thus, the determinant factor on the non-expression of ~ M P ~ R ~ ~ ' C  lies in the head- 

thigh region of aM. Furthermore, since we have demonstrated that the I-domain does 
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I 
Thigh tail 

Fig. 4.2 Diagram of a subunit chimeras. 
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propeller and the thigh domain. 

4.3 R'"C mutation abolished KIM185 epitope expression 

In this series of experiment, we would like to proceed to study the intracellular 

location of the P2 subunit variant when they cannot support aLP2 and aMP2 

formation, the P2 subunit used were tagged with GFP in the C-terminal. Two-color 

flow cytometry were performed in which the secondary anti-mouse Ig antibody was 

conjugated with R-Phycoerythrin (sheep) (Sigma). Although C X L P ~ R ~ ~ ' C  can be 

expressed on the cell surface (Fig. 4.5 column 1 and 2), it cannot be stained by 

KIM 185 by means of immunofluorescent flow cytometry, as indicated by the absence 

of cells in the upper right quadrant (Fig. 4.5). It should be noted that R"'C is located 

at the N-terminal end of IEGF4 and is not include in the 23 amino acids in which the 

epitope of KIM185 was located (Lu et al., 2001a). Thus, the R'~'c mutation induces 

some conformational change in this IEGF4 domain. 

4.4 Charge alteration in residue 571 of the P2 subunit 

R~~~ is a positively charged amino acid. Three amino acid substitutions with alanine 

(non polar), glutamic acid (negatively charge) and lysine (positively charge) were 

constructed. These P2 variants were transfected into 293T with the three different a 

subunits. Anti-a antibody (MHM24, LPM19c or KB43), and anti-heterodimer mAb 

1B4 were used to detect these variants surface expression. Since the P2 subunits have 

a GFP tag at the C-terminal, surface expression of the intgrin is shown by the cells in 

the upper right quadrant of the two-color flow cytometry plots. Heterodimer 
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formation can be detected by 1B4 in the variants including ~ L P ~ R " ' A ,  ~ L P ~ R ~ ~ ' c ,  

~ L P ~ R ~ ~ ' K  and a ~ ( 3 2 ~ ~ ~ ' ~ .  They can also be stained by anti-a subunit mAb 

MHM24. For Mac-1, only the ~ M P ~ R " ' K  variant can be detected by anti- 

heterodimer mAb 1B4. As noted before that the monomeric a M  subunit can express 

on the cell surface and it is shown here again by the positive staining of LPM19c on 

all transfectants. For p 150,95, 1B4 and KB43 can only stain on c ~ x ~ ~ R ~ ~ ' K  

transfectant, but not on the ~ x P ~ R ~ ~ ' A ,  ~ X B ~ R ~ ~ ' E  and ~ X P ~ R ~ ~ ' C  transfectants. 

Therefore, p 2 ~ ~ ~ ~ ~  can associate with all three a subunits to form heterodimers. On 

the other hand, P ~ R ~ ~ ' A ,  P ~ R ~ ~ ~ c  and p 2 ~ ~ ~ ' ~  can only form dimer with a L  subunit. 

Taken together, the amino acid in this location does not affect aLP2 formation, and it 

plays a role in regulating the affinity state of the uLP2 heterodimer since ~ L P ~ R ~ " C  

can mediate ICAM-1 adhesion without activating agents. However, a positively 

charged amino acid is apparently required for the heterodimer formation with a M  and 

a x .  

Interestingly, the mutation of arginine to alanine, cysteine and glutamic acid abolishes 

the expression of the KIM1 85 epitope, suggesting its maintenance requires the 

presence of a positively charge residue at position 571. 

ihowing a pre- 
h m  Mindanac 

\RMM Areas 

hispanic 
I 

- 

- 1  

,~.,,,<,,,,<,l. 5. i 
I.'r,..<l,ll,:.ll~ ,,,,,<.I('.' 

,., ."'(' ,*,,.,,:,.ti';' 

, i  ,,,,,, 1 *'"' 
,' . ,.,,tl~ 

,\I,,,:.,: 

C c .  
# '  i '  j '  

t 1  

4 2 1 1 .  ! 

, , l , , , . t .  + 
1 
. i l  

& ' .  Z 

Ficrure 2 - ARMM Mat, 

Second Wave of Islam - Islamic Revival and the re-assertion of Moro Identity 

It was in the context of changing population demographic landscape and decline 

of Sultanate in Moro territories that a a power and identity vacuum existed. The space 

was filled through a reconnecting with the dormant Islamic consciousness that made 

possible through the return of Islamic scholars from the Middle East Islamic 

Universities. Chief among them was Ustadz Hashim Salamae an Al-Azhar alumnus. 

These scholars not only brought new political thinking but also the Middle East culture. 

Among the earIy signs of their influence were the replacement of traditional local 

Muslim dresses by a Middle East fashioned dresses. Customary rituals perceived deviant 

to Islam were prohibited. The Ustadz (religious scholar) slowly replaced the Pandita 

(Traditional Muslim preacher). Political and religious thinking began to echo 

contemporary Islamic thinkers in the Middle East, Hashim Salamat admitted drawing 

8 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

drd
Rectangle



ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



4.5 Discussion 

The cysteine residues in the I-EGF domain of the integrin P subunits are very 

conserved. Each of the I-EGF domains have eight cysteines arranging in a C1-C5, C2- 

C4, C3-C6, C7-C8 pattern. The R"'C mutation introduces an extra cysteine in this 

region and may therefore perturb the disulfide bond arrangement. Indeed, the 

conformation of this region perturbed is emphasized by the abrogation of the KIM 185 

epitope, which according to the mapping data does not include ~ r ~ ~ ~ ~ .  

Although the expression indices for LFA- 1 variants with this mutation is lower than 

that of the wildtype, it binds to ICAM-1 constitutively (Tng et al., 2004), and can be 

activated to bind to ICAM-3 with MgiEGTA (see Chapter 5). However, the P~R"'C 

can not support Mac-1 and p150,95 expression. In addition, it was shown that 

p 2 ~ ' ~ ' ~  could not combine with a M  intracellularly. 

In order to find out the mechanism why a M  subunit can not associate with P~R"'C to 

from heterodimer, four chimerical a subunits are constructed: aM(IL), aL(IM), aML, 

aLM. aL(IM) can associate with p 2 ~ ~ ~ ~ ~  to form heterodimer, but not aM(IL), which 

reveals that the I-domain of the a subunit is not critical for heterodimer formation. 

The fact that aLM, but not aML, can combine with p 2 ~ ~ ~ ' ~  to form heterodimers 

shows that substituting the head-thigh domains of the aM subunit with those of a L  

can rescue the expression of ~ M P ~ R ~ ~ ' c .  Since we have eliminated the involvement 

of the I-domain, this result suggests that the propeller and thigh domain of a M  are 

incompatible with the R5"C mutation in the P2 subunit. However, from the crystal 
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structure of aVP3 (Xiong et al., 2001) and EM data (Adair and Yeager, 2002; Takagi 

and Springer, 2002; Takagi et al., 2003), the equivalent RS8' in P3 does not appear in 

I close proximity of either the P-propeller or the thigh domain of the a subunit in the 

bent conformation (Fig. 4.7). Nevertheless, the model of aVP3 may not be applicable 

to aMP2. In any case, further experiments are required to pinpoint the residues that 

are responsible for the heterodimer formation for aMP2 and aXP2. 

Through mutagenesis study, we find that P~R"'K can associate with aL, aM and ax 

to form individual heterodimers. P2R57 1 A, P2R57 1E and P2R57 1 C, however, can 

only combine with aL. While p 2 R S 7 ' ~  and p 2 ~ ~ ~ ' ~  behave like (32RS7'c, P ~ R ' ~ ' K  

behave like the wild type. Thus, we may conclude that the positively charged residue 

in this location is important for the heterodimer formation with a M  and a x ,  whereas 

the nature of this residue is irrelevant in heterodimer formation with aL. In addition, 

positive charge is important in maintaining aLP2 in a resting state. Through the 

studies with different amino acid substitutions, it also suggested that changes of the 

disulphide pattern are not relevant to the properties of p2RS7'c. 
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Chapter 5: Conformational States of LFA-1 and Its 
Adhesion to ICAM-1 and -3 

The binding of LFA- 1 to ICAM- 1, -2 and -3 has been extensively studied, and its 

affinity to the three ICAMs has been established to have the order of ICAM-1 > 

ICAM-2 > ICAM-3 based on experimental results from the adhesion of LFA- 1 

expressing cells to ligand coated surfaces (Shaw et al., 2001; Tang et al., 2005). This 

qualitative order is supported by plasmon resonance analysis of recombinant I-domain 

of LFA-1 with the three ligands (Shimaoka et al., 2001). 

Previously we have mapped the crucial residue for the epitope of the monoclonal 

antibody (mAb) MEM148 to the in the hybrid domain of the 02 subunit (Tng et 

al., 2004). Modeling the LFA-1 structure using the aVP3 integrin as a template, the 

epitope is located on the face of P2 hybrid domain pointing towards the thigh of the 

a L  subunit and may therefore be presumed buried in the resting (bent) LFA- 1. We 

have demonstrated that the epitope is indeed not expressed on resting LFA- 1 on 

MOLT-4, but can be exposed upon supplementation of the medium with 5 mM MgC12 

and 1.5 rnM EGTA (Mg/EGTA) (Tang et al., 2005), presumably by inducing the 

movement of the hybrid domain away from the a L  leg. Mg/EGTA also reveals the 

epitope of KIM127, a reporter rnAb for leg extension (Tang et al., 2005). 

Functionally, we have demonstrated that LFA- 1 mediated adhesion of MOLT-4 to 

ICAM-1 can be promoted by MgIEGTA, or by one of the activating mAbs. Adhesion 

to ICAM-3 would require one of the activating mAbs in addition to Mg/EGTA. Thus, 

three hnctional states of LFA-1 had been defined: a resting state LFA- 1 not able to 

bind the two ligands, an intermediate state LFA-1 capable of binding ICAM-1 but not 
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ICAM-3, and an active state LFA-1 capable of binding both ligands. The resting state 

may associate with a bent LFA- 1, but whether the intermediate and active states have 

a clear structural correlation with leg extension and/or hybrid displacement is not 

clear. In the work reported in this chapter, we use the four activating reagents, namely 

Mg/EGTA, and the three mAbs KIM127, MEM48 and KIM1 85 to study LFA-1 

mediated adhesion to ICAM- 1 and ICAM-3 coated surfaces, and correlate the 

functional states with leg extension and hybrid displacement, as reported by the 

expression of the KIM 127 and MEM 148 epitopes respectively. 

5.1 Adhesion of MOLT-4 to ICAM-1 and ICAM-3 coated surfaces 

Previously we have shown that LFA- 1 mediated adhesion of MOLT-4 to ICAM- 1 

coated surface required either Mg/EGTA, or one of the two activation mAbs KIM 185 

and MEM48, but adhesion to ICAM-3 coated surface required Mg/EGTA and one of 

the mAbs (Tang et al., 2005). Similar results were obtained for K562 cells transfected 

with the cDNAs of both a L  and P2 subunits (Hogg et al., 1999). Furthermore, COS-7 

transfectants adhesion to ICAM-3 coated surfaces can also be demonstrated in the 

presence of both activating mAbs KIM185 and KIM127, although either mAb is 

sufficient for promoting their adhesion to ICAM-1 coated surfaces (Al-Shamkhani 

and Law, 1998). 

To obtain a complete matrix of the conditions required for LFA- 1 mediated adhesion 

to ICAM-3 coated surfaces, we used MOLT-4 as the standard cell for experiments. It 

was confirmed that none of the four reagents, namely MgIEGTA, KIM 127, KIM 185 

and MEM48, can promote LFA- 1 mediated MOLT-4 adhesion to ICAM-3. However, 

Mg/EGTA with any one of the mAbs was sufficient to promote adhesion. Whereas we 
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confirmed that the combination of KIM 127 and KIM 185 can promote MOLT-4 

adhesion to ICAM-3 coated surfaces, the other two combinations, MEM48 and 

KIM127, and MEM 48 and KIM185, can only do so at a limited level. Under all these 

conditions, MOLT-4 adhesion to ICAM-1 coated surfaces is not affected (Fig. 5.1). 

5.2 Expression of MEMl48 epitope on LFA-1 

In order to observe the effects of the combinations of activating mAbs and Mg/EGTA, 

flow cytometry profiles of MEM148 epitope expression on MOLT-4 in the presence 

of the activating agents were obtained using FITC-labeled MEM148 (Fig. 5.2). 

Whereas the expression of the MEM148 in the presence of any of the three activating 

mAbs was minimal, higher expression level was detected with Mg/EGTA. The 

expression of the MEM148 epitope was significantly enhanced in the presence of any 

two of the four activating reagents. In our previous publication we had shown a higher 

level of expression of the MEM148 epitope with Mg/EGTA (Tang et al., 2005). This 

is likely due to the MEM148 used previously was from Professor V. Horejsi (Prague, 

Czech Republic) and the antibody used here was purchased commercially. 
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Fig. 5.1 Adhesion of Molt-4 cells to ICAM-1 and ICAM-3 in different 
combinations of activation reagents. Binding specificity was demonstrated using the 
aLP2-specific function-blocking mAb MHM24, not shown in this particular 
experiment. 
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5.3 Adhesion of COS-7 transfectants expressing LFA-1 variants to 
ICAM-1 and ICAM-3 coated surfaces 

We have shown that several LFA- 1 variants were constitutively active in mediating 

adhesion to ICAM-1 when transfected into 293T or COS-7 cells (Tng et al., 2004). 

They include aLP2NV1, aLP2C23*, ~ L P ~ R ~ " C  (see chapter 4), ~ L P ~ N " ~ S  (see 

chapter 3). P2C23*is a P2 truncation mutant in which the codon of cysJ6' (the 23rd of 

the 56 conserved cysteines in the extracellular domain of the P2 subunit) was 

converted to a stop codon (Tan et al., 2000). P2NV1 is a human P2/P 1 chimera in 

which the I-EGF and PTD domains of P2 were replaced with the corresponding 

region of p 1 (Douglass et al., 1998). aLcc with an engineered disulfide bond by 

converting ~~s~~~ and ~~s~~~ into cysteines was also included in this study. aLccP2, is 

also shown to be constitutively active in ICAM-1 adhesion (Lu et al., 2001b; Lu et al., 

2001c) (chapter 3). 

Transfectants expressing wild-type LFA-1 requires both MgIEGTA and the activating 

mAb KIM185 for ICAM-3 adhesion (Fig. 5.3), as in the case of MOLT-4. However, 

the a ~ ( 3 2 ~ ~ ~ ~ ~  variant does not require any activating agents for ICAM-3 adhesion. 

MgIEGTA is required for promoting ICAM-3 adhesion of transfectants expressing the 

other four variants. KIM185 can also promote the adhesion of aLccP2 transfectants to 

ICAM-3, but was not tested for the other three variants. The epitope of KIM1 85 was 

mapped to the I-EGF41PTD domains (Lu et al., 2001a) and is therefore absent in 

P2NV1 and P2C23*, and we have found that the epitope of KIM1 85 was abolished in 

P ~ R ~ ' ' c  (see Chapter 4). 
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35 1 No activating agents KIM1 85 

Fig. 5.3 Adhesion of LFA-1 variants on COS-7 cells to ICAM-3. Each 
corresponding forward bar represents adhesion in the presence of the aLP2-specific 
hnction-blocking rnAb MHM24. 
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5.4 Expression of the MEM148 and KIM127 epitopes on LFA-1 
Variants 

Since single P2 integrin subunit can be expressed on COS-7 transfectants in the 

absence of the a L  subunit, single P2 subunit, in addition to the aLP2 heterodimers, 

can be found on the cell surface of the aLP2 transfectants (Tan et al., 2001a). It is 

therefore not possible to use flow cytometry to determine if the epitopes of MEM148 

and KIM127 are expressed on the aLP2 heterodimer variants since a positive signal is 

always seen because the epitopes are expressed on the single P2 subunit. 

A different strategy was employed. We treated the surface biotinylated cells with the 

mAbs in the presence or absence of MgIEGTA before lysing them. 

Immunoprecipitation was performed and analyzed for biotinylated LFA- 1 bands as 

previously described (Cheng et al., 2007). MHM23, a heterodimer specific mAb 

(Hildreth et al., 1983) was used as a positive control. The presence of the a L  bands 

will indicate the expression of the MEM148 and KIM127 epitopes on the P2 subunit 

of the heterodimer (Fig. 5.4). 

In the absence of Mg/EGTA, the MEM148 epitope is not expressed on wild-type 

LFA-1, and the ~ L P ~ R ~ " C  and aLccP2 variants. Significant expression of the 

MEM148 epitope is found on the ~ L B ~ N ~ ~ ~ S ,  aLP2C23* and aLP2NVl variants. 

The expression of the epitope is enhanced to various degrees with Mg/EGTA. Note 

that the P2NV1 band is particularly heavy in the MEM148 precipitate when compared 

with the MHM23 precipitate, indicating the abundant presence of the single P2NV1 

subunit on the cell surface. 
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Fig. 5.4 Immunoprecipitation of different LFA-1 variants with MEM148 and 
KIM127. Cell surface labeled LFA-1 variants were incubated with mAbs MEM148 
or KIM127 at 37°C with or without MgIEGTA followed by precipitation using 
protein A-Sepharose beads (Experimental Procedures). Immunoprecipitated integrins 
were resolved on a 7.5% SDS-PAGE gel under reducing conditions, and detected by 
ECL. MHM23 were included as controls. 
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The expression of the KIM127 eptiope was also analyzed for the ~ L P ~ N ~ ~ ~ s ,  

~ L P ~ R ~ " C ,  and aLccP2 variants. It requires MgJEGTA for expression on aLccP2 

but it is constitutively expressed on the other two variants. Its expression was not 

analyzed for the aLP2NV1 and aLP2C23* variants because they do not contain the 

P2 I-EGF domains to which the KIM127 epitope was mapped (Lu et al., 2001a). 

5.5 The aLP2cc variant 

A P2 integrin fragment comprising the PSI, hybrid, and I-EGF1 and I-EGF2 domains 

was expressed and it structure was determined at a resolution of 1.75 A using X-ray 

crystallography (Shi et al., 2007). It shows a severe bend at the junction between the 

I-EGF1 and I-EGF2 domains bringing the I-EGF2 domain to close proximity with the 

PSI domain. Two glycine residues, ~ 1 9 ~  in the PSI domain and ~l~~~~ in the I-EGF2 

domain, were changed to cysteines in a full length P2 construct denoted P2cc. When 

the modified P2 subunit was co-transfected into 293T cell with a wild-type a L  

subunit, the aLP2cc variant was expressed. It was shown that a disulfide bond was 

formed and the aLP2cc variant was locked into a bent configuration. Consistent with 

this interpretation is that the KIM127 epitope was not expressed on this variant even 

in the presence of Mg/EGTA (Fig. 5.5 A). It should be noted, however, the expression 

of the MEM148 epitope can be induced by Mg/EGTA (Fig. 5.5 A). 

Transfectants expressing the aLP2cc variant were shown to adhere to ICAM-1 coated 

surfaces (Shi et al., 2007). The level of adhesion is not affected by KIM127 but can be 

further enhanced by Mg/EGTA and KIM185 (Fig. 5B). Adhesion to ICAM-3 can be 
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promoted by Mg/EGTA, and to a lesser extent, by KIM 185. Again, KIM127 has no 

effect on ICAM-3 adhesion. 

The aLccp2 variant does not express the KIM127 and MEM148 epitope in the 

absence of Mg/EGTA but it can mediate adhesion to ICAM-1 coated surfaces (Tng et 

al., 2004). We have shown in Fig.5.3 that KIM 185 or Mg/EGTA can promote its 

adhesion to ICAM-3. In the presence of KIM127, transfectants expressing aLccp2 

can be promoted to adhere to ICAM-3 coated surfaces (Fig. 5.6). 
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Fig. 5.5 A: Immunoprecipitation of LFA-1 variant aLP2cc with MEM148 or 
KIM127. Surface labeled aLP2c-c transfetant cells were subjected to MEM148 or 
KIM 127 binding at 37OC with or without MgIEGTA followed by precipitation. 
Immunoprecipitated integrins were resolved on a 7.5% SDS-PAGE gel under 
reducing conditions, and detected by ECL. MHM23 were included as controls. B: 
Adhesion of LFA-1 variant aLP2cc to ICAM-1 or ICAM-3. Each corresponding 
forward bar represents adhesion in the presence of the aLP2-specific function- 
blocking mAb MHM24. 
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Fig. 5.6: Adhesion of LFA-1 variant aLccj32 to ICAM-3. Each corresponding 
forward bar demonstrated blocking with the aLP2-specific function-blocking mAb 
MHM24. 
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5.6 Discussion 

We have previously reported three activity states for LFA- 1 based on its adhesion 

properties to ICAM-1 and ICAM-3. The three states are: state 1, a resting state that 

cannot mediate adhesion to both ligands; state 2, an intermediate state that can 

promote adhesion to ICAM-1 but not ICAM-3; and state 3, a high affinity state that 

can promote adhesion to both ICAM-1 and ICAM-3 (Tang et al., 2005). 

We report here the study of the conformation of the aLP2 integrin and using the two 

rnAb reporters, KIM 127 for leg extension and MEM 148 for hybrid displacement on 

MOLT-4. Whereas leg extension may correlate with the capacity to bind ICAM- 1, it 

is not clear how hybrid displacement is related to the higher adhesion states. 

MgIEGTA and any one of the three activating mAbs promote the full expression of 

the MEM148 epitope and ICAM-3 adhesion. However, the higher functional states do 

not have a clear-cut correlation with respect to hybrid displacement. In particular, the 

mAb combinations of MEM48 and KIM1 85 and of MEM48 and KIM127 can induce 

full expression of the MEM148 epitope (Fig. 5.2) but the adhesion to ICAM-3 is 

limited. We may argue that in both cases, the integrin is extended. In the first case, 

although KIM127 expression is not directly demonstrated, it has been shown 

previously that KIM185 can induce KIM127 epitope expression (Andrew et al., 1993). 

In the second case, KIM127 must bind the integrin since its presence leads to 

MEM148 expression, which is not induced with MEM48 alone. Thus, we may split 

the intermediate state into 2a and 2b, in which state 2a is KIM127 positive but 

MEM148 lowlnegative, and can mediate adherent to ICAM-1 but not ICAM-3, and 

state 2b is positive with both KIM 127 and MEM 148, can mediate ICAM- 1 but only 

limited ICAM-3 adhesion. 
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COS-7 transfectants expressing wild-type LFA-1 behave like MOLT-4. Analyses of 

four LFA-1 variants, ~ L P ~ N ~ ~ ~ s ,  ~ L B ~ R ~ ~ ' C ,  aLP2C23*, and aLP2NV1, provided 

the spectrum of LFA- 1 mediated adhesion observed with MOLT-4 under various 

activating conditions (Tng et al., 2004). Thus ~ L P ~ R ~ " C  is in state 2a, aLP2C23* 

and aLP2NV1 in state 2b, and ~ L P ~ N ~ ~ ~ s  in state 3 (Table 5.1). Expression of the 

KIM1 27 epitope is not taken into account for the aLp2C23* and aLP2NV 1 variants 

since the I-EGF domains to which the epitope is located is either removed, as in the 

case of aLP2C23*, or replaced, as in the case of aLP2NVl. The classification 

receives support since ~ L P ~ R ~ ~ I C ,  aLp2C23*, and aLP2NV1 can all be promoted to 

state 3 in the presence of MglEGTA, and KIM 185 when applicable. 

Electron microscopic study of aLP2 had revealed conformations that can be roughly 

grouped into three categories with a compact bent structure at the one end, and an 

extended and open structure at the other. The intermediate state is one that is 

extended but the legs remain together in the hinge close position (Nishida et al., 2006). 

In this article, we have provided hnctional data in support of the hierarchy of the 

three conformations but not necessarily on a one-to-one correspondence. Thus, the 

compact bent structure would correlate with the resting state 1 ; the intermediate state 

with state 2a; and the extended and open structure would contain aLP2 both in state 

2b and 3. 
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Table 5.1 Activation states of LFA-1 on MOLT-4 and COS-7 transfectants 

KIM 127 MEM 148 ICAM- 1 ICAM-3 Activation 
expression expression adhesion adhesion State 

none 

Mg/E MEM48 
Mg/E KIM 127 
Mg/E KIM 1 85 

COS-7 transfectants 

Wild-type 

~ L ~ ~ R ' " c  

ihowing a pre- 
h m  Mindanac 

\RMM Areas 

hispanic 
I 

- 

- 1  

,~.,,,<,,,,<,l. 5. i 
I.'r,..<l,ll,:.ll~ ,,,,,<.I('.' 

,., ."'(' ,*,,.,,:,.ti';' 

, i  ,,,,,, 1 *'"' 
,' . ,.,,tl~ 

,\I,,,:.,: 

C c .  
# '  i '  j '  

t 1  

4 2 1 1 .  ! 

, , l , , , . t .  + 
1 
. i l  

& ' .  Z 

Ficrure 2 - ARMM Mat, 

Second Wave of Islam - Islamic Revival and the re-assertion of Moro Identity 

It was in the context of changing population demographic landscape and decline 

of Sultanate in Moro territories that a a power and identity vacuum existed. The space 

was filled through a reconnecting with the dormant Islamic consciousness that made 

possible through the return of Islamic scholars from the Middle East Islamic 

Universities. Chief among them was Ustadz Hashim Salamae an Al-Azhar alumnus. 

These scholars not only brought new political thinking but also the Middle East culture. 

Among the earIy signs of their influence were the replacement of traditional local 

Muslim dresses by a Middle East fashioned dresses. Customary rituals perceived deviant 

to Islam were prohibited. The Ustadz (religious scholar) slowly replaced the Pandita 

(Traditional Muslim preacher). Political and religious thinking began to echo 

contemporary Islamic thinkers in the Middle East, Hashim Salamat admitted drawing 

8 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



This line of reasoning pre-supposes that conformational changes leading to functional 

activation. The first piece of evidence that shed doubt on this was the observation that 

resting aLP2 does not express the KIM127 epitope, yet the mAb can promote aLP2 

mediated adhesion to ICAM- 1, both for MOLT4 and COS-7 transfectants. This 

apparently contradicting observation had been reported previously (Lu et al., 2001a) 

and it was explained that the presence of the ligand must also contribute to the leg 

extension whereupon KIM127 can then lock it in the extended state. Thus, the two 

activities, ligand binding and conformational change, do not take place in a cause and 

effect fashion necessarily. Further supports are provided in the experiments involving 

the aLccP2 and aLP2cc variants. aLccP2 does not express the KIM127 nor the 

MEM148 epitope, suggesting that it assumes a compact and bent conformation, yet it 

can mediate ICAM- 1 adhesion of the transfectants. The experiment with ICAM- 1 

does not provide any information to distinguish if the bent integrin can adhere to 

ICAM- 1 or the ligand can induce extension to stabilize the adhesion. However, 

KIM127 can promote aLccP2 to adhere to ICAM-3. Using the same argument as for 

KIM127 activating wild-type aLP2 adhesion to ICAM-1, the ligand ICAM-3 can 

contribute to leg extension to allow KIM127 to stabilize the integrin in the extended 

state. 

aLP2cc is locked into a bent state by an engineered disulfide bond between the PSI 

and I-EGF2 domain. The KIM127 epitope is not expressed and cannot be induced to 

be expressed in the presence of MgIEGTA. aLP2cc, however, can mediate adhesion 

to ICAM-1. The disulfide bond, though locking aLP2cc into a bent conformation, 

must also poses restriction to the structure which may be deviant from the resting state 
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such that it can mediate adhesion to ICAM-1. In addition, MgIEGTA can promote 

aLP2cc to an ICAM-3 binding state and the epitope of MEM148 was concomitantly 

expressed. Thus, leg extension is not absolutely required for ligand binding or for 

hybrid displacement. 

Taken together, the results presented here suggest that ligand binding, leg extension, 

and hybrid displacement may be observed in various combinations, but they are not 

necessarily coupled in a cause and effect fashion. Bent integrin binding ligands has 

also been observed in other systems, for example, EM image analyses of aVP3 

ectodomain in complex with fibronectin fragments showed minimal deviation from 

the bent X-ray structure (Adair et al., 2005). Furthermore, it has been demonstrated in 

a4P 1 integrin and VCAM- 1 adhesion system that ligand binding affinity and leg 

extension are independently regulated, and it was suggested that leg extension may 

contribute to the kinetics of cell adhesion (Chigaev et al., 2007). The movement of 

the hybrid domain away from the a L  subunit may be viewed as the seed for lower leg 

separation, which eventually leads to separation of the cytoplasmic segments of the 

two subunits and outside-in signaling (Zhu et al., 2007b). 
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Chapter 6: Conclusion 

The aim of our laboratory is to understand the structural feature that regulate integrin 

functions. In this thesis, the main integrin under study was LFA-1, the aLP2 integrin. 

Experimental data were also obtained for the aMP2, aXP2 and aIIbP3 integrin, but 

they are mainly for the purpose of supporting or contracting the findings for the aLP2 

integrin. 

Until we approached the work described in chapter 5, it was reasonable to associate 

the bent compact form of integrins with their resting state and the extended form with 

or without hybrid domain displacement with their active state. Using LFA- 1, the 

conformational states are refined to include an intermediate state being extended, and 

a fully active integrin being extended with the hybrid domain displacement. However, 

a fully extended LFA- 1 with hybrid domain displacement may not be fully active, 

since LFA-1 stimulated by MEM48 and KIM 127 or MEM48 and KIM1 85 have 

limited adhesion capacity to ICAM-3. Work on the aLccP2 and aLP2cc variants 

suggest that ligand binding and the conformational change are not causally related. In 

particular, aLP2cc is locked into a bent conformation and cannot be induced to extend 

but it can mediate ICAM-1 adhesion. Furthermore, it can be induced to express the 

MEM148 epitope (hybrid domain displacement) and mediate adhesion to ICAM-3 

(high affinity state). 

Two mutants of p2 integrin from LAD-1 patients were studied. p 2 ~ ~ ~ ~ ~  can combine 

with a L  to give a fully active LFA-1 because it can constitutively adhere to both 

ICAM-1 and ICAM-3, and it adopts an extended conformer with the hybrid domain 

displacement (both KIM 127 and MEM 148 positive). 
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C L L ~ ~ N ~ ~ ~ A ,  ~ L P ~ N ~ ~ ~ T ,  ~ L P ~ N ~ ~ ~ Q ,  ~ L P ~ N ~ ~ ~ D  exhibit the similar adhesion 

property with ~ L P ~ N ~ ~ ~ s .  From structure modeling, ~ s n ~ ~ ~ 6 ' 0  may hydrogen-bond 

with a ~ e r ~ ~ ~  side chain in the 82 I-like domain, ~ s n ~ ~ ~  substituted with Gln, Ala, Ser, 

Thr, or Asp showed potential disruptions in hydrogen-bond formation between these 

residues at position 329 with ~ e r ~ ~ ~  and main chain G I U ~ ~ ~ ,  which explain the high 

affinity LFA-1 for these mutants. When this mutation was introduced into P3, 

C L I I ~ ~ ~ N ~ ~ ~ S  also exists in a higher affinity state and the I-like domain also adopts 

similar structural modification. Thus, our results showed that this Asn is critical in 

shaping the I-like domain by stabilizing the conformation of the a7 helix and the P6- 

a7 loop. Preliminary results suggest that p 2 ~ ~ ~ ~ ~  can also combine with a M  and ax. 

The adhesion property of these integrin variants have not been studied. At present, we 

have expressed a aIIbp3 ectodomain with the N ~ ~ ~ s  mutation. We are aiming to solve 

this structure by X-ray crystallography. 

The other mutant is f 3 2 ~ ' ~ ' ~ .  It has been reported previously that it can only combine 

with aL, but not a M  and ax to form integrin heterodimer (Shaw et al., 2001). It was 

also found that ~ L P ~ R " ' c ,  unlike ~ L P ~ R ' ~ ~ s ,  is not fully active, but is in an 

intermediate state, which is extended (KIM127 positive) but the hybrid domain is not 

displaced (MEM148 negative). In addition, we confirmed the positive charge in the 

position 571 is important in integrin heterodimer formation. Unexpected results were 

obtained when we tried to determine the reason why the R'"C mutation prohibits P2 

from combine with aM. Since a L  with the a M  (P-propeller and thigh) fails to 

combine with P2R57 lC, but a M  with the aL(P-propeller and thigh) can combine 

with P ~ R ~ " C ,  it appears that it is the a M  P-propeller or the thigh are incompatible 

with the mutation in the P2 subunit. The result is unexpected since we cannot 
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see any potential interaction between the IEGF-4 domain (in which R ~ ~ ' c  resides) and 

the thigh or P-propeller domain of the a subunits from the aVP3 integrin model. 

These series of experiment is incomplete and future experiment will start with 

mapping the region in the a subunit that affect its interaction with the p2R5"C to 

finer details, and extend the study to interaction between p2R5"C and the ax subunit. 

In this thesis, N'*~S and R5"C mutations are the focus of studying. N ~ ~ ~ s  was 

identified from one allele of a LAD patient with recurrent bacterial infections (Nelson 

et al., 1992). Neutrophils from this patient failed to spread on surfaces, leading to a 

severe defect in chemotaxis and a mild impairment in phagocytosis (Crowley et al., 

1980). Leukocytes from this patient synthesized normal amounts of a normal-sized 

CD 18 precursor. Only 10-20% of this precursor underwent carbohydrate processing 

and cell surface expression (Dana et al., 1987). Sequence analysis suggested that the 

other allele of this patient contained a 12-base pair insertion and a R ' ~ W  mutation 

(Nelson et al., 1992). P2 with this insertion co-transfected with a M  into COS cells 

shows no expression of aMP2. Expression of aMP2 with R ~ ~ W  mutation was 75% 

of normal, support 20% of normal aMP2 surface expression (Nelson et al., 

1992). Thus, the researchers suggested that the moderate CD 18 phenotype in this 

patient's leukocytes appears to be mostly due to CD18 chains derived from the N"~S 

allele with perhaps a small additional contribution from normally spliced transcripts 

derived from the insertion allele. 

R'~'c have been identified from different LAD patients (Arnaout et al., 1990; Shaw et 

al., 2001; Wright et al., 1995). One Patient was shown to be homozygous for the 

mutation R ~ ~ ~ c  (Shaw et al., 2001), both LFA-1 (-10%) and Mac-1 (-5%) were 
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detected on his neutrophils. Killer, natural killer and cytotoxic T-cell activity, helper 

T-cell activity and phytohaemagglutinin-induced proliferation were demonstrated 

with his lymphocytes (Shaw et al., 2001). 

Both mutations give LFA-1 that is in the higher affinity state. How they confer the 

clinical phenotype of LAD is not clear but it may be speculated that they cause 

aberrant leukocyte migration. Future test may be conducted by making transgenic 

mice experiments expressing these missense mutations. The migration and the 

adhesion properties of the leukocyte can be studied in vivo system. 

Currently, there are two models "switchblade-like" and "deadbolt" models regarding 

integrin activation, which had been discussed in chapter 1 (1 .8.1). In chapter 5, we 

described both the bent and the extended conformation including two intermediate 

conformations. Our study on N ~ ~ ~ s  suggested that the aLP2 with N ~ ~ ~ s  adopts an 

extended conformation with the hybrid domain displaced from the leg domain of the 

a L  subunit. However, how the different conformations relate to different activation 

states on the leukocytes and how they are regulated or converted during 

immunological responses is still not clear. In our study, a bent LFA-1 still can be 

induced to hybrid domain displacement and mediating adhesion to ICAM-3. 

Therefore, the hybrid domain displacement and leg extension can be independently 

regulated. Accordingly, our data support the switchblade-like model in a general 

sense but with subtle variation. The detailed allosteric regulation still need further 

study; we hope to obtain the crystal structures of extracellular domain of LFA-1 in 

different intermediate activation states. 
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Universities. Chief among them was Ustadz Hashim Salamae an Al-Azhar alumnus. 

These scholars not only brought new political thinking but also the Middle East culture. 

Among the earIy signs of their influence were the replacement of traditional local 

Muslim dresses by a Middle East fashioned dresses. Customary rituals perceived deviant 

to Islam were prohibited. The Ustadz (religious scholar) slowly replaced the Pandita 

(Traditional Muslim preacher). Political and religious thinking began to echo 

contemporary Islamic thinkers in the Middle East, Hashim Salamat admitted drawing 
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